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Abstract

Rural-urban differences in maternal mortality ratios (MMR) in the United States have been 

difficult to measure in recent years due to the incremental adoption of a pregnancy status checkbox 

on death certificates. Using 1999–2017 mortality and birth data, we examined the impact of the 

pregnancy checkbox on MMRs by rural-urban residence (large urban, medium/small urban, rural), 

using log-binomial regression models to predict trends as if all states had adopted the checkbox 

as of 1999. Implementation of the checkbox resulted in an average estimated increase of 7.5 

maternal deaths per 100,000 live births (95% CI: 6.3, 8.8) in large urban areas (76% increase), 

11.6 (95% CI: 9.6, 13.6) in medium/small urban areas (113% increase), and 16.6 (95% CI: 12.9, 

20.3) in rural areas (107% increase), compared with MMRs prior to the checkbox. Assuming all 

states had the checkbox as of 1999, demographic-adjusted predicted MMRs increased in rural, 

declined in large urban, and did not change in medium/small urban areas. However, trends and 

urban-rural differences were substantially attenuated when analyses were limited to direct/specific 

causes of maternal death, which are likely subject to less misclassification. Accurate ascertainment 
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of maternal deaths, particularly in rural areas, is important for reducing disparities in maternal 

mortality.
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rural

Maternal mortality is a key indicator of population health.1, 2 Monitoring trends in maternal 

mortality in the US is important in order to evaluate progress in improving maternal health, 

make international comparisons, and track inequities by demographic subgroup.2 Substantial 

disparities in maternal mortality exist by race/ethnicity and age in the US,3, 4 and recent 

analyses have described rural disparities as well.5, 6

Maternal mortality is defined by the World Health Organization (WHO) as the “death 

of a woman while pregnant or within 42 days of termination of pregnancy, irrespective 

of the duration and site of the pregnancy, from any cause related to or aggravated by 

the pregnancy or its management but not from accidental or incidental causes.”2 National 

maternal mortality ratios (MMR) for the US were not published for the data years 2004–

2017 due to the staggered adoption of the 2003 revision of the US death certificate, which 

included a pregnancy status checkbox that was added to improve ascertainment of maternal 

mortality.7

In January 2020, MMR estimates based on the new checkbox data were published by 

the National Center for Health Statistics (NCHS) via the National Vital Statistics System 

(NVSS), the official source for US maternal mortality statistics, accompanied by evaluations 

of the impact of the pregnancy status checkbox.7, 8 A report examining the impact of the 

checkbox during 2003–2017 found that the MMRs estimated in the years after adding the 

checkbox were, on average, 9.6 maternal deaths per 100,000 live births higher (MMRs 

increased from approximately 10 to 20 deaths per 100,000 live births) with larger increases 

seen for certain subgroups, such as women aged 35 and over, and non-Hispanic black 

women.8 Notably, after accounting for the staggered implementation of the checkbox, and 

adjusting for changes in select maternal demographics over time, no significant change in 

the overall MMR was observed between 1999 and 2017. Therefore, the observed increases 

in the MMRs that had been reported for the US in the literature and popular press may 

have been largely artifactual, driven by increased counts of maternal deaths related to the 

staggered implementation of the pregnancy status checkbox by states over time. Other 

research has reported similar findings,3, 9, 10 with the checkbox accounting for most, but not 

necessarily all the increase in MMRs. Differences across studies in the degree to which the 

checkbox explained increases in MMRs may be related to different time periods of analysis, 

methods used, and the states included, as most studies were conducted prior to all states 

having implemented the checkbox (in 2017).

Although women in rural areas can experience barriers to maternal care, there are few 

studies of rural-urban disparities in maternal deaths to date.5, 6, 11 As of 2004, more than 

half of all rural US counties lacked hospital-based obstetric services, and another 9% 
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experienced the loss of in-county hospital-based obstetric services during 2004–2014.12 

In addition, rural pregnant women travel further to access prenatal care and to reach a 

hospital once labor begins compared with non-rural women.13 Rural residents, in general, 

also experience higher rates of mortality,14 including infant mortality,15 as compared with 

urban residents, and this gap has been widening over time.16 An analysis of national hospital 

discharge data suggested that rural areas have higher rates of maternal severe morbidity 

and mortality and exhibited larger increases during 2007–2015 as compared with urban 

areas.5 However, that study examined a composite outcome measure that included both 

severe maternal morbidity and in-hospital maternal mortality, essentially reflecting rates 

of severe maternal morbidity, as it is 50 times more common than maternal death.17 A 

recent analysis of data from the CDC Pregnancy Mortality Surveillance System found that 

pregnancy-related mortality ratios (pregnancy-related deaths during or within 1 year of 

pregnancy per 100,000 live births) from 2011–2016 were highest in the most rural areas 

(24.1, 95% CI: 21.4–27.1) and lowest in large metro areas (14.8, 95% CI: 14.2–15.5).6 

As neither study examined trends over time in MMRs, trends in rural-urban disparities in 

maternal mortality in the US remain unexamined.

