
Editor summary: 1 

The unique risks and needs of women in relation to NCDs offer myriad opportunities to intervene 2 
and prevent disease; but several key barriers to implementation must be addressed.  3 

Peer Review Information:  4 

Primary Handling Editor: Karen O’Leary, in collaboration with the Nature Medicine team. 5 

Peer Review Information: 6 

Nature Medicine thanks Ophira Ginsburg and the other, anonymous, reviewer(s) for their 7 
contribution to the peer review of this work. 8 

 9 

A life-course approach to tackling non-communicable diseases in women 10 

Cheryl Carcel1,2*, Sue Haupt1*, Clare Arnott1,3, Mei-Ling Yap1,4,5,6, Amanda Henry1,7,8, Jane 11 

E Hirst9,10, Mark Woodward1,9, Robyn Norton1,9 12 

1 The George Institute for Global Health, UNSW Sydney, Australia 13 
2 Department of Neurology, Royal Prince Alfred Hospital, Sydney, NSW, Australia 14 
3 Department of Cardiology, Royal Prince Alfred Hospital, Sydney, NSW, Australia  15 
4Liverpool and Macarthur Cancer Therapy Centres, South-West Sydney Local Health District, 16 

NSW Australia 17 
5Collaboration for Cancer Outcomes, Research and Evaluation (CCORE), South-Western 18 

Sydney Clinical School, Ingham Institute, UNSW Sydney 19 
6 School of Medicine, Western Sydney University, Campbelltown, NSW 20 
7 Discipline of Women's Health, School of Clinical Medicine, UNSW Medicine and Health, 21 

UNSW, Sydney, Australia 22 
8 Department of Women's and Children's Health, St George Hospital, Sydney, Australia 23 
9 The George Institute for Global Health, School of Public Health, Imperial College London, 24 

London, United Kingdom 25 
10 Nuffield Department of Women’s & Reproductive Health, University of Oxford United 26 

Kingdom 27 

 28 

 29 

*Co-first authors; CC and SH contributed equally 30 

 31 

Author for correspondence: 32 

Dr Cheryl Carcel 33 

The George Institute for Global Health 34 

Level 18, International Towers 3, 300 Barangaroo Avenue 35 

Barangaroo, 2000 Australia 36 

Email: ccarcel@georgeinstitute.org.au 37 

 38 



 39 

 40 

Editors summary: The unique risks and needs of women in relation to NCDs offer myriad 41 

opportunities to intervene and prevent disease; but several key barriers to implementation must 42 

be addressed.  43 
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Abstract 52 

 53 

Women’s health has been critically underserved by a failure to look beyond women’s sexual 54 

and reproductive systems to adequately consider their broader health needs. In almost every 55 

country in the world, non-communicable diseases (NCDs) are the leading causes of death for 56 

women. Among these, cardiovascular disease (including heart disease and stroke) and cancers 57 

are the major causes of mortality. Risks for these conditions exist at each stage of women’s 58 

lives, but recognition of the unique needs of women for the prevention and management of 59 

NCDs is relatively recent and still emerging. Once diagnosed, treatments for these diseases are 60 

often costly and non-curative. Therefore, we call for a strategic, innovative life-course 61 

approach to identify disease triggers and instigate cost-effective measures to minimise 62 

exposure in a timely manner. Prohibitive barriers to implementing this holistic approach to 63 

women’s health exist, in both the social and medical arenas. Recognising these impediments 64 

and implementing practical approaches to surmounting them is a rational approach to 65 

advancing health equity for women, with ultimate benefits for society as a whole. 66 
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 93 

Noncommunicable diseases (NCDs) are the number one cause of mortality in women 94 

worldwide, responsible for 75% of their deaths in 2019.1 More than 50% of these deaths were 95 

attributed to two NCDs: cardiovascular disease (CVD), causing 35% of these deaths, and 96 

cancers, causing 17% (Figure 1a). Other contributors include chronic respiratory disease and 97 

respiratory infections, diabetes and chronic kidney disease, and neurological conditions — 98 

which together account for ~25% of deaths in women but are beyond the scope of this piece.1  99 

CVD is the most common cause of death in all five socio-economic regions of the world, as 100 

categorised by the Global Burden of Disease study, whilst cancers rank second in all but the 101 

lowest income countries, where they rank fifth. The leading cause of disability-adjusted life 102 

years for women is CVD, which is responsible for 14 % of lost years of full health, and cancer 103 

for 9% (Figure 1b). Given that the global population is living longer, NCDs are and will 104 

continue to be amongst the biggest threats to women’s health for the foreseeable future.  105 

While the impact of NCDs is greatest in older women, there is increasing evidence that across 106 

all life stages, women are susceptible to risk factors that ultimately contribute to NCDs. We 107 

contend that early education, timely initiation of preventative measures and consistent risk 108 

factor management over the course of a woman’s life is a strategic approach to prevent or delay 109 

the progression of many NCDs. When opportunities for such interventions are overlooked in 110 

health systems, there can be substantial socioeconomic implications (reviewed in2), as 111 

preventive interventions over the life-course are generally more cost-effective than treating 112 

diseases after onset. This approach aligns with the Sustainable Development Goals (SDG) of 113 

the World Health Organisation, particularly SDG 3 (good health and well-being); and SDG 5 114 

