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Abstract

Background: Adequacy of prenatal care is associated with fulfillment of postpartum sterilization requests, though it
is unclear whether this relationship is indicative of broader social and structural determinants of health or reflects
the mandatory Medicaid waiting period required before sterilization can occur. We evaluated the relationship
between neighborhood disadvantage (operationalized by the Area Deprivation Index; ADI) and the likelihood of
undergoing postpartum sterilization.

Methods: Secondary analysis of a single-center retrospective cohort study examining 8654 postpartum patients
from 2012 to 2014, of whom 1332 (15.4%) desired postpartum sterilization (as abstracted from the medical record
at time of delivery hospitalization discharge) and for whom ADI could be calculated via geocoding their home
address. We determined the association between ADI and sterilization completion, postpartum visit attendance, and
subsequent pregnancy within 365 days of delivery via logistic regression and time to sterilization via Cox
proportional hazards regression.

Results: Of the 1332 patients included in the analysis, patients living in more disadvantaged neighborhoods were
more likely to be younger, more parous, delivered vaginally, Black, unmarried, not college educated, and insured via
Medicaid. Compared to patients living in less disadvantaged areas, patients living in more disadvantaged areas
were less likely to obtain sterilization (44.8% vs. 53.5%, OR 0.84, 95% CI 0.75–0.93), experienced greater delays in the
time to sterilization (HR 1.23, 95% CI 1.06–1.44), were less likely to attend postpartum care (58.9% vs 68.9%, OR 0.86,
CI 0.79–0.93), and were more likely to have a subsequent pregnancy within a year of delivery (15.1% vs 10.4%, OR
1.56, 95% CI 1.10–1.94). In insurance-stratified analysis, for patients with Medicaid, but not private insurance, as
neighborhood disadvantage increased, the rate of postpartum sterilization decreased. The rate of subsequent
pregnancy was positively associated with neighborhood disadvantage for both Medicaid as well as privately insured
patients.
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Conclusion: Living in an area with increased neighborhood disadvantage is associated with worse outcomes in
terms of desired postpartum sterilization, especially for patients with Medicaid insurance. While revising the
Medicaid sterilization policy is important, addressing social determinants of health may also play a powerful role in
reducing inequities in fulfillment of postpartum sterilization.

Keywords: Sterilization, Neighborhood disadvantage, Social determinants of health, Medicaid, Postpartum
contraception

Background
Sterilization is the most commonly used method of
contraception among women of reproductive age in the
United States [1]. Patients with Medicaid insurance are
less likely to undergo desired postpartum sterilization
and more likely to have subsequent pregnancies than pa-
tients with private insurance [2–5]. This is, in part, due
to a federal Medicaid policy that requires a specific con-
sent form and a mandatory waiting period prior to
sterilization due to a history of coerced sterilization of
women of color and low socioeconomic status [4, 6–8].
However, barriers at the patient, physician, and hospital
levels may also impact sterilization access and comple-
tion [4, 9]. In fact, after controlling for patient and phys-
ician level factors, we have found that the disparity in
sterilization completion between patients with Medicaid
and private insurance desiring postpartum sterilization is
no longer significant [7]. Rather, Medicaid insurance sta-
tus may be simply a proxy for other demographic and
clinical factors such as adequacy of prenatal care and
route of delivery that account for the difference in
sterilization for patients with private versus Medicaid in-
surance [10].
Adequacy of prenatal care may reflect broader social

determinants of health such as structural, financial, or
psychosocial factors that limit access to the recom-
mended number of prenatal visits such as distance to
clinic, inconvenient hours, lack of transportation,
childcare, distrust of physicians, and intimate partner
violence, among others [11, 12]. The area deprivation
index (ADI), first described by Singh, is a composite
area-based index used to describe an area’s socioeco-
nomic position and has been used to estimate the com-
bined impact of individual and structural exposures that
relate to the social determinants of health [13, 14]. The
original ADI was constructed using factor analysis and
principal-components analysis of 17 census indicators,
including population aged ≥25 years with < 9 years of
education, population aged ≥25 years with at least a high
school diploma, employed persons aged ≥16 years in
white collar occupations, median family income, income
disparity, median home value, median gross rent, median
monthly mortgage, owner occupied housing units,

