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Abstract

Background: Hypertensive disorders during pregnancy (HDP) are associated with the risk of 

long-term cardiovascular disease after pregnancy, but it has not yet been determined whether 

genetic predisposition for HDP can predict the risk for long-term cardiovascular disease.

Objective: We aimed to evaluate the risk for long-term atherosclerotic cardiovascular disease 

(ASCVD) according to polygenic risk scores for HDP (HDP-PRS).
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Study design: Among UK Biobank participants, we included European-descent women 

(n=164,575) with at least one live birth. Subjects were divided according to genetic risk 

categorized by HDP-PRS (low risk, HDP-PRS ≤25th percentile; medium risk, HDP-PRS 25~75th 

percentile; high risk, HDP-PRS >75th percentile) and were evaluated for incident ASCVD, defined 

as the new occurrence of one of the followings: coronary artery disease, myocardial infarction, 

ischemic stroke, or peripheral artery disease.

Results: Among the study population, 2,427 (1.5%) had a history of HDP, and 8,942 (5.6%) 

developed incident ASCVD after enrollment. Women with high genetic risk for HDP had a higher 

prevalence of hypertension at enrollment. After enrollment, women with high genetic risk for 

HDP had an increased risk for incident ASCVD, including coronary artery disease, myocardial 

infarction, and peripheral artery disease compared to those with low genetic risk, even after 

adjustment for HDP history.

Conclusions: High genetic risk for HDP was associated with increased risk for ASCVD. 

This study provides evidence on the informative value of HDP-PRS in prediction of long-term 

cardiovascular outcomes later in life.
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outcome; polygenic risk score

INTRODUCTION

Cardiovascular disease is one of the most common causes of mortality, and it is essential 

to identify high-risk populations and adapt preventive strategies in those populations1. As 

cardiovascular diseases are driven not only by environmental factors such as lifestyle but 

also by genetic factors, numerous studies have attempted to identify the genetic variants 

associated with cardiovascular disease2, 3. Data accumulated from genome-wide association 

studies (GWASs) with large sample sizes have allowed researchers to analyze polygenicity 

using multiple genetic variants4, 5. Polygenic risk scores (PRSs) are defined as estimated 

individual’s genetic predisposition to a specific disease. PRSs are calculated by a sum 

of significant single-nucleotide polymorphisms (SNPs) variants identified from GWAS, 

usually with a weighted sum in which the weights represent the estimated strength of 

association between those SNPs and a specific disease. PRSs have been used to categorize 

patients according to genetic burden. Recent studies have highlighted PRSs as an emerging 

technology in the field of disease risk prediction and have shown them to be correlated 

with disease incidence in several common diseases, such as coronary heart disease, type 2 

diabetes, and breast cancer6-8. Risk prediction models that include genetic predisposition 

may improve the early identification of high-risk individuals; accordingly, the utility 

of PRSs for clinical care and disease prevention is an active area of investigation and 

discussion9-12.

Previous studies suggest that women with a history of hypertensive disorders during 

pregnancy (HDP) are at an increased risk not only for essential hypertension but also 

for long-term atherosclerotic cardiovascular disease (ASCVD) later in life.13-15 Evidence 
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indicates that this increased risk after HDP is independent of chronic metabolic diseases, 

such as subsequent hypertension or diabetes. In addition, clinical guidelines recommend 

including HDP as an important female-specific factor in risk assessment for ASCVD.16 

However, it is not clear whether the correlation between HDP and subsequent ASCVD 

can be attributed to certain genetic factors, common risk factors (such as obesity, smoking, 

or others), or the pathophysiologic impact of HDP itself. In addition, to the best of our 

knowledge, it has not yet been determined whether the genetic predisposition for HDP can 

predict the risk for subsequent cardiovascular disease.

In the current study, we developed polygenic risk scores for HDP (HDP-PRS) from GWAS 

data and evaluated the risk for long-term ASCVD according to HDP-PRS.