(gender equality).3 By focusing on prevention and early intervention, substantial progress 115 

towards these global objectives can be achieved. This strategy underscores the importance of 116 

distinguishing between biological and sociocultural risk factors in women. Considering and 117 

addressing the sex and gender aspects of risk factors (see Box 1 for relevant definitions) is 118 

crucial for effective prevention and management of NCDs in women. This comprehensive 119 

approach is especially pertinent now, as the global health landscape continues to evolve and 120 

the need for sustainable, inclusive health strategies becomes increasingly urgent. 121 

In this Perspective, we argue for a life-course approach to preventing and treating NCDs in 122 

women, focusing on two of the most globally prominent NCDs, CVD and cancer. First, we 123 

outline why it is relevant to consider women’s needs in relation to NCDs separately from men’s, 124 



from the beginning to the end of life; second, we discuss sex-specific, age-dependent risk 125 

factors and suggest protective intervention points; finally, we describe the barriers to 126 

implementing a women’s life-course approach and propose solutions and avenues for further 127 

research.  128 

[H1] The rationale for a life-course approach to non-communicable diseases 129 

CVD is a group of conditions that include coronary heart disease, heart failure, arrhythmia, 130 

congenital and rheumatic heart disease, peripheral vascular disease, and stroke — which have 131 

traditionally been regarded as men’s diseases and diseases of older age.4 This misconception 132 

has caused substantial gaps in the adequate diagnosis and treatment of CVD in women,5 133 

particularly in young women. A life-course approach takes on a unique significance for 134 

women’s health,  particularly through the reproductive years, where pregnancy may carry far-135 

reaching implications, impacting both maternal and fetal health and beyond; even influencing 136 

the health of newborns.6 Not only are there discrete events that can occur during this period 137 

that are associated with an elevation in CVD risk, such as hypertensive and metabolic disorders 138 

of pregnancy, but this period also provides important opportunities for interactions with health 139 

systems that could be used to educate, assess and reduce risk factors, thus altering a women’s 140 

health trajectory. 141 

Cancers present distinct challenges for women compared with CVD. Cancers in 2020 142 

accounted for ~4.4 million deaths in women relative to ~5.5 million in men.7 The overall higher 143 

burden of cancer deaths in men than women, tends to eclipse awareness of the considerable 144 

gender differences in terms of cancer types, the stage of life they impact, and where they occur 145 

globally. The existence of distinct cancer susceptibilities in women at different ages provides a 146 

rationale for gendered cancer prevention strategies. Under 50 years of age, women are nearly 147 

twice as likely to be diagnosed with cancers than men. In 2020, breast cancer was the most 148 

frequently reported cancer-type in women in this age group, while  the highest risk of mortality 149 

was attributed to cancers of the breast and also the cervix (reviewed in 8). The highest cancer 150 

mortality rates for women  under the age of 50 occur in lower-income regions, particularly in 151 

Africa.7 Poor five-year survival in this region is consistent with very late-stage diagnosis 152 

(reviewed in9). In contrast, the highest absolute number of deaths occur in middle income 153 

earners and Asian populations. Therefore, the particular cancer susceptibilities of women’s 154 

reproductive systems, throughout their years of potential childbearing, is relevant to life-stage-155 

specific management of cancer7 (Figure 2).  156 

The majority of deaths due to cancer in women (~88%) occur in those over the age of 50. These 157 

rates are similar to those occurring in men; however, the types of cancers causing mortality 158 

differ between the genders. Among older, generally post-menopausal women, breast cancers 159 

are the most frequently diagnosed cancer-type, and a leading cause of death. However, in 160 

contrast to younger women, lung cancer deaths are also prevalent in this group, with numbers 161 

highest in Asia.7 We note that while fatal in older age, most cancers take years to develop 162 

following exposure to carcinogens, as exemplified by lung cancers linked to tobacco smoke.10 163 

Delays between exposure and disease manifestation highlight the need for timely intervention. 164 

The differences in cancer statistics associated with life-stage, cancer-types, geographical 165 

location and financial status, predict the value of tailoring rational, age and behaviour-166 



appropriate preventive interventions to improve women’s cancer survival outcomes. Avoiding 167 

cancer development offers the benefit of extended health-span and relieves society from the 168 

enormous burden of medical cost and resources dedicated to cancer patients.  169 

Across these major NCDs, several shared risk factors have been identified, including tobacco 170 

use, harmful consumption of alcohol, lack of physical activity, obesity, unhealthy diet, and air 171 

pollution.11 These triggers, in addition to sex-specific risk factors, can impact women in 172 

different ways from men because of biological differences, variations in access and response 173 

to treatments, gender roles and societal expectations. Throughout all stages of life, there are 174 

vital touchpoints within the health and medical system, and practical approaches that can be 175 

adopted to minimise NCD risk factors in women. Implementation of these measures can 176 

diminish NCD development and impact.  177 

A life-course approach to NCDs identifies timely interventions to prevent, diagnose and cure. 178 

Effective actioning of these opportunities will require a shift in perception of these conditions 179 

by the medical field, as well as timely implementation of evidence-based interventions (Figure 180 

2). Adopting a life-course approach to women’s health is not only a paradigm shift, but a 181 

fundamental transformation in how we approach NCD prevention and management, especially 182 

as it touches on a broad range of issues impacting women across their life span.  183 

