1) Check for updates

Scandinavian Journal of Public Health, 1-4

SHORT COMMUNICATION

Marital status and genetic liability independently
predict coronary heart disease incidence
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Abstract

Aims: Married individuals have a lower coronary heart disease (CHD) risk than non-married, but the mechanisms behind
this are not fully understood. We analyzed whether genetic liability to CHD may affect these associations. Methods: Marital
status, a polygenic score of CHD (PGS-CHD), and other risk factors for CHD were measured from 35,444 participants
(53% female) in Finnish population-based surveys conducted between 1992 and 2012. During the register-based follow-up
until 2020, there were 2439 fatal and non-fatal incident CHD cases. The data were analyzed using linear and Cox regression
models. Results: Divorced and cohabiting men and women had a higher genetic risk of CHD than married individuals, but
the difference was very small (0.023—0.058 standard deviation of PGS-CHD, p-values 0.011-0.429). Both marital status and
PGS-CHD were associated with CHD incidence, but the associations were largely independent. Adjusting for behavioral and
metabolic risk factors for CHD explained part of these associations (11-20%). No interaction was found between marital
status and PGS-CHD for CHD incidence. Conclusions: We showed minor differences between the marital status
categories in PGS-CHD and demonstrated that marital status and genetic liability predicted CHD incidence
largely independently. This emphasizes the need to measure multiple risk factors when predicting CHD risk.
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Introduction found that intimate relationships can suppress the
genetic susceptibility to alcohol consumption [4], but
little is known about how marital status may interact
with genetic susceptibility to CHD. This could
explain some of the between-individual variation in

Previous studies have established that coronary heart
disease (CHD) incidence is lower among married
than non-married individuals [1]. These associations

can result from both selection into marital status cat- the negative health effects of being unmarried or
egories according to CHD risk factors and the effect divorced. This, in turn, could have public health
of marital status on CHD risk, but the direct evi- implications, as these more susceptible individuals
dence on either of these mechanisms is still limited may benefit from targeted health care services.

[2]. Genetic factors also affect CHD risk [3], and Here we used genetic data to investigate these
marital status may affect CHD risk by reinforcing or relationships. First, we analyzed differences in the
suppressing genetic susceptibility. A previous study genetic liability to CHD as indexed by a polygenic
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Table I. Number of participants and regression models predicting standardized polygenic scores for coronary heart disease with 95% con-

fidence intervals by marital status among men and women.!

Marital status Men Women
N B 95% confidence intervals N § 95% confidence intervals
LL UL LL UL

Married 10,552 reference 11,306 reference

Unmarried 2137 0.004 -0.044 0.051 1980 -0.005 -0.053 0.042
Cohabiting 2356 0.042 -0.005 0.088 2457 0.036 —-0.008 0.081
Divorced 1342 0.023 -0.034 0.080 2368 0.058 0.013 0.102
Widowed 171 —-0.090 -0.243 0.063 775 0.090 0.016 0.164

Regression coefficients (B) with lower (LL) and upper limits (UL) of 95% confidence intervals.

1Adjusted for age at baseline, geographic area of residence, 10 genetic principal components, and genotyping batch-baseline year combination.

score of CHD (PGS-CHD) between marital status
categories. Second, we examined the effect of adjust-
ing for PGS-CHD on marital status differences in
CHD incidence. Third, we analyzed possible interac-
tion between marital status and genetic risk when
predicting CHD incidence.

Data and methods

Finnish population-based health surveys conducted
between 1992 and 2017 were pooled together; the
response rates varied between 65% and 93% [5].
These surveys, including a self-administrated ques-
tionnaire and a clinical health examination, were
linked to population registers. Baseline marital status
was classified as married, unmarried, cohabiting,
divorced, and widowed. Analyses were restricted for
those between 30 and 70 years of age at baseline.

First, we studied how PGS-CHD was associated
with marital status using a linear regression model.
PGS-CHD was based on a genome-wide association
study of ischemic heart disease in the UK Biobank
[6]. Linkage-disequilibrium-weighted scores were
calculated with SBayesR using an external linkage
disequilibrium matrix for single nucleotide polymor-
phism (SNP) variants included in HapMap3 with a
minor allele frequency of at least 0.01 in our data.
PGS-CHD was standardized to have a mean of 0 and
standard deviation (SD) of 1. We had 35,444 partici-
pants (53% female).

