University of Louisville
ThinkIR: The University of Louisville's Institutional Repository

Electronic Theses and Dissertations

8-2023

Incidence and determinants of hypertensive disorders of
pregnancy in the US: hospitalization discharge rate for
preeclampsia, eclampsia, and gestational hypertensions,
2016-2018.

Kahir S. Jawad
University of Louisville

Follow this and additional works at: https://ir.library.louisville.edu/etd

b Part of the Clinical Epidemiology Commons, Community Health and Preventive Medicine Commons,
Epidemiology Commons, Maternal and Child Health Commons, Obstetrics and Gynecology Commons,

and the Women's Health Commons

Recommended Citation

Jawad, Kahir S., "Incidence and determinants of hypertensive disorders of pregnancy in the US:
hospitalization discharge rate for preeclampsia, eclampsia, and gestational hypertensions, 2016-2018."
(2023). Electronic Theses and Dissertations. Paper 4168.

https://doi.org/10.18297/etd/4168

This Doctoral Dissertation is brought to you for free and open access by ThinkIR: The University of Louisville's
Institutional Repository. It has been accepted for inclusion in Electronic Theses and Dissertations by an authorized
administrator of ThinkIR: The University of Louisville's Institutional Repository. This title appears here courtesy of
the author, who has retained all other copyrights. For more information, please contact thinkir@louisville.edu.


https://ir.library.louisville.edu/
https://ir.library.louisville.edu/etd
https://ir.library.louisville.edu/etd?utm_source=ir.library.louisville.edu%2Fetd%2F4168&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/815?utm_source=ir.library.louisville.edu%2Fetd%2F4168&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/744?utm_source=ir.library.louisville.edu%2Fetd%2F4168&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/740?utm_source=ir.library.louisville.edu%2Fetd%2F4168&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/745?utm_source=ir.library.louisville.edu%2Fetd%2F4168&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/693?utm_source=ir.library.louisville.edu%2Fetd%2F4168&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1241?utm_source=ir.library.louisville.edu%2Fetd%2F4168&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.18297/etd/4168
mailto:thinkir@louisville.edu

INCIDENCE AND DETERMINANTS OF

HYPERTENSIVE DISORDERS OF PREGNANCY IN THE US:
HOSPITALIZATION DISCHARGE RATE FOR PREECLAMPSIA,
ECLAMPSIA, AND GESTATIONAL HYPERTENSIONS,

2016-2018

By

Kahir Jawad

M.P.H., University of Louisville, 2016
M.D., University of Baghdad, 2004

A Dissertation
Submitted to the Faculty of the
School of Public Health and Information Sciences

of the University of Louisville
in Partial Fulfillment of the Requirements

for the Degree of

Doctor of Philosophy in Public Health Science

Department of Epidemiology and Population Health

University of Louisville
Louisville, Kentucky

August 2023






INCIDENCE AND DETERMINANTS OF

HYPERTENSIVE DISORDERS OF PREGNANCY IN THE US: HOSPITALIZATION
DISCHARGE RATE FOR PREECLAMPSIA, ECLAMPSIA, AND GESTATIONAL
HYPERTENSIONS,

2016-2018
By
Kahir Jawad
M.P.H., University of Louisville, 2016

M.D., University of Baghdad, 2004

Dissertation Approved on

August 4", 2023

by the following Dissertation Committee

Dr. Anne Wallis, MHS, PhD

Dr. Richard Baumgartner, PhD

Dr. Kira Taylor, PhD, MS

Dr. Maiying Kong, PhD

Dr. Tawana Marie Coates, MD



ACKNOWLEDGMENTS

I would like to express my deep gratitude for the support that | have received in
completing this dissertation. Throughout the course of my dissertation project, I am
grateful to my advisor, Dr. Anne Wallis, for her consistent support, forbearance, and for
her invaluable guidance, both professionally and personally. I am forever thankful for her
mentorship. | would like also to thank my other committee members Dr. Richard
Baumgartner, Dr. Kira Taylor, Dr. Maiying Kong, and Dr. Tawana Coates. | appreciate
their thoughtful insight and support, as well as the time they took to review my work and

provide feedback at each stage.

Additionally, I am grateful to all faculty, staff, and my colleagues of the
University of Louisville, School of Public Health, and Information Sciences, for their

support along the doctoral program.

Finally, I would also like to thank my family and close friends for their

unwavering support and encouragement in helping me complete my doctoral dissertation.



ABSTRACT

INCIDENCE AND DETERMINANTS OF

HYPERTENSIVE DISORDERS OF PREGNANCY IN THE US: HOSPITALIZATION
DISCHARGE RATE FOR PREECLAMPSIA, ECLAMPSIA, AND GESTATIONAL
HYPERTENSIONS,

2016-2018

Kahir Jawad
August 4", 2023

Background: Hypertension remains one of the most prevalent medical issues in
pregnancy. It contributes considerably to maternal and fetal morbidity and mortality,
making it one of the most significant public health problems. Although various
epidemiological studies have been conducted over the past decades to assess the disease
incidence and key risk factors associated with hypertensive disorders of pregnancy,
current incidence rates and trends are lacking. This is a novel and significant study
because there are no current population-based incidence estimates of hypertensive
disorders of pregnancy and their subtypes and very few studies with the power to explore
a wide range of risk factors.

Objective: The purpose of this dissertation is to provide the most current national trend

incidence rates of gestational hypertension, preeclampsia, and eclampsia in the United



States from 2016 to 2018, as well as to investigate the associated risk factors in women
with hypertensive disorders of pregnancy.

Design: Serial cross-sectional secondary analysis

Setting: The Nationwide Inpatient Sample (NIS) of the Healthcare Cost and Utilization
Project (HCUP), which was drawn from all 48 States participating in HCUP, covering
more than 97% of the U.S. population. The NIS represents a stratified sample of
approximately 20% of discharges from community hospitals in the United States,

excluding rehabilitation and long-term acute care hospitals.

Participants: 11,097,776 deliveries of US women aged 15-45 years between 2016 and

2018.

Methods: The descriptive patient and hospital characteristics of the study cohort, which
included all women who had one or more live or stillbirths between 2016 and 2018, were
given in counts and percentages. The incidence of gestational hypertension,
preeclampsia, and eclampsia was reported in crude rates per 1000 delivery
hospitalizations. The risks of gestational hypertension, preeclampsia, and eclampsia
among US pregnant women aged 1545 years were assessed using univariate and

multivariable regression models that were adjusted for previously known covariates.

Primary outcome measures: Gestational hypertension, preeclampsia, and eclampsia.

Results: The incidence rate of hypertensive disorders of pregnancy is 54.6 per 1,000
deliveries for gestational hypertension, 48.9 per 1,000 deliveries for preeclampsia, and
0.8 per 1,000 deliveries for eclampsia. During the three-year study period, preeclampsia

and gestational hypertension rates continued to rise while eclampsia rates declined. The



incidence rate of gestational hypertension increased by 13.2% per year and that of
preeclampsia by 9.0% per year, while the incidence rate of eclampsia decreased by 16.3%
per year on average. Hospitalizations with gestational hypertension disorder were
associated with higher risk among younger age groups (age 15-19), and older age groups
(age 40-45) compared to 30-34 years-old, white race, women living in the south, the
poorest area, women delivered in urban teaching hospitals, women with private
insurance, and women with preexisting conditions including gestational diabetes and
non-gestational diabetes, obesity, anemia, and hypothyroidism. The risk ratio of
gestational hypertension was significantly lower in women with a history of smoking,
thrombophilia, and renal disease, after adjusting for other covariates. On the other hand,
preeclampsia was linked to a higher risk in younger and older age groups, Black race,
women residing in the south and poorest areas, those who gave birth in teaching hospitals
in urban areas, and those who had preexisting conditions like gestational diabetes and
non-gestational diabetes, multiple pregnancy, obesity, systemic lupus erythematosus,
antiphospholipid syndrome, anemia, hypothyroidism, and renal disease. The risk ratio of
preeclampsia was significantly lower in women with a history of smoking and
thrombophilia. Further, eclampsia was more likely to occur in younger age groups (<25),
women of the Black race, Southern women, women who gave birth in rural hospitals, and
women with preexisting conditions such as multiple pregnancy, anemia, and renal
disease.

Conclusion: This work provides, to the best of the author’s knowledge, the most recent
large-scale population-based studies that have estimated the incidence of the main types

of hypertensive disorders in pregnancy and investigated the risk factors associated with
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those conditions on a larger scale. The risk of gestational hypertension, preeclampsia, and
eclampsia increased among US women from 1979 to 2018. Additional efforts are needed
to monitor and revise trends, as well as construct a risk-based model that could aid in

early detection.
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INTRODUCTION

Background

Hypertensive disorders of pregnancy remain a major public health concern around
the world. These diseases represent a set of clinical conditions that affect pregnant
women and are associated with high blood pressure (hypertension), abnormally high
levels of protein in their urine (proteinuria), and other neurological or significant end-
organ dysfunction. This multisystem progressive disorder is associated with significant
maternal and fetal morbidity and mortality [1]. Preeclampsia and eclampsia are also
associated with later-life cardiovascular complications among women and their offspring.
In the United States (US), hypertensive disorders of pregnancy contribute to about 6.3
percent of all pregnancy-related deaths and represent the seventh leading cause of
maternal mortality [2]. Updated national trends are lacking, and the rise in incidence is

concerning [3-6].

Definitions and Classification

Classification and diagnostic criteria for hypertensive disorders of pregnancy have
varied in the past, which has led to some confusion both clinically and in term of research
efforts to comprehend and prevent this disorder. Currently, definitions and diagnostic
criteria are generally similar worldwide, and the major hypertensive disorders that occur

in pregnancy have been classified into four major clinical categories:



(1) preeclampsia/eclampsia/HELLP syndrome; (2) gestational hypertension; (3) chronic
hypertension; and (4) preeclampsia superimposed upon chronic hypertension (Table 1).
Precise definitions and accurate diagnosis for each of these entities are often difficult and

a major challenge in the study of hypertensive disorders of pregnancy.
Preeclampsia and eclampsia

Preeclampsia is defined as a new onset of high blood pressure (>140/90 mm Hg
systolic/diastolic) after 20 weeks of gestation in a previously normotensive woman and
proteinuria (>300 mg protein in a 24-hour maternal urine collection or 1+ protein on a
urine dipstick) or new-onset hypertension with significant end-organ dysfunction (with or
without proteinuria).

In 2013, The American College of Obstetricians and Gynecologists (ACOG)
updated the diagnostic criteria (Table 1) and removed proteinuria as an essential criterion
to diagnose preeclampsia. Additionally, they eliminated some features that were
characteristic of severe preeclampsia, such as oliguria, fetal growth restriction, and large
proteinuria (5 g/24 hours) [7].

Eclampsia refers to the occurrence of a generalized seizure in a woman with
preeclampsia that cannot be attributed to other causes. HELLP syndrome is a subtype of
preeclampsia presenting with hemolysis, elevated liver enzymes, and low platelets.
Chronic (preexisting) hypertension

Chronic hypertension is hypertension (>140/90 mm Hg systolic/diastolic) present
before pregnancy or before 20 weeks of gestation. De novo hypertension at any time
during pregnancy that persists for at least 12 weeks post-delivery is also considered

chronic hypertension.



Gestational hypertension
Gestational hypertension is defined as hypertension that develops after 20 weeks
of gestation without proteinuria or other end-organ dysfunction related to preeclampsia.

Preeclampsia superimposed upon chronic hypertension

Preeclampsia superimposed upon chronic hypertension occurs when a woman
with chronic hypertension experiences new features of preeclampsia syndrome, such as a
sudden increase in blood pressure that was previously well-controlled, new onset of
proteinuria or a sudden increase in proteinuria, and/or new end-organ dysfunction after

20 weeks of gestation and characterized by worsening or resistant hypertension.

Classification of Hypertensive Disorders of Pregnancy

Disorder Diagnostic criteria Onset
Gestational hypertension BP > 140/90 mm Hg" > 20 weeks
Preeclampsia + proteinuria’ or > 20 weeks

+ end-organ dysfunction'

Eclampsia preeclampsia + seizure > 20 weeks
Chronic hypertension BP > 140/90 mm Hg < 20 weeks
Preeclampsia superimposed Chronic hypertension + > 20 weeks
upon chronic hypertension preeclampsia

* Systolic blood pressure (BP) >140 mmHg and/or diastolic BP > 90 mmHg on at least 2 occasions, 4
hours apart.

+> 0.3 g/24-hour urine specimen or protein/creatinine ratio > 0.3 in a random urine specimen or
dipstick > 1+.

I New onset of 1 or more of the following: platelet count <100,000/microL, serum creatinine >1.1
mg/dL, liver transaminases x2 the upper limit of the normal concentrations, pulmonary edema, new-
onset and persistent headache, or visual symptoms (e.g., blurred vision or flashing lights).



Epidemiology and Etiology
Global burden

Assessing the epidemiology of hypertensive disorders of pregnancy is difficult
due to the lack of consistency of the definitions, changes in definitions over time, and
diagnostic challenges. Variation in incidence of hypertensive disorders of pregnancy by
geography, age, ethnicity, and over time can be speculated due to differences in maternal
characteristics (maternal age distribution, proportion of nulliparous pregnant, distribution
of risk factors), a lack of standardization of the diagnostic criteria worldwide, and
differences in early risk assessment and prevention programs both across and within

countries [8, 9].

Worldwide, the incidence of hypertensive disorders of pregnancy varies by
country; it has been estimated to occur in between 5.2 and 8.2 percent of pregnancies
every year [10]. A systemic review estimated that 4.6 percent and 1.4 percent of
deliveries were complicated by preeclampsia and eclampsia, respectively [11], whereas
gestational hypertension develops in 1.8 to 4.4 percent of all pregnancies [10]. In low-
and middle-income countries, 10 to 15 percent of direct maternal deaths are thought to be
related to preeclampsia and eclampsia [12]. Sub-Saharan Africa is the most affected
region, with 16 percent of maternal deaths in this region attributable to hypertensive
disorders of pregnancy [13], and preeclampsia and eclampsia are among the top

five leading causes of maternal and fetal morbidity and mortality [14, 15].

Nationwide
In the US, the prevalence of hypertensive disorders of pregnancy increased from
2.8 percent in 1989 to 8.2 percent in 2020, with a 3.6 percent average annual percentage

4



change. Chronic hypertension complicates 1 to 2 percent of deliveries, with a positive
average annual percentage change of 4.1 percent. On the contrary, the incidence of
eclampsia has been decreasing with an average annual percentage change of -2.5 percent
and complicates about 0.3 to 0.6 percent of all U.S. pregnancies [5, 16]. Gestational
hypertension is more common among nulliparous women (6-17 percent) and affects 2-4
percent of multiparous pregnant women [17-19]. The incidence of preeclampsia in the
United States was approximately 5 percent in 2014, a 21 percent increase from 2005 [20].
Although there has been a decline in maternal mortality related to hypertensive disorders
and in the trend of eclampsia over the last two decades, prior studies indicated that the
rise in the secular trend in the incidence of chronic hypertension, gestational
hypertension, and preeclampsia in the United States is mainly because of increases in the

incidence of pre-pregnancy weight, diabetes, and maternal age [6].

Pathophysiology and Potential Biological Mechanisms

It should be emphasized that the exact cause of preeclampsia is still unknown. It
is referred to as the "disease of hypotheses". In general, hypertensive disorders in the
majority of cases (between 90 percent and 95 percent) have been classified as primary
hypertension (formerly called "essential” hypertension), referring to those with no clear
single cause for their raised blood pressure. In the remainder, 5 percent to 10 percent of
cases are classified as secondary hypertension due to a secondary underlying cause such
as renal disease, adrenal disease, or medicine side effects.