[H1] Sex specific risk factors for NCDs and opportunities for mitigation 184 

[H2] Embryo-Fetus  185 

In utero exposure of developing fetuses and embryos to carcinogens can influence their later 186 

life health outcomes. This is relevant to several of the shared NCD risk factors,  including 187 

tobacco consumption and alcohol, but it is also pertinent to other specific cancer risks. Tobacco 188 

smoking during pregnancy has been linked to brain cancers in exposed progeny, as measured 189 

up to 20 years of age.12 Also, maternal alcohol consumption during pregnancy is associated 190 

with elevated risk of infant leukemia, particularly acute myeloid leukemia.13 Although these 191 

data are yet to be disaggregated for the gender of the fetuses, they do emphasise the paramount 192 

relevance of protecting pregnant women from exposure to these common carcinogens for the 193 

sake of their children’s health. 194 

Even approved drugs can carry risks that, in the absence of thorough testing on women, can go 195 

undetected for long periods. For example, the synthetic nonsteroidal estrogen, diethylstilbestrol 196 

– a drug that was widely prescribed to women to prevent miscarriages or premature deliveries, 197 

- is now linked to an elevated risk of breast cancer development in daughters and 198 

granddaughters of exposed women. Adult women who were prescribed this drug were 199 

themselves at risk of cancers of the genital tract and breast, and also CVD; the risk transfer 200 

across generations infers the transmission of epigenetic alterations from mother to child. In 201 

2000, after an estimated >10 million people had been exposed globally, the drug was finally 202 

declared a carcinogen, but the impact continues through affected offspring (reviewed in 14). 203 

This example demonstrates the importance of adequate pre-clinical evaluation prior to 204 

commencing testing of women of relevant age and reproductive-stage, to avoid such disastrous 205 

exposures15. 206 



 In the more extreme context of atomic bomb radiation, increased risks for developing solid 207 

cancers (such as stomach, lung and liver) were identified in women who were exposed as 208 

fetuses in utero. In contrast, no increased risk was identified in counterpart men.16  Despite the 209 

tragic origin of these findings, they hold crucial lessons for designing cancer management 210 

strategies for pregnant women. For example, the adoption of imaging diagnosis methods that 211 

do not rely on ionising radiation – such as ultrasound and magnetic resonance imaging – are 212 

recommended, to avoid the risk of inducing genetic mutations in offspring.17 213 

[H2] Childhood and Adolescence 214 

Recently, the International Childhood Cardiovascular Cohort Consortium18 reported that the 215 

presence of cardiovascular risk factors during early childhood and adolescence (3-19 years old) 216 

were associated with CVD in adulthood, as early as 40 years of age. In these cohorts from 217 

Australia, Finland, and the United States, each of five traditional risk factors (body-mass index, 218 

total cholesterol level, triglyceride level, systolic blood pressure, and youth smoking) were 219 

individually associated with later life CVD, while their combination potentiated disease 220 

liability. Cardiovascular events during childhood and adolescence are rare; however, autopsies 221 

have found histologic evidence of atherosclerotic lesions of the aorta and coronary arteries in 222 

young people that were associated with dyslipidaemia, elevated blood pressure, and smoking.19 223 

Although no sex differences were found in these analyses, they demonstrate that the disease 224 

processes underlying CVD can begin in early life, highlighting the potential benefits of early-225 

life interventions on adult cardiovascular health.  226 

Behaviours that prime NCDs, such as tobacco use, excess ultraviolet radiation (through sun 227 

exposure) and alcohol consumption, are often started in adolescence and carried through to 228 

adulthood. The consequence of tobacco consumption for women is a significantly increased 229 

risk not only for lung cancer but also a range of cancers of both non-reproductive and 230 

reproductive organs.20. Incidental exposures to environmental carcinogens including 231 

radioactive iodine  (e.g. as associated with radiation fallout from atomic bombs, and nuclear 232 

plant accidents at Chernobyl and Fukushima21)  and hormone disruptors (e.g. bisphenol A, until 233 

recently a common component in plastics22; and pesticides23), may also be initiated at an early 234 

age, with specific cancer risks for women.24 Contraceptive use, either in the form of combined 235 

oestrogen and progesterone, or progesterone only, is frequently commenced during the teen 236 

years and is associated with increased breast cancer risk.25 Adolescence is particularly relevant 237 

to cancer prevention because experimenting with behaviours at this age, coincides with an 238 

active period of learning that offers opportunities for health education.26 239 

 240 

Consequences of exposure to damaging carcinogens can take decades to manifest into 241 

deregulated cell proliferation and cancer growth. While the focus here is on NCDs, it is also 242 

worth noting that 15% of all cancers may be traced to infectious agents. Human papilloma virus 243 

(HPV) is a cause of cervical, head and neck27 and even anal cancers28 in unvaccinated, sexually 244 

active women, with sexual activity often commencing during the teenage years. HPV vaccines 245 

have proven highly effective in priming immune protection against the dominant high-risk 246 

HPV types that cause nearly all HPV-driven cervical cancers. However, vaccination programs 247 

introduced into economically poorer countries constitute only ~20% of all programs globally, 248 



despite the greater disease burden in these regions. Unfortunately, the COVID-19 pandemic 249 

led to logistical challenges for vaccine access and fostered a pervasive mistrust of vaccines. 250 

The consequence is a decline in vaccine regimen compliance generally, including for HPV. 251 

