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Abstract:
It has long been assumed that females have the same response as males to the drugs in all the
five phases of drug development processes namely drug discovery & development, preclinical
trials, clinical trials, drug review and drug marketing. The fact is that the diseases exhibit the
potential sex difference in its prevalence, diagnosis, severity and outcomes. Diseases like breast
cancer, urinary tract infections affect men and women differently. The difference also exits in
the manifestation of the diseases like cardiovascular disease and sexually transmitted diseases.
The differences of the sex are further widened by the gender perspective. Gender is one of the
fundamental determinants of health inequalities. There are differences in the physiology of the
sexes that causes difference in the pharmacodynamics for specific drug which can be due to the
circulating levels of endogenous hormones such as testosterone and estradiol. Women typically
have a lower bodyweight than men, so when taking the same dose of a drug results in higher
level of drug. Lyophilic agents may have a larger distribution in females owing to their higher
body fat content. Women may experience different health issues due to cultural, social and
economical factor and hence it becomes an issue related to gender bias. There is a need to
examine the potential difference by sex at all the life stages at all the levels, like genetic and
cellular level to organism level. Also, there is a need to take into consideration this sex difference
in all the stages of the drug development, pre-clinical and clinical trial. It has been observed
that while studying diseases prevalent in both the sexes only male animals were considered to
be norm study population. It was assumed that female would have same response as males
during the pre-clinical trials and that women will have same response as men from drugs in the
clinical trials. The assumption of equality puts women at risk, not only reducing disease
treatment efficacy but also risking exposure to unforeseen side effects. Women have been viewed
as more expensive test subjects because of their more fluctuating hormone levels. It has to take
the possible hormonal interaction into consideration during the pharmacodynamics,
pharmacokinetics when it comes to determine the safety, efficacy and tolerance of new drugs.
Although there have been lack of representation of women in clinical trials initially due to non
availability of data that the potential sex differences exist but now guidelines, policies and
organizations have been established to increase the quality of women's health research. In 1993,
the National Institute of Health Revitalization Act came into being to promote inclusion of
women in clinical trials. The acceptance that sex differences should be considered while taking
clinical decisions itself proves that there has been a major breakthrough, but a lot is to be done.
The studies on cardiovascular disease pattern for males and females creates awareness and the
governments are making policies and guidelines for the gender specificity in the drug designing
and development processes and strict enforcement during the approval processes. There is along
way to go.
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1. Introduction
Its only in the past decade that all medical research has been carried out on men based on the
assumption that both the sexes will react in the same way, with no regards for any differences that
might exist between the sexes.
we are only beginning to understand the impact of an individual’s sex and their sex hormones on
their health, the way they experience the diseases and the response to treatment. Also, the potential
differences between two sexes is widened by the gender biases in the societies. The gender biases
expose both the sexes to different environments due to the differences in the culture, economical
status and educational awareness. The diseases differ in the prevalence and manifestation in both
the sexes due to these gender biases. The poor health care and the poor nutritional status of women
further enhance this gap. Women’s menstrual cycles and fluctuating hormone effect the studies
and increases the cost of research which resulted in lack of inclusion of women as subjects in drug
development procedures which takes place in five phases and chronologically are drug discovery
& development, preclinical trials, clinical trials, drug review and drug marketing. The
understanding of sex and gender lead to 1993 NIH Revitalization Act to ensure the efficacy of
treatments for women would no longer be extrapolated from data derived from male participants
but instead would be scientifically determined. The author is of the opinion that the acceptance
and identification of the need for sex and gender specific research and having government policies
is a major breakthrough but we have a long way to go.
The purpose of this review is to enhance our understanding of the different ways in which the
metabolic processes differ by sex and gender and how it manifested differently.
2. Diseases in Their Manifestation
Heart diseases and diseases across many other organ systems manifest differently in men and
women. Disease symptoms are often reported differently by men and women, and the normal
ranges for disease biomarkers can differ substantially by sex. (Katherine & Mager, 2016)
In the cardiovascular clinical trial women have been underrepresented and therefore the gender
specific cardiologic evidence based medicines are not beneficial to them as much as to men. Many
CVD risk factors are similar in men and women but their prevalence and the relative risk they
confer on different CV conditions vary substantially by gender. (Westerman & Wenger, 2016;
Gulati et al., 2012 & Regentstenier et al., 2015) For example systemic autoimmune disease, which
are much more common in women are associated with accelerated atherosclerosis and increased
CHD risk.
