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Patterns of Gestational Hypertension or
Preeclampsia Across 2 Pregnancies in
Relationship to Chronic Hypertension
Development: A Retrospective Cohort
Study
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BACKGROUND: Gestational hypertension (GHTN) and preeclampsia are established risk indicators for chronic hypertension.
While recurrence is associated with a greater risk, it is unclear whether there are differences in risk when these gestational
complications occur for the first time in an earlier pregnancy versus first occurrence in a subsequent one. We hypothesized
that the absence of recurrence reflects a transition toward a lower hypertension risk trajectory, whereas a new occurrence in
a later pregnancy indicates a transition toward elevated risk.

METHODS AND RESULTS: We analyzed linked data in Quebec, Canada, from public health care insurance administrative databases
and birth, stillbirth, and death registries. Our retrospective cohort study included mothers with 2 singleton deliveries between April
1990 and December 2012. The primary exposure was patterns of GHTN or preeclampsia across 2 pregnancies (GHTN/preec-
lampsia in neither, first only, second only, or both). The outcome was incident chronic hypertension. We performed an adjusted mul-
tivariable Cox regression analysis. Among 431980 women with 2 singleton pregnancies, 27 755 developed hypertension during the
follow-up period. Compared with those without GHTN/preeclampsia, those with GHTN/preeclampsia only in the first pregnancy
had a 2.7-fold increase in hazards (95% Cl, 2.6-2.8), those with GHTN/preeclampsia only in the second had a 4.9-fold increase
(95% Cl, 4.6-5.1), and those with GHTN/preeclampsia in both pregnancies experienced a 7.3-fold increase (95% Cl, 6.9-7.6).
Patterns and estimates were similar when we considered GHTN and preeclampsia separately.

CONCLUSIONS: The magnitude of hypertension risk is associated with the number and sequence of GHTN/preeclampsia-
affected pregnancies. Considering both allows more personalized risk estimates.
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lobally, >1 bilion people have hypertension.’
Its prevalence has doubled over the past 3 de-
cades'? due to population aging, higher obe-
sity rates, and lower physical activity levels.® Chronic
hypertension—induced vascular injury contributes to
heart disease and stroke in the longer term,* as well

as the development of renal disease, retinopathy,
dementia, and peripheral vascular disease.® In the
shorter term, hypertensive disorders of pregnancy
can lead to organ injury during pregnancy itself, in the
form of preeclampsia (new-onset blood pressure el-
evation at or after 20weeks’ gestation, accompanied
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CLINICAL PERSPECTIVE
What Is New?

In women with 2 singleton pregnancies, without
chronic hypertension before or between preg-
nancies, those who developed gestational hy-
pertension or preeclampsia for the first time in
the second pregnancy were at higher risk for
future chronic hypertension, compared with
those who had gestational hypertension or
preeclampsia in the first pregnancy but not in
the second.

e Qur findings were similar when we considered
gestational hypertension alone and when we
considered preeclampsia alone.

e (Gestational diabetes was independently asso-
ciated with chronic hypertension, with the high-
est chronic hypertension risk among those with
gestational diabetes in both pregnancies.

What Are the Clinical Implications?

* In gauging chronic hypertension risks, health
care providers should ask not only about pre-
vious history of gestational hypertension and
preeclampsia but also about the number of
pregnancies and specifically in which pregnan-
cies these adverse pregnancy outcomes did or
did not occur; the number of gestational diabe-
tes occurrences should also be queried.

Nonstandard Abbreviations and Acronyms

CCDSS Canadian Chronic Disease Surveillance
System

GDM gestational diabetes

GHTN  gestational hypertension
LGA large for gestational age
SGA small for gestational age

by proteinuria or other maternal organ dysfunction).®
Beyond its urgent importance during pregnancy, pre-
eclampsia predicts the future development of chronic
hypertension.”® Gestational hypertension (GHTN) with-
out preeclampsia is also a hypertension risk marker.8°
Although women average 2 offspring globally,’® few
studies have examined patterns of GHTN/preeclamp-
sia across pregnancies, in relationship to future devel-
opment of hypertension. Such information could allow
further refinement of hypertension risk assessment,
with the dual goals of prevention and early detection.
We hypothesized that many women with GHTN/pre-
eclampsia in a first pregnancy but not in a second
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pregnancy had modified their dietary or physical ac-
tivity behaviors in response to their experiences in the
first pregnancy. These behaviors could both reduce
their risks for another GHTN/preeclampsia recurrence
and their longer-term hypertension risk.

A 2022 meta-analysis® across 13 studies esti-
mated that preeclampsia confers a 3-fold risk in-
crease for chronic hypertension; the estimate across
3 studies that specifically evaluated GHTN was sim-
ilar or higher.8%"" Some studies have examined risks
associated with preeclampsia recurrence'®'%; a 2018
meta-analysis across 7 studies reported a doubling of
chronic hypertension risk with recurrence, compared
with 1 occurrence.'? A single 2009 Danish study' dis-
tinguished first-pregnancy preeclampsia from second-
pregnancy preeclampsia. Compared with absence of
preeclampsia, preeclampsia only in the first pregnancy
was associated with a 2.7-fold increase in risk for hy-
pertension, preeclampsia only in the second preg-
nancy with a 4.3-fold increase, and preeclampsia in
both with a 6-fold increase. This suggests an upwards
risk trajectory in women with a first preeclampsia oc-
currence in a second pregnancy, and a downward
risk trajectory in those with preeclampsia only the first
pregnancy.

Now, more than a decade later, we build on these
Danish findings'® using a large Canadian database in
women with at least 2 consecutive pregnancies. We
evaluated both GHTN and preeclampsia, combined
and separately, in relationship to the development of
chronic hypertension. In contrast to other studies, we
concurrently accounted for patterns of gestational di-
abetes (GD),'~"° along with other adverse pregnancy
complications associated with hypertension devel-
opment (preterm delivery?2° and small [SGA] or large
[LGA] for gestational age offspring®"??). Pregnancy
is a time when younger adults are interested in ad-
dressing health issues, to optimize the short- and
long-term health of the family.?® Our overarching
goal is to generate precision medicine-oriented clin-
ical and social measures to refine risk estimates and
stimulate action.