This, together with fears that HPV vaccination promotes promiscuity, are major dangers for 252 

declining immune protection against HPV and an increase in associated cancers (reviewed in 253 
29). This may be compounded by a lack of cultural sensitivities, as demonstrated in the context 254 

of cervical cancer screening in immigrant African women in Australia.30 These are key points 255 

for remediation. 256 

 257 

[H2] Reproductive years of adulthood, including pregnancy 258 

The associations between cardiovascular risk factors in adulthood and cardiovascular events 259 

are well-documented. Although the risk of myocardial infraction and stroke are up to three 260 

times higher in men than in women, certain cardiovascular risk factors may have a stronger 261 

effect in women than in men — highlighting the importance of individualised education and 262 

care.31,32 The UK Biobank study, a large prospective study that recruited 502,628 participants 263 

aged between 40 and 69, showed that smoking, elevated blood pressure and type 2 diabetes 264 

were more strongly associated with developing myocardial infarction in women than in men.31 265 

For example, women who smoked more than 20 cigarettes per day had twice the relative risk 266 

of myocardial infarction (compared to never-smokers) than men who smoked the same amount. 267 

Longer term risks of cardiometabolic conditions are also linked to common medical 268 

complications of pregnancy. The hypertensive disorders of pregnancy, namely preeclampsia, 269 

gestational hypertension, and chronic hypertension, affect 5-10% of pregnancies globally — 270 

and can cause adverse maternal and foetal outcomes during pregnancy, including maternal and 271 

foetal death if untreated. Consequently, a large focus of antenatal care globally is on detecting 272 

and managing these conditions in the acute setting. What is less well recognised is the increased 273 

postpartum cardiovascular risk, with one in three women remaining hypertensive in the first-274 

year after birth.33,34  A retrospective study of over half a million women in Australia35 found 275 

that, compared to women who did not have hypertensive disorders of pregnancy, women who 276 

did  had 2.5-4.9 times the relative risk of a major adverse cardiovascular event (depending on 277 

whether the hypertension presented before or after 34 weeks’ gestation, the former being higher 278 

risk) in the 10 years post pregnancy. The risk was even further elevated if the women 279 

experienced concomitant gestational diabetes or were current smokers. 280 

A risk prediction model to identify those most at risk of persistent hypertension could be used 281 

to target therapy in this high-risk group.33 However, at present, post-partum follow-up, 282 

education of women and clinical guidelines for CVD prevention in this high-risk group are 283 

inconsistent and poorly adhered to in most settings. It is important to note, however, that long 284 

term CVD risk is not limited to those women who exhibit chronic hypertension after the 285 

effected pregnancy. Indeed, factors that place women at highest CVD risk are: recurrent 286 

hypertensive disorders of pregnancy, foetal growth restriction and premature delivery, 287 

concomitant hypertensive and metabolic disorders of pregnancy (e.g. gestational diabetes 288 

mellitus [GDM]) and the co-existence of traditional CVD risk factors such as active smoking.35 289 



To date, no CVD risk prediction algorithm incorporates these pregnancy exposures into their 290 

risk prediction.  291 

GDM affects around 13.4% (17 million) of pregnancies globally each year.36 It is well 292 

established that women who develop GDM are at high risk of type 2 diabetes mellitus. Meta 293 

analyses have estimated the risk to be around 10 times greater than for women who do not 294 

develop GDM in pregnancy,37 equating to around 50% of women who have had GDM 295 

developing type 2 diabetes in their lifetime. The US Diabetes Prevention Program (DPP) trial 296 

10-year follow-up demonstrated that intensive lifestyle support or metformin can reduce this 297 

risk by around 30%.38 However, women in the DPP were recruited on average  12 years after 298 

their GDM affected pregnancy, and the greatest risk of developing type 2 diabetes occurs within 299 

the first 5-10 years.37,39,40 Translating the trial findings from the DPP into other settings and 300 

routine care pathways has proven very challenging.  301 

The International Federation of Gynaecology and Obstetrics (FIGO) released their initiative on 302 

the impact of pregnancy on long term health in 2023.41 This complements similar statements 303 

from the American Heart Association, American Diabetes Association, and the 2021 Lancet 304 

Commission on Women and Cardiovascular Disease.42 All of these high-level statements 305 

specifically highlight the importance of pregnancy as an opportunity to improve women’s 306 

lifelong health. What is missing is the evidence of how to implement this in practice, to change 307 

the trajectory of CVD progression in women identified at high-risk.  308 

     The hormonal changes associated with menstruation and pregnancy are also associated with 309 

cancer risk. Adult women are at an enhanced risk of breast cancer risk following early onset 310 

and/or a late cessation of the menstrual cycle.43 Somewhat unexpectedly, women who have 311 

first full-term pregnancies after 35 years of age are also at increased risk of breast cancer 312 