MATERIALS AND METHODS

Data source

The UK Biobank is a prospective cohort study that recruited more than 500,000 adult 

residents aged 40-69 years old at 22 assessment centers throughout the United Kingdom 

between 2006-201017, 18. Various data, including sociodemographic, lifestyle, and health 

information, were collected through questionnaires. Physical measures such as blood 

pressure or anthropometrics were also assessed, and blood samples were taken for 

genotyping. For this study, we included European-descent women with at least one live 

birth and available genetic data (Supplementary Figure 1). Subjects were divided according 

to genetic risk as categorized by HDP-PRS and were evaluated for incident ASCVD. The 

North West Multicenter Research Ethics Committee approved the UK Biobank19, and the 

current study was conducted after an approved application to use the UK Biobank resource 

(application number: 68416).

Hypertensive disease during pregnancy, comorbidities, and cardiovascular outcomes

At the baseline survey, female participants were asked about their reproductive history, 

including parity. HDP was defined as gestational hypertension, preeclampsia, eclampsia, 

or superimposed preeclampsia and was captured in the self-report at enrollment or by 

appropriate International Classification of Disease (ICD) codes, which were extracted from 

primary care or hospital records (Supplementary Table 1).

For the evaluation of HDP risk according to HDP-PRS, age at first pregnancy and the 

presence before pregnancy of a disease conferring high risk for HDP were selected as 

covariates, consistent with clinical guidelines for high-effect risk factors for HDP20, 21. 

According to those guidelines, high-HDP-risk diseases include hypertension, diabetes, 

renal disease, systemic lupus erythematosus, and antiphospholipid antibody syndrome. The 

presence of a high-HDP-risk disease before pregnancy was determined by either self-report 

or diagnosis with relevant ICD codes for each disease (Supplementary Table 1) that occurred 

before the first live birth.

For analysis of incident ASCVD and its association with HDP-PRS, participants with 

congenital heart disease were excluded to eliminate the possible association between 

congenital heart disease and cardiovascular outcomes (see Supplementary Table 1 for 
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relevant diagnosis codes). Prevalent metabolic comorbidities, including hypertension, 

diabetes, and dyslipidemia, were used as adjusting covariates and were likewise ascertained 

either by self-report at enrollment or by ICD codes as described in Supplementary Table 1.

Incident ASCVD was defined as a diagnosis after enrollment in participants without -pre-

existing cardiovascular disease and included coronary artery disease, myocardial infarction 

(MI), ischemic stroke, and peripheral artery disease. ICD codes for each cardiovascular 

disease are presented in Supplementary Table 1. In addition, myocardial infarction was 

defined algorithmically by the UK Biobank22. For each new-onset cardiovascular disease 

being considered, participants with the pre-existing disease at enrollment were excluded 

during analysis. For example, participants with pre-existing coronary artery disease at 

enrollment were excluded from the analysis for new-onset coronary artery disease, ensuring 

that recurrent coronary artery disease was not erroneously counted as new-onset.

Genotyping and polygenic risk score for hypertensive disease during pregnancy

The genotyping process and arrays used by the UK Biobank have been described elsewhere 

in detail18. 487,409 samples were genotyped using the Affymetrix UK BiLEVE axiom 

array and the Affymetrix UK Biobank axiom array. Samples with poor quality, as provided 

by the UK Biobank, were dropped. Samples related in the second degree or closer were 

excluded using a greedy algorithm to pick the least number of samples from among related 

pairs. Since the UK Biobank predominantly consists of European-descent samples, we only 

retained those with “white British” ancestry using UK Biobank showcase data field “Genetic 

ethnic grouping” which are samples who self-identified as ‘White British’ and have very 

similar genetic ancestry based on a principal components analysis of the genotypes. Samples 

having a mismatch between reported sex and genetically inferred sex were also excluded. 

For variant quality control, variants with an info score of < 0.3 and minor allele frequency 

(MAF) of < 0.01 were removed. Ultimately, a total of 377,909 samples and 9,505,768 

variants passed the QC criteria.

