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A B S T R A C T   

Background and aims: Cardiovascular risk increases during menopause, so the medical and scientific community 
should consider women’s specific risk factors to prevent cardiovascular disease. This study aims to assess the risk 
factors for the incidence of major adverse cardiovascular events (MACE) exclusive to postmenopausal women. 
Methods: We conducted a prospective cohort study in postmenopausal women aged 40 years and older, who were 
included in the UK Biobank cohort between 2006 and 2010 and followed to 2021 (12 years). A total of 156,787 
women were followed for a median of 12.5 years (nearly 2 million person-years), and MACE risk was assessed 
using Fine-Gray competing risk models. 
Results: The cumulative incidence of cardiovascular morbidity and mortality was 1.2% (0.97 cases per 1000 
women-years). Not having taken birth control pills, not having children, and early menarche (≤12 years) were 
independently associated with cardiovascular morbidity and mortality. 
Conclusions: Risk factors for cardiovascular disease that are specific to women include early menarche, not having 
taken oral contraceptives, and reproductive history, and this relationship is independent of classic cardiovascular 
risk factors.   

1. Introduction 

Cardiovascular disease is the leading cause of mortality worldwide in 
both men and women [1]. While different prevention and treatment 
strategies have effectively decreased cardiovascular mortality in recent 
years [2,3], these impacts have not necessarily been equal between the 
sexes. For example, the incidence of acute myocardial infarction has 
decreased more in men than in women [4,5]. 

The relatively late development of acute coronary syndrome in 
women is largely attributed to the protective role of estrogen during the 
childbearing age. In postmenopause, estrogen deficiency is associated 
with a higher prevalence of diabetes mellitus, metabolic syndrome, 
hypercholesterolemia, and weight gain with an increased percentage of 

body fat—all cardiovascular risk factors in their own right [6]. Thus, in 
this clinical panorama, postmenopause is considered just as important as 
male sex in terms of cardiovascular risk [7]. 

Estrogen has numerous potentially protective mechanisms. In the 
circulatory system, these include vasodilation mediated by nitric oxide, 
inhibition of coronary vasospasm, increased vascular flow and lower 
resistance, increased cardiac output, facilitation of angiogenesis, and an 
antiapoptotic effect on cardiomyocytes [8]. Other protective mecha
nisms include antioxidant and anti-inflammatory properties, favorable 
changes in the lipid profile, increased sensitivity to insulin, attenuation 
of weight gain typical of menopause, and less abdominal adiposity. In 
contrast, negative factors related to estrogens have also been described: 
increased triglycerides, C-reactive protein, and coagulation factors [9]. 

* Corresponding author. Department of Clinical Medicine, University Miguel Hernández de Elche, Ctra. Nnal. 332, s/n, 03202, Elche, Spain. 
E-mail addresses: adriannalp@hotmail.com, adriana.lopezp@umh.es (A. López-Pineda).  
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Studies of hormone replacement therapy for reducing cardiovascular 
risk in postmenopausal women show inconsistent results, and 
meta-analyses suggest that the effects of the therapy depend on the 
woman’s individual characteristics [10]. 

Although traditional cardiovascular risk factors are common in both 
men and women, predictive models of cardiovascular risk rarely 
consider the risk factors unique to women. Some are related to gyne
cological history, such as age at menarche, age at menopause, surgical 
menopause (hysterectomy), history of polycystic ovarian syndrome, and 
premature ovarian failure. Others are related to pregnancy history, such 
as gestational diabetes, preeclampsia, intrauterine growth restriction, 
spontaneous abortions, or premature birth [11]. Previous studies sug
gest that these factors could be early markers of cardiovascular disease 
in women; however, there is little evidence on the magnitude of the 
associations [12], or for that matter, on the importance of traditional 
risks and the impact of the interactions between all these factors in 
postmenopausal women [13]. 

Regarding the management of cardiovascular disease, most guide
lines are based on studies in predominantly male populations, especially 
in coronary disease and heart failure. Previous research has shown that 
symptoms, disease management, and response to treatment may differ 
between sexes and that there is underdiagnosis and undertreatment of 
cardiovascular disease among women [14]. 

Cardiovascular risk increases during menopause, so female-specific 
risk factors and pathophysiological characteristics should be consid
ered in cardiovascular disease prevention. This study aims to assess the 
association between factors exclusive to postmenopausal women and 
the incidence of major adverse cardiovascular events. 

