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A B S T R A C T

Background: Gestational hypertension and preeclampsia are hypertensive disorders related to pregnancy that can
cause maternal morbidity and fetal growth retardation. The association of these disorders with family history
remains unclear.
Objectives: To examine the degree of family aggregation of preeclampsia and gestational hypertension in Taiwan.
Methods: The study was conducted using the data from the National Health Insurance Database of Taiwan. De-
livery events in Taiwan from 1999 to 2013 were collected. Preeclampsia was identified based on the hospital
diagnosis of index delivery. The family aggregation pattern of preeclampsia was assessed and analyzed using the
relationship registered in the database with the patients.
Results: A total of 60,314 preeclampsia events were identified among 4,091,641 deliveries, accounting for 1.5% of
the cohort. The incidence of preeclampsia increased with maternal age. A total of 768 preeclampsia events
occurred in mothers who had a sororal history of preeclampsia (n ¼ 20,704), accounting for 1.3% of all pre-
eclampsia events (n ¼ 60,314). Mothers who had a sororal history of preeclampsia had a relative risk (RR) of 2.6
(95% confidence interval [CI]: 2.41–2.80) for preeclampsia compared with mothers who did not have a sororal
history of preeclampsia. The RR for gestational hypertension was 2.79 (95% CI: 2.36–3.3) in mothers with a
positive sororal history of gestational hypertension.
Conclusions: Having a sororal history of preeclampsia was a strong risk factor for preeclampsia and gestational
hypertension in mothers in Taiwan. The pattern of family aggregation was similar at all maternal ages.
1. Introduction

Gestational hypertension and preeclampsia are hypertensive
disorders related to pregnancy. Gestational hypertension is defined
as a consistent elevation of blood pressure above 140/90 mmHg in
a previously normotensive woman after 20 weeks of pregnancy.
Preeclampsia is characterized by maternal hypertension and
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proteinuria [1]. Preeclampsia can occur in previously healthy
women and cause maternal morbidity and fetal growth retardation.
Without proper management, preeclampsia can result in a
life-threatening condition known as eclampsia, which causes
maternal seizure and organ failure [2]. The incidence of pre-
eclampsia is approximately 2%–8% in developing countries [3,4].
Preeclampsia is also associated with a relatively high incidence of
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maternal cardiovascular events after delivery, including stroke,
myocardial infarction, and sudden death [5,6].

Maternal blood pressure and proteinuria are routinely monitored
during pregnancy. Pregnant women with a high risk of preeclampsia are
prescribed low-dose aspirin because a previous study reported that a
daily aspirin dose of 150 mg can reduce the risk of preeclampsia by 62%
in high-risk women [7]. However, the effect of aspirin in moderate-risk
or low-risk women remains unclear. Moreover, no curative treatment is
available to treat preeclampsia during pregnancy, and delivery is the only
solution for preventing further damage.

The pathophysiology of preeclampsia remains poorly understood. A
two-staged model that considers both placental and maternal factors is
widely accepted [8–10]. The model is based on the proposition that a
poorly perfused placenta (Stage 1) produces factors causing the clinical
manifestations of preeclampsia (Stage 2). Several risk factors for pre-
eclampsia have been identified, such as advanced maternal age, chronic
hypertension, renal disease, diabetes mellitus, obesity, and carrying twins.
However, the onset and course of preeclampsia remain unpredictable.

Studies using genome-wide scanning have identified several maternal
susceptibility loci in various populations [11–14], but the clinical rele-
vance of these genetic factors remains controversial. Because hereditary
factors may contribute to preeclampsia, we hypothesized that positive
family history is associated with the incidence of preeclampsia.
Family-based studies are the cornerstone for identifying the familial risk
and heritability of human diseases because they evaluate whether fa-
milial clustering among cases is higher than expected. The National
Health Insurance (NHI) database includes the medical records, di-
agnoses, and treatment histories of virtually all the residents of Taiwan.
We identified genealogical relationships and linked health information
from this database to investigate the familial clustering of preeclampsia
events by estimating the incidence of the disease among mothers with or
without a sororal history of preeclampsia.

