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Abstract: Cardiovascular disease is the leading cause of death in women worldwide. Nonetheless, there exist several uncertainties in 
the prediction, diagnosis, and treatment of cardiovascular disease in women. A cornerstone in the prediction of cardiovascular disease 
is the implementation of risk scores. A variety of pregnancy- and reproductive-factors have been associated with lower or higher risk 
of cardiovascular disease. Consequently, the question has been raised, whether these female-specific factors also provide added value 
to cardiovascular risk prediction. In this review, we provide an overview of the existing literature on sex differences in the association 
of established cardiovascular risk factors with cardiovascular disease and the relation between female-specific factors and cardiovas-
cular risk. Furthermore, we systematically reviewed the literature for studies that assessed the added value of female-specific factors 
beyond already established cardiovascular risk factors. Adding female-specific factors to models containing established cardiovascular 
risk factors has led to little or no significant improvement in the prediction of cardiovascular events. However, analyses primarily 
relied on data from women aged ≥40 years. Future investigations are needed to quantify whether pregnancy-related factors improve 
cardiovascular risk prediction in young women in order to support adequate treatment of risk factors and enhance prevention of 
cardiovascular disease in women. 
Keywords: sex differences, female-specific factors, cardiovascular disease, risk prediction, added value

Introduction
Cardiovascular disease (CVD) has long been considered a disease that predominantly affects men. However, CVD is also 
a serious health concern in women and the number of deaths from CVD is higher in women than in men. In 2019, CVD 
was responsible for 31.4% of deaths in men and 34.6% in women.1

Despite the broadly similar burden of CVD in women and men, it is only over the last decades that medical guidelines 
have started to recognize the importance of CVD in women. In 1993, the American Heart Association published the first 
statement on CVD in women.2 Six years later, in 1999, the first clinical guidelines on the prevention of CVD in women 
were published by the American Heart Association,3 which were updated in 2004,4 2007,5 and finally in 2011.6 Recently, 
in 2022, the American Heart Association published a “Call to Action” on reducing burden and risk for CVD in women.7 

The European Society of Cardiology initiated the “Women at Heart” program in 2005, in order to promote research and 
education of CVD in women.8 Furthermore, at the same time, they published their first statement on CVD in women.8

Prevention of CVD in women requires an effective multi-level approach including raising awareness, effective 
communication, and appropriate risk prediction.7 There is still much room for improvement in raising awareness of 
CVD in women. A recent survey of US women reported a decline in the awareness of heart disease being the leading 
cause of death in women between 2009 and 2019.9 Awareness of CVD risk goes hand in hand with effective 
communication of cardiovascular risk factors. Communicating factors leading to higher risk of CVD is crucial as 
many of these factors can be affected and modified by patients themselves. Finally, a cornerstone in the prevention of 
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CVD is a reasonable approach to estimate an individual’s risk for a future CVD event, which may also guide decision- 
making and help to implement adequate treatment.7

Although research on CVD in women is increasingly conducted, medical guidelines do not include sex-specific 
recommendations.7 Moreover, substantial sex differences still exist in the prediction, diagnosis, and treatment of CVD 
that predominantly disadvantages women.10 In this review, we will provide an overview of sex differences in risk factors 
for CVD, cardiovascular risk prediction, and how prediction and prevention of CVD in women could be improved in the 
future.

CVD Epidemiology
In the United States, every 40 seconds a person experiences a myocardial infarction and every 3.5 minutes someone dies 
of stroke.11 Also, at a global level, CVD has a significant impact on people’s health. Since the first Global Burden of 
Disease data had been released in 1990, CVD remained the leading cause of death worldwide.1 This is true for both 
women and men.1 Earlier data from the United States showed that CVD was already among the top five causes of death 
in women back in 1900.12 Although, in 2019, the global age-standardized incidence rate of CVD was higher in men 
(730 per 100,000) than in women (643 per 100,000), there exist significant differences in the development and the 
phenotype of the disease.1 For instance, in the Rotterdam Study, lifetime risk for CVD has been demonstrated to be 
similar in women and men.13 Nevertheless, women had a higher risk to experience cerebrovascular disease or heart 
failure and men a higher risk to develop coronary heart disease as their first CVD event.13 Furthermore, subarachnoid 
hemorrhage affects women by a higher frequency than men.1 In 2019, the global age-standardized incidence rate of 
subarachnoid hemorrhage was 15.7 per 100,000 in women versus 13.0 per 100,000 in men.1 Contrarily, the global age- 
standardized incidence rate of ischemic heart disease was 333.5 per 100,000 in men compared to 198.5 per 100,000 in 
women.1

Sex Differences in Associations of Established Risk Factors with 
Cardiovascular Disease
The main modifiable risk factors related to the risk to develop CVD are overweight and obesity, high blood pressure, 
diabetes mellitus, smoking, and lipid abnormalities, among others.14 Table 1 summarizes large-scale studies and meta- 
analyses on sex differences in risk factor associations with various CVD outcomes including women-to-men ratios of 
relative risks. A statistically significant women-to-men ratio of relative risks >1 indicates a higher risk for women with 
the risk factor compared to women without the risk factor than for men with the risk factor compared to men without the 
risk factor. If the ratio is <1, the relative risk is greater in men than in women.

Overweight and Obesity
Women and men have different body anthropometries and compositions, which can be assessed by various measures 
including body mass index, waist circumference, and waist-to-hip ratio.

In individuals with a body mass index ≥20 kg/m2, higher body mass index is significantly associated with an 
increased risk for coronary heart disease in both women and men.15 However, analyses suggest no sex differences in 
the relation of body mass index and risk of coronary heart disease or myocardial infarction.15–17 Similarly, no difference 
in the association of waist circumference with risk of coronary heart disease has been reported between women and 
men.15 However, in the UK Biobank, waist-to-hip ratio was stronger associated with myocardial infarction in women 
than in men.18

In contrast, significant sex differences have been reported in the association between measures of overweight and 
obesity and the risk of stroke.15,19 When comparing participants of the UK Biobank with obesity and overweight to those 
with normal weight, the women-to-men ratios of hazard ratios for ischemic stroke were 1.36 (95% confidence interval 
[CI] 1.21, 1.54) and 1.22 (1.10, 1.35), respectively.19 Also, waist circumference was more strongly associated with the 
risk of ischemic stroke in women than in men.19 In contrast, in the Emerging Risk Factors Collaboration (ERFC) the 
hazard ratio for ischemic stroke per standard deviation higher body mass index was higher in men (1.33 [1.21, 1.46]) than 
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Table 1 Sex Differences in Associations Between Cardiovascular Risk Factors and Cardiovascular Disease Outcomes

Factor/CVD Outcome Studies Individuals Women-to-Men Ratio of  
Relative Risks (95% CI)

P-value

Overweight and obesity

Coronary heart disease
Body mass index17 18 771,930 0.99 (0.98, 1.00) 0.077

Body mass index15 39 143,710 0.98 (0.90, 1.07) 0.643

Underweight [vs normal weight]17 10 753,063 1.05 (0.87, 1.26) 0.64
Overweight [vs normal weight]17 19 913,387 0.97 (0.90, 1.05) 0.45

Obese [vs normal weight]17 25 950,135 1.01 (0.93, 1.09) 0.90
Waist circumference15 39 143,710 1.06 (1.00, 1.13) 0.056

Waist-to-hip ratio15 39 143,710 1.05 (0.99, 1.11) 0.092

Myocardial infarction
Body mass index16 1 471,998 0.97 (0.91, 1.03) 0.335

Body mass index18 1 479,610 0.96 (0.91, 1.02) 0.161
Overweight [vs healthy weight]16 1 471,998 0.89 (0.76, 1.03) 0.133

Obese [vs healthy weight]16 1 471,998 0.93 (0.79, 1.09) 0.377

Waist circumference18 1 479,610 1.07 (1.00, 1.14) 0.043
Waist-to-hip ratio18 1 479,610 1.15 (1.06, 1.24) <0.001

