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ABSTRACT

Objective: Estimate the prevalence of hypertensive disorder of pregnancy (HDP) at term, define
population characteristics, and calculate adverse maternal outcomes.

Methods: Retrospective study.

Results: We included 4,702,468 pregnancies. HDP increased linearly from 4.5% (2014) to 6.0%
(2018). HDP was more frequent among black (PR 1.19), obese (PR 2.31 to 3.70), with gestational
(PR 1.87) or pregestational diabetes (PR 2.16). Increased transfusion (PR 2.52), intensive care unit
admission (PR 3.38), and unplanned hysterectomy (PR 1.78) with HDP.
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Conclusion: Our study quantifies the increased risks for maternal and neonatal complications
related to the development of HDP at or beyond 39 weeks among nulliparous women.

Introduction

Individuals expectantly managed beyond 39 weeks of
gestation are considered to be at lower risk for adverse
maternal and neonatal outcomes. Risk factors identified
during pregnancy would most often require interven-
tion and delivery by this stage of pregnancy. For these
individuals, the optimal timing for delivery is debated.
With the ARRIVE trial, there are compelling data for
the safety of induction of labor (IOL) at 39 weeks for
low-risk nulliparous individuals without increasing
complication rates (1). That study determined that
there are maternal risks associated with remaining
pregnant beyond 39 weeks of gestation. Notably, in
this randomized control trial that looked at IOL versus
expectant management of low-risk individuals after 39
weeks, individuals who underwent IOL had a decreased
risk of hypertensive disorder of pregnancy (HDP)
(9.1% vs. 14.1%; relative risk, 0.64; 95% confidence
interval (CI), 0.56-0.74) (1). This is further supported
by Redman et al., who demonstrated that with increas-
ing gestational age, metabolic factors representative of
syncytiotrophoblast stress start to trend similarly to
those that are seen in early HDP. With ongoing pla-
cental maturation and increased gestational age, HDP
may be inevitable (2-4); however, this increased risk is
not reliably predicted (5).

These and other similar studies (6,7) suggest an
increased risk of developing HDP in an otherwise
lower-risk pregnancy with continuing gestation after
39 weeks, but the magnitude of this risk is not well
defined. For counseling, the clinician would benefit
from knowing what the harms of expectant manage-
ment after 39 weeks are regarding the development of
HDP and its adverse maternal and neonatal outcomes.
Previous studies have shown increased rates of mater-
nal morbidity such as intensive care unit (ICU) admis-
sion, unplanned hysterectomy, blood transfusion, or
uterine rupture with advancing gestation after 39
weeks in low-risk nulliparous individuals (8,9).
However, these studies have excluded individuals with
hypertensive diagnoses in their analysis, therefore
removing any additional risk attributed to the develop-
ment of HDP after 39 weeks.

Using population-based data from deliveries in the
United States, the aims of our study are to (1) estimate
the prevalence of HDP after 39 weeks of gestation, (2)
identify maternal and delivery factors associated with the
development of HDP in this period, and (3) examine the
relationship between HDP and adverse maternal out-
comes. We hypothesize that nulliparous individuals,
who develop HDP after 39 weeks, will have greater rates
of maternal adverse outcomes than those who do not.
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Material and methods

