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BACKGROUND: Using data from the largest German cohort study, we aimed to investigate sex differences in the relationship of 
socioeconomic position (SEP) with cardiovascular disease (CVD), CVD risk factors, and estimated CVD risk.

METHODS AND RESULTS: A total of 204 780 (50.5% women) participants from the baseline examination of the population-based 
NAKO (German National Cohort) were included. Logistic, multinomial, and linear regression models were used to estimate 
sex-specific odds ratios (ORs) and β coefficients with 95% CIs of CVD, CVD risk factors, and very high-risk score (Systemic 
Coronary Risk Estimation-2) for CVD associated with SEP. Women-to-men ratios of ORs (RORs) with 95% CIs were estimated. 
In women compared with men, low versus high SEP (educational attainment and relative income) was more strongly associ-
ated with myocardial infarction, hypertension, obesity, overweight, elevated blood pressure, antihypertensive medication, and 
current alcohol consumption, but less strongly with current and former smoking. In women with the lowest versus highest 
educational level, the OR for a very high 10-year CVD risk was 3.61 (95% CI, 2.88–4.53) compared with 1.72 (95% CI, 1.51–
1.96) in men. The women-to-men ROR was 2.33 (95% CI, 1.78–3.05). For the comparison of low versus high relative income, 
the odds of having a very high 10-year CVD risk was 2.55 (95% CI, 2.04–3.18) in women and 2.25 (95% CI, 2.08–2.42) in men 
(women-to-men ROR, 1.31 [95% CI, 1.05–1.63]).
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CONCLUSIONS: In women and men, there was an inverse relationship between indicators of SEP and the likelihood of having 
several CVD risk factors and a very high 10-year CVD risk. This association was stronger in women, suggesting that CVD risk 
is more strongly influenced by SEP in women compared with men.

Key Words: cardiovascular disease ■ cardiovascular risk ■ educational attainment ■ income ■ socioeconomic position

A growing body of studies reported meaningful sex 
differences across the spectrum of cardiovascu-
lar disease (CVD) and cardiovascular risk factors, 

prompting the need for sex-specific guidelines for CVD 
prevention.1,2 However, the biological, clinical, and so-
cioeconomic differences of CVD between women and 
men are still under investigation.

Sex differences in CVD have been documented, 
from atherosclerotic plaque composition to clinical pre-
sentation of acute coronary syndromes, with additional 
symptoms in women.3,4 Men <65 years of age have 
higher absolute atherosclerotic CVD event rates com-
pared with women. Nevertheless, in most European 

countries, from 1990 to 2019, the relative age-
standardized CVD mortality rate decrease was slightly 
greater in men than women.2,5 Moreover, cardiovas-
cular risk factors may have a sex-specific influence on 
CVD risk. Hypertension, smoking intensity, and type 2 
diabetes have been more strongly associated with the 
risk of myocardial infarction (MI) in women than in men, 
and at an early age, women have steeper increases in  
blood pressure than men.6,7

Educational deprivation has repeatedly been related 
to CVD risk8; however, the underlying pathways remain 
elusive and may affect sexes differently.9 For example, 
a meta-analysis indicated a greater excess risk of fatal 
and nonfatal coronary heart disease (CHD) and CVD 
associated with lower educational attainment in women 
versus men.10 Yet, there was no evidence of sex differ-
ences in the excess risk of stroke, nor when considering 
other relevant indicators of social deprivation such as 
income.10 Although associations of low education and 
income with incident CVD have shown higher effect 
sizes in women than men compared with high educa-
tion and income,11 there was no evidence of an excess 
risk in women. In European populations, inequalities in 
the distribution of risk factors accounted for over a third 
of the CHD educational class gradient in both women 
and men.9 Cigarette smoking was identified as a strong 
mediator of incident CHD inequalities among men, 
whereas high-density lipoprotein (HDL) cholesterol was  
a key mediator among women.9

The latest guideline from the European Society of 
Cardiology for CVD risk estimation recommends the 
use of the recent Systemic Coronary Risk Estimation-2 
(SCORE2) algorithm, tailored to European popula-
tions.12 SCORE2 allows for estimating the sex-specific 
10-year risk of CVD for people 40 to 69 years of age 
based on established risk factors including age, smok-
ing, systolic blood pressure (SBP), total cholesterol, 
and HDL cholesterol.13 Yet, evidence on sex differ-
ences of socioeconomic position (SEP) in relation to 
CVD risk estimation using SCORE2 remains limited. In 
addition, little is known on whether sex differences and 
heterogeneity exist in the association of SEP across a 
spectrum of CVD and CVD risk factors in contempo-
rary German populations.

Understanding the burden of CVD in women and 
men, and whether there are currently differences in 
risk factor control, is essential for informing policymak-
ers and planning of health care delivery. Furthermore, 

CLINICAL PERSPECTIVE

What Is New?
•	 To our knowledge, no previous study has com-

prehensively investigated sex differences in car-
diovascular disease across the socioeconomic 
gradient in a contemporary German population.

•	 In women, we observed stronger inverse asso-
ciations between socioeconomic position and 
the likelihood of having several cardiovascular 
disease risk factors and a very high 10-year 
cardiovascular disease risk, suggesting that 
cardiovascular disease risk is more strongly in-
fluenced by socioeconomic position in women 
compared with men.

What Are the Clinical Implications?
•	 Our results support the need for tailored sex-

specific risk assessment strategies and inter-
ventions to reduce socioeconomic inequalities 
in estimated cardiovascular risk.

Nonstandard Abbreviations and Acronyms

NAKO	 German National Cohort
PCE	 pooled cohort equation
ROR	 ratio of odds ratios
SBP	 systolic blood pressure
SCORE2	 Systemic Coronary Risk Estimation-2
SEP	 socioeconomic position
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determining whether sex differences in CVD occur 
across the socioeconomic gradient has public health 
implications, because socioeconomic circumstances 
and their effects can be influenced by policies at vari-
ous levels.14 Using cross-sectional data from the larg-
est German cohort study, we aimed to investigate sex 
differences in the relationship of indicators of SEP with 
CVD, risk factors for CVD, and estimated CVD risk. 
We also examined to what extent differences in CVD 
risk factors across SEP and sex may account for dif-
ferences in the relationships of SEP with CVD risk be-
tween sexes.

METHODS
Data Access and Responsibility
Access to and use of NAKO data and biosamples can 
be obtained via an electronic application portal (https://​
trans​fer.​nako.​de/​trans​fer/​index​). The codes that sup-
port the findings of this study are available from the 
corresponding author upon reasonable request.

The German National Cohort [NAKO 
Gesundheitsstudie (NAKO)] is a large population-based, 
prospective, and ongoing cohort study designed to in-
vestigate risk factors, mechanistic pathways, markers 
of early detection, and risk prediction for a broad range 
of diseases.15 A detailed description of the study de-
sign can be found elsewhere.15 Briefly, from 2014 to 
2019, NAKO enrolled 205 415 adult participants 20 to 
69 years of age. Participants were randomly selected 
from population registries of 18 urban and rural regions 
across Germany. The design intended to recruit for 
both women and men 10% of participants in each 10-
year group between 20 and 39 years of age and 26.7% 
in each 10-year group between 40 and 69 years of age. 
The overall response was 17%. The baseline examina-
tion included standardized interviews, self-administered 
questionnaires, in-depth physical and medical exam-
inations with clinical biomarker measurements, and 
biosample collection. The study has been approved by 
the relevant ethics committees, and written informed 
consent was obtained from all participants.

Up to the time of the present analysis, 631 partic-
ipants withdrew their consent to be part of the study. 
Their data were deleted and therefore not part of the 
present analyses. Furthermore, 4 participants had 
missing information on sex. Information on sex as-
signed at birth was received from the population reg-
istries and documented by the study nurse during 
the examination. The sex variable received was bi-
nary (since the end of 2018, Germany legally allows 
the option of choosing diverse as a sex marker in civil 
status entries at the registry office). Thus, we received 
data from 204 780 study participants (103 324 women, 
101 456 men) for the baseline assessment.

SEP Definition
Educational attainment, assessed during the interview, was 
our primary indicator of SEP, combining information on for-
mal school and vocational training. Education was catego-
rized according to the International Standard Classification 
of Education-1997 (ISCED-97) as low (International 
Standard Classification of Education levels 1–2), medium 
(International Standard Classification of Education lev-
els 3–4), or high (International Standard Classification of 
Education levels 5–6).16 A total of 4280 study participants 
were still enrolled in school or vocational training and were 
not included in the main analysis. The average monthly 
net household income was gathered during the standard-
ized face-to-face interviews, using 24 income categories. 
Income relative to the median equivalent household in-
come (relative income) was calculated based on the net 
equivalent household income that considers the size of 
household and the net household income.17 Relative in-
come was categorized according to the European Union 
Statistics on Income and Living Conditions as <60% (at 
risk of poverty), 60% to 79%, 80% to 99%, 100% to 149%, 
and ≥150% (high-income groups).17

Definition of CVD and Cardiovascular Risk 
Factors
The categorization and measurements of prevalent 
diseases, smoking status, alcohol consumption, an-
tihypertensive medication intake, employment status, 
migration status,18 ethnicity, SBP and diastolic blood 
pressure,19 waist circumference, body fat,15 body mass 
index (BMI), triglycerides, total cholesterol, low-density 
lipoprotein cholesterol, HDL cholesterol, glycated 
hemoglobin, and high-sensitivity C-reactive protein are 
described in Table S1.