civilian labor force population aged ≥16 years un-
employed, percentage of families below the poverty level,
percentage of the population < 150% of the poverty
threshold, percentage of single-parent households with
children aged < 18 years, percentage of households with-
out a motor vehicle, percentage of households without a
telephone, percentage of occupied housing units without
complete plumbing, and percentage of households with
more than one person per room [13]. Factor score coef-
ficients are used to weight the indicators comprising the
index and the ADI is standardized by arbitrarily setting
the mean at 100 and the standard deviation at 20.
Higher levels of ADI (indicating greater area disadvan-
tage), are independently associated with worse health
outcomes in terms of acute and chronic health diseases,
decreased healthcare participation, increased cost of
care, and increased all-cause mortality [15–29]. Neigh-
borhood disadvantage has been shown to impact health
separately from individual health behaviors [24, 30].
Specifically in terms of pregnancy outcomes, neigh-
borhood disadvantage is associated with cytomegalo-
virus seroprevalence, incidence of orofacial clefts,
small and large for gestational age fetal growth, and
preterm birth [31–38].
However, it is unclear whether neighborhood disad-

vantage impacts contraceptive access in general and
more specifically, postpartum sterilization. The known
association of sterilization fulfillment with adequacy of
prenatal care may reflect the role of social determinants
of health but also may simply reflect the mandatory
waiting period prior to sterilization for patients with
Medicaid insurance [39]. Thus, our objective was to
analyze the relationship between neighborhood disad-
vantage and desired postpartum sterilization to better
understand the impact of social determinants of health.
We hypothesized that higher levels of neighborhood dis-
advantage (reflecting living in areas with fewer re-
sources) as measured by the ADI, would be associated
with decreased rates of sterilization achievement, in-
creased time to sterilization, decreased postpartum visit
attendance, and increased rates of subsequent pregnancy
in the year following delivery. Furthermore, we hypothe-
sized that this relationship would be observed within
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insurance-specific analyses as well, such that patients
with Medicaid insurance would be more impacted by
living in neighborhoods with fewer resources than those
with private insurance, given the additional policy-level
barriers to sterilization faced by patients with Medicaid.

Methods
This is a planned secondary analysis of a retrospective
cohort study including deliveries at or above 20 weeks
gestation occurring from January 1, 2012 through
December 31, 2014 at our tertiary care academic hos-
pital. While the primary analysis restricted analysis of
differences in postpartum sterilization fulfillment solely
between patients with Medicaid versus private insurance,
the cohort for this secondary analysis was broadened to
include all patients whose postpartum contraceptive plan
was sterilization and for whom ADI could be calculated
(n = 1332) (Fig. 1). Sterilizations included those that oc-
curred either during the delivery admission while in-
patient or as an outpatient procedure during the first 90
days of the postpartum period.
Full study methodology has been published previously

[10]. Briefly, we reviewed each patient’s linked outpatient
and inpatient electronic medical record for demographic
and clinical characteristics, postpartum contraceptive
plan choice, and plan achievement for up to 365 days
from date of delivery. Demographic and clinical charac-
teristics recorded included maternal age, parity, gesta-
tional age, delivery type, number of prenatal visits, route
of delivery, race and ethnicity, marital status, and

education. Adequate prenatal care was defined as six or
more prenatal visits [40]. Postpartum contraceptive plan
was defined as the plan documented at time of hospital
discharge. All study subjects had a contraceptive plan
documented prior to discharge after delivery. Insurance
status was directly obtained by matching patient charts
to billing records.
We used ArcGIS (version 10.6.1) to geocode each sub-

ject’s home address at the time of delivery to obtain the
census tract. Most (97%) of our subject addresses were
matched at the street level. Twenty-two subjects who
listed a post office box address were excluded from the
analysis. We used the Area Deprivation Index (ADI) to
describe neighborhood disadvantage. Of the 17 indica-
tors used in the original ADI, we removed two indica-
tors: the percentage of households without a telephone,
and the percentage of occupied housing units without
complete plumbing. This was done as they showed little
variation across Northeast Ohio. We then used the R
“Sociome” package [41] to estimate the ADI for each
census tract in Ohio. Sociome uses locally-derived factor
score coefficients to weight the 15 census indicators that
comprise the ADI. Because our study data spans the
time period 2012 to 2014, we chose to use the 2015 5-
year American Community Survey which includes the
years 2011 to 2015 as our data source for calculating the
ADI. The stability of the ADI over time is not well de-
fined, however US census-based estimates are believed
to be stable at the neighborhood level and the bivariate
association between the 2009 and 2017 ADI for Ohio