Waist-to-height-ratio18 1 479,610 1.03 (0.97, 1.09) 0.321

Ischemic stroke
Body mass index19 1 471,971 1.07 (1.00, 1.14) 0.043

Body mass index15 21 85,169 0.90 (0.82, 0.99) 0.030
Overweight [vs healthy weight]19 1 471,971 1.22 (1.10, 1.35) <0.001

Obese [vs healthy weight]19 1 471,971 1.36 (1.21, 1.54) <0.001

Waist circumference19 1 471,971 1.12 (1.04, 1.20) 0.002
Waist circumference15 21 85,169 0.96 (0.87, 1.06) 0.429

Waist-to-hip ratio19 1 471,971 0.99 (0.92, 1.07) 0.794

Waist-to-hip ratio15 21 85,169 0.98 (0.86, 1.11) 0.754
Waist-to-height ratio19 1 471,971 1.06 (0.99, 1.13) 0.084

Hemorrhagic stroke
Body mass index19 1 471,971 0.81 (0.70, 0.93) 0.004

Overweight [vs healthy weight]19 1 471,971 0.94 (0.75, 1.17) 0.585

Obese [vs healthy weight]19 1 471,971 0.69 (0.52, 0.92) 0.011
Waist circumference19 1 471,971 0.83 (0.71, 0.98) 0.023

Waist-to-hip ratio19 1 471,971 0.98 (0.81, 1.17) 0.829

Waist-to-height ratio19 1 471,971 0.84 (0.73, 0.97) 0.016

Blood pressure

Ischemic heart disease
Systolic blood pressure21 56a 906,344 1.00 (0.97, 1.04) 0.85

Myocardial infarction
Systolic blood pressure16 1 471,998 1.09 (1.02, 1.16) 0.009

Diastolic blood pressure16 1 471,998 1.01 (0.95, 1.08) 0.761
Elevated blood pressure [vs no HT]16 1 471,998 1.83 (1.33, 2.52) <0.001

Stage 1 HT [vs no HT]16 1 471,998 1.45 (1.12, 1.88) 0.005

Stage 2 HT [vs no HT]16 1 471,998 1.47 (1.13, 1.93) 0.005

Stroke
Systolic blood pressure21 97 990,138 0.98 (0.96, 1.01) 0.13

(Continued)
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Table 1 (Continued). 

Factor/CVD Outcome Studies Individuals Women-to-Men Ratio of  
Relative Risks (95% CI)

P-value

Ischemic stroke
Systolic blood pressure19 1 471,971 0.98 (0.92, 1.05) 0.549

Diastolic blood pressure19 1 471,971 0.96 (0.89, 1.03) 0.273

Elevated blood pressure [vs no HT]19 1 471,971 1.22 (0.96, 1.56) 0.108
Stage 1 HT [vs no HT]19 1 471,971 1.50 (1.29, 1.75) <0.001

Stage 2 HT [vs no HT]19 1 471,971 1.32 (1.20, 1.44) <0.001

Hemorrhagic stroke
Systolic blood pressure19 1 471,971 0.98 (0.85, 1.12) 0.774

Diastolic blood pressure19 1 471,971 0.96 (0.83, 1.11) 0.582
Elevated blood pressure [vs no HT]19 1 471,971 1.48 (0.88, 2.47) 0.136

Stage 1 HT [vs no HT]19 1 471,971 1.35 (0.99, 1.83) 0.056

Stage 2 HT [vs no HT]19 1 471,971 1.27 (1.05, 1.53) 0.013

Diabetes mellitus

Fatal cardiovascular disease
Diabetes mellitus23 23 2,067,486 1.30 (1.13, 1.49) <0.001
Diabetes mellitus T126 9 75,983 1.86 (1.62, 2.15) <0.0001

Coronary heart disease
Diabetes mellitus25 20 900,013 1.52 (1.32, 1.76) <0.001

Diabetes mellitus24 64a 858,507 1.44 (1.27, 1.63) <0.001

Diabetes mellitus28 97b 530,083 1.37 (1.17, 1.61) <0.0001
Diabetes mellitus T126 7 59,383 2.54 (1.80, 3.60) <0.0001

Myocardial infarction
Diabetes mellitus T116 1 471,998 2.91 (1.56, 5.45) <0.001

Diabetes mellitus T216 1 471,998 1.47 (1.16, 1.87) 0.002

Fatal coronary heart disease
Diabetes mellitus23 23 2,050,929 1.58 (1.32, 1.90) <0.001

Diabetes mellitus24 52a 782,681 1.44 (1.20, 1.73) <0.001

Cardiac death
Diabetes mellitus25 10 106,098 1.49 (1.11, 2.00) 0.009

Stroke
Diabetes mellitus25 20 1,026,148 1.23 (1.09, 1.39) 0.001
Diabetes mellitus27 64a 775,385 1.27 (1.10, 1.46) <0.001

Diabetes mellitus T126 4 45,677 1.37 (1.03, 1.81) 0.0308

Ischemic stroke
Diabetes mellitus T119 1 471,971 1.97 (0.93, 4.20) 0.078

Diabetes mellitus T219 1 471,971 1.25 (1.00, 1.56) 0.049
Diabetes mellitus28 97b 293,762 1.31 (1.07, 1.60) 0.0089

Hemorrhagic stroke
Diabetes mellitus T119 1 471,971 1.49 (0.21, 10.61) 0.690

Diabetes mellitus T219 1 471,971 0.86 (0.49, 1.49) 0.595

Fatal stroke
Diabetes mellitus23 15 2,292,387 1.08 (1.01, 1.15) 0.02

Diabetes mellitus27 50a 686,389 1.32 (0.97, 1.79) 0.076

(Continued)
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Table 1 (Continued). 

Factor/CVD Outcome Studies Individuals Women-to-Men Ratio of  
Relative Risks (95% CI)

P-value

Smoking

Coronary heart disease
Smoking [vs non-smoking]29 75a 2,409,955 1.25 (1.12, 1.39) <0.0001
Ex [vs never] smoker29 53a NR 0.96 (0.86, 1.08) 0.53

Myocardial infarction
Current [vs never] smoker16 1 471,998 1.55 (1.32, 1.83) <0.001

Ex [vs never] smoker16 1 471,998 1.05 (0.91, 1.20) 0.489

1–9 cigarettes/day [vs never smoker]16 1 471,998 1.23 (0.80, 1.90) 0.348
10–19 cigarettes/day [vs never smoker]16 1 471,998 1.42 (1.11, 1.83) 0.006

≥20 cigarettes/day [vs never smoker]16 1 471,998 2.01 (1.57, 2.57) <0.001

Fatal coronary heart disease
Smoking [vs non-smoking]29 71a 2,338,534 1.19 (1.06, 1.34) 0.004

Stroke
Smoking [vs non-smoking]30 76a 3,817,289 1.06 (0.99, 1.13) 0.10
Ex [vs never] smoker30 72a 3,534,330 1.10 (0.99, 1.22) 0.074

Ischemic stroke
Smoking [vs non-smoking]30 60a 992,859 0.97 (0.79, 1.18) 0.73

Current [vs never] smoker19 1 471,971 1.05 (0.89, 1.24) 0.564

Ex [vs never] smoker19 1 471,971 0.94 (0.84, 1.06) 0.297
1–9 cigarettes/day [vs never] smoker19 1 471,971 0.80 (0.46, 1.38) 0.426

10–19 cigarettes/day [vs never] smoker19 1 471,971 1.11 (0.82, 1.50) 0.498

≥20 cigarettes/day [vs never] smoker19 1 471,971 1.04 (0.79, 1.37) 0.780

Hemorrhagic stroke
Smoking [vs non-smoking]30 60a 992,859 1.17 (1.02, 1.34) 0.02
Current [vs never] smoker19 1 471,971 1.31 (0.87, 1.97) 0.195

Ex [vs never] smoker19 1 471,971 0.92 (0.73, 1.15) 0.472

1–9 cigarettes/day [vs never] smoker19 1 471,971 0.92 (0.28, 3.01) 0.891
10–19 cigarettes/day [vs never] smoker19 1 471,971 1.27 (0.61, 2.63) 0.521

