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BACKGROUND: Hypertensive disorders of pregnancy are growing public health problems that contribute to maternal morbid-
ity, mortality, and future risk of cardiovascular disease. Given established rural-urban differences in maternal cardiovascular
health, we described contemporary trends in new-onset hypertensive disorders of pregnancy in the United States.

METHODS AND RESULTS: We conducted a serial, cross-sectional analysis of 51 685 525 live births to individuals aged 15 to
44 years from 2007 to 2019 using the Centers for Disease Control and Prevention Natality Database. We included gestational
hypertension and preeclampsia/eclampsia in individuals without chronic hypertension and calculated the age-adjusted inci-
dence (95% CI) per 1000 live births overall and by urbanization status (rural or urban). We used Joinpoint software to identify
inflection points and calculate rate of change. We quantified rate ratios to compare the relative incidence in rural compared
with urban areas. Incidence (95% CI) of new-onset hypertensive disorders of pregnancy increased from 2007 to 2019 in both
rural (48.6 [48.0-49.2] to 83.9 [83.1-84.7]) and urban (37.0 [36.8-37.2] to 77.2 [76.8-77.6]) areas. The rate of annual increase in
new-onset hypertensive disorders of pregnancy was more rapid after 2014 with greater acceleration in urban compared with
rural areas. Rate ratios (95% Cl) comparing incidence of new-onset hypertensive disorders of pregnancy in rural and urban
areas decreased from 1.31 (1.30-1.33) in 2007 to 1.09 (1.08-1.10) in 2019.

CONCLUSIONS: Incidence of new-onset hypertensive disorders of pregnancy doubled from 2007 to 2019 with persistent rural-
urban differences highlighting the need for targeted interventions to improve the health of pregnant individuals and their
offspring.
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the cardiovascular health of both the pregnant

individual and child. Hypertensive disorders of
pregnancy in particular have major implications for
cardiovascular health.! Specifically new-onset hyper-
tensive disorders of pregnancy, defined as new-onset
hypertension arising during pregnancy (gestational
hypertension and preeclampsia/eclampsia), is associ-
ated with more than double the risk of coronary heart

Pregnancy is a crucial time that uniquely influences

disease, heart failure, stroke and cardiovascular-related
mortality,%3 and account for up to 44% of deaths within
the first 6 days postpartum.* Additionally, the cardio-
vascular associations of hypertensive disorders of
pregnancy extend to offspring, who have increased
risks of hypertension, obesity, and lifetime cardiovas-
cular disease into young adulthood.®

Despite advances in cardiovascular and obstet-
ric care, hypertensive disorders of pregnancy and

Correspondence to: Sadiya S. Khan, MD, MS, FACC, Division of Cardiology, Department of Medicine and Preventive Medicine, Northwestern University
Feinberg School of Medicine, 680 N. Lake Shore Drive, 14-002, Chicago, IL 60611. E-mail: s-khan-1@northwestern.edu
Supplemental Material for this article is available at https://www.ahajournals.org/doi/suppl/10.1161/JAHA.121.023791

For Sources of Funding and Disclosures, see page 9.

© 2022 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use

is non-commercial and no modifications or adaptations are made.
JAHA is available at: www.ahajournals.org/journal/jaha

J Am Heart Assoc. 2022;11:e023791. DOI: 10.1161/JAHA.121.023791


https://orcid.org/0000-0002-0613-7580
https://orcid.org/0000-0002-9941-438X
https://orcid.org/0000-0002-6274-0544
https://orcid.org/0000-0003-0643-1859
mailto:﻿
mailto:s-khan-1@northwestern.edu
https://www.ahajournals.org/doi/suppl/10.1161/JAHA.121.023791
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha

Cameron et al

CLINICAL PERSPECTIVE
What Is New?

The incidence of new-onset hypertensive dis-
orders of pregnancy (gestational hypertension
and preeclampsia/eclampsia) have nearly dou-
bled in both rural and urban areas in the United
States from 2007 to 2019 with accelerating
rates since 2014.

e The rural-urban gap in new-onset hypertensive
disorders of pregnancy decreased from 2007
to 2019 as a result of increasing rates in urban
areas, rather than improvements in rural areas.

e Differences in the incidence of new-onset hy-
pertensive disorders of pregnancy by race,
ethnicity, and United States region persisted
throughout the study period in both rural and
urban areas.

What Are the Clinical Implications?

e Future research is needed to identify the indi-
vidual and environmental factors that contribute
to increasing rates of new-onset hypertensive
disorders of pregnancy in both rural and urban
areas in the United States.

e Public health policy changes are necessary to
equitably reverse the accelerating rates of new-
onset hypertensive disorders of pregnancy in
the United States.