Estimated CVD Risk
In participants without previous CVD or diabetes, we 
estimated the sex-specific 10-year risk of fatal CVD 
(ie, deaths due to CHD, heart failure, stroke, sudden 
death) and nonfatal MI and stroke according to the 
SCORE2 algorithm, which is intended for individuals 
40 to 69 years of age.13 In this algorithm, Germany is 
considered a moderate-risk region. The variables in-
cluded in the algorithm were age (years), smoking (cur-
rent versus other), SBP (millimeters of mercury), total 
cholesterol (millimoles per liter), and HDL cholesterol 
(millimoles per litre).20 A total of 143 019 participants 
were considered for the analyses of the SCORE2 
(Figure S1). A very high 10-year CVD risk was defined 
as a predicted 10-year CVD risk ≥7.5% (40–49 years of 
age) or ≥10% (50–69 years of age). These cutoff val-
ues are based on recommendations for age-specific 
treatment thresholds given in the European Society of 
Cardiology guidelines.12
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In a supplementary analysis, we estimated the sex-
specific 10-year risk of atherosclerotic cardiovascular dis-
ease (nonfatal MI or CHD death, fatal or nonfatal stroke) in 
the CVD-free population using the pooled cohort equa-
tion (PCE).21 Similarly, we used the Reynolds Risk Score to 
estimate the sex-specific 10-year CVD risk (MI, ischemic 
stroke, coronary revascularization, and cardiovascular 
death).22,23 The PCE is used in individuals 40 to 79 years 
of age, whereas the Reynolds Risk Score is tailored to 
those >45 years of age. After applying all exclusion crite-
ria, 140 370 and 60 073 study participants were available 
for the PCE and the Reynolds Risk Score, respectively 
(Figures S2 and S3). A high CVD risk was defined as an 
estimated 10-year CVD risk of ≥10%.21–23

Statistical Analysis
Baseline characteristics of the 204 780 participants 
are given as percentages for categorical variables, 
mean±SD for approximately normally distributed con-
tinuous variables, and median with interquartile range 
for nonnormally distributed continuous variables. We 
calculated the percentage of missing data for our vari-
ables of interest (Table S2). Handling of missing data 
was addressed by performing 20 iterations of a multiple 
imputation using chained equations. For triglycerides, 
low-density lipoprotein cholesterol, and high-sensitivity 
C-reactive protein, complete-case analyses were used, 
because these biomarkers have not been measured in 
all study centers, and imputation was therefore con-
sidered inappropriate. We calculated the sex-specific 
frequencies of low moderate risk, high risk, and very 
high 10-year risk of CVD using the SCORE2 algorithm 
in 2 age groups (40–50 and 50–69 years of age),20 and 
reported estimates in the 2 age groups combined.

Sex Differences in CVD, CVD Risk 
Factors, and Estimated CVD Risk
Logistic and multinomial logistic regression models were 
used to estimate sex-specific odds ratios (ORs) with 
95% CIs for the association between SEP (exposure 
variables) and dichotomous (self-reported diseases, 
SBP/diastolic blood pressure ≥140/90 mm Hg, antihy-
pertensive medication intake, family history of MI, and 
a very high 10-year CVD risk) and categorical (smok-
ing, alcohol intake, BMI categories) outcomes, respec-
tively. Linear regression analysis was used to estimate 
β coefficients with 95% CIs for the association of SEP 
with blood pressure, anthropometric measurements, 
and blood biomarkers. Log transformation was re-
quired for BMI, glycated hemoglobin, triglycerides, and 
high-sensitivity C-reactive protein, and estimates were 
back-transformed and interpreted as the ratio of the ge-
ometric mean in the outcome in the lowest categories 
of SEP over the geometric mean of the outcome in high 
SEP groups. Reference categories were high education 

or high relative income. All of the main models, except 
those examining 10-year CVD risk as an outcome, were 
age adjusted. We further evaluated migration status as 
a potential confounding factor in the association be-
tween education and CVD and risk factors. Estimates 
were considered to be statistically significant if the false 
discovery rate corrected P value was ≤0.05. However, 
we only report the corresponding unadjusted 95% CI.

We estimated women-to-men ratios of ORs (RORs) 
with 95% CIs for CVD, CVD risk factors, and very high 
CVD risk depending on SEP, using formulas reported 
elsewhere.24 The interaction terms of SEP with sex 
were used to obtain the women-to-men RORs for 
each category of SEP. Briefly, the SE of the OR was 
calculated by first taking the natural logarithm of the 
OR and 95% CI by sex, then calculating the SE of the 
sex-specific natural logarithm ORs by taking the mean 
of the SE of the natural logarithm of the upper and 
lower 95% CIs, and finally calculating the sum of the 
sex-specific variances to derive the SE of the natural 
logarithm OR by taking the square root.

Our primary model for the association between 
SEP and a very high CVD risk included no covariates 
that were components of SCORE2 to avoid overad-
justments. In sensitivity analyses, however, we aimed 
to evaluate to what extent the association of education 
and income with very high CVD risk was influenced 
by other sociodemographic characteristics. We strati-
fied the models by migration status and employment. 
We further evaluated the inclusion of age, smoking, 
SBP, and antihypertensive treatment individually in the 
crude models to explore how the differences observed 
were related to variations in the distribution of these 
factors among SEP categories. The associations be-
tween SEP and a very high CVD risk were replicated 
using the PCE and the Reynolds Risk Score algorithms 
using the population criteria and cutoffs specified with 
a complete-case approach.

SAS Enterprise version 8.4 and R version 4.3.1 were 
used for statistical analyses.

RESULTS
The proportion of women was 50.5%, and the mean 
age at the baseline examination was 49±13 years in 
the overall population (Table  1). Participants enrolled 
in education or vocational training (50.5% women) 
had a median age of 23 years (interquartile range, 
22–25 years of age; age range, 19–70 years of age) and 
were excluded from further analyses.

Sex Differences in the Relationship of 
SEP With CVD and Risk Factors
Overall, both women and men presented an in-
verse gradient between educational attainment and 
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Table 1.  Baseline Characteristics of the German National Cohort Participants Baseline Assessment*

Characteristic Women Men

N (%) 103 324 (50.46) 101 456 (49.54)

Age, y, mean±SD† 49.80±12.73 49.91±12.76

Educational attainment, %‡

Enrolled in education/vocational training§ 2.24 2.25

Low 3.37 2.10

Medium 45.39 36.90

High 49.01 58.75

Monthly net equivalent income, euro, median (IQR)‡ 1833.33 (1375.00–2533.33) 2033.33 (1433.33–2833.33)

Income relative to the median of Germany, %‡

<60% 15.85 13.88

60%–79% 16.04 12.78

80%–99% 15.37 13.26

100%–149% 30.68 31.24

≥150% 22.06 28.84

Employment status, %†

Employed 75.29 78.14

Unemployed 2.67 3.73

Economically inactive 22.03 18.13

Immigration background, %† 17.16 17.09

Self-reported diseases, %†

Myocardial infarction 0.64 2.76

Angina pectoris 1.35 3.87

Heart failure 2.18 3.00

Arrythmias 9.48 8.82

Intermittent claudication 1.53 2.11

Hypertension 24.35 30.73

Diabetes 5.36 6.70

Hyperlipidemia 22.20 25.39

Stroke 1.21 1.90

BP, mm Hg†

SBP, mean±SD 124.07±16.89 132.20±15.29

DBP, mean±SD 77.26±9.80 80.71±9.92

SBP/DBP ≥140/90 mm Hg, % 20.19 32.02

Anthropometric measurements, mean±SD or median (IQR)

Waist circumference, cm|| 85.77±13.57 96.63±12.91

Body mass index, kg/m2† 24.9 (22.20–28.90) 26.60 (24.20–29.60)

Body fat, %‡ 36.39±7.89 25.67±7.16

BMI categories, %†

Underweight 1.69 0.45

Normal weight 48.76 32.03

Overweight 28.97 44.86

Obesity 20.59 22.66

Smoking status, %||

Current 18.87 22.13

Former 30.44 36.18

Never 50.69 41.68

Alcohol consumption, %||

Current (AUDIT-C score >3 in women, >4 in men) 31.63 39.32

 (Continued)
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prevalent diseases and cardiovascular risk factors, 
with higher point estimates seen in lower versus higher 
educated women (Figure 1 and Table S3). Low versus 
high educational attainment was more strongly asso-
ciated with MI, hypertension, blood pressure values 
≥140/90 mm Hg, antihypertensive therapy, overweight, 
obesity, and current alcohol consumption in women 
compared with men (Figure 2 and Table S3). For ex-
ample, compared with high education, women with 
low education had >4 times the odds of obesity (OR, 
4.48 [95% CI, 4.11–4.89]) when compared with normal 
weight, almost twice the OR as observed in men (2.41 
[95% CI, 2.15–2.70]; ROR, 1.86 [95% CI, 1.61–2.15]) 
(Figure  2). Conversely, women, compared with men 
were less likely to be current and former smokers than 
never smokers in the low educational category versus 
the high category. Adjusting for migration status did 
not change the point estimates of the sex-specific as-
sociations considerably (Table S4).

