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Introduction


Over the years, as a general practitioner who has a particular interest in menopause, I have met many women of different ages looking for guidance to help them navigate the hormonal changes that the female life cycle brings along. As a woman myself, I can say that most of us are probably very aware of the importance of hormones for our psychological and physical wellbeing but at the same time we also have this sense that hormones are elusive, in constant flux and difficult to pin down. The idea that our hormones are constantly changing, not only during the course of the month in women who have a menstrual cycle but throughout our lifetime and even on a day-to-day basis, can be a daunting thought and it can make us feel as though we are not in control. The way we feel is one aspect of our wellbeing, the way we look is another. The skin is a mirror of our general health and healthy looking skin and hair are important for our resilience, our confidence and our emotional wellbeing.


When it comes to any skin and hair symptoms, the one question women in my clinical practice have asked me time and time again is: ‘Could this be hormonal?’ I realized that women wanted answers and I was not always able to provide them, which I found frustrating. Why does it even matter whether a certain symptom is ‘hormonal’ or not? Well, it does matter. It matters to us if there is something happening to our body and in our body that has such a profound impact on the way we look that it makes us think about whether there is something we can do to change it. I started to read lots of literature and medical studies about the endocrine system and how it affects our skin and hair. The deeper I was digging, the more fascinated I became. Having a clearer understanding about the way the hormones on our inside affect us on the outside can help us take back control. It may not always provide us with an instant solution or answer to every problem, but having this knowledge can at least help us to make sense of some of the symptoms we are likely going to encounter during our lifetime.


I must have spent a fortune on skincare products over the years, some of which were hugely helpful while others were a complete failure and a waste of money. I came to realize that finding the right skincare is only one tool in our toolbox to achieve healthy skin and hair. We can apply products to our outside, but what happens on our inside is equally important. How we live, how we sleep, what we eat and how we manage stress all have a huge impact on our hormonal and psychological wellbeing and this in turn helps our skin and hair too. We cannot look at our skin and hair in isolation and ignore all the things that are going on inside us and around us. This book will help you to understand how the skin works and that it is a complex and multifaceted organ that responds to hormones and at the same time also produces its own hormones. The knowledge that I have collected in this book will hopefully bring you a step closer to an answer to the question: ‘Could this be hormonal?’


This book is not another skincare book. I will not tell you which skincare brand you are supposed to buy or how you can achieve the blemish- and wrinkle-free, Photoshopped type of skin we now see so often on social media. This book provides you with all the tools you need to understand how your skin and endocrine system work and how the two are connected. Armed with this knowledge you can navigate each stage of your hormonal life cycle and take action when needed. There may be times when you require expert help and support from a dermatologist or even an endocrinologist and there may be times when you will be confident to deal with certain skin symptoms by yourself. I would like this book to be your supportive and reliable companion and guide while you navigate the hormonal changes through your lifetime. I hope it will help you to get a better idea about why certain symptoms in your skin and hair happen and when they happen during certain stages of your life. Looking after your skin and hair on the outside will be easier if you understand the important role hormones play on your inside. Take care of yourself – inside and outside.




1


Understanding your skin


Our skin is a wonderfully fascinating and amazing organ. In this chapter, I will explain to you why.


We often take the functions and the health of our skin for granted and only when our skin no longer works or looks as it should do we realize how important its integrity is for our physical, emotional and mental health. Skin health is not just skin deep. It goes much further than that, it affects your entire wellbeing and quality of life. I will take you on a journey to help you understand the way your skin interacts with both the outside world and the inside of your body. We will look at the functions of the different layers of the cells of the skin and we will look at the organisms that live in and on our skin. This knowledge will then help you to make sense of the impact that hormonal changes may have on your skin when we discuss the various stages of the female life cycle. The more you learn about your skin, the more astonished you will be when you realize how extraordinary it is and how enormously hard it works for us on a day-to-day basis.


As impressive as our skin is, there is one myth that I need to correct before we go any further. Time and time again during the research for this book I have come across the statement that our skin is the largest organ of our body. This is not true. The skin is not our largest organ. It sounds like a really impressive fact, and it seems to be accepted as common knowledge, but this is not supported by actual evidence. An organ is a structural unit of tissues that perform a particular function. In the scientific world people have been arguing about this for a long time. In terms of weight, the skin (epidermis + dermis) makes up 5.5–15 per cent of total body weight. The skeleton makes up 14 per cent of an adult human’s weight and the muscle mass of a woman around 30–36 per cent, depending on age. When it comes to surface area, the average skin surface area is 2 m2, but compare this to the gas-exchanging surface of the lungs, which has been estimated to be the size of a tennis court, or, to top it all, the mucosal surface of the human gastrointestinal tract, which is apparently the size of a football field. When it comes to skin, even if we include all the nooks and crannies (follicles, pores, appendage openings), potentially the skin surface is more like 25 m2, but it still does not win against the lungs or the gut. So, the skin is weighty, but it is not the largest surface and if you count the musculoskeletal system as an organ, not the heaviest.