It has been postulated that the primary factors that contribute to the raised blood
pressure in hypertensive patients are most likely the result of a combination of several

genetic and environmental factors that have an interrelated effect on the renin-angiotensin



system and the sympathetic nervous system. Obesity, insulin-resistance, physical
inactivity, advancing age, Black race, family history, salt intake, and excessive alcohol
consumption are some of the risk factors that have been linked to an increased risk of
hypertension. These risk factors are also linked to hypertensive disorders in pregnancy.
The similarities in risk factor patterns between gestational hypertension and preeclampsia
may also indicate common underlying mechanisms. However, gestational hypertension
and preeclampsia are associated with other additional risk factors linked to pregnancy,
the fetus, and the male partner. Although the risk factors are similar between gestational
hypertension and preeclampsia, epidemiological studies showed differences in the

magnitude of the association between these two disorders [21].

Preeclampsia, which normally presents in the third trimester and remits after
delivery or pregnancy termination, even occurs in ectopic (extrauterine) and molar
pregnancy, suggesting that the placenta has an essential role in the pathogenic process.
Abnormalities in spiral arteriole remodeling of placental vasculature early in pregnancy,
which can lead to inadequate blood flow and oxygen supply to the fetus. This abnormal
placental development may be triggered by an interaction between the invading
trophoblasts and uterine Natural Killer cells, which suggests a potential immunologic
mechanism. Moreover, maternal and fetal genetic factors may suggest disease
susceptibility. Placental hypoperfusion, hypoxia, and ischemia are believed to result in a
subsequent release of antiangiogenic peptides into maternal circulation, which leads to
widespread maternal vascular inflammation, endothelial dysfunction, or damage to the
lining of blood vessels, which contributes to the development of high blood pressure and

other manifestations of preeclampsia [22-25]. However, the cause of defective placental



implantation is unknown, and it is thought to be caused by two interconnected stages:
abnormal placentation and an abnormal maternal inflammatory response (Figure 1). The
relationship between the two stages of this preeclampsia etiological concept has been

extensively researched and debated in recent years.

Abnormal Development of The Placenta

It is widely believed that the failure of maternal uterine spiral arteries to develop,
which support the growing placenta, is the primary cause of preeclampsia. In normal
pregnancies, remodeling of the spiral arteries is most likely initiated by the end of the
first trimester and finished by 18 to 20 weeks of gestation, when the cytotrophoblast cells

of the placenta migrate and infiltrate the decidua and part of the myometrium.

As compared to preeclampsia, the cytotrophoblast that infiltrates the decidual
segment of the spiral arteries has shallow invasion and fails to infiltrate the myometrial
region [22, 26]. These abnormalities in placentation and the development of
uteroplacental circulation are believed to occur in the early stages before the clinical
manifestations of preeclampsia arise. As a result, the placenta does not develop the wide,
convoluted vascular channels that are typical of a healthy placenta; instead, the vessels
remain narrow, leading to hypoperfusion and/or oxidative stress. As pregnancy
progresses, hypoperfusion becomes more evident and leads to hypoxia and ischemia,
which are critical components in the pathogenesis of preeclampsia and are believed to be
responsible for the release of endothelial factors that lead to systemic endothelial

dysfunction, resulting in the preeclamptic phenotype [22, 24, 27-30].



Endothelial Factors

Ischemic placentas are believed to release a variety of endothelial-related factors
(such as antiangiogenic proteins [sFlt-1 and endoglin] and inflammatory cytokines) into
the mother's bloodstream that alter the function of the mother's endothelial cells and
result in the typical systemic signs and symptoms of preeclampsia. sFlt-1, which is a
soluble fms-like tyrosine kinase-1 protein secreted by a diseased placenta and circulated

in the maternal bloodstream.

sFIt-1 has antiangiogenic properties that bind to angiogenic factors such as
vascular endothelial growth factor (VEGF) and placental growth factor (PIGF) and
inhibit their growth effects on blood vessels. Since sFlt-1 circulates into mother’s blood
stream and can reach distant tissue, it causes generalized endothelial dysfunction. Itis a
key mediator of the maternal signs and symptoms of preeclampsia [27-30]. Yet another
potential mediator is soluble endoglin; however, it is unclear how exactly endoglin and
sFIt-1 are connected [31-34]. Preeclampsia’s various clinical manifestations can be

explained as a clinical reaction to widespread endothelial dysfunction.

The presence of preexisting vascular disease, which is common in women with
comorbidities known to be associated with vascular disease, such as autoimmune
diseases, diabetes, hypertension, and chronic renal diseases, increases the risk of
developing preeclampsia. These conditions are likely to have preexisting endothelial
damage [35], which may also explain why preeclamptic women have an increased risk of

developing cardiovascular disease in the future [36, 37].



Inflammation cascade and cytokines

Poor placental perfusion causes placental hypoxia, which can increase the release
of inflammatory signals into the mother's blood and increase the risk of preeclampsia
[38]. Additionally, by further releasing cytokines, the activation of maternal neutrophils
as they go through the placenta might provide an effective route for the transmission of
oxidative stress from the placenta to the maternal circulation. Leukocytes in the uterine
veins are significantly more activated in preeclampsia compared to the peripheral
circulation [39] and the decidua and placenta, which are frequently found in acute

atherosclerosis sites [40].

In response to hypoxia, the human placenta can directly make tumor necrosis
factor-alpha, which in theory could induce endothelial dysfunction by interfering with or
competing with maternal free fatty acids, especially unsaturated FFAs [40]. TNFa and
other cytokines, such as IL-6, IL-1a, and IL-1b, have been released from tissues from
preeclamptic pregnancies, although studies to date have not revealed a substantial change
[41]. This brings into question the placenta’s role in releasing inflammatory cytokines

directly.

Immunologic Factors

The observation that previous exposure to paternal and fetal antigens appears to
protect against preeclampsia as well as maternal-paternal immune dysfunction has led to
the emphasis on immunologic factors as a potential contribution to placental

abnormalities [42-44]. Women with preeclampsia have also been shown to have changes



in their circulating immunity, such as a relative lack of regulatory T cells and an increase

in agonistic autoantibodies that target the angiotensin-1 receptor [45].

Genetic Factors

Despite the fact that the majority of preeclampsia cases are sporadic, the clustering of
cases within families clearly shows that the disease's susceptibility is influenced by a
hereditary component. Numerous epidemiological studies have suggested that
preeclampsia has a genetic basis, including:

e Women with a family history of preeclampsia have about triple the risk of
developing preeclampsia, according to two cohort studies [46, 47]. In primigravid
women, a family history of preeclampsia is associated with a two- to fivefold
increased risk of preeclampsia compared to those without this history [48-50].

e Women with a history of preeclampsia in a previous pregnancy had a sevenfold
higher risk of having preeclampsia [51].

e Preeclampsia is more likely to develop in men and women who were the offspring
of preeclampsia-complicated pregnancies than in people without such a history
[50, 52].

e A woman who becomes pregnant by a man who has previously fathered a
pregnancy complicated by preeclampsia has a higher risk of developing the

disorder [53].

Numerous gene studies have identified several candidate genes as being linked to
preeclampsia; however, other studies have found no link between the candidate genes and

the disease's susceptibility. [54]. In summary, both maternal and fetal genes from either
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the mother or father may play a role in triggering abnormal placentation and subsequent
preeclampsia. More specifically, two genetic loci (Flt-1 and sFlt-1) that are carried on
chromosome 13 appeared to be associated with preeclampsia and likely responsible for
producing the circulating anti-endothelial factors [55]. Additionally, these women have
significantly higher levels of the circulating sFIt-1/PIGF ratio, which is a more reliable
index of the circulating angiogenic state and a better predictor of preeclampsia risk even

before clinical signs [56].

Risk Factors

Numerous epidemiological studies have identified a number of risk factors that

increase the likelihood of developing preeclampsia.

Preeclampsia is thought of as a condition of first pregnancies. In a systematic
review study, the risk of preeclampsia nearly tripled among nulliparous women compared
to other cohorts (RR = 2.91, 1.28 to 6.61) [51]. Although it is yet unknown why a
nulliparous condition predisposes to preeclampsia, immunological hypotheses have been
proposed. Nulliparous women have a higher circulating sFlt-1 level and sFIt-1/PIGF ratio
compared to multiparous women. This maternal immune maladaptation to fetal or
parental antigens may indirectly lead to poor blood flow to the uterus and placenta, which
may contribute to the development of preeclampsia [57, 58]. The protective advantages

of multiparity, however, are no longer present when a woman changes partners [59].

A prolonged interval between pregnancies or a paternal factor, such as men who
were born from or fathered a preeclamptic pregnancy, may explain the increased risk of

preeclampsia with a change in paternity or having a new partner [52, 53, 60].
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Maternal age extremes can raise the risk of preeclampsia. Young maternal age
was associated with a significant risk for both preeclampsia and eclampsia. According to
a study using national US data, women under the age of 15 had a 2.8-fold higher risk of
preeclampsia compared to women between the ages of 30 and 34, and those under the age
of 20 had a 1.8-fold increased risk compared to women aged 20 and older. The risk
declined with age until the age of 35, when it began to rise significantly [61]. Women
aged 35 and above had a relative risk of 1.2 (95% confidence interval: 1.1-1.3), while
women aged 40 and above had a relative risk of 1.5 (95% confidence interval: 1.2.1—

1.2.0) [62].

Multifetal pregnancies have significantly higher risks than singleton pregnancies
(RR 2.9, 95% CI 2.6-3.1) [62]. In five cohort studies, women with twin pregnancies
nearly quadrupled their risk of preeclampsia (2.9, 95% ClI: 2.0-4.2) [21, 63-66], and
a triplet pregnancy nearly triples the risk of preeclampsia compared to a twin pregnancy,

according to one study (2.8, 1.25-6.4) [67].

Women with a past history of preeclampsia have sevenfold the risk of developing
preeclampsia in a subsequent pregnancy compared with patients without this history (RR
7.2, 95% CI: 5.9-8.8) [51], and the risk is nearly tripled for pregnant women who have a

family history of preeclampsia (2.9, 95% CI: 1.7-4.9) [51].

Alcohol consumption and the risk of hypertensive disorders during pregnancy
have been significantly linked, according to a cross-sectional study of Chinese
individuals [68]. Participants with alcohol consumption had a 1.75-times higher risk of
hypertensive disorders of pregnancy compared to those with no history of alcohol intake

[68]. On the contrary, a prospective study among the U.S. population found that those
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who regularly used alcohol had a 0.55-times lower risk of preeclampsia than those who

did not [69].

Other risk factors include preexisting hypertension (RR 5.1, 95% CI: 4.0-6.5)
[62], pre-gestational diabetes (RR 3.7, 95% CI: 3.1-4.3) [62], renal disease (RR 1.8, 95%
Cl: 1.5-2.1) [62], pre-pregnancy overweight or obesity (BMI > 25 [RR 2.1, 95% CI: 2.0—
2.2] and > 30 [RR 2.8, 95% CI: 2.6-3.1]) [62], and autoimmune diseases, such
as systemic lupus erythematosus (RR 1.8, 95% CI: 1.5-2.1) and antiphospholipid

syndrome (RR 2.8, 95% CI: 1.8-4.3) [62].

Smoking, prolonged sperm exposure with the same partner, a history of
spontaneous or induced abortion, and partner change without a preeclampsia history are
protective factors that have been found to be associated with a lower risk of preeclampsia

[70-73].

Risk Factors of Hypertensive Disorders of Pregnancy
Modifiable risk factors
e Obesity/overweight

e Anemia
e Multifetal pregnancy (in infertility treatment)
e Smoking

e Alcohol intake
e Low socioeconomic status

¢ New male partner, change partner, limited sperm
exposure

e Extremes of maternal age (<20 and > 35)
Nonmodifiable risk factors

e Nulliparity

e Multifetal gestation

e Past medical history

e Family history
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e Preexisting medical conditions
o Chronic hypertension
Renal disease
Non-gestational diabetes
Gestational diabetes
Autoimmune diseases
= Antiphospholipid syndrome
= Thrombophilia
= Systemic lupus erythematosus
Protective factors
e Smoking
e Long-term sperm exposure with the same partner
e History of abortion (spontaneous or induced)
e Partner change with no history of preeclampsia

o

o

o

Study Rationale

Several epidemiological studies have investigated the incidence of hypertension
diseases of pregnancy and their subtypes, as described in the previous section; however,
the exact incidence of hypertensive disorders of pregnancy and preeclampsia remains
largely undetermined. In previous studies, the measurement of risk factors such as
maternal age, parity, race or ethnicity, socioeconomic status, and other factors associated
with these disorders was controversial. Providing a large, well-powered population-based
data set can contribute to our understanding of the disease’s etiology, clinical diagnosis,

ACOG recommendations and guidelines, and public health prevention efforts.

Objectives

To provide the most recent national trend incidence rates of gestational

hypertension, preeclampsia, and eclampsia in the United States from 2016 to 2018, as

14



well as to examine the relationship between maternal sociodemographic and clinical risk

factors and the three major subtypes of hypertensive disorders in pregnancy (gestational

hypertension, preeclampsia, and eclampsia).

Specific Aims

1)

2)

To estimate the incidence and trends in rates among major types of hypertensive
disorders in pregnancy in women aged 15-45 in the United States between 2016 and
2018, overall and stratified by patient and hospital characteristics, using the

Nationwide Inpatient Sample of the Healthcare Cost and Utilization Project.

Hypothesis 1.1: The overall trends in the annual incidence of gestational

hypertension and preeclampsia will increase over time, while eclampsia will decrease.

Identifying clinical and public health-relevant maternal risk factors that are associated
with major types of hypertensive disorders in pregnancy: gestational hypertension,

preeclampsia, and eclampsia.

Hypothesis 2.1: There is a positive association between gestational hypertension and

women who are younger than 20 years or older than 35 years, who are Black or
Hispanic, who delivered in the South or Midwest, who are residing in the poorest
areas, and who have preexisting conditions such as diabetes, obesity, multiple

pregnancy, anemia, autoimmune disease, and renal disease.

Hypothesis 2.2: There is a positive association between preeclampsia and women

who are younger than 20 years or older than 35 years, who are Black or Hispanic,
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who delivered in the South or Midwest, who are residing in the poorest areas, and
who have preexisting conditions such as diabetes, obesity, multiple pregnancy,

anemia, autoimmune disease, and renal disease.

Hypothesis 2.3: There is a positive association between eclampsia and women who

are younger than 20 years or older than 35 years, who are Black or Hispanic, who
delivered in the South or Midwest, who are residing in the poorest areas, and who
have preexisting conditions such as diabetes, obesity, multiple pregnancy, anemia,

autoimmune disease, and renal disease.

Literature Review

Several reviews attempted to investigate national trends in incidence rates of
hypertension disorders in pregnancy as well as the associations of various factors with
major types of hypertensive disorders in pregnancy. Two prior studies utilized the
Healthcare Cost and Utilization Project's Nationwide Inpatient Sample. However, they
were out-of-date because the most recent study was published in 2014, and none of these
studies used the most recent disease’s definition and classification (the new ICD-10-CM
diagnosis codes). There are a limited number of studies that use clinical risk factors as

predictors to aid in early disease detection and intervention.

Ananth and colleagues [4] made one of the earliest attempts to estimate incidence.
They conducted a population-based retrospective study utilizing the 1980-2010 National
Hospital Discharge Survey (NHDS) datasets, assembled by the CDC. These data

represent hospital discharges in 50 states, including the District of Columbia, that resulted
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in childbirth. A weighted total of 120 million women were admitted to a hospital for
delivery during this study period. All pregnant women aged 18 to 23 who gave birth were
included (n = 6,504). The study excluded women who were more than 46 years of age,
women born before 1940 or during 1994 or later, had chronic hypertension, chronic
hypertension with superimposed PE, and/or gestational hypertension. The study objective
was to assess the associations of maternal age, obesity (BMI > 30), smoking, trends in

incidence, and cohort curves with preeclampsia.

The Ananth study estimated that the prevalence rate of preeclampsia was 3.4%.
The study showed a strong association between maternal age and developing
preeclampsia, with both extremes of maternal age They showed a progressive increase in
prevalence rates of severe preeclampsia in the US. The study also showed that the
declines in smoking prevalence in the US were associated with increases in the period
effect for both mild and severe preeclampsia. On the other hand, increases in the
prevalence of obesity in the US are temporally associated with increases in the cohort
effect among severe preeclampsia patients, according to statistics. The study argues that
changes in the diagnostic criteria for preeclampsia may also have influenced these trends

and associations.