(reviewed in 44). According to a Canadian study, women diagnosed with cancers during 313 

pregnancy, and even up to one year postpartum, have poorer five-year survival rates relative to 314 

non-pregnancy cancer diagnoses.45 It remains to be determined whether delayed diagnosis or 315 

postponed treatment due to the condition of pregnancy are responsible for these comparatively 316 

poor outcomes. Another possibility is that the transient status of immune suppression, triggered 317 

during pregnancy46, can pose a cancer risk. Each one of these three possibilities requires 318 

customised interventions unique to women.  319 

On the other hand, women who have gone through pregnancy prior to 20 years of age are 50% 320 

less likely to develop breast cancer compared with those who have not mothered a child. 44  In 321 

addition, lower breast cancer incidence is linked to breast feeding in women who carry an 322 

earlier first full-term pregnancy (<25 years for UK data). This is particularly marked for women 323 

with at least one year of breast feeding per child, plus several births in close succession.47  324 

Identifying the relevance of these factors is crucial to developing appropriate management 325 

strategies involving counselling and clinical care.45  326 

These studies suggest that understanding hormonal changes during pregnancy may offer clues 327 

to cancer prevention strategies that could supplement behavioural changes around pregnancy 328 

timing and breast-feeding practices. Notably, the potential for cancer prevention in women 329 

through regulated hormonal manipulation, is predicted from decreased cancer incidence in 330 



rodent models treated with hormone mimicry. This was demonstrated in response to treating 331 

with estrogen and progesterone; or with human chorionic gonadotrophin (reviewed in 44). 332 

In this age group women are at greater risk of the 5-10% of cancers linked to inheritance of 333 

gene mutations that pre-dispose to cancer48. Specifically, women who inherit mutations of the 334 

Breast Cancer-Associated genes (BRCA) 1/2, are disproportionately prone to breast cancer 335 

development before 50 years of age.49 A management strategy adopted by some women at high 336 

risk is to opt for prophylactic bi-lateral mastectomy and salpingo-oopherectomy to prolong 337 

survival.50 In a recent study, regular use of aspirin and COX-2 inhibitors administered to 338 

women with BRCA1/2 familial cancer risk, was associated with reduced breast cancer rates. 339 

The protection from breast cancer in these at-risk women was remarkably similar to the degree 340 

of prophylaxis in women with non-familial disease. These findings argue for additional cancer 341 

prevention studies in at-risk adult women, including a broader range of non-steroidal anti-342 

inflammatory drugs.51 Other measures linked to reducing breast cancer onset in women require 343 

changes in behaviours, including healthy diets, exercise, moderation of alcohol consumption, 344 

smoke and carcinogen avoidance.52 As an overall principle, avoiding carcinogens across the 345 

life-course is important to reduce the risk of accumulating gene mutations that drive cancer 346 

onset.53 347 

Notably, life-course management among women who inherit cancer pre-disposing gene 348 

mutations has been shown to result in extended longevity, even if not a cure. This is 349 

documented among Li-Fraumeni families, carrying germline mutations of the major tumour 350 

suppressor TP53. Although these families are relatively rare, they provide a proof of principle 351 

that life-time surveillance and intervention perpetrates longer survival for women at elevated 352 

risk for young-onset breast cancer.54 The added integration of genomic characterisation of the 353 

tumours among these patients, offers rational insight into complementing precision therapeutic 354 

targets,55 as relevant to TP53 molecular partners located on the X chromosome.56  355 

[H2] Adulthood from menopause onwards 356 

After menopause, which is coincident with ~50 years of age and beyond, the incidence and 357 

prevalence of NCDs and particularly CVD in women increases and the opportunity to reduce 358 

preventable risk factors continues. Worldwide, as populations age (particularly >65 years), the 359 

proportion of women surviving increases relative to men. Of particular relevance to this age 360 

group is the greater burden of multimorbidity among women compared with men57 and the 361 

greater proportion of older women facing economic hardships and social isolation58 that 362 

contribute to risk factors for CVD and other NCDs (and reduce opportunities for intervention).   363 

As noted earlier, the majority of cancers in women develop in older age.7 This increased 364 

prevalence during the post-menopausal life phase suggests that estrogen is protective against 365 

cancer development, likely due to its immune stimulation.59  Hormone replacement therapy 366 

(HRT) in aging women would then seem to be an obvious solution; however, increased risks 367 

for endometrial60, ovarian61 and also breast cancer 62 caution the use of particular formulations. 368 

Importantly, breast cancer risk is markedly elevated when such therapies are combined with 369 

alcohol consumption (~1drink/day).63 The route of administration may influence the degree of 370 

risk for HRT contraindications. Further testing is required to properly test whether local64 or 371 



transdermal application65 can boost local response while avoiding adverse effects associated 372 

with high systemic levels. 373 

Women with breast cancer who are treated with radiation therapy and those receiving particular 374 

chemotherapies, are at elevated risk of CVD related deaths, as measured in a recent study with 375 

over seven years of follow-up.66 This is particularly pertinent to anthracyclines, which are 376 

topoisomerase 2 inhibitors; and Trastuzumab (also known as herceptin), which targets the 377 

human epidermal growth factor receptor 2. This has led to efforts to design anthracycline 378 

analogues that are less cardiotoxic; heart-sparing delivery systems (e.g. liposome-packaged 379 

doxorubicin: doxil); and cardio-protective drug combinations (e.g. in conjunction with beta-380 

blocker carvedilol).67 381 

[H1] Barriers and potential solutions 382 

[H2] Poor prioritisation of women’s health  383 

Poor prioritisation of women’s health in the clinical setting69 and in wider society both 384 

contribute to gender inequity. In CVD, a gradual increase in research and publications relating 385 

to sex-specific risk factors, symptoms, pathophysiology, treatment and identification of 386 

disparities do not necessarily translate into changes in clinical practice or improved outcomes.70  387 

