
        
            [image: Cover]
        

    

    

    




    [image: The cover of the recommended book]


e-Pedia: Peaky Blinders (TV Series)



Wikipedia contributors

9788026863410

2560

Buy now and read (Advertising)

This carefully crafted ebook is formatted for your eReader with a functional and detailed table of contents. Endemol UK (UK) This book has been derived from Wikipedia: it contains the entire text of the title Wikipedia article + the entire text of all the 135 related (linked) Wikipedia articles to the title article. This book does not contain illustrations. e-Pedia (an imprint of e-artnow) charges for the convenience service of formatting these e-books for your eReader. We donate a part of our net income after taxes to the Wikimedia Foundation from the sales of all books based on Wikipedia content.

Buy now and read (Advertising)




[image: The cover of the recommended book]


e-Pedia: Lena Headey



Wikipedia contributors

9788026863441

4056

Buy now and read (Advertising)

This carefully crafted ebook is formatted for your eReader with a functional and detailed table of contents. Lena Headey ( LEE-nə HEED-ee; born 3 October 1973) is an English actress and voice actress. This book has been derived from Wikipedia: it contains the entire text of the title Wikipedia article + the entire text of all the 261 related (linked) Wikipedia articles to the title article. This book does not contain illustrations. e-Pedia (an imprint of e-artnow) charges for the convenience service of formatting these e-books for your eReader. We donate a part of our net income after taxes to the Wikimedia Foundation from the sales of all books based on Wikipedia content.

Buy now and read (Advertising)




[image: The cover of the recommended book]


e-Pedia: Eazy-E



Wikipedia contributors

9788026855866

2567

Buy now and read (Advertising)

This carefully crafted ebook is formatted for your eReader with a functional and detailed table of contents. Eric Lynn Wright (September 7, 1964 – March 26, 1995), better known by his stage name Eazy-E, was an American rapper who performed solo and in the hip hop group N.W.A. Wright is affectionately called "The Godfather of Gangsta rap". He was born to Richard and Kathie Wright in Compton, California. After dropping out of high school in the tenth grade, he supported himself primarily by selling drugs before founding Ruthless Records and becoming a rapper. Arabian Prince, Eazy-E, Dr. Dre and Ice Cube formed N.W.A. After DJ Yella and MC Ren joined the group, N.W.A released their debut single Panic Zone. In 1988, they released their most controversial album, Straight Outta Compton. The group released two more albums and then disbanded after Eazy released Dr. Dre from his contract. This book has been derived from Wikipedia: it contains the entire text of the title Wikipedia article + the entire text of all the 154 related (linked) Wikipedia articles to the title article. This book does not contain illustrations. e-Pedia (an imprint of e-artnow) charges for the convenience service of formatting these e-books for your eReader. We donate a part of our net income after taxes to the Wikimedia Foundation from the sales of all books based on Wikipedia content.

Buy now and read (Advertising)




[image: The cover of the recommended book]


e-Pedia: Game of Thrones (season 5)



Wikipedia contributors

9788026863595

5536

Buy now and read (Advertising)

This carefully crafted ebook is formatted for your eReader with a functional and detailed table of contents. The fifth season of the fantasy drama television series Game of Thrones premiered on HBO on April 12, and concluded on June 14, 2015. It was broadcast on Sunday at 9:00 pm in the United States, consisting of 10 episodes, each running approximately 50–60 minutes. The season primarily adapts material from A Feast for Crows and A Dance with Dragons, the fourth and fifth novels in George R. R. Martin's A Song of Ice and Fire series, though it also uses elements from the third novel, A Storm of Swords, as well as the upcoming sixth novel The Winds of Winter. It also contains original content not found in Martin's novels. The series is adapted for television by David Benioff and D. B. Weiss. This book has been derived from Wikipedia: it contains the entire text of the title Wikipedia article + the entire text of all the 500 related (linked) Wikipedia articles to the title article. This book does not contain illustrations. e-Pedia (an imprint of e-artnow) charges for the convenience service of formatting these e-books for your eReader. We donate a part of our net income after taxes to the Wikimedia Foundation from the sales of all books based on Wikipedia content.

Buy now and read (Advertising)




[image: The cover of the recommended book]


e-Pedia: George W. Bush



Wikipedia contributors

9788026859666

25871

Buy now and read (Advertising)

This carefully crafted ebook is formatted for your eReader with a functional and detailed table of contents. Governor of Texas This book has been derived from Wikipedia: it contains the entire text of the title Wikipedia article + the entire text of all the 1294 related (linked) Wikipedia articles to the title article. This book does not contain illustrations. e-Pedia (an imprint of e-artnow) charges for the convenience service of formatting these e-books for your eReader. We donate a part of our net income after taxes to the Wikimedia Foundation from the sales of all books based on Wikipedia content.

Buy now and read (Advertising)




e-Pedia: Human Embryogenesis

Human embryogenesis is the process of cell division and cellular differentiation of the embryo that occurs during the early stages of development




by Wikipedia contributors




For a detailed list of authors, please use the link to the authors provided at the end of each article. 







Licensed by e-Pedia (an imprint of e-artnow) 2017, pursuant to: Creative Commons Attribution-ShareAlike 3.0 Unported License (CC- BY-SA 3.0 License)





This edition has been last updated 2017-06-15




Contact: info@e-artnow.org





ISBN 978-80-268-5227-8








Editorial note: 


this carefully crafted ebook is formatted for your eReader with a functional and detailed table of contents. This book has been derived from Wikipedia: it contains the entire text of the title Wikipedia article + the entire text of all the 435 related (linked) Wikipedia articles to the title article. This book does not contain illustrations or illustration descriptions.  e-Pedia (an imprint of e-artnow) charges for the convenience service of formatting these e-books. We donate a part of our net income after taxes to the Wikimedia Foundation from the sales of all e-books based on Wikipedia content. You can access the original Wikipedia articles on the internet free of charge. e-artnow and e-Pedia are neither affiliated with nor endorsed by Wikipedia or the Wikimedia Foundation.



        
            Disclaimer:
            

            
                this book does not constitute professional advice. If you need specific advice (for example, medical, legal, financial or risk management), please seek a professional who is licensed or knowledgeable in that area.

                This book may include hyper-links to other sites which are not maintained by, or related to e-Pedia (an imprint of e-artnow). Hyper-links to such sites are provided as a service to readers and are not sponsored by or affiliated with Wikipedia or e-Pedia/e-artnow. e-Pedia/e-artnow has not reviewed any or all of such sites and is not responsible for the content of those sites. e-Pedia/e-artnow is not responsible for webcasting or any other form of transmission received from any hyper-linked site. Hyper-links are to be accessed at the user's own risk, and e-Pedia/e-artnow makes no representations or warranties about the content, completeness or accuracy of these hyperlinks or the sites hyper-linked to such site. e-Pedia/e-artnow provides hyper-links as a convenience, and the inclusion of any hyper-link to a third-party site does not necessarily imply endorsement by e-Pedia/e-artnow of that site or any association with its operators. 

                This book has been derived from Wikipedia, pursuant to the Creative Commons Attribution-ShareAlike 3.0 Unported License (CC- BY-SA 3.0 License)


                e-artnow and e-Pedia are neither affiliated with nor endorsed by Wikipedia or the Wikimedia Foundation.

            

        

    


Recommended titles:










Main TOC 



Contents




	1 Germinal stage

	2 Gastrulation

	3 Neurulation

	4 Development of the nervous system

	5 Blood cell development

	6 Organogenesis

	7 Development of the face and neck

	8 Development of the limbs

	9 Clinical significance

	10 See also

	11 Additional images

	12 References

	13 External links





Human Embryogenesis






This article is about Human embryogenesis. For Embryogenesis in general, see Embryogenesis.

Human embryogenesis is the process of cell division and cellular differentiation of the embryo that occurs during the early stages of development. In biological terms, human development entails growth from a one-celled zygote to an adult human being[image: External link]. Fertilisation occurs when the sperm cell successfully enters and fuses with an egg cell (ovum). The genetic material of the sperm and egg then combine to form a single cell called a zygote and the germinal stage of prenatal development commences.[1] Embryogenesis covers the first eight weeks of development; at the beginning of the ninth week the embryo is termed a fetus. Human embryology is the study of this development during the first eight weeks after fertilisation. The normal period of gestation (pregnancy) is nine months or 38 weeks.

The germinal stage refers to the time from fertilization through the development of the early embryo until implantation is completed in the uterus. The germinal stage takes around 10 days.[2] During this stage, the zygote begins to divide, in a process called cleavage. A blastocyst is then formed and implanted in the uterus. Embryogenesis continues with the next stage of gastrulation, when the three germ layers of the embryo form in a process called histogenesis, and the processes of neurulation and organogenesis follow.

In comparison to the embryo, the fetus has more recognizable external features and a more complete set of developing organs. The entire process of embryogenesis involves coordinated spatial and temporal changes in gene expression, cell growth and cellular differentiation. A nearly identical process occurs in other species, especially among chordates.
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Fertilization takes place when the spermatozoon has successfully entered the ovum and the two sets of genetic material carried by the gametes fuse together, resulting in the zygote (a single diploid cell). This usually takes place in the ampulla of one of the fallopian tubes. The zygote contains the combined genetic material carried by both the male and female gametes which consists of the 23 chromosomes from the nucleus of the ovum and the 23 chromosomes from the nucleus of the sperm. The 46 chromosomes undergo changes prior to the mitotic division which leads to the formation of the embryo having two cells.

Successful fertilization is enabled by three processes, which also act as controls to ensure species-specificity. The first is that of chemotaxis which directs the movement of the sperm towards the ovum. Secondly there is an adhesive compatibility between the sperm and the egg. With the sperm adhered to the ovum, the third process of acrosomal reaction takes place; the front part of the spermatozoon head is capped by an acrosome which contains digestive enzymes to break down the zona pellucida and allow its entry.[3] The entry of the sperm causes calcium to be released which blocks entry to other sperm cells. A parallel reaction takes place in the ovum called the zona reaction. This sees the release of cortical granules that release enzymes which digest sperm receptor proteins, thus preventing polyspermy. The granules also fuse with the plasma membrane and modify the zona pellucida in such a way as to prevent further sperm entry.
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Further information: Cleavage (embryo)


The beginning of the cleavage process is marked when the zygote divides through mitosis into two cells. This mitosis continues and the first two cells divide into four cells, then into eight cells and so on. Each division takes from 12 to 24 hours. The zygote is large compared to any other cell and undergoes cleavage without any overall increase in size. This means that with each successive subdivision, the ratio of nuclear to cytoplasmic material increases.[4] Initially the dividing cells, called blastomeres (blastos Greek for sprout), are undifferentiated and aggregated into a sphere enclosed within the membrane of glycoproteins (termed the zona pellucida) of the ovum. When eight blastomeres have formed they begin to develop gap junctions, enabling them to develop in an integrated way and co-ordinate their response to physiological signals and environmental cues.[5]

When the cells number around sixteen the solid sphere of cells within the zona pellucida is referred to as a morula [6] At this stage the cells start to bind firmly together in a process called compaction, and cleavage continues as cellular differentiation.
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Cleavage itself is the first stage in blastulation, the process of forming the blastocyst. Cells differentiate into an outer layer of cells (collectively called the trophoblast) and an inner cell mass. With further compaction the individual outer blastomeres, the trophoblasts, become indistinguishable. They are still enclosed within the zona pellucida. This compaction serves to make the structure watertight, containing the fluid that the cells will later secrete. The inner mass of cells differentiate to become embryoblasts and polarise at one end. They close together and form gap junctions, which facilitate cellular communication. This polarisation leaves a cavity, the blastocoel, creating a structure that is now termed the blastocyst. (In animals other than mammals, this is called the blastula.) The trophoblasts secrete fluid into the blastocoel. The resulting increase in size of the blastocyst causes it to hatch through the zone pellucida, which then disintegrates.[7][4]

The inner cell mass will give rise to the embryo proper, the amnion, yolk sac and allantois, while the fetal part of the placenta will form from the outer trophoblast layer. The embryo plus its membranes is called the conceptus, and by this stage the conceptus has reached the uterus. The zona pellucida ultimately disappears completely, and the now exposed cells of the trophoblast allow the blastocyst to attach itself to the endometrium, where it will implant. The formation of the hypoblast and epiblast, which are the two main layers of the bilaminar germ disc, occurs at the beginning of the second week.[8] Either the embryoblast or the trophoblast will turn into two sub-layers.[9] The inner cells will turn into the hypoblast layer, which will surround the other layer, called the epiblast, and these layers will form the embryonic disc that will develop into the embryo.[8][9] The trophoblast will also develop two sub-layers: the cytotrophoblast, which is front of the syncytiotrophoblast, which in turn lies within the endometrium.[8] Next, another layer called the exocoelomic membrane or Heuser’s membrane will appear and surround the cytotrophoblast, as well as the primitive yolk sac.[9] The syncytiotrophoblast will grow and will enter a phase called lacunar stage, in which some vacuoles will appear and be filled by blood in the following days.[8][9] The development of the yolk sac starts with the hypoblastic flat cells that form the exocoelomic membrane, which will coat the inner part of the cytotrophoblast to form the primitive yolk sac. An erosion of the endothelial lining of the maternal capillaries by the syncytiotrophoblastic cells of the sinusoids will form where the blood will begin to penetrate and flow through the trophoblast to give rise to the uteroplacental circulation.[10][11] Subsequently new cells derived from yolk sac will be established between trophoblast and exocelomic membrane and will give rise to extra-embryonic mesoderm, which will form the chorionic cavity.[9]

At the end of the second week of development, some cells of the trophoblast penetrate and form rounded columns into the syncytiotrophoblast. These columns are known as primary villi. At the same time, other migrating cells form into the exocelomic cavity a new cavity named the secondary or definitive yolk sac, smaller than the primitive yolk sac.[9][10]
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Main article: Implantation (human embryo)


After ovulation, the endometrial lining becomes transformed into a secretory lining in preparation of accepting the embryo. It becomes thickened, with its secretory glands becoming elongated, and is increasingly vascular. This lining of the uterine cavity (or womb) is now known as the decidua, and it produces a great number of large decidual cells in its increased interglandular tissue. The trophoblast then differentiates into an inner layer, the cytotrophoblast, and an outer layer, the syncytiotrophoblast. The cytotrophoblast contains cuboidal epithelial cells[image: External link] and is the source of dividing cells, and the syncytiotrophoblast is a syncytial[image: External link] layer without cell boundaries.

The syncytiotrophoblast implants the blastocyst in the decidual epithelium by projections of chorionic villi, forming the embryonic part of the placenta. The placenta develops once the blastocyst is implanted, connecting the embryo to the uterine wall. The decidua here is termed the decidua basalis; it lies between the blastocyst and the myometrium and forms the maternal part of the placenta. The implantation is assisted by hydrolytic enzymes that erode the epithelium. The syncytiotrophoblast also produces human chorionic gonadotropin, a hormone that stimulates the release of progesterone[image: External link] from the corpus luteum. Progesterone enriches the uterus with a thick lining of blood vessels and capillaries so that it can oxygenate and sustain the developing embryo. The uterus liberates sugar from stored glycogen from its cells to nourish the embryo.[12] The villi begin to branch and contain blood vessels of the embryo. Other villi, called terminal or free villi, exchange nutrients. The embryo is joined to the trophoblastic shell by a narrow connecting stalk that develops into the umbilical cord to attach the placenta to the embryo.[9][13] Arteries in the decidua are remodelled to increase the maternal blood flow into the intervillous spaces of the placenta, allowing gas exchange and the transfer of nutrients to the embryo. Waste products from the embryo will diffuse across the placenta.

As the syncytiotrophoblast starts to penetrate the uterine wall, the inner cell mass (embryoblast) also develops. The inner cell mass is the source of embryonic stem cells, which are pluripotent and can develop into any one of the three germ layer cells.
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 Embryonic disc




The embryoblast forms an embryonic disc, which is a bilaminar disc of two layers, an upper layer called the epiblast (primitive ectoderm) and a lower layer called the hypoblast (primitive endoderm). The disc is stretched between what will become the amniotic cavity and the yolk sac. The epiblast is adjacent to the trophoblast and made of columnar cells; the hypoblast is closest to the blastocyst cavity and made of cuboidal cells. The epiblast migrates away from the trophoblast downwards, forming the amniotic cavity, the lining of which is formed from amnioblasts developed from the epiblast. The hypoblast is pushed down and forms the yolk sac (exocoelomic cavity) lining. Some hypoblast cells migrate along the inner cytotrophoblast lining of the blastocoel, secreting an extracellular matrix along the way. These hypoblast cells and extracellular matrix are called Heuser's membrane (or the exocoelomic membrane), and they cover the blastocoel to form the yolk sac (or exocoelomic cavity). Cells of the epiblast migrate along the outer edges of this reticulum and form the extraembryonic mesoderm; this disrupts the extraembryonic reticulum. Soon pockets form in the reticulum, which ultimately coalesce to form the chorionic cavity or extraembryonic coelom.
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Main article: Gastrulation


The primitive streak, a linear band of cells formed by the migrating epiblast, appears, and this marks the beginning of gastrulation, which takes place around the seventeenth day (week 3) after fertilisation. The process of gastrulation reorganises the two-layer embryo into a three-layer embryo, and also gives the embryo its specific head-to-tail, and front-to-back orientation, by way of the primitive streak which establishes bilateral symmetry. A primitive node (or primitive knot) forms in front of the primitive streak which is the organiser of neurulation. A primitive pit forms as a depression in the centre of the primitive node which connects to the notochord which lies directly underneath. The node has arisen from epiblasts of the amniotic cavity floor, and it is this node that induces the formation of the neural plate which serves as the basis for the nervous system. The neural plate will form opposite the primitive streak from ectodermal tissue which thickens and flattens into the neural plate. The epiblast in that region moves down into the streak at the location of the primitive pit where the process called ingression, which leads to the formation of the mesoderm takes place. This ingression sees the cells from the epiblast move into the primitive streak in an epithelial-mesenchymal transition; epithelial cells become mesenchymal stem cells, multipotent stromal cells that can differentiate into various cell types. The hypoblast is pushed out of the way and goes on to form the amnion.The epiblast keeps moving and forms a second layer, the mesoderm. The epiblast has now differentiated into the three germ layers of the embryo, so that the bilaminar disc is now a trilaminar disc, the gastrula.

The three germ layers are the ectoderm, mesoderm and endoderm, and are formed as three overlapping flat discs. It is from these three layers that all the structures and organs of the body will be derived through the processes of somitogenesis, histogenesis and organogenesis.[14] The embryonic endoderm is formed by invagination of epiblastic cells that migrate to the hypoblast, while the mesoderm is formed by the cells that develop between the epiblast and endoderm. In general, all germ layers will derive from the epiblast.[9][13] The upper layer of ectoderm will give rise to the outermost layer of skin, central and peripheral nervous systems, eyes, inner ear, and many connective tissues.[15] The middle layer of mesoderm will give rise to the heart and the beginning of the circulatory system as well as the bones, muscles and kidneys. The inner layer of endoderm will serve as the starting point for the development of the lungs, intestine, thyroid, pancreas and bladder.

Following ingression, a blastopore[image: External link] develops where the cells have ingressed, in one side of the embryo and it deepens to become the archenteron, the first formative stage of the gut. As in all deuterostomes, the blastopore becomes the anus whilst the gut tunnels through the embryo to the other side where the opening becomes the mouth. With a functioning digestive tube, gastrulation is now completed and the next stage of neurulation can begin.
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Main article: Neurulation


Following gastrulation, the ectoderm gives rise to epithelial and neural tissue, and the gastrula is now referred to as the neurula. The neural plate that has formed as a thickened plate from the ectoderm, continues to broaden and its ends start to fold upwards as neural folds. Neurulation refers to this folding process whereby the neural plate is transformed into the neural tube, and this takes place during the fourth week. They fold, along a shallow neural groove which has formed as a dividing median line in the neural plate. This deepens as the folds continue to gain height, when they will meet and close together at the neural crest. The cells that migrate through the most cranial part of the primitive line form the paraxial mesoderm, which will give rise to the somitomeres that in the process of somitogenesis will differentiate into somites that will form the sclerotome, the syndetome,[16] the myotome and the dermatome to form cartilage and bone, tendons, dermis (skin), and muscle. The intermediate mesoderm gives rise to the urogenital tract and consists of cells that migrate from the middle region of the primitive line. Other cells migrate through the caudal part of the primitive line and form the lateral mesoderm, and those cells migrating by the most caudal part contribute to the extraembryonic mesoderm.[9][13]

The embryonic disc begins flat and round, but eventually elongates to have a wider cephalic part and narrow-shaped caudal end.[8] At the beginning, the primitive line extends in cephalic direction and 18 days after fertilization returns caudally until it disappears. In the cephalic portion, the germ layer shows specific differentiation at the beginning of the 4th week, while in the caudal portion it occurs at the end of the 4th week.[9] Cranial and caudal neuropores[image: External link] become progressively smaller until they close completely (by day 26) forming the neural tube.[17]
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 Development of the nervous system




Main articles: Neural development and Development of the nervous system in humans


Late in the fourth week, the superior part of the neural tube flexes at the level of the future midbrain—the mesencephalon. Above the mesencephalon is the prosencephalon (future forebrain) and beneath it is the rhombencephalon (future hindbrain).

Cranial neural crest cells migrate to the pharyngeal arches as neural stem cells, where they develop in the process of neurogenesis into neurons.

The optical vesicle (which eventually becomes the optic nerve, retina and iris) forms at the basal plate of the prosencephalon. The alar plate of the prosencephalon expands to form the cerebral hemispheres (the telencephalon) whilst its basal plate becomes the diencephalon. Finally, the optic vesicle grows to form an optic outgrowth.
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 Blood cell development




Haematopoietic stem cells that give rise to all the blood cells develop from the mesoderm.
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 Organogenesis




The development of the organs starts during the third to eighth weeks of embryogenesis.
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Main article: Heart development


The heart is the first functional organ to develop and starts to beat and pump blood at around 21 or 22 days.[18] Cardiac myoblasts and blood islands in the splanchnopleuric mesenchyme on each side of the neural plate, give rise to the cardiogenic region.[9]:165This is a horseshoe-shaped area near to the head of the embryo. By day 19, following cell signalling, two strands begin to form as tubes in this region, as a lumen develops within them. These two endocardial tubes grow and by day 21 have migrated towards each other and fused to form a single primitive heart tube, the tubular heart. This is enabled by the folding of the embryo which pushes the tubes into the thoracic cavity.[19]

Also at the same time that the tubes are forming, vasculogenesis (the development of the circulatory system) has begun. This starts on day 18 with cells in the splanchnopleuric mesoderm differentiating into angioblasts that develop into flattened endothelial cells. These join to form small vesicles called angiocysts which join up to form long vessels called angioblastic cords. These cords develop into a pervasive network of plexuses in the formation of the vascular network. This network grows by the additional budding and sprouting of new vessels in the process of angiogenesis.[19]

The tubular heart quickly forms five distinct regions. From head to tail, these are the infundibulum, bulbus cordis, primitive ventricle, primitive atrium, and the sinus venosus. Initially, all venous blood flows into the sinus venosus, and is propelled from tail to head to the truncus arteriosus. This will divide to form the aorta and pulmonary artery; the bulbus cordis will develop into the right (primitive) ventricle; the primitive ventricle will form the left ventricle; the primitive atrium will become the front parts of the left and right atria and their appendages, and the sinus venosus will develop into the posterior part of the right atrium, the sinoatrial node and the coronary sinus.[18]

Cardiac looping begins to shape the heart as one of the processes of morphogenesis, and this completes by the end of the fourth week. Programmed cell death (apoptosis) is involved in this process, at the joining surfaces enabling fusion to take place.[19] In the middle of the fourth week, the sinus venosus receives blood from the three major veins: the vitelline, the umbilical and the common cardinal veins.

During the first two months of development, the interatrial septum begins to form. This septum divides the primitive atrium into a right and a left atrium. Firstly it starts as a crescent-shaped piece of tissue which grows downwards as the septum primum. The crescent shape prevents the complete closure of the atria allowing blood to be shunted from the right to the left atrium through the opening known as the ostium primum. This closes with further development of the system but before it does, a second opening (the ostium secundum) begins to form in the upper atrium enabling the continued shunting of blood.[19]

A second septum (the septum secundum) begins to form to the right of the septum primum. This also leaves a small opening, the foramen ovale which is continuous with the previous opening of the ostium secundum. The septum primum is reduced to a small flap that acts as the valve of the foramen ovale and this remains until its closure at birth. Between the ventricles the septum inferius also forms which develops into the muscular interventricular septum.[19]
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 Development of the face and neck




Main article: Face and neck development of the embryo


From the third to the eighth week the face and neck develop.
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 Development of the limbs




Main articles: Limb development and Limb bud


In the fourth week limb development begins.
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 Clinical significance




Toxic exposures during the germinal stage may cause prenatal death resulting in a miscarriage, but do not cause developmental defects. However, toxic exposures in the embryonic period can be the cause of major congenital malformations, since the precursors of the major organ systems are now developing.

Each cell of the preimplantation embryo has the potential to form all of the different cell types in the developing embryo. This cell potency means that some cells can be removed from the preimplantation embryo and the remaining cells will compensate for their absence. This has allowed the development of a technique known as preimplantation genetic diagnosis, whereby a small number of cells from the preimplantation embryo created by IVF, can be removed by biopsy and subjected to genetic diagnosis. This allows embryos that are not affected by defined genetic diseases to be selected and then transferred to the mother's uterus.

Sacrococcygeal teratomas, tumours formed from different types of tissue, that can form, are thought to be related to primitive streak remnants, which ordinarily disappear.[8][9][11]

First arch syndromes are congenital disorders of facial deformities, caused by the failure of neural crest cells to migrate to the first pharyngeal arch.

Spina bifida a congenital disorder is the result of the incomplete closure of the neural tube.

Vertically transmitted infections can be passed from the mother to the unborn child at any stage of its development.

Hypoxia a condition of inadequate oxygen supply can be a serious consequence of a preterm or premature birth.


[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 See also





	Aorta-gonad-mesonephros

	CDX2

	Developmental biology

	Embryomics

	Eye development

	Gonadogenesis

	Human tooth development

	Potential person

	Recapitulation theory




[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 Additional images





[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 References






	
^ Sherk, Stephanie Dionne. "http://www.healthline.com/galecontent/prenatal-development"[image: External link]. Gale Encyclopedia of Children's Health, 2006. Gale. Archived from the original[image: External link] on 1 December 2013. Retrieved 6 October 2013.


	
^ "germinal stage"[image: External link]. Mosby's Medical Dictionary, 8th edition. Elsevier. Retrieved 6 October 2013.


	
^ "acrosome definition - Dictionary - MSN Encarta"[image: External link]. Archived from the original[image: External link] on 2009-10-31. Retrieved 2007-08-15.


	
^ a b Forgács, G.; Newman, Stuart A. (2005). "Cleavage and blastula formation". Biological physics of the developing embryo[image: External link]. Cambridge University Press. p. 27. ISBN  978-0-521-78337-8[image: External link].


	
^ Brison, D. R.; Sturmey, R. G.; Leese, H. J. (2014). "Metabolic heterogeneity during preimplantation development: the missing link?". Human Reproduction Update. 20 (5): 632–640. doi: 10.1093/humupd/dmu018[image: External link]. ISSN  1355-4786[image: External link]. PMID  24795173[image: External link].


	
^ Boklage, Charles E. (2009). How New Humans Are Made: Cells and Embryos, Twins and Chimeras, Left and Right, Mind/Self/Soul, Sex, and Schizophrenia[image: External link]. World Scientific. p. 217. ISBN  978-981-283-513-0[image: External link].


	
^ http://www.vanat.cvm.umn.edu/TFFLectPDFs/LectEarlyEmbryo[image: External link]


	
^ a b c d e f Carlson, Bruce M. (1999) [1t. Pub. 1997]. "Chapter 4: Formation of germ layers and initial derivatives". Human Embryology & Developmental Biology. Mosby, Inc. pp. 62–68. ISBN  0-8151-1458-3[image: External link].


	
^ a b c d e f g h i j k l Sadler, T.W.; Langman, Jan (2012) [1st. Pub. 2001]. "Chapter 3: Primera semana del desarrollo: de la ovulación a la implantación". In Seigafuse, sonya. Langman, Embriología médica. Lippincott Williams & Wilkins, Wolters Kluwer. pp. 29–42. ISBN  978-84-15419-83-9[image: External link].


	
^ a b Moore, Keith L.; Persaud, V.N. (2003) [1t. Pub. 1996]. "Chapter 3: Formation of the bilaminar embryonic disc: second week". The Developing Human, Clinically Oriented Embryology. W B Saunders Co. pp. 47–51. ISBN  0-7216-9412-8[image: External link].


	
^ a b Larsen, William J.; Sherman, Lawrence S.; Potter, S. Steven; Scott, William J. (2001) [1t. Pub. 1998]. "Chapter 2: Bilaminar embryonic disc development and establishment of the uteroplacental circulation". Human Embryology. Churchill Livingstone. pp. 37–45. ISBN  0-443-06583-7[image: External link].


	
^ Campbell, Neil A.; Brad Williamson; Robin J. Heyden (2006). Biology: Exploring Life[image: External link]. Boston: Pearson Prentice Hall. ISBN  0-13-250882-6[image: External link].


	
^ a b c Smith Agreda, Víctor; Ferrés Torres, Elvira; Montesinos Castro-Girona, Manuel (1992). "Chapter 5: Organización del desarrollo: Fase de germinación". Manual de embriología y anatomía general. Universitat de València. pp. 72–85. ISBN  84-370-1006-3[image: External link].


	
^ Ross, Lawrence M. & Lamperti, Edward D., ed. (2006). "Human Ontogeny: Gastrulation, Neurulation, and Somite Formation". Atlas of anatomy: general anatomy and musculoskeletal system. Thieme. ISBN 978-3-13-142081-7[image: External link].|url=https://books.google.com/books?id=NK9TgTaGt6UC&pg=PA6[image: External link]


	
^ "Pregnancy week by week"[image: External link]. Retrieved 28 July 2010.


	
^ Brent AE, Schweitzer R, Tabin CJ (April 2003). "A somitic compartment of tendon progenitors"[image: External link]. Cell. 113 (2): 235–48. doi: 10.1016/S0092-8674(03)00268-X[image: External link]. PMID  12705871[image: External link]. Retrieved 2014-04-20.


	
^ Larsen, W J (2001). Human Embryology (3rd ed.). Elsevier. p. 87. ISBN  0-443-06583-7[image: External link].


	
^ a b Betts, J. Gordon (2013). Anatomy & physiology[image: External link]. pp. 787–846. ISBN  1938168135[image: External link].


	
^ a b c d e Larsen, W J (2001). Human Embryology (3rd ed.). Elsevier. pp. 170–190. ISBN  0-443-06583-7[image: External link].







[image: TOC] TOC [image: Previous chapter] Previous 
 External links





	Photo of blastocyst in utero[image: External link]

	Slideshow: In the Womb[image: External link]


	
Online course in embryology[image: External link] for medicine students developed by the universities of Fribourg, Lausanne and Bern





Categories[image: External link]:

	Embryology[image: External link]

	Developmental biology[image: External link]
















This page was last edited on 13 April 2017, at 21:43.




	This text is based on the Wikipedia article Human Embryogenesis: https://en.wikipedia.org/wiki/Human_embryogenesis [image: External link] which is released under the Creative Commons Attribution-ShareAlike 3.0 Unported License available online at: http://creativecommons.org/licenses/by-sa/3.0/legalcode [image: External link]

List of authors: https://tools.wmflabs.org/xtools/wikihistory/wh.php?page_title=Human_embryogenesis [image: External link]












Back to main article 



Contents




	1 Fertilization and the zygote

	2 Cleavage and morula

	3 Formation of the blastula

	4 Formation of the gastrula

	5 Somitogenesis

	6 Organogenesis

	7 See also

	8 References

	9 External links





Embryogenesis






This article is about embryogenesis of all animals. For human embryogenesis, see Human embryogenesis. For plant embryogenesis, see Plant embryogenesis[image: External link].

Embryogenesis is the process by which the embryo forms and develops. In mammals, the term refers chiefly to early stages of prenatal development, whereas the terms fetus and fetal development[image: External link] describe later stages.

Embryogenesis starts with the fertilization[image: External link] of the egg cell (ovum) by a sperm cell, (spermatozoon). Once fertilized, the ovum is referred to as a zygote, a single diploid cell. The zygote undergoes mitotic divisions with no significant growth (a process known as cleavage) and cellular differentiation, leading to development of a multicellular embryo.

Although embryogenesis occurs in both animal[image: External link] and plant development[image: External link], this article addresses the common features among different animals, with some emphasis on the embryonic development of vertebrates[image: External link] and mammals[image: External link].
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 Fertilization and the zygote




Main article: Zygote


The egg cell is generally asymmetric, having an "animal pole[image: External link]" (future ectoderm and mesoderm) and a "vegetal pole[image: External link]" (future endoderm). It is covered with protective envelopes, with different layers. The first envelope - the one in contact with the membrane of the egg - is made of glycoproteins and is known as the vitelline membrane[image: External link] (zona pellucida in mammals[image: External link]). Different taxa[image: External link] show different cellular and acellular envelopes englobing the vitelline membrane.

Fertilization[image: External link] (also known as 'conception', 'fecundation' and 'syngamy') is the fusion of gametes[image: External link] to produce a new organism. In animals, the process involves a sperm fusing with an ovum, which eventually leads to the development of an embryo. Depending on the animal species, the process can occur within the body of the female in internal fertilisation, or outside in the case of external fertilisation. The fertilized egg cell is known as the zygote.
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 Cleavage and morula




Further information: Cleavage (embryo)


Cell division with no significant growth, producing a cluster of cells that is the same size as the original zygote, is called cleavage. At least four initial cell divisions occur, resulting in a dense ball of at least sixteen cells called the morula. The different cells derived from cleavage, up to the blastula stage, are called blastomeres. Depending mostly on the amount of yolk[image: External link] in the egg, the cleavage can be holoblastic[image: External link] (total) or meroblastic[image: External link] (partial) [1][image: External link].

Holoblastic cleavage occurs in animals with little yolk in their eggs, such as humans and other mammals who receive nourishment as embryos from the mother, via the placenta or milk[image: External link], such as might be secreted from a marsupium[image: External link]. On the other hand, meroblastic cleavage occurs in animals whose eggs have more yolk; i.e. birds and reptiles. Because cleavage is impeded in the vegetal pole[image: External link], there is a very uneven distribution and size of cells, being more numerous and smaller at the animal pole of the zygote [2][image: External link].

In holoblastic eggs the first cleavage always occurs along the vegetal-animal axis of the egg, and the second cleavage is perpendicular to the first. From here the spatial arrangement of blastomeres can follow various patterns, due to different planes of cleavage, in various organisms:



	Cleavage patterns followed by holoblastic and meroblastic eggs



	Holoblastic
	Meroblastic



	

	Radial (sea urchin[image: External link], amphioxus[image: External link])

	Bilateral ( tunicates[image: External link], amphibians[image: External link])

	Spiral ( annelids[image: External link], mollusks[image: External link])

	Rotational ( mammals[image: External link], nematodes[image: External link])




	

	Discoidal ( fish[image: External link], birds[image: External link], reptiles[image: External link])

	Superficial ( insects[image: External link])








The end of cleavage is known as midblastula transition[image: External link] and coincides with the onset of zygotic transcription[image: External link].

In amniotes, the cells of the morula are at first closely aggregated, but soon they become arranged into an outer or peripheral layer, the trophoblast, which does not contribute to the formation of the embryo proper, and an inner cell mass, from which the embryo is developed. Fluid collects between the trophoblast and the greater part of the inner cell-mass, and thus the morula is converted into a vesicle[image: External link], called the blastodermic vesicle. The inner cell mass remains in contact, however, with the trophoblast at one pole of the ovum; this is named the embryonic pole, since it indicates the location where the future embryo will be developed.[1]
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 Formation of the blastula




After the 7th cleavage has produced 128 cells[image: External link], the embryo is called a blastula. [3][image: External link] The blastula is usually a spherical layer of cells (the blastoderm[image: External link]) surrounding a fluid-filled or yolk-filled cavity (the blastocoel).

Mammals at this stage form a structure called the blastocyst, [4][image: External link] characterized by an inner cell mass that is distinct from the surrounding blastula. The blastocyst must not be confused with the blastula; even though they are similar in structure, their cells have different fates.

Before gastrulation, the cells of the trophoblast become differentiated into two strata: The outer stratum forms a syncytium[image: External link] (i.e., a layer of protoplasm studded with nuclei, but showing no evidence of subdivision into cells), termed the syncytiotrophoblast, while the inner layer, the cytotrophoblast or "Layer of Langhans," consists of well-defined cells. As already stated, the cells of the trophoblast do not contribute to the formation of the embryo proper; they form the ectoderm of the chorion and play an important part in the development of the placenta. On the deep surface of the inner cell mass, a layer of flattened cells, called the endoderm, is differentiated and quickly assumes the form of a small sac, called the yolk sac. Spaces appear between the remaining cells of the mass and, by the enlargement and coalescence of these spaces, a cavity called the amniotic cavity is gradually developed. The floor of this cavity is formed by the embryonic disk[image: External link], which is composed of a layer of prismatic cells, the embryonic ectoderm, derived from the inner cell mass and lying in apposition with the endoderm.[1]
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 Formation of the germ layers




The embryonic disk[image: External link] becomes oval and then pear-shaped, the wider end being directed forward. Near the narrow, posterior end, an opaque streak, called the primitive streak, makes its appearance and extends along the middle of the disk for about one-half of its length; at the anterior end of the streak there is a knob-like thickening termed the primitive node or knot, (known as Hensen's knot in birds). A shallow groove, the primitive groove, appears on the surface of the streak, and the anterior end of this groove communicates by means of an aperture, the blastopore, with the yolk sac. The primitive streak is produced by a thickening of the axial part of the ectoderm, the cells of which multiply, grow downward, and blend with those of the subjacent endoderm. From the sides of the primitive streak a third layer of cells, the mesoderm, extends laterally between the ectoderm and endoderm; the caudal end of the primitive streak forms the cloacal membrane[image: External link]. The blastoderm now consists of three layers, named from without inward: ectoderm, mesoderm, and endoderm; each has distinctive characteristics and gives rise to certain tissues of the body. For many mammals, it is sometime during formation of the germ layers that implantation of the embryo in the uterus of the mother occurs.[1]


[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 Formation of the gastrula




Main article: Gastrulation


During gastrulation cells migrate to the interior of the blastula, subsequently forming two (in diploblastic[image: External link] animals) or three ( triploblastic[image: External link]) germ layers. The embryo during this process is called a gastrula. The germ layers are referred to as the ectoderm, mesoderm and endoderm. In diploblastic[image: External link] animals only the ectoderm and the endoderm are present [5][image: External link].


	Among different animals, different combinations of the following processes occur to place the cells in the interior of the embryo:

	
Epiboly[image: External link] - expansion of one cell sheet over other cells [6][image: External link]


	Ingression - migration of individual cells into the embryo (cells move with pseudopods[image: External link]) [7][image: External link]


	
Invagination - infolding of cell sheet into embryo, forming the mouth[image: External link], anus, and archenteron [8][image: External link]


	Delamination - splitting or migration of one sheet into two sheets

	Involution - inturning of cell sheet over the basal surface of an outer layer

	Polar proliferation - Cells at the polar ends of the blastula/gastrula proliferate, mostly at the animal pole.





	Other major changes during gastrulation:

	Heavy RNA transcription[image: External link] using embryonic genes; up to this point the RNAs[image: External link] used were maternal (stored in the unfertilized egg).

	Cells start major differentiation processes, losing their totipotentiality[image: External link].







In most animals, a blastopore is formed at the point where cells are entering the embryo. Two major groups of animals can be distinguished according to the blastopore's fate. In deuterostomes the anus forms from the blastopore, while in protostomes[image: External link] it develops into the mouth. See Embryological origins of the mouth and anus[image: External link] for more information.
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 Formation of the early nervous system - neural groove, tube and notochord




In front of the primitive streak, two longitudinal ridges, caused by a folding up of the ectoderm, make their appearance, one on either side of the middle line formed by the streak. These are named the neural folds; they commence some little distance behind the anterior[image: External link] end of the embryonic disk[image: External link], where they are continuous with each other, and from there gradually extend backward, one on either side of the anterior end of the primitive streak. Between these folds is a shallow median[image: External link] groove, the neural groove. The groove gradually deepens as the neural folds become elevated, and ultimately the folds meet and coalesce in the middle line and convert the groove into a closed tube, the neural tube or canal, the ectodermal wall of which forms the rudiment of the nervous system. After the coalescence of the neural folds over the anterior end of the primitive streak, the blastopore no longer opens on the surface but into the closed canal of the neural tube, and thus a transitory communication, the neurenteric canal[image: External link], is established between the neural tube and the primitive digestive tube[image: External link]. The coalescence of the neural folds occurs first in the region of the hind brain, and from there extends forward and backward; toward the end of the third week, the front opening (anterior neuropore[image: External link]) of the tube finally closes at the anterior end of the future brain[image: External link], and forms a recess that is in contact, for a time, with the overlying ectoderm; the hinder part of the neural groove presents for a time a rhomboidal shape[image: External link], and to this expanded portion the term sinus rhomboidalis has been applied. Before the neural groove is closed, a ridge of ectodermal cells appears along the prominent margin of each neural fold; this is termed the neural crest or ganglion ridge, and from it the spinal[image: External link] and cranial[image: External link] nerve ganglia and the ganglia of the sympathetic nervous system[image: External link] are developed. By the upward growth of the mesoderm, the neural tube is ultimately separated from the overlying ectoderm.[2]

The cephalic end of the neural groove exhibits several dilatations that, when the tube is shut, assume the form of three vesicles; these constitute the three primary cerebral vesicles, and correspond, respectively, to the future 'fore-brain' (prosencephalon), 'midbrain' (mesencephalon), and 'hind-brain' (rhombencephalon) (Fig. 18). The walls of the vesicles are developed into the nervous tissue and neuroglia of the brain, and their cavities are modified to form its ventricles. The remainder of the tube forms the spinal cord[image: External link] (medulla spinalis); from its ectodermal wall the nervous and neuroglial elements of the spinal cord are developed, while the cavity persists as the central canal[image: External link].[2]
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 Formation of the early septum




The extension of the mesoderm takes place throughout the whole of the embryonic and extra-embryonic areas of the ovum, except in certain regions. One of these is seen immediately in front of the neural tube. Here the mesoderm extends forward in the form of two crescentic masses, which meet in the middle line so as to enclose behind them an area that is devoid of mesoderm. Over this area, the ectoderm and endoderm come into direct contact with each other and constitute a thin membrane, the buccopharyngeal membrane[image: External link], which forms a septum between the primitive mouth and pharynx[image: External link].[1]


[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 Early formation of the heart and other primitive structures




In front of the buccopharyngeal area, where the lateral crescents of mesoderm fuse in the middle line, the pericardium[image: External link] is afterward developed, and this region is therefore designated the pericardial area. A second region where the mesoderm is absent, at least for a time, is that immediately in front of the pericardial area. This is termed the proamniotic area, and is the region where the proamnion is developed; in humans, however, it appears that a proamnion is never formed. A third region is at the hind end of the embryo, where the ectoderm and endoderm come into apposition and form the cloacal membrane[image: External link].[1]
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 Somitogenesis




Main article: Somitogenesis


Somitogenesis is the process by which somites (primitive segments) are produced. These segmented tissue blocks differentiate into skeletal muscle, vertebrae, and dermis of all vertebrates.

Somitogenesis begins with the formation of somitomeres (whorls of concentric mesoderm) marking the future somites in the presomitic mesoderm (unsegmented paraxial). The presomitic mesoderm gives rise to successive pairs of somites, identical in appearance that differentiate into the same cell types but the structures formed by the cells vary depending upon the anteroposterior (e.g., the thoracic[image: External link] vertebrae have ribs, the lumbar[image: External link] vertebrae do not). Somites have unique positional values along this axis and it is thought that these are specified by the Hox[image: External link] homeotic genes[image: External link].

Toward the end of the second week after fertilization, transverse[image: External link] segmentation of the paraxial mesoderm begins, and it is converted into a series of well-defined, more or less cubical masses, also known as the somites, which occupy the entire length of the trunk on either side of the middle line from the occipital[image: External link] region of the head. Each segment contains a central cavity (known as a myocoel), which, however, is soon filled with angular and spindle-shape cells. The somites lie immediately under the ectoderm on the lateral aspect of the neural tube and notochord, and are connected to the lateral mesoderm by the intermediate cell mass[image: External link]. Those of the trunk may be arranged in the following groups, viz.: cervical[image: External link] 8, thoracic[image: External link] 12, lumbar[image: External link] 5, sacral[image: External link] 5, and coccygeal[image: External link] from 5 to 8. Those of the occipital region of the head are usually described as being four in number. In mammals, somites of the head can be recognized only in the occipital region, but a study of the lower vertebrates leads to the belief that they are present also in the anterior part of the head and that, altogether, nine segments are represented in the cephalic region.[3]
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 Organogenesis




Main article: organogenesis


At some point after the different germ layers are defined, organogenesis begins. The first stage in vertebrates[image: External link] is called neurulation, where the neural plate folds forming the neural tube (see above). [9][image: External link] Other common organs or structures that arise at this time include the heart[image: External link] and somites (also above), but from now on embryogenesis follows no common pattern among the different taxa[image: External link] of the animal kingdom[image: External link].

In most animals organogenesis along with morphogenesis will result in a larva[image: External link]. The hatching of the larva, which must then undergo metamorphosis[image: External link], marks the end of embryonic development.
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Human development (biology)






"Developmental" redirects here. For other uses, see Development[image: External link].

Human development is the process of growing[image: External link] to maturity. In biological terms, this entails growth from a one-celled zygote to an adult human being[image: External link].
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 Biological development
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 General aspects




Fertilization occurs when the sperm successfully enters the ovum's membrane. The genetical material of the sperm and egg that combine to form a single cell, called a zygote, and the germinal stage of prenatal development commences.[1] The germinal stage refers to the time from fertilization, through the development of the early embryo, up until implantation. The germinal stage is over at about 10 days of gestation.[2]

The zygote contains a full complement of genetic material[image: External link] and develops into the embryo. Briefly, embryonic developments have four stages: the morula stage, the bastula stage, the gastrula stage, and the neurula stage. Prior to implantation, the embryo remains in a protein shell, the zona pellucida, and undergoes a series of cell divisions, called mitosis. A week after fertilization the embryo still has not grown in size, but hatches from the zona pellucida and adheres to the lining of the mother's uterus. This induces a decidual reaction[image: External link], wherein the uterine cells proliferate and surround the embryo thus causing it to become embedded within the uterine tissue. The embryo, meanwhile, proliferates and develops both into embryonic and extra-embryonic tissue, the latter forming the fetal membranes[image: External link] and the placenta. In humans, the embryo is referred to as a fetus in the later stages of prenatal development. The transition from embryo to fetus is arbitrarily defined as occurring 8 weeks after fertilization. In comparison to the embryo, the fetus has more recognizable external features and a set of progressively developing internal organs. A nearly identical process occurs in other species.
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 Physical stages




The following are some approximate age ranges for physical development stages:




	
Prenatal (sperm fertilizes egg - birth)

	
Embryo (fertilization - 8 weeks after fertilization)

	
Zygote, the single cell stage which occurs after fertilization[image: External link]


	
Blastocyst, the stage prior to implantation, when the embryo is a hollow sphere

	Post-implantation embryo, the period 1 – 8 weeks after fertilization (3 to 10 weeks gestation)





	
Fetus, (10th week of pregnancy - birth)









Further information: Child development[image: External link] and Child development stages



	
Childhood[image: External link]/ Juvenile[image: External link] (Childbirth) (0 - 19)

	Neonate (newborn) (0 – 28 days)

	
Infant (baby) (0 month - 12 months)

	
Toddler (1 – 3 years)

	
Play age (3 – 5 years)

	
Primary school[image: External link] age (middle childhood also called prepubescence) (6 - 11)

	
Elementary school[image: External link] age (6 - 11)

	
Preadolescence (The child in this and the previous phase are called schoolchild (schoolboy or schoolgirl), when still of primary school age.) (9 – 11 years)





	
Adolescence (12 – 19 years)

	Peripuberty (8[3]-10[4] until 15[4]-17[5])









	
Adulthood[image: External link] (20+ years)

	
Young adulthood (20 – 39 years)

	
Middle adulthood (40 – 60 years)

	
Elder/Senior citizen[image: External link] (60+ years)





	
Death (unpredictable)

	
Decomposition[image: External link] (breakdown of the body after death)







Also sometimes used are terms that specify one's age in numbers, such as:


	Baby (0)

	Toddler (1 - 2)

	Preschooler (3 - 4)

	Main childhood (5 - 9)

	
Pre-teenager[image: External link] (10-12)

	
Teenager[image: External link] (13-19)

	
Twentysomething[image: External link] (20-29)

	
Thirtysomething[image: External link] (30-39)

	
Fortysomething[image: External link] (40-49)

	
Fiftysomething[image: External link] (50-59)

	
Sixtysomething[image: External link] (60-69)

	Seventysomething (70-79)

	Eightysomething (80-89)

	Ninetysomething (90-99)

	
Centenarian[image: External link] (100-109)

	
Supercentenarian[image: External link] (110+)



The Tanner stages[image: External link] can be used to approximately judge a child's age based on physical development.
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Fetus






This article is about the stage of prenatal development. For other uses, see Fetus (disambiguation)[image: External link].

