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Clinicians can encounter sex and gender disparities in diagnostic and therapeutic responses. These disparities are 
noted in epidemiology, pathophysiology, clinical manifestations, disease progression, and response to treatment. This 
Review discusses the fundamental in�uences of sex and gender as modi�ers of the major causes of death and 
morbidity. We articulate how the genetic, epigenetic, and hormonal in�uences of biological sex in�uence physiology 
and disease, and how the social constructs of gender a�ect the behaviour of the community, clinicians, and patients 
in the health-care system and interact with pathobiology. We aim to guide clinicians and researchers to consider sex 
and gender in their approach to diagnosis, prevention, and treatment of diseases as a necessary and fundamental step 
towards precision medicine, which will bene�t men’s and women’s health.

Introduction
What clinicians know about the diagnosis, treatment, 
and prevention of disease originates from studies mostly 
done on male cells, male mice, and men.1 Historically, 
for multiple reasons, including the purported safety of 
women and their o�spring, women of childbearing age 
were excluded from clinical trials. As a result, medical 
research and care have been centred on male physiology. 
The assumption was that male and female cells and 
animals were biologically identical, and evidence-based 
medicine was de�ned by clinical trials done predomi
nantly in men.1 In 1993, the US National Institutes of 
Health (NIH) mandated the inclusion of women in NIH-
funded clinical trials, but many investigators did not 
follow this mandate, and many of those who did include 
women did not analyse the results by sex,2,3 minimising 
the e�ectiveness of this policy. Preclinical research and 
drug development studies have also predominantly used 
male animal models and cells.4–6 It is not surprising that 
a 2001 US Government Accountability O�ce report 
found that eight of the ten prescription drugs withdrawn 
from the market between 1997 and 2000 “posed greater 
health risks for women than for men”.7 Most funding 
agencies from Europe and North America have imple
mented policies to support and mandate researchers to 
consider sex and gender at all levels of medical research.8 
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diseases. This postulation is well exempli�ed in the 
cardiovascular �eld, in which women often underestimate 
their risk compared with men and seek consultation later 
than men in the clinic for treatment of myocardial 
infarction.18,19 In the GENESIS-PRAXY prospective study, 
mortality 1 year after an acute coronary event was 
more strongly associated with gender than with biological 
sex.14,15 Similarly, control of cardiovascular risk factors 
(hypertension, diabetes, depressive symptoms) was better 
predicted by gender than by biological sex.14,15 Therefore, 
including a gender dimension in clinical studies and 
practice will contribute to the understanding of di�erent 
clinical manifestations and outcomes of diseases in 
women and men.16,17 Although beyond the scope of this 
Review, it is also important to consider that regarding 
health and disease, gender intersect with race or ethnicity 
and age.20–23 Sex and gender are fundamentally and fre
quently reciprocally inter-related in biology and disease.24 
Sex in�uences behaviours (eg, towards more aggressive or 
caring phenotypes). On the other hand, gender-related 
behaviours (eg, smoking, lifestyle, perceived stress and 
pain, and nutritional habits) might produce epigenetic 
modi�cations that modulate gene expression and bio
logical phenotypes. Figure 2 summarises how sex and 
gender are inter-related in biology and disease.

Sex and gender di�erences in major chronic 
diseases
Having established the importance of sex and gender in 
disease, we will summarise their in�uences on the most 
common causes of death and debilitating diseases in 
the USA as an example (�gure 3).25 Note that these sex 
and gender disparities are relevant to other high-income 
countries as well as low-income and middle-income 
countries, where the burden of these diseases becomes 
increasingly like those in high-income countries.26 In 
most diseases, e�orts to separate the e�ects of sex and 
gender are still incomplete, so that we just refer to the 
di�erences among women and men. Because current 
knowledge about pathophysiology, diagnosis, and treat
ment of disease is primarily based on men as represen
tative of the human species, this Review focuses on how 
women di�er from men. We discuss some key aspects 
regarding the dimensions of men in a dedicated section.