Even though our skin does not score a record when it comes to size, it has a multitude of important and essential functions which we could not live without. It acts as a barrier to the outside world and shields us from external threats and hazards. It is a flexible and elastic shell which allows us to move and be mobile while at the same time keeping all our organs and internal structures stable and in place. It adapts and grows and adjusts to our changing needs. We form calluses in areas where the mechanical demands are increased, for example on the fingertips of musicians playing string instruments or on our feet when we walk a lot. When we feel hot or cold our skin will try its best to help us regulate our body temperature.


Skin has also been called the ‘brain on the outside’ due to its enormous role in processing sensory stimulation from the environment and communicating this information to the brain. The brain in turn responds to the messages the skin sends and this leads to further downstream communication to other organs, such as endocrine glands and the cardiovascular system. Researchers have observed that our skin is not just a target for the hormones which are produced in our body’s endocrine glands but itself produces hormones. Another whole new emerging area of skin health looks at the role of the microbes which live on our surface and which play a fascinating role in our skin health and skin ageing.




Quick facts


The skin:




	acts as a barrier to protect us from mechanical damage but also from harmful hazards like UV light, radiation, chemicals, infectious pathogens


	protects against water and electrolyte loss


	is part of our immune system


	acts as psycho-emotional organ


	acts as a sensory organ and warning system by signalling pain, vibration, itching, pressure, abnormal temperatures, etc.


	acts as an endocrine organ (vitamin D, etc.)


	regulates our body temperature.








The basics


The skin of an average adult person makes up around 15 per cent of their total body weight and covers a surface area of up to 1.8–2 m2. The skin has several layers (more on this later) and we constantly renew our skin layers by producing new skin cells and shedding the old cells on the surface. Here are some impressive skin facts:








	Number of cells in the skin

	110,000,000,000 (6,000,000 per cm2)






	Number of sweat glands in the skin

	1,800,000 (100 per cm2)






	Number of sebaceous glands

	250,000 (15 per cm2)






	Average life span of skin cells

	
Lips: 14 days


Soles of feet: 19 days








	Weight of our skin

	5.5–10 kg depending on body weight






	Number of free nerve endings in the skin

	4,000,000









I don’t know about you, but I always thought that the skin of men was quite different from that of women. In fact, there is really not much difference at all. The skincare industry for the most part created this idea and advertisers are trying to sell us products which supposedly cater for the different needs of male or female skin even though the differences are barely relevant. The main ingredients in the skincare products we have available today can be used by both sexes, for the same purposes, with similar results.


When researchers compared male to female skin parameters, they found that across all age groups, female skin is slightly thinner and less firm than male skin and it has less collagen and less elastin. Women also generally have lighter skin and less pigmentation compared to men from the same ethnic background. Some studies have reported that pores in male skin are slightly larger, but this is likely not clinically relevant. The bottom line is that the differences are really a lot less dramatic than you may have believed and that when we are young, both males and females start off with very similar skin. The differences we might notice are not so much based on structural differences but are influenced instead by certain factors over the course of our lifetimes. These factors include the ways we look after our skin, behavioural and lifestyle habits which can contribute to skin damage and ageing, and the hormonal changes specific to our sex.


Skin thickness starts to decrease in both men and women from around the age of 45, but in women the reduced levels of sex hormones with the onset of the menopause lead to a more accelerated loss of collagen and skin thickness. The hormonal changes women experience as part of the female life cycle increase their risk of developing certain skin and hair problems which are less commonly seen in men. Autoimmune and allergic skin conditions, as well as problems related to skin pigmentation, happen more frequently in female skin. At the same time, certain psychological problems and behavioural factors also make a difference to skin health.




Body-focused repetitive behaviours (BFRBs)


Women are more prone to developing psychological and mental health conditions which can cause skin and hair problems. One such condition is called body-focused repetitive behaviour, or BFRB, and it is characterized by repetitive and compulsive behaviours that can damage the body. Some examples of BFRBs are:




	skin picking (dermatillomania/excoriation disorder)


	hair pulling (trichotillomania)


	skin biting


	nail biting


	nail picking


	cheek biting.





The extent of these behaviours ranges from mild to severe and they can be very distressing and often have a negative impact on the social and professional life of the individual. The treatment for BFRB is usually Cognitive Behavioural Therapy (CBT) or other forms of mental health and psychological support. If you think you suffer from BFRB, please see your GP or family doctor and ask for an assessment and referral to a therapist who specializes in these conditions.





Though women are more prone to suffer from psycho-dermatological problems such as skin picking, they also have more awareness about skin health in general and this is reflected in certain skin health-promoting behaviours such as using sun protection, lower rates of smoking and seeking professional help for skin problems. As an example, when it comes to skin cancers, by the age of 50, men are not just more likely to develop skin cancer, including melanoma, they also have consistently lower survival rates. There are several reasons which may help to explain this further:




	Men seem to have less awareness of the harmful effects of sunlight and in general have more sun exposure over their lifetime.


	Women have more knowledge of the importance of sun protection and they apply sunscreen more often than men.


