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Abstract

Introduction: Preeclampsia (PE) is a heterogeneous disorder and research to date has
principally focused on maternal factors. In this study, however, we considered the as-
sociations between background factors and preeclampsia in men who fathered preec-
lamptic and non-preeclamptic pregnancies.

Material and methods: From 2008 to 2011, participants in the Finnish Genetics of
Pre-eclampsia Consortium (FINNPEC) cohort completed a questionnaire on their
background information. Questionnaire data were available from 586 men who had
fathered a preeclamptic pregnancy (PE fathers) and 660 control men who had fathered
a non-preeclamptic pregnancy. Two different control groups were established: Group
1: healthy controls (n = 457), which consisted of fathers whose current partners were
healthy women with uncomplicated pregnancies; Group 2: other controls (n = 203),
which also included fathers whose current partners had other pregnancy complications.
Results: The PE fathers more often reported preeclampsia in a previously fathered
pregnancy (p <0.05 for all). The PE and control fathers were similar in age, body mass
index, smoking, and preexisting medical conditions. There were no differences in the
socioeconomic background or health history of the PE and control fathers or their
parents.

Conclusions: In the FINNPEC study cohort, the occurrence of preeclampsia in a pre-
viously fathered pregnancy was more common among the men who had fathered a
preeclamptic pregnancy; other paternal phenotypic and lifestyle characteristics did

not play a significant role in preeclampsia susceptibility of their partners.

Abbreviations: BMI, body mass index; Cl, confidence interval; FINNPEC, Finnish Genetics of Pre-eclampsia Consortium; OR, odds ratio; PE, preeclampsia.
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1 | INTRODUCTION

Preeclampsia (PE) is a complex vascular disorder in pregnancy char-
acterized by new-onset hypertension and proteinuria after 20 weeks
of gestation or new-onset PE-associated signs in the absence of
proteinuria.! The etiology of PE is still unknown, making strategies
for its prevention challenging. A wide range of maternal risk factors
have been recognized, including nulliparity, multifetal gestation, pre-
vious history of PE, chronic hypertension, obesity, diabetes mellitus,
age >35years at first pregnancy and smoking.2 While PE is generally
considered a maternal disease, it can also be seen as a maternal and
paternal disease with both fetal and maternal manifestations.® In ad-
dition, the placenta is the cornerstone of the pathophysiology of PE,
and it includes important paternal genetic determinants.*

In 1981, Astin et al. published a study suggesting a possible role
of paternal immunogenetic factors in the pathogenesis of PE. They
presented two women who had severe PE and had become pregnant
with the same man.® The role of the father in the onset of PE has
also been demonstrated in a few large population studies. For exam-
ple, men born from a preeclamptic pregnancy have been shown to
be twice as likely to father one.® In addition, men who have already
fathered a preeclamptic pregnancy have been shown to be nearly
twice as likely to father another one with a different partner, regard-
less of the mother’s pregnancy history.”

Preconceptional paternal health factors as defined by a number of
metabolic syndrome components and chronic diseases have been in-
dependently associated with increased odds of PE in healthy partners.®
Regarding phenotype, paternal obesity has been shown to be an inde-
pendent risk factor for small-for-gestational-age infants independently
of maternal factors.” However, it is still unclear whether paternal obe-
sity affects the risk of PE. Myklestad et al. found that men who fa-
thered a pregnancy with PE or gestational hypertension had a greater
body mass index (BMI) than men who fathered pregnancies without
these complications.10 Furthermore, Rigo et al. showed that an increase
in the risk of PE was seen in pregnancies fathered by men with a familial
history of early-onset cardiovascular disease and/or hypertension.**

Our aim in the current study was to study whether paternal phe-
notype is associated with a risk of PE in the Finnish Genetics of Pre-

eclampsia Consortium (FINNPEC) cohort.

2 | MATERIAL AND METHODS

2.1 | Study design

The data for the present study came from the prospective arm of
the FINNPEC cohort. The FINNPEC is a cross-sectional case-control
multicenter study using a nationwide clinical and DNA database of

Key message

In the FINNPEC study cohort, the phenotype and lifestyle
of the fathers did not play a significant role in preeclampsia

susceptibility of their partners.

women with and without PE that included their partners and infants.
The study was established to identify genetic risk factors for PE. The
details of the study design, methods and procedures have been pre-
viously published.™

2.2 | Study Review use of the term "subjects"

A total of 719 men who had fathered a preeclamptic pregnancy (PE
fathers) and 899 control men who had fathered a non-preeclamptic
pregnancy were recruited for the study between 2008 and 2011.
Men who had a minimum age of 18years and provided informed
consent based on information in either Finnish or Swedish were
eligible for this study. The inclusion criteria for the index mothers
were a minimum age of 18years, a singleton pregnancy, and the
ability to provide informed consent. PE was defined as hyperten-
sion and proteinuria occurring after 20 weeks of gestation as based
on the American College of Obstetricians and Gynecologists’ 2002
criteria.’® Hypertension was defined as systolic blood pressure
2140 mmHg and/or diastolic blood pressure 290mm Hg. Proteinuria
was defined as the urinary excretion of 20.3 g protein in a 24-h spec-
imen, 0.3 g/L, or two 21+ readings on a dipstick in a random urine
sample with no evidence of a urinary tract infection. Each diagno-
sis was independently verified from medical records by a research
nurse and research physician.

