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Background-—Gestational hypertension (GH) is a common complication of pregnancy and is associated with increased risk of
incident hypertension in later life (IH) and cardiovascular events. However, the interactive effect of GH and IH on postpartum
cardiovascular health remains unclear.

Methods and Results-—A nationwide population-based study was conducted using 1 million individuals from the Taiwan National
Health Insurance database. Records from 1998 to 2009 were used to identify 1260 pregnant women with GH and without previous
cardiovascular disease. The control group comprised 5040 pregnant women without GH, matched for age and date of delivery.
During the follow-up period (median duration, 5.8 years), 182 cardiovascular events developed. Women with GH had significantly
higher risk of cardiovascular events (hazard ratio [95% CI], 2.44 [1.80 to 3.31]) and IH (8.29 [6.30 to 10.91]) than controls.
Compared with women without GH and IH, there was a significantly higher risk of cardiovascular events for women without GH but
with IH (relative risk [95% CI], 2.89 [1.27–6.58]), women with GH but without IH (1.66 [1.16–2.39]), and women with GH and IH
(8.11 [5.36–12.30]). The synergy index was 2.91 (95% CI 1.11 to 7.59), suggesting a positive interaction between GH and IH.

Conclusions-—GH increased the risk of subsequent IH. Women with both GH and IH were at a substantially higher cardiovascular
risk than were women with either GH or IH. The synergistic adverse effect of GH and IH on postpartum cardiovascular health
indicates that more attention should be paid to this special population. ( J Am Heart Assoc. 2014;3:e001008 doi: 10.1161/
JAHA.114.001008)
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H ypertensive disorders in pregnancy are common, affect-
ing 5% to 10% of pregnancies,1 and range widely in

severity from gestational hypertension (GH) to preeclampsia
and eclampsia. In recent decades, the incidence of GH has
increased, along with the level of obesity and maternal age.2

New-onset hypertension during pregnancy has been associated
with increased risk of subsequent cardiovascular disease
(CVD)3 and incident hypertension in later life.4–6 Previous
cohort studies have demonstrated the influence of hyperten-
sive disorders during pregnancy on long-term maternal cardio-
vascular risk.4,7,8 Compared with women with normotensive
pregnancies, womenwith GHare at increased risk of developing
hypertension in the following decades.4 However, little is known
about the long-term prognosis of women with GH who later
develop hypertension. We conducted a nationwide population-
based cohort study to investigatewhether there is an additive or
a synergistic effect of GH and incident hypertension in later life
(IH) on postpartum cardiovascular health. Improved risk
stratification of this common complication during pregnancy
may result in better management of this clinical population.

Methods

Study Population
In Taiwan, National Health Insurance is a single-payer program
that has operated since 1995 and >98% of the population.
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The database includes patient demographics, diagnosis,
prescriptions during hospital stays, and outpatient claims.
Currently, the National Health Research Institutes in Miaoli,
Taiwan, is in charge of the National Health Insurance Research
Database (NHIRD; www.nhri.org.tw/nhird/), and this is one of
the largest nationwide population-based databases in the
world. The complete National Health Insurance claims
database, along with several dozen extracted datasets, is
available to researchers. The information is managed with a
double-scrambling protocol, whereby the original identification
number for each individual is encrypted to protect privacy
while maintaining consistency. Therefore, it is possible to
follow patients by linking claims belonging to the same patient
across the extracted datasets noted above. For this analysis, a
nationally representative group of 1 million individuals was
randomly selected from all insured persons in the NHIRD. The
medical records of all selected individuals from 1996 to 2009
were included in the dataset used for this analysis. Because
the National Health Insurance program was initiated in 1996,
the claims data for that year were not complete. We thus
included data from individuals who were enrolled between
January 1, 1997, and December 31, 2009.

