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Abstract

Purpose:Distances to obstetric care providers are a persistent concern, especially for

rural pregnant adolescents. Births to adolescents are disproportionately affected by

adverse birth outcomes (ABOs), yet little is known regarding how driving distances

may impact ABOs. This study examines the association between driving distances to

obstetric providers and ABOs among adolescent mothers in South Carolina.

Methods: This retrospective cross-sectional study derived ZIP Code-level birth statis-

tics frommothers aged 10–19 in SouthCarolina using 2013–2017 statewide birth cer-

tificate data. ABOs included preterm birth and/or low birthweight. Provider distance

was calculated between an obstetric provider’s ZIP Code tabulated area (ZCTA) cen-

troid and amaternal resident’s ZCTAcentroid.Descriptive statistics andweighted gen-

eralized linear regression were conducted.

Results:Mean provider distances to obstetric providers were similar between urban

(11.76 miles) and rural adolescent mothers (12.04 miles). An increase in provider dis-

tance, on average, was associatedwith a decrease inABO rates (–0.79, p= .0038); how-

ever, rural–urban differences were found. Living in a rural ZCTAwas associated with a

decrease in ABOs (4.94%, p = .0043). Urban ZCTAs showed a U-shaped association

with provider distance, with ABO rates decreasing until approximately 17 miles away

from a provider and then increasing.

Conclusion: Rural adolescent mothers with greater distance to providers had lower

ABO rates, while, in urban ZCTAs, provider distance over 17miles was associatedwith

higher ABO rates. Understanding what mitigates the effects of driving distance on

ABOs in rural South Carolina would help inform future policy planning in underserved

communities.
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Adverse birth outcomes (ABOs) are a leading cause of infant mor-

tality in South Carolina (SC).1 While 11.7% of overall births in SC

in 2010 were preterm (i.e., born at ≤36 weeks), 67% of infants who

died that year were preterm births.1 In addition to increased risk

for mortality, ABOs, defined as low birthweight (i.e., <2500 grams at

birth) or preterm birth, can also greatly increase the risk for cere-

bral palsy, intellectual disabilities, impaired vision, and poor dental

health.2–5
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2 PROVIDER DISTANCE AND ABO IN ADOLESCENT PREGNANCIES

In 2017, the birth rate in the United States (US) for all ages was 11.8

births per 1000women aged15–44.6 The birth rate in adolescentswas

18.8 births per 1000 women aged 15–19, and 5% of all US births were

to adolescent mothers.6 Despite decreasing national trends in infant

mortality, there remainpersistent age-baseddisparities,with5.8 infant

deaths per 1000 live births in mothers 15–44 compared to 9.0 deaths

per 1000 live births in births to adolescent mothers.7,8 In SC, the ado-

lescent birth rate in 2017 was 21.7 births per 1000 women aged 15–

19—a rate that was nearly double the general birth rate among all SC

women (11.4 births per 1000women).6 The state faces significant chal-

lenges related to birth outcomes; while SC ranks 19th in the nation

for adolescent births, it ranks fifth for low birthweight and seventh

for preterm births.9 From 2010 to 2015, 28.3% of adolescent births

resulted in ABOs, compared to 27.4% of nonadolescent births.10

Understanding the drivers behind high ABOs among adolescent

mothers in SC is an essential step to develop effective policy mea-

sures. The state is largely rural with a medically underserved popu-

lation. Over 70% of communities in SC are designated as rural, and

43 out of 46 counties are fully designated as health provider short-

age areas (HPSAs), with two additional counties comprising primar-

ily census tracts that are HPSAs.11,12 While a shortage area desig-

nation does not exist yet for obstetric providers, there is also a low

number of obstetric providers in the state, with approximately one

provider for every 2250 women of childbearing age.10 Midwives must

be overseen by a licensedmedical provider, and their practice is signifi-

cantly restricted by strict regulations. Thus, most births are attended

to and prenatal care is given by obstetric providers. Fewer obstetric

providers mean longer travel distances for obstetric care, including

prenatal care.13 Having fewer than five prenatal visits during a preg-

nancy is linked to ABOs, infant mortality, andmaternal mortality.14,15

Adolescent mothers are more likely to receive inadequate prena-

tal care for a number of reasons. Adolescents often realize they are

pregnant later in their pregnancy than older mothers, may not under-

stand the necessity of prenatal care, and are more likely to have dif-

ficulties with transportation to appointments.16–18 While a previous

study in SC found no significant relationship between the distance to

a delivery hospital and infant mortality, rural women and women from

low socioeconomic status (SES) are more likely to face longer travel

times to hospitals; in rural British Columbia, greater distance to an

obstetric provider has been found to be associated with a higher like-

lihood of ABOs.19–21 Only 64.8% of SC residents livewithin 30miles of

an obstetric provider; therefore, rural adolescents may face increased

barriers to obstetric care and thus greater risk for ABOs. No research,

to our knowledge, has examined the relationship between driving dis-

tance to an obstetric provider and ABOs in adolescent mothers in SC

or the US.