Fig. 1 Flow chart of the study population
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has an estimated correlation of 0.94, suggesting minimal
variation over time [42].
Tests of differences (t-tests and χ2 tests for continuous

and categorical outcomes, respectively) of demographic
and clinical variables were calculated across the median
ADI of the study population. Outcomes included post-
partum sterilization achievement within 90 days of deliv-
ery, time in days to sterilization achievement from day
of delivery, postpartum visit attendance within 90 days
of delivery, and subsequent pregnancy within 365 days of
delivery. Subsequent pregnancy was defined as either
positive urine or serum pregnancy test, presentation for
prenatal care, or notation in our hospital’s clinical docu-
mentation of pregnancy care at an outside hospital.
Differences in proportions of the three categorical out-

comes across ADI were compared via χ2 with Yates’
continuity correction and odds ratio (OR) with 95% con-
fidence intervals (CI). Differences in time to sterilization
with 95% CIs across ADI were calculated using Cox pro-
portional hazards regression. For these outcomes, the as-
sociation with neighborhood disadvantage was analyzed
across median ADI as well as in quartiles of ADI to bet-
ter understand both the bivariate as well as spectrum ef-
fect, if any, of increasing limits on neighborhood
resources and study outcomes.
Given relevant potential confounding between insur-

ance type and ADI as well as the additional federal pol-
icy barrier that patients with Medicaid but not private
insurance face, we also stratified our analyses of the as-
sociation of neighborhood disadvantage and study out-
comes by insurance type (Medicaid versus private). This
was done by conducting univariable logistic regression
of categorical outcomes and ADI and univariable Cox
proportional hazards regression for time to sterilization
for patients with Medicaid and patients with private
insurance.
All tests were two-tailed and an alpha of 0.05 was

used to define statistical significance. All analyses
were performed using R Version 3.4.0. Records were
abstracted and iteratively coded by four trained re-
searchers (JM, BW, EV, MM). The Fleiss’ kappa score
for concordance was 0.91 for the plan of sterilization
between the four researchers. We were missing data
in 20 (1.5%) records for the variable of adequacy of
prenatal care, 34 (2.6%) records for marital status,
and 56 (4.2%) records for education level. Complete
data were available for 1228 (92.2%) records. In a
post-hoc power calculation of this secondary analysis,
using the sample sizes and proportions of patients in
this study achieving postpartum sterilization, we cal-
culated that we had a power of 0.89 for the associ-
ation between sterilization achievement across median
ADI. This study was approved by the institutional re-
view board of the MetroHealth Medical Center.

Results
One thousand three hundred thirty-two patients were
included in this analysis. Clinical and demographic
characteristics of those patients desiring sterilization
stratified by the median ADI are presented in Table 1.
Briefly, those patients living in areas above the median
ADI (i.e., areas with higher disadvantage) were younger,
more parous, more likely to have delivered vaginally, less
likely to have adequate prenatal care, more likely to be
Black, less likely to be married, less likely to have
attended college, and more likely to have Medicaid
insurance.
Clinical and demographic characteristics of the

study population across quartiles of ADI are shown in
Table 2. As ADI increased, patients were more likely
to be younger, more parous, more likely to have de-
livered vaginally, less likely to have adequate prenatal
care, more likely to be Black, less likely to be mar-
ried, less likely to have attended college, and more
likely to have Medicaid insurance. The relationship
between sterilization achievement, time to sterilization
postpartum visit attendance, subsequent pregnancy
and ADI by quartile are also presented in Table 2. As
ADI increased, patients were less likely to undergo
their desired postpartum sterilization procedures,
more likely to have a longer time to sterilization, less
likely to attend their postpartum visit, and more likely
to have a subsequent pregnancy.
Association of ADI and study outcomes are shown in

Table 3. Briefly, patients living in areas with above the
median ADI were less likely to obtain postpartum
sterilization within 90 days of delivery (OR 0.84, 95% CI
0.75–0.93). Median time to sterilization was longer for
those living in areas with ADI above the median (HR
0.81, 95% CI 0.70–0.95). Patients living in census tracts
with ADI at or above the median were less likely to
attend their postpartum visit (OR 0.86, CI 0.79–0.93).
Finally, patients living in areas with ADI at or above the
median were more likely to have a subsequent preg-
nancy within a year of the index delivery (OR 1.46, 95%
CI 1.10–1.94).
In an insurance-stratified analysis in which ADI was

analyzed continuously, greater ADI was significantly as-
sociated with lower sterilization achievement among pa-
tients with Medicaid, but not private insurance, (OR
0.92, 95% CI 0.86–0.98 vs OR 0.94, 95% CI 0.81–1.09).
For both Medicaid and privately insured patients, there
was no significant association between ADI and time to
sterilization (Medicaid: HR 0.95, 95% CI 0.91–1.00;
Private insurance: HR 0.97, 95% CI 0.89–1.07) or post-
partum visit attendance (Medicaid: OR 0.94, 95% CI
0.88–1.00); Private insurance: OR 0.84, 95% CI 0.65–
1.06). However, ADI was associated with subsequent
pregnancy both for patients with Medicaid (OR 1.14,
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95% CI 1.04–1.26) and those with private insurance (OR
1.89, 95% CI 1.28–3.15).