The participating fathers filled in a detailed questionnaire on
their background information (Appendix S1), including data on
their reproductive history, personal and family medical history,
and socioeconomic and lifestyle factors. Information on previ-
ously fathered children and PE in these prior pregnancies was
obtained from the background information questionnaires com-
pleted by the fathers and index mothers. The ages of the fathers
were obtained from the written consent and ethnicities from the
hospital records. Each father filled in the questionnaire during the
index mother’s pregnancy or shortly after delivery. Information
on index mothers’ age, pre-pregnancy weight and height and par-
ity were obtained from the hospital records and maternity cards.
Data on index mothers’ smoking were collected from the mater-
nity cards and complemented from the background information
questionnaires.
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In July 2019, questionnaires on background information were
available from 586 PE fathers and 660 control fathers. Two different
control groups were established for the current study: one a group
of healthy controls (n = 457) that consisted of fathers whose cur-
rent partners were healthy women with uncomplicated pregnancies
and another for other controls (n = 203) that included fathers whose
current partners had pregnancy complications (gestational diabetes,
gestational hypertension, proteinuria without high blood pressure,
placental insufficiency, fetal death, and small-for-gestational-age
infants [data for partners’ pregnancy complications is not shown])
other than PE.

2.3 | Statistical analyses

Statistical tests were performed using SPSS STATISTICS 25.0 (IBM
Corp.). Background information on the PE fathers and the two dif-
ferent control groups were compared separately (PE vs healthy
controls and PE vs other controls). The normality of the variable dis-
tributions was verified graphically and with a Kolmogorov-Smirnov
test. Differences between the groups were tested with logistic re-
gression analysis with odds ratios (OR) and 95% confidence inter-
vals (Cl) or with Fisher's exact test. Multivariable-adjusted logistic
regression analyses were conducted to examine which paternal risk
factors were independently associated with PE after controlling for
known maternal risk factors for PE (index mother’s BMI, age at birth,
parity and smoking during pregnancy). p-values of <0.05 were con-

sidered statistically significant.

2.4 | Ethical approval

All participants provided written informed consent, and the
FINNPEC study protocol was approved by the coordinating Ethics
Committee of the Hospital District of Helsinki and Uusimaa (149/
EOQ/2007) on October 7, 2007 (updated May 16, 2018). All data used
in this manuscript are covered by the original approval of the coor-
dinating Ethics Committee of the Hospital District of Helsinki and
Uusimaa. Moreover, the original approval was updated regularly dur-

ing the course of the project.

3 | RESULTS

3.1 | Basic characteristics of the study population
The basic characteristics of the participating fathers are presented
in Table 1. The fathers in the control groups had previously fathered
more children in total but there was no difference after adjusting for
maternal risk factors. PE fathers more often reported PE in a previ-
ously fathered pregnancy. Almost all of these previous cases of PE
were with the index mother. The groups were similar regarding age,
BMI and smoking.

3.2 | Health history and socioeconomic factors

This study did not show differences in the health history (Table 2,
Table S1a,b) or socioeconomic background (Table S2a,b) of the PE
fathers as compared with the controls.

3.3 | Parents of study participants

The educational and medical history of the parents of the FINNPEC
fathers is presented in Table S3a,b. The parents of the PE fathers did
not suffer from more medical conditions than the parents of the con-
trols. Mental disorders including depression were more prevalent in
the fathers of the healthy control group fathers. No differences were

detected between the groups regarding parental education.

4 | DISCUSSION

PE is a heterogeneous disorder, and research to date has principally
focused on maternal factors. In the current study, we extensively
evaluated the background and health information of the men in the
FINNPEC study cohort who fathered both preeclamptic and non-
preeclamptic pregnancies. The occurrence of PE in a previously
fathered pregnancy was more common among the men who had fa-
thered a preeclamptic pregnancy. The PE and control fathers were
similar in age, BMI, smoking and preexisting medical conditions.
There were no differences in socioeconomic background or health
history of the FINNPEC fathers or their parents.