Sociodemographic, socioeconomic, and clinical factors have also

been identified as important predictors of ABOs in the US.22,23

Mother’s age is associatedwith risk forABOs,with adolescentmothers

more likely to experience an ABO than nonadolescent mothers.24,25 In

particular, adolescent women who are from low SES and those from

racial and ethnic minority groups have a greater likelihood of experi-

encing ABOs; in addition, adolescentwomenwith certain health condi-

tions, including those who are obese or overweight, are also at greater

risk for ABOs.26,27 In the US, Black adolescents, regardless of rural-

ity or SES, have been shown in multiple studies to have a higher risk

of ABOs, with one study finding 2.4 times greater risk of ABO when

compared to infants born toWhitemothers.28 There ismixed evidence

on the impact of rural residence on ABOs.22,23,29,30 Women without a

local obstetric provider who have to travel outside their community do

have an increased rate of ABOs and maternal adverse outcomes.31,32

However, from 2013 to 2017, 34.8% (N = 6395) of adolescent births

in SC were to rural mothers, so it is important to understand what role

rurality plays in health outcomes.

This study aims to determine whether provider distance is asso-

ciated with ABOs for adolescent mothers in SC, while controlling

for important potential covariates, such as race, ethnicity, SES, and

prenatal care.

METHODS

Data sources

Statewide residential ZIP Code tabulated area (ZCTA)-level birth cer-

tificate data from 2013 to 2017 were retrieved from the South Car-

olina Community Assessment Network (SCAN)—an interactive vital

records data system created and managed by the SC Department of

Health and Environmental Control.10 We extracted infant character-

istics for all preterm births (i.e., born at ≤36weeks of gestation), births

with low birthweight (i.e., ≤2500 grams at birth), and births that were

preterm and low birthweight; maternal demographic variables of race,

ethnicity, age, and insurance payor; and maternal health character-

istics of inadequate prenatal care (i.e., fewer than five prenatal vis-

its), weight (i.e., overweight or obese before pregnancy based on body

mass index), smoking status (i.e., ever used tobacco during pregnancy),

and occurrence of gestational diabetes. These covariates were chosen

because they have been shown to either impact ABOs, are correlated

with rural residence, or are impacted by provider distance.26,27,32–34

To control for community-level SES, we used percent of children aged

18 or younger at the ZCTA-level under the poverty threshold from the

2017 American Community Survey 5-year estimates.35 We calculated

ABOs and covariates aside from SES by dividing the total for each vari-

able per ZCTA by the number of all births to adolescent mothers per

ZCTA.

Information on licensed health care providers was obtained

from SK&A Physician Licensure files (IQVIA, Irvine, CA); specifi-

cally, we retrieved data for 672 physicians—obstetricians and family

physicians—who had an active license in SC at any time from 2013 to

2017. This data source includes both primary and secondary places of

practice; the primary site was used for analysis.

Provider distance between ZCTA centroids was calculated with the

MapQuest API (MapQuest, Inc., Denver, CO) as the shortest road dis-

tance in miles. Each ZCTA with adolescent births was matched to the

closest ZCTA with a licensed obstetric provider. This approach for

deriving distance has been used previously in cancer research, rural–

urban obstetric care research, and in ABO research in Canada when
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TABLE 1 Mean percent births with adverse outcomes, live births to women aged 10–19 in SC, 2013–2017

Rurality, as defined byrural–urban commuting area codes

Total Urban (N= 263) Rural (N= 115)

Mean (SD) Mean (SD) p valuesa

Percent births with adverse

outcomesb
23.56 (54.63) 25.75 (50.46) 19.59 (60.66) .0112

Percent low birthweight 9.21 (23.31) 10.31 (22.18) 7.21 (24.13) .0092

Percent preterm birth 9.09 (24.78) 9.75 (24.33) 7.90 (25.31) .0501

Percent low birthweight and

preterm birth

5.26 (16.90) 5.69 (16.27) 4.48 (17.98) .0390

aThis was calculated using a standard two-sample t-test. Bolded values indicate significance.
bLow birthweight is defined as<2500 grams at birth. Preterm birth are infants born at 36weeks of a pregnancy or earlier.

patient addresses were not available.20,21,36,37 While not an exact dis-

tance to the patient’s provider, studies have shown that this method is

an acceptable alternative.