This was a population-based retrospective cohort
study using live birth databases from the U.S.
National Center for Health Statistics (10). The
National Vital Statistics data set is compiled from
data reported on all birth certificates shortly after the
live birth of an infant including parental demographic
information, maternal reproductive and pregnancy
history, medical procedures, and infant birth weight.
It is collected from all 50 states and the District of
Columbia and New York City and makes up more
than 99% of all births for a given year. Because the
datasets are publicly available and do not contain
direct personal identifiers, this study was considered
exempt from review by the institutional review board
at the University of Minnesota (IRB exemption
STUDY00007628). Our study sample was restricted
to births to nulliparous individuals who delivered
between 2014 and 2018 with a singleton, cephalic pre-
senting, non-anomalous fetus, who experienced spon-
taneous onset of labor and delivered at 39, 40, 41, or
42 weeks of gestation. A reference group of births at
36-38 weeks of gestation was included to establish
a perspective of the rate of HDP >39 weeks of gesta-
tion. For purposes of this study, we only included
pregnancies having either no significant medical
comorbid conditions or well-controlled comorbid con-
ditions that do not mandate urgent IOL. In accordance
with this definition, we did include births complicated
by pregestational diabetes, gestational diabetes, or
chronic hypertension as these conditions, if well-
controlled, are managed expectantly past 38 6/7
weeks and consistent with current guidelines (11).
Our outcome variable was the diagnosis of HDP,
documented in the dataset as either gestational hyper-
tension or hypertension-eclampsia. We selected deliv-
ery characteristics including calendar year, gestational
age (recorded in full weeks), IOL (yes, no), mode of
delivery, birthweight, and complications at or after
delivery. We also selected maternal demographic and
health characteristics: age, race/ethnicity, nativity, edu-
cational attainment, body mass index (BMI), smoking
status pre-pregnancy, smoking status during preg-
nancy, and variables from the maternal risk factor
series (pre-pregnancy diabetes, gestational diabetes,
and pre-pregnancy hypertension). Complications com-
prised maternal transfusion, ICU admission, unplanned
hysterectomy, or a composite of any of the above. We
chose these morbidities as they represent significant
clinical outcomes in pregnancy, are complications

associated with HDP, and available in the birth record
data (10).

In preparation for analysis, we performed
a secondary exclusion of records found to be missing
data on the entire maternal risk factor series (including
hypertension and diabetes); most of these records were
from 2014 and 2015. We examined the distributions of
all variables in the sample with univariate descriptive
statistics. Cross-tabulations were used to obtain the
crude prevalence of HDP by year, gestational week of
delivery, delivery characteristics, and maternal charac-
teristics. Using modified Poisson regression with robust
standard errors, we also estimated prevalence ratios
(PRs) with 95% ClIs to examine the relative association
between all covariates and HDP (12). Models for
maternal characteristics were adjusted for age, race/
ethnicity, and nativity; adjustment for remaining cov-
ariates could have yielded biased estimates as temporal
relationships could not be established for this cross-
sectional dataset. Crude prevalence and PRs were also
computed for complications but with HDP as the expo-
sure and complications as outcomes. For analyses by
gestational week of delivery only, we included data
from births at 36-38 weeks meeting the same eligibility
criteria as our main sample. This reference group was
chosen to contextualize our findings regarding the inci-
dence of HDP for deliveries at 39-42 weeks, as most
individuals diagnosed with preterm HDP without
severe features are delivered at 37 weeks (13). We per-
formed sensitivity analysis for the PR of HDP as well as
for the maternal complications reported by excluding
all pregnancies complicated by pregestational diabetes
or hypertension. Analyses were performed in Stata
v14.2 (StataCorp, College Station, Texas, USA) using
raw data files formatted for Stata by the National
Bureau of Economic Research (14).

Results

From 2014 to 2018, there were 19,609,308 live births
recorded (Figure 1). After exclusion criteria, 4,702,468
individuals were included in our main analysis and an
additional 1,868,108 individuals contributed data to our
analysis by gestational week. The prevalence of HDP
increased linearly through the study period from 4.5%
in 2014 to 6.0% in 2018 or approximately 7% per year
(PR 1.07, 95% CI 1.07-1.08).

We observed a J-shaped pattern in the prevalence of
HDP by gestational week (Table 1 and Figure 2). The
prevalence was highest at 37 weeks (16.7%), decreased



to a low of 3.8% at 41 weeks, and rebounded slightly at
42 weeks (5.0%). Findings for gestational weeks 39-42
are further described in Figure 2, where the study
cohort is depicted by week of gestation, and the pro-
portion that developed preeclampsia stratified by IOL
status. One-third of individuals underwent IOL
(33.1%), of whom 9.9% were diagnosed with HDP vs.
2.9% among individuals without IOL (data not shown).
For each gestational age, patients who underwent an
IOL had two to four times higher rates of HDP than
individuals who did not undergo IOL. The highest
prevalence of HDP was in the subset of individuals at
39 weeks who underwent an IOL. These findings were
not modified after sensitivity analysis (Table S1
supplement).
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Most newborns had a birthweight >2500 g (98.4%).
The incidence of low birthweight (1500-2500 g) and
very low birthweight (<1500 g) was 1.6% and 0.04%,
respectively. The prevalence of HDP increased with
decreasing birthweight. Among low-birthweight new-
borns, 11.5% had HDP (PR 2.25, 95% CI 2.2-2.3),
and among very-low-birthweight newborns, 18.8%
had HDP (PR 3.67, 95% CI 3.33-4.06). Cesarean
delivery occurred in 28.7% of the population, and
among these individuals, the PR for HDP was 1.56
(95% CI 1.55-1.57) compared with those who had
a vaginal delivery.