Study Design
We conducted a cohort study of pregnant women with and
without GH in this nationally representative sample of
1 million individuals. All diagnoses were made based on
International Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) codes. From this nationally represen-
tative sample of 1 million individuals, we identified 1260
women with GH (ICD-9-CM code 642), including preeclampsia
(642.4 to 642.5) and eclampsia (642.6, 642.7), from January 1,
1998, who had no history of any CVD requiring hospitalization
(ICD-9-CM code 390-459) and no history of hypertension (ICD-
9-CM code 401-405) in the 12 months before delivery. The
control group was 5040 pregnant women (a ratio of 1 case to 4
controls) without GH, who were matched for age and date of
delivery. Each matched case and controls had the same
delivery date, which signaled the start of the follow-up period.

A history of diabetes or dyslipidemia was identified from
medical records in the 12 months before the delivery.
Diabetes was defined as ≥3 outpatient claims with ICD-9-
CM code 250. Dyslipidemia was defined as ≥3 outpatient
claims with ICD-9-CM code 272. Cardiovascular events after
pregnancy were identified from medical records as hospital-
ization because of CVD. The incidence of hypertension (ICD-9-
CM code 401–405), diabetes (ICD-9-CM code 250), or
dyslipidemia (ICD-9-CM code 272) after pregnancy was
identified from medical records submitted after the date of
delivery to the date of a cardiovascular event or the end of the
study (December 31, 2009). The cardiovascular events were

defined with hospitalization claim data (ICD-9-CM: 390-459).
All women who developed hypertension in the follow-up
period classified as having IH. The study project was reviewed
and approved by the institutional review committee of
National Health Research Institutes, Miaoli, Taiwan.

Statistical Methods
Parametric continuous data were compared across groups
using the unpaired Student t test and categorical data were
compared across groups using the v2 test. Survival times
were calculated from the date of delivery to the onset date of
the cardiovascular event or to the end of the study (December
31, 2009). The Kaplan–Meier method was used to estimate
survival curves for each group, and the log-rank test was used
to test the homogeneity between survival curves. The hazard
ratios (HRs) and 95% CIs were estimated for IH and for
cardiovascular events using the Cox proportional hazards
model. In addition, because the postpartum IH may be an
intermediate variable in the temporal pathway between GH
and cardiovascular events, we therefore also considered
postpartum IH as a time-dependent variable in our multivar-
iate survival model.

To evaluate whether there is any subgroup of women with
GH carrying a substantially different risk of IH and CVD, we
carried out a stratified analysis by the onset time of GH before
or after 36th week of pregnancy, birth order (first, second,
and others), frequency of occurrence of GH (signal and
multiple), and types of GH.

Participants were further classified into 4 groups:
(1) without GH and IH (GH�/IH�), (2) with GH but without
IH (GH+/IH�), (3) without GH but with IH (GH�/IH+), and
(4) with GH and IH (GH+/IH+). Logistic regression was used
to evaluate the risk of cardiovascular events in each group
relative to the GH�/IH� group. The relative risk of cardio-
vascular events in each group was used to estimate the
synergy index, which is the ratio between the combined effect
and the individual effects of GH and IH, and indicates the
interaction on an additive scale.9 The synergy index was
calculated using the following formula based on the analytic
framework proposed by Rothman10 and Hosmer11:

Synergy index ¼ RRGHþIHþ � 1
ðRRGHþIH� � 1Þ þ ðRRGH�IHþ � 1Þ

where RRGH+IH+, RRGH+IH�, and RRGH�IH+ are the relative risk
of cardiovascular events in the GH+/IH+, GH+/IH�, and
GH�/IH+ groups, respectively. Synergy index values can
range from 0 to infinity. The CIs of the synergy index was also
estimated.11 A value of 1 indicates no interaction or exact
additivity, a value >1 indicates a positive interaction or more
than additivity, and a value <1 indicates a negative interaction
or less than additivity.
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Moreover, because the information of potential confound-
ers (eg, body mass index or smoking) is not comprehensively
collected in the NHIRD and may cause false associations
between GH, IH, and cardiovascular risk, a bias analysis12,13

was carried out to quantify the potential impact of unmea-
sured confounding factors.