2. Method

2.1. Data source

This study was approved by the Institutional Review Board of Chang
Gung Memorial Hospital (approval number 98-4060B) and the entity
responsible for the data, the NHI Administration. This study is based in
part on the NHI Research Database (NHIRD) data provided by the
Applied Health Research Data Integration Service of the National Health
Insurance Administration. The NHI program is a government-run uni-
versal single-payer health insurance program launched in 1995 that
covers over 99% of the population in Taiwan. The NHIRD contains data
of all registered beneficiaries, including all claims for outpatient and
inpatient services by medical providers contracted with the NHI
Administration, all treatments prescribed by the providers, and all
treatments dispensed by pharmacies. All registered personal information
in the NHIRD is encrypted before being released to researchers but can be
linked. All personal data in the database are anonymous, and thus, this
study was exempt from the requirement of informed consent.

2.2. Study design, population, and outcome

We identified all women who delivered one or more singletons in
Taiwan between January 1, 1999, and December 31, 2013, from the
Applied Health Research Data Integration Service, provided by the NHI
Administration. All live deliveries in this period were included for
analysis. The NHIRD contains all records of parent–child relationships
and other kinships of the entire population. All full biological siblings can
be identified. Data of 4,091,641 deliveries were retrieved from the
database and analyzed. Mothers with a sororal history of preeclampsia
(exposure) were identified. The outcome of interest was the prevalence of
preeclampsia in mothers who had a sororal history of preeclampsia
compared with mothers who did not have a sororal history of
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preeclampsia. Associated diseases, including gestational hypertension
and eclampsia, were also analyzed in the same cohort.

2.3. Ascertainment of preeclampsia and other events

Preeclampsia was identified based on medical records between de-
livery (day 0) and 180 days before delivery (day 180). Preeclampsia,
gestational hypertension, and other associated maternal diseases were
identified using the International Classification of Disease, Ninth Revision,
Clinical Modification (ICD-9-CM) codes (Supplemental Material Table 1),
which were 642.4 (mild or unspecified preeclampsia), 642.5 (severe
preeclampsia), 642.6 (eclampsia), 642.7 (preeclampsia/eclampsia with
preexisting hypertension), 642.3 (gestational hypertension), 648.8
(gestational diabetes), 641.x (antepartum hemorrhage), and 666.x
(postpartum hemorrhage). Preeclampsia has been defined in previous
studies [15,16].

2.4. Statistical analysis

The Breslow–Cox proportional hazards model with a robust sandwich
method was used to perform intra-familial clustering [17]. We calculated
the prevalence and relative risk (RR) of preeclampsia and gestational
hypertension between mothers with and without a sororal history of the
disease separately. The RR was adjusted for maternal age, distribution of
residence, income level quintiles, and occupational categories. Linear
regression was employed to confirm the relationship between maternal
age and the prevalence of preeclampsia. Furthermore, the RR of other
common pregnancy-associated diseases, including gestational hyperten-
sion, gestational diabetes, antepartum hemorrhage, and postpartum
hemorrhage, were calculated in both positive and negative sororal his-
tory groups. All statistical hypotheses were tested at the two-sided 5%
level of significance, and all analyses were performed using SAS version
9.3 (SAS Institute, Cary, North Carolina, USA).

3. Results

3.1. Incidence of preeclampsia in the cohort

A total of 4,091,641 deliveries from 1999 to 2013, including 60,314
preeclampsia events, were identified in the NHIRD. The overall incidence
of preeclampsia was 1.5% in this cohort (Tables 1 and 2). Mothers with a
sororal history of preeclampsia were younger than those without (27.7
vs. 29.1, standardized difference [SD] ¼ 0.29, p < 0.0001). The distri-
bution of residence differed between mothers with and without a sororal
history of preeclampsia. Women with a sororal history of preeclampsia
more commonly resided in suburban and rural areas compared with
those without (SD ¼ 0.11, p < 0.001). Maternal income level and occu-
pation also differed slightly between the two groups (SD ¼ 0.08,
p < 0.001). Mothers with a sororal history of preeclampsia had lower
income levels, were more often nonmanual workers and professionals,
and were less often dependents of other insured individuals.

3.2. Family aggregation of preeclampsia and gestational hypertension

The RRs of preeclampsia and gestational hypertension based on so-
roral history and other factors are listed in Table 2. Among all 60,314
preeclampsia events in the cohort, 768 events involved mothers with a
sororal history of preeclampsia, accounting for 1.3% of all events. The
prevalence of preeclampsia was significantly higher among mothers with
a positive sororal history (RR ¼ 2.60, 95% confidence interval [CI]:
2.41–2.80). Furthermore, the prevalence of preeclampsia was lower in
mothers with previous deliveries compared with mothers with nulli-
parity (P2 vs. P1, RR ¼ 0.61; P � 3 vs. P1, RR ¼ 0.79).