The objective of our study’s analysis was threefold: (1) to estimate the impact of the 

implementation of the pregnancy status checkbox on MMRs by rural-urban maternal 

residence; (2) estimate trends in MMRs from 1999 through 2017, accounting for the 

checkbox implementation, by rural-urban maternal residence; and (3) examine the impact of 

potential misclassification of pregnancy status on the death certificate on rural-urban trends 

in MMRs from 1999 through 2017.

Methods

This study used restricted-use all-county birth and death certificate data from the National 

Center for Health Statistics (NCHS), collected as part of the NVSS.

Maternal mortality ratio (MMR)

Maternal deaths and corresponding numbers of live births were aggregated by year and 

county from 1999 (the first year the US used the International Classification of Disease, 
Tenth Revision (ICD-10) cause of death codes) through 2017. Death data included 

information on the county of residence at the time of death and birth data included 

information on the county of maternal residence at the time of delivery.18 MMR was 

calculated as maternal deaths per 100,000 live births. Absolute and relative differences 

in MMRs are expressed as rate differences and relative rates, respectively, for ease of 

interpretation.

Maternal deaths

Maternal deaths (deaths while pregnant or within 42 days of pregnancy) for each year were 

identified based on the presence of ICD-10 underlying cause of death codes A34, O00–O95, 

and O98–O99 on the coded death certificate, consistent with the WHO definition (Web 

Appendix and Web Table 1). This definition excludes late maternal deaths—those occurring 

more than 42 days, but less than 1 year, following pregnancy—which are documented on 
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the death certificate using underlying-cause code O96--and deaths from sequelae of obstetric 

causes (O97) that occur a year or more after pregnancy. The WHO definition also excludes 

all accidental or incidental causes of death.

The addition of the pregnancy status checkbox to the 2003 revision of the standard death 

certificate was accompanied by changes to the methods for coding causes of death. For 

example, if the pregnancy checkbox indicated current or recent pregnancy (within 42 days), 

all contributing causes of death and the underlying cause of death were preferentially 

assigned to the most relevant direct or indirect obstetric cause of death code according to the 

open text cause of death information.7 These rules applied to death data from 2003 through 

2017 and are the basis for the data used in this analysis. Of note, with the publication of 

2018 data in 2020, NCHS again revised the approach for coding maternal deaths in response 

to concerns about the accuracy of the pregnancy checkbox and overreporting of maternal 

deaths among older age groups (45+ years).19 Historical mortality data recoded using this 

new approach are not yet available.

Rural-urban residence

Rurality of county of maternal residence (at the time of death and at the time of delivery) 

was defined for each year of data using the NCHS 6-level urban-rural classification scheme 

from 1990 (for years 1999–2005), 2006 (for years 2006 to 2012), and 2013 (for years 2013 

to 2017). 20 Due to low annual maternal death counts among persons residing in sparsely 

populated rural counties, the 6-level scheme was collapsed into a 3-level measure: large 

urban (large central or large fringe metropolitan areas), medium/small urban (medium or 

small metropolitan areas), or rural (micropolitan and noncore areas).

Impact of the pregnancy checkbox

A regression-discontinuity approach was used to examine the impact of implementing the 

pregnancy status checkbox on MMRs by rural-urban residence. Regression discontinuity 

designs can be used to examine the causal effects of a given intervention, when the 

exposure to that intervention is based on a specific threshold.21 Assuming that observations 

immediately below and above the implementation of the checkbox are otherwise similar, 

the difference at the time of implementation corresponds to the causal effect estimate using 

the new pregnancy status checkbox.21 To examine the impact of the checkbox visually, 

MMRs were plotted against the time since revision using fractional polynomial prediction 

plots, which allowed for estimation of nonlinear trends to assess potential gradual effects of 

checkbox implementation. Plots were limited to show trends within plus or minus 4 years of 

the revision year, with the discontinuity centered on the revision year.