Results

Characteristics of the Study Population
Table 1 presents the characteristics of the study population.
The prevalence of diabetes and dyslipidemia at baseline was
significantly higher in women with GH than in controls
(Table 1), suggesting that an abnormal metabolic profile may
have an effect on the development of GH. The percentage of
women with diabetes, dyslipidemia, and hypertension during
the follow-up period was significantly higher in women with
GH than in controls (all P<0.001, Table 1).

GH and the Risk of IH and Cardiovascular Disease
The median follow-up duration was 5.8 years (interquartiles
2.9 to 8.7 years). During the follow-up period, 68 of 1260
women with GH and 114 of 5040 age-matched controls
experienced cardiovascular events (Table 2). The incidence of
cardiovascular events was significantly greater in women with
GH than in controls (9.74 versus 3.99 per 1000 person-years,
P<0.001, Table 2). GH increased the risk of cardiovascular
events (HR 2.44, 95% CI 1.80 to 3.31, Table 2 and Figure 1A).

During the follow-up period, 158 of 1260 women with GH
and 95 of 5040 age-matched controls developed IH (Table 2).
The incidence of IH was greater for women with GH than
in controls (24.93 versus 3.36 per 1000 person-years,
P<0.0001, Table 2). GH increased the risk of IH (HR 8.29,
95% CI 6.30 to 10.91, Table 2 and Figure 1B).

As for the stratified analysis, the HRs (adjusted for baseline
diabetes and dyslipidemia) of women with GH that occurred
before and after the 36th week were 6.43 (4.28 to 9.65) and
8.32 (5.98 to 11.57) for IH and 2.21 (1.35 to 3.62) and 2.57
(1.76 to 3.76), respectively, for CVD events. Women with GH
were at significantly increased risk for IH and CVD. Stratified
by the birth order, the HRs of GH for predicting IH was 6.76
(5.01 to 9.13), 11.01 (6.26 to 19.34), and 6.51 (2.40 to
17.66) for first, second, and other parity of delivery. In
addition, the HRs of GH for CVD was 2.47 (1.74 to 3.51), 2.31
(1.20 to 4.45), and 3.31 (0.89 to 12.34) stratified by first,
second, and other parity of delivery, respectively. Further-
more, within the subgroups of woman with different occur-
rence frequency and various types of GH, comparable and
significantly increased HRs for IH and for CVD were still noted
(Table 3).

Table 1. Characteristics of the Study Population

Women
With GH
(n=1260)

Age-Matched
Controls
(n=5040) P Value

Characteristics at baseline

GH occurred after
36 wk

640 (50.79%)

GH occurred at the

First delivery 876 (69.52%)

Second delivery 324 (25.71%)

Third delivery or
beyond

60 (4.77%)

Frequency of occurrence of GH

Once 1172 (93.02%)

More than once 88 (6.98%)

Types of GH

GH without
preeclampsia
or eclampsia

725 (57.54%)

Preeclampsia 493 (39.13%)

Eclampsia 42 (3.33%)

Pregnant age, y 29.87�4.14 29.87�4.14 0.9976

Diabetes 6 (0.48%) 13 (0.26%) 0.2063

Dyslipidemia 10 (0.79%) 9 (0.18%) 0.0004

Characteristics during the follow-up period

Diabetes 54 (4.29%) 71 (1.41%) <0.0001

Hypertension 158 (12.54%) 95 (1.88%) <0.0001

Dyslipidemia 69 (4.48%) 140 (2.78%) <0.0001

Data are the mean�SD or n (%). GH indicates gestational hypertension; IH, incident
hypertension in later life.

Table 2. Association of GH and Age-Matched Controls With
the Incidence of IH and Cardiovascular Events

Women With GH
Age-Matched
Controls

IH

No. of events 158 95

Duration from delivery
to event, d

1837�1234 2051�1259

Incidence per 1000 person-y 24.93 3.36

Hazard ratio (95% CI) 8.29 (6.30 to 10.91) Reference

Cardiovascular events

No. of events 68 114

Duration from delivery
to event, d

2023�1243 2071�1266

Incidence per 1000 person-y 9.74 3.99

Hazard ratio (95% CI) 2.44 (1.80 to 3.31) Reference

GH indicates gestational hypertension; IH, incident hypertension in later life.
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Figure 1. Survival curves for the development of cardiovascular events (A) and IH (B) in women with
(blue) and without (red) GH. The P-value of the log-rank test for homogeneity between the 2 survival curves
was <0.05 for both outcomes. GH indicates gestational hypertension; IH, incident hypertension in later life.

