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ABSTRACT

Background There is an inherited maternal predis-
position to preeclampsia. Whether there is a paternal
component, however, is not known.

Methods We used records of the Utah Population
Database to identify 298 men and 237 women born
in Utah between 1947 and 1957 whose mothers had
had preeclampsia during their pregnancy. For each
man and woman in the study group, we identified two
matched, unrelated control subjects who were not the
products of pregnancies complicated by preeclampsia.
We then identified 947 children of the 298 male study
subjects and 830 children of the 237 female study
subjects who had been born between 1970 and 1992.
These children were matched to offspring of the con-
trol subjects (1973 offspring of the male control group
and 1658 offspring of the female control group). Fac-
tors associated with preeclampsia were identified, and
odds ratios were calculated with the use of stepwise
logistic-regression analysis.

Results In the group of men whose mothers had
had preeclampsia (the male study group), 2.7 per-
cent of the offspring (26 of 947) were born of preg-
nancies complicated by preeclampsia, as compared
with 1.3 percent of the offspring (26 of 1973) in the
male control group. In the female study group, 4.7
percent of the pregnancies (39 of 830) were compli-
cated by preeclampsia, as compared with 1.9 percent
(32 of 1658) in the female control group. After adjust-
ment for the offspring’s year of birth, maternal pari-
ty, and the offspring’s gestational age at delivery, the
odds ratio for an adult whose mother had had pre-
eclampsia having a child who was the product of a
pregnancy complicated by preeclampsia was 2.1 (95
percent confidence interval, 1.0 to 4.3; P=0.04) in the
male study group and 3.3 (95 percent confidence in-
terval, 1.5 to 7.5; P=0.004) in the female study group.

Conclusions Both men and women who were the
product of a pregnancy complicated by preeclampsia
were significantly more likely than control men and
women to have a child who was the product of a preg-
nancy complicated by preeclampsia. (N Engl J Med
2001;344:867-72.)
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N Engl ] Med, Vol. 344, No. 12 -

N abnormal maternal—fetal interaction has
been implicated as a cause of preeclampsia.!
A familial predisposition to preeclampsia
has been documented, confirming that ge-
netic factors contribute to its development.2 However,
research to date has focused principally on the mater-
nal genetic contributions, and little is known about
the fetal or paternal contributions to this disease.

A maternal predisposition to preeclampsia has been
described in studies in Australia, Iceland, and Swe-
den.2# Possible explanations for this predisposition
include genetically based hypersensitivity to vasoac-
tive peptides, thrombophilia, or conditions that affect
placental invasion of the uterus at the time of implan-
tation.

The fetal genotype is a combination of maternal and
paternal components. Therefore, the contribution of
paternal genes to the fetus may be important in the
pathophysiology of preeclampsia, and paternal genes
may have a key role in placentation.’ Incomplete in-
vasion of the trophoblast or other abnormalities of
placentation may be paternally derived characteristics.
In fetal mice, a single renin gene inherited from the
father may increase the risk of maternal hypertension
during pregnancy.¢ Finally, the fact that preeclampsia
occurs more often in a first pregnancy or after a change
in partners suggests that there is an interaction be-
tween maternal antibodies and paternally derived fetal
antigens.!

The single-gene model of inheritance that best ex-
plains the frequency of preeclampsia in a low-risk pop-
ulation (3 to 6 percent) is the presence of homozygos-
ity for the same recessive gene in both the mother and
the fetus.” In accordance with this model, the fetus
must have one recessive paternally derived allele for
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preeclampsia to develop. Persons who were the prod-
uct of a pregnancy complicated by preeclampsia would
thus be homozygous for the recessive allele and in all
cases would pass this allele to their offspring, there-
by increasing the risk that their offspring would have a
pregnancy complicated by preeclampsia. To test this
hypothesis, we designed a study to determine wheth-
er the offspring of men and women who themselves
were the product of pregnancies involving preeclamp-
sia were more likely to be the product of pregnancies
that were complicated by preeclampsia.