Women with low versus high education had higher 
SBP and anthropometric measurements. In men, these 
differences between low versus high education were 
less pronounced (Table 2). An excess in the difference 
between low versus high education was observed to 
the detriment of women (as compared with men) for 

SBP, waist circumference, BMI, body fat, and low-
density lipoprotein cholesterol, with the highest differ-
ences in SBP (βwomen–βmen, 3.04 mm Hg [95% CI, 
2.21–3.88]) and waist circumference (βwomen–βmen, 
3.66 cm [95% CI, 2.96–4.35]). Women with low versus 
high education were associated with slightly lower val-
ues for HDL cholesterol and glycated hemoglobin than 
the equivalent for men. Evidence of sex differences for 
low education associated with biomarkers remained 
after exclusion of study centers with solely decen-
tralized laboratory measurements (data not shown). 
Correction for multiple comparison did not change our 
interpretation of the observed sex differences for low 
versus high educational level (Table S5). However, for 
intermittent claudication, sex differences in middle ver-
sus high education did not meet the threshold estab-
lished for multiple testing.

Analyses using relative income as exposure yielded 
largely similar findings as those analyses using educa-
tion as the exposure, with a few exceptions (Table S6, 
Figure S4). For relative income, a higher magnitude of 
excess likelihood in women was observed for angina 
pectoris. For risky alcohol consumption, no sex differ-
ences were observed for the lowest relative income 
category (Figure 2).

Characteristic Women Men

Current (AUDIT-C score ≤3 in women, ≤4 in men) 58.82 53.00

Former 3.99 4.53

Never 5.56 3.15

Medication intake, %||,¶

Antihypertensive therapy# 21.82 26.61

β-Blockers 10.69 11.74

Biomarkers, mean±SD or median (IQR)

Total cholesterol, mmol/L|| 5.41±1.08 5.24±1.07

LDL cholesterol, mmol/L‡,** 3.26±0.92 3.33±0.90

HDL cholesterol, mmol/L|| 1.73±0.43 1.35±0.35

Triglycerides, mmol/L††,‡‡ 1.22 (0.89–1.74) 1.61 (1.11–2.40)

Glycated hemoglobin, mmol/mol|| 35.00 (33.00–38.00) 36.00 (33.00–39.00)

High-sensitivity C-reactive protein, mg/L‡‡,§§ 1.09 (0.53–2.64) 0.96 (0.51–2.06)

Family history of MI, %‡‡

<60 y 9.12 8.44

AUDIT-C, Alcohol Use Disorders Identification Test-C; BMI indicates body mass index; BP, blood pressure; DBP, diastolic blood pressure; HDL, high-density 
lipoprotein; IQR, interquartile range; LDL, low-density lipoprotein; MI, myocardial infarction; and SBP, systolic blood pressure.

*A detailed description of missing data is presented in Table S2.
†<1% is missing.
‡5%–10% are missing.
§There were 4261 and 19 participants enrolled in vocational training and full-time school, respectively.
||1%–5% are missing.
¶According to the Anatomical Therapeutic Chemical (ATC) classification codes.
#ATC codes C02, C03, and C07 to C09.
**LDL cholesterol is missing in 1 study center.
††Triglycerides are missing in 2 study centers.
‡‡≥10% are missing.
§§High-sensitivity C-reactive protein is missing in 5 study centers.

Table 1.  Continued
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Sex Differences in the Relationship of 
SEP With Estimated CVD Risk

Table  3 shows the distribution of selected CVD risk 
factors across SEP categories in study participants 
eligible for the calculation of the SCORE2 algorithm 
(n=143 019). Participants were on average 53 years 
of age, and in general, detrimental cardiovascular 

risk factors were more likely in those with low SEP. A 
similar distribution of CVD risk factors was seen in the 
nonimputed data (Table S7). In the subgroup of par-
ticipants eligible for the SCORE2, sex differences in 
self-reported CVD and related risk factors in relation 
to educational attainment mirrored those observed for 
the whole NAKO population, except for hyperlipidemia 
and diastolic blood pressure, which presented sex 

Figure 1.  Associations between educational attainment and CVD or CVD risk factors in the NAKO study baseline assessment 
in women and men (n=200 279, 50.5% women, 49.5% men).
Presented are age-adjusted ORs with 95% CIs for low and middle education (reference is high education) from logistic or multinomial 
regression models. Analysis is based on the entire population at baseline. Reference categories in the multinomial logistic regression 
models are for BMI categories (normal weight), smoking status (never), and alcohol consumption (never). 95% CI for low vs high 
education in risky alcohol consumption is not visible due to sample size. BMI indicates body mass index; CVD, cardiovascular disease; 
NAKO, German National Cohort; and OR, odds ratio.
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differences (Tables S8 and S9). Additionally, sex differ-
ences were no longer evident for underweight.

The proportion of a very high predicted 10-year risk 
for CVD was lower in women than men: 0.07% ver-
sus 4.22% (age group 40–49 years) and 2.68% versus 

23.00% (age group 50–69 years) (Figure S5). In women 
and men, there was a graded inverse relationship be-
tween educational attainment and a very high 10-year 
CVD risk (Figure  3), but this inverse relationship was 
stronger in women compared with men. The OR for 

Figure 2.  Women-to-men ratio of ORs with 95% CIs for CVD or CVD risk factors in the NAKO-baseline assessment according 
to educational attainment and relative income.
A, Educational attainment (reference is high education). B, Relative income (reference is relative income >150%). Analysis is based 
on the entire population at baseline. Reference categories in the multinomial logistic regression models are BMI categories (normal 
weight), smoking status (never), and alcohol consumption (never). Study participants are low education (n=3993 women, n=2462 
men), middle education (n=46 777 women, n=37 470 men), and high education (n=50 302 women, n=59 275 men). Study participants 
are household income <60% (n=15 087 women, n=12 999 men), 60% to 79% (n=16 315 women, n=12 687 men), 80% to 99% (n=15 686 
women, n=13 267 men), 100% to 149% (n=31 375 women, n=31 321 men), and >150% (n=22 609 women, n=28 934 men). Numbers 
correspond to the average estimates across all of the imputations. BP indicates blood pressure; CVD, cardiovascular disease; MI, 
myocardial infarction; NAKO, German National Cohort; and OR, odds ratio.
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a very high risk for the lowest versus highest level of 
educational attainment was 3.61 (95% CI, 2.88–4.53) 
in women and 1.72 (95% CI, 1.51–1.96) in men, with 
a women-to-men ROR of 2.33 (95% CI, 1.78–3.05) 
(Figure  4). The OR for a very high 10-year CVD risk 
for medium versus highest level of educational attain-
ment was also higher in women, with a women-to-
men ROR of 1.35 (95% CI, 1.18–1.55). Similar findings 
were observed for the association of relative income 
and very high SCORE2. The chance of having a very 
high 10-year CVD risk was twice as high in individuals 
with low compared with those in the highest relative 
income group, with women-to-men ROR of 1.31 (95% 
CI, 1.05–1.63). Larger sex differences were observed in 

the relative income categories 60% to 79% and 80% to 
99% compared with high income.

In sensitivity analysis stratifying for migration sta-
tus, we observed a consistent inverse-graded rela-
tionship between SEP and a very high 10-year risk 
of CVD (Table  S10). However, in the migrant group, 
the women-to-men difference in the middle versus 
high education categories was no longer apparent. 
Likewise, in the unemployed group, the excess likeli-
hood for a very high 10-year risk of CVD in women 
for the lowest versus highest educational level was not 
statistically significant. No sex differences in CVD risk 
were observed for the lowest versus highest income 
category, except for the economically inactive group.

Table 2.  Associations Between Education and Several Cardiovascular Risk Factors in the German National Cohort Study 
Baseline Assessment*

Cardiovascular risk 
factor

Women, N=101 071 Men, N=99 208
Women-to-men differences 
(95% CI)

Low 
education β 
(95% CI)

Middle 
education β 
(95% CI)

High 
education

Low education 
β (95% CI)

Middle 
education β 
(95% CI)

High 
education

Low education 
βwomen–βmen 
(95% CI)

Middle 
education 
βwomen–βmen 
(95% CI)

BP, mm Hg

Systolic BP 2.50 (1.98 to 
3.02)

1.93 (1.73 to 
2.13)

Reference −0.54 (−1.19 to 
0.10)

1.33 (1.13 to 
1.52)

Reference 3.04 (2.21 to 
3.88)

0.60 (0.32 to 
0.88)

Diastolic BP 0.69 (0.37 to 
1.02)

0.97 (0.84 to 
1.09)

Reference 0.19 (−0.22 to 
0.59)

0.84 (0.71 to 
0.97)

Reference 0.51 (−0.01 to 
1.02)

0.12 (−0.05 to 
0.30)

Anthropometric measurements

Waist circumference, 
cm

7.37 (6.93 to 
7.81)

3.06 (2.89 to 
3.23)

Reference 3.72 (3.18 to 
4.24)

2.90 (2.74 to 
3.06)

Reference 3.66 (2.96 to 
4.35)

0.16 (−0.07 to 
0.39)

Body mass index, 
kg/m2‡

1.13 (1.11 to 
1.13)

1.05 (1.05 to 
1.05)

Reference 1.05 (1.04 to 
1.05)