Table 3. Stratified Analysis for the Risk of IH and Cardiovascular Diseases (CVD) in Different Subgroups of GH

Stratification Factors Diabetes, b (P Value) Dyslipidemia, b (P Value) GH, b (P Value) Hazard Ratio of GH

Model 1 IH as Dependent Variable

GH occurred before 36 wk 1.37 (0.18) �12.17 (0.98) 1.86 (<0.01) 6.43 (4.28 to 9.65)

GH occurred after 36 wk �10.43 (0.98) 0.17 (0.87) 2.12 (<0.01) 8.32 (5.98 to 11.57)

Occurrence of GH stratified by birth order

First delivery 0.81 (0.43) 0.17 (0.87) 1.91 (<0.01) 6.76 (5.01 to 9.13)

Second delivery �10.17 (0.99) �12.27 (0.99) 2.40 (<0.01) 11.01 (6.26 to 19.34)

Third delivery or beyond �11.32 (0.99) �11.28 (1.00) 1.87 (<0.01) 6.51 (2.40 to 17.66)

Frequency of occurrence of GH

Once 0.63 (0.55) �0.32 (0.76) 2.02 (<0.01) 7.56 (5.77 to 9.91)

More than once �11.35 (0.99) �0.02 (1.00) 1.93 (<0.01) 6.90 (3.20 to 14.89)

Types of GH

GH without preeclampsia or eclampsia 1.51 (0.13) �12.12 (0.98) 2.00 (<0.01) 7.40 (4.95 to 11.06)

Preeclampsia �11.04 (0.98) 0.24 (0.81) 2.03 (<0.01) 7.65 (5.40 to 10.83)

Eclampsia — — 1.86 (<0.01) 6.41 (2.28 to 18.01)

Model 2 CVD as dependent variable

GH occurred before 36 wk 1.80 (0.08) �12.56 (0.98) 0.79 (<0.01) 2.21 (1.35 to 3.62)

GH occurred after 36 wk �11.52 (0.99) �12.29 (0.99) 0.94 (<0.01) 2.57 (1.76 to 3.76)

Occurrence of GH stratified by birth order

First delivery �11.61 (0.98) �11.90 (0.99) 0.91 (<0.01) 2.47 (1.74 to 3.51)

Second delivery 3.27 (<0.01) �13.49 (0.98) 0.84 (<0.01) 2.31 (1.20 to 4.45)

Third delivery or beyond �10.91 (1.00) �10.91 (1.00) 1.20 (0.07) 3.31 (0.89 to 12.34)

Frequency of occurrence of GH

Once 1.18 (0.24) �11.31 (0.97) 0.82 (<0.01) 2.28 (1.66 to 3.14)

More than once �11.01 (0.99) �0.00 (1.00) 1.54 (<0.01) 4.68 (1.81 to 12.13)

Types of GH

GH without preeclampsia or eclampsia 1.60 (0.11) �12.24 (0.98) 0.70 (<0.01) 2.00 (1.26 to 3.18)

Preeclampsia �11.40 (0.99) �12.25 (0.99) 1.11 (<0.01) 3.02 (2.00 to 4.56)

Eclampsia — — 0.32 (0.69) 1.38 (0.28 to 6.83)

Control variables: diabetes and dyslipidemia at baseline. GH indicates gestational hypertension; IH, incident hypertension in later life.
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Multivariate analysis revealed that GH and IH were
independent risk factors for cardiovascular events (Table 4).
GH increased the risk of cardiovascular events (HR 2.45, 95%
CI 1.81 to 3.32) in the model that accounted for baseline
diabetes and dyslipidemia, and IH during the follow-up period
(Model 2, Table 4). IH (as a time-dependent variable) was also
associated with increased risk of cardiovascular events in this
model (HR 7.57, 95% CI 3.67 to 15.63, Table 4).