We then assessed the RRs of gestational hypertension in the same
cohort. A total of 22,976 events of gestational hypertension were iden-
tified in the cohort, including 149 events (0.65%) involvingmothers with



Table 1
Baseline characteristics of pregnancies with preeclampsia in patients with a positive and negative sororal history.

Variables With affected sister relatives General population Standardized differencea P-value

Total participants, n 11,708 2,536,742
Total pregnancies 20,704 4,070,937
Age, mean (SD) (years) 27.68 (4.75) 29.08 (4.97) 0.2878 <0.0001
Preeclampsia, N (%) 768 (3.71) 59,546 (1.46) 0.1419 <0.0001
Place of residence, N (%) 0.1082 <0.0001
Urban 10,765 (51.99) 2,312,673 (56.81)
Suburban 6631 (32.03) 1,218,276 (29.93)
Rural 2269 (10.96) 354,820 (8.72)
Unknown 1039 (5.02) 185,168 (4.55)

Income levels, N (%) 0.0757 <0.0001
Quintile 1 (低) 3029 (14.63) 569,239 (13.98)
Quintile 2 3297 (15.92) 580,993 (14.27)
Quintile 3 5002 (24.16) 1,013,937 (24.91)
Quintile 4 4654 (22.48) 882,381 (21.68)
Quintile 5 (高) 4157 (20.08) 918,805 (22.57)
Unknown 565 (2.73) 105,582 (2.6)

Occupation, N (%) 0.0981 <0.0001
Dependents of the insured individuals 5139 (24.82) 1,152,004 (28.3)
Civil servants, teachers, military, and personnel 1079 (5.21) 216,832 (5.33)
Non-manual workers and professionals 8622 (41.64) 1,553,247 (38.15)
Manual workers 3775 (18.23) 780,919 (19.18)

a Standardized difference (SD) ¼ difference in means or proportions divided by standard error. Imbalance is defined as an absolute value above 0.20.

Table 2
Relative risks for preeclampsia and gestational hypertension in patients with a
positive and negative sororal history of preeclampsia or gestational hypertension.

Variable aPreeclampsia aGestational hypertension

Sister with
preeclampsia

General
population

Sister with
gestational
hypertension

General
population

No. of case 768 54,596 149 22,827
Prevalence (%) 3.71 1.46 1.67 0.56

Sister 0 Ref. Ref.
History 1 2.60 (2.41–2.80)a 2.79 (2.36–3.30)

Age 20–24 1.09 (1.03–1.16) 1.12 (1.02–1.24)
(Ref.:
<20)

25–29 1.39 (1.31–1.47) 1.50 (1.36–1.66)

30–34 1.93 (1.82–2.04) 2.16 (1.96–2.38)
35–39 3.16 (2.98–3.36) 3.39 (3.07–3.75)
�40 5.29 (4.93–5.67) 5.29 (4.71–5.94)

Parity 2 0.62 (0.60–0.63) 0.63 (0.62–0.65)
(Ref.: 1) �3 0.79 (0.77–0.82) 0.86 (0.82–0.91)

Number
of
sister

1 1.15 (1.12–1.17) 1.28 (1.23–1.32)

(Ref.: 0) 2 1.15 (1.11–1.19) 1.27 (1.21–1.34)
�3 1.19 (1.13–1.25) 1.41 (1.31–1.52)

a Preeclampsia and gestational hypertension were analyzed separately.

Table 3
Relative risks for different degrees of preeclampsia in patients with a positive and
negative sororal history.

Variable Mild or unspecified
preeclampsia

Severe preeclampsia

Sister with
any
preeclampsia

General
population

Sister with
any
preeclampsia

General
population

No. of case 496 38,605 272 20,941
Prevalence (%) 2.4 0.95 1.31 0.51

Family
history

0 Ref. Ref.

1 2.53 (2.31–2.77) 2.73 (2.41–3.10)

Age 20–24 1.16 (1.08–1.26) 0.98 (0.89–1.08)
(Ref.:
<20)

25–29 1.49 (1.38–1.61) 1.23 (1.12–1.35)

30–34 2.10 (1.95–2.26) 1.67 (1.52–1.83)
35–39 3.39 (3.14–3.66) 2.82 (2.56–3.10)
�40 5.55 (5.08–6.06) 4.89 (4.37–5.47)

Parity 2 0.64 (0.63–0.66) 0.57 (0.55–0.58)
(Ref.: 1) �3 0.80 (0.77–0.83) 0.78 (0.74–0.82)

Number
of
sister

1 1.18 (1.14–1.21) 1.10 (1.06–1.14)

(Ref.: 0) 2 1.20 (1.15–1.25) 1.06 (1.00–1.12)
�3 1.22 (1.15–1.30) 1.13 (1.03–1.23)
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a positive sororal history. The prevalence of gestational hypertension was
significantly higher in mothers with a positive sororal history than in
those with a negative history (RR ¼ 2.79, 95% CI: 2.36–3.30).