≥20 cigarettes/day [vs never] smoker19 1 471,971 1.18 (0.53, 2.62) 0.685

Subarachnoid hemorrhage
Current [vs never] smoker31 20b 1,387,204b 1.39 (1.05, 1.83) 0.02

Current/ex [vs never] smoker31 20b 1,387,204b 1.15 (0.88, 1.52) 0.30
Ex [vs never] smoker31 20b 1,387,204b 1.08 (0.62, 1.89) 0.78

Fatal stroke
Smoking [vs non-smoking]30 69a 3,393,786 1.03 (0.91, 1.18) 0.656

Lipids

Fatal cardiovascular disease
Lipoprotein(a)34 1 70,042 1.00 (1.00, 1.00) 0.81

Coronary heart disease
Total cholesterol32 68a 884,416 0.96 (0.93, 0.99) 0.010
Triglycerides33 68 301,253 1.09 (1.02, 1.17) 0.016

HDL-C33 68 301,253 0.94 (0.86, 1.03) 0.187

Non HDL-C33 68 301,253 1.01 (0.73, 1.40) 0.952

(Continued)
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in women (1.20 [1.05, 1.37]) with body mass index ≥20 kg/m2 (P-value for interaction 0.030).15 Contrarily to ischemic 
stroke, in the UK Biobank, body mass index, waist circumference, and waist-to-height ratio were more strongly related to 
the risk for hemorrhagic stroke in men than in women.19

Blood Pressure
Steeper increases in blood pressure parameters have been reported for women compared to men during their course of 
life.20 In a large-scale meta-analysis, however, the association between higher systolic blood pressure and risk of 
ischemic heart disease was similar in women and men.21 Contrarily, an analysis in the UK Biobank found a stronger 
association for the risk of myocardial infarction for increased levels of systolic blood pressure in women compared to 
men, while there were no sex differences for diastolic blood pressure.16

The association between systolic blood pressure and stroke was similar in women and men in a meta-analysis of 
almost 1 million participants.21 These results were also confirmed for ischemic and hemorrhagic stroke in the UK 
Biobank.19 However, in the UK Biobank, having stage 1 or stage 2 hypertension compared to having no hypertension 
was a greater risk factor for ischemic stroke for women compared to men.19 Having stage 2 hypertension was also related 
to a higher risk for hemorrhagic stroke in women compared to men.19 No sex differences have been reported in the 
association between diastolic blood pressure and risk of ischemic and hemorrhagic stroke.19

Diabetes Mellitus
Sex differences have also been reported in the relation of diabetes mellitus and risk of CVD.22 A meta-analysis including 
more than 2 million individuals reported stronger association for women compared to men when assessing the relation 
between diabetes mellitus and risk for fatal CVD.23

Table 1 (Continued). 

Factor/CVD Outcome Studies Individuals Women-to-Men Ratio of  
Relative Risks (95% CI)

P-value

Ischemic heart disease
Lipoprotein(a)34 1 70,042 0.86 (0.71, 1.04) 0.12

Myocardial infarction
Lipoprotein(a)34 1 70,042 0.92 (0.67, 1.26) 0.60

Stroke
Total cholesterol32 61a 577,642 0.99 (0.93, 1.04) 0.725

Ischemic stroke
Total cholesterol32 61ab 577,642b 1.09 (0.94, 1.27) 0.262

Total cholesterol19 1 471,971 0.94 (0.88, 1.01) 0.078

LDL-C19 1 471,971 0.94 (0.88, 1.01) 0.078
HDL-C19 1 471,971 0.92 (0.85, 1.00) 0.044

Lipoprotein(a)34 1 70,042 0.91 (0.59, 1.40) 0.67

Hemorrhagic stroke
Total cholesterol32 61ab 577,642b 1.10 (0.96, 1.26) 0.169
Total cholesterol19 1 471,971 1.02 (0.88, 1.18) 0.791

LDL-C19 1 471,971 1.02 (0.88, 1.18) 0.791

HDL-C19 1 471,971 0.95 (0.81, 1.13) 0.546

Notes: aNumber of cohorts; bstudies in whole analysis (not stated for this specific analysis). In case the relative risks came from an interaction 
model and women-to-men ratios of relative risks were not provided we estimated them from the individual point estimates and reported P-values 
for interaction. We estimated 95% confidence interval from P-values, if not provided, and vice-versa. 
Abbreviations: CI, confidence interval; HDL-C, high-density lipoprotein cholesterol; HT, hypertension; LDL-C, low-density lipoprotein choles-
terol; NR, not reported; T1, type 1; T2, type 2.
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Moreover, three large-scale meta-analyses reported a higher risk for coronary heart disease associated with diabetes in 
women than in men.24,25 Another meta-analysis confirmed the stronger relation with the risk of coronary heart disease for 
women than for men associated with type 1 diabetes mellitus.26

Similar results were found for the risk of stroke. In two meta-analyses, the risk of stroke was more strongly associated 
with diabetes in women than in men.25,27 Also, in the ERFC, the risk for ischemic stroke related to diabetes was stronger 
in women than in men (P-value for interaction 0.0089).28 In contrast, the UK Biobank investigated the sex-specific 
association of diabetes with risk of hemorrhagic stroke and found similar results for women and men.19

Smoking
Smoking has also been shown to be a stronger risk factor for coronary heart disease in women than in men. In a meta- 
analysis of 75 cohorts and more than 2 million participants, the women-to-men ratio of relative risks of smoking 
associated with the risk to develop coronary heart disease was 1.25 (1.12, 1.39).29 An investigation in the UK Biobank 
also found a stronger excess risk of myocardial infarction related to current smoking in women compared to men, and the 
women-to-men ratio of hazard ratios increased with higher smoking intensity.16

Sex differences in the association between smoking and risk of stroke have also been investigated. A large-scale meta- 
analysis including almost 4 million individuals reported a significant association between smoking and higher risk of stroke 
in both women and men.30 However, no statistically significant sex differences in these associations were reported when 
analyzing the whole sample of studies.30 Notably, the meta-analysis found significant sex differences in the relation 
between smoking and risk of stroke when restricting the analysis to Western populations.30 Another meta-analysis found 
a women-to-men ratio of relative risks for subarachnoid hemorrhage of 1.39 (1.05, 1.83) related to smoking.31

Lipids
In a meta-analysis of more than 1 million individuals, total cholesterol was a stronger risk factor for coronary heart 
disease in men compared to women with a pooled women-to-men relative risk ratio of 0.96 (0.93, 0.99).32 In the ERFC, 
the association between triglycerides and coronary heart disease was stronger in women than in men, while no sex 
differences have been reported for high-density lipoprotein cholesterol and non-high-density lipoprotein cholesterol.33

No significant sex differences were identified for the association of various lipid parameters, including total 
cholesterol, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, and lipoprotein(a) with risk of 
different types of stroke.19,32,34

Female-Specific Factors
A variety of female-specific factors have been associated with lower or higher risk to develop CVD.35–37