Women continue to be under-diagnosed and under-treated compared to men, in several high-388 

income settings and also LMICs.71,72 Similarly, premature cancer deaths are the result of under-389 

prioritisation, especially in countries that rank low on the Human Development Index  390 

(reviewed in 8). In patriarchal societies, the health of boys and men are frequently prioritised 391 

over those of girls and women. Women are assigned the role of primary carer in their families, 392 

where others’ health are prioritised ahead of their own. Women often find it hard to prioritise 393 

their own health requirements, especially in times of competing demands, such as the first years 394 

after giving birth, as described in relation to CVD.73   395 

Overcoming gender-gaps in women’s health is a huge challenge in many societies8 and requires 396 

a fundamental shift in community attitudes, including among healthcare professionals, for 397 

whom training in gender equity is lacking.74 A key example is the failure to properly diagnose 398 

the atypical clinical presentations of cardiac events in women, compounded by young women 399 

with heart-related chest pain being less likely to be admitted into hospital for observation, 400 

relative to young men.
75 This emphasises the need to establish gender health priorities globally, 401 

through both government and non-government organisations. Recent initiatives offer positive 402 

examples, such as the United States’ announcement of a new White House Initiative on 403 

Women’s Health Research76 and the Australian government’s appointment of a National 404 

Women’s Health Advisory Council77 providing governments with advice and 405 

recommendations to improve health outcomes for women and girls. Other practical approaches 406 

to prioritising women’s health  would be to  adopt gender-responsive education strategies and 407 

specialised women’s health clinics, with the latter offering a comprehensive approach to 408 

addressing the cardiovascular healthcare needs of women across all stages of life.78 Initiatives 409 

to educate and provide health care for women are not only relevant to human equity but are 410 

supported by health and economic benefits to families and communities.79  411 

[H2] Under-representation of women in clinical trials   412 



The inadequate enrolment of women in clinical trials has been a long-standing issue in clinical 413 

medicine. Indeed, historically there has been an almost systematic exclusion of older women 414 

and those of child-bearing potential in intervention trials.58,80 Despite efforts to increase their 415 

representation, recent analyses provide evidence that disparities persist in the participation of 416 

women in clinical trials of various NCDs, including CVD81 and cancer.82  417 

In the past decade, substantial progress has been made in new life-prolonging therapies 418 

including treatment of large-vessel occlusions with mechanical thrombectomy in stroke and 419 

immunotherapy and targeted therapies for cancer. However, given the well-documented 420 

importance of sex and gender in the epidemiology and pathophysiology of NCDs, the under-421 

enrolment of women in these trials represents a threat to the generalisability of efficacy and 422 

safety data.83 It is important to understand why women are under-enrolled in clinical trials82 – 423 

for example potential risks to the unborn, potentially severe adverse drug effects, among others 424 

– in order to identify solutions. 425 

Potential risks to the unborn and to breast-feeding infants have led to the exclusion of pregnant 426 

and breastfeeding women from most clinical trials. Consequently, efficacy and safety are 427 

extrapolated from middle-aged women or men; and many medications used in pregnancy are 428 

off-patent and/or off-label, whereby their use is susceptible to supply chain disruption. 429 

Preclinical drug testing in animals of relevant sex, age and reproductive stage must become 430 

routine to safely advancing drugs to clinical trials relevant to this group.84 The fair inclusion of 431 

pregnant women into clinical trials is particularly challenging however, due to clinical and 432 

ethical issues relating to the women and fetus. Improved evidence generation on the risks and 433 

benefits of therapeutic interventions for pregnant women require inclusion of maternal-fetal 434 

experts in trial steering committees and ethics boards, and additional safety monitoring during 435 

the trial.85 436 

Adverse drug reactions are more frequently reported in women than men from adolescence 437 

onward and are a valid disincentive to clinical trial participation. This is particularly evident in 438 

the 18-44 years age group.86 For example, a wave of immunotherapies are revolutionising 439 

cancer outcomes in some patients, however women taking these drugs have a 66% higher risk 440 

of symptomatic adverse effects than men.87 Infertility associated with cancer immune 441 

checkpoint inhibitors (anti-PDL1 and anti-CTLA4) is another emerging risk for young women 442 

receiving immunotherapy,88 and an additional concern for joining a clinical trial. Indeed, 443 

adverse toxicities to cancer therapies in general are higher in women compared with men89, 444 

including in response to  the newer targeted therapies, such as kinase inhibitors.87 It is relevant 445 

to add that high toxicity frequently comes hand-in-hand with greater drug efficacy, but finding 446 

the best dose efficacy with minimum toxicity is crucial. The way forward must include 447 

thorough and appropriate testing of drugs in women, in order to find the most efficacious doses 448 

in response to their unique physiology — including generally slower drug metabolism that risks 449 

higher drug accumulation,90,91 and differences in circadian rhythms that may be relevant for 450 

tailoring dosing schedules (reviewed in89). 451 

Other factors associated with poor participation of women in clinical trials include trial-related 452 

factors (such as restrictive eligibility criteria, suboptimal recruitment strategies and consent 453 



processes), the logistical burden of participating in trials (particularly where women are the 454 

primary caregivers), and homogenous men-only trial leadership.92 Rectifying the current 455 