Table 3 lists the RRs of various degrees of preeclampsia. Severe pre-
eclampsia accounted for 35% (272/768) of all preeclampsia events. The
RRs for mild or unspecified preeclampsia and severe preeclampsia were
2.53 and 2.73, respectively, in mothers with a sororal history of any
degree of preeclampsia compared withmothers without a sororal history.
The degree of family aggregation was similar in both groups.
3.3. Effect of maternal age on preeclampsia

Fig. 1 presents the age-specific incidence of preeclampsia, determined
using a cross-sectional analysis of the cohort. The incidence increased
gradually with maternal age in both the positive and negative sororal
history of preeclampsia groups. Linear regression analysis (maternal age
3

of<20 and� 40 years were excluded in the calculation) revealed that the
prevalence of preeclampsia increased by 0.2% per year of maternal age in
the group with a positive sororal history (R2 ¼ 0.97) and increased by
0.1% per year in the group without (R2 ¼ 0.90). Mothers aged over 40
years had a 3.7-fold RR of preeclampsia in the group with a positive
sororal history and 4.4-fold RR of preeclampsia in the group without
compared with mothers aged younger than 20 years. The pattern of
family aggregation was similar at all maternal ages.

3.4. Association between the sororal history of preeclampsia and other
maternal disorders

The analysis of the relationship between the sororal history of pre-
eclampsia and other maternal diseases is presented in Table 4. The
prevalence of both eclampsia (RR ¼ 1.84, 95% CI: 1.25–2.71) and
gestational hypertension (RR¼ 2.0, 95% CI: 1.76–2.26) was higher in the



Fig. 1. Age-Specific Incidence of Preeclampsia in Mothers with a Positive and
Negative Sororal History of Preeclampsia. The risk of preeclampsia increased
with maternal age in both groups, and the pattern of family aggregation
remained similar at all maternal ages.

Table 4
Relative risks of other maternal diseases in patients with a positive and negative
sororal history of preeclampsia.

Associated
conditions

Sister relative with
preeclampsia

General population Relative
risks

Case Prevalence
(%)

Case Prevalence
(%)

Eclampsia 25 0.12 2837 0.07 1.84
(1.25–2.71)

Gestational
diabetes

1063 5.13 164,268 4.04 1.09
(1.02–1.16)

Gestational
hypertension

247 1.19 22,827 0.56 2.00
(1.76–2.26)

Antepartum
hemorrhage

549 2.65 99,187 2.44 1.06
(0.97–1.15)

Postpartum
hemorrhage
due to atony

178 0.86 28,684 0.7 1.13
(0.97–1.32)

Postpartum
hemorrhage
not due to
atony

89 0.43 16,150 0.4 0.93
(0.74–1.15)

Severe
postpartum
hemorrhage

28 0.14 7114 0.17 1.02
(0.70–1.48)
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group with a positive sororal history of preeclampsia than that in the
group without. The risk for gestational diabetes was mildly elevated
(RR ¼ 1.09, 95% CI: 1.02–1.16). No significant differences were
observed in the prevalence of antepartum hemorrhage and postpartum
hemorrhage between the two groups.