One of the strengths of this study was the use of a large population-based cohort
(120 million births) to estimate temporal changes in the incidence rates of mild and
severe preeclampsia in the US. Case ascertainment to identify the diagnosis of
preeclampsia is considered excellent using the NHDS data, with the sensitivity and

specificity of the hospital discharge records versus chart abstraction of prenatal, medical,
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and obstetrical records estimated in some studies to be 88% and 95%, respectively [74].
Ananth and colleagues accounted for period, age, and cohort effects in relation to
temporal changes in rates of mild and severe preeclampsia. The analyses showed
significant period effects for the temporal trend in preeclampsia up to the 1990s.
However, since the early 2000s, maternal age and maternal birth cohort effects (time of
mother’s birth) appear to be mainly responsible for the temporal increase. Women born in
the 1970s were at an increased risk for mild preeclampsia, while women born in more
recent periods showed an increased risk of severe preeclampsia, suggesting a birth cohort

effect.

There were some limitations to this study. First, geographic variation was not
considered in this study. Although the incidence of preeclampsia varies in the US, with
states in the south showing higher rates than other regions, and despite the fact that
hospitals in the NHDS dataset were classified into the four geographic regions of the US,
this study did not take into account the regional disparity. Second, the possibility of
women being pregnant more than once over the study period could affect sample size and
confound any attempted association between parity and outcomes. Furthermore, some
confounding factors, such as some maternal sociodemographic and behavioral factors,
were not considered that might affect the findings. Some demographic factors are
available in NHDS data, such as age, sex, race, hospital region, and insurance type.
However, this study did not account for these factors due to either missing data when
restricted to a subgroup analysis or poorly recorded factors such as race or ethnicity.

Some risk factors are either unavailable (such as parity, body mass index, or smoking) or
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poorly recorded (such as a significant proportion of births missing information on race or

ethnicity in the survey).

Wallis et al. [6] utilized the NHDS datasets and described secular trends in the
incidence rates of gestational hypertension, preeclampsia, and eclampsia in the US
between 1987 and 2004. These data include hospitals in all 50 states with at least 40,000
or more discharges annually. The sampled discharge records were weighted, and
approximately 4 million hospitalizations for delivery were reported in 2004. The study
includes all hospital admissions for which a delivery of one or more live or stillborn
babies occurred between 1987 and 2004. The crude and age-adjusted annual incidence
rates were calculated per 1,000 deliveries over the 18-year study period, and the study
showed a significant increase in the trend of gestational hypertension and preeclampsia.
The age-adjusted rate of gestational hypertension rose by 186% (from 10.7% to 30.6%)
and that of preeclampsia by 25% (from 23.6% to 29.4%) over the 18-year study period.
On the other hand, the eclampsia rate decreased by 22%. Rate ratios were calculated to
estimate the risk of preeclampsia, eclampsia, and gestational hypertension associated with
maternal age and the geographic region of the sampled hospitals. The authors found that
the youngest women (age <20) and women from the south of the US were at significantly

greater risk for all three outcomes.

This population-based study is the only one to report the national incidence rates
of gestational hypertension, preeclampsia, and eclampsia during an 18-year period ending
in 2004 in the US. The acknowledged strengths of the NHDS multi-tiered sampling

method and the higher sensitivity and specificity of hospital discharge records reported
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compared to birth certificate records and surveys in identifying cases allow this analysis
to be more accurate and reliable in comparing the national rate and comparing these rates

to other countries.

There were a few limitations that constrained the conclusion of this study. First,
the NHDS data were restricted to using ICD-9-CM diagnosis codes to identify cases;
some studies have reported a positive predictive value (PPV) of 74.4% for all
preeclampsia, with the potential for underestimating deliveries and the possibility of
counting a single mother more than once. Another concern related to NHDS data was the
high percentage of missing information on some of the variables, such as maternal
race/ethnicity and marital status; the most important is the fact that the variables for
maternal race were so poor that the authors could not report on differences. In addition,
other established risk factors for hypertensive disorders of pregnancy, such as
prepregnancy BMI, reproductive history, parity, family history of preeclampsia, income
level, and health behaviors factors such as smoking history and alcohol use history, were
not collected by the NHDS data and thus not considered in this study, which might
influence the findings’ ability to draw conclusions. Lastly, the small sample size of rare
outcomes, such as eclampsia, using NHDS data did not allow the authors to detect

important changes and associations in the occurrence of these rarer outcomes.

Kuklina and colleagues [75] performed a cross-sectional study in 2009 based on
the 1998-2006 Nationwide Inpatient Sample of the Healthcare Cost and Utilization
Project (HCUP). This study examined national trends in the rates of hypertensive

disorders in pregnancy and compared the rates of severe obstetric complications for
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delivery hospitalizations with and without hypertensive disorders. After excluding non-
delivery pregnancy outcomes, such as hydatidiform moles, ectopic pregnancy, abortion,
and missing information, the study utilized 36,537,061 delivery discharges between 1998

and 2006 from US hospitals.

Logistic regression and population-attributable fractions were used to assess the
impact of hypertensive disorders in pregnancy on the rate of severe obstetric
complications. The study used the following covariates in the model: acute renal failure,
adult respiratory distress syndrome, puerperal cerebrovascular disorder, disseminated
intravascular coagulation syndrome, pulmonary edema, ventilation, and mortality. The
study reported that the prevalence of hypertensive disorders rose from 67 in 1998 to 81
per 1,000 deliveries in 2006, whereas the prevalence of hospitalizations with severe
preeclampsia and/or eclampsia increased from 9 to 12 per 1,000 deliveries (p-value for
linear trend <0.001). The odds of having severe obstetric complications ranged from 3.3
(95% ClI 2.6-4.2) to 34.8 (95% CI 30.4-39.9) for women with severe preeclampsia
and/or eclampsia compared to pregnant women without any hypertensive disorders.
While among pregnant women with gestational hypertension and those without any
hypertensive disorders, the odds of having severe obstetric complications ranged from 1.4
(95% CI11.1-1.9) to 2.2 (95% CI 1.7-2.9). In general, hospitalizations with hypertensive
disorders in pregnancy were associated with 57% of women with acute renal failure, 27%
of those with disseminated intravascular coagulation syndrome, and 30% or more with
ventilation, pulmonary edema, puerperal cerebrovascular disorders, and respiratory

distress syndrome.
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One of the strengths of HCUP is that it has a large, multicenter, nationwide
database, which increases the generalizability of the study. Furthermore, the very large
sample size of this study allowed the authors to estimate the national trend of
hypertensive disorders of pregnancy among subgroups of pregnant women and perform a
secondary analysis to detect any associations among these subgroups and the several
covariates. The representativeness and strong methodology of NIS data collection make
HCUP a practical and reliable data source for studying temporal trends in hypertensive

disorders in pregnancy in the US.

The potential limitations of this study that result from using discharge-level data
from HCUP include the fact that NIS data do not account for multiple delivery
hospitalizations of the same patient over time. In addition, the identification of
hypertensive disorders in pregnancy cases and severe obstetric complications is based
solely on ICD-9-CM codes, which vary in their accuracy as some studies showed high to
moderate specificity but low sensitivity in ICD-9-CM diagnoses. Finally, there are some
gaps in information, such as deliveries that occur outside hospitals, which are estimated

to be less than 1% of the population, and information regarding race/ethnicity.

Using the HCUP-NIS data, Fingar et al. [20] also conducted a population-based
study. This statistical brief analyzed data from delivery discharges between 2005 and
2014 from US hospitals (n = 3,796,490). Patient and hospital characteristics such as age,
race/ethnicity, expected payer, community income, residence’s location, hospital region,

length of stay, and cost per stay are used to describe the trend and rate of
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preeclampsia/eclampsia. All delivery hospitalizations and cases were identified using

diagnosis-related groups (DRGs) and the ICD-9-CM diagnosis codes.

The study estimated the incidence of delivery hospitalizations involving
preeclampsia/eclampsia in 2014 at about 5%, a 21% increase from 2005. Compared with
other deliveries, a higher percentage of those with preeclampsia/eclampsia were among
women who were the youngest, the oldest, Black, and from the poorest areas and the

South, and the length of stay was 70% higher.

The use of HCUP data increases the generalizability of the findings. The large
size of the NIS data allows the study to estimate the rates for specific subgroups of
patients. In addition, NIS data are standardized across years and weighted to estimate

approximate national rates.

The limitations of this study were similar to those of others that used HCUP
discharge data. The data did not account for more than one delivery hospitalization for
the same patient. Moreover, the identification of all delivery hospitalizations and
hypertensive disorders in pregnancy cases is based only on ICD-9-CM codes. Some
studies indicated high to moderate specificity but low sensitivity for case identification
using the ICD-9-CM codes. Lastly, there was a lack of some information, such as
race/ethnicity in some states and the number of deliveries that occur outside hospitals,

which is estimated to be less than 1%.

A hospital-based study conducted by Paré et al [76] aimed to validate several

clinical risk factors described earlier for preeclampsia, specifically risk factors such as
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advanced maternal age, obesity, multiple gestations, smoking, and chronic hypertension,
using a large, multicenter, prospective cohort. Women were recruited from the obstetric
population at three large urban academic centers, two in Boston and one in Philadelphia,
from October 2006 to August 2008. The study examined the association between certain
clinical risk factors such as maternal age, BMI, smoking, chronic hypertension,
pregestational diabetes, multiple gestations, African American race, history of prior
preeclampsia, nulliparity, and assisted reproductive techniques. Women were selected for
the study if they were 16 years of age or older, presented for prenatal care before 15

weeks of gestation, and carried three or fewer fetuses.

The results of this study showed that among the 2637 women included in this
analysis, 9% were diagnosed with preeclampsia. In the adjusted analysis, the adjusted
odds ratios (aOR) among women with chronic hypertension were 2.7 (95% confidence
interval 1.8-4.1), gestational diabetes aOR was 3.9 (2.1-7.3), multiple gestation aOR was
3.0 (1.7-5.0), African American race aOR was 1.9 (1.4-2.7), prior preeclampsia aOR was
3.6 (2.3-5.7), nulliparity aOR was 1.73 (1.3-2.4), assisted reproductive techniques aOR
was 1.7 (1.1-2.7,) and being overweight aOR was for body mass index [BMI, kg/m2]
greater than 25-30: 1.7 (1.1-2.4) or obese (BMI greater than 30-35: aOR was 2.3 (1.5—
3.6); aOR for BMI greater than 35-40: 3.6 (2.1-6.0); aOR for BMI greater than 40: 6.0
(3.6-10.2) were associated with preeclampsia. However, the results of this study showed
that advanced maternal age was not associated with preeclampsia. Similar associations
were found for severe preeclampsia. The study also reflects a dose-response effect in the

relationship between BMI and both preeclampsia and severe preeclampsia. The most
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significant risk factor for both preeclampsia and severe preeclampsia was being

overweight or obese, with an attributable risk percent of 65% and 64%, respectively.

One of the study's strengths is the use of a large multicenter prospective cohort to
estimate the temporal increase in the incidence of preeclampsia in a prospective cohort
study design. Women were recruited from three different large urban regions, two in
Boston and one in Philadelphia, which makes the study’s results generalizable to the
North American population. An additional strength was the ascertainment of cases
through a trained staff and a comprehensive process of data entry, which was reviewed

independently by a study monitor.

The study has some limitations related to any observational study. First, the
possibility of unmeasured confounding exists, where some confounding factors were not
considered and could influence the relationship between the risk factors and
preeclampsia. Second, the small number of women who developed early preeclampsia
could limit the power to detect significant associations between risk factors for
preeclampsia requiring delivery before 34 weeks of gestation. Lastly, the study uses the

ACOG definitions from 2002 and not the revised definitions introduced in 2013.

Last of all, a cross-sectional study conducted by Direkvand-Moghadam et al. [77]
was published in 2012 to assess the predictive factors for preeclampsia among Iranian
women in llam, a mid-sized Kurdish city located in the north of Iran. The data were
collected during face-to-face interviews with all pregnant women referred to the hospital
from May 2010 to September 2010. A total of 610 pregnant women were included during

the 5 months of the study period, exclusive of women presenting for abortion. Risk
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factors such as level of education or history of preeclampsia, history of hypertension, and
history of infertility were evaluated for associations with preeclampsia.

This study revealed that the prevalence of preeclampsia was 9.5% (95% CI: 7.4—
11.6%). After using a multivariate logistic regression model, the study indicated that
three predictors proved to be suitable independent predictor variables for preeclampsia.
The odds ratios for having preeclampsia were increased for women with a history of
preeclampsia (OR = 5.5, 95% CI: 2.5-12.1), a history of hypertension (OR = 2.3, 95%
Cl: 1.03-4.4), and a history of infertility (OR = 3.1, 95% CI: 1.3-5.8). The study used
area under the Receiver Operating Characteristic (ROC) curves to predict the efficacy of
the model for the prediction of the outcome, with 67% predictive ability and a p-value
<0.01. (ROC curves are usually for sensitivity, specificity, and predictive ability.) There
was no statistically significant association between BMI, maternal age, education level,
occupation, type of pregnancy, type of previous delivery, or contraceptive method and
preeclampsia. Some of these results agree with the results of some studies but contrast
with others, indicating that the difference could be related to the characteristics of each

population and the hospital they attend.

Direkvand-Moghadam and colleagues attempted to determine the predicative
factors for preeclampsia among Iranian women using demographic (age, education, and
occupation), anthropometric (weight and height), medical, and obstetric variables. Data
collected from May 2010 to September 2010 during a face-to-face interview and
examination from hospital records in Ilam city, west of Iran. These predictors used in
regression analysis could help predict an early diagnosis of preeclampsia and hence allow

for early intervention.
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The study had several limitations. First, the regression analysis did not account for
such possible covariates as the demographic and socioeconomic characteristics of the
participants. Possibility of bias such as selection bias due to a hospital-based study,
measurement bias and recall bias during data collection, and lastly, the possibility of an
external validity issue due to the population sample study based on Iranian women in a

certain geographic region.
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METHODS

Study Design and Data Source

This dissertation describes a hospital-based, cross-sectional analysis of national
trends in hypertensive disorders of pregnancy among women aged 15 to 45 years in the
United States from 2016 to 2018. It reflects on overall and stratified findings associated
with the major types of hypertensive disorders in pregnancy (preeclampsia, eclampsia,
and gestational hypertension). The Healthcare Cost and Utilization Project (HCUP) and
the Nationwide Inpatient Sample (NIS) databases were used in this research study. The
HCUP is a collection of healthcare datasets and services developed by a Federal-State-
Industry collaboration and administered by the Agency for Healthcare Research and
Quality (AHRQ) of the United States Department of Health and Human Services. The
HCUP databases combine the data collection efforts of state data agencies, hospital
associations, private data organizations, and the federal government to form a national
information resource for encounter-level healthcare data. HCUP has the largest collection
of longitudinal hospital care data in the United States, including inpatient, emergency
department, and ambulatory surgery, with all-payer, encounter-level data commencing in
1988. These databases enable studies on a wide range of health policy topics, including
health service cost and quality, medical practice patterns, access to healthcare programs,

and treatment outcomes at the national, state, and local market levels [78].
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NIS data includes over seven million annual inpatient stays and discharges. This
large sample size is optimal for developing national estimates and corresponds to a
stratified sample of 20% of discharges from community hospitals in the United States,
excluding rehabilitation and long-term acute care hospitals. The NIS sampling frame has
expanded from 8 states in 1988 to 22 states in 1998, 46 states in 2011, and 48 states and
the District of Columbia in 2018, representing 97 percent of the U.S. population. The NIS
survey applies sampling techniques that ensure national representation and provides

sampling weights to enable national rate calculations [79].

