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Health Research Explainers is dedicated to the participants who take part in health research.


On behalf of the health research community, we extend our deepest gratitude for your involvement. Together, we can build a healthier future for all.













  
  
Introduction




As a scientist and researcher with over two decades of experience in health research, I am grateful to have been involved in setting up and delivering hundreds of clinical studies covering multiple disease areas. 

My first role was working for an early-phase clinical research unit where I worked on first-in-human clinical trials with healthy volunteers. Next, I moved to the NHS where I coordinated multiple studies in pain and stroke research.

Later, I worked at Great Ormond Street Hospital for Children managing clinical trials in rare diseases, oncology and epilepsy. At Guy's and St Thomas' NHS Foundation Trust I worked on studies in asthma and allergy, oncology, gastroenterology and gene and cell therapy.

Throughout my career, I am proud to have been involved in several novel studies. These advancements were made possible through science and the dedicated efforts of researchers, healthcare professionals and study participants.

However, over the years, I have also noticed a significant gap in understanding between the scientific community and the public regarding research principles and practices. This issue became apparent during the COVID-19 pandemic when the spread of misinformation contributed to a lack of trust in science and scientists.

This inspired me to create the Health Research Explainers series. Throughout the series, aimed at early-stage researchers, patients and the public, I explain complex science in easy-to-understand language.

As someone who is passionate about education and making science accessible to all, I hope that these books will promote informed decision-making and encourage participation in clinical studies. And of course, ultimately, drive progress in healthcare.

I hope that this series will not only inform but also inspire you to become an active participant in the pursuit of better health for all. I am excited to share my passion for science and research with you.  

Here’s to the future,

Paul

Paul Ian Cross, BSc (Hons), MSc, PhD










  
  

Chapter one

What is Health Research?





Health research, also known as medical research, is dedicated to investigating and improving various aspects of health, including patient care, disease prevention and treatment. The goals of health research are to improve healthcare outcomes, enhance patient well-being and shape health and care policies 1.

In simple terms, health outcomes are the results or effects of healthcare on a person’s health. They measure how well a treatment, medical intervention or care improves things like recovery from illness, quality of life or overall well-being. Examples include feeling better after surgery, managing a chronic condition or living longer due to medical treatment. Health outcomes help doctors and researchers understand what works best to keep people healthy2.

Health research often begins with unanswered questions. These questions drive the formulation of hypotheses and the design of studies to test these hypotheses. Ever wondered how drugs like aspirin are studied? Researchers run studies to explore various aspects of health and disease. For example, with aspirin, researchers might study how it works to reduce pain. This could include looking at how aspirin affects the body's pain sensors, how it helps reduce swelling and how it works for different kinds of pain.

Health research may involve testing new medicines, vaccines, surgical techniques or medical devices, often involving both known and unknown risks. Researchers generate research questions. To make sure they can answer these questions, they follow detailed plans known as protocols.

A research protocol outlines the objectives, methodology and procedures of a study. Protocols are designed to protect the safety of participants, make sure the data is accurate and ensure the reproducibility of the results — this means that the results can be repeated. They include detailed information on the study design, participant recruitment, safety monitoring, data collection methods and statistical analysis plans.




Dr Paul Science Says 

‘Health research involves asking questions about our health and well-being. But the difficult part is asking the right questions.’



Several landmark studies have significantly advanced our understanding of health and disease. Here are some examples:

The Framingham Heart Study (Ongoing since 1948)

The Framingham Heart Study is a long-term, ongoing research project focused on cardiovascular health, involving residents of Framingham, Massachusetts. It started in 1948 with 5,209 adult participants and is now in its third generation of subjects. Before this study, very little was known about the causes and patterns of high blood pressure and cardiovascular disease.

Many of the widely accepted insights into heart health, such as the impact of diet, exercise and medications like aspirin, come from this study. It is conducted by the National Heart, Lung and Blood Institute in partnership with Boston University since 1971, with healthcare professionals from the Greater Boston area supporting the research3.



The Human Genome Project (1990-2003)

An organism's genetic information is called its genome4. The Human Genome Project (HGP), launched in the late 20th century, was developed to identify all the genes in the human genome and the sequence of all three billion base pairs. The project was completed in 2003, but work continues to identify all human genes. The HGP used DNA from multiple individuals to produce an ‘average’ genome sequence, though each person has a unique genome (except identical twins).

There is still much to learn about how knowledge of the human genome can advance medical treatments. Scientists hope that information from the HGP will lead to new methods for diagnosing and treating diseases, especially genetic disorders and cancer.