2. Patients and methods 

2.1. Study design and population 

This prospective observational cohort study included post
menopausal women aged 40 years and older. The sample was drawn 
from the UK Biobank database, a large cohort of 502,413 voluntary 
participants (229,085 men and 273,328 women) aged 40 or over and 
living in the UK at the time of inclusion. The database includes behav
ioral data, comorbidities, and blood tests. Participants consented to 
long-term health monitoring by linkage to their medical records; they 
were included from 2006 to 2010 and followed to 2021. The study 
design and methods for data collection of UK Biobank cohort are well 
described elsewhere [15]. The UK Biobank was approved by the North 
West Multi-centre Research Ethics Committee, the National Information 
Governance Board for Health and Social Care in England and Wales, and 
the Community Health Index Advisory Group in Scotland. All partici
pants gave their written informed consent before their data were 
collected. The present study complies with the Declaration of Helsinki 
and was approved by the UMH Office for Responsible Research on 10 
May 2022 (reference AUT.DMC.DMR.01.22.CC). 

The inclusion criteria were: female sex and having menopause at the 
time of inclusion in the UK Biobank cohort, that is, those who answered 
“Yes” to the question “Have you had your menopause (periods 
stopped)?” (data-field 2724) when they completed the touchscreen 
questionnaire during the baseline data collection. Women who had 
experienced any cardiovascular event or disease before their inclusion 
were excluded (International Classification of Diseases, 10th revision 
[ICD10] Cardiovascular Accident: I60-I64 or Ischemic Heart Disease 
ICD10: I20-I25), as were those with an unknown cause of death, loss to 
follow-up due to change of address, or who left the cohort of their own 
accord. 

2.2. Variables 

The outcome variable was a composite endpoint consisting of any 
major adverse cardiovascular event (MACE): death from cardiovascular 

causes (ICD10: I00-I99), cerebrovascular accident (ICD10: 60-I64), or 
ischemic heart disease (ICD10: I20-I25), which was recorded together 
with its date of occurrence during follow-up. 

The female-specific exposure variables were: ever taken oral 
contraception (no/yes/missing); bilateral oophorectomy (both ovaries 
removed) (not sure/no/yes/missing); ever used hormone replacement 
therapy (no/yes/missing); hysterectomy (womb removed) (no/yes/ 
missing); number of live births (0/1/2/≥3/missing); age at menarche, in 
years (≤10/11-12/13-14/≥15/missing); age at menopause, in years 
(last menstrual period) (<40/40-44/45-49/50-54/≥55/missing). 

A wide variety of other explanatory variables were also analyzed, 
including sociodemographic data (age, country of birth, socioeconomic 
status, family), behavioral variables (alcohol and tobacco use, sleep, 
daily activities, energy expenditure), anthropometric variables (waist 
and hip circumference, body mass index, body fat, heel bone mineral 
density), physiological variables (forced vital capacity, blood pressure, 
heart rate), dietary intake of different foods and drinks, comorbidities 
(sleeplessness, irritability, anxiety, feelings of depression, diabetes, hy
pertension, cancer, asthma, allergies), analytic variables (cholesterol, 
creatinine, glucose, HbA1c, albumin, triglycerides, urea), medication 
use, and family history of heart disease/stroke. See Supplementary 
materials for a comprehensive list of all variables and their 
categorization. 

The follow-up period was 11–15 years, from the date of inclusion 
(between March 2006 and December 2010) to the end of follow-up on 
31 December 2021. 

2.3. Statistical methods 

A descriptive analysis of all the study variables was performed. 
Categorical variables were expressed as frequencies and quantitative 
variables as mean, standard deviation (SD), and range. The factors 
associated with the incidence of the cardiovascular event were deter
mined using contingency tables, applying the chi-squared test to 
compare categorical variables and the Student’s t-test to compare the 
mean values of quantitative ones. The normality of the distribution was 
verified using the Kolmogorov-Smirnov test. 