METHODS

The McGill University Health Centre’s Research Ethics
Board (2019-5029; 12/11/2018) and Quebec Access
to Information Commission (1019371-S; 11/18/2019)
approved the protocol. These bodies waived informed
consent because we used deidentified data, per-
formed analyses at the Quebec Statistical Institute’s
secured research data centers, and rounded frequen-
cies to multiples of 5. We followed the Strengthening
the Reporting of Observational Studies in Epidemiology
reporting guidelines.
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The data that we analyzed are available only
through Quebec’s Statistical Institute Centers for
Access to Research Data, secure environments avail-
able to accredited researchers in Quebec for research
purposes. Data requests must be made through the
Quebec Statistical Institute (https://statistique.quebec.
ca/recherche/) and are subject to ethical and scientific
review.

Design and Data Sources

We conducted a retrospective cohort study in Quebec,
Canada, where residents are publicly insured for phy-
sician services and hospitalization. We examined
health administrative databases of the public health
insurance plan, linked to birth, stillbirth, and death
registries. We obtained mothers’ health territory of
residence and month and year of birth from the pub-
lic health insurance registry. The Physician Services
Claims (International  Classification of Diseases,
Ninth Revision [ICD-9]: Table S1) and Hospitalization
Discharge Databases (ICD-9 codes to April 1, 2006;
International Classification of Diseases, Tenth Revision
[ICD-10] codes thereafter) include diagnostic codes,
hospitalization dates, medical services, and surgical
procedure codes; we used these to define outcomes,
exposures, and covariables, alongside data from birth/
stillbirth registries. Variables from these registries in-
clude offspring birthdates, gestational age at birth,
birth weight, fetal sex, parental country of birth and first
language, and years of maternal education. Where ap-
plicable, we obtained ICD-coded cause of death from
the stillbirth and death registries (ICD-9 codes until
December 31, 1999; ICD-10 codes thereafter). We had
mothers’ Institut national de santé publique du Québec
material and social deprivation indices, derived from
the 6-digit postal code in the public health registry and
corresponding small-area census data.?* The Quebec
Statistical Institute performed probabilistic database
linkage based on multiple identifiers (G-link software,
Statistics Canada).

Study Population

We studied women with >2 consecutive singleton de-
liveries between April 1, 1990, and December 31, 2012,
who were alive at 12weeks after the second delivery
(index date). We accessed follow-up data to April 1,
2019, for these women, their offspring, and, for liveborn
offspring, the fathers. We excluded mothers from fami-
lies with missing gestational age in either offspring (re-
quired to distinguish chronic hypertension from GHTN/
preeclampsia®®), those with preexisting hypertension or
diabetes before 20weeks’ gestation of first pregnancy,
and those who developed these conditions between
pregnancies. To exclude women with these preexisting
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conditions, we applied the validated Canadian Chronic
Disease Surveillance System (CCDSS) hypertension
definition®® of 2 outpatient or 1 hospitalization diag-
nostic code(s) to (1) the 2-year period before 20 weeks’
gestation in the first pregnancy and (2) the period
from 12weeks after delivery of the first pregnancy to
20weeks’ gestation of the second pregnancy (between
pregnancies). We applied a validated parallel diabetes
definition®?8 to the same time periods.

We removed those with a different partner for each
offspring to minimize the heterogeneity of paternal or
within-household factors that could influence health
behaviors and subsequent maternal outcomes,?®=%! or
baseline preeclampsia risk.®3233 Using available diag-
nostic codes, we also excluded those with 2 outpatient
visits or 1 hospitalization for cardiovascular disease
(CVD) and/or other circulatory system diseases before
the index date.

Exposure

Following exclusion of preexisting hypertension as
described above, we defined GHTN/preeclamp-
Sia as a composite exposure, applying validated
codes for both hypertension?®34 and preeclamp-
sia®¥ to a pregnancy-specific period. This period
started at 20 weeks’ gestation®* and ended at
12 weeks after delivery, by which point any blood
pressure elevation related to GHTN/preeclampsia
should have resolved. We required 2 outpatient
and/or 1 hospitalization code(s), similar to the
validated CCDSS hypertension definition.?® Qur
4 mutually exclusive exposure categories were
absence of GHTN/preeclampsia, GHTN/preec-
lampsia only in the first pregnancy, GHTN/preec-
lampsia only in the second pregnancy, and GHTN/
preeclampsia in both pregnancies. In subgroup
analyses, we considered occurrences of GHTN
and preeclampsia separately.

Outcome

We examined incident chronic hypertension as the pri-
mary outcome, applying the validated CCDSS defini-
tion, which requires at least 2 outpatient codes or 1
hospitalization code with a 2-year period.?® Follow-up
was until the first of the following: incident chronic hy-
pertension (using the date of the first component of the
definition fulfilled), the date coinciding with 120days
before a third delivery (we did not have gestational age
data for pregnancies after the second), death, or the
end of the study period (April 1, 2019), as applicable.

Covariates

We accounted for other pregnancy- and offspring-
related factors previously shown to be associated
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with hypertension, specifically, GD, preterm delivery
(<87 weeks), SGA (<10th percentile) and LGA (>90th
percentile) offspring.3%3% We examined these variables
for both the first and second pregnancies (4 categories
of GDM,; 4 categories of preterm delivery; 9 categories
of offspring size). To define GD, we applied the CCDSS
diabetes definition to the same pregnancy period for
which we defined GHTN/preeclampsia, in accordance
with a validated GD definition®” that we used in a previ-
ous study.®®

We also accounted for other covariates associated
with hypertension development, including time between
deliveries (<2, 2—<2.5, 2.5—-<3.5, >3.5years), maternal
age at the index date (<25, 25-29, 30-34, >35years),
material and social deprivation level recorded in the
index year (1 [least deprived] to 5 [most deprived]),?
race or ethnicity based on participant-reported region
of birth and first language (Europid, African/Caribbean,
Arabic, Asian, Other [Indigenous language or language
unspecified]), presence of comorbid conditions (mood
disorders, alcohol/drug dependence; thyroid disor-
der; arthritis; asthma/chronic obstructive pulmonary
disease; defined as >1 hospitalization or>2 outpatient
diagnostic codes occurring within 2years before the
index date) and preexisting paternal diabetes, hyper-
tension, and CVD (validated CCDSS definitions®"28
applied from 2years before 20weeks’ gestation of the
first pregnancy to 12 weeks following the second deliv-
ery). We accounted for preexisting spousal diabetes,
hypertension, and CVD, given spousal concordance
for these conditions, likely related to shared behaviors
and environments. 3941

We considered other covariates (eg, placental
abruption, stillbirth, cancer, offspring sex, offspring
congenital anomalies), but these did not meet our vari-
able inclusion criteria (see Statistical Analysis), as de-
scribed in Data SH.