PRS is a numerical value that estimates an individual’s genetic risk for a particular trait or 

disease using a combination of multiple genetic variants across the genome. Each of the 

variant is given a weight(beta) based on its association with the disease or trait. Usually, 

these weights can be obtained by publicly available GWAS summary statistics. These 

weights can then be used to calculate PRS by summation of weighted effect sizes of genetic 

variants. Though this is the basic way to calculate PRS there are several other methods 

that incorporate different strategies like PRSice2, LDPred and PRS-CS. PRSice2 prunes and 

filters genetic variants based on correlation thresholds and association p-values to calculate 

the PRS. In contrast, LDPred and PRS-CS use Bayesian methods to estimate the PRS. For 

the calculation of HDP-PRS, we only included unrelated European-descent women aged 

40 to 69 (Supplementary Figure 1). Participants were excluded if they had not had any 

live birth as of the baseline study visit. The HDP-PRS was calculated by LDpred23 using 

summary statistics from FinnGen, another large-scale biobank24; specifically, we used the 

phecode of I9_HYPTENSPREG (‘Hypertension complicating pregnancy, childbirth, and the 

puerperium’) from a study population of 4,677 cases and 71,711 controls. LDpred was 

run using a Bayesian approach with multiple assumptions regarding the fraction of causal 
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variants (1, 0.3, 0.1, 0.03, 0.01, 0.003, and 0.001). Additionally, pruning and thresholding 

were used to generate 24 additional polygenic risk scores using a variety of p value cutoffs 

(1, 0.5, 0.05, 5×10−4, 5×10−6, and 5×10−8) and r2 thresholds (0.2, 0.4, 0.6, and 0.8). 

The best polygenic risk score was selected based on area under the curve (AUC) values 

(Supplementary Table 2).

After calculating HDP-PRS, participants were divided according to categorical genetic risk 

for HDP; women were considered to have high genetic risk for HDP when HDP-PRS>75th 

percentile (highest quartile, Q4), medium genetic risk for HDP when HDP-PRS 25~75th 

percentile (medium quartiles, Q2~3), and low genetic risk for HDP when HDP-PRS≤25th 

percentile (lowest quartile, Q1) 25-27. Participants with low genetic risk (Q1) for HDP served 

as the reference group. Two groups of cases were defined, one in terms of the risk of HDP 

itself and the other based on the risk of incident ASCVD.

Genetic correlation between HDP and cardiovascular outcomes.

We calculated genetic correlations between HDP and risk of cardiovascular disease. The 

BOLT-REML 28 measures the genetic correlations among traits measured on same set of 

individuals. BOLT-REML provides an approximate REML method that leverages Monte 

Carlo techniques to scale up to larger sample sizes. We ran BOLT-REML on LD pruned 

UKBB genotype data to calculate pairwise genetic correlations, adjusting for all the 

covariates.

Validation of polygenic risk score for hypertensive disease during pregnancy in Penn 
Medicine Biobank

We aimed to validate any results obtained through the UK Biobank in an external, 

independent dataset. The Penn Medicine Biobank (PMBB) is a biobank that recruits 

participants who are part of the University of Pennsylvania Health System. Participants have 

their genetic data linked to electronic health record data containing detailed information on 

clinical lab measurements and ICD codes. Due to this biobank lacking questionnaires and 

self-reported information on participant pregnancies, we defined cases and controls based 

solely on ICD codes (Supplementary Table 1). Age at pregnancy, presence of high-HDP-risk 

diseases, and development of hypertension and atherosclerotic cardiovascular diseases after 

pregnancy were likewise extracted from ICD codes.

HDP-PRS was calculated with LDpred using the HapMap SNPs from African ancestry 

individuals in 1000 Genomes as an external reference panel and the same summary statistics 

from FinnGen as used in PRS calculation for the UK Biobank. We included only European 

ancestry participants from PMBB to match the summary statistics and prior analyses in 

the UK Biobank. Participants were then divided into high-, medium- and low-genetic-risk 

groups for HDP using the same definition as used for the UK Biobank. High genetic 

risk for HDP was defined as HDP-PRS>75p, and low genetic risk for HDP was defined 

as HDP-PRS≤25p. Participants were further divided based on their prior history of HDP, 

and we evaluated these groups for differences in incident hypertension and cardiovascular 

disease after pregnancy.
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Statistical analysis