The Nationwide Inpatient Sample contains diagnostic and procedure codes for
primary and secondary diagnoses, as well as patient and hospital characteristics. Patient-
level characteristics, such as age, gender, race/ethnicity, household income for ZIP Code,
patient residence, insurance type, total charge, and length of stay, were then derived from
the research population cohort. These variables aid in describing the socioeconomic
status and burden of health care utilization, as well as the risk factors for the outcome.
Hospital location (urban or rural), hospital region (Northeast, South, Midwest, and West),

and teaching status were among the hospital-level characteristics.

Study Population, Eligibility, and Exclusion Criteria

The study population included all women discharged from NIS during 2016 and
2018 who had one or more live or stillborn infants. This analysis includes all women who
had deliveries while they were hospitalized. Delivery hospitalization was identified using
a combination of both International Classification of Diseases, Tenth Revision, Clinical
Modification (ICD-10-CM) diagnosis codes and Diagnosis-Related Groups (DRGS)

pertained to delivery (Z37x, DRG: 370-375, except 769 and 770) among women aged
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15-45 years. The study excludes pregnant women under the age of 15 and those beyond

the age of 45 due to the small frequency of pregnancies among this age group.

Primary Outcomes and Case Ascertainment

Our primary outcomes are gestational hypertension, preeclampsia, and eclampsia
crude and adjusted rates per 1000 delivery hospitalizations. Hypertensive disorders in
pregnancy were classified based on ICD-10-CM diagnosis codes to identify gestational
hypertension (ICD-10-CM 013x), preeclampsia (ICD-10-CM 014x), and eclampsia

(ICD-10-CM 015x), as well as other preexisting conditions (see appendix).

Potential Covariates

Secondary covariates that may affect the relationship between our outcome and the
independent variables, including effect modifiers, were examined. In the initial data
analysis, the following demographic and clinical variables were investigated based on
evidence from the literature review and theories: maternal age groups, maternal
race/ethnicity, insurance type, community income level, hospital type and region, and
preexisting conditions such as gestational diabetes, non-gestational diabetes, multiple
gestation, obesity or overweight, antiphospholipid syndrome, systemic lupus
erythematosus, thrombophilia, anemia, hypothyroidism, renal disease, alcohol-related
disorder, and nicotine dependence. All the preexisting condition variables were obtained
using the ICD-10-CM diagnosis codes (Appendix). This study could not examine other
covariates such as parity, family history of preeclampsia, partner change, and education

level due to the limitations of these databases.
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Statistical Analysis

Descriptive statistics are presented as weighted frequency and percentage for
women aged 15 to 45 with live or still births between 2016 and 2018 in the United States,
stratified by patient and hospital characteristics. The crude incidence rates for gestational
hypertension, preeclampsia, and eclampsia were calculated as weighted cases per 1,000
delivery hospitalizations. All significant variables (p<0.2) in the univariate model were
included in the multivariable logistic regression with hierarchical backward elimination,
which was used to determine the magnitude of association between gestational
hypertension, preeclampsia, and eclampsia and other covariates while controlling for
confounding variables. Potential confounding and interaction were assessed for the
selected covariates. The p-value of the Wald Chi-Square of univariate logistic regression
was utilized to identify potential confounding variables or effect modifiers. If
independent variables achieved bivariate significance at p.05, the independent variable
was first evaluated to determine whether it was an effect modifier. A significant
interaction term with a p-value of 0.05 was added to the multivariate model using the
backward elimination method. To test model multicollinearity, the %collin macro for
SAS's PROC LOGISTIC procedure was used [80]. Collinearity is indicated by condition
indexes (Cls) more than 30 and related variance decomposition proportions (VDPs)
greater than 0.5 [81]. When there was collinearity, interactions were removed from the
model. Multicollinearity was caused by the interaction terms. As a result, the interaction
terms were eliminated from the final model, and the best-fitting model is determined
using backward elimination and the Hosmer-Lemeshow goodness-of-fit test. The

Hosmer-Lemeshow test is used to measure how well the model fits. A non-significant test
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(P >.05) implies a satisfactory fit in a chi-square goodness of fit test. The adjusted rate
ratio and their 95% confidence intervals (Cls) were calculated to evaluate the associations
between each risk factor and the incidence of gestational hypertension, preeclampsia, and

eclampsia.

All analyses were performed using SAS software (Version 9.4; SAS Institute Inc.,
Cary, NC, USA). SAS survey procedures were used to weight the data and produce
national estimates that accounted for the complex survey design and sample weights in
accordance with the HCUP analysis recommendations. A two-sided p-value of less than

0.05 was considered statistically significant.
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RESULTS

Study Population Demographics

Patient and hospital characteristics of the study sample are reported in Table 1.
We identified 11,097,776 live or still births in the U.S. to women aged 15 to 45 years
from 2016 to 2018—approximately 3.7 million births per year. Most births were among
White women (50.1%), living in the South (39%), from Urban teaching hospitals
(68.6%), and women who resided in the poorest areas (28% in income quartile 1). In
addition, approximately half of women had private insurance (51.3%) or Medicaid
(43.2%). Five percent of the sample were women younger than 20 years; 19.9% were
aged between 20 and 24 years; 29.1% were aged between 25 and 29 years; 28.4% were
aged between 30 and 34 years; 14.4% were aged between 35 and 39 years; and 3.1%
were aged between 40 and 45 years. The majority of deliveries had anemia (14.4%),
obesity/overweight (8.9%), gestational diabetes (7.5%), nicotine dependence (4.4%),

hypothyroidism (3.4%), and less than 2% had other coexisting conditions.

Overall Rates and Trends

The crude incidence rates (per 1,000 deliveries) were 54.6 for gestational
hypertension, 48.9 for preeclampsia, and 0.8 for eclampsia for the 3-year study period.
The trend in rates continues to increase for preeclampsia and gestational hypertension and

decrease for eclampsia over the 3-year study period (Table 2).
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Gestational Hypertension Incidence Rates

The crude incidence rate (per 1,000 deliveries) of gestational hypertension
increased by 13.2% per year (from 48.1 per 1,000 deliveries in 2016 to 61.6 per 1,000
deliveries in 2018). Overall, deliveries with gestational hypertension were more likely
than all other deliveries to be among women in the oldest age group (63.5 among women
aged 40 to 45 years) and the youngest (57.9 among women aged 15 to 20 years) and to be
among Black women (64.5). In addition, gestational hypertension was more common
among women who resided in the 3rd quartile of median household income of residents
in the patient's ZIP Code (56.2), had private insurance type (59.2), and those who
delivered in urban teaching hospitals (57.0) and in the South (59.1). Furthermore, the
crude incidence rates of gestational hypertension were higher among women with
coexisting conditions: women with obesity or overweight (109.3), non-gestational
diabetes (84.7), multiple gestations (75.9), gestational diabetes (74.8), hypothyroidism
(67.7), alcohol-related disorders (67.0), renal disease (66.5), anemia (62.8), systemic
lupus erythematosus (61.3), antiphospholipid syndrome (58.7), and nicotine dependence
(56.1). However, this study showed that women with thrombophilia had a slightly lower
crude incidence rate of gestational hypertension (54.3) than all other deliveries (Table

3A).

Preeclampsia Incidence Rates

In 2016, 169,445 delivery hospitalizations had a diagnosis of preeclampsia,
representing 45.1 cases per 1,000 total deliveries, which increased to 179,240 (48.8) and

192,915 (53.6) in 2017 and 2018, respectively (average percent change = 9.0% per year).
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The crude incidence rate (per 1,000 deliveries) of preeclampsia was higher among
women in the youngest age group (67.5 among women aged 15 to 20 years), among
Black women (65.2), those who delivered in the South (51.4), delivered in urban teaching
hospitals (53.2), had Medicaid insurance (51.0), and women who resided in the poorest

areas (54.6 in income quartile 1).

In addition, the preeclampsia crude incidence rate was higher among women with
coexisting medical conditions such as gestational diabetes (74.0), non-gestational
diabetes (146.5), multiple gestations (146.8), obesity/overweight (95.8), systemic lupus
erythematosus (88.9), antiphospholipid syndrome (96.5), anemia (68.6), hypothyroidism
(64.6), renal disease (232.7), alcohol-related disorders (64.2), and nicotine dependence
(46.1). Still, women with thrombophilia had a slightly lower crude incidence rate of

preeclampsia (48.6) than all other deliveries (Table 3B).

Eclampsia Incidence Rates

The crude incidence rate of eclampsia decreased from 1.0 per 1,000 deliveries in
2016 to 0.7 per 1,000 deliveries in 2018 (average percent change = 16.3% per year). A
higher crude incidence rate of eclampsia was observed among women in the youngest
age group (2.1 among women aged 15 to 20 years), among Black women (1.5), those
who delivered in the South (1.0), had Medicaid insurance (1.1), and women who resided
in the poorest areas (1.1), with the exception of eclampsia being more common among

those who delivered in rural hospitals (1.0).
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Additionally, eclampsia was more common among women with coexisting
medical conditions such as renal disease (15.7), systemic lupus erythematosus (3.4),
antiphospholipid antibodies (2.5), multiple gestations (2.4), non-gestational diabetes
(2.0), alcohol-related disorders (1.7), obesity/overweight (1.3), and anemia (1.3). The
crude rate of eclampsia was slightly higher or there was no change in rate among women
with gestational diabetes (0.9), nicotine dependence (0.9), hypothyroidism (0.8), and
thrombophilia (0.7) (Table 3C). In 2016, all of the listed coexisting conditions were more
common among deliveries with eclampsia than among other deliveries. However, in
2017, women with thrombophilia, nicotine dependence, hypothyroidism, and alcohol-
related disorders had lower crude rates of eclampsia. In 2018, women with gestational

diabetes had lower rates compared to the overall crude rate (Table 3C).

Rate Ratios

Table 4 presents the ratios of the unadjusted and adjusted models for the three
hypertensive disorders in pregnancy (gestational hypertension, preeclampsia, and

eclampsia) in the 3-year study period.

Gestational Hypertension Rate Ratios

The unadjusted rate ratio (RR) comparing the incidence of gestational
hypertension to the reference group (Table 4A) was highest among the oldest age group
(aged 40-45 years) (RR = 1.21, 95% ClI, 1.17-1.25) compared to women aged 30-34
years. In addition, the unadjusted rate ratio was 1.10 (95% CI, 1.07-1.13) for women
aged 15-20 years, 1.04 (95% CI, 1.02-1.06) for women aged 20-24 years and women

aged 35-39 years, and 1.02 (95% CI, 1.01-1.04) for women aged 25-29 years, compared
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to women aged 30-34 years over the study period. After adjusting for other covariates,
the risk of gestational hypertension was significantly highest among the youngest age
group (aRR =1.24, 95% CI: 1.21-1.28), 1.12 (95% CI: 1.10-1.14) among women aged
20-24 years, and 1.11 (95% CI: 1.07-1.14) for women aged 40-45 years compared to

women aged 30-34 years.

Moreover, the unadjusted rate ratio of gestational hypertension was higher among
Black women (RR = 1.05; 95% ClI, 1.04-1.07) compared to White women. However,
after adjusting for other covariates, the risk of gestational hypertension was significantly
lower among Black women (aRR = 0.93, 95% CI = 0.91-0.95), among Hispanics (aRR =
0.67, 95% CI = 0.66-0.69), and among other minorities (aRR = 0.66, 95% CI = 0.65-
0.68), compared to White women. Furthermore, the risk of gestational hypertension was
significantly higher among women who delivered in the South (RR = 1.17, 95% CI:
1.15-1.15; aRR = 1.24, 95% ClI: 1.22-1.27) and in the Midwest regions (RR = 1.15, 95%
Cl: 1.13-1.17; aRR = 1.17, 95% CI: 1.14-1.19), and among women who delivered in the
West (aRR = 1.05, 95% ClI, 1.03-1.07), compared to women who delivered in the

Northeast.

Additionally, women who delivered in urban teaching hospitals are at higher risk
of gestational hypertension compared to women who delivered in rural areas (RR = 1.13,
95% ClI: 1.11-1.15, and aRR =1.10, 95% CI: 1.08-1.13), as well as women who resided
in the wealthiest area, which has an 11-12% lower risk of gestational hypertension
compared to the poorest areas (RR = 0.89, 95% CI: 0.86-0.92, and aRR = 0.88, 95% ClI,

0.87-0.90). The unadjusted rate ratio of gestational hypertension was higher among
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women who had self-pay, Medicaid, and other types of insurance compared to private
insurance, and after adjusting for other covariates, the rate ratio was lower only among
women who had self-pay insurance compared to private insurance (aRR = 0.81, 95% Cl,

0.75-0.88).

Lastly, the unadjusted rate ratio of gestational hypertension was significantly higher
among women with certain coexisting conditions such as obesity/overweight (RR = 2.36,
95% CI: 2.33-2.40), gestational diabetes (RR = 1.45, 95% CI: 1.42-1.48), non-gestational
diabetes (RR =1.61, 95% CI: 1.54-1.68), anemia (RR = 1.19, 95% ClI: 1.17-1.21), and
hypothyroidism (RR = 1.27, 95% CI, 1.23-1.31). However, the unadjusted rate ratio of
gestational hypertension was lower among women with alcohol-related disorders (RR =
0.79, 95% CI = 0.66-0.94) and nicotine dependence (RR =0.97, 95% CI = 0.94-0.99).
After adjusting for other covariates, women with multiple gestations were not at
significant increase risk of gestational hypertension, and the risk of gestational
hypertension was lower among women with thrombophilia (RR = 0.84, 95% CI = 0.76-
0.92), renal diseases (RR =0.72, 95% CI = 0.63-0.81), and nicotine dependence (RR =

0.95, 95% CI = 0.92-0.98) (Table 4A).

Preeclampsia Rate Ratios

The incidence rate ratios of preeclampsia were highest among the youngest age
group (RR = 1.58, 95% CI: 1.54-1.62, and aRR = 1.65, 95% CI: 1.60-1.69 for women
aged 15-20 years vs. 30—34 years). The other age groups rate ratios were higher as well
compared to women aged 30-34 years for women aged 20-24 years (RR=1.22, 95% ClI,

1.20-1.24 and aRR=1.27, 95% ClI, 1.25-1.29), 25-29 years (RR=1.03, 95% CI, 1.01-

38



1.05 and aRR=1.07, 95% ClI, 1.05-1.09), 35-39 years (RR=1.17, 95% CI, 1.15-1.28),

and 4045 years (RR=1.56, 95% Cl, 1.51-1.22 and aRR=1.19, 95% CI, 1.15-1.24).

In addition, the rate ratio of preeclampsia was higher among Black women (RR =
1.46, 95% CI: 1.44-1.49, and aRR =1.12, 95% CI: 1.10-1.14) and Hispanic women (RR
=1.12,95% CI: 1.11-1.14, and aRR = 1.05, 95% ClI: 1.03-1.07) compared to White
women, and lower among other races (RR = 0.92, 95% CI: 0.90-0.94, and aRR = 0.87—

0.91).

Furthermore, the risk of preeclampsia was significantly higher among women
who delivered in the South (RR =1.09, 95% CI: 1.15-1.15, and aRR = 1.25, 95% CI:
1.22-1.27), in the Midwest regions (RR = 1.15, 95% CI: 1.13-1.17, and aRR =1.17,
95% CI: 1.14-1.19), and among women who delivered in the West (aRR = 1.05, 95% ClI,
1.03-1.07), compared to women who delivered in the Northeast. The rate ratio of
preeclampsia was higher among women who delivered in urban teaching hospitals
compared to women who delivered in rural hospitals (RR = 1.37, 95% CI: 1.34-1.40;
aRR =1.08, 95% CI: 1.06-1.11). Women who resided in the wealthiest area (income
quartile 4) had significantly lower rate ratios of preeclampsia compared to women who
resided in the poorest areas (RR = 0.77, 95% CI, 0.76-0.78, and a RR = 0.82, 95% ClI,
0.80-0.84), and lower rates among women who had self-pay (RR = 0.84, 95% CI, 0.79-
0.90), Medicaid (RR = 0.62, 95% CI, 0.58-0.67), and other types of insurance (RR =

0.74, 95% CI, 0.69-0.80) compared to private insurance.