Statistical Analysis

We computed baseline characteristics (humbers and
percentages for categorical variables) and compared
them across exposure groups (Pearson x° tests for
proportions). We constructed Kaplan—Meier curves,
calculated the incidence of hypertension by the pri-
mary exposure categories, derived crude hazard ratios
(HRs; see Tables S2 and S3), and examined for interac-
tions (P<0.05 for interaction terms) and multicollinearity
(Cramer’s V >0.10) among exposures and covariates.
We evaluated applicability of the proportional hazards
assumptions (Schoenfeld residuals test and visual in-
spection of log-minus-log survival plots).

We constructed multivariable Cox proportional
hazards models to compute HRs for incident chronic
hypertension. In the first set of models, the reference
group was the absence of GHTN/preeclampsia in
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either pregnancy. We compared GHTN/preeclampsia
in the first pregnancy only, GHTN/preeclampsia in the
second pregnancy only, and GHTN/preeclampsia in
both pregnancies to this reference category. In other
analyses, we compared the GHTN/preeclampsia ex-
posure groups directly to one another. Specifically, we
next set GHTN/preeclampsia only in the first pregnancy
as the reference group and compared GHTN/pre-
eclampsia in the second pregnancy only and GHTN/
preeclampsia in both pregnancies to this group. Then,
we set GHTN/preeclampsia only in the second preg-
nancy as the reference group and compared GHTN/
preeclampsia in both pregnancies to this. We consid-
ered including covariates in our final statistical models
if their univariate associations with hypertension had
a P value <0.25 and we opted to retain them on the
basis of demonstration of a multivariable association
with hypertension of P<0.05 (stepwise selection), and
reduced Bayesian information criteria values with in-
clusion of each additional variable.

The proportional hazards assumptions held when
GHTN and preeclampsia were combined as a com-
posite exposure variable and divided into 4 categories
(absence of GHTN/preeclampsia, presence in the first
pregnancy only, in the second pregnancy only, and
in both). These assumptions did not hold within the
model when stratified further into 9 categories that dis-
tinguished GHTN from preeclampsia (eg, absence of
GHTN/preeclampsia in either pregnancy, GHTN in first
only, preeclampsia in first only). Therefore, we created
2 subcohorts of women to separately examine GHTN
and preeclampsia, in comparison with women with-
out either of these conditions. In 1 subcohort, we re-
moved all women with GHTN in 1 or both pregnancies;
in this subcohort, we compared preeclampsia in the
first pregnancy only, second pregnhancy only, and in
both pregnancies, with women who did not have pre-
eclampsia in either pregnancy. In another subcohort,
we removed all women with preeclampsia in 1 or both
pregnancies; in this subcohort, we compared GHTN in
the first pregnancy only, second pregnancy only, and
in both pregnancies, with women who did not have
GHTN in either pregnancy.

In a sensitivity analysis, we performed indirect
adjustments for obesity and smoking status (sepa-
rately), using established methods of bias analyses.*
This approach required external estimates for the
HRs of obesity and of smoking with incident hyper-
tension in women, which we respectively estimated
as 1.85 (obese versus not obese)*® and 1.02 (smok-
ing versus not smoking).** This method also required
external cohort data to estimate obesity and smok-
ing prevalence in groups of women with no GHTN/
preeclampsia, GHTN/preeclampsia in first preg-
nancy, GHTN/preeclampsia in second pregnancy,
and GHTN/preeclampsia in both pregnancies. We
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used the Canadian Community Health Survey (cycle
2.2) to estimate these prevalence values, as we had
access to these data for another study*®; 13% were
in the obesity category, and 24% smoked cigarettes.
We applied the following formula for the indirect obe-
Slty adjustment: HR(correCted for obesity) = HR(from our analysis)/
HR(reIated to obesity,from Iiterature)POGHDE*PO (Poezproportion within
specific GHTN/preeclampsia category who have
obesity; P ,=proportion of those with specific GHTN/
preeclampsia category among all women with 2 con-
secutive singleton pregnancies; P =proportion with
obesity among all women with 2 consecutive singleton
pregnancies; see Data S2, similar formula applied for
smoking). All analyses were performed with SAS ver-
sion 9.4 (SAS Institute, Cary, NC).

RESULTS

Among the 431980 women with 2 singleton pregnan-
cies following exclusions (Figure 1), 4.9% (n=21335)
had GHTN/preeclampsia only in their first pregnancy,
1.6% had GHTN/preeclampsia in only their second
pregnancy (n=6980), and 1.3% had GHTN/preeclamp-
sia in both pregnancies (n=5830; Figure S1). In those
with GHTN/preeclampsia in the first, second, and
both pregnancies, the following proportions of women
had preeclampsia, respectively: 51% (n=10820),
36% (n=2540), and 64% (n=3750). The distribution of
baseline characteristics (numbers and percentages
presented) were similar (P>0.05) across each of the
exposure groups (Table 1); most percentage differ-
ences across these groups were within 1% to 5%.

Associations Between GHTN/
Preeclampsia and Incident Hypertension
Over a median 11.0years (interquartile range, 4.96—
18.7; 5147250 total person years), a total of 27755
mothers developed chronic hypertension during the
follow-up period. Kaplan—Meier curves indicated sig-
nificant differences in event-free survival across expo-
sure groups (P<0.001; Figure 2). The incidence rates
per 1000 person-years rose across the no GHTN/
preeclampsia (4.49), GHTN/preeclampsia in the first
pregnancy only (12.0), GHTN/preeclampsia in the sec-
ond pregnancy only (23.6), and GHTN/preeclampsia in
both pregnancies (32.1) categories. Schoenfeld residu-
als test and visual inspection of log-minus-log survival
plots indicated that the proportional hazards assump-
tions applied. There was no significant multicollinear-
ity/interaction detected in our models.

In adjusted Cox regression models, compared
with absence of GHTN/preeclampsia, those with
GHTN/preeclampsia in first pregnancy had 2.67-fold
higher hazards for hypertension (95% ClI, 2.57-2.78;
Figure 3A), those with GHTN/preeclampsia in the
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second pregnancy had a 4.85-fold increase (95% Cl,
4.61-5.11), and those with GHTN/preeclampsia af-
fecting both pregnancies demonstrated a 7.25-fold in-
crease (95% ClI, 6.90-7.63). When the reference group
was changed to those with GHTN/preeclampsia in
the first pregnancy, women with GHTN/preeclampsia
in the second pregnancy had an 82% higher hazards
(95% Cl, 1.71-1.93), and those with GHTN/preeclamp-
sia in both pregnancies had a 2.71-fold increase (95%
Cl, 2.55-2.88). Finally, risk for incident hypertension
was 1.50-fold higher among women with GHTN/pre-
eclampsia in both pregnancies (95% ClI, 1.37-1.60)
compared with those with GHTN/preeclampsia occur-
ring only in the second pregnancy.