When comparing baseline characteristics among three groups, continuous variables were 

compared using analysis of variance (ANOVA) or Kruskal-Wallis test, and categorical 

variables were compared with the Pearson chi-square test or Fisher’s exact test, as 

appropriate. To determine the discriminative power of HDP-PRS for HDP, the area under 

the curve (AUC) was evaluated as a continuous variable, and the chi-square test for trend 

was used when considering HDP-PRS categories and the risk of HDP. To evaluate the 

risk of HDP according to HDP-PRS, logistic regression analysis was performed with 

covariates (age at first live birth and presence of high-risk disease for HDP before first 

live birth). To determine the association between HDP-PRS and new-onset cardiovascular 

outcomes, multivariable Cox regression analysis was performed with adjustment for history 

of HDP and other covariates, including age, body mass index (BMI), smoking, prevalent 

metabolic disease (hypertension, diabetes, and dyslipidemia), principal components (PCs), 

and genotype array. The proportional hazard assumption was examined with scaled 

Schoenfeld residuals29, and when it was violated, a stratified Cox model was applied. P 
values of less than 0.05 were considered statistically significant, and all analyses were 

carried out using R version 4.0.3.

RESULTS

Subject population

Among the 272,188 women aged 40-69 years who are enrolled in the UK Biobank, 51,787 

were excluded due to having no history of live birth or a lack of information concerning 

parity. The case population with HDP was identified using self-report data and ICD codes, 

yielding 3,266 HDP cases and 217,135 controls. A further 7,091 women were excluded 

because of missing genotype data and another 47,985 due to the filtering of individuals of 

European descent and genotype QC, as described in the Methods section. After 750 cases 

with congenital heart disease, a total of 164,575 women (2,427 HDP cases and 162,148 

controls) were included in the current analysis (Supplementary Figure 1).

Figure 1(a) shows the risk of HDP during pregnancy according to HDP-PRS in the study 

population. As expected, risk increased with greater HDP-PRS, ranging from 0.889% in the 

lowest percentile to 1.475% in the highest percentile. In addition, women with high genetic 

risk for HDP (HDP-PRS>75th percentile) reported the highest frequency of HDP (p<0.001, 

chi-square for trend). Compared to those with low genetic risk (HDP-PRS≤25th percentile), 

women with high genetic risk had an increased risk for HDP with an adjusted odds ratio of 

1.46 (Figure 1(b)).

Table 1 compares baseline clinical features and prevalent diseases in the study population 

according to genetic risk for HDP. Women with high genetic risk for HDP had higher 

BMI and blood pressure along with a higher prevalence of chronic metabolic disease 

(hypertension, diabetes, and dyslipidemia) compared to those with low genetic risk. At 

enrollment, a total of 41,984 out of 164,575 women (25.5%) had hypertension; women with 

high genetic risk for HDP had a higher unadjusted prevalence of hypertension than did those 

with low genetic risk (22.4% vs. 29.1%, p<0.001). The increased prevalence of hypertension 
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in women with high genetic risk for HDP remained significant even after adjustment 

for history of HDP, age, BMI, smoking history, PCs, and genotype array (adjusted odds 

ratio 1.28, p<0.001 by logistic regression analysis). Supplementary Table 1 shows baseline 

characteristic in the study population according to the presence or absence of HDP. Women 

with history of HDP had higher BMI and blood pressure along with a higher prevalence of 

chronic metabolic disease (hypertension and diabetes) compared to those without history of 

HDP.

After enrollment, a total of 8,942 women developed new-onset ASCVD (4.55 occurrences 

per 1,000 women-years of follow-up). Women with high genetic risk for HDP had an 

increased risk for incident ASCVD with adjusted hazard ratio of 1.07 (95% CI, 1.09-1.12, 

Supplementary Table 3) compared to those with low genetic risk for HDP. Specifically, 

the risk for coronary artery disease, myocardial infarction, and peripheral artery disease 

was increased in women with high genetic risk for HDP, compared with those with low 

genetic risk for HDP (Table 2, Supplementary Figure 2). Figure 2 shows the hazard ratio of 

each cardiovascular outcome after adjustment for any history of HDP and other covariates, 

including age, BMI, smoking, prevalent metabolic disease, PCs, and genotype array.