Coexisting conditions were more common among deliveries with preeclampsia

than other deliveries. Such as, gestational diabetes (RR=1.63, 95% CI, 1.59-1.66 and
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aRR=1.38, 95% ClI, 1.35-1.41), non-gestational diabetes (RR=3.41, 95% ClI, 3.30-1.3.54
and aRR=1.85, 95% ClI, 1.78-1.92), multiple gestations (RR=3.47, 95% ClI, 3.37-3.57 and
aRR=1.98, 95% CI, 1.92-2.04), obesity/overweight (RR=2.28, 95% ClI, 2.25-2.32 and
aRR=1.61, 95% CI, 1.58-1.64), systemic lupus erythematosus (RR=1.95, 95% CI, 1.72-
2.20 and aRR=1.18, 95% ClI, 1.04-1.35), antiphospholipid syndrome (RR=2.08, 95% CI,
1.76-2.45 and aRR=1.33, 95% ClI, 1.12-1.59), anemia (RR=1.54, 95% ClI, 1.52-1.57 and
aRR=1.12, 95% ClI, 1.10-1.13), hypothyroidism (RR=1.36, 95% CI, 1.32-1.40 and
aRR=1.13, 95% CI, 1.10-1.17), and renal disease (RR=5.93, 95% ClI, 5.52-6.38 and
aRR=2.29, 95% CI, 2.12-2.48). Whereas the risk of preeclampsia was lower among
women with nicotine dependence (RR =0.94, 95% CI = 0.91-0.97, and aRR = 0.89, 95%

Cl =0.86-92) and thrombophilia (aRR = 0.85, 95% CI = 0.76-94) (Table 4B).

Eclampsia Rate Ratios

The incidence rate ratios of eclampsia were significantly higher among the
youngest age groups: women aged 15-20 years (RR=3.32, 95% CI, 2.83-3.89 and
aRR=2.50, 95% CI, 2.11-2.95) and women aged 20-24 years (RR=1.61, 95% CI, 1.41-
1.84 and aRR=1.37, 95% CI, 1.19-1.57) compared to women aged 30-34 years, in both
unadjusted and adjusted models. In addition, the adjusted rate ratio of gestational
hypertension was higher among Black women (RR = 2.15, 95% CI: 1.92-2.41, and aRR =
1.42, 95% CI: 1.25-1.60) compared to White women, and among women who delivered
in the South (RR and aRR =1.31, 95% CI: 1.14-1.51) compared to women who

delivered in the Northeast.
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Further, the incidence rate ratios of eclampsia were significantly lower among
women who delivered in an urban teaching hospital compared to women who delivered
in rural areas (aRR = 0.71, 95% CI = 0.58-0.74) and among women who resided in the
wealthiest area (income quartile 3; RR = 0.65, 95% CI = 0.58-0.74, aRR = 0.84, 95% ClI
=0.74-0.96, and income quartile 4; RR = 0.46, 95% ClI, 0.40-0.53, aRR = 0.64, 95%
0.55-0.75) compared to women who reside in the poorest areas. The rate ratio of
eclampsia was not significantly different among those paid by private insurance,

Medicaid, self-pay, or other types of insurance.

Last, the adjusted rate ratios of eclampsia were significantly higher among women
with coexisting conditions such as multiple gestations (RR =2.93, 95% CI: 2.38—
3.50, and aRR =1.60, 95% CI: 1.30-1.98), anemia (RR = 1.78, 95% CI: 1.60-1.98, and
aRR =1.14, 95% CI: 1.02-1.27), and renal disease (RR =19.93, 95% ClI, 15.59-25.48,
and aRR = 7.20, 95% CI, 5.56-9.33). Other medical coexisting conditions were not
significant when adjusted for other covariates such as non-gestational diabetes (RR =
2.44, 95% Cl, 1.85-3.20), obesity/overweight (RR = 1.62, 95% CI, 1.42-1.85), systemic
lupus erythematosus (RR = 3.88, 95% CI, 2.08-7.24), and antiphospholipid syndrome

(RR = 2.94, 95% Cl, 1.10-7.85) (Table 4C).
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DISCUSSION

Overview

This analysis of 11,097,776 deliveries of all women who had one or more live or
stillbirths in the United States between 2016 and 2018 provides the most recent
population-level estimate of the incidence rate of the major hypertensive disorders of
pregnancy: gestational hypertension, preeclampsia, and eclampsia. Between 2016 and
2018, the national rate of gestational hypertension and preeclampsia increased, while the
rate of eclampsia declined significantly, according to the study. This finding is consistent
with previous reports that indicate a similar trend of increasing gestational hypertension
and preeclampsia and decreasing eclampsia rates [6, 75, 82]. These findings extend this
research effort to update the rates of hypertensive disorders of pregnancy to a current
timeframe using the nationally representative HCUP database, especially after adjusting
for all covariates and the post-ICD-10 and ACOG updates eras, during which there was a

significant change in the definition criteria for these disorders.

Summary of Findings

Gestational hypertension

The incidence of gestational hypertension increased from 48.1 per 1,000 women
delivering in 2016 to 55.2 per 1,000 deliveries in 2017 to 61.6 per 1,000 deliveries in

2018. The trend pattern was also consistent by patient and hospital characteristics in all
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three consecutive years, such as the rates being highest in the youngest and oldest age
groups, Black women living in the South, women delivered in urban teaching hospitals,
women with private insurance, and women with preexisting conditions including
gestational diabetes and preexisting diabetes, multifetal pregnancies, obesity, anemia,
hypothyroidism, and renal diseases. The incidence of gestational hypertension is lower in
women with a history of smoking and drinking alcohol, but neither income nor
autoimmune disease are significant risk factors. Adjusting for other covariates had no
effect on these findings, except that multifetal pregnancies were no longer a significant
risk factor, teens became the highest risk group over age 40, and women with

thrombophilia and renal illness had a lower risk of gestational hypertension.
Preeclampsia

The incidence of preeclampsia increased from 45.1 per 1,000 women delivering
in 2016 to 48.8 per 1,000 deliveries in 2017 to 53.6 per 1,000 deliveries in 2018. The
upward trend was also paralleled by patient and hospital characteristics in each of the
three consecutive years, with rates being the greatest in the oldest and youngest age
groups (with adolescents higher than the older age group), among Black women living in
the South, women delivered in urban teaching hospitals, women with Medicaid
insurance, and women with preexisting conditions including gestational diabetes and
preexisting diabetes, multifetal pregnancies, obesity, systemic lupus erythematosus,
antiphospholipid syndrome, anemia, hypothyroidism, renal diseases, and women with
alcohol dependence. Preeclampsia is less common in women with a smoking history.

Adjusting for other covariates had no influence on the results above, with the exception
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that insurance type and alcoholism were no longer significant risk factors, and women
with thrombophilia had a significantly lower risk of developing preeclampsia.

Contrary to the risk factors for gestational hypertension, women with low income,
Medicaid rather than private insurance, and autoimmune disease (systemic lupus
erythematosus and antiphospholipid antibodies) are significant risk factors for

preeclampsia.
Eclampsia

Eclampsia incidence declined from 1.0 per 1000 women giving birth in 2016 to
0.8 per 1000 in 2017 to 0.7 per 1000 in 2018. In each of the three subsequent years, there
was no consistency in trend rates by patient and hospital characteristics. Crude rates were
highest among teens and older age groups, Black and Hispanic women, women living in
the South, women delivered in rural hospitals, women living in the poorest areas, and
women with preexisting conditions such as diabetes, multifetal pregnancies, obesity,
systemic lupus erythematosus, antiphospholipid antibodies, anemia, and renal diseases.
Adjusting for other covariates had no effect on the above-mentioned results, with the
exception that the oldest age group and Hispanics were no longer significant risk factors,
and only women with multifetal pregnancies, anemia, and renal disorders were at a

higher risk for eclampsia.

Comparison and contrast with other literature

Several prior studies indicated that women with advanced maternal age (> 35
years old) exhibited a higher risk of hypertensive disorders of pregnancy than younger
women [81], whereas the risk for adolescents (< 20 years old) is more debatable [51, 82].

After adjusting for other covariates, our study suggests that the younger age group was
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the most prominent risk factor compared to the older age group. Advanced maternal age
was the second most significant risk age group for developing gestational hypertension
and preeclampsia, but not for eclampsia, even after controlling for other covariates, such
as preexisting conditions that predispose them to developing eclampsia.

For the race factor, previous studies showed that Black race was a significant risk
factor for gestational hypertension, preeclampsia, and eclampsia [76, 83]. Our research
revealed that Black women were at higher risk of gestational hypertension with an
unadjusted rate ratio. However, contrary to previous reports, when adjusting for other
covariates were taken into account, Black, Hispanic, and other race/ethnicity women had
a considerably lower risk of gestational hypertension than White women. Significant
covariates to consider when evaluating the association between race and gestational
hypertension include maternal age groups, insurance type, community income level,
hospital type and region, and preexisting conditions such as gestational diabetes, non-
gestational diabetes, multiple gestation, obesity or overweight, thrombophilia, anemia,
hypothyroidism, renal disease, and nicotine dependence. In contrast, White women had a
much lower risk of preeclampsia than did Black and Hispanic women, while the risk of
eclampsia was only higher among Black women than among White women.

Overall, women who delivered in the South were more likely to experience
hypertensive diseases during pregnancy, such as gestational hypertension, preeclampsia,
and eclampsia. The Midwest had the next-highest region, and the Northeast had the
lowest. However, the rate of gestational hypertension increased more among births in the
Northeast, where it increased by 35%, as opposed to the Midwest, South, and West,

where it increased by 31%, 23%, and 29%, respectively. Preeclampsia rates increased in
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the Northeast and Midwest by 21%, the South by 15%, and the West by 23%. In addition,
hypertensive disorders of pregnancy were more prevalent among women who resided in
the poorest areas (income quartile 1) after adjusting for other potential covariates. This
finding is consistent with previous years and prior studies. This result is consistent with
findings from earlier research. There was no correlation between hypertensive disorders
of pregnancy and the type of insurance women had, except that women with private

insurance had a higher risk of developing gestational hypertension.

Urban-Teaching hospitals have a higher incidence of gestational hypertension and
preeclampsia, whereas rural hospitals have the highest incidence of eclampsia. There
were no previous reports comparing hospital types among these three major types of
hypertensive disorders of pregnancy; however, the overall findings were consistent with

higher incidence rates in rural regions [84].

Preexisting conditions were more prevalent in pregnancies with gestational
hypertension, preeclampsia, and eclampsia than in pregnancies without these conditions.
Our findings are also consistent with those of previous research [10, 51]. However, those
with thrombophilia had a reduced risk of developing gestational hypertension and

preeclampsia.

Clinical and Public Health Implication

To prevent hypertensive disorders in pregnancy and enhance future health, it is
essential to address the risk factors associated with these disorders throughout the
lifespan. Early detection, timely diagnosis, and treatment of these disorders are critical in

order to prevent serious consequences and premature death. The term prevention has
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three different implications: primary, secondary, and tertiary. The phrase ‘primary
prevention’ refers to preventing the occurrence of a disease. Secondary prevention refers
to stopping the progression of the illness before it manifests clinically. Tertiary
prevention is, more or less, synonymous with treatment because it refers to preventing

complications brought on by the illness process.
Primary prevention

For primary prevention, the clinical recommendations for decreasing issues
associated with hypertensive disorders in pregnancy emphasize prompt identification
[85]. Recommendations for identifying and monitoring pregnant women at high risk
include continuous blood pressure monitoring involving self-monitoring. Using various
risk factors may help in early prediction, and for women with a high risk of hypertensive
disorders in pregnancy, long-term follow-up is important for those women. This study
confirms some identifiable risk factors, such as extremes of maternal age, race,
geographic region, low-income families, and some comorbid conditions. The differences
among hypertensive disorders in pregnancy subtypes in these risk factors may indicate
underlying etiology mechanisms behind each subtype and may aid in further
investigation and future research. In this study, some risk factors, such as anemia and
obesity, were prevalent in all three subtypes, while others were unique to each subtype.

Studies recommend using a risk factor checklist for preeclampsia during prenatal
visits. Age, parity, family history of preeclampsia, past history of preeclampsia, multifetal
pregnancy, duration between pregnancies, comorbidities (diabetes, preexisting
hypertension, renal disease, autoimmune disease), BMI, blood pressure level, and

proteinuria are among the 10 risk factors suggested by Duckitt et al. [51]. Umesawa et al.
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also recommend adding anemia and urinary tract infections [10]. We suggest adding
hypothyroidism and thrombophilia disorders to the list of preexisting medical conditions

above.
Secondary prevention

The key to secondary prevention is preventing the progression of hypertensive
disorders in pregnancy by avoiding the more severe maternal consequences of the disease
through prompt management. For women with a history of hypertensive disorders in
pregnancy, early prediction using multiple risk factor indicators, prevention via
appropriate interventions, and long-term follow-up are critical. To successfully
implement secondary prevention, it is necessary to understand pathophysiological
mechanisms, accessibility to early detection tools, and ways of intervention and

correction of pathophysiological abnormalities.

Tertiary prevention

Major complications as well as mortality due to hypertensive disorders in
pregnancy are preventable with effective implementation of plans to detect and monitor
those with hypertensive disorders in pregnancy [85] and quality improvement efforts to
enhance timely intervention and raise maternal awareness of warning signs [86]. Proper
prenatal care and on-time delivery are critical in the tertiary prevention of pregnancy-
induced hypertension, preeclampsia, and eclampsia. In this analysis, the significant risk
factors detected for eclampsia were women who were younger than 25 years, Black, from

the South and the poorest areas, and had anemia or a multifetal pregnancy.
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Racial and regional disparities

There were racial, ethnic, and regional disparities in the incidence of gestational
hypertension, preeclampsia, and eclampsia throughout the course of the three-year
period. Blacks have a higher risk among the three major types of hypertensive disorders
in pregnancy; however, after adjusting for other covariates, gestational hypertension was
higher among Whites than other racial groups. This is probably due to disparities in
genetic factors, lifestyles, and social and healthcare settings. The large population-based
data allowed us to perform secondary analyses for a small race group; hence, in our
analysis and after controlling for a wide range of covariates, it became evident that White
women have a greater risk for gestational hypertension than for preeclampsia and

eclampsia.

To address disparities in maternal health and inform policy and clinical practice,
studies must include sufficient numbers of participants from all racial groups, notably
Black women. The necessity of controlling for all feasible potential covariates to obtain
accurate estimates is further highlighted by the use of accurate diagnosis codes after 2015
with ICD-10-CM in identifying gestational hypertension and other diseases. This may

contribute to excluding Black women with essential hypertension.

Maternal age

This study revealed that younger adolescents are at greater risk than women of
advanced maternal age, that there is no difference with each year of maternal age
progress between 25 and 45 years, and that younger women aged 20 to 25 years are at

greater risk than those aged 35 to 40 years. The trend for gestational hypertension is
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higher in women younger than 25 years than those older than 35 years, and eclampsia
risk is only significantly elevated in women younger than 25. This may be explained by
the hypothesis that younger women had limited exposure to sperm, making them more
susceptible to gestational hypertension than preeclampsia and eclampsia. Although
maternal age is a nonmodifiable risk factor, teen pregnancy can be avoided by women at
high risk, such as those with a strong family history or other associated factors.
Policymakers and program administrators have to establish pregnancy prevention
programs that take into account risk factors for teenage pregnancy at the individual,
school, community, and national levels. Furthermore, health policy initiatives at the state
and national levels should prioritize ensuring that females receive reliable healthcare

from childhood through puberty and adulthood.

Obesity and anemia

In this study, obesity is the most significant risk factor for developing pregnancy-
induced hypertensive disorders, including gestational hypertension, preeclampsia, and
eclampsia. The findings of this research are consistent with most studies, in which
overweight and obesity raise the risk of preeclampsia by two- to threefold [62]. Insulin
resistance is associated with obesity. Although the precise mechanisms by which obesity
and insulin resistance are linked to a higher risk of hypertensive disorders in pregnancy
remain unknown, some theories attribute this to the rise in cytokine-mediated oxidative
stress, dyslipidemia, and the direct impact of hyperinsulinemia and insulin resistance on

maternal hemodynamic circulation and blood pressure. Moreover, the incidence of
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hypertensive disorders in pregnancy is likely to increase as a result of the global rise in

the prevalence of obesity.