Discussion
In our study of neighborhood disadvantage and postpar-
tum sterilization, living in an area with higher neighbor-
hood disadvantage was associated with a decreased rate
of completion of desired postpartum sterilization, in-
creased time to completion, decreased rate of postpar-
tum visit attendance, and increased rate of subsequent
short-interval pregnancy. To our knowledge, this study
is the first to report association between neighborhood
disadvantage and postpartum outcomes.
Non-completion of desired postpartum sterilization is

detrimental to both individual and public health in terms
of patients reporting feeling frustrated, angry, and anx-
ious as well as their increased risk of subsequent short-
interval pregnancy [9]. Such short-interval pregnancy
carries a higher risk of preterm birth, which has also

been shown to be associated with neighborhood disad-
vantage [35, 36, 38]. Racial/ethnic disparities in neigh-
borhood disadvantage exist in our study and have been
previously demonstrated in perinatal health outcomes,
including maternal mortality [43–46]. Therefore,
addressing social determinants of health may play a
powerful role in reducing non-fulfillment of desired
postpartum sterilization procedures, overall perinatal
morbidity and mortality, as well as racial/ethnic inequi-
ties in health outcomes due to unfilled sterilization
requests.
Increasing neighborhood disadvantage was associated

with an increased likelihood of having Medicaid insur-
ance. Patients with Medicaid, but not those with private
insurance, face additional policy-level barriers to receipt
of desired postpartum sterilization [4]. As demonstrated
in our stratified analysis, for both patients with Medicaid
and private insurance, living in areas of higher neighbor-
hood disadvantage is associated with decreased

Table 1 Clinical and demographic characteristics of patients desiring postpartum sterilization by median of area deprivation index (ADI)

Variable Neighborhood Disadvantage p-value

Above the Median
ADI ≥ 126a

n = 667

Below the Median ADI < 126
n = 665

Mean maternal age at delivery (years) 29.2 (5.4) 31.2 (5.3) < 0.001

Parity ≥2 535 (80.2) 483 (72.6) 0.003

Median Gestational age at delivery (weeks) 39.0 (37.0–41.0) 39.0 (37.0–41.0) 0.94

Route of Delivery < 0.001

Spontaneous vaginal delivery 409 (61.3) 332 (49.9)

Operative vaginal delivery 15 (2.2) 13 (2.0)

Cesarean section 243 (36.4) 320 (48.1)

Adequate prenatal care (≥6 visits) 511 (76.6) 535 (80.5) 0.21

(Missing) 5 (1.3) 0 (0)

Race and Ethnicity < 0.001

Black or African American 396 (59.4) 271 (40.8)

White 143 (21.4) 259 (38.9)

Hispanic 112 (16.8) 100 (15.0)

Asian 4 (0.6) 9 (1.4)

Other 12 (1.8) 26 (3.9)

Married 84 (12.6) 214 (32.2) < 0.001

(Missing) 13 (3.3) 0 (0.0)

Attended College 136 (20.4) 274 (41.2) < 0.001

(Missing) 23 (5.8) 3 (4)

Insurance < 0.001

Private 24 (3.6) 131 (19.7)

Medicaid 573 (85.9) 456 (68.6)

Medicare 58 (8.7) 49 (7.4)

None 18 (2.1) 23 (5.0)

Presented as n (%), mean (SD), or median (IQR)
a Higher ADI associated with greater neighborhood disadvantage
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Table 2 Clinical and demographic characteristics of patients desiring postpartum sterilization by quartile of area deprivation index
(ADI)

Variable Neighborhood Disadvantage

Quartile of ADIa

First
(57–111)
n = 332

Second
(111–126)
n = 333

Third
(126–137)
n = 370

Fourth
(137–176)
n = 297

Mean maternal age at delivery (years) 32.1 (5.0) 30.3 (5.3) 29.3 (5.5) 29.0 (5.3)

Parity ≥2 223 (67.2) 260 (78.1) 291 (78.6) 244 (82.2)

Mean Gestational age at delivery (weeks) 38.0 (2.2) 37.7 (2.6) 37.8 (2.6) 37.7 (2.8)

Route of delivery

Spontaneous vaginal delivery 157 (47.3) 175 (52.6) 228 (61.6) 181 (60.9)