	Due to the hormonal differences between women and men, female skin may be better at repairing sun-damaged skin because it is more effective at reducing the oxidative stress frequently seen in skin cancer cells.







The bottom line




	Women’s skin is slightly thinner and in general less pigmented than men’s skin, but the basic structure is very much the same.


	Women are more prone to getting certain skin conditions because of hormonal changes (menstrual cycle, pregnancy, menopause) throughout their lifetime. Read more about this in the next chapters.


	Hormonal differences may give women an advantage when it comes to skin healing and repairing.


	Behavioural and lifestyle factors play a role in the way female and male skin ages differently.








Skin layers


Let’s have a closer look at what our skin is made of and how it works. The skin has three layers: the outer layer, the epidermis, the middle layer, the dermis, and the deepest layer, the subcutis, also sometimes called the hypodermis. Each of these layers has a different function and varies in thickness depending on body area and age.


Epidermis


The epidermis forms the outermost layer and its thickness ranges from 0.04 mm on the eyelids to 4 mm on the palms of our hands and soles of our feet. It obviously makes sense to have thicker skin on areas of high mechanical pressure or demand such as the sole of your foot and to have thinner skin in areas that need to be lighter and more delicate such as the eyelids. The epidermis does not have its own blood vessels and gets its nutrients and oxygen from the dermis below. In the epidermis we find several different cell types (Figure 1.1).
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Figure 1.1 Layers of the skin


Keratinocytes




	These cells make up 90 per cent of the epidermis and they have a multitude of important functions.


	They form a tight barrier at the skin’s surface to reduce water loss and prevent damage from external hazards such as UV light, heat, microbes.


	They produce keratins, which are a type of protein that forms very tough bonds and has water-repellent properties.


	They produce antimicrobial substances, fats, enzymes and molecules which aid skin healing.


	They communicate with immune cells to coordinate wound healing and skin repair.





The bottom layer of the epidermis is called the basal membrane and here we find a variety of skin stem cells (SSCs). These stem cells are parent cells which are needed to continuously renew and repair our skin. Each type of skin cell (keratinocytes, melanocytes, sebaceous glands, etc.) has its own stem cell. The new keratinocytes which are made in their stem cells start off at basal layer and undergo a maturation process during which they divide, change shape, form junctions and migrate to the top. During this process the keratinocytes lose their genetic material (DNA) and cellular organelles that have kept them alive and by the time they reach the surface they look like flat envelopes stacked on top of each other. About 10–30 of these cells, which are now called corneocytes, are stacked vertically on top of each other and they form the stratum corneum, which is the outermost layer of the epidermis.


Even though corneocytes are essentially dead skin cells, they still perform very important functions and help to maintain an intact skin barrier. The oldest skin cells at the very top are more loosely connected and they fall off and shed daily – this is called desquamation. It is estimated that we shed around 500 million skin cells per day and these skin flakes form a large part of the dust particles in our homes.




Quick skin tips




	Young and healthy skin does not need to be regularly exfoliated by using physical or chemical treatments. Exfoliation happens naturally.


	Too much exfoliation can harm the skin’s epidermal barrier and cause redness, dryness and irritation and increase the risk of infection.


	Excessive surface exfoliation can also make existing skin conditions like acne or eczema worse, and it makes skin more vulnerable to UV light.


	If used in a sensible way, exfoliation can help to improve specific skin concerns (fine lines and wrinkles, hyperpigmentation, scarring, etc.)








Melanocytes


These cells are found in the epidermis and in hair bulbs. They produce melanin, which gives our skin and hair their colour.


Melanocytes also play an important role in the skin’s immune function. When skin gets exposed to UV light it causes damage to the keratinocytes; they in turn respond by stimulating melanocytes to produce melanin. The melanocytes contain little organelles called melanosomes and the melanin gets synthesized, stored and transported in these small bubbles. The melanin-filled melanosomes become absorbed by the keratinocytes and give skin cells their colour.


UV light promotes the production of melanocyte-stimulating hormone (MSH) in the melanocytes and this in turn increases melanin synthesis in the melanocytes. Melanin can absorb and disperse energy from radiation and UV light and it captures free radicals. This in turn prevents DNA damage.




What are free radicals?


Free radicals or reactive oxygen species (ROS) are atoms or molecules which are very unstable and highly reactive. They either donate or accept an electron from other molecules and can cause oxidative stress and damage to the cell’s structures and organelles, but also the cell’s genetic material (DNA).


Oxidative stress caused by free radicals is associated with many acute and chronic diseases and it also increases with age. Antioxidants reduce oxidative stress by inactivating ROS, but as we get older our cells are less able to defend themselves due to a decline in antioxidants.





Melanocytes can produce two types of melanin: eumelanin, which is brown/black, and pheomelanin, which is yellow/red. The ratio of these pigments is determined by our genes and results in a wide variation of skin and hair colours.


People who produce less melanin are more likely to experience sunburn when their skin is exposed to UV light. Those who have very light skin and always burn have a higher risk of skin cancer than those who have darker skin and never burn. But people with brown or black skin can get skin cancer too. Regardless of our ethnicity and skin colour, we all have the same number of melanocytes. The differences in skin pigmentation are a result of the number and the size of the melanosomes.