under-representation of women in clinical trials must be anchored in consumer-involved 456 

discussions, raising awareness among researchers, pharmaceutical drug developers and health 457 

professionals (Figure 2). 458 

Crucially, over the last decade changes have begun, with large-scale efforts to increase 459 

inclusion and diversity in clinical trials, including broader eligibility criteria, culturally 460 

competent recruitment strategies, patient-centred trial processes, centralised language 461 

translation services, and remote consent/monitoring options — with each gathering strong 462 

support from clinical trial consortia.92 For example, improving the accessibility of trial centres 463 

and other logistics (such as onsite childcare) have been suggested as strategies for facilitating 464 

the involvement of women in cardiovascular and cancer trials.  465 

[H2] Lack of disaggregation of data by sex and gender 466 

The adequate recruitment of women into clinical trials relative to the burden of disease81 is a 467 

necessary first step in ensuring that treatments are generalisable for the entire population. 468 

Disaggregation of research and clinical trial data by sex and gender is a further necessary step, 469 

to correctly identify sex-specific disease risks 93 and provide efficacy and safety data. 470 

Stakeholder engagement is key to ensuring sex and gender are integrated into health and 471 

research. Globally, policies have been put into place by funders, peer-reviewed journals, 472 

educators and researchers to better incorporate sex and gender. For example, a subset of 473 

journals under the Nature Portfolio94 now actively encourage authors to follow the Sex and 474 

Gender Equity in Research (SAGER) guidelines and require greater transparency in reporting 475 

of sex and gender in studies.95 Other recent initiatives have incorporated co-design methods 476 

with stakeholders to create more relevant and useful policies for the target population. 477 

Examples include the MESSAGE project with United Kingdom medical research funders96 and 478 

the Sex and Gender Policies in Medical Research project with Australian medical research 479 

institutes.97 480 

[H2] Restricted access to appropriate treatment  481 

Power inequity and financial dependence can influence a women’s capacity to seek medical 482 

help.  In many settings, women are completely reliant on male permission and/or availability 483 

of transport to access healthcare, which may be independent of economic status. However, 484 

particularly when resources are scarce and women are financially dependent, a lack of power-485 

status jeopardises their healthcare access and prioritisation.98 486 

In a study of 185 countries, women’s cancer prevention and treatment experience was 487 

profoundly disadvantaged under the influence of unequal power status, that is common in 488 

patriarchal societies.9 For example, the fear of spouse-abandonment due to the stigma of 489 

mastectomy can be a paralysing reason for failing to seek diagnosis of breast cancer symptoms. 490 

Poverty can be a consequence of power-inequity and is more likely to affect older women at 491 

higher rates than men. Poverty has a significant influence on access to care and consequently, 492 

cancer survival.8 There are no quick fixes to these inequities, particularly when driven by 493 

poverty or culture. Educational opportunities have proven capable of empowering women 494 



toward sustainable health benefits;79 however, strong leadership is required to launch such 495 

initiatives.  496 

Lack of awareness of women’s disease symptoms by healthcare workers, compounded by 497 

implicit or explicit gender bias, can further impede women’s access to timely diagnoses and 498 

their appropriate care. Women are more likely than men to experience a missed diagnosis of 499 

stroke70 or have their symptoms under-recognised in myocardial disease, thereby delaying 500 

management of life-saving treatment.99 There are differences in the way women clinically 501 

present with an acute coronary syndrome100 and stroke101. This is important because when 502 

clinicians recognise these understudied symptoms as urgent, then clinical decision making is 503 

triggered; often, however, they are not recognised due to either lack of awareness or implicit 504 

or explicit bias.  505 

Currently, the standard of care treatments for cancer do not differentiate on the basis of sex. As 506 

with other NCDs, clinical care for cancer is based predominantly on data derived from studies 507 

on men, who generally succumb at a younger age and in greater numbers than women.89 It is 508 

time that emerging findings in the laboratory are advanced through sex-appropriate pre-clinical 509 

models to testing on patients of relevant sex and gender, in sufficient numbers for adequate 510 

statistical analytical power. 511 

[H2]  Sub-optimal adherence to guidelines and lack of continuity of care 512 

While overall adherence rates to treatment guidelines are sub-optimal in both genders, women 513 

have lower rates of assessment, education and treatment for primary and secondary prevention 514 

of CVD.102 In a systematic review of cardiovascular medication prescription in primary care,71 515 

women were less likely to be prescribed aspirin, statins, and angiotensin- converting enzyme 516 

inhibitors (a type of antihypertensive medication). There is also a paucity of data regarding 517 

optimal doses of most CVD medicines in women, to limit side effects whilst offering equivalent 518 

efficacy to men. This lack of data can result in the under-dosing of disease-modifying drugs in 519 

women. For example, in a study using health insurance data of over 88,000 U.S. adults who 520 

filled a statin prescription following a hospitalisation for myocardial infarction, women were 521 

less likely than men to have filled a prescription for a high-intensity dosage. 103 522 

Postpartum screening presents an important opportunity to identify women at risk of NCDs 523 

and to provide education and awareness for both patients and healthcare providers. 524 

SMARThealth Pregnancy is a low-cost digital intervention developed to improve postpartum 525 

screening and follow-up of high-risk NCDs such as CVD in women after pregnancy in rural 526 