1.04 (1.03 to 
1.04)

Reference 0.07 (0.06 to 
0.08)

0.01 (0.01 to 
0.02)

Body fat, % 4.37 (4.14 to 
4.62)

1.97 (1.88 to 
2.06)

Reference 2.49 (2.20 to 
2.76)

1.39 (1.29 to 
1.48)

Reference 1.89 (1.51 to 
2.26)

0.59 (0.46 to 
0.71)

Biomarkers

Total cholesterol, 
mmol/L

−0.05 (−0.08 to 
0.01)

0.02 (0.01 to 
0.03)

Reference −0.08 (−0.12 to 
−0.03)

0.04 (0.02 to 
0.05)

Reference 0.03 (−0.03 to 
0.08)

−0.02 (−0.04 to 
0.002)

LDL cholesterol, 
mmol/L†

0.05 (0.01 to 
0.08)

0.04 (0.03 to 
0.05)

Reference −0.02 (0.05 to 
0.03)

0.03 (0.02 to 
0.05)

Reference 0.06 (0.01 to 
0.11)

0.01 (−0.01 to 
0.02)

HDL cholesterol, 
mmol/L

−0.19 (−0.20 to 
−0.17)

−0.05 (−0.05 
to −0.04)

Reference −0.13 (−0.15 to 
−0.12)

−0.04 (−0.04 to 
−0.03)

Reference −0.05 (−0.07 to 
−0.03)

−0.01 (−0.02 to 
−0.005)

HbA1c, mmol/mol‡ 1.08 (1.07 to 
1.08)

1.02 (1.01 to 
1.02)

Reference 1.09 (1.08 to 
1.10)

1.02 (1.02 to 
1.02)

Reference −0.01 (−0.02 to 
−0.007)

−0.01 (−0.01 to 
0.009)

Triglycerides, 
mmol/L‡,§

1.16 (1.15 to 
1.19)

1.05 (1.05 to 
1.06)

Reference 1.14 (1.11 to 1.17) 1.07 (1.06 to 
1.07)

Reference 0.03 (−0.004 to 
0.06)

−0.01 (−0.02 to 
0.001)

hs-CRP, mg/L‡,|| 1.67 (1.59 to 
1.75)

1.26 (1.24 to 
1.28)

Reference 1.60 (1.52 to 
1.69)

1.25 (1.23 to 
1.27)

Reference 0.04 (−0.03 to 
0.12)

0.01 (−0.02 to 
0.03)

Presented are age-adjusted sex-specific ß coefficients with 95% CIs from linear regression models and women-to-men slope differences. BP indicates blood 
pressure; HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; hs-CRP, high-sensitivity C-reactive protein; and LDL, low-density lipoprotein.

*Analysis is based on the entire population at baseline. β estimates represent arithmetic differences in low and medium educational levels vs high, except 
for body mass index, HbA1c, triglycerides, and hs-CRP, in which estimates are interpreted as the ratio of the geometric mean of the outcome in low or middle 
education over the geometric mean of the outcome in high education.

†Data are from 159 512 study participants.
‡Analyzed at the log scale; estimates were back transformed.
§Data are from 172 766 study participants.
||Data are from 122 468 study participants.
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Sex Differences in Attenuations of 
Relationships Between SEP and 
Estimated CVD Risk by Adjustment for 
Risk Factors
We next adjusted the relationship between SEP and 
estimated risk CVD risk for age, smoking, HDL choles-
terol, SBP, and antihypertensive treatment individually 
to quantify to what extent these risk factors statistically 
explain these relationships. In women, we observed 
an attenuation of the point estimates for the associa-
tion of indicators of SEP and very high 10-year risk of 
CVD after age adjustment, whereas in men, there was 
a stronger magnitude of the association for education 
and very high 10-year CVD risk (Table  4). Therefore, 
sex differences were no longer present. In men, the 
association between education and very high 10-year 
CVD risk was no longer statistically significant when 
adding smoking into the model. Furthermore, adjust-
ments for antihypertensive treatment did not remove 
the sex differences. The 95% CI for the excess risk in 
women with relative income <60% versus ≥150% com-
pared with men overlapped one in all adjusted models.

Use of Alternative Risk Scores
The distribution of risk factors in the populations when 
applying both the PCE and Reynolds Risk Score algo-
rithms was similar to the one observed for the SCORE2 
algorithm (Tables  S11 through S15). Consistent with 
SCORE2 findings, in women and men there was an 
inverse relationship between education and high CVD 
risk (Table S16), albeit the association was not statisti-
cally significant in men using the Reynolds Risk Score. 
As for relative income, a similar inverse-graded asso-
ciation with high 10-year risk of CVD was observed, 
with higher point estimates in women. Age inclusion in 
the models yielded higher point estimates in men and 
attenuated the point estimates in women.

DISCUSSION
In this large population-based study, we found that 
in women compared with men, low SEP was more 
strongly associated with prevalent MI and hyperten-
sion, obesity, overweight, elevated blood pressure val-
ues, antihypertensive medication, and current alcohol 
consumption, but less strongly related to smoking (cur-
rent and former). Furthermore, despite having a lower 
absolute CVD risk than men, women 40 to 69 years 
of age with low versus high SEP had higher odds of a 
very high 10-year risk of first onset CVD than respec-
tive men. Our data suggest that although women and 
men share many of the traditional cardiovascular risk 
factors, the influence of low SEP on the risk of CVD Ta
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over 10 years may differ between the sexes, to the det-
riment of women.

The present findings are in line with some studies 
that reported sex differences in the educational pattern-
ing of CVD-related outcomes.10,25 Similarly, a German 
population-based study found that women with high 
versus low SEP (assessed using a multidimensional 
index) had 73% reduced odds of a high 10-year CVD 

mortality risk, an association not observed in men.26 
Although evidence exists on causal associations be-
tween low education and CHD,27 the underlying mech-
anisms for the excess likelihood in women observed in 
our study are unclear. A possible explanation for sex 
differences in SEP gradient and estimated 10-year CVD 
risk could be the more pronounced social gradient for 
hypertension, obesity, and HDL cholesterol in women 

Figure 3.  Sex-specific OR with 95% CIs for a very high 10-year risk of CVD in the NAKO-baseline assessment according to 
educational attainment and relative income.
A, Educational attainment. B, Relative income. Analysis is based on the population 40 to 69 years of age. Groups 40 to 49 and 50 to 
59 years of age were merged. CVD indicates cardiovascular disease; NAKO, German National Cohort; and OR, odds ratio.
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than in men. However, the stronger OR in women 
compared with men was attenuated but persisted after 
adjusting the association between education and very 
high 10-year CVD risk for blood pressure, HDL cho-
lesterol, or antihypertensive treatment, suggesting that 

these factors do not fully explain the sex differences. 
Alternatively, age is the strongest predictor of CVD risk 
models,28 and in the study sample considered for the 
SCORE2, older women were more likely to belong to 
the lower educational group, whereas in men, lower 

Figure 4.  Women-to-men ratio of ORs with 95% CIs for very high 10-year risk of CVD in the NAKO-baseline assessment 
according to educational attainment and relative income.
A, Educational attainment. B, Relative income. Analysis is based on the population 40 to 69 years of age. CVD indicates cardiovascular 
disease; NAKO, German National Cohort; OR, odds ratio; and ROR, ratio of ORs.
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education was related to a slightly younger age. When 
age was included into the model examining the associ-
ation between SEP and very high-10-year CVD risk, the 
social gradient remained, yet the magnitude of point 
estimates increased in men, decreased in women, and 
the excess likelihood associated with low education 
in women vanished. Furthermore, smoking-adjusted 
models did not remove the excess likelihood in women 
in low education, but the association of education and 
high SCORE2 was no longer significant in men. In con-
trast, there was no evidence of sex difference in the as-
sociation between relative income <60% (versus high) 
and a very high 10-year CVD risk after adjustments. 
Taken together, our results suggest sex-specific rela-
tions of risk factors on CVD risk scores across SEP 
and highlight variations in sex differences across differ-
ent SEP indicators. Nevertheless, one may argue that 
the prediction algorithms include age, SBP, smoking, 
HDL cholesterol, and age interactions with these car-
diovascular risk factors.

