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BACKGROUND Rates of maternal mortality are increasing in the United States with significant rural-urban disparities.

Pre-pregnancy hypertension is a well-established risk factor for adverse maternal and offspring outcomes.

OBJECTIVES The purpose of this study was to describe trends in maternal pre-pregnancy hypertension among women in

rural and urban areas in 2007 to 2018 in order to inform community-engaged prevention and policy strategies.

METHODS We performed a nationwide, serial cross-sectional study using maternal data from all live births in women

age 15 to 44 years between 2007 and 2018 (CDC Natality Database). Rates of pre-pregnancy hypertension were

calculated per 1,000 live births overall and by urbanization status. Subgroup analysis in standard 5-year age

categories was performed. We quantified average annual percentage change using Joinpoint Regression and rate ratios

(95% confidence intervals [CIs]) to compare yearly rates between rural and urban areas.

RESULTS Among 47,949,381 live births to women between 2007 and 2018, rates of pre-pregnancy hypertension per

1,000 live births increased among both rural (13.7 to 23.7) and urban women (10.5 to 20.0). Two significant inflection

points were identified in 2010 and 2016, with highest annual percentage changes between 2016 and 2018 in rural and

urban areas. Although absolute rates were lower in younger compared with older women in both rural and urban areas,

all age groups experienced similar increases. The rate ratios of pre-pregnancy hypertension in rural compared with urban

women ranged from 1.18 (95% CI: 1.04 to 1.35) for ages 15 to 19 years to 1.51 (95% CI: 1.39 to 1.64) for ages 40 to 44

years in 2018.

CONCLUSIONS Maternal burden of pre-pregnancy hypertension has nearly doubled in the past decade and the rural-

urban gap has persisted. (J Am Coll Cardiol 2020;76:2611–9) © 2020 by the American College of Cardiology Foundation.
M aternal mortality in the United States has
more than doubled over the past 3 de-
cades, increasing from 7.2 to 17.3 deaths

per 100,000 live births in 1987 and 2013, respectively
(1). Although changes in the reporting of maternal
mortality on death certificates may have contributed,
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in part, to the increases observed over time (2), U.S.
maternal mortality rates are still among the highest
in the developed world (1). Cardiovascular disease
(CVD) is now the leading cause of pregnancy-related
deaths, and hypertension is a well-established risk
factor for these potentially preventable deaths (1).
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ABBR EV I A T I ON S

AND ACRONYMS

AHA = American Heart

Association

APC = average annual

percentage change

CDC = Centers for Disease

Control

CVD = cardiovascular disease

NHB = non-Hispanic Black

NHW = non-Hispanic White

RR = rate ratio
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Hypertension in women prior to pregnancy
is associated with increased risks of
pre-eclampsia/eclampsia, renal failure, and
CVD postpartum, as well as offspring compli-
cations in the perinatal period and across the
life course (3–8). Rates of hypertension
among pregnant women in the United States
increased by 13-fold between 1970 and 2010,
which has been attributed, in part, to an
increasing number of women entering preg-
nancy at an older age (9).

Both the American Heart Association
(AHA) and American College of Obstetricians
and Gynecologists emphasize the importance of
recognizing and reducing risk of CVD in reproductive-
age and pregnant women (10,11). However, there are
unique challenges faced by women in rural commu-
nities in achieving these goals. Place-based health
disadvantages related to urbanization have emerged
as a major public health problem in the general U.S.
population over the past century, with more than a 3-
year life expectancy gap and 27% to 40% higher rates
of cardiovascular disease and hypertension in rural
compared with urban areas (12,13). Similarly, women
in rural areas die at a higher rate from pregnancy-
related complications compared with women in ur-
ban areas, and the rural-urban gap in severe maternal
morbidity and mortality is projected to continue to
grow (14,15). Limited access to health care prior to
and during pregnancy, childbirth, and postpartum
may render rural women particularly vulnerable to
experience adverse maternal outcomes, and the
rural-urban gap may be more pronounced among
certain racial and ethnic groups, further amplifying
known disparities by race/ethnicity in maternal hy-
pertension (16,17).