METHODS

The Utah Population Database is a research resource that has
been used to demonstrate familial predispositions to other compli-
cations of pregnancy, including preterm delivery, cesarean section,
and forceps delivery.®? This data base contains computerized ge-
nealogic records linking Utah residents and their descendants. The
genealogic records are linked to other data sets, including birth and
death certificates, cancer records, census records, and Health Care
Financing Administration data, allowing comparison of medical
conditions among several generations. The protocol for the study
and the use of the data base were approved by the institutional
review board at the University of Utah.

The study population consisted of two groups of subjects, all
of whom had been born in Utah between 1947 and 1957 (the ear-
liest available complete data set). The first study group consisted of
men who had been born of pregnancies complicated by preeclamp-
sia, and the second study group consisted of women who had been
born of pregnancies complicated by preeclampsia. A single inves-
tigator reviewed the birth-certificate records to confirm the re-
corded diagnosis of preeclampsia. These subjects were then linked
to the birth certificates of oftspring who had been born to the sub-
jects between 1970 and 1992. Each study subject was randomly
matched to two control subjects according to sex, county of birth in
Utah, maternal age, year of birth, and birth order. The controls were
men and women who had been born between 1947 and 1957 of
pregnancies not complicated by preeclampsia and who subsequent-
ly had at least one offspring born in Utah between 1970 and 1992.
None of the sets of control subjects were siblings of either the study
case subject or each other. Subjects were eligible for the study only
if their mothers had not had a preexisting medical condition (e.g.,
hypertension, diabetes, or renal disease) during pregnancy or a com-
plication of pregnancy associated with preeclampsia (e.g., multiple
gestation, gestational diabetes mellitus, or chronic hypertension) or
if they had at least one oftspring within the data base.

For each study and control subject, we identified the outcomes
of all pregnancies producing offspring using three different meth-
ods, depending on the year of birth. For births before 1978, preg-
nancies complicated by preeclampsia were identified from the sec-
tion of the birth certificate covering complications of pregnancy.
For births from 1978 through 1988, all medical complications list-
ed on birth certificates in Utah were converted to the codes of the
International Classification of Diseases, 9th Revision, by the Depart-
ment of Health, and this data set was used to identify pregnancies
complicated by preeclampsia. Since 1989, all birth certificates in
Utah have contained a physician questionnaire regarding compli-
cations of pregnancy for each delivery, and the answers on this ques-
tionnaire were used to identify pregnancies complicated by pre-
eclampsia.

The characteristics of the index pregnancies among the women
or among the partners of the men in the study group and the con-
trol group were compared with the use of Student’s t-test. We cal-
culated an adjusted odds ratio for the development of preeclampsia
during each of these pregnancies for the male and female cohorts
using backward stepwise logistic-regression analysis involving an
evaluation of 15 possible confounding variables: fetal sex, year of
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birth, maternal age, paternal age, area of residence (urban or rural),
maternal race, paternal race, maternal parity, number of previous live
births, number of previous stillbirths, mother’s level of education,
father’s level of education, marital status, gestational age at birth,
and birth order. After eliminating covariates, we constructed a mod-
el to adjust for the statistically significant variables. The final mod-
el included the variables of paternal or maternal history of being
the product of a pregnancy involving preeclampsia, the offspring’s
gestational age at birth, maternal parity, area of residence, father’s
level of education, and the offspring’s year of birth. All statistical
analyses were performed with Stata software (Stata, College Sta-
tion, Tex.), with standard deviations adjusted to account for fathers
or mothers who may have produced more than one offspring in-
cluded in the study.

RESULTS

From 1947 through 1957, a total of 210,313 live
births in Utah were recorded in the Utah Population
Database. During this period, 1900 women had preg-
nancies complicated by preeclampsia; 1011 of these
women delivered male infants, and 889 delivered fe-
male infants. Two hundred ninety-eight of the males
and 237 of the females subsequently had at least one
oftspring born in Utah between 1970 and 1992. A
total of 947 offspring of the male study group and 830
offspring of the female study group met the criteria
for inclusion.