Associations Between Preeclampsia and
Incident Hypertension

When we removed those with GHTN from the origi-
nal cohort, 412735 women remained. Compared
with absence of preeclampsia in either pregnancy,
those with preeclampsia in the first pregnancy had
2.48-fold increased hazards for hypertension (95% ClI,
2.35-2.61; Figure 3B), those with preeclampsia in the
second pregnancy had a 4.08-fold increase (95% ClI,
3.76-4.43), and those with preeclampsia in both preg-
nancies had a 5.74-fold increase (95% ClI, 5.22-6.31).
When women with preeclampsia in the first pregnancy
served as the reference group, those with preeclamp-
sia in the second pregnancy had their hazards for hy-
pertension increase by 65% (95% CI, 1.50-1.81), and
those with preeclampsia in both pregnancies had a
2.32-fold increase (95% ClI, 2.08-2.58). Finally, com-
pared with those with preeclampsia occurring only in
the second pregnancy, risk for incident hypertension
was 1.41-fold higher among women with preeclampsia
in both pregnancies (95% Cl, 1.25-1.59).

Associations Between GHTN and Incident
Hypertension

Removal of women who had preeclampsia in either
or both pregnancies (n=17 105) resulted in a sample
of 414 875 women. Compared with absence of GHTN
in either pregnancy, those with GHTN in the first preg-
nancy demonstrated 2.92-fold (95% ClI, 2.76-3.09;
Figure 3C) increased hazards for subsequent hyper-
tension development, those with GHTN in the second
pregnancy had 5.39-fold (95% Cl, 5.06-5.74) in-
crease, and those with GHTN affecting both pregnan-
cies had an 8.59-fold (95% CI, 7.90-9.34) increase.
When the reference group was changed to those with
GHTN in the first pregnancy, women with GHTN in the
second pregnancy had an 84% higher hazards (95%
Cl, 1.70-2.00), and those with GHTN in both preg-
nancies had a 2.94-fold increase (95% Cl, 2.67-3.25).
Finally, compared with those with GHTN affecting only
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485 225 mothers with 2
consecutive, singleton pregnancies”

3350 excluded due to missing offspring gestational age
2770 at first delivery
v 580 at second delivery

N =481875

|, 8640 excluded due to diagnosis of:

2235 diabetes before first pregnancy’
2175 hypertension before first pregnancy®
4230 pregnancies resulting in stillbirth*

— 31420 excluded due to presence of a different father for each liveborn
offspring

v

N =441 815

9835 excluded prior to second delivery due to:
20 died during pregnancy®
4115 diagnosed with cardiovascular disease!
2835 diagnosed with diabetes”
2725 diagnosed with hypertension”
140 diagnosed with both diabetes and hypertension®

v

431 980 mothers with 2 consecutive,
singleton deliveries

. 21 335 women with GHTN 6980 women with GHTN or 5830 women with
397 835 women without . .. .
. or preeclampsia in first preeclampsia in second GHTN or preeclampsia
GHTN or preeclampsia . .
pregnancy pregnancy in both pregnancies

Figure 1. Cohort construction.

*Values are rounded either up or down to a multiple of ‘5’ (for patient confidentiality purposes). TPreexisting diabetes or
hypertension in the mother, defined as >1 inpatient and/or >2 outpatient ICD codes for any form of diabetes or hypertension in
the 2 y before 20 weeks’ gestational age of the first pregnancy. 1Stillbirths were identified from the stillbirth registry. In the case
of a stillbirth, it is not possible to identify the father since there is an absence of paternal information in the stillbirth registry
(registry is linked only to mothers). §Fatal events occurring at any point between 20 wks’ gestation of the second pregnancy and
12weeks’ postpartum. Five deaths were related to a fatal CVD event while the remaining 15 fatalities were related to obstetrical
complications related to childbirth, major trauma and suicide. || The CVD-related exclusion criteria included codes for myocardial
infarction, stroke, angina, and other circulatory system disease conditions (atrial fibrillation, heart failure, other ischemic disease,
other cardiac dysrhythmias, peripheral vascular disease, and venous thromboembolism). We required >1 inpatient diagnosis,
1 related surgical procedure (angioplasty, endarterectomy, or coronary artery bypass surgery), or >2 outpatient diagnoses,
occurring 2 y before 12 wks’ postpartum of the second pregnancy (index date), to define prior CVD events. #Defined as >1
inpatient and/or>2 outpatient (within 2 years) diabetes-related or hypertension-related /CD codes occurring between 12 wks’
postpartum of the first pregnancy and 20 wks’ gestation of the second pregnancy. CVD indicates cardiovascular disease; /CD,
International Classification of Diseases; and GHTN, gestational hypertension.
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the second pregnancy, hazards for incident hyperten-
sion was 1.59-fold higher among women with GHTN
in both pregnancies (95% ClI, 1.44-1.77).

Bias Analyses: Indirect Adjustments for
Obesity and Smoking

Indirect adjustments for obesity (ho GHTN/preeclamp-
sia: reference; GHTN/preeclampsia in first pregnancy:
HR, 2.36 [95% ClI, 2.27-2.46]; GHTN/preeclampsia
in second pregnancy: HR, 4.31 [95% ClI, 4.10-4.54];
GHTN/preeclampsia in both pregnancies: HR, 6.44
[95% CI, 6.13-6.77]); and smoking (no GHTN/preec-
lampsia: reference; GHTN/preeclampsia in first
pregnancy: HR, 2.66 [95% CI, 2.56-2.77]; GHTN/
preeclampsia in second pregnancy: HR, 4.83 [95% Cl,
4.81-5.09]; GHTN/preeclampsia in both pregnancies:
HR, 7.21 [95% CI, 6.87-7.60]) slightly attenuated the
reported HRs for incident chronic hypertension from
our primary analysis.

Associations Between Patterns of Other
Pregnancy Complications and Incident
Hypertension

GD was also found to be associated with elevated
hazards of developing incident hypertension later in
life. Compared with those without GDM, this condition
conferred an increase of 40% to 45% if occurring in a
first or in a second pregnancy alone, and 76% if occur-
ring in both pregnancies (Table 2).

