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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 8 coefficients with 95% Cls 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% Cls 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% ClI, 1.51-
1.96) in men. The women-to-men ROR was 2.33 (95% ClI, 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% Cl, 2.04-3.18) in women and 2.25 (95% Cl, 2.08-2.42) in men
(women-to-men ROR, 1.31 [95% ClI, 1.05-1.63]).
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Sex Differences and Cardiovascular Disease

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 m cardiovascular risk m educational attainment ® income B socioeconomic position

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.

e |n 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?

e Qur 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

differences across the spectrum of cardiovascu-

lar disease (CVD) and cardiovascular risk factors,
prompting the need for sex-specific guidelines for CVD
prevention."? 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 plague composition to clinical pre-
sentation of acute coronary syndromes, with additional
symptoms in women.®* Men <65years of age have
higher absolute atherosclerotic CVD event rates com-
pared with women. Nevertheless, in most European

Agrowing body of studies reported meaningful sex

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

countries, from 1990 to 2019, the relative age-
standardized CVD mortality rate decrease was slightly
greater in men than women.?® 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 (M) in women than in men,
and at an early age, women have steeper increases in
blood pressure than men.57”

Educational deprivation has repeatedly been related
to CVD risk®;, however, the underlying pathways remain
elusive and may affect sexes differently.® 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.'? 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.'® 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,'" 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.® 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.®

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."” SCORE2 allows for estimating the sex-specific
10-year risk of CVD for people 40 to 69years of age
based on established risk factors including age, smok-
ing, systolic blood pressure (SBP), total cholesterol,
and HDL cholesterol.!® 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,
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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." 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:/
transfer.nako.de/transfer/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.”® A detailed description of the study de-
sign can be found elsewhere.” Briefly, from 2014 to
2019, NAKO enrolled 205415 adult participants 20 to
69years 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 39years of age and 26.7%
in each 10-year group between 40 and 69years 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 (103324 women,
101 456 men) for the baseline assessment.
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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).'6 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."” 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).”

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,'® ethnicity, SBP and diastolic blood
pressure,'® waist circumference, body fat,'® 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 Ml and stroke according to the
SCORE2 algorithm, which is intended for individuals
40 to 69years of age.'® 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
(milimoles per litre).?% A total of 143019 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% (40-49years of
age) or >10% (50-69years of age). These cutoff val-
ues are based on recommendations for age-specific
treatment thresholds given in the European Society of
Cardiology guidelines.’?
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In a supplementary analysis, we estimated the sex-
specific 10-year risk of atherosclerotic cardiovascular dis-
ease (nonfatal Ml or CHD death, fatal or nonfatal stroke) in
the CVD-free population using the pooled cohort equa-
tion (PCE).2" Similarly, we used the Reynolds Risk Score to
estimate the sex-specific 10-year CVD risk (M, ischemic
stroke, coronary revascularization, and cardiovascular
death).?>23 The PCE is used in individuals 40 to 79years
of age, whereas the Reynolds Risk Score is tailored to
those >45years of age. After applying all exclusion crite-
ria, 140370 and 60073 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%.2123

Statistical Analysis

Baseline characteristics of the 204780 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),?° 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% Cls for the association between SEP (exposure
variables) and dichotomous (self-reported diseases,
SBP/diastolic blood pressure >140/90mmHg, 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
B coefficients with 95% Cls 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
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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% Cils for CVD, CVD risk factors, and very high
CVD risk depending on SEP, using formulas reported
elsewhere.?* 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% Cl 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% Cls, 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+13years in
the overall population (Table 1). Participants enrolled
in education or vocational training (50.5% women)
had a median age of 23years (interquartile range,
22-25years of age; age range, 19-70years 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 (%) 103324 (50.46) 101456 (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)*

1833.383 (1375.00-2533.33)

2033.33 (1433.33-2833.33)

Income relative to the median of Germany, %*

<60% 156.85 13.88
60%-79% 16.04 12.78
80%-99% 156.37 13.26
100%-149% 30.68 31.24
>150% 22.06 28.84
Employment status, %
Employed 75.29 7814
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 218 3.00
Arrythmias 9.48 8.82
Intermittent claudication 1.53 211
Hypertension 24.35 30.73
Diabetes 5.36 6.70
Hyperlipidemia 22.20 25.39
Stroke 1.21 1.90
BP, mmHg*
SBP, mean+SD 124.07+16.89 132.20+15.29
DBP, mean+SD 77.26+9.80 80.71+£9.92
SBPF/DBP >140/90mmHg, % 20.19 32.02
Anthropometric measurements, mean+SD or median (IQR)
Waist circumference, cml 85.77+13.57 96.63+12.91
Body mass index, kg/m?t 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 32.038
Overweight 28.97 44.86
Obesity 20.59 22.66
Smoking status, %l
Current 18.87 2213
Former 30.44 36.18
Never 50.69 41.68
Alcohol consumption, %l
Current (AUDIT-C score >3 in women, >4 in men) 31.63 39.32
(Continued)
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Table 1. Continued