Nonstandard Abbreviations and Acronyms

CDC Centers for Disease Control and

Prevention
WONDER Wide-ranging Online Data for
Epidemiologic Research

pregnancy-related mortality remain major public health
problems in the United States. From 1987 to 2004, the
incidence of gestational hypertension almost tripled
from 10.7 to 30.6 per 1000 deliveries, and the incidence
of preeclampsia increased from 23.6 to 29.4 per 1000
deliveries.® Furthermore, US maternal mortality rates
are the highest among developed countries, reaching
20.1 per 100 000 live births in 2019.”8 Given the scope
of the problem, the American Heart Association and
American College of Obstetricians and Gynecologists
released a joint statement recognizing pregnancy as
an important milestone that shapes cardiovascular
health.®

Identifying the social determinants of health that con-
tribute to hypertension during pregnancy is an import-
ant step towards improving maternal cardiovascular

J Am Heart Assoc. 2022;11:e023791. DOI: 10.1161/JAHA.121.023791

Rural-Urban Trends: Hypertension During Pregnancy

health. Individuals in rural areas are confronted with
distinct challenges that may contribute to a rural-urban
gap in adverse pregnancy outcomes.'®' For example,
from 2007 to 2015, rates of severe maternal morbidity
and mortality were 9% higher in rural compared with
urban areas, and this rural-urban gap is predicted to
continue to grow.” Recent work has demonstrated
that individuals with live births in rural areas are up
to 20% more likely to have chronic hypertension than
those in urban areas; this gap was amplified in non-
Hispanic Black individuals reinforcing known racial and
ethnic differences in maternal health.'

Therefore, we aimed to describe trends in hyperten-
sive disorders of pregnancy from 2007 to 2019 among
individuals in rural and urban areas in the United States,
overall and stratified by age, self-identified racial and
ethnic groups, and US region.

METHODS

We performed a serial, cross-sectional analysis of
maternal data from all live births in the United States
to individuals aged 15 to 44 years from 2007 to 2019
(N=51 685 525) using data obtained from the Centers
for Disease Control and Prevention (CDC) Wide-
Ranging Online Data for Epidemiologic Research
(WONDER) and Natality Database.'* The data set re-
ports information on maternal demographics, medical
history, and complications of pregnancies recorded on
infant birth certificates documented by the professional
attendant at birth using data obtained from the indi-
vidual and their health records. Births were included
regardless of gestational age or plurality. The “preg-
nancy associated hypertension” checkbox (referred to
as hypertensive disorders of pregnancy in this analysis)
was listed under “maternal risk factors” and defined as
either gestational hypertension or preeclampsia (with
or without a diagnosis of eclampsia or severe features).
Data on hemolysis, elevated liver enzymes and low
platelet count was not available in the CDC WONDER.
All data are publicly available and can be accessed at
https://wonder.cdc.gov/natality.html.

We calculated the incidence of hypertensive dis-
orders of pregnancy per 1000 live births by urban-
ization status (rural or urban), as well as within each
rural (micropolitan and noncore area) and urban sub-
group (large metropolitan, large fringe/suburban, me-
dium metropolitan, small metropolitan area) based
on the pregnant individual’s residence. Rates were
age-standardized with the first year of the study pe-
riod as the reference population (2007) to allow for
comparisons over time, by subgroups and to existing
literature.® Rural/urban designations were based on
the 2013 National Center for Health Statistics urban-
rural classification scheme for counties.!® A rural area
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was designated as a county in a metropolitan statis-
tical area with a population <560 000. We additionally
performed subgroup analyses to calculate the age-
standardized incidence of hypertensive disorders of
pregnancy by self-identified racial and ethnic groups
(American Indian/Alaskan Native, Asian American/
Pacific Islander, Hispanic/Latina, non-Hispanic Black,
non-Hispanic White) and US census region (Midwest,
Northeast, West, South), as well as in 5-year stan-
dardized age categories (15-19, 20-24, 25-29, 30-
34, 35-39, and 40-44 years) in rural and urban areas.
Because this analysis included individuals who had >1
pregnancy resulting in a live birth during the study pe-
riod, we conducted a sensitivity analysis restricted to
nulliparous individuals from 2016 to 2019 when data
were available for this subgroup.

To analyze trends in the incidence of hypertensive
disorders of pregnancy from 2007 to 2019, we used
Joinpoint statistical software which models consecu-
tive linear segments on a log scale to identify points
in time (joinpoints) at which there are statistically sig-
nificant changes in trends as previously described for
analysis of surveillance statistics over time.'®'" Using
this approach, we identified a single inflection point in
2014 in the overall incidence, and then calculated the
slope (average annual percent change) of the overall
study period and the slopes of the 2 periods defined
by the inflection point both by rural-urban status and
within each age group and racial and ethnic group, and
US census region.

To compare the incidence of hypertensive disor-
ders of pregnancy between rural and urban areas,
we calculated rate ratios overall and within each age
group, racial and ethnic group, and US census region
at the inflection point in 2014 as well as in 2007 and
2019. Rate ratios and their corresponding 95% Cls
were calculated using Stata v14.2 (College Station,
TX).'® This study was exempt from Institutional Review
Board approval because of the deidentified nature of
the data.