Fine-Gray subdistribution hazard models were adjusted to estimate 
the magnitude of change in the function of cardiovascular events, 
considering competing risks of mortality from other causes [16]. Sub
distribution hazard ratios (HRs) were estimated for the composite 
outcome, along with their 95% confidence interval (CIs). An optimal 
model was fitted using a backwards stepwise approach, starting from the 
complete model with all exposure and explanatory variables, which 
were gradually eliminated based on the Akaike information criterion 
(AIC) until obtaining the final model. The model adjustment was carried 
out on a random training sample of 70% of the original sample, and 
Harrell’s C-index of goodness-of-fit was calculated as a measure of 
model discrimination in a testing sample of 30% of the original size [17]. 
We set a 2-sided p-value <0.05 as the threshold for statistical signifi
cance. Analyses were performed using the SPSS v.28 program (IBM 
Corp. Released 2021. IBM SPSS Statistics for Windows, Version 28.0. 
Armonk, NY: IBM Corp) and the R program v.4.2.2 (R Core Team, 2022. 
R: A language and environment for statistical computing. R Foundation 
for Statistical Computing, Vienna, Austria. URL https://www.R-project. 
org/) using the cmprsk, riskRegression and pec libraries. 

3. Results 

A total of 156,787 women with menopause and without coronary or 
cerebrovascular disease at the time of inclusion were included (Fig. 1). 
The mean follow-up period was 12.5 years (1,965,546 person-years), 
during which time 1915 MACE occurred (cumulative incidence 1.2%, 
or 0.97 cases per 1000 women-years), along with 7721 deaths from 
other causes (cumulative incidence 4.9%; 3.9 cases per 1000 women- 
years). 
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The women analyzed had a mean age of 60.1 years (SD 5.4, range 
40–70 years). Most (77.6%) lived in England, 95.6% were white, 29.2% 
university educated, and 25% had a high deprivation index. Regarding 
behavioral variables, 58.1% had never smoked, 33.5% were ex-smokers, 
and 38.4% reported drinking alcohol every day or 3 to 4 times a week. 
About 10.3% drove more than 1 h a day, 16% used the computer for 

more than 1 h a day, and 31.8% watched television for more than 3 h a 
day. The majority did at least some physical activity (just 13.4% re
ported doing none or very little), and 25% said they slept 6 h or less per 
night. Regarding risk factors and comorbidities, 24% had a waist 
circumference of over 93 cm, 22.4% were obese, 22% had a heart rate 
over 77 bpm, 3.6% had diabetes, 26.4% hypertension, 10.6% some type 

Fig. 1. Participant flowchart.  

Table 1 
Prevalence of female-specific exposure factors and cumulative incidence of major adverse cardiovascular events (MACE) over follow-up.   

Total (N = 156,787) No event (N = 147,151) MACE (N = 1915) Death (other causes) 
(N = 7721)  

n % n % n % n % p-value 

Ever taken oral contraception No 34,225 21.8% 31,448 91.9% 638 1.9% 2139 6.2% <0.001 
Yes 122,221 78.0% 115,393 94.4% 1271 1.0% 5557 4.5%  
Missing 341 0.2% 310 90.9% 6 1.8% 25 7.3%  

Bilateral Not sure 1454 0.9% 1345 92.5% 26 1.8% 83 5.7% <0.001 
oophorectomy No 146,802 93.6% 137,995 94.0% 1749 1.2% 7058 4.8%   

Yes 8461 5.4% 7751 91.6% 137 1.6% 573 6.8%   
Missing 70 0.0% 60 85.7% 3 4.3% 7 10.0%  

Ever used hormone-replacement therapy No 83,448 53.2% 78,600 94.2% 925 1.1% 3923 4.7% <0.001 
Yes 72,937 46.5% 68,185 93.5% 985 1.4% 3767 5.2%  
Missing 402 0.3% 366 91.0% 5 1.2% 31 7.7%  

Hysterectomy No 138,944 88.6% 130,685 94.1% 1620 1.2% 6639 4.8% <0.001  
Yes 17,676 11.3% 16,317 92.3% 291 1.6% 1068 6.0%   
Missing 167 0.1% 149 89.2% 4 2.4% 14 8.4%  

Number of live births 0 26,132 16.7% 24,428 93.5% 349 1.3% 1355 5.2% <0.001 
1 19,816 12.6% 18,552 93.6% 268 1.4% 996 5.0%  
2 71,420 45.6% 67,407 94.4% 744 1.0% 3269 4.6%  
≥3 39,300 25.1% 36,656 93.3% 552 1.4% 2092 5.3%  
Missing 119 0.1% 108 90.8% 2 1.7% 9 7.6%  