SGA and LGA, compared with appropriate for
gestational age; and preterm delivery status, com-
pared with term delivery, each elevated hypertension
risk by 5% to 15% compared with women without
each of these conditions. SGA in a single preg-
nancy was independently associated with an =5%
increase in hypertension hazards, which rose to a
15% increase when occurring in both pregnancies,
compared with women delivering appropriate for
gestational age offspring in both pregnancies. Any
occurrence of LGA independently demonstrated 7%
to 10% increased hypertension hazards compared
with appropriate for gestational age offspring size in
both pregnancies. Having SGA in 1 pregnancy and
LGA in another (or vice versa) was an infrequent oc-
currence, with no conclusive associations for such
combinations. Preterm delivery status was also in-
dependently associated with increased hazards for
incident hypertension. Compared with women with
2 term deliveries, those with preterm delivery only in
a first pregnancy demonstrated a 6% increase in hy-
pertension hazards, rising to a 12% to 15% increase
when occurring only in a second pregnancy or in
both pregnancies.

J Am Heart Assoc. 2024;13:e034777. DOI: 10.1161/JAHA.124.034777

Gestational Hypertension Patterns and Hypertension

Associations Between Paternal Risk
Indicators and Other Maternal Risk
Indicators With Incident Hypertension
Paternal diabetes, hypertension, and CVD were each
independently associated with roughly a 20 to 25%
increase in hazards for incident hypertension in the
mother, compared with mothers with partners in which
these conditions were absent (Table 2). Maternal age
was associated with a stepwise increase in risk of hy-
pertension, as was material deprivation. Ethnicity and
comorbid conditions were also conclusively associ-
ated with increased hypertension hazards.

DISCUSSION

Our analyses demonstrated that in women with at least
2 singleton pregnancies, the future risk for chronic hy-
pertension is associated with the cumulative number
of GHTN/preeclampsia-affected pregnancies, and the
ordinal pregnancy in which it occurs, in the case of a
single occurrence. The risk for chronic hypertension
doubled with GHTN/preeclampsia in the first preg-
nancy alone, rose >4-fold with occurrence only in the
second, and >7-fold higher with GHTN/preeclampsia
in both pregnancies, compared with their absence in
either pregnancy. We observed similar patterns for
preeclampsia and for GHTN when modeled sepa-
rately. GD was also independently associated with an
increase in hazards for hypertension, at 40% to 45%
for GD in the first or second pregnancy alone, and 76%
with GD in both. SGA, LGA, and preterm status each
conferred a 5% to 15% increase in hazards, similar for
1 or both pregnancies. Paternal diabetes, hyperten-
sion, and CVD were each associated with a roughly
20% to 25% increase in hazardsfor hypertension in the
mother. Age at second delivery, material deprivation,
ethnicity, and the presence of comorbidities were also
associated with chronic hypertension development.
As previously noted, a 2009 Danish study'® reported
higher hypertension risk for a second pregnancy with
preeclampsia alone than for a first pregnancy with pre-
eclampsia alone; specifically, a >2-fold increase in risk
with first pregnancy preeclampsia, a roughly 4-fold in-
crease with second pregnancy preeclampsia, and a
6-fold increase with preeclampsia in both. Our findings
are consistent with this but demonstrate similar pat-
terns and similar risk increases both for preeclampsia
and for GHTN, separately. Specifically, compared with
absence of GHTN/preeclampsia in either pregnancy,
we determined first pregnancy preeclampsia to be
associated with a 2.5-fold increase in risk for chronic
hypertension, second pregnhancy preeclampsia with
a 4-fold increase, and preeclampsia in both pregnan-
cies with a 5.7-fold increase. Compared with absence
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Table 1. Baseline Characteristics, Stratified by GHTN/Preeclampsia Status