Rural-Urban Commuting Area (RUCA) codes (version 3.1) were

used to signify rurality at the ZCTA level, with primary codes 1, 2, and 3

designated as urban and all other codes designated as rural.38

Statistical analyses

Two-sample t-tests were used to examine the differences in mater-

nal characteristics and birth outcomes by rurality. Generalized linear

regression was performed using the percentage of ZCTA-level ABOs

as the dependent variable and provider distance from each ZCTA cen-

troid to the nearest obstetric provider as the independent variable,

adjusting for other maternal demographic and clinical factors, rurality,

and community-level SES. To estimate apotentialU-shapedassociation

between provider distance and ABOs, we also included provider dis-

tance as a quadratic variable. The model originally included an inter-

action between provider distance and rurality; this was not significant

and was ultimately removed. Analyses were weighted by the percent

of adolescents who had births out of all female adolescents per ZCTA

from 2013 to 2017. All models were evaluated using variance inflation

factors (VIFs) to address for potential multicollinearity; all variables

had VIF<4. Predictive probabilities of ABOs were calculated for each

ZCTA using the full model, stratified by rurality. Additional sensitivity

analysis was conducted to include only ZCTAs with at least 10 annual

births to ensure that ZCTAs hadABO rates stable enough formeaning-

ful comparisons. All analyses were conducted with SAS 9.4 (SAS Insti-

tute Inc., Cary, NC).

RESULTS

From 2013 to 2017, a total of 24,782 births occurred to adolescent

women (aged 10–19) in SC, with these births occurring in 369 out of

378 ZCTAs. Out of these births, 7015 (28.31%) experienced ABOs,

with ABOs occurring in 323 ZCTAs. Among the 7015 ABO births,

38.65%were preterm, 37.13%were lowbirthweight, and 24.22%were

both low birthweight and preterm. Rates of ABOs varied substantially

across all ZCTAs, ranging from 0% to 100%. Mean rates of ABOs were

higher in urban areas (25.75%)when compared to rural areas (19.59%)

(p = .0112; Table 1). Across ABO type, urban areas had higher rates of

low birthweight (10.31%) compared to rural areas (7.21%; p = .0092)

as well as births with both low birthweight and preterm birth (5.69%

vs. 4.48%; p = .0390). There was no significant difference in preterm

birth between urban and rural areas.

Shown in Table 2, the mean provider distance was 11.86 miles

(range, 0–42.91 miles). Provider distance was not significantly differ-

ent between rural (11.76 miles) and urban ZCTAs (12.04 miles, p =

.0958). The majority (83.28%) of births were paid by Medicaid, and

rural births (86.46%) to adolescentmothersweremore likely to be cov-

ered by Medicaid than urban births (81.51%; p = .0071). The mean

level of child poverty was higher in urban ZCTAs (33.39% compared to

29.99%; p = .0106). Few births (7.67%) had inadequate prenatal care,

with no significant differences between rural or urban ZCTAs. Weight,

tobacco use, and gestational diabeteswere also not significantly differ-

ent between urban and rural ZCTAs.

In terms of maternal demographic characteristics, only percentages

of births to Hispanic mothers were significantly different between

rural and urban ZCTAs. Specifically, births to Hispanic adolescents

were more common in urban ZCTAs (6.7%) than in rural ZCTAs (3.9%;

p< .0001).

The unadjusted analysis of ABOs by provider distance showed an

inverse association between provider distance and ABOs (Table 3). An

increase of 1 mile in provider distance was associated with a decrease

in ABO by 1.05% (CI: –1.58 to –0.52, p = .0001). A U-shaped relation-

ship was found, where an increase of 1 mile (squared) was associated

first with a decrease in ABO until approximately 17 miles and then an

increase in ABO of 0.3% (CI: 0.01–0.05, p= .0032).

