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Abstract

Background: The U.S. pregnancy-related mortality ratio has not improved over the past decade 

and includes striking disparities by race and ethnicity and by state. Understanding differences in 

pregnancy-related mortality across and within urban and rural areas can guide the development of 

interventions for preventing future pregnancy-related deaths.

Objective: We sought to compare pregnancy-related mortality across and within urban and rural 

counties by race and ethnicity and age.

Study Design: We conducted a descriptive analysis of 3747 pregnancy-related deaths during 

2011–2016 (the most recent available data) with available zone improvement plan code or county 

data in the Pregnancy Mortality Surveillance System, among Hispanic and non-Hispanic White, 

Black, American Indian or Alaska Native, and Asian or Pacific Islander women aged 15 to 

44 years. We aggregated data by US county and grouped counties per the National Center for 

Health Statistics Urban-Rural Classification Scheme for Counties. We used R statistical software, 

epitools, to calculate the pregnancy-related mortality ratio (number of pregnancy-related deaths 

per 100,000 live births) for each urban-rural grouping, obtain 95% confidence intervals, and 

perform exact tests of ratio comparisons using the Poisson distribution.

Results: Of the total 3747 pregnancy-related deaths analyzed, 52% occurred in large metro 

counties, and 7% occurred in noncore (rural) counties. Large metro counties had the lowest 

pregnancy-related mortality ratio (14.8; 95% confidence interval, 14.2–15.5) whereas noncore 

counties had the highest (24.1; 95% confidence interval, 21.4–27.1), including race and ethnicity 
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and age groups. Pregnancy-related mortality ratio age disparities increased with rurality. Women 

aged 25 to 34 years and aged 35 to 44 years living in noncore counties had pregnancy-related 

mortality ratios 1.5 and 3 times higher, respectively, than women of the same age groups in large 

metro counties. Within each urban-rural category, pregnancy-related mortality ratios were higher 

among non-Hispanic Black women than non-Hispanic White women. Non-Hispanic American 

Indian or Alaska Native pregnancy-related mortality ratios in small metro, micropolitan, and 

noncore counties were 2 to 3 times that of non-Hispanic White women in the same areas.

Conclusion: Although more than half of pregnancy-related deaths occurred in large metro 

counties, the pregnancy-related mortality ratio rose with increasing rurality. Disparities existed in 

urban-rural categories, including by age group and race and ethnicity. Geographic location is an 

important context for initiatives to prevent future deaths and eliminate disparities. Further research 

is needed to better understand reasons for the observed urban-rural differences and to guide a 

multifactorial response to reduce pregnancy-related deaths.
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Introduction

Pregnancy-related complications claim the lives of approximately 700 women annually in 

the United States; approximately two-thirds of these deaths are preventable.1,2 Over the 

past decade, the pregnancy-related mortality ratio (PRMR, the number of pregnancy-related 

deaths per 100,000 live births) has not improved.3 There are well-documented disparities 

in pregnancy-related deaths: non-Hispanic Black women and American Indian or Alaska 

Native women have a PRMR 2 to 3 times higher than non-Hispanic White women, and the 

PRMR varies among states, from fewer than 10 to more than 30 deaths per 100,000 births.4,5

Rural areas of the United States have unique health challenges. All-cause mortality in rural 

areas was 18.9% higher than that of urban areas in 2016.6 As measured by the hospital 

discharge data from deliveries, the likelihood of severe maternal morbidity and mortality in 

similar groups is 9% higher in rural areas than that of urban areas.7 Access to hospital-based 

and community-based obstetrical care in rural areas declined during 1995–2015, which may 

have affected pregnancy outcomes.8,9,10

There are large racial and ethnic variations in population distributions in urban and rural 

areas. Non-Hispanic White individuals make up most rural (79%) and suburban (68%) 

populations. The proportion of the population who are non-Hispanic Black is twice as large 

in urban counties (17%) than that of rural counties (8%).11 The proportion of the population 

who are Hispanic in urban counties (27%) is twice as large as that of suburban counties 