Speculatively, other potential explanations for 
the observed sex differences in high predicted CVD 
risk associated with low versus high SEP to the dis-
advantage of women may involve variations in risk 
factor management and treatment compliance. We 
observed a richer constellation of detrimental cardio-
vascular risk factors among women with low SEP. 
Women are less likely than men to receive guideline-
recommended preventive therapies, and research has 
suggested that German women at increased CVD risk 
may also be less aware of their risk.29,30 In this con-
text, consideration could be given to tailoring sex dif-
ferences in health literacy among individuals with low 
SEP,31 given that CVD awareness campaigns have 

Table 4.  Sex Differences in Attenuations of Relationships 
Between Socioeconomic Position and Estimated 
Cardiovascular Disease Risk by Adjustment for Risk 
Factors*

SEP
Women, OR 
(95% CI)

Men, OR (95% 
CI)

Women to men, 
ROR (95% CI)

Age adjusted

N 73 903 69 116

Educational attainment

Low 2.48 (1.96–3.15) 2.25 (1.89–2.69) 1.10 (0.82–1.48)

Medium 1.45 (1.27–1.66) 1.53 (1.45–1.61) 0.95 (0.82–1.09)

High Reference Reference Reference

Relative income

<60% 2.05 (1.66–2.57) 2.17 (2.00–2.35) 0.94 (0.87–1.17)

60%–79% 1.70 (1.38–2.10) 1.69 (1.56; 1.83) 1.04 (0.90–1.19)

80%–99% 1.65 (1.34–2.05) 1.64 (1.51–1.78) 1.03 (0.90–1.19)

100%–149% 1.38 (1.13–1.69) 1.33 (1.24–1.41) 1.10 (0.98–1.23)

≥150% Reference Reference Reference

Smoking-adjusted

Educational attainment

Low 2.21 (1.75–2.79) 1.02 (0.88–1.17) 2.17 (1.65–2.85)

Medium 1.37 (1.20–1.56) 1.04 (0.99–1.09) 1.32 (1.15–1.51)

High Reference Reference Reference

Relative income

<60% 1.93 (1.56–2.39) 1.65 (1.54–1.78) 1.17 (0.93–1.47)

60%–79% 2.37 (1.93–2.91) 1.67 (1.55–1.79) 1.42 (1.14–1.76)

80%–99% 1.70 (1.38–2.10) 1.18 (1.10–1.27) 1.44 (1.15–1.80)

100%–149% 1.35 (1.11–1.65) 1.18 (1.11–1.25) 1.14 (0.93–1.41)

≥150% Reference Reference Reference

SBP adjusted

Educational attainment

Low 2.77 (2.13–3.61) 1.79 (1.52–2.10) 1.55 (1.14–2.11)

Medium 1.50 (1.30–1.73) 1.21 (1.16–1.27) 1.24 (1.07–1.44)

High Reference Reference Reference

Relative income

<60% 2.50 (1.98–3.16) 2.31 (2.13–2.50) 1.08 (0.85–1.39)

60%–79% 2.33 (1.87–2.91) 1.90 (1.76–2.05) 1.23 (0.97–1.55)

80%–99% 1.85 (1.48–2.32) 1.32 (1.22–1.43) 1.40 (1.10–1.78)

100%–149% 1.42 (1.15–1.76) 1.24 (1.17–1.32) 1.15 (0.92–1.43)

≥150% Reference Reference Reference

HDL adjusted

Educational attainment

Low 2.80 (2.22–3.54) 1.32 (1.14–1.53) 2.13 (1.61–2.82)

Medium 1.62 (1.42–1.84) 1.22 (1.17–1.28) 1.32 (1.15–1.51)

High Reference Reference Reference

Relative income

<60% 2.29 (1.85–2.83) 2.02 (1.88; 2.16) 1.13 (0.91–1.42)

60%–79% 2.48 (2.02–3.04) 1.82 (1.69–1.95) 1.37 (1.10–1.69)

80%–99% 1.82 (1.48–2.25) 1.28 (1.19–1.37) 1.43 (1.14–1.78)

100%–149% 1.39 (1.14–1.69) 1.21 (1.14–1.28) 1.15 (0.94–1.41)

≥150% Reference Reference Reference

 (Continued)

SEP
Women, OR 
(95% CI)

Men, OR (95% 
CI)

Women to men, 
ROR (95% CI)

Antihypertensive medication adjusted

Educational attainment

Low 3.02 (2.40–3.80) 1.56 (1.35–1.81) 1.93 (1.46–2.55)

Medium 1.57 (1.38–1.79) 1.22 (1.17–1.28) 1.28 (1.12–1.47)

High Reference Reference Reference

Relative income

<60% 2.40 (1.95–2.97) 2.09 (1.95–2.24) 1.15 (0.92–1.43)

60%–79% 2.41 (1.97–2.96) 1.78 (1.66–1.91) 1.36 (1.10–1.68)

80%–99% 1.85 (1.50–2.29) 1.31 (1.22–1.40) 1.42 (1.14–1.77)

100%–149% 1.40 (1.15–1.70) 1.20 (1.14–1.27) 1.16 (0.95–1.42)

≥150% Reference Reference Reference

Presented are sex-specific adjusted ORs and women-to-men RORs with 
95% CIs for very high 10-y risk of cardiovascular disease in the German 
National Cohort study population eligible for the Systemic Coronary Risk 
Estimation-2 risk algorithm. HDL indicates high-density lipoprotein; OR, 
odds ratio; ROR, ratio of ORs; SEP, socioeconomic position; and SBP, 
systolic blood pressure.

*Analysis is based on the population 40 to 69 y of age.

Table 4.  Continued
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historically prioritized men. Marital status,32 diet,33 and 
environmental exposures34 may also differ across SEP, 
and may play a role in the observed associations for 
high CVD risk. Of note, adjustment for BMI did not re-
move the sex differences for high CVD risk (data not 
shown). In addition, socially disadvantaged people 
are commonly exposed to proinflammatory environ-
ments, such as psychosocial stress (financial instabil-
ity, poor housing quality), insufficient or lack of access 
to health care providers, lack of safe environments to 
promote healthy behaviors (physical activity), and ad-
verse health behaviors (smoking, poor nutrition).35,36 
Socioeconomic disadvantage has been proposed 
as an upstream determinant of increased low-grade 
chronic inflammation through different mechanistic 
pathways.37–39 Specifically, lower SEP was linked to 
increased amygdalar activity and predicted major ad-
verse cardiac events through increased sympathetic 
nervous system output with higher amygdalar activ-
ity, bone marrow activity, and arterial inflammation.39 
Interestingly, allostatic load (stress hormones and re-
sponse of cardiometabolic and inflammation systems 
to stress) has been shown as a mediator of the asso-
ciation between educational status and incidence of 
CHD, with the highest proportion mediated observed 
among women.40

The magnitude of the women-to-men differences 
for estimated CVD risk was larger in low education than 
low relative income categories. Education captures an 
individual’s knowledge-related resources,9 whereas 
relative income encompasses household income 
comparisons within a society. In contrast to income, 
which can fluctuate over time, education is typically 
acquired early in life and remains stable into adult-
hood. Therefore, educational attainment may reflect 
risks factors acquired earlier in life.41 SEP, however, is 
a complex multidimensional construct, and by using 
single indicators in our study, we might have underes-
timated its full effect on CVD.14 We have thus consid-
ered in sensitivity analyses another indicator of SEP, 
which yielded consistent results for the association 
between education and a very high 10-year CVD risk. 
There was an exception for the unemployment group, 
which has been shown to have an independent effect 
on cardiovascular health.42 Of note, sex differences in 
cardiometabolic risk factors have been documented in 
individuals with and without migration background in a 
German population-based study, with migrant women 
having higher BMI and glycated hemoglobin compared 
with men.43 In an attempt to consider other indicators 
of SEP not included in the SCORE2 algorithm (ie, fam-
ily history of MI, ethnicity, treated SBP, high-sensitivity 
C-reactive protein), we replicated our analyses using 
other algorithms. Our findings for the graded relation-
ship between SEP and high 10-year CVD risk were 
consistent with the results from SCORE2, with higher 

point estimates in women and with an excess likeli-
hood observed in women compared with men.

Men had a higher likelihood of very high 10-year CVD 
risk than women. Thus, if women with the highest SEP 
indicator were chosen as the reference group, men in 
the lowest group of SEP were more likely to be in the 
very high 10-year CVD risk group than women in the 
lowest SEP indicator group (Figure S6). Nevertheless, 
the CVD risk in women might be underestimated, be-
cause risk-scores applied in this study relate to 10-year 
rather than lifetime risk and might not be the most rel-
evant time window for events in women.2

With >200 000 participants and a wide range of 
health indicators, the NAKO constitutes the largest 
epidemiological study conducted in Germany to date. 
Yet, our study has limitations. First, prevalent diseases 
are self-reported, and it is uncertain whether the un-
derreporting of the diseases we evaluated varies be-
tween sexes. Second, the presence of unknown/
unmeasured confounders or mediators (eg, autoim-
mune inflammatory diseases more frequent in women, 
environmental factors) cannot be excluded. Third, be-
cause non-European risk scores have been shown to 
overestimate the actual CVD risk in the German pop-
ulation,44 our findings using other algorithms should 
be interpreted with caution. We acknowledge that 
inclusion of ethnicity/social constructs in risk scores 
has been controversially debated, and its application 
in NAKO is challenging. However, we did not aim at 
risk model comparisons but to explore if our associa-
tions were consistent across different risk calculators. 
Fourth, exclusion of participants enrolled in education 
(0.05% of women and 0.09% of men 40–69 years of 
age were identified as having a very high CVD risk) is 
unlikely to alter our findings. Fifth, our cross-sectional 
analyses preclude us from examining temporal rela-
tionships. Sixth, we cannot rule out the possibility that 
men living in socioeconomic disadvantage with an 
unfavorable CVD profile may have died prematurely, 
potentially leading to their underrepresentation in our 
analysis. Nonetheless, we observed a higher unfavor-
able cardiovascular profile (smoking status, low HDL 
cholesterol) among men in low SEP compared with 
those in high SEP, even when age was adjusted for. 
Seventh, participants of cohort studies tend to be 
more health conscious and may be less likely to have 
cardiovascular risk factors and less likely to belong to 
lower indicators of SEP compared with nonparticipants 
or to the general population.45 Although this may limit 
the generalizability of the estimated absolute risks, our 
primary focus was the relative comparison in risk fac-
tors and estimated disease risk between the sexes and 
the relation to social gradient, and men and women 
were recruited equally within age strata in the NAKO. 
Therefore, it is unlikely that our primary results are influ-
enced by a healthy-volunteer bias.
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In conclusion, compared with those with high SEP, 
women with low SEP were more likely to have a detri-
mental cardiovascular risk profile than equivalent men. 
Although women had a substantially lower estimated 10-
year CVD risk compared with men, the likelihood of hav-
ing a very high CVD risk associated with low versus high 
SEP was stronger in women than in men. Taken together, 
our findings suggest that CVD risk is more strongly in-
fluenced by SEP in women compared with men, which 
highlights the importance of social disparities on cardio-
vascular health and CVD prediction. Because women 
might be especially affected by the limitation of current 
risk prediction tools, initiatives to evaluate the inclusion 
of SEP, such as educational attainment, in the SCORE2 
algorithm are urgently needed. From a public health 
perspective, our results underscore the importance of 
sex differences in the socioeconomic gradient along the 
CVD spectrum and may inform CVD preventive strate-
gies and strengthen the implementation of individualized 
CVD risk-based prevention efforts, ultimately improving 
cardiovascular health at the population level.