Quick facts




	We are all born with our individual skin colour, which is determined by the genes we inherited from our parents.


	Genetic conditions such as albinism which affect melanin production make skin extremely vulnerable to the damaging effects of UV light.


	There is no such thing as a healthy tan. You tan because the DNA fragments from UV-damaged keratinocytes stimulate your melanocytes to frantically produce more melanin to help protect the keratinocytes from further DNA damage.








Langerhans cells


These cells are part of our immune system and help us fight invasive germs such as viruses, bacteria and fungi. The numbers of these cells decrease with age and this together with general skin thinning can reduce the skin’s ability to prevent or fight infections.


Merkel cells


These cells are sensory nerve cells which enable us to feel light touch and light pressure. The highest number of these cells are found in our fingertips, inside our mouth, on the soles of our feet and in the genital mucosa. As we get older, the number of these nerve cells decreases and this can affect our sensation.




The skin cycle (epidermal turnover)


This is the time it takes for the epidermal layer of the skin to renew itself. So basically, the time it takes for a keratinocyte to migrate from the basal layer to the top, turn into a corneocyte and flake off the surface. We shed around 14 g of dead skin cells very day.


There are several factors that affect the skin cycle, including age, hormones, lifestyle, nutritional status, general health.




	The epidermal turnover in the healthy skin of teenagers and younger adults takes around 20–30 days.


	In older adults (>40 years) this time increases to 39–45 days or even longer.


	During an average lifetime we renew our epidermis around 900–1000 times.








So, if we get rid of our ‘old skin’ every few weeks, why does this not result in a fresh new skin surface every few weeks as well? What happens is that individual skin cells get randomly renewed; this does not take place at the same time for all skin cells, so they are not in sync with each other. Each skin cell is independent and different cells are at different stages in the renewal cycle. Therefore, it is not obvious to us when we have completed a skin cycle. But wouldn’t it be great if we woke up every 3–6 weeks with brand new skin?




Quick skin tip


Now that you know that it takes around 3–6 weeks to renew your skin, it also makes sense to be consistent with your skincare routine.


If you just started a new treatment to address a particular skin problem or concern, be patient and allow around three months (2–3 epidermal turnovers) before you expect to see real results. A lot of companies make claims that their over-the-counter skincare products can speed up the epidermal turnover time. But this is a complex subject and all too often these claims are not based on clinical evidence. Some treatments such as retinoids or glycolic acid, when used appropriately, can help to increase the epidermal turnover time.





Skin barrier


The key function of the epidermis is to keep moisture in and pathogens out. The corneocytes at the very top provide an effective mechanical barrier, but our skin also uses a clever chemical barrier to reduce trans-epidermal water loss (TEWL) and to prevent unwanted microbes like bacteria or viruses from entering. Most of these germs do not like an acidic environment. When the sebum from our oil glands and the sweat from our sweat glands mix on the skin’s surface, it creates a thin acidic film which is also called the acid mantle and this acts as a powerful first defence against invasive germs. Acidity is measured using the pH value and this ranges on a scale from 0 to 14. A pH of 7 is neutral, any pH below 7 is acidic and a pH above 7 would be defined as alkaline. Tap water has a pH of 6.5–9.5 depending on the area where you live and soaps tend to have a pH of 9–10, so they are slightly alkaline.


Researchers have found that when we leave our skin alone and don’t expose it to water or any cleansing products, then the natural pH of our skin would be around 4.7, which means that our skin surface would be slightly acidic. People who have a skin pH of <5 have more hydrated skin, less scaling and a healthier skin microbiome. Even exposing your skin to tap water with a typical European pH of 8, for example by having a bath or shower, can increase your skin’s pH for up to six hours afterwards. A slightly acidic skin surface not only keeps the unwanted bugs away, it also helps growth of the kind of bacteria on our skin surface that are actually welcome and helpful when they flourish. I will discuss the importance of our skin microbiome later in this chapter.


The pH of our skin changes depending on the products we use to care for our skin, but any existing skin conditions and the general skin environment, for example the clothes or shoes we wear, also have an impact. Athlete’s foot, a common fungal infection which typically occurs between our toes, often thrives when the skin barrier is broken and the pH of the skin is more alkaline. That’s why we should always keep the skin between our toes dry after we have a shower or a swim – to ensure that the skin barrier is kept intact.




Quick skin tip


Our ideal natural skin pH is 4.7. To consistently maintain this, we would probably have to stop using water and soap and just remove visible dirt with a cloth.


I don’t know about you, but I feel that even though we want to keep our skin healthy and natural, we cannot go through life in the 21st century without basic body care or a basic hygiene routine. Fortunately, there is no need to refrain from washing or bathing your body – the good news is that even if our pH changes temporarily, our skin is resilient and can restore its healthy pH within a few hours, provided we don’t interfere too much.