4. Discussion

4.1. Family aggregation pattern of preeclampsia

The NHIRD contains all the medical records, diagnoses, and treat-
ment histories of the Taiwanese population from 1995 to the present
[18]. Findings from these data indicated a 2.6-fold increase in the risk of
preeclampsia among women with a sororal history of preeclampsia in
Taiwan. A survey that used data from Washington, USA birth certificates
linked to hospital discharge records demonstrated family clustering of
preeclampsia between sisters in a small population [15], with women
with preeclampsia being 2.3 times (95% CI: 1.8–2.9) more likely to have
a sororal history of preeclampsia and women with gestational hyper-
tension being 1.6 times (95% CI: 1.3–2.0) more likely to have a sororal
history of gestational hypertension. Another single-center study reported
that a family history of preeclampsia was associated with a 4-fold
increased risk of severe preeclampsia (RR ¼ 4.3, p ¼ 0.02) [19]. A
Swedish study published in 2004 (data from 1987 to 1997) determined
4

that a family history of preeclampsia through full sister or mother-
–daughter relationships (RR¼ 3.3 and 2.6, respectively) was a larger risk
factor for preeclampsia compared with maternal or paternal half-sister
relationships (RR ¼ 1.4 and 1.0, respectively) [20]. Our study analyzed
data from the NHIRD and thus involved a much larger cohort size and
longer follow-up period than previous studies, which have been town- or
center-based.

In our cohort, gestational hypertension (RR ¼ 2.79) as preeclampsia
(RR ¼ 2.60) displayed a similar family aggregation pattern. Moreover,
mothers with a sororal history of preeclampsia exhibited a higher prev-
alence of eclampsia, gestational hypertension, and to a lesser degree,
gestational diabetes. A cohort study reported that preeclampsia and
gestational hypertension share similar risk factors, such as maternal
obesity [21]. The similarity of risk factors and patterns of family aggre-
gation may indicate similarities in the genetic or environmental mech-
anisms underlying these diseases.

4.2. Preeclampsia and maternal cardiovascular events

In this study, mothers with a sororal history of preeclampsia had a
higher risk of both preeclampsia and gestational hypertension. Hyper-
tensive disorders in pregnancy are one of the major causes of maternal
morbidity and mortality [22–24]. A cohort study in Norway determined
that 22% of maternal deaths were related to hypertensive disorders [25].
Our previous report using NHIRD data from 1999 to 2003 revealed that
women with preeclampsia or eclampsia had a significantly higher risk of
stroke, both during pregnancy and in the first year postpartum [5]. The
adjusted RRs for hemorrhagic and ischemic stroke within 3 months
antepartum were 10.68 (95% CI: 3.40–33.59) and 40.86 (95% CI:
12.14–137.47), respectively. Another NHIRD study indicated that
women with preeclampsia or eclampsia had a 13-fold higher incidence of
myocardial infarction and an 8-fold higher incidence of heart failure
during pregnancy, and the risk of major cardiovascular events remained
elevated for up to 3 years after delivery [6].

4.3. Hereditary and environmental factors affecting preeclampsia

Although preeclampsia and eclampsia are a global threat to the health
of pregnant women, the pathogenesis remains under researched.
Abnormal placentation caused by inadequate cytotrophoblast invasion
into the inner myometrium and impaired formation of spiral arteries may
play crucial roles in the disease's development [26]. Genetic problems
affecting endothelial function or angiogenesis may be hereditary factors
in the development of preeclampsia.

Possible genetic polymorphisms linked to preeclampsia were
reviewed and summarized by Mütze et al., in 2008 [27]. The most widely
studied genes have been those that encode angiotensinogen,
angiotensin-converting enzyme, angiotensin II type I receptor, and
endothelial nitric oxide synthase. Although several genetic poly-
morphisms have been identified, the Results from various reports are
inconsistent, with more non-confirming studies than confirming studies.
The incidence of preeclampsia is higher among women with systemic
lupus erythematosus (SLE) [28]. Pregnant women with SLE carry a 20%
risk of preeclampsia, which is approximately 10 times higher than in the
general population. No direct causative genetic defects have been iden-
tified to which preeclampsia or eclampsia can be attributed.

Furthermore, environmental factors that are common among family
members may contribute to the family aggregation pattern of pre-
eclampsia and gestational hypertension. Sisters may have similar life-
styles in terms of activities, such as cooking, dining, hobbies, and sports,
because these habits develop in childhood and may persist into adult-
hood despite the sisters no longer living together.

Maternal age is a well-established risk factor for preeclampsia. Our
study identified a linear relationship between maternal age and the
prevalence of preeclampsia in both women with and without a sororal
history of preeclampsia. In our analysis, the degree of family aggregation
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remained similar in each age group. However, the group with a positive
sororal history was younger but had a 2.6-fold higher risk of preeclampsia
compared with those with a negative sororal history. These findings
indicate that although maternal age affects the risk of preeclampsia, it
does not affect the pattern of family aggregation. Women with a sororal
history of preeclampsia were at higher risk of preeclampsia at all ages.