Operative vaginal delivery 4 (1.2) 9 (2.7) 8 (2.2) 7 (2.4)

Cesarean section 171 (51.5) 149 (44.7) 134 (36.2) 109 (36.7)

Adequate prenatal care (≥6 visits) 273 (82.2) 262 (78.7) 290 (78.4) 221 (74.4)

Race and ethnicity

Black or African American 91 (27.4) 180 (54.1) 168 (45.4) 228 (76.8)

White 179 (53.9) 80 (24.0) 111 (30.0) 32 (10.8)

Hispanic 37 (11.1) 63 (18.9) 84 (22.7) 28 (9.4)

Asian 7 (2.1) 2 (0.6) 1 (0.3) 3 (1.0)

Other 18 (5.4) 8 (2.4) 6 (1.6) 6 (2.0)

Married 150 (45.2) 64 (19.2) 54 (14.6) 30 (10.1)

Attended college 169 (50.9) 105 (31.5) 82 (22.2) 54 (18.2)

Insurance

Private 101 (30.4) 30 (9.0) 16 (4.3) 8 (2.7)

Medicaid 189 (56.9) 267 (80.2) 311 (84.1) 262 (88.2)

Medicare 24 (7.2) 25 (7.5) 33 (8.9) 25 (8.4)

None 18 (5.4) 11 (3.3) 10 (2.7) 2 (0.7)

Received postpartum sterilization 194 (58.4) 162 (48.6) 172 (46.5) 127 (42.8)

Postpartum visit attendance 246 (74.1) 212 (63.7) 226 (61.1) 167 (56.2)

Subsequent pregnancy 22 (6.6) 47 (14.1) 47 (12.7) 54 (18.2)

Presented as n (%), mean (SD), or median (IQR)
a Higher ADI associated with greater neighborhood disadvantage

Table 3 Association of Neighborhood Disadvantage with Sterilization Outcomes

Outcome Neighborhood Disadvantage OR (95%
CI)Above the Median

ADI ≥ 126a

n = 667

Below the Median ADI < 126
n = 665

Obtained postpartum sterilization 299 (44.8) 356 (53.5) 0.84
(0.75–0.93)

Median time to sterilization (days) 77 56 0.81
(0.70–0.95)a

Postpartum visit attendance 393 (58.9) 458 (68.9) 0.86
(0.79–0.93)

Subsequent pregnancy within 365 days 101 (51.1) 69 (10.4) 1.46
(1.10–1.94)

Presented as n (%)
a HR (95% CI)
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likelihood of postpartum sterilization completion, al-
though this was statistically significant only for patients
with Medicaid. Thus, it is possible that those patients
with Medicaid living in areas of higher neighborhood
disadvantage were less likely to overcome the policy
barrier of the required waiting period. However, other
potential differences in the two populations as well as
differences in health delivery could also contribute to
this difference and should be further studied.
The major strength of this study is that it is a planned

secondary analysis from a detailed and large data set in-
cluding all deliveries over a 3-year period. However, the
study has several limitations. The study is retrospective
and is therefore limited by the quality of the medical
records. For example, we cannot account for those pa-
tients who had subsequent pregnancies within the study
period but obtained prenatal care or termination of
pregnancy outside our institution. As a single institution
study, our patient demographics, physician practices,
and institutional policies surrounding sterilization may
impact generalizability. We operationalized neighbor-
hood disadvantage using the ADI, a composite index
based on census-area indicators. Therefore, limitations
of this analysis include potential confounding of study
demographics with variables included in the index as
well as the fact that we used a revised version of the
ADI given our study population. Thus, further work
using larger samples and additional patient- and family-
level data will be necessary to better understand and dis-
entangle individual and neighborhood level effects [47,
48]. Finally, several associations identified in our models
are within the zone of potential bias and therefore
should be interpreted with caution [49].

Conclusion
In conclusion, we found that neighborhood disadvantage
is inversely associated with the rate of desired postpar-
tum sterilization, especially for patients with Medicaid
insurance. Despite the limitations of the area deprivation
index, our study demonstrates the association of social
determinants of health with sterilization outcomes.
Thus, while revising the Medicaid sterilization policy is
important to reduce barriers to care, further study into
the association of social determinants of health in repro-
ductive health is also warranted given the impact on
both individual patient and public health outcomes. Im-
proving public health systems through addressing struc-
tural inequities such as decreased distance to clinic and
improved hours of access as well as assistance with
travel and childcare coordination is necessary to reduce
financial and structural barriers to care.
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