Therefore, we aimed to describe trends in rates of
pre-pregnancy hypertension in rural and urban areas
in the United States between 2007 and 2018, overall
and stratified by age and race/ethnicity.
SEE PAGE 2620
METHODS

We performed a nationwide ecological study using
maternal data from all live births in the United States
from 2007 to 2018 in the Centers for Disease Control
and Prevention (CDC) WONDER (Wide-ranging Online
Data for Epidemiologic Research) and Natality Data-
base (18). This study was exempt from review by the
Institutional Review Board due to the deidentified
nature of the dataset. We included maternal data
from all live births to mothers age 15 to 44 years
(N ¼ 47,949,381). Registration of live births, including
data on maternal health, is completed by the profes-
sional attendant at birth (e.g., physician or midwife)
who integrates data from a variety of sources
including the individual and their health records
based on guidance from the National Vital Statistics
System and CDC. Specifically, pre-existing hyperten-
sion defined as a diagnosis prior to the onset of this
pregnancy is documented under “risk factors in this
pregnancy” and does not include new-onset hyper-
tension in pregnancy (such as gestational hyperten-
sion or preeclampsia).

Rates of pre-pregnancy hypertension per 1,000 live
births were calculated overall and by urbanization
status using the 2013 National Center for Health Sta-
tistics urban-rural classification scheme for counties,
based on mother’s legal residence at time of birth.
Rural areas were designated as counties in metropol-
itan statistical areas with populations <50,000 (19).
Subgroup analysis in 5-year standardized age cate-
gories (15 to 19, 20 to 24, 25 to 29, 30 to 34, 35 to 39, and
40 to 44 years) and by race/ethnicity (non-Hispanic
White [NHW], non-Hispanic Black [NHB], and His-
panic/Latina) was performed. As this was a serial cross-
sectional study, multiple pregnancies resulting in live
births to the same individual were included. There-
fore, we also performed a secondary analysis using
data only available between 2016 and 2018 to restrict
the analysis to nulliparous women only.

We used Joinpoint (National Cancer Institute,
Rockville, Maryland) statistical software to analyze
trends in the prevalence of pre-pregnancy hyperten-
sion from 2007 to 2018. The Joinpoint analysis models
consecutive linear segments on a log scale to define
points in time (joinpoints) in which there are statis-
tically significant changes in trends (20,21). Once
joinpoints (i.e., statistically significant inflection
points) were identified in the overall rates, we
calculated the slopes (average annual percent change
[APC]) of the segments connecting the joinpoints
overall and by rural-urban maternal status. Subgroup
analyses were performed, and APC was calculated for
each age and race/ethnicity subgroup applying the
inflection points identified in the overall rates
between 2007 and 2018 to allow standardized com-
parisons. To examine the potential impact on pre-
pregnancy hypertension trends of the 2017 updates
to the American College of Cardiology/AHA hyper-
tension guideline, which recommended using a lower
systolic and diastolic blood pressure threshold to
define hypertension (22), we also separately calcu-
lated the percent change in the prevalence of pre-
pregnancy hypertension for each year (2016 to 2017,
2017 to 2018) spanning before and after the release of
the updated guidelines.