No GHTN/ GHTN/preeclampsia GHTN/preeclampsia GHTN/preeclampsia
preeclampsia in first pregnancy in second pregnancy in both pregnancies
n (%)* (n=397835) (n=21335) (n=6980) (n=5830)
Maternal characteristics
History of GDM across 2 pregnancies
No GDM (n=396660) 367105 (92.3) 18640 (87.4) 5985 (85.7) 4930 (84.6)
GDM in first pregnancy 9645 (2.4) 785 (3.7) 265 (3.8) 220 (3.8)
(n=10915)
GDM in second pregnancy 13990 (3.5) 1280 (6.0) 460 (6.6) 420 (7.2)
(n=16150)
GDM in both pregnancies 7095 (1.8) 630 (2.9) 270 (3.9) 260 (4.5)
(n=8255)
Maternal age at second delivery, y
<25 (n=56460) 52135 (13.1) 2885 (13.5) 715 (10.2) 725 (12.4)
25-30 (n=156305) 143700 (36.1) 8185 (38.4) 2295 (32.9) 2125 (36.4)
30-35 (n=157740) 145640 (36.6) 7480 (35.1) 2530 (36.2) 2090 (35.8)
>35 (n=61485) 56360 (14.2) 2785 (13.1) 1450 (20.8) 890 (15.9)
Time between deliveries, y
<2 (n=134915) 125065 (31.4) 6580 (30.8) 1665 (22.4) 1705 (29.2)
2-<2.5 (n=88105) 81120 (20.4) 4550 (21.3) 1215 (17.4) 1220 (20.9)
2.5-<3.5 (n=112000) 103145 (25.9) 5530 (25.9) 1790 (25.6) 15635 (26.3)
>3.5 (n=96955) 88500 (22.2) 4675 (21.9) 2415 (34.6) 1365 (23.4)
Material deprivation index, quintilest
1=least deprived (=87 645) 81450 (20.5) 3885 (18.2) 1260 (18.1) 1050 (18.0)
2 (n=91135) 83965 (21.1) 4485 (21.0) 1440 (20.6) 1245 (21.4)
3 (n=85660) 78865 (19.8) 4275 (20.0) 1365 (19.6) 1155 (19.8)
4 (n=81430) 74725 (18.8) 4190 (19.6) 1385 (19.8) 1130 (19.4)
5=most deprived (n=78765) 72140 (18.1) 4105 (19.2) 1395 (20.0) 1125 (19.9)
Social deprivation index, quintiles’
1=least deprived (n=95755) 88110 (22.1) 4895 (22.9) 1450 (20.8) 1300 (22.2)
2 (n=92735) 85195 (21.4) 4695 (22.0) 1525 (21.8) 1320 (22.6)
3 (n=88345) 81100 (20.4) 4520 (21.2) 1525 (21.8) 1200 (20.6)
4 (n=79930) 73890 (18.6) 3715 (17.4) 1260 (18.1) 1065 (18.3)
5=most deprived (n=67 865) 62845 (15.8) 3115 (14.6) 1085 (15.5) 820 (14.1)
Ethnicity*
America, Australia or Europe 343050 (86.2) 19175 (89.9) 5965 (85.5) 5225 (89.6)
(n=373415)
Africa or Caribbean (n=8550) 7680 (1.9) 430 (2.0) 285 (4.1) 1565 (2.7)
Arab-speakingregions 16525 (4.2) 480 (2.9) 210 (3.0 100 (1.7)
(n=17315)
Asia (n=14620) 13875 (3.5) 435 (2.0) 200 (2.9) 110 (1.9)
Other (n=18080) 16705 (4.2) 815 (3.8) 325 (4.7) 235 (4.0)
Comorbid conditions
Mood disorders, alcohol or drug 16340 (4.1) 955 (4.5) 400 (56.7) 315 (5.4)
dependence (n=18010)
Thyroid disorder (n=15015) 13525 (3.8) 900 (4.2) 330 (4.7) 260 (4.5)
Arthritis (n=9180) 8305 (2.1) 505 (2.4) 220 (3.2) 150 (2.6)
Asthma or COPD (n=8650) 7695 (2.2) 545 (2.6) 225 (3.2) 185 (3.2)
Offspring characteristics
Small for gestational age$
Neither pregnancy (n=369230) 341695 (85.9) 17390 (81.5) 5550 (79.5) 4595 (78.8)
(Continued)
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Table 1. Continued
No GHTN/ GHTN/preeclampsia GHTN/preeclampsia GHTN/preeclampsia
preeclampsia in first pregnancy in second pregnancy in both pregnancies
n (%)* (n=397835) (n=21335) (n=6980) (n=5830)
First pregnancy only (n=26110) 23375 (56.9) 1675 (7.9) 590 (8.5) 470 (8.1)
Second pregnancy only 23415 (5.9) 1680 (7.9) 555 (8.0) 495 (8.5)
(n=26145)
Both pregnancies (n=10350) 9210 (2.3) 580 (2.7) 290 (4.2) 270 (4.6)
Large for gestational age®
Neither pregnancy (n=367 635) 339380 (85.3) 17555 (82.3) 5845 (83.7) 4855 (83.3)
First pregnancy only (n=26155) 23810 (6.0) 1475 (6.9) 475 (6.8) 395 (6.8)
Second pregnancy only 23725 (6.7) 1485 (7.0) 465 (6.7) 395 (6.8)
(n=26070)
Both pregnancies (n=11965) 10785 (2.9) 805 (3.8) 200 (2.9) 175 (3.0)
Preterm birth
Neither pregnancy (n=392 290) 363555 (91.4) 18510 (86.8) 5715 (81.9) 4510 (77.4)
First pregnancy only (n=20330) 17315 (4.4) 1820 (8.5) 490 (7.0) 705 (12.1)
Second pregnancy only 12890 (3.2) 750 (3.5) 635 (9.1) 355 (6.1)
(n=14630)
Both pregnancies (n=4730) 4080 (1.0) 255 (1.2) 145 (2.1) 260 (4.5)
Paternal characteristics
Prior history of paternal diabetes!!
Yes (n=3650) ‘ 3305 (0.8) ‘ 205 (1.0) ‘ 75 (1.4) ‘ 65 (1.1)
Prior history of paternal hypertension/l
Yes (n=9420) ‘ 8505 (2.1) ‘ 545 (2.6) ‘ 210 (3.0) ‘ 160 (2.7)
Prior history of paternal cardiovascular disease”
Yes (n1=1610) | 1455 (04) | 10005 | 3508 | 2003

COPD indicates chronic obstructive pulmonary disease; GDM, gestational diabetes; GHTN, gestational hypertension; and /CD, International Classification
of Diseases.

*Values are randomly rounded up or down to a multiple of 5 (for patient confidentiality purposes). Therefore, column sums for each baseline characteristic
may not equal the total number of women in each level of the exposure due to this random rounding process.

TRange from 1 (least deprived) to 5 (most deprived). The Institut national de santé publique du Québec material and social deprivation index is computed
from small-area census data. Specifically, the material indices are derived from average income, proportions without high school diploma, and employment to
population ratio among those aged =15 y. The social indices are derived from the proportion of the population who are single-parent families; aged =15y living
alone; and aged >15 y who are separated, divorced, or widowed. To assign the Institut national de santé publique du Québec index for each woman, we first
checked availability of this variable in the index year (year of second delivery); 7335 women were missing an assigned Institut national de santé publique du
Québec index score.

*Ethnicity based on the mother’s region of birth and reported preferred language. We categorized women as (1) “Europid” if born in North America, South
America, Central America, Mexico, East/South/Southern/West Europe or Australia and if their first language was English, French, or other European language;
(2) “African or Caribbean” if born in West/South/East/Central Africa or first language is of African or Carribean descent; (3) “Arabic” if born in the Arab league
or first language is Arabic or other North African/South-West Asian language; (4) “Asian” if born in West/East/Central/South/ Southeast/Pacific Asia or if their
first language was from this region; or (5) “Other” if their birthplace or first language did not fit into any other category (e.g., if their first language was Indigenous
[n=1680]).

$150 offspring were missing birthweight required to derive offspring size.

IPrior history in the father was defined as >1 inpatient and/or >2 outpatient /ICD codes for any form of diabetes or hypertension, respectively, that occurred
during the period from 2years before 20 wks’ gestation of their partner’s first pregnancy to 12 wks’ postpartum in relationship to the second pregnancy.

#Prior history of cardiovascular disease in the father was defined as >1 inpatient, >1 related surgical procedure (angioplasty, endarterectomy, or coronary
artery bypass surgery), and/or >2 outpatient /CD codes for any form of myocardial infarction, stroke, and angina that occurred during the period from 2years
before 20 wks’ gestation of their partner’s first pregnancy to 12 wks’ postpartum in relationship to the second pregnancy.

of GHTN/preeclampsia in either pregnancy, GHTN in
the first pregnancy was associated with a nearly 3-fold
increase in risk, in the second pregnancy with a 5.4-
fold increase, and in both with an 8.6-fold increase.
A Nurses’ Health Study Il analysis' examined first-
pregnancy GHTN/preeclampsia and conducted a
secondary analysis for GHTN/preeclampsia in “sec-
ond or later” pregnancies, rather than focusing on the
second pregnancy. Their findings were consistent with
ours, but their estimates were lower (HR, 1.85 GHTN/
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preeclampsia in the first pregnancy; HR, 2.40 GHTN/
preeclampsia in second or later pregnancy; HR, 3.53
GHTN/preeclampsia in both first pregnancy and in
second or later pregnancy). This is likely because they
commenced follow-up at the age of 40years, rather
than soon after the second delivery, and required
women to be free of CVD and other risk factors (includ-
ing hypertension) by the age of 40years. Additionally,
their “second or later” exposure group likely included
women with lower risk trajectories (eg, absence of
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Figure 2. Kaplan-Meier curves for hypertension-free survival, by GHTN or preeclampsia status.
The log-rank test indicated significant differences in event-free survival across exposure groups (P<0.001). GHTN indicates gestational

hypertension. GHTN indicates gestational hypertension.