RESULTS

Study Population Demographics

Of the 51 685 525 live births to individuals aged 15
to 44 years in the United States from 2007 to 2019,
(Table 1) the majority of births were to individuals
from urban areas (86.3%). Compared with urban
areas, in rural areas a greater proportion of births
occurred among younger (aged <30 years) and non-
Hispanic White individuals living in the Midwest and
South. A similar proportion of births occurred in in-
dividuals with a high school education or greater and
in individuals who received prenatal care in rural and
urban areas.
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Table 1. Descriptive Statistics for All Women in the United
States Aged 15 to 44 Years With Live Births Between 2007
and 2019, Stratified by Rural or Urban Status

Demographics Urban Rural
n 44 616 094 7 069 431
Age, %
15-19y 6.91 1012
20-24y 21.19 29.85
25-29y 28.38 30.62
30-34y 26.98 19.74
35-39y 13.58 8.04
40-44y 2.97 1.64
Race or ethnicity, %
American Indian/Alaskan Native 0.58 3.31
Asian American/Pacific Islander 718 1.39
Hispanic/Latina 25.35 1213
Non-Hispanic Black 16.72 9.35
Non-Hispanic White 50.35 73.31
Region (%)
Midwest 19.19 32.73
Northeast 17.23 8.20
South 37.66 44.07
West 25.92 15.01
Education, %
Less than high school 13.47 14.89
High school/GED 20.82 25.88
Some college 17.06 18.73
Bachelor’'s/associate’s degree 22.92 18.91
Master’s or doctorate degree 9.61 4.39
Initiation of prenatal care, %
Never 1.39 11
During months 1-5 74.28 73.34

Overall Trends in Hypertensive Disorders
of Pregnancy

The age-adjusted incidence of hypertensive dis-
orders of pregnancy increased among individuals
in both rural and urban areas from 2007 to 2019
(Figure 1, Table S1). From 2007 to 2019, the inci-
dence increased from 48.6 (95% CI, 48.0-49.2) to
83.9 (95% CI, 83.1-84.7) in rural areas and from 37.0
(95% ClI, 36.8-37.2) to 77.2 (95% ClI, 76.8-77.6) in
urban areas. These increases represented an over-
all average annual percent change during the whole
study period of 6.5% per year (95% CI, 6.0-6.9) in
urban areas and 4.7% per year (95% Cl, 4.2-5.2) in
rural areas (Table 2). When evaluating average an-
nual percent change in the 2 time periods, increases
occurred in both rural and urban areas, with greater
average annual percent change in the 2014 to 2019
epoch, reaching as high as 7.7% per year (95% Cl,
6.7-8.8) in rural areas and 9.4% per year (95% Cl,
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Figure 1. Trendsinthe age-adjustedincidence of new-onset hypertensive disorders of pregnancy

per 1000 live births and average annual percent change in rural and urban areas in the United

States, 2007 to 2019.

The incidence of hypertensive disorders of pregnancy approximately doubled in both rural and urban
areas from 2007 to 2019 with accelerating rates since 2014. The rural-urban gap decreased over the
study period because of more rapid increases in the rates of hypertensive disorders of pregnancy among
individuals with live births in urban compared with rural areas.

8.5-10.3) in urban areas (Table 2). Similar patterns
of change were observed in each rural and urban
subgroup (Table 2, Table S1). Although both rural and
urban areas had increasing rates over time, rate ratios
comparing the incidence of hypertensive disorders of
pregnancy in rural and urban areas decreased from
1.31 (95% CI, 1.30-1.33) in 2007 to 1.09 (95% Cl,
1.08-1.10) in 2019 (Table 3) given the high rate of in-
crease in urban areas.

Our sensitivity analysis restricted to nulliparas re-
vealed similar trends in the incidence of hyperten-
sive disorders of pregnancy from 2016 to 2019 to
those seen among all live births in the main analysis
(Table S2). The average annual percent change for hy-
pertensive disorders of pregnancy among nulliparous
individuals was 7.3% per year (95% ClI, 5.9-8.7) in rural
areas and 8.6% per year (95% CI, 6.1-11.2) in urban
areas.

Table 2. Average Annual Percent Change (95% CI) in the Incidence of New-Onset Hypertensive Disorders of Pregnancy
Across Two Periods Based on Identified Inflection Points (2007-2014, 2014-2019) Stratified by Rural-Urban Status

Average Annual Percent Change (95% Cl)

Rural/Urban Category 2007-2019 2007-2014 2014-2019

Rural 4.7 (4.2-5.2) 2.6 (1.9-3.9) 7.7 (6.7-8.8)
Micropolitan 4.8(4.3-5.2) 2.6 (1.9-3.2) 7.9 (6.9-8.9)
Noncore 4.4 (3.9-5.0) 2.7 (2.0-3.4) 6.9 (6.0-7.7)

Urban 6.5 (6.0-6.9) 4.4 (3.8-5.0) 9.4 (8.5-10.9)
Large Central Metropolitan 7.0 (6.5-7.6) 5.1 (4.4-5.9) 9.8 (8.6-10.9)
Large Fringe/Suburban 6.2 (6.7-6.7) 4.0 (3.4-4.7) 9.4 (8.4-10.4)
Medium Metropolitan 6.0 (5.6-6.5) 4.2 (3.6-4.8) 8.7 (7.8-9.6)
Small Metropolitan 5.7 (56.1-6.3) 3.0(2.2-3.8) 9.6 (8.4-10.8)
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Table 3. Rate Ratios (95% CI) of New-Onset Hypertensive
Disorders of Pregnancy in Rural Compared With Urban
Areas in the United States Stratified by Age, Race,