Age at Menarche
Both women at younger and older age at menarche have been demonstrated to be at higher risk for CVD later in life.38 In 
the Nurses’ Health Study (NHS), women with early age at menarche (≤10 years) had a higher risk for CVD, coronary 
heart disease, and stroke, compared to women who had menarche at an age of 13 years.39 In the Women’s Ischemia 
Syndrome Evaluation Study, hazard ratios for CVD were 4.21 (1.90, 9.30) and 2.27 (1.09, 4.75) for women aged ≤10 or 
11 years at menarche compared to women aged 12 years at menarche.40 Also, women who were 14 and ≥15 years old at 
menarche had an elevated risk for CVD compared to women aged 12 years at menarche with hazard ratios of 2.74 (1.21, 
6.20) and 2.52 (1.14, 5.57), respectively.40 In a large-scale analysis of the Million Women Study including over 
1.2 million women, again, a U-shaped association between age at menarche and risk of coronary heart disease and 
cerebrovascular disease was reported.41 Compared to women aged 13 years at menopause, women aged ≤10, 11, and 12 
years at menopause had a relative risk for coronary heart disease of 1.27 (1.22, 1.31), 1.12 (1.10, 1.14), and 1.02 (1.01, 
1.04), respectively.41 Similarly, women who were older than 13 years at menopause also had a higher risk for coronary 
heart disease with hazard ratios of 1.04 (1.02, 1.06), 1.06 (1.04, 1.08), 1.10 (1.07, 1.14), and 1.23 (1.16, 1.29) for women 
aged 14, 15, 16, and ≥17 years at menarche.41 A similar but less pronounced shape of association has been reported for 
risk of cerebrovascular disease.41
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Gestational Hypertension and Pre-Eclampsia
In the Million Women Study, women with hypertension during pregnancy had a significantly higher risk for a variety of 
future CVD events compared to women without hypertension during pregnancy.42 The relative risk for coronary heart 
disease was 1.29 (1.27, 1.31) and the relative risk for cerebrovascular disease was 1.23 (1.20, 1.27).42 In the Swedish 
Medical Birth Register, the adjusted hazard ratio for cardiovascular mortality was 1.79 (1.20, 2.66) comparing women 
with versus women without gestational hypertension.43 In a large-scale meta-analysis the pooled odds ratio for women 
with gestational hypertension was 1.67 (1.28, 2.19) for CVD and 1.83 (0.79, 4.22) for cerebrovascular disease compared 
to those without.44 In addition, pre-eclampsia, a pregnancy-related disease that induces hypertension, has been demon-
strated to be associated with a significantly increased risk of future CVD. Compared to women without pre-eclampsia, 
women with pre-eclampsia had a significantly higher risk for cardiovascular mortality (adjusted hazard ratio 2.10 [1.47, 
2.99]) in the Swedish Medical Birth Register.43 A meta-analysis found relative risks of 4.19 (2.09, 8.38) for heart failure, 
2.50 (1.43, 4.37) for coronary heart disease, 1.81 (1.29, 2.55) for stroke, and 2.21 (1.83, 2.66) for fatal CVD comparing 
women with pre-eclampsia to those without.45 In another more recently published meta-analysis, similar findings were 
reported with pooled odds ratios for CVD of 2.24 (1.72, 2.93) and 2.74 (2.48, 3.04) for women with moderate and severe 
pre-eclampsia, respectively, and odds ratios of 1.73 (1.46, 2.06) for ischemic heart disease, 2.95 (1.10, 7.90) for 
cerebrovascular disease, and 1.73 (1.46, 2.06) for cardiovascular mortality, comparing women with pre-eclampsia with 
women without pre-eclampsia.44

Gestational Diabetes
In the Swedish Medical Birth Register, women with gestational diabetes had a significantly increased risk for 
cardiovascular mortality compared to those without with an adjusted hazard ratio of 3.03 (1.49, 6.16).43 A meta- 
analysis reported an odds ratio for cardiovascular morbidity and mortality of 1.68 (1.11, 2.52) for women with 
gestational diabetes mellitus versus those without.44 Another large-scale meta-analysis reported the association 
between history of gestational diabetes mellitus and a variety of cardiovascular outcomes.46 They found risk ratios 
of 1.45 (1.36, 1.53) for cardiovascular or cerebrovascular disease, 1.72 (1.40, 2.11) for CVD, 1.40 (1.18, 1.65) for 
coronary artery disease, 1.74 (1.37, 2.20) for myocardial infarction 2.27 (1.79, 2.87) for angina pectoris, 1.62 
(1.29, 2.05) for heart failure, 1.87 (1.34, 2.62) for cardiovascular procedures, 1.40 (1.29, 1.51) for cerebrovascular 
disease, 1.45 (1.29, 1.63) for overall stroke, 1.49 (1.29, 1.71) for ischemic stroke, 1.44 (1.16, 1.78) for hemor-
rhagic stroke, and 1.28 (1.13, 1.46) for venous thromboembolism comparing women with a history of gestational 
diabetes mellitus to those without.46

Ectopic Pregnancy
In a large-scale cohort study in Canada, ectopic pregnancy has been related to an increased risk for cardiovascular 
mortality (hazard ratio 2.18 [1.39, 3.42]).47 Furthermore, an analysis in the NHS II showed that women with ectopic 
pregnancy are at a higher risk for incident hypertension (hazard ratio 1.21 [1.04, 1.40]).48

Stillbirths
As demonstrated in a meta-analysis, pooled odds ratios were 1.49 (1.08, 2.06) for CVD and 2.23 (1.90, 2.62) for 
cardiovascular mortality comparing women with a history of stillbirth to women without a history of stillbirth.44 The 
Swedish Medical Birth Register reported an adjusted hazard ratio for cardiovascular mortality of 3.14 (1.81, 5.44) 
comparing women with history of stillbirth to women without a history of stillbirth.43 In the China Kadoorie Biobank, 
women with a history of stillbirth had an increased risk for stroke (hazard ratio 1.06 [1.01, 1.12]) but not for coronary 
heart disease.49 Similar results were found in the UK Biobank, in which the risk for CVD and stroke was significantly 
increased when comparing women with a history of stillbirth to those without (hazard ratios of 1.22 [1.01, 1.46] and 1.44 
[1.12, 1.85], respectively) and no significant association was found between history of stillbirth and risk of coronary heart 
disease.50
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Preterm Delivery
Several studies reported a significant association between a history of preterm delivery and cardiovascular risk.43,44,51 In 
an analysis of data from the Swedish Medical Birth Register, preterm birth was related to a higher risk for cardiovascular 
mortality with an adjusted hazard ratio of 1.84 (1.38, 2.44).43 In a meta-analysis, women with a history of preterm 
delivery were at higher risk for CVD (pooled odds ratio 1.63 [1.39, 1.93]) and cardiovascular mortality (pooled odds 
ratio 1.93 [1.83, 2.03]).44 Another meta-analysis including over 5.8 million women reported preterm delivery to be 
related to a higher risk of future CVD.51 Risk ratios were 1.43 (1.18, 1.72) for CVD, 1.78 (1.42, 2.21) for fatal CVD, 1.49 
(1.38, 1.60) for coronary heart disease, 2.10 (1.87, 2.36) for fatal coronary heart disease, 1.65 (1.51, 1.79) and for stroke 
comparing women with to women without preterm delivery.51

Breastfeeding
Breastfeeding was one of few factors that had been related to a lower risk for CVD. A large-scale meta-analysis of more 
than 1 million parous women investigated the association of breastfeeding behavior with risk to develop CVD.52 

Compared to parous women who never breastfed, women who breastfed during their lifetime had a significantly lower 
risk for CVD (hazard ratio 0.89 [0.83, 0.95]).52 In addition, in outcome-specific analysis, a lower risk for coronary heart 
disease, stroke, and fatal CVD has been reported.52

Parity and Parenthood
In the Tehran Lipid and Glucose Study (TLGS), a J-shaped association was found between the number of live births and 
risk of CVD.53 The hazard ratio for CVD comparing women with ≥4 live births to women with one live birth was 2.17 
(1.18, 4.00) and attenuated to 1.72 (0.92, 3.21) after multivariable adjustment.53 Furthermore, in the UK Biobank, 
compared to non-parous women, parous women were at significantly higher risk for coronary heart disease but not for 
stroke.50 Recent data from the US National Health and Nutrition Examination Survey from 2007 to 2018 showed that 
women with parity 1–2, 3–4, and ≥5 were at higher risk for CVD with odds ratios of 1.85 (1.29, 2.64), 1.70 (1.15, 2.50), 
and 1.92 (1.28, 2.88) compared to nulliparous women.54 In women with children from the China Kadoorie Biobank the 
hazard ratios per additional child for coronary heart disease and stroke were 1.02 (1.01, 1.04) and 1.02 (1.01, 1.03), 
respectively.55

Several studies have also shown associations between parenthood and CVD in men.50,53,55

Age at Menopause
Early age at menopause has been related to a higher risk to develop CVD. In the NHS, women aged <40, 40–44, 
and 45–49 years had a higher risk to develop CVD compared to women who were 50–54 years at menopause.39 

Similarly, women in these age at menopause categories were at elevated risk for future coronary heart disease.39 

