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Abstract

Introduction: Infant mortality rates are higher in nonmetropolitan areas versus large 

metropolitan areas. Variation by race/ethnicity and cause of death has not been assessed. Urban–

rural infant mortality rate differences were quantified by race/ethnicity and cause of death.

Methods: National Vital Statistics System linked birth/infant death data (2014–2016) were 

analyzed in 2019 by 3 urban–rural county classifications: large metropolitan, medium/small 

metropolitan, and nonmetropolitan. Excess infant mortality rates (rate differences) by urban–rural 

classification were calculated relative to large metropolitan areas overall and for each racial/ethnic 

group. The number of excess deaths, population attributable fraction, and proportion of excess 

deaths attributable to underlying causes of death was calculated.

Results: Nonmetropolitan areas had the highest excess infant mortality rate overall. Excess infant 

mortality rates were substantially lower for Hispanic infants than other races/ethnicities. Overall, 

7.4% of infant deaths would be prevented if all areas had the infant mortality rate of large 

metropolitan areas. With more than half of births occurring outside of large metropolitan areas, the 

population attributable fraction was highest for American Indian/Alaska Natives (20.3%) and 

whites, non-Hispanic (14.3%). Excess infant mortality rates in both nonmetropolitan and medium/

small metropolitan areas were primarily attributable to sudden unexpected infant deaths (42.3% 

and 31.9%) and congenital anomalies (30.1% and 26.8%). This pattern was consistent for all 

racial/ethnic groups except black, non-Hispanic infants, for whom preterm-related and sudden 

unexpected infant deaths accounted for the largest share of excess infant mortality rates.
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Conclusions: Infant mortality increases with rurality, and excess infant mortality rates are 

predominantly attributable to sudden unexpected infant deaths and congenital anomalies, with 

differences by race/ethnicity regarding magnitude and cause of death.

INTRODUCTION

Residents of nonmetropolitan areas tend to have worse health outcomes than metropolitan 

areas, including disproportionally high infant mortality rates (IMRs).1–5 Higher IMRs are 

associated with risk factors that are more common in nonmetropolitan areas, including 

smoking, obesity, and poverty, which are more common in rural areas across all racial/ethnic 

groups.6–14 Nonmetropolitan areas also have fewer healthcare providers, and residents often 

live farther away from healthcare resources, making it difficult to access care.12,15

Although previous studies indicate that IMRs from certain causes are higher in rural areas,2 

the proportion of infant mortality attributable to urban–rural residence has not been 

quantified. Moreover, patterns may vary by race/ethnicity, as there are differences in the 

leading causes of infant mortality, as well as in urban–rural residence by race/ethnicity.11,16 

The study objective is to quantify urban–rural infant mortality differences in the U.S. by 

race/ethnicity and cause of death.

METHODS

Study Sample

In 2019, U.S. resident infant death data from combined 2014–2016 National Vital Statistics 

System Period Linked Birth/Infant Death Files were analyzed. More than 99% of all infant 

(<1 year) death certificates were linked to their corresponding birth certificate.17–19 Linked 

death records were weighted to account for unlinked records.17–19 This study involved the 

secondary analysis of existing data and did not involve human subjects; therefore, no IRB 

approval was required.

Measures

The urbanization level was identified using the 2013 National Center for Health Statistics 

Urban–Rural Classification Scheme for Counties.20 Categories were grouped based on the 

maternal county of residence at birth: large metropolitan (in a metropolitan statistical area of 

≥1 million population), medium/small metropolitan (in a metropolitan statistical area of <1 

million population), and nonmetropolitan. Although the county classification is not 

completely contemporaneous with the outcome, urban–rural designations do not change 

rapidly.20

Maternal race/ethnicity was classified into 5 bridged single-race categories: white, non-

Hispanic; black, non-Hispanic; Hispanic; Asian or Pacific Islander (API); and American 

Indian or Alaskan Native (AIAN).17 Maternal race/ethnicity information from the birth 

certificate is considered more reliable than information from the death certificate.16

Summary categories of infant cause of death were assigned using the underlying cause of 

death (ICD-10 codes) (Appendix Table 1, available online).21 Categories included 
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congenital anomalies, preterm-related, other perinatal conditions, sudden unexpected infant 

death (SUID), infection, injury, and all other causes. Preterm-related deaths were defined 

using a previously developed classification scheme.22,23 The SUID category includes 3 

causes with common sleep-related risk factors: sudden infant death syndrome, unknown 

cause, and accidental suffocation and strangulation in bed.24–26 These groupings summarize 

related causes that are relevant for prevention.16,22,24,27

Statistical Analysis

The IMRs (number of infant deaths per 1,000 live births) were calculated by urbanization 

level and racial/ethnic category. Excess IMRs were calculated relative to large metropolitan 

areas, which had the lowest IMR overall and for each racial/ethnic group. The numbers of 

excess deaths were calculated by multiplying the excess IMR by the number of births for 

each group. The proportions of deaths that were attributable to differences in urbanization 

(population attributable fraction) were estimated by dividing the number of excess deaths by 

the total infant deaths, and 95% CIs were calculated using the formulas proposed by Walter.
28 This is the estimated proportion of infant deaths that could be avoided if all areas had the 

same IMR as large metropolitan areas. Finally, the proportions of the excess deaths 

attributable to each summary cause of death were calculated by dividing the cause-specific 

excess deaths from the total excess deaths by urbanization level and racial/ethnic category. 