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Among CVD risk factors the socio-cultural factors on heart disease exhibit some of the biggest
difference between men and women. For example, the stress induced by the marital loss through
divorce early in life is associated with a significant increase in a risk of CVD in woman’s life
which is due to the negative effects of divorce on emotional well-being and socio-economic status.
(Zang & Hayward, 2006). On the other hand, the relationship between marital loss and CVD in
late midlife appears negligible for men. In addition, emerging data indicate that younger women
may be particularly susceptible to mental stress induced myocardial ischemia. (Vaccarino et al.,
2016 & Sullivan et al., 2018)
In many cases the initial presentation of IHD in women is acute myocardial infarction (MI) and
sudden cardiac death (SCD). Although chest pain is the most common symptom of acute coronary
syndromes (including MI and stable angina) in everyone, women with acute coronary syndromes
are less likely than men to present with chest pain. Women are more likely to present with upperback pain; pain in the neck, arm, and/or jaw; difficulty breathing; weakness; and a sense of fear
(Pagidipati and Peterson, 2016). Compared with men, women have a significantly higher risk of
mortality in the first year after an acute MI, especially women age < 55 years. Moreover, women
who present with MI are less likely than men to receive fibrinolytic drugs, stents, and related
therapies (Clayton & Arnegard, 2018).
3. Drug Designing and Development Processes
3.1. Phases of Drug Designing and Discovery
step 1. Drug discovery and development
a) Drug Discovery: The researcher discovers new drug through new insights into a disease
process that allows researchers to design a product to stop or reverse the effects of the
disease. Many tests are conducted of molecular compounds to find possible beneficial
effects against any or a large no of diseases. (Gupta et al., 2012)
b) Drug Development: Once researchers identify a promising compound for development, the
experiments are conducted to gather information on how is it absorbed, distributed,
metabolised and excreted, potential benefits, mechanism of action, best dosage, mode of
intake oral or through injection, its side effects and interaction with the other drugs and its
efficacy as compared to other similar drugs. (Ravinder & Suresh, 2019)
Step 2: Preclinical Research
Before testing the drugs on people, researchers must find out whether it is toxic by in vitro and in
vivo. These studies are carried out on cells in vitro and on animals in vivo. Every cell has a sex
(Wizemann & Pardue, 2001). The animals used are generally males on the basis of the assumption
that the females respond similarly and that managing female subjects has many complications and
its not cost effective.
Step 3 Clinical Trials
While preclinical research answers basic questions about a drug’s safety, it is not a substitute for
studies of ways the drug will interact with the human body. “Clinical research” refers to studies,
or trials, that are done in people. The Investigational New Drug process begins before the clinical
research begins. Researchers then design the clinical trials to answer specific research questions
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by developing a protocol taking into consideration the subjects, size of the group, control group
drug dosage & collection, assessment review and analysis of the data.
Clinical research is carried out in several phases:
• Phase 1: The purpose is to study the safety and dosage of the drug which is done on 20100 healthy volunteers or people with the disease condition for several months.
Approximately 70% of drugs move to the next phase.
• Phase 2: This study is carried out for 1-3on upto hundred people with disease for checking
the efficacy and side effects of the drug. Approximately 33% of drugs move to the next
phase.
• Phase 3: This study has 300-3000 volunteers who have the disease condition for the
purpose of studying efficacy and monitoring of adverse reactions. (Kuhlmann, 1999)
3.2. The concept of Sex and Gender
It is important to define and use the terms ‘sex’ and ‘gender’ appropriately. Sex refers to a set of
biological attributes in humans and animals. It is primarily associated with physical and
physiological features including chromosomes, gene expression, hormone levels and reproductive/
sexual anatomy.’ Gender refers to how people perceive themselves and others as well as how they
act and interact. Gender refers to social behaviours, expectations, expressions and identities of
men, women, and gender diverse people. Cultural norms pertaining to gender roles and sex-related
behaviours fluctuate and change over time as well as across cultures. Gender impacts disease risk,
diagnosis, and treatment. For example, men are often thought to be at an increases risk for
cardiovascular disease (CVD), in part due to their gender-based propensity to engage in risktaking behaviours such as smoking or alcohol consumption. Also, women who have taken on
societal roles associates with the male gender have an increased disease prevalence linked with the
pressures associated with these gender-defined roles. Using the term gender when referring to in
vitro assays or animal studies in basic science research is incorrect, and instead the term sex should
be used.