To further evaluate the impact and interaction of GH and IH
on postpartum cardiovascular health, study subjects were
classified into 4 groups: GH�/IH� (n=4945), GH+/IH�
(n=1102), GH�/IH+ (n=95), and GH+/IH+ (n=158). The risk
of cardiovascular events was 2.18%, 3.63%, 6.32%, and
17.72%, respectively (Figure 2 and Figure 3A). Compared with
the GH�/IH� group, the relative risk (95% CI) of cardiovas-
cular events was 1.66 (1.16 to 2.39), 2.89 (1.27 to 6.58), and

All  
n=6,300

GH
n=1,260

HT
n=158(12.54%)

CVD
n=28(17.72%)

non-CVD
n=130(82.28%)

non-HT
n=1,102(88.62%)

CVD
n=40(3.63%)

non-CVD
n=1,062(96.60%)

Non-GH
n=5,040

HT
n=95(1.88%)

CVD
n=6(6.32%)

non-CVD
n=89(93.68%)

non-HT
n=4,945(98.12%)

CVD
n=108(2.18%)

non-CVD
n=4,837(97.82%)

Figure 2. Progression of GH, hypertension, and cardiovascular disease events in women with and without
GH. CVD indicates cardiovascular disease; GH, gestational hypertension.

Table 4. Association Between IH, GH, and Cardiovascular Events in a Multivariate Model With Cardiovascular Event as Dependent
Variable

Model 1* Beta (P Value) Model 1* HR (95% CI) Model 2* b (P Value) Model 2* HR (95% CI)

Diabetes at baseline 1.00 (0.41) 2.73 (0.25 to 30.18) 0.86 (0.49) 2.35 (0.21 to 26.05)

Dyslipidemia at baseline �12.18 (0.98) —† �13.09 (0.99) —†

GH 0.90 (<0.01) 2.45 (1.81 to 3.32) 0.54 (<0.01) 1.71 (1.21 to 2.42)

IH‡ 2.02 (<0.01) 7.57 (3.67 to 15.63)

Data are the HR (95% CI) for cardiovascular events. GH indicates gestational hypertension; HR, hazard ratio; IH, incident hypertension in later life.
*In model 1, diabetes and dyslipidemia at baseline were covariates, and GH was the major exposure. In model 2: diabetes and dyslipidemia at baseline were covariates, and GH and IH
(time-varied covariate) were the major exposures.
†Because of the small case number, the hazard ratio of dyslipidemia at baseline was not estimable.
‡The IH was a time-dependent covariate in the multivariate models.
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8.11 (5.36 to 12.30) for the GH+/IH�, GH�/IH+, and GH+/
IH+ groups, respectively (Table 5 and Figure 3).

The synergy index was used to evaluate whether there was
an additive or a synergistic effect of GH and IH on future
cardiovascular events. The synergy index was 2.91 (95% CI
1.11 to 7.59), suggesting that there was a positive, or more
than additive, interaction between GH and IH. In other words,
women with GH and IH had a higher cardiovascular risk than
did those with either GH or IH alone. Moreover, the combined
effects of GH and IH on cardiovascular health may be more
pronounced than the mere summation of the individual risk
resulting from GH and IH.

Figure 4 shows the bias-adjusted relative risks of CVD for
womenwith GH plus IH. It could be argued that the risk imposed
by GH and IH could be related to confounding parameters that
could not be measured with the current study design. However,
with the assumed prevalence of an unmeasured confounder in
women with GI plus IH changing from 0.2 to 0.8 and RR
(Relative Risk) of CVD for unmeasured confounder ranging
from 3 to 9, the bias-adjusted RR of cardiovascular events
for women with GH plus IH was 2.4 to 7.5, which indicated
that the significant association between cardiovascular events
and GH plus IH cannot be explained by the impact of other
unmeasured confounding factors.