Ethnicity, and Region in 2007, 2014, and 2019

Year
Demographic
Characteristics | 2007 2014 2019
Overall 1.31 (1.30-1.33) | 1.19 (1.17-1.20) 1.09 (1.08-1.10)
Age group, y
Age 15-19 1.23 (1.19-1.27) |1.14 (1.09-1.18) |0.99 (0.95-1.03)
Age 20-24 1.26 (1.23-1.29) |1.15(1.13-1.18) | 1.06 (1.04-1.08)
Age 25-29 1.29 (1.26-1.32) | 1.16 (1.14-1.19) |11 (1.08-1.12)
Age 30-34 1.39 (1.35-1.43) |1.25(1.22-1.28) |1.12(1.09-1.14)
Age 35-39 1.43 (1.37-1.49) |1.25(1.21-1.3) [1.15(1.12-1.19)
Age 40-44 1.26 (1.16-1.38) 1.17 (1.08-1.26) |1.08 (1.01-1.15)
Race or Ethnicity
American 1.21 (1.11-1.33)  |1.17 (1.08-1.13) |1.03 (0.96-1.11)
Indian/
Alaskan
Native
Asian 1.29 (1.11-1.50) 0.98 (0.84-1.14) |1.12 (0.99-1.26)
American/
Pacific
Islander
Hispanic/ 1.33 (1.27-1.40) |1.08 (1.04-1.13) |0.97 (0.93-1.00)
Latina
Non-Hispanic |1.14 (1.09-1.19) 1.09 (1.05-1.13) ]0.99 (0.95-1.02)
Black
Non-Hispanic |1.20 (1.18-1.21) 118 (1.11-1.15) 1.04 (1.03-1.05)
White
Region
Midwest 1.22 (1.20-1.25) |1.01 (0.99-1.03) |0.90 (0.88-0.92)
Northeast 116 (1.11-1.21)  |1.20 (1.14-1.26) |1.12 (1.08-1.16)
South 119 (1.17-1.21) 116 (114-1.18) 111 (1.10-1.13)
Midwest 1.67 (1.61-1.72) |1.28 (1.24-1.32) |1.16 (1.12-1.19)

Age-Specific Trends in Hypertensive
Disorders of Pregnancy

The incidence of hypertensive disorders of pregnancy
per 1000 live births approximately doubled in each age
group from 2007 to 2019 in both rural and urban areas
(Figure 2, Table S3). Within each age group, the average
annual percent change was higher in urban compared
with rural areas, and was greater in 2014 to 2019 ver-
sus 2007 to 2014 (Table S4). The highest incidence of
hypertensive disorders of pregnancy was in the older
age group (aged 40-44 years) in both rural and urban
areas, but the greatest increases over the study period
were observed among 20- to 24-year-old individuals in
urban areas from 2014 to 2019 at 10.5% per year (95%
Cl, 9.5-11.5). Point values for rate ratios comparing the
incidence of hypertensive disorders of pregnancy in
rural versus urban areas were greatest among individu-
als aged 30 to 34 and 35 to 39 years. As in the overall
population, urban-to-rural rate ratios decreased from
2007 to 2019 in all age groups (Table 3).
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Race- and Ethnicity-Specific Trends in
Hypertensive Disorders of Pregnancy

The incidence of hypertensive disorders of pregnancy
differed by racial and ethnic identity within both rural
and urban areas. The highest age-adjusted incidence
of hypertensive disorders of pregnancy was observed
among individuals who identify as American Indian/
Alaskan Native followed by those who identify as
non-Hispanic Black, non-Hispanic White, Hispanic/
Latina, and Asian American/Pacific Islander in both
rural and urban areas over the study period (Figure 3,
Table S5). In 2019, the incidence ranged from 45.7
(95% Cl, 44.3-47.1 ) per 1000 live births among Asian
American/Pacific Islander individuals in urban areas to
102.0 (95% Cl, 96.9-107.1) per 1000 live births among
American Indian/Alaskan Native individuals in rural
areas. In each racial and ethnic group, the average an-
nual percent change was higher in urban compared
with rural areas (Table S5). The greatest overall aver-
age annual percent change from 2007 to 2019 was
observed among Hispanic/Latina individuals (7.7% per
year [95% Cl, 7.0-8.4]) in urban areas (Table S6). Rate
ratios comparing the incidence of hypertensive disor-
ders of pregnancy in rural and urban areas declined
from 2007 to 2019 in all race and ethnicity groups
(Table 3).

Census Region-Specific Trends in
Hypertensive Disorders of Pregnancy

The incidence of hypertensive disorders of pregnancy
differed by US census region ranging from 67.7 (95%
Cl, 67.0-68.3) in the urban West to 93.4 (95% Cl, 92.6-
94.2) in the urban Midwest in 2019 (Table S7). Within
each region, incidence increased significantly over the
time period in both rural and urban areas (Figure 4).
Point values for average annual percent change were
higher in urban areas compared with rural areas, con-
tributing to decreasing rate ratios comparing the inci-
dence of hypertensive disorders of pregnancy in rural
versus urban areas from 2007 to 2019 in each US re-
gion (Table S8). Incidence of hypertensive disorders of
pregnancy in the urban Midwest surpassed rates in the
rural Midwest starting in 2016.