Second, we studied how marital status was associ-
ated with CHD incidence and how this association
was attenuated or modified by PGS-CHD using Cox
proportional hazards models. Non-fatal incident
CHD events were based on The Finnish Hospital
Discharge Register ICD-9 codes 410 or 4110 and
ICD-10 codes 120.0 and 121-122) and fatal events on
the National Mortality Register (ICD-9 codes 410—
414, and 798, excluding 7980A and ICD-10 codes
120-125, 146, R96, and R98) covering the entire
Finnish population. Those who had a CHD event

prior to baseline were removed, and those who died
from other causes than CHD were censored at the
time of death. Cox proportional hazards assumptions
were not violated when inspected graphically.
Additionally, we calculated population attributable
fractions (PAF) to quantify the contribution of all
marital status categories on CHD risk. We conducted
separate models to adjust the results for (i) PGS-
CHD, (ii) education, and (iii) body mass index (BMI,
kg/m?), regular smoking status, systolic and diastolic
blood pressure, total cholesterol, and high-density
lipoprotein cholesterol (Supplementary Table I). We
observed 2,439 incident CHD cases (33% fatal cases
and 32% in females) during the 504,061 person years
until the end of follow-up on December 31 2019.

All analyses were adjusted for the first 10 principal
components of genomic structure, participant age at
baseline, five geographic areas of residence, and a com-
bination of baseline year and genotyping batch dum-
mies. The genetic principal components and PGS-CHD
were calculated by PLink 1.9 and GTCB software and
statistical models were conducted using Stata 16.

Results

Cohabiting and divorced men and women had a
slightly higher genetic risk of CHD measured as PGS-
CHD than those who were married, whereas for
unmarried men and women, the difference compared
with those married was negligible (Table I). Widowed
women had a slightly higher genetic risk, but there
were too few widowed men to draw firm conclusions.
We did not find evidence of interaction between sex
and marital status for PGS-CHD (p =0.16).

Both PGS-CHD and marital status were strongly
associated with CHD incidence (Table II). For both
men and women, married individuals had the lowest
CHD risk (Model 1). Adjusting for PGS-CHD atten-
uated the hazard ratios (HRs) for cohabiting men and
women (Model 2). Adjusting for education attenu-
ated marital status differences for men (Model 3),



Table II. Hazard ratios of coronary heart disease incidence for standardized polygenic risk score of coronary heart disease and marital status

in men and women.

Marital starus, genetics and CHD risk

Marital Model 1 Model 2 Model 3 Model 4
status

HR 95% confidence HR 95% confidence HR 95% confidence HR 95% confidence

intervals intervals intervals intervals
LL UL LL UL LL UL LL UL

Men!
PRS-CHD 1.35 1.28 1.41 1.35 1.28 1.41 1.34 1.27 1.40 1.31 1.25 1.37
Married 1.00 1.00 1.00 1.00
Unmarried 1.49 1.28 1.73 1.49 1.28 1.74 1.41 1.21 1.64 1.40 1.20 1.64
Cohabiting 1.28 1.08 1.52 1.26 1.06 1.49 1.21 1.02 1.44 1.17 0.98 1.39
Divorced 1.43 1.21 1.68 1.43 1.21 1.68 1.38 1.17 1.63 1.30 1.10 1.53
Widowed 1.18 0.80 1.71 1.23 0.84 1.80 1.22 0.84 1.79 1.18 0.80 1.72
PAF? 0.094 0.069 0.119 0.094 0.068 0.119 0.083 0.056 0.110 0.075 0.046 0.102
Women?
PRS-CHD 1.32 1.23 1.42 1.32 1.23 1.42 1.31 1.22 1.40 1.27 1.19 1.37
Married 1.00 1.00 1.00 1.00
Unmarried 1.15 0.89 1.50 1.17 0.90 1.52 1.24 0.95 1.61 1.25 0.96 1.62
Cohabiting 1.19 0.89 1.58 1.15 0.87 1.54 1.16 0.87 1.54 1.08 0.81 1.43
Divorced 1.50 1.24 1.82 1.49 1.23 1.80 1.49 1.23 1.81 1.38 1.14 1.68
Widowed 1.38 1.08 1.77 1.35 1.06 1.74 1.32 1.03 1.70 1.27 0.99 1.63
PAF? 0.112 0.064 0.158 0.112  0.064 0.158 0.111 0.063 0.157 0.094 0.043 0.143

Hazard ratios (HR) with lower (LL) and upper limits (UL) of 95% confidence intervals.