The prevalence of HDP also varied by maternal
characteristics (Table 2). Compared to people aged -
25-29 at delivery, the prevalence was 9-10% lower

All live births United States 2014-2018
(N= 19 609 308)

> 4

Multiparous

Excluded if meeting at least one of the criteria
(N=12 956 905)
Gestational age <36 or >42 weeks

Malpresentation
Major fetal anomalies
Multiple births

¥

Excluded if missing data
for all maternal risk factors
(N=81827)

¥

Analysis dataset
(N=6 570 576)

. 4

36-38 weeks of gestation
(N=1 868 108)

a2

39-42 weeks of gestation
(N=4 702 468)

Figure 1. Flow chart of live births in the United States (2014-2018), eligibility, and sample size.

Table 1. Unadjusted prevalence ratios of hypertensive disorders in pregnancy by gestational age.

Prevalence of hypertensive

Gestational age Percent of total disorders in pregnancy % Prevalence ratio 95% Cl
36 weeks 3.8 15.6 2.48 2.46-2.51
37 weeks 8.7 16.7 2.66 2.64-2.68
38 weeks 15.9 10.5 1.67 1.65-1.68
39 weeks 29.8 6.3 1.00 (reference) -

40 weeks 26.0 47 0.75 0.74-0.75
41 weeks 124 3.8 0.61 0.61-0.62
42 weeks 33 5.0 0.80 0.78-0.81

Cl: confidence interval.



4 (&) E.FRONEKET AL.

Percentage of study cohort
:

0 “ |—h
40 41

39

42
Gestational age weeks

1 SOL 15

mm SOLwith HDP [

Em (OL

IOL with HDP -
o
©
(o]
=
o
=
g
=
I
O
U

39 40 41 42

Figure 2. The proportion of study cohort in each week of gestation and prevalence of hypertensive disorders in pregnancy according
to the induction of labor status. HDP: hypertensive disorders in pregnancy.

among individuals younger than 20 and significantly
higher for individuals aged 35-39 (adjusted prevalence
ratio (aPR) 1.09, 95% CI 1.08-1.11), 40-44 (aPR 1.24,
95% CI 1.20-1.28), or older (aPR 1.56, 95% CI 1.42-
1.72). Compared with white individuals, American
Indian or Alaska Native individuals and Black indivi-
duals had a significantly higher prevalence (aPR 1.28,
95% CI 1.23-1.34 and 1.19, 95% CI 1.17-1.20, respec-
tively) while Asian and Hispanic individuals were sig-
nificantly less likely to have HDP (aPR 0.62, 95% CI
0.61-0.64 and 0.90, 95% CI 0.89-0.91, respectively).
The prevalence was also higher among individuals
whose educational attainment was equal or less than
college vs. higher (aPR range 1.11-1.39) and who were
overweight (aPR 1.64, 95% CI 1.63-1.66) or obese (aPR
range 2.30-3.70) vs. normal weight, smoked before
(aPR 1.09, 95% CI 1.07-1.10) pregnancy, or had preg-
estational (aPR 2.16, 95% CI 2.07-2.24) or gestational
diabetes (aPR 1.87, 95% CI 1.84-1.90). Individuals born
outside the U.S. had 29% lower prevalence of HDP.
Pregestational hypertension also appeared to be asso-
ciated with a lower risk (PR 0.10, 95% CI 0.09-0.11),
although we believe this to be an artifact of our study
selection criteria given since most guidelines recom-
mend that individuals with known HDP or unstable
or severe chronic hypertension be delivered prior to 39
weeks.