Heart disease
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Second, a gender bias appears to be responsible for 
the absence of recognition of ischaemic heart disease 
presentation in women.38 Men and women with ischaemic 
heart disease who score high on feminine roles and 
personality traits on questionnaires designed to ascertain 
aspects of gender are at an increased risk of recurrent 
ischaemic heart disease, independent of female sex.39

Heart failure a�ects 10% of adults aged 65 years and 
older, and more women than men in absolute numbers.40,41 
Heart failure occurs at an older age and with less ischaemic 
causes in women than in men. However, hypertension 
and diabetes predispose older women to heart failure to a 
greater extent than men. Heart failure with preserved 
ejection fraction, a form of heart failure with normal 
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of sex, in addition to gender, in cancer biology. Sex-spe
ci�c biology includes genetic di�erences (XX vs
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Asthma, characterised by variable air�ow obstruction 
and chronic airway in�ammation, also a�ects men and 
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elderly women, the larger strokes seen in women (many 
from atrial �brillation), and social factors such as post-
stroke depression and social isolation experienced by 
elderly women.98,99

The e�cacy of stroke prevention, recognition, treat
ment, and recovery are in�uenced by sex-speci�c factors. 
In 2014, the American Heart Association published sex-
speci�c guidelines discussing the evidence for women-
speci�c risk for stroke and prevention strategies.94 For 
example, it is now recognised that aspirin, the most 
widely studied antiplatelet therapy, provides greater 
bene�t for women than men in the primary prevention 
of ischaemic stroke.100 
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are the same in women and men, gestational diabetes in 
women represents a sex-speci�c risk factor.121,122

Biological sex plays a role in type 2 diabetes pathogen
esis as key sex-speci�c di�erences are observed during 
the prediabetic phase.121,122 Impaired fasting blood glucose 
and impaired glucose tolerance following an oral glucose 
tolerance test are two forms of prediabetes, when blood 
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and in older age (ie, �65 years of age).144 The pathogenesis 
and manifestations of disease are consistently more 
severe for men than for women, with prognosis being 
worse for men than for women during acute disease.144 
Men also reportedly experience worse outcomes from 
either bacterial or viral pneumonia than women.144 
The increased susceptibility of men to pneumonia is 
hypothesised to result from X-linked genes. Whereas 
women carry two X chromosomes, one of which is 
randomly inactivated, and thus carry a mosaic of cells 
with genes from paternal or maternal X chromosomes, 
men have a uniform cell population. This di�erence 
could provide women with a greater genetic diversity 
to combat infection than men.144,145 However, few clinical 
or animal studies have analysed the contributions of 
sex versus gender to pneumonia and the mechanisms 
mediating susceptibility to pneumonia. Because respira
tory infections are transmitted via contact with microbes 
in respiratory droplets that can survive on surfaces, 
hand washing is one health behaviour for avoidance of 
respiratory infections. Men are signi�cantly less likely to 
wash their hands or use soap with water than women, 
even among health-care workers,146,147 suggesting that 
gender-associated factors associated with hygiene could 
contribute to the pathogenesis of infections that cause 
pneumonia.

Response to treatment
Currently, the best treatment for in�uenza is receipt of 
prophylactic seasonal in�uenza vaccination. There are 
sex di�erences in the immune response to in�uenza 
vaccination. Among adults of reproductive age, women 
develop higher antibody titres than men following 
vaccination.

7ernw T*vfactoe response to in�uenza 
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(�gure 3).25 Sex in�uences on chronic liver disease are 
cause-speci�c, with men exhibiting a higher risk of 
primary sclerosing cholangitis, chronic viral hepatitis, 
cirrhosis, and hepatocellular carcinoma, whereas women 
exhibit a higher risk of primary biliary cholangitis and 
autoimmune hepatitis.166 Alcoholic liver disease is more 
common among men because men have a higher alcohol 
consumption than women.167 However, the threshold 
amount of alcohol that results in alcoholic liver disease 
in women is half that of men.166 This sex di�erence is 
partly explained by the e�ect of biological sex on ethanol 
metabolism, which results in women having higher blood 
ethanol concentrations than men after drinking the same 
amount of alcohol.166,167