You can use normal soap to wash your hands if you only wash your hands a few times a day, but if your job requires you to wash your hands frequently, it is worth using a gentle detergent with a slightly more acidic and skin barrier-friendly pH, of 5–5.5 for example.


If your skin is already dry and inflamed, it is likely that your skin barrier is already disrupted. Now it becomes even more important not to wash excessively and to use products that restore the skin’s pH to a healthier level.





Does our skin need to breathe?


Anyone who has seen the James Bond movie Goldfinger will remember the Bond girl who apparently suffocated after her entire body was covered with gold paint. Now, unless she was an amphibian disguised as a human (plot twist), this would not be possible. We receive our oxygen supply by breathing through our lungs, so covering the body in an occlusive substance might be uncomfortable, but as long as our lungs can expand and we can breathe, we would not suffocate. Saying that, scientists have known since 1851 that some gases, like oxygen, can diffuse through the skin. The skin also emits CO2 and the cells in the upper layers of the skin to a depth of 0.25–0.40 mm are almost exclusively supplied by atmospheric oxygen, while any deeper layers of the skin receive oxygen through the blood supply. So, only the very superficial layers of the skin use diffused oxygen from the air.


Does this mean that you need to let your skin ‘breathe’ and that you should not cover your skin with skincare, sunscreen or makeup? No, not at all. Oxygen is a tiny molecule and can easily pass through creams and makeup. Nevertheless, it is still recommended that you clean your skin to remove general dirt and old layers of makeup in the evening to avoid infections and clogged pores.


Dermis


The layer below the epidermis is called the dermis. The word ‘dermis’ is Latin and derives from the Greek word dérma, which means skin or leather. The dermis starts right below the basement membrane and is firmly attached to the epidermis. It consists of densely interwoven, highly elastic fibres and lots of collagen, which makes our skin robust but also allows it to be stretchy and flexible. The dermis provides a robust supporting structure to keep everything in its place and ensures that the skin returns to its original shape after it is pulled, stretched or exposed to pressure. It is really a bit like a superhero onesie. The thinnest dermis is found in areas of our body either where we have a thicker epidermis, such as the soles of our feet, or where we have the thinnest epidermis, such as the eyelids. The thickest dermis is found on our back. The water content in the dermis of healthy young women is around 74 per cent.


The dermis is a superstructure and the place where all the magic happens. Important functions like wound healing, our skin’s immune response, hair growth and temperature regulation all take place in the dermis thanks to several important cells and structures which are located here (Figure 1.2):




	hair follicles and hair shafts (more in the next chapter)


	sweat glands


	nerves and mechanoreceptors (both sensory and autonomous)


	blood vessels (capillaries, veins and arteries)


	lymph vessels


	fibroblasts


	mast cells


	immune cells


	fat cells.





[image: A diagram of the structures found in the dermis.]


Figure 1.2 Structures in the dermis


All the cells and structures above are embedded in a densely woven network of perpendicularly and horizontally arranged fibres. Fibroblasts are the most common cells in the dermis and they produce various types of proteins, but in particular collagen and elastin. Collagen is the most abundant type of fibre in the dermis and around 70 per cent of the dry skin weight consists of collagen, whereas elastin fibres make up only 2–4 per cent of the dry skin weight. Collagen is not elastic and its main job is to provide stability and strength, whereas elastin, as the name implies, is an elastic type of protein fibre and this helps the skin to stretch and recoil back into its original shape. The human body makes around 28 different types of collagens and in the skin we have predominantly collagen type I (80–90 per cent) and type III (15 per cent). Fibroblasts also produce substances which belong to a group called glycosaminoglycans (GAGs), including hyaluronic acid. These molecules have the ability to hold on to water and they contribute to the maintenance of the skin’s moisture content.


Now, when we look at the time it takes the epidermal layer to renew itself (28–45 days) and compare this to the collagen and elastin turnover in the dermis, the epidermis wins hands down. Researchers have found that it takes nearly 15 years for our collagen fibres to be turned over and renewed. When it comes to elastin, fibroblasts slow the production right down after puberty and we don’t really make any elastin later in life. The elastic fibres we have made by the time we have reached early adulthood need to serve us pretty much for the rest of our life. The only exception to this is wound healing: fibroblasts may start to produce a few new elastin fibres again when skin is broken and needs to be repaired, but typically scar tissue consists mainly of collagen and only very few elastin fibres and this explains why scar tissue is more rigid and less flexible than non-scarred skin.


One of the challenges the skincare and beauty industry has been working on is to find ways to stimulate elastin production in older skin. Until now, the main treatment focus has been to preserve and protect the elastin we already have and to slow down the degradation of these fibres, for example by avoiding sun damage. In recent years, new and more invasive energy-based technologies have emerged which aim to increase the production and stimulation of new elastin and collagen fibres. Some treatments which use laser or radiofrequency micro-needling have shown promising results, but we don’t yet have a lot of clinical studies comparing different protocols, adding active skincare ingredients or data about possible long-term complications.




Quick skin fact


Fibroblasts stop producing elastin after puberty. This means we cannot easily replace elastin fibres once they are damaged.