Age at menarche, years ≤10 6905 4.4% 6423 93.0% 107 1.5% 375 5.4% <0.001 
11–12 52,659 33.6% 49,389 93.8% 686 1.3% 2584 4.9%  
13–14 67,457 43.0% 63,549 94.2% 755 1.1% 3153 4.7%  
≥15 25,320 16.1% 23,674 93.5% 300 1.2% 1346 5.3%   
Missing 4446 2.8% 4116 92.6% 67 1.5% 263 5.9%  

Age at menopause <40 5630 3.6% 5176 91.9% 104 1.8% 350 6.2% <0.001 
(last menstrual 40–44 13,232 8.4% 12,302 93.0% 203 1.5% 727 5.5%  
period), 45–49 35,286 22.5% 33,122 93.9% 434 1.2% 1730 4.9%  
years 50–54 70,476 45.0% 66,575 94.5% 721 1.0% 3180 4.5%   

≥55 22,070 14.1% 20,675 93.7% 268 1.2% 1127 5.1%   
Missing 10,093 6.4% 9301 92.2% 185 1.8% 607 6.0%   

V. Bertomeu-Gonzalez et al.                                                                                                                                                                                                                  



Atherosclerosis 386 (2023) 117372

4

of cancer, and 10.4% asthma. In terms of diet, 19.4% reported 
consuming processed meat more than twice a week, 23% ate pork at 
least once a week, 49% ate no more than two servings of cooked vege
tables per week, 26.6% no more than one serving of fresh fruit a day, 
25% two bowls or less of cereal a week, 19% at least six cups of tea a day, 
and 17% at least four cups of coffee a day; 12% said they did not drink 
water. Blood tests showed that 42% had high total cholesterol, 8% HDL 
values below 1.17 mmol/L, 31% LDL values greater than 4.1 mmol/L, 
2.6 values of HbA1c greater than 6.5, and 45.5% levels of vitamin D less 
than 50 nmol/L. In addition, 13.1% reported taking cholesterol- 
lowering medication and 19.2% blood pressure medication, while 
30.4% had a family history of heart disease/stroke (Supplementary 
Table S1). 

Table 1 shows the prevalence of female-specific exposure factors and 
the cumulative incidence of MACE during follow-up. The 22% of women 
who had never taken oral contraception showed a cumulative incidence 
of MACE almost double that of those who had ever taken it. Incidence of 
MACE was also higher in women who had undergone bilateral oopho
rectomy (1.6% versus 1.2%), ever used hormone replacement therapy 
(1.4% versus 1.1%), had undergone hysterectomy (1.6% versus 1.2 %), 
had early menarche (≤10 years, 1.5%; 11-12 years, 1.3%; 13-14 years, 
1.1%), or had early menopause (≤40 years, 1.8%, 40–44 years, 1.5%, 
45–49 years, 1.2%, 50–54 years, 1.0%, ≥55 years, 1.2%). 

Table 2 shows the estimated risks of cardiovascular morbidity and 
mortality using Fine-Gray models, taking into account the competing 
risks of death from other causes. A crude analysis was fitted for each 
exposure variable, and a multivariable adjustment for the rest of the 
explanatory variables. In the crude analysis, a significantly higher risk of 
MACE was observed in women who had not taken oral contraception 

(HR 1.79, 95% CI 1.60–2.00; p < 0.001) compared to those who had 
taken it, and this risk remained significant in the multivariable adjust
ment (HR 1.24, 95% CI 1.10–1.40; p = 0.001). Regarding the number of 
live births, the effect is modified from the crude to the multivariable 
adjustment due to confounding: in the crude analysis, a protective effect 
was observed for having had two live births compared to three (HR 0.72, 
95% CI 0.64–0.83; p < 0.001), while in the multivariable model a 
higher risk was observed in women with no live births (HR 1.22, 95% CI 
1.04–1.44; p = 0.016). Menarche before the age of 10 years was asso
ciated with a higher risk, both in the crude model (HR 1.31, 95% CI 
1.01–1.70; p = 0.046) and in the multivariable adjustment (HR 1.33, 
95% CI 1.02–1.74; p = 0.034). Menarche at 11-12 years of age was also 
independently associated with a higher risk (HR 1.24, 95% CI 
1.05–1.47; p = 0.010) compared to those who were 15 or older when 
they first had their period. In the crude model, bilateral oophorectomy 
(HR 1.44, 95% CI 1.18–1.76; p < 0.001), hormone replacement therapy 
(HR 1.16, 95% CI 1.05–1.30; p = 0.006), and hysterectomy (HR 1.32, 
95% CI 1.13–1.54; p < 0.001) were all significantly associated with 
MACE, but this association lost significance in the multivariable 
adjustment. The multivariable model was adjusted in the training 
sample (n = 109,641) for age at recruitment, tobacco use, waist 
circumference, sleep duration, heel bone mineral density, hours/day 
watching TV, total MET, heart rate, pork intake, cereal intake, coffee 
intake, frequency of feeling depressed, diabetes, hypertension, emphy
sema/chronic bronchitis, forced vital capacity, HDL and LDL choles
terol, vitamin D, cholesterol-lowering medication, and family history of 
heart disease/stroke. Supplementary Table S2 shows the complete 
multivariable model, which presented good performance, with a C-index 
in the test sample (n = 47,146) of 0.726. 