Rural-urban trends in MMRs

We then used frequency-weighted log binomial regression models with robust standard 

errors to predict MMRs from 1999–2017 accounting for the checkbox, by rural-urban 

maternal residence. We considered two alternative scenarios: 1) assuming all states had 

implemented the checkbox as of 1999; and 2) assuming no states had implemented the 

checkbox during 1999–2017. We estimated rural-urban log-linear trends over time, adjusting 

for age, race/ethnicity, state of death occurrence, and all first-order interaction terms. 
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Average marginal effects were used to estimate the average annual change in MMRs by 

subgroup. We also plotted interactions by race/ethnicity and maternal age, to see if log-linear 

trends for rural-urban county of residence were different across these subgroups. Akaike 

information criterion (AIC) and Bayesian information criterion (BIC) were used to compare 

models with and without quadratic terms for year. As model fit was not consistently 

improved when quadratic terms were included, only log-linear models are presented. Plots 

of the standardized and deviance residuals did not show problematic patterns. As we do not 

have ‘true’ MMRs to validate the predicted MMRs (i.e., trends where no states or all states 

had the checkbox throughout the study period), the purpose of predicting MMRs was to 

account for the change in measurement over time and examine differences by rurality.

Secondary analysis

The addition of the pregnancy status checkbox could have resulted in erroneously assigning 

a maternal cause of death if the pregnancy checkbox was checked by mistake. Prior studies 

have suggested that implementing the pregnancy status checkbox may have resulted in non-

maternal deaths (i.e., deaths with no corroborating evidence of pregnancy) being classified 

as maternal deaths, with false positive rates as high as 50%.9, 22–27 To address this concern, 

we conducted a secondary analysis that examined rural-urban trends in MMRs due to 

specific direct obstetric causes of death only (A34, O00-O92, excluding O26.8; Web Table 

1). The impact of the checkbox was not as large for this group of causes of death,7, 8 

compared with indirect or non-specific causes of maternal death, which are likely subject to 

a greater degree of misclassification due to checkbox errors. If the increase in rural maternal 

deaths was attenuated after restriction to these deaths, and the gap between rural and urban 

maternal deaths narrowed, this would suggest that some of the disparities we observed in 

the overall measure of MMR could be due to differentially coding non-maternal deaths as 

maternal deaths in rural areas.

All analyses were conducted using Stata 14 SE, and no adjustments were made for multiple 

comparisons. This study involved secondary analysis of existing data and did not involve 

human subjects, therefore, no Institutional Review Board approval was required. Analyses 

were conducted in 2020–2021.

Results

Approximately 4 million women gave birth in the US each year during 1999–2017. The total 

number of observed maternal deaths per year in the US was 391 in 1999 (9.9 deaths per 

100,000 live births) and 832 in 2017 (21.6 deaths per 100,000 live births) (Web Table 2).

The average change in MMRs associated with the pregnancy status checkbox 

implementation was larger in rural areas than in urban areas. Relative to the period before 

the checkbox implementation, adding the checkbox resulted in an average estimated increase 

of 76% (RR= 1.8 [95% CI: 1.6, 1.9]; RD=7.5 deaths per 100,000 [95% CI: 6.3, 8.8], 

Figure 1A) in large urban areas, compared with a 113% increase (RR= 2.1 [95% CI: 1.9, 

2.4]; RD=11.6 deaths per 100,000 [95% CI: 9.6, 13.6], Figure 1B) in medium/small urban 

areas, and an increase of 107% (relative rate [RR]= 2.1 [95% CI: 1.7, 2.4]; rate difference 

[RD]=16.6 deaths per 100,000 live births [95% CI: 12.9, 20.3], Figure 1C) in rural areas 
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during 2003–2017. In 2017, rural women were estimated to have 45% to 65% higher MMR 

(34.4 per 100,000 live births) compared with women living in urban areas (23.7 per 100,000 

live births for medium/small and 20.9 per 100,000 live births for urban areas).