(14%) and 3 times as large as that of rural counties (8%).11 Nearly half of the American 

Indian or Alaska Native population lives in rural counties.12

Despite racial and ethnic disparities in the PRMR, geographic differences in population 

distributions, and documented health challenges, little is known nationally about potential 
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urban-rural differences in pregnancy-related deaths. Previous studies have focused on 

subnational geographic areas13 or were based on death record data14,15 with documented 

challenges,16,17 limiting interpretation. Our study used the national Pregnancy Mortality 

Surveillance System (PMSS) data to examine pregnancy-related deaths in urban and rural 

counties in the United States. Examining geographic variations in pregnancy-related deaths 

can inform interventions to prevent future pregnancy-related deaths.

Materials and Methods

Numerator

Here, we analyzed 6 years of PMSS data, from 2011 to 2016. The PMSS methodology 

to identify pregnancy-related deaths has been published previously.18 Briefly, clinically-

trained epidemiologists reviewed the death certificates of women who died within a year 

of pregnancy and matched birth certificates or fetal death reports, and other available 

information (eg, autopsy reports). Deaths were determined to be pregnancy-related if the 

death occurred during or within 1 year of pregnancy and was caused by a pregnancy 

complication, a chain of events initiated by pregnancy, or an aggravation of an unrelated 

condition from the physiological effects of pregnancy. The PMSS receives deidentified 

records from 52 reporting areas (50 states, New York City, and Washington, DC).

As vital records information is recorded in the PMSS data, reviewers abstracted the 

geographic location data, including the state, county, or zone improvement plan (ZIP) code 

of residence, when available, from the death certificate and/or other sources (eg, a matching 

birth or fetal death certificate). County of residence (not recorded in the PMSS until 2015) is 

unavailable for records from 2011 to 2014. To address this gap, we developed a geocoding 

process. Because the residence ZIP code, regardless of source, was the most complete 

geographic location variable available across pregnancy-related PMSS records during 2011–

2016 (93% available), it was first used to assign a 5-digit Federal Information Processing 

System (FIPS) code19 to each death by using Centrus Desktop.20 The 5-digit FIPS code is 

a combination of numeric identifiers for state and county.21 Next, the state associated with 

the resulting FIPS code was compared with the state of residence recorded in the PMSS to 

ensure the accuracy of the geocoding. If the state identified from the FIPS geocode did not 

match the state in the PMSS, or if the PMSS record did not have a ZIP code to geocode, then 

the state and county of residence, if available in the PMSS, were coded to a 5-digit FIPS. 

PMSS records were excluded from analysis if the geocoded FIPS code did not match and the 

county was missing in PMSS or if the ZIP code and county were unavailable in the PMSS.

We matched FIPS codes from the geocoded deaths to the 2013 National Center for Health 

Statistics (NCHS) Urban-Rural Classification Scheme for Counties. This Scheme assigns all 

U.S. counties to 1 of 6 categories,22 which are defined as:

• Large central metro: metropolitan statistical areas (MSA) with a population of 

at least 1 million that contain the entire population of the largest principal city 

within the MSA, or that have their entire population contained in the largest 

principal city of the MSA, or that contain at least 250,000 inhabitants of any 

principal city of the MSA.
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• Large fringe metro: MSA with a population of at least 1 million that do not fit 

the definition of large central metropolitan.

• Medium metro: MSA with a population of 250,000–999,999.

• Small metro: MSA with a population of less than 250,000.

• Micropolitan: Urban cluster with a population of 10,000–49,999.

• Noncore: Nonmetropolitan counties that did not qualify as micropolitan (most 

rural areas).

Maternal race or ethnicity was classified as Hispanic (any race) and non-Hispanic White, 

Black, American Indian or Alaska Native, and Asian or Pacific Islander. Maternal age was 

considered in 5-year age groups (15–19, 20–24, 25–29, 30–34, 35–39, 40–44 years).