A fetus is a stage in the prenatal development[image: External link] of viviparous[image: External link] organisms[image: External link]. In human development, a fetus or[image: External link] foetus (/'fi:tes /[image: External link]; plural fetuses or foetuses) is a prenatal human between the embryonic state and birth[image: External link]. The fetal stage of development tends to be taken as beginning at the gestational age[image: External link] of eleven weeks, i.e. nine weeks after fertilization[image: External link].[1][2] In biological terms, however, prenatal development is a continuum, with no clear defining feature distinguishing an embryo from a fetus. The use of the term "fetus" generally implies that an embryo has developed to the point of being recognizable as a human[image: External link]; this is the point usually taken to be the ninth week after fertilization. A fetus is also characterized by the presence of all the major body organs, though they will not yet be fully developed and functional and some not yet situated in their final anatomical location[image: External link].
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 Etymology




The word fetus[image: External link] (plural fetuses[image: External link]) is from the Latin[image: External link] fētus[image: External link] (“offspring”, “bringing forth”, “hatching of young”).[3][4][5] The British, Irish, and Commonwealth spelling is foetus[image: External link], which has been in use since at least 1594.[6] It arose as a hypercorrection[image: External link] based on an incorrect etymology[image: External link] (i.e. due to insufficient knowledge of Latin) that may have originated with an error by Isidore of Seville[image: External link] in AD 620.[7][8] This spelling is the most common in most Commonwealth nations[image: External link], except in the medical literature, where fetus is used. The etymologically accurate original spelling fetus is used in Canada and the United States. In addition, fetus is now the standard English spelling throughout the world in medical journals.[9] The spelling faetus[image: External link] was used historically.[10]
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 Development




Main article: Prenatal development
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 Weeks 9 to 16 (2¼ to 4 months)




In humans, the fetal stage commences at the beginning of the ninth week.[1] At the start of the fetal stage, the fetus is typically about 30 millimetres (1.2 in) in length from crown to rump, and weighs about 8 grams.[1] The head makes up nearly half of the fetus' size.[11] Breathing-like movement of the fetus is necessary for stimulation of lung development, rather than for obtaining oxygen.[12] The heart, hands, feet, brain and other organs are present, but are only at the beginning of development and have minimal operation.[13][14] The genitalia of the fetus starts to form and placenta becomes fully functional during week 9.[15]

At this point in development, uncontrolled movements and twitches occur as muscles, the brain, and pathways begin to develop.[16]
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 Weeks 17 to 25 (4¼ to 6¼ months)




A woman pregnant for the first time (primiparous), typically feels fetal movements at about 21 weeks, whereas a woman who has given birth at least once (multiparous), will typically feel movements by 20 weeks.[17] By the end of the fifth month, the fetus is about 20 cm (8 inches) long.
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 Weeks 26 to 38 (6½ to 9½ months)




The amount of body fat rapidly increases. Lungs are not fully mature. Thalamic[image: External link] brain connections, which mediate sensory input, form. Bones are fully developed, but are still soft and pliable. Iron[image: External link], calcium[image: External link], and phosphorus[image: External link] become more abundant. Fingernails reach the end of the fingertips. The lanugo[image: External link], or fine hair, begins to disappear, until it is gone except on the upper arms and shoulders. Small breast buds[image: External link] are present on both sexes. Head hair becomes coarse and thicker. Birth is imminent and occurs around the 38th week after fertilization. The fetus is considered full-term between weeks 36 and 40, when it is sufficiently developed for life outside the uterus.[19][20] It may be 48 to 53 cm (19 to 21 inches) in length, when born. Control of movement is limited at birth, and purposeful voluntary movements develop all the way until puberty.[21][22]
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 Variation in growth




See also: Birth weight[image: External link]


There is much variation in the growth of the human fetus. When fetal size is less than expected, that condition is known as intrauterine growth restriction (IUGR) also called fetal growth restriction (FGR); factors affecting fetal growth can be maternal, placental, or fetal.[23]

Maternal factors include maternal weight[image: External link], body mass index[image: External link], nutritional state, emotional stress[image: External link], toxin exposure (including tobacco[image: External link], alcohol[image: External link], heroin[image: External link], and other drugs which can also harm the fetus in other ways), and uterine blood[image: External link] flow.

Placental factors include size, microstructure (densities and architecture), umbilical[image: External link] blood flow, transporters and binding proteins, nutrient utilization and nutrient production.

Fetal factors include the fetus genome, nutrient production, and hormone output. Also, female fetuses tend to weigh less than males, at full term.[23]

Fetal growth is often classified as follows: small for gestational age (SGA), appropriate for gestational age (AGA), and large for gestational age (LGA).[24] SGA can result in low birth weight[image: External link], although premature birth can also result in low birth weight. Low birth weight increases risk for perinatal mortality (death shortly after birth), asphyxia[image: External link], hypothermia[image: External link], polycythemia[image: External link], hypocalcemia[image: External link], immune dysfunction[image: External link], neurologic[image: External link] abnormalities, and other long-term health problems. SGA may be associated with growth delay, or it may instead be associated with absolute stunting of growth.
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 Viability




Main article: Fetal viability[image: External link]


Viability refers to a point in fetal development at which the fetus may survive outside the womb. The lower limit of viability[image: External link] is approximately 5-3/4 months gestational age[image: External link] and is usually later.[25]

There is no sharp limit of development, age, or weight at which a fetus automatically becomes viable.[26] According to data from 2003–05, survival rates are 20–35% for babies born at 23 weeks of gestation[image: External link] (5-3/4 months); 50–70% at 24-25 weeks (6 - 6-1/4 months); and >90% at 26-27 weeks (6-1/2 - 6-3/4 months) and over.[27] It is rare for a baby weighing less than 1.1 pounds (0.50 kg) to survive.[26]

When such premature[image: External link] babies are born, the main causes of perinatal mortality[image: External link] are that the respiratory system and the central nervous system are not completely differentiated. If given expert postnatal care, some fetuses weighing less than 1.1 pounds (0.50 kg) may survive, and are referred to as extremely low birth weight or immature infants.[26] Preterm birth is the most common cause of perinatal mortality, causing almost 30 percent of neonatal deaths.[27]
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 Fetal pain




Main article: Fetal pain[image: External link]


Fetal pain[image: External link], its existence and its implications are debated politically and academically. According to the conclusions of a review published in 2005, "Evidence regarding the capacity for fetal pain is limited but indicates that fetal perception of pain is unlikely before the third trimester."[28][29] However, developmental neurobiologists[image: External link] argue that the establishment of thalamocortical[image: External link] connections (at about 6-1/2 months) is an essential event with regard to fetal perception of pain.[30] Nevertheless, the perception of pain involves sensory, emotional and cognitive factors and it is "impossible to know" when pain is experienced, even if it is known when thalamocortical connections are established.[30] Some authors [31] argue that fetal pain is possible from the second half of pregnancy[image: External link]: “The available scientific evidence makes it possible, even probable, that fetal pain perception occurs well before late gestation” wrote KJS Anand in the journal of the IASP[image: External link].[32]

Whether a fetus has the ability to feel pain and suffering[image: External link] is part of the abortion debate[image: External link].[33][34] In the United States, for example, pro-life advocates have proposed legislation that would require providers of abortions to inform women that their fetuses may feel pain during the procedure and that would require each woman to accept or decline anesthesia[image: External link] for the fetus.[35]
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 Circulatory system




Main article: Fetal circulation[image: External link]


The heart and blood vessels which form the circulatory system, form relatively early during embryonic development, but continue to grow and develop in complexity in the growing fetus. A functional circulatory system is a biological necessity, since mammalian tissues can not grow more than a few cell layers thick without an active blood supply. The prenatal circulation of blood is different than the postnatal circulation, mainly because the lungs are not in use. The fetus obtains oxygen[image: External link] and nutrients from the mother through the placenta and the umbilical cord[image: External link].[36]

Blood from the placenta is carried to the fetus by the umbilical vein. About half of this enters the fetal ductus venosus[image: External link] and is carried to the inferior vena cava[image: External link], while the other half enters the liver proper from the inferior border of the liver. The branch of the umbilical vein that supplies the right lobe of the liver first joins with the portal vein[image: External link]. The blood then moves to the right atrium of the heart[image: External link]. In the fetus, there is an opening between the right and left atrium (the foramen ovale), and most of the blood flows from the right into the left atrium, thus bypassing pulmonary circulation[image: External link]. The majority of blood flow is into the left ventricle from where it is pumped through the aorta into the body. Some of the blood moves from the aorta through the internal iliac arteries to the umbilical arteries, and re-enters the placenta, where carbon dioxide[image: External link] and other waste products from the fetus are taken up and enter the woman's circulation.[36]

Some of the blood from the right atrium does not enter the left atrium, but enters the right ventricle and is pumped into the pulmonary artery. In the fetus, there is a special connection between the pulmonary artery and the aorta, called the ductus arteriosus[image: External link], which directs most of this blood away from the lungs (which aren't being used for respiration at this point as the fetus is suspended in amniotic fluid[image: External link]).[36]
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 Postnatal development




Main article: Adaptation to extrauterine life[image: External link]


With the first breath after birth, the system changes suddenly. Pulmonary resistance is reduced dramatically, prompting more blood to move into the pulmonary arteries from the right atrium[image: External link] and ventricle[image: External link] of the heart and less to flow through the foramen ovale into the left atrium[image: External link]. The blood from the lungs travels through the pulmonary veins[image: External link] to the left atrium, producing an increase in pressure that pushes the septum primum against the septum secundum, closing the foramen ovale and completing the separation of the newborn's circulatory system into the standard left and right sides. Thereafter, the foramen ovale is known as the fossa ovalis.

The ductus arteriosus[image: External link] normally closes within one or two days of birth, leaving the ligamentum arteriosum[image: External link], while the umbilical vein and ductus venosus[image: External link] usually closes within two to five days after birth, leaving, respectively, the liver's ligamentum teres[image: External link] and ligamentum venosus[image: External link].
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 Differences between fetal and postnatal




Remnants of the fetal circulation can be found in the adult.[37][38]



	Fetal
	Developed



	foramen ovale
	fossa ovalis[image: External link]



	ductus arteriosus[image: External link]
	ligamentum arteriosum[image: External link]



	extra- hepatic[image: External link] portion of the fetal left umbilical vein

	
ligamentum teres hepatis[image: External link]

("round ligament of the liver")



	intra-hepatic portion of the fetal left umbilical vein

(ductus venosus[image: External link])
	ligamentum venosum[image: External link]



	
proximal[image: External link] portions of the fetal left and right umbilical arteries[image: External link] 
	
umbilical branches[image: External link] of the internal iliac arteries[image: External link] 



	
distal[image: External link] portions of the fetal left and right umbilical arteries
	
medial umbilical ligaments[image: External link]






In addition to differences in circulation, the developing fetus also employs a different type of oxygen transport molecule[image: External link] in its hemoglobin[image: External link] from that when it is born and breathing its own oxygen. Fetal hemoglobin[image: External link] enhances the fetus' ability to draw oxygen from the placenta. Its oxygen-hemoglobin dissociation curve[image: External link] is shifted to the left, meaning that it is able to absorb oxygen at lower concentrations than adult hemoglobin. This enables fetal hemoglobin to absorb oxygen from adult hemoglobin in the placenta, where the oxygen pressure is lower than at the lungs. Until around six months' old, the human infant's hemoglobin molecule is made up of two alpha[image: External link] and two gamma chains[image: External link] (2α2γ). The gamma chains are gradually replaced by beta chains[image: External link] until the molecule becomes hemoglobin A[image: External link] with its two alpha and two beta chains (2α2β).
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 Immune system




The placenta functions as a maternal-fetal barrier[image: External link] against the transmission of microbes[image: External link]. When this is insufficient, mother-to-child transmission[image: External link] of infectious diseases can occur.

Maternal IgG antibodies[image: External link] cross the placenta, giving the fetus passive immunity[image: External link] against those diseases for which the mother has antibodies. This transfer of antibodies in humans begins as early as the fifth month (gestational age) and certainly by the sixth month.[39]
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 Developmental problems




See also: Congenital disorder


A developing fetus is highly susceptible to anomalies in its growth and metabolism, increasing the risk of birth defects. One area of concern is the pregnant woman's lifestyle choices made during pregnancy.[40] Diet is especially important in the early stages of development. Studies show that supplementation of the woman's diet with folic acid[image: External link] reduces the risk of spina bifida and other neural tube defects. Another dietary concern is whether breakfast is eaten. Skipping breakfast could lead to extended periods of lower than normal nutrients in the woman's blood, leading to a higher risk of prematurity, or other birth defects in the fetus. During this time alcohol consumption may increase the risk of the development of fetal alcohol syndrome[image: External link], a condition leading to intellectual disability[image: External link] in some infants.[41]

Smoking during pregnancy[image: External link] may also lead to reduced birth weight. Low birth weight is defined as 2500 grams (5.5 lb). Low birth weight is a concern for medical providers due to the tendency of these infants, described as "premature by weight", to have a higher risk of secondary medical problems. Some research shows that fetal ultrasounds (including Doppler, 3D/4D ultrasound and 2D ultrasound) can have negative effect on birth weight and neurodevelopment.[42]

Congenital anomalies are acquired before birth. Infants with certain congenital anomalies of the heart can survive only as long as the ductus remains open: in such cases the closure of the ductus can be delayed by the administration of prostaglandins[image: External link] to permit sufficient time for the surgical correction of the anomalies. Conversely, in cases of patent ductus arteriosus[image: External link], where the ductus does not properly close, drugs that inhibit prostaglandin synthesis can be used to encourage its closure, so that surgery can be avoided.


[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 Legal issues




Abortion of a human pregnancy is legal[image: External link] and/or tolerated in most countries, although with gestational time limits that normally prohibit late-term abortions[image: External link].[43]
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 Other animals




Further information: Evolution of mammals[image: External link]


A fetus is a stage in the prenatal development[image: External link] of viviparous[image: External link] organisms. This stage lies between embryogenesis and birth. Many vertebrates have fetal stages, ranging from most mammals to many fish. In addition, some invertebrates bear live young, including some species of onychophora[image: External link][44] and many arthropods[image: External link]. The prevalence of convergent evolution[image: External link] to the fetal stage shows that it is relatively easy to develop. It presumably originates from a delay of egg release, with the eggs being hatched inside the parent before being laid. Over time, the robustness of the egg wall can be decreased until it becomes little more than a sac.

The fetuses of most mammals are situated similarly to the human fetus within their mothers.[45] However, the anatomy of the area surrounding a fetus is different in litter-bearing animals[image: External link] compared to humans: each fetus of a litter-bearing animal is surrounded by placental tissue[image: External link] and is lodged along one of two long uteri instead of the single uterus found in a human female.

Development at birth varies considerably among animals, and even among mammals. Altricial[image: External link] species are relatively helpless at birth and require considerable parental care and protection. In contrast, precocial[image: External link] animals are born with open eyes, have hair or down, have large brains, and are immediately mobile and somewhat able to flee from, or defend themselves against, predators[image: External link]. Primates[image: External link] are precocial at birth, with the exception of humans.[46]

The duration of gestation in placental mammals[image: External link] varies from 18 days in jumping mice[image: External link] to 23 months in elephants[image: External link].[47] Generally speaking, fetuses of larger land mammals require longer gestation periods.[47]

The benefits of a fetal stage means that young are more developed when they are born. Therefore, they may need less parental care and may be better able to fend for themselves. However, carrying fetuses exerts costs on the mother, who must take on extra food to fuel the growth of her offspring, and whose mobility and comfort may be affected (especially toward the end of the fetal stage).

In some instances, the presence of a fetal stage may allow organisms to time the birth of their offspring to a favorable season.[44]




[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 See also






	

	Fetal position[image: External link]

	Fetal rights[image: External link]

	Fetoscopy[image: External link]

	Neural development




	

	Potential person

	Pregnancy (mammals)[image: External link]

	Superfetation[image: External link]

	Women's rights[image: External link]









[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 References






	
^ a b c Klossner, N. Jayne, Introductory Maternity Nursing[image: External link] (2005): "The fetal stage is from the beginning of the 9th week after fertilization and continues until birth"


	
^ The American Pregnancy Association[image: External link]


	
^ O.E.D.2nd Ed.2005


	
^ Harper, Douglas. (2001). Online Etymology Dictionary[image: External link]. Retrieved 2007-01-20.


	
^ "Charlton T. Lewis, An Elementary Latin Dictionary, fētus"[image: External link]. Retrieved 2015-09-24.


	
^ "Foetus"[image: External link]. Oxford English Dictionary.


	
^ Hamilton, W. J. (18 February 1967). "Foetus—or Fetus?"[image: External link]. British Medical Journal. 1 (5537). PMC[image: External link]  1841520[image: External link] .


	
^ Aronson, Jeff (26 July 1997). "When I use a word...:Oe no!"[image: External link]. British Medical Journal. 315 (7102). doi: 10.1136/bmj.315.7102.0h[image: External link]. Retrieved 25 September 2012.


	
^ New Oxford Dictionary of English.


	
^ American Dictionary of the English Language[image: External link], Noah Webster, 1828.


	
^ MedlinePlus[image: External link]


	
^ Institute of Medicine of the National Academies, Preterm Birth: Causes, Consequences, and Prevention[image: External link] (2006), page 317. Retrieved 2008-03-12


	
^ The Columbia Encyclopedia[image: External link] (Sixth Edition). Retrieved 2007-03-05.


	
^ Greenfield, Marjorie. “Dr. Spock.com[image: External link]". Retrieved 2007-01-20.


	
^ "9 Weeks Pregnant – Symptoms, Fetal Development, Tips"[image: External link]. Retrieved 2016-07-21.


	
^ Prechtl, Heinz. "Prenatal and Early Postnatal Development of Human Motor Behavior"[image: External link] in Handbook of brain and behaviour in human development, Kalverboer and Gramsbergen eds., pp. 415-418 (2001 Kluwer Academic Publishers): "The first movements to occur are sideward bendings of the head....At 9-10 weeks postmestrual age complex and generalized movements occur. These are the so-called general movements (Prechtl et al., 1979) and the startles. Both include the whole body, but the general movements are slower and have a complex sequence of involved body parts, while the startle is a quick, phasic movement of all limbs and trunk and neck."


	
^ Levene, Malcolm et al. Essentials of Neonatal Medicine[image: External link] (Blackwell 2000), p. 8. Retrieved 2007-03-04.


	
^ "Fetal development - 40 weeks"[image: External link]. http://www.babycentre.co.uk/[image: External link]. BabyCenter, L.L.C. 2015. Retrieved 26 August 2015.


	
^ Your Pregnancy: 36 Weeks[image: External link] BabyCenter.com Retrieved June 1, 2007.


	
^ "full-term" defined by Memidex/WordNet[image: External link].


	
^ Stanley, Fiona et al. "Cerebral Palsies: Epidemiology and Causal Pathways"[image: External link], page 48 (2000 Cambridge University Press): "Motor competence at birth is limited in the human neonate. The voluntary control of movement develops and matures during a prolonged period up to puberty...."


	
^ Becher, Julie-Claire. "Insights into Early Fetal Development"[image: External link]. Archived from the original[image: External link] on 2013-06-01., Behind the Medical Headlines (Royal College of Physicians of Edinburgh and Royal College of Physicians and Surgeons of Glasgow October 2004)


	
^ a b Holden, Chris and MacDonald, Anita. Nutrition and Child Health[image: External link] (Elsevier 2000). Retrieved 2007-03-04.


	
^ Queenan, John. Management of High-Risk Pregnancy[image: External link] (Blackwell 1999). Retrieved 2007-03-04.


	
^ Halamek, Louis. "Prenatal Consultation at the Limits of Viability[image: External link]", NeoReviews, Vol.4 No.6 (2003): "most neonatologists would agree that survival of infants younger than approximately 22 to 23 weeks’ estimated gestational age [i.e. 20 to 21 weeks' estimated fertilization age] is universally dismal and that resuscitative efforts should not be undertaken when a neonate is born at this point in pregnancy."


	
^ a b c Moore, Keith and Persaud, T. The Developing Human: Clinically Oriented Embryology[image: External link], p. 103 (Saunders 2003).


	
^ a b March of Dimes - Neonatal Death[image: External link], retrieved September 2, 2009.


	
^ Lee, Susan; Ralston, HJ; Drey, EA; Partridge, JC; Rosen, MA (August 24–31, 2005). "Fetal Pain A Systematic Multidisciplinary Review of the Evidence"[image: External link]. Journal of the American Medical Association. American Medical Association. 294 (8): 947–54. doi: 10.1001/jama.294.8.947[image: External link]. PMID  16118385[image: External link]. Retrieved 2008-02-14. Two authors of the study published in JAMA did not report their abortion-related activities, which pro-life groups called a conflict of interest; the editor of JAMA responded that JAMA probably would have mentioned those activities if they had been disclosed, but still would have published the study. See Denise Grady, “Study Authors Didn't Report Abortion Ties”[image: External link], New York Times (2005-08-26).


	
^ "Study: Fetus feels no pain until third trimester"[image: External link] MSNBC


	
^ a b Johnson, Martin and Everitt, Barry. Essential reproduction[image: External link] (Blackwell 2000): "The multidimensionality of pain perception, involving sensory, emotional, and cognitive factors may in itself be the basis of conscious, painful experience, but it will remain difficult to attribute this to a fetus at any particular developmental age." Retrieved 2007-02-21.


	
^ Glover V. The fetus may feel pain from 20 weeks. Conscience. 2004-2005 Winter;25(3):35-7


	
^ http://www.iasp-pain.org/AM/AMTemplate.cfm?Section=HOME&TEMPLATE=/CM/ContentDisplay.cfm&CONTENTID=15390&SECTION=HOME[image: External link]


	
^ White, R. Frank. " [[New research has discovered that unborn babies can feel pain. "The neural pathways are present for pain to be experienced quite early by unborn babies,” explains Steven Calvin, M.D., perinatologist, chair of the Program in Human Rights Medicine, University of Minnesota, where he teaches obstetrics." [1][image: External link]]http://www.asahq.org/Newsletters/2001/10_01/white.htm[image: External link] Are We Overlooking Fetal Pain and Suffering During Abortion?]", American Society of Anesthesiologists Newsletter (October 2001). Retrieved 2007-03-10.


	
^ David, Barry & and Goldberg, Barth. "Recovering Damages for Fetal Pain and Suffering[image: External link]", Illinois Bar Journal (December 2002). Retrieved 2007-03-10.


	
^ Weisman, Jonathan. "House to Consider Abortion Anesthesia Bill[image: External link]", Washington Post 2006-12-05. Retrieved 2007-02-06.


	
^ a b c Whitaker, Kent. Comprehensive Perinatal and Pediatric Respiratory Care[image: External link] (Delmar 2001). Retrieved 2007-03-04.


	
^ Dudek, Ronald and Fix, James. Board Review Series Embryology[image: External link] (Lippincott 2004). Retrieved 2007-03-04.


	
^ University of Michigan Medical School, Fetal Circulation and Changes at Birth[image: External link]. Retrieved 2007-03-04.


	
^ Page 202[image: External link] of Pillitteri, Adele (2009). Maternal and Child Health Nursing: Care of the Childbearing and Childrearing Family. Hagerstwon, MD: Lippincott Williams & Wilkins. ISBN  1-58255-999-6[image: External link].


	
^ Dalby, JT (1978). "Environmental effects on prenatal development". Journal of Pediatric Psychology. 3: 105–109. doi: 10.1093/jpepsy/3.3.105[image: External link].


	
^ Streissguth, Ann Pytkowicz (1997). Fetal alcohol syndrome: a guide for families and communities. Baltimore, MD: Paul H Brookes Pub. ISBN  1-55766-283-5[image: External link].


	
^ http://www.midwiferytoday.com/articles/ultrasoundrodgers.asp[image: External link]


	
^ Anika Rahman, Laura Katzive and Stanley K. Henshaw. "A Global Review of Laws on Induced Abortion, 1985-1997[image: External link]", International Family Planning Perspectives Volume 24, Number 2 (June 1998).


	
^ a b Campiglia, Sylvia S.; Walker, Muriel H. (1995). "Developing embryo and cyclic changes in the uterus ofPeripatus (Macroperipatus) acacioi (Onychophora, Peripatidae)". Journal of Morphology. 224 (2): 179–198. doi: 10.1002/jmor.1052240207[image: External link].


	
^ ZFIN, Pharyngula Period (24-48 h)[image: External link]. Modified from: Kimmel et al., 1995. Developmental Dynamics 203:253-310. Downloaded 5 March 2007.


	
^ Lewin, Roger. Human Evolution[image: External link], page 78 (Blackwell 2004).


	
^ a b Sumich, James and Dudley, Gordon. Laboratory and Field Investigations in Marine Life[image: External link], page 320 (Jones & Bartlett 2008).







[image: TOC] TOC [image: Previous chapter] Previous 
 External links





	
Prenatal Image Gallery Index[image: External link] at the Endowment for Human Development website, featuring numerous motion pictures of human fetal movement.

	
"In the Womb"[image: External link] (National Geographic video).





	Preceded by

Embryo

	
Stages of human development[image: External link]

Fetus
	Succeeded by

Infancy







Categories[image: External link]:

	Developmental biology[image: External link]

	Embryology[image: External link]

	Fertility[image: External link]
















This page was last edited on 8 June 2017, at 17:03.




	This text is based on the Wikipedia article Fetus: https://en.wikipedia.org/wiki/Fetus [image: External link] which is released under the Creative Commons Attribution-ShareAlike 3.0 Unported License available online at: http://creativecommons.org/licenses/by-sa/3.0/legalcode [image: External link]

List of authors: https://tools.wmflabs.org/xtools/wikihistory/wh.php?page_title=Fetus [image: External link]












Back to main article 



Contents




	1 Physical characteristics of newborn

	2 Care and feeding

	3 Benefits of touch

	4 Response to sounds

	5 Diseases

	6 Mortality

	7 Emotional development

	8 Plane travel

	9 Common care issues

	10 See also

	11 References

	12 Further reading

	13 External links





Infant






This article is about the very young child. For other uses, see Infant (disambiguation)[image: External link].

"Baby" and "Newborn" redirect here. For other uses, see Baby (disambiguation)[image: External link] and Newborn (disambiguation)[image: External link].

An infant (from the Latin word infans, meaning "unable to speak" or "speechless") is the more formal or specialised synonym for "baby", the very young offspring[image: External link] of a human or other animal.

A newborn is, in colloquial use, an infant who is only hours, days, or up to one month old. In medical contexts, newborn or neonate (from Latin, neonatus, newborn) refers to an infant in the first 28 days after birth;[1] the term applies to premature[image: External link], full term[image: External link], and postmature infants; before birth, the term "fetus" is used. The term "infant" is typically applied to young children between one month and one year of age; however, definitions may vary and may include children up to two years of age. When a human child learns to walk, the term "toddler" may be used instead.

In British English[image: External link], "infant" is a term that can be applied to school children aged between four and seven[image: External link]. As a legal term, "infancy" continues from birth until age 18.[2]
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 Physical characteristics of newborn




A newborn's shoulders and hips are wide, the abdomen protrudes slightly, and the arms and legs are relatively long with respect to the rest of their body. In first world nations, the average total body length of newborns are 35.6–50.8 cm (14.0–20.0 in), although premature newborns may be much smaller. The Apgar score[image: External link] is a measure of a newborn's transition from the uterus during the first minutes after birth.
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 Weight




In developed countries, the average birth weight[image: External link] of a full-term newborn is approximately 3.4 kg (7 1⁄2 lb), and is typically in the range of 2.7–4.6 kg (6.0–10.1 lb).

Over the first 5–7 days following birth, the body weight of a term neonate decreases by 3–7%,[3] and is largely a result of the resorption and urination of the fluid that initially fills the lungs, in addition to a delay of often a few days before breastfeeding[image: External link] becomes effective. After the first week, healthy term neonates should gain 10–20 grams/day.[3]
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 Head




A newborn's head is very large in proportion to the body, and the cranium[image: External link] is enormous relative to his or her face. While the adult human skull is about one seventh of the total body length, the newborn's is about ¼. Normal head circumference for a full-term infant is 33–36 cm at birth.[4] At birth, many regions of the newborn's skull have not yet been converted to bone, leaving "soft spots" known as fontanels[image: External link]. The two largest are the diamond-shaped anterior fontanel, located at the top front portion of the head, and the smaller triangular-shaped posterior fontanel, which lies at the back of the head. Later in the child's life, these bones will fuse together in a natural process. A protein called noggin[image: External link] is responsible for the delay in an infant's skull fusion.[5]

During labour and birth, the infant's skull changes shape to fit through the birth canal[image: External link], sometimes causing the child to be born with a misshapen or elongated head. It will usually return to normal on its own within a few days or weeks. Special exercises sometimes advised by physicians[image: External link] may assist the process.
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 Hair




Some newborns have a fine, downy body hair called lanugo[image: External link]. It may be particularly noticeable on the back, shoulders, forehead, ears and face of premature infants. Lanugo disappears within a few weeks. Infants may be born with full heads of hair; others, particularly caucasian[image: External link] infants, may have very fine hair or may even be bald. Amongst fair-skinned parents, this fine hair may be blonde, even if the parents are not. The scalp[image: External link] may also be temporarily bruised[image: External link] or swollen, especially in hairless newborns, and the area around the eyes may be puffy.
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 Skin




Immediately after birth, a newborn's skin is often grayish to dusky blue in color. As soon as the newborn begins to breathe, usually within a minute or two, the skin's color reaches its normal tone. Newborns are wet, covered in streaks of blood, and coated with a white substance known as vernix caseosa[image: External link], which is hypothesised to act as an antibacterial[image: External link] barrier. The newborn may also have Mongolian spots[image: External link], various other birthmarks[image: External link], or peeling skin, particularly on the wrists, hands, ankles, and feet.
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 Genitals




A newborn's genitals[image: External link] are enlarged and reddened, with male infants having an unusually large scrotum. The breasts may also be enlarged, even in male infants. This is caused by naturally occurring maternal hormones and is a temporary condition. Females (and even males) may actually discharge milk from their nipples (sometimes called witch's milk[image: External link]), and/or a bloody or milky-like substance from the vagina. In either case, this is considered normal and will disappear with time.
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 Umbilical cord




The umbilical cord[image: External link] of a newborn is bluish-white in color. After birth, the umbilical cord is normally cut, leaving a 1–2 inch stub. The umbilical stub will dry out, shrivel, darken, and spontaneously fall off within about 3 weeks. This will later become a belly-button after it heals. Occasionally, hospitals[image: External link] may apply triple dye to the umbilical stub to prevent infection[image: External link], which may temporarily color the stub and surrounding skin purple.
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 Internal physiological changes at birth




Main article: Adaptation to extrauterine life[image: External link]


Upon entry into the air-breathing world, without the nutrition and oxygenation via the umbilical cord, the newborn must begin to adjust to life outside the uterus. Newborns can feel all different sensations, but respond most enthusiastically to soft stroking, cuddling and caressing. Gentle rocking back and forth often calms a crying infant, as do massages and warm baths. Newborns can be comforted by nursing, or may need to comfort themselves by sucking their thumb, or a pacifier[image: External link]. The need to suckle is instinctive (see suction in biology[image: External link]) and allows newborns to feed.



	Normal infant



	
Blood Pressure[image: External link]

( mmHg[image: External link])
	Systolic
	75–100[6]




	Diastolic
	50–70[6]




	Heart rate ( BPM[image: External link])
	120–160[6]




	Respiratory rate[image: External link]
	30–60[6]





Newborn infants have unremarkable vision, being able to focus on objects only about 18 inches (46 cm) directly in front of their face. While this may not be much, it is all that is needed for the infant to look at the mother’s eyes or areola[image: External link] when breastfeeding[image: External link]. Depth perception[image: External link] does not develop until the infant is mobile. Generally, a newborn cries when wanting to feed. When a newborn is not sleeping, or feeding, or crying, he or she may spend a lot of time staring at various objects. Usually anything that is shiny, has sharp contrasting colors, or has complex patterns will catch an infant's eye. However, the newborn has a preference for looking at other human faces above all else. (see also: infant metaphysics[image: External link] and infant vision[image: External link])

In utero, the infant can hear many internal noises, such as the sound of digestion, and the mother's heartbeat[image: External link], in addition to external noises including the human voice, music and most other sounds. Therefore, though a newborn's ears may have some catarrh[image: External link] and fluid, he or she can hear sound from before birth. Newborns usually respond more readily to a female voice over a male voice. This may explain why people will unknowingly raise the pitch of their voice when talking to newborns (this voice change is called motherese[image: External link]). The sound of other human voices, especially the mother's, can have a calming or soothing effect on the newborn. Conversely, loud or sudden noises will startle and scare them. Newborns have been shown to prefer sounds that were a regular feature of their prenatal environment, for example, the theme tune of a television programme their mother watched regularly. Naturally, the rhythm of the mother's breathing and heartbeat are even more familiar to the newborn, therefore they will prefer or expect to hear it regularly for prolonged periods.

Newborns can respond to differing tastes, including sweet, sour, bitter, and salty substances, with a preference toward sweetness. It has been shown that neonates show a preference for the smell of foods that their mother ate regularly, since the amniotic fluid changes taste with different foods eaten by the mother – as does breastmilk.[citation needed[image: External link]]

Newborns' digestive tracts, which of course have never been used prior to birth, are filled with a greenish-black, sticky material called meconium[image: External link]. This has the function of standing in for fecal material and allows the intestines to develop to the point where they can process milk immediately on birth. This material is passed by the child in the first few days.
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 Care and feeding




Infants cry as a form of basic instinctive communication. A crying infant may be trying to express a variety of feelings including hunger, discomfort, overstimulation, boredom, wanting something, or loneliness.

Breastfeeding[image: External link] is the recommended method of feeding by all major infant health organizations.[7] If breastfeeding is not possible or desired, bottle feeding is done with expressed breast-milk or with infant formula[image: External link]. Infants are born with a sucking reflex allowing them to extract the milk from the nipples[image: External link] of the breasts or the nipple of the baby bottle[image: External link], as well as an instinctive behavior known as rooting with which they seek out the nipple. Sometimes a wet nurse[image: External link] is hired to feed the infant, although this is rare, especially in developed countries.

Adequate food consumption at an early age is vital for an infant’s development. From birth to four months, infants should consume breast milk or an unmodified milk substitute. As an infant’s diet matures, finger foods may be introduced as well as fruit, vegetables and small amounts of meat.[8]

As infants grow, food supplements are added. Many parents choose commercial, ready-made baby foods[image: External link] to supplement breast milk or formula for the child, while others adapt their usual meals for the dietary needs of their child. Whole cow's milk[image: External link] can be used at one year, but lower-fat milk should not be provided until the child is 2 to 3 years old. Weaning is the process through which breast milk is eliminated from the infant's diet through the introduction of solid foods in exchange for milk.[9] Until they are toilet-trained, infants in industrialized countries wear diapers[image: External link]. The transition from diapers to cloth undergarments is an important transition in the development of an infant/baby to that of a toddler. Children need more sleep than adults—up to 18 hours for newborn babies, with a declining rate as the child ages. Until babies learn to walk, they are carried in the arms, held in slings or baby carriers, or transported in baby carriages or strollers. Most industrialized countries have laws requiring child safety seats[image: External link] for babies in motor vehicles.
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 Benefits of touch




Studies have shown that infants who have been the recipients of positive touch experience more benefits as they develop emotionally and socially. Experiments have been done with infants up to four months of age using both positive touch (stroking or cuddling) and negative touch (poking, pinching or tickling). The infants who received the positive touch cried less often and also vocalized and smiled more than the infants who were touched negatively. Infants who were the recipients of negative touching have been linked with emotional and behavioral problems later in life. A lower amount of physical violence in adults has been discovered in cultures with greater levels of positive physical touching.[10]

Human infants have a primal need to be carried close. They need constant physical contact for their first few weeks or months of life. They are born with reflexes that aid them in holding on in every way possible, these being the Moro reflex[image: External link], and the instinctive grasping of a finger or object placed in their palm. Their legs usually resume an M shape, their knees being the top peaks of the M, which is the ideal position both for optimal hip development, and makes it comfortable for an adult to carry them laid on their chest. They also need frequent care, given that they need to eat and eliminate waste more often than other mammalian offspring that are cared for in nests where they could endanger themselves by crying with hunger and the smell of their excrement.[citation needed[image: External link]]


[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 Response to sounds




Infants respond to the sound of snake hissing, angry voices of adults, the crackling sound of a fire, thunder, and the cries of other infants. They have a drop in heart rate, their eyes blinking, increased turning toward the speakers or parent, all of these indicating that they were paying more attention. This is believed by some to be evolutionary response to danger.[11]
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 Diseases




Further information: Neonatology[image: External link]


The infant is undergoing many adaptations to extrauterine life[image: External link], and its physiological systems, such as the immune system[image: External link], are far from fully developed. Potential diseases of concern during the neonatal period include:


	Neonatal jaundice[image: External link]

	Infant respiratory distress syndrome[image: External link]

	Neonatal lupus erythematosus[image: External link]

	Neonatal conjunctivitis[image: External link]

	Neonatal tetanus[image: External link]

	Neonatal sepsis[image: External link]

	Neonatal bowel obstruction[image: External link]

	Benign neonatal seizures[image: External link]

	Neonatal diabetes mellitus[image: External link]

	Neonatal alloimmune thrombocytopenia[image: External link]

	Neonatal herpes simplex[image: External link]

	Neonatal hemochromatosis[image: External link]

	Neonatal meningitis[image: External link]

	Neonatal hepatitis[image: External link]

	Neonatal hypoglycemia[image: External link]
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 Mortality




Main article: Infant mortality[image: External link]


Infant mortality is the death of an infant in the first year of life, often expressed as the number of deaths per 1000 live births (infant mortality rate). Major causes of infant mortality include dehydration[image: External link], infection[image: External link], congenital malformation and SIDS[image: External link].[12]

This epidemiological[image: External link] indicator is recognized as a very important measure of the level of health care in a country because it is directly linked with the health[image: External link] status of infants, children, and pregnant women as well as access to medical care, socioeconomic conditions, and public health[image: External link] practices.[13][14]

There is a positive relationship between national wealth and good health. The rich and industrialized countries of the world, prominently Canada, the United Kingdom, the United States, and Japan, spend a large proportion of their wealthy budget on the health care system. As, a result, their health care systems are very sophisticated, with many physicians, nurses, and other health care experts servicing the population. Thus, infant mortality is low. On the other hand, a country such as Mexico, which spends disproportionately less of its budget on healthcare, suffers from high mortality rates. This is because the general population is likely to be less healthy.[15] In the U.S., infant mortality rates are especially high in minority groups. For instance, non-Hispanic black women have an infant mortality rate of 13.63 per 1000 live births whereas in non-Hispanic white women it was much lower at a rate of 5.76 per 1000 live births.[16] The average infant mortality rate in the U.S. is 6.8 per 1000 live births. [17]
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 Emotional development




Attachment theory is primarily an evolutionary[image: External link] and ethological[image: External link] theory whereby the infant or child seeks proximity to a specified attachment figure in situations of alarm or distress for the purpose of survival.[19] The forming of attachments is considered to be the foundation of the infant/child's capacity to form and conduct relationships throughout life. Attachment is not the same as love and/or affection although they often go together. Attachment and attachment behaviors[image: External link] tend to develop between the age of 6 months and 3 years. Infants become attached[image: External link] to adults who are sensitive and responsive in social interactions[image: External link] with the infant, and who remain as consistent caregivers for some time. Parental responses lead to the development of patterns of attachment, which in turn lead to 'internal working models' which will guide the individual's feelings, thoughts, and expectations in later relationships.[20] There are a number of attachment 'styles'[image: External link] namely 'secure', 'anxious-ambivalent', 'anxious-avoidant', (all 'organized') and 'disorganized', some of which are more problematic than others. A lack of attachment or a seriously disrupted capacity for attachment could potentially amount to serious disorders.[citation needed[image: External link]]

Infants develop distinct relationships to their mothers, fathers, siblings, and non- familial caregivers.[21] Beside the dyadic attachment relationships also a good quality of the triadic relationships (mother- father – infant) is important for infant mental health development.[22][23]
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 Plane travel




Many airlines[image: External link] refuse boarding for all babies aged under 7 days (for domestic flights) or 14 days for international flights. Asiana Airlines[image: External link] allows babies to board international flights at 7 days of age. Garuda Indonesia[image: External link] disallows all babies under the age of 14 days to board any flights.

Delta Air Lines[image: External link] and Pinnacle Airlines allow infants to travel when they are less than 7 days old when they present a physician travel approval letter. Comair requires a letter if the infant is 12 days or younger. Skywest will not allow an infant less than 8 days old on board.[24]
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 Common care issues






	Baby colic[image: External link]

	
Bassinet[image: External link]/ crib[image: External link]


	Bathing[image: External link]

	Cradle cap[image: External link]

	Day care[image: External link]

	Diaper rash[image: External link]

	Infant formula[image: External link]

	Infant massage[image: External link]

	Immunization[image: External link]

	Pacifier[image: External link]

	Paternal bond[image: External link]

	Swaddling[image: External link]

	Teething[image: External link]

	Umbilical cord[image: External link]
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 See also






	Adult interaction with infants[image: External link]

	Attachment in children[image: External link]

	Baby monitor[image: External link]

	Babysitting[image: External link]

	
Child development[image: External link]

	child development stages





	
Cord blood[image: External link]

	cord blood banking[image: External link]





	Elimination communication[image: External link]

	Infant vision[image: External link]

	Infanticide[image: External link]

	Maternal bond[image: External link]

	Maternal health[image: External link]

	Neonatology[image: External link]

	Organic baby products[image: External link]

	Parental leave[image: External link]

	Pediatrics[image: External link]

	Pregnancy[image: External link]

	Prenatal nutrition and birth weight[image: External link]

	Safe-haven law[image: External link]

	Shock of birth[image: External link]
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Toddler






A toddler is a child 12 to 36 months old.[1][2][3] The toddler years are a time of great cognitive, emotional and social development. The word is derived from "to toddle", which means to walk unsteadily, like a child of this age.[4]
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 Developmental milestones






	Normal of toddlers



	Blood Pressure

( mmHg[image: External link])
	Systolic
	80–110[5]




	Diastolic
	50–80[5]




	Heart rate ( BPM[image: External link])
	90–140[5]




	Respiratory rate[image: External link]
	20–40[5]





Toddler development can be broken down into a number of interrelated areas.[6] There is reasonable consensus about what these areas may include:


	
Physical: growth or an increase in size.

	
Gross motor: the control of large muscles which enable walking, running, jumping and climbing.

	
Fine motor: the ability to control small muscles; enabling the toddler to feed themselves, draw and manipulate objects.

	
Vision: the ability to see near and far and interpret what is seen.

	
Hearing and speech[image: External link]: the ability to hear and receive information and listen ( interpret[image: External link]), and the ability to understand and learn language and use it to communicate effectively.[citation needed[image: External link]]


	
Social: the ability to interact with the world through playing with others, taking turns and fantasy play.



Although it is useful to chart defined periods of development, it is also necessary to recognize that development exists on a continuum, with considerable individual differences between children.[citation needed[image: External link]] There is a wide range of what may be considered 'normal' development.
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 One year old




At one year of age, the typical toddler will be able to display the following skills:[7]
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 Physical and motor skills





	Triple the birth weight

	Grow to a height of 50% over birth length

	Have a head circumference equal to that of the chest

	Have one to eight teeth

	Pull to stand

	Walk with help or alone

	Sit down without help

	Bang two blocks together

	Turn through the pages of a book by flipping many pages at a time

	Have a pincer grasp

	Sleep 8–10 hours a night and take one to two naps
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 Sensory and cognitive development





	Follows a fast moving object

	Can respond to sounds

	Responds to his or her name

	Understands several words

	Can say mama, papa, and at least one or two other words

	Understands simple commands

	Tries to imitate animal sounds

	Connects names with objects

	Understands that objects continue to exist, even when they are not seen (object permanence[image: External link])

	Points to objects with index finger

	Waves bye bye

	May develop attachment to a toy or object

	Experiences separation anxiety and may cling to parents

	May make brief journeys away from parents to explore in familiar settings
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 Two years old





	Weight: about 11–13 kg

	Height: about 80–82 cm

	Teeth: 12 temporary
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 Two and half years old





	Teeth: full set of 20 temporary

	Decreased need for naps
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 Motor development
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 14 months





	Walks well alone with wide based gait

	Creeps upstairs

	Builds with blocks

	Drinks from a cup, uses spoon

	Enjoys throwing objects and picking them up
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 18 months





	Walks sideways and backwards, runs well, falls easily

	Climbs stairs or up on furniture

	Scribbles vigorously, attempting a straight line

	Drinks well from a cup, still spills with a spoon
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 Two years





	Gross motor skills are quite well refined, can walk up and down stairs on both feet with one step at a time while holding on to a rail

	Builds tower of five cubes

	Control of spoon well-developed

	
Toilet trained[image: External link] during day time
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 Vocalization and socialization
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 15 months





	Can use 10-15 words

	Says "no" (see holophrasis[image: External link])

	Indicates when diaper is wet
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 18 months





	Uses phrases composed of adjectives[image: External link] and nouns[image: External link]


	Begins to have temper tantrums[image: External link]


	Very ritualistic, has favorite toy or blanket

	
Thumb sucking[image: External link] may be at peak
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 Two years





	
Vocabulary[image: External link] of about 350 words

	Obeys simple commands

	Helps undress self and put on simple clothes

	Shows sign of increased autonomy and individuality

	Does not share possessions—everything "mine" as in the "Toddler's Creed":[8]






"If I want it, it's mine.

If I give it to you and change my mind later, it's mine.

If I can take it away from you, it's mine.

If I had it a little while ago, it's mine.

If it's mine it will never belong to anyone else, no matter what.

If we are building something together, all the pieces are mine.

If it looks like mine, it's mine."

—Burton L. White in his Raising a Happy, Unspoiled Child[8]
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 2½ years





	Begins to see self as separate individual; still sees other children as "objects"[citation needed[image: External link]]
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 Major learning events
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 Toilet training





	Psychological readiness

	Process training

	Parental response
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 Play (parallel play)





	Child plays alongside other children but not with them

	Mostly free and spontaneous, no rules or regulations

	Attention span very short and change of toys occurs at frequent intervals

	Imitation and make-believe play begins by end of the second year



Games: throwing and retrieving objects

Suggested toys:


	Play furniture, dishes, cooking utensils, play telephone, puzzles with large pieces, pedal propelled toys, rocking horse, clay crayons, finger paints, pounding toys, blocks, push-pull toys, balls[image: External link]
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 Squatting




Main article: Squatting position[image: External link]


Young children squat instinctively as a continuous movement from standing up whenever they want to lower themselves to ground level. One- and two-year-olds can commonly be seen playing in a stable squatting position, with feet wide apart and bottom not quite touching the floor, although at first they need to hold on to something to stand up again.[9]
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 Language




Talking is the next milestone of which parents are typically aware. A toddler's first word[image: External link] most often occurs around 12 months, but again this is only an average.[citation needed[image: External link]] The child will then continue to steadily add to his or her vocabulary until around the age of 18 months when language increases rapidly. He or she may learn as many as 7–9 new words a day. Around this time, toddlers generally know about 50 words. At 21 months is when toddlers begin to incorporate two word phrases into their vocabulary, such as "I go", "mama give", and "baby play".[citation needed[image: External link]] Before going to sleep they often engage in a monologue[image: External link] called crib talk[image: External link] in which they practice conversational skills. At this age, children are becoming very proficient at conveying their wants and needs to their parents in a verbal fashion.
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 Emotions and self-image




There are several other important milestones that are achieved in this time period that parents tend not to emphasize as much as walking and talking. Gaining the ability to point at whatever it is the child wants you to see shows huge psychological gains in a toddler. This generally happens before a child's first birthday.[citation needed[image: External link]]

This age is sometimes referred to as "the terrible twos",[10] because of the temper tantrums[image: External link] for which they are famous. This stage can begin as early as nine months old depending on the child and environment. Toddlers tend to have temper tantrums because they have such strong emotions but do not know how to express themselves the way that older children and adults do.[citation needed[image: External link]] They also throw tantrums to let others know that they are free and can do what they want.[citation needed[image: External link]] The toddler is discovering that they are a separate being from their parent and are testing their boundaries[image: External link] in learning the way the world around them works. Although the toddler is in their exploratory phase, it is also important to understand that the methods used by the parents for communicating with the toddler can either set off a tantrum or calm the situation.[11] Research has shown that parents with histories of maltreatment, violence exposure, and related psychopathology may have particular difficulty in responding sensitively and in a developmentally appropriate manner to their toddlers' tantrums and thus may benefit from parent-child mental health consultation.[12] This time between the ages of two and five when they are reaching for independence repeats itself during adolescence.[citation needed[image: External link]]

Self-awareness[image: External link] is another milestone that helps parents understand how a toddler is reacting. Around 18 months of age, a child will begin to recognize himself or herself as a separate physical being with his/her own thoughts and actions.[citation needed[image: External link]] A parent can test if this milestone has been reached by noticing if the toddler recognizes that their reflection in a mirror[image: External link] is in fact themselves. One way to test this is the rouge test[image: External link]: putting lipstick[image: External link] on the child's face and showing them their own reflection. Upon seeing the out-of-the-ordinary mark, if the child reaches to his or her own face, the child has achieved this important milestone. Along with self recognition comes feelings of embarrassment and pride that the child had not previously experienced.[citation needed[image: External link]]
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 Overview




The toddler developmental timeline shows what an average toddler can do at what age. Times vary greatly from child to child. It is common for some toddlers to master certain skills such as walking well before other skills, like talking.[citation needed[image: External link]] Even close siblings can vary greatly in the time taken to achieve each key milestone.[citation needed[image: External link]]



	Age
	Physical
	Mental
	Emotional



	12–14 months
	

	Walk[image: External link] alone well.