Overall, HDP-PRS was significantly associated with total atherosclerotic cardiovascular 

disease (p<0.001), coronary artery disease (p<0.001), myocardial infarction (p<0.001), and 

peripheral artery disease (p<0.001) (Supplementary Table 4). In the subgroup analysis 

according to the presence or absence of history for HDP, multivariable Cox regression 

analysis revealed that women with high genetic risk for HDP had an increased risk for 

incident ASCVD compared to those with low HDP-PRS both in women with history of HDP 

and in women without history of HDP (Figure 3 and Supplementary Table 5).

In addition to high genetic risk (>75p) being associated with increased risk of cardiovascular 

disease, multivariable Cox regression analysis with adjustment for confounding variables 

revealed HDP-PRS itself (as a continuous variable) to also be associated with increased risk 

for total atherosclerotic cardiovascular disease (p<0.001), coronary artery disease (p<0.001), 

myocardial infarction (p<0.001), and peripheral artery disease (p=0.014).

Efficacy of the polygenic risk score for predicting hypertensive disease during pregnancy 
in the PMBB

HDP-PRS was calculated for the 21,969 women enrolled in the PMBB, and 1,144 European 

ancestry women (343 HDP cases and 801 controls) were included in subsequent analyses. 

Risk of HDP generally increased with greater HDP-PRS, and this increased risk remained 

significant after adjustment for age at pregnancy, prevalent metabolic diseases, and PCs 

(Supplementary Figure 3). The frequency of HDP was greater in women with high genetic 

risk for HDP (>75p) than in women with medium genetic risk (25~75p) and low genetic 

risk (≤25p) (Supplementary Figure 3, p<0.001 from chi-square for trend). In addition, 

compared to women with low genetic risk for HDP, women with high genetic risk for HDP 

had an increased risk for HDP with an adjusted odds ratio of 1.24 (Supplementary Figure 

3). After delivery, 98 women developed new-onset hypertension (19.9 occurrences per 

1,000 women-years of follow-up). Women with HDP had an increased risk for new-onset 

hypertension. Furthermore, women with high genetic risk for HDP (HDP-PRS>75p) had a 
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higher prevalence of new-onset hypertension compared to those with low genetic risk for 

HDP for both women with and without HDP, although this difference was not significant 

(Supplementary Table 6). Notably, the relatively short-term follow-up period for individuals 

in the PMBB (mean follow-up period after pregnancy, 4.3 years) resulted in low sample 

sizes of women who developed new-onset cardiovascular disease and thus limited our ability 

to detect any differences in the risk of new-onset cardiovascular disease and any significant 

differences in the risk of developing new-onset hypertension

Genetic correlation between HDP and cardiovascular outcomes

The HDP exhibited a genetic correlation of 0.24 with ASCVD, 0.2 with coronary artery 

disease, 0.07 with myocardial infarction, 0.22 with ischemic stroke, and 0.56 with peripheral 

artery disease (Supplementary Table 7). We noticed that the standard errors were high, 

which is probably because of the limited number of cases (Supplementary Table 7). The 

highest genetic correlation was observed with peripheral artery disease and lowest genetic 

correlation was observed with myocardial infarction.

COMMENT

Principal finding

1) Women with high genetic risk for HDP-PRS had a higher frequency of HDP; 2) At 

enrollment, women with high genetic risk for HDP had a higher prevalence of hypertension 

than did those with low genetic risk; 3) After enrollment, women with high genetic risk for 

HDP had an increased risk for subsequent atherosclerotic cardiovascular diseases, including 

coronary artery disease, myocardial infarction, and peripheral artery disease compared to 

those with low genetic risk for HDP; 4) In an external validation with PMBB, HDP-PRS was 

also associated with the risk of HDP, and women with high genetic risk for HDP showed a 

tendency for an increased risk of new-onset hypertension when compared with those with 

low genetic risk for HDP.

Results

Several changes occur during pregnancy, such as increased circulatory volume, increased 

inflammatory factors, dyslipidemia, and insulin resistance30, that can pose physiological 

challenges to the cardiovascular system. While some pregnant women can tolerate these 

changes and challenges, others develop adverse pregnancy outcomes. As women with 

a history of complications during pregnancy are reported to be at increased risk for 

cardiovascular outcomes, pregnancy-related complications could be used to identify women 

at high risk for cardiovascular disease31-36. Accordingly, pregnancy is thought to be a key 

period for identifying women with long-term risk trajectories for heart disease37, and current 

international guidelines include pregnancy complications as risk factors for cardiovascular 

disease38-42.