Denominators

This analysis developed a methodology to estimate county level counts of births to women 

aged 15 to 44 years by year and race and ethnicity, which can be used to examine urban-

rural differences in pregnancy-related deaths. To estimate PRMRs in this analysis, we used 2 

methods to obtain birth denominators depending on the stratification variables (county, year, 

race and ethnicity, or maternal age). Data came from the National Vital Statistics System 

(NVSS) via the Centers for Disease Control and Prevention, Wide-ranging Online Data for 

Epidemiologic Research (CDC WONDER).23

The first method to obtain denominators was for county-level estimates of live births by race 

and ethnicity and year to account for data suppression (NVSS subnational data with fewer 

than 10 births were suppressed). We obtained state fertility rates from the NVSS stratified 

by year, state, and race and ethnicity and multiplied by estimated county population counts 

of women aged 15 to 44 years from US Census Bureau population data stratified by year, 

county, and race and ethnicity (Supplemental Online Content; Supplemental Table 1).

We validated our estimate with true births data aggregated by urban-rural category obtained 

from the NVSS and found close agreement (Supplemental Online Content). As with the 

numerator data, estimated births were matched to the 2013 NCHS urban-rural classification 

scheme. However, we cannot use this method to estimate births by county, race and 

ethnicity, year, and maternal age because nearly 7% of fertility rates stratified by state, 

race and ethnicity, year, and age were suppressed via CDC WONDER.

A second method was used to obtain the births denominator for urban-rural birth counts 

stratified by maternal age. For this denominator, we used birth counts from the NVSS 

aggregated to 2013 NCHS urban-rural classification scheme and maternal age in 5-year age 

groups (15–19, 20–24, 25–29, 30–34, 35–39, and 40–44 years).

Statistical analysis

PRMRs were calculated for each urban-rural category and stratified by year, race and 

ethnicity, or maternal age. PRMRs based on fewer than 8 deaths were suppressed as they 

may be unreliable. Furthermore, 8 deaths represented a relative standard error of 35%. We 
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used R version 4.0.2 (R Foundation for Statistical Computing, Vienna, Austria) and the 

epitools package24 to calculate PRMRs, obtain 95% confidence intervals (CIs), and perform 

exact tests of ratio comparisons using the Poisson distribution. We created race and ethnicity 

and age group PRMR disparity ratios by dividing the PRMR in 1 group by the PRMR in a 

reference group. Disparity ratios used non-Hispanic White women and women ages 30 to 34 

years as the reference groups, respectively, as these were the groups with the highest number 

of pregnancy-related deaths. This study did not involve human subjects as defined in 45 CFR 

46.102(e) and therefore was not reviewed by an institutional review board.

Results

There were 4076 pregnancy-related deaths recorded in the PMSS during 2011–2016. 

Furthermore, 5-digit FIPS codes were successfully assigned for 3788 records (92.9%) from 

ZIP code of residence and for 109 records (0.3%) from county of residence. There were 

179 records (4%) excluded from this analysis because of missing ZIP code and county 

information. Of the 3897 records successfully assigned a 5-digit FIPS, 5 deaths were unable 

to be matched to the NCHS urban-rural classification scheme because of unresolvable data 

discrepancies, and 12 deaths had an unknown race and ethnicity; these were excluded from 

analysis. Finally, deaths of women older than 44 years (n=126) and 7 deaths of women 

younger than 15 years or where age was unknown were excluded because the estimated 

birth denominator is for women aged 15 to 44 years. The remaining 3747 pregnancy-related 

deaths were used in this analysis (Table 1 and Supplemental Table 2), representing 92% of 

all pregnancy-related deaths in the United States that occurred during 2011–2016.