ARTICLE INFORMATION
Received September 18, 2024; accepted December 19, 2024.

Affiliations
Max-Delbrück-Center for Molecular Medicine in the Helmholtz Association 
(MDC), Molecular Epidemiology Research Group, Berlin, Germany (I.M.V., T.P.); 
The George Institute for Global Health, School of Public Health, Imperial College 
London, UK (S.A.P.); Julius Centre for Health Sciences and Primary Care, 
University Medical Centre Utrecht, the Netherlands (S.A.P.); Institute of Medical 
Sociology, Centre for Health and Society, Medical Faculty and University 
Hospital, Heinrich Heine University Düsseldorf, Germany (N.D.); German Cancer 
Research Center in the Helmholtz Association DKFZ, Heidelberg, Germany 
(K.H.G.); Department of Internal Medicine, University Medicine Greifswald, 
Germany (M.D.); German Center of Cardiovascular Research (DZHK), Partner 
Site Greifswald, Germany (M.D., A.H., M.N.); Department of Epidemiology 
and Preventive Medicine, University of Regensburg, Germany (B.F., M.L., 
M.J.S.); Institute of Epidemiology and Social Medicine, University of Münster, 
Germany (K.B., H.M., A.K.); Institute of Clinical Chemistry and Laboratory 
Medicine, University Medicine Greifswald, Germany (A.H., M.N.); Department 
of Cardiology, University Heart & Vascular Center Hamburg, University Medical 
Center Hamburg-Eppendorf, Hamburg, Germany (R.B.S.); German Centre 
for Cardiovascular Research (DZHK), Partner Site Hamburg/Kiel/Luebeck, 
Hamburg, Germany (R.B.S.); Institute of Epidemiology, Helmholtz Zentrum 
München - German Research Center for Environmental Health, Neuherberg, 
Germany (S.G., S.R., A.P.); Department of Diagnostic and Interventional 
Radiology, University Medical Center Freiburg, Faculty of Medicine, University 
of Freiburg, Germany (S.R.); Institute of Social Medicine, Epidemiology and 
Health Economics, Charité - Universitätsmedizin Berlin, Germany (S.N.W., L.K.); 
Department of Molecular Epidemiology, German Institute of Human Nutrition 
Potsdam Rehbruecke, Nuthetal, Germany (M.B.S.); Institute of Nutritional 
Science, University of Potsdam, Nuthetal, Germany (M.B.S.); Leibniz Institute for 
Prevention Research and Epidemiology-BIPS, Bremen, Germany (K.G., T.B.); 
Department of Epidemiology, IUF-Leibniz Research Institute for Environmental 
Medicine, Düsseldorf, Germany (T.S.); Institute for Medical Informatics, 
Biometry and Epidemiology, Essen University Hospital, Essen, Germany (C.E., 
B.S.); Institute for Prevention and Cancer Epidemiology, Faculty of Medicine and 
Medical Center, University of Freiburg, Germany (K.B.M.); Institute for Medical 
Epidemiology, Biometrics, and Informatics, Interdisciplinary Center for Health 
Sciences, Medical Faculty of the Martin-Luther University Halle-Wittenberg, 
Halle, Germany (R.M., A.K.); Institute for Occupational and Maritime Medicine 
Hamburg (ZfAM), University Medical Centre Hamburg-Eppendorf (UKE), 
Hamburg, Germany (V.H., N.O.); Department for Epidemiology, Helmholtz 
Centre for Infection Research, Braunschweig, Germany (S.C., C.J.K.); Institute 

of Epidemiology, University of Kiel, Germany (W.L.); Institute of Global Health, 
University Hospital Heidelberg, Germany (H.B., V.W.); Institute for Community 
Medicine, University Medicine Greifswald, Germany (C.M.); NAKO e.V., 
Heidelberg, Germany (B.B.); Division of Clinical Epidemiology and Aging 
Research, German Cancer Research Center, Heidelberg, Germany (B.S., 
K.T.); Chair of Epidemiology, Institute for Medical Information Processing, 
Biometry and Epidemiology, Medical Faculty, Ludwig-Maximilians-Universität 
München, Munich, Germany (A.P.); German Center for Cardiovascular 
Research (DZHK), Partner Site Munich, Germany (A.P.); Max-Delbrück-
Center for Molecular Medicine in the Helmholtz Association (MDC), Biobank 
Technology Platform, Berlin, Germany (T.P.); Berlin Institute of Health (BIH) at 
Charité-Universitätsmedizin Berlin, Core Facility Biobank Berlin, Germany (T.P.); 
Charité-Universitätsmedizin Berlin, Corporate Member of Freie Universität Berlin 
and Humboldt-Universität zu Berlin, Germany (T.P.); and German Center for 
Cardiovascular Research (DZHK), Partner Site Berlin, Germany (T.P.).

Acknowledgments
The authors thank all participants who took part in the NAKO study and the 
staff in this research program.

Sources of Funding
This project was conducted with data (application number NAKO-487) from 
the NAKO (www.​nako.​de). The NAKO is funded by the Federal Ministry of 
Education and Research (project funding reference numbers: 01ER1301A/
B/C and 01ER1511D), federal states, and the Helmholtz Association, with 
additional financial support by the participating universities and the institutes 
of the Leibniz Association. S.A.E.P. is supported by a VIDI Fellowship from 
the Dutch Organization for Health Research and Development (ZonMw) 
(09150172010050).

Disclosures
R.B.S. has received lecture fees and advisory board fees from Bristol Myers 
Squibb/Pfizer and Bayer outside this work. The remaining authors have no 
disclosures to report.

Supplemental Material
Tables S1–S16
Figures S1–S6

REFERENCES
	 1.	 DeFilippis EM, van Spall HGC. Is it time for sex-specific guidelines 

for cardiovascular disease? J Am Coll Cardiol. 2021;78:189–192. doi: 
10.1016/j.jacc.2021.05.012

	 2.	 Roeters van Lennep JE, Tokgozoglu LS, Badimon L, Dumanski SM, 
Gulati M, Hess CN, Holven KB, Kavousi M, Kayikcioglu M, Lutgens 
E, et al. Women, lipids, and atherosclerotic cardiovascular disease: a 
call to action from the European Atherosclerosis Society. Eur Heart J. 
2023;44:4157–4173. doi: 10.1093/eurheartj/ehad472

	 3.	 Dey S, Flather MD, Devlin G, Brieger D, Gurfinkel EP, Steg PG, 
Fitzgerald G, Jackson EA, Eagle KA, Global Registry of Acute Coronary 
Events. Sex-related differences in the presentation, treatment and 
outcomes among patients with acute coronary syndromes: the global 
registry of acute coronary events. Heart. 2009;95:20–26. doi: 10.1136/
hrt.2007.138537

	 4.	 Seegers LM, DeFaria Yeh D, Yonetsu T, Sugiyama T, Minami Y, Soeda T, 
Araki M, Nakajima A, Yuki H, Kinoshita D, et al. Sex differences in cor-
onary atherosclerotic phenotype and healing pattern on optical coher-
ence tomography imaging. Circ Cardiovasc Imaging. 2023;16:e015227. 
doi: 10.1161/CIRCIMAGING.123.015227

	 5.	 Timmis A, Vardas P, Townsend N, Torbica A, Katus H, de Smedt D, 
Gale CP, Maggioni AP, Petersen SE, Huculeci R, et al. European Society 
of Cardiology: cardiovascular disease statistics 2021. Eur Heart J. 
2022;43:716–799. doi: 10.1093/eurheartj/ehab892

	 6.	 Ji H, Kim A, Ebinger JE, Niiranen TJ, Claggett BL, Bairey Merz CN, Cheng 
S. Sex differences in blood pressure trajectories over the life course. 
JAMA Cardiol. 2020;5:19–26. doi: 10.1001/jamacardio.2019.5306

	 7.	 Millett ERC, Peters SAE, Woodward M. Sex differences in risk factors 
for myocardial infarction: cohort study of UK Biobank participants. BMJ. 
2018;363:k4247. doi: 10.1136/bmj.k4247