While a cross-sectional study found that women with anemia had a 4-fold higher
incidence of preeclampsia than non-anemic women [87], the association of preeclampsia
and eclampsia with anemia is more controversial [88]. A systematic review of four
studies concluded that daily oral intake of iron during pregnancy failed to decrease the
incidence of preeclampsia [89]. In our analysis, anemia was the only significant risk
factor associated with all three major types of hypertensive disorders in pregnancy after

adjusting for other covariates.

Anemia and obesity are the most modifiable risk factors to prevent three types of
hypertensive disorders in pregnancy, and policy should target lifestyle and early detection
of these comorbidity conditions. The prevention or management of these two conditions
could result in a substantial reduction in hypertensive disorders in pregnancy. Improving
monitoring of these two conditions, particularly in women at high risk of hypertensive
disorders in pregnancy, modifying lifestyle behaviors, and providing health education
could be vital initiatives in reducing the consequences of these disorders and,
consequently, the morbidity and mortality associated with hypertensive disorders in

pregnancy.

Community-level income and socio-economic status (SES)

In this study, gestational hypertension, preeclampsia, and eclampsia were more
common in women who lived in the poorest communities (income quartile 1). The

median household income for the patient's ZIP Code is used in the HCUP database to
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calculate the community-level income, which is then divided into quartiles. Community-
level income is regarded as a valuable indicator of the socioeconomic status (SES) of the
hospitalized women [89], as women's social and physical environments have a number of
income-related effects on them [90]. The sample proportion of hospitalizations for each
income quartile of the three health outcomes was large enough to have a small standard
error, resulting in more accurate estimates. While we control for health insurance
coverage for pregnant women with deliveries, the community-income level of women
remains a significant indicator in this analysis for disparities in health care access and
quality and suggests that additional efforts may be required to increase access and quality

of care for low-income women.

Smoking and thrombophilia

In this study, women with nicotine dependence tended to protect against
preeclampsia. In univariate analyses, we also found that alcohol intake is protective. The
apparent protective effect of alcohol may be due to smoking, as it was not found to be
statistically significant in multivariate models. This was also confirmed in previous
studies. Although smoking and alcohol use may provide some protection against
hypertensive disorders in pregnancy, the well-established hazards to the fetus exceed the
minor benefit. In addition, according to some studies, the neonatal mortality rate due to
preeclampsia was higher among infants born to smokers than to nonsmokers.

The association between thrombophilia and hypertensive disorders of pregnancy,
including preeclampsia, eclampsia, and HELP syndrome, has been thoroughly
investigated, with contradictory results and conclusions. According to most studies,

women with thrombophilia are more likely to develop severe preeclampsia and have an
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increased risk of preeclampsia recurrence [91, 92]. In this study, we observed a negative
association between primary thrombophilia and the three major types of hypertensive
disorders in pregnancy. Primary thrombophilia coded using the new ICD-10-CM
diagnosis coding may play a role in having a specific diagnosis for this disorder,
excluding other specified coagulation defects. Researchers should be aware of the various
coagulopathy types, and further studies are needed to determine the association between
different types of thrombophilia and specific classes of hypertensive disorders in

pregnancy, such as disease severity and complication.

Strengths and Limitations

The use of a large, multicenter, nationwide database from the Healthcare Cost and
Utilization Project (HCUP) National Inpatient Sample (NIS) is a significant strength of
this analysis, as it increases the generalizability of the study findings. This large sample
of approximately 3.5 million births per year, which is about 97% of the U.S. population,
and pregnant women hospitalized between 2016 and 2018 enable robust analyses of
subgroups of pregnant women as well as the ability to perform a secondary analysis to
detect any associations between these subgroups and several covariates. NIS data are
standardized across years and weighted to estimate approximate national rates, making
them the most practical and reliable source of data for tracking temporal trends in
hypertensive disorders in pregnancy in the United States.

This study has limitations. First, NIS data did not account for a patient's
hospitalization for more than one delivery. Second, identification of hypertensive
disorders in pregnancy and preexisting conditions based solely on the International

Classification of Disease, 10th Revision, Clinical Modification (ICD-10-CM codes). The
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validity of ICD-10-CM case definitions varies by subtype of hypertensive disorder.
Overall, the validity of the ICD-10 codes used to identify health-related diagnoses had a
high positive predictive value, negative predictive value, specificity (> 90percent), and
sensitivity (> 80 percent). Sensitivity was high (>80 percent) for gestational hypertension
but moderate for preeclampsia (58.3 percent) and eclampsia (66.6 percent) [93]. These
results suggested the potential for underestimation rather than overestimate. With the
large sample size, it been postulated that the impact of such would be diminished.

The 2013 The American College of Obstetricians and Gynecologists (ACOG)’s
revisions to the diagnostic criteria, particularly the removal of proteinuria as an essential
criterion for diagnosing preeclampsia, may cause uncertainty among some physicians
when diagnosing preeclampsia and could result in misclassification bias when
determining disease incidence. However, the effect of such a modification would be

minimized due to the large sample size.

Lastly, there was missing information regarding race in a few states (which
represent about 5 percent for the years 2016-2018) and the anticipated number of births
that occurred outside of hospitals (less than 1 percent). Less than 2 percent of stays were
missing data on community income, and less than 1 percent of stays were missing data on
expected payer and location of residence. Therefore, some caution should be used in

interpreting the results concerning these variables.
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CONCLUSION

Due to the lack of recent large-scale population-based studies that estimate the
current rates of the major types of hypertensive disorders in pregnancy, a current study
that includes a nationwide multicenter study with a diverse population was conducted to
understand the magnitude of disease occurrence and the temporal trends in

hospitalizations.

Our current understanding of the relationships between the major types of
hypertensive disorders in pregnancy is based on studies conducted prior to 2013, before
the 2013 revisions to the diagnostic criteria for preeclampsia and severe preeclampsia by
the American College of Obstetricians and Gynecologists. Thus, an update is required for
the national trends of these disorders, stratified by age, gender, and race/ethnicity across

the U.S. states.

Finally, it is important to identify the risk factors associated with the main types
of hypertensive disorders in pregnancy among women in the United States who have
never had high blood pressure. Assessing the public health burden of these disorders,
creating a risk-based model based on maternal and hospital characteristics, educating
women about the risk and its negative consequences, and developing effective preventive

measures and improved management for these disorders are essential.
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TABLES

Table 1. Descriptive statistics, by patient and hospital characteristics, for women aged 15 to 45 years
with live or still births between 2016 and 2018, United States

Deliveries
2016 2017 2018 2016-2018

Characteristics n (%) n (%) n (%) n (%)
Overall 3,753,271 3,675,061 3,599,739 11,097,776
Age (years)

15-20 206,635 (5.5) 190,635 (5.2) 174,930 (4.9) 576,019 (5.2)

20-24 768,954 (20.5) 729,094 (19.8) 694,140 (19.3) 2,205,498 (19.9)

25-29 1,092,084 (29.1) 1,073,979 (29.2) 1,044,945 (29.0) 3,229,442 (29.1)

30-34 1,054,199 (28.1) 1,041,374 (28.3) 1,032,800 (28.7) 3,146,443 (28.4)

35-39 520,995 (13.9) 527,310 (14.3) 538,820 (15.0) 1,599,419 (14.4)

40-45 110,405 (2.9) 112,670 (3.1) 114,105 (3.2) 340,955 (3.1)
Race

White 1,873,003 (49.9) 1,825,758 (49.7) 1,832,529 (50.9) 5,562,104 (50.1)

Black 519,325 (13.8) 529,730 (14.4) 513,795 (14.3) 1,576,415 (14.2)

Hispanic 730,354 (19.5) 725,654 (19.7) 729,240 (20.3) 2,200,993 (19.8)

Others 630,590 (16.8) 593,919 (16.2) 524,175 (14.6) 1,758,263 (15.8)
Region

Northeast 597,715 (15.9) 587,625 (16.0) 567,529 (15.8) 1,762,044 (15.9)

Midwest 788,745 (21.0) 779,693 (21.2) 762,645 (21.2) 2,344,523 (21.1)

South 1,455,883 (38.8) 1,426,155 (38.8) 1,415,991 (39.3) 4,327,324 (39.0)

West 910,928 (24.3) 881,588 (24.0) 853,573 (23.7) 2,663,884 (24.0)
Hospital type

Rural 351,324 (9.4) 344,508 (9.4) 326,608 (9.1) 1,027,325 (9.3)

Urban nonteaching 950,368 (25.3) 796,579 (21.7) 698,722 (19.4) 2,461,504 (22.2)

Urban teaching
Income Quartile

Quartile 1 (lowest)

Quartile 2

Quartile 3

Quartile 4 (highest)
Insurance

Medicaid

Private

Self-pay

Other
Coexisting condition

Gestational diabetes

Non-gestational diabetes

Multiple gestation
Obesity/overweight

Systemic lupus erythematosus
Antiphospholipid syndrome

Thrombophilia
Anemia
Hypothyroidism
Renal disease

Alcohol related disorders

Nicotine dependence

2,451,579 (65.3)

1,061,474 (28.6)
908,769 (24.5)
926,779 (24.9)
818,154 (22.0)

1,621,798 (43.2)
1,923,083 (51.2)
94,040 (2.5)
114,350 (3.0)

267,905 (7.1)
40,980 (1.1)
66,975 (1.8)
278,185 (7.4)
4,520 (0.1)
2,430 (0.1)
12,940 (0.3)
466,725 (12.4)
121,025 (3.2)
5,795 (0.2)
3,295 (0.1)

157,930 (4.2)

2,533,974 (69.0)

1,021,709 (28.1)
935,30 (25.7)
888,644 (24.4)
795,299 (21.8)

1,600,333 (43.5)
1,879,638 (51.1)
94,020 (2.6)
101,070 (2.8)

279,595 (7.6)
41,850 (1.1)
66,575 (1.8)
331,015 (9.0)
4,610 (0.1)
2,535 (0.1)
13,285 (0.4)
542,394 (14.8)
124,665 (3.4)
6,410 (0.2)
2,520 (0.1)

163,075 (4.4)

2,574,409 (71.5)

971,230 (27.2)
931,575 (26.1)
880,515 (24.7)
783,535 (22.0)

1,539,515 (42.8)
1,864,754 (51.8)
97,575 (2.7)
97,895 (2.7)

287,500 (8.0)
43,805 (1.2)
63,380 (1.8)

365,670 (10.2)
5,335 (0.1)
2,875 (0.1)

13,535 (0.4)

571,475 (15.9)

129,170 (3.6)

6,665 (0.2)
2,940 (0.1)
163,715 (4.5)

7,608,947 (68.6)

3,077,668 (28.0)
2,793,643 (25.4)
2,711,588 (24.7)
2,408,973 (21.9)

4,796,331 (43.2)
5,696,445 (51.3)
289,630 (2.6)
315,370 (2.8)

835,884 (7.5)
127,890 (1.2)
197,415 (1.8)
982,154 (8.9)
14,680 (0.1)
7,925 (0.1)
40,045 (0.4)
1,597,924 (14.4)
376,865 (3.4)
20,070 (0.2)
8,950 (0.1)
490,105 (4.4)
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Table 2 Incidence rates* and weighted number of cases of gestational hypertension, preeclampsia,
and eclampsia from 2016 to 2018, United States

Year
Total
Characteristics 2016 2017 2018 2016-2018
Gestational hypertension 180,685 (48.1) 202,680 (55.2) 221,835 (61.6) 605,795 (54.6)
Preeclampsia 169,445 (45.1) 179,240 (48.8) 192,915 (53.6) 542,435 (48.9)
Eclampsia 3,880 (1.0) 2,870 (0.8) 2,475 (0.7) 9,340 (0.8)

* Crude rate = cases per 1,000 deliveries.
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Table 3.1 Incidence rates* and weighted number of cases of gestational hypertension by patients and
hospital characteristics, 2016 to 2018, United States

Gestational hypertension

Characteristics 2016 2017 2018 2016-2018
Overall 180,685 (48.1) 202,680 (55.2) 221,835(61.6) 605,795 (54.6)
Age (years)
15-20 10,830 (52.4) 10,835 (56.8) 11,650 (66.6) 33,350 (57.9)
20-24 36,580 (47.6) 40,465 (55.5) 44,160 (63.6) 121,285 (55.0)
25-29 52,505 (48.1) 58,350 (54.3) 63,880 (61.1) 174,890 (54.2)
30-34 49,060 (46.5) 56,460 (54.2) 60,905 (59.0) 166,600 (52.9)
35-39 25,525 (49.0) 29,305 (55.6) 33,085 (61.4) 88,020 (55.0)
40-45 6,185 (56.0) 7,265 (64.5) 8,155 (71.5) 21,650 (63.5)
Race
White 101,435 (54.2) 113,580 (62.2) 126,295 (68.9) 341,570 (61.4)
Black 29,755 (57.3)  34,845(65.8) 36,850 (71.7) 101,610 (64.5)
Hispanic 26,405 (36.2) 30,125 (41.5) 34,680 (47.6) 91,310 (41.5)
Others 23,090 (36.6) 24,130 (40.6) 24,010 (45.8) 71,305 (40.6)
Region
Northeast 26,215 (43.9) 29,975 (51.0) 33,580 (59.2) 89,850 (51.0)
Midwest 40,000 (50.7) 45,380 (58.2) 50,875 (66.7) 136,365 (58.2)
South 77,595 (53.3) 85,435(59.9) 92,650 (65.4) 255,945 (59.1)
West 36,875 (40.5) 41,890 (47.5) 44,730 (52.4) 123,635 (46.4)
Hospital type
Rural 15,715 (44.7) 18,010 (52.3) 18,430 (56.4) 52,195 (50.8)

Urban nonteaching

Urban teaching
Income Quartile

Quartile 1 (lowest)

Quiartile 2

Quiartile 3

Quartile 4 (highest)
Insurance

Medicaid

Private

Self-pay

Other

Coexisting condition

Gestational diabetes

Non-gestational diabetes

Multiple gestation
Obesity/overweight

Systemic lupus erythematosus
Antiphospholipid syndrome

Thrombophilia
Anemia
Hypothyroidism
Renal disease

Alcohol related disorders
Nicotine dependence

41,480 (43.6)
123,490 (50.4)

52,610 (49.6)
44,585 (49.1)
45,530 (49.1)
36,255 (44.3)

71,450 (44.1)
101,080 (52.6)
2,755 (29.3)
5,400 (47.2)

18,670 (69.7)
3,120 (76.1)
4,700 (70.2)

27,990 (100.6)
265 (58.6)
125 (51.4)
610 (47.1)

25,770 (55.2)

7,375 (60.9)
360 (62.1)
140 (42.5)

7,590 (48.1)

40,040 (50.3)
144,630 (57.1)

57,515 (56.3)
51,990 (55.6)
50,255 (56.6)
41,255 (51.9)

81,000 (50.6)
113,005 (60.1)
3,350 (35.6)
5,325 (52.7)

21,195 (75.8)
3,505 (83.8)
5,205 (78.2)

36,430 (110.1)
270 (58.6)
160 (63.1)
725 (54.6)

33,750 (62.2)

8,690 (69.7)
445 (69.4)
205 (81.3)

9,370 (57.5)

38,060 (54.5)
165,345 (64.2)

62,075 (63.9)
57,830 (62.1)
56,380 (64.0)
43,910 (56.0)

88,575 (57.5)
123,120 (66.0)
4,235 (43.4)
5,905 (60.3)

22,620 (78.7)
4,195 (95.8)
5,070 (80.0)

42,815 (117.1)
360 (67.5)
180 (62.6)
835 (61.7)

40,595 (71.0)

9,415 (72.9)
530 (79.5)
255 (86.7)