Under the scenario that all states had implemented the pregnancy status checkbox over 

the entire period, predicted log-linear trends suggested that MMRs declined in large urban 

areas from 1999–2017 (average annual change = −0.2 [95% CI: −0.4, −0.1] p<0.01) from 

22.5 in 1999 to 20.9 in 2017 (Figure 2A; Web Table 2). In contrast, predicted MMRs 

increased in rural areas (0.6 [95% CI: 0.2, 1.0] p<0.01) from 20.9 in 1999 to 34.4 in 2017, 

while no significant change was seen in medium/small urban areas (Figure 2A; Web Table 

2). Interactions by race/ethnicity showed there were differences in trends by race/ethnicity 

across residence areas, with increasing predicted MMRs over time for non-Hispanic White 

women in medium/small urban and rural areas, and decreasing predicted MMRs for non-

Hispanic Black and Hispanic women from large urban areas (Figure 3A). Interactions by 

age showed there were decreasing predicted MMRs across most age groups for women in 

large urban areas, except for women aged 40 and over, where substantial increases were 

observed in all three rural-urban residence areas (Figure 4A; Web Figure 1). Predicted 

MMRs assuming all states had not implemented the pregnancy status checkbox are included 

in Web Table 2.

In our secondary analysis, which was restricted to maternal deaths due to direct and specific 

obstetric causes, findings were generally attenuated. The overall change in MMRs due to 

the implementation of the pregnancy status checkbox was greater in rural areas (RD = 3.6 

deaths per 100,000 live births) than in large urban areas (RD= 2.1 deaths per 100,000 births) 

and in medium/small urban areas (RD = 2.4 deaths per 100,000 live births), but the overall 

effect of the checkbox implementation was attenuated. Assuming that all states had adopted 

the checkbox, the predicted MMRs due to direct and specific causes decreased during 1999–

2017 in large urban areas (average annual change =−0.3 deaths per 100,000 live births 

[95% CI: −0.4, −0.2) per year p<0.001] from 11.4 in 1999 to 7.5 in 2017, decreased in 

medium/small urban areas (−0.1 [95% CI: −0.2, −0.03] p<0.02) from 8.9 in 1999 to 7.9 in 

2017, and no statistically significant change was found for rural areas (−0.03 [95% CI: −0.2, 

0.2) p=0.75) from 10.4 in 1999 to 10.3 in 2017 (Figure 2B). In large urban areas, MMRs 

for direct and specific causes declined for all racial/ethnic groups and for all age groups <40 

years (Figures 3B and 4B; Web Figure 1). Declines were seen for medium/small urban areas 

among Hispanic women and those 20–24 and 30–34 years. In rural areas, MMRs for direct 

and specific causes declined among Hispanic women and those 20–24 years, but increased 

among women 40 and older.

Discussion

High level summary

The impact of the pregnancy status checkbox on MMRs was larger for rural areas than 

urban areas in the US. Assuming all states had adopted the checkbox from 1999–2017, 

predicted MMRs increased in rural areas while declining in large urban areas; however, 

this increase was attenuated after restricting the analysis to direct and specific causes of 

maternal death, which are less prone to pregnancy checkbox errors, indicating that some of 
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the increase may be due to differential misclassification of maternal deaths. Taken together 

with previous evaluations of the impact of the pregnancy status checkbox,8 older women 

(35 and older) and rural women, particularly non-Hispanic white women, are among the 

only subgroups with increases in predicted MMRs during 1999–2017; urban non-Hispanic 

Black and Hispanic women experienced decreases in predicted MMRs during this time 

period. Overall, rural women were estimated to have around 45% and 65% higher predicted 

MMRs as compared with women living in medium/small urban areas and large urban areas, 

respectively, in 2017. Our findings add to what is already documented on the substantially 

higher MMRs among older women and non-Hispanic Black women in the US.3, 4, 28

Consistency with prior literature

These study findings are generally consistent with the two contemporary studies of rural-

urban difference in maternal mortality in the US. Using national hospital discharge data, 

Kozhimannil et al. found severe maternal morbidity and in-hospital maternal mortality in 

2007–2015 were 9% higher in rural residents as compared with urban residents,5 and Merkt 

et al. found pregnancy-related deaths in 2011–2016 were 63% higher in the most rural areas 

(rural noncore areas) as compared to large metro areas.6 However, despite the consistent 

direction of the present study findings, our study is the first to specifically examine 

rural-urban trends in MMRs over time using national data, accounting for the staggered 

adoption of the pregnancy checkbox across states over time. Our study’s rural-urban RR, 