Fibroblasts are sensitive and prone to damage during our lifetime and chronic sun exposure is one of the most common reasons for loss of elastin fibres and loss of elasticity.





The epidermal layer does not have its own blood supply so it relies on the blood vessels in the dermis to supply it with essential nutrients and oxygen. The upper dermal layer has lots of small arteries (arterioles) and capillaries which carry oxygen and nutrient-rich blood to the dermis and veins, which in turn take the oxygen-depleted blood back to the lungs. These blood vessels will also carry immune cells and inflammatory molecules to the dermis in response to an injury, infection or other threats.


One of the types of cells which form a really important part of our immune system and which provide a first-line defence against all sorts of threats are mast cells. The skin contains the highest number of mast cells in the body and we have more mast cells in our peripheries (such as our arms and legs) compared to the chest or back, for example. Mast cells are typically located very close to blood vessels, nerves and hair follicles. They contain many small bubbles (granules) which are filled with many different immune-modulating chemicals. The most well-known molecule is probably histamine, but they also store a plethora of other chemicals which are released in response to a chemical, mechanical, inflammatory, allergic or infectious stimulus.


While the release of these chemicals plays an important role in defending the skin’s integrity and maintaining the skin barrier, it can also be detrimental. When mast cells do not function properly and when they are unstable or desensitized, they can release their stored chemicals inappropriately, too suddenly or without a good reason and this can lead to very unwelcome and over-the-top reactions, such as life-threatening allergic shocks (anaphylaxis) or inflammatory skin disorders. Mast cell dysfunction plays a role in conditions such as atopic dermatitis (eczema), hay fever, allergic asthma, food allergies, psoriasis, contact dermatitis and nettle rash (urticaria), to name but a few. You can read about how the female life cycle affects mast cells and histamine in Chapter Five.


Nerves


Our skin is supplied with a network of nerves which are connected to our spinal cord and the brain. The nerve branches enter the dermis from the fatty layer below (called the hypodermis or subcutis) and the nerve endings form a superficial and deep network. This enables us to feel a range of sensations:




	deep touch


	temperature


	pain


	high- and low-frequency vibration


	itch


	tickle


	movement.





We can detect minute changes in temperature and thermal sensitivity is highest on the face. If temperatures are below 18ºC or above 45ºC, we start to feel pain. Pain sensation can also be caused by pressure and injury. Each hair follicle has its own little nerve ending or mechanoreceptor which can detect the tiniest movements in the hair shaft. You can try this yourself: touch just the tip of one hair at the back of your forearm without touching the skin and you can feel the movement of the hair in your skin.


Scientists have found different types of highly specialized nerve endings which are responsible for different sensations. We have nerve endings from both the autonomous and the somatic nervous systems in our skin. The autonomous nervous system is largely regulated unconsciously and this includes our reflexes. It is known to control the fight or flight response (sympathetic nerves) and the rest and digest state (parasympathetic nerves). To give you one example, sweat glands are under the control of sympathetic nerves and this means that we may start sweating if we feel stressed. The nerve endings which are connected to the somatic nervous system allow us to feel touch and pressure and this helps us to carry out complex movements or hold a delicate object between two fingers without breaking it.


Sweat glands


Let’s have a look now at the sweat glands in our skin and why they are important. The main reason humans sweat is to prevent overheating, which can lead to heat exhaustion or heat stroke. Heat is transferred to the sweat on the body’s surface and the evaporation of the sweat cools the body. We sweat either because the outside temperature increases above a certain threshold or when our body gets hot because of muscle activity during movement. Some people also start sweating when they feel stressed, scared or anxious. Our body temperature is normally well controlled by our autonomous nervous system and by a part of the brain called the hypothalamus, which acts like our internal thermostat. This thermostat normally works quite well, but throughout the female life cycle there are times when hormonal changes can cause it to struggle to adjust. Temperature regulation problems are particularly common during the postpartum period or the menopausal transition.


We have two types of sweat glands in the dermis:




	eccrine glands


	apocrine glands.





Eccrine glands are the most important sweat glands when it comes to temperature regulation. We are born with a fixed number of eccrine glands (about 2–4 million) and this number stays the same throughout our lifetime. Eccrine glands are most numerous on the head and the trunk and are particularly common on the palms of our hands and the soles of our feet. There are fewer eccrine glands on our legs or arms.


When we are around 2–3 years old, eccrine glands start to produce a thin, odourless sweat which consists mainly of water with some traces of salts, proteins, urea and ammonia. The sweat is produced in response to an emotional (sympathetic nervous system) or thermal stimulus and is secreted directly onto the skin’s surface. If the sweat does not immediately dry or evaporate, the bacteria which live on our skin’s surface start to interact with the sweat. Different species of bacteria live in different parts of our body and though the initial sweat is odourless, depending on the type of bacteria, when they break down the sweat they can produce potentially very smelly molecules called volatile organic compounds (VOCs). This is particularly relevant when it comes to smelly feet or smelly armpits.