Furthermore, compared to women aged 50–54 years at menopause, women at <40 and 40–44 years also had 
a higher risk to develop stroke.39 An individual-participant data meta-analysis of more than 300,000 women found 
early menopause to be associated with a significantly higher risk of CVD. Women aged 40, 40–44, and 45–49 
years at menopause had a significantly higher risk for CVD compared to women aged 50–51 years at menopause 
with corresponding hazard ratios of 1.55 (1.38, 1.73), 1.30 (1.22, 1.39), and 1.12 (1.07, 1.18), respectively.56 

Compared to women aged 50–51 years at menopause, the hazard ratio for CVD in women who were 55 or older 
was 0.88 (0.83, 0.93).56 Similar results were found when analyzing the outcomes coronary heart disease and 
stroke separately.56 However, although observational studies reported a significant association between early age 
at menopause and risk of CVD, a recent Mendelian Randomization analysis on age at menopause and the risk of 
coronary heart disease demonstrated that this relation is unlikely to be causal.57

Risk Scores
A cornerstone in the prevention of CVD is early identification of individuals at high risk. In this context, risk scores are 
helpful tools as they aim to provide guidance on cardiovascular risk identification and initiation of treatment. Risk 
prediction scores have been developed for various population groups including individuals with diabetes mellitus,58 prior 
CVD,59 or apparently healthy individuals.60,61 Sex differences in the association between cardiovascular risk factors and 
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the risk to experience CVD are important to be included in these risk scores. An overview of frequently used CVD risk 
scores is provided in Table 2.

One of the most popular and oldest cardiovascular risk scores is the Framingham Risk Score. It has been developed 
for various cardiovascular outcomes using data of the population-based Framingham Heart Study. The Framingham Risk 
Score to predict 10-year CVD risk includes information on age, sex, total cholesterol, high-density lipoprotein choles-
terol, blood pressure, diabetes mellitus, and smoking.62 It accounts for sex differences in risk factor associations as 
separate scores are available for women and men.

Another frequently used cardiovascular risk score is the Systematic Coronary Risk Evaluation (SCORE) model that 
has been recommended by the European Society of Cardiology.60 The SCORE model has been developed to assess 10- 
year risk for mortality from CVD in healthy individuals.60 Factors included in the SCORE model are age, total 
cholesterol or total cholesterol/high-density lipoprotein cholesterol ratio, systolic blood pressure, and smoking status.60 

In 2021, the SCORE model was updated and two new prediction algorithms have been recommended: SCORE2 for 
predicting the 10-year risk of first-onset of CVD63 and SCORE2-OP for predicting CVD risk in older individuals.64 

SCORE2-OP additionally includes information on diabetes mellitus.64 Also, the SCORE2 models consider sex-specific 
relations of risk factors and have been developed separately for women and men.

The Pooled Cohort Equations published alongside the 2013 American Heart Association and American College of 
Cardiology guidelines have also been developed to predict 10-year risk for CVD events.61 Again, sex-specific prediction 
models have been developed including information on age, total cholesterol, high-density lipoprotein cholesterol, systolic 
blood pressure (treated or untreated), smoking, and diabetes.61

In the UK, the QRISK scores are widely used to estimate 10-year risk of CVD. The latest version is QRISK3, which 
includes data on a variety of factors and conditions related to CVD such as age, ethnic origin, deprivation, systolic blood 
pressure, body mass index, total cholesterol/high-density lipoprotein cholesterol ratio, smoking status, family history of 
premature coronary heart disease, diabetes mellitus, antihypertensive medication, rheumatoid arthritis, atrial fibrillation, 

Table 2 Overview of Frequently Used Risk Scores to Predict 10-Year Cardiovascular Risk

FRS62 SCORE263 SCORE2-OP64 PCE61 QRISK365 Reynolds (For Women)66

Country USA Europe Europe USA UK USA

Age range 30–74 40–69 ≥70 40–79 25–84 ≥45

Women, % 53% 56% 50% 56% 51% 100%

Information used

Age ✓ ✓ ✓ ✓ ✓ ✓

Total cholesterol ✓ ✓ ✓ ✓ ✓ ✓

HDL cholesterol ✓ ✓ ✓ ✓ ✓ ✓

Blood pressure ✓ ✓ ✓ ✓ ✓ ✓

BP treatment ✓ – – ✓ ✓ –

Smoking ✓ ✓ ✓ ✓ ✓ ✓

Diabetes ✓ – ✓ ✓ ✓ ✓

Other –a ✓b ✓b – ✓c ✓d

Sex-specific ✓ ✓ ✓ ✓ ✓ Women only

Notes: aThere exists a simpler model using body mass index instead of total cholesterol and HDL cholesterol. bRecalibrated in different risk regions. 
cEthnic origin, deprivation, body mass index, family history of premature coronary heart disease, rheumatoid arthritis, atrial fibrillation, chronic kidney 
disease, measure of systolic blood pressure variability, migraine, corticosteroid use, systemic lupus erythematosus, antipsychotic use, mental illness, HIV or 
AIDS, and erectile dysfunction. dC-reactive protein, glycated hemoglobin (in women with diabetes), and parental history of myocardial infarction at <60 
years of age; There exists an extended version of the Reynolds score including data on lipoprotein(a), apolipoprotein A-1, and apolipoprotein B-100.
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chronic kidney disease, migraine, corticosteroid use, systemic lupus erythematosus, antipsychotic use, mental illness, 
HIV or AIDS, and erectile dysfunction.65 Also, for the QRISK3 score separate risk scores have been developed for 
women and men.65

For the Reynolds risk score there exists a version that has specifically been developed to assess cardiovascular risk in 
women.66 This risk score uses information on age, systolic blood pressure, high-sensitivity C-reactive protein, total 
cholesterol, high-density lipoprotein cholesterol, glycated hemoglobin (HbA1c) in women with diabetes, smoking, and 
family history of premature myocardial infarction to predict 10-year CVD risk.66

In order to refine cardiovascular risk prediction and incorporate up-to-date evidence, cardiovascular risk scores 
continuously undergo validation and recalibration. Moreover, new candidate markers that may provide added predictive 
value to already existing risk scores are constantly evaluated.

Do Cardiovascular Risk Prediction Scores Improve After Adding Female-Specific 
Factors?
Cardiovascular risk scores have been criticized in the past – especially in cardiovascular risk prediction in women. For 
instance, it has been shown that the Framingham Risk Score underestimates cardiovascular risk in women with presence 
of coronary artery calcification.67,68 Furthermore, commonly used risk scores classified the majority of women with 
ischemia and no obstructive coronary artery disease as being at low cardiovascular risk.69

In general, cardiovascular risk prediction tools primarily rely on traditional cardiovascular risk factors and do not take 
into account female-specific risk factors. The 2019 American Heart Association and American College of Cardiology 
guidelines on the primary prevention of CVD suggested a range of risk-enhancing factors that can additionally be taken 
into account when assessing cardiovascular risk.70 Among those, they also mention history of premature menopause (ie, 
menopause before the age of 40 years) and history of pregnancy-associated conditions such as pre-eclampsia.70

Implementing female-specific factors in current cardiovascular risk prediction models has recently gained increasing 
attention. O’Kelly et al reviewed several pregnancy- and reproductive-factors in women and mentioned the role of 
reproductive factors in cardiovascular risk prediction models as one of the key outstanding questions to be answered.71 

Additionally, in a “Call to Action” statement, Wenger et al stated that

Integrating women-specific risk factors in the quantitative risk assessment across the life span is necessary, and the American 
Heart Association is currently evaluating approaches to do so.7 

Although several female-specific factors are known to be significantly associated with the risk to develop CVD, as 
reported above, this does not automatically translate into added predictive values in risk prediction models.