TABLE 1 Descriptive Statistics for All Women in the United States Age 15 to 44 Years

With Live Births Between 2007 and 2018, Overall and Stratified by Rural or Urban Status

Total
(N ¼ 47,949,381)

Rural
(n ¼ 6,563,968)

Urban
(n ¼ 41,385,413)

Age, yrs

15–19 7.57 10.38 7.12

20–24 22.65 30.12 21.46

25–29 28.67 30.47 28.38

30–34 25.74 19.51 26.73

35–39 12.63 7.91 13.37

40–44 2.75 1.62 2.93

Race/ethnicity

Non-Hispanic White 53.60 73.34 50.46

Non-Hispanic Black 14.81 9.34 15.67

Hispanic/Latina 23.53 12.08 25.35

Asian/Pacific Islander 6.34 1.38 7.13

Education

Less than high school 13.79 14.89 13.62

High school/GED 21.18 25.39 20.51

Some college 17.12 18.50 16.90

Bachelor’s/associate’s degree 21.87 18.48 22.40

Master’s or doctorate degree 8.63 4.26 9.32

Initiation of prenatal care

Never 1.32 1.08 1.36

During months 1–5 73.00 72.13 73.14

Values are %.

J A C C V O L . 7 6 , N O . 2 2 , 2 0 2 0 Cameron et al.
D E C E M B E R 1 , 2 0 2 0 : 2 6 1 1 – 9 Rural Disparities in Pre-Pregnancy Hypertension

2613
To compare yearly rates of pre-pregnancy hyper-
tension between rural and urban areas, we calculated
annual rate ratios (RRs) overall and for each age and
race/ethnicity subgroup. RRs were calculated by
dividing the rate of live births to mothers with pre-
pregnancy hypertension (per 1,000 live births in the
same year) in rural areas by that in urban areas. Cor-
responding 95% confidence intervals (CIs) were
calculated using established methods (23,24).

A p value <0.05 was considered statistically sig-
nificant, and analyses were performed using Stata
version 14.2 (College Station, Texas) (25).

RESULTS

STUDY POPULATION DEMOGRAPHICS. Of the
47,949,381 births to women age 15 to 44 years with
live births between 2007 and 2018 in the United
States, 54% were NHW, 15% NHB, and 24% Hispanic/
Latina (Table 1). Most had completed a high school
education or greater (69%) and initiated prenatal care
within the first 5 months of pregnancy (73%). The
proportion of women with live births who were
younger than 25 years was higher in rural compared
with urban areas (40% vs. 29%). Fewer women
residing in rural areas had completed greater than a
high school education compared with urban areas
(41% vs. 49%). A similar percentage of women in both
rural and urban areas received any prenatal care
within the first trimester.

OVERALL TRENDS IN PRE-PREGNANCY HYPERTENSION.

The overall prevalence of pre-pregnancy maternal
hypertension increased from 10.9 to 20.5 per 1,000
live births between 2007 and 2018, representing
77,652 births in 2018 (Figure 1, Central Illustration).
Women in rural areas had a higher prevalence of pre-
pregnancy hypertension compared with urban
women who gave birth each year, and the prevalence
of pre-pregnancy hypertension increased among both
rural (13.7 to 23.7) and urban residents (10.5 to 20.0)
over the entire study period (Supplemental Table 1).
The overall APC in the prevalence of maternal pre-
pregnancy hypertension from 2007 to 2018 was 5.3%
per year (95% CI: 4.8% to 5.8% per year) in both rural
and urban areas (Table 2). Joinpoint analysis revealed
2 significant inflection points (2010 and 2016) in the
overall trends; APCs were 7.2% per year (95% CI: 6.6%
to 7.8% per year) in 2007 to 2010, decreased to 4.0%
per year (95% CI: 3.5% to 4.4% per year) in 2010 to
2016, and then increased to the highest level of 9.1%
per year (95% CI: 8.0% to 10.3% per year) in the most
recent period, 2016 to 2018. From 2007 to 2010, the
APC was significantly higher among women in urban
areas (7.9% per year [95% CI: 7.4% to 8.4% per year])
compared with women in rural areas (3.7% per year
[95% CI: 2.0% to 5.6% per year]). From 2010 to 2016
and 2016 to 2018, rates of pre-pregnancy hyperten-
sion significantly increased, and APCs were
similar among women residing in rural and urban
areas. Rural-urban differences in the rates of pre-
pregnancy hypertension persisted over time, with
RRs significantly >1 in each year (Central
Illustration, Table 3).