After assigning deaths and births into the 6 NCHS Urban-Rural Classifications, we observed 

no difference between large central and large fringe metropolitan counties, and we combined 

these into a single large metro area. More than half of pregnancy-related deaths among 

Black (61%), Asian or Pacific Islander (71%), and Hispanic (64%) women, and 39% of 

deaths among White women, occurred in large metro counties. In contrast, approximately 

52% of pregnancy-related deaths among American Indian or Alaska Native women occurred 

in micropolitan or noncore counties. Urban-rural estimated births (Table 2) closely aligned 

with true birth counts used for validation, by state, NCHS urban-rural category, and year for 

Hispanic women and non-Hispanic women of all race groups (Supplemental Figures 1 and 

2).

The PRMR increased as rurality increased (Figure 1 and Supplemental Table 3, and 

Supplemental Table 4). The PRMR was higher in micropolitan (19.8; 95% CI, 17.9–22.0) 

and noncore (23.8; 95% CI, 21.1–26.7) counties than in large metro counties (14.6; 95% CI, 

13.9–15.2).

The pattern of increasing PRMR with increasing rurality was observed among most race 

and ethnicity and age groups; however, age and race- and ethnicity-specific counts were 

small, resulting in wide overlapping CIs (Table 3). The PRMR among women aged 15 to 

24 years was relatively similar by urban-rural category. However, for women in older age 

groups (ages, 25–29, 30–34, 35–39, and 40–44 years), the disparity between noncore and 

large metro counties increased with age (Figure 2). Women aged 25 to 29 and 30 to 34 years 
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living in noncore counties had a PRMR 1.5 times higher than women of the same age groups 

in large metro counties. Comparing noncore counties with large metro counties, women 

aged 35 to 39 years and 40 to 44 years had 3.1 and 3.3 times higher PRMR, respectively.

Racial and ethnic and age disparities persisted within each county group (Table 4). Black 

women, regardless of NCHS Urban-Rural Classification, had a PRMR 3 to 4 times higher 

than White women in the same area. The PRMR of American Indian or Alaska Native 

women living in small metro, micropolitan, and noncore counties was 2 to 3 times than 

that of White women living in these same geographies. The PRMR of non-Hispanic White 

women was 2 times the PRMR of Hispanic women in noncore counties. In micropolitan and 

noncore counties, women aged 35 to 39 years had about 3 times PRMR, and women aged 40 

to 44 years had 7 to 8 times the PRMR than women aged 30 to 34 years (Table 5).

Comment

Principal Findings

The PRMR increased with increasing rurality. Although large metro counties represented 

52% of pregnancy-related deaths, they had the lowest PRMR. Noncore and micropolitan 

counties represented 17% of pregnancy-related deaths but had the highest PRMR. This 

difference was observed among all non-Hispanic race groupings and in women aged 30 to 

44 years. We found that women aged 25 to 29, 30 to 34, 35 to 39, and 40 to 44 years 

living in noncore counties had higher PRMR than women of the same age groups in large 

metro counties, and the urban-rural disparity increased among older age groups, signaling 

that the “exposure” of living in rural areas has a different effect on PRMR for older women 

compared with younger women.

Results

These findings add to the limited data about urban-rural differences in pregnancy-related 

deaths in the United States. Our results were consistent with general findings that mortality 

is higher in rural areas. However, the PRMR in noncore areas was 1.6 times the PRMR in 

large metropolitan areas, while all-cause mortality in rural areas was 1.2 times the all-cause 

mortality in urban areas.6 This suggests that there are specific factors present in urban and 

rural areas that impact pregnancy-related mortality differently than all-cause mortality. An 

analysis of pregnancy-related deaths in Georgia from 2010 to 2012 found no significant 

difference in PRMR by rural, urban, or nonrural classifications, or between Black and White 

women in rural areas.13 A national-level study using NVSS data during 1990–1992 and 

2005–2009 similarly found no difference in maternal mortality between metropolitan and 

non-metropolitan areas.14 We found that the urban-rural PRMR disparity increased with age. 