We identified in the data base 596 control men and
474 control women born between 1947 and 1957
who were subsequently linked to their offspring (1973
in the male control group and 1658 in the female con-
trol group). The characteristics of the offspring of the
male study group and the male control group are
shown in Table 1, and those of the offspring of the fe-
male study group and the female control group are
shown in Table 2.

In the male study group, 26 of the 947 offspring
(2.7 percent) were born of pregnancies complicated
by preeclampsia, as compared with 26 of the 1973
oftspring (1.3 percent) of the male control group. In
the female study group, 39 of the 830 oftspring (4.7
percent) were born of pregnancies complicated by pre-
eclampsia, as compared with 32 of the 1658 offspring
(1.9 percent) of the female control group (Fig. 1).

Among the offspring of the male study group, the
frequency of maternal preeclampsia increased with
each calendar year of birth (odds ratio, 1.1; 95 per-
cent confidence interval, 1.0 to 1.2; P=0.03) (Fig. 2).
Preeclampsia was also associated with an increased risk
of a lower gestational age at delivery (odds ratio for
cach decrease of one week, 0.8; 95 percent confidence
interval, 0.8 to 0.9; P=0.001). Maternal nulliparity
(women having their first pregnancy resulting in a live
birth), which is perhaps the most widely accepted risk
factor for preeclampsia, was associated with a consid-
erably increased risk of preeclampsia (odds ratio, 3.3;
95 percent confidence interval, 1.5 to 7.4; P=0.003).
Among the offspring of the male study group, having
a father who was the product of a pregnancy compli-
cated by preeclampsia was associated with an increased
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TABLE 1. CHARACTERISTICS OF THE MOTHERS OF THE OFFSPRING
OF THE MALE STUDY GROUP AND THE MALE CONTROL GROUP
AND OF THE OFFSPRING THEMSELVES AT BIRTH.*

TABLE 2. CHARACTERISTICS OF THE WOMEN IN THE
FEMALE STUDY GROUP AND IN THE FEMALE CONTROL GROUP
AND OF THEIR OFFSPRING AT BIRTH.*

MaLE MaLe
Stupy GrRoup CoNTROL GROUP
CHARACTERISTIC (N=947) (N=1973) P VaLue
Mothers
Age at birth of offspring (yr) 26+5 27+5 0.01
Parity 2.1*x1.8 2.2*2.0 0.06
Offspring
Gestational age at delivery (wk)  39.4%2.2 39.4+2.2 0.78
Birth weight (g) 3399+552 3422+544 0.27
Sex 0.84
Male 495 1040
Female 452 933
Birthplace 0.02
Urban 735 1603
Rural 212 370
Maternal racet 1.00
White 646 1408
Other 9 21
Paternal racet 0.46
White 649 1411
Other 4 14

FEMALE FEMALE
Stupy GrRoup CoNTROL GROUP
CHARACTERISTIC (N=830) (N=1658) P VALUE
Women
Age at birth of offspring (yr) 28+5 28+5 0.60
Parity 2.3+0.07 2.5+0.05 0.10
Offspring
Gestational age at delivery (wk)  39.5%2.1 39.4+2.3 0.10
Birth weight (g) 3444+535 3445+536 0.96
Sex 0.84
Male 429 845
Female 401 813
Birthplace 0.40
Urban 617 1259
Rural 213 399
Maternal racet 0.20
White 525 1050
Other 11 13
Paternal racet 0.003
White 524 1022
Other 2 25

*Plus—minus values are means =SD.

tRace was reported on the birth certificate as white or other by the par-
ents; information on race was not available for all the subjects.

risk of being the product of a pregnancy complicat-
ed by preeclampsia (odds ratio, 2.1; 95 percent con-
fidence interval, 1.0 to 4.3; P=0.04).

In the female study group, women who were the
product of a pregnancy complicated by preeclampsia
were three times as likely to have preeclampsia as wom-
en in the control group (odds ratio, 3.3; 95 percent
confidence interval, 1.5 to 7.5; P=0.004) (Fig. 3).
Nulliparity was also associated with a significantly
increased risk of preeclampsia (odds ratio, 6.2; 95
percent confidence interval, 2.6 to 15.0; P=0.001)
(Fig. 3).