Non-alcoholic fatty liver disease is the leading cause 
of chronic liver disease worldwide, with an estimated 
global prevalence of 25%.168 Simple steatosis is relatively 
benign, but non-alcoholic steatohepatitis might progress 
to cirrhosis and hepatocellular carcinoma.169,170 Owing to its 
epidemic and the prevalent cardiovascular, renal, and 
metabolic comorbidities,170 non-alcoholic fatty liver disease 
poses a heavy clinical and economic burden. Non-alcoholic 
fatty liver disease a�ects men and women di�erently 
across age groups. Women of reproductive age are 
protected from non-alcoholic fatty liver disease, with an 
around 50% decreased risk compared with men.169 Women 
of reproductive age with non-alcoholic fatty liver disease 
are also protected from hepatic �brosis, hepatocellular 
carcinoma, and mortality.169 However, postmenopausal 
women lose this protection, and premature menopause 
and bilateral oophorectomy are associated with a higher 
risk of non-alcoholic fatty liver disease and related 
complications among women.169,171

Sex and sex hormones in�uence the pathobiology of 
non-alcoholic fatty liver disease in a multifaceted manner, 
from regional body fat distribution, gut microbiome, and 
�brosis to tumorigenesis, and determine sex-speci�c 
risk pro�les throughout the disease course.169 Oestrogens 
protect women from visceral obesity, insulin resistance, 
non-alcoholic fatty liver disease, cirrhosis, and hepato
cellular carcinoma.169 Androgen protects men from 
visceral obesity, insulin resistance, and non-alcoholic 
fatty liver disease, but increases the risk for women (eg, 
polycystic ovary).169,172

Gender constructs probably play a role in sex di�erences 
in non-alcoholic fatty liver disease risk, as women follow 
healthier diets by eating more vegetables and fruits and 
less meat and fat than men.173 Gender di�erences in 
physical activities and exercise are, however, inconsistent 
in the literature. Robust data on how sex and gender 
intersect in di�erent sociocultural backgrounds and 
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neurochemistry and brain function and interact with 
early life stress and genetic risk for depression.180–184

Response to treatment
Although a number of studies reported greater e�cacy of 
selective serotonin reuptake inhibitors in women and 
better therapeutic response of the tricyclic antidepressant 
imipramine in men, there are inconsistencies in studies 
addressing sex di�erences in response to pharmaco
therapy for depression.185,186 Therefore, there is currently 
insu�cient data to warrant systematic use of one type of 
antidepressant in men and another in women.186 A study 
published in 2017 identi�ed key gene networks providing 
sex-speci�c molecular signatures of human major 
depressive disorder, thus opening a therapeutic avenue for 
gender-based treatment of depression.187

Mortality and gender 
Despite women being often misdiagnosed, as discussed 
previously, premature mortality in men is a striking 
�nding of a 2011 European Commission report.188 Working-
age men su�er a two times higher mortality rate than 
working-age women, for nearly the whole spectrum of 
diseases described in this Review There is a gender 
dimension to this, with poor lifestyles and preventable 
risk factors accounting for half of premature deaths in 
men. Men living in poorer socioeconomic conditions are 
more likely to eat unhealthy diets, exercise less, consume 
alcohol, smoke, misuse drugs, or exhibit risky behaviour. 
Men are more likely than women to die from unintended 
injuries. In 2017, death by injuries ranked third in the 
leading causes of death for men (7·6% of deaths) but 
ranked sixth for women (4·4%; �gure 3).25 Additionally, 
men are socially conditioned to neglect pain and disease, 
resulting in a general underutilisation of health services 
and a lower likelihood to engage in routine checks 
compared with women.188 Accordingly, the rate of hospital 
admission is higher for men than for women for all of the 
diseases described previously. Therefore, engaging with 
the many men who do not access health services and 
who might bene�t from lifestyle modi�cation remains a 
major challenge, as this premature mortality is mostly 
preventable.

Applying a gendered view to medicine also implies 
identifying ways to better combat diseases that are 
underestimated in men. We discussed the case of 
depression, for which male symptoms are not included 
in the DSM.176 Osteoporosis is another example of a 
disease conceptualised in postmenopausal women. 
Until the past decade, the de�nition of osteoporosis was 
based on bone mineral density norms developed from 
healthy young white women and generalised to men, 
leading to underestimated, undiagnosed, and under
treated osteoporosis in men.189 Bisphosphonates, a class 
of anti-osteoporotic drugs, were evaluated two decades 
ago in postmenopausal women, but only in 2006 in 
men.190

