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Examination of the Black-White racial disparity in [® crcciorupoaes
severe maternal morbidity among Georgia
deliveries, 2016 to 2020

E. Kathleen Adams, PhD; Michael R. Kramer, PhD; Peter J. Joski, MSPH; Marissa Coloske, MPH, MA;
Anne L. Dunlop, MD, MPH

BACKGROUND: Studies find that delivery hospital explains a significant portion of the Black-White gap in severe maternal morbidity. No
such studies have focused on the US Southeast, where racial disparities are widest, and few have examined the relative contribution of hospital,
residential, and maternal factors.

OBJECTIVE: This study aimed to estimate the portion of Georgia’'s Black-White gap in severe maternal morbidity during delivery through
42 days postpartum explained by hospital, residential, and maternal factors.

STUDY DESIGN: Using linked Georgia hospital discharge, birth, and fetal death records for 2016 through 2020, we identified 413,124
deliveries to non-Hispanic White (229,357; 56%) or Black (183,767; 44%) individuals. We linked hospital data from the American Hospital Asso-
ciation and Center for Medicare and Medicaid Services, and area data from the Area Resource File and American Community Survey. We identi-
fied severe maternal morbidity indicator conditions during delivery or subsequent hospitalizations through 42 days postpartum. Using race-
specific logistic models followed by a decomposition technique, we estimated the portion of the Black-White severe maternal morbidity gap
explained by the following: (1) sociodemographic factors (age, education, marital status, and nativity), (2) medical conditions (diabetes mellitus,
gestational diabetes, chronic hypertension, gestational hypertension or preeclampsia, and smoking), (3) obstetrical factors (singleton or multiple,
and birth order); (4) access to care (no or third trimester care, and payer), (5) hospital factors that are time-varying (delivery volume, deliveries per
full-time equivalent nurse, doctor communication, patient safety, and adverse event composite score) or measured time-invariant characteristics
(ownership, profit status, religious affiliation, teaching status, and perinatal level), and (6) residential factors (county urban/rural classification,
percent uninsured women of reproductive age, obstetrician-gynecologists per women of reproductive age, number of federally-qualified and
community health centers, medically-underserved area [yes/no], and census tract neighborhood deprivation index). We estimated models with
and without hospital fixed-effects, which account for unobserved time-invariant hospital characteristics such as within-hospital care processes or
unmeasured hospital-specific factors.

RESULTS: There was 1.8 times the rate of severe maternal morbidity per 100 discharges among non-Hispanic Black (3.15) than among
White (1.73) individuals, with an explained proportion of 30.4% in models without and 49.8% in models with hospital fixed-effects. In the latter,
hospital fixed-effects explained the largest portion of the Black-White severe maternal morbidity gap (15.1%) followed by access to care (14.9%)
and sociodemographic factors (14.4%), with residential factors being protective for Black individuals (-7.5%). Smaller proportions were explained
by medical (5.6%), obstetrical (4.0%), and time-varying hospital factors (3.2%). Within each category, the largest explanatory portion was payer
type (13.3%) for access to care, marital status (10.3%) for sociodemographic, gestational hypertension (3.3%) for medical, birth order (3.6%) for
obstetrical, and patient safety indicator (3.1%) for time-varying hospital factors.

CONCLUSION: Models with hospital fixed-effects explain a greater proportion of Georgia’s Black-White severe maternal morbidity gap than
models without them, thereby supporting the point that differences in care processes or other unmeasured factors within the same hospital trans-
late into racial differences in severe maternal morbidity during delivery through 42 days postpartum. Research is needed to discern and ameliorate
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sources of within-hospital differences in care. The substantial proportion of the gap attributable to racial differences in access to care and socio-

demographic factors points to other needed policy interventions.
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Why was this study conducted?

To evaluate the relative importance of sociodemographic, medical, obstetric,
access to care, hospital and residential factors in explaining the Black-white gap
in severe maternal morbidity (SMM) during delivery through 42 days postpar-
tum in Georgia, 2016-2020.

What are the key findings?

The largest proportion of Georgia’s Black-white gap in SMM during delivery
through 42 days postpartum is explained by potential differences in care
processes or other unmeasured factors within the same delivery hospital. Racial
differences in access to care and sociodemographic factors follow closely in

disparate rates of SMM.

importance in explaining Georgia’s Black-white gap in SMM.

What does this study add to what is already known?

Within-hospital processes, which may reflect implicit bias or other unmeasured
factors, explain the largest portion of the Black-white gap in SMM during
delivery through 42 days postpartum in Georgia, a state with high and racially

Introduction

Severe maternal morbidity (SMM),
unintended outcomes of labor and
delivery resulting in short-term or long-
term health consequences, is regarded
as a near-miss outcome proximate to
maternal death." SMM is approximately
100 times more common than maternal
death,” and the US rates of both are
increasing.” National data for 2006 to
2015 show a 45 percent increase in
delivery SMM, with occurrence more
likely among those who are racial and
ethnic minorities, of youngest (<20
years) and oldest (>40 years) ages,
insured by Medicaid or uninsured,
residing in low-income communities,
and at hospitals that serve vulnerable
populations  (safety-net, minority-
serving, teaching, and public).” Across
the 10-year period, delivery SMM
rates were highest among Black
mothers with the Black-White dispar-
ity remaining stable.” Earlier studies
show that non-Hispanic Black com-
pared to White mothers have 2 to
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7 times the likelihood of SMM, with
racial differences in sociodemographic
and medical factors accounting for a
portion of the disparity but much
remaining unexplained.*”°