In our secondary analyses, similar rates and in-
creases in pre-pregnancy hypertension were observed
among nulliparous women in urban (15.1 to 18.0) and
rural (18.6 to 22.5) areas between 2016 to 2018
compared with all women described in the primary
analysis. In addition, the annual percent change in
pre-pregnancy hypertension was similar between the
years 2016 to 2017 and 2017 to 2018 (Supplemental
Table 2).

AGE-SPECIFIC TRENDS IN PRE-PREGNANCY HYPERTENSION.

Age-specific prevalence of pre-pregnancy hyperten-
sion was higher in each 5-year older age subgroup in
both rural and urban areas, with higher rates among
rural compared with urban women (Supplemental
Table 1). Similar patterns of change across time were
observed within each age group. The greatest annual

https://doi.org/10.1016/j.jacc.2020.09.601
https://doi.org/10.1016/j.jacc.2020.09.601
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FIGURE 1 Prevalence of Maternal Pre-Pregnancy Hypertension per 1,000 Live Births and Average Annual Percentage Change in

Rural and Urban United States, 2007 to 2018
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Rates of pre-pregnancy hypertension per 1,000 live births nearly doubled from 2007 to 2018 among both rural (13.7 to 23.7) and urban

women (10.5 to 20.0). Two significant inflection points were identified in 2010 and 2016, with the greatest APCs noted between 2016 and

2018 in rural and urban areas.
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increases were observed among 20- to 24-year-old
women in both rural and urban areas from 2016 to
2018 with APCs of 14.9% per year (95% CI: 12.7% to
17.1% per year) and 12.5% per year (95% CI: 9.1% to
15.9% per year) for rural and urban areas, respectively
(Table 4). Rural-urban differences in the age-specific
prevalence of pre-pregnancy hypertension persisted
over time and were generally greater in older women.
For example, the 2018 RRs ranged from 1.18 (95% CI:
1.04 to 1.35) for 15- to 19-year-old women to 1.51
(95% CI: 1.39 to 1.64) for 40- to 44-year-old
women (Table 3).

RACE/ETHNICITY-SPECIFIC TRENDS IN PRE-PREGNANCY

HYPERTENSION. Subgroup analysis among racial/
ethnic subgroups (NHW ¼ 25,698,651; NHB ¼ 7,098,
978; and Hispanic/Latina ¼ 11,283,157) revealed dif-
ferences in the prevalence, rural-urban disparities,
and trends in maternal pre-pregnancy hypertension
(Supplemental Tables 3 to 5, Supplemental
Figure 1). Rates of pre-pregnancy hypertension
per 1,000 live births in both rural and urban women
increased from 21.3 to 40.1 for NHBs, from 11.1 to
19.3 for NHWs, and from 5.4 to 13.4 for Hispanic/
Latina from 2007 to 2018 (Supplemental Table 3).
Pre-pregnancy hypertension rates were higher in
rural compared with urban areas for NHB and NHW
women, but were similar for Hispanic/Latina
women (Supplemental Table 3). The greatest annual
increase was observed among Hispanic/Latina urban
women between 2016 and 2018 (APC 10.8% [95% CI:
10.0% to 11.5%]) (Supplemental Table 4). Age-
specific prevalence of pre-pregnancy hypertension
increases over time within each race/ethnicity and
age subgroup (Supplemental Figure 1). The RRs for
pre-pregnancy hypertension in rural versus urban
areas were consistently highest for NHB women in
each age group and year, reaching as high as 1.92
(95% CI: 1.61 to 2.29) for 40- to 44-year-old NHB
women in 2018 (Supplemental Table 5).