Till the last decade, the role of sex in scientific discovery, disease detection, diagnosis, and
treatment has not been taken into account. The awareness about not only taking into account the
sex of the subjects for clinical studies and the sex of the animals for pre-clinical studies but also to
consider the sex of the cell for in vitro studies. Many of the intrinsic properties of the cell may
appear hormone independent, cells also exhibit differential variations upon exposure to sex
hormones. Female and male cells respond differently to chemical and microbial stressors, and yet
the sex of the cell lines studied in vitro is often ignored and rarely reported. When sex is factored
into disease risk, it is well established that premenopausal women are relatively protected from
dis- eases associated with the metabolic syndrome, including cardiovascular disease (CVD), when
compared to age-matched men (Collins et al., 2002; Ren and Kelly, 2009; Skafar et al., 1997;
Yanes and Rexklhoff, 2011). This ‘sex advantage’ disappears after menopause, leading to the
generally accepted conclusion that sex hormones, and in particular estrogens, protect against the
metabolic syndrome. Low levels of estrogens are associated with increased CVD risk. Early
atherosclerosis and a 2.6-fold increase in the risk of CVD (Kannel and Wilson, 1995) as well as
increased CVD mortality (Cooper and Sandler, 1998; Jacobsen et al., 1997) compared to women
experiencing later menopause. Jankowska et al. demonstrated that men with the lowest quintile of
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estradiol (E2) (lowest 20%, <12.90 pg/mL) were found to have the highest death rates from
congestive heart failure over a 3-year period, while men with E2 in the range of 20–30 pg/mL had
the lowest rates (Jankowska et al., 2009). However, men with the higher E2 levels ie R37.40 pg/mL
also had a greater incidence of atherosclerosis (heart disease), diabetes, obesity, stroke, enlarged
prostate, breast tissue growth, breast cancer, and other problems. Lower T levels in middle-aged
and older men are associated with insulin resistance, the metabolic syndrome, and diabetes.
Furthermore, lower T in older men predicts cardiovascular events, including stroke and transient
ischemic attack, and is associated with higher CVD and overall mortality (Schwarcz and Frishman,
2010). Other differences seen between the sexes (weight, muscled mass, body fat, metabolic
enzymes, and the plasma proteins) may also impact the pharmacokinetic parameters of a particular
drug. (Miller, M 2001; Woosly R 1998: Beirele I et al. 1999) Women typically have a lower body
weight than men, so when taking the same dose of a drug, results in a higher level of drug.
(Woosely R, 1998)
The notion that there are biological differences between the sexes is most evident and comfortable
when it is applied to the reproductive system. However, sex differences have been identified or
suggested at many levels of biological organization, from biochemical to behavioral. (Wizemann
& Pardue, 2001) Both hormones and sex chromosomes impact disease risk and prevalence
(Arnold, 2009; Arnold and Chen, 2009).
The concept that there would be a sexual dimorphism in natural selection favoring a greater (or
lesser) disease risk in one sex over the other may be explained with bio- anthropological, animal
behavior, and evolutionary biology literatures (Arnold, 2010). In many past cultures, males were
predominately the hunters, and some Y genes might have bestowed effects that were advantageous
to their bio-anthropological roles. Additionally, gonadal hormones, which are critical for
manifesting stereotypic sex differences associated with the evolution of a phenotype, may have
been more adaptive in one sex than the other. Therefore, gathering more information about sex
and gender in disease risk will indirectly provide information on the interactions between the X
and Y genes, gonadal hormones, and their influence on phenotypic sex differences.
The gender bias in health care is largely a result of gender bias in the generation of knowledge.
The real source of gender bias in the clinical practices may be due to errors in research resulting
from a lack of gender awareness, leading to the erroneous view that men and women are similar
in exposure to risks or in the natural history of a disease i.e. symptoms and signs of onset and
course, response to treatment and prognosis and where the main consequence of gender bias in
research and health care is the lack of valid results.
The arguments in favour of the systemic exclusion of women from clinical trials have been based
on foetal risk during pregnancy, hormonal interactions due to the menstrual cycle of the
concomitant use of exogenous hormones (hormonal contraceptives and hormonal replacement
therapies HRT, difficulties in recruiting, and higher drop out rates. (Hers 1997 & Lipmann, 2006)
The irony is that these are the very reasons why women’s participation is necessary. under the false
premise that men and women are same, medications have traditionally been tested on men and the
knowledge obtained about efficacy and effectiveness has been extrapolated to women. following
the tragedies related to the teratogenic effects of thalidomide and diethylstilbestrol in 1977, the
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FDA issued the gender consideration for the clinical evaluation of drugs. (Merkaz and Junod 1994;
NIH Guidelines 1994). Subsequently NIH Revitalisation Act was approved, making it a
requirement that women be included in all the NiH funded CTs.