	 8.	 Rosengren A, Smyth A, Rangarajan S, Ramasundarahettige C, 
Bangdiwala SI, AlHabib KF, Avezum A, Bengtsson Bostrom K, Chifamba 

D
ow

nloaded from
 http://ahajournals.org by on February 27, 2025

http://www.nako.de
https://doi.org//10.1016/j.jacc.2021.05.012
https://doi.org//10.1093/eurheartj/ehad472
https://doi.org//10.1136/hrt.2007.138537
https://doi.org//10.1136/hrt.2007.138537
https://doi.org//10.1161/CIRCIMAGING.123.015227
https://doi.org//10.1093/eurheartj/ehab892
https://doi.org//10.1001/jamacardio.2019.5306
https://doi.org//10.1136/bmj.k4247


J Am Heart Assoc. 2025;14:e038708. DOI: 10.1161/JAHA.124.038708� 16

Moreno Velásquez et al� Sex Differences and Cardiovascular Disease

J, Gulec S, et al. Socioeconomic status and risk of cardiovascular dis-
ease in 20 low-income, middle-income, and high-income countries: 
the Prospective Urban Rural Epidemiologic (PURE) study. Lancet Glob 
Health. 2019;7:e748–e760. doi: 10.1016/S2214-109X(19)30045-2

	 9.	 Veronesi G, Ferrario MM, Kuulasmaa K, Bobak M, Chambless 
LE, Salomaa V, Soderberg S, Pajak A, Jorgensen T, Amouyel P, 
et  al. Educational class inequalities in the incidence of coronary 
heart disease in Europe. Heart. 2016;102:958–965. doi: 10.1136/
heartjnl-2015-308909

	10.	 Backholer K, Peters SAE, Bots SH, Peeters A, Huxley RR, Woodward 
M. Sex differences in the relationship between socioeconomic status 
and cardiovascular disease: a systematic review and meta-analysis. 
J Epidemiol Community Health. 2017;71:550–557. doi: 10.1136/
jech-2016-207890

	11.	 Wang T, Li Y, Zheng X. Association of socioeconomic status with car-
diovascular disease and cardiovascular risk factors: a systematic re-
view and meta-analysis. J Public Health (Berl). 2024;32:385–399. doi: 
10.1007/s10389-023-01825-4

	12.	 Visseren FLJ, Mach F, Smulders YM, Carballo D, Koskinas KC, Back M, 
Benetos A, Biffi A, Boavida JM, Capodanno D, et al. 2021 ESC guide-
lines on cardiovascular disease prevention in clinical practice. Eur Heart 
J. 2021;42:3227–3337. doi: 10.1093/eurheartj/ehab484

	13.	 Group SW and collaboration ESCCr. SCORE2 risk prediction algo-
rithms: new models to estimate 10-year risk of cardiovascular disease 
in Europe. Eur Heart J. 2021;42:2439–2454. doi: 10.1093/eurheartj/
ehab309

	14.	 Stringhini S, Carmeli C, Jokela M, Avendano M, Muennig P, Guida F, 
Ricceri F, d’Errico A, Barros H, Bochud M, et al. Socioeconomic status 
and the 25 × 25 risk factors as determinants of premature mortality: a 
multicohort study and meta-analysis of 1.7 million men and women. 
Lancet. 2017;389:1229–1237. doi: 10.1016/S0140-6736(16)32380-7

	15.	 Peters A, German National Cohort C, Peters A, Greiser KH, Gottlicher 
S, Ahrens W, Albrecht M, Bamberg F, Barnighausen T, Becher H, 
et  al. Framework and baseline examination of the German National 
Cohort (NAKO). Eur J Epidemiol. 2022;37:1107–1124. doi: 10.1007/
s10654-022-00890-5

	16.	 UNESCO. International Standard Classification of Education: ISCED. 
Accessed August 2023. http://​uis.​unesco.​org/​sites/​​defau​lt/​files/​​docum​
ents/​inter​natio​nal-​stand​ard-​class​ifica​tion-​of-​educa​tion-​1997-​en_0.​pdf.

	17.	 Vonneilich N, Becher H, Bohn B, Brandes B, Castell S, Deckert A, 
Dragano N, Franzke CW, Fuhrer A, Gastell S, et al. Associations of mi-
gration, socioeconomic position and social relations with depressive 
symptoms—analyses of the German National Cohort Baseline Data. Int 
J Public Health. 2023;68:1606097. doi: 10.3389/ijph.2023.1606097

	18.	 Wiessner C, Keil T, Krist L, Zeeb H, Dragano N, Schmidt B, Ahrens W, 
Berger K, Castell S, Fricke J, et al. Persons with migration background 
in the German National Cohort (NAKO)-sociodemographic character-
istics and comparisons with the German autochthonous population. 
Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz. 
2020;63:279–289. doi: 10.1007/s00103-020-03097-9

	19.	 Schikowski T, Wigmann C, Fuks KB, Schipf S, Heier M, Neuhauser 
H, Sarganas G, Ahrens W, Becher H, Berger K, et al. Blood pressure 
measurement in the NAKO German National Cohort (GNC): differences 
in methods, distribution of blood pressure values, and awareness of 
hypertension compared to other population-based studies in Germany. 
Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz. 
2020;63:452–464. doi: 10.1007/s00103-020-03109-8

	20.	 Hageman S, Pennells L, Ojeda F, Kaptoge S, Dorresteijn J, Di 
Angelantonio E, SCORE2 Working Group and ESC Cardiovascular Risk 
Collaboration. SCORE2 models allow consideration of sex-specific car-
diovascular disease risks by region. Eur Heart J. 2022;43:241–242. doi: 
10.1093/eurheartj/ehab761

	21.	 Goff DC Jr, Lloyd-Jones DM, Bennett G, Coady S, D’Agostino RB, 
Gibbons R, Greenland P, Lackland DT, Levy D, O’Donnell CJ, et al. 2013 
ACC/AHA guideline on the assessment of cardiovascular risk: a report 
of the American College of Cardiology/American Heart Association 
Task Force on Practice Guidelines. Circulation. 2014;129:S49–S73. doi: 
10.1161/01.cir.0000437741.48606.98

	22.	 Ridker PM, Buring JE, Rifai N, Cook NR. Development and validation of 
improved algorithms for the assessment of global cardiovascular risk 
in women: the Reynolds Risk Score. JAMA. 2007;297:611–619. doi: 
10.1001/jama.297.6.611

	23.	 Ridker PM, Paynter NP, Rifai N, Gaziano JM, Cook NR. C-reactive pro-
tein and parental history improve global cardiovascular risk prediction: 

the Reynolds Risk Score for men. Circulation. 2008;118:2243–2251. doi: 
10.1161/CIRCULATIONAHA.108.814251

	24.	 Woodward M. Rationale and tutorial for analysing and reporting sex 
differences in cardiovascular associations. Heart. 2019;105:1701–1708. 
doi: 10.1136/heartjnl-2019-315299

	25.	 Mullachery PH, Vela E, Cleries M, Comin-Colet J, Nasir K, Diez Roux 
AV, Cainzos-Achirica M, Mauri J, Bilal U. Inequalities by income in the 
prevalence of cardiovascular disease and its risk factors in the adult 
population of Catalonia. J Am Heart Assoc. 2022;11:e026587. doi: 
10.1161/JAHA.122.026587

	26.	 Diederichs C, Neuhauser H, Rucker V, Busch MA, Keil U, Fitzgerald AP, 
Heuschmann PU. Predicted 10-year risk of cardiovascular mortality in 
the 40 to 69 year old general population without cardiovascular dis-
eases in Germany. PLoS One. 2018;13:e0190441. doi: 10.1371/journal.
pone.0190441

	27.	 Tillmann T, Vaucher J, Okbay A, Pikhart H, Peasey A, Kubinova R, 
Pajak A, Tamosiunas A, Malyutina S, Hartwig FP, et al. Education and 
coronary heart disease: a Mendelian randomisation study. Br Med J. 
2017;358:j3542. doi: 10.1136/bmj.j3542

	28.	 Pencina MJ, Navar AM, Wojdyla D, Sanchez RJ, Khan I, Elassal J, 
D’Agostino RB Sr, Peterson ED, Sniderman AD. Quantifying impor-
tance of major risk factors for coronary heart disease. Circulation. 
2019;139:1603–1611. doi: 10.1161/CIRCULATIONAHA.117.031855

	29.	 Nanna MG, Wang TY, Xiang Q, Goldberg AC, Robinson JG, Roger VL, 
Virani SS, Wilson PWF, Louie MJ, Koren A, et al. Sex differences in the 
use of statins in community practice. Circ Cardiovasc Qual Outcomes. 
2019;12:e005562. doi: 10.1161/CIRCOUTCOMES.118.005562

	30.	 Oertelt-Prigione S, Seeland U, Kendel F, Rucke M, Floel A, Gaissmaier 
W, Heim C, Schnabel R, Stangl V, Regitz-Zagrosek V. Cardiovascular 
risk factor distribution and subjective risk estimation in urban women—
the BEFRI study: a randomized cross-sectional study. BioMed Central 
Med. 2015;13:52. doi: 10.1186/s12916-015-0304-9