Table 2 
Crude and multivariable adjustment models for female-specific factors.   

Crude analysis Multivariable modela 

HR 95 % CI p-value HR 95 % CI p-value 

Ever taken Yes 1   1   
Oral contraception No 1.79 (1.60–2.00) <0.001 1.24 (1.10–1.40) 0.001  

Missing 2.08 (0.86–5.04) 0.10 0.74 (0.24–2.33) 0.61 
Bilateral oophorectomy No 1       

Not sure 0.90 (0.49–1.62) 0.71 NS    
Yes 1.44 (1.18–1.76) <0.001     
Missing 1.77 (0.25–12.76) 0.57    

Ever used hormone-replacement therapy No 1      
Yes 1.16 (1.05–1.30) 0.006 NS   
Missing 1.23 (0.46–3.28) 0.685    

Hysterectomy No 1       
Yes 1.32 (1.13–1.54) <0.001 NS    
Missing 2.36 (0.76–7.36) 0.14    

Number of live births ≥3 1   1    
2 0.72 (0.64–0.83) <0.001 0.91 (0.79–1.04) 0.17  
1 0.92 (0.77–1.10) 0.35 1.05 (0.87–1.25) 0.63  
0 0.93 (0.79–1.09) 0.36 1.22 (1.04–1.44) 0.016  
Missing 1.67 (0.42–6.67) 0.47 1.14 (0.28–4.63) 0.86 

Age at menarche, years ≥15 1   1    
13–14 0.95 (0.81–1.11) 0.49 1.09 (0.92–1.28) 0.30  
11–12 1.11 (0.95–1.31) 0.19 1.24 (1.05–1.47) 0.010  
≤10 1.31 (1.01–1.70) 0.046 1.33 (1.02–1.74) 0.034  
Missing 1.26 (0.92–1.73) 0.15 1.21 (0.89–1.70) 0.24 

Age at menopause (last menstrual period), years <40 1       
40–44 0.81 (0.61–1.09) 0.16     
45–49 0.72 (0.56–0.93) 0.013 NS    
50–54 0.58 (0.45–0.74) <0.001     
≥55 0.73 (0.56–0.96) 0.025     
Missing 1.05 (0.79–1.40) 0.75    

NS: not significant; HR: hazard ratio; CI: confidence interval. 
Training sample: n = 109,641; n cardiovascular event = 1,347; n death other causes = 5,360 
Testing sample: n = 47,146; n cardiovascular event = 568; n death other causes = 2,361 
C-index in testing sample = 0.726 

a Model adjusted for: age at recruitment, tobacco use, waist circumference, sleep duration, heel bone mineral density, hours/day watching TV, total metabolic 
equivalent of tasks, heart rate, pork intake, cereal intake, coffee intake, frequency of feeling depressed, diabetes mellitus, hypertension, emphysema/chronic bron
chitis, forced vital capacity, HDL and LDL cholesterol, vitamin D, cholesterol-lowering medication and family history of heart disease/stroke. 
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4. Discussion 

Our results, based on a large sample with a follow-up of almost 2 
million person-years, clearly show that postmenopausal women have 
significant, female-specific risks for cardiovascular morbidity and mor
tality. Independent predictors of a major cardiovascular event included 
not having taken birth control pills, not having children, and having 
early menarche (Fig. 2). 