Methodology of the Evaluation of the Added Predictive Value
Common statistical metrics to assess the improvement of risk prediction models are risk discrimination and reclassifica-
tion. Risk discrimination quantifies the ability to distinguish correctly between individuals who will likely experience an 
event of interest from those who will remain event-free.72 Risk reclassification focuses on how well models classify 
individuals based on predicted risk.73

Measures for Risk Discrimination 
One of the most commonly used measures for risk discrimination is the area under the receiver operating characteristic 
curve, called C-statistic. The C-statistic can be interpreted as the probability that the predicted risk for an individual with 
an event is higher than the predicted risk for an event-free individual.74 Since the C-statistic only takes the event status 
into account but not survival times or censoring, several approaches72,75–78 extended the C-statistic for survival analyses. 
The most commonly used extension is the C-index proposed by Harrell et al.72,78 It assesses whether the model correctly 
predicts the order of events of randomly selected pairs of individuals.79 The C-statistic and the C-index range from 0.5 to 
1 with 0.5 indicating discrimination achieved by chance and 1 indicating perfect discrimination.74,78
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Measures for Risk Reclassification 
Two measures for risk reclassification of dichotomous outcomes are the net reclassification index (NRI) and the 
integrated discrimination index (IDI). The NRI categorizes individuals into predefined risk categories and evaluates 
changes in categories between two prediction models separately for individuals who developed the event of interest 
(cases) and who remained event-free (non-cases). For non-cases, risk classification improves if they move down into 
a lower risk category and worsens if they move up into a higher risk category. For cases, it is the opposite way. The 
overall NRI is the sum of the NRI for cases and non-cases.80 A limitation of the NRI is its dependence on the thresholds 
of risk categories.81 The IDI overcomes this limitation by comparing average predicted probabilities of cases and non- 
cases from the reference model to the new model.80 A NRI or IDI higher than zero indicates improved reclassification.

Added Predictive Value of Female-Specific Factors
Multiple studies have investigated the added value of female-specific factors in cardiovascular risk prediction models 
based on measures of risk discrimination and reclassification.82,83 In order to provide an up-to-date overview of the 
existing literature, we searched PubMed for articles published until November 2nd 2022. We used the search terms 
(“future cardiovascular” OR ‘future CVD’ OR ‘future coronary heart disease’ OR ‘future CHD’ OR ‘future stroke’ OR 
“cardiovascular risk” OR “cardiovascular disease risk” OR “coronary heart disease risk” OR “CHD risk” OR ‘CVD risk’ 
OR “stroke risk“) AND (“reclassification” OR “discrimination” OR “prediction” OR “added value”) AND (”women” OR 
“female”) AND (”pregnancy” OR “reproductive” OR “female-specific”). The literature search yielded 90 results. In 
addition, we screened reference lists of relevant articles to identify additional publications and found one further article. 
Among the 91 identified articles, nine84–92 examined the added value of pregnancy- or reproductive-factors to already 
existing cardiovascular risk scores. An overview of the studies identified by our literature search is provided in Table 3. 
Years of baseline ranged from 1987 to 2008 and studies were conducted in Iran, the Netherlands, Norway, Sweden, and 
the United States. The majority of studies analyzed 10-year CVD risk. A summary of study-specific results on risk 
discrimination and reclassification measures is provided in Table 4 and Table 5, respectively.

Results from analyses regarding risk discrimination based on different concordance measures (C-index, Uno’s 
C-statistic) are summarized in Table 4. In general, risk discrimination did not improve significantly or improved only 
modestly after adding information on pregnancy- or reproductive-factors to a reference model on established cardiovas-
cular risk factors. The C-index improved slightly after adding information on pre-eclampsia (difference in C-indexes 
0.003 [95% CI 0.001, 0.005]),85 age at first birth (0.0019 [0.0010, 0.0032]),92 number of stillbirths (0.0005 [0.0001, 
0.0013]),92 and number of miscarriages (0.0010 [0.0004, 0.0020]).92 Moreover, the C-index improved modestly, when 
adding data on preterm delivery (0.0002 [0.0001, 0.0002])85 in women aged ≥40 years or both preterm delivery and 
parity in women aged ≥30 years (0.004 [0.001, 0.008]).88 A slight but statistically significant improvement has also been 
found when adding a combination of pregnancy-related factors92 or pregnancy complications.85,89

Table 5 outlines risk reclassification assessed with the NRI or the IDI. For the majority of female-specific risk factors, 
risk reclassification did not improve significantly when adding them to a reference model including established cardiovas-
cular risk factors. However, a slight improvement in risk reclassification of non-events was found after adding pre- 
eclampsia (NRI 0.002 [0.0006, 0.004])85 or a number of pregnancy complications (NRI 0.004 [0.002, 0.006] in HUNT85 

and 0.02 [0.001, 0.04] in TLGS89). Adding data on low birth weight offspring improved the NRI for events in women aged 
50 years (0.038 [0.003, 0.074]).91 A significant improvement in the overall NRI (0.02 [0.002, 0.05]) was found after 
accounting for several pregnancy complications.85 Adding pregnancy-related conditions improved the NRI for non-events 
(0.002 [0.0001, 0.005] for risk cut-offs at 5% and 10% and 0.002 [0.0003, 0.003] for a risk cut-off at 7.5%) and events 
(0.009 [0.002, 0.017] for risk cut-off at 7.5%) and led to a significant IDI of 0.0013 (0.0008, 0.0017).92 When adding both 
preterm delivery and parity, reclassification assessed with the IDI improved slightly.88 Furthermore, after adding preterm 
delivery and parity, the NRI for non-events worsened, while it improved for events (0.01 [0.003, 0.02]) and overall (0.01 
[0.002, 0.02]), but only when analyzing 20-year CVD risk in NHS II participants aged ≥30 years.88

As described above, cardiovascular risk prediction either did not improve statistically significantly after including 
pregnancy- and/or reproductive-factors or the addition of female-specific factors only led to little improvement. However, 
measures investigating the added predictive values need to be interpreted with caution. In case the C-index of the 
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Table 3 Studies Investigating Risk Discrimination or Reclassification of Female-Specific Factors Upon Established Cardiovascular Risk Factors

Study 
Acronym

Year of 
Baseline

Country No. of 
Women

Age 
Range

Outcome (10-Year 
Risk)

Reference Model

Age SBP AH 
Medication

Total 
Cholesterol

HDL- 
C

DM Smoking Other

ARIC84 1987–89 USA – 45–64 Stroke ✓ ✓ ✓ – – ✓ ✓ ✓a

HUNT85 1987–08 Norway 18,231 ≥40 CVD – ✓ ✓ ✓ ✓ – ✓ ✓b

MORGEN86 1993–97 NL 8,873 30–74 CVD ✓ – – ✓ – ✓ ✓ ✓c

NHS II (1)87 1989 USA 67,406 ≥40 CVD ✓ ✓ ✓ ✓ ✓ ✓ ✓ –

NHS II (2)88 1989 USA 76,512 ≥40 CVDd ✓ ✓ ✓ ✓ ✓ ✓ ✓ –

PROSPECT86 1993–97 NL 15,922 30–74 CVD ✓ – – ✓ – ✓ ✓ ✓c

TLGS (1)90 1999–05 Iran 332 40–75 CVD ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓e

TLGS (2)89 1999–05 Iran 4,031 30–70 CVDf ✓ ✓ ✓ ✓ ✓ ✓ ✓ –

VIP91 1991–04 Sweden 11,110 50/60 CVD ✓ ✓ ✓ ✓ – ✓ ✓ –

WHI92 1991 USA 72,982 50–79 CHD ✓ ✓ ✓ – – ✓ ✓ ✓g

Notes: aPre-existing CVD, atrial fibrillation, left ventricular hypertrophy; bfamily history of premature myocardial infarction; cblood pressure; dadditionally analyzed 20-year CVD; erace, diastolic blood pressure; fanalyzed 15- and 19-year 
CVD; gcholesterol-lowering medication. 
Abbreviations: AH, antihypertensive; ARIC, Atherosclerosis Risk in Communities; CHD, coronary heart disease; CVD, cardiovascular disease; DM, diabetes mellitus; HDL-C, high-density lipoprotein cholesterol; HUNT, Nord- 
Trøndelag Health; MORGEN, [Monitoring Project on Risk Factors for Chronic Diseases; NHS, Nurses’ Health Study; NL, Netherlands; SBP, systolic blood pressure; TLGS, Tehran Lipid and Glucose Study; VIP, Västerbotten Intervention 
Program; WHI, Women’s Health Initiative.
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Table 4 Cardiovascular Risk Discrimination After Adding Female-Specific Factors to Established Cardiovascular Risk Factors