10,495 (64.1)

119,665 (48.6)
433,935 (57.0)

172,415 (56.0)
154,550 (55.3)
152,300 (56.2)
121,515 (50.4)

241,310 (50.3)
337,460 (59.2)
10,365 (35.8)
16,660 (52.8)

62,530 (74.8)
10,835 (84.7)
14,975 (75.9)

107,380 (109.3)

900 (61.3)
465 (58.7)
2,175 (54.3)
100,305 (62.8)
25,510 (67.7)
1,335 (66.5)
600 (67.0)
27,505 (56.1)

* Crude rate = cases per 1,000 deliveries.
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Table 3.2 Incidence rates* and weighted number of cases of preeclampsia by patients and hospital
characteristics from 2016 to 2018, United States

Preeclampsia

Characteristics 2016 2017 2018 2016-2018
Overall 169,445 (45.1) 179,240 (48.8) 192,915 (53.6) 542,435 (48.9)
Age (years)
15-20 12,710 (61.5) 13,055 (68.5) 13,085 (74.8) 38,895 (67.5)
20-24 37,025 (48.1) 38,505 (52.8) 41,090 (59.2) 116,755 (52.9)
25-29 45,095 (41.3) 48,180 (44.9) 51,985 (49.7) 145,475 (45.0)
30-34 42,710 (40.5) 45,415 (43.6) 49,110 (47.6) 137,455 (43.7)
35-39 24,845 (47.7) 26,555 (50.4) 29,510 (54.8) 81,095 (50.7)
40-45 7,060 (63.9) 7,530 (66.8) 8,135 (71.3) 22,760 (66.8)
Race
White 78,650 (42.0) 83,235 (45.6) 91,230 (49.8) 253,395 (45.6)
Black 31,275 (60.2) 34,630 (65.4) 36,635 (71.3) 102,810 (65.2)
Hispanic 34,445 (47.2) 36,695 (50.6) 40,820 (56.0) 112,080 (50.9)
Others 25,075 (39.8) 24,680 (41.6) 24,230 (46.2) 74,150 (42.2)
Region
Northeast 25,610 (42.8) 28,355(48.3) 29,310 (51.6) 83,420 (47.3)
Midwest 34,590 (43.9) 37,240 (47.8) 40,385 (53.0) 112,360 (47.9)
South 70,630 (48.5) 72,785 (51.0) 78,840 (55.7) 222,605 (51.4)
West 38,615 (42.4) 40,860 (46.3) 44,380 (52.0) 124,050 (46.6)
Hospital type
Rural 12,890 (36.7)  13,745(39.9) 13,745(42.1) 40,420 (39.3)

Urban nonteaching
Urban teaching
Income Quartile
Quartile 1 (lowest)
Quiartile 2
Quiartile 3
Quartile 4 (highest)
Insurance
Medicaid
Private
Self-pay
Other
Coexisting condition
Gestational diabetes

Non-gestational diabetes

Multiple gestation
Obesity/overweight

Systemic lupus erythematosus
Antiphospholipid syndrome

Thrombophilia
Anemia
Hypothyroidism
Renal disease

Alcohol related disorders

Nicotine dependence

34,805 (36.6)
121,750 (49.7)

53,700 (50.6)
41,715 (45.9)
40,320 (43.5)
31,910 (39.0)

75,535 (46.6)
85,680 (44.6)
3,515 (37.4)
4,715 (41.2)

19,145 (71.5)
5,850 (142.8)
9,575 (143.0)
25,950 (93.3)
395 (87.4)
190 (78.2)
720 (55.6)
29,745 (63.7)
7,470 (61.7)
1,345 (232.1)
170 (51.6)
6,345 (40.2)

31,645 (39.7)
133,850 (52.8)

55,990 (54.8)
45,635 (48.8)
42,135 (47.4)
33,850 (42.6)

81,395 (50.9)
89,870 (47.8)
3,260 (34.7)
4,715 (46.7)

20,905 (74.8)
5,960 (142.4)
9,985 (150.0)
31,900 (96.4)
430 (93.3)
260 (102.6)
635 (47.8)
37,295 (68.8)
7,935 (63.7)
1,535 (239.5)
150 (59.5)
7,670 (47.0)

30,745 (44.0)
148,425 (57.7)

57,930 (59.6)
50,545 (54.3)
46,215 (52.5)
36,450 (46.5)

87,090 (56.6)
96,735 (51.9)
4,255 (43.6)
4,835 (49.4)

21,750 (75.7)
6,915 (157.9)
9,415 (148.5)
36,120 (98.8)
475 (89.0)
310 (107.8)
585 (43.2)
42,245 (73.9)
8,900 (68.9)
1,790 (268.6)
250 (85.0)
8,540 (52.2)

97,295 (39.5)
404,720 (53.2)

167,905 (54.6)
138,085 (49.4)
128,855 (47.5)
102,370 (42.5)

244,465 (51.0)
272,620 (47.9)
11,080 (38.3)
14,270 (45.2)

61,835 (74.0)
18,740 (146.5)
28,980 (146.8)
94,115 (95.8)
1,305 (88.9)
765 (96.5)
1,945 (48.6)
109,580 (68.6)
24,350 (64.6)
4,725 (235.4)
575 (64.2)

22,615 (46.1)

* Crude rate = cases per 1,000 deliveries.
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Table 3.3 Incidence ratesand weighted number of cases of eclampsia by patients and hospital
characteristics from 2016 to 2018, United States

Eclampsia
Characteristics 2016 2017 2018 All
Overall 3,880 (1.0) 2,870(0.8) 2,475(0.7) 9,340(0.8)
Age (years)
15-20 410 (2.0) 480(25) 335(1.9) 1,230(2.1)
20-24 905(1.2) 745(1.0) 635(0.9) 2,295(1.0)
25-29 1,070 (1.0) 650(0.6) 580(0.6) 2,315(0.7)
30-34 905(0.9) 585(0.6) 490(0.5) 2,015 (0.6)
35-39 480(0.9) 305(0.6) 325(0.6) 1,145(0.7)
40-45 110(1.0) 105(0.9) 110(1.0) 340(1.0
Race
White 1,680 (0.9) 1,110(0.6) 1,070(0.6) 3,890 (0.7)
Black 925(1.8) 760 (1.4) 605(1.2) 2,345(1.5)
Hispanic 725(1.0) 565(0.8) 520(0.7) 1,820(0.8)
Others 550(0.9) 435(0.7) 280(0.5) 1,285(0.7)
Region
Northeast 600(1.0) 350(0.6) 370(0.7) 1,325(0.8)
Midwest 800(1.0) 525(0.7)  485(0.6) 1,840(0.8)
South 1,665 (1.1) 1,390 (1.0) 1,115(0.8) 4,235(1.0)
West 815(0.9) 605(0.7) 505(0.6) 1,940(0.7)
Hospital type
Rural 325(0.9) 345(1.0) 315(1.0) 995(1.0)
Urban nonteaching 930 (1.0) 580 (0.7) 490 (0.7) 2,015(0.8)
Urban teaching 2,625(1.1) 1,945(0.8) 1,670(0.6) 6,330 (0.8)
Income Quartile
Quartile 1 (lowest) 1,435(1.4) 1,080(1.1) 850(0.9) 3,430(1.1)
Quartile 2 1,005 (1.1) 790(0.8) 745(0.8) 2,565(0.9)
Quartile 3 855(0.9) 555(0.6) 560(0.6) 1,985 (0.7)
Quartile 4 (highest) 545(0.7)  400(0.5) 295(0.4) 1,250 (0.5)
Insurance
Medicaid 2,060 (1.3) 1,665(1.0) 1,395(0.9) 5,190 (1.1)
Private 1,640 (0.9) 1,050 (0.6) 925(0.5) 3,650 (0.6)
Self-pay 85 (0.9) 70 (0.7) 85 (0.9) 250 (0.9)
Other 95 (0.8) 85 (0.8) 70 (0.7) 250 (0.8)
Coexisting condition
Gestational diabetes 295(1.1) 275(1.0) 170 (0.6) 740 (0.9)
Non-gestational diabetes 130 (3.2) 55 (1.3) 65 (1.5) 260 (2.0)
Multiple gestation 210 (3.1) 170 (2.6) 95 (1.5) 475 (2.4)
Obesity/overweight 475(1.7) 395(1.2) 365(1.0) 1,255(1.3)
Systemic lupus erythematosus 20 (4.4) 15 (3.3) 15 (2.8) 50 (3.4)
Antiphospholipid syndrome 10 (4.1) 5 (2.0) 5(1.7) 20 (2.5)
Thrombophilia 20 (1.5) 10 (0.8) 0 (0.0) 30 (0.7)
Anemia 765(1.6) 690(1.3) 630(1.1) 2,130(1.3)
Hypothyroidism 130 (1.1) 80 (0.6) 95 (0.7) 310 (0.8)
Renal disease 75(129) 95(14.8) 130(19.5) 315(15.7)
Alcohol related disorders 10 (3.0) 0 (0.0) 5(1.7) 15 (1.7)
Nicotine dependence 205 (1.3) 130 (0.8) 115 (0.7) 455 (0.9)

* Crude rate = cases per 1,000 deliveries.
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Table 4.1 Incidence rates and rate ratios for gestational hypertension by patients and hospital
characteristics, 2016 to 2018, United States

Covariates

Gestational hypertension

Rate
(2016-2018)

Univariate
RR (95% CI)

Multivariate
RR" (95% CI)

Age (years)
15-20
20-24
25-29
30-34
35-39
40-45
Race
White
Black
Hispanic
Others
Region
Northeast
Midwest
South
West
Hospital type
Rural
Urban nonteaching
Urban teaching
Income Quartile
Quiartile 1 (lowest)
Quiartile 2
Quiartile 3
Quartile 4 (highest)
Insurance
Medicaid
Private
Self-pay
Other
Coexisting condition
Gestational diabetes

Non-gestational diabetes

Multiple gestation
Obesity/overweight

Systemic lupus erythematosus
Antiphospholipid syndrome

Thrombophilia
Anemia
Hypothyroidism
Renal disease

Alcohol related disorders
Nicotine dependence

57.9
55.0
54.2
53.0
55.2
63.5

61.5
64.4
41.5
40.6

0.0
58.2
59.2
46.4

50.9
48.7
57.1

56.1
55.3
56.2
50.5

50.3
59.2
35.8
52.8

74.9
84.4
75.7
109.2
61.0
60.0
54.2
62.8
67.7
64.8
68.6
56.1

1.10 (1.07-1.13)
1.04 (1.02-1.06)
1.02 (1.01-1.04)
1.00 (referent)
1.04 (1.02-1.06)
1.21 (1.17-1.25)

1.00 (referent)
1.05 (1.04-1.07)
0.66 (0.65-0.67)
0.65 (0.64-0.66)

1.00 (referent)
1.15 (1.13-1.17)
1.17 (1.15-1.19)
0.90 (0.89-0.92)

1.00 (referent)
0.96 (0.93-0.98)
1.13(1.11-1.15)

1.00 (referent)
0.99 (0.97-1.00)
1.00 (0.99-1.02)
0.89 (0.88-0.91)

0.84 (0.83-0.85)
1.00 (referent)
0.59 (0.56-0.62)
0.89 (0.86-0.92)

1.45 (1.42-1.48)
1.61 (1.54-1.68)
1.43 (1.38-1.48)
2.36 (2.33-2.40)
1.12 (0.97-1.30)
1.11 (0.90-1.36)
1.01 (0.92-1.11)
1.19 (1.17-1.21)
1.27 (1.23-1.31)
1.20 (1.06-1.36)
0.79 (0.66-0.94)
0.97 (0.94-0.99)

1.24 (1.21-1.28)
1.12 (1.10-1.14)
1.06 (1.04-1.08)
1.00 (referent)

1.01 (0.99-1.03)
1.11 (1.07-1.14)

1.00 (referent)
0.93(0.91-0.95)
0.67 (0.66-0.69)
0.66 (0.65-0.68)

1.00 (referent)
1.17 (1.14-1.19)
1.24 (1.22-1.27)
1.05 (1.03-1.07)

1.00 (referent)
0.99 (0.96-1.01)
1.10 (1.08-1.13)

1.00 (referent)
0.98 (0.97-1.00)
0.99 (0.97-1.00)
0.88 (0.87-0.90)

0.95 (0.89-1.01)
1.00 (referent)
0.81 (0.75-0.88)
1.03 (0.95-1.10)

1.30 (1.28-1.33)
1.09 (1.05-1.15)
1.03 (0.99-1.07)
2.05 (2.02-2.08)

0.84 (0.76-0.92)
1.04 (1.02-1.05)
1.10 (1.06-1.13)
0.72 (0.63-0.81)
1.20 (1.00-1.45)
0.95 (0.92-0.98)

* Adjusted for maternal age group, maternal race/ethnicity, hospital region, hospital type, income, payer, gestational and non-
gestation diabetes, multiple gestation, obesity/overweight, thrombophilia, anemia, hypothyroidism, renal disease, alcohol
related disorders, and nicotine dependence; Bold font indicates statistical significance P < 0.05.
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Table 4.2 Incidence rates and rate ratios for preeclampsia by patients and hospital characteristics,
2016 to 2018, United States

Preeclampsia

Multivariate
RR (95% CI)

Rate Univariate

Characteristics (2016-2018) RR (95% CI)

Age (years)
15-20 67.5 1.58 (1.54-1.62) 1.65 (1.60-1.69)
20-24 52.9 1.22 (1.20-1.24) 1.27 (1.25-1.29)
25-29 45.1 1.03 (1.01-1.05) 1.07 (1.05-1.09)
30-34 43.8 1.00 (referent) 1.00 (referent)
35-39 50.9 1.17 (1.15-1.19) 1.06 (1.04-1.08)
40-45 66.9 1.56 (1.51-1.62) 1.19 (1.15-1.24)
Race
White 45.6 1.00 (referent) 1.00 (referent)
Black 65.3 1.46 (1.44-1.49) 1.12 (1.10-1.14)
Hispanic 51.0 1.12 (1.11-1.14) 1.05 (1.03-1.07)
Others 42.2 0.92 (0.90-0.94) 0.89 (0.87-0.91)
Region
Northeast 47.4 1.00 (referent) 1.00 (referent)
Midwest 48.0 1.01 (0.99-1.03) 1.18 (1.16-1.21)
South 51.5 1.09 (1.07-1.11) 1.25 (1.22-1.27)
West 46.6 0.98 (0.96-1.00) 1.16 (1.14-1.19)
Hospital type
Rural 39.5 1.00 (referent) 1.00 (referent)
Urban nonteaching 39.6 1.00 (0.98-1.03) 0.91 (0.89-0.94)
Urban teaching 53.3 1.37 (1.34-1.40) 1.08 (1.06-1.11)
Income Quartile
Quartile 1 (lowest) 54.6 1.00 (referent) 1.00 (referent)
Quartile 2 49.6 0.90 (0.89-0.92) 0.96 (0.94-0.97)
Quartile 3 47.6 0.86 (0.85-0.88) 0.92 (0.90-0.93)
Quartile 4 (highest) 42.5 0.77 (0.76-0.78) 0.82 (0.80-0.84)
Insurance
Medicaid 51.0 0.84 (0.79-0.90) 1.04 (0.97-1.11)
Private 47.9 1.00 (referent) 1.00 (referent)
Self-pay 38.3 0.62 (0.58-0.67) 0.99 (0.91-1.07)
Other 45.2 0.74 (0.69-0.80) 1.07 (0.99-1.15)
Coexisting condition
Gestational diabetes 74.1 1.63 (1.59-1.66) 1.38 (1.35-1.41)
Non-gestational diabetes 146.3 3.41 (3.30-3.54) 1.85(1.78-1.92)
Multiple gestation 146.5 3.47 (3.37-3.57) 1.98 (1.92-2.04)
Obesity/overweight 95.8 2.28 (2.25-2.32) 1.61 (1.58-1.64)
Systemic lupus erythematosus 90.9 1.95 (1.72-2.20) 1.18 (1.04-1.35)
Antiphospholipid syndrome 96.5 2.08 (1.76-2.45) 1.33(1.12-1.59)
Thrombophilia 48.9 1.00 (0.90-1.11) 0.85 (0.76-0.94)
Anemia 68.7 1.54 (1.52-1.57) 1.12 (1.10-1.13)
Hypothyroidism 64.7 1.36 (1.32-1.40) 1.13(1.10-1.17)
Renal disease 232.7 5.93 (5.52-6.38) 2.29 (2.12-2.48)
Alcohol related disorders 63.1 1.31 (1.09-1.58)
Nicotine dependence 46.3 0.94 (0.91-0.97) 0.89 (0.86-0.92)