Other important disabling disorders
Multiple disorders that are not in the leading causes of 
death—but are disabling and cause social burden—are 
also in�uenced by sex with regard to prevalence. For 
example, autism spectrum disorders a�ect four times as 
many men as women.191 Parkinson’s disease, the second 

Figure �: Disabling disorders with high sex in�uence on prevalence
For each disease, bars represent the prevalence (%) in male individuals and 
female individuals. 
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most frequent age-related neurodegenerative disorder, is 
also more common in men than in women by a ratio 
of 2:1.192 In contrast, most autoimmune diseases are 
characterised by an 80% female predominance,193 and 
migraine194 and eating disorders195 are three times more 
prevalent in women than men. Figure 4 summarises the 
sex distribution of disorders that exhibit a strong sex 
in�uence.

COVID-19
Due to the outbreak of COVID-19, a severe pneumonia 
caused by severe acute respiratory syndrome coronavirus 2 
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suggest that gender-associated risk of exposure might 
a�ect rates of SARS-CoV-2 infection di�erently for men 
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di�erences in their lessons. Medical and nursing school 
curricula need to incorporate sex-based physiology 
and pathology into the early stages of instruction. The 
medical community needs young doctors to graduate 
from medical school taking di�erent diagnostic and 
therapeutic approaches towards men and women. For 
example, hypertensive disorders of pregnancy increase 
the risk of cardiovascular disease, Alzheimer’s disease, 
and chronic kidney disease in middle-aged women, 
which is under-recognised by clinicians.93 All clinicians 
should carefully record patients’ reproductive history 
(including menopause) and consider women with 
hypertensive disorders of pregnancy at high risk for 
cardiovascular disease. They should also be aware of sex 
di�erences in body surface area, pharmacokinetics, and 
pharmacodynamics to avoid overdosing women, as 
discussed previously for chronic kidney disease. E�orts 
to bring sex and gender into the mainstream of modern 
medical education, such as the Sex and Gender Health 
Education Summit,204 should also be done. Ultimately, 
community awareness and education campaigns are 
also needed to address and close gaps in sex and gender 
di�erences in disease diagnosis and management to 
improve outcomes for men and women.

These proposed recommendations to include sex and 
gender in the biomedical enterprise are summarised in 
�gure 5.

In conclusion, sex is �rst and foremost a genetic 
modi�er of disease pathophysiology, clinical presentation, 
and response to treatment. Gender in�uences on the 
behaviour of the community, clinicians, and patients can 
be considered a social and psychological modi�er of 
disease presentation, and a factor in determining how, 
when, and why a person accesses medical care. Sex and 
gender are the foundation of precision medicine, and 
their inherent di�erences should inform decision making 
to promote gender equity in health.

Contributors
FM-J conceptualised the manuscript, wrote the introduction, diabetes, 
other disabling diseases and COVID-19 sections, and conclusion, 
prepared the �gures and tables, edited all sections and reviewed the 
�nal draft. NBM wrote the ischemic heart disease section. PJB wrote 
the asthma section. RDB and PMM wrote the Alzheimer’s disease 
section. J-JC and KS wrote the chronic kidney disease section. 
DLD wrote the chronic obstructive pulmonary disease section. 



Review

www.thelancet.com   Vol 396   August 22, 2020	 579

26	



Review

580	 www.thelancet.com   Vol 396   August 22, 2020

72	 Foreman MG, Zhang L, Murphy J, et al. Early-onset chronic 
obstructive pulmonary disease is associated with female sex, 
maternal factors, and African American race in the COPDGene 
Study. Am J Respir Crit Care Med 2011; 184: 414–20.

73	 Pinkerton KE, Harbaugh M, Han MK, et al. Women and lung 
disease. Sex di�erences and global health disparitiesrd17 1Nx6 
/(/Lang (ar-SA)>>BDC 
/T1_3 9onic )]TJ
ET
EMC 
BT
/Span <</MCISpan 2586 /Lang (en-GB)>>BDC 
/T1_4 1 Tf
[(Am J Respir C)40(rit C)3094re Med 474–20.



Review

www.thelancet.com   Vol 396   August 22, 2020	 581

121	 Mauvais-Jarvis F. Gender di�erences in glucose homeostasis and 
diabetes. Physiol Behav 2018; 187: 20–23.

122	 Kautzky-Willer A, Harreiter J, Pacini G. Sex and gender di�erences 
in risk, pathophysiology and complications of type 2 diabetes 
mellitus. Endocr Rev 2016; 37: 278–316.