	
Drink[image: External link] from a cup (poorly).

	Turn pages in a book[image: External link] (a few at a time).

	
Play[image: External link] ball[image: External link] by rolling or tossing it.




	

	Uses one or two syllable words such as "ball" or "cookie"

	Can follow a simple command with an associated gesture, such as: bringing a cup to you when you point at it and saying "Please bring me the cup".




	

	Use gestures or words to convey objects, such as: Pointing at a book, raising arms to be picked up, or saying "cup".

	Mimic actions such as covering eyes while playing Peekaboo[image: External link].







	15–18 months
	

	Hold a crayon[image: External link] well enough to scribble[image: External link].

	Lift cup up to mouth[image: External link] for drinking.

	
Climb[image: External link] onto furniture[image: External link].




	

	Uses 10–20 words.

	May be able to follow a command without a gesture.

	Stack[image: External link] two blocks.




	

	Address others with greetings.

	Mimic parental activities such as cleaning up[image: External link] or talking[image: External link] on a telephone[image: External link].







	19–24 months
	

	Feed self with a spoon[image: External link].

	Run.

	Climb into a small chair[image: External link].

	
Walk up[image: External link] steps.

	Helps with dressing: Likes to dress and undress self.




	

	Speaks 20–50 words; understands many more

	Stack six blocks

	Understands non-physical relationships such as turning on lights or pushing buttons.

	Sorting toys.

	Searching for hidden objects.

	Problem solving through experimentation.




	

	Wants to be independent at times. Will throw a tantrum or possibly say "No!".

	Mimics social behavior[image: External link] such as hugging[image: External link] a teddy bear[image: External link] or feeding a doll[image: External link].

	
Self recognition[image: External link].

	Displays attachment.

	
Separation anxiety[image: External link].

	Can play turn-taking games[image: External link].

	Begins to be ready for toilet learning







	25–36 months
	

	Advanced mobility and climbing skills.

	Increased dexterity with small objects, puzzles.

	Able to dress oneself.




	

	Speaking in sentences[image: External link].

	Ability to be independent to primary care giver.

	Easily learns new words, places and people's names.

	Anticipates routines.

	Toilet learning continues

	Plays with toys in imaginative ways.

	Attempts to sing in-time with songs[image: External link].




	

	Knows boys from girls.

	Shows preferences, such as clothes and entertainment.

	Knows how to play different games.
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	Child development stages

	Early childhood

	Early childhood education[image: External link]

	Sign language in infants and toddlers[image: External link]




[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 References






	
^ "toddler"[image: External link]. The Free Dictionary.


	
^ Barker, Robin (2001) The Mighty Toddler: The essential guide to the toddler years, Pan Macmillan Australia, Sydney, p1.


	
^ Lieberman, Alicia F, (1993) The Emotional Life of the Toddler, The Free Press, New York, p1.


	
^ Brown, Stephanie (December 19, 2015). "What Is the Definition of a Toddler?"[image: External link]. verywell.com, an About.com site. About, Inc. Retrieved November 13, 2016. The term toddler comes from the way that children first walk, which is at first unsteady and more like a toddle than actual walking.


	
^ a b c d PEDIATRIC AGE SPECIFIC[image: External link], page 6. Revised 6/10. By Theresa Kirkpatrick and Kateri Tobias. UCLA Health System


	
^ Barker, Robin (2001) The Mighty Toddler: The essential guide to the toddler years, Pan Macmillan Australia, Sydney, p19.


	
^ Feigelman S. The first year. In: Kliegman RM, Behrman RE, Jenson HB, Stanton BF, eds. Nelson Textbook of Pediatrics. 18th ed. Philadelphia, Pa: Saunders Elsevier; 2007: chapter 8 quoted in Developmental milestones record - 12 months[image: External link] MedlinePlus Medical Encyclopedia


	
^ a b Burton L. White, Raising a Happy, Unspoiled Child (Simon and Schuster [Fireside Book], 1995), 161.


	
^ Slentz K, Krogh S Early Childhood Development and Its Variations (2001)


	
^ "The Terrible Twos Explained - Safe Kids (UK)"[image: External link]. Safe Kids. Retrieved 2010-12-08.


	
^ "Toddlers World"[image: External link]. Archived from the original[image: External link] on 2011-02-07.


	
^ Schechter DS, Moser D, Wang Z, Marsh R, Hao XJ, Duan Y, Yu S, Gunter B, Murphy D, McCaw J, Kangarlu A, Willheim E, Myers M, Hofer M, Peterson BS (2012). "An fMRI study of the brain responses of traumatized mothers to viewing their toddlers during separation and play". Journal of Social, Cognitive and Affective Neuroscience. 7 (8): 969–79. doi: 10.1093/scan/nsr069[image: External link].







[image: TOC] TOC [image: Previous chapter] Previous 
 External links






	Preceded by

Infancy

	
Stages of human development

Toddlerhood
	Succeeded by

Childhood[image: External link]







Categories[image: External link]:

	Childhood[image: External link]
















This page was last edited on 1 May 2017, at 13:00.




	This text is based on the Wikipedia article Toddler: https://en.wikipedia.org/wiki/Toddler [image: External link] which is released under the Creative Commons Attribution-ShareAlike 3.0 Unported License available online at: http://creativecommons.org/licenses/by-sa/3.0/legalcode [image: External link]

List of authors: https://tools.wmflabs.org/xtools/wikihistory/wh.php?page_title=Toddler [image: External link]












Back to main article 



Contents




	1 Psychology

	2 Physical development

	3 Education

	4 Other definitions

	5 References

	6 External links





Early Childhood








	Part of a series[image: External link] on



	Human growth

and development



	Stages



	

	Human embryogenesis

	Fetus

	Infant

	Toddler

	Early childhood

	Child

	Preadolescence

	Adolescence

	Adult

	Middle age

	Old age







	Biological milestones



	

	Fertilization

	Childbirth

	Walking[image: External link]

	Language acquisition

	Puberty

	Menopause

	Ageing

	Death







	Development and psychology



	

	Pre- and perinatal

	Infant and child

	Adolescent[image: External link]

	Youth

	Young adult

	Adult

	Maturity







	
Developmental stage theories





	

	Attachment

	Ecological

	Psychosocial

	Psychosexual development

	Moral

	Cognitive

	Cultural-historical

	Evolutionary







	



	


	v[image: External link]

	t[image: External link]

	e[image: External link]










Early childhood is a stage in human development. It generally includes toddlerhood[image: External link] and some time afterwards. Play age is an unspecific designation approximately within the scope of early childhood. Some age-related development periods and examples of defined intervals are: newborn[image: External link] (ages 0–5 weeks); infant (ages 5 weeks – 1 year); toddler (ages 1–3 years); preschooler[image: External link] (ages 3–5 years); school-aged child (ages 5–12 years); adolescent[image: External link] (ages 13–19).[1]
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In psychology[image: External link] the term early childhood is usually defined as the time period birth until the age of twelve years, therefore covering infancy and elementary school. There are three simultaneous development stages:[2]
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 Physical growth and development




In this phase there is significant synaptic growth and myelination of neural fibers in the brain, especially within the frontal lobes. For example, between the ages 2 and 6, the brain increases from 70% of its adult weight to 90%.[3] The growth of the brain is followed by a surge in cognitive abilities. Around the age of five, children start speaking properly and master their hand to eye coordination.

It is optimal that an environment is provided that encourages physical development and allows the children to explore and try out new things. The physical development in children follows a pattern. The large muscles develop before the small muscles. The large muscles are used for walking, running and other physical activities. These are known as gross motor skills. Small muscles are used for fine motor skills such as picking up objects, writing, drawing, throwing and catching. [4]
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 Cognitive growth and development




Called the preoperational stage[image: External link] by Jean Piaget[image: External link], this is the stage during which the child repeatedly asks "Why?", and is used to build relationships with the child. The child can't yet perform the abstract thinking operations. The child has to be able to see what is being talked about, because they do not understand the concepts of logic, betrayal, contemplation, etc. This means that they think literally: if a child is told that they have to go to bed because "night is falling", they will ask how can the night (literally) fall from the sky. They also see the human characteristics in every object, e.g. the table "is bad" if they accidentally hit it with their foot and it hurts. They also exhibit egocentrism; not to be confused with egoism; that being said, they do not comprehend that the other person has beliefs and the children at this age think that what they think, everybody thinks. There is also a matter of perceptive centration[image: External link], which causes the children to primarily see what is visually most prominent on someone/something, e.g. if a man has long hair, the child will think he's a woman.[citation needed[image: External link]]
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 Social-emotional growth and development




This includes children understanding a sense of 'self', relationships with others and sociability. The emotional development includes expressions, attachment and personality.[5] Children manifest fear of dark and monsters and around the age of three notice whether they are a boy or a girl and start acting that way. Boys are usually more aggressive, whilst girls are more caring. However, aggression is manifested in two different ways: boys are more physically aggressive, while the girls are more socially aggressive (name-calling and ignoring). In this stage the individual differences become more prominent.
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 Physical development
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 Gross motor skills




Between ages 2 and 3 years, young children stop using the awkward, wide-legged robot-like stance that is the hallmark of new walkers. As they develop a smoother gait, they also develop the ability to run, jump, and hop. Children of this age can participate in throwing and catching games with larger balls. They can also push themselves around with their feet while sitting on a riding toy.[6]

The period of the most rapid development of motor behaviors is between 2 and 6 years (also known as the preschool years). Skills that appear are basic locomotor, ball-handling, fine eye–hand coordination, walking leads to running, jumping, hopping, galloping, and skipping, climbing evolves from creeping.


[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 Fine motor skills




Main article: Fine motor skill[image: External link]


There are several developmental expectations for children to reach by the time they reach the age of 2. Children are expected to be able to draw simple shapes such as circles, squares and triangles. They should also be able to cut out such shapes as these. By doing such activities as these develops the children's fine motor skills, by strengthening their fingers and developing their finger control.[7]
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 Education




Main article: Early childhood education[image: External link]


Infants and toddlers experience life more holistically than any other age group[8] Social, emotional, cognitive, language, and physical lessons are not learned separately by very young children. Adults who are most helpful to young children interact in ways that understand that the child is learning from the whole experience, not just that part of the experience to which the adult gives attention..

The most information learned occurs between birth and the age of three, during this time humans develop more quickly and rapidly than they would at any other point in their life. Love, affection, encouragement and mental stimulation from the parents or guardians of these young children aid in development. At this time in life, the brain is growing rapidly and it is easier for information to be absorbed; parts of the brain can nearly double in a year. During this stage, children need vital nutrients and personal interaction for their brain to grow properly. Children's brains will expand and become more developed in these early years. Although adults play a huge part in early childhood development, the most important way children develop is interaction with other children. Children develop close relationships with the children they spend a large period of time with. Close relationships with peers develop strong social connections that can be transferred later in life, even children at an early age have a preference of whom they want to interact with or form friendships with. Howes (1983) research suggested that there are distinctive characteristics of friendships, for infants, toddler and pre-school aged children.[9]
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 Other definitions




According to National Association for the Education of Young Children[image: External link], early childhood spans the human life from birth[image: External link] to age 8.
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Child






This article is about the juvenile human. For other uses, see Child (disambiguation)[image: External link].

"Children" redirects here. For other uses, see Children (disambiguation)[image: External link].

Biologically, a child (plural: children) is a human being between the stages of birth[image: External link] and puberty.[1][2] The legal definition of child generally refers to a minor[image: External link], otherwise known as a person younger than the age of majority[image: External link].[1]

Child may also describe a relationship with a parent (such as sons[image: External link] and daughters[image: External link] of any age)[3] or, metaphorically, an authority figure[image: External link], or signify group membership in a clan, tribe, or religion; it can also signify being strongly affected by a specific time, place, or circumstance, as in "a child of nature" or "a child of the Sixties".[4]

There are many social issues that affect children, such as childhood education[image: External link], bullying[image: External link], child poverty[image: External link], dysfunctional families[image: External link], child labor[image: External link], hunger[image: External link], and child homelessness[image: External link]. Children can be raised by parents[image: External link], by fosterers[image: External link], guardians[image: External link] or partially raised in a day care[image: External link] center.
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 Legal, biological, social definitions




The United Nations[image: External link] Convention on the Rights of the Child[image: External link] defines child as "a human being below the age of 18 years unless under the law[image: External link] applicable to the child, majority[image: External link] is attained earlier".[5] This is ratified by 192 of 194 member countries.

Biologically, a child is generally anyone between birth and puberty.[1][2] Some English definitions of the word child include the fetus (sometimes termed the unborn).[6] In many cultures, a child is considered an adult after undergoing a rite of passage[image: External link], which may or may not correspond to the time of puberty.

Children generally have fewer rights than adults and are classed as unable to make serious decisions, and legally must always be under the care of a responsible adult or child custody[image: External link], whether their parents divorce or not. Recognition of childhood as a state different from adulthood began to emerge in the 16th and 17th centuries. Society began to relate to the child not as a miniature adult but as a person of a lower level of maturity needing adult protection, love and nurturing. This change can be traced in paintings: In the Middle Ages[image: External link], children were portrayed in art as miniature adults with no childlike characteristics. In the 16th century, images of children began to acquire a distinct childlike appearance. From the late 17th century onwards, children were shown playing with toys and later literature for children also began to develop at this time.[7]
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 Development




Every child goes through many stages of social development. An infant or very young child will play alone happily. If another child wanders onto the scene, he or she may be physically attacked or pushed out of the way. Next, the child can play with another child, gradually learning to share and take turns. Eventually, the group grows larger, to three or four children. By the time a child enters kindergarten, he or she can usually join in and enjoy group experiences.[8]

Children with ADHD[image: External link] and learning disabilities may need extra help to develop social skills. The impulsive characteristics of an ADHD child may lead to poor peer relationships. Children with poor attention spans may not tune into social cues in their environment, making it difficult for them to learn social skills through experience.[9]
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 Age of responsibility




Further information: Age of consent[image: External link], Age of majority[image: External link], Age of criminal responsibility[image: External link], and Marriageable age[image: External link]


The age at which children are considered responsible for their society-bound actions (e. g. marriage, voting, etc.) has also changed over time, and this is reflected in the way they are treated in courts of law. In Roman times, children were regarded as not culpable for crimes, a position later adopted by the Church. In the 19th century, children younger than seven years old were believed incapable of crime. Children from the age of seven forward were considered responsible for their actions. Therefore, they could face criminal charges, be sent to adult prison, and be punished like adults by whipping, branding or hanging.[10] Today, in many countries like Canada and the United States, children twelve and older are held responsible for their actions. They may be sent to special correctional institutions, such as juvenile hall[image: External link].

Surveys have found that at least 25 countries around the world have no specified age for compulsory education. Minimum employment age and marriage age also vary. In at least 125 countries, children aged 7–15 may be taken to court and risk imprisonment for criminal acts. The age limit of voluntary/involuntary military service is also disputed at the international level.[11] In some countries, children are legally obliged to go to school until they are 14 or 15 years old, but may also work before that age. A child's right to education[image: External link] is threatened by early marriage, child labour[image: External link] and imprisonment.[12]
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 Child mortality




Main articles: Child mortality[image: External link] and Infant mortality[image: External link]


During the early 17th century in England[image: External link], average life expectancy was only about 35 years, largely because two-thirds of all children died before the age of four.[14] During the Industrial Revolution[image: External link], the life expectancy of children increased dramatically.[15]

According to population health experts, child mortality rates have fallen sharply since the 1990s. About 12.6 million under-five infants died annually worldwide in 1990, which has declined to 6.6 million infant deaths in 2012. The infant mortality rate has dropped from 90 deaths per 1,000 live births in 1990, to 48 in 2012. The highest average infant mortality rates are in Sub-Saharan Africa, at 98 deaths per 1,000 live births - over double the world's average of 48.[13]
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Main article: Education[image: External link]


Education, in the general sense, refers to the act or process of imparting or acquiring general knowledge, developing the powers of reasoning and judgment, and preparing intellectually for mature life.[16] Formal education most often takes place through schooling[image: External link]. A right to education[image: External link] has been recognized by some governments. At the global level, Article 13 of the United Nations[image: External link]' 1966 International Covenant on Economic, Social and Cultural Rights[image: External link] recognizes the right of everyone to an education.[17] Education is compulsory[image: External link] in most places up to a certain age, but attendance at school[image: External link] may not be, with alternative options such as home-schooling[image: External link] or e-learning[image: External link] being recognized as valid forms of education in certain jurisdictions.

Children in some countries (especially in parts of Africa and Asia) are often kept out of school, or attend only for short periods. Data from UNICEF indicate that in 2011, 57 million children were out of school; and more than 20% of African children have never attended primary school or have left without completing primary education.[18] According to a UN report, warfare[image: External link] is preventing 28 million children worldwide from receiving an education, due to the risk of sexual violence and attacks in schools.[19] Other factors that keep children out of school include poverty, child labor, social attitudes, and long distances to school.[20][21]

In 2017, Prof Andrei Cimpian's study indicated that girls as young as six years of age can have the idea that being "a genius" is more likely found in males. The study also indicated that this leads more to the uprising of gender stereotypes[image: External link].[22]
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Social attitudes toward children differ around the world in various cultures. These attitudes have changed over time. A 1988 study on European attitudes toward the centrality of children found that Italy was more child-centric and the Netherlands less child-centric, with other countries, such as Austria, Great Britain, Ireland and West Germany[image: External link] falling in between.[23]

Child marriage was common in human history. Today child marriage[image: External link] rates reach 75% in Niger and 68% in Central African Republic and Chad, 66% in Bangladesh and 47% in India.[24]

Protection of children from abuse[image: External link] is considered an important contemporary goal. This includes protecting children from exploitation such as child labor[image: External link], child trafficking[image: External link] and selling, child sexual abuse[image: External link], including child prostitution[image: External link] and child pornography[image: External link], military use of children[image: External link], and child laundering[image: External link] in illegal adoptions[image: External link]. There exist several international instruments for these purposes, such as:


	Worst Forms of Child Labour Convention[image: External link]

	Minimum Age Convention, 1973[image: External link]

	Optional Protocol on the Sale of Children, Child Prostitution and Child Pornography[image: External link]

	Council of Europe Convention on the Protection of Children against Sexual Exploitation and Sexual Abuse[image: External link]

	Optional Protocol on the Involvement of Children in Armed Conflict[image: External link]

	Hague Adoption Convention[image: External link]

	
European Union[image: External link]'s Directive 2011/92/EU of the European Parliament and of the Council of 13 December 2011 on combating the sexual abuse and sexual exploitation of children and child pornography.[25]
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Preadolescence






"Tween" redirects here. For other uses, see Tween (disambiguation)[image: External link].

"Tweenie" redirects here. For the TV show, see Tweenies[image: External link]. For the domestic worker, see Between maid[image: External link].

Preadolescence, also known as pre-teen or tween, is a stage of human development following early childhood and preceding adolescence.[1] It commonly ends with the beginning of puberty,[2] but may also be defined as ending with the start of the teenage years.[3] For example, dictionary definitions generally designate it as 10–13 years.[4] Preadolescence can bring its own challenges and anxieties[image: External link].



TOP
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 Prepubescence, puberty and range




See also: Tanner scale[image: External link]


Being prepubescent is not the same thing as being preadolescent. Instead, prepubescent (and sometimes child) is a term for boys and girls who have not developed secondary sex characteristics[image: External link],[5] while preadolescent is generally defined as those ranging from age 10 to 13 years.[4][6] Preadolescence may also be defined as the period from 9 to 14 years.[7][8]

The point at which a child becomes an adolescent is defined by the onset of puberty or the beginning of the teenage stage.[2][3][5] Adolescence is also viewed as ending with the teenage stage.[3] However, in some individuals (particularly females), puberty begins in the preadolescence years.[9][10] Studies indicate that the onset of puberty has been one year earlier with each generation since the 1950s.[11]

One can also distinguish middle childhood and preadolescence[7] – middle childhood from approximately 5–8 years, as opposed to the time children are generally considered to reach preadolescence.[8] There is no exact agreement as to when preadolescence starts and ends, and research by Gesell et al. suggests that "chronological time...is by no means identical with developmental time" – the duration of the "inner" stages of growth' – or with physiological time.[12]

While known as preadolescent in psychology, the terms preteen, preteenager or tween are common in everyday use. A preteen or preteenager[1] is a person 12 and under.[13] Generally, the term is restricted to those close to reaching age 12,[1] especially age 11.[14] Tween is an American neologism[image: External link] and marketing[image: External link] term[15] for preteen, which is a blend[image: External link] of between and teen.[13][14] People within this age range are variously described as tweens, preadolescents[ contradictory[image: External link]], tweenies, preteens, pubescents, junior highers[image: External link][16] or tweenagers.[17][18]

The term tween was previously used in J. R. R. Tolkien[image: External link]'s 1954 novel The Lord of the Rings[image: External link] to refer to hobbits[image: External link] in their twenties: "tweens as hobbits called the irresponsible twenties between childhood and the coming of age at thirty-three."[19] In this context, the word is really either a shortened version of between or a portmanteau of teen and twenty, and in either case has no connection to teens, preteens or the American marketing niche.
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 Psychological development




Main article: Developmental psychology


Of the 'two major socializing[image: External link] agents in children's lives: the family environment...and formal educational institutions,'[20] it is 'the family in its function a primary socializer of the child'[21] that predominates in the first five years of life: middle childhood by contrast is characterized by 'a child's readiness for school...being self-assured and interested; knowing what kind of behavior is expected...being able to wait, to follow directions, and getting along with other children.'[22]

Preadolescent children in fact have a different view of the world from younger children in many significant ways. Typically, theirs is a more realistic view of life than the intense, fantasy-oriented world of earliest childhood. Preadolescents have more mature, sensible, realistic thoughts and actions: 'the most "sensible" stage of development...the child is a much less emotional being now.'[23] They will often have developed a sense of ' intentionality. The wish and capacity to have an impact, and to act upon that with persistence';[24] and will have a more developed sense of looking into the future and seeing effects of their actions (as opposed to early childhood where children often do not worry about their future). This can include more realistic job[image: External link] expectations ("I want to be an engineer when I grow up", as opposed to "I want to be a wizard"). Middle children generally show more investment 'in control over external reality through the acquisition of knowledge and competence':[25] where they do have worries, these may be more a fear[image: External link] of kidnappings[image: External link], rapes[image: External link], and scary media events, as opposed to fantasy things (e.g., witches, monsters[image: External link], ghosts).

Preadolescents may well view human relationships[image: External link] differently (e.g. they may notice the flawed, human side of authority[image: External link] figures). Alongside that, they may begin to develop a sense of self[image: External link]- identity[image: External link], and to have increased feelings of independence[image: External link]: 'may feel an individual, no longer "just one of the family."'[26] A different view on morality[image: External link] can emerge; and the middle child will also show more cooperativeness. The ability to balance one's own needs with those of others in group activities'.[27] Many preadolescents will often start to question their home life and surroundings around this time and they may also start to form opinions that may differ from their upbringing in regards to issues such as politics[image: External link], religion[image: External link], sexuality[image: External link], and gender roles[image: External link].

Greater responsibility within the family can also appear, as middle children become responsible for younger siblings and relatives, as with babysitting[image: External link]; while preadolescents may start caring about what they look like and what they are wearing.

Middle children often begin to experience infatuation[image: External link], limerence[image: External link], puppy love[image: External link], or love[image: External link] itself, though arguably at least with 'girls carrying out all the romantic interest....preadolescent girls' romantic pursuits often seem to be more aggressive than affectionate.'[28]

Preadolescents may still suffer tantrums[image: External link] at the age of 13, sometimes leading to rash decisions regarding risky actions. Such decisions may in rare cases result in grave situations such as accidental death.[29]
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 Home from home




Where development has been optimal, preadolescents 'come to school for something to be added to their lives; they want to learn lessons...which can lead to their eventually working in a job like their parents.'[30] When earlier developmental stages have gone astray, however, then, on the principle that 'if you miss a stage, you can always go through it later,'[31] some middle children 'come to school for another purpose...[not] to learn but to find a home from home...a stable emotional situation in which they can exercise their own emotional liability, a group of which they can gradually become a part.'[32]
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 Divorce




Children at the threshold of adolescence...in the nine-to-twelve-year-old group[33] would seem to have particular vulnerabilities to parental separation. Among such problems were the very 'eagerness of these youngsters to be co-opted into the parental battling; their willingness to take sides...and the intense, compassionate, caretaking relations which led these youngsters to attempt to rescue a distressed parent often to their own detriment.[34]
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 Media




Preadolescents may well be more exposed to popular culture[image: External link] than younger children and have interests based on internet trends, television shows and movies (no longer just cartoons), fashion, technology, music and social media. Preadolescents generally prefer certain brands[image: External link], and are a heavily targeted market of many advertisers. Their tendency to buy brand-name items may be due to a desire to fit in, although the desire is not as strong as it is with teenagers.

Some scholars suggest that 'pre-adolescents ... reported frequent encounters with sexual material in the media, valued the information received from it, and used it as a learning resource ... and evaluated such content through what they perceived to be sexual morality.'[35] However, other research has suggested that sexual media influences on preadolescent and adolescent sexual behavior is minimal.[36]
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 Freud




Freud[image: External link] called this stage the latency[image: External link] period to indicate that sexual feelings and interest went underground ... the feelings that create that first "eternal triangle" with the parents fade, and free energy for other interests and activities.'[37] Erik H. Erikson[image: External link] confirmed that 'violent drives are normally dormant ... a lull before the storm of puberty, when all the earlier drives re-emerge in a new combination, to be brought under the dominance of genitality.'[38]

Latency period children can then direct more of their energy into asexual pursuits such as school, athletics, and same-sex friendships: middle childhood especially is marked by 'the importance of school, teams, classes, friends, gangs and organised activities ... and the adults who run those.'[39] Nevertheless, recent research suggests that "most children do not cease sexual development, interest and behavior" at this time: rather, they "cease to share their interest with adults and are less frequently observed."[40] Because "they've learned the rules ... [they] fit in with the grown-up's belief that they're not interested. But the curiosity about it all continues, and there's quite a lot of experimenting going on between them.'[41] alongside other pursuits

But while the eight-year-old still has "years to wait until puberty, adolescence and finally sexual maturity ... a sort of lull before puberty arrives,'[42] with preadolescence proper (9–12), and the move forward from middle childhood, what have been called 'the introspective and social concerns of the prepubescent'[43] tend to come more to the fore. Clearly "few experiences are more prominent in the lives of preadolescents than the onset of puberty";[44] so that "at eleven or twelve you're just reaching the end of a long period during which change was steady and incremental":[45] Freud's latency years.
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	Middle school[image: External link]

	Precocious puberty[image: External link]
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Adolescence






"Teenage" redirects here. For the 2013 documentary, see Teenage (film)[image: External link].

"Teenage girls" redirects here. For the EP by Love Kills, see Teenage Girls (EP)[image: External link].

"Adolescents", "Teen", and "Teenager" redirect here. For other uses, see Adolescents (disambiguation)[image: External link], Teen (disambiguation)[image: External link], and Teenager (disambiguation)[image: External link].

Adolescence (from Latin[image: External link] adolescere, meaning 'to grow up')[1] is a transitional stage of physical and psychological[image: External link] development that generally occurs during the period from puberty to legal adulthood (age of majority[image: External link]).[1][2][3] Adolescence is usually associated with the teenage years,[3][4][5][6] but its physical, psychological or cultural expressions may begin earlier and end later. For example, puberty now typically begins during preadolescence, particularly in females.[4][7][8][9][10] Physical growth (particularly in males), and cognitive development can extend into the early twenties. Thus age provides only a rough marker of adolescence, and scholars have found it difficult to agree upon a precise definition of adolescence.[7][8][11][12]

A thorough understanding of adolescence in society depends on information from various perspectives, including psychology, biology, history, sociology, education, and anthropology. Within all of these perspectives, adolescence is viewed as a transitional period between childhood and adulthood, whose cultural purpose is the preparation of children for adult roles.[13] It is a period of multiple transitions involving education, training, employment and unemployment, as well as transitions from one living circumstance to another.[14]

The end of adolescence and the beginning of adulthood varies by country and by function. Furthermore, even within a single nation state or culture there can be different ages at which an individual is considered (chronologically and legally) mature enough for society to entrust them with certain privileges and responsibilities. Such milestones include driving a vehicle, having legal sexual relations, serving in the armed forces or on a jury, purchasing and drinking alcohol, voting, entering into contracts, finishing certain levels of education, and marriage. Adolescence is usually accompanied by an increased independence allowed by the parents or legal guardians, including less supervision as compared to preadolescence.

In studying adolescent development,[15] adolescence can be defined biologically, as the physical transition marked by the onset of puberty and the termination of physical growth; cognitively, as changes in the ability to think abstractly and multi-dimensionally; or socially, as a period of preparation for adult roles. Major pubertal and biological changes include changes to the sex organs[image: External link], height, weight, and muscle mass, as well as major changes in brain structure and organization. Cognitive[image: External link] advances encompass both increment in knowledge and in the ability to think abstractly and to reason more effectively. The study of adolescent development often involves interdisciplinary collaborations. For example, researchers in neuroscience[image: External link] or bio-behavioral health[image: External link] might focus on pubertal changes in brain structure and its effects on cognition or social relations. Sociologists interested in adolescence might focus on the acquisition of social roles (e.g., worker or romantic partner) and how this varies across cultures or social conditions.[16] Developmental psychologists might focus on changes in relations with parents and peers as a function of school structure and pubertal status.[17] Some scientists have questioned the universality of adolescence as a developmental phase, and argue that traits often considered typical of adolescents are not inherent.
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Main article: Puberty


Puberty is a period of several years in which rapid physical growth and psychological changes occur, culminating in sexual maturity. The average age of onset of puberty is at 11 for girls and 12 for boys.[18][19] Every person's individual timetable for puberty is influenced primarily by heredity[image: External link], although environmental factors, such as diet and exercise, also exert some influences.[20][21] These factors can also contribute to precocious[image: External link] and delayed puberty[image: External link].[12][21]

Some of the most significant parts of pubertal development involve distinctive physiological changes in individuals' height, weight, body composition, and circulatory and respiratory systems.[22] These changes are largely influenced by hormonal activity. Hormones play an organizational role, priming the body to behave in a certain way once puberty begins,[23] and an active role, referring to changes in hormones during adolescence that trigger behavioral and physical changes.[24]

Puberty occurs through a long process and begins with a surge in hormone production, which in turn causes a number of physical changes. It is the stage of life characterized by the appearance and development of secondary sex characteristics[image: External link] (for example, a deeper voice and larger adam's apple[image: External link] in boys, and development of breasts[image: External link] and more curved and prominent hips[image: External link] in girls) and a strong shift in hormonal balance towards an adult state. This is triggered by the pituitary gland[image: External link], which secretes a surge of hormonal agents into the blood stream, initiating a chain reaction to occur. The male and female gonads[image: External link] are subsequently activated, which puts them into a state of rapid growth and development; the triggered gonads now commence the mass production of the necessary chemicals[image: External link]. The testes primarily release testosterone[image: External link], and the ovaries predominantly dispense estrogen[image: External link]. The production of these hormones increases gradually until sexual maturation is met. Some boys may develop gynecomastia[image: External link] due to an imbalance of sex hormones[image: External link], tissue responsiveness or obesity[image: External link].[25]

Facial hair[image: External link] in males normally appears in a specific order during puberty: The first facial hair to appear tends to grow at the corners of the upper lip, typically between 14 and 17 years of age.[26][27] It then spreads to form a moustache[image: External link] over the entire upper lip. This is followed by the appearance of hair on the upper part of the cheeks, and the area under the lower lip.[26] The hair eventually spreads to the sides and lower border of the chin, and the rest of the lower face to form a full beard.[26] As with most human biological processes, this specific order may vary among some individuals. Facial hair is often present in late adolescence, around ages 17 and 18, but may not appear until significantly later.[27][28] Some men do not develop full facial hair for 10 years after puberty.[27] Facial hair continues to get coarser, darker and thicker for another 2–4 years after puberty.[27]

The major landmark of puberty for males is spermarche[image: External link], the first ejaculation[image: External link], which occurs, on average, at age 13.[29] For females, it is menarche[image: External link], the onset of menstruation, which occurs, on average, between ages 12 and 13.[20][30][31][32] The age of menarche is influenced by heredity, but a girl's diet and lifestyle contribute as well.[20] Regardless of genes, a girl must have a certain proportion of body fat to attain menarche.[20] Consequently, girls who have a high-fat diet and who are not physically active begin menstruating earlier, on average, than girls whose diet contains less fat and whose activities involve fat reducing exercise (e.g. ballet and gymnastics).[20][21] Girls who experience malnutrition or are in societies in which children are expected to perform physical labor also begin menstruating at later ages.[20]

The timing of puberty can have important psychological and social consequences. Early maturing boys are usually taller and stronger than their friends.[33] They have the advantage in capturing the attention of potential partners and in becoming hand-picked for sports. Pubescent boys often tend to have a good body image, are more confident, secure, and more independent.[34] Late maturing boys can be less confident because of poor body image when comparing themselves to already developed friends and peers. However, early puberty is not always positive for boys; early sexual maturation in boys can be accompanied by increased aggressiveness due to the surge of hormones that affect them.[34] Because they appear older than their peers, pubescent boys may face increased social pressure to conform to adult norms; society may view them as more emotionally advanced, despite the fact that their cognitive[image: External link] and social development[image: External link] may lag behind their appearance.[34] Studies have shown that early maturing boys are more likely to be sexually active and are more likely to participate in risky behaviors.[35]

For girls, early maturation can sometimes lead to increased self-consciousness, though a typical aspect in maturing females.[36] Because of their bodies' developing in advance, pubescent girls can become more insecure and dependent.[36] Consequently, girls that reach sexual maturation early are more likely than their peers to develop eating disorders[image: External link] (such as anorexia nervosa[image: External link]). Nearly half of all American high school girls' diets are to lose weight.[36] In addition, girls may have to deal with sexual advances from older boys before they are emotionally and mentally mature.[37] In addition to having earlier sexual experiences and more unwanted pregnancies than late maturing girls, early maturing girls are more exposed to alcohol[image: External link] and drug abuse[image: External link].[38] Those who have had such experiences tend to perform not as well in school as their "inexperienced" peers.[39]

Girls have usually reached full physical development by ages 15–17,[3][19][40] while boys usually complete puberty by ages 16–17.[19][40][41] Any increase in height beyond the post-pubertal age is uncommon. Girls attain reproductive maturity about four years after the first physical changes of puberty appear.[3] In contrast, boys accelerate more slowly but continue to grow for about six years after the first visible pubertal changes.[34][41]
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 Growth spurt




The adolescent growth spurt is a rapid increase in the individual's height[image: External link] and weight during puberty resulting from the simultaneous release of growth hormones, thyroid hormones[image: External link], and androgens[image: External link].[42] Males experience their growth spurt about two years later, on average, than females. During their peak height velocity (the time of most rapid growth), adolescents grow at a growth rate nearly identical to that of a toddler—about 4 inches (10.3 cm) a year for males and 3.5 inches (9 cm) for females.[43] In addition to changes in height, adolescents also experience a significant increase in weight (Marshall, 1978). The weight gained during adolescence constitutes nearly half of one's adult body weight.[43] Teenage and early adult males may continue to gain natural muscle growth even after puberty.[34]

The accelerated growth in different body parts happens at different times, but for all adolescents it has a fairly regular sequence. The first places to grow are the extremities—the head, hands and feet—followed by the arms and legs, then the torso and shoulders.[44] This non-uniform growth is one reason why an adolescent body may seem out of proportion.

During puberty, bones become harder and more brittle. At the conclusion of puberty, the ends of the long bones close during the process called epiphysis[image: External link]. There can be ethnic differences in these skeletal changes. For example, in the United States of America, bone density increases significantly more among black than white adolescents, which might account for decreased likelihood of black women developing osteoporosis[image: External link] and having fewer bone fractures there.[45]

Another set of significant physical changes during puberty happen in bodily distribution of fat and muscle. This process is different for females and males. Before puberty, there are nearly no sex differences in fat and muscle distribution; during puberty, boys grow muscle much faster than girls, although both sexes experience rapid muscle development. In contrast, though both sexes experience an increase in body fat, the increase is much more significant for girls. Frequently, the increase in fat for girls happens in their years just before puberty. The ratio between muscle and fat among post-pubertal boys is around three to one, while for girls it is about five to four. This may help explain sex differences in athletic performance.[46]

Pubertal development also affects circulatory and respiratory systems as an adolescents' heart and lungs increase in both size and capacity. These changes lead to increased strength and tolerance for exercise. Sex differences are apparent as males tend to develop "larger hearts and lungs, higher systolic blood pressure, a lower resting heart rate, a greater capacity for carrying oxygen to the blood, a greater power for neutralizing the chemical products of muscular exercise, higher blood hemoglobin and more red blood cells".[47]

Despite some genetic sex differences, environmental factors play a large role in biological changes during adolescence. For example, girls tend to reduce their physical activity in preadolescence[48][49] and may receive inadequate nutrition from diets that often lack important nutrients, such as iron.[50] These environmental influences in turn affect female physical development.
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Primary sex characteristics are those directly related to the sex organs[image: External link]. In males, the first stages of puberty involve growth of the testes and scrotum, followed by growth of the penis.[51] At the time that the penis develops, the seminal vesicles[image: External link], the prostate[image: External link], and the bulbourethral gland[image: External link] also enlarge and develop. The first ejaculation of seminal fluid generally occurs about one year after the beginning of accelerated penis growth, although this is often determined culturally rather than biologically, since for many boys first ejaculation occurs as a result of masturbation.[44] Boys are generally fertile before they have an adult appearance.[42]

In females, changes in the primary sex characteristics involve growth of the uterus, vagina, and other aspects of the reproductive system. Menarche[image: External link], the beginning of menstruation, is a relatively late development which follows a long series of hormonal changes.[52] Generally, a girl is not fully fertile until several years after menarche, as regular ovulation follows menarche by about two years.[53] Unlike males, therefore, females usually appear physically mature before they are capable of becoming pregnant.

Changes in secondary sex characteristics[image: External link] include every change that is not directly related to sexual reproduction. In males, these changes involve appearance of pubic, facial, and body hair, deepening of the voice, roughening of the skin around the upper arms and thighs, and increased development of the sweat glands. In females, secondary sex changes involve elevation of the breasts, widening of the hips, development of pubic and underarm hair, widening of the areolae, and elevation of the nipples.[54] The changes in secondary sex characteristics that take place during puberty are often referred to in terms of five Tanner stages[image: External link],[55] named after the British pediatrician who devised the categorization system.
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The human brain is not fully developed by the time a person reaches puberty. Between the ages of 10 and 25, the brain undergoes changes that have important implications for behavior (see Cognitive development below). The brain reaches 90% of its adult size by the time a person is six years of age.[56] Thus, the brain does not grow in size much during adolescence. However, the creases in the brain continue to become more complex until the late teens. The biggest changes in the folds of the brain during this time occur in the parts of the cortex that process cognitive and emotional information.[56]

Over the course of adolescence, the amount of white matter[image: External link] in the brain increases linearly, while the amount of grey matter[image: External link] in the brain follows an inverted-U pattern.[57] Through a process called synaptic pruning[image: External link], unnecessary neuronal connections in the brain are eliminated and the amount of grey matter is pared down. However, this does not mean that the brain loses functionality; rather, it becomes more efficient due to increased myelination[image: External link] (insulation of axons) and the reduction of unused pathways.[58]

The first areas of the brain to be pruned are those involving primary functions, such as motor and sensory areas. The areas of the brain involved in more complex processes lose matter later in development. These include the lateral and prefrontal[image: External link] cortices, among other regions.[59] Some of the most developmentally significant changes in the brain occur in the prefrontal cortex, which is involved in decision making[image: External link] and cognitive control, as well as other higher cognitive functions. During adolescence, myelination and synaptic pruning in the prefrontal cortex increases, improving the efficiency of information processing, and neural connections between the prefrontal cortex and other regions of the brain are strengthened.[60] This leads to better evaluation of risks and rewards, as well as improved control over impulses. Specifically, developments in the dorsolateral prefrontal cortex are important for controlling impulses and planning ahead, while development in the ventromedial prefrontal cortex is important for decision making. Changes in the orbitofrontal cortex are important for evaluating rewards and risks.

Three neurotransmitters[image: External link] that play important roles in adolescent brain development are glutamate[image: External link], dopamine[image: External link] and serotonin[image: External link]. Glutamate is an excitatory neurotransmitter. During the synaptic pruning that occurs during adolescence, most of the neural connections that are pruned contain receptors for glutamate or other excitatory neurotransmitters.[61] Because of this, by early adulthood the synaptic balance in the brain is more inhibitory than excitatory.

Dopamine[image: External link] is associated with pleasure and attuning to the environment during decision-making. During adolescence, dopamine levels in the limbic system[image: External link] increase and input of dopamine to the prefrontal cortex increases.[62] The balance of excitatory to inhibitory neurotransmitters and increased dopamine activity in adolescence may have implications for adolescent risk-taking and vulnerability to boredom (see Cognitive development below).

Serotonin[image: External link] is a neuromodulator involved in regulation of mood and behavior. Development in the limbic system plays an important role in determining rewards and punishments and processing emotional experience and social information. Changes in the levels of the neurotransmitters dopamine and serotonin[image: External link] in the limbic system make adolescents more emotional and more responsive to rewards and stress. The corresponding increase in emotional variability also can increase adolescents' vulnerability. The effect of serotonin is not limited to the limbic system: Several serotonin receptors have their gene expression change dramatically during adolescence, particularly in the human frontal and prefrontal cortex .[63]
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Adolescence is also a time for rapid cognitive development.[64] Piaget[image: External link] describes adolescence as the stage of life in which the individual's thoughts start taking more of an abstract form and the egocentric thoughts decrease. This allows the individual to think and reason in a wider perspective.[65] A combination of behavioural and fMRI[image: External link] studies have demonstrated development of executive functions[image: External link], that is, cognitive skills that enable the control and coordination of thoughts and behaviour, which are generally associated with the prefrontal cortex[image: External link].[66] The thoughts, ideas and concepts developed at this period of life greatly influence one's future life, playing a major role in character and personality formation.[67]

Biological changes in brain structure and connectivity within the brain interact with increased experience, knowledge, and changing social demands to produce rapid cognitive growth (see Changes in the brain above). The age at which particular changes take place varies between individuals, but the changes discussed below begin at puberty or shortly after that and some skills continue to develop as the adolescent ages.
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 Theoretical perspectives




There are at least two major approaches to understanding cognitive change during adolescence. One is the constructivist view[image: External link] of cognitive development. Based on the work of Piaget[image: External link], it takes a quantitative, state-theory approach, hypothesizing that adolescents' cognitive improvement is relatively sudden and drastic. The second is the information-processing perspective[image: External link], which derives from the study of artificial intelligence and attempts to explain cognitive development in terms of the growth of specific components of the thinking process.
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 Improvements in cognitive ability




By the time individuals have reached age 15 or so, their basic thinking abilities are comparable to those of adults. These improvements occur in five areas during adolescence:


	Attention. Improvements are seen in selective attention[image: External link], the process by which one focuses on one stimulus while tuning out another. Divided attention[image: External link], the ability to pay attention to two or more stimuli at the same time, also improves.[68][69]


	Memory. Improvements are seen in both working memory[image: External link] and long-term memory[image: External link].[70]


	Processing speed. Adolescents think more quickly than children. Processing speed improves sharply between age five and middle adolescence; it then begins to level off at age 15 and does not appear to change between late adolescence and adulthood.[71]


	Organization. Adolescents are more aware of their thought processes and can use mnemonic devices and other strategies to think more efficiently.[72]


	
Metacognition[image: External link].



Studies since 2005 indicate that the brain is not fully formed until the early twenties.[73]
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 Hypothetical and abstract thinking




Adolescents' thinking is less bound to concrete events than that of children: they can contemplate possibilities outside the realm of what currently exists. One manifestation of the adolescent's increased facility with thinking about possibilities is the improvement of skill in deductive reasoning[image: External link], which leads to the development of hypothetical thinking. This provides the ability to plan ahead, see the future consequences of an action and to provide alternative explanations of events. It also makes adolescents more skilled debaters, as they can reason against a friend's or parent's assumptions. Adolescents also develop a more sophisticated understanding of probability.