Women aged 25 to 29 and 30 to 34 years in noncore counties had a PRMR 1.5 times higher 

than women in the same age groups in large metro counties; women aged 35 to 39 and 40 

to 44 years in noncore counties had a PRMR more than 3 times higher than women of the 

same age groups in large metro counties. The PRMRs for Black women were significantly 

higher than that of White women within each urban-rural classification level, which mirror 

documented national- and state-level disparities.4 We found that PRMR was lower for 

Hispanic women than in non-Hispanic White women in noncore counties. Our analysis 
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suggested that the PRMR disparity between American Indian or Alaska Native women and 

White women observed nationally is driven by disparities in small metro, micropolitan, and 

noncore counties.

Clinical Implications

Differences among geographic location groups might reflect the intersection of age, 

chronic health conditions, and access to care, including risk-appropriate care. Furthermore, 

our analysis suggested that increasing rurality affects the PRMR of older women 

differently compared with the PRMR of younger women. Both the prevalence of delivery 

hospitalizations of women with substance use disorder and depression,25,26 and the 

prevalence of smoking,27 heart disease, hypertension,28 and obesity,29 were highest among 

women in rural areas. Infant mortality was highest in rural counties.30 Compared with 

urban areas, decreased access to obstetrical care among women in rural areas,8,10,31 

including fewer maternal-fetal medicine subspecialists,32 further driving distances to access 

perinatal care,10 and fewer health care providers per capita in rural areas33 may contribute 

to disparities among populations by geographic location. Efforts that may help address 

geographic location disparities include risk-appropriate care,34 transportation reimbursement 

policies,35 statewide participation in perinatal quality collaboratives,36 and telemedicine 

or telehealth.37,38 Differences among groups by geographic location may reflect the 

intersection of interpersonal racism or implicit bias, such as health care provider preferential 

bias toward White patients,39 and structural racism manifested in residential or economic 

segregation, which are linked to poorer health outcomes.40 Indeed, indicators of structural 

racism such as college graduation, employment, and homeownership inequalities have been 

shown to differ in their health impacts by urban-rural category.41 In addition, in rural areas, 

poverty is highest among Black and American Indian or Alaska Native42 populations and 

is associated with lower odds of identifying a steady source of healthcare;43 furthermore, 

infant mortality rate is higher among Black and American Indian or Alaska Native 

populations.44 In urban areas, American Indian or Alaska Native individuals have higher 

odds of cost-related barriers to care and of not having a usual place to go when sick than 

White individuals.45 Across the nation, Black and American Indian or Alaska Native women 

with at least some college education have higher PRMRs than White women with less than 

a high school diploma,4 which indicates that access to care only partly explains observed 

urban-rural disparities.5 Observed differences between non-Hispanic White women and 

Hispanic women in noncore counties were consistent with findings sometimes referred to 

as the “Hispanic paradox.”46 However, research also points to differences in cardiovascular 

mortality rates comparing non-Hispanic White persons individuals with individuals in 3 

Hispanic subgroups,47 evidence of heterogeneity in outcomes based on acculturation,48,49 

and severe maternal morbidity being higher among Hispanic women than non-Hispanic 

White women.50,51 Infant mortality data suggested similar associations between mortality 

and race within Hispanic populations and non-Hispanic populations,52 which could be 

examined in future analyses of pregnancy-related deaths.

Research Implications

Ultimately, pregnancy-related mortality is a multidimensional issue. Exploring differences in 

causes of death, timing of death relative to pregnancy, and associations between pregnancy-
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related deaths and ecologic county-level characteristics, such as access to care, residential 

segregation, or poverty, may yield additional information about disparities among urban-

rural categories.