123	 Mauvais-Jarvis F. Estrogen and androgen receptors: regulators of 
fuel homeostasis and emerging targets for diabetes and obesity. 
Trends Endocrinol Metab 2011; 22: 24–33.

124	 Mauvais-Jarvis F, Manson JE, Stevenson JC, Fonseca VA. 
Menopausal hormone therapy and type 2 diabetes prevention: 
evidence, mechanisms and clinical implications. Endocr Rev 2017; 
38: 173–88.

125	 Yassin A, Haider A, Haider KS, et al. Testosterone therapy in men 
with hypogonadism prevents progression from prediabetes to 
type 2 diabetes: eight-year data from a registry Study. Diabetes Care 
2019; 42: 1104–11.

126	 Benjamin EJ, Muntner P, Alonso A, et al. Heart disease and stroke 
statistics—2019 update: a report from the American Heart 
Association. Circulation 2019; 139: e56–528.

127	 Regensteiner JG, Golden S, Huebschmann AG, et al. 
Sex di�erences in the cardiovascular consequences of diabetes 
mellitus: a scienti�c statement from the American Heart 
Association. Circulation 2015; 132: 2424–47.

128	 Yusuf S, Hawken S, Ounpuu S, et al. E�ect of potentially modi�able 
risk factors associated with myocardial infarction in 52 countries 
(the INTERHEART study): case-control study. Lancet 2004; 
364: 937–52.

129	 Peters SA, Huxley RR, Woodward M. Diabetes as risk factor for 
incident coronary heart disease in women compared with men: 
a systematic review and meta-analysis of 64 cohorts including 
858 507 individuals and 28 203 coronary events. Diabetologia 2014; 
57: 1542–51.

130	 Peters SA, Huxley RR, Sattar N, Woodward M. Sex di�erences in 
the excess risk of cardiovascular diseases associated with type 2 
diabetes: potential explanations and clinical implications. 
Curr Cardiovasc Risk Rep 2015; 9: 36.

131	 Wannamethee SG, Papacosta O, Lawlor DA, et al. Do women 
exhibit greater di�erences in established and novel risk factors 
between diabetes and non-diabetes than men? The British Regional 
Heart Study and British Women’s Heart Health Study. Diabetologia 
2012; 55: 80–87.

132	 Du T, Fernandez C, Barshop R, et al. Sex di�erences in 
cardiovascular risk pro�le from childhood to midlife between 
individuals who did and did not develop diabetes at follow-up: 
the Bogalusa Heart Study. Diabetes Care 2019; 42: 635–43.

133	 Gouni-Berthold I, Berthold HK, Mantzoros CS, Böhm M, Krone W. 
Sex disparities in the treatment and control of cardiovascular risk 
factors in type 2 diabetes. Diabetes Care 2008; 31: 1389–91.

134	 de Ritter R, de Jong M, Vos RC, et al. Sex di�erences in the risk of 
vascular disease associated with diabetes. Biol Sex Di�er 2020; 11: 1.

135	 Ohkuma T, Komorita Y, Peters SAE, Woodward M. Diabetes as a 
risk factor for heart failure in women and men: a systematic review 
and meta-analysis of 47 cohorts including 12 million individuals. 
Diabetologia 2019; 62: 1550–60.

136	 Gregg EW, Gu Q, Cheng YJ, Narayan KM, Cowie CC. Mortality 
trends in men and women with diabetes, 1971 to 2000. 
Ann Intern Med 2007; 147: 149–55.

137	 Dennis JM, Henley WE, Weedon MN, et al. Sex and BMI alter the 
bene�ts and risks of sulfonylureas and thiazolidinediones in type 2 
diabetes: a framework for evaluating strati�cation using routine 
clinical and individual trial data. Diabetes Care 2018; 41: 1844–53.

138	 Krammer F, Smith GJD, Fouchier RAM, et al. In�uenza. 
Nat Rev Dis Primers 2018; 4: 3.

139	 Morgan R, Klein SL. The intersection of sex and gender in the 
treatment of in�uenza. Curr Opin Virol 2019; 35: 35–41.