DISCUSSION

The age-standardized incidence of hypertensive dis-
orders of pregnancy (gestational hypertension and
preeclampsia/eclampsia) increased significantly during
the study period in both rural and urban areas in each
self-identified racial and ethnic group and US region.
Nevertheless, from 2007 to 2019, rural-urban differ-
ences persisted such that individuals with live births
in rural areas were 9% more likely to have hyperten-
sive disorders of pregnancy than those in urban areas
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Figure 2. Trends in the incidence of new-onset hypertensive disorders of pregnancy per 1000 live births in rural and urban

areas by age group in the United States, 2007 to 2019.

The incidence of hypertensive disorders of pregnancy increased from 2007 to 2019 in each age group.

in 2019. Although the rural-urban gap in hypertensive
disorders of pregnancy decreased over the study pe-
riod, this was attributable to more rapid increases in the
rates of hypertensive disorders of pregnancy among
individuals in urban compared with rural areas. Racial
and ethnic differences in the incidence of hypertensive
disorders of pregnancy were observed throughout the
study period as well.

Our work expands upon prior studies by describing
contemporary estimates and trends in the incidence of
hypertensive disorders of pregnancy in rural compared
with urban areas. We identified rural-urban differences
in hypertensive disorders of pregnancy, demonstrat-
ing that individuals in rural areas were between 9%
and 30% more likely to have hypertensive disorders
of pregnancy than those in urban areas. Our results
complement previous work demonstrating a higher
prevalence of chronic hypertension and severe ma-
ternal morbidity and mortality in rural compared with
urban areas.’®' Possible explanations for these rural-
urban gaps in maternal health include place-based dif-
ferences in obesity, physical activity, access to gyms
and recreational areas, dietary patterns, poverty, and

access to care.”®?' Between 2004 and 2014, ~9% of
rural counties in the United States lost access to hos-
pital obstetrics services with >50% lacking these ser-
vices in 2014.20 Given these gaps in rural healthcare,
the American Heart Association and the American
College of Obstetricians and Gynecologists issued
calls to action to eliminate health differences in rural
counties.'o" Strategies proposed by the Centers for
Medicare and Medicaid Services to improve maternal
health among rural individuals include expanding the
obstetrics workforce in rural areas, extending Medicaid
beyond the 60-day postpartum period, and partnering
with community services to coordinate medical, be-
havioral, and social support for pregnant individuals.??

Although the rural-urban gap in hypertensive disor-
ders of pregnancy declined from 2007 to 2019, rates
of hypertensive disorders of pregnancy increased in
both rural and urban areas. Therefore, the narrowing
gap does not represent improvements in rural mater-
nal health, but rather points to more rapid acceleration
of the incidence of hypertensive disorders of preg-
nancy in urban areas. This pattern is similar to trends
in the prevalence of chronic hypertension, which has

J Am Heart Assoc. 2022;11:e023791. DOI: 10.1161/JAHA.121.023791 6



Cameron et al

Rural-Urban Trends: Hypertension During Pregnancy

1
120

American Indian/Alaskan Native

100
100

80
80

60
60

40
40

20

Incidence per 1000 live births
20

o o

Asian American/Pacific Islander

:M

Urban
Rural

4q 9 0 XN 0 0 X b o A Q O q $ & O
O QA ak 0 0 N0 W0 N & O X
F&ES &8 O S & F P
Year
o . . .
Ry Hispanic/Latina &4

100
100

60 80
40 60 80

40

20
20

Incidence per 1000 live births

o oA

Non-Hispanic Black

¢
R
P

— 71T
> X o o 4 \J
P Qe K
PP PSP

Year

120

Non-Hispanic White

40 60 80 100

20

S R N R RO § & @ L
S N A D )

Year

,
7
R
P

> S o A J 9
S S SS S ®

Year

Figure 3. Trends in the incidence of new-onset hypertensive disorders of pregnancy per 1000 live births in rural and urban
areas by race and ethnicity in the United States, 2007 to 2019.

The incidence of hypertensive disorders of pregnancy increased from 2007 to 2019 in each racial and ethnic group. The incidence was
highest among individuals with live births who identified as American Indian/Alaskan Native or Non-Hispanic Black.

accelerated in recent years in both rural and urban
areas. Additionally, the prevalence of chronic hyperten-
sion'™ and hypertensive disorders of pregnancy have
increased among individuals in all age groups in both
rural and urban areas, suggesting that increases in the
incidence of hypertensive disorders of pregnancy are
not simply attributable to increases in maternal age.
Rather, unfavorable patterns in maternal risk factors
in both rural and urban areas such as obesity, phys-
ical activity, and diet are likely contributing to accel-
erating rates of hypertensive disorders of pregnancy
in recent years.?>> QObesity, physical activity, and
nutrition represent modifiable risk factors that can be
targeted to improve maternal health regardless of lo-
cation. Furthermore, given rapidly accelerating rates
of hypertensive disorders of pregnancy in urban areas
compared with rural areas, it is essential to identify
and target factors unique to individuals living in urban
areas that may influence rates of hypertensive disor-
ders of pregnancy such as air pollution, environmen-
tal noise, crowding, urban planning, and availability of
green spaces.?®28 Even within a single urban county,
there is significant heterogeneity at the neighborhood
level (ie, racial segregation, physical disorder) that
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are associated with hypertensive disorders of preg-
nancy.?>%% Further research is needed to understand
these neighborhood level factors within urban areas to
help develop targeted programs to slow the acceler-
ation of rates in hypertensive disorders of pregnancy.