Cystic fibrosis, for example, is caused by two damaged alleles on chromosome 7. In simple terms, an allele is a version of a gene. Genes come in pairs, and each one has different versions, or alleles, that can influence traits like eye colour or hair type.

Some alleles can be healthy, while others might cause health problems. In the future, gene therapy might be able to correct errors, potentially by inserting a healthy version into lung cells, which could greatly improve the lives of patients who often require lung transplants as the disease progresses. Understanding the genome has made gene therapy for cystic fibrosis more feasible.

Another example is in breast cancer. Some families have a higher risk of breast cancer due to faulty alleles. Following the HGP, these alleles have been identified, allowing for genetic testing to predict a person's likelihood of developing breast cancer. This enables individuals to make informed decisions, such as opting for preventive surgery. It also helps doctors assess the risk of passing the condition to future children.

Another major milestone was when researchers discovered how to sequence DNA in cancer cells. Comparing these sequences to the human genome helps identify mutated genes. Once they were able to recognise mutated genes, it was possible to develop new treatments that target them. Researchers discovered that some breast cancers are caused by changes (mutations) in a gene called HER-2.

This led to the development of a special treatment, called a monoclonal antibody, that targets only the cancer cells with this mutation. The treatment has been very successful and was made possible thanks to advances in studying DNA.



The Pfizer-BioNTech (BNT162b2) COVID-19 Vaccine Clinical Trials

The development of vaccines has always been seen as a remarkable achievement in medicine. However, the development of vaccines in response to the COVID-19 pandemic was a particularly notable example of rapid and effective health research. It highlights how collaboration, scientific innovation and dedication can lead to advancements in global health.

Vaccines work by harnessing the body’s natural defences to build immunity and reduce the risk of illness. When you receive a vaccine, your immune system recognises the invading germ, such as a virus or bacteria, and responds by producing antibodies — proteins that the body naturally creates to combat disease.

Importantly, the immune system also remembers how to fight the disease in future, so if you are exposed to the germ again, it can act swiftly to eliminate it before you become ill. Vaccination is therefore a safe and effective way to trigger the body’s immune response without causing serious illness5.

In April 2020, the world was dealing with the COVID-19 pandemic. At the same time, scientists were racing to develop a vaccine. The first step was studying the SARS-CoV-2 virus to create the vaccine. Once it was developed, it needed to be tested in early phase (phase I and II) clinical trials.

These trials focused on safety and to understand if it was capable of triggering an immune response. These studies also aimed to identify the optimal dosage of the vaccine. Safety is always the primary concern in early phase trials and the participants were closely monitored to ensure that no serious side effects occurred.

At the same time, researchers analysed blood samples to see how well the vaccine prompted the body to produce antibodies. These are proteins that can neutralise the virus and prevent infection.

By July 2020, the vaccine had moved into phase 3 clinical trials involving approximately 43,000 participants worldwide. During this time, researchers studied how effective the vaccine was across a diverse population.

Large-scale trials like these are essential because they offer a broader understanding of how the vaccine works in people from different backgrounds, with varying ages, health conditions and even underlying health issues. In these trials, the vaccine showed strong protection against severe cases of the disease, helping to reduce hospitalisations and deaths6.

These results led to the rapid approval of the vaccine around the world. Governments, regulators, healthcare organisations and communities worked together to roll out vaccination programmes at unprecedented speed. The vaccine played a pivotal role in controlling the spread of COVID-19 and allowed societies to gradually return to a sense of normality7.

The success of the COVID-19 vaccines shows how far health research has come. The ability to develop, test and distribute a new vaccine in less than a year demonstrates the progress we have made in science, technology and global collaboration. 




Dr Paul Science Says

'Vaccines are the result of decades of research, planning and global cooperation.’



My COVID-19 Pandemic Experience

During the COVID-19 pandemic, I had a variety of roles to support healthcare while also navigating the intense challenges we all faced, both personally and professionally. While working part-time at the UK NIHR, I developed online training for NHS healthcare professionals redeployed into research roles — an important step in expanding the research workforce.

As a clinical research consultant, I was also asked to audit one of the COVID-19 vaccine trials. In addition, this time marked the beginning of my journey as a science communicator on social media. I joined various online groups of doctors, scientists and researchers from all around the world to explain COVID-19 and the development of the vaccines to the public. Science communication has since become a significant part of my work, bridging the gap between research and the public.



Key Terminology and Concepts

To better understand health research, it's important to understand some of the key terms and concepts that researchers frequently use.