RD, or average annual change estimates could still be upwardly biased due to differential 

misclassification of pregnancy status on the death certificate; when restricted to only direct 

causes of maternal death, which are less likely to be misclassified, we no longer found 

increases in MMRs in rural areas over time. Nevertheless, the rural-urban gradient persisted, 

with large urban areas exhibiting significant decreases over time in MMRs, and rural areas 

showing no significant change. In sum, existing evidence suggests that MMRs are higher in 

rural areas and are not showing the same patterns of improvements as in urban areas over the 

past nearly two decades. Notably, trends among non-Hispanic Black and Hispanic women in 

urban areas have improved over time, while trends among non-Hispanic white women living 

in medium/small urban and rural areas have declined; though MMRs remain higher among 

Black women.29

What our study findings imply

Our study findings suggest that there is room for improvement of measurement and 

surveillance of maternal mortality in the US, particularly for rural areas. Currently, we 

are unable to determine how much of the increase in rural MMRs during 1999–2017 was 

due to true increases in maternal mortality, increased identification of maternal deaths 

(i.e., under-ascertainment before the checkbox), or false positive maternal deaths (i.e., 

over-ascertainment after the checkbox). True increases in maternal mortality in rural areas 

are plausible given recent trends in rural mortality overall,16 and documented barriers to 

maternal and obstetric care in rural areas, 12 which could contribute to inadequate obstetric 

care for rural women. Increased identification of rural maternal deaths is also plausible, 

as there could have been a greater degree of under-ascertainment of maternal deaths in 

rural areas prior to the checkbox implementation, though there is little research on this.30 

The impact of the checkbox on MMRs due to direct and specific causes of maternal 
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death was larger in rural vs. urban areas, providing some support for the this explanation. 

Rural maternal deaths might also be more likely to include false positive maternal deaths 

as compared with urban areas, particularly from deaths due to unintentional injuries, 

such a drug overdoses, which are higher among rural women.3132 These deaths could be 

erroneously coded as maternal deaths in rural areas to a greater extent than in urban areas. 

Limited evidence from a few states suggests that the accuracy of the pregnancy checkbox 

may vary based on whether the certifier is a medical examiner, coroner, or physician.33 It 

remains unclear how accuracy might differ by rural-urban residence.

Higher death rates generally among reproductive-aged women in rural areas could result 

in substantially inflated MMRs with even a small number of false positive maternal 

deaths. Additional research on mortality reporting may help in understanding potential 

differences in ascertainment and data quality by rural-urban residence. Data linkages, 

routine follow-up of possible maternal death records, and other data quality improvement 

efforts could help reduce false positive maternal deaths, and may be especially needed in 

rural areas. Other efforts to collect data on maternal and pregnancy related deaths, including 

the CDC’s Pregnancy Mortality Surveillance System and state-based Maternal Mortality 

Review Committees (not currently active in all states), use methods that provide more 

detail about pregnancy-related deaths, which may reduce false positives and improve data 

quality for those systems. However, the information used for these initiatives is not currently 

incorporated into the National Vital Statistics System.34, 35

We explored two alternative scenarios (i.e., one where no states had adopted the checkbox, 

and one where all states had adopted the checkbox) in order to account for the change in 

measurement that occurred across different jurisdictions over time. It is worth noting that 

both of these scenarios have limitations with respect to accurately capturing maternal deaths. 

Concerns about under-ascertainment led to the pregnancy checkbox being added to the US 

standard certificate of death in 2003, but evaluations in select states after the checkbox 

was implemented have suggested that over-ascertainment may inflate MMRs, particularly 

for some demographic groups (i.e., older women).3, 33 Thus, the ‘true’ MMRs likely fall 

somewhere between these two scenarios, and additional research may offer insight about the 

degree of misclassification overall and potential differences across subgroups.

Our study findings also imply that rural areas have not experienced the same level of 

improvement in MMRs due to direct and specific causes of maternal death compared 

with more urban areas, suggesting that factors such as adequate obstetric and maternal 

care, perinatal regionalization, and transportation in rural areas may be lacking.36, 37 The 

American College of Obstetrics and Gynecologists recommends several approaches to 

improve the health of rural women, including continued monitoring of service availability, 

political advocacy for rural healthcare providers, improved consultation and training 

opportunities, and more research on the root causes of rural disparities in women’s health.38