DISCUSSION

We found that the maternal burden of pre-pregnancy
hypertension in both rural and urban areas has nearly
doubled over the past decade from 2007 to 2018 and
complicated nearly 80,000 pregnancies in 2018.

https://doi.org/10.1016/j.jacc.2020.09.601
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CENTRAL ILLUSTRATION Trends in Prevalence and Rate Ratios of Maternal Pre-Pregnancy Hypertension per
1,000 Live Births for Rural Compared With Urban United States, 2007 to 2018

Cameron, N.A. et al. J Am Coll Cardiol. 2020;76(22):2611–9.

The maternal burden of pre-pregnancy hypertension has nearly doubled in the past decade and significant rural-urban disparities persist. CI ¼ confidence interval.
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Increases in rates of hypertension prior to entering
pregnancy in women have accelerated in recent years
(2016 to 2018), with estimated annual relative in-
crease as high as 15% on average per year in 20- to
24-year-old women in rural areas. Although the
overall rural-urban gap has slightly narrowed, sig-
nificant disparities persist across the reproductive life
course, with an approximately relatively 20% higher



TABLE 3 Rate Ratios
Compared With Urban

2016, and 2018

Overall 1.32

Age 15–19 yrs 1.29

Age 20–24 yrs 1.38

Age 25–29 yrs 1.53

Age 30–34 yrs 1.61

Age 35–39 yrs 1.64

Age 40–44 yrs 1.58

CI ¼ confidence interval.

TABLE 2 Average Annual Percent Change (95% CI) in the Prevalence of Maternal

Pre-Pregnancy Hypertension Overall and Across 3 Periods Based on Identified Inflection

Points (2007 to 2010, 2010 to 2016, 2016 to 2018) Stratified by Rural-Urban Status

Average Annual Percent Change (95% CI)

2007–2018 2007–2010 2010–2016 2016–2018

Overall 5.3 (4.8–5.8)* 7.2 (6.6–7.8)* 4.0 (3.5–4.4)* 9.1 (8.0–10.3)*

Rural 4.7 (4.2–5.1)* 3.7 (2.0–5.6)* 4.1 (3.3–5.0)* 9.6 (5.7–13.5)*

Urban 5.4 (4.8–6.0)* 7.9 (7.4–8.4)* 4.0 (3.5–4.4)* 9.0 (7.0–11.2)*

*Indicates that the average annual percent change is significantly different from zero at the alpha ¼ 0.05 level.

CI ¼ confidence interval.
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pre-pregnancy hypertension rate among women
residing in rural compared with urban areas with
similar patterns across all age and race/ethnicity
subgroups.

Our results confirm and extend prior reports of
increasing rates of hypertension among reproductive-
aged and pregnant women over the past several de-
cades (9,16,17,26). We found ongoing annual percent
increases in pre-pregnancy hypertension that were
similar to historical trends between 1970 to 2010
(þ6.0% per year) from the National Hospital
Discharge Survey (9). Importantly, the reported
prevalence may underestimate the total burden of
pre-pregnancy hypertension, as data from the Na-
tional Health and Nutrition Examination Survey
identified that nearly 20% of nonpregnant women
age 20 to 44 years with hypertension, defined
by objective measurement of systolic blood
pressure $140 mm Hg or diastolic blood
pressure $90 mm Hg, were unaware of their hyper-
tension status (17). Further, these estimates do not
include women with fetal deaths, an event that is
known to be associated with pre-pregnancy hyper-
tension (27). Nevertheless, this study population of
women with known pre-pregnancy hypertension
represents a group for which actionable steps can be
(95% CI) of Maternal Pre-Pregnancy Hypertension in Rural
Areas in the United States Stratified by Age in 2007, 2010,

Year

2007 2010 2016 2018

(1.29–1.35) 1.16 (1.14–1.19) 1.17 (1.14–1.19) 1.18 (1.16–1.20)

(1.15–1.44) 1.02 (0.90–1.15) 1.19 (1.05–1.35) 1.18 (1.04–1.35)

(1.31–1.46) 1.17 (1.10–1.24) 1.11 (1.05–1.18) 1.16 (1.11–1.22)