GHTN/preeclampsia in either the first or second preg-
nancy and presence only in a third pregnancy).

The primary focus of the Nurses’ Health Study I
analysis'' was to compare the presence of GHTN or
preeclampsia in a first pregnancy versus its absence.
In their main analysis, the investigators examined
GHTN and preeclampsia, separately, and reported
similar associations for both with chronic hypertension
development. Consistent with this, in our analyses, we
demonstrated that GHTN and preeclampsia have sim-
ilar patterns of associations with chronic hypertension.
Women with severe organ injury related to preeclamp-
sia in a first pregnancy may opt to not have a second
pregnancy. Those with a milder course may be similar
to women with GHTN, and thus more likely to have a
second pregnancy. Itis also important to note that while
heterogeneity in the pathophysiological processes and
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clinical phenotypes exist between GHTN and pre-
eclampsia, both conditions share maternal endothelial
dysfunction as a central phenomenon.*6-49

Among women with 2 consecutive singleton
pregnancies who have not yet developed chronic
hypertension by the second delivery, there thus ap-
pears to be a downward shift in risk profile among
women with GHTN/preeclampsia occurring only in a
first pregnancy. First-pregnancy GHTN/preeclamp-
sia may motivate some to adopt or enhance health
behaviors that lower blood pressure (higher physical
activity levels, healthier food intake, optimized weight,
smoking cessation). These actions may prevent re-
currence in a second pregnancy. The 21% recurrence
rate that we observed is similar to that reported in
other studies,'>%%%" suggesting that a large pro-
portion of women take preventive action, possibly

10
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Figure 3. Associations of GHTN or preeclampsia in first and second pregnancies with incident chronic hypertension.
(A) Primary analysis. (B) Subgroup analysis (excluding women with GHTN). (C) Subgroup analysis (excluding women with preeclampsia).
Cl indicates confidence interval; GHTN, gestational hypertension; and HR, hazard ratio.

including health behavior change, aspirin therapy
before 20weeks’ gestation, and/or calcium supple-
mentation in those at risk for deficiency.® Also con-
sistent with some preventive action following a first
pregnancy complicated by preeclampsia is a prior
study that suggested that even when preeclampsia
recurs, it tends to be a milder subtype.5? Women with
GHTN/preeclampsia restricted to the first pregnancy
subsequently experience lower risk for chronic hy-
pertension, as we additionally demonstrated for both
GHTN and preeclampsia separately, and as reported
for preeclampsia in a prior study.™

While women without recurrence entered a lower
risk trajectory, we observed that women with a first
GHTN/preeclampsia occurrence in a second preg-
nancy had entered a higher one. This may be related
to difficulty in losing excess gestational weight from the
first pregnancy, stress related to motherhood, and time
pressures limiting physical activity and healthy eating
habits.5® Additionally, we demonstrated that women
with any form of recurrent GHTN/preeclampsia had
the highest risk of developing chronic hypertension.
As previously discussed, in contrast with our study,
no other studies have assessed associations between
recurrent GHTN and long-term hypertension risk, as
conducted in our study. However, previous investiga-
tors have hypothesized that the potential mechanism
underlying associations of recurrent preeclampsia with
increased chronic hypertension risk may stem from
persistent vascular alterations, dysregulated inflam-
matory responses, and cumulative metabolic abnor-
mallities.'>'*%* Whether these women have a stronger
predisposition for chronic hypertension as a result of
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a more unfavorable cardiovascular risk profile, or if
recurrent GHTN/preeclampsia induces direct, cumu-
lative impacts on endothelial dysfunction remains to
be elucidated. Understanding these mechanisms is
crucial for informing targeted preventive strategies and
therapeutic interventions aimed at mitigating long-term
hypertension risk.

We also demonstrated that compared with those
without GD, the presence of GD in either a first or
second pregnancy conferred 40% to 45% increased
risk of developing hypertension, which rose to 76%
with GD in both pregnancies. Although GD is a rec-
ognized risk marker for chronic hypertension,'° we
did not identify any prior study that evaluated GD and
GHTN/preeclampsia patterns concurrently across 2
pregnancies, in relationship to hypertension develop-
ment. Like diabetes and hypertension, both GD and
GHTN/preeclampsia emerge from an interplay of ge-
netic factors alongside modifiable household, social,
economic, and behavioral factors. These conditions
collectively contribute to the emergence of vascular
injury and complications. In a previous study,*® we
demonstrated that the risk of CVD increased with
the number of GD and GHTN/preeclampsia occur-
rences across 2 pregnancies, suggesting a cumula-
tive effect over multiple pregnancies.

Preeclampsia results in part from uteroplacental in-
sufficiency that canlead to impaired fetal growth, preterm
labor, placental abruption, and stillbirth. Such insuffi-
ciency could result in SGA and preterm delivery. Even
after accounting for GHTN/preeclampsia, in our analy-
ses, SGA in a single pregnancy was associated with a
roughly 5% increased risk for chronic hypertension, and

11
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Table 2. Associations of Covariates With Incident

Hypertension

Covariate*

Adjusted HR (95% ClI)

Maternal characteristics

History of GD across 2 pregnancies

Absence of GDM Reference
GD in first pregnancy 1.40 (1.31-1.49)
GD in second pregnancy 1.44 (1.37-1.52)
GD in both pregnancies 1.76 (1.65-1.88)
Age of mother at second delivery, y
<25 Reference
25-29 1.24 (1.18-1.30)
30-34 1.58 (1.50-1.66)
>35 2.22 (2.11-2.34)

Time between deliveries, y

<2 Reference

2-<2.5 0.96 (0.92-0.99)

2.5-<3.5 0.97 (0.94-1.00)

>3.5 1.08 (1.05-1.12)
Material deprivation index, quintiles’

1 (least deprived) Reference

2 115 (1.11-1.20)

3 117 (113-1.22)

4 1.25 (1.20-1.29)

5 (most deprived) 1.32 (1.27-1.38)
Social deprivation index, quintiles’