The Scientific Method

The scientific method is a step-by-step way of exploring questions and solving problems. It starts by identifying a question or problem, then making a guess (called a hypothesis) about what the answer might be. Researchers test their guess by collecting information through experiments or studies. After looking at the results, they decide whether the guess was correct or not. Based on what they find, they may ask new questions or adjust their original guess8.

Protocol

A protocol is a detailed plan that outlines the objectives, design, methods and structure of a research study9. It acts as a blueprint, ensuring the study is conducted in the same way9. However, real-life challenges often disrupt protocols. For example, a protocol may specify a time window for taking blood samples, but unforeseen delays such as patient unavailability or equipment issues can make this impractical.

Similarly, while a drug dosage schedule may be mapped out, patients might miss doses due to side effects or personal circumstances. Follow-up visits might be missed due to transportation difficulties or clinic capacity issues.

These logistical problems are common and changes to the protocol (called amendments) are often needed to adapt to reality while maintaining participant safety and data quality. It's not uncommon for studies to have multiple protocol versions as they progress — one trial I worked on had 18 protocol amendments!




Dr Paul Science Says

‘Every research protocol is a blueprint, but like any good plan, it needs flexibility to handle real-world challenges.’



Participants and Informed Consent

Participants are the individuals who take part in a study, either receiving the treatment being tested or being part of a control group for comparison. Before enrolling, individuals must take part in the informed consent process. This involves providing potential participants with detailed information about the study, its purpose, procedures and any possible risks or benefits. Informed consent ensures that participants fully understand what they are agreeing to and can ask questions before deciding.



Test vs. Control Group

A control group is essential in determining whether a treatment is truly effective. By comparing outcomes between the test group (who receive the treatment) and the control group (who do not), researchers can evaluate whether the observed changes are due to the treatment itself or other factors. This comparison helps provide more reliable conclusions.



Bias and Confounding

Bias in research means anything that unfairly affects the study’s results. It can happen because of how participants are chosen, how information is gathered or how the results are looked at. To avoid bias, researchers often use randomisation, which means assigning people to different groups by chance. This helps make sure the groups are similar, except for the treatment they get, making the results more reliable. Confounding is when something outside the study affects both the treatment and the result. This makes it hard to know what really caused the changes. By finding and controlling these outside factors, researchers can make their results more accurate and trustworthy.




Dr Paul Science Says

‘Science is about progress, not perfection. Each study builds on the last, paving the way for breakthroughs.’



Blinding

Blinding is a way to reduce bias in studies. In a blinded study, the participants, the researchers, or both don’t know who is getting the real treatment and who is in the control group. In a double-blind study, neither the participants nor the researchers know who is in which group. This helps make sure that their opinions or expectations don’t affect the results, which is important in clinical trials where even small expectations can impact the results.



Efficacy vs. Effectiveness

Efficacy is about how well a treatment works in perfect, controlled conditions, like in a clinical trial. Effectiveness is about how well the treatment works in the real world. Sometimes, a treatment that works very well in a trial might not be as good in real life because of things like whether patients follow the treatment correctly or differences in healthcare.



Key Takeaways


	Health research aims to enhance healthcare outcomes, improve patient well-being and guide policy. It involves developing better ways to prevent and treat disease.


	Health outcomes are the measurable effects of healthcare on an individual's health, such as recovery from illness, quality of life and longevity. Health outcomes help researchers determine what works best to keep people healthy.


	Health research starts with questions and hypotheses, leading to carefully designed studies. These studies explore various aspects of health and often involve testing new treatments, vaccines and medical devices.


	A protocol is a detailed study plan that ensures safety, accuracy and reproducibility. It includes specifics on study design, participant recruitment and data collection.


	Influential studies like the Framingham Heart Study, the Human Genome Project and the COVID-19 vaccine trials showcase the impact of health research in advancing knowledge, developing treatments and improving public health.







Key Concepts in Health Research


	The Scientific Method used a systematic approach to answering research questions through hypothesis testing and experimentation.


	Informed consent ensures participants understand the study, its purpose, risks and benefits before enrolling.


	Control groups are used to compare results with those of a test group, helping identify treatment effects.


	Bias and confounding are factors that can skew results, which researchers manage to ensure reliable findings.


	Blinding reduces bias by keeping participants and/or researchers unaware of who receives the treatment.


	Efficacy vs. Effectiveness: Efficacy is the effect in controlled trials, while effectiveness reflects real-world results.
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