A growing literature finds that deliv-
ery hospital contributes to racial gaps
in SMM. Identifying the underlying
reasons for lower complication rates in
high-performing hospitals appears crit-
ical to understanding disparities in
SMM.” A New York City study esti-
mated probabilities of SMM “as if” the
distribution of deliveries to Black
mothers matched those of White
mothers across hospitals ranked by
risk-adjusted SMM, concluding that
between-hospital differences may con-
tribute as much as 47.7% to the city’s
racial disparity. They also found that
within the same hospital and insurance
stratum (private, Medicaid), deliveries
to Black compared to White mothers
had higher risk of SMM.” A national
study concluded that pathways other
than insurance status need

investigation.” A multi-state study
found hospitals serving a “medium to
high” proportion of Black patients had
higher SMM rates for both White and
Black patients than hospitals serving
predominantly-White patients. Given
that 74% of deliveries to Black mothers
were in hospitals serving predomi-
nantly-Black patients,'"” the between-
hospital method of using “minority-
serving” as a surrogate for quality was
found to significantly underestimate
the racial disparity in readmissions."’

To build on previous findings and fill
gaps in knowledge, we use population-
based administrative data from Georgia
to analyze the relative importance of
sociodemographic, medical, obstetric,
access to care, delivery hospital, and res-
idential factors on the Black-White gap
in SMM during the delivery hospitaliza-
tion through 42 days postpartum.
Although it is known that improving
delivery hospital quality can reduce
disparities,'” postpartum disparities
are understudied. Considering that
postpartum SMM rates are increasing
and a growing majority of SMM and
mortality occurs after delivery dis-
charge, it is essential that analyses
include SMM in this broader time
period.” In this analysis we consid-
ered SMM during the delivery admis-
sion or any subsequent admission
during the first 42 days following
delivery. Because the system-level and
individual-level factors that associate
with SMM vary across the postpar-
tum period (within 42 days and 43
—365 days), we restricted our analysis
to the first 42 days.'”'* This study is,
to our knowledge, the first to use
multivariable analysis and a decom-
position technique to analyze racial
disparities in SMM in Georgia, a state
with a 31% higher rate of SMM than
the overall national rate (189.2 vs 144
per 10,000 deliveries)."”
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Materials and Methods

Data

Using deterministically-linked Georgia
hospital discharge, birth, and fetal death
records for 2016 through 2020, we iden-
tified 413,124 deliveries to 348,572 indi-
viduals reported as non-Hispanic White
(229,357; 56%) or non-Hispanic Black
(183,767; 44%); 64,552 (17.0%) were
repeat deliveries to the same individual.
We linked hospital-level data from the
American Hospital Association and the
Center for Medicare and Medicaid Serv-
ices Hospital Consumer Assessment of
Healthcare Providers and Systems sur-
vey using a state-level facility identity
from the Georgia Department of Public
Health. Using these linked data, we
derived both time-varying hospital
measures (eg, delivery volume, physi-
cian communication) that may relate to
quality of care as well as measured
time-invariant hospital characteristics
(eg, ownership).

We also linked data from the Area
Resource File (ARF) and the American
Community Survey based on the Fed-
eral Information Processing System
(FIPS) code for the maternal county
and census tract of residence at time of
delivery. We used the ARF data to cate-
gorize maternal residence according to
the National Center for Health Statistics
urban-rural continuum which was
designed to better reflect differences in
the health of county residents as those
in “fringe” vs “central” metropolitan
areas are known to fare better on several
health measures.'® The FIPS code was
used to link data reflective of access to
care within the county (eg, to obstetri-
cian-gynecologists and other providers
in county) and area-level social and eco-
nomic conditions'” as detailed in
Table 1. We defined the presence of
SMM using vital records and the Inter-
national Classification of Diseases, 10th
Revision (ICD-10) diagnosis codes from
hospital discharge.

Analysis

We used established ICD codes to iden-
tify occurrences of any of the 21 SMM
indicator conditions during the delivery
or any subsequent hospitalization
through 42 days postpartum.'® We

estimated logistic models separately for
deliveries to non-Hispanic Black and
White individuals. We wused these
results and the Oaxaca-Blinder decom-
position technique'”””’ to derive an
“explained portion” of the Black-White
SMM gap attributed to differences in
the averages of the covariates between
the racial groups and an “unexplained
portion” attributed to differences in the
coefficient estimates for the racial
groups. We focus here on the portion
explained and the factors accounting
for that portion.