Cause-specific analyses are not shown for API and AIAN infants because there were <20 

deaths when stratified by urbanization level. Differences in IMRs were compared using z-

tests,29 and discussed in the results if statistically significant (p<0.05).

RESULTS

IMRs ranged from a low of 5.43 deaths per 1,000 live births in counties in large 

metropolitan areas to 6.67 in counties in nonmetropolitan areas (Table 1). Although 

nonmetropolitan areas had a higher overall excess IMR, medium/small metropolitan areas 

had the highest number of excess deaths owing to a larger number of births occurring in 

those areas. Overall, 7.4% of infant deaths were attributable to differences in the 

urbanization level (i.e., could be prevented if all areas had the IMR of large metropolitan 

areas). Excess IMR in both nonmetropolitan and medium/small metropolitan areas was 

primarily attributable to SUID (42.3% and 31.9%) and congenital anomalies (30.1% and 

26.8%) (Table 2).

For all racial/ethnic groups, the IMRs were lowest in counties in large metropolitan areas 

(Figure 1). Black, non-Hispanic infants had the highest IMRs in every urbanization level 

(Table 1). Excess IMRs were substantially lower for Hispanic infants than other races/

ethnicities. Medium/small metropolitan areas had the highest number of excess deaths for all 

racial/ethnic groups except for AIAN infants. The number of excess deaths was higher in 

nonmetropolitan areas for AIAN infants owing to nearly half of the AIAN births occurring 

in these areas. Because of different distributions in where births occur, a greater proportion 

of deaths were attributable to the urbanization level for AIAN (20.3%); white, non-Hispanic 

(14.3%); and API (10.6%) infants. For white, non-Hispanic and Hispanic infants, the excess 

deaths in nonmetropolitan areas and medium/small metropolitan areas compared with large 
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metropolitan areas were mostly owing to congenital anomalies and SUID (Table 2). For 

black, non-Hispanic infants, the excess deaths were mostly attributable to preterm birth and 

SUID.

DISCUSSION

Infant mortality is higher in more rural areas, with some noted racial/ethnic differences in 

the magnitude of excess deaths by urbanization and the causes of death that contribute to 

excess deaths. Overall, excess deaths in nonmetropolitan and medium/small metropolitan 

areas were primarily attributable to SUID and congenital anomalies. Risk factors associated 

with both SUID and congenital anomalies may be more common in rural areas. For instance, 

maternal smoking is more common in rural areas13 and is a risk factor for both SUID and 

congenital anomalies.30,31 Additionally, maternal obesity is associated with congenital 

anomalies32 and occurs more frequently in rural areas.13 Reduced access to health care may 

also potentially contribute to excess infant deaths in rural areas through the delayed 

detection of congenital anomalies.12,15,33–35 For black, non-Hispanic infants, excess deaths 

in less urban areas were mostly attributable to preterm-related causes, which are also the 

largest source of black–white IMR disparities.16,36,37 Future research might determine 

whether excess preterm-related deaths for black, non-Hispanic infants in rural areas are due 

to greater rates of preterm birth or preterm-specific mortality. Although this analysis 

describes the impact of urbanization on infant mortality, notably, black, non-Hispanic and 

AIAN infants experience substantially higher IMRs in all areas compared with other racial/

ethnic groups. A better understanding of the differences in IMRs by urbanization and race/

ethnicity can inform more-targeted interventions to reduce preventable infant deaths in rural 

areas.

Limitations

A limitation of this study is that analyses did not account for individual- and area-level 

factors such as poverty level. The total disparity, without adjustment, was examined as an 

initial descriptive analysis to inform preventive efforts. However, other studies have shown a 

persistent rural IMR disadvantage after adjustment for individual and contextual 

socioeconomic factors.3–5 Additionally, cause-specific excess infant mortality for API and 

AIAN infants was not examined given the small numbers of deaths among these groups by 

cause.

CONCLUSIONS

Infant mortality increases with rurality, and excess deaths are predominantly attributable to 

SUID and congenital anomalies, with differences by race/ethnicity regarding the magnitude 

and cause of death.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Excess infant mortality by urbanization level, race/ethnicity, and summary cause of death.
aInfant mortality rate is statistically significantly higher than large metropolitan areas for all 

racial/ethnic categories, p<0.05.
bInfant mortality rate is statistically significantly higher in black, non-Hispanic infants 

compared with all racial/ethnic categories for every urbanization level, p<0.05.
cRates by urbanization do not meet standards of reliability or precision; based on fewer than 

20 deaths in the numerator.
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SUID, sudden unexpected infant deaths.
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