140	 Vermillion MS, Ursin RL, Kuok DIT, et al. Production of 
amphiregulin and recovery from in�uenza is greater in males than 
females. Biol Sex Di�er 2018; 9: 24.

141	 Jamieson DJ, Honein MA, Rasmussen SA, et al. H1N1 2009 
in�uenza virus infection during pregnancy in the USA. Lancet 
2009; 374: 451–58.

142	 Vom Steeg LG, Vermillion MS, Hall OJ, et al. Age and testosterone 
mediate in�uenza pathogenesis in male mice. 
Am J Physiol Lung Cell Mol Physiol 2016; 311: L1234–44.

143	 Klein SL, Pekosz A, Passaretti C, Anker M, Olukoya P. Sex, gender 
and in�uenza. Geneva: World Health Organization, 2010.

144	 Casimir GJ, Lefèvre N, Corazza F, Duchateau J. Sex and 
in�ammation in respiratory diseases: a clinical viewpoint. 
Biol Sex Di�er 2013; 4: 16.

145	 Migeon BR. The role of X inactivation and cellular mosaicism in 
women’s health and sex-speci�c diseases. JAMA 2006; 
295: 1428–33.

146	  Borchgrevink CP, Cha J, Kim S. Hand washing practices in 
a college town environment. J Environ Health 2013; 75: 18–24.

147	 van de Mortel T, Bourke R, McLoughlin J, Nonu M, Reis M. 
Gender in�uences handwashing rates in the critical care unit. 
Am J Infect Control 2001; 29: 395–99.

148	 Potluri T, Fink AL, Sylvia KE, et al. Age-associated changes in the 
impact of sex steroids on in�uenza vaccine responses in males and 
females. NPJ Vaccines 2019; 4: 29.

149	 Engler RJ, Nelson MR, Klote MM, et al. Half- vs full-dose trivalent 
inactivated in�uenza vaccine (2004–2005): age, dose, and sex e�ects 
on immune responses. Arch Intern Med 2008; 168: 2405–14.

150	 Harper SA, Fukuda K, Uyeki TM, Cox NJ, Bridges CB. Prevention 
and control of in�uenza. Recommendations of the Advisory 
Committee on Immunization Practices (ACIP). 
MMWR Recomm Rep 2005; 54: 1–40.

151	 Fink AL, Engle K, Ursin RL, Tang WY, Klein SL. Biological sex 
a�ects vaccine e�cacy and protection against in�uenza in mice. 
Proc Natl Acad Sci USA 2018; 115: 12477–82.

152	 Roth GA, Abate D, Abate KH, et al. Global, regional, and national 
age-sex-speci�c mortality for 282 causes of death in 195 countries 
and territories, 1980-2017: a systematic analysis for the Global 
Burden of Disease Study 2017. Lancet 2018; 392: 1736–88.

153	 Inker LA, Sha� T, Okparavero A, et al. E�ects of race and sex on 
measured GFR: the multi-ethnic study of atherosclerosis. 
Am J Kidney Dis 2016; 68: 743–51.

154	 Carrero JJ, Hecking M, Chesnaye NC, Jager KJ. Sex and gender 
disparities in the epidemiology and outcomes of chronic kidney 
disease. Nat Rev Nephrol 2018; 14: 151–64.

155	 Covella B, Vinturache AE, Cabiddu G, et al. A systematic review and 
meta-analysis indicates long-term risk of chronic and end-stage 
kidney disease after preeclampsia. Kidney Int 2019; 96: 711–27.

156	 Valdivielso JM, Jacobs-Cachá C, Soler MJ. Sex hormones and their 
in�uence on chronic kidney disease. Curr Opin Nephrol Hypertens 
2019; 28: 1–9.

157	 Coresh J, Byrd-Holt D, Astor BC, et al. Chronic kidney disease 
awareness, prevalence, and trends among U.S. adults, 1999 to 2000. 
J Am Soc Nephrol 2005; 16: 180–88.



Review

582	 www.thelancet.com   Vol 396   August 22, 2020

167	 Shimizu I, Kamochi M, Yoshikawa H, Nakayama Y. Gender 
di�erence in alcoholic liver disease trends in alcoholic liver disease 
research—clinical and scienti�c aspects. London: InTech, 2012.