Study 
Acronym

Restricted/ 
Extended 
Group of 
Individuals

Outcome Factors Added to Reference Modela Concor- 
Dance 

Measure

C-Index/Uno’s 
C-Statistic (95% CI) of 
the Reference Model

C-index/Uno’s C-Statistic 
(95% CI) of the Model with 

Additional Factors

Difference in 
C-Indexes/Uno’s 

C-Statistic (95% CI)

Pdiff

ARIC84 – 10-y 

stroke

African American ethnicity, physical exercise, BMI, waist 

circumference, height, HDL-C, HRT

Uno’s 

C-statistic

0.769 (0.737, 0.800) 0.793 (0.758, 0.818) – –

HUNT85 – 10-y CVD pre-eclampsia C-index 0.789 0.792 0.003 (0.001, 0.005) –

– 10-y CVD gestational hypertension C-index 0.789 0.790 0.0006 (−0.0004, 0.001) –

– 10-y CVD preterm delivery C-index 0.789 0.789 0.0002 (0.0001, 0.0002) –

– 10-y CVD small-for-gestational age delivery C-index 0.789 0.790 0.0003 (−0.0001, 0.0008) –

– 10-y CVD pre-eclampsia, gestational hypertension, preterm delivery, 

small-for-gestational age delivery

C-index 0.789 0.793 (0.776, 0.807) 0.004 (0.002, 0.006) <0.001

MORGEN86 – 10-y CVD age at menarche/menopause, menopausal status, HRTb C-index 0.72 (0.67, 0.73) 0.72 (0.67, 0.76) – n.s.

ever pregnant 10-y CVD age at menarche/menopause, menopausal status, HRT, 

gestational hypertension/diabetes, number of children, 

miscarriages, stillbirthsb

C-index 0.72 (0.67, 0.77) 0.73 (0.67, 0.78) – n.s.

NHS II (1)87 – 10-y CVD hypertensive disorders of pregnancy, parity C-index 0.689 0.688 −0.001 0.65

age 40–49 10-y CVD hypertensive disorders of pregnancy, parity C-index 0.663 0.662 −0.001 0.89

age 50–59 10-y CVD hypertensive disorders of pregnancy, parity C-index 0.670 0.663 −0.007 0.07

NHS II (2)88 – 10-y CVD preterm delivery, parity C-index 0.69 0.69 0.002 (−0.001, 0.004) 0.26

– 20-y CVD preterm delivery, parity C-index 0.66 0.67 0.004 (−0.0005, 0.009) 0.09

age ≥30 20-y CVD preterm delivery, parity C-index 0.69 0.69 0.004 (0.001, 0.008) 0.01

PROSPECT86 – 10-y CVD age at menarche/menopause, menopausal status, HRTb C-index 0.70 (0.67, 0.73) 0.70 (0.68, 0.73) – n.s.

ever pregnant 10-y CVD age at menarche/menopause, menopausal status, HRT, 

gestational hypertension/diabetes, number of children, 

miscarriages, stillbirthsb

C-index 0.70 (0.67, 0.73) 0.70 (0.67, 0.73) – n.s.

TLGS (1)90 – 10-y CVD hypertensive disorders of pregnancy C-index 0.52 (0.42, 0.61) 0.56 (0.49, 0.63) – –

– 10-y CVD gestational diabetes, macrosomia C-index 0.52 (0.42, 0.61) 0.60 (0.48, 0.74) – –
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TLGS (2)89 – 19-y CVD placenta previa/abruption, preterm delivery, abortion, 

stillbirth, pregnancy-induced hypertension/pre-eclampsia, 

gestational diabetes, ectopic pregnancyc

C-index 0.7798 (0.7602, 0.7974) 0.7851 (0.7677, 0.8041) – <0.001

VIP91 – 10-y CVD low birth weight offspring C-index 0.69 (0.67, 0.71) 0.69 (0.67, 0.71) 0.002 (−0.001, 0.006) –

– 10-y CVD hypertensive disorders of pregnancy C-index 0.69 (0.67, 0.71) 0.69 (0.67, 0.71) 0.0004 (−0.001, 0.002) –

age 50 10-y CVD low birth weight offspring C-index 0.69 (0.66, 0.72) 0.70 (0.66, 0.73) 0.01 (−0.0003, 0.02) –

age 50 10-y CVD hypertensive disorders of pregnancy C-index 0.69 (0.66, 0.72) 0.69 (0.66, 0.72) 0.00014 (−0.001, 0.002) –

age 60 10-y CVD low birth weight offspring C-index 0.63 (0.61, 0.66) 0.63 (0.61, 0.66) 0.0004 (−0.0005, 0.0012) –

age 60 10-y CVD hypertensive disorders of pregnancy C-index 0.63 (0.61, 0.66) 0.63 (0.61, 0.66) 0.0003 (−0.002, 0.003) –

WHI92 – CHD age at first birth C-index 0.726 0.728 0.0019 (0.0010, 0.0032) –

– CHD number of stillbirths C-index 0.726 0.727 0.0005 (0.0001, 0.0013) –

– CHD number of miscarriages C-index 0.726 0.727 0.0010 (0.0004, 0.0020) –

– CHD breastfeeding C-index 0.726 0.726 0.0001 (−0.00002, 0.0005) –

– CHD age at first birth, number of stillbirths, number of 

miscarriages, breastfeeding

C-index 0.726 0.730 0.0033 (0.0022, 0.0051) –

Notes: aSee for reference model. bVariables entered model selection. cAn ordinal variable based on the number of adverse pregnancy outcomes was added to the model.  
Abbreviations: BMI, body mass index; CHD, coronary heart disease; CI, confidence interval; CVD, cardiovascular disease; HDL-C, high-density lipoprotein cholesterol; HRT, hormone replacement therapy; n.s, not significant. Full study 
names are provided in the footnote of Table 3.
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Table 5 Risk Reclassification After Adding Female-Specific Factors to Established Cardiovascular Risk Factors

Study 

Acronym

Restricted/ 

Extended 

Group of 

Individuals

Out-Come Factors Added to 

Reference Modela
NRI  

Categories (%)

NRI Non-Events  

(95% CI)

NRI Events (95% CI) NRI Overall P IDI (95% CI) P

ARIC84 – 10-y stroke African American ethnicity, 

physical exercise, BMI, waist 

circumference, height, HDL- 

C, HRT

<70, 70 to 90, >90 0.011 (−0.001, 0.021) 0.011 (−0.131, 0.141) 0.022 (−0.117, 0.152) – – –

– <95, 95 to 99, >99 0.003 (−0.003, 0.007) 0.053 (−0.065, 0.156) 0.056 (−0.066, 0.158) – – –

HUNT85 – 10-y CVD pre-eclampsia <5, 5 to <10, ≥10 0.002 (0.0006, 0.004) 0.01 (−0.002, 0.04) 0.02 (−0.005, 0.04) 0.11 0.0001 (−0.0005, 0.0008) 0.83

– 10-y CVD pre-eclampsia, gestational 

hypertension, preterm 

delivery, small-for-gestational 

age delivery

<5, 5 to <10, ≥10 0.004 (0.002, 0.006) 0.02 (−0.002, 0.04) 0.02 (0.002, 0.05) 0.04 −0.0002 (−0.001, 0.0007) 0.65