After controlling for maternal characteristics, inadequate prena-

tal care and rurality were significantly associated with ABO rates

amongbirths toadolescentmothers (Table3). Inadequateprenatal care

(defined as < five prenatal visits) was associated with an increased

ABO by 0.42% (CI: 0.23–0.62, p < .0001). Births in a rural area had a

lower ABO of 4.94% (CI: –8.41 to –1.58, p= .0043) compared to those
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F IGURE 1 Predicted probability of ABO by
rurality in roadmiles
Note: The full model from Table 3was used to
calculate these predicted values, stratified by
rurality.

in urban areas. An increase of 1 mile in provider distance was associ-

ated with a decrease in ABO by 0.79% (CI: –1.32 to –0.26, p = .0038),

and a smaller U-shaped relationship was found: an increase of 1 mile

(squared) was associated with a 0.02% decrease in ABO at first and

then an increase in ABO at approximately 17 miles (CI: 0.0003–0.04,

p= .0469).

The predicted probability of ABO (Figure 1) shows a distinct differ-

ence based on maternal rurality. As miles to a provider increase, the

probability of ABOs in rural ZCTAs decreases. The probability of ABOs

in urbanZCTAs shows aU-shaped relationship: ABOs initially decrease

as miles to a provider increase until approximately 17 miles, at which

point the probability of an ABO begins to increase.

The sensitivity analysis limiting only ZCTAs with at least 10 annual

births showed consistent results—a U-shaped distance-outcome

relationship—in urban ZCTAs; however, in rural ZCTAs, we found

a U-shaped distance-outcome relationship among these 38 rural

ZCTAs with 10 or more annual births (online Appendix Figure 1).

These results demonstrate that teen pregnant women in urban and

rural ZCTAs that had to travel more than 13 miles to reach the near-

est obstetric providers would have higher ABO rates with farther

distances.

DISCUSSION

This study examined the relationship between ABOs and provider dis-

tance for adolescent births in SC from 2013 to 2017. Counterintu-

itively, in rural ZCTAs, residing farther from an obstetric provider was

associated with lower ABO rates. In urban ZCTAs, the relationship fol-

lowed a U-shaped curve with closer areas associated with a decrease

in ABOs and areas past 17 miles associated with an increase in ABOs.

Urban areas also had significantly higher percentages of ABOs over-

all, specifically births with low birthweight and both preterm and low

birthweight.

The inverse relationship between provider distance and ABOs in

rural areas is contrary to previous findings among mothers of all ages

in the literature and thus requires close consideration.30,33 In this anal-

ysis, living farther away from a provider in rural areas was associ-

ated with lower ABO percentages. Simply living in a rural area of SC

was associated with a 5% decrease in ABOs when all other variables

were held constant. There are two possible reasons for this. First,

rural adolescents were more likely to rely on Medicaid, and therefore,

those mothers may have been able to access earlier and/or more care

throughout their pregnancies, as seen in Sonchak’s39 work; however,

therewasnot a significant difference in thepercentageofmotherswith

inadequate prenatal care—defined as fewer than five prenatal visits—

between rural and urban ZCTAs.39 Future studies may wish to employ

expanded measures of prenatal care (i.e., both quantity and quality)

in order to examine whether this finding may be explained by differ-

ences in timing, amount, and/or content of care. Second, while there

are adolescent pregnancy programs in both urban and rural areas in

SC, there are a number of programs that focus on rural SC, including

Healthy Start and Fact Forward. Healthy Start is a federally funded

locally based program that enrolls pregnant women and guides them

through their pregnancies, providing women with in-home visits, edu-

cation, housing assistance, transportation to medical appointments,

and post-birth support with breastfeeding and nutrition education.40

In SC, they are primarily located in the PeeDee region, in the north-

east area of the state.40 Fact Forward trains providers and educators

to talk with adolescents about sexual health and pregnancy prevention

throughout SC, primarily in rural areas.41

Urban findings differed significantly. In urban ZCTAs, after a

providerwas approximately 17miles away from themother, ABO rates

began to increase. This urban “disadvantage” has been identified for
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other health conditions. For instance, Spees and associates found that

urban cancer patients over 15 miles from a provider were less likely

to start their treatment than those with a close provider, while rural

patients were more likely to start and finish treatment.37 This is not

directly comparable as there was not a significant difference between

urban and rural ZCTAs regarding prenatal care, but it nonetheless

highlights that travel distance may impact urban residents differently

than rural residents. In rural states like SC, urban access has not been

widely studied, and it would be worthwhile to see if rural interven-

tions couldbe replicated inurbanunderservedareas, likeperinatal care

regionalization, Rural Maternity and Obstetrics Management Strate-

gies, Healthy Start, and Home Visiting programs. Further research is

needed to elucidate what burdens urban adolescents face in accessing

a provider and to identify other ABO determinants.