Racial and ethnic differences in the incidence of hy-
pertensive disorders of pregnancy persisted over the
study period within both rural and urban areas. The inci-
dence was greatest among self-identified non-Hispanic
Black and American Indian/Alaskan Native individuals,
with up to 1 out of 10 individuals from these groups diag-
nosed with hypertensive disorders of pregnancy in 2019.
Our results support prior work demonstrating higher
rates of hypertensive disorders of pregnancy among
non-Hispanic Black and American Indian/Alaskan Native
individuals®"*? and a larger body of work reporting racial
and ethnic differences in maternal health.'®3334 Our re-
sults further highlight the complex interaction between
urbanization, structural racism, and other social determi-
nants of health such as poverty and education in shap-
ing cardiometabolic health.®53¢ Future work is needed to
investigate the specific risk factors at all ecologic levels,
including rurality, that contribute to hypertensive disor-
ders of pregnancy in racial and ethnic groups.
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Figure 4. Trends in the incidence of new-onset hypertensive disorders of pregnancy per 1000 live births in rural and urban

areas by geographic region in the United States, 2007 to 2019.

The incidence of hypertensive disorders of pregnancy increased from 2007 to 2019 in rural and urban areas in each United States

census region.

Strengths of this study include use of data from the
CDC WONDER and Natality Database, the largest re-
pository of data describing individuals with live births
in the United States. Given the large sample size, we
were able to describe age, race- and ethnicity-specific
trends in hypertensive disorders of pregnancy, in-
cluding among Asian American/Pacific Islander and
American Indian/Alaskan Native individuals, groups
that have been previously underrepresented in the
literature. We also uniquely identified inflection points
using Joinpoint software to precisely describe changes
in trends over time.

Limitations of the CDC WONDER and Natality
Database include the possibility of misclassification
bias. Although the sensitivity of hypertensive disorders
of pregnancy recorded on birth certificates ranges from
~30% to 60%, specificity is high (99%).%” Therefore, we
may have underestimated the incidence of hyperten-
sive disorders of pregnancy in rural and urban areas in
the United States. In addition, because this was a serial
cross-sectional analysis of individuals with live births,
our data included some individuals with >1 birth during
the study period and did not include individuals with

J Am Heart Assoc. 2022;11:e023791. DOI: 10.1161/JAHA.121.023791

pregnancy loss. However, in a sensitivity analysis that
analyzed only nulliparous individuals, the incidence of
hypertensive disorders of pregnancy was higher and
temporal trends were similar compared with all indi-
viduals in our primary analysis. This suggests that the
overall trends in our analysis are not attributable to in-
dividuals prone to hypertensive disorders of pregnancy
having >1 birth over time. The Natality Database also
does not include information on fetal deaths and only
includes individuals with live births. However since
perinatal mortality rates are ~0.6%, this should not
have significantly affected our results.®®

Finally, available data used the extant definitions of
hypertensive disorders of pregnancy at the time of birth,
and definitions have changed over time. In 2013, the
American College of Obstetricians and Gynecologists
Task Force changed the definition of preeclampsia to in-
clude hypertension during pregnancy in association with
organ dysfunction, even if proteinuria was not present.’
By changing diagnostic criteria and increasing aware-
ness of hypertensive disorders of pregnancy among
practitioners, the Task Force may have contributed to ac-
celerating rates of hypertensive disorders of pregnancy
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and the observed inflection point in 2014.3%4° However,
incidence of hypertensive disorders of pregnancy was in-
creasing before the Task Force recommendations, sug-
gesting that unfavorable patterns in other maternal risk
factors are also likely contributing to accelerating rates in
recent years. We were unable to quantify the contribution
of these maternal risk factors (ie, obesity, physical inac-
tivity, poor nutrition) to trends in hypertensive disorders of
pregnancy because data were not available in the Natality
Database. In addition, because our study included both
individuals with gestational hypertension and preeclamp-
sia, and did not distinguish between these 2 conditions,
the changing definition of preeclampsia should not have
affected our trends substantially.

CONCLUSIONS

We report a doubling in the incidence of new-onset
hypertensive disorders of pregnancy that arise during
pregnancy from 2007 to 2019 in both rural and urban
areas with accelerating rates since 2014. Although
the rural-urban gap decreased across the study pe-
riod, this reflected greater increases in rates of hyper-
tensive disorders of pregnancy among individuals in
urban areas, rather than improvements in rural out-
comes. Differences in the incidence and rural-urban
gap among racial and ethnic groups highlight the need
to identify and target the individual and environmen-
tal factors that uniquely shape maternal and neonatal
health in both rural and urban areas.
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Table S1. Age-standardized incidence of new-onset hypertensive disorders of pregnancy reported per 1,000 live births by rural-urban status in the

United States at identified infection points (2007, 2014, 2019)

Rural

Micropolitan

Non Core

Urban

Large Central Metropolitan
Large Fringe/Suburban
Medium Metropolitan

Small Metropolitan

Year

2007
48.6 (48.0, 49.2)
47.8 (47.0, 48.6)
50.3 (49.3, 51.3)
37.0(36.8, 37.2)
33.6(33.2, 34.0)
37.2(36.8, 37.6)
40.8 (40.4, 41.2)