The appearance of more systematic, abstract thinking is another notable aspect of cognitive development during adolescence. For example, adolescents find it easier than children to comprehend the sorts of higher-order abstract logic inherent in puns, proverbs, metaphors, and analogies. Their increased facility permits them to appreciate the ways in which language can be used to convey multiple messages, such as satire, metaphor, and sarcasm[image: External link]. (Children younger than age nine often cannot comprehend sarcasm at all.)[74] This also permits the application of advanced reasoning and logical processes to social and ideological matters such as interpersonal relationships, politics, philosophy, religion, morality, friendship, faith, fairness, and honesty.
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 Metacognition




A third gain in cognitive ability involves thinking about thinking itself, a process referred to as metacognition[image: External link]. It often involves monitoring one's own cognitive activity during the thinking process. Adolescents' improvements in knowledge of their own thinking patterns lead to better self-control and more effective studying. It is also relevant in social cognition, resulting in increased introspection[image: External link], self-consciousness[image: External link], and intellectualization (in the sense of thought about one's own thoughts, rather than the Freudian definition as a defense mechanism). Adolescents are much better able than children to understand that people do not have complete control over their mental activity. Being able to introspect may lead to two forms of adolescent egocentrism, which results in two distinct problems in thinking: the imaginary audience[image: External link] and the personal fable[image: External link]. These likely peak at age fifteen, along with self-consciousness in general.[75]

Related to metacognition and abstract thought[image: External link], perspective-taking involves a more sophisticated theory of mind[image: External link].[76] Adolescents reach a stage of social perspective-taking in which they can understand how the thoughts or actions of one person can influence those of another person, even if they personally are not involved.[77]
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 Relativistic thinking




Compared to children, adolescents are more likely to question others' assertions, and less likely to accept facts as absolute truths. Through experience outside the family circle, they learn that rules they were taught as absolute are in fact relativistic. They begin to differentiate between rules instituted out of common sense—not touching a hot stove—and those that are based on culturally-relative standards (codes of etiquette, not dating until a certain age), a delineation that younger children do not make. This can lead to a period of questioning authority in all domains.[78]
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 Wisdom




Wisdom[image: External link], or the capacity for insight and judgment that is developed through experience,[79] increases between the ages of fourteen and twenty-five, then levels off. Thus, it is during the adolescence-adulthood transition that individuals acquire the type of wisdom that is associated with age. Wisdom is not the same as intelligence: adolescents do not improve substantially on IQ[image: External link] tests since their scores are relative to others in their same age group, and relative standing usually does not change—everyone matures at approximately the same rate in this way.
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 Risk-taking




Because most injuries sustained by adolescents are related to risky behavior (car crashes[image: External link], alcohol, unprotected sex), a great deal of research has been done on the cognitive and emotional processes underlying adolescent risk-taking. In addressing this question, it is important to distinguish whether adolescents are more likely to engage in risky behaviors (prevalence), whether they make risk-related decisions similarly or differently than adults (cognitive processing perspective), or whether they use the same processes but value different things and thus arrive at different conclusions. The behavioral decision-making theory proposes that adolescents and adults both weigh the potential rewards and consequences of an action. However, research has shown that adolescents seem to give more weight to rewards, particularly social rewards, than do adults.[80]

Research seems to favor the hypothesis that adolescents and adults think about risk in similar ways, but hold different values and thus come to different conclusions. Some have argued that there may be evolutionary benefits to an increased propensity for risk-taking in adolescence. For example, without a willingness to take risks, teenagers would not have the motivation or confidence necessary to leave their family of origin. In addition, from a population perspective, there is an advantage to having a group of individuals willing to take more risks and try new methods, counterbalancing the more conservative elements more typical of the received knowledge held by older adults. Risktaking may also have reproductive advantages: adolescents have a newfound priority in sexual attraction and dating, and risk-taking is required to impress potential mates. Research also indicates that baseline sensation seeking[image: External link] may affect risk-taking behavior throughout the lifespan.[81][82]

Given the potential consequences, engaging in sexual behavior is somewhat risky, particularly for adolescents. Having unprotected sex, using poor birth control methods (e.g. withdrawal), having multiple sexual partners, and poor communication are some aspects of sexual behavior that increase individual and/or social risk. Some qualities of adolescents' lives that are often correlated with risky sexual behavior[image: External link] include higher rates of experienced abuse, lower rates of parental support and monitoring.[83]


[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 Inhibition




Related to their increased tendency for risk-taking, adolescents show impaired behavioral inhibition, including deficits in extinction learning[image: External link].[84] This has important implications for engaging in risky behavior such as unsafe sex or illicit drug use, as adolescents are less likely to inhibit actions that may have negative outcomes in the future.[85] This phenomenon also has consequences for behavioral treatments based on the principle of extinction, such as cue exposure therapy for anxiety or drug addiction.[86][87] It has been suggested that impaired inhibition, specifically extinction, may help to explain adolescent propensity to relapse to drug-seeking even following behavioral treatment for addiction.[88]
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 Psychological development




The formal study of adolescent psychology began with the publication of G. Stanley Hall[image: External link]'s "Adolescence in 1904." Hall, who was the first president of the American Psychological Association[image: External link], viewed adolescence primarily as a time of internal turmoil and upheaval (sturm und drang). This understanding of youth was based on two then new ways of understanding human behavior[image: External link]: Darwin's evolutionary theory[image: External link] and Freud's psychodynamic theory[image: External link]. He believed that adolescence was a representation of our human ancestors' phylogenetic shift from being primitive to being civilized. Hall's assertions stood relatively uncontested until the 1950s when psychologists such as Erik Erikson[image: External link] and Anna Freud[image: External link] started to formulate their theories about adolescence. Freud believed that the psychological disturbances associated with youth were biologically based and culturally universal while Erikson focused on the dichotomy between identity formation[image: External link] and role fulfillment.[89] Even with their different theories, these three psychologists agreed that adolescence was inherently a time of disturbance and psychological confusion. The less turbulent aspects of adolescence, such as peer relations and cultural influence, were left largely ignored until the 1980s. From the '50s until the '80s, the focus of the field was mainly on describing patterns of behavior as opposed to explaining them.[89]

Jean Macfarlane[image: External link] founded the University of California, Berkeley[image: External link]'s Institute of Human Development, formerly called the Institute of Child Welfare, in 1927.[90] The Institute was instrumental in initiating studies of healthy development, in contrast to previous work that had been dominated by theories based on pathological personalities.[90] The studies looked at human development during the Great Depression[image: External link] and World War II[image: External link], unique historical circumstances under which a generation of children grew up. The Oakland Growth Study, initiated by Harold Jones and Herbert Stolz in 1931, aimed to study the physical, intellectual, and social development of children in the Oakland area. Data collection began in 1932 and continued until 1981, allowing the researchers to gather longitudinal data on the individuals that extended past adolescence into adulthood. Jean Macfarlane[image: External link] launched the Berkeley Guidance Study, which examined the development of children in terms of their socioeconomic and family backgrounds.[91] These studies provided the background for Glen Elder[image: External link] in the 1960s, to propose a life-course perspective[image: External link] of adolescent development. Elder formulated several descriptive principles of adolescent development. The principle of historical time and place states that an individual's development is shaped by the period and location in which they grow up. The principle of the importance of timing in one's life refers to the different impact that life events have on development based on when in one's life they occur. The idea of linked lives states that one's development is shaped by the interconnected network of relationships of which one is a part; and the principle of human agency[image: External link] asserts that one's life course is constructed via the choices and actions of an individual within the context of their historical period and social network.[92]

In 1984, the Society for Research on Adolescence (SRA) became the first official organization dedicated to the study of adolescent psychology. Some of the issues first addressed by this group include: the nature versus nurture[image: External link] debate as it pertains to adolescence; understanding the interactions between adolescents and their environment; and considering culture, social groups, and historical context when interpreting adolescent behavior.[89]

Evolutionary biologists like Jeremy Griffith[image: External link] have drawn parallels between adolescent psychology and the developmental evolution of modern humans from hominid ancestors as a manifestation of ontogeny recapitulating phylogeny.[93]
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Identity development is a stage in the adolescent life cycle.[94] For most, the search for identity begins in the adolescent years. During these years, adolescents are more open to 'trying on' different behaviours and appearances to discover who they are.[95] In an attempt to find their identity and discover who they are, adolescents are liklely to cycle through a number of identities to find one that suits them best. Developing and maintaining identity (in adolescent years) is a difficult task due to multiple factors such as family life, environment, and social status.[94] Empirical studies suggest that this process might be more accurately described as identity development[image: External link], rather than formation, but confirms a normative process of change in both content and structure of one's thoughts about the self.[96] The two main aspects of identity development are self-clarity and self-esteem.[95] Since choices made during adolescent years can influence later life, high levels of self-awareness and self-control during mid-adolescence will lead to better decisions during the transition to adulthood.[citation needed[image: External link]] Researchers have used three general approaches to understanding identity development: self-concept, sense of identity, and self-esteem. The years of adolescence create a more conscientious group of young adults. Adolescents pay close attention and give more time and effort to their appearance as their body goes through changes. Unlike children, teens put forth an effort to look presentable (1991).[4] The environment in which an adolescent grows up also plays an important role in their identity development. Studies done by the American Psychological Association[image: External link] have shown that adolescents with a less privileged upbringing have a more difficult time developing their identity.[97]
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 Self-concept




See also: Self-concept[image: External link]


The idea of self-concept is known as the ability of a person to have opinions and beliefs that are defined confidently, consistent and stable.[98] Early in adolescence, cognitive developments[image: External link] result in greater self-awareness, greater awareness of others and their thoughts and judgments, the ability to think about abstract, future possibilities, and the ability to consider multiple possibilities at once. As a result, adolescents experience a significant shift from the simple, concrete, and global self-descriptions typical of young children; as children, they defined themselves by physical traits whereas as adolescents, they define themselves based on their values, thoughts, and opinions.[99]

Adolescents can conceptualize multiple "possible selves" that they could become[100] and long-term possibilities and consequences of their choices.[101] Exploring these possibilities may result in abrupt changes in self-presentation as the adolescent chooses or rejects qualities and behaviors, trying to guide the actual[image: External link] self toward the ideal[image: External link] self (who the adolescent wishes to be) and away from the feared self (who the adolescent does not want to be). For many, these distinctions are uncomfortable, but they also appear to motivate achievement through behavior consistent with the ideal and distinct from the feared possible selves.[100][102]

Further distinctions in self-concept, called "differentiation," occur as the adolescent recognizes the contextual influences on their own behavior and the perceptions of others, and begin to qualify their traits when asked to describe themselves.[103] Differentiation appears fully developed by mid-adolescence.[104] Peaking in the 7th-9th grades, the personality traits[image: External link] adolescents use to describe themselves refer to specific contexts, and therefore may contradict one another. The recognition of inconsistent content in the self-concept is a common source of distress in these years (see Cognitive dissonance[image: External link]),[105] but this distress may benefit adolescents by encouraging structural development.
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 Sense of identity




Egocentrism[image: External link] in adolescents forms a self-conscious desire to feel important in their peer groups and enjoy social acceptance.[106] Unlike the conflicting aspects of self-concept, identity represents a coherent sense of self stable across circumstances and including past experiences and future goals. Everyone has a self-concept, whereas Erik Erikson[image: External link] argued that not everyone fully achieves identity. Erikson's theory of stages of development includes the identity crisis[image: External link] in which adolescents must explore different possibilities and integrate different parts of themselves before committing to their beliefs. He described the resolution of this process as a stage of "identity achievement" but also stressed that the identity challenge "is never fully resolved once and for all at one point in time".[107] Adolescents begin by defining themselves based on their crowd membership[image: External link]. "Clothes help teens explore new identities, separate from parents, and bond with peers." Fashion has played a major role when it comes to teenagers "finding their selves"; Fashion is always evolving, which corresponds with the evolution of change in the personality of teenagers.[108] Adolescents attempt to define their identity by consciously styling themselves in different manners to find what best suits them. Trial and error in matching both their perceived image and the image others respond to and see, allows for the adolescent to grasp an understanding of who they are[109] Just as fashion is evolving to influence adolescents so is the media. "Modern life takes place amidst a never-ending barrage of flesh on screens, pages, and billboards."[110] This barrage consciously or subconsciously registers into the mind causing issues with self-image a factor that contributes to an adolescence sense of identity. Researcher James Marcia developed the current method for testing an individual's progress along these stages.[111][112] His questions are divided into three categories: occupation, ideology, and interpersonal relationships[image: External link]. Answers are scored based on extent to which the individual has explored and the degree to which he has made commitments. The result is classification of the individual into a) identity diffusion in which all children begin, b) Identity Foreclosure in which commitments are made without the exploration of alternatives, c) Moratorium, or the process of exploration, or d) Identity Achievement in which Moratorium has occurred and resulted in commitments.[113]

Research since reveals self-examination beginning early in adolescence, but identity achievement rarely occurring before age 18.[114] The freshman year of college influences identity development significantly, but may actually prolong psychosocial moratorium by encouraging reexamination of previous commitments and further exploration of alternate possibilities without encouraging resolution.[115] For the most part, evidence has supported Erikson's stages: each correlates with the personality traits he originally predicted.[113] Studies also confirm the impermanence of the stages; there is no final endpoint in identity development.[116]
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 Environment and identity




An adolescent's environment plays a huge role in their identity development.[97] While most adolescent studies are conducted on white, middle class children, studies show that the more privileged upbringing people have, the more successfully they develop their identity.[97] The forming of an adolescent's identity is a crucial time in their life. It has been recently found that demographic patterns suggest that the transition to adulthood is now occurring over a longer span of years than was the case during the middle of the 20th century. Accordingly, youth, a period that spans late adolescence and early adulthood, has become a more prominent stage of the life course. This therefore has caused various factors to become important during this development.[117] So many factors contribute to the developing social identity of an adolescent from commitment, to coping devices,[118] to social media. All of these factors are affected by the environment an adolescent grows up in. A child from a more privileged upbringing is exposed to more opportunities and better situations in general. An adolescent from an inner city or a crime-driven neighborhood is more likely to be exposed to an environment that can be detrimental to their development. Adolescence is a sensitive period in the development process, and exposure to the wrong things at that time can have a major effect on future decisions. While children that grow up in nice suburban communities are not exposed to bad environments they are more likely to participate in activities that can benefit their identity and contribute to a more successful identity development.[97]
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 Sexual orientation and identity




Sexual orientation[image: External link] has been defined as "an erotic inclination toward people of one or more genders, most often described as sexual or erotic attractions".[119] In recent years, psychologists have sought to understand how sexual orientation develops during adolescence. Some theorists believe that there are many different possible developmental paths one could take, and that the specific path an individual follows may be determined by their sex, orientation, and when they reached the onset of puberty.[119]

In 1989, Troiden proposed a four-stage model for the development of homosexual sexual identity.[120] The first stage, known as sensitization, usually starts in childhood, and is marked by the child's becoming aware of same-sex attractions. The second stage, identity confusion, tends to occur a few years later. In this stage, the youth is overwhelmed by feelings of inner turmoil regarding their sexual orientation, and begins to engage sexual experiences with same-sex partners. In the third stage of identity assumption, which usually takes place a few years after the adolescent has left home, adolescents begin to come out to their family and close friends, and assumes a self-definition as gay, lesbian, or bisexual.[121] In the final stage, known as commitment, the young adult adopts their sexual identity as a lifestyle. Therefore, this model estimates that the process of coming out begins in childhood, and continues through the early to mid 20s. This model has been contested, and alternate ideas have been explored in recent years.

In terms of sexual identity[image: External link], adolescence is when most gay/lesbian[image: External link] and transgender[image: External link] adolescents begin to recognize and make sense of their feelings. Many adolescents may choose to come out[image: External link] during this period of their life once an identity has been formed; many others may go through a period of questioning[image: External link] or denial, which can include experimentation with both homosexual and heterosexual experiences.[122] A study of 194 lesbian, gay, and bisexual youths under the age of 21 found that having an awareness of one's sexual orientation occurred, on average, around age 10, but the process of coming out to peers and adults occurred around age 16 and 17, respectively.[123] Coming to terms with and creating a positive LGBT[image: External link] identity can be difficult for some youth for a variety of reasons. Peer pressure is a large factor when youth who are questioning their sexuality or gender identity[image: External link] are surrounded by heteronormative[image: External link] peers and can cause great distress due to a feeling of being different from everyone else. While coming out can also foster better psychological adjustment, the risks associated are real. Indeed, coming out in the midst of a heteronormative peer environment often comes with the risk of ostracism, hurtful jokes, and even violence.[122] Because of this, statistically the suicide rate[image: External link] amongst LGBT adolescents is up to four times higher than that of their heterosexual peers due to bullying and rejection from peers or family members.[124]
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 Self-esteem




The final major aspect of identity formation is self-esteem[image: External link]. Self-esteem is defined as one's thoughts and feelings about one's self-concept and identity.[125] Most theories on self-esteem state that there is a grand desire, across all genders and ages, to maintain, protect and enhance their self-esteem.[98] Contrary to popular belief, there is no empirical evidence for a significant drop in self-esteem over the course of adolescence.[126] "Barometric self-esteem" fluctuates rapidly and can cause severe distress and anxiety, but baseline self-esteem remains highly stable across adolescence.[127] The validity of global self-esteem scales has been questioned, and many suggest that more specific scales might reveal more about the adolescent experience.[128] Girls are most likely to enjoy high self-esteem when engaged in supportive relationships with friends, the most important function of friendship to them is having someone who can provide social and moral support. When they fail to win friends' approval or couldn't find someone with whom to share common activities and common interests, in these cases, girls suffer from low self-esteem. In contrast, boys are more concerned with establishing and asserting their independence and defining their relation to authority.[129] As such, they are more likely to derive high self-esteem from their ability to successfully influence their friends; on the other hand, the lack of romantic competence, for example, failure to win or maintain the affection of the opposite or same-sex (depending on sexual orientation), is the major contributor to low self-esteem in adolescent boys. Due to the fact that both men and women happen to have a low self-esteem after ending a romantic relationship, they are prone to other symptoms that is caused by this state. Depression and hopelessness are only two of the various symptoms and it is said that women are twice as likely to experience depression and men are three to four times more likely to commit suicide (Mearns, 1991; Ustun & Sartorius, 1995).[130]
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 In general




The relationships adolescents have with their peers, family, and members of their social sphere play a vital role in the social development of an adolescent. As an adolescent's social sphere develops rapidly as they distinguish the differences between friends and acquaintances, they often become heavily emotionally invested in friends.[131] This is not harmful; however, if these friends expose an individual to potentially harmful situations, this is an aspect of peer pressure[image: External link]. Adolescence is a critical period in social development because adolescents can be easily influenced by the people they develop close relationships with. This is the first time individuals can truly make their own decisions, which also makes this a sensitive period. Relationships are vital in the social development of an adolescent due to the extreme influence peers can have over an individual. These relationships become significant because they begin to help the adolescent understand the concept of personalities, how they form and why a person has that specific type of personality. "The use of psychological comparisons could serve both as an index of the growth of an implicit personality theory and as a component process accounting for its creation. In other words, by comparing one person's personality characteristics to another's, we would be setting up the framework for creating a general theory of personality (and, ... such a theory would serve as a useful framework for coming to understand specific persons)."[132] This can be likened to the use of social comparison in developing one's identity and self-concept, which includes ones personality, and underscores the importance of communication, and thus relationships, in one's development. In social comparison we use reference groups, with respect to both psychological and identity development.[133] These reference groups are the peers of adolescents. This means that who the teen chooses/accepts as their friends and who they communicate with on a frequent basis often makes up their reference groups and can therefore have a huge impact on who they become. Research shows that relationships have the largest affect over the social development of an individual.
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 Family




See also: Depression in childhood and adolescence[image: External link] and Sibling relationship[image: External link]


Adolescence marks a rapid change in one's role within a family. Young children tend to assert themselves forcefully, but are unable to demonstrate much influence over family decisions until early adolescence,[134] when they are increasingly viewed by parents as equals. The adolescent faces the task of increasing independence while preserving a caring relationship with his or her parents.[109] When children go through puberty, there is often a significant increase in parent–child conflict and a less cohesive familial bond. Arguments often concern minor issues of control, such as curfew, acceptable clothing, and the adolescent's right to privacy[image: External link],[135][136] which adolescents may have previously viewed as issues over which their parents had complete authority.[137] Parent-adolescent disagreement also increases as friends demonstrate a greater impact on one another, new influences on the adolescent that may be in opposition to parents' values. Social media has also played an increasing role in adolescent and parent disagreements.[138] While parents never had to worry about the threats of social media in the past, it has become a dangerous place for children. While adolescents strive for their freedoms, the unknowns to parents of what their child is doing on social media sites is a challenging subject, due to the increasing amount of predators on social media sites. Many parents have very little knowledge of social networking sites in the first place and this further increases their mistrust. An important challenge for the parent–adolescent relationship is to understand how to enhance the opportunities of online communication while managing its risks.[98] Although conflicts between children and parents increase during adolescence, these are just relatively minor issues. Regarding their important life issues, most adolescents still share the same attitudes and values as their parents.[139]

During childhood[image: External link], siblings are a source of conflict and frustration as well as a support system.[140] Adolescence may affect this relationship differently, depending on sibling gender. In same-sex sibling pairs, intimacy increases during early adolescence, then remains stable. Mixed-sex siblings pairs act differently; siblings drift apart during early adolescent years, but experience an increase in intimacy starting at middle adolescence.[141] Sibling interactions are children's first relational experiences, the ones that shape their social and self-understanding for life.[142] Sustaining positive sibling relations can assist adolescents in a number of ways. Siblings are able to act as peers, and may increase one another's sociability and feelings of self-worth. Older siblings can give guidance to younger siblings, although the impact of this can be either positive or negative depending on the activity of the older sibling.

A potential important influence on adolescence is change of the family dynamic, specifically divorce[image: External link]. With the divorce rate up to about 50%,[143] divorce is common and adds to the already great amount of change in adolescence. Custody[image: External link] disputes soon after a divorce often reflect a playing out of control battles and ambivalence between parents. Divorce usually results in less contact between the adolescent and their noncustodial parent.[144] In extreme cases of instability and abuse in homes, divorce can have a positive effect on families due to less conflict in the home. However, most research suggests a negative effect on adolescence as well as later development. A recent study found that, compared with peers who grow up in stable post-divorce families, children of divorce who experience additional family transitions during late adolescence, make less progress in their math and social studies performance over time.[145] Another recent study put forth a new theory entitled the adolescent epistemological trauma theory,[146] which posited that traumatic life events such as parental divorce during the formative period of late adolescence portend lifelong effects on adult conflict behavior that can be mitigated by effective behavioral assessment and training.[146] A parental divorce during childhood or adolescence continues to have a negative effect when a person is in his or her twenties and early thirties. These negative effects include romantic relationships and conflict style, meaning as adults, they are more likely to use the styles of avoidance and competing in conflict management.[147]

Despite changing family roles during adolescence, the home environment and parents are still important for the behaviors and choices of adolescents.[148] Adolescents who have a good relationship with their parents are less likely to engage in various risk behaviors, such as smoking, drinking, fighting, and/or unprotected sexual intercourse[image: External link].[148] In addition, parents influence the education of adolescence. A study conducted by Adalbjarnardottir and Blondal (2009) showed that adolescents at the age of 14 who identify their parents as authoritative figures are more likely to complete secondary education by the age of 22—as support and encouragement from an authoritative parent motivates the adolescence to complete schooling to avoid disappointing that parent.[149]
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 Peers




Peer groups are essential to social and general development. Communication with peers increases significantly during adolescence and peer relationships become more intense than in other stages[150] and more influential to the teen, affecting both the decisions and choices being made.[151] High quality friendships may enhance children's development regardless of the characteristics of those friends. As children begin to bond with various people and create friendships, it later helps them when they are adolescent and sets up the framework for adolescence and peer groups.[152] Peer groups[image: External link] are especially important during adolescence, a period of development characterized by a dramatic increase in time spent with peers[153] and a decrease in adult supervision.[154] Adolescents also associate with friends of the opposite sex much more than in childhood[155] and tend to identify with larger groups of peers based on shared characteristics.[156] It is also common for adolescents to use friends as coping devices in different situations.[157] A three-factor structure of dealing with friends including avoidance, mastery, and nonchalance has shown that adolescents use friends as coping devices with social stresses.

Communication within peer groups allows adolescents to explore their feelings and identity as well as develop and evaluate their social skills. Peer groups offer members the opportunity to develop social skills such as empathy, sharing, and leadership. Adolescents choose peer groups based on characteristics similarly found in themselves.[109] By utilizing these relationships, adolescents become more accepting of who they are becoming. Group norms and values are incorporated into an adolescent's own self-concept.[151] Through developing new communication skills and reflecting upon those of their peers, as well as self-opinions and values, an adolescent can share and express emotions and other concerns without fear of rejection or judgment. Peer groups can have positive influences on an individual, such as on academic motivation and performance. However, while peers may facilitate social development for one another they may also hinder it. Peers can have negative influences, such as encouraging experimentation with drugs, drinking, vandalism, and stealing through peer pressure.[158] Susceptibility to peer pressure increases during early adolescence, peaks around age 14, and declines thereafter.[159] Further evidence of peers hindering social development has been found in Spanish teenagers, where emotional (rather than solution-based) reactions to problems and emotional instability have been linked with physical aggression against peers.[160] Both physical[image: External link] and relational[image: External link] aggression are linked to a vast number of enduring psychological difficulties, especially depression, as is social rejection[image: External link].[161] Because of this, bullied adolescents often develop problems that lead to further victimization.[162] Bullied adolescents are more likely to both continue to be bullied and to bully others in the future.[163] However, this relationship is less stable in cases of cyberbullying[image: External link], a relatively new issue among adolescents.

Adolescents tend to associate with "cliques" on a small scale and "crowds" on a larger scale. During early adolescence, adolescents often associate in cliques[image: External link], exclusive, single-sex groups of peers with whom they are particularly close. Despite the common[according to whom?[image: External link]] notion that cliques are an inherently negative influence, they may help adolescents become socially acclimated and form a stronger sense of identity. Within a clique of highly athletic male-peers, for example, the clique may create a stronger sense of fidelity and competition. Cliques also have become somewhat a "collective parent", i.e. telling the adolescents what to do and not to do.[164] Towards late adolescence, cliques often merge into mixed-sex groups as teenagers begin romantically engaging with one another.[165] These small friend groups then break down further as socialization becomes more couple-oriented. On a larger scale, adolescents often associate with crowds, groups of individuals who share a common interest or activity. Often, crowd identities may be the basis for stereotyping young people, such as jocks[image: External link] or nerds[image: External link]. In large, multi-ethnic high schools, there are often ethnically determined crowds.[166] While crowds are very influential during early and middle adolescence, they lose salience during high school as students identify more individually.[167]

An important aspect of communication is the channel used. Channel, in this respect, refers to the form of communication, be it face-to-face, email, text message, phone or other. Teens are heavy users of newer forms of communication such as text message and social-networking websites such as Facebook, especially when communicating with peers.[168] Adolescents use online technology to experiment with emerging identities and to broaden their peer groups, such as increasing the amount of friends acquired on Facebook and other social media sites.[151] Some adolescents use these newer channels to enhance relationships with peers however there can be negative uses as well such as cyberbullying, as mentioned previously, and negative impacts on the family.[168]


[image: TOC] TOC [image: Previous chapter] Previous 
 Romance and sexual activity




Main article: Adolescent sexuality[image: External link]


See also: Adolescent sexuality in the United States[image: External link]


Romantic relationships[image: External link] tend to increase in prevalence throughout adolescence. By age 15, 53% of adolescents have had a romantic relationship that lasted at least one month over the course of the previous 18 months.[169] In a 2008 study conducted by YouGov[image: External link] for Channel 4[image: External link], 20% of 14−17-year-olds surveyed revealed that they had their first sexual experience at 13 or under in the United Kingdom[image: External link].[170] A 2002 American study found that those aged 15–44 reported that the average age of first sexual intercourse was 17.0 for males and 17.3 for females.[171] The typical duration of relationships increases throughout the teenage years as well. This constant increase in the likelihood of a long-term relationship can be explained by sexual maturation[image: External link] and the development of cognitive skills necessary to maintain a romantic bond (e.g. caregiving, appropriate attachment), although these skills are not strongly developed until late adolescence.[172] Long-term relationships allow adolescents to gain the skills necessary for high-quality relationships later in life[173] and develop feelings of self-worth. Overall, positive romantic relationships among adolescents can result in long-term benefits. High-quality romantic relationships are associated with higher commitment in early adulthood[174] and are positively associated with self-esteem, self-confidence, and social competence.[175][176] For example, an adolescent with positive self-confidence is likely to consider themselves a more successful partner, whereas negative experiences may lead to low confidence as a romantic partner.[177] Adolescents often date within their demographic in regards to race, ethnicity, popularity, and physical attractiveness.[178] However, there are traits in which certain individuals, particularly adolescent girls, seek diversity. While most adolescents date people approximately their own age, boys typically date partners the same age or younger; girls typically date partners the same age or older.[169]

Some researchers are now focusing on learning about how adolescents view their own relationships and sexuality; they want to move away from a research point of view that focuses on the problems associated with adolescent sexuality.[ why?[image: External link]] College Professor Lucia O'Sullivan and her colleagues found that there were no significant gender differences in the relationship events adolescent boys and girls from grades 7-12 reported.[179] Most teens said they had kissed their partners, held hands with them, thought of themselves as being a couple and told people they were in a relationship. This means that private thoughts about the relationship as well as public recognition of the relationship were both important to the adolescents in the sample. Sexual events (such as sexual touching, sexual intercourse) were less common than romantic events (holding hands) and social events (being with one's partner in a group setting). The researchers state that these results are important because the results focus on the more positive aspects of adolescents and their social and romantic interactions rather than focusing on sexual behavior and its consequences.[179]

Adolescence marks a time of sexual maturation, which manifests in social interactions as well. While adolescents may engage in casual sexual encounters[image: External link] (often referred to as hookups), most sexual experience during this period of development takes place within romantic relationships.[180] Adolescents can use technologies and social media to seek out romantic relationships as they feel it is a safe place to try out dating and identity exploration. From these social media encounters, a further relationship may begin.[151] Kissing, hand holding, and hugging signify satisfaction and commitment. Among young adolescents, "heavy" sexual activity, marked by genital stimulation, is often associated with violence, depression, and poor relationship quality.[181][182] This effect does not hold true for sexual activity in late adolescence that takes place within a romantic relationship.[183] Some research suggest that there are genetic causes of early sexual activity that are also risk factors for delinquency[image: External link], suggesting that there is a group who are at risk for both early sexual activity and emotional distress. For older adolescents, though, sexual activity in the context of romantic relationships was actually correlated with lower levels of deviant behavior after controlling for genetic risks, as opposed to sex outside of a relationship (hook-ups)[184]

Dating violence[image: External link] is fairly prevalent within adolescent relationships. When surveyed, 10-45% of adolescents reported having experienced physical violence in the context of a relationship while a quarter to a third of adolescents reported having experiencing psychological aggression. This reported aggression includes hitting, throwing things, or slaps, although most of this physical aggression does not result in a medical visit. Physical aggression in relationships tends to decline from high school through college and young adulthood. In heterosexual couples, there is no significant difference between the rates of male and female aggressors, unlike in adult relationships.[185][186][187]

In contemporary society, adolescents also face some risks as their sexuality begins to transform. While some of these, such as emotional distress (fear of abuse or exploitation) and sexually transmitted infections[image: External link]/diseases (STIs/STDs), including HIV/AIDS[image: External link], are not necessarily inherent to adolescence, others such as teenage pregnancy[image: External link] (through non-use or failure of contraceptives) are seen as social problems in most western societies. One in four sexually active teenagers will contract an STI.[188] Adolescents in the United States often chose "anything but intercourse" for sexual activity because they mistakenly believe it reduces the risk of STIs. Across the country, clinicians report rising diagnoses of herpes[image: External link] and human papillomavirus[image: External link] (HPV), which can cause genital warts, and is now thought to affect 15 percent of the teen population. Girls 15 to 19 have higher rates of gonorrhea than any other age group. One-quarter of all new HIV cases occur in those under the age of 21.[188] Multrine also states in her article that according to a March survey by the Kaiser Family Foundation[image: External link], eighty-one percent of parents want schools to discuss the use of condoms and contraception with their children. They also believe students should be able to be tested for STIs. Furthermore, teachers want to address such topics with their students. But, although 9 in 10 sex education[image: External link] instructors across the country believe that students should be taught about contraceptives in school, over one quarter report receiving explicit instructions from school boards and administrators not to do so. According to anthropologist Margaret Mead[image: External link], the turmoil found in adolescence in Western society has a cultural rather than a physical cause; they reported that societies where young women engaged in free sexual activity had no such adolescent turmoil.
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 Summary




There are certain characteristics of adolescent development that are more rooted in culture than in human biology or cognitive structures. Culture[image: External link] has been defined as the "symbolic and behavioral inheritance received from the past that provides a community framework for what is valued".[189] Culture is learned and socially shared, and it affects all aspects of an individual's life.[190] Social responsibilities, sexual expression, and belief system development, for instance, are all things that are likely to vary by culture. Furthermore, distinguishing characteristics of youth, including dress, music and other uses of media, employment, art, food and beverage choices, recreation, and language, all constitute a youth culture[image: External link].[190] For these reasons, culture is a prevalent and powerful presence in the lives of adolescents, and therefore we cannot fully understand today's adolescents without studying and understanding their culture.[190] However, "culture" should not be seen as synonymous with nation or ethnicity. Many cultures are present within any given country and racial or socioeconomic group. Furthermore, to avoid ethnocentrism[image: External link], researchers must be careful not to define the culture's role in adolescence in terms of their own cultural beliefs.[191]
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 Autonomy




The degree to which adolescents are perceived as autonomous beings varies widely by culture, as do the behaviors that represent this emerging autonomy. Psychologists have identified three main types of autonomy[image: External link]: emotional independence, behavioral autonomy, and cognitive autonomy.[192] Emotional autonomy is defined in terms of an adolescent's relationships with others, and often includes the development of more mature emotional connections with adults and peers.[192] Behavioral autonomy encompasses an adolescent's developing ability to regulate his or her own behavior, to act on personal decisions, and to self-govern. Cultural differences are especially visible in this category because it concerns issues of dating, social time with peers, and time-management decisions.[192] Cognitive autonomy describes the capacity for an adolescent to partake in processes of independent reasoning and decision-making without excessive reliance on social validation.[192] Converging influences from adolescent cognitive development, expanding social relationships, an increasingly adultlike appearance, and the acceptance of more rights and responsibilities enhance feelings of autonomy for adolescents.[192] Proper development of autonomy has been tied to good mental health, high self-esteem, self-motivated tendencies, positive self-concepts, and self-initiating and regulating behaviors.[192] Furthermore, it has been found that adolescents' mental health is best when their feelings about autonomy match closely with those of their parents.[193]

A questionnaire called the teen timetable has been used to measure the age at which individuals believe adolescents should be able to engage in behaviors associated with autonomy.[194] This questionnaire has been used to gauge differences in cultural perceptions of adolescent autonomy, finding, for instance, that White parents and adolescents tend to expect autonomy earlier than those of Asian descent.[194] It is, therefore, clear that cultural differences exist in perceptions of adolescent autonomy, and such differences have implications for the lifestyles and development of adolescents. In sub-Saharan African youth, the notions of individuality and freedom may not be useful in understanding adolescent development. Rather, African notions of childhood and adolescent development are relational and interdependent.[195]
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 Social roles and responsibilities




The lifestyle of an adolescent in a given culture is profoundly shaped by the roles and responsibilities he or she is expected to assume. The extent to which an adolescent is expected to share family responsibilities is one large determining factor in normative adolescent behavior. For instance, adolescents in certain cultures are expected to contribute significantly to household chores and responsibilities.[196] Household chores are frequently divided into self-care tasks and family-care tasks. However, specific household responsibilities for adolescents may vary by culture, family type, and adolescent age.[197] Some research has shown that adolescent participation in family work and routines has a positive influence on the development of an adolescent's feelings of self-worth, care, and concern for others.[196]

In addition to the sharing of household chores, certain cultures expect adolescents to share in their family's financial responsibilities. According to family economic and financial education specialists, adolescents develop sound money management skills through the practices of saving and spending money, as well as through planning ahead for future economic goals.[198] Differences between families in the distribution of financial responsibilities or provision of allowance[image: External link] may reflect various social background circumstances and intrafamilial processes, which are further influenced by cultural norms and values, as well as by the business sector and market economy of a given society.[199] For instance, in many developing countries it is common for children to attend fewer years of formal schooling so that, when they reach adolescence, they can begin working.[200]

While adolescence is a time frequently marked by participation in the workforce, the number of adolescents in the workforce is much lower now than in years past as a result of increased accessibility and perceived importance of formal higher education.[201] For example, half of all 16-year-olds in China were employed in 1980, whereas less than one fourth of this same cohort were employed in 1990.[201]

Furthermore, the amount of time adolescents spend on work and leisure activities varies greatly by culture as a result of cultural norms and expectations, as well as various socioeconomic factors. American teenagers spend less time in school or working and more time on leisure activities—which include playing sports, socializing, and caring for their appearance—than do adolescents in many other countries.[202] These differences may be influenced by cultural values of education and the amount of responsibility adolescents are expected to assume in their family or community.

Time management, financial roles, and social responsibilities of adolescents are therefore closely connected with the education sector and processes of career development for adolescents, as well as to cultural norms and social expectations. In many ways, adolescents' experiences with their assumed social roles and responsibilities determine the length and quality of their initial pathway into adult roles.[203]
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 Belief system development




Adolescence is frequently characterized by a transformation of an adolescent's understanding of the world, the rational direction towards a life course, and the active seeking of new ideas rather than the unquestioning acceptance of adult authority.[204] An adolescent begins to develop a unique belief system[image: External link] through his or her interaction with social, familial, and cultural environments.[205] While organized religion is not necessarily a part of every adolescent's life experience, youth are still held responsible for forming a set of beliefs about themselves, the world around them, and whatever higher powers they may or may not believe in.[204] This process is often accompanied or aided by cultural traditions that intend to provide a meaningful transition to adulthood through a ceremony, ritual, confirmation, or rite of passage[image: External link].[206]
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 Sexuality




Many cultures define the transition into adultlike sexuality by specific biological or social milestones in an adolescent's life. For example, menarche[image: External link] (the first menstrual period of a female), or semenarche[image: External link] (the first ejaculation of a male) are frequent sexual defining points for many cultures. In addition to biological factors, an adolescent's sexual socialization is highly dependent upon whether their culture takes a restrictive or permissive attitude toward teen or premarital sexual activity. In the United States, specifically adolescents are said to have "raging hormones" that drive their sexual desires. These sexual desires are then dramatized regarding teen sex[image: External link] and seen as "a site of danger and risk; that such danger and risk is a source of profound worry among adults".[207] There is little to no normalization regarding teenagers having sex in the U.S. which causes conflict in how adolescence are taught about sex education[image: External link]. There is a constant debate about whether abstinence-only sex education[image: External link] or comprehensive sex education[image: External link] should be taught in schools and this stems back to whether or not the country it is being taught in is permissive or restrictive. Restrictive cultures overtly discourage sexual activity in unmarried adolescents or until an adolescent undergoes a formal rite of passage. These cultures may attempt to restrict sexual activity by separating males and females throughout their development, or through public shaming[image: External link] and physical punishment when sexual activity does occur.[165][208] In less restrictive cultures, there is more tolerance for displays of adolescent sexuality, or of the interaction between males and females in public and private spaces. Less restrictive cultures may tolerate some aspects of adolescent sexuality, while objecting to other aspects. For instance, some cultures find teenage sexual activity acceptable but teenage pregnancy highly undesirable. Other cultures do not object to teenage sexual activity or teenage pregnancy[image: External link], as long as they occur after marriage.[209] In permissive societies, overt sexual behavior among unmarried teens is perceived as acceptable, and is sometimes even encouraged.[209] Regardless of whether a culture is restrictive or permissive, there are likely to be discrepancies in how females versus males are expected to express their sexuality. Cultures vary in how overt this double standard is—in some it is legally inscribed, while in others it is communicated through social convention.[210] Lesbian, gay, bisexual and transgender youth face much discrimination through bullying from those unlike them and may find telling others that they are gay to be a traumatic experience.[211] The range of sexual attitudes that a culture embraces could thus be seen to affect the beliefs, lifestyles, and societal perceptions of its adolescents.
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Adolescence is a period frequently marked by increased rights and privileges for individuals. While cultural variation exists for legal rights and their corresponding ages, considerable consistency is found across cultures. Furthermore, since the advent of the Convention on the Rights of the Child in 1989 (children here defined as under 18), almost every country in the world (except the U.S. and South Sudan) has legally committed to advancing an anti-discriminatory stance towards young people of all ages. This includes protecting children against unchecked child labor[image: External link], enrollment in the military[image: External link], prostitution[image: External link], and pornography[image: External link]. In many societies, those who reach a certain age (often 18, though this varies) are considered to have reached the age of majority[image: External link] and are legally regarded as adults[image: External link] who are responsible for their actions. People below this age are considered minors[image: External link] or children. A person below the age of majority may gain adult rights through legal emancipation[image: External link].

The legal working age[image: External link] in Western countries is usually 14 to 16, depending on the number of hours and type of employment under consideration. Many countries also specify a minimum school leaving age[image: External link], at which a person is legally allowed to leave compulsory education[image: External link]. This age varies greatly cross-culturally, spanning from 10 to 18, which further reflects the diverse ways formal education is viewed in cultures around the world.

In most democratic countries, a citizen is eligible to vote[image: External link] at age 18. In a minority of countries, the voting age is as low as 16 (for example, Brazil[image: External link]), and at one time was as high as 25 in Uzbekistan[image: External link].

The age of consent[image: External link] to sexual activity varies widely between jurisdictions, ranging from 12 to 20 years, as does the age at which people are allowed to marry[image: External link].[212] Specific legal ages for adolescents that also vary by culture are enlisting in the military, gambling, and the purchase of alcohol[image: External link], cigarettes[image: External link] or items with parental advisory labels. It should be noted that the legal coming of age often does not correspond with the sudden realization of autonomy; many adolescents who have legally reached adult age are still dependent on their guardians or peers for emotional and financial support. Nonetheless, new legal privileges converge with shifting social expectations to usher in a phase of heightened independence or social responsibility for most legal adolescents.
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Following a steady decline, beginning in the late 1990s up through the mid-2000s, illicit drug use among adolescents has been on the rise in the U.S. Aside from alcohol, marijuana[image: External link] is the most commonly indulged drug habit during adolescent years. Data collected by the National Institute on Drug Abuse[image: External link] shows that between the years of 2007 and 2011, marijuana use grew from 5.7% to 7.2% among 8th grade students; among 10th grade students, from 14.2% to 17.6%; and among 12th graders, from 18.8% to 22.6%.[213] Additional, recent years have seen a surge in popularity of MDMA[image: External link]; between 2010 and 2011, the use of MDMA increased from 1.4% to 2.3% among high school seniors.[213] The heightened usage of ecstasy most likely ties in at least to some degree with the rising popularity of rave culture[image: External link].

One significant contribution to the increase in teenage substance abuse[image: External link] is an increase in the availability of prescription medication[image: External link]. With an increase in the diagnosis of behavioral and attentional disorders for students, taking pharmaceutical drugs such as Vicodin and Adderall for pleasure has become a prevalent activity among adolescents: 15.2% of high school seniors report having abused prescription drugs within the past year.[213]

Teenage alcohol drug use is currently at an all-time low. Out of a polled body of students, 4.4% of 8th graders reported having been on at least one occasion been drunk within the previous month; for 10th graders, the number was 13.7%, and for 12th graders, 25%.[213] More drastically, cigarette smoking has become a far less prevalent activity among American middle- and high-school students; in fact, a greater number of teens now smoke marijuana than smoke cigarettes, with one recent study showing a respective 15.2% versus 11.7% of surveyed students.[213] Recent studies have shown that male late adolescents are far more likely to smoke cigarettes rather than females. The study indicated that there was a discernible gender difference in the prevalence of smoking among the students. The finding of the study show that more males than females began smoking when they were in primary and high schools whereas most females started smoking after high school.[214] This may be attributed to recent changing social and political views towards marijuana; issues such as medicinal use and legalization have tended towards painting the drug in a more positive light than historically, while cigarettes continue to be vilified due to associated health risks.

Different drug habits often relate to one another in a highly significant manner. It has been demonstrated that adolescents who drink at least to some degree may be as much as sixteen times more likely than non-drinkers to experiment with illicit drugs.[215]


[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 Social influence




Peer acceptance and social norms gain a significantly greater hand in directing behavior at the onset of adolescence; as such, the alcohol and illegal drug habits of teens tend to be shaped largely by the substance use of friends and other classmates. In fact, studies suggest that more significantly than actual drug norms, an individual's perception of the illicit drug use by friends and peers is highly associated with his or her own habits in substance use during both middle and high school, a relationship that increases in strength over time.[216] Whereas social influences on alcohol use and marijuana use tend to work directly in the short term, peer and friend norms on smoking cigarettes in middle school have a profound effect on one's own likelihood to smoke cigarettes well into high school.[216] Perhaps the strong correlation between peer influence in middle school and cigarette smoking in high school may be explained by the addictive nature of cigarettes, which could lead many students to continue their smoking habits from middle school into late adolescence.
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Until mid-to-late adolescence, boys and girls show relatively little difference in drinking motives.[217] Distinctions between the reasons for alcohol consumption of males and females begin to emerge around ages 14–15; overall, boys tend to view drinking in a more social light than girls, who report on average a more frequent use of alcohol as a coping mechanism.[217] The latter effect appears to shift in late adolescence and onset of early adulthood (20–21 years of age); however, despite this trend, age tends to bring a greater desire to drink for pleasure rather than coping in both boys and girls.[217]

Drinking habits and the motives behind them often reflect certain aspects of an individual's personality; in fact, four dimensions of the Five-Factor Model[image: External link] of personality demonstrate associations with drinking motives (all but 'Openness'). Greater enhancement motives for alcohol consumption tend to reflect high levels of extraversion and sensation-seeking in individuals; such enjoyment motivation often also indicates low conscientiousness, manifesting in lowered inhibition and a greater tendency towards aggression. On the other hand, drinking to cope with negative emotional states correlates strongly with high neuroticism and low agreeableness.[217] Alcohol use as a negative emotion control mechanism often links with many other behavioral and emotional impairments, such as anxiety, depression, and low self-esteem.[217]

Research has generally shown striking uniformity across different cultures in the motives behind teen alcohol use. Social engagement and personal enjoyment appear to play a fairly universal role in adolescents' decision to drink throughout separate cultural contexts. Surveys conducted in Argentina, Hong Kong, and Canada have each indicated the most common reason for drinking among adolescents to relate to pleasure and recreation; 80% of Argentinian teens reported drinking for enjoyment, while only 7% drank to improve a bad mood.[217] The most prevalent answers among Canadian adolescents were to "get in a party mood," 18%; "because I enjoy it," 16%; and "to get drunk," 10%.[217] In Hong Kong, female participants most frequently reported drinking for social enjoyment, while males most frequently reported drinking to feel the effects of alcohol.[217]
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Much research has been conducted on the psychological ramifications of body image[image: External link] on adolescents. Modern day teenagers are exposed to more media on a daily basis than any generation before them. Recent studies have indicated that the average teenager watches roughly 1500 hours of television per year.[218] As such, modern day adolescents are exposed to many representations of ideal, societal beauty. The concept of a person being unhappy with their own image or appearance has been defined as "body dissatisfaction". In teenagers, body dissatisfaction is often associated with body mass, low self-esteem[image: External link], and atypical eating patterns.[219] Scholars continue to debate the effects of media on body dissatisfaction in teens.[220][221]
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Because exposure to media has increased over the past decade, adolescents' utilization of computers, cell phones, stereos and televisions to gain access to various mediums of popular culture[image: External link] has also increased. Almost all American households have at least one television, more than three-quarters of all adolescents' homes have access to the Internet, and more than 90% of American adolescents use the Internet at least occasionally.[222] As a result of the amount of time adolescents spend using these devices, their total media exposure is high. In the last decade, the amount of time that adolescents spend on the computer has greatly increased.[223] Online activities with the highest rates of use among adolescents are video games (78% of adolescents), email (73%), instant messaging (68%), social networking sites (65%), news sources (63%), music (59%), and videos (57%).


[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 Social networking




In the 2000s, social networking sites proliferated and a high proportion of adolescents used them: as of 2012 73% of 12–17 year olds reported having at least one social networking profile;[224] two-thirds (68%) of teens texted every day, half (51%) visited social networking sites daily, and 11% sent or received tweets at least once every day. More than a third (34%) of teens visited their main social networking site several times a day. One in four (23%) teens were "heavy" social media users, meaning they used at least two different types of social media each and every day.[225]

Although research has been inconclusive, some findings have indicated that electronic communication negatively affects adolescents' social development, replaces face-to-face communication, impairs their social skills, and can sometimes lead to unsafe interaction with strangers. A 2015 review reported that "adolescents lack awareness of strategies to cope with cyberbullying, which has been consistently associated with an increased likelihood of depression."[226] Studies have shown differences in the ways the internet negatively impacts the adolescents' social functioning. Online socializing tends to make girls particularly vulnerable, while socializing in Internet cafés[image: External link] seems only to affect boys academic achievement. However, other research suggests that Internet communication brings friends closer and is beneficial for socially anxious[image: External link] teens, who find it easier to interact socially online.[227] The more conclusive finding has been that Internet use has a negative effect on the physical health of adolescents, as time spent using the Internet replaces time doing physical activities. However, the Internet can be significantly useful in educating teens because of the access they have to information on many various topics.
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Further information: Leaving the nest[image: External link]


A broad way of defining adolescence is the transition from child-to-adulthood. According to Hogan & Astone (1986), this transition can include markers such as leaving school, starting a full-time job, leaving the home of origin, getting married, and becoming a parent for the first time.[228] However, the time frame of this transition varies drastically by culture. In some countries, such as the United States, adolescence can last nearly a decade, but in others, the transition—often in the form of a ceremony—can last for only a few days.[229]

Some examples of social and religious transition ceremonies that can be found in the U.S., as well as in other cultures around the world, are Confirmation[image: External link], Bar and Bat Mitzvahs[image: External link], Quinceañeras[image: External link], sweet sixteens[image: External link], cotillions[image: External link], and débutante[image: External link] balls. In other countries, initiation ceremonies play an important role, marking the transition into adulthood or the entrance into adolescence. This transition may be accompanied by obvious physical changes, which can vary from a change in clothing to tattoos and scarification.[209] Furthermore, transitions into adulthood may also vary by gender, and specific rituals may be more common for males or for females. This illuminates the extent to which adolescence is, at least in part, a social construction; it takes shape differently depending on the cultural context, and may be enforced more by cultural practices or transitions than by universal chemical or biological physical changes.
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At the decision-making point of their lives, youth is susceptible to drug addiction, sexual abuse, peer pressure, violent crimes and other illegal activities. Developmental Intervention Science (DIS) is a fusion of the literature of both developmental and intervention sciences. This association conducts youth interventions that mutually assist both the needs of the community as well as psychologically stranded youth by focusing on risky and inappropriate behaviors while promoting positive self-development along with self-esteem among adolescents.[230]
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The concept of adolescence has been criticized by experts such as Robert Epstein[image: External link], who states that an undeveloped brain is not the main cause of teenagers' turmoils.[231] Some argue that adolescence is a recent phenomenon in human history and an invention of modern society,[232][233][234][235][236] and contend that forcing young people to stay immature for extended periods of time is detrimental.[237]

Other critics of the concept of adolescence do point at individual differences in brain growth rate, citing that some (though not all) early teens still have infantile undeveloped corpus callosums[image: External link], concluding that "the adult in *every* adolescent" is too generalizing. These people tend to support the notion that a more interconnected brain[image: External link] makes more precise distinctions (citing Pavlov[image: External link]'s comparisons of conditioned reflexes[image: External link] in different species) and that there is a non-arbitrary threshold[image: External link] at which distinctions become sufficiently precise to correct assumptions afterward as opposed to being ultimately dependent on exterior assumptions for communication. These people argue that this threshold is the one at which an individual is objectively capable of speaking for himself or herself, as opposed to culturally arbitrary measures of "maturity" which often treat this ability as a sign of "immaturity" merely because it leads to questioning of authorities. These people also stress the low probability of the threshold being reached at a birthday, and instead advocate non-chronological emancipation at the threshold of afterward correction of assumptions.[238] They sometimes cite similarities between "adolescent" behavior and inmate behavior in adults in prison camps such as aggression being explainable by oppression and "immature" financial or other risk behavior being explainable by a way out of captivity being more worth to captive people than any incremental improvement in captivity, and argue that this theory successfully predicted remaining "immature" behavior after reaching the age of majority[image: External link] by means of longer-term traumatization. In this context, they refer to the fallibility[image: External link] of official assumptions about what is good or bad for an individual, concluding that paternalistic[image: External link] "rights" may harm the individual. They also argue that since it never took many years to move from one group to another to avoid inbreeding in the paleolithic[image: External link], evolutionary psychology[image: External link] is unable to account for a long period of "immature" risk behavior.[239]
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Adult






For other uses, see Adult (disambiguation)[image: External link].

Biologically[image: External link], an adult is a human[image: External link] or other organism[image: External link] that has reached sexual maturity[image: External link]. In human context, the term adult additionally has meanings associated with social[image: External link] and legal[image: External link] concepts. In contrast to a " minor[image: External link]", a legal adult is a person[image: External link] who has attained the age of majority[image: External link] and is therefore regarded as independent, self-sufficient[image: External link], and responsible[image: External link].