In mothers, multiparity has been shown to protect against PE if the
previous pregnancy was not complicated by PE.** Furthermore, primipa-
ternity has been reported as an independent risk factor for PE in multi-

gravidae,ls'16

possibly due to immune maladaptation on the feto-maternal
interface.’® In our study the number of first-time fathers did not differ be-
tween the groups after adjusting for index mother’s BMI, age at birth, par-
ity and smoking during pregnancy. However, the PE fathers more often
reported PE in a previously fathered pregnancy with the index mother.
We did not observe any association between paternal BMI and
PE. Previously, paternal obesity has been reported to be associated
with the risk of PE.X In an extensive study by Myklestad et al. com-
prised of more than 14000 families, the data on weight and height
were obtained through physical examinations.'® In contrast, our data
on paternal BMI were based on self-reported height and weight at
recruitment, and this may have thus contributed to our result.
Paternal age has been suggested as a risk factor for fathering a
preeclamptic pregnancy in a study that surveyed 81213 deliveries
from 1965-1976 in Jerusalem,'” but more recently, larger studies from
the USA have found no association between PE and paternal age.*®?
Hurley et al. examined more than 1 million births in the state of Ohio
from 2006 to 2012 and Khadwala et al. examined more than 40 million
births in the USA from 2007 to 2016; they identified no associations
between paternal age and PE.’® In line with these US studies, we did

not observe any association between paternal age and PE.
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To our knowledge, the role of paternal smoking/maternal pas-
sive smoking has only been previously investigated in a prospective
Norwegian Mother and Child cohort.?° In that study, passive smoke
exposure alone was not associated with reduced odds of PE. This is
in line with our finding that smoking status did not differ between
the PE and control fathers.

To our knowledge, there have been no previous studies that
considered paternal socioeconomic status and the risk of PE.
Socioeconomic status as estimated by education and income was
similar in the PE and control fathers. Likewise, we found no associ-
ation between PE and socioeconomic status in an earlier study on
FINNPEC women.?! In contrast, many studies have reported an as-
sociation between low maternal socioeconomic status and PE.?%2
The lack of association in our cohort may be influenced by the free
prenatal care, free university level education, and the rather small
differences between social classes in Finland.2* This same explana-
tion may apply to paternal socioeconomic status and PE.

The groups of fathers reported comparably often having been
born from PE and normal pregnancies, which is in contrast to some
previous studies.®?* Men who themselves were born in a PE preg-
nancy have been shown to have an increased risk of PE in the preg-
nancies that they subsequently father.® These findings suggest a
role of paternal genes in the increased risk of PE through the fetal
genome. Unfortunately, in the present study, a large number of the
fathers did not know whether their mother had PE. It would be of
interest to replicate our analyses by utilizing registry-based data, in
line with some previous studies. A larger study population would
have allowed us to compare the incidence of PE in previously fa-
thered pregnancies with a different partner than the index mother.

PE is known to affect the long-term health of the mother and
child. In particular, a well-established association exists between PE
and an increased risk of later-life cardiovascular disease.?” However,
there are very little long-term data on the morbidity and mortality of
the fathers. The current study found no differences in the preexisting
medical conditions between the PE and control fathers. One of the
strengths of the present study is that the data on education and med-
ical history extend to the parents of the pregnant mother and the fa-
ther. This study found no significant differences in the socioeconomic
background or health history in the parents of the FINNPEC fathers.

Self-reported information gained through questionnaires is
prone to recall bias which can be considered as a limitation of this
study. It is likely that the fathers were not aware of all details of the
obstetric history concerning their partners’ pregnancies. Further,
the accuracy of information pertaining to the fathers’ parents’ health
and reproductive history might vary from case to case. Multiple hy-
pothesis testing can be considered a weakness in this study. The p-
values reported in the tables have not been Bonferroni-corrected.
We do note that none of our tests would be significant at the 0.05
level after a correction for multiple testing is applied. However,
overadjustment for multiple comparisons may increase type Il error,
which reduces the power to detect significant differences.

The clustering of PE cases within families has been recognized since

the 20th century as suggesting a genetic component to this disorder.2%:?

Deciphering the genetic background of PE is challenging, not least of all
because the phenotype is expressed only in pregnancy.? It has been
suggested that paternal genes contribute to the risk of maternal hyper-
tensive disorders in pregnancy (PE and gestational hypertension) medi-
ated by the fetal genes involved in placentation.?? However, this rather
new approach for evaluating of the role of the paternal-fetal genotype
on the susceptibility for PE has led to inconsistent and conflicting re-
sults among the few studies conducted so far.%° In the current FINNPEC

study, analyses on the paternal genotypes are ongoing.

5 | CONCLUSION

Our study has provided information on the role of paternal factors
in PE pregnancies in the FINNPEC study cohort. Our study suggests
that the phenotype and lifestyle of the fathers did not play a sig-
nificant role in PE susceptibility of their partners. Studies addressing
genetic and epigenetic mechanisms are needed to improve our un-
derstanding of the role of the father in the risk of PE.
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