Individuals diagnosed with HDP were more likely to
experience maternal complications such as transfusion,
ICU admission, and unplanned hysterectomy, as well as
a composite of all these outcomes. Transfusion
occurred in only 0.3% of our sample but was nearly
three times more common among individuals with
HDP (PR 2.73 95% CI 2.60-2.87). ICU admission and
unplanned hysterectomy occurred even less frequently
but were likewise positively associated with HDP (PR
3.89, 95% CI 3.59-4.20 and 1.86, 95% CI 1.45-2.40,
respectively). Conversely, HDP occurred three times
more often among individuals with any of the reported
maternal complications (PR 2.73, 95% CI 2.63-2.83,
Table 3). The overall findings did not change after
excluding all cases of pregestational diabetes or hyper-
tension (Table S2 supplement).

Discussion

Our primary objective to quantify the prevalence of
HDP among lower-risk women after 39 weeks of gesta-
tion found an increasing prevalence between 2014 and
2018 with a 7% annual increase. We found that in this
national birth cohort, women who delivered at 39 weeks
had the highest prevalence of HDP (6.3%) with decreas-
ing prevalence from 39 to 41 weeks and an increased
prevalence at 42 weeks. Overall, the prevalence of HDP



HYPERTENSION IN PREGNANCY e 5

Table 2. Maternal characteristics and prevalence of hypertensive disorders in pregnancy.

Unadjusted prevalence

Total % of HDP % Adjusted* prevalence ratio 95% Cl
Age
<16 years 0.5 5.0 0.90 0.85-0.95
16-19 years 10.8 5.1 091 0.90-0.93
20-24 years 27.7 53 0.98 0.97-0.98
25-29 years 29.3 5.2 1.00 (ref.) -
30-34 years 225 5.0 0.99 0.98-1.00
35-39 years 77 55 1.09 1.08-1.11
40-44 years 13 6.1 1.24 1.20-1.28
45+ years 0.1 7.6 1.56 1.42-1.72
Race/Ethnicity
Al/AN 0.6 71 1.28 1.23-1.34
Asian 7.6 2.7 0.62 0.61-0.64
Black 1.9 6.4 1.19 1.17-1.20
NH/PI 0.2 6.0 1.28 1.16-1.40
White 56.6 5.6 1.00 (reference) -
Multiracial 23 54 0.98 0.95-1.00
Hispanic 20.8 4.5 0.90 0.89-0.91
Nativity
Born in the US. 79.2 57 1.00 (reference) -
Born outside the U.S. 20.8 35 0.71 0.70-0.72
Education
<High school 10.1 5.1 1.39 1.37-1.42
High school diploma/GED 23.1 5.5 1.38 1.36-1.40
Some college 20.4 5.8 1.37 1.35-1.38
Associate’s degree 7.8 6.0 1.38 1.36-1.41
Bachelor’s degree 24.1 4.8 1.1 1.10-1.13
>Bachelor’s degree 14.5 4.4 1.00 (reference) -
BMI
Underweight 4.2 2.5 0.75 0.73-0.77
Normal 50.1 34 1.00 (reference) -
Overweight 24.6 57 1.64 1.63-1.66
Obesity, Class | 11.9 8.1 2.31 2.28-2.33
Obesity, Class Il 5.5 104 2.90 2.87-2.94
Obesity, Class Il 3.7 13.4 3.70 3.64-3.75
Smoking, pre-pregnancy
Yes 8.2 6 1.09 1.07-1.10
No 91.8 5.2 1.00 (reference) -
Smoking, during pregnancy
Yes 53 5.7 1.02 1.00-1.04
No 94.7 5.2 1.00 (reference) -
Diabetes, pre-pregnancy
Yes 0.4 11.4 2.16 2.07-2.24
No 99.6 5.2 1.00 (reference) -
Diabetes, gestational
Yes 4.5 9 1.87 1.84-1.90
No 95.5 5 1.00 (reference) -
Pregestational hypertension
Yes 1 0.6 0.10 0.09-0.11
No 99 53 1.00 (reference) -

HDP: hypertensive disorders in pregnancy, AI/AN: American Indian/Alaska Native, NH/PI: Native Hawaiian and Pacific

Islander.
*All prevalence ratios in table adjusted for age, race/ethnicity, and nativity.

after 39 weeks was notably decreased compared with
deliveries between 36 and 38 weeks of gestation due to
higher rates of IOL secondary to the development of
preterm HDP as well as to delivery of women with
unstable or severe pregestational hypertension (11,15).
In this cohort, ongoing pregnancies with chronic hyper-
tension would most likely be women with a diagnosis of
chronic hypertension but with stable blood pressure that
did not require medication or who declined IOL. Our
study demonstrated that while the prevalence of HDP is
decreased for lower populations who deliver between 39
and 42 weeks, the residual risk is approximately 1 in 20.