Human adulthood encompasses psychological adult development. Definitions of adulthood are often inconsistent and contradictory; a person may be biologically an adult, and have adult behavior but still be treated as a child if they are under the legal age of majority. Conversely, one may legally be an adult but possess none of the maturity and responsibility that may define an adult character.

In different cultures there are events that relate passing from being a child to becoming an adult or coming of age[image: External link]. This often encompasses the passing a series of tests to demonstrate that a person is prepared for adulthood, or reaching a specified age, sometimes in conjunction with demonstrating preparation. Most modern societies determine legal adulthood based on reaching a legally specified age without requiring a demonstration of physical maturity or preparation for adulthood.
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 Biological adulthood




Historically and cross-culturally, adulthood has been determined primarily by the start of puberty (the appearance of secondary sex characteristics[image: External link] such as menstruation[image: External link] in women, ejaculation[image: External link] in men, and pubic hair in both sexes). In the past, a person usually moved from the status of child directly to the status of adult, often with this shift being marked by some type of coming-of-age test or ceremony.[1]

After the social construct of adolescence was created, adulthood split into two forms: biological adulthood and social adulthood. Thus, there are now two primary forms of adults: biological adults (people who have attained reproductive ability, are fertile, or who evidence secondary sex characteristics) and social adults (people who are recognized by their culture or law as being adults). Depending on the context, adult can indicate either definition.

Although few or no established dictionaries provide a definition for the two word term biological adult, the first definition of adult in multiple dictionaries includes "the stage of the life cycle of an animal after reproductive capacity has been attained".[2][3] Thus, the base definition of the word adult is the period beginning at puberty. Although this is the primary definition of the base word adult, the two word term biological adult stresses or clarifies that the original definition, based on the beginning of puberty, is being used.

Puberty generally begins around 10 or 11 years of age for girls and 11 or 12 years of age for boys, though this will vary from person to person.[4][5] Because the term adult is most often used without the adjective social or biological, and since the term is frequently used to refer to social adults, some writers have taken the meaning of the two word phrase biological adult to begin at the end of physical maturation rather than the onset of puberty.
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 Legal adulthood




Main article: Age of majority[image: External link]


Legally, adulthood means that one can engage in a contract[image: External link]. The same or a different minimum age may be applicable to, for example, parents losing parenting[image: External link] rights and duties regarding the person concerned, parents losing financial responsibility, marriage[image: External link], voting[image: External link], having a job[image: External link], serving in the military[image: External link], buying/possessing firearms[image: External link], driving[image: External link], traveling abroad, involvement with alcoholic beverages[image: External link], smoking[image: External link], sexual activity[image: External link], gambling[image: External link], being a prostitute[image: External link] or a client of a prostitute, being a model or actor in pornography[image: External link], running for President[image: External link] etc. Admission of a young person to a place may be restricted because of danger for that person, concern that the place may lead the person to immoral behavior or because of the risk that the young person causes damage (for example, at an exhibition of fragile items).

One can distinguish the legality of acts of a young person, or of enabling a young person to carry out that act, by selling, renting out, showing, permitting entrance, allowing participation, etc. There may be distinction between commercially and socially enabling. Sometimes there is the requirement of supervision by a legal guardian[image: External link], or just by an adult. Sometimes there is no requirement, but rather a recommendation.

Using the example of pornography, one can distinguish between:


	being allowed inside an adult establishment

	being allowed to purchase pornography

	being allowed to possess pornography

	another person being allowed to sell, rent out, or show the young person pornography, see disseminating pornography to a minor[image: External link]


	being a pornographic actor[image: External link]: rules for the young person, and for other people, regarding production, possession, etc. (see child pornography[image: External link])



With regard to films with violence, etc.:


	another person being allowed to sell, rent out, or show the young person a film; a cinema being allowed to let a young person enter



The legal definition of entering adulthood usually varies between ages 16–21, depending on the region in question. Some cultures in Africa[image: External link][clarification needed[image: External link]] define adulthood at age 13.

In most of the world, including most of the United States, parts of the United Kingdom[image: External link] (England, Northern Ireland[image: External link], Wales[image: External link]), India[image: External link] and China[image: External link], the legal[image: External link] adult age is 18 for most purposes, with some notable exceptions:


	
Scotland[image: External link] (United Kingdom[image: External link]) (16)

	
British Columbia[image: External link], New Brunswick[image: External link], Newfoundland and Labrador[image: External link], Northwest Territories[image: External link], Nova Scotia[image: External link], Nunavut[image: External link], Yukon Territory[image: External link] in Canada[image: External link](though there are some exceptions in which Canadians may be considered legal adults in certain situations); Nebraska[image: External link] and Alabama[image: External link] in The United States[image: External link], and South Korea[image: External link] (19)

	
Australia[image: External link], Indonesia[image: External link] and Japan[image: External link] (20)
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 Religion




According to Jewish[image: External link] tradition, adulthood is reached at age 13 (the minimal age of the Bar Mitzvah or Bat Mitzvah[image: External link]) for Jewish boys and girls; they are expected to demonstrate preparation for adulthood by learning the Torah[image: External link] and other Jewish practices. The Christian[image: External link] Bible[image: External link] and Jewish scripture[image: External link] contain no age requirement for adulthood or marrying[image: External link], which includes engaging in sexual activity. The 1983 Code of Canon Law states, "A man before he has completed his sixteenth year of age, and likewise a woman before she has completed her fourteenth year of age, cannot enter a valid marriage".[6] According to The Disappearance of Childhood by Neil Postman[image: External link], the Christian Church[image: External link] of the Middle Ages[image: External link] considered the age of accountability, when a person could be tried and even executed[image: External link] as an adult, to be age 7.
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Middle Age






For other uses, see Middle Ages (disambiguation)[image: External link].

Middle age is the period of age beyond young adulthood but before the onset of old age.[1]
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According to the Oxford English Dictionary[image: External link] middle age is between 45 and 65:[2] "The period between early adulthood and old age, usually considered as the years from about 45 to 65." The US Census lists the category middle age from 45 to 65. Merriam-Webster[image: External link] list middle age from 45 to 64,[3] while prominent psychologist Erik Erikson[image: External link] saw it starting a little earlier and defines middle adulthood as between 40 and 65. The Collins English Dictionary[image: External link], list it between the ages of 40 and 60.[4] and the Diagnostic and Statistical Manual of Mental Disorders[image: External link] - the standard diagnostic manual of the American Psychiatric Association[image: External link] - used to define middle age as 40 to 60, but as of DSM-IV (1994)[image: External link] revised the definition upwards to 45 to 65.
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 Young adulthood




Further information: Young adult (psychology)


This time in the lifespan is considered to be the developmental stage of those who are between 20 years old and 40 years old. Recent developmental theories have recognized that development occurs across the entire life of a person as they experience changes cognitively, physically, socially, and in personality.[1][5]
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This time period in the life of a person can be referred to as middle age. This time span has been defined as the time between ages 45 to 65 years old.[1][2] Many changes may occur between young adulthood and this stage.[6][7] The body may slow down and the middle aged might become more sensitive to diet, substance abuse, stress, and rest. Chronic health problems can become an issue along with disability or disease. Approximately one centimeter per decade of height may be lost.[6] Emotional responses and retrospection vary from person to person. Experiencing a sense of mortality, sadness, or loss is common at this age.[8]

Those in middle adulthood or middle age continue to develop relationships and adapt to the changes in relationships. Changes can be the interacting with growing and grown children and aging parents. Community involvement is fairly typical of this stage of adulthood,[8] as well as continued career development.
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 Physical characteristics




Middle-aged adults may begin to show visible signs of aging[image: External link].[6] This process can be more rapid in women who have osteoporosis. Changes might occur in the nervous system. The ability to perform complex tasks remains intact. Women between 48 and 55 experience menopause, which ends natural fertility.[9] Menopause can have many side effects, some welcome and some not so welcome. Men may also experience physical changes. Changes can occur to skin[image: External link] and other changes may include decline in physical fitness[image: External link] including a reduction in aerobic performance and a decrease in maximal heart rate. These measurements are generalities and people may exhibit these changes at different rates and times.

The mortality rate can begin to increase from 45 and onwards, mainly due to health problems like heart problems, cancer[image: External link], hypertension[image: External link], and diabetes[image: External link].[8][10] Still, the majority of middle-aged people in industrialized nations can expect to live into old age.
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Erik Erikson refers to this period of adulthood as the generatitivity-versus-stagnation stage. Persons in middle adulthood or middle age may have some cognitive loss. This loss usually remains unnoticeable because life experiences and strategies are developed to compensate for any decrease in mental abilities.[7]
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Marital satisfaction remains but other family relationships can be more difficult. Career satisfaction focuses more on inner satisfaction and contentedness and less on ambition and the desire to 'advance'.[8] Even so, career changes often can occur. Middle adulthood or middle age can be a time when a person re-examines their life by taking stock, and evaluating their accomplishments. Morality may change and become more conscious. The perception that those in this stage of development or life undergo a 'mid-life' crisis is largely false. This period in life is usually satisfying, tranquil. Personality characteristics remain stable throughout this period.[1] This may make the issue of mortality irrefutable. The relationships in middle adulthood may continue to evolve into connections that are stable.[8]
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Old Age






"Elderly" redirects here. For other uses, see Elder (disambiguation)[image: External link].

"Old people" redirects here. For the Khmer Rouge term, see New People[image: External link].

For the Nirvana song, see Old Age (song)[image: External link].

Old age refers to ages nearing or surpassing the life expectancy of human beings, and is thus the end of the human life cycle[image: External link]. In October 2016, a highly publicized paper [1] claimed the maximum human lifespan is an average age of 115, with an absolute upper limit of 125 years,[2] but the authors' methods and conclusions are controversial.[3] Terms and euphemisms for old people include, old people (worldwide usage), seniors (American usage), senior citizens (British and American usage), older adults (in the social sciences[4]), the elderly, and elders (in many cultures—including the cultures of aboriginal people).

Old people often have limited regenerative abilities and are more susceptible to disease, syndromes, and sickness than younger adults. The organic process of ageing is called senescence[image: External link],[5] the medical study of the aging process is called gerontology[image: External link],[6] and the study of diseases that afflict the elderly is called geriatrics[image: External link].[7] The elderly also face other social issues around retirement[image: External link], loneliness[image: External link], and ageism[image: External link].[8]

Old age is a social construct[image: External link] rather than a definite biological stage, and the chronological age denoted as "old age" varies culturally and historically.[9]

In 2011, the United Nations[image: External link] proposed a human rights convention that would specifically protect older persons.[10]
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Definitions of old age include official definitions, sub-group definitions, and four dimensions as follows.
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 Official definitions




Old age comprises "the later part of life; the period of life after youth and middle age . . . , usually with reference to deterioration".[11] At what age old age begins cannot be universally defined because it differs according to the context. Most developed-world countries have accepted the chronological age of 65 years as a definition of 'elderly' or older person. The United Nations has agreed that 60+ years may be usually denoted as old age[12] and this is the first attempt at an international definition of old age. However, for its study of old age in Africa, the World Health Organization (WHO) set 50 as the beginning of old age. At the same time, the WHO recognized that the developing world often defines old age, not by years, but by new roles, loss of previous roles, or inability to make active contributions to society.[13]

Most developed Western countries set the age of 60 to 65 for retirement. Being 60–65 years old is usually a requirement for becoming eligible for senior social programs.[14] However, various countries and societies consider the onset of old age as anywhere from the mid-40s to the 70s.[15] The definitions of old age continue to change especially as life expectancy in developed countries has risen to beyond 80 years old.[16]
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 Sub-group definitions




Gerontologists have recognized the very different conditions that people experience as they grow older within the years defined as old age. In developed countries, most people in their 60s and early 70s are still fit, active, and able to care for themselves.[17] However, after 75, they will become increasingly frail[image: External link], a condition marked by serious mental and physical debilitation.[18]

Therefore, rather than lumping together all people who have been defined as old, some gerontologists have recognized the diversity of old age by defining sub-groups. One study distinguishes the young old (60 to 69), the middle old (70 to 79), and the very old (80+).[19] Another study's sub-grouping is young-old (65 to 74), middle-old (75–84), and oldest-old (85+).[20] A third sub-grouping is "young old" (65–74), "old" (74–84), and "old-old" (85+).[21] Delineating sub-groups in the 65+ population enables a more accurate portrayal of significant life changes.[22]

Two British scholars, Paul Higgs and Chris Gilleard, have added a "fourth age" sub-group. In British English, the "third age" is "the period in life of active retirement, following middle age".[23] Higgs and Gilleard describe the fourth age as "an arena of inactive, unhealthy, unproductive, and ultimately unsuccessful ageing."[24]
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 Dimensions of old age




Key Concepts in Social Gerontology lists four dimensions: chronological, biological, psychological, and social.[25] Wattis and Curran add a fifth dimension: developmental.[26] Chronological age may differ considerably from a person's functional age. The distinguishing marks of old age normally occur in all five senses at different times and different rates for different persons.[27] In addition to chronological age, people can be considered old because of the other dimensions of old age. For example, people may be considered old when they become grandparents or when they begin to do less or different work in retirement.[12]
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 Senior citizen




Senior citizen is a common euphemism for an old person used in American English[image: External link], and sometimes in British English[image: External link]. It implies that the person being referred to is retired.[28][29][30][31] This in turn usually implies that the person is over the retirement age[image: External link], which varies according to country. Synonyms include old age pensioner or pensioner in British English, and retiree and senior in American English. Some dictionaries describe widespread use of "senior citizen" for people over the age of 65.[32]

When defined in an official context, senior citizen is often used for legal or policy-related reasons in determining who is eligible for certain benefits available to the age group.

It is used in general usage instead of traditional terms such as old person, old-age pensioner, or elderly as a courtesy and to signify continuing relevance of and respect for this population group as " citizens[image: External link]" of society, of senior rank.[33]

The term was apparently coined in 1938 during a political campaign.[34] Famed caricaturist Al Hirschfeld[image: External link] claimed on several occasion that his father Isaac Hirschfeld invented the term 'senior citizen'.[35][36][37] It has come into widespread use in recent decades in legislation, commerce, and common speech. Especially in less formal contexts, it is often abbreviated as "senior(s)", which is also used as an adjective[image: External link].

In commerce, some businesses offer customers of a certain age a "senior discount[image: External link]". The age at which these discounts are available varies between 55, 60, 62 or 65, and other criteria may also apply. Sometimes a special "senior discount card[image: External link]" or other proof of age needs to be obtained and produced to show entitlement.
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 Age qualifications




The age which qualifies for senior citizen status varies widely. In governmental contexts it is usually associated with an age at which pensions[image: External link] or medical benefits for the elderly become available. In commercial contexts, where it may serve as a marketing[image: External link] device to attract customers, the age is often significantly lower.[38]

In the United States[image: External link], the standard retirement age is currently 66 (gradually increasing to 67).[39]

In Canada, the OAS (Old Age Security) pension is available at 65 (the Conservative government of Stephen Harper had planned to gradually increase the age of eligibility to 67, starting in the years 2023–2029, although the Liberal government of Justin Trudeau is considering leaving it at 65),[40] and the CPP (Canada Pension Plan) as early as age 60.

The AARP[image: External link] allows couples in which one spouse has reached the age of 50 to join, regardless of the age of the other spouse.
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 Marks of old age




The distinguishing characteristics of old age are both physical and mental.[41] The marks of old age are so unlike the marks of middle age that legal scholar Richard Posner suggests that, as an individual transitions into old age, he/she can be thought of as different persons "time-sharing" the same identity.[42]

These marks do not occur at the same chronological age for everyone. Also, they occur at different rates and order for different people.[27] Marks of old age can easily vary between people of the same chronological age.[43]

A basic mark of old age that affects both body and mind is "slowness of behavior."[44] This "slowing down principle" finds a correlation between advancing age and slowness of reaction and physical and mental task performance.[45] However, studies from Buffalo University and Northwestern University have shown that the elderly are a happier age group than their younger counterparts.[46]


[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 Physical marks of old age




Physical marks of old age include the following:


	
Bone and joint. Old bones are marked by "thinning and shrinkage." This might results in a loss of height (about two inches (5 cm) by age 80), a stooping posture in many people, and a greater susceptibility to bone and joint diseases such as osteoarthritis[image: External link] and osteoporosis[image: External link].[47][48][49]


	
Chronic diseases. Some older persons have at least one chronic condition[image: External link] and many have multiple conditions. In 2007–2009, the most frequently occurring conditions among older persons in the United States were uncontrolled hypertension[image: External link] (34%), diagnosed arthritis (50%), and heart disease (32%).[50]


	
Chronic mucus hypersecretion (CMH) "defined as coughing and bringing up sputum[image: External link] . . . is a common respiratory symptom in elderly persons."[51]


	
Dental problems. May have less saliva[image: External link] and less ability for oral hygiene[image: External link] in old age which increases the chance of tooth decay and infection[image: External link].[52]


	
Digestive system. About 40% of the time, old age is marked by digestive disorders such as difficulty in swallowing, inability to eat enough and to absorb nutrition, constipation and bleeding.[53]


	
Essential Tremor (ET) is an uncontrollable shaking in a part of the upper body. It is more common in the elderly and symptoms worsen with age.[54]


	
Eyesight. Presbyopia[image: External link] can occur by age 50 and it hinders reading especially of small print in low lighting. Speed with which an individual reads and the ability to locate objects may also be impaired.[55] By age 80, more than half of all Americans either have a cataract[image: External link] or have had cataract surgery[image: External link].[56][57][58]


	
Falls. Old age spells risk for injury from falls that might not cause injury to a younger person.[59] Every year, about one-third of those 65 years old and over half of those 80 years old fall.[60] Falls are the leading cause of injury and death for old people.[61]


	
Gait change. Some aspects of gait[image: External link] normally change with old age. Gait velocity slows after age 70. Double stance time (i.e., time with both feet on the ground) also increases with age. Because of gait change, old people sometimes appear to be walking on ice.[62]


	
Hair usually becomes grayer and also might become thinner.[63][64] As a rule of thumb, around age 50, about 50% of Europeans have 50% grey hair.[65] Many men are affected by balding[image: External link], and women enter menopause.

	
Hearing. By age 75 and older, 48% of men and 37% of women encounter impairments in hearing. Of the 26.7 million people over age 50 with a hearing impairment, only one in seven uses a hearing aid.[55] In the 70–79 age range, the incidence of partial hearing loss[image: External link] affecting communication rises to 65%, predominantly among low-income males.[66]


	
Hearts can become less efficient in old age with a resulting loss of stamina. In addition, atherosclerosis can constrict blood flow.[63][67]


	
Immune function. Less efficient immune function ( Immunosenescence[image: External link]) is a mark of old age.[68]


	
Lungs might expand less well; thus, they provide less oxygen.[47][69]


	
Mobility impairment or loss. "Impairment in mobility affects 14% of those between 65 and 74, but half of those over 85."[70] Loss of mobility is common in old people. This inability to get around has serious "social, psychological, and physical consequences".[71]


	
Pain afflicts old people at least 25% of the time, increasing with age up to 80% for those in nursing homes.[72] Most pains are rheumatological[image: External link] or malignant[image: External link].[73]


	
Sexuality remains important throughout the lifespan and the sexual expression of "typical, healthy older persons is a relatively neglected topic of research".[74] Sexual attitudes and identity are established in early adulthood and change minimally over the course of a lifetime.[75] However, sexual drive in both men and women may decrease as they age.[76] That said, there is a growing body of research on people's sexual behaviours and desires in later life that challenges the "asexual" image of older adults. People aged 75–102 continue to experience sensuality and sexual pleasure.[77] Other known sexual behaviours in older age groups include sexual thoughts, fantasies and erotic dreams,[78] masturbation, oral sex, vaginal and anal intercourse.[74]


	
Skin loses elasticity, becomes drier, and more lined and wrinkled.[63]


	
Sleep trouble holds a chronic prevalence of over 50% in old age and results in daytime sleepiness.[79] In a study of 9,000 persons with a mean age of 74, only 12% reported no sleep complaints.[80] By age 65, deep sleep[image: External link] goes down to about 5%.[81]


	
Taste buds diminish so that by age 80 taste buds[image: External link] are down to 50% of normal. Food becomes less appealing and nutrition can suffer.[47][48]


	Over the age of 85, thirst[image: External link] perception decreases, such that 41% of the elderly drink insufficiently.[82]


	
Urinary incontinence is often found in old age.[83]


	
Voice. In old age, vocal cords weaken and vibrate more slowly. This results in a weakened, breathy voice that is sometimes called an "old person's voice."[84]





[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 Mental marks of old age




Mental marks of old age include the following.


	
Adaptable describes most people in their old age. Despite the stressfulness of old age, they are described as "agreeable" and "accepting." However, old age dependence induces feelings of incompetence and worthlessness in a minority.[85]


	
Caution marks old age. This antipathy toward "risk-taking" stems from the fact that old people have less to gain and more to lose by taking risks than younger people.[86]


	
Depressed mood.[87] According to Cox, Abramson[image: External link], Devine[image: External link], and Hollon (2012), old age is a risk factor for depression caused by prejudice (i.e., "deprejudice"). When people are prejudiced against the elderly and then become old themselves, their anti-elderly prejudice turns inward, causing depression. "People with more negative age stereotypes will likely have higher rates of depression as they get older."[88] Old age depression results in the over-65 population having the highest suicide rate.[89]


	
Fear of crime in old age, especially among the frail, sometimes weighs more heavily than concerns about finances or health and restricts what they do. The fear persists in spite of the fact that old people are victims of crime less often than younger people.[90]


	
Mental disorders afflict about 15% of people aged 60+ according to estimates by the World Health Organization.[91] Another survey taken in 15 countries reported that mental disorders of adults interfered with their daily activities more than physical problems.[89]


	
Reduced mental and cognitive ability may afflict old age.[92][93]Memory loss[image: External link] is common in old age due to the decrease in speed of information being encoded, stored, and retrieved. It takes more time to learn new information.[94] Dementia is a general term for memory loss and other intellectual abilities serious enough to interfere with daily life. Its prevalence increases in old age from about 10% at age 65 to about 50% over age 85.[95] Alzheimer's disease[image: External link] accounts for 50 to 80 percent of dementia cases. Demented behavior can include wandering, physical aggression, verbal outbursts, depression, and psychosis.[96]


	
Set in one's ways describes a mind set of old age.[97] A study of over 400 distinguished men and women in old age found a "preference for the routine."[98] Explanations include old age's toll on the "fluid intelligence" and the "more deeply entrenched" ways of the old.[99]
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 Perceptions of old age
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 Old age from a middle-age perspective




Many books by middle-age writers depict their perceptions of old people.[100] One writer notices the change in his parents: they move slowly, they have lost strength, they repeat stories, their minds wander, and they fret.[101] Another writer sees her aged parents and is bewildered: they refuse to follow her advice, they are obsessed with the past, they avoid risk, they live at a "glacial pace."[102]

Other writers treat the perceptions of middle-age people regarding their own old age. In her The Denial of Aging, Dr. Muriel R. Gillick, a baby boomer[image: External link], accuses her contemporaries of believing that by proper exercise and diet they can avoid the scourges of old age and proceed from middle age to death.[103] Studies find that many people in the 55–75 range can postpone morbidity by practicing healthy lifestyles. These discourses take part in a general idea of successful ageing[image: External link]. However, at about age 80, all people experience similar morbidity.[104] Even with healthy lifestyles, most 85+ people will undergo extended "frailty and disability."[105]
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 Old age from an old-age perspective




Early old age is a pleasant time: children are grown, retirement from work, time to pursue interests.[106] Many people are also willing to get involved in community and activist organizations[image: External link] to promote their well-being. In contrast, perceptions of old age by writers 80+ years old ("old age in the real meaning of the term[107]) tend to be negative.

Georges Minois (other languages[image: External link]) writes that the first man to talk about his old age was an Egyptian scribe who lived 4,500 years ago. The scribe addressed God with a prayer of lament:[108]


O Sovereign my Lord! Oldness has come; old age has descended. Feebleness has arrived; dotage is here anew. The heart sleeps wearily every day.

The eyes are weak, the ears are deaf, the strength is disappearing because of weariness of the heart and the mouth is silent and cannot speak.

The heart is forgetful and cannot recall yesterday. The bone suffers old age. God is become evil. All taste is gone. What old age does to men is evil in every respect.[109]



Minois comments that the scribe's "cry shows that nothing has changed in the drama of decrepitude between the age of the Pharaoh and the atomic age" and "expresses all the anguish of old people in the past and the present."[110]

Lillian Rubin, active in her 80s as an author, sociologist, and psychotherapist, opens her book 60 on Up: The Truth about Aging in America with "getting old sucks. It always has, it always will." Dr. Rubin contrasts the "real old age" with the "rosy pictures" painted by middle-age writers.[111]

Writing at the age of 87, Mary C. Morrison delineates the heroism required by old age: to live through the disintegration of one's own body or that of someone you love. Morrison concludes, "old age is not for the fainthearted."[112] In the book Life Beyond 85 Years, the 150 interviewees had to cope with physical and mental debilitation and with losses of loved ones. One interviewee described living in old age as "pure hell."[113]
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 Old age from society's perspective




Based on his survey of old age in history, Georges Minois[image: External link] concludes that "it is clear that always and everywhere youth has been preferred to old age." In western thought, "old age is an evil, an infirmity and a dreary time of preparation for death." Furthermore, death is often preferred over "decrepitude, because death means deliverance."[114]

"The problem of the ambiguity of old age has . . . been with us since the stage of primitive society; it was both the source of wisdom and of infirmity, experience and decrepitude, of prestige and suffering."[115]

In the Classical period[image: External link] of Greek and Roman cultures, old age was denigrated as a time of "decline and decrepitude."[116] "Beauty and strength" were esteemed and old age was viewed as defiling and ugly. Old age was reckoned as one of the unanswerable "great mysteries" along with evil, pain, and suffering. "Decrepitude, which shrivels heroes, seemed worse than death."[117]

The Medieval and Renaissance periods depicted old age as "cruel or weak."[118]

Historical periods reveal a mixed picture of the "position and status" of old people, but there has never been a "golden age of aging."[119] Studies have disproved the popular belief that in the past old people were venerated by society and cared for by their families.[120] Veneration for and antagonism toward the aged have coexisted in complex relationships throughout history.[121] "Old people were respected or despised, honoured or put to death according to circumstance."[115]

Ancient times[image: External link]

In ancient times, although some strong and healthy people lived until they were over 70 most died before they were 50. The general understanding is that those who lived into their 40's were treated with respect and awe. In contrast, those who were frail were seen as a burden and ignored or in extreme cases killed.[119][122] People were defined as "old" because of their inability to perform useful tasks rather than their years.[123]

Classical period

"The Olympians[image: External link] did not like old people." Their youth rebelled against the old, driving them off or killing them.[124]

Although he was skeptical of the gods, Aristotle[image: External link] concurred in the dislike of old people. In his Ethics, he wrote that "old people are miserly; they do not acknowledge disinterested friendship; only seeking for what can satisfy their selfish needs."[125]

Medieval and Renaissance periods

The 16th century utopians, Thomas More[image: External link] and Antonio de Guevara[image: External link] allowed no decrepit old people in their fictional lands.[126]

For Thomas More, on the island of Utopia[image: External link], when people are so old as to have "out-lived themselves" and are terminally ill, in pain, and a burden to everyone, the priests exhort them about choosing to die. The priests assure them that "they shall be happy after death." If they choose to die, they end their lives by starvation or by taking opium.[127]

Antonio de Guevara[image: External link]'s utopian nation "had a custom, not to live longer than sixty five years." At that age, they practiced self-immolation. Rather than condemn the practice, Bishop Guevara called it a "golden world" in which people "have overcome the natural appetite to desire to live."[128]

Modern period

In the Modern period, the "cultural status" of old people has declined in many cultures.[118] Joan Erikson[image: External link] observed that "aged individuals are often ostracized, neglected, and overlooked; elders are seen no longer as bearers of wisdom but as embodiments of shame."[129]

Research on age-related attitudes consistently finds that negative attitudes exceed positive attitudes toward old people because of their looks and behavior.[130] In his study Aging and Old Age, Posner discovers "resentment and disdain of older people" in American society.[131]

Harvard University's implicit-association test[image: External link] measures implicit "attitudes and beliefs" about Young vis a vis Old.[132] Blind Spot: Hidden Biases of Good People, a book about the test, reports that 80% of Americans have an "automatic preference for the young over old" and that attitude is true worldwide. The young are "consistent in their negative attitude" toward the old.[133] Ageism documents that Americans generally have "little tolerance for older persons and very few reservations about harboring negative attitudes" about them.[134]

Despite its prevalence, ageism[image: External link] is seldom the subject of public discourse.[135]

In 2014, a documentary film called The Age of Love[image: External link] used humor and poignant adventures of 30 seniors who attend a speed dating event for 70- to 90-year-olds, and discovered how the search for romance changes; or does not change; from a childhood sweetheart[image: External link] to older age.[136]
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 Old age from simulated perspective




Simone de Beauvoir[image: External link] wrote that "there is one form of experience that belongs only to those that are old – that of old age itself."[137] Nevertheless, simulations of old age attempt to help younger people gain some understanding.

Texas A&M University offers a plan for an "Aging Simulation" workshop.[138] The workshop is adapted from Sensitizing People to the Processes of Aging.[139] Some of the simulations follow:


	

	Sight: Wearing swimmer's goggles with black paper pasted to lens with only a small hole to simulate tunnel vision,

	Hearing: Use ear plugs to dull the sound of people talking.

	Touch: Wearing thick gloves, button a shirt or buckle a belt.

	Dexterity: With tape around several fingers, unscrew a jar lid.

	Mobility and Balance: Carry packages in one hand while using a walker.







The Macklin Intergenerational Institute conducts Xtreme Aging workshops, as depicted in The New York Times.[140] A condensed version was presented on NBC's Today Show and is available online.[141] One exercise was to lay out 3 sets of 5 slips of paper. On set #1, write your 5 most enjoyed activities; on set #2, write your 5 most valued possessions; on set #3, write your 5 most loved people. Then "lose" them one by one, trying to feel each loss, until you have lost them all as happens in old age.
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 Old age frailty




Most people in the age range of 60–80 (the years of retirement and early old age), enjoy rich possibilities for a full life, but the condition of frailty[image: External link] distinguished by "bodily failure" and greater dependence becomes increasingly common after that.[107] In the United States, hospital discharge data from 2003 to 2011 shows that injury was the most common reason for hospitalization among patients aged 65+.[143]

Gerontologists[image: External link] note the lack of research regarding and the difficulty in defining frailty. However, they add that physicians recognize frailty when they see it.[144]

A group of geriatricians[image: External link] proposed a general definition of frailty as "a physical state of increased vulnerability to stressors[145] that results from decreased reserves and disregulation[146] in multiple physiological systems."[147]
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 Prevalence of frailty




Frailty is a common condition in later old age, but different definitions of frailty produce diverse assessments of prevalence. One study placed the incidence of frailty for ages 65+ at 10.7%.[148] Another study placed the incidence of frailty in age 65+ population at 22% for women and 15% for men.[149] A Canadian study illustrated how frailty increases with age and calculated the prevalence for 65+ as 22.4% and for 85+ as 43.7%.[150]

A worldwide study of "patterns of frailty" based on data from 20 nations found (a) a consistent correlation between frailty and age, (b) a higher frequency among women, and (c) more frailty in wealthier nations where greater support and medical care increases longevity.[151]

In Norway, a 20-year longitudinal study of 400 people found that bodily failure and greater dependence became prevalent in the 80+ years. The study calls these years the "fourth age" or "old age in the real meaning of the term." Similarly, the "Berlin Aging Study" rated over-all functionality on four levels: good, medium, poor, and very poor. People in their 70s were mostly rated good. In the 80–90 year range, the four levels of functionality were divided equally. By the 90–100 year range, 60% would be considered frail because of very poor functionality and only 5% still possessed good functionality.[107]

In the United States, the 85+ age group is the fastest growing, a group that is almost sure to face the "inevitable decrepitude" of survivors.[152] (Frailty and decrepitude are synonyms.[153])
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 Markers of frailty




Three unique markers of frailty have been proposed: (a) loss of any notion of invincibility, (b) loss of ability to do things essential to one's care, and (c) loss of possibility for a subsequent life stage.[154]

Old age survivors on-average deteriorate from agility in their 65–80s to a period of frailty preceding death. This deterioration is gradual for some and precipitous for others. Frailty is marked by an array of chronic[image: External link] physical and mental problems which means that frailty is not treatable as a specific disease. These problems coupled with increased dependency in the basic activities of daily living (ADLs)[image: External link] required for personal care add emotional problems: depression and anxiety.[155] In sum, frailty has been depicted as a group of "complex issues," distinct but "causally interconnected," that often include "comorbid diseases,",[156] progressive weakness, stress, exhaustion, and depression.[157]
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 Misconceptions of frail people




Johnson and Barer did a pioneering study of Life Beyond 85 Years by interviews over a six-year period. In talking with 85+ year olds, they found some popular conceptions about old age to be erroneous. Such erroneous conceptions include (1) people in old age have at least one family member for support, (2) old age well-being requires social activity, and (3) "successful adaptation" to age-related changes demands a continuity of self-concept. In their interviews, Johnson and Barer found that 24% of the 85+ had no face-to-face family relationships; many have outlived their families. Second, that contrary to popular notions, the interviews revealed that the reduced activity and socializing of the over 85s does not harm their well-being; they "welcome increased detachment." Third, rather than a continuity of self-concept, as the interviewees faced new situations they changed their "cognitive and emotional processes" and reconstituted their "self–representation."[158]
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 Care and costs




Frail people require a high level of care. Medical advances have made it possible to "postpone death" for years. This added time costs many frail people "prolonged sickness, dependence, pain, and suffering."[159]

According to a study by the Agency for Healthcare Research and Quality (AHRQ), the rate of emergency department visits was consistently highest among patients ages 85 years and older in 2006–2011 in the United States.[160] Additionally, patients aged 65+ had the highest percentage of hospital stays for adults with multiple chronic conditions but the second highest percentage of hospital costs in 2003–2014.[161]

These final years are also costly in economic terms.[162] One out of every four Medicare dollars is spent on the frail in their last year of life . . . in attempts to postpone death.[163]

Medical treatments in the final days are not only economically costly, they are often unnecessary, even harmful.[164] Nortin Hadler, M.D. warns against the tendency to medicalize and overtreat the frail.[165] In her Choosing Medical Care in Old Age, Michael R. Gillick M.D. argues that appropriate medical treatment for the frail is not the same as for the robust. The frail are vulnerable to "being tipped over" by any physical stress put on the system such as medical interventions.[166]
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 Death and frailty




Old age, death, and frailty are linked because approximately half the deaths in old age are preceded by months or years of frailty.[167]

Older Adults' Views on Death is based on interviews with 109 people in the 70–90 age range, with a mean age of 80.7. Almost 20% of the people wanted to use whatever treatment that might postpone death. About the same number said that, given a terminal illness, they would choose assisted suicide. Roughly half chose doing nothing except live day by day until death comes naturally without medical or other intervention designed to prolong life. This choice was coupled with a desire to receive palliative care if needed.[168]

About half of older adults suffer multimorbidity, that is, they have three or more chronic conditions.[169] Medical advances have made it possible to "postpone death," but in many cases this postponement adds "prolonged sickness, dependence, pain, and suffering," a time that is costly in social, psychological, and economic terms.[170]

The longitudinal interviews of 150 age 85+ people summarized in Life Beyond 85 Years found "progressive terminal decline" in the year prior to death: constant fatigue, much sleep, detachment from people, things, and activities, simplified lives. Most of the interviewees did not fear death; some would welcome it. One person said, "Living this long is pure hell." However, nearly everyone feared a long process of dying. Some wanted to die in their sleep; others wanted to die "on their feet."[171]

The study of Older Adults' Views on Death found that the more frail people were, the more "pain, suffering, and struggles" they were enduring, the more likely they were to "accept and welcome" death as a release from their misery. Their fear about the process of dying was that it would prolong their distress. Besides being a release from misery, some saw death as a way to reunion with departed loved ones. Others saw death as a way to free their caretakers from the burden of their care.[172]
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 Religiosity in old age




Mostly, at all times,[clarification needed[image: External link]] old people have been more religious than young people.[173] At the same time, wide cultural variations exist.[174]

In the United States, 90% of old age Hispanics view themselves as very, quite, or somewhat religious.[175] The Pew Research Center's study of black and white old people found that 62% of those in ages 65–74 and 70% in ages 75+ asserted that religion was "very important" to them. For all 65+ people, more women (76%) than men (53%) and more blacks (87%) than whites (63%) consider religion "very important" to them. This compares to 54% in the 30–49 age range.[176]

In a British 20-year longitudinal study, less than half of the old people surveyed said that religion was "very important" to them and a quarter said they had become less religious in old age.[177] The late-life rise in religiosity is stronger in Japan than in the United States, but in the Netherlands it is minimal.[174]

In the practice of religion, a study of 60+ people found that 25% read the Bible every day and over 40% look at religious TV.[178] Pew Research found that in the age 65+ range, 75% of whites and 87% of blacks pray daily.[176]

Participation in organized religion is not a good indicator of religiosity because transportation and health problems often hinder participation.[175]
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 Demographic changes




In the industrialized countries, life expectancy and, thus, the old age population have increased consistently over the last decades.[179] In the United States the proportion of people aged 65 or older increased from 4% in 1900 to about 12% in 2000.[180] In 1900, only about 3 million of the nation's citizens were 65 or older (out of 76 million total American citizens). By 2000, the number of senior citizens had increased to about 35 million (of 280 million US citizens). Population experts estimate that more than 50 million Americans—about 17 percent of the population—will be 65 or older in 2020.[181] By 2050, it is projected that at least 400,000 Americans will be 100 or older.[182]

The number of old people is growing around the world chiefly because of the post–World War II baby boom[image: External link] and increases in the provision and standards of health care.[183] By 2050, 33% of the developed world's population and almost 20% of the less developed world's population will be over 60 years old.[184]

The growing number of people living to their 80s and 90s in the developed world has strained public welfare systems and has also resulted in increased incidence of diseases like cancer and dementia that were rarely seen in premodern times. When the United States Social Security program was created, persons older than 65 numbered only around 5% of the population and the average life expectancy of a 65-year-old in 1936 was approximately 5 years, while in 2011 it could often range from 10 to 20 years. Other issues that can arise from an increasing population are growing demands for health care and an increase in demand for different types of services.[185]

Of the roughly 150,000 people who die each day across the globe, about two thirds—100,000 per day—die of age-related causes.[186] In industrialized nations, the proportion is much higher, reaching 90%.[186]
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 Psychosocial aspects




According to Erik Erikson[image: External link]'s "Stages of Psychosocial Development", the human personality is developed in a series of eight stages that take place from the time of birth and continue on throughout an individual's complete life. He characterises old age as a period of "Integrity vs. Despair", during which a person focuses on reflecting back on his life. Those who are unsuccessful during this phase will feel that their life has been wasted and will experience many regrets. The individual will be left with feelings of bitterness and despair. Those who feel proud of their accomplishments will feel a sense of integrity. Successfully completing this phase means looking back with few regrets and a general feeling of satisfaction. These individuals will attain wisdom, even when confronting death.[187][188][189] Coping is a very important skill needed in the aging process to move forward with life and not be 'stuck' in the past. The way a person adapts and copes, reflects his aging process on a psycho-social level.[190]

For people in their 80s and 90s, Joan Erikson[image: External link] added a ninth stage in The Life Cycle Completed: Extended Version.[191] As she wrote, she added the ninth stage because the Integrity of the eighth stage imposes "a serious demand on the senses of elders" and the Wisdom of the eighth stage requires capacities that ninth stage elders "do not usually have."[192]

Newman & Newman also proposed a ninth stage of life, Elderhood. Elderhood refers to those individuals who live past the life expectancy of their birth cohorts. There are two different types of people described in this stage of life. The "young old" are the healthy individuals who can function on their own without assistance and can complete their daily tasks independently. The "old old" are those who depend on specific services due to declining health or diseases. This period of life is characterized as a period of "immortality vs. extinction." Immortality is the belief that your life will go on past death, some examples are an afterlife or living on through one's family. Extinction refers to feeling as if life has no purpose.[193]
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 Theories of old age




Social theories, or concepts,[194] propose explanations for the distinctive relationships between old people and their societies.

One of the theories is the Disengagement Theory[image: External link] proposed in 1961. This theory proposes that in old age a mutual disengagement between people and their society occurs in anticipation of death. By becoming disengaged from work and family responsibilities, according to this concept, people are enabled to enjoy their old age without stress. This theory has been subjected to the criticism that old age disengagement is neither natural, inevitable, nor beneficial.[195] Furthermore, disengaging from social ties in old age is not across the board: unsatisfactory ties are dropped and satisfying ones kept.[196]

In opposition to the Disengagement Theory the Activity Theory[image: External link] of old age argues that disengagement in old age occurs not by desire, but by the barriers to social engagement imposed by society. This theory has been faulted for not factoring in psychological changes that occur in old age as shown by reduced activity even when available. It has also been found that happiness in old age is not proportional to activity.[197]

According to the Continuity Theory[image: External link], in spite of the inevitable differences imposed by their old age, most people try to maintain continuity in personhood, activities, and relationships with their younger days.[197]

Socioemotional Selectivity Theory[image: External link] also depicts how people maintain continuity in old age. The focus of this theory is continuity sustained by social networks, albeit networks narrowed by choice and by circumstances. The choice is for more harmonious relationships. The circumstances are loss of relationships by death and distance.[198]
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 Life expectancy




Life expectancy[image: External link] by nation at birth in the year 2011 ranged from 48 years to 82. Low values indicate high death rates for infants and children.[199]

In most parts of the world women live, on average, longer than men; even so, the disparities vary between 12 years in Russia to no difference or higher life expectancy for men in countries such as Zimbabwe and Uganda.[200]

The number of elderly persons worldwide began to surge in the second half of the 20th century. Up to that time (and still true in underdeveloped countries), five or less percent of the population was over 65. Few lived longer than their 70s and people who attained advanced age (i.e. their 80s) were rare enough to be a novelty and were revered as wise sages. The worldwide over 65 population in 1960 was one-third of the under 5 population. By 2013, the over 65 population had grown to equal the under 5 population. The over 65 population is projected to double the under five by 2050.[201]

Before the surge in the over 65 population, accidents and disease claimed many people before they could attain old age, and health problems in those over 65 meant a quick death in most cases. If a person lived to an advanced age, it was due to genetic factors and/or a relatively easy lifestyle, since diseases of old age could not be treated before the 20th century.[202]

In October 2016, scientists identified the maximum human lifespan at an average age of 115, with an absolute upper limit of 125 years.[1][2]
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 Old age benefits




German chancellor Otto von Bismarck[image: External link] created the world's first comprehensive government social safety net[image: External link] in the 1880s, providing for old age pensions.[15]

In the United States of America[image: External link], and the United Kingdom[image: External link], 65 (UK 60 for women) was traditionally the age of retirement with full old age benefits.[203][204]

In 2003, the age at which a United States citizen became eligible for full Social Security benefits began to increase gradually, and will continue to do so until it reaches 67 in 2027. Full retirement age for Social Security benefits for people retiring in 2012 is age 66.[205] In the United Kingdom, the state pension age for men and women will rise to 66 in 2020 with further increases scheduled after that."[204]

Originally, the purpose of old age pensions was to prevent elderly persons from being reduced to beggary, which is still common in some underdeveloped countries, but growing life expectancies and older populations have brought into question the model under which pension systems were designed.[206] By 1990, the United States was spending 30 per cent of its budget on the elderly, compared with 2 per cent on education.[207] The dominant perception of the American old age population changed from "needy" and "worthy" to "powerful" and "greedy," old people getting more than their share of the nation's resources.[208] However, in 2011, using a Supplemental Poverty Measure (SPM), the old age American poverty rate was measured as 15.9%.[50]
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 Assistance: devices and personal




In the United States in 2008, 11 million people aged 65+ lived alone: 5 million or 22% of ages 65–74, 4 million or 34% of ages 75–84, and 2 million or 41% of ages 85+. The 2007 gender breakdown for all people 65+ was men 19% and women 39%.[209]

Many new assistive devices made especially for the home have enabled more old people to care for themselves activities of daily living[image: External link] (ADL). Able Data[210] lists 40,000 assistive technology products in 20 categories.[211] Some examples of devices are a medical alert and safety system, shower seat (making it so the person does not get tired in the shower and fall), a bed cane (offering support to those with unsteadiness getting in and out of bed) and an ADL cuff (used with eating utensils for people with paralysis or hand weakness).[212]

A Swedish study found that at age 76, 46% of the subjects used assistive devices. When they reached age 86, 69% used them. The subjects were ambivalent regarding the use of the assistive devices: as "enablers" or as "disablers."[213] People who view assistive devices as enabling greater independence accept and use them. Those who see them as symbols of disability reject them.[214] However, organizations[image: External link] like Love for the Elderly[image: External link] aim to combat such age-related prejudice by educating the public about the importance of appreciating growing older, while also providing services of kindness to elders in senior homes.[215]

Even with assistive devices as of 2006, 8.5 million Americans needed personal assistance because of impaired basic activities of daily living[image: External link] required for personal care or impaired instrumental activities of daily living[image: External link] (IADL) required for independent living. Projections place this number at 21 million by 2030 when 40% of Americans over 70 will need assistance.[216] There are many options for such long term care to those who require it. There is home care[image: External link] in which a family member, volunteer, or trained professional will aid the person in need and help with daily activities. Another option is community services which can provide the person with transportation, meal plans, or activities in senior centers[image: External link]. A third option is assisted living[image: External link] where 24-hour round-the-clock supervision is given with aid in eating, bathing, dressing, etc. A final option is a nursing home[image: External link] which provides professional nursing care.[217]
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 Depictions in art




A scholarly literature has emerged, especially in Britain, showing historical trends in the visual depiction of old age.[218][219][220][221]
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Human Fertilization






Human fertilization is the union of a human egg and sperm, usually occurring in the ampulla of the fallopian tube[image: External link]. The result of this union is the production of a zygote cell, or fertilized egg, initiating prenatal development. Scientists discovered the dynamics of human[image: External link] fertilization in the nineteenth century.[1]

The process of fertilization[image: External link] involves a sperm fusing with an ovum. The most common sequence begins with ejaculation[image: External link] during copulation[image: External link], follows with ovulation, and finishes with fertilization. Various exceptions to this sequence are possible, including artificial insemination[image: External link], in vitro fertilization[image: External link], external ejaculation without copulation, or copulation shortly after ovulation.[2][3][4] Upon encountering the secondary oocyte, the acrosome of the sperm produces enzymes which allow it to burrow through the outer jelly coat[image: External link] of the egg. The sperm plasma then fuses with the egg's plasma membrane, the sperm head disconnects from its flagellum and the egg travels down the Fallopian tube to reach the uterus.

In vitro fertilization (IVF) is a process by which egg cells are fertilized by sperm outside the womb, in vitro[image: External link].
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 Corona radiata




The sperm binds through the corona radiata[image: External link], a layer of follicle cells on the outside of the secondary oocyte[image: External link]. Fertilization occurs when the nucleus of both a sperm and an egg fuse to form a diploid cell, known as zygote. The successful fusion of gametes forms a new organism.
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 Cone of attraction and perivitelline membrane




Where the spermatozoon is about to pierce, the yolk ( ooplasm[image: External link]) is drawn out into a conical elevation, termed the cone of attraction or reception cone. Once the spermatozoon has entered, the peripheral portion of the yolk changes into a membrane, the perivitelline membrane, which prevents the passage of additional spermatozoa.[5]
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Further information: Acrosome reaction


At the beginning of the process, the sperm undergoes a series of changes, as freshly ejaculated sperm is unable or poorly able to fertilize.[6] The sperm must undergo capacitation[image: External link] in the female's reproductive tract over several hours, which increases its motility and destabilizes its membrane, preparing it for the acrosome reaction, the enzymatic penetration of the egg's tough membrane, the zona pellucida, which surrounds the oocyte.
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 Zona pellucida




After binding to the corona radiata the sperm reaches the zona pellucida, which is an extra-cellular matrix of glycoproteins. A special complementary molecule on the surface of the sperm head binds to a ZP3 glycoprotein in the zona pellucida. This binding triggers the acrosome to burst, releasing enzymes that help the sperm get through the zona pellucida.

Some sperm cells consume their acrosome prematurely on the surface of the egg cell, facilitating the penetration by other sperm cells. As a population, sperm cells have on average 50% genome similarity so the premature acrosomal reactions aid fertilization by a member of the same cohort.[7] It may be regarded as a mechanism of kin selection[image: External link].

Recent studies have shown that the egg is not passive during this process.[8][9]
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 Cortical reaction




Once the sperm cells find their way past the zona pellucida, the cortical reaction occurs. Cortical granules inside the secondary oocyte fuse with the plasma membrane of the cell, causing enzymes inside these granules to be expelled by exocytosis to the zona pellucida. This in turn causes the glyco-proteins in the zona pellucida to cross-link with each other — i.e. the enzymes cause the ZP2 to hydrolyse[image: External link] into ZP2f — making the whole matrix hard and impermeable to sperm. This prevents fertilization of an egg by more than one sperm. The cortical reaction and acrosome reaction are both essential to ensure that only one sperm will fertilize an egg.[10]
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 Fusion




After the sperm enters the cytoplasm of the oocyte (also called ovocyte), the tail and the outer coating of the sperm disintegrate and the cortical reaction takes place, preventing other sperm from fertilizing the same egg. The oocyte now undergoes its second meiotic division producing the haploid ovum and releasing a polar body. The sperm nucleus then fuses with the ovum, enabling fusion of their genetic material.
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 Cell membranes




The cell membranes of the secondary oocyte and fusion of sperm takes place
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 Transformations




In preparation for the fusion of their genetic material both the oocyte and the sperm undergo transformations as a reaction to the fusion of cell membranes.