1 (least deprived) Reference

2 1.01 (0.97-1.05)

3 1.05 (1.01-1.09)

4 1.08 (1.04-1.12)

5 (most deprived) 1.07 (1.03-1.11)
Ethnicity*

Europid-descent: America, Australia Reference

or Europe

Africa or Caribbean 2.20 (2.07-2.35)

Arab-speaking regions

0.82 (0.76-0.89)

Asia

114 (1.07-1.22)

Other

(
(
(
(

0.99 (0.93-1.05)

Comorbid conditions®

Mood disorders, alcohol or drug
dependence

1.21 (1.14-1.28)

Thyroid disorder

1.06 (1.00-1.14)

Arthritis

1.24 (115-1.33)

Asthma or COPD

1.38 (1.29-1.49)

Offspring characteristics

Offspring sizell

AGA: both offspring

Reference

SGA: first offspring only

1.05 (1.00-1.10)

SGA: second offspring only

(

1.06 (1.01-1.11)
(
(
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SGA: both offspring 1.15 (1.07-1.23)
LGA: first offspring only 1.08 (1.03-1.14)
(Continued)
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Table 2. Continued

Covariate* Adjusted HR (95% ClI)
LGA: second offspring only 1.07 (1.02-1.12)
LGA: both offspring 110 (1.02-1.18)
SGA: first offspring, LGA: second 1.16 (0.87-1.56)
offspring
LGA: first offspring, SGA: second 0.92 (0.68-1.26)
offspring

Gestational age of offspring at birth
Term birth: both offspring Reference
Preterm birth: first offspring only 1.06 (1.00-1.11)
Preterm birth: second offspring only 115 (1.09-1.22)

Preterm birth: both offspring 112 (1.01-1.23)

Paternal characteristics

Prior history of paternal diabetes” 1.25 (1.12-1.41)
1.21 (1.13-1.30)

1.21 (1.03-1.42)

Prior history of paternal hypertension”

Prior history of paternal cardiovascular
disease*™

AGA indicates appropriate for gestational age; COPD, chronic obstructive
pulmonary disease; CVD, cardiovascular disease; GDM, gestational
diabetes; HR, hazard ratio; ICD, International Classification of Diseases; LGA,
large for gestational age; and SGA, small for gestational age.

*The Cox proportional hazards model adjusted for the gestational
hypertension/preeclampsia occurrences across pregnancies, as well as
each of the variables listed.

17335 women were missing a value for the Institut national de santé
publique du Québec material deprivation index.

*Compared with women of Europid descent, those from African or Arabic
ethnic origins demonstrated increased risk of developing hypertension,
respectively, during the follow-up period. Other indicates indigenous
language or language unspecified.

SThe reference group are women with the absence of each condition,
respectively. The presence of each comorbid condition was associated
with higher hypertension hazards. Comorbid conditions were defined in
accordance with the Chronic Disease Surveillance System’s definition of
chronic disease, requiring >1 inpatient or>2 outpatient /CD codes to be
present within 2 years before the index date.

150 offspring were missing birth weight required to derive offspring size.

#Prior history in the father was defined as >1 inpatient and/or >2 outpatient
ICD codes for any form of diabetes or hypertension, respectively, that
occurred during the period from 2 y before 20 wks’ gestation of their
partner’s first pregnancy to 12 wks’ postpartum in relationship to the second
pregnancy. The reference group are those without diabetes or hypertension,
respectively.

**Prior history of CVD in the father was defined as >1 inpatient, >1
related surgical procedure (angioplasty, endarterectomy, or coronary artery
bypass surgery), and/or>2 outpatient /CD codes for any form of myocardial
infarction, stroke, and angina, that occurred during the period from 2 y before
20 wks’ gestation of their partner’s first pregnancy to 12 wks’ postpartum in
relationship to the second pregnancy. The reference group are those without
CVD.

in both pregnancies with a 15% increase, compared
with offspring of appropriate size in both pregnancies.
Preterm status was also independently associated with
a small increase in risk of hypertension, at 6% for the
first pregnancy alone and at 12% to 15% for the second
pregnancy or both pregnancies.

We also identified a 20% to 25% increase in hy-
pertension hazards for each of hypertension, dia-
betes, and CVD in the father. Previous studies have
demonstrated that spousal concordance exists for
type 2 diabetes, hypertension, and CVD,39:40.55.56
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likely as a result of shared behaviors and environ-
ments.®" We previously demonstrated that GD and
GHTN/preeclampsia in mothers predict diabetes and
CVD development in fathers."4" The importance of
these associations lies in untapping the potential for
couple collaboration in reducing CVD risk, stimulated
by their shared risk.

Linkage of Quebec’s health administrative and vital
statistics databases allowed us to leverage data from
nearly half a million women, a population-based sam-
ple with up to 29years of follow-up. These databases
are designed for administrative purposes and thus
have limitations. We could not corroborate /CD-coded
diagnoses of hypertension with direct clinical measure-
ment or medication use, but to mitigate the potential
for misclassification, we applied validated definitions.
To offset the potential for confounding by obesity and
smoking, we performed indirect adjustments for these
factors using data from an external cohort in sensitivity
analyses, and we observed little impact on our esti-
mates.*? Further, we accounted for LGA in both preg-
nancies, a variable that correlates with both maternal
prepregnancy obesity and gestational weight gain.5”:%¢
We did not have information on medication use and
thus do not know to what degree second pregnancy
GHTN recurrence was influenced by implementation of
aspirin early in pregnancy or calcium supplementation.

CONCLUSIONS

In women with 2 singleton pregnancies, the risk for
chronic hypertension associated with new-onset
blood pressure elevation at or after 20weeks’ gesta-
tion increases when this elevation occurs in the first
pregnancy, is higher when it occurs in the second,
and is highest when it complicates both pregnancies.
This is true for both GHTN and preeclampsia. The risk
for hypertension rises further with GD, preterm deliv-
ery, and SGA or LGA offspring. Lack of GHTN/preec-
lampsia recurrence in a second pregnancy provides
some indication that hypertension prevention efforts
may be working and should continue. Conversely,
GHTN/preeclampsia recurrence or new-onset GHTN/
preeclampsia in a second pregnancy should stimulate
preventive action and careful postpartum monitoring
(eg, regular blood pressure assessments and compre-
hensive cardiovascular evaluations) to facilitate early
detection and intervention for chronic hypertension.
Our findings support a precision medicine-oriented
pathway to hypertension prevention in relationship to
GHTN/preeclampsia history in women with at least 2
pregnancies.
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