In the adjusted regression, inadequate prenatal care was the only

other covariate to be significantly associated with ABOs. Specifically,

we found that every 1% increase in inadequate prenatal care in a

ZCTAwas associatedwith a 0.4 absolute percentage increase in ABOs.

Inadequate prenatal care has been found to be a strong predictor

of ABOs in both adult and adolescent births, so this finding, while

a relatively small association, adds further support that receiving a

minimal threshold of prenatal care is important to achieve success-

ful birth outcomes.22,25,26,42,43 Along with prenatal care, race and

income level are shown in the literature to be important predictors

of ABOs.15,28,30,43 Household income data were not available for this

ZCTA-level study; however, most of the births analyzed in the cur-

rent study were paid through Medicaid. Thus, the majority of moth-

ers included in the sample are likely to have come from low SES

backgrounds. Insurance payer was not associated with ABOs in the

regression—possibly due to a homogenous sample or the use of this

proxy measure of income. In terms of racial differences, the percent of

White or Blackmotherswas not significantly different across the state.

Race itself was not statistically significant in the regression, possibly

because there was a similar proportion of adolescent births to Black

womenbetween rural andurban SC. Importantly, this analysiswas con-

ducted at the ZCTA-level; use of individual-level data may yield more

understanding of the relationship between individual factors (e.g., care

received, sociodemographic variables, and SES) to ABOs. Comparing

the results of low-income mothers in high- or mid-income ZCTAs or

counties could also be an avenue for future research.

Current findings make at least two distinct contributions to the

current literature. In SC, adolescents in rural ZCTAs that are farther

from providers are a logical target for policies or programs that aim

to reduce ABOs. Rural programs that seek to improve access to care

and reduce transportation burdens may be warranted, such as provid-

ing reliableMedicaid transportationor increasing useof telehealth ser-

vices when appropriate. Policies that incentivize providers to increase

Medicaid patients’ return visits may also be useful, since the use of

Medicaid was higher among mothers in rural ZCTAs. Second, adoles-

cent mothers in urban ZCTAs were more likely to reside in areas with

higher child poverty—a proxy for community SES. Adolescent moth-

ers in low-income, urban areas may face unique challenges that impact

their care and later birth outcomes. Public transportation is limited in

SC, even in many urban centers. Therefore, even urban adolescents

may experience transportation challenges, such as having to rely on

others with an automobile. While child poverty was not a significant

factor in the adjusted model, community SES could impact the ability

of urban residents who live far from providers to travel to receive fre-

quent care. Again though, inadequate prenatal care had only a small

effect on ABOs in the current study, and more in-depth research is

needed on ABOs among urban adolescent mothers.

Limitations

This study has some limitations. Because this is aggregate data,

addresses for patients were unavailable, and distance to the closest

provider could in fact be either shorter or longer than calculated using

ZCTA centroids. Yet, we do not think this would affect the study find-

ings as this measurement error would be expected to be randomly dis-

tributed across urban and rural communities. Additionally, the analysis

only looked at the closest provider, rather than the distance to the spe-

cific provider a patient used. Patients choose providers based on myr-

iad factors, not just distance from their office.44,45 Thus, future studies

that are able to link providers and their documented patients would be

auseful extension. Finally, choice of covariateswas limiteddue to infor-

mation collected andpresented in SCAN; addingmore covariates could

explain more of the variation in themodel.

CONCLUSION

While longer provider distance was associated with lower ABO rates

overall, this study revealed some important differences in ABOs for

adolescent mothers in rural versus urban ZCTAs. Adolescents in urban

ZCTAs inSCappear tobemoreat risk forABOswhenproviderdistance

is greater than 17 miles, while other unobservable factors might drive

the fact that adolescent mothers in rural ZCTAs with a higher travel

burden had lowerABO rates. This association needs to be further stud-

ied to ascertain what programs in rural ZCTAs could positively impact

birth outcomes among adolescents in urban areas and to understand

the counterintuitive direction of the association between provider dis-

tance and ABOs in rural SC births.
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