* Adjusted for maternal age group, maternal race/ethnicity, hospital region, hospital type, income, payer, gestational and non-
gestation diabetes, multiple gestation, obesity/overweight, systemic lupus erythematosus, antiphospholipid syndrome,
thrombophilia, anemia, hypothyroidism, renal disease, and nicotine dependence; Bold font indicates statistical significance P <

0.05.
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Table 4.3 Incidence rates and rate ratios for eclampsia, by patients and hospital characteristics, 2016
to 2018, United States

Characteristics

Eclampsia

Rate

(2016-2018)

Univariate
RR (95% CI)

Multivariate
RR (95% CI)

Age (years)

15-20 2.1 3.32 (2.83-3.89) 2.50 (2.11-2.95)

20-24 1.0 1.61(1.41-1.84) 1.37 (1.19-1.57)

25-29 0.7 1.12 (0.98-1.27) 1.04 (0.91-1.20)

30-34 0.6 1.00 (referent) 1.00 (referent)

35-39 0.7 1.13 (0.96-1.33) 1.05 (0.90-1.24)

40-45 1.0 1.55 (1.20-2.00) 1.20 (0.93-1.55)
Race

White 0.7 1.00 (referent) 1.00 (referent)

Black 15 2.15 (1.92-2.41) 1.42 (1.25-1.60)

Hispanic 0.8 1.18 (1.05-1.34) 0.99 (0.86-1.13)

Others 0.7 1.05(0.91-1.21) 1.05(0.91-1.22)
Region

Northeast 0.8 1.00 (referent) 1.00 (referent)

Midwest 0.8 1.05 (0.90-1.23) 1.12 (0.95-1.31)

South 1.0 1.31 (1.14-1.51) 1.31 (1.14-1.51)

West 0.7 0.97 (0.83-1.14) 1.14 (0.97-1.34)
Hospital type

Rural 1.0 1.00 (referent) 1.00 (referent)

Urban nonteaching 0.8 0.85(0.72-1.01) 0.85(0.71-1.01)

Urban teaching 0.8 0.87 (0.75-1.01) 0.71 (0.61-0.83)
Income Quartile

Quiartile 1 (lowest) 1.1 1.00 (referent) 1.00 (referent)

Quartile 2 0.9 0.81 (0.72-0.91) 0.95 (0.85-1.07)

Quartile 3 0.7 0.65 (0.58-0.74) 0.84 (0.74-0.96)

Quartile 4 (highest) 0.5 0.46 (0.40-0.53) 0.64 (0.55-0.75)
Insurance

Medicaid 1.1 0.85 (0.55-1.31) 1.06 (0.69-1.64)

Private 0.6 1.00 (referent) 1.00 (referent)

Self-pay 0.9 0.68 (0.41-1.13) 1.16 (0.69-1.96)

Other 0.8 0.62 (0.37-1.03) 0.98 (0.59-1.64)
Coexisting condition

Gestational diabetes 0.9 1.06 (0.90-1.25)

Non-gestational diabetes 2.0 2.44 (1.85-3.20)

Multiple gestation 2.4 2.93 (2.38-3.60) 1.60 (1.30-1.98)

Obesity/overweight 1.3 1.62 (1.42-1.85)

Systemic lupus erythematosus 3.3 3.88 (2.08-7.24) 1.71 (0.90-3.23)

Antiphospholipid syndrome 2.5 2.94 (1.10-7.85)

Thrombophilia 0.7 0.88 (0.39-1.96)

Anemia 1.3 1.78 (1.60-1.98) 1.14 (1.02-1.27)

Hypothyroidism 0.8 0.96 (0.75-1.24)

Renal disease 16.0 19.93 (15.59-25.48) 7.20 (5.56-9.33)

Alcohol related disorders 1.6 1.94 (0.62-6.01)

Nicotine dependence 0.9 1.09 (0.89-1.35)

* Adjusted for maternal age group, maternal race/ethnicity, hospital region, hospital type, income, payer, multiple gestation,
systemic lupus erythematosus, anemia, and renal disease; Bold font indicates statistical significance P < 0.05.
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FIGURES

Figure 1 Potential biological mechanisms and risk factors related to hypertensive disorders of

pregnancy
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Figure 2 Incidence rates of gestational hypertension, preeclampsia, and eclampsia, from 2016 to
2018, United States
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Figure 3.1 Incidence rates of gestational hypertension, by patients and hospital characteristics, 2016
to 2018, United States
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Figure 3.2 Incidence rates of preeclampsia, by patients and hospital characteristics, from 2016 to
2018, United States
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Figure 3.3 Incidence rates of eclampsia, by patients and hospital characteristics, from 2016 to 2018,
United States
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APPENDIX A - Summary of The Literature Review

Study, Study Study Data Outcome, | Inclusion/ Key Findings Limitations
Year Design Populati | Source Covariate | Exclusion
on Criteria
Ananth Cross- Women National | Outcome: | Exclusion: Prevalence rates of PE Geographic variation
etal sectional | admitted hospital mild and Age >46 was 3.4%. Rates of in the prevalence of PE
(2013) hospital- | tothe US | discharg | severe PE | years. severe PE have been was not considered in
based hospitals | esurvey | Covariates | Women born | increasing in the US and this study.
study for datasets, | Maternal before 1940 age-period-cohort effects | Confounding by SES
delivery (1980- age or during all contribute to these and behavioral factors
between 2010), Obesity 1994 or later. | trends. was not considered and
1980 — USA (BMI>30) | Women with | Although, increase in may have influenced
2010, Smoking chronic secular trend of obesity the findings. The
aged 18- HTN, and declining smoking possibility of women
23y chronic HTN | prevalence rates may being pregnant >1 over
(n=6504) with drive these trends, the study period was
superimpose | changes in the diagnostic | not considered. Some
d PE, and criteria of PE may have factors were poorly
gestational also contributed to these recorded, e.g.,
HTN. trends. race/ethnicity
Walliset | Cross- Women National | Outcome: | Inclusion: A significant increase in Limitation related to
al (2008) | sectional | admitted hospital PE, All hospital the trend of GH and PE, NHDS data such as
hospital- | tothe US | discharg | eclampsia, | admissions the age-adjusted rate of using solely ICD-9-
based hospitals | esurvey | & GH for which a GH rose by 186% (from CM odes to identify
study for datasets, | Covariates | delivery of 10.7% to 30.6%) and by cases (PPV 74.4%),
delivery (1987- Maternal one or more 25% (from 23.6% to potential for
between 2004), age live or 29.4%) for PE over the underestimating of
1987 — USA Geographi | stillborn 18-years study period. deliveries, the
2004 C region occurred Eclampsia rate decreased | possibility of counting
between by 22%. The study a single mother more
1987 and indicated that the than once, missing
2004. youngest women (age < information on some of
20 years) and women established covariates
from the south of the US associated with PE, &
were at significantly limited sample size for
greater risk for all three eclampsia.
outcomes.
Kuklina Cross- us Nationw | Outcome: | Exclusion: Prevalence of HDP Discharge-level data
etal sectional | women ide Severe Non-delivery | increased from 67.2 in does not account for
(2009) hospital- | with Inpatient | obstetric pregnancy 1998 to 81.4 per 1000 multiple delivery
based delivery Sample complicati | outcomes, deliveries in 2006. hospitalizations of the
study discharge | HCUP, ons, PE e.g., Prevalence of same women for one
s between | (1998- Covariates | hydatidiform | hospitalizations with year. Limitation related
1998- 2006) N mole, ectopic | severe PE + eclampsia to identification of
2006 in ARF pregnancy, increased from 9.4 to HDP cases and severe
us Pulmonar | abortion, and | 12.4 per 1,000 deliveries. | complications based on
hospitals y edema missing The risk of severe ICD-9-CM codes,
(n=36,53 ARDS information. | obstetric complications which vary in their
7,061) PCD Historical among pregnant with accuracy; some studies
DICS condition or | severe PE * eclampsia showed high to
Ventilatio | a “ruled out” | was 34.8 compared to 3.3 | moderate specificity
n condition for hospitalized pregnant but low sensitivity.
Mortality | (short LOS). | women without any Absence of
hypertensive disorders, information such as
and 2.2 for GH compared | deliveries that occur
to 1.4 for women without | outside hospitals
any HDP. Overall, (estimated <1%) and
hospitalizations with race.
HDP were associated
with 57% of
hospitalizations with
ARF, 27% with DICS,
30% ventilation,
pulmonary edema, PCD,
& ARDS.
Fingaret | Cross- us Nationw | Age, race, | All delivery Delivery hospitalization NIS data did not
al (2017) | sectional | women ide expected hospitalizatio | rate for PE/eclampsia in account for a patient's
hospital- | with Inpatient | payer, ns using the 2014 about 5%, a 21% hospitalization for
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based delivery Sample communit | DRG and increase from 2005. more than one
study discharge | HCUP, y income, | ICD-9-CM Compared with other delivery. Limitation
s between | (2005— residence’ | diagnosis deliveries, a higher related to identification
2005— 2014) s location, | codes percentage of those with of HDP cases and
2014 in hospital PE/eclampsia were based on ICD-9-CM
us region, among women who were | codes, with high to
hospitals LOS, cost the moderate specificity
(n=3,796, per stay) youngest, the oldest, but low sensitivity.
490) black, and from the Missing information
poorest areas and the regarding deliveries
South, and LOS were outside hospitals
70% higher. (<1%) and race (<5%).
Paré etal | Prospecti | Women The Outcome: | Women were | Among the 2637 women; | The possibility of
(2014) ve cohort | were BIRTH PE eligible for 9% had PE unmeasured
study recruited (Blomar | Covariates | the birth confounding factors
from the kers : Maternal | study if they Risk Factor a0R RisK ,or that (_:ould_influence the
obstetric Related age, were > 16 Factor "~ relationship between
populatio | ToOHTN | Smoking, | years, Chronic 7 ART 17 thevarious risk factors
nat3 in Chronic presented for | Nypertension and PE. The small
large pregnanc | HTN, prenatal care | Cestational 5 o BMI ) o ymber of women
urban y)study | Pregestati | before 15 diabetes 25-30 developed early PE
. . Multiple BMI L
academic | designed | onal DM weeks of gestation 30 4435 23  limiting the power to
centers, 2 | to Multiple gestation, BMI detect significant
in Boston | prospecti | gestation | and carried AArace 19 5,5 36 associations.
and vely AA race three or Prior BMI
1lin collect Prior PE fewer fetuses preeclampsia 36 40 O
Philadelp | serum Nulliparit
hia, for y Advanced maternal age
October biomark | Assisted was not significant RF.
2006 to ers and reproducti - Similar associations
August clinical | ve were found for severe PE.
2008 informat techniques -A dose,response effect
ionto | BMI was observed in the
assess In relationship between BMI
predictin and both PE and severe
gor PE.
diagnosi - The most significant
ng PE risk factor for both PE
and severe PE were being
overweight or obese
with an attributable risk
percent of 65% and 64%,
respectively.
Direkvan | Cross- All the Data Outcome: | Include all Prevalence of PE was The study did not
d- sectional | pregnant collected | PE pregnant 9.5%. Three predictors account for the
Moghad | hospital- | women by a Covariates | women (history of PE, HTN, and | possible confounder
ametal based that face-to- : referred to infertility) were such as the SES
(2012) study were face Education | the hospital significant predictor for characteristics of
referred intervie History of | of llam in PE with an increased participants. Possibility
to the w PE, HTN, | the west of ORs. of selection bias due to
hospital or Iran during hospital-based study,
in Iran, infertility | the 5 months measurement bias and
from May study period, recall bias during data
2010 to except case collection, and external
Septembe with validity issue as the
r 2010 abortion. population sample
(n=610) study focused on
Iranian women in
certain geographic area

*HTN: hypertension; GH: gestational hypertension; PE: preeclampsia; SES: socioeconomic status; LOS” lengths of stay; HCUP:
Healthcare Cost and Utilization Project; ARF: acute renal failure; ARDS: adult respiratory distress syndrome; PCD; puerperal
cerebrovascular disorder; DICS; disseminated intravascular coagulation syndrome; BMI: body mass index; DM: diabetes; OR: odds ratio;
AA: African American; ART: assisted reproductive techniques.
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APPENDIX B — ICD 10 and DRG codes

Table A. Codes defining delivery hospitalizations.

ICD-10-CM o

. Description

Z37x Outcome of delivery

080 Encounter for full-term uncomplicated delivery

082 Encounter for cesarean delivery without indication

DRG* codes | Description

765 Cesarean section with complicating conditions/major complicating conditions

766 Cesarean section without complicating conditions/major complicating conditions

767 Vaginal delivery with sterilization and/or dilation and curettage

768 \{agi_nal delivery with operating room procedure except for sterilization and/or
dilation and curettage

774 Vaginal delivery with complicating diagnoses

775 Vaginal delivery without complicating diagnoses

Table B. ICD-10-CM diagnosis codes defining gestational hypertension, preeclampsia, and

eclampsia.
ICD-10-CM .
Description
code
013x Gestational [pregnancy-induced] hypertension without significant proteinuria
014x Preeclampsia
015x Eclampsia
Table C. ICD-10-CM diagnosis codes defining preexisting conditions.
ICD-10- o -
CM code Description Condition
D50x- . .
D53x Nutritional anemias
D55x- . . .
D59 Hemolytic anemias Anemia
D60x- Aplastic and other anemias and other bone marrow failure
D64x syndromes
024.4x Abnormal glucose tolerance Gestational diabetes
Pre-existing type 1 diabetes mellitus, in pregnancy, childbirth
024.0x .
and the puerperium
Pre-existing type 2 diabetes mellitus, in pregnancy, childbirth | Pregestational
024.1x - .
and the puerperium diabetes
024.3x Unspecified pre-existing diabetes mellitus in pregnancy,
' childbirth and the puerperium
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Other pre-existing diabetes mellitus in pregnancy, childbirth, and

024.8x the puerperium
024.9x Unspeci_fied diabetes mellitus in pregnancy, childbirth and the
puerperium
030x Multiple gestation
Z372 Twins, both liveborn™
Z373 Twins, one liveborn and one stillborn”
7374 Twins, both stillborn™
Z3750 Multiple births, unspecified, all liveborn"
Z3751 Triplets, all liveborn"
73752 Quadruplets, all liveborn"
Z3753 Quintuplets, all liveborn"
Z3754 Sextuplets, all liveborn” Multiple gestations
Z3759 Other multiple births, all liveborn™
Z3760 Multiple births, unspecified, some liveborn™
23761 Triplets, some liveborn"
23762 Quadruplets, some liveborn"
73763 Quintuplets, some liveborn"
23764 Sextuplets, some liveborn”
23769 Other multiple births, some liveborn™
Z377 Other multiple births, all stillborn™
E66x Overweight and obesity Obesity
EO02 Subclinical iodine-deficiency hypothyroidism o
— Hypothyroidism
E03x Other hypothyroidism
M32x Systemic lupus erythematosus SLE
D68.61 Antiphospholipid syndrome gl?]té?g\%sg)hohpld
D68.5x Thrombophilia Thrombophilia
NO0Ox-NO8x | Glomerular diseases
N10x-N16x | Renal tubulo-interstitial diseases Renal disease
N17x-N19x | Acute kidney failure and chronic kidney disease
F10x Alcohol related disorders Alcohol related
disorders
F17x Nicotine dependence Nicotine dependence
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