India.104 Currently being assessed in a large cluster trial, if proven effective this could offer an 527 

evidence-based, sustainable roadmap. For hypertensive disorders of pregnancy, the Blood 528 

Pressure Postpartum randomised controlled trial is assessing effectiveness of varying intensity 529 

of follow-up and lifestyle behaviour change measures in the first year postpartum.105 Ability of 530 

care systems to reduce knowledge gaps amongst healthcare providers and implement effective 531 

practices postpartum is also a major hurdle to be overcome.106 532 

Age-targeted cancer screening among the Australian population is rewarding enormous 533 

benefits. Impact on cancer survival has provided a convincing argument for nationwide 534 

implementation, but requires continuity of care to be optimally effective.107 While screening of 535 



breast and colon cancers is a benefit offered in the affluent world, adhering to these guidelines 536 

is not an option for many women. This is relevant to the screening programs for lung cancer, 537 

where underscreening among women is an emerging concern.108  Poor compliance with 538 

recommended cancer screening guidelines is an additional a barrier to prevention. 539 

Failure to adhere to guidelines against tobacco smoking, excess alcohol consumption, poor 540 

diets associated with obesity and behaviours that risk infection are likely contributors to the 541 

estimated ~1.3 million women who die from cancer prematurely109. To promote adherence, 542 

beyond the existing graphic anti-cancer box packaging, Canada leads the world with its latest 543 

initiatives to add warning labels on every single cigarette sold.110 To effectively implement 544 

these types of initiatives, substantial governmental commitment is essential. This approach is 545 

crucial for overcoming resistance from the commercial sector and ensuring impactful public 546 

health measures. 547 

[H1] Conclusion  548 

Based on the opportunities and barriers outlined in the sections above, Box 2 outlines key 549 

priority areas for future research into NCD prevention in women. Failure to adequately include 550 

women across the medical research pipeline, including within clinical trials, has led to 551 

generations of women receiving potentially sub-optimal care. This is slowly changing, but 552 

much remains to be done towards the goal of equitable health care for women. 553 
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Figure legend 568 

Figure 1. Causes of death and disability for women globally in 2019. Graphs show the percentage of deaths (A) and disability-adjusted life 569 

years (B) attributed to various causes (top ten shown in descending order) according to the Global Burden of Disease data (GBD Compare).  570 

Blue: non-communicable diseases (NCDs) and injuries; red: communicable, maternal, neonatal and nutritional diseases; black: causes outside the 571 

top ten combined. CKD = chronic kidney disease. Note: respiratory infections include tuberculosis. 572 

 573 

Figure 2:  A life-course approach to preventing and treating noncommunicable diseases in women.  The figure focuses on cardiovascular 574 

disease and cancer, illustrating the key risk factors that occur throughout life, as well as barriers and potential solutions. 575 

https://vizhub.healthdata.org/gbd-compare/


Box 1. Unravelling sex and gender definitions.  576 

Sex and gender are not synonymous. We use both terms throughout this Perspective, with ‘sex’ 577 

referring to biological and physiological characteristics (chromosomes, hormones and 578 

reproductive organs) of females, males and intersex individuals. ‘Gender’ is a sociocultural 579 

construct of norms, behaviours and roles of women, men, girls and boys in any given society 580 

at any given time.95,111 A person’s gender identity or gender expression is not always binary 581 

(man or woman), and may change over time. Gender is often considered distinct from sex, 582 

although there is also recognition that the scientific and legal categorisation of sex is reliant on 583 

sociocultural constructs regarding the idea of ‘sex differences’ between male and female 584 

bodies.112 Currently, the main body of medical information is available only in the binary sex 585 

or gender form and this is the group described throughout our Perspective. We also recognise 586 

that an intersectional analysis of health data, including sociodemographic features, is important 587 

— and we discuss this where possible. It will be crucial to collect and report sex and gender 588 

information (including gender identity data) in medical research, as little is currently known 589 

about NCDs for communities such as transgender women. 590 

 591 

Box 2. Priority areas for future research in women’s NCD prevention 592 

 Improve awareness of risks of NCDs in women among the lay public, patients and 593 

clinicians 594 

 Include the voices of women with lived experiences – especially those in medically 595 

underserved and structurally disadvantaged populations – during research priority 596 

setting and design 597 

 Identify how age, gender, economics, and ethnicity intersect with NCD outcomes and 598 

access to care 599 

 Develop age-appropriate, language- and culturally-relevant anti-cancer education 600 

programs 601 

 Develop evidence-based strategies to improve recruitment and retention of women into 602 

clinical trials, including women from ethnic minority backgrounds 603 

 Develop new models of care to integrate NCD screening and prevention into existing 604 

services for women (such as family planning and antenatal care), and strengthen these 605 

services so that they can deliver continuity of care 606 

 Ensure ethnicity data is collected alongside sex and gender data in administrative and 607 

health datasets 608 

 Develop sex-specific risk prediction tools that incorporate sex-specific risk factors for 609 

cardiovascular disease (e.g. hypertensive and metabolic disorders of pregnancy) to 610 

accurately predict cardiovascular risk for women across diverse ethnicities. 611 

 Draw upon this life-course approach to advance care for women with other NCDs 612 

(including the emerging complications of long-COVID, myalgic 613 

encephalomyelitis/chronic fatigue syndrome). 614 

 615 

 616 
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