Discussion
New-onset hypertension is a common complication during
pregnancy. Our findings are in line with previous reports
that GH increases the risk of future cardiovascular
events4,7,8 and incident hypertension in later life.4–6 In this
large, nationwide cohort study, we found that women with

GH had a higher risk of IH than did age-matched pregnant
women without GH. In addition, as shown in Table 3, these
findings were consistent in different subgroups of GH. More
important, women with both GH and IH had a significantly
higher cardiovascular risk than did women with either GH or
IH alone, indicating a positive interaction or synergistic
effect. The independent prognostic significance of GH and
IH suggests that these 2 risk factors may impose adverse
impacts on postpartum cardiovascular health through com-
plex interactions and mechanisms. As a result, while
treating women with hypertension, clinicians should be
reminded of the importance of the past history of GH
because it may be an easily unheeded risk factor for CVD14

and the risk of GH combined with IH is synergistic rather
than additive. Indeed, women with GH who later developed
IH had an �3-fold risk of CVD compared with hypertensive
women without the past history of GH (RR 2.806, 95% CI
1.206 to 6.527, Table 5).

We found a link between GH, IH, and the risk of
cardiovascular events. Part of our findings are consistent
with previous reports on the association between GH or
preeclampsia and cardiovascular risk. Hermes et al showed
that women with a history of GH or preeclampsia at term had
higher predicted 10- and 30-year cardiovascular risk than did
women with a history of uncomplicated pregnancies.15 In a
Japanese cohort study, GH was identified as a risk factor for
hypertension, hypercholesterolemia, and diabetes in later
life.16 However, these studies failed to provide information
about the cardiovascular risk of women with GH who later
also developed hypertension. We demonstrated for the first
time that women with GH who develop new-onset hyperten-
sion postpartum may have a higher-than-expected cardiovas-
cular risk. Using the synergy index, we clearly demonstrated
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Figure 3. Risk of cardiovascular events (A) and survival curves for the development of cardiovascular
events (B) in women without GH or IH (blue), women with GH but without IH (red), women without GH but
with IH (green), and women with both GH and IH (purple). The P-value of the log-rank test for homogeneity
between the 4 survival curves was <0.001. GH indicates gestational hypertension; IH, incident hypertension
in later life.
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that GH and IH were 2 independent risk factors for
postpartum cardiovascular health that interacted with each
other synergistically.

The mechanisms underlying these findings remain to be
elucidated. The reasons why women with GH are more prone
to the development of hypertension in later life and the
mechanisms by which GH synergistically interacts with IH to
affect long-term cardiovascular health are not clear. It has
been proposed that abnormal cytotrophoblastic invasion and
spiral artery remodeling may lead to ischemia/hypoxia–
mediated increases in inflammatory cytokines during preg-

nancy. This may have subsequent detrimental effects on
endothelial dysfunction and the bioavailability of nitrogen
oxide that result in vascular abnormalities of the cardiovas-
cular system.17–19 These effects might or might not resolve
after placental delivery. An observational study reported that
hypertension in later life after preeclampsia in pregnancy was
preceded by increased left ventricular mass and diastolic
blood pressure at postpartum screening.20 More studies are
needed to clarify the possible underlying mechanisms. A
previous study, conducted with a novel experimental model
resembling human preeclampsia, demonstrated that placental
soluble fms-like tyrosine kinase 1, an antagonist of vascular
endothelial growth factor and placental growth factor, is
upregulated in preeclampsia, leading to increased systemic
levels of soluble fms-like tyrosine kinase 1 that fall after
delivery. More important, the administration of soluble fms-
like tyrosine kinase 1 to pregnant rats can induce hyperten-
sion, proteinuria, and glomerular endotheliosis, the classic
lesion of preeclampsia.21 Whether soluble fms-like tyrosine
kinase 1 plays a central role in the mechanism linking GH and
IH with long-term postpartum cardiovascular health should be
further explored.