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
B-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/Ll 1.73+0.43 1.35+0.35
Triglycerides, mmol/LT# 1.22 (0.89-1.74) 1.61 (1.11-2.40)
Glycated hemoglobin, mmol/moll 35.00 (33.00-38.00) 36.00 (33.00-39.00)
High-sensitivity C-reactive protein, mg/L*+5$ 1.09 (0.53-2.64) 0.96 (0.51-2.06)
Family history of MI, %+
<60y 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<1% is missing.
*5%-10% are missing.

SThere were 4261 and 19 participants enrolled in vocational training and full-time school, respectively.

I1%-5% are missing.

TAccording to the Anatomical Therapeutic Chemical (ATC) classification codes.

*ATC codes C02, C03, and CO7 to C09.

**LDL cholesterol is missing in 1 study center.

TTriglycerides are missing in 2 study centers.

#>10% are missing.

$SHigh-sensitivity C-reactive protein is missing in 5 study centers.

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
>140/90mm 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% ClI, 4.11-4.89]) when compared with normal
weight, almost twice the OR as observed in men (2.41
[95% ClI, 215-2.70]; 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

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

SBP, waist circumference, BMI, body fat, and low-
density lipoprotein cholesterol, with the highest differ-
ences in SBP (Bwomen—fmen, 3.04mmHg [95% Cl,
2.21-3.88]) and waist circumference (fwomen—fmen,
3.66cm [95% ClI, 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).
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Figure 1.
in women and men (n=200279, 50.5% women, 49.5% men).

Associations between educational attainment and CVD or CVD risk factors in the NAKO study baseline assessment

Presented are age-adjusted ORs with 95% Cls for low and middle education (referenceishigh 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.

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=143019). Participants were on average 53years
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

J Am Heart Assoc. 2025;14:e038708. DOI: 10.1161/JAHA.124.038708 7
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Figure2. Women-to-men ratio of ORs with 95% Cls 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=46777 women, n=37 470 men), and high education (n=50302 women, n=59275 men). Study participants
are household income <60% (n=15087 women, n=12999 men), 60% to 79% (n=16315 women, n=12687 men), 80% to 99% (n=15686
women, n=13267 men), 100% to 149% (n=31375 women, n=31321 men), and >150% (n=22609 women, n=28934men). 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.

differences (Tables S8 and S9). Additionally, sex differ- 23.00% (age group 50-69years) (Figure S5). In women
ences were no longer evident for underweight. and men, there was a graded inverse relationship be-

The proportion of a very high predicted 10-year risk ~ tween educational attainment and a very high 10-year
for CVD was lower in women than men: 0.07% ver- CVD risk (Figure 3), but this inverse relationship was
sus 4.22% (age group 40-49years) and 2.68% versus  stronger in women compared with men. The OR for

J Am Heart Assoc. 2025;14:e038708. DOI: 10.1161/JAHA.124.038708 8
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Table 2. Associations Between Education and Several Cardiovascular Risk Factors in the German National Cohort Study
Baseline Assessment*