The incidence of classic, or type 1, myocardial infarction is up to 
three times higher in men than in women; however, there is less dif
ference between sexes in older age groups, revealing the critical role that 
menopause plays in cardiovascular risk. On the other hand, in other 
coronary diseases, such as type 2 infarcts, coronary dissections, ischemia 
with no obstructive coronary artery disease, and myocardial infarction 
with no obstructive coronary arteries, the figures indicate a clearly 
higher incidence in women compared to men [18,19]. Moreover, mor
tality in young women with acute coronary syndrome is higher than in 
men of the same age [20]. This study addresses two of the most relevant 
research topics today: identification and primary prevention of cardio
vascular disease in people with the highest risk, and the study of 
female-specific risk factors. Scientific societies such as the European 
Society of Cardiology have made explicit calls for research to reduce the 
gap in the prevention, diagnosis, and treatment of cardiovascular dis
ease in women [21]. 

Consensus papers have promoted coordinated efforts to improve 
cardiovascular health in postmenopausal women [22]. Optimal car
diovascular care in this population requires better representation of 
women in clinical trials, generation and dissemination of knowledge on 
the specific signs and symptoms of cardiovascular diseases in women, 
and reductions in the great disparity in the morbidity and mortality of 
women between different European countries [23]. 

Menopause is a key process in a woman’s life, setting off important 
physical, psychological, and social changes. The average age of its onset 
is 50 years, albeit with considerable variability between women [24]. 
Biological aspects driving the increased incidence of cardiovascular 
disease include the loss of regulation of vascular reactivity, endothelial 

function, and cardiac remodeling. At the pathophysiological level, the 
lesions found in women with cardiovascular disease are not the same as 
those in men: women have a lower burden of atheromatosis, fewer 
vascular calcifications, a more diffuse pattern of atherosclerosis, more 
frequent erosive plaques, more vasomotor alterations such as coronary 
vasospasm, and more microvascular involvement [25,26]. The reduc
tion in estrogen levels after menopause has been associated with alter
ations in endothelial function, inflammation, activation of the 
renin-angiotensin-aldosterone and sympathetic systems, and reduced 
vasodilatation dependent on nitric oxide [27,28]. 

Data from both the literature and the present study clearly indicate 
that estrogens protect women against cardiovascular disease. But our 
results also illustrate the complexity of this relationship: we found a 
higher risk both in women who started menopause at younger ages and 
in women with early menarche. Therefore, we cannot infer that having 
more total years of life with a menstrual cycle lowers cardiovascular 
risk, but rather that the later the menstrual cycles start and end, the 
lower the risk will be. These results are supported by other studies that 
have shown increased mortality from cardiovascular disease associated 
with early menopause [29]. Early menarche has also been associated 
with increased levels of glucose, triglycerides, nonalcoholic steatosis, 
and metabolic syndrome [30,31]. 

The exogenous administration of estrogens also shows paradoxical 
behavior: taking oral contraceptives reduces cardiovascular risk, but 
hormone replacement therapy in menopause has a neutral effect. In a 
simplistic analysis, one would expect that giving estrogens to women 
who stop producing them endogenously would be beneficial, and that no 
benefits would arise on giving them to women with normal menstrual 
cycles, but the pathophysiology of cardiovascular disease, especially in 
women, seems anything but simple. In a detailed analysis of the existing 
scientific evidence, the European Society of Cardiology suggests that 
hormone replacement therapy could reduce cardiovascular risk when 
administered early in menopause, but this benefit is lost if treatment is 
started 10 years later than onset [32]. This conclusion would support the 
results of our study, that is, the benefit of oral contraceptive treatment is 
related to the administration of estrogens in younger women, and the 

Fig. 2. Graphical abstract.  
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harm of hormone replacement treatment is associated with its admin
istration in later phases [29,33]. 

Many published studies have analyzed factors related to the 
appearance of cardiovascular disease, and some have specifically 
focused on those that are more relevant in women than in men. But most 
have used the same cardiovascular risk factors already known in men, 
without contemplating female-specific predictors [34,35] like repro
ductive history. A large observational study showed that younger age at 
first live birth, number of stillbirths or spontaneous abortions, and lack 
of breastfeeding were associated with cardiovascular disease [36]. The 
reasons that live births are associated with lower risk could reside in the 
increased risk of miscarriage in women with classical risk factors such as 
obesity, high blood pressure and diabetes, in the protection conferred by 
breastfeeding, or in a higher level of social and familial support received 
by large families as Jacobs et al. [37] hypothesized previously. 
Conversely, a previous meta-analysis of cohort studies [38] reported 
that a higher number of parity was associated with increased CVD risk 
suggesting that cardiometabolic changes during pregnancy might 
permanently impact the cardiovascular system. Thus, more evidence is 
needed to elucidate this relationship. Regarding early menopause, its 
positive relationship with the development of cardiovascular disease has 
been repeatedly and consistently shown [39]. 