	31.	 Magnani JW, Mujahid MS, Aronow HD, Cene CW, Dickson VV, 
Havranek E, Morgenstern LB, Paasche-Orlow MK, Pollak A, Willey 
JZ, et al. Health literacy and cardiovascular disease: fundamental rele-
vance to primary and secondary prevention: a scientific statement from 
the American Heart Association. Circulation. 2018;138:e48–e74. doi: 
10.1161/CIR.0000000000000579

	32.	 Wong CW, Kwok CS, Narain A, Gulati M, Mihalidou AS, Wu P, Alasnag 
M, Myint PK, Mamas MA. Marital status and risk of cardiovascular dis-
eases: a systematic review and meta-analysis. Heart. 2018;104:1937–
1948. doi: 10.1136/heartjnl-2018-313005

	33.	 Schiborn C, Kuhn T, Muhlenbruch K, Kuxhaus O, Weikert C, Fritsche A, 
Kaaks R, Schulze MB. A newly developed and externally validated non-
clinical score accurately predicts 10-year cardiovascular disease risk 
in the general adult population. Sci Rep. 2021;11:19609. doi: 10.1038/
s41598-021-99103-4

	34.	 Rentschler J, Leonova N. Global air pollution exposure and poverty. Nat 
Commun. 2023;14:4432. doi: 10.1038/s41467-023-39797-4

	35.	 Kaplan GA, Keil JE. Socioeconomic factors and cardiovascular dis-
ease: a review of the literature. Circulation. 1993;88:1973–1998. doi: 
10.1161/01.CIR.88.4.1973

	36.	 Schultz WM, Kelli HM, Lisko JC, Varghese T, Shen J, Sandesara P, 
Quyyumi AA, Taylor HA, Gulati M, Harold JG, et al. Socioeconomic status 
and cardiovascular outcomes: challenges and interventions. Circulation. 
2018;137:2166–2178. doi: 10.1161/CIRCULATIONAHA.117.029652

	37.	 Berger E, Castagne R, Chadeau-Hyam M, Bochud M, d’Errico A, 
Gandini M, Karimi M, Kivimaki M, Krogh V, Marmot M, et al. Multi-cohort 
study identifies social determinants of systemic inflammation over the life 
course. Nat Commun. 2019;10:773. doi: 10.1038/s41467-019-08732-x

	38.	 Powell-Wiley TM, Baumer Y, Baah FO, Baez AS, Farmer N, Mahlobo 
CT, Pita MA, Potharaju KA, Tamura K, Wallen GR. Social determinants 
of cardiovascular disease. Circ Res. 2022;130:782–799. doi: 10.1161/
CIRCRESAHA.121.319811

	39.	 Tawakol A, Osborne MT, Wang Y, Hammed B, Tung B, Patrich T, 
Oberfeld B, Ishai A, Shin LM, Nahrendorf M, et al. Stress-associated 
neurobiological pathway linking socioeconomic disparities to cardio-
vascular disease. J Am Coll Cardiol. 2019;73:3243–3255. doi: 10.1016/j.
jacc.2019.04.042

	40.	 Hicks B, Veronesi G, Ferrario MM, Forrest H, Whitehead M, Diderichsen 
F, Tunstall-Pedoe H, Kuulasmaa K, Sans S, Salomaa V, et  al. Roles of 
allostatic load, lifestyle and clinical risk factors in mediating the association 
between education and coronary heart disease risk in Europe. J Epidemiol 
Community Health. 2021;75:1147–1154. doi: 10.1136/jech-2020-215394

D
ow

nloaded from
 http://ahajournals.org by on February 27, 2025

https://doi.org//10.1016/S2214-109X(19)30045-2
https://doi.org//10.1136/heartjnl-2015-308909
https://doi.org//10.1136/heartjnl-2015-308909
https://doi.org//10.1136/jech-2016-207890
https://doi.org//10.1136/jech-2016-207890
https://doi.org//10.1007/s10389-023-01825-4
https://doi.org//10.1093/eurheartj/ehab484
https://doi.org//10.1093/eurheartj/ehab309
https://doi.org//10.1093/eurheartj/ehab309
https://doi.org//10.1016/S0140-6736(16)32380-7
https://doi.org//10.1007/s10654-022-00890-5
https://doi.org//10.1007/s10654-022-00890-5
http://uis.unesco.org/sites/default/files/documents/international-standard-classification-of-education-1997-en_0.pdf
http://uis.unesco.org/sites/default/files/documents/international-standard-classification-of-education-1997-en_0.pdf
https://doi.org//10.3389/ijph.2023.1606097
https://doi.org//10.1007/s00103-020-03097-9
https://doi.org//10.1007/s00103-020-03109-8
https://doi.org//10.1093/eurheartj/ehab761
https://doi.org//10.1161/01.cir.0000437741.48606.98
https://doi.org//10.1001/jama.297.6.611
https://doi.org//10.1161/CIRCULATIONAHA.108.814251
https://doi.org//10.1136/heartjnl-2019-315299
https://doi.org//10.1161/JAHA.122.026587
https://doi.org//10.1371/journal.pone.0190441
https://doi.org//10.1371/journal.pone.0190441
https://doi.org//10.1136/bmj.j3542
https://doi.org//10.1161/CIRCULATIONAHA.117.031855
https://doi.org//10.1161/CIRCOUTCOMES.118.005562
https://doi.org//10.1186/s12916-015-0304-9
https://doi.org//10.1161/CIR.0000000000000579
https://doi.org//10.1136/heartjnl-2018-313005
https://doi.org//10.1038/s41598-021-99103-4
https://doi.org//10.1038/s41598-021-99103-4
https://doi.org//10.1038/s41467-023-39797-4
https://doi.org//10.1161/01.CIR.88.4.1973
https://doi.org//10.1161/CIRCULATIONAHA.117.029652
https://doi.org//10.1038/s41467-019-08732-x
https://doi.org//10.1161/CIRCRESAHA.121.319811
https://doi.org//10.1161/CIRCRESAHA.121.319811
https://doi.org//10.1016/j.jacc.2019.04.042
https://doi.org//10.1016/j.jacc.2019.04.042
https://doi.org//10.1136/jech-2020-215394


J Am Heart Assoc. 2025;14:e038708. DOI: 10.1161/JAHA.124.038708� 17

Moreno Velásquez et al� Sex Differences and Cardiovascular Disease

	41.	 Ranjit N, Diez-Roux AV, Shea S, Cushman M, Ni H, Seeman T. 
Socioeconomic position, race/ethnicity, and inflammation in the multi-
ethnic study of atherosclerosis. Circulation. 2007;116:2383–2390. doi: 
10.1161/CIRCULATIONAHA.107.706226

	42.	 Sanchez Rico M, Plessz M, Airagnes G, Ribet C, Hoertel N, 
Goldberg M, Zins M, Meneton P. Cardiovascular burden and un-
employment: a retrospective study in a large population-based 
French cohort. PLoS One. 2023;18:e0288747. doi: 10.1371/journal.
pone.0288747

	43.	 Morbach C, Gelbrich G, Tiffe T, Eichner F, Wagner M, Heuschmann PU, 
Stork S, Consortium S, Frantz S, Maack C, et al. Variations in cardio-
vascular risk factors in people with and without migration background 

in Germany: results from the STAAB cohort study. Int J Cardiol. 
2019;286:186–189. doi: 10.1016/j.ijcard.2018.10.098

	44.	 Rospleszcz S, Starnecker F, Linkohr B, von Scheidt M, Gieger C, 
Schunkert H, Peters A, Bayern C. Validation of the 30-year Framingham 
risk score in a German population-based cohort. Diagnostics (Basel). 
2022;12:965. doi: 10.3390/diagnostics12040965

	45.	 Jaeschke L, Steinbrecher A, Greiser KH, Dorr M, Buck T, Linseisen J, 
Meisinger C, Ahrens W, Becher H, Berger K, et al. Assessment of self-
reported cardiovascular and metabolic diseases in the German National 
Cohort (GNC, NAKO Gesundheitsstudie): methods and initial results. 
Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz. 
2020;63:439–451. doi: 10.1007/s00103-020-03108-9.

D
ow

nloaded from
 http://ahajournals.org by on February 27, 2025

https://doi.org//10.1161/CIRCULATIONAHA.107.706226
https://doi.org//10.1371/journal.pone.0288747
https://doi.org//10.1371/journal.pone.0288747
https://doi.org//10.1016/j.ijcard.2018.10.098
https://doi.org//10.3390/diagnostics12040965
https://doi.org//10.1007/s00103-020-03108-9

	Sex Differences in the Relationship of Socioeconomic Position With Cardiovascular Disease, Cardiovascular Risk Factors, and Estimated Cardiovascular Disease Risk: Results of the German National Cohort
	METHODS
	Data Access and Responsibility
	SEP Definition
	Definition of CVD and Cardiovascular Risk Factors
	Estimated CVD Risk
	Statistical Analysis
	Sex Differences in CVD, CVD Risk Factors, and Estimated CVD Risk

	RESULTS
	Sex Differences in the Relationship of SEP With CVD and Risk Factors
	Sex Differences in the Relationship of SEP With Estimated CVD Risk
	Sex Differences in Attenuations of Relationships Between SEP and Estimated CVD Risk by Adjustment for Risk Factors
	Use of Alternative Risk Scores

	DISCUSSION
	Acknowledgments
	Sources of Funding
	Disclosures
	REFERENCES