To control for the possible effect of a maternal his-
tory of preeclampsia as a confounding variable, we
identified the female partners of the men in the study
group whose pregnancies were complicated by pre-
eclampsia to determine the number who themselves
had been born of a pregnancy complicated by pre-
eclampsia. Information was available only for the wom-
en who were born in Utah. A total of 52 female part-
ners of the men in the study group and the control
group had pregnancies complicated by preeclampsia.
Birth-certificate records were available for 41 (18 in the
study group and 23 in the control group). None of
these women were themselves the product of a preg-
nancy complicated by preeclampsia, making it unlike-
ly that maternal history confounded our findings.

DISCUSSION

We found that men and women who were the prod-
uct of a pregnancy complicated by preeclampsia were
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*Plus—minus values are means =SD.

tRace was reported on the birth certificate as white or other by the par-
ents; information on race was not available for all the subjects.

significantly more likely than those without such a his-
tory to have a child who was the product of a preg-
nancy complicated by preeclampsia. These findings
support the hypothesis that the genotype of the fe-
tus contributes to the overall risk of preeclampsia.

Our results confirm and extend the findings of
other studies that have suggested that there is a pater-
nal component to the predisposition to preeclampsia.
In a population-linked data base in Norway, among
men who had fathered children with more than one
woman, men who had fathered a child with a woman
whose pregnancy was complicated by preeclampsia
were nearly twice as likely as men without such a his-
tory to father a child with another woman who also
had preeclampsia during the pregnancy.l

Our findings are also consistent with the results of
studies in mice with a preeclampsia-like condition.
Specifically, transgenic mice that inherit human renin
genes from their fathers had high levels of human re-
nin in their placentas. Human renin was secreted into
the maternal circulation, resulting in hypertension,
morphologic renal changes associated with protein-
uria, and generalized convulsions in late pregnancy.°
In these animals, a paternally derived gene expressed
in the placenta is responsible for the development of
pregnancy-associated hypertension.

We did not attempt to clarify the mechanism under-
lying the way in which the paternal component of the
predisposition to preeclampsia is expressed. The im-
portance of paternally derived genes in the process
of placentation has been described. Insulin-like growth
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298
Male study subjects

947
Offspring

26 Offspring (2.7%)
born of pregnancies
complicated by
preeclampsia

596
Male control subjects

1973
Offspring

26 Offspring (1.3%)
born of pregnancies
complicated by
preeclampsia

237
Female study subjects

830
Offspring

39 Offspring (4.7%)
born of pregnancies
complicated by
preeclampsia

474
Female control subjects

1658
Offspring

32 Offspring (1.9%)
born of pregnancies
complicated by
preeclampsia

Figure 1. Overview of the Study Groups and the Control Groups.

The members of the study and control groups (top row) were born in Utah between 1947 and 1957. The offspring of these subjects
(middle row) were born in Utah between 1970 and 1992. The study subjects were the product of pregnancies complicated by pre-
eclampsia.

Risk Factor Odds Ratio (95% ClI)
Mothers of offspring
Nulliparity 3.3(1.5-7.4) I } |
Offspring
Father born of a pregnancy 2.1(1.0-4.3) } {
complicated by preeclampsia
Increasing gestational age (per week) 0.8 (0.8-0.9) H
Increasing year of birth (per year) 1.1 (1.0-1.2) H
Rural residence 1.2 (0.6-2.6) ——
Paternal education less than high school 1.7 (1.0-3.2) —t—A
I T T T T T T 1
0.1 1 2 3 5 6 7 15
Odds Ratio

Figure 2. Odds Ratios for Preeclampsia among the Partners of the Male Study Group as Compared with the Partners of the Male

Control Group.