We confirmed that maternal characteristics that are
associated with a higher prevalence of HDP after 39
weeks include pregestational and gestational diabetes,
BMI > 25, and advanced maternal age, which is consis-
tent with previously identified risk factors (13).
Preeclampsia was also slightly more prevalent in
women who smoked pre-pregnancy (aPR 1.09, 95%
CI 1.07-1.10), while our estimate for smoking during
pregnancy included the null. This is inconsistent with
a large contemporary meta-analysis which showed that
smoking during pregnancy was protective from pree-
clampsia (relative risk of 0.67, 0.60-0.75); the authors
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Table 3. Prevalence of hypertensive disorders in pregnancy as outcome in patients with maternal morbidities.

Total % Prevalence of hypertensive disorders in pregnancy % Prevalence ratio 95% Cl
Transfusion
Yes 0.3 13.1 2.52 2.41-2.63
No 99.7 52 1.00 (reference) -
ICU admission
Yes 0.09 17.6 3.38 3.17-3.61
No 99.91 5.2 1.00 (reference) -
Hysterectomy (unplanned)
Yes 0.02 9.3 1.78 1.42-2.24
No 99.98 52 1.00 (reference) -
Composite
Yes 0.36 14.2 2.73 2.63-2.83
No 99.63 5.2 1.00 (reference) -

ICU: intensive care unit.

acknowledged that additional prospective studies were
needed (16). It has been recently demonstrated that
cigarette smoking can enhance placental growth factor
expression in early stages of trophoblast invasion (17),
while in the term placenta markers, smoking leads to
increased markers of placental stress (18,19). Due to
known differences between early- and late-onset pre-
eclampsia, the effect of smoking may differ depending
on the gestational age at onset of disease with
a decreased risk for early-onset disease and increased
risk for late-onset disease.

Women with pregestational hypertension (1%) were
a small portion of our sample and had a decreased
prevalence of HDP, 0.6%. Pregestational hypertension
is a known risk factor for HDP and so one would
assume an increased prevalence in this population
(13). It is possible that those individuals with pregesta-
tional hypertensive had well-controlled blood pressures
and that would be consistent with ongoing manage-
ment past 37 weeks. If medication masked a rise in
blood pressure potentially associated with HDP,
because of the nature of the disease, they would have
other signs, symptoms, or laboratory changes not
affected by medication. However, our findings of
a decreased prevalence of HDP in patients with preg-
estational hypertension are most likely due to the gesta-
tional age limits of our sample. As current ACOG
guidelines recommend delivery for women with poorly
controlled pregestational hypertension prior to 39
weeks, we would expect women with more severe dis-
ease to not be included in our study population (13).
Women with poorly controlled pregestational hyper-
tension are at increased risk of developing superim-
posed HDP and preterm delivery compared with
women without pregestational hypertension and thus
are less likely to be present in our study population
(20,21). We did not exclude women with pregestational

hypertension from our study, as our goal was to find
women with increased risk of HDP who remain preg-
nant after 38 weeks. ACOG guidelines also allow for
expectant management of women with pregestational
hypertension that is well controlled with or without
medications up to 39 weeks of gestation (21).

Our third objective was to identify maternal mor-
bidity associated with HDP. Our results support our
hypothesis that patients with HDP would have an
increased rate of maternal complications including
increased rates of blood transfusion, ICU admission,
and unplanned hysterectomy. As would be expected
in a lower-risk population, the absolute risk of signifi-
cant maternal morbidity was low, less than 1% each, for
transfusion, ICU admission, or unplanned hysterect-
omy. These outcomes were found to be more prevalent
among women with HDP. The increased prevalence of
these complications in the population with HDP may
be secondary to the increased risk of postpartum
hemorrhage with HDP as well as increased risk of
ICU admission for postpartum patients with HDP
(22-24).