The distribution of residence differed between groups. Mothers
without a sororal history were more likely to live in urban areas and less
likely to live in suburban and rural areas, which may be a shared envi-
ronmental factor related to preeclampsia. City life may involve more
exposure to stress, pollution, and factors that prevent healthy sleep, all of
which may contribute to more sporadic cases of preeclampsia. Women in
suburban and rural areas live more frequently with their parents and
siblings. Therefore, sisters in this group may tend to have similar habits
and lifestyles, and thus, this cohabitation effect may contribute to fa-
milial cases of preeclampsia.

In our study, the absolute differences in income level and occupation
were small and the effects were limited because all women in the cohort
were equally covered by NHI, regardless of income level or occupation.

4.4. Similarities and differences in epidemiology

Incidences of preeclampsia are reported in approximately 3%–6% of
pregnancies, with a 1.5- to 2-fold higher incidence during the first
pregnancy [3,29,30]. In our analysis, the prevalence of preeclampsia was
also higher in mothers having their first delivery. This finding can be
explained by the characteristics of the disease and psychological factors.
Mothers who experienced preeclampsia during their first delivery are less
willing to become pregnant again compared with mothers with un-
eventful deliveries.

According to Chan et al., the prevalence of preeclampsia in Taiwan
increased from 0.87% in 1998 to 1.21% in 2010 [31], which is close to
the identified prevalence of 1.5% in our study. The overall incidence of
preeclampsia was 2.8% between 1980 and 2010 in Japan [32] and 3%
between 2006 and 2015 in China [33]. A study in Norway determined
that the incidence of preeclampsia increased gradually from 1967 to
1999 and decreased thereafter, with an overall incidence of approxi-
mately 3% [34], and the strength of the age–disease relationship
decreased in the 21st century. The RR of preeclampsia between older and
younger mothers was 2.4 between 1967 and 1976 and 1.2 between 1999
and 2008. In the United States, the overall incidence of preeclampsia was
3.4% in 1980 and 3.8% in 2010, with a considerable increase in the
incidence of severe preeclampsia, from 0.3% to 1.4% [35]. Women born
more recently have a higher risk of severe preeclampsia compared with
women born in the 1970s.

The reported incidence of preeclampsia varies between countries and
areas, which may be related to various factors, including genetic varia-
tion, lifestyle, and public health policy. The NHI system covers approx-
imately 99.9% of the Taiwanese population. Routine pregnancy
checkups can identify maternal and fetal problems at an early stage,
allowing maternal hypertension to be well controlled.

4.5. Clinical perspectives

Having a positive sororal history is a strong risk factor for both
gestational hypertension and preeclampsia in mothers. The degree of
family aggregation was similar at all maternal ages. Taking a detailed
family history of gestational hypertension and preeclampsia and closely
monitoring mothers with positive sororal history may identify the dis-
eases at early stage. Further studies are required to confirm whether
aspirin prophylaxis or more aggressive follow-up can improve maternal
outcomes in the group with a positive sororal history.

4.6. Study limitations

The present study has several limitations. First, information on the
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diagnosis and severity of preeclampsia was based on the medical re-
cords in the NHIRD. However, because the diagnostic criteria for
preeclampsia and gestational hypertension are clear and well-
established, the chance of misdiagnosis is low. Second, detailed per-
sonal information, laboratory data, and accurate onset timing of pre-
eclampsia were unavailable. Therefore, we could not analyze whether
family-associated preeclampsia tended to occur earlier or later during
pregnancy. Third, the NHI program in Taiwan started in 1995;
therefore, epidemiological data on preeclampsia before 1995 were not
available.

5. Conclusions

A sororal history of preeclampsia is a strong risk factor for pre-
eclampsia in Taiwan. This pattern was also observed in gestational hy-
pertension. The degree of family aggregation was similar at all maternal
ages. The main findings are summarized in the graphic abstract. To our
knowledge, this study is the first nationwide family-based study to
confirm that a sororal history of preeclampsia or gestational hypertension
is a strong risk factor for these diseases. Intensive blood pressure moni-
toring is crucial for high-risk mothers because studies have demonstrated
that approximately 60% of preeclampsia-related deaths are preventable
[36]. Further studies are required to confirm whether aspirin prophylaxis
or more aggressive follow-up can improve clinical outcomes in the group
with a positive sororal history. Furthermore, identifying possibly modi-
fiable environmental risk factors is another crucial research field to
control and reduce preeclampsia.
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