Limitations

Our study has several limitations. First, the impact of misclassification of maternal deaths 

may be greater in rural areas, because a small number of false positives is more influential 

than for large urban areas, which have larger numbers of deaths. Second, NCHS recently 
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transitioned to an updated coding approach for maternal deaths, which no longer assigns 

maternal causes of death based on the pregnancy checkbox alone for women 45 years and 

over to reduce false positives.19 This may render our analysis less relevant to future analysis 

of rural-urban disparities and trends in MMRs. Once the recoded pregnancy checkbox 

historical data (2003–2017) become available, further evaluations of MMRs and related 

trends can be done based on the new approach for coding maternal deaths. Additionally, 

some states, notably California, use a non-standard pregnancy checkbox7; these states 

were treated as checkbox implementers, but the impact of the checkbox may differ in 

those states. Despite using national data, counts for some racial/ethnic groups were too 

small to estimate reliable trends by urban/rural residence. Finally, the predicted trends and 

differences were estimated from models accounting for the staggered implementation of 

the pregnancy checkbox across jurisdictions but are subject to the limitations of modeling 

(e.g., assumptions, measurement error, model misspecification). Other factors that were not 

included in the models may be important for explaining trends and/or measurement error, 

including variables like type of certifier (medical examiner, coroner, physician), along with 

socioeconomic factors or maternal characteristics. In addition, while we present log-linear 

time trends in MMR from 1999 to 2017, there may be non-linear trends within this time 

period and through more recent years that can be further explored in future research.

Strengths

Study strengths include the use of national data and a methodological approach that 

allows for a more valid assessment of trends over time, accounting for the staggered 

implementation of the checkbox. Finally, as maternal deaths are rare events with typically 

very small counts in rural areas each year, NVSS is the only source of data large enough to 

estimate rural MMRs and related trends and disparities.

In conclusion, the impact of the pregnancy status checkbox on MMR estimates was larger in 

rural than in urban areas in the US. Predicted trends accounting for the staggered checkbox 

implementation demonstrated that MMRs increased in rural areas, while no increases 

were found in more urban areas. Some of the increase in MMRs in rural areas could 

have been due to errors in the pregnancy checkbox; this explanation is supported by our 

attenuated findings for direct and specific maternal causes of death. More work is needed to 

better understand the potential impact of pregnancy misclassification on MMR estimates to 

improve the monitoring of maternal deaths, particularly in rural areas.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Impact of the pregnancy status checkbox on maternal mortality rates in the US by rural-

urban maternal residence (A) Large urban, B) Medium/small urban, C) Rural) and years 

since checkbox revision, 1999–2017

Note: Trend plots show modeled estimates generated using fractional polynomial prediction 

plots in Stata 14 SE, with shaded areas representing 95% confidence intervals.
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Figure 2. 
Predicted maternal mortality ratios in the US overall (A) and from direct/specific causes 

(B) assuming all states adopted the pregnancy status checkbox by rural-urban maternal 

residence, 1999–2017

Note: Demographic-adjusted predicted maternal mortality rates per year are displayed. After 

demographic adjustment, average annual change for overall MMRs in large urban areas was 

−0.2 per 100,000 live births (95% CI: −0.4, −0.1; p<0.01), medium/small urban areas was 

0.2 per 100,000 live births (95% CI: −0.04, 0.4; p=0.11), and rural areas was 0.6 per 100,000 
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live births (95% CI: 0.2, 1.0; p<0.01). For MMRs due to direct and specific causes, average 

annual change for large urban areas was −0.3 per 100,000 live births (95% CI: −0.4, −0.2; 

p<0.001), medium/small urban areas was −0.1 per 100,000 live births (95% CI: −0.2, −0.03; 

p<0.02), and rural areas was −0.03 per 100,000 live births (95% CI: −0.2, 0.2; p=0.75). 

Shaded areas represent 95% CIs.
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Figure 3. 
Trends in maternal mortality ratios in the US overall (A) and from direct/specific causes 

(B) assuming all states adopted the pregnancy status checkbox by rural-urban maternal 

residence, 1999–2017, and by race/ethnicity

Note: Average marginal effects from the regression models including interactions between 

urban/rural residence and demographic variables were used to estimate the average annual 

change in MMRs by group. Error bars depict 95% CIs.
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Figure 4. 
Trends in maternal mortality ratios in the US overall (A) and from direct/specific causes 

(B) assuming all states adopted the pregnancy status checkbox by rural-urban maternal 

residence, 1999–2017, and by maternal age (years) at death

Note: Average marginal effects from the regression models including interactions between 

urban/rural residence and demographic variables were used to estimate the average annual 

change in MMRs by group. Error bars depict 95% CIs.
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