Fun fact


Some people carry a particular variation of a gene called ABCC11 and this results in the production of dry and non-smelly earwax. People who don’t have this genetic variant produce wet and smelly ear wax. Interestingly, the lucky people who have the dry ear wax gene also produce a type of sweat that lacks any of the molecules bacteria normally turn into VOCs, so they can sweat without the risk of body odour and do not need to use deodorant. This genetic variant is most commonly found in people of East Asian heritage.





What is sweat rash?


Sweat rash is a common skin condition. It is sometimes also called heat rash or prickly heat. The medical term is miliara. Miliara is caused by a blockage of the eccrine sweat glands and this leads to a back flow of sweat into the dermis or epidermis. The sweat glands start to swell up and the sweat accumulates in little bubbles (vesicles) under the skin. This then leads to a rash on the skin’s surface which consists of small, fluid-filled blisters or papules (small, raised bumps). These little bumps can get inflamed or infected and become pustules (small blisters containing pus).


It is generally a harmless and self-limiting condition which requires only symptomatic treatment, including cooling the affected area and reducing perspiration. In extreme cases and when very large areas are affected, sweating may be so impaired that it leads to ineffective temperature regulation and heat exhaustion.


Who gets miliara? This skin condition is frequently seen in newborn babies. In adults, sweat rash commonly occurs when people are newly exposed to a very warm and humid climate. Other causes include strenuous physical activity and occlusion of the skin through tight clothing or medical patches or bandages.


In adults, miliara mainly affects the trunk and the extremities and usually never the face. The rash can be intensely itchy and when it gets infected, it can also become painful. In milder cases, the rash can appear within minutes of the onset of sweating and it disappears within a few hours after the cessation of the sweating.


Apocrine glands are larger than eccrine glands and are always connected to hair follicles. They are only located in certain areas of the body, including our armpits, genital/perianal area, around the nipples, the ear canals, the naso-labial folds and on our eyelids. Apocrine glands start to become active with the onset of puberty and the increase in the production of sex hormones such as androgens. This is one of the reasons why prepubescent children tend to be less sweaty under their arms and their sweat is less smelly. Once the apocrine glands get going, they produce a thick, odourless type of sweat which contains a mixture of fats, proteins, sugars and ammonia and which is released through the hair shafts. Microorganisms on the skin then break down the sweat and the resulting byproducts of bacterial activity can culminate in VOCs, which give a sweaty, unwashed body its characteristic odour.


In animals, apocrine glands also function as scent glands, releasing olfactory active substances called pheromones, which play an important role in social and sexual function. In humans, the situation is far more complex and while it seems clear that certain body odours have the potential to trigger a positive or negative emotional response, scientists so far have not isolated or identified a specific olfactory messenger molecule that leads to the same consistent and reproducible emotional or behavioural effect. Pheromones in humans may exist, but so far they have been rather elusive.




Quick facts




	Children produce sweat at a lower rate than adults.


	Women produce less sweat than men during the same exercise.


	Young adults sweat more than older adults.


	Both sweat rate and body odour are unique to each person.


	We have a total of 1.8 million sweat glands in our skin.


	Our individual body odour is strongly connected to the composition of the microorganisms that live on our skin. This skin microbiome is individual to each person.


	Men’s sweat contains different hormones from women’s and they have a higher density and variety of microorganisms on their skin. This could explain why male sweat smells different from female sweat.





Read Chapter Five to find out how menopause affects body odour.





Sebaceus glands


Sebum- or oil-producing glands are also called sebaceous glands and they are made up of cells called sebocytes. Sebaceous glands are usually connected to hair follicles, but they are not the same as sweat glands. Instead, they produce a sticky, thick secretion (sebum) which is rich in various fatty acids, but they also contain numerous other substances such as enzymes, glycerine, squalene, wax and anti-inflammatory molecules. They are pretty much everywhere on the body where we have hair follicles, but we find them most commonly on the face, in particular the forehead and eyebrows, on the scalp and in the genital area. It is estimated that we have around 250,000 sebaceous glands in our skin. There are no sebaceous glands on the palms of our hands and the soles of our feet and thank goodness for that – otherwise, we would be walking around with greasy feet and hands.


The density of sebaceous glands is particularly high in our eyelids. The type of sebum produced by eyelid glands is very important for our eye health because it helps to stabilize the tear film and prevents the rapid evaporation of the tear film from the surface of our eyes. When these glands don’t produce enough sebum, it can result in dry eyes. This is more common after the menopause when our levels of androgens decline.




Quick skin fact


Who is in control of the oil glands?


The amount of sebum secreted by the sebaceous glands depends on the number of the glands and how they respond to hormones.


The number of sebaceous glands does not change throughout our lifetime, but the size of the glands increases with age, particularly during the teenage years. As people get older, sebaceous glands can become so large that they are visible to the naked eye. This is called sebaceous hyperplasia. Even though this is a completely benign condition, it can be a distressing cosmetic problem for some people.


The hormones which mainly regulate sebum production belong to the group of androgens and they include testosterone or dihydrotestosterone (DHT), but other steroid hormones like cortisol and CRH are also thought to play a role.