Several studies have investigated the association of HDPs with an increased risk for 

subsequent cardiovascular disease and noted that this relationship is independent of further 

hypertension. From the literature to date, however, it is not clear whether this correlation 

between HDP and subsequent cardiovascular disease is mediated by genetic predisposition, 
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by the impact of HDP itself, or by common environmental risk factors such as obesity and 

unhealthy lifestyle factors such as smoking43. We found HDP is genetically correlated with 

cardiovascular disease and that women who have a higher genetic risk for HDP are also at 

an increased risk for further cardiovascular disease. This increased risk remained significant 

even after adjustment for HDP itself and was independent of risk factors such as obesity and 

smoking, suggesting that the increased risk of cardiovascular disease in women with HDP 

might originate from a genetic predisposition.

The sharing of genetic predisposition between HPD and cardiovascular disease has been 

reported in previous studies. Steinthorsdottir et al. reported that variants associated with 

hypertension are also connected to HDP and found positive genetic correlations between 

HDP and hypertension, coronary artery disease, and diabetes44. Other studies have identified 

SNPs having simultaneous associations with both preeclampsia and cardiovascular disease 

or well-established risk factors for cardiovascular disease, such as triglyceride levels45. In 

addition, some studies have shown that the risk of developing preeclampsia is potentially 

affected by fetal variants near FLT1, a gene that regulates angiogenesis, suggesting fetal 

genomic role in the pathogenesis such as impaired trophoblast invasion or expression of 

anti-angiogenic factors44.

Clinical implications

In addition to evaluating genetic correlation, the current study tried to stratify patients 

according to HDP-PRS. Stratification of subjects into risk groups based on PRS values has 

been previously reported, representing the summation of thousands to tens of thousands of 

genetic variants, all of which have very minor effects. Specifically, several cardiovascular 

diseases can be predicted by disease specific PRSs, such as a score generated for coronary 

artery disease or atrial fibrillation6, 8. In addition to using a disease specific PRS, the current 

study is the first to report that a PRS for pregnancy complications can predict risk for 

subsequent cardiovascular disease.

Recently a study addressed the relationship between PRSs of cardiometabolic and 

hypertensive disease during pregnancy. Kivioja et al showed that PRSs for high blood 

pressure is associated with increased risk of preeclampsia, recurrent preeclampsia, and 

severe preeclampsia46. In addition to this previous study, we have further found that HDP-

PRS itself is associated with further cardiovascular complications.

Nevertheless, relatively lower HR of HDP-PRS for subsequent ASCVD suggests that other 

modifiable risk factors such as BMI and smoking could be the first target of preventive 

strategies such as weight reduction or lifestyle modification. However, genetic risk factor 

(HDP-PRS) is unmodifiable but important factors for risk stratification. As patients at 

higher risk are more likely to benefit from preventive strategies, PRSs could be used 

to categorize patients and develop risk-based clinical strategies such as early screenings 

and interventions, including lifestyle modifications and medications10, 47-50. In addition, 

combination of genetic and environmental risk factors could be more helpful for risk 

stratification. Further studies are needed to determine whether HDP-PRS would be a useful 

consideration in preventive strategies.
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Research implications

In the current study, we evaluated the application of HDP-PRS. Indeed, we first examined 

if PRS of pregnancy complications can identify the risk for long-term outcome after 

delivery, in addition to HDP itself. As a result, high genetic risk defined by HDP-PRS was 

independently associated with an increased risk for subsequent hypertension and incident 

ASCVD. The association between HDP-PRS and subsequent hypertension after delivery 

in the external validation with Penn Medicine Biobank also supports the usefulness of 

HDP-PRS. Further studies are needed to determine whether HDP-PRS would be a useful 

consideration even in other ethnicities.

In addition, we evaluated if HDP-PRS can predict long-term ASCVD after pregnancy in 

the current study. However, the PRS for ASCVD itself may also be helpful for prediction 

of incident ASCVD, and the evaluation of performance of other types of PRS’s could 

be another interesting topic. Furthermore, combination of multiple PRS’s could be next 

important research topics, although using multiple PRS’s is novel but not-confirmed 

methodology.