42.0 (41.4, 42.6)

2014
58.7 (58.1, 59.3)
57.3 (56.5, 58.1)
61.0 (59.8, 62.2)
49.4 (49.2, 49.6)
46.3 (45.9, 46.7)
49.1 (48.7, 49.5)
54.1 (53.5, 54.7)

51.8 (51.0, 52.6)

2019
83.9 (83.1, 84.7)
82.7 (817, 83.7)
86.0 (84.6, 87.4)
77.2 (76.8, 77.6)
74.4(73.8, 75.0)
76.5 (75.9, 77.1)
81.0 (80.4, 81.6)

81.1(80.1, 82.1)



Table S2. Age-standardized and age-specific incidence of new-onset hypertensive disorders of pregnancy

reported per 1,000 live births in nulliparous women by rural-urban status in the United States, 2016-2019

Year

2016 2017 2018 2019
Overall, 15-44
Rural 96.7 (94.9, 98.5) 103.8 (102.0, 105.6) 112.4 (110.6, 114.2) 119.1 (117.1, 121.1)
Urban 77.0 (76.6, 77.4) 82.6 (82.0, 83.2) 91.8(91.2, 92.4) 98.0 (97.4, 98.6)
Age 15-19
Rural 75.6 78.0 85.8 89.3
Urban 68.8 75.8 82.9 88.5
Age 20-24
Rural 87.8 95.2 102.4 110.7
Urban 76.0 82.3 921 99.0
Age 25-29
Rural 98.2 104.3 116.5 123.6
Urban 75.3 81.4 90.9 98.8
Age 30-34
Rural 101.9 109.4 118.7 125.4
Urban 75.8 80.3 89.6 93.8
Age 35-39
Rural 115.3 125.2 127.6 133.8
Urban 87.0 91.1 99.9 105.2
Age 40-44
Rural 121.3 143.2 149.6 152.9

Urban 105.2 110.7 117.2 121.3




Table S3. Age-specific incidence of new-onset hypertensive disorders of pregnancy per 1,000 live births by

rural-urban status in the United States at identified infection points (2007, 2014, 2019)

Year

2007 2014 2019
Age 15-19
Rural 49.1 59.9 81.9
Urban 39.8 52.7 82.8
Age 20-24
Rural 46.1 54.8 82.9
Urban 36.6 47.6 78.0
Age 25-29
Rural 47.0 55.8 82.1
Urban 36.3 47.9 74.8
Age 30-34
Rural 48.8 59.6 82.2
Urban 35.2 47.7 73.7
Age 35-39
Rural 54.9 67.0 91.4
Urban 38.3 53.4 79.4
Age 40-44
Rural 59.2 77.8 100.0

Urban 46.9 66.5 92.7




Table S4. Average annual percent change (95% confidence interval) in the age-specific incidence new-onset

hypertensive disorders of pregnancy stratified by rural-urban status overall and across two periods based on

identified inflection points (2007-2014, 2014 — 2019)

Age 15-19
Rural
Urban
Age 20-24
Rural
Urban
Age 25-29
Rural
Urban
Age 30-34
Rural
Urban
Age 35-39
Rural
Urban
Age 40-44
Rural

Urban

Average Annual Percent Change (95% CI)

2007-2019

4.5 (4.1, 4.9)

6.5 (5.8, 7.3)

5.1 (4.4, 5.7)

6.7 (6.2, 7.1)

4.6 (4.0, 5.2)

6.2 (5.7, 6.7)

4.4 (3.6, 5.1)

6.4 (6.0, 6.9)

4.3(3.5,5.2)

6.3(5.9,6.7)

4.3 (3.55.1)

6.1(5.2,7.1)

2007-2014

3.0 (2.5, 3.4)

4.7 (3.9, 5.6)

2.3 (1.5, 3.2)

4.0 (3.4, 4.6)

2.2 (1.3, 3.0)

4.1 (3.4,4.8)

3.0 (1.9, 4.0)

4.6 (3.9,5.3)

3.1 (1.9, 4.3)

5.1 (4.5,5.7)

4.0 (2.9 5.1)

5.6 (4.2, 7.1)

2014-2019

6.7 (5.9, 7.4)

9.2 (7.9, 10.5)

9.0 (7.6, 10.4)

10.5 (9.5, 11.5)

8.2 (7.0, 9.5)

9.3 (8.2, 10.3)

6.3 (5.5, 7.2)

9.1 (8.1, 10.0)

6.0 (5.0, 7.0)

8.1(7.4,8.7)

4.8(3.9,5.7)

6.9 (6.0, 7.7)




Table S5. Age-standardized incidence (95% confidence interval) of new-onset hypertensive disorders of

pregnancy reported per 100 live births in the United States by race, ethnicity and urban-rural status at

identified inflection points (2007, 2014, 2019)

American Indian/Alaskan Native

Rural

Urban

Asian/Pacific Islander

Rural

Urban

Hispanic/Latina

Rural

Urban

Non-Hispanic Black

Rural

Urban

Non-Hispanic White

Rural

Urban

Year

2007

2014

2019

57.6 (53.9, 61.3)

47.5 (44.6, 50.4)

26.9 (23.0, 30.8)