In addition to the risk factors related to women, we find other data 
that merit discussion: important aspects like diet, physical activity, sleep 
quality, and depression are closely related to the appearance of car
diovascular disease. These factors frequently occur together, their im
pacts mutually amplify each other, and they are closely related to 
menopause [40]. Menopause has been related to hyperphagia and 
obesity [41], which in turn is closely related to reduced physical activity 
and depression [42]. Thus, strategies as simple, accessible, and afford
able as physical exercise can produce beneficial effects across different 
risk factors and also reduce cardiovascular risk specifically in post
menopausal women [43,44]. In our study we found a positive rela
tionship between cardiovascular risk and hours watching television, and 
a tendency toward a negative relationship with energy expenditure. 

Among the limitations of this study, we found that due to the 
voluntary sampling used to recruit study participants, the cohort might 
not adequately represent the general UK population. In addition, the 
entire population included in this study resided in the UK, so extrapo
lation of the results to populations in other countries warrants caution. 
Strengths include the prospective design, large sample size, and 
numerous variables, many of them objectively measured by qualified 
research personnel. 

Cardiovascular disease presents differential characteristics in women 
compared to men, and these deserve recognition and attention in car
diovascular risk assessment. Aspects such as early menarche, taking oral 
contraceptives, and reproductive history are closely tied to the devel
opment of cardiovascular disease, and this relationship is independent of 
classic cardiovascular risk factors. 
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F. Sánchez-Ferrer, Lifestyle and cardiovascular mortality in menopausal women: a 
population-based cohort study, Rev. Esp. Cardiol. 75 (7) (2022 Jul) 576–584. 

[44] fJ. Eigendor, A. Melk, S. Haufe, D. Boethig, D. Berliner, A. Kerling, M. Kueck, 
H. Stenner, C. Bara, M. Stiesch, C. Schippert, A. Hilfiker, C. Falk, J. Bauersachs, 
T. Thum, R. Lichtinghagen, A. Haverich, D. Hilfiker-Kleiner, U. Tegtbur, Effects of 
personalized endurance training on cellular age and vascular function in middle 
aged sedentary women, Eur. J. Prev. Cardiol. 26 (2019) 1903–1906. 

V. Bertomeu-Gonzalez et al.                                                                                                                                                                                                                  

http://refhub.elsevier.com/S0021-9150(23)05293-0/sref21
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref21
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref21
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref22
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref22
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref22
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref22
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref22
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref22
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref23
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref23
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref23
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref24
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref24
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref24
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref25
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref25
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref25
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref25
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref25
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref26
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref26
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref26
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref26
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref26
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref27
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref27
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref27
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref28
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref28
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref28
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref29
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref29
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref29
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref29
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref29
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref29
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref29
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref30
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref30
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref30
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref30
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref30
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref31
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref31
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref31
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref31
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref31
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref31
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref32
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref32
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref32
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref32
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref32
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref32
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref33
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref33
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref33
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref33
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref33
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref34
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref34
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref34
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref35
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref35
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref35
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref36
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref36
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref36
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref37
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref37
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref37
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref38
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref38
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref38
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref39
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref39
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref39
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref39
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref40
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref40
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref40
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref41
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref41
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref42
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref42
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref42
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref42
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref43
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref43
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref43
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref44
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref44
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref44
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref44
http://refhub.elsevier.com/S0021-9150(23)05293-0/sref44

	Risk factors for major adverse cardiovascular events in postmenopausal women: UK Biobank prospective cohort study
	1 Introduction
	2 Patients and methods
	2.1 Study design and population
	2.2 Variables
	2.3 Statistical methods

	3 Results
	4 Discussion
	Financial support
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	Appendix A Supplementary data
	References