While HDP is a causal factor for a proportion of
maternal morbidity, increasing gestation also has
been shown to increase maternal morbidity. In
a study assessing maternal and neonatal morbidity
between 39 and 41 weeks in labored women using
US Vital Statistics data, Chen et al. found that
increasing gestation after 39 weeks was associated
with increased rates of a composite of maternal
morbidity including transfusion, ICU admission,
uterine rupture, and unplanned hysterectomy (8,9).
Women with HDP were excluded from this study
and any additional risk attributed to HDP would not
be included. It can be assumed that a fraction of
morbidity found in our study is due to advancing
gestation alone; however, the finding of an increased



maternal morbidity among individuals with HDP
highlights the additional accumulated risks from
HDP with advancing gestation over 39 weeks.

We have compared our results with those reported
in the ARRIVE trial (1) designed to compare labor
induction with expectant management after 39 weeks.
This trial reported HDP as a secondary outcome with-
out additional information on the population regarding
the prevalence by week or its association with other
maternal morbidity. A secondary analysis of this trial
observed an increase in the frequency of medically
indicated IOL and cesarean delivery but not powered
to measure the outcomes we have reported (25).
Compared with the ARRIVE trial, in which the preva-
lence of HDP was 11.5% in both IOL and expectant
management groups combined, we found the preva-
lence of HDP to be less than half of that, at 5.2%.
Factors that may have influenced this difference include
ethnicity and BMI. More than half of the population
studied in the ARRIVE trial had a BMI 230, and only
21% of our sample had a BMI 230. The ARRIVE trial
also had increased rates of women of black non-
Hispanic ethnicity, 23.1 vs. 11.9%, which has also
been reported to be associated with increased rates of
HDP (26). Additionally, our reported prevalence may
have been lower due to underreporting in the birth
certificate data.

Our study did not exclude women with diabetes or
pregestational hypertension. Including patients with
these comorbidities likely contributed to the increased
maternal morbidity, as some women with these comor-
bidities are likely to have escaped earlier delivery per-
haps by patient preference or clinical nuance. However,
our goal was to include women who may have had
well-controlled disease, and therefore, clinical manage-
ment up to 39 weeks and 6days was a reasonable
option. We cannot exclude the possibility that women
with poorly controlled disease were included but
believe that they would have made up a small portion
of our sample due to current practice guidelines
(11,27,28). Future research should lead to a better
understanding of the relationship between HDP and
maternal morbidity, and how prevention of HDP
could modify the risk for other adverse outcomes.

The strengths of this study include a population-
based design with a large sample over 5 years. The
sample population encompassed a large portion of
deliveries within the United States and so is likely
reflective of nulliparous women between 39 and 42
weeks gestation. Our sample size provides us with
sufficient power to discern differences in uncommon
although clinically important outcomes. Other
strengths are the chosen maternal complications
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reflecting significant clinical outcomes that are easily
measurable. Despite these outcomes being rare, lower
risk nulliparous women make up a significant propor-
tion of deliveries, and despite their low frequency, it
will lead to a significant morbid condition in
a significant number of women.

The largest study limitation is that it is
a population retrospective study; thus, clinical intent
cannot be interpreted, and a variety of clinical infor-
mation is unavailable. For example, the indication for
IOL is not available and so timing of development of
HDP relative to decision to deliver cannot be
obtained. The prevalence of HDP was more than 2-
4 times greater in women undergoing IOL, but it
cannot be ascertained whether HDP was the indica-
tion for induction or simply diagnosed during the
admission (29). Additionally, some conditions such
as postpartum HDP may be underreported, as it may
have been a second admission or late postpartum
after the data for the birth certificate had been col-
lected for a patient (30). However, these potentially
missing data points would likely affect the maternal
morbidity outcomes if women were admitted to the
ICU after a readmission. The third limitation is that
birth certificates provide outcome information that
we have reported but do not provide any information
on the indication or reason for these outcomes such
as ICU admission, unplanned hysterectomy, or trans-
fusion. The only information is the association of
HDP and postpartum hemorrhage (23), which is
associated with a higher transfusion rate.

Conclusions

While there is increasing evidence for the safety of
IOL at 39 weeks in nulliparous women with lower
risk pregnancies, the potential risk of development
of HDP for the remaining pregnant individuals had
not been quantified in a large population-based
study. Our study demonstrates the maternal risks of
expectant management after 39 weeks of gestation by
demonstrating and quantifying the increased risks
attributed to the development of HDP after 39
weeks among nulliparous women.
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