(1.46–1.60) 1.31 (1.25–1.37) 1.29 (1.24–1.34) 1.23 (1.18–1.27)

(1.54–1.69) 1.43 (1.37–1.50) 1.49 (1.43–1.54) 1.47 (1.42–1.52)

(1.55–1.73) 1.59 (1.51–1.68) 1.46 (1.39–1.53) 1.49 (1.43–1.56)

(1.43–1.75) 1.42 (1.28–1.57) 1.37 (1.25–1.50) 1.51 (1.39–1.64)
taken to optimize management of blood pressure pre-
pregnancy, during, and after pregnancy and thereby
decrease risks of hypertension-related complications
during pregnancy and postpartum (4).

Our analysis further expanded upon previous
studies by examining inflection points in trends over
time. We found an acceleration in pre-pregnancy
hypertension from 2016 to 2018 in all age groups,
particularly among young women (20 to 24 years of
age), in both rural and urban communities. These
results indicate that advanced maternal age does not
fully explain the rise in pre-pregnancy hypertension
rates. Significant increases in the prevalence of
obesity, a major risk factor for hypertension (28), may
be a more likely culprit. National estimates report
that the frequency of a normal body mass index pre-
pregnancy was as low as 45.0% in 2015 among
women with live births (29). Other measures of car-
diovascular health that may contribute to increasing
rates of pre-pregnancy hypertension include poor
maternal diet quality and higher rates of sedentary
behavior (30). In fact, between 1999 and 2012, fewer
than 10% of pregnant women in the United States met
criteria for optimal metrics of cardiovascular health
(AHA’s Life Simple 7), which incorporates health be-
haviors and risk factors (30).

We also newly describe disparities in rates of pre-
pregnancy hypertension by urbanization status,
with women in rural communities having a 20% to
60% higher rate of pre-pregnancy hypertension than
their age-matched urban counterparts. When race/
ethnicity was also considered, NHB women in rural
areas were 2 and 3 times more likely to have pre-
pregnancy hypertension than NHBs and NHW
women in urban areas, respectively, which points to
root causes of Black-White disparities such as struc-
tural and systemic racism as a key contributor. Our
findings in pregnant women are consistent with pre-
vious studies in the general adult population
describing worse blood pressure control and meta-
bolic health in rural compared with urban commu-
nities (12,31,32), as well as higher prevalence of
hypertension among NHBs compared with NHWs
(16,17). Multiple factors may contribute to the rural-
urban gap in pre-pregnancy hypertension, including
differences in risk factor levels (obesity and tobacco
use) as well as upstream social determinants of health
(e.g., poverty rates, access to care, education and
health literacy, food insecurity) (12,13,31,32). In
particular, adverse maternal outcomes among women
with pre-pregnancy hypertension in rural commu-
nities may be further amplified by significant declines
observed in access to obstetric services in recent
years, with 45% of rural counties lacking obstetrics



TABLE 4 Average Annual Percent Change (95% CI) in the Age-Specific Prevalence of

Maternal Pre-Pregnancy Hypertension Stratified by Rural-Urban Status Overall and Across

3 Periods Based on Identified Inflection Points (2007–2010, 2010–2016, 2016–2018)

Average Annual Percent Change (95% CI)

2007–2018 2007–2010 2010–2016 2016–2018

Age 15–19 yrs

Rural 5.2 (3.6 to 6.8)* 0.2 (�11.2 to 13.2) 6.9 (3.3 to 10.6)* 7.8 (�17.0 to 40.1)

Urban 5.6 (4.8 to 6.4)* 7.6 (�3.0 to 19.3) 4.2 (3.7 to 4.7)* 8.0 (�31.0 to 69.3)