The oocyte[image: External link] completes its second meiotic division[image: External link]. This results in a mature ovum. The nucleus of the oocyte is called a pronucleus[image: External link] in this process, to distinguish it from the nuclei that are the result of fertilization.

The sperm's tail and mitochondria[image: External link] degenerate with the formation of the male pronucleus[image: External link]. This is why all mitochondria in humans are of maternal origin. Still, a considerable amount of RNA[image: External link] from the sperm is delivered to the resulting embryo and likely influences embryo development and the phenotype of the offspring.[11]
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 Replication




The pronuclei migrate toward the center of the oocyte, rapidly replicating their DNA[image: External link] as they do so to prepare the zygote for its first mitotic[image: External link] division.[12]
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 Mitosis




Usually 23 chromosomes from spermatozoon and 23 chromosomes from egg cell fuse[image: External link] (half of spermatozoons carry X chromosome and the other half Y chromosome[13]). Their membranes dissolve, leaving no barriers between the male and female chromosomes[image: External link]. During this dissolution, a mitotic spindle[image: External link] forms between them. The spindle captures the chromosomes before they disperse in the egg cytoplasm. Upon subsequently undergoing mitosis (which includes pulling of chromatids towards centrioles in anaphase) the cell gathers genetic material from the male and female together. Thus, the first mitosis of the union of sperm and oocyte is the actual fusion of their chromosomes.[12]

Each of the two daughter cells resulting from that mitosis has one replica of each chromatid that was replicated in the previous stage. Thus, they are genetically identical.


[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 Fertilization age




Fertilization is the event most commonly used to mark the zero point[image: External link] in descriptions of prenatal development of the embryo or fetus. The resultant age is known as fertilization age, fertilizational age, embryonic age, fetal age or (intrauterine) developmental (IUD)[14] age.

Gestational age[image: External link], in contrast, takes the beginning of the last menstrual period[image: External link] (LMP) as the zero point[image: External link]. By convention, gestational age is calculated by adding 14 days to fertilization age and vice versa.[15] In fact, however, fertilization usually occurs within a day of ovulation, which, in turn, occurs on average 14.6 days after the beginning of the preceding menstruation (LMP).[16] There is also considerable variability in this interval, with a 95% prediction interval[image: External link] of the ovulation of 9 to 20 days after menstruation even for an average woman who has a mean LMP-to-ovulation time of 14.6.[17] In a reference group representing all women, the 95% prediction interval of the LMP-to-ovulation is 8.2 to 20.5 days.[16]

Fertilization age is sometimes used postnatally (after birth) as well to estimate various risk factors. For example, it is a better predictor than postnatal age for risk of intraventricular hemorrhage[image: External link] in premature babies treated with extracorporeal membrane oxygenation[image: External link].[18]
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 Diseases




Various disorders can arise from defects in the fertilization process.


	
Polyspermy results from multiple sperm fertilizing an egg.



However, some researchers have found[citation needed[image: External link]] that in rare pairs of fraternal twins, their origin might have been from the fertilization of one egg cell from the mother and eight sperm cells from the father. This possibility has been investigated by computer simulations of the fertilization process.
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Spontaneous conception[image: External link], the unassisted conception of a subsequent child after prior use of assisted reproductive technology
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Childbirth






This article is about birth in humans. For birth in other mammals, see birth[image: External link].

Childbirth, also known as labour and delivery, is the ending of a pregnancy[image: External link] by one or more babies[image: External link] leaving a woman's uterus by vagina passage or C-section[image: External link].[4] In 2015 there were about 135 million births globally.[5] About 15 million were born before 37 weeks of gestation[image: External link],[6] while between 3 and 12% were born after 42 weeks[image: External link].[7] In the developed world[image: External link] most deliveries occur in hospital,[8][9] while in the developing world[image: External link] most births take place at home with the support of a traditional birth attendant[image: External link].[10]

The most common way of childbirth is a vaginal delivery[image: External link].[3] It involves three stages of labour: the shortening[image: External link] and opening of the cervix[image: External link], descent and birth[image: External link] of the baby, and the delivery of the placenta.[11] The first stage typically lasts twelve to nineteen hours, the second stage twenty minutes to two hours, and the third stage five to thirty minutes.[12] The first stage begins with crampy abdominal or back pains that last around half a minute and occur every ten to thirty minutes.[11] The crampy pains become stronger and closer together over time.[12] During the second stage pushing with contractions may occur.[12] In the third stage delayed clamping of the umbilical cord[image: External link] is generally recommended.[13] A number of methods can help with pain[image: External link] such as relaxation techniques, opioids[image: External link], and spinal blocks[image: External link].[12]

Most babies are born head first; however about 4% are born feet or buttock[image: External link] first, known as breech[image: External link].[12][14] During labour a woman can generally eat and move around as she likes, but pushing is not recommended during the first stage or during delivery of the head, and enemas[image: External link] are not recommended.[15] While making a cut to the opening of the vagina[image: External link] is common, known as an episiotomy[image: External link], it is generally not needed.[12] In 2012, about 23 million deliveries occurred by a surgical procedure known as Caesarean section[image: External link].[16] Caesarean sections may be recommended for twins[image: External link], signs of distress in the baby[image: External link], or breech position.[12] This method of delivery can take longer to heal from.[12]

Each year, complications from pregnancy and childbirth result in about 500,000 maternal deaths[image: External link], 7 million women have serious long term problems, and 50 million women have health negative outcomes following delivery.[2] Most of these occur in the developing world[image: External link].[2] Specific complications include obstructed labour[image: External link], postpartum bleeding[image: External link], eclampsia[image: External link], and postpartum infection[image: External link].[2] Complications in the baby include birth asphyxia[image: External link].[1]
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 Signs and symptoms




The most prominent sign of labour is strong repetitive uterine contractions. The distress levels reported by labouring women vary widely. They appear to be influenced by fear and anxiety levels, experience with prior childbirth, cultural ideas of childbirth and pain,[17][18] mobility during labour, and the support received during labour. Personal expectations, the amount of support from caregivers, quality of the caregiver-patient relationship, and involvement in decision-making are more important in women's overall satisfaction with the experience of childbirth than are other factors such as age, socioeconomic status, ethnicity, preparation, physical environment, pain, immobility, or medical interventions.[19]
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 Descriptions




Pain in contractions has been described as feeling similar to very strong menstrual cramps. Women are often encouraged to refrain from screaming, but moaning and grunting may be encouraged to help lessen pain. Crowning may be experienced as an intense stretching and burning. Even women who show little reaction to labour pains, in comparison to other women, show a substantially severe reaction to crowning.

Back labour[image: External link] is a term for specific pain occurring in the lower back, just above the tailbone[image: External link], during childbirth.[20]
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 Psychological




Childbirth can be an intense event and strong emotions, both positive and negative, can be brought to the surface. Abnormal and persistent fear of childbirth is known as tokophobia[image: External link].

During the later stages of gestation there is an increase in abundance of oxytocin[image: External link], a hormone that is known to evoke feelings of contentment, reductions in anxiety, and feelings of calmness and security around the mate.[21] Oxytocin is further released during labour when the fetus stimulates the cervix and vagina, and it is believed that it plays a major role in the bonding of a mother to her infant and in the establishment of maternal behavior. The act of nursing a child also causes a release of oxytocin.[22]

Between 70% and 80% of mothers in the United States report some feelings of sadness or "baby blues" after giving birth. The symptoms normally occur for a few minutes up to few hours each day and they should lessen and disappear within two weeks after delivery. Postpartum depression[image: External link] may develop in some women; about 10% of mothers in the United States are diagnosed with this condition. Preventive group therapy has proven effective as a prophylactic treatment for postpartum depression.[23][24]


[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 Vaginal birth




Further information: Vaginal delivery[image: External link]


Humans are bipedal with an erect stance. The erect posture causes the weight of the abdominal contents to thrust on the pelvic floor[image: External link], a complex structure which must not only support this weight but allow, in women, three channels to pass through it: the urethra[image: External link], the vagina[image: External link] and the rectum[image: External link]. The infant's head and shoulders must go through a specific sequence of maneuvers in order to pass through the ring of the mother's pelvis.

Six phases of a typical vertex (head-first presentation) delivery:


	
Engagement of the fetal head in the transverse position. The baby's head is facing across the pelvis at one or other of the mother's hips.

	
Descent and flexion[image: External link] of the fetal head.

	
Internal rotation. The fetal head rotates 90 degrees to the occipito-anterior position[image: External link] so that the baby's face is towards the mother's rectum.

	
Delivery by extension. The fetal head passes out of the birth canal. Its head is tilted forwards so that the crown of its head leads the way through the vagina.

	
Restitution. The fetal head turns through 45 degrees to restore its normal relationship with the shoulders, which are still at an angle.

	
External rotation. The shoulders repeat the corkscrew movements of the head, which can be seen in the final movements of the fetal head.



Station refers to the relationship of the fetal presenting part to the level of the ischial spines. When the presenting part is at the ischial spines the station is 0 (synonymous with engagement). If the presenting fetal part is above the spines, the distance is measured and described as minus stations, which range from −1 to −4 cm. If the presenting part is below the ischial spines, the distance is stated as plus stations ( +1 to +4 cm). At +3 and +4 the presenting part is at the perineum and can be seen.[25]

The fetal head may temporarily change shape substantially (becoming more elongated) as it moves through the birth canal. This change in the shape of the fetal head is called molding and is much more prominent in women having their first vaginal delivery.[26]
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 Onset of labour




There are various definitions of the onset of labour, including:


	Regular uterine contractions at least every six minutes with evidence of change in cervical dilation[image: External link] or cervical effacement[image: External link] between consecutive digital examinations.[27]


	Regular contractions occurring less than 10 min apart and progressive cervical dilation or cervical effacement.[28]


	At least 3 painful regular uterine contractions during a 10-minute period, each lasting more than 45 seconds.[29]




In order to avail for more uniform terminology, the first stage of labour is divided into "latent" and "active" phases, where the latent phase is sometimes included in the definition of labour,[30] and sometimes not.[31]

Some reports note that the onset of term labour more commonly takes place in the late night and early morning hours. This may be a result of a synergism between the nocturnal increase in melatonin[image: External link] and oxytocin[image: External link].[32]
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 First stage: latent phase




The latent phase of labour is also called the quiescent phase, prodromal labour[image: External link], or pre-labour. It is a subclassification of the first stage.[33]

The latent phase is generally defined as beginning at the point at which the woman perceives regular uterine contractions[image: External link].[34] In contrast, Braxton Hicks contractions[image: External link], which are contractions that may start around 26 weeks gestation and are sometimes called "false labour", should be infrequent, irregular, and involve only mild cramping.[35] The signaling mechanisms responsible for uterine coordination are complex. Electrical propagation is the primary mechanism used for signaling up to several centimeters. Over longer distances, however, signaling may involve a mechanical mechanism.[36]

Cervical effacement[image: External link], which is the thinning and stretching of the cervix[image: External link], and cervical dilation[image: External link] occur during the closing weeks of pregnancy[image: External link] and is usually complete or near complete, by the end of the latent phase.[37] The degree of cervical effacement may be felt during a vaginal examination. A 'long' cervix implies that effacement has not yet occurred. Latent phase ends with the onset of active first stage, and this transition is defined retrospectively.
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 First stage: active phase




The active stage of labour (or "active phase of first stage" if the previous phase is termed "latent phase of first stage") has geographically differing definitions. In the US, the definition of active labour was changed from 3 to 4 cm, to 5 cm of cervical dilation[image: External link] for multiparous women, mothers who had given birth previously, and at 6 cm for nulliparous women, those who had not given birth before.[38] This has been done in an effort to increase the rates of vaginal delivery.[39]

A definition of active labour in a British journal was having contractions more frequent than every 5 minutes, in addition to either a cervical dilation of 3 cm or more or a cervical effacement of 80% or more.[40]

In Sweden, the onset of the active phase of labour is defined as when two of the following criteria are met:[41]


	three to four contractions every ten minutes

	rupture of membranes[image: External link]

	cervical dilation of 3 to 4 cm



Health care providers may assess a labouring mother's progress in labour by performing a cervical exam to evaluate the cervical dilation, effacement, and station. These factors form the Bishop score[image: External link]. The Bishop score can also be used as a means to predict the success of an induction of labour[image: External link].

During effacement, the cervix becomes incorporated into the lower segment of the uterus. During a contraction, uterine muscles contract causing shortening of the upper segment and drawing upwards of the lower segment, in a gradual expulsive motion.[citation needed[image: External link]] The presenting fetal part then is permitted to descend. Full dilation is reached when the cervix has widened enough to allow passage of the baby's head, around 10 cm dilation for a term baby.

The duration of labour varies widely, but the active phase averages some 8 hours[42] for women giving birth to their first child ("primiparae") and shorter for women who have already given birth ("multiparae"). Active phase prolongation is defined as in a primigravid woman as the failure of the cervix to dilate at a rate of 1.2 cm/h over a period of at least two hours. This definition is based on Friedman's Curve, which plots the typical rate of cervical dilation and fetal descent during active labour.[43] Some practitioners may diagnose "Failure to Progress", and consequently, propose interventions to optimize chances for healthy outcome.[44]
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 Second stage: fetal expulsion




The expulsion stage (stimulated by prostaglandins[image: External link] and oxytocin[image: External link]) begins when the cervix is fully dilated, and ends when the baby is born. As pressure on the cervix increases, women may have the sensation of pelvic pressure and an urge to begin pushing. At the beginning of the normal second stage, the head is fully engaged in the pelvis; the widest diameter of the head has passed below the level of the pelvic inlet[image: External link]. The fetal head then continues descent into the pelvis, below the pubic arch and out through the vaginal introitus[image: External link] (opening). This is assisted by the additional maternal efforts of "bearing down" or pushing. The appearance of the fetal head at the vaginal orifice is termed the "crowning". At this point, the woman will feel an intense burning or stinging sensation.

When the amniotic sac has not ruptured during labour or pushing, the infant can be born with the membranes intact. This is referred to as "delivery en caul[image: External link]".

Complete expulsion of the baby signals the successful completion of the second stage of labour.

The second stage of birth will vary by factors including parity[image: External link] (the number of children a woman has had), fetal size, anesthesia, and the presence of infection. Longer labours are associated with declining rates of spontaneous vaginal delivery and increasing rates of infection, perineal laceration, and obstetric hemorrhage, as well as the need for intensive care of the neonate.[45]
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 Third stage: placenta delivery




Further information: Umbilical cord[image: External link] and Placental expulsion[image: External link]


The period from just after the fetus is expelled until just after the placenta is expelled is called the third stage of labour or the involution stage. Placental expulsion[image: External link] begins as a physiological separation from the wall of the uterus. The average time from delivery of the baby until complete expulsion of the placenta is estimated to be 10–12 minutes dependent on whether active or expectant management is employed.[46] In as many as 3% of all vaginal deliveries, the duration of the third stage is longer than 30 minutes and raises concern for retained placenta[image: External link].[47]

Placental expulsion can be managed actively or it can be managed expectantly, allowing the placenta to be expelled without medical assistance. Active management is described as the administration of a uterotonic[image: External link] drug within one minute of fetal delivery, controlled traction of the umbilical cord and fundal[image: External link] massage after delivery of the placenta, followed by performance of uterine massage every 15 minutes for two hours.[48] In a joint statement, World Health Organization[image: External link], the International Federation of Gynaecology and Obstetrics[image: External link] and the International Confederation of Midwives[image: External link] recommend active management of the third stage of labour in all vaginal deliveries to help to prevent postpartum hemorrhage[image: External link].[49][50][51]

Delaying the clamping of the umbilical cord[image: External link] until at least one minute after birth improves outcomes as long as there is the ability to treat jaundice[image: External link] if it occurs.[52] In some birthing centers[image: External link], this may be delayed by 5 minutes or more, or omitted entirely. Delayed clamping of the cord decreases the risk of anemia but may increase risk of jaundice. Clamping is followed by cutting of the cord, which is painless due to the absence of nerves[image: External link].
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 Fourth stage




Further information: Postnatal[image: External link]


The "fourth stage of labour" is the period beginning immediately after the birth of a child and extending for about six weeks. The terms postpartum[image: External link] and postnatal are often used to describe this period.[53] It is the time in which the mother's body, including hormone levels and uterus size, return to a non-pregnant state and the newborn adjusts to life outside the mother's body. The World Health Organization[image: External link] (WHO) describes the postnatal period as the most critical and yet the most neglected phase in the lives of mothers and babies; most deaths occur during the postnatal period.[54]

Following the birth, if the mother had an episiotomy[image: External link] or a tearing of the perineum[image: External link], it is stitched. The mother should have regular assessments for uterine contraction and fundal height[image: External link],[55] vaginal bleeding, heart rate and blood pressure, and temperature, for the first 24 hours after birth. The first passing of urine should be documented within 6 hours.[54] Afterpains (pains similar to menstrual cramps), contractions of the uterus to prevent excessive blood flow, continue for several days. Vaginal discharge, termed "lochia", can be expected to continue for several weeks; initially bright red, it gradually becomes pink, changing to brown, and finally to yellow or white.[56]

Most authorities suggest the infant be placed in skin-to-skin contact with the mother for 1 –2 hours immediately after birth, putting routine cares off till later.

Until recently babies born in hospitals were removed from their mothers shortly after birth and brought to the mother only at feeding times. Mothers were told that their newborn would be safer in the nursery and that the separation would offer the mother more time to rest. As attitudes began to change, some hospitals offered a "rooming in" option wherein after a period of routine hospital procedures and observation, the infant could be allowed to share the mother's room. However, more recent information has begun to question the standard practice of removing the newborn immediately postpartum for routine postnatal procedures before being returned to the mother. Beginning around 2000, some authorities began to suggest that early skin-to-skin contact (placing the naked baby on the mother's chest) may benefit both mother and infant. Using animal studies that have shown that the intimate contact inherent in skin-to-skin contact promotes neurobehaviors that result in the fulfillment of basic biological needs as a model, recent studies have been done to assess what, if any, advantages may be associated with early skin-to-skin contact for human mothers and their babies. A 2011 medical review looked at existing studies and found that early skin-to-skin contact, sometimes called kangaroo care[image: External link], resulted in improved breastfeeding[image: External link] outcomes, cardio-respiratory stability, and a decrease in infant crying. [57][58][59][needs update[image: External link]] A 2016 Cochrane review[image: External link] found that skin-to-skin contact at birth promotes the likelihood and effectiveness of breastfeeding. Evidence on physiological outcomes, such as crying or temperature is unclear.[60]

As of 2014, early postpartum skin-to-skin contact is endorsed by all major organizations that are responsible for the well-being of infants, including the American Academy of Pediatrics[image: External link].[61] The World Health Organization[image: External link] (WHO) states that "the process of childbirth is not finished until the baby has safely transferred from placental to mammary nutrition." They advise that the newborn be placed skin-to-skin with the mother, postponing any routine procedures for at least one to two hours. The WHO suggests that any initial observations of the infant can be done while the infant remains close to the mother, saying that even a brief separation before the baby has had its first feed can disturb the bonding process. They further advise frequent skin-to-skin contact as much as possible during the first days after delivery, especially if it was interrupted for some reason after the delivery.[62] The National Institute for Health and Care Excellence[image: External link] also advises postponing procedures such as weighing, measuring, and bathing for at least 1 hour to insure an initial period of skin-to-skin contact between mother and infant.[63]
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 Management




Deliveries are assisted by a number of professionals including: obstetricians[image: External link], family physicians[image: External link] and midwives[image: External link]. For low risk pregnancies all three result in similar outcomes.[64]
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 Preparation




Eating or drinking during labour is an area of ongoing debate. While some have argued that eating in labour has no harmful effects on outcomes,[65] others continue to have concern regarding the increased possibility of an aspiration event (choking on recently eaten foods) in the event of an emergency delivery due to the increased relaxation of the esophagus in pregnancy, upward pressure of the uterus on the stomach, and the possibility of general anesthetic in the event of an emergency cesarean.[66] A 2013 Cochrane review[image: External link] found that with good obstetrical anaesthesia there is no change in harms from allowing eating and drinking during labour in those who are unlikely to need surgery. They additionally acknowledge that not eating does not mean there is an empty stomach or that its contents are not as acidic. They therefore conclude that "women should be free to eat and drink in labour, or not, as they wish."[67]

At one time shaving of the area around the vagina[image: External link], was common practice due to the belief that hair removal reduced the risk of infection, made an episiotomy[image: External link] (a surgical cut to enlarge the vaginal entrance) easier, and helped with instrumental deliveries. It is currently less common, though it is still a routine procedure in some countries even though a systematic review found no evidence to recommend shaving.[68] Side effects appear later, including irritation, redness, and multiple superficial scratches from the razor. Another effort to prevent infection has been the use of the antiseptic chlorhexidine[image: External link] or providone-iodine solution[image: External link] in the vagina. Evidence of benefit with chlorhexidine is lacking.[69] A decreased risk is found with providone-iodine when a cesarean section is to be performed.[70]
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 Active management




Active management of labour consists of a number of care principles, including frequent assessment of cervical dilatation. If the cervix is not dilating, oxytocin is offered. This management results in a slightly reduced number of caesarean births, but does not change how many women have assisted vaginal births. 75% of women report that they are very satisfied with either active management or normal care.[71]
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 Labour induction and elective cesarean




In many cases and with increasing frequency, childbirth is achieved through induction of labour[image: External link] or caesarean section[image: External link]. Caesarean section is the removal of the neonate[image: External link] through a surgical[image: External link] incision in the abdomen[image: External link], rather than through vaginal[image: External link] birth.[72] Childbirth by C-Sections increased 50% in the U.S. from 1996 to 2006, and comprise nearly 32% of births in the U.S. and Canada.[72][73] Induced births and elective cesarean before 39 weeks can be harmful to the neonate as well as harmful or without benefit to the mother. Therefore, many guidelines recommend against non-medically required induced births and elective cesarean before 39 weeks.[74] The rate of labour induction in the United States is 22%, and has more than doubled from 1990 to 2006.[75][76]

Health conditions that may warrant induced labour or cesarean delivery include gestational or chronic hypertension, preeclampsia, eclampsia, diabetes, premature rupture of membranes, severe fetal growth restriction, and post-term pregnancy. Cesarean section too may be of benefit to both the mother and baby for certain indications including maternal HIV/AIDS, fetal abnormality, breech position, fetal distress, multiple gestations, and maternal medical conditions which would be worsened by labour or vaginal birth.

Pitocin is the most commonly used agent for induction in the United States, and is used to induce uterine contractions. Other methods of inducing labour include stripping of the amniotic membrane, artificial rupturing of the amniotic sac (called amniotomy[image: External link]), or nipple stimulation. Ripening of the cervix can be accomplished with the placement of a Foley catheter[image: External link] or the use of synthetic prostaglandins[image: External link] such as misoprostol[image: External link].[75] A large review of methods of induction was published in 2011.[77]

The American Congress of Obstetricians and Gynecologists[image: External link] (ACOG) guidelines recommend a full evaluation of the maternal-fetal status, the status of the cervix, and at least a 39 completed weeks (full term) of gestation for optimal health of the newborn when considering elective induction of labour. Per these guidelines, the following conditions may be an indication for induction, including:


	Abruptio placentae[image: External link]

	Chorioamnionitis[image: External link]

	Fetal compromise such as isoimmunization leading to hemolytic disease of the newborn[image: External link] or oligohydramnios[image: External link]


	Fetal demise

	Gestational hypertension[image: External link]

	Maternal conditions such as gestational diabetes[image: External link] or chronic kidney disease[image: External link]


	
Preeclampsia[image: External link] or eclampsia[image: External link]


	Premature rupture of membranes[image: External link]

	Postterm pregnancy



Induction is also considered for logistical reasons, such as the distance from hospital or psychosocial conditions, but in these instances gestational age confirmation must be done, and the maturity of the fetal lung must be confirmed by testing.

The ACOG also note that contraindications for induced labour are the same as for spontaneous vaginal delivery, including vasa previa[image: External link], complete placenta praevia[image: External link], umbilical cord prolapse[image: External link] or active genital herpes simplex[image: External link] infection.[78]
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 Pain control
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 Non pharmaceutical




Some women prefer to avoid analgesic[image: External link] medication during childbirth. Psychological preparation may be beneficial. A recent Cochrane overview of systematic reviews on non-drug interventions found that relaxation techniques, immersion in water, massage, and acupuncture[image: External link] may provide pain relief. Acupuncture and relaxation were found to decrease the number of caesarean sections required.[79] Immersion in water has been found to relieve pain during the first stage of labor and to reduce the need for anesthesia and shorten the duration of labor, however the safety and efficacy of immersion during birth, water birth[image: External link], has not been established or associated with maternal or fetal benefit.[80]

Some women like to have someone to support them during labour and birth; such as a midwife, nurse, or doula[image: External link]; or a lay person such as the father of the baby, a family member, or a close friend. Studies have found that continuous support during labor and delivery reduce the need for medication and a caesarean or operative vaginal delivery, and result in an improved Apgar score[image: External link] for the infant.[81][82]

The injection of small amounts of sterile water into or just below the skin at several points on the back has been a method tried to reduce labour pain, but no good evidence shows that it actually helps.[83]
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 Pharmaceutical




Different measures for pain control have varying degrees of success and side effects to the woman and her baby. In some countries of Europe, doctors commonly prescribe inhaled nitrous oxide[image: External link] gas for pain control, especially as 53% nitrous oxide, 47% oxygen, known as Entonox[image: External link]; in the UK, midwives may use this gas without a doctor's prescription. Opioids[image: External link] such as fentanyl[image: External link] may be used, but if given too close to birth there is a risk of respiratory depression in the infant.

Popular medical pain control in hospitals include the regional anesthetics epidurals[image: External link] (EDA), and spinal anaesthesia[image: External link]. Epidural analgesia is a generally safe and effective method of relieving pain in labour, but is associated with longer labour, more operative intervention (particularly instrument delivery), and increases in cost.[84] Generally, pain and stress hormones rise throughout labour for women without epidurals, while pain, fear, and stress hormones decrease upon administration of epidural analgesia, but rise again later.[85] Medicine administered via epidural can cross the placenta and enter the bloodstream of the fetus.[86] Epidural analgesia has no statistically significant impact on the risk of caesarean section, and does not appear to have an immediate effect on neonatal status as determined by Apgar scores.[87]
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 Augmentation




Augmentation is the process of facilitating further labour. Oxytocin[image: External link] has been used to increase the rate of vaginal delivery in those with a slow progress of labour.[88]

Administration of antispasmodics (e.g. hyoscine butylbromide[image: External link]) is not formally regarded as augmentation of labour; however, there is weak evidence that they may shorten labour.[89] There is not enough evidence to make conclusions about unwanted effects in mothers or babies.[89]
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 Episiotomy




Further information: Episiotomy[image: External link]


Vaginal tears can occur during childbirth, most often at the vaginal opening as the baby's head passes through, especially if the baby descends quickly. Tears can involve the perineal skin or extend to the muscles and the anal sphincter and anus. The midwife or obstetrician may decide to make a surgical cut to the perineum (episiotomy) to make the baby's birth easier and prevent severe tears that can be difficult to repair. A 2017 Cochrane review compared episiotomy as needed (restrictive) with routine episiotomy to determine the possible benefits and harms for mother and baby. The review found that restrictive episiotomy policies appeared to give a number of benefits compared with using routine episiotomy. Women experienced less severe perineal trauma, less posterior perineal trauma, less suturing and fewer healing complications at seven days with no difference in occurrence of pain, urinary incontinence, painful sex or severe vaginal/perineal trauma after birth.[90]
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 Instrumental delivery




Obstetric forceps[image: External link] or ventouse[image: External link] may be used to facilitate childbirth.
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 Multiple births




Main article: Multiple birth[image: External link]


In cases of a cephalic presenting twin (first baby head down), twins can often be delivered vaginally. In some cases twin delivery is done in a larger delivery room or in an operating theatre, in the event of complication e.g.


	Both twins born vaginally—this can occur both presented head first or where one comes head first and the other is breech and/or helped by a forceps/ventouse delivery

	One twin born vaginally and the other by caesarean section.

	If the twins are joined at any part of the body—called conjoined twins[image: External link], delivery is mostly by caesarean section.
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 Support




See also: Men's role in childbirth[image: External link]


Historically women have been attended and supported by other women during labour and birth. However currently, as more women are giving birth in a hospital rather than at home, continuous support has become the exception rather than the norm. When women became pregnant any time before the 1950s the husband would not be in the birthing room. It did not matter if it was a home birth; the husband was waiting downstairs or in another room in the home. If it was in a hospital then the husband was in the waiting room. "Her husband was attentive and kind, but, Kirby concluded, Every good woman needs a companion of her own sex."[91] Obstetric care frequently subjects women to institutional routines, which may have adverse effects on the progress of labour. Supportive care during labour may involve emotional support, comfort measures, and information and advocacy which may promote the physical process of labour as well as women's feelings of control and competence, thus reducing the need for obstetric intervention. The continuous support may be provided either by hospital staff such as nurses or midwives, doulas[image: External link], or by companions of the woman's choice from her social network. There is increasing evidence to show that the participation of the child's father in the birth leads to better birth and also post-birth outcomes, providing the father does not exhibit excessive anxiety.[92]

A recent Cochrane review involving more than 15,000 women in a wide range of settings and circumstances found that "Women who received continuous labour support were more likely to give birth 'spontaneously', i.e. give birth with neither caesarean nor vacuum nor forceps. In addition, women were less likely to use pain medications, were more likely to be satisfied, and had slightly shorter labours. Their babies were less likely to have low five-minute Apgar scores[image: External link]."[81]
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 Fetal monitoring
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 External monitoring




For monitoring[image: External link] of the fetus during childbirth, a simple pinard stethoscope[image: External link] or doppler fetal monitor[image: External link] (" doptone[image: External link]") can be used. A method of external (noninvasive) fetal monitoring[image: External link] (EFM) during childbirth is cardiotocography[image: External link], using a cardiotocograph that consists of two sensors: The heart (cardio) sensor is an ultrasonic sensor[image: External link], similar to a Doppler fetal monitor[image: External link], that continuously emits ultrasound and detects motion of the fetal heart by the characteristic of the reflected sound. The pressure-sensitive contraction transducer, called a tocodynamometer (toco) has a flat area that is fixated to the skin by a band around the belly. The pressure required to flatten a section of the wall correlates with the internal pressure, thereby providing an estimate of contraction.[93] Monitoring with a cardiotocograph can either be intermittent or continuous.
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 Internal monitoring




A mother's water has to break before internal (invasive) monitoring can be used. More invasive monitoring can involve a fetal scalp electrode[image: External link] to give an additional measure of fetal heart activity, and/or intrauterine pressure catheter[image: External link] (IUPC). It can also involve fetal scalp pH[image: External link] testing.


[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 Collecting stem cells




It is currently possible to collect two types of stem cells during childbirth: amniotic stem cells[image: External link] and umbilical cord blood[image: External link] stem cells.[94] They are being studied as possible treatments of a number of conditions.[94]
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 Complications




See also: Birth trauma (physical)[image: External link] and Childbirth-related posttraumatic stress disorder[image: External link]


The "natural" maternal mortality rate of childbirth—where nothing is done to avert maternal death—has been estimated at 1500 deaths per 100,000 births.[96] (See main articles: neonatal death[image: External link], maternal death[image: External link]). Each year about 500,000 women die due to pregnancy, 7 million have serious long term complications, and 50 million have negative outcomes following delivery.[2]

Modern medicine has decreased the risk of childbirth complications. In Western countries, such as the United States and Sweden, the current maternal mortality rate is around 10 deaths per 100,000 births.[96]:p.10 As of June 2011, about one third of American births have some complications, "many of which are directly related to the mother's health."[97]

Birthing complications may be maternal or fetal, and long term or short term.
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 Pre-term




Newborn mortality at 37 weeks may be 2.5 times the number at 40 weeks, and was elevated compared to 38 weeks of gestation. These "early term" births were also associated with increased death during infancy, compared to those occurring at 39 to 41 weeks ("full term").[74] Researchers found benefits to going full term and "no adverse effects" in the health of the mothers or babies.[74]

Medical researchers find that neonates born before 39 weeks experienced significantly more complications (2.5 times more in one study) compared with those delivered at 39 to 40 weeks. Health problems among babies delivered "pre-term" included respiratory distress, jaundice and low blood sugar.[74][98] The American Congress of Obstetricians and Gynecologists and medical policy makers review research studies and find increased incidence of suspected or proven sepsis, RDS, Hypoglycemia, need for respiratory support, need for NICU admission, and need for hospitalization > 4 – 5 days. In the case of cesarean sections, rates of respiratory death were 14 times higher in pre-labour at 37 compared with 40 weeks gestation, and 8.2 times higher for pre-labour cesarean at 38 weeks. In this review, no studies found decreased neonatal morbidity due to non-medically indicated (elective) delivery before 39 weeks.[74]
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 Labour complications




The second stage of labour may be delayed or lengthy due to:


	malpresentation (breech birth[image: External link] (i.e. buttocks or feet first), face, brow, or other)

	failure of descent of the fetal head through the pelvic brim or the interspinous diameter

	poor uterine contraction strength

	active phase arrest

	
cephalo-pelvic disproportion[image: External link] (CPD)

	shoulder dystocia[image: External link]



Secondary changes may be observed: swelling of the tissues, maternal exhaustion, fetal heart rate abnormalities. Left untreated, severe complications include death of mother and/or baby, and genitovaginal fistula[image: External link].
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 Obstructed labour




Main article: Obstructed labour[image: External link]


Obstructed labour, also known as labor dystocia, is when, even though the uterus is contracting normally, the baby does not exit the pelvis during childbirth due to being physically blocked.[99] Prolonged obstructed labor can result in obstetric fistula[image: External link], a complication of childbirth where tissue death preforates the rectum or bladder.
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 Maternal complications




Vaginal birth injury with visible tears[image: External link] or episiotomies[image: External link] are common. Internal tissue tearing as well as nerve damage to the pelvic structures lead in a proportion of women to problems with prolapse, incontinence of stool or urine and sexual dysfunction. Fifteen percent of women become incontinent, to some degree, of stool or urine after normal delivery, this number rising considerably after these women reach menopause. Vaginal birth injury is a necessary, but not sufficient, cause of all non hysterectomy related prolapse in later life. Risk factors for significant vaginal birth injury include:


	A baby weighing more than 9 pounds (4.1 kg).

	The use of forceps or vacuum for delivery. These markers are more likely to be signals for other abnormalities as forceps or vacuum are not used in normal deliveries.

	The need to repair large tears after delivery.



There is tentative evidence that antibiotics may help prevent wound infections in women with third or fourth degree tears.[100]

Pelvic girdle pain[image: External link]. Hormones and enzymes work together to produce ligamentous relaxation and widening of the symphysis pubis during the last trimester of pregnancy. Most girdle pain occurs before birthing, and is known as diastasis of the pubic symphysis. Predisposing factors for girdle pain include maternal obesity.

Infection remains a major cause of maternal mortality[image: External link] and morbidity in the developing world. The work of Ignaz Semmelweis[image: External link] was seminal in the pathophysiology and treatment of puerperal fever[image: External link] and saved many lives.

Hemorrhage[image: External link], or heavy blood loss, is still the leading cause of death of birthing mothers in the world today, especially in the developing world. Heavy blood loss leads to hypovolemic shock[image: External link], insufficient perfusion of vital organs and death if not rapidly treated. Blood transfusion may be life saving. Rare sequelae include Hypopituitarism[image: External link] Sheehan's syndrome[image: External link].

The maternal mortality rate (MMR) varies from 9 per 100,000 live births in the US and Europe to 900 per 100,000 live births in Sub-Saharan Africa[image: External link].[101] Every year, more than half a million women die in pregnancy or childbirth.[102]
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 Fetal complications
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 Mechanical fetal injury




Risk factors for fetal birth injury include fetal macrosomia[image: External link] (big baby), maternal obesity[image: External link], the need for instrumental delivery, and an inexperienced attendant. Specific situations that can contribute to birth injury include breech presentation and shoulder dystocia[image: External link]. Most fetal birth injuries resolve without long term harm, but brachial plexus injury[image: External link] may lead to Erb's palsy[image: External link] or Klumpke's paralysis[image: External link].[103]
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 Neonatal infection




Main article: Neonatal infection[image: External link]


Neonates are prone to infection in the first month of life. Some organisms such as S. agalactiae[image: External link] (Group B Streptococcus) or (GBS) are more prone to cause these occasionally fatal infections. Risk factors for GBS infection include:


	prematurity (birth before 37 weeks gestation)

	a sibling who has had a GBS[image: External link] infection

	prolonged labour or rupture of membranes



Untreated sexually transmitted infections are associated with congenital and perinatal infections in neonates, particularly in the areas where rates of infection remain high. The overall perinatal mortality rate associated with untreated syphilis, for example, is 30%.[105]
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 Neonatal death




Infant deaths (neonatal deaths from birth to 28 days, or perinatal deaths if including fetal deaths at 28 weeks gestation and later) are around 1% in modernized countries.

The most important factors affecting mortality in childbirth are adequate nutrition[image: External link] and access to quality medical care ("access" is affected both by the cost of available care, and distance from health services).[106]

A 1983–1989 study by the Texas Department of State Health Services[image: External link] highlighted the differences in neonatal mortality[image: External link] (NMR) between high risk and low risk pregnancies. NMR was 0.57% for doctor-attended high risk births, and 0.19% for low risk births attended by non-nurse midwives. Around 80% of pregnancies are low-risk. Factors that may make a birth high risk include prematurity, high blood pressure, gestational diabetes[image: External link] and a previous cesarean section[image: External link].
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 Intrapartum asphyxia




Intrapartum asphyxia is the impairment of the delivery of oxygen to the brain and vital tissues during the progress of labour. This may exist in a pregnancy already impaired by maternal or fetal disease, or may rarely arise de novo in labour. This can be termed fetal distress[image: External link], but this term may be emotive and misleading. True intrapartum asphyxia is not as common as previously believed, and is usually accompanied by multiple other symptoms during the immediate period after delivery. Monitoring might show up problems during birthing, but the interpretation and use of monitoring devices is complex and prone to misinterpretation. Intrapartum asphyxia can cause long-term impairment, particularly when this results in tissue damage through encephalopathy[image: External link].[107]
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 Society and culture




Further information: Ageing


Childbirth routinely occurs in hospitals in much of Western society. Before the 20th century and in some countries to the present day it has more typically occurred at home.[108]

In Western and other cultures, age is reckoned from the date of birth, and sometimes the birthday is celebrated annually. East Asian age reckoning[image: External link] starts newborns at "1", incrementing each Lunar New Year[image: External link].

Some families view the placenta as a special part of birth, since it has been the child's life support for so many months. The placenta may be eaten[image: External link] by the newborn's family, ceremonially or otherwise (for nutrition; the great majority of animals in fact do this naturally).[109] Most recently there is a category of birth professionals available who will encapsulate placenta for use as placenta medicine by postpartum mothers.

The exact location[image: External link] in which childbirth takes place is an important factor in determining nationality[image: External link], in particular for birth aboard aircraft and ships[image: External link].
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 Facilities




Following are facilities that are particularly intended to house women during childbirth:


	A labour ward, also called a delivery ward or labour and delivery, is generally a department of a hospital[image: External link] that focuses on providing health care[image: External link] to women and their children during childbirth. It is generally closely linked to the hospital's neonatal intensive care unit[image: External link] and/or obstetric surgery[image: External link] unit if present. A maternity ward or maternity unit may include facilities both for childbirth and for postpartum[image: External link] rest and observation of mothers in normal as well as complicated cases.

	A maternity hospital[image: External link] is a hospital that specializes in caring for women while they are pregnant and during childbirth and provide care for newborn infants,

	A birthing center[image: External link] generally presents a simulated home-like environment. Birthing centers may be located on hospital grounds or "free standing" (i.e., not hospital-affiliated).



In addition, it is possible to have a home birth[image: External link].
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 Associated professions




Different categories of birth attendants[image: External link] may provide support and care during pregnancy and childbirth, although there are important differences across categories based on professional training and skills, practice regulations, as well as nature of care delivered.

"Childbirth educators" are instructors who aim to educate pregnant women and their partners about the nature of pregnancy, labour signs and stages, techniques for giving birth, breastfeeding and newborn baby care. In the United States and elsewhere, classes for training as a childbirth educator can be found in hospital settings or through independent certifying organizations. Each organization teaches its own curriculum and each emphasizes different techniques.

Doulas[image: External link] are assistants who support mothers during pregnancy, labour, birth, and postpartum. They are not medical attendants; rather, they provide emotional support and non-medical pain relief for women during labour. Like childbirth educators and other assistive personnel[image: External link], certification to become a doula is not compulsory, thus, anyone can call themself a doula or a childbirth educator.

Confinement nannies are individuals who are employed to provide assistance and stay with the mothers at their home after childbirth. They are usually experienced mothers who took courses on how to take care of mothers and newborn babies.[110]

Midwives[image: External link] are autonomous practitioners who provide basic and emergency health care before, during and after pregnancy and childbirth, generally to women with low-risk pregnancies. Midwives are trained to assist during labour and birth, either through direct-entry or nurse-midwifery education programs. Jurisdictions where midwifery is a regulated profession will typically have a registering and disciplinary body for quality control, such as the American Midwifery Certification Board in the United States,[111] the College of Midwives of British Columbia (CMBC) in Canada[112][113] or the Nursing and Midwifery Council[image: External link] (NMC) in the United Kingdom.[114][115]

In jurisdictions where midwifery is not a regulated profession, traditional or lay midwives[image: External link] may assist women during childbirth, although they do not typically receive formal health care education and training.

Medical doctors[image: External link] who practice obstetrics[image: External link] include categorically specialized obstetricians[image: External link], family practitioners[image: External link] and general practitioners[image: External link] whose training, skills and practices include obstetrics, and in some contexts general surgeons[image: External link]. These physicians and surgeons variously provide care across the whole spectrum of normal and abnormal births and pathological labour conditions. Categorically specialized obstetricians are qualified surgeons[image: External link], so they can undertake surgical procedures relating to childbirth. Some family practitioners or general practitioners also perform obstetrical surgery. Obstetrical procedures include cesarean sections[image: External link], episiotomies[image: External link], and assisted delivery. Categorical specialists in obstetrics are commonly dually trained in obstetrics and gynecology (OB/GYN)[image: External link], and may provide other medical and surgical gynecological care, and may incorporate more general, well-woman, primary care[image: External link] elements in their practices. Maternal-fetal medicine[image: External link] specialists are obstetrician/gynecologists subspecialized in managing and treating high-risk pregnancy and delivery.

Anaesthetists[image: External link] or anesthesiologists[image: External link] are medical doctors[image: External link] who specialise in pain relief and the use of drugs to facilitate surgery and other painful procedures. They may contribute to the care of a woman in labour by performing epidurals[image: External link] or by providing anaesthesia[image: External link] (often spinal anaesthesia[image: External link]) for Cesarean section[image: External link] or forceps delivery[image: External link].

Obstetric[image: External link] nurses[image: External link] assist midwives, doctors, women, and babies before, during, and after the birth process, in the hospital system. Obstetric nurses hold various certifications[image: External link] and typically undergo additional obstetric training in addition to standard nursing training[image: External link].
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 Costs




According to a 2013 analysis performed commissioned by the New York Times and performed by Truven Healthcare Analytics, the cost of childbirth varies dramatically by country. In the United States the average amount actually paid by insurance companies or other payers in 2012 averaged $9,775 for an uncomplicated conventional delivery and $15,041 for a caesarean birth.[116] The aggregate charges of healthcare facilities for 4 million annual births in the United States was estimated at over $50 billion. The summed cost of prenatal care, childbirth, and newborn care came to $30,000 for a vaginal delivery and $50,000 for a caesarian section.

In the United States, childbirth hospital stays have some of the lowest ICU utilizations. Vaginal delivery with and without complicating diagnoses and caesarean section with and without comorbidities or major comorbidities account for four of the fifteen types of hospital stays with low rates of ICU utilization (where less than 20% of visits were admitted to the ICU). During stays with ICU services, approximately 20% of costs were attributable to the ICU.[117]

A 2013 study published in BMJ Open found widely varying costs by facility for childbirth expenses in California, varying from $3,296 to $37,227 for vaginal birth and from $8,312 to $70,908 for a caesarean birth.[118]

Beginning in 2014, the United Kingdom National Institute for Health and Care Excellence began recommending that many women give birth at home under the care of a midwife rather than an obstetrician, citing lower expenses and better healthcare outcomes.[119] The median cost associated with home birth was estimated to be about $1,500 vs. about $2,500 in hospital.[120]
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 See also






	
Advanced maternal age[image: External link], when a woman is of an older age at reproduction

	Antinatalism[image: External link]

	
Asynclitic birth[image: External link], an abnormal birth position

	Bradley method of natural childbirth[image: External link]

	Coffin birth[image: External link]

	Kangaroo care[image: External link]

	Lamaze[image: External link]

	Naegele's Rule to calculate the due date for a pregnancy[image: External link]

	Natalism[image: External link]

	Natural childbirth[image: External link]

	Obstetrical Dilemma[image: External link]

	Pre- and perinatal psychology[image: External link]

	Reproductive Health Supplies Coalition[image: External link]

	Traditional birth attendant[image: External link]

	Unassisted childbirth[image: External link]

	Vernix caseosa[image: External link]

	Water birth[image: External link]
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Language acquisition is the process by which humans acquire the capacity to perceive and comprehend language[image: External link], as well as to produce and use words[image: External link] and sentences[image: External link] to communicate. Language acquisition is one of the quintessential human traits,[1] because non-humans do not communicate by using language[image: External link].[2] Language acquisition usually refers to first-language acquisition, which studies infants' acquisition of their native language[image: External link]. This is distinguished from second-language acquisition[image: External link], which deals with the acquisition (in both children[image: External link] and adults) of additional languages.

The capacity to successfully use language requires one to acquire a range of tools including phonology[image: External link], morphology[image: External link], syntax[image: External link], semantics[image: External link], and an extensive vocabulary[image: External link]. Language can be vocalized as in speech, or manual as in sign[image: External link]. Human language capacity is represented in the brain. Even though human language capacity is finite, one can say and understand an infinite number of sentences, which is based on a syntactic principle called recursion[image: External link]. Evidence suggests that every individual has three recursive mechanisms that allow sentences to go indeterminately. These three mechanisms are: relativization, complementation and coordination.[3] Furthermore, there are actually two main guiding principles in first-language acquisition, that is, speech perception[image: External link] always precedes speech production[image: External link] and the gradually evolving system by which a child learns a language is built up one step at a time, beginning with the distinction between individual phonemes[image: External link].[4]



TOP
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 History




Philosophers in ancient societies were interested in how humans acquired the ability to understand and produce language well before empirical methods[image: External link] for testing those theories were developed, but for the most part they seemed to regard language acquisition as a subset of man's ability to acquire knowledge and learn concepts.[5] Some early observation-based ideas about language acquisition were proposed by Plato[image: External link], who felt that word-meaning mapping in some form was innate. Additionally, Sanskrit grammarians[image: External link] debated for over twelve centuries whether humans' ability to recognize the meaning of words was god-given (possibly innate) or passed down by previous generations and learned from already established conventions: a child learning the word for cow by listening to trusted speakers talking about cows.[6]

In a more modern context, empiricists, like Thomas Hobbes[image: External link] and John Locke[image: External link], argued that knowledge (and, for Locke, language) emerge ultimately from abstracted sense impressions. These arguments lean towards the "nurture" side of the argument: that language is acquired through sensory experience, which led to Rudolf Carnap[image: External link]'s Aufbau, an attempt to learn all knowledge from sense datum, using the notion of "remembered as similar" to bind them into clusters, which would eventually map into language.[7]

Proponents of behaviorism[image: External link] argued that language may be learned through a form of operant conditioning[image: External link]. In B. F. Skinner[image: External link]'s Verbal Behaviour[image: External link] (1957), he suggested that the successful use of a sign, such as a word or lexical unit[image: External link], given a certain stimulus, reinforces[image: External link] its "momentary" or contextual probability. Since operant conditioning is contingent on reinforcement by rewards, a child would learn that a specific combination of sounds stands for a specific thing through repeated successful associations made between the two. A "successful" use of a sign would be one in which the child is understood (for example, a child saying "up" when he or she wants to be picked up) and rewarded with the desired response from another person, thereby reinforcing the child's understanding of the meaning of that word and making it more likely that he or she will use that word in a similar situation in the future. Some empiricist[image: External link] theories of language acquisition include the statistical learning theory[image: External link]. Charles F. Hockett of language acquisition, relational frame theory[image: External link], functionalist linguistics[image: External link], social interactionist theory[image: External link], and usage-based language acquisition.