BP, mmHg
Systolic BP 2.50 (1.98 to 1.93 (1.73 to Reference | -0.54 (-1.19 to 1.833 (113 to Reference 3.04 (2.21 to 0.60 (0.32 to
3.02) 2.13) 0.10) 1.562) 3.88) 0.88)
Diastolic BP 0.69 (0.37 to 0.97 (0.84 to Reference | 0.19 (-0.22 to 0.84 (0.71 to Reference 0.51 (-0.01 to 012 (-0.05to
1.02) 1.09) 0.59) 0.97) 1.02) 0.30)
Anthropometric measurements
Waist circumference, 7.37 (6.98 to 3.06 (2.89 to Reference | 3.72(3.18 to 2.90 (2.74 to Reference 3.66 (2.96 to 0.16 (-0.07 to
cm 7.81) 3.23) 4.24) 3.06) 4.35) 0.39)
Body mass index, 1183 (111 to 1.05 (1.05 to Reference 1.05 (1.04 to 1.04 (1.03 to Reference 0.07 (0.06 to 0.01 (0.01 to
kg/m?* 113) 1.05) 1.05) 1.04) 0.08) 0.02)
Body fat, % 4.37 414 to 1.97 (1.88 to Reference | 2.49(2.20 to 1.39 (1.29 to Reference 1.89 (1.51 to 0.59 (0.46 to
4.62) 2.06) 2.76) 1.48) 2.26) 0.71)
Biomarkers
Total cholesterol, —-0.05 (-0.08 to | 0.02 (0.01 to Reference | -0.08 (-0.12to | 0.04 (0.02 to Reference 0.03 (-0.03 to -0.02 (-0.04 to
mmol/L 0.01) 0.03) -0.03) 0.05) 0.08) 0.002)
LDL cholesterol, 0.05 (0.01 to 0.04 (0.03 to Reference | -0.02 (0.05 to 0.038 (0.02 to Reference 0.06 (0.01 to 0.01 (-0.01 to
mmol/L 0.08) 0.05) 0.03) 0.05) 0.11) 0.02)
HDL cholesterol, -0.19 (-0.20to | —0.05 (-0.05 Reference | -0.13(-0.15t0 | -0.04 (-0.04 to | Reference -0.05(-0.07to | -0.01 (-0.02 to
mmol/L -0.17) to —0.04) -0.12) -0.03) -0.03) -0.005)
HbA1c, mmol/mol* 1.08 (1.07 to 1.02 (1.01 to Reference 1.09 (1.08 to 1.02 (1.02 to Reference -0.01 (-0.02to | -0.01 (-0.01 to
1.08) 1.02) 1.10) 1.02) -0.007) 0.009)
Triglycerides, 116 (1.15to 1.05 (1.05 to Reference 1.14 (1.11 to 1.17) | 1.07 (1.06 to Reference 0.08 (-0.004 to | -0.01 (-0.02 to
mmol/L+$ 1.19) 1.06) 1.07) 0.06) 0.001)
hs-CRP, mg/L*l 1.67 (1.59 to 1.26 (1.24 to Reference 1.60 (1.52 to 1.25(1.23 to Reference 0.04 (-0.03 to 0.01 (-0.02 to
1.75) 1.28) 1.69) 1.27) 0.12) 0.03)

Presented are age-adjusted sex-specific B coefficients with 95% Cls from linear regression models and women-to-men slope differences. BP indicates blood
pressure; HbAlc, 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.  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 159512 study participants.
*Analyzed at the log scale; estimates were back transformed.
SData are from 172766 study participants.
IData are from 122468 study participants.

a very high risk for the lowest versus highest level of
educational attainment was 3.61 (95% ClI, 2.88-4.53)
in women and 1.72 (95% ClI, 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% ClI, 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%
Cl, 1.05-1.63). Larger sex differences were observed in

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

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.
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HDL indicates high-density lipoprotein; IQR, interquartile range; SEP, socioeconomic position; and SBP, systolic blood pressure.

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

fNumbers correspond to the average estimates across all the imputations.

Sex Differences and Cardiovascular Disease

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% Cl 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
SCOREZ2 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 Ml 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 69years
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

10
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Figure 3. Sex-specific OR with 95% Cls 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 69years of age. Groups 40 to 49 and 50 to
59years of age were merged. CVD indicates cardiovascular disease; NAKO, German National Cohort; and OR, odds ratio.

over 10years 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.'%?® 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

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

mortality risk, an association not observed in men.2®
Although evidence exists on causal associations be-
tween low education and CHD,?” 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

11
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Figure 4. Women-to-men ratio of ORs with 95% Cls 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.

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,?® 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

J Am Heart Assoc. 2025;14:e038708. DOI: 10.1161/JAHA.124.038708 12
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Table 4. Sex Differences in Attenuations of Relationships
Between Socioeconomic Position and Estimated
Cardiovascular Disease Risk by Adjustment for Risk

Sex Differences and Cardiovascular Disease

Table 4. Continued

Factors*
Women, OR Men, OR (95% Women to men,
SEP (95% Cl) Cl) ROR (95% Cl)
Age adjusted
N 73903 69116
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) 110 (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) 217 (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 (1.565-1.79) 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 277 (213-3.61) | 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 (117-1.32) 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) 213 (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)

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

Women, OR Men, OR (95% Women to men,
SEP (95% ClI) Cl) ROR (95% Cl)
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 (114-1.77)
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% Cls 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 69y of age.

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.?%3 In this con-
text, consideration could be given to tailoring sex dif-
ferences in health literacy among individuals with low
SEPS! given that CVD awareness campaigns have
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historically prioritized men. Marital status,? diet,® and
environmental exposures® 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.3-3% 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.3°
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.*°

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,® 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.*" 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."* 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.** 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.*® 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 SCOREZ2, with higher
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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.?

With >200000 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,** 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 40-69years 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.*® 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.
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