20.8 (20.0, 21.6)

35.9 (34.3, 37.5)

27 .0(26.6, 27.4)

52.1 (49.9, 54.3)

45.7 (45.1, 46.3)

50.4 (49.6, 51.2)

42.1 (417, 42.5)

71.3 (67.0, 75.6)

60.9 (57.4, 64.4)

26.6 (22.9, 30.3)

27.1(26.1, 28.1)

43.6 (42.0, 45.2)

40.3 (39.9, 40.7)

67.3 (64.8, 69.8)

61.9 (61.3, 62.5)

60.6 (59.8, 61.4)

53.5 (53.1, 53.9)

102.0 (96.9, 107.1)

98.9 (94.2, 103.6)

51.0 (45.3, 56.7)

45.7 (44.3, 47.1)

61.9 (59.9, 63.9)

64.1 (63.5, 64.7)

91.9 (89.2, 94.6)

93.2 (92.4, 94.0)

86.9 (85.9, 87.9)

83.8 (83.2, 84.4)




Table S6. Average annual percent change (95% confidence interval) in the incidence of new-onset

hypertensive disorders of pregnancy in rural compared with urban areas stratified by race and ethnicity

overall and across two periods based on identified inflection points (2007-2014, 2014-2019)

American Indian/Alaskan Native
Rural

Urban

Asian/Pacific Islander
Rural

Urban
Hispanic/Latina

Rural

Urban

Non-Hispanic Black
Rural

Urban

Non-Hispanic White
Rural

Urban

Average Annual Percent Change (95% CI)

2007-2019

4.7 (3.7,5.7)

6.2 (5.0, 7.4)

5.2 (3.1,7.4)

7.0 (6.1,7.9)

4.7 (4.3,5.1)

7.7 (7.0, 8.4)

4.6 (3.9, 5.4)

6.1 (5.6, 6.7)

4.7 (4.2,5.3)

6.0 (5.6, 6.4)

2007-2014

2.8 (1.4, 4.2)

4.0 (2.4,5.7)

2.0 (-0.8, 5.0)

4.8 (3.7, 6.0)

3.2(2.6,3.7)

6.4 (5.5, 7.4)

3.2 (2.6, 3.9)

4.7 (3.9,5.4)

2.6 (1.8,3.3)

35(3.0,4.1)

2014-2019

7.4 (6.2, 8.6)

9.3 (7.9, 10.8)

9.9 (5.5, 14.5)

10.1 (8.2, 12.0)

6.9 (6.4, 7.4)

9.6 (8.5, 10.6)

6.6 (5.1, 8.2)

8.3(7.2,9.3)

7.8 (6.7, 9.0)

9.6 (8.7, 10.5)




Table S7. Age-standardized incidence (95% confidence interval) of new-onset hypertensive disorders of

pregnancy reported per 100 live births in the United States by region and urban-rural status at identified

inflection points (2007, 2014, 2019)

Midwest

Rural

Urban

Northeast

Rural

Urban

South

Rural

Urban

West

Rural

Urban

Year

2007

2014

2019

48.1 (47.1, 49.1)

39.3 (38.8, 39.8)

40.3 (38.6, 42.1)

34.8 (34.3, 35.3)

51.7 (50.8, 52.7)

43.5 (43.1, 43.8)

46.6 (45.1, 48.0)

27.9 (27.6, 28.3)

58.6 (57.4, 59.8)

58.0 (57.4, 58.6)

47.0 (44.9, 49.1)

39.2 (38.7, 39.8)

62.5 (61.4, 63.5)

53.9 (53.5, 54.3)

55.3 (53.7, 57.0)

43.3 (42.8, 43.7)

83.9 (82.4, 85.3)

93.4 (92.6, 94.2)

78.3 (75.4, 81.1)

70.0 (69.2, 70.8)

87.3 (86.0, 88.6)

78.4 (77.9, 78.9)

78.2 (76.2, 80.2)

67.7 (67.0, 68.3)




Table S8. Average annual percent change (95% confidence interval) in the incidence of new-onset

hypertensive disorders of pregnancy in rural compared with urban areas stratified by Unites States region

overall and across two periods based on identified inflection points (2007-2014, 2014-2019)

Midwest

Rural

Urban

Northeast

Rural

Urban

South

Rural

Urban

West

Rural

Urban

Average Annual Percent Change (95% CI)

2007-2019

4.7 (4.2,5.2)

7.3 (6.9, 7.8)

5.4 (4.3, 6.5)

6.3 (4.1, 8.5)

45 (4.1, 4.9)

5.2 (4.6, 5.7)

4.5 (3.8,5.2)

8.0 (7.1, 8.9)

2007-2014

2.8 (2.1, 3.5)

5.6 (4.9, 6.2)

2.3(0.8, 3.8)

3.2(0.3, 6.2)

3.0 (2.5, 3.4)

3.4 (2.8, 4.0)

2.8 (1.9, 3.7)

7.0 (6.2, 7.7)

2014-2019

7.4, 6.6, 8.3)

9.9 (8.9, 10.9)

9.9 (8.5, 11.3)

10.8 (8.0, 13.7)

6.8 (6.0, 7.6)

7.7 (6.6, 8.7)

7.0 (5.8, 8.1)

9.5 (7.7, 11.4)