Skinner's behaviourist idea was strongly attacked by Noam Chomsky[image: External link] in a review article in 1959, calling it "largely mythology" and a "serious delusion."[8] Arguments against Skinner's idea of language acquisition through operant conditioning include the fact that children often ignore language corrections from adults. Instead, children typically follow a pattern of using an irregular form of a word correctly, making errors later on, and eventually returning to the proper use of the word. For example, a child may correctly learn the word "gave" (past tense of "give"), and later on use the word "gived". Eventually, the child will typically go back to learning the correct word, "gave". The pattern is difficult to attribute to Skinner's idea of operant conditioning as the primary way that children acquire language. Chomsky argued that if language were solely acquired through behavioral conditioning, children would not likely learn the proper use of a word and suddenly use the word incorrectly.[9] Chomsky believed that Skinner failed to account for the central role of syntactic knowledge in language competence. Chomsky also rejected the term "learning," which Skinner used to claim that children "learn" language through operant conditioning.[10] Instead, Chomsky argued for a mathematical approach to language acquisition, based on a study of syntax[image: External link].


[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 General approaches




A major debate in understanding language acquisition is how these capacities are picked up by infants from the linguistic input.[11] Input in the linguistic context[image: External link] is defined as "All words, contexts, and other forms of language to which a learner is exposed, relative to acquired proficiency in first or second languages[image: External link]". Nativists[image: External link] such as Noam Chomsky[image: External link] have focused on the hugely complex nature of human grammars, the finiteness and ambiguity of the input that children receive, and the relatively limited cognitive abilities[image: External link] of an infant. From these characteristics, they conclude that the process of language acquisition in infants must be tightly constrained and guided by the biologically given characteristics of the human brain. Otherwise, they argue, it is extremely difficult to explain how children, within the first five years of life, routinely master the complex, largely tacit grammatical rules[image: External link] of their native language.[12]

Other scholars, however, have resisted the possibility that infants' routine success at acquiring the grammar of their native language requires anything more than the forms of learning seen with other cognitive skills, including such mundane motor skills as learning to ride a bike. In particular, there has been resistance to the possibility that human biology includes any form of specialization for language. This conflict is often referred to as the "nature and nurture[image: External link]" debate. Of course, most scholars acknowledge that certain aspects of language acquisition must result from the specific ways in which the human brain is "wired" (a "nature" component, which accounts for the failure of non-human species to acquire human languages) and that certain others are shaped by the particular language environment in which a person is raised (a "nurture" component, which accounts for the fact that humans raised in different societies acquire different languages). The as-yet unresolved question is the extent to which the specific cognitive capacities in the "nature" component are also used outside of language.
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Main article: Social interactionist theory[image: External link]


Social interactionist theory is an explanation of language development[image: External link] emphasizing the role of social interaction between the developing child and linguistically knowledgeable adults. It is based largely on the socio-cultural theories of Soviet psychologist Lev Vygotsky[image: External link], and made prominent in the Western world by Jerome Bruner[image: External link].[13]

Unlike other approaches, it emphasizes the role of feedback and reinforcement in language acquisition. Specifically, it asserts that much of a child's linguistic growth stems from modeling of and interaction with parents and other adults, who very frequently provide instructive correction.[14] It is thus somewhat similar to behaviorist[image: External link] accounts of language, though it differs substantially in that it posits the existence of a social-cognitive model and other mental structures within children (a sharp contrast to the "black box[image: External link]" approach of classical behaviorism).

Another key idea within the theory of social interactionism is that of the zone of proximal development[image: External link]. Briefly, this is a theoretical construct denoting the set of tasks a child is capable of performing with guidance, but not alone.[15] As applied to language, it describes the set of linguistic tasks (proper syntax, suitable vocabulary usage, etc.) a child cannot carry out on their own at a given time, but can learn to carry out if assisted by an able adult.
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Main article: Relational frame theory[image: External link]


The relational frame theory[image: External link] (RFT) (Hayes, Barnes-Holmes, Roche, 2001), provides a wholly selectionist/learning account of the origin and development of language competence and complexity. Based upon the principles of Skinnerian[image: External link] behaviorism[image: External link], RFT posits that children acquire language purely through interacting with the environment. RFT theorists introduced the concept of functional contextualism[image: External link] in language learning, which emphasizes the importance of predicting and influencing psychological events, such as thoughts, feelings, and behaviors, by focusing on manipulable variables in their context. RFT distinguishes itself from Skinner's work by identifying and defining a particular type of operant conditioning[image: External link] known as derived relational responding, a learning process that, to date, appears to occur only in humans possessing a capacity for language. Empirical studies supporting the predictions of RFT suggest that children learn language via a system of inherent reinforcements, challenging the view that language acquisition is based upon innate, language-specific cognitive capacities.[16]
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Emergentist[image: External link] theories, such as MacWhinney's[image: External link] competition model[image: External link], posit that language acquisition is a cognitive process[image: External link] that emerges from the interaction of biological pressures and the environment. According to these theories, neither nature nor nurture alone is sufficient to trigger language learning; both of these influences must work together in order to allow children to acquire a language. The proponents of these theories argue that general cognitive processes subserve language acquisition and that the end result of these processes is language-specific phenomena, such as word learning[image: External link] and grammar acquisition[image: External link]. The findings of many empirical studies support the predictions of these theories, suggesting that language acquisition is a more complex process than many believe.[17]
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As syntax[image: External link] began to be studied more closely in the early 20th century, in relation to language learning, it became apparent to linguists, psychologists, and philosophers that knowing a language was not merely a matter of associating words with concepts, but that a critical aspect of language involves knowledge of how to put words together—sentences are usually needed in order to communicate successfully, not just isolated words.[5] A child will use short expressions such as Bye-bye Mummy or All-gone milk, which actually are combinations of individual nouns[image: External link] and an operator[image: External link],[18] before it begins to use gradually more complex sentences. In the 1990s within the Principles and Parameters[image: External link] framework, this hypothesis was extended into a maturation-based Structure building model of child language[image: External link] regarding the acquisition of functional categories. In this model, children are seen as gradually building up more and more complex structures, with Lexical categories (like noun and verb) being acquired before Functional-syntactic categories[image: External link] (like determiner and complementiser) (Andrew Radford[image: External link]).[19] When acquiring a language, it is also often found that the most frequently used verbs, such as those in the English language, are irregular verbs[image: External link]. These verbs do not follow the most regular pattern in order to form the past tense[image: External link]. Young children first begin to learn the past tense of verbs individually; however, when they acquire a "rule", such as adding -ed to form the past tense, they begin to exhibit occasional overgeneralization errors (e.g. "runned", "hitted") alongside correct past-tense forms. One influential proposal is that overregularization errors occur when the child does not succeed in retrieving an irregular past-tense form quickly enough from long-term memory: In both children and adults, when the speaker does not recall an irregular form, the regular rule applies.[20][21]
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Generative grammar[image: External link], associated especially with the work of Noam Chomsky[image: External link], is currently one of the approaches to children's acquisition of syntax.[22] The leading idea is that human biology imposes narrow constraints on the child's "hypothesis space" during language acquisition. In the principles and parameters[image: External link] framework, which has dominated generative syntax since Chomsky's (1980) Lectures on Government and Binding: The Pisa Lectures[image: External link], the acquisition of syntax resembles ordering from a menu: the human brain comes equipped with a limited set of choices, from which the child selects the correct options by using the parents' speech, in combination with the context.[23]

An important argument, which favors the generative approach, is the poverty of the stimulus[image: External link] argument. The child's input (a finite number of sentences encountered by the child, together with information about the context in which they were uttered) is, in principle, compatible with an infinite number of conceivable grammars. Moreover, few, if any, children can rely on corrective feedback[image: External link] from adults when they make a grammatical error, due to the fact that adults generally provide feedback regardless of whether a child's utterance was grammatical or not, and children have no way of discerning if a response was intended to be a correction.[ dubious[image: External link] – discuss[image: External link]][24][25] Yet barring situations of medical abnormality or extreme privation, all the children in a given speech-community converge on very much the same grammar by the age of about five years. An especially dramatic example is provided by children who, for medical reasons, are unable to produce speech and, therefore, can never be corrected for a grammatical error but nonetheless, converge on the same grammar as their typically developing peers, according to comprehension-based tests of grammar.[26][27]

Considerations such as those have led Chomsky, Jerry Fodor[image: External link], Eric Lenneberg[image: External link] and others to argue that the types of grammar the child needs to consider must be narrowly constrained by human biology (the nativist[image: External link] position).[28] These innate constraints are sometimes referred to as universal grammar[image: External link], the human "language faculty", or the "language instinct".[29]
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Although Chomsky's theory of a generative grammar[image: External link] has been enormously influential in the field of linguistics since the 1950s, many criticisms of the basic assumptions of generative theory have been put forth by cognitive-functional linguistics, who argue that language structure is created through language use.[30] These linguists argue that the concept of a language acquisition device[image: External link] (LAD) is unsupported by evolutionary anthropology, which tends to show a gradual adaptation of the human brain and vocal cords to the use of language, rather than a sudden appearance of a complete set of binary parameters delineating the whole spectrum of possible grammars ever to have existed and ever to exist.[31] On the other hand, cognitive-functional theorists use this anthropological data to show how human beings have evolved the capacity for grammar and syntax to meet our demand for linguistic symbols. (Binary parameters are common to digital computers, but may not be applicable to neurological systems such as the human brain.)[citation needed[image: External link]]

Further, the generative theory has several hypothetical constructs (such as movement, empty categories, complex underlying structures, and strict binary branching) that cannot possibly be acquired from any amount of linguistic input. It is unclear that human language is actually anything like the generative conception of it. Since language, as imagined by nativists, is unlearnably complex,[citation needed[image: External link]] subscribers to this theory argue that it must, therefore, be innate.[citation needed[image: External link]] A different theory of language, however, may yield different conclusions. While all theories of language acquisition posit some degree of innateness, a less convoluted theory might involve less innate structure and more learning. Under such a theory of grammar, the input, combined with both general and language-specific learning capacities, might be sufficient for acquisition.[citation needed[image: External link]]

Since 1980, linguists studying children, such as Melissa Bowerman[image: External link],[32] and psychologists following Jean Piaget[image: External link], like Elizabeth Bates[image: External link][33] and Jean Mandler, came to suspect that there may indeed be many learning processes involved in the acquisition process, and that ignoring the role of learning may have been a mistake.[citation needed[image: External link]]

In recent years, the debate surrounding the nativist position has centered on whether the inborn capabilities are language-specific or domain-general, such as those that enable the infant to visually make sense of the world in terms of objects and actions. The anti-nativist view has many strands, but a frequent theme is that language emerges from usage in social contexts, using learning mechanisms that are a part of a general cognitive learning apparatus (which is what is innate). This position has been championed by David M. W. Powers,[34] Elizabeth Bates[image: External link],[35] Catherine Snow[image: External link], Anat Ninio[image: External link], Brian MacWhinney[image: External link], Michael Tomasello[image: External link],[36] Michael Ramscar,[37] William O'Grady,[38] and others. Philosophers, such as Fiona Cowie[39] and Barbara Scholz with Geoffrey Pullum[image: External link][40] have also argued against certain nativist claims in support of empiricism.

The new field of cognitive linguistics[image: External link] has emerged as a specific counter to Chomskian Generative Grammar and Nativism.
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Main article: Statistical learning in language acquisition[image: External link]


Some language acquisition researchers, such as Elissa Newport[image: External link], Richard Aslin, and Jenny Saffran[image: External link], emphasize the possible roles of general learning[image: External link] mechanisms, especially statistical learning, in language acquisition. The development of connectionist[image: External link] models that are able to successfully learn words and syntactical conventions[41] supports the predictions of statistical learning theories of language acquisition, as do empirical studies of children's detection of word boundaries.[42]

Statistical learning[image: External link] theory suggests that, when learning language, a learner would use the natural statistical properties of language to deduce its structure, including sound patterns, words, and the beginnings of grammar.[43] That is, language learners are sensitive to how often syllable[image: External link] combinations or words occur in relation to other syllables.[44][45][46] Infants between 21 months and 23 months old are also able to use statistical learning to develop "lexical categories," such as an animal category, which infants might later map to newly learned words in the same category. These findings suggest that early experience listening to language is critical to vocabulary acquisition.[47]

The statistical abilities are effective, but also limited by what qualifies as input, what is done with that input, and by the structure of the resulting output.[43] One should also note that statistical learning (and more broadly, distributional learning) can be accepted as a component of language acquisition by researchers on either side of the "nature and nurture" debate. From the perspective of that debate, an important question is whether statistical learning can, by itself, serve as an alternative to nativist explanations for the grammatical constraints of human language.
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Chunking theories of language acquisition constitute a group of theories related to statistical learning theories, in that they assume the input from the environment plays an essential role; however, they postulate different learning mechanisms. The central idea of these theories is that language development occurs through the incremental acquisition of meaningful chunks[image: External link] of elementary constituents[image: External link], which can be words, phonemes[image: External link], or syllables. Recently, this approach has been highly successful in simulating several phenomena in the acquisition of syntactic categories[image: External link][48] and the acquisition of phonological knowledge.[49] The approach has several features that make it unique: the models are implemented as computer programs, which enables clear-cut and quantitative predictions to be made; they learn from naturalistic input, made of actual child-directed utterances; they produce actual utterances, which can be compared with children's utterances; and they have simulated phenomena in several languages, including English, Spanish, and German.[citation needed[image: External link]]

Researchers at the Max Planck Institute for Evolutionary Anthropology[image: External link] have developed a computer model analyzing early toddler conversations to predict the structure of later conversations. They showed that toddlers develop their own individual rules for speaking with slots, into which they could put certain kinds of words. A significant outcome of the research was that rules inferred from toddler speech were better predictors of subsequent speech than traditional grammars.[50]
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Recent advances in functional neuroimaging technology[image: External link] have allowed for a better understanding of how language acquisition is manifested physically in the brain. Language acquisition almost always occurs in children during a period of rapid increase in brain volume. At this point in development, a child has many more neural connections than he or she will have as an adult, allowing for the child to be more able to learn new things than he or she would be as an adult.[51]
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Main articles: Sensitive periods § Language[image: External link], and Critical period hypothesis[image: External link]


Language acquisition has been studied from the perspective of developmental psychology and neuroscience[image: External link],[52] which looks at learning to use and understand language parallel to a child's brain development. It has been determined, through empirical research on developmentally normal children, as well as through some extreme cases of language deprivation, that there is a "sensitive period[image: External link]" of language acquisition in which human infants have the ability to learn any language. Several findings have observed that from birth until the age of six months, infants can discriminate the phonetic contrasts of all languages. Researchers believe that this gives infants the ability to acquire the language spoken around them. After such an age, the child is able to perceive only the phonemes specific to the language learned. The reduced phonemic sensitivity enables children to build phonemic categories and recognize stress patterns and sound combinations specific to the language they are acquiring.[53] As Wilder Penfield noted, "Before the child begins to speak and to perceive, the uncommitted cortex is a blank slate on which nothing has been written. In the ensuing years much is written, and the writing is normally never erased. After the age of ten or twelve, the general functional connections have been established and fixed for the speech cortex." According to the sensitive or critical period models, the age at which a child acquires the ability to use language is a predictor of how well he or she is ultimately able to use language.[54] However, there may be an age at which becoming a fluent and natural user of a language is no longer possible; Penfield and Roberts (1959) cap their sensitive period at 9 years old.[citation needed[image: External link]] Our brains may be automatically wired to learn languages,[citation needed[image: External link]] but the ability does not last into adulthood in the same way that it exists during development.[citation needed[image: External link]] By the onset of puberty (around age 12), language acquisition has typically been solidified and it becomes more difficult to learn a language in the same way a native speaker would.[citation needed[image: External link]] Just like children who speak vocally, deaf children go through the same critical period. Deaf children who acquire their first language later in life show lower performance in complex aspects of grammar.[55] At this point, it is usually a second language that a person is trying to acquire and not a first.[12]

Assuming that children are exposed to language during the critical period,[56] it is almost never missed by cognitively normal children—humans are so well prepared to learn language that it becomes almost impossible not to. Researchers are unable to experimentally test the effects of the sensitive period of development on language acquisition, because it would be unethical to deprive children of language until this period is over. However, case studies on abused, language deprived[image: External link] children[image: External link] show that they were extremely limited in their language skills, even after instruction.[57]

At a very young age, children can already distinguish between different sounds but cannot produce them yet. However, during infancy, children begin to babble. Deaf babies babble in the same order when hearing sounds as non-deaf babies do, thus showing that babbling is not caused by babies simply imitating certain sounds, but is actually a natural part of the process of language development. However, deaf babies do often babble less than non-deaf babies and they begin to babble later on in infancy (begin babbling at 11 months as compared to 6 months) when compared to non-deaf babies.[58]

Studies published in 2013 have pushed serious language acquisition back into the fetus' intrauterine[image: External link] life.


A fetus begins to hear between 24 and 27 weeks. It has [as of 2015] been known for a decade that fetuses learn general features of their native language, such as rhythm[image: External link] and intonation[image: External link], but two studies, in 2013, confirmed that they also pick up distinct words[image: External link] and syllables[image: External link]. Brain[image: External link] activity of newborns[image: External link] in one of those studies revealed that they recognized three-syllable nonsense words that had been repeatedly played in their environment prior to birth, but newborns who were never exposed to the words were indifferent.[59][60]
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The capacity to acquire the ability to incorporate the pronunciation of new words depends upon many factors. Before anything the learner needs to be able to hear what they are attempting to pronounce. Another is the capacity to engage in speech repetition[image: External link].[61][62][63][64] Children with reduced abilities to repeat nonwords (a marker of speech repetition abilities) show a slower rate of vocabulary expansion than children for whom this is easy.[65] It has been proposed that the elementary units of speech have been selected to enhance the ease with which sound and visual input can be mapped into motor vocalization.[66] Several computational models of vocabulary acquisition have been proposed so far.[67][68][69][70][71][72][73] Various studies have shown that the size of a child's vocabulary by the age of 24 months correlates with the child's future development and language skills. A lack of language richness by this age has detrimental and long-term effects on the child's cognitive development, which is why it is so important for parents to engage their infants in language. If a child knows fifty words or less by the age of 24 months, he or she is classified as a late-talker[image: External link] and future language development, like vocabulary expansion and the organization of grammar, is likely to be slower and stunted.[citation needed[image: External link]]

Two more crucial elements of vocabulary acquisition are word segmentation and statistical learning (described above). Word segmentation, or the segmentation of words and syllables from fluent speech can be accomplished by eight-month-old infants.[44] By the time infants are 17-months-old, they are able to link meaning to segmented words.[45]

Recent evidence also suggests that motor skills and experiences may influence vocabulary acquisition during infancy. Specifically, learning to sit independently between 3 and 5 months has been found to predict receptive vocabulary at both 10 and 14 months of age,[74] and independent walking skills have been found to correlate with language skills around 10 to 14 months of age.[75][76] These findings show that language acquisition is an embodied process that is influenced by a child’s overall motor abilities and development.
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Children learn, on average, ten to fifteen new word meanings each day, but only one of these words can be accounted for by direct instruction.[77] The other nine to fourteen word meanings need to be picked up in some other way. It has been proposed that children acquire these meanings with the use of processes modeled by latent semantic analysis[image: External link]; that is, when they meet an unfamiliar word, children can use information in its context to correctly guess its rough area of meaning.[77] A child may expand the meaning and use of certain words that are already part of its mental lexicon[image: External link] in order to denominate anything that is somehow related but for which it does not know the specific words yet. For instance, a child may broaden the use of mummy and dada in order to indicate anything that belongs to its mother or father, or perhaps every person who resembles its own parents, or say rain while meaning I don't want to go out.[78]

There is also reason to believe that children use various heuristics[image: External link] to properly infer the meaning of words. Markman[image: External link] and others have proposed that children assume words to refer to objects with similar properties ("cow" and "pig" might both be "animals") rather than to objects that are thematically related ("cow" and "milk" are probably not both "animals").[79] Children also seem to adhere to the "whole object assumption" and think that a novel label refers to an entire entity rather than one of its parts.[79]
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According to several linguists, neurocognitive research has confirmed many standards of language learning, such as: "learning engages the entire person (cognitive, affective, and psychomotor domains), the human brain seeks patterns in its searching for meaning, emotions affect all aspects of learning, retention and recall, past experience always affects new learning, the brain's working memory has a limited capacity, lecture usually results in the lowest degree of retention, rehearsal is essential for retention, practice [alone] does not make perfect, and each brain is unique" (Sousa, 2006, p. 274). In terms of genetics, the gene ROBO1[image: External link] has been associated with phonological buffer integrity or length.[80]

Although it is difficult to determine without invasive measures which exact parts of the brain become most active and important for language acquisition, fMRI[image: External link] and PET[image: External link] technology has allowed for some conclusions to be made about where language may be centered. Kuniyoshi Sakai[image: External link] proposed, based on several neuroimaging studies, that there may be a "grammar center", where language is primarily processed in the left lateral premotor cortex[image: External link] (located near the pre central sulcus and the inferior frontal sulcus[image: External link]). Additionally, these studies proposed that first language and second-language acquisition may be represented differently in the cortex[image: External link].[12] In a study conducted by Newman et al., the relationship between cognitive neuroscience and language acquisition was compared through a standardized test procedure involving native speakers of English and native Spanish speakers who have all had a similar amount of exposure to the English language(averaging about 26 years). Even the number of times an examinee blinked was taken into account during the examination process. It was concluded that the brain does in fact process languages differently, but instead of it being directly related to proficiency levels, it is more so about how the brain processes language itself.[81]

During early infancy, language processing seems to occur over many areas in the brain. However, over time, it gradually becomes concentrated into two areas – Broca's area[image: External link] and Wernicke's area[image: External link]. Broca's area is in the left frontal cortex[image: External link] and is primarily involved in the production of the patterns in vocal and sign language. Wernicke's area is in the left temporal cortex[image: External link] and is primarily involved in language comprehension. The specialization of these language centers is so extensive that damage to them results in a critical condition known as aphasia[image: External link].[82]
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The capacity to acquire and use language is a key aspect that distinguishes humans[image: External link] from other beings. Although it is difficult to pin down what aspects of language are uniquely human, there are a few design features that can be found in all known forms of human language, but that are missing from forms of animal communication[image: External link]. For example, many animals are able to communicate with each other by signaling to the things around them, but this kind of communication lacks the arbitrariness of human vernaculars (in that there is nothing about the sound of the word "dog" that would hint at its meaning). Other forms of animal communication may utilize arbitrary sounds, but are unable to combine those sounds in different ways to create completely novel messages that can then be automatically understood by another. Hockett[image: External link] called this design feature of human language "productivity". It is crucial to the understanding of human language acquisition that we are not limited to a finite set of words, but, rather, must be able to understand and utilize a complex system that allows for an infinite number of possible messages. So, while many forms of animal communication exist, they differ from human languages in that they have a limited range of vocabulary tokens, and the vocabulary items are not combined syntactically to create phrases.[36]
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Main article: prelingual deafness[image: External link]


Prelingual deafness is defined as hearing loss that occurred at birth or before an individual has learned to speak. In the United States, three out of every 1000 children are born deaf or hard of hearing. Treatment options include using hearing aids to strengthen remaining sensory cells or cochlear implants[image: External link] to stimulate the hearing nerve directly.[83] Despite these developments, most prelingually deaf children are unlikely to develop good speech and speech reception skills. However, deaf children of deaf parents tend to do better with language, even though they are isolated from sound and speech. Humans are biologically equipped for language, which is not limited to spoken language only. Even though it might be presumed that deaf children acquire language in different ways since they are not receiving the same input as hearing children, many research findings indicate that deaf children acquire language in the same way that hearing children do.[84] Babies who learn sign language produce signs or gestures that are more regular and more frequent than hearing babies acquiring spoken language.[85] Just as hearing babies babble, deaf babies acquiring sign language will babble with their hands.[85] Therefore, the acquisition of sign language seems to have the same developmental track that is seen in hearing children acquiring spoken language.

Due to recent advances in technology, cochlear implants allow some deaf people to interact with others more efficiently. There are interior and exposed components that require a medical procedure. Especially those who receive cochlear implants earlier in life show improvements.[86] Spoken language development varies widely for those with cochlear implants due to a number of different factors including: age at implantation, frequency, quality and type of speech training.[86] Some evidence suggests that speech processing occurs at a more rapid pace in some pre-lingually deaf children with cochlear implants than those with traditional hearing aids.[86]
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Puberty






"Pubescent" redirects here. For the botanical term, see Leaf § Surface[image: External link].

"Sexual development" redirects here. For sexual development of non-human organisms, see Sexual maturity[image: External link].

Puberty is the process of physical changes through which a child's body[image: External link] matures into an adult body capable of sexual reproduction[image: External link]. It is initiated by hormonal signals from the brain[image: External link] to the gonads[image: External link]: the ovaries[image: External link] in a girl, the testes[image: External link] in a boy. In response to the signals, the gonads produce hormones that stimulate libido[image: External link] and the growth, function, and transformation of the brain, bones, muscle, blood[image: External link], skin[image: External link], hair[image: External link], breasts[image: External link], and sex organs[image: External link]. Physical growth—height and weight—accelerates in the first half of puberty and is completed when an adult body has been developed. Until the maturation of their reproductive capabilities, the pre-pubertal physical differences between boys and girls are the external sex organs.

On average, girls begin puberty around ages 10–11 and end puberty around 15-17; boys begin around ages 11–12 and end around 16-17.[1][2][3][4][5] The major landmark of puberty for females is menarche[image: External link], the onset of menstruation, which occurs on average between ages 12–13;[6][7][8][9] for males, it is the first ejaculation[image: External link], which occurs on average at age 13.[10] In the 21st century, the average age at which children, especially girls, reach puberty is lower compared to the 19th century, when it was 15 for girls and 16 for boys.[11] This can be due to any number of factors, including improved nutrition resulting in rapid body growth, increased weight and fat deposition,[12] or exposure to endocrine disruptors[image: External link] such as xenoestrogens[image: External link], which can at times be due to food consumption or other environmental factors.[13][14] Puberty which starts earlier than usual is known as precocious puberty[image: External link]. Puberty which starts later than usual is known as delayed puberty[image: External link].

Notable among the morphologic[image: External link] changes in size, shape, composition, and functioning of the pubertal body, is the development of secondary sex characteristics[image: External link], the "filling in" of the child's body; from girl to woman, from boy to man. Derived from the Latin puberatum (age of maturity), the word puberty describes the physical changes to sexual maturation, not the psychosocial[image: External link] and cultural maturation denoted by the term adolescent development in Western culture[image: External link], wherein adolescence is the period of mental transition from childhood to adulthood, which overlaps much of the body's period of puberty.[15]
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 Differences between male and female puberty






Two of the most significant differences between puberty in girls and puberty in boys are the age at which it begins, and the major sex steroids[image: External link] involved, the testosterones and the estrogens.

Although there is a wide range of normal ages, girls typically begin the process of puberty at age 10 or 11; boys at ages 11–12.[1][2] Girls usually complete puberty by ages 15–17,[2][3][4] while boys usually complete puberty by ages 16–17.[2][3][5] Girls attain reproductive maturity about four years after the first physical changes of puberty appear.[4] In contrast, boys accelerate more slowly but continue to grow for about six years after the first visible pubertal changes.[16] Any increase in height beyond the post-pubertal age is uncommon.

For boys, an androgen[image: External link] called testosterone[image: External link] is the principal sex hormone[image: External link]. While testosterone is produced, all boys' changes are characterized as virilization[image: External link], a substantial product of testosterone metabolism in males is estradiol. The conversion of testosterone to estradiol depends on the amount of body fat and estradiol levels in boys are typically much lower than in girls. The male "growth spurt" also begins later, accelerates more slowly, and lasts longer before the epiphyses[image: External link] fuse. Although boys are on average 2 centimetres (0.8 in) shorter than girls before puberty begins, adult men are on average about 13 centimetres (5.1 in) taller than women. Most of this sex difference in adult heights is attributable to a later onset of the growth spurt and a slower progression to completion, a direct result of the later rise and lower adult male levels of estradiol.[17]

The hormone that dominates female development is an estrogen[image: External link] called estradiol[image: External link]. While estradiol promotes growth of the breasts and uterus, it is also the principal hormone driving the pubertal growth spurt and epiphyseal[image: External link] maturation and closure.[18] Estradiol levels rise earlier and reach higher levels in women than in men.

The hormonal maturation of females is considerably more complicated than in boys. The main steroid hormones[image: External link], testosterone, estradiol, and progesterone as well as prolactin[image: External link] play important physiological functions in puberty. Gonadal steroidgenesis in girls starts with production of testosterone which is typically quickly converted to estradiol inside the ovaries. However the rate of conversion from testosterone to estradiol (driven by FSH/LH balance) during early puberty is highly individual, resulting in very diverse development patterns of secondary sexual characteristics[image: External link]. Production of progesterone in the ovaries begins with the development of ovulatory cycles in girls (during the lutheal phase of the cycle), before puberty low levels of progesterone[image: External link] are produced in the adrenal glands of both boys and girls.
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 Puberty onset




Puberty is preceded by adrenarche[image: External link], marking an increase of adrenal androgen production between ages 6–10. Adrenarche is sometimes accompanied by the early appearance of axillary and pubic hair. The first androgenic hair resulting from adrenarche can be also transient and disappear before the onset of true puberty.

The onset of puberty is associated with high GnRH[image: External link] pulsing, which precedes the rise in sex hormones, LH[image: External link] and FSH[image: External link].[19] Exogenous GnRH pulses cause the onset of puberty.[20] Brain tumors which increase GnRH output may also lead to premature puberty.[21]

The cause of the GnRH rise is unknown. Leptin[image: External link] might be the cause of the GnRH rise. Leptin has receptors in the hypothalamus which synthesizes GnRH.[22] Individuals who are deficient in leptin fail to initiate puberty.[23] The levels of leptin increase with the onset of puberty, and then decline to adult levels when puberty is completed. The rise in GnRH might also be caused by genetics. A study[24] discovered that a mutation in genes encoding both Neurokinin B[image: External link] as well as the Neurokinin B receptor can alter the timing of puberty. The researchers hypothesized that Neurokinin B might play a role in regulating the secretion of Kisspeptin[image: External link], a compound responsible for triggering direct release of GnRH[image: External link] as well as indirect release of LH[image: External link] and FSH[image: External link].
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 Effects of early and late puberty onset




Several studies about puberty have examined the effects of an early or a late onset of puberty in males and females. In general, girls who enter puberty late experience positive outcomes in adolescence and adulthood while girls who enter puberty early experience negative outcomes. Boys who have earlier pubertal timing generally have more positive outcomes in adulthood but more negative outcomes in adolescence, while the reverse is true for later pubertal timing.[25]
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 Girls




Outcomes have generally indicated that early onset of puberty in girls can be psychologically damaging. The main reason for this detrimental effect is the issue of body image[image: External link]. As they physically develop, gaining weight in several areas of the body, early-maturing girls usually look larger than girls who have not yet entered puberty. A result of the social pressure to be thin, the early-maturing girls develop a negative view of their body image. In addition, boys may tease the girls about their visible breasts, forcing the early-maturing girl to hide her breasts by dressing differently. Embarrassment about a more developed body may also result in the refusal to undress for gym. These experiences lead to lower self-esteem, more depression and poorer body image in these early-maturing girls.[25]

Furthermore, as physical and emotional differences set them apart from people in their same age group, early-maturing girls develop relationships with older people. For instance, some early-maturing girls have older boyfriends, "attracted to the girls' womanly figure and girlish innocence."[25] While having an older boyfriend might improve popularity among peers, it also increases the risk of alcohol and drug use, increased sexual relations (often unprotected), eating disorders and bullying.[25]

Generally, later onset of puberty in girls produces positive outcomes. They exhibit positive behaviors in adolescence that continue to adulthood.[25]
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 Boys




In the past, early onset of puberty in boys has been associated with positive outcomes, such as leadership in high school and success in adulthood.[26] However, recent studies have revealed that the risks and problems of early maturation in males might outweigh the benefits.[25]

Early-maturing boys develop "more aggressive, law-breaking, and alcohol abusing" behaviors, which result in anger towards parents and trouble in school and with the police. Early puberty also correlates with increased sexual activity and a higher instance of teenage pregnancy, both of which can lead to depression and other psychosocial issues.[25] However, early puberty might also result in positive outcomes, such as popularity among peers, higher self-esteem and confidence, as a result of physical developments, such as taller height, developed muscles, and better athletic ability.

On the other hand, late-maturing boys develop lower self-esteem and confidence and generally have lower popularity among peers, due to their less-developed physiques. Also, they experience problems with anxiety and depression and are more likely to be afraid of sex than other boys.[25]
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 Changes in males




See also: Tanner scale[image: External link]
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 Size and virility




In boys, testicular enlargement is the first physical manifestation of puberty (and is termed gonadarche[image: External link]).[27] Testes[image: External link] in prepubertal boys change little in size from about 1 year of age to the onset of puberty, averaging about 2–3 cm in length and about 1.5–2 cm in width. The size of the testicles is among the parameters of the Tanner scale for male genitals[image: External link], from stage I which represents a volume of less than 1.5 ml, to stage V which represents a testicular volume of greater than 20 ml. Testicular size reaches maximal adult size about 6 years after the onset of puberty. After the boy's testicles have enlarged and developed for about one year, the length and then the breadth of the shaft of the penis[image: External link] will increase and the glans penis[image: External link] and corpora cavernosa will also start to enlarge to adult proportions.[28] While 18–20 cm3 is an average adult size, there is wide variation in testicular size in the normal population.[29]

The testes have two primary functions: to produce hormones and to produce sperm. The Leydig cells produce testosterone[image: External link], which in turn produces most of the male pubertal changes. Most of the increasing bulk of testicular tissue is spermatogenic tissue (primarily Sertoli and Leydig cells). Sperm can be detected in the morning urine of most boys after the first year of pubertal changes, and occasionally earlier[citation needed[image: External link]]. On average, potential virility[image: External link] (or fertility[image: External link]) in boys is reached at 13 years old, but full virility will not be gained until 14–16 years of age[citation needed[image: External link]].
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 Erections




Erections[image: External link] during sleep or when waking up are medically known as nocturnal penile tumescence[image: External link] and colloquially referred to as morning wood.[30] The penis can regularly get erect during sleep and men or boys often wake up with an erection.[31] Once a boy[image: External link] reaches his teenage[image: External link] years, erections occur much more frequently due to puberty.[32] Erections can occur spontaneously at any time of day, and if clothed may cause a bulge or "hump". This can be disguised or hidden by wearing close-fitting underwear, a long shirt and baggier clothes.[33] Erections are common for male children and infants, and can even occur before birth.[34] Spontaneous erections are also known as involuntary or unwanted erections and are normal. Such erections can be embarrassing[image: External link] if they happen in public, such as a classroom[image: External link] or living room[image: External link].[35][36]
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 Foreskin retraction




During puberty, if not before, the tip and opening of a boy's foreskin[image: External link] becomes wider, progressively allowing for retraction down the shaft of the penis[image: External link] and behind the glans[image: External link], which ultimately should be possible without pain or difficulty. The membrane that bonds the inner surface of the foreskin with the glans disintegrates and releases the foreskin to separate from the glans. The foreskin then gradually becomes retractable.[37]

Research by Øster (1968) found that with the onset and continuation of puberty, the proportion of boys able to pull back their foreskins increased. At ages 12–13, Øster found that only 60% of boys were able to retract their foreskins; this increased to 85% by ages 14–15, and 95% by 16–17. He also found that 1% of those unable to fully retract experienced phimosis[image: External link] at ages 14–17, the remainder were partially able to.[37] The findings were supported by further research by Kayaba et al (1996) on a sample of over 600 boys,[38] and Ishikawa and Kawakita (2004) found that by age 15, 77% of their sample of boys could retract their foreskins.[39] Beaugé (1997) reports that boys may assist the development of retractile foreskin by manual stretching.[40]

Once a boy is able to retract his foreskin, penile hygiene should become an important feature of his routine body care. Although the American Academy of Pediatrics[image: External link] states there is "little evidence to affirm the association between circumcision status and optimal penile hygiene",[41] various studies suggest that boys be educated about the role of hygiene, including retracting the foreskin while urinating and rinsing under it and around the glans at each bathing opportunity. Regular washing under the foreskin was found by Krueger and Osborn (1986) to reduce the risk of numerous penile disorders,[42] however Birley et al. (1993) report excessive washing with soap should be avoided because it dries the oils out of the tissues and can cause non-specific dermatitis.[43]
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 Pubic hair




Pubic hair[image: External link] often appears on a boy shortly after the genitalia begin to grow. The pubic hairs are usually first visible at the dorsal (abdominal) base of the penis. The first few hairs are described as stage 2. Stage 3 is usually reached within another 6–12 months, when the hairs are too many to count. By stage 4, the pubic hairs densely fill the "pubic triangle." Stage 5 refers to the spread of pubic hair to the thighs[image: External link] and upward towards the navel[image: External link] as part of the developing abdominal hair[image: External link].
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 Body and facial hair




In the months and years following the appearance of pubic hair, other areas of skin that respond to androgens may develop androgenic hair[image: External link]. The usual sequence is: underarm[image: External link] (axillary) hair, perianal hair[image: External link], upper lip hair[image: External link], sideburn[image: External link] (preauricular) hair, periareolar hair, and the beard[image: External link] area.[44] As with most human biological processes, this specific order may vary among some individuals. Arm, leg, chest[image: External link], abdominal[image: External link], and back hair become heavier more gradually. There is a large range in amount of body hair among adult men, and significant differences in timing and quantity of hair growth among different racial groups. Facial hair is often present in late adolescence, but may not appear until significantly later.[45][46] Facial hair will continue to get coarser, darker and thicker for another 2–4 years after puberty.[45] Some men do not develop full facial hair for up to 10 years after the completion of puberty.[45] Chest hair may appear during puberty or years after. Not all men have chest hair.
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 Voice change and Adam's apple




Main article: Voice change[image: External link]


Under the influence of androgens, the voice box, or larynx[image: External link], grows[image: External link] in both sexes. This growth is far more prominent in boys, causing the male voice to drop and deepen, sometimes abruptly but rarely "overnight," about one octave[image: External link], because the longer and thicker vocal folds[image: External link] have a lower fundamental frequency[image: External link]. Before puberty, the larynx of boys and girls is about equally small.[47] Occasionally, voice change is accompanied by unsteadiness of vocalization in the early stages of untrained voices. Most of the voice change happens during stage 3-4 of male puberty around the time of peak growth. Adult pitch is attained at an average age of 15 years, although the voice may not fully settle until early twenties. It usually precedes the development of significant facial hair by several months to years.
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 Male musculature and body shape




By the end of puberty, adult men have heavier bones and nearly twice as much skeletal muscle. Some of the bone growth (e.g. shoulder width and jaw) is disproportionately greater, resulting in noticeably different male and female skeletal shapes. The average adult male has about 150% of the lean body mass of an average female, and about 50% of the body fat.

This muscle develops mainly during the later stages of puberty, and muscle growth can continue even after boys are biologically adult. The peak of the so-called "strength spurt", the rate of muscle growth, is attained about one year after a male experiences his peak growth rate.

Often, the fat pads of the male breast tissue and the male nipples will develop during puberty; sometimes, especially in one breast, this becomes more apparent and is termed gynecomastia[image: External link]. It is usually not a permanent phenomenon.


[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 Body odor and acne




Rising levels of androgens can change the fatty acid composition of perspiration, resulting in a more "adult" body odor.[citation needed[image: External link]] As in girls, another androgen effect is increased secretion of oil (sebum) from the skin and the resultant variable amounts of acne. Acne can not be prevented or diminished easily,[according to whom?[image: External link]] but it typically fully diminishes at the end of puberty. However, it is not unusual for a fully grown adult to suffer the occasional bout of acne,[citation needed[image: External link]] though it is normally less severe than in adolescents.[according to whom?[image: External link]] Some may desire using prescription topical creams or ointments[examples needed[image: External link]] to keep acne from getting worse, or even oral medication, due to the fact that acne is emotionally difficult[ vague[image: External link]] and can cause scarring.[citation needed[image: External link]]
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 Changes in females
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 Breast development




The first physical sign of puberty in girls is usually a firm, tender lump under the center of the areola[image: External link] of one or both breasts[image: External link], occurring on average at about 10.5 years of age.[48] This is referred to as thelarche[image: External link]. By the widely used Tanner staging[image: External link] of puberty, this is stage 2 of breast development (stage 1 is a flat, prepubertal breast). Within six to 12 months, the swelling has clearly begun in both sides, softened, and can be felt and seen extending beyond the edges of the areolae. This is stage 3 of breast development. By another 12 months (stage 4), the breasts are approaching mature size and shape, with areolae and nipples[image: External link] forming a secondary mound. In most young women, this mound disappears into the contour of the mature breast (stage 5), although there is so much variation in sizes and shapes of adult breasts that stages 4 and 5 are not always separately identifiable.[49]
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 Pubic hair




Pubic hair[image: External link] is often the second noticeable change in puberty, usually within a few months of thelarche.[50] It is referred to as pubarche[image: External link]. The pubic hairs are usually visible first along the labia[image: External link]. The first few hairs are described as Tanner stage 2.[49] Stage 3 is usually reached within another 6–12 months, when the hairs are too numerous to count and appear on the pubic mound[image: External link] as well. By stage 4, the pubic hairs densely fill the "pubic triangle." Stage 5 refers to spread of pubic hair to the thighs[image: External link] and sometimes as abdominal hair[image: External link] upward towards the navel[image: External link]. In about 15% of girls, the earliest pubic hair appears before breast development begins.[50]
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 Vagina, uterus, ovaries




Perineal[image: External link] skin keratinizes[image: External link] due to effect of estrogen increasing its resistance to infection. The mucosal[image: External link] surface[image: External link] of the vagina also changes in response to increasing levels of estrogen[image: External link], becoming thicker and duller pink in color (in contrast to the brighter red of the prepubertal vaginal mucosa).[51] Mucosa changes into a multilayered structure with superficial layer of squamous cells. Estrogen increase glycogen content in vaginal epithelium, which in future plays important part in maintaining vaginal pH[image: External link]. Whitish secretions (physiologic leukorrhea[image: External link]) are a normal effect of estrogen as well.[48] In the two years following thelarche, the uterus, ovaries[image: External link], and the follicles[image: External link] in the ovaries increase in size.[52] The ovaries usually contain small follicular cysts[image: External link] visible by ultrasound[image: External link].[53][54] Before puberty, uterine body to cervix ratio is 1:1; which increases to 2:1 or 3:1 after completion of pubertal period.
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 Menstruation and fertility




The first menstrual bleeding[image: External link] is referred to as menarche[image: External link], and typically occurs about two years after thelarche[image: External link].[50] The average age of menarche is 12.5 in the United States[image: External link].[7] Most American girls experience their first period at 11, 12 or 13, but some experience it earlier than their 11th birthday and others after their 14th birthday. In fact, anytime between 8 and 16 is normal. In Canada[image: External link], the average age of menarche is 12.72,[8] and in the United Kingdom[image: External link] it is 12.9.[9] The time between menstrual periods (menses) is not always regular in the first two years after menarche.[55] Ovulation is necessary for fertility[image: External link], but may or may not accompany the earliest menses.[56] In postmenarchal girls, about 80% of the cycles were anovulatory in the first year after menarche, 50% in the third year and 10% in the sixth year.[55] Initiation of ovulation after menarche is not inevitable. A high proportion of girls with continued irregularity in the menstrual cycle several years from menarche will continue to have prolonged irregularity and anovulation, and are at higher risk for reduced fertility.[57]
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 Body shape, fat distribution, and body composition




During this period, also in response to rising levels of estrogen, the lower half of the pelvis[image: External link] and thus hips[image: External link] widen (providing a larger birth canal[image: External link]).[49][58] Fat tissue increases to a greater percentage of the body composition than in males, especially in the typical female distribution of breasts, hips, buttocks, thighs, upper arms, and pubis. Progressive differences in fat distribution as well as sex differences in local skeletal growth contribute to the typical female body shape by the end of puberty. On average, at 10 years, girls have 6% more body fat than boys.[59]
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 Body odor and acne




Rising levels of androgens[image: External link] can change the fatty acid[image: External link] composition of perspiration[image: External link], resulting in a more "adult" body odor[image: External link]. This often precedes thelarche and pubarche by one or more years. Another androgen effect is increased secretion of oil ( sebum[image: External link]) from the skin. This change increases the susceptibility to acne[image: External link], a skin condition that is characteristic of puberty.[60] Acne varies greatly in its severity.[60]
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 Visual and other effects of hormonal changes




In girls, estradiol[image: External link] (the primary female sex hormone) causes thickening of lips and oral mucosa[image: External link] as well as further development of the vulva[image: External link]. In the vulva and vagina, estradiol causes thickening ( stratification[image: External link]) of the skin and the growth of both the myoepithelial layer[image: External link] and the smooth muscle[image: External link] of the vagina. Typically estradiol will also cause pronounced growth of the labia minora[image: External link] and to a lesser degree of the labia majora[image: External link].

Estradiol is also responsible for the increased production of pheomelanin[image: External link], resulting in the characteristic red color of the lips, labia minora and sometimes labia majora. Estradiol together with other ovarian steroids also cause the darker coloration of the areola[image: External link].

Testosterone will cause an enlargement of the clitoris[image: External link] and possibly has important effects on the growth and maturation of the vestibular bulbs[image: External link], corpus cavernosum of the clitoris[image: External link] and urethral sponge[image: External link].[61]

Changes of the vulva initiated by estradiol as well as its direct effects also appear to influence the functioning of the lower urinary tract.[62][63]


[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 Variations
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 Timing of onset




The definition of the onset of puberty may depend on perspective (e.g., hormonal versus physical) and purpose (establishing population normal standards, clinical care of early or late pubescent individuals, etc.). A common definition for the onset of puberty is physical changes to a person's body.[4] These physical changes are the first visible signs of neural, hormonal, and gonadal function changes.

The age at which puberty begins varies between individuals; usually, puberty begins between 10 and 13 years of age. The age at which puberty begins is affected by both genetic factors and by environmental factors such as nutritional state and social circumstances.[64] An example of social circumstances is the Vandenbergh effect[image: External link]; a juvenile female who has significant interaction with adult males will enter puberty earlier than juvenile females who are not socially overexposed to adult males.[65]

The average age at which puberty begins may be affected by race as well. For example, the average age of menarche[image: External link] in various populations surveyed has ranged from 12[7][8][9] to 18 years. The earliest average onset of puberty is for African-American girls and the latest average onset for high altitude subsistence populations in Asia. However, much of the higher age averages reflect nutritional limitations more than genetic differences and can change within a few generations with a substantial change in diet. The median age of menarche for a population may be an index of the proportion of undernourished girls in the population, and the width of the spread may reflect unevenness of wealth and food distribution in a population.

Researchers have identified an earlier age of the onset of puberty. However, they have based their conclusions on a comparison of data from 1999 with data from 1969. In the earlier example, the sample population was based on a small sample of white girls (200, from Britain). The later study identified as puberty as occurring in 48% of African-American girls by age nine, and 12% of white girls by that age.[66]

One possible cause of a delay in the onset of puberty past the age 14 in girls and 15 in boys is Kallmann syndrome[image: External link], a form of hypogonadotropic hypogonadism[image: External link] (HH). Kallmann syndrome is also associated with a lack of sense of smell ( anosmia[image: External link]). Kallmann syndrome and other forms of HH affect both men and women. It is caused by a failure in HPG axis[image: External link] at puberty which results in low or zero gonadotropin[image: External link] ( LH[image: External link] and FSH[image: External link]) levels with the subsequent result of a failure to commence or complete puberty, secondary hypogonadism[image: External link] and infertility[image: External link].[67][68]
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 Historical shift




The average age at which the onset of puberty occurs has dropped significantly since the 1840s.[69][70][71] In every decade from 1840 to 1950 there was a drop of four months in the average age of menarche among Western European females. In Norway[image: External link], girls born in 1840 had their menarche at an average age of 17 years. In France, the average in 1840 was 15.3 years. In England[image: External link], the average in 1840 was 16.5 years. In Japan[image: External link] the decline happened later and was then more rapid: from 1945 to 1975 in Japan there was a drop of 11 months per decade.

A 2006 study in Denmark found that puberty, as evidenced by breast development, started at an average age of 9 years and 10 months, a year earlier than when a similar study was done in 1991. Scientists believe the phenomenon could be linked to obesity or exposure to chemicals in the food chain, and is putting girls at greater long-term risk of breast cancer.[72]
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 Genetic influence and environmental factors




Various studies have found direct genetic effects to account for at least 46% of the variation of timing of puberty in well-nourished populations.[73][74][75][76] The genetic association of timing is strongest between mothers and daughters. The specific genes[image: External link] affecting timing are not yet known.[73] Among the candidates is an androgen receptor[image: External link] gene.[77]

Researchers[78] have hypothesized that early puberty onset may be caused by certain hair care products containing estrogen or placenta, and by certain chemicals, namely phthalates[image: External link], which are used in many cosmetics, toys, and plastic food containers.

If genetic factors account for half of the variation of pubertal timing, environment factors are clearly important as well. One of the first observed environmental effects is that puberty occurs later in children raised at higher altitudes. The most important of the environmental influences is clearly nutrition, but a number of others have been identified, all which affect timing of female puberty and menarche more clearly than male puberty.
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 Hormones and steroids




There is theoretical concern, and animal evidence, that environmental hormones and chemicals[image: External link] may affect aspects of prenatal or postnatal sexual development in humans.[79] Large amounts of incompletely metabolized estrogens and progestagens[image: External link] from pharmaceutical products are excreted into the sewage systems of large cities, and are sometimes detectable in the environment. Sex steroids[image: External link] are sometimes used in cattle farming but have been banned in chicken meat production for 40 years. Although agricultural laws regulate use to minimize accidental human consumption, the rules are largely self-enforced in the United States. Significant exposure of a child to hormones or other substances that activate estrogen or androgen receptors[image: External link] could produce some or all of the changes of puberty.