168	 Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer M. 
Global epidemiology of nonalcoholic fatty liver disease—meta-
analytic assessment of prevalence, incidence, and outcomes. 
Hepatology 2016; 64: 73–84.

169	 Lonardo A, Nascimbeni F, Ballestri S, et al. Sex di�erences in 
NAFLD: state of the art and identi�cation of research gaps. 
Hepatology 2019; 70: 1457–69.

170	 Lonardo A, Nascimbeni F, Targher G, et al. AISF position paper on 
nonalcoholic fatty liver disease (NAFLD): updates and future 
directions. Dig Liver Dis 2017; 49: 471–83.

171	 Florio AA, Graubard BI, Yang B, et al. Oophorectomy and risk of 
non-alcoholic fatty liver disease and primary liver cancer in the 
Clinical Practice Research Datalink. Eur J Epidemiol 2019; 
34: 871–78.

172	 Lonardo A, Mantovani A, Lugari S, Targher G. NAFLD in some 
common endocrine diseases: prevalence, pathophysiology, 
and principles of diagnosis and management. Int J Mol Sci 2019; 
20: E2841.

173	 Varì R, Scazzocchio B, D’Amore A, Giovannini C, Gessani S, 
Masella R. Gender-related di�erences in lifestyle may a�ect health 
status. Ann Ist Super Sanita 2016; 52: 158–66.

174	 Friedrich MJ. Depression is the leading cause of disability around 
the world. JAMA 2017; 317: 1517.

175	 Marcus SM, Kerber KB, Rush AJ, et al. Sex di�erences in 
depression symptoms in treatment-seeking adults: con�rmatory 
analyses from the Sequenced Treatment Alternatives to Relieve 
Depression study. Compr Psychiatry 2008; 49: 238–46.

176	 Call JB, Shafer K. Gendered manifestations of depression and help 
seeking among men. Am J Men Health 2018; 12: 41–51.

177	  Nolen-Hoeksema S. Emotion regulation and psychopathology: 
the role of gender. Annu Rev Clin Psychol 2012; 8: 161–87.

178	 GBD 2015 Mortality and Causes of Death Collaborators. 
Global, regional, and national life expectancy, all-cause mortality, 
and cause-speci�c mortality for 249 causes of death, 1980–2015: 
a systematic analysis for the Global Burden of Disease Study 2015. 
Lancet 2016; 388: 1459–544.

179	 Weissman MM, Bland RC, Canino GJ, et al. Prevalence of suicide 
ideation and suicide attempts in nine countries. Psychol Med 1999; 
29: 9–17.

180	 Bale TL, Epperson CN. Sex di�erences and stress across the 
lifespan. Nat Neurosci 2015; 18: 1413–20.

181	  Shanmugan S, Epperson CN. Estrogen and the prefrontal cortex: 
towards a new understanding of estrogen’s e�ects on executive 
functions in the menopause transition. Hum Brain Mapp 2014; 
35: 847–65.

182	 Epperson CN, Sammel MD, Bale TL, et al. Adverse childhood 
experiences and risk for �rst-episode major depression during the 
menopause transition. J Clin Psychiatry 2017; 78: e298–307.

183	 Viktorin A, Meltzer-Brody S, Kuja-Halkola R, et al. Heritability of 
perinatal depression and genetic overlap with nonperinatal 
depression. Am J Psychiatry 2016; 173: 158–65.

184	 Kendler KS, Thornton LM, Prescott CA. Gender di�erences in the 
rates of exposure to stressful life events and sensitivity to their 
depressogenic e�ects. Am J Psychiatry 2001; 158: 587–93.

185	 LeGates TA, Kvarta MD, Thompson SM. Sex di�erences in 
antidepressant e�cacy. Neuropsychopharmacology 2019; 
44: 140–54.

186	 Sramek JJ, Murphy MF, Cutler NR. Sex di�erences in the 
psychopharmacological treatment of depression. 
Dialogues Clin Neurosci 2016; 18: 447–57.

187	 Labonté B, Engmann O, Purushothaman I, et al. Sex-speci�c 
transcriptional signatures in human depression. Nat Med 2017; 
23: 1102–11.

188	 European Commissionç. The state of men’s health in Europe. 2011. 
https://ec.europa.eu/health/sites/health/�les/state/docs/men_
health_extended_en.pdf (accessed July 21, 2020).