Clinical research also exhibits gender bias in other areas. One of these is in recruitment into clinical
trials; (Soderstrom, 2001) another is the reporting of gender-related data. (Rochon et al. 1998).
However, there is a dearth of gender-based clinical research from within India. Thus, it is pertinent
to use studies from North America and Europe where these issues have been investigated.
It was in 1994 that the US National Institutes of Health (NIH) issued a guideline for the study and
evaluation of gender differences in clinical trials to ensure that the safety and efficacy of drugs
would be adequately investigated in the full range of patients who would use the therapy.(La Rose,
1993) Prior to this policy, women had been excluded from early studies of most drugs—mainly
for safety reasons, but this prohibition meant there was little information about the effects of drugs
in women. For example, women may have a different drug efficacy or side effect profile to men.
(Ruiz V, 1997) It was reported in 2005 that eight out of ten prescription drugs were withdrawn
from the US market because of women's health issues. (Ruiz et al., 2007). This represents an
enormous waste of research money as a consequence of neglecting gender research. The aims of
the NIH guidance were to recruit enough women into studies to be able to allow valid analyses of
differences in intervention effect, to evaluate the risks and benefits in women, and to provide
opportunities for women to contribute to research through active participation in clinical trials
while preventing exposure of a fetus to a toxic drug.
With the advent of gender medicine as a specialty that is developing across the world, a woman's
reproductive status, menstrual cycle and contraceptive history has become significant in studying
health, disease and pharmacology. (Holdcroft A, 2016)
Inequality between men and women has not been traditionally considered as the determinant of
health car, it was Karachi who published on od the first studies to indicate the importance of gender
inequality as a social determinant of health, demonstrating the association between women’s social
status and morbidity in both sexes according to geographical region in the same country.(Kawachi
et al., 1999) A relationship has also been shown between women’s empowerment and their
participation in the political economic and social life are associated with lower mortality are
associated with child health and with lower mortality rates in men and women.(Varkey et al. 2010).
There is a need for appropriate representation of women in clinical research in all steps of the drug
designing and development processes and all phases of clinical trials. Early-phase trials typically
aim to determine the recommended dose (or methodology) and the toxicity profile (or other risks)
of an investigational drug (or intervention). It is critically important to have equitable
representation in early-phase trials for drugs that are intended for both men and women, because
in general, women are more likely than men to have adverse drug reactions. Pragmatic clinical
trials, which typically follow the approval of a new drug, device, or procedure, are carried out in
real-world clinical settings to investigate the effectiveness of an intervention in broad patient
populations. Pragmatic trials are especially amenable to recruitment of older individuals, despite
comorbidity and polypharmacy, making these late-phase trials particularly relevant to heart
diseases that tend to affect women later in life than men. (Clayton & Arnegard, 2018).
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4. Conclusion
In this review it has been discusses that the many differences in health and disease between men
and women have their origins in factors ranging from biological (including genetic, molecular, and
physiological factors) to psychosocial. The disease manifestation and symptoms differ in men and
women and also in the responses of male and female cells towards the drugs during the in vitro
studies. The sex-chromosomal complement influences many fundamental mechanisms of structure
and function, which are apparent across preclinical research models, including cells in culture,
isolated tissues, and animal models in all preclinical and translational research that precedes
clinical trials, it is necessary to consider the possibility of sex differences, to investigate them when
appropriate, and to report such results regardless of whether sex differences are present or absent.
In fact, sex influences are so widespread across medical disciplines, and knowledge of them is so
critical to scientific rigor and reproducibility, that the National Institutes of Health (NIH) expects
sex as a biological variable to be factored into research designs, analyses, and reporting in NIHfunded vertebrate animal and human studies.
It has to take the possible hormonal interaction into consideration during the pharmacodynamics,
pharmacokinetics when it comes to determine the safety, efficacy and tolerance of new drugs
during during the peri-menopausal and post menopausal women. More women have died annually
from Ischemic Heart Disorder, Myocardial Infarction and sudden cardiac arrest. More unbiased
research is required to benefit women equally.
The studies on cardiovascular disease pattern for males and females creates awareness and the
governments are making policies and guidelines for the gender specificity in the drug designing
and development processes and strict enforcement during the approval processes. Recent studies
also show that this Act doesn't seem to have improved gender balance enrolment or promoted the
use of gender specific analysis in clinical trial published in an influential medical journal.
Mandating disclosure when a study uses only male or female animals in the title should improve
transparency and assist drugs and treatment approval processes. Also funding agencies can make
it as an important eligibility criterion for funding.
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