It is less clear which role oestrogen plays in sebum production. It was thought in the past that oestrogen leads to a decrease in sebum production, but the evidence is conflicting. This effect may be relevant only when oestrogen levels are quite high (during ovulation, pregnancy or when women take the combined contraceptive pill, for example).


There may be another player in the game, acetylcholine, a neurotransmitter which is involved in many aspects, but particularly in muscle function. Researchers found that when Botulinum neurotoxin (commonly referred to as Botox) was injected into the foreheads of patients with oily skin, enlarged pores and acne, the sebum production was reduced, the pores shrank and the acne generally improved. Botox blocks the release of acetylcholine and these benefits seen in acne patients indicate that sebum production is controlled not just by androgens but also by acetylcholine, for example.





Sebum has a bad image when we think about it in the context of acne or greasy hair, but in healthy skin it fulfils several important functions. The oily film formed by the sebum on the skin’s surface makes the skin more water resistant, contributes to an intact and effective skin barrier and helps to lock in moisture by preventing trans-epidermal water loss. It is also thought to have antibacterial and anti-fungal properties, which reduce the risk of infection. Sebum is basically your skin’s built-in moisturizer. As with so many other things in life, the Goldilocks principle applies: we want just the right amount, not too little, not too much.


When sebaceous glands are overactive and produce more sebum than we need, this is called seborrhea. All this sebum can make the skin appear oily on the forehead, around the eyebrows or in the naso-labial folds and it can make the hair on the scalp look greasy.


Seborrhea is associated with several skin conditions, such as acne or seborrhoeic dermatitis. When sebaceous glands get blocked and the sebum cannot reach the skin’s surface, we can see a build-up of secretion and the formation of a sebaceous cyst, which can cause a swelling in the dermis and pain.


Sebocytes are incredibly complex cells. They not only respond and react to hormones such as androgens or oestrogen, they also metabolize hormones into other active molecules such as DHT, and they can make testosterone themselves. They may also be part of the skin’s defence system and can produce a variety of pro-inflammatory molecules such as cytokines. They are also thought to modulate the function of other skin cells such as melanocytes. Melasma, a condition which causes hyperpigmentation of the skin due to an increase in melanin production, is connected not just to melanocytes but also to sebocytes. Melasma tends to occur more frequently in areas where sebocyte density is highest, such as the face, axilla and genital area. The theory is that sebocytes can stimulate melanin production in melanocytes, particularly when skin is also exposed to UV light. Enlarged sebocytes have also been linked to androgenic or female pattern hair loss.




Quick skin fact


The brain–sebocyte stress axis


Sebocytes don’t just respond to androgens, they also respond directly to stress signals from the brain. The hypothalamus is an area in our brain which controls most of our endocrine glands, including the thyroid gland, adrenal glands and ovaries.


When the hypothalamus releases corticotropin-releasing hormone (CRH) in response to stress, it normally stimulates the adrenal glands to produce stress hormones such as cortisol. Sebocytes have CRH receptors and they respond directly to CRH by increasing sebum production, so these skin cells have a direct connection to the brain. This may explain why acne and other skin conditions often get worse when we are stressed.





Skin pores


Skin pores are entirely normal structures – we all have them and need them. The term pore is generally used to describe an aperture or opening through which gases or fluids can travel to reach the surface of a covering layer. The function of skin pores is to release either sweat or oil which is made in the glands below the surface. Humans have two types of pores: pores connected with hair follicles and the associated oil glands (sebaceous glands) and those connected with sweat glands (eccrine glands). Normally, skin pores are too small to be seen without a magnifying glass. When pores are enlarged, they can cause people distress because they are visible to the naked eye. It is thought that enlarged pores are indentations on the skin surface which are formed when more than one sweat or oil duct share the same opening and form several openings. The reality is a bit more complicated as the number of visible skin pores is influenced by lifestyle, sun exposure, hormones, the size of the hair shaft, sebum production and to some extent ethnicity.


One study that investigated the pore size and density in women from various countries around the world showed that women from Brazil had the highest density of enlarged pores and the highest percentage of skin covered by enlarged pores, whereas Japanese women had the lowest density and least skin surface covered by enlarged pores. Chinese and Japanese women seem to have the lowest number and the lowest density of enlarged pores.


Both pore size and density seem to slightly increase between the ages of 18 and 40 and then stay relatively stable for the rest of our lives. In acne, a sebum plug can form and this can lead to the formation of open (blackheads) or closed (whiteheads) comedones. Comedones are small round bumps in the skin and are often found on the forehead or chin. They are a typical feature of acne.




Types of comedones


White heads – closed comedones:




	The duct of a pore is completely blocked by sebum and debris from dead skin cells.


	The opening of the pore is covered by a lid of skin cells and appears raised and forms a small, white and round bump.


	Whiteheads are not filled with pus. A pus-filled lesion is a pustule or a pimple.





Blackheads – open comedones:




	The duct and the pore are filled with sebum and debris but the opening is not blocked and the surface is not bumpy.


	The surface of the open pore looks dark, not because of dirt but because of its melanin content.
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