189	 Cummings SR, Cawthon PM, Ensrud KE, et al. BMD and risk of hip 
and nonvertebral fractures in older men: a prospective study and 
comparison with older women. J Bone Miner Res 2006; 21: 1550–56.

190	 Francis MD, Valent DJ. Historical perspectives on the clinical 
development of bisphosphonates in the treatment of bone diseases. 
J Musculoskelet Neuronal Interact 2007; 7: 2–8.

191	 Werling DM, Geschwind DH. Sex di�erences in autism spectrum 
disorders. Curr Opin Neurol 2013; 26: 146–53.

192	 Jurado-Coronel JC, Cabezas R, Ávila Rodríguez MF, Echeverria V, 
García-Segura LM, Barreto GE. Sex di�erences in Parkinson’s 
disease: features on clinical symptoms, treatment outcome, sexual 
hormones and genetics. Front Neuroendocrinol 2018; 50: 18–30.

193	 Whitacre CC. Sex di�erences in autoimmune disease. Nat Immunol 
2001; 2: 777–80.

194	 Vetvik KG, MacGregor EA. Sex di�erences in the epidemiology, 
clinical features, and pathophysiology of migraine. Lancet Neurol 
2017; 16: 76–87.

195	 Smink FRE, van Hoeken D, Oldehinkel AJ, Hoek HW. Prevalence 
and severity of DSM-5 eating disorders in a community cohort of 
adolescents. Int J Eat Disord 2014; 47: 610–19.

196	 Marina S, Piemonti L. Gender and age e�ects on the rates of 
infection and deaths in individuals with con�rmed SARS-CoV-2 
infection in six European countries. Lancet (in press).

197	 Guan WJ, Ni ZY, Hu Y, et al. Clinical characteristics of coronavirus 
disease 2019 in China. N Engl J Med 2020; 382: 1708–20.

198	 Grasselli G, Zangrillo A, Zanella A, et al. Baseline characteristics 
and outcomes of 1591 patients infected with SARS-CoV-2 admitted 
to ICUs of the Lombardy Region, Italy. JAMA 2020; 323: 1574–81.

199	 Richardson S, Hirsch JS, Narasimhan M, et al. Presenting 
characteristics, comorbidities, and outcomes among 5700 patients 
hospitalized with COVID-19 in the New York City Area. JAMA 2020; 
323: 2052.

200	 Channappanavar R, Fett C, Mack M, Ten Eyck PP, Meyerholz DK, 
Perlman S. Sex-based di�erences in susceptibility to severe acute 
respiratory syndrome coronavirus infection. J Immunol 2017; 
198: 4046–53.

201	 Bairey Merz CN, Andersen H, Sprague E, et al. Knowledge, 
attitudes, and beliefs regarding cardiovascular disease in women: 
the women’s heart alliance. J Am Coll Cardiol 2017; 70: 123–32.

202	 Melloni C, Berger JS, Wang TY, et al. Representation of women in 
randomized clinical trials of cardiovascular disease prevention. 
Circ Cardiovasc Qual Outcomes 2010; 3: 135–42.

203	 Tannenbaum C, Ellis RP, Eyssel F, Zou J, Schiebinger L. Sex and 
gender analysis improves science and engineering. Nature 2019; 
575: 137–46.

204	 Chin EL, Hoggatt M, McGregor AJ, et al. Sex and Gender Medical 
Education Summit: a roadmap for curricular innovation. 
Biol Sex Di�er 2016; 7: 52.

© 2020 Elsevier Ltd. All rights reserved.


	Sex and gender: modifiers of health, disease, and medicine
	Introduction
	Sex as a genetic modifier of biology and disease
	Gender as a determinant of patients’ and doctors’ behaviour, and as a modifier of health, disease, and medicine
	Sex and gender differences in major chronic diseases
	Heart disease
	Cancers
	Chronic pulmonary disease
	Stroke
	Alzheimer’s disease
	Diabetes
	Influenza and pneumonia
	Chronic kidney disease
	Chronic liver disease
	Depression and suicide
	Mortality and gender
	Other important disabling disorders
	COVID-19

	Conclusions and perspectives for sex-based precision medicine
	Perspectives for research
	Perspectives for medical practice
	Medical education

	Acknowledgments
	References