Strengths and Limitations

This analysis has several limitations. By grouping women by age and race and ethnicity, 

we masked potential intra-group heterogeneity. Although there are documented urban-rural 

differences in fertility rates,19 we assumed that race- and ethnicity-specific fertility rates 

obtained from the NVSS were the same across both urban and rural counties within a state 

for a given year. Validation checks (Supplemental Online Content) showed that the estimated 

births closely agreed with data from the NVSS. Vital records, such as those used during 

PMSS review, can be flawed by misclassifications, including pregnancy checkbox errors 

on the death certificate16,17 and race and ethnicity coding inaccuracies. PMSS reviewers 

use additional information whenever possible to improve the accuracy of pregnancy-related 

classification.18 Misclassification of American Indian or Alaska Native mortality data was 

well documented,53, 54, 55 particularly among urban areas, which tend to have a higher 

rate of misclassification than rural areas.56 To reduce racial and ethnic misclassifications, 

PMSS reviewers obtain self-reported data for race and Hispanic origin from matched birth 

certificates when available. The PRMR does not include injury deaths (eg, caused by drug 

overdose, suicide, homicide) or cancer-related deaths,57 which may skew the results by 

urban-rural category. Residence ZIP codes in PMSS were abstracted first from the death 

certificate, but if information were not available, then they were abstracted from other linked 

sources (eg, the birth or fetal death certificate), which may reduce accuracy if the woman 

moved since the birth or fetal death certificate was issued. Based on a 10% (n=924) random 

sample of all PMSS records, 2011–2015, we estimated that 75% of PMSS records contained 

a ZIP code abstracted from the death certificate.

Conclusions

Noncore and micropolitan counties represented 17% of pregnancy-related deaths and had 

the highest pregnancy-related mortality ratios. Disparities in pregnancy-related mortality 

ratios in urban-rural categories indicate that geographic location is an important context 

for efforts to prevent pregnancy-related deaths. Urban-rural disparities may stem from 

differences in population health status, access to or quality of care, causes and timing 

of death, and other socioenvironmental characteristics and exposure to bias and structural 

racism. A better understanding of these factors’ interaction is needed as one piece of a 

multifactorial response to guide and improve effective policy and program interventions to 

prevent pregnancy-related deaths.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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AJOG at a Glance:

Why was this study conducted?

This study aimed to compare pregnancy-related mortality across and within urban and 

rural counties in the United States by race and ethnicity and age.

Key findings

During 2011–2016, rural counties had the highest pregnancy-related mortality ratio, 

whereas urban counties had the lowest. Urban-rural disparities in pregnancy-related 

mortality ratio increased with age. Racial and ethnic disparities mirrored national 

disparities.

What does this add to what is known?

This study reported on urban-rural disparities in pregnancy-related deaths and used the 

most recent national data on pregnancy-related deaths from the Pregnancy Mortality 

Surveillance System. Other studies were subnational, based solely on death record data 

with documented challenges or hospital discharge data. Finally, the urban-rural disparity 

was greater among older women than among younger women.
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FIGURE 1. 
Pregnancy-related mortality ratios by urban-rural category

The PRMR is the number of pregnancy-related deaths per 100,000 live births. The PRMR is 

highest in rural areas. Rural areas include micropolitan (urban cluster with a population of 

10,000–49,999) and noncore (nonmetropolitan counties that did not qualify as micropolitan; 

most rural areas). Urban areas include large metro (“MSA,” with a population of at least 

1 million), medium metro (MSA with a population of 250,000–999,999), and small metro 

(MSA with a population of less than 250,000).

MSA, metropolitan statistical area; PRMR, pregnancy-related mortality ratio.

Merkt et al. Urbcm-rural differences in pregnancy-related deaths. Am J Obstet Gynecol 

2021.
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FIGURE 2. 
Pregnancy-related mortality ratios by age group and urban-rural category

The PRMR is the number of pregnancy-related deaths per 100,000 live births. The PRMR 

increased in rural areas and among older age groups. Rural areas include micropolitan 

(urban cluster with a population of 10,000–49,999) and noncore (nonmetropolitan counties 

that did not qualify as micropolitan; most rural areas). Urban areas include large metro 

(“MSA,” with a population of at least 1 million), medium metro (MSA with a population of 

250,000–999,999), and small metro (MSA with a population of less than 250,000).

MSA, metropolitan statistical area; PRMR, pregnancy-related mortality ratio.

Merkt et al. Urban-rural differences in pregnancy-related deaths. Am J Obstet Gynecol 2021.
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