MORGEN86 – 10-y CVD age at menarche/menopause, 

menopausal status, HRTb

<10, 10 to <20, ≥20 – – −0.01 (−0.03, 0.02) – – –

ever 

pregnant

10-y CVD age at menarche/menopause, 

menopausal status, HRT, 

gestational hypertension/ 

diabetes, number of children, 

miscarriages, stillbirthsb

<10, 10 to <20, ≥20 – – −0.01 (−0.03, 0.02) – – –

NHS II (1)87 – 10-y CVD hypertensive disorders of 

pregnancy, parity

<5, 5 to <10, ≥10 – – 0.3 0.56 0.02 0.14

<7.5, ≥7.5 – – 0.2 0.53 – –

age 40–49 10-y CVD hypertensive disorders of 

pregnancy, parity

<5, 5 to <10, ≥10 – – −0.2 0.78 0.04 0.15

<7.5, ≥7.5 – – −0.1 0.81 – –

age 50–59 10-y CVD hypertensive disorders of 

pregnancy, parity

<5, 5 to <10, ≥10 – – 0.3 0.79 0.006 0.80

<7.5, ≥7.5 – – −0.1 0.88 – –

NHS II (2)88 – 10-y CVD preterm delivery, parity <5, 5 to <10, ≥10 −0.0002 (−0.0004, −0.0001) 0.002 (−0.004, 0.009) 0.002 (−0.005, 0.008) 0.52 0.0002 (0.0001, 0.0003) <0.0001

– 20-y CVD preterm delivery, parity <5, 5 to <10, ≥10 −0.001 (−0.001, −0.0005) 0.007 (−0.004, 0.02) 0.006 (−0.005, 0.02) 0.29 0.0005 (0.0003, 0.0008) <0.0001

age ≥30 20-y CVD preterm delivery, parity <5, 5 to <10, ≥10 −0.0005 (−0.0008, −0.0001) 0.01 (0.003, 0.02) 0.01 (0.002, 0.02) 0.02 0.0004 (0.0003, 0.0006) <0.0001
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PROSPECT86 – 10-y CVD age at menarche/menopause, 

menopausal status, HRTb

<10, 10 to <20, ≥20 – – −0.01 (−0.02, 0.00) – – –

ever 

pregnant

10-y CVD age at menarche/menopause, 

menopausal status, HRT, 

gestational hypertension/ 

diabetes, number of children, 

miscarriages, stillbirthsb

<10, 10 to <20, ≥20 – – −0.00 (−0.02, 0.01) – – –

TLGS (1)90 – 10-y CVD hypertensive disorders of 

pregnancy

– – – – – 0.006 (−0.03, 0.04) 0.74

– 10-y CVD gestational diabetes, 

macrosomia

– – – – – 0.0007 (−0.03,0.03) 0.97

TLGS (2)89 – 15-y CVD placenta previa/abruption, 

preterm delivery, abortion, 

stillbirth, pregnancy-induced 

hypertension/pre-eclampsia, 

gestational diabetes, ectopic 

pregnancyc

<5, 5 to <10, ≥10 0.02 (0.001, 0.04) 0.02 (−0.02, 0.07) 0.04 (−0.002, 0.10) – 0 (−0.008, 0.008) –

– 19-y CVD placenta previa/abruption, 

preterm delivery, abortion, 

stillbirth, pregnancy-induced 

hypertension/pre-eclampsia, 

gestational diabetes, ectopic 

pregnancyc

<5, 5 to <10, ≥10 0.01 (0, 0.06) 0 (−0.002, 0) 0.01 (0, 0.06) – 0.003 (−0.025, 0.032) –

VIP91 – 10-y CVD low birth weight offspring <5, 5 to <10, ≥10 −0.002 (−0.006, 0.002) 0.010 (−0.006, 0.026) – – 0.0003 (−0.00004, 

0.00076)

0.12

– 10-y CVD hypertensive disorders of 

pregnancy

<5, 5 to <10, ≥10 −0.0006 (−0.003, 0.002) 0.005 (−0.009, 0.020) – – 0.0002 (−0.0002, 0.0006) 0.24

age 50 10-y CVD low birth weight offspring <5, 5 to <10, ≥10 −0.001 (−0.006, 0.003) 0.038 (0.003, 0.074) – – 0.0014 (−0.0002, 0.0032) 0.10

age 50 10-y CVD hypertensive disorders of 

pregnancy

<5, 5 to <10, ≥10 −0.002 (−0.003, 0.001) 0.01 (−0.004, 0.03) – – 0.0002 (−0.0004, 0.0007) 0.58

age 60 10-y CVD low birth weight offspring <5, 5 to <10, ≥10 0.0002 (−0.003, 0.003) 0.0049 (−0.01, 0.02) – – 0.00 (−0.0001, 0.0001) 0.99

age 60 10-y CVD hypertensive disorders of 

pregnancy

<5, 5 to <10, ≥10 0.001 (−0.004, 0.005) 0.010 (−0.005, 0.026) – – 0.0002 (0.00001, 0.0004) 0.05

WHI92 – 10-y CHD age at first birth, number of 

stillbirths, number of 

miscarriages, breastfeeding

≤5, >5 to 10, >10 0.002 (0.0001, 0.005) 0.007 (−0.003, 0.018) 0.005 (−0.006, 0.015) 0.37 0.0013 (0.0008, 0.0017) <0.0001

<7.5, ≥7.5 0.002 (0.0003, 0.003) 0.009 (0.002, 0.017) 0.007 (−0.0004, 0.015) 0.06 – –

Notes: aSee for reference model. bVariables entered model selection. cAn ordinal variable based on the number of adverse pregnancy outcomes was added to the model. 
Abbreviations: BMI, body mass index; CHD, coronary heart disease; CI, confidence interval; CVD, cardiovascular disease; HDL-C, high-density lipoprotein cholesterol; HRT, hormone replacement therapy; IDI, integrated discrimination 
index; NRI, net reclassification index. Full study names are provided in the footnote of Table 3.
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reference model is already high, it is more difficult to achieve additional improvement93 and the NRI and IDI are strongly 
affected by the event rate94 and sensitive to miscalibration.94,95 Moreover, lack of finding a significant improvement after 
adding female-specific factors may be due to the fact that the added predictive value is not studied in adequate age groups 
or time frames. The risk to experience CVD increases significantly with older age. In women, the global incidence of 
CVD in 2019 was 201 per 100,000 at 15–49 years, 1589 per 100,000 at 50–69 years, and 4497 per 100,000 at 70 years of 
age or older.96 While the incidence of CVD is in general low in younger women, specific CVD risk factors may play an 
important role at younger age. Grandi et al, for instance, outlined the issue that pregnancy-related factors may have the 
most significant effect on cardiovascular risk in women at reproductive age, ie, between 15 and 45 years.97 Indeed, the 
studies that had been identified by our systematic literature search included almost exclusively data on women ≥40 years 
of age and none of the studies included women below 30 years of age. At younger age, the added value of pregnancy- 
related conditions may be outdone by other, already established, cardiovascular risk factors. Remarkably, in the NHS II, 
20-year CVD risk reclassification and discrimination improved statistically significantly after adding data on preterm 
delivery and parity, when analyzing women aged ≥30 years but not in women ≥40 years of age.88 Another issue is that 
commonly used cardiovascular risk prediction scores have not been developed for young women.98 For instance, the 
SCORE2 risk prediction algorithm was developed for individuals aged 40–69 years,63 the Framingham Risk Score 
included women and men between 30 and 74 years of age at baseline,99 and the Pooled Cohort Equations were developed 
for individuals between 40 and 79 years of age.61 Consequently, estimating cardiovascular risk in younger women based 
on variables used in conventional risk prediction scores may be challenging. Future investigations on the added 
predictive value of pregnancy-related factors in young women are needed. Such investigations could help to identify 
women at high cardiovascular risk early and provide adequate and accelerated treatment.

Conclusion
Sex differences in risk factors associated with CVD events have been identified and included in risk prediction tools as 
they are usually developed separately for women and men. Furthermore, various female-specific reproductive- and 
pregnancy-related factors have been identified that are related to higher or lower cardiovascular risk. Adding female- 
specific factors to models containing established cardiovascular risk factors has led to little or no significant improvement 
in the prediction of cardiovascular events. However, prior analysis on the added value of female-specific factors relied 
primarily on data from women aged ≥40 years. Especially for pregnancy-related factors, it may be crucial to study their 
incremental value beyond established cardiovascular risk factors in younger women. Consequently, future investigations 
are needed to quantify whether pregnancy-related factors improve cardiovascular risk prediction in young women in 
order to support adequate treatment of risk factors and enhance prevention of CVD in women.
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