Cl denotes confidence interval. The scale on the abscissa is different on either side of unity.

factor 2, an insulin homologue with mitogenic ac-
tivity, is present in high levels in invasive cytotropho-
blasts but is absent in syncytiotrophoblasts.!! Be-
cause of imprinting, insulin-like growth factor 2 is
expressed solely by the paternal allele in many adult
and fetal tissues, including the placenta.l>14 In fetal
mice, inactivation of the paternal copy of the gene
for insulin-like growth factor 2 results in severe in-
trauterine growth restriction, supporting a role for
this growth factor in placentation.!’s An alteration in
fetal—placental transport or metabolism of essential
nutrients, resulting in decreased fetal growth, could
also be responsible.

Other genes implicated in the development of pre-
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eclampsia, such as the T235 allele of angiotensinogen,
the factor V Leiden mutation, and variants of the
methylenetetrahydrofolate reductase gene, may be of
paternal origin.316.17 A paternally derived antigen or an
immunogenic alteration inherited by the fetus is also
a potential explanation for the increased incidence of
preeclampsia in our study group.

The maternal predisposition to preeclampsia that we
identified confirms the results of several other studies.
In addition, the fact that commonly accepted factors
associated with preeclampsia, such as maternal nul-
liparity, were associated with an increased risk in our
study provides reference values that are useful for com-
paring the relative strengths of the associations. The
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Risk Factor Odds Ratio (95% ClI)
Mothers
Being the product of a pregnancy 3.3(1.5-7.5) I } |
complicated by preeclampsia
Nulliparity 6.2 (2.6-15.0) I } |
Offspring
Increasing gestational age (per week) 0.8 (0.7-0.9) H
Increasing year of birth (per year) 1.3(1.1-1.5) HH
Rural residence 2.1(0.9-4.9) } } |
Paternal education less than high school 0.8 (0.4-1.5) ——
I T T T T T T 1
0.1 1 2 3 4 5 6 7 15

Odds Ratio

Figure 3. Odds Ratios for Preeclampsia in the Female Study Group as Compared with the Female Control Group.
Cl denotes confidence interval. The scale on the abscissa differs on either side of unity.

incidence of preeclampsia among primigravid women
with a family history of preeclampsia was three times
that among primigravid women who had no such fam-
ily history.2 In another study the daughters of women
with preeclampsia had nearly twice as high a risk of
having preeclampsia themselves during their first preg-
nancy as did the daughters of women with no history
of preeclampsia.* Finally, the prevalence of preeclamp-
sia and eclampsia was significantly higher among the
daughters of women who had a history of preeclamp-
sia (23 percent) than among their daughters-in-law
(10 percent).?

The cohort design of our study minimizes ascertain-
ment bias, and the objective nature of the birth-cer-
tificate data also eliminates the bias that may confound
a study that is based solely on maternal recall. The ac-
curacy of birth-certificate records may be questioned,
but there is no reason to believe that such limitations
would affect the study group more than the matched
control group. Although the accuracy and reliability
of information obtained from birth certificates may
vary, some have found the accuracy of information
obtained from birth certificates to be as high as 90
percent.!$19 Furthermore, information obtained from
linked data sets is more accurate and reliable than that
obtained from patient questionnaires.20 The hetero-
geneous nature of preeclampsia may explain differenc-
es between our findings and those of others. Previous
studies that failed to identify a paternal contribution
to the risk of preeclampsia included only women with
severe preeclampsia or eclampsia.32! Severe preeclamp-
sia and eclampsia may represent a different subgroup
of disease from milder forms of preeclampsia. In the
present study, we were not able to determine the se-
verity of preeclampsia.

N Engl ] Med, Vol. 344, No. 12 -

The relatively low prevalence of preeclampsia in our
study is not surprising, given the racial homogeneity
of the subjects, almost all of whom were white. The
study design resulted in the selection of healthy sub-
jects without preexisting medical conditions and,
thus, a relatively low-risk group. An overall rate of pre-
eclampsia of 1.3 to 4.7 percent is reasonable in such
women. The results may not be applicable in more
racially diverse subjects.

In conclusion, we found evidence of both paternal
and maternal components of the predisposition to pre-
eclampsia, supporting the theory that genetic contri-
butions from both parents are important in the de-
velopment of the disorder.

Partial support for the Utah Population Database is provided by the
Huntsman Cancer Institute at the University of Utah.
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