Strengths and limitations

To our knowledge, the current study is the first study to evaluate the application of HDP-

PRS. Nevertheless, the current study has several limitations. In the current study, HDP-PRS 

was developed and evaluated in European women of UK Biobank. The application of 

HDP-PRS for other ethnic groups or the development of multi-ethnic HDP-PRS should be 

also evaluated in further studies. For clinical application in HDP-PRS in practice, some large 

scale studies are needed in the setting of preventive medicine with HDP-PRS. In addition, 

the combination of HDP-PRS and HDP specific biomarkers will be the next research 

interest for individual risk stratification, as there have been accumulating evidence regarding 

promising biomarkers on the cardiovascular risk after HDP51. Lastly, recent studies reported 

that not only maternal genotype but also fetal genotype could affect the development 

of pregnancy complications44, 52. However, we could not evaluate the impact of fetal 

genotype in the development of HDP-PRS and subsequent ASCVD, because UK Biobank 

does not have information regarding the fetal genotype. Further studies regarding the 

relationship between maternal and fetal genotype and the risk of pregnancy complications 

and subsequent CVD should be performed in further studies.

Conclusion

In conclusion, we have shown that high genetic risk for HDP could be helpful in prediction 

of long-term cardiovascular outcomes later in life. Adoption of HDP-PRS in era of 

personalized medicine might be the next important issue in further studies. In addition, 

population-specific analyses in other ethnicities are also needed, and datasets will likely be 

available in the near future.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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AJOG at a Glance

Why was the study conducted?

Previous studies suggest that hypertensive disorders during pregnancy (HDP) are 

associated with the risk of long-term cardiovascular disease later in life, and clinical 

guidelines recommend including HDP as an important female-specific factor in risk 

assessment. However, it has not yet been determined whether genetic predisposition for 

HDP contributes to the development of subsequent cardiovascular disease. In the current 

study, we developed polygenic risk scores for HDP (HDP-PRS) and evaluated its impact 

on long-term atherosclerotic cardiovascular disease (ASCVD).

What are the key findings?

1) As expected, women with high HDP-PRS more frequently reported HDP history 

than those with low HDP-PRS during pregnancy. 2) In addition, women with high 

HDP-PRS had a higher prevalence of hypertension at enrollment. 3) After enrollment, 

women with high HDP-PRS had increased risk for incident ASCVD, including coronary 

artery disease, myocardial infarction, and peripheral artery disease, even after adjustment 

for confounding variables (history of HDP and other covariates, including age, BMI, 

smoking, prevalent metabolic disease, and medication).

What does the study add to what is already known?

This study provides evidence on the informative value of HDP-PRS in the prediction of 

long-term cardiovascular outcomes later in life.

Lee et al. Page 15

Am J Obstet Gynecol. Author manuscript; available in PMC 2024 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Condensation

We evaluated the association between high genetic risk for hypertensive disorders during 

pregnancy (HDP) and incident atherosclerotic cardiovascular disease. Women with high 

genetic risk for HDP had increased risk not only for HDP itself but also for incident 

atherosclerotic cardiovascular disease, compared to those with low high genetic risk.
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Figure 1. Risk of hypertensive disorders during pregnancy (HDP) and polygenic risk scores for 
HDP (HDP-PRS) in UK Biobank
(a) Prevalence of HDP according to the percentile of HDP-PRS

(b) Prevalence of HDP according to the stratified genetic risk for HDP

Abbreviations: HDP, hypertensive disease during pregnancy; PRS, polygenic risk score
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Figure 2. Hazard ratio of each cardiovascular outcomes according to the stratified genetic risk 
for HDP
p*, adjusted for history of HDP, age at enrollment, BMI, smoking, prevalent metabolic 

disease, PCs (principal component) and genotype arrays

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; HDP, hypertensive disease 

during pregnancy
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Figure 3. Survival analysis of total atherosclerotic cardiovascular outcome according to the 
history of HDP and stratified genetic risk for HDP
p*, After adjustment for age, BMI, smoking, prevalent metabolic disease, PCs (principal 

component) and genotype array
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