Age 20–24 yrs

Rural 4.3 (3.3 to 5.3)* 3.9 (�0.8 to 8.8) 3.0 (1.4 to 4.6)* 14.9 (12.7 to 17.1)*

Urban 5.6 (4.7 to 6.5)* 8.9 (4.6 to 13.5)* 3.8 (3.0 to 4.6)* 12.5 (9.1 to 15.9)*

Age 25–29 yrs

Rural 3.0 (2.4 to 3.5)* 2.0 (�1.2 to 5.4) 2.3 (1.5 to 3.2)* 7.6 (6.9 to 8.3)*

Urban 4.5 (3.7 to 5.3)* 7.6 (6.6 to 8.6)* 2.6 (1.9 to 3.3)* 10.3 (4.9 to 15.9)*

Age 30–34 yrs

Rural 3.3 (2.9 to 3.8)* 3.0 (�3.6 to 10.0) 3.1 (1.8 to 4.4)* 6.4 (�5.0 to 19.2)

Urban 4.0 (3.4 to 4.6)* 6.8 (5.7 to 8.0)* 2.5 (2.0 to 3.1)* 7.1 (3.2 to 11.1)*

Age 35–39 yrs

Rural 3.4 (2.8 to 4.0)* 5.5 (3.0 to 8.1)* 2.1 (1.1 to 3.1)* 7.4 (�9.6 to 27.6)

Urban 4.2 (3.6 to 4.7)* 6.5 (4.1 to 8.9)* 2.9 (2.2 to 3.7)* 6.1 (6.0 to 6.1)*

Age 40–44 yrs

Rural 3.2 (2.1 to 4.3)* 1.6 (�3.0 to 6.4) 2.6 (�0.7 to 6.0) 9.5 (�26.0 to 62.2)

Urban 3.9 (3.4 to 4.3)* 6.0 (1.9 to 10.2)* 3.0 (2.3 to 3.7)* 4.5 (�18.0 to 33.2)

*The average annual percent change is significantly different from zero at the alpha ¼ 0.05 level

CI ¼ confidence interval.
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units (33). NHB women in the aforementioned study
were the most likely to lack access to obstetric ser-
vices, which may partially explain the large rural-
urban disparities in pre-pregnancy cardiometabolic
health noted in our study.

Rural-urban disparities in health have led both the
AHA and the American College of Obstetricians and
Gynecologists to publish statements targeting health
improvements in rural communities (13,34). These
groups advocate for collaborating with rural health
agencies to identify barriers to care, increasing the
number of rural physicians, expanding telehealth,
and widening insurance coverage. Interventions
based on these recommendations that target pre-
pregnancy hypertension are necessary to improve
maternal and offspring health and reduce mortality
given growing numbers of women entering preg-
nancy with suboptimal cardiovascular health, even
at young ages (<24 years). The Centers for Medicare
and Medicaid Services brief on “Improving Access to
Maternal Health Care in Rural Communities” em-
phasizes the importance of national, state, and
community-based strategies to improve access to
maternal health care and optimize pre-pregnancy
health (35). One example is the Improving Access
to Maternity Care Act, which will send obstetricians
and gynecologists to areas in the United States with
the greatest needs. Additional strategies include
extending Medicaid coverage beyond the post-
partum period, utilizing telehealth to provide care to
rural communities, and implementing rural training
programs for physicians. Lessons learned from
global interventional trials suggest that multilevel
approaches are likely needed to make meaningful
impacts on maternal health. In the CLIP (Community
Level Intervention for Pre-Eclampsia) trial in
India, neither maternal nor newborn morbidity
and mortality were reduced despite the introduction
of health care workers to communities in need
(36). The authors hypothesized that reform at
the health care facility level was also required to
impact maternal and newborn health. In addition
to systems-level reform, increased provider
awareness and screening for elevated blood pres-
sure, especially in young women prior to conception,
could prevent the development of hypertension-
related complications during pregnancy and post-
partum. Furthermore, with recognition and aware-
ness of elevated blood pressures before or during
pregnancy, providers can initiate appropriate inter-
vention with low-dose aspirin therapy when indi-
cated, which has well-established benefits for
pregnancy and fetal outcomes in women with hy-
pertension (37).
STUDY STRENGTHS AND LIMITATIONS. Strengths of
this study include the use of data from the National
Center for Health Statistics CDC WONDER Natality
online tool, which is the largest source of high-quality
vital statistics data, recording all live births in the
United States to U.S. residents. The large sample size
encompassing over a decade allowed for age-, place-,
and race/ethnicity-specific estimates. Use of Joinpoint
analysis also allowed us to precisely quantify annual
changes and recognize inflection points in pre-
pregnancy hypertension over time in each subgroup.