Harder to detect as an influence on puberty are the more diffusely distributed environmental chemicals like PCBs (polychlorinated biphenyl[image: External link]), which can bind and trigger estrogen receptors.

More obvious degrees of partial puberty from direct exposure of young children to small but significant amounts of pharmaceutical sex steroids from exposure at home may be detected during medical evaluation for precocious puberty[image: External link], but mild effects and the other potential exposures outlined above would not.

Bisphenol A[image: External link] (BPA) is a chemical used to make plastics, and is frequently used to make baby bottles, water bottles, sports equipment, medical devices, and as a coating in food and beverage cans. Scientists are concerned about BPA's behavioral effects on fetuses, infants, and children at current exposure levels because it can affect the prostate gland, mammary gland, and lead to early puberty in girls. BPA mimics and interferes with the action of estrogen—an important reproduction and development regulator. It leaches[image: External link] out of plastic into liquids and foods, and the Centers for Disease Control and Prevention[image: External link] (CDC) found measurable amounts of BPA in the bodies of more than 90 percent of the U.S. population studied. The highest estimated daily intakes of BPA occur in infants and children. Many plastic baby bottles contain BPA, and BPA is more likely to leach out of plastic when its temperature is increased, as when one warms a baby bottle or warms up food in the microwave.[80]
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 Nutritional influence




Nutritional[image: External link] factors are the strongest and most obvious environmental factors affecting timing of puberty.[73] Girls are especially sensitive to nutritional regulation because they must contribute all of the nutritional support to a growing fetus. Surplus calories[image: External link] (beyond growth and activity requirements) are reflected in the amount of body fat[image: External link], which signals to the brain the availability of resources for initiation of puberty and fertility.

Much evidence suggests that for most of the last few centuries, nutritional differences accounted for majority of variation of pubertal timing in different populations, and even among social classes in the same population. Recent worldwide increased consumption of animal protein, other changes in nutrition, and increases in childhood obesity[image: External link] have resulted in falling ages of puberty, mainly in those populations with the higher previous ages. In many populations the amount of variation attributable to nutrition is shrinking.

Although available dietary energy (simple calories) is the most important dietary influence on timing of puberty, quality of the diet plays a role as well. Lower protein[image: External link] intakes and higher dietary fiber[image: External link] intakes, as occur with typical vegetarian diets[image: External link], are associated with later onset and slower progression of female puberty.
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 Obesity influence and exercise




Scientific researchers have linked early obesity[image: External link] with an earlier onset of puberty in girls. They have cited obesity as a cause of breast development before nine years and menarche before twelve years.[81] Early puberty in girls can be a harbinger of later health problems.[82]

The average level of daily physical activity has also been shown to affect timing of puberty, especially in females. A high level of exercise, whether for athletic or body image purposes, or for daily subsistence, reduces energy calories available for reproduction and slows puberty. The exercise effect is often amplified by a lower body fat mass and cholesterol.
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 Physical and mental illness




Chronic diseases can delay puberty in both boys and girls. Those that involve chronic inflammation or interfere with nutrition have the strongest effect. In the western world, inflammatory bowel disease[image: External link] and tuberculosis[image: External link] have been notorious for such an effect in the last century, while in areas of the underdeveloped world, chronic parasite[image: External link] infections[image: External link] are widespread.

Mental illnesses occur in puberty. The brain undergoes significant development by hormones which can contribute to mood disorders such as major depressive disorder[image: External link], bipolar disorder[image: External link], dysthymia[image: External link] and schizophrenia[image: External link]. Girls aged between 15 and 19 make up 40% of anorexia nervosa[image: External link] cases.[83]
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 Stress and social factors




Some of the least understood environmental influences on timing of puberty are social and psychological. In comparison with the effects of genetics, nutrition, and general health, social influences are small, shifting timing by a few months rather than years. Mechanisms of these social effects are unknown, though a variety of physiological processes, including pheromones[image: External link], have been suggested based on animal research.

The most important part of a child's psychosocial environment is the family, and most of the social influence research has investigated features of family structure and function in relation to earlier or later female puberty. Most of the studies have reported that menarche may occur a few months earlier in girls in high-stress households, whose fathers are absent during their early childhood, who have a stepfather in the home, who are subjected to prolonged sexual abuse[image: External link] in childhood, or who are adopted[image: External link] from a developing country at a young age. Conversely, menarche may be slightly later when a girl grows up in a large family with a biological father present.

More extreme degrees of environmental stress, such as wartime refugee status with threat to physical survival, have been found to be associated with delay of maturation, an effect that may be compounded by dietary inadequacy.

Most of these reported social effects are small and our understanding is incomplete. Most of these "effects" are statistical associations revealed by epidemiologic[image: External link] surveys. Statistical associations are not necessarily causal, and a variety of covariables and alternative explanations can be imagined. Effects of such small size can never be confirmed or refuted for any individual child. Furthermore, interpretations of the data are politically controversial because of the ease with which this type of research can be used for political advocacy. Accusations of bias based on political agenda sometimes accompany scientific criticism.

Another limitation of the social research is that nearly all of it has concerned girls, partly because female puberty requires greater physiologic resources and partly because it involves a unique event (menarche) that makes survey research into female puberty much simpler than male. More detail is provided in the menarche[image: External link] article.
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 Variations of sequence




The sequence of events of pubertal development can occasionally vary. For example, in about 15% of boys and girls, pubarche[image: External link] (the first pubic hairs) can precede, respectively, gonadarche[image: External link] and thelarche[image: External link] by a few months. Rarely, menarche[image: External link] can occur before other signs of puberty in a few girls. These variations deserve medical evaluation because they can occasionally signal a disease.
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 Conclusion




In a general sense, the conclusion of puberty is reproductive maturity. Criteria for defining the conclusion may differ for different purposes: attainment of the ability to reproduce, achievement of maximal adult height, maximal gonadal size, or adult sex hormone levels. Maximal adult height is achieved at an average age of 15 years for an average girl and 18 years for an average boy. Potential fertility (sometimes termed nubility) usually precedes completion of growth by 1–2 years in girls and 3–4 years in boys. Stage 5 typically represents maximal gonadal growth and adult hormone levels.
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 Neurohormonal process




The endocrine reproductive[image: External link] system consists of the hypothalamus[image: External link], the pituitary[image: External link], the gonads[image: External link], and the adrenal glands[image: External link], with input and regulation from many other body systems. True puberty is often termed "central puberty" because it begins as a process of the central nervous system. A simple description of hormonal puberty is as follows:


	The brain's hypothalamus[image: External link] begins to release pulses of GnRH[image: External link].

	Cells in the anterior pituitary respond by secreting LH[image: External link] and FSH[image: External link] into the circulation.

	The ovaries[image: External link] or testes[image: External link] respond to the rising amounts of LH and FSH by growing and beginning to produce estradiol[image: External link] and testosterone[image: External link].

	Rising levels of estradiol and testosterone produce the body changes of female and male puberty.



The onset of this neurohormonal process may precede the first visible body changes by 1–2 years.
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 Components of the endocrine reproductive system




The arcuate nucleus[image: External link] of the hypothalamus[image: External link] is the driver of the reproductive system. It has neurons which generate and release pulses of GnRH into the portal venous system of the pituitary gland[image: External link]. The arcuate nucleus is affected and controlled by neuronal input from other areas of the brain and hormonal input from the gonads[image: External link], adipose[image: External link] tissue and a variety of other systems.

The pituitary gland[image: External link] responds to the pulsed GnRH signals by releasing LH and FSH into the blood of the general circulation, also in a pulsatile pattern.

The gonads ( testes[image: External link] and ovaries[image: External link]) respond to rising levels of LH and FSH by producing the steroid[image: External link] sex hormones[image: External link], testosterone[image: External link] and estrogen[image: External link].

The adrenal glands[image: External link] are a second source for steroid hormones. Adrenal maturation, termed adrenarche[image: External link], typically precedes gonadarche in mid-childhood.
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 Major hormones





	
Neurokinin B[image: External link] (a tachykinin[image: External link] peptide[image: External link]) and kisspeptin[image: External link] (a neuropeptide[image: External link]), both present in the same hypothalamic[image: External link] neurons, are critical parts of the control system that switches on the release of GnRH at the start of puberty.[84]


	
GnRH[image: External link] ( gonadotropin[image: External link]-releasing hormone) is a peptide[image: External link] hormone released from the hypothalamus[image: External link] which stimulates gonadotrope[image: External link] cells of the anterior pituitary[image: External link].

	
LH[image: External link] (luteinizing hormone) is a larger protein[image: External link] hormone secreted into the general circulation by gonadotrope cells of the anterior pituitary gland[image: External link]. The main target cells of LH are the Leydig cells of testes[image: External link] and the theca cells[image: External link] of the ovaries[image: External link]. LH secretion changes more dramatically with the initiation of puberty than FSH, as LH levels increase about 25-fold with the onset of puberty, compared with the 2.5-fold increase of FSH.

	
FSH[image: External link] ( follicle[image: External link] stimulating hormone) is another protein hormone secreted into the general circulation by the gonadotrope[image: External link] cells of the anterior pituitary. The main target cells of FSH are the ovarian follicles[image: External link] and the Sertoli cells and spermatogenic[image: External link] tissue of the testes[image: External link].

	
Testosterone[image: External link] is a steroid[image: External link] hormone produced primarily by the Leydig cells of the testes[image: External link], and in lesser amounts by the theca cells[image: External link] of the ovaries and the adrenal cortex. Testosterone is the primary mammalian androgen[image: External link] and the "original" anabolic steroid[image: External link]. It acts on androgen receptors[image: External link] in responsive tissue throughout the body.

	
Estradiol[image: External link] is a steroid[image: External link] hormone produced by aromatization[image: External link] of testosterone. Estradiol is the principal human estrogen[image: External link] and acts on estrogen receptors[image: External link] throughout the body. The largest amounts of estradiol are produced by the granulosa cells of the ovaries[image: External link], but lesser amounts are derived from testicular[image: External link] and adrenal[image: External link] testosterone.

	
Adrenal[image: External link] androgens[image: External link] are steroids produced by the zona reticulosa[image: External link] of the adrenal cortex[image: External link] in both sexes. The major adrenal androgens are dehydroepiandrosterone[image: External link], androstenedione[image: External link] (which are precursors of testosterone), and dehydroepiandrosterone sulfate[image: External link] which is present in large amounts in the blood[image: External link]. Adrenal androgens contribute to the androgenic events of early puberty in girls.

	
IGF1[image: External link] (insulin-like growth factor 1[image: External link]) rises substantially during puberty in response to rising levels of growth hormone[image: External link] and may be the principal mediator of the pubertal growth spurt[image: External link].

	
Leptin[image: External link] is a protein hormone produced by adipose tissue[image: External link]. Its primary target organ is the hypothalamus[image: External link]. The leptin level seems to provide the brain[image: External link] a rough indicator of adipose mass for purposes of regulation of appetite[image: External link] and energy metabolism[image: External link]. It also plays a permissive role in female puberty, which usually will not proceed until an adequate body mass has been achieved.
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 Endocrine perspective




The endocrine reproductive system[image: External link] becomes functional by the end of the first trimester[image: External link] of fetal life. The testes and ovaries become briefly inactive around the time of birth but resume hormonal activity until several months after birth, when incompletely understood mechanisms in the brain begin to suppress the activity of the arcuate nucleus. This has been referred to as maturation of the prepubertal "gonadostat," which becomes sensitive to negative feedback by sex steroids[image: External link]. The period of hormonal activity until several months after birth, followed by suppression of activity, may correspond to the period of infant sexuality, followed by a latency stage[image: External link], which Sigmund Freud[image: External link] described.[85]

Gonadotropin[image: External link] and sex steroid levels fall to low levels (nearly undetectable by current clinical assays[image: External link]) for approximately another 8 to 10 years of childhood. Evidence is accumulating that the reproductive system is not totally inactive during the childhood years. Subtle increases in gonadotropin pulses occur, and ovarian follicles surrounding germ cells (future eggs) double in number.

Normal puberty is initiated in the hypothalamus, with de-inhibition of the pulse generator in the arcuate nucleus. This inhibition of the arcuate nucleus is an ongoing active suppression by other areas of the brain. The signal and mechanism releasing the arcuate nucleus from inhibition have been the subject of investigation for decades and remain incompletely understood. Leptin[image: External link] levels rise throughout childhood and play a part in allowing the arcuate nucleus to resume operation. If the childhood inhibition of the arcuate nucleus is interrupted prematurely by injury to the brain, it may resume pulsatile gonadotropin release and puberty will begin at an early age.

Neurons of the arcuate nucleus secrete gonadotropin releasing hormone[image: External link] (GnRH) into the blood of the pituitary portal system. An American physiologist, Ernst Knobil, found that the GnRH signals from the hypothalamus induce pulsed secretion of LH (and to a lesser degree, FSH) at roughly 1-2 hour intervals. The LH pulses are the consequence of pulsatile GnRH secretion by the arcuate nucleus that, in turn, is the result of an oscillator[image: External link] or signal generator in the central nervous system ("GnRH pulse generator").[86] In the years preceding physical puberty, Robert M. Boyar[image: External link] discovered that the gonadotropin pulses occur only during sleep, but as puberty progresses they can be detected during the day.[87] By the end of puberty, there is little day-night difference in the amplitude and frequency of gonadotropin pulses.

Some investigators have attributed the onset of puberty to a resonance[image: External link] of oscillators in the brain.[88][89][90][91] By this mechanism, the gonadotropin pulses that occur primarily at night just before puberty represent beats[image: External link].[92][93][94]

An array of "autoamplification processes" increases the production of all of the pubertal hormones of the hypothalamus, pituitary, and gonads[citation needed[image: External link]].

Regulation of adrenarche[image: External link] and its relationship to maturation of the hypothalamic-gonadal axis is not fully understood, and some evidence suggests it is a parallel but largely independent process coincident with or even preceding central puberty. Rising levels of adrenal androgens[image: External link] (termed adrenarche) can usually be detected between 6 and 11 years of age, even before the increasing gonadotropin pulses of hypothalamic puberty. Adrenal androgens contribute to the development of pubic hair ( pubarche[image: External link]), adult body odor[image: External link], and other androgenic changes in both sexes. The primary clinical significance of the distinction between adrenarche and gonadarche is that pubic hair and body odor changes by themselves do not prove that central puberty is underway for an individual child.
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 Hormonal changes in boys




Early stages of male hypothalamic maturation seem to be very similar to the early stages of female puberty, though occurring about 1–2 years later.

LH stimulates the Leydig cells of the testes to make testosterone and blood levels begin to rise. For much of puberty, nighttime levels of testosterone are higher than daytime. Regularity of frequency and amplitude of gonadotropin pulses seems to be less necessary for progression of male than female puberty.

However, a significant portion of testosterone[image: External link] in adolescent boys is converted to estradiol. Estradiol mediates the growth spurt, bone maturation, and epiphyseal closure in boys just as in girls. Estradiol also induces at least modest development of breast tissue ( gynecomastia[image: External link]) in a large proportion of boys. Boys who develop mild gynecomastia[image: External link] or even developing swellings[image: External link] under nipples[image: External link] during puberty are told the effects are temporary in some male teenagers due to high levels of estradiol[image: External link].

Another hormonal change in males takes place during the teenage years for most young men. At this point in a male's life the testosterone levels slowly rise, and most of the effects are mediated through the androgen receptors by way of conversion dihydrotestosterone[image: External link] in target organs (especially that of the bowels).


[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 Hormonal changes in girls




As the amplitude of LH pulses increases, the theca cells of the ovaries begin to produce testosterone and smaller amounts of progesterone[image: External link]. Much of the testosterone moves into nearby cells called granulosa cells. Smaller increases of FSH induce an increase in the aromatase[image: External link] activity of these granulosa cells, which converts most of the testosterone to estradiol for secretion into the circulation. The remaining testosterone, together with adrenal androgens is responsible for the typical androgenic changes of female puberty: pubic hair, other androgenic hair as outlined above, body odor, acne. The bioactivity of testosterone is to a large degree limited by SHBG[image: External link] which in turn is mainly controlled by estradiol and prolactin[image: External link] levels (estradiol stimulates, prolactin decreases SHBG synthesis).

Rising levels of estradiol produce the characteristic estrogenic body changes of female puberty: growth spurt, acceleration of bone maturation and closure, breast[image: External link] growth, increased fat composition, growth of the uterus, increased thickness of the endometrium and the vaginal mucosa, and widening of the lower pelvis.

As the estradiol levels gradually rise and the other autoamplification processes occur, a point of maturation is reached when the feedback sensitivity of the hypothalamic "gonadostat" becomes positive. This attainment of positive feedback is the hallmark of female sexual maturity, as it allows the mid cycle LH surge necessary for ovulation.

Growth hormone levels rise steadily throughout puberty. IGF1[image: External link] levels rise and then decline as puberty ends. Growth finishes and adult height is attained as the estradiol levels complete closure of the epiphyses[image: External link].
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 Stages





	
adrenarche[image: External link] (approximately age 7)

	
gonadarche[image: External link] (approximately age 8)

	
thelarche[image: External link] (approximately age 11 in females)

	
pubarche[image: External link] (approximately age 12)

	
menarche[image: External link] (approximately age 12.5 in females)

	
spermarche[image: External link] (in males)
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 See also





	Adolescent sexuality[image: External link]

	Child sexuality[image: External link]

	Delayed puberty[image: External link]

	Eunuch[image: External link]

	Hebephilia[image: External link]

	Precocious puberty[image: External link]

	Secondary sex characteristic[image: External link]

	Puberphonia[image: External link]

	Kallmann syndrome[image: External link]
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Menopause






This article is about women. For the condition called male menopause, see Andropause[image: External link]. For the medical journal, see Menopause (journal)[image: External link].

Menopause, also known as the climacteric, is the time in most women's lives when menstrual periods[image: External link] stop permanently, and they are no longer able to bear children[image: External link].[2][8] Menopause typically occurs between 49 and 52 years of age.[3] Medical professionals often define menopause as having occurred when a woman has not had any vaginal bleeding for a year.[4] It may also be defined by a decrease in hormone production by the ovaries[image: External link].[9] In those who have had surgery to remove their uterus but they still have ovaries, menopause may be viewed to have occurred at the time of the surgery or when their hormone levels fell.[9] Following the removal of the uterus, symptoms typically occur earlier, at an average of 45 years of age.[10]

Before menopause, a woman's periods typically become irregular, which means that periods may be longer or shorter in duration or be lighter or heavier in the amount of flow. During this time, women often experience hot flashes[image: External link]; these typically last from 30 seconds to ten minutes and may be associated with shivering, sweating[image: External link], and reddening of the skin.[11] Hot flashes often stop occurring after a year or two.[8] Other symptoms may include vaginal dryness[image: External link], trouble sleeping, and mood changes.[11] The severity of symptoms varies between women.[8] While menopause is often thought to be linked to an increase in heart disease[image: External link], this primarily occurs due to increasing age and does not have a direct relationship with menopause. In some women, problems that were present like endometriosis[image: External link] or painful periods[image: External link] will improve after menopause.[8]

Menopause is usually a natural change.[5] It can occur earlier in those who smoke tobacco[image: External link].[4][12] Other causes include surgery that removes both ovaries[image: External link] or some types of chemotherapy[image: External link].[4] At the physiological level, menopause happens because of a decrease in the ovaries' production of the hormones estrogen[image: External link] and progesterone[image: External link].[2] While typically not needed, a diagnosis of menopause can be confirmed by measuring hormone levels in the blood or urine.[13] Menopause is the opposite of menarche[image: External link], the time when a girl's periods start.[14]

Specific treatment is not usually needed. Some symptoms, however, may be improved with treatment. With respect to hot flashes, avoiding smoking, caffeine, and alcohol is often recommended. Sleeping in a cool room and using a fan may help.[6] The following medications may help: menopausal hormone therapy[image: External link] (MHT), clonidine[image: External link], gabapentin[image: External link], or selective serotonin reuptake inhibitors[image: External link].[6][7] Exercise may help with sleeping problems. While MHT was once routinely prescribed, it is now only recommended in those with significant symptoms, as there are concerns about side effects.[6] High-quality evidence for the effectiveness of alternative medicine[image: External link] has not been found.[8] There is tentative evidence for phytoestrogens[image: External link].[15]
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 Signs and symptoms




During early menopause transition, the menstrual cycles remain regular but the interval between cycles begins to lengthen. Hormone levels begin to fluctuate. Ovulation may not occur with each cycle.[16]

The date of the final menstrual period is usually taken as the point when menopause has occurred.[16] During the menopausal transition and after menopause, women can experience a wide range of symptoms.
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 Vagina and uterus




During the transition to menopause, menstrual patterns[image: External link] can show shorter cycling (by 2–7 days);[16] longer cycles remain possible.[16] There may be irregular bleeding[image: External link] (lighter, heavier, spotting).[16] Dysfunctional uterine bleeding[image: External link] is often experienced by women approaching menopause due to the hormonal changes that accompany the menopause transition. Spotting or bleeding may simply be related to vaginal atrophy, a benign sore ( polyp[image: External link] or lesion), or may be a functional endometrial response. The European Menopause and Andropause Society[image: External link] has released guidelines for assessment of the endometrium, which is usually the main source of spotting or bleeding.[17]

In post-menopausal women, however, any genital bleeding[image: External link] is an alarming symptom that requires an appropriate study to rule out the possibility of malignant diseases.

Symptoms that may appear during menopause and continue through postmenopause include:


	
painful intercourse[image: External link][16]


	
vaginal dryness[image: External link][16]


	
atrophic vaginitis[image: External link] – thinning of the membranes of the vulva[image: External link], the vagina[image: External link], the cervix[image: External link], and the outer urinary tract[image: External link], along with considerable shrinking and loss in elasticity of all of the outer and inner genital areas.
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 Other physical




Other physical symptoms of menopause include lack of energy[image: External link], joint soreness[image: External link], stiffness[image: External link],[16] back pain[image: External link],[16] breast enlargement,[16] breast pain[image: External link],[16] heart palpitations[image: External link],[16] headache[image: External link],[16] dizziness[image: External link],[16] dry[image: External link], itchy[image: External link] skin,[16] thinning, tingling[image: External link] skin, weight gain[image: External link],[16] urinary incontinence[image: External link],[16][18] urinary urgency[image: External link],[16] interrupted sleeping patterns,[16][19][20][21] heavy night sweats[image: External link],[16] hot flashes[image: External link].[16]
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 Psychological




Psychological symptoms include anxiety[image: External link],[22] poor memory[image: External link],[16] inability to concentrate,[16] depressive mood,[16][22] irritability[image: External link],[16] mood swings[image: External link],[16] less interest in sexual activity[image: External link].[16]
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 Long term effects




Menopause confers:


	A possible but contentious increased risk of atherosclerosis[image: External link].[23] The risk of acute myocardial infarction[image: External link] and other cardiovascular diseases[image: External link] rises sharply after menopause, but the risk can be reduced by managing risk factors, such as tobacco smoking, hypertension, increased blood lipids[image: External link] and body weight.[24][25]


	Increased risk of osteopenia[image: External link], osteoporosis[image: External link],[citation needed[image: External link]] and accelerated lung function decline.[26][27]




Women who experience menopause before 45 years of age have an increased risk of heart disease[image: External link], death,[28] and impaired lung function.[26]
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 Causes
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 Age




In the Western world[image: External link], the typical age of menopause (last period from natural causes) is between 40 and 61[29] and the average age for last period is 51 years.[30] The average age of natural menopause in Australia is 51.7 years.[31] In India[image: External link] and the Philippines[image: External link], the median age of natural menopause is considerably earlier, at 44 years.[32]

In rare cases, a woman's ovaries stop working at a very early age, ranging anywhere from the age of puberty to age 40. This is known as premature ovarian failure[image: External link] and affects 1 to 2% of women by age 40.[33]

Undiagnosed and untreated coeliac disease[image: External link] is a risk factor for early menopause. Coeliac disease can present with several non-gastrointestinal symptoms, in the absence of gastrointestinal symptoms, and most cases escape timely recognition and go undiagnosed, leading to a risk of long-term complications. A strict gluten-free diet[image: External link] reduces the risk. Women with early diagnosis and treatment of coeliac disease present a normal duration of fertile life span.[34][35]

Women who have undergone hysterectomy with ovary conservation go through menopause on average 3.7 years earlier than the expected age. Other factors that can promote an earlier onset of menopause (usually 1 to 3 years early) are smoking cigarettes or being extremely thin.[36]
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 Premature ovarian failure




Premature ovarian failure[image: External link] (POF) is the cessation of the ovarian function before the age of 40 years.[37][38] It is diagnosed or confirmed by high blood levels of follicle stimulating hormone[image: External link] (FSH) and luteinizing hormone[image: External link] (LH) on at least three occasions at least four weeks apart.[39]

Known causes of premature ovarian failure include autoimmune disorders[image: External link], thyroid disease, diabetes mellitus[image: External link], chemotherapy[image: External link], being a carrier of the fragile X syndrome[image: External link] gene, and radiotherapy[image: External link].[38] However, in about 50–80% of spontaneous cases of premature ovarian failure, the cause is unknown, i.e., it is generally idiopathic[image: External link].[37][39]

Women who have a functional disorder affecting the reproductive system (e.g., endometriosis[image: External link], polycystic ovary syndrome[image: External link], cancer of the reproductive organs) can go into menopause at a younger age than the normal timeframe. The functional disorders often significantly speed up the menopausal process.

An early menopause can be related to cigarette[image: External link] smoking, higher body mass index[image: External link], racial and ethnic factors, illnesses, and the surgical removal of the ovaries[image: External link], with or without the removal of the uterus.[40]

Rates of premature menopause have been found to be significantly higher in fraternal and identical twins[image: External link]; approximately 5% of twins reach menopause before the age of 40. The reasons for this are not completely understood. Transplants of ovarian tissue between identical twins have been successful in restoring fertility.
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 Surgical menopause




Menopause can be surgically induced by bilateral oophorectomy[image: External link] (removal of ovaries), which is often, but not always, done in conjunction with removal of the Fallopian tubes (salpingo-oophorectomy) and uterus (hysterectomy).[41] Cessation of menses as a result of removal of the ovaries is called "surgical menopause". The sudden and complete drop in hormone levels usually produces extreme withdrawal symptoms such as hot flashes, etc.

Removal of the uterus without removal of the ovaries does not directly cause menopause, although pelvic surgery of this type can often precipitate a somewhat earlier menopause, perhaps because of a compromised blood supply to the ovaries.[citation needed[image: External link]]
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 Mechanism




The menopausal transition, and postmenopause itself, is a natural change, not usually a disease state or a disorder. The main cause of this transition is the natural depletion and aging of the finite amount of oocytes[image: External link] (ovarian reserve[image: External link]). This process is sometimes accelerated by other conditions and is known to occur earlier after a wide range of gynecologic procedures such as hysterectomy[image: External link] (with and without ovariectomy[image: External link]), endometrial ablation[image: External link] and uterine artery embolisation[image: External link]. The depletion of the ovarian reserve causes an increase in circulating follicle-stimulating hormone[image: External link] (FSH) and luteinizing hormone[image: External link] (LH) levels because there are fewer oocytes[image: External link] and follicles responding to these hormones and producing estrogen.

The transition has a variable degree of effects.[42]

The stages of the menopause transition have been classified according to a woman's reported bleeding pattern, supported by changes in the pituitary follicle-stimulating hormone[image: External link] (FSH) levels.[43]

In younger women, during a normal menstrual cycle[image: External link] the ovaries produce estradiol[image: External link], testosterone[image: External link] and progesterone[image: External link] in a cyclical pattern under the control of FSH and luteinising hormone[image: External link] (LH) which are both produced by the pituitary gland[image: External link]. During perimenopause (approaching menopause), estradiol[image: External link] levels and patterns of production remain relatively unchanged or may increase compared to young women, but the cycles become frequently shorter or irregular.[44] The often observed increase in estrogen is presumed to be in response to elevated FSH levels that, in turn, is hypothesized to be caused by decreased feedback by inhibin[image: External link].[45] Similarly, decreased inhibin feedback after hysterectomy[image: External link] is hypothesized to contribute to increased ovarian stimulation and earlier menopause.[46][47]

The menopausal transition is characterized by marked, and often dramatic, variations in FSH and estradiol levels. Because of this, measurements of these hormones are not considered to be reliable guides to a woman's exact menopausal status.[48]

Menopause occurs because of the sharp decrease of estradiol and progesterone production by the ovaries. After menopause, estrogen continues to be produced mostly by aromatase[image: External link] in fat tissues and is produced in small amounts in many other tissues such as ovaries, bone, blood vessels, and the brain where it acts locally.[49] The substantial fall in circulating estradiol levels at menopause impacts many tissues, from brain to skin.

In contrast to the sudden fall in estradiol during menopause, the levels of total and free testosterone, as well as dehydroepiandrosterone sulfate[image: External link] (DHEAS) and androstenedione[image: External link] appear to decline more or less steadily with age. An effect of natural menopause on circulating androgen[image: External link] levels has not been observed.[50] Thus specific tissue effects of natural menopause cannot be attributed to loss of androgenic hormone production.[51]

Hot flashes and other vasomotor symptoms accompany the menopausal transition. While many sources continue to claim that hot flashes during the menopausal transition are caused by low estrogen levels, this assertion was shown incorrect in 1935 and, in most cases, hot flashes are observed despite elevated estrogen levels. The exact cause of these symptoms is not yet understood, possible factors considered are higher and erratic variation of estradiol level during the cycle, elevated FSH levels which may indicate hypothalamic dysregulation perhaps caused by missing feedback by inhibin. It has been also observed that the vasomotor symptoms differ during early perimenopause and late menopausal transition and it is possible that they are caused by a different mechanism.[44]

Long-term effects of menopause may include osteoporosis[image: External link], vaginal atrophy[image: External link] as well as changed metabolic profile resulting in cardiac risks.
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 Ovarian aging




Decreased inhibin feedback after hysterectomy[image: External link] is hypothesized to contribute to increased ovarian stimulation and earlier menopause. Hastened ovarian aging has been observed after endometrial ablation[image: External link]. While it is difficult to prove that these surgeries are causative, it has been hypothesized that the endometrium may be producing endocrine factors contributing to the endocrine feedback and regulation of the ovarian stimulation. Elimination of this factors contributes to faster depletion of the ovarian reserve. Reduced blood supply to the ovaries that may occur as a consequence of hysterectomy and uterine artery embolisation[image: External link] has been hypothesized to contribute to this effect.[46][47]

Impaired DNA repair mechanisms may contribute to earlier depletion of the ovarian reserve during aging.[52] As women age, double-strand breaks accumulate in the DNA of their primordial follicles. Primordial follicles are immature primary oocytes surrounded by a single layer of granulosa cells. An enzyme system is present in oocytes that ordinarily accurately repairs DNA double-strand breaks. This repair system is called "homologous recombinational[image: External link] repair", and it is especially effective during meiosis. Meiosis is the general process by which germ cells are formed in all sexual eukaryotes; it appears to be an adaptation for efficiently removing damages in germ line DNA.[53] (See Meiosis[image: External link].)

Human primary oocytes are present at an intermediate stage of meiosis, termed prophase I (see Oogenesis[image: External link]). Expression of four key DNA repair genes that are necessary for homologous recombinational repair during meiosis (BRCA1, MRE11, Rad51, and ATM) decline with age in oocytes.[52] This age-related decline in ability to repair DNA double-strand damages can account for the accumulation of these damages, that then likely contributes to the depletion of the ovarian reserve.


[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 Diagnosis




One way of assessing the impact on women of some of these menopause effects are the Greene climacteric scale[image: External link] questionnaire,[54] the Cervantes scale[55] and the Menopause rating scale.[19]
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 Premenopause




Premenopause is a term used to mean the years leading up to the last period, when the levels of reproductive hormones are becoming more variable and lower, and the effects of hormone withdrawal are present.[41] Premenopause starts some time before the monthly cycles become noticeably irregular in timing.[56]
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 Perimenopause




The term "perimenopause", which literally means "around the menopause", refers to the menopause transition years, a time before and after the date of the final episode of flow. According to the North American Menopause Society[image: External link], this transition can last for four to eight years.[57] The Centre for Menstrual Cycle and Ovulation Research[image: External link] describes it as a six- to ten-year phase ending 12 months after the last menstrual period.[58]

During perimenopause, estrogen[image: External link] levels average about 20–30% higher than during premenopause, often with wide fluctuations.[58] These fluctuations cause many of the physical changes during perimenopause as well as menopause.[59] Some of these changes are hot flashes[image: External link], night sweats, difficulty sleeping, vaginal dryness or atrophy, incontinence[image: External link], osteoporosis[image: External link], and heart disease.[58] During this period, fertility diminishes but is not considered to reach zero until the official date of menopause. The official date is determined retroactively, once 12 months have passed after the last appearance of menstrual blood.

The menopause transition typically begins between 40 and 50 years of age (average 47.5).[60][61] The duration of perimenopause may be for up to eight years.[61] Women will often, but not always, start these transitions (perimenopause and menopause) about the same time as their mother did.[62]

In some women, menopause may bring about a sense of loss related to the end of fertility. In addition, this change often occurs when other stressors may be present in a woman's life:


	Caring for, and/or the death of, elderly parents

	
Empty nest syndrome[image: External link] when children leave home

	The birth of grandchildren, which places people of "middle age" into a new category of "older people" (especially in cultures where being older is a state that is looked down on)



Some research appears to show that melatonin[image: External link] supplementation in perimenopausal women can improve thyroid function and gonadotropin levels, as well as restoring fertility and menstruation and preventing depression associated with menopause.[63]
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 Postmenopause




The term "postmenopausal" describes women who have not experienced any menstrual flow for a minimum of 12 months, assuming that they have a uterus and are not pregnant or lactating[image: External link].[41] In women without a uterus, menopause or postmenopause can be identified by a blood test showing a very high FSH level. Thus postmenopause the time in a woman's life that take place after her last period or, more accurately, after the point when her ovaries become inactive.

The reason for this delay in declaring postmenopause is because periods are usually erratic at this time of life. Therefore, a reasonably long stretch of time is necessary to be sure that the cycling has ceased. At this point a woman is considered infertile; however, the possibility of becoming pregnant has usually been very low (but not quite zero) for a number of years before this point is reached.

A woman's reproductive hormone levels continue to drop and fluctuate for some time into post-menopause, so hormone withdrawal effects such as hot flashes may take several years to disappear.

Any period-like flow during postmenopause, even spotting, must be reported to a doctor. The cause may be minor, but the possibility of endometrial cancer[image: External link] must be checked for.
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 Management




Perimenopause is a natural stage of life. It is not a disease or a disorder. Therefore, it does not automatically require any kind of medical treatment. However, in those cases where the physical, mental, and emotional effects of perimenopause are strong enough that they significantly disrupt the life of the woman experiencing them, palliative medical therapy may sometimes be appropriate.
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 Hormone replacement therapy




Main article: Hormone replacement therapy (menopause)[image: External link]


In the context of the menopause, hormone replacement therapy (HRT) is the use of estrogen[image: External link] in women without a uterus and estrogen plus progestin[image: External link] in women who have an intact uterus.[64]

HRT may be reasonable for the treatment of menopausal symptoms, such as hot flashes and osteoporosis.[65] Its use appears to increase the risk of strokes[image: External link] and blood clots[image: External link].[66] When used for menopausal symptoms it should be used for the shortest time possible and at the lowest dose possible.[66] The response to HRT in each postmenopausal woman may not be the same. Genetic polymorphism in estrogen receptors appears to be associated with inter-individual variability in metabolic response to HRT in postmenopausal women.[67]

It also appears effective for preventing bone loss and osteoporotic[image: External link] fracture.[68] It is often seen as a second line agent for this purpose.[69][needs update[image: External link]] There is some concern that this treatment increases the risk of breast cancer.[70]

Adding testosterone[image: External link] to hormone therapy has a positive effect on sexual function in postmenopausal women, although it may be accompanied by hair growth, acne and a reduction in high-density lipoprotein (HDL) cholesterol.[71] These side effects diverge depending on the doses and methods of using testosterone.[71]
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 Selective estrogen receptor modulators




SERMs[image: External link] are a category of drugs, either synthetically produced or derived from a botanical source, that act selectively as agonists or antagonists on the estrogen receptors[image: External link] throughout the body. The most commonly prescribed SERMs are raloxifene[image: External link] and tamoxifen[image: External link]. Raloxifene exhibits oestrogen agonist activity on bone and lipids, and antagonist activity on breast and the endometrium.[72] Tamoxifen is in widespread use for treatment of hormone sensitive breast cancer. Raloxifene prevents vertebral fractures in postmenopausal, osteoporotic women and reduces the risk of invasive breast cancer.[73]
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 Other medication




Some of the SSRIs[image: External link] and SNRIs[image: External link] appear to provide some relief.[7] Low dose paroxetine[image: External link] has been FDA[image: External link]-approved for hot moderate-to-severe vasomotor symptoms associated with menopause.[74] They may, however, be associated with sleeping problems.[7]

Gabapentin[image: External link] or clonidine[image: External link] may help but does not work as well as hormone therapy.[7] Clonidine may be associated with constipation and sleeping problems.[7]


[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 Alternative medicine




There is no evidence of consistent benefit of alternative therapies for menopausal symptoms despite their popularity.[75] The effect of soy isoflavones[image: External link] on menopausal symptoms is promising for reduction of hot flashes and vaginal dryness.[15][76] Evidence does not support a benefit from phytoestrogens[image: External link] such as coumestrol[image: External link],[77] femarelle[image: External link],[78] or the non-phytoestrogen black cohosh[image: External link].[15][79] There is no evidence to support the efficacy of acupuncture as a management for menopausal symptoms.[80] As of 2011 there is no support for herbal or dietary supplements in the prevention or treatment of the mental changes that occur around menopause.[81] A 2016 Cochrane review[image: External link] found not enough evidence to show a difference between Chinese herbal medicine and placebo for the vasomotor[image: External link] symptoms.[82]
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 Other therapies





	Lack of lubrication is a common problem during and after perimenopause. Vaginal moisturizers can help women with overall dryness, and lubricants can help with lubrication difficulties that may be present during intercourse. It is worth pointing out that moisturizers and lubricants are different products for different issues: some women complain that their genitalia are uncomfortably dry all the time, and they may do better with moisturizers. Those who need only lubricants do well using them only during intercourse.

	Low-dose prescription vaginal estrogen products such as estrogen creams are generally a safe way to use estrogen topically, to help vaginal thinning and dryness problems (see vaginal atrophy[image: External link]) while only minimally increasing the levels of estrogen in the bloodstream.

	In terms of managing hot flashes, lifestyle measures such as drinking cold liquids, staying in cool rooms, using fans, removing excess clothing, and avoiding hot flash triggers such as hot drinks, spicy foods, etc., may partially supplement (or even obviate) the use of medications for some women.

	Individual counseling or support groups can sometimes be helpful to handle sad, depressed, anxious or confused feelings women may be having as they pass through what can be for some a very challenging transition time.

	
Osteoporosis[image: External link] can be minimized by smoking cessation[image: External link], adequate vitamin D[image: External link] intake and regular weight-bearing exercise. The bisphosphate drug alendronate may decrease the risk of a fracture, in women that have both bone loss and a previous fracture and less so for those with just osteoporosis.[83]
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 Society and culture




The cultural context within which a woman lives can have a significant impact on the way she experiences the menopausal transition. Menopause has been described as a subjective experience, with social and cultural factors playing a prominent role in the way menopause is experienced and perceived.

Within the United States, social location affects the way women perceive menopause and its related biological effects. Research indicates that whether a woman views menopause as a medical issue or an expected life change is correlated with her socio-economic status.[84] The paradigm within which a woman considers menopause influences the way she views it: Women who understand menopause as a medical condition rate it significantly more negatively than those who view it as a life transition or a symbol of aging.[85]

Ethnicity and geography play roles in the experience of menopause. American women of different ethnicities report significantly different types of menopausal effects. One major study found Caucasian women most likely to report what are sometimes described as psychosomatic symptoms, while African-American women were more likely to report vasomotor symptoms.[86]

It seems that Japanese women experience menopause effects, or konenki, in a different way from American women.[87] Japanese women report lower rates of hot flashes and night sweats; this can be attributed to a variety of factors, both biological and social. Historically, konenki was associated with wealthy middle-class housewives in Japan, i.e., it was a "luxury disease" that women from traditional, inter-generational rural households did not report. Menopause in Japan was viewed as a symptom of the inevitable process of aging, rather than a "revolutionary transition", or a "deficiency disease" in need of management.[87]

In Japanese culture, reporting of vasomotor symptoms has been on the increase, with research conducted by Melissa Melby in 2005 finding that of 140 Japanese participants, hot flashes were prevalent in 22.1%.[88] This was almost double that of 20 years prior.[89] Whilst the exact cause for this is unknown, possible contributing factors include significant dietary changes, increased medicalisation of middle-aged women and increased media attention on the subject.[89] However, reporting of vasomotor symptoms is still significantly lower than North America.[90]

Additionally, while most women in the United States apparently have a negative view of menopause as a time of deterioration or decline, some studies seem to indicate that women from some Asian cultures have an understanding of menopause that focuses on a sense of liberation and celebrates the freedom from the risk of pregnancy.[91] Postmenopausal Indian women can enter Hindu[image: External link] temples and participate in rituals, marking it as a celebration for reaching an age of wisdom and experience.

Diverging from these conclusions, one study appeared to show that many American women "experience this time as one of liberation and self-actualization[image: External link]".[92]

Generally speaking, women raised in the Western world[image: External link] or developed countries in Asia live long enough so that a third of their life is spent in post-menopause. For some women, the menopausal transition represents a major life change, similar to menarche[image: External link] in the magnitude of its social and psychological significance. Although the significance of the changes that surround menarche is fairly well recognized, in countries such as the United States, the social and psychological ramifications of the menopause transition are frequently ignored or underestimated.[citation needed[image: External link]]
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 Medicalization




The medicalization of menopause within biomedical practice began in the early 19th century and has affected the way menopause is viewed within society. By the 1930s in North America and Europe, biomedicine practitioners began to think of menopause as a disease-like state. This idea coincided with the concept of the "standardization of the body". The bodies of young premenopausal women began to be considered the "normal", against which all female bodies were compared.[93]


[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 Etymology




Menopause literally means the "end of monthly cycles" (the end of monthly periods[image: External link] or menstruation[image: External link]), from the Greek word pausis ("pause") and mēn ("month"). This is a medical calque[image: External link]; the Greek word for menses[image: External link] is actually different. In Ancient Greek, the menses[image: External link] were described in the plural, ta emmēnia, ("the monthlies"), and its modern descendant has been clipped to ta emmēna. The Modern Greek medical term is emmenopausis in Katharevousa[image: External link] or emmenopausi in Demotic Greek[image: External link].

The word "menopause" was coined specifically for human females, where the end of fertility is traditionally indicated by the permanent stopping of monthly menstruations. However, menopause exists in some other animals, many of which do not have monthly menstruation;[94] in this case, the term means a natural end to fertility that occurs before the end of the natural lifespan.
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 Evolutionary rationale




Various theories have been suggested that attempt to suggest evolutionary benefits to the human species stemming from the cessation of women's reproductive capability before the end of their natural lifespan. Explanations can be categorized as adaptive and non-adaptive:
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 Non-adaptive hypotheses




The high cost of female investment in offspring may lead to physiological deteriorations that amplify susceptibility to becoming infertile. This hypothesis suggests the reproductive lifespan in humans has been optimized, but it has proven more difficult in females and thus their reproductive span is shorter. If this hypothesis were true, however, age at menopause should be negatively correlated with reproductive effort[95] and the available data does not support this.[96]

A recent increase in female longevity[image: External link] due to improvements in the standard of living and social care has also been suggested.[97] It is difficult for selection, however, to favour aid to offspring from parents and grandparents.[98] Irrespective of living standards, adaptive responses are limited by physiological mechanisms. In other words, senescence[image: External link] is programmed and regulated by specific genes.[99]
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 Adaptive hypotheses
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 "Survival of the fittest" hypothesis




This hypothesis suggests that younger mothers and offspring under their care will fare better in a difficult and predatory environment because a younger mother will be stronger and more agile in providing protection and sustenance for herself and a nursing baby. The various biological factors associated with menopause had the effect of male members of the species investing their effort with the most viable of potential female mates.[100][ page needed[image: External link]] One problem with this hypothesis is that we would expect to see menopause exhibited in the animal kingdom.[94]
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 Mother hypothesis




The mother hypothesis suggests that menopause was selected for humans because of the extended development period of human offspring and high costs of reproduction so that mothers gain an advantage in reproductive fitness by redirecting their effort from new offspring with a low survival chance to existing children with a higher survival chance.[101]
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 Grandmother hypothesis




The Grandmother hypothesis[image: External link] suggests that menopause was selected for humans because it promotes the survival of grandchildren. According to this hypothesis, post-reproductive women feed and care for children, adult nursing daughters, and grandchildren whose mothers have weaned them. Human babies require large and steady supplies of glucose to feed the growing brain. In infants in the first year of life, the brain consumes 60% of all calories, so both babies and their mothers require a dependable food supply. Some evidence suggests that hunters contribute less than half the total food budget of most hunter-gatherer societies, and often much less than half, so that foraging grandmothers can contribute substantially to the survival of grandchildren at times when mothers and fathers are unable to gather enough food for all of their children. In general, selection operates most powerfully during times of famine or other privation. So although grandmothers might not be necessary during good times, many grandchildren cannot survive without them during times of famine. Arguably, however, there is no firm consensus on the supposed evolutionary advantages (or simply neutrality) of menopause to the survival of the species in the evolutionary past.

Indeed, analysis of historical data found that the length of a female's post-reproductive lifespan was reflected in the reproductive success of her offspring and the survival of her grandchildren.[102] Interestingly, another study found comparative effects but only in the maternal grandmother—paternal grandmothers had a detrimental effect on infant mortality (probably due to paternity uncertainty).[103] Differing assistance strategies for maternal and paternal grandmothers have also been demonstrated. Maternal grandmothers concentrate on offspring survival, whereas paternal grandmothers increase birth rates.[104]

Some believe a problem concerning the grandmother hypothesis is that it requires a history of female philopatry[image: External link] while in the present day the majority of hunter-gatherer societies are patriarchal[image: External link].[105] However, there is disagreement split along ideological lines about whether patrilineality would have existed before modern times.[106] Some believe variations on the mother, or grandmother effect fail to explain longevity with continued spermatogenesis in males (oldest verified paternity is 94 years, 35 years beyond the oldest documented birth attributed to females).[107] Notably, the survival time past menopause is roughly the same as the maturation time for a human child. That a mother's presence could aid in the survival of a developing child, while an unidentified father's absence might not have affected survival, could explain the paternal fertility near the end of the father's lifespan.[108] A man with no certainty of which children are his may merely attempt to father additional children, with support of existing children present but small. Note the existence of partible paternity supporting this.[109] Some argue that the mother and grandmother hypotheses fail to explain the detrimental effects of losing ovarian follicular activity, such as osteoporosis[image: External link], osteoarthritis[image: External link], Alzheimer's disease[image: External link] and coronary artery disease[image: External link].[110]

The theories discussed above assume that evolution directly selected for menopause. Another theory states that menopause is the byproduct of the evolutionary selection for follicular atresia[image: External link], a factor that causes menopause. Menopause results from having too few ovarian follicles to produce enough estrogen to maintain the ovarian-pituitary-hypothalamic loop, which results in the cessation of menses and the beginning of menopause. Human females are born with approximately a million oocytes, and approximately 400 oocytes are lost to ovulation throughout life.[111][112]
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 Other animals




Menopause in the animal kingdom appears to be uncommon, but the presence of this phenomenon in different species has not been thoroughly researched. Life histories[image: External link] show a varying degree of senescence[image: External link]; rapid senescing organisms (e.g., Pacific salmon[image: External link] and annual plants[image: External link]) do not have a post-reproductive life-stage. Gradual senescence is exhibited by all placental mammalian[image: External link] life histories.

Menopause has been observed in several species of nonhuman primates[image: External link],[94] including rhesus monkeys[image: External link],[113] and chimpanzees[image: External link].[114] Menopause also has been reported in a variety of other vertebrate species including elephants[image: External link],[115] short-finned pilot whales[image: External link],[116] killer whales[image: External link],[117] and other cetaceans[image: External link],[118][119] the guppy[image: External link],[120] the platyfish[image: External link], the budgerigar[image: External link], the laboratory rat[image: External link] and mouse[image: External link], and the opossum[image: External link]. However, with the exception of the short-finned pilot whale[image: External link], such examples tend to be from captive individuals, and thus they are not necessarily representative of what happens in natural populations in the wild.

Dogs do not experience menopause; the canine estrus cycle[image: External link] simply becomes irregular and infrequent. Although older female dogs are not considered good candidates for breeding, offspring have been produced by older animals.[121] Similar observations have been made in cats.[122]
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 See also





	Folliculogenesis[image: External link]

	Ovarian reserve[image: External link]

	European Menopause and Andropause Society[image: External link]

	Pregnancy over age 50[image: External link]
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