It has been speculated that women with GH may have a
clustering of metabolic syndrome traits before and after
pregnancy along with subclinical vascular damage and
endothelial dysfunction, all of which may increase the risk
of CVD later in life.5,22 Such a hypothesis might partly explain
the observed synergistic effects shown in our study. However,
although the incidence of diabetes and dyslipidemia during
follow-up was higher in women with GH than in age-matched
controls, the overall prevalence of abnormal metabolic
profiles was relatively low. As suggested in an analysis of
women with GH but without other known risk factors, GH
probably has an independent effect on long-term cardiovas-
cular risk.3 Women with both GH and IH might have an
underlying genetic predisposition, with their vulnerability
being revealed by pregnancy as a stressor.3
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11.49 and the assumed prevalence of unmeasured confounders
in the women without GH plus IH was 15%. With the assumed
prevalence of unmeasured confounder in women with GI plus IH
changing from 0.2 to 0.8 (different horizontal lines) and RR of
CVD for unmeasured confounder ranging from 3 to 9 (x-axis),
there were still significant bias adjusted RRs (y-axis) of CVD for
women with GH plus IH. GH indicates gestational hypertension;
IH, incident hypertension in later life.

Table 5. The Relative Risk of Cardiovascular Events in Women With and Without GH and IH

GH IH
Group
Numbers Age, y

Number of
Cardiovascular
Events

Relative
Risk (Control
by Age)

95% CI
(Control by Age)

P Value Compared
With Reference
Group (Control by Age)

Diabetes
During the
Follow-up Period

Dyslipidemia
During the
Follow-up Period

No No 4945 29.80�4.18 108 Reference Reference Reference 58 (1.17%) 121 (2.45%)

Yes No 1102 29.69�4.16 40 1.66 (1.66) 1.16 to 2.39
(1.15 to 2.38)

0.0061 (0.0064) 34 (3.09%) 34 (3.09%)

No Yes 95 31.94�3.78 6 2.89 (3.05) 1.27 to 6.58
(1.34 to 6.97)

0.0113 (0.0080) 13 (13.68%) 19 (20.00%)

Yes Yes 158 30.92�4.18 28 8.11 (8.35) 5.36 to 12.30
(5.50 to 12.67)

<0.0001 (<0.0001) 20 (12.66%) 35 (22.15%)

GH indicates gestational hypertension; IH, incident hypertension in later life.
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For assessing the interactions of public health importance,
for >30 years, it is the general consensus in the epidemio-
logic community that measuring interaction on the additive
scale is most appropriate.10,23 As elegantly illustrated in a
review article by Knol et al,23 there have been 3 most
popular indices proposed to presenting analyses of effect
modification and interaction: relative excess risk due to
interaction, synergy index, and proportion attributable to the
interaction.

For women with GH and/or IH, we also calculated these
indices to quantify the effect of interaction of these 2 major
exposures. Besides the synergy index, the relative excess risk
due to interaction of GH and IH for cardiovascular mortality is
6.102 (95% CI 1.377 to 10.823, P=0.0113), and the
proportion attributable to the interaction is 0.633 (95% CI
0.339 to 0.926, P<0.0001), which further confirmed the
synergistic effect of GH and IH on postpartum cardiovascular
health.

There are limitations to the present study. Although we
controlled for most cardiovascular risk factors, it is possible
that there remain some unmeasured confounders that may
bias our findings. Other possible confounders such as body
mass index and smoking habit could not be faithfully
retrieved from the nationwide registry data to allow for
appropriate adjustment. However, the prevalence of smoking
in women in Taiwan aged >16 years is very low (2% to 5%)
and has remained at this low level for a long time (1974–
1996). Moreover, significant associations between GH plus
IH and cardiovascular risk were still demonstrated with the
bias-adjusted analysis (Figure 4); therefore, we do not
anticipate that this had a large confounding effect on our
results.24

Conclusions
Women with GH had a higher incidence of arterial hyperten-
sion later in life than did age-matched pregnant women
without GH. Women with both GH and IH after childbirth were
at a higher risk of cardiovascular events than were women
with either GH or IH alone. There may be a synergetic effect of
GH and IH on the risk future cardiovascular events. The long-
term cardiovascular health of this special population of
pregnant women merits more attention.
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