Limitations associated with use of the publicly
available Natality Database based on birth certificate
registration include the potential for miscoding or lack
of awareness of pre-pregnancy diagnosis of hyper-
tension. However, registration of births and associated
maternal health data are completed by the profes-
sional birth attendant (e.g., physician or midwife) us-
ing all available data sources. Furthermore, because
this was a serial cross-sectional study, repeat preg-
nancies resulting in live births to the same woman
were included in estimating annual rates. However,
our secondary analysis using available data from
nulliparous women from 2016 to 2018 revealed similar
prevalences and trends in pre-pregnancy hyperten-
sion over time compared with the primary results from
all live births to women included in our study. This
suggests that the temporal increases in pre-pregnancy
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hypertension observed among women in the main
analysis were unlikely due to repeat measures from
the same person. Another limitation is that we were
unable to include meaningful analyses of some races/
ethnicity subgroups (e.g., Asian/Pacific Islanders) due
to small sample sizes. Nevertheless, we were able to
analyze rural and urban disparities in pre-pregnancy
hypertension among the 3 most prevalent racial/
ethnic groups within the United States. In addition,
lack of data on physical activity, diet, cholesterol, pre-
pregnancy body mass index, pre-pregnancy diabetes,
and history of autoimmune disease across the full
study period should be noted as these factors could
potentially be associated with changing trends in pre-
pregnancy hypertension. Althoughwewere not able to
adjust for the contribution of prior preeclampsia to the
subsequent development of pre-pregnancy hyperten-
sion in the primary analysis, our sensitivity analysis in
nulliparous women between 2016 and 2018 suggests
similar trends in pre-pregnancy hypertension. Despite
these limitations, the CDC WONDER Natality database
is unique in its ability to provide data on national
trends on key maternal risk factors, such as pre-
pregnancy hypertension.

It is also possible that changes to the American
College of Cardiology/AHA hypertension guidelines
recommending use of a lower systolic and diastolic
blood pressure threshold for the diagnosis of hyper-
tension in 2017 (22) may have affected our trends
analysis. However, our sensitivity analysis examining
annual percentage change between 2016 to 2017 and
2017 to 2018 demonstrated similar findings. There-
fore, it is unlikely that the updated guidelines
significantly affected the patterns observed in pre-
pregnancy hypertension among rural and urban
women in this analysis.

Given these concerning trends in pre-pregnancy
hypertension, future work is needed to quantify
temporal changes in related maternal cardiovascular
risk factors including obesity, diabetes, and dyslipi-
demia, and examine associations with trends in pre-
pregnancy hypertension. Additional research is also
necessary to translate the impact of changes in pre-
pregnancy hypertension on maternal and fetal
morbidity and mortality. Finally, it is important to
quantify maternal cardiovascular health disparities
among women from other racial/ethnic backgrounds
such as disaggregated Asian subgroups.
CONCLUSIONS

The maternal burden of pre-pregnancy hypertension
has nearly doubled in the past decade, and significant
rural-urban disparities persist and amplify pervasive
Black-White disparities. These data highlight the
importance of strengthening individual and
community-level prevention strategies and systems
of care focused on pre-conception screening and
management to improve maternal and offspring car-
diovascular health and outcomes.
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