Model 1: Adjusted for age at baseline, geographic area of residence, 10 genetic principal components, and genotyping batch-baseline year combination.

Model 2: Adjusted for Model 1+CHD-PRS or marital status.
Model 3: Adjusted for Model 2+education.

Model 4: Adjusted for Model 3 +smoking+BMI+systolic blood pressure+diastolic blood pressure+total cholesterol+high-density lipoprotein cholesterol.

IPRS*marital status interaction in men when interaction terms are added to Model 2 (32=1.65 (4); p=0.80 in likelihood ratio test against Model 2): married
(reference category), unmarried (1.01; 95% CI 0.87, 1.18), cohabiting (1.00; 95% CI 0.85, 1.18), divorced (1.03; 95% CI 0.88, 1.22), and widowed (1.30;

95% CI 0.85, 2.00).

2PRS*marital status interaction in women when interaction terms are added to Model 2 (32=2.25 (4); p=0.69 in likelihood ratio test against Model 2): married
(reference category), unmarried (0.84; 95% CI 0.64, 1.08), cohabiting (0.99; 95% CI 0.75, 1.30), divorced (1.01; 95% CI 0.83, 1.22), and widowed (1.04;

95% CI 0.82, 1.33).

3Population attributable fraction for CHD incidence by marital status.

while adjusting for behavioral and metabolic risk fac-
tors for CHD attenuated differences both in men
and women (Model 4). Adjusting for marital status
(Model 2) and education (Model 3) had little effect
on the HR of PGS-CHD, but adjusting the results for
behavioral and metabolic risk factors for CHD slightly
decreased the HR (Model 4). Together, the full
adjustment explained 20% of marital status differ-
ences in CHD incidence as measured by PAF in men
and 16% in women, whereas for PGS-CHD they
explained 11% and 15% of the increased risk, respec-
tively. We did not find evidence of interactions
between marital status and PGS-CHD in men
(»p=0.80) or in women (p=0.69), and the interaction
terms were weak for all marital status categories.

Discussion

We found only modest evidence that cohabiting and
divorced men and women had higher genetic risk of
CHD. The adjustment for PGS-CHD explained a
minor part of the excess phenotypic CHD risk of
those cohabiting as compared to married, and had
essentially no effect on the excess risk of the divorced.

The largely independent associations of marital sta-
tus and PGS-CHD with CHD incidence suggest that
they capture different aspects of CHD risk. For
example, behavioral risk factors are likely to explain a
part of the association between marital status and
CHD risk [7], whereas it is possible that PGS-CHD
reflects a physiological susceptibility to developing
CHD. However, the pathways from genes to CHD
risk are complex, and our knowledge is still limited
on factors mediating these associations [8].

Both marital status and PGS-CHD were associ-
ated with CHD risk. For example, being divorced
was associated with increased CHD risk comparable
to 1 SD difference of PGS-CHD in both men and
women. We did not find evidence that marital status
modified the effect of genetic susceptibility on CHD
incidence. These results are consistent with recent
studies finding little evidence on the multiplicative
interactions of genetic susceptibility with lifestyle [9]
and socioeconomic factors [10].

The strengths of our data were the large sample
size, the high response rates for the baseline surveys,
and register-based CHD incidence data minimizing
selection bias. We observed a number of behavioral
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and metabolic risk factors for CHD, but they
explained only a minor part of the CHD risk associ-
ated with marital status and PGS-CHD. More com-
prehensive and repeated measures could give more
evidence on mediating pathways.

In conclusion, we observed only minor differences
between marital status categories in the genetic risk
of CHD. Behavioral and metabolic factors, marital
status, and genetic liability affect CHD risk largely
independently, emphasizing the need to measure
multiple risk factors when predicting CHD risk. The
risk of CHD is formed by a combination of biological
and social risk factors, and thus both aspects should
be considered in policies targeted to decrease CHD
incidence.
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