For the following sets of covariates
(Table 1), we estimated the odds of
SMM and the relative contribution of
each to the “explained” portion of the
Black-White SMM gap: (1) sociodemo-
graphic factors (age, level of education,
marital status, and nativity), 2) medical
conditions (diabetes mellitus, gesta-
tional diabetes, chronic hypertension,
gestational hypertension or preeclamp-
sia, and smoking tobacco during preg-
nancy), (3) obstetrical factors (singleton
and prior births), (4) access to care (no/
3rd trimester care, and payer), (5) hos-
pital factors that are time-varying
(delivery volume, deliveries per full-
time equivalent registered nurse, doctor
communication, patient safety and
adverse event composite score) or mea-
sured time-invariant characteristics
(ownership, profit status, religious affili-
ation, teaching status, perinatal level),
and (6) residential characteristics
(urban/rural  classification,  percent
uninsured women of reproductive age
[WRA], obstetrician-gynecologists per
WRA, number of federally-qualified
health centers [FQHCs] and commu-
nity health centers [CMHCs], medi-
cally-underserved area [yes/no] and a
validated neighborhood deprivation
index (NDI) used in the maternal and
child health area, at the census tract
level.”* We estimated models with and
without hospital fixed-effects, which
account for unobserved time-invariant
hospital characteristics such as within-
hospital care processes or unmeasured
hospital-specific factors.

We used an extension of the Oaxaca-
Blinder method for binary outcome
measures in Stata version 17.°>°° We

conducted sensitivity analyses as fol-
lows: (1) randomly sampled a single
delivery among individuals with more
than 1 in the period to assess whether
possibly correlated repeat births to the
same person biased our estimates; and
(2) excluded blood transfusion from the
SMM definition because previous
research has demonstrated”’ the low
construct validity for SMM identified
by blood transfusion only given that the
number of units of blood transfused is
not available as an ICD code (Supple-
mental Tables).

Results

Descriptive

The SMM rate for delivery through
42 days postpartum was 3.151 per 100
deliveries for Black individuals and
1.730 for White individuals, for a differ-
ence of 1.421 percentage points (pp)
(P<.01). Characteristics of deliveries to
Black and White individuals are given
in Table 1. Compared to White moth-
ers, Black mothers were younger, were
more likely to have less than high school
education (11.8% vs 8.7%), have 3 or
more prior births (16.9% vs 8.8%), have
chronic hypertension (7.8% vs 4.1%),
have gestational hypertension (15.3% vs
13.4%) and were far less likely to be
married (26.7% vs 71.3%) and less likely
to smoke (9% vs 14.9%). Black mothers
were far more likely to have Medicaid
(67.2% vs 35.1%) and more likely to
have no or third trimester prenatal care
(9.7% vs 4.5%) and to deliver at non-
profit, major teaching hospitals and
those with larger delivery volumes,
characteristics of ‘safety-net’ hospitals,
than White mothers.”® A higher per-
centage of Black mothers than White
mothers delivered at a regional perinatal
center and at hospitals with more deliv-
eries per full-time equivalent registered
nurse and with higher (worse) scores on
the patient safety and adverse event
composite score.”” Finally, more Black
mothers than White mothers resided in
large metropolitan counties with more

FQHCs, CMHCs, and obstetrician/
gynecologists per WRA, but in census
tracts with higher NDI.
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TABLE 1

Delivery Characteristics®

Characteristics of deliveries to Non-Hispanic Black and White individuals in Georgia, 2016 to 2020
Non-Hispanic Black n=183,767

Non-Hispanic White n=229,357

Severe maternal morbidity rate (per 100 deliveries)
Delivery hospitalization to 42 d
Delivery hospitalization
Delivery hospital discharge to 42 d
Maternal sociodemographic factors
Age (y): <20
20—29
30-34
35-39
40—44
45+
Education: <High school
High School graduate
Some college
US born
Married
Medical factors®
Diabetes mellitus
Gestational diabetes
Chronic hypertension
Gestational hypertension
Smoker
Obstetrical factors
Prior births None
1
2
3 or more
Singleton
Access to care
Payer at delivery Private insurance
Medicaid
Self-Pay
Other Payer
No or third trimester prenatal care
Hospital characteristics
Ownership For-profit
Government hospital
Non-Profit hospital
Religious affiliation
Teaching Status None

3.151
2.552
0.691

7.5%
56.6%
21.5%
11.5%

2.7%

0.2%
11.8%
38.6%
49.6%
90.8%
26.7%

1.8%
7.2%
7.8%
15.3%
9.0%

37.8%
27.7%
17.7%
16.9%
99.0%

27.1%
67.2%
2.6%
3.2%
9.7%

10.5%
3.7%
82.2%
3.6%
23.9%

1.730¢
1.429¢
0.331¢

4.6%"
49.6%
30.0%
13.3%

2.4%

0.2%

8.7%"
24.7%
66.7%
95.4%°
71.3%°

1.2%¢
7.8%"
4.1%¢
13.4%°
14.9%°

41.4%"°
33.8%
16.0%
8.8%
99.2%°

59.6%

35.1%
1.8%
3.5%
4.5%

9.1%

5.1%
79.7%

6.2%
36.3%

(continued)
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TABLE 1

Characteristics of deliveries to Non-Hispanic Black and White individuals in Georgia, 2016 to 2020 (continued)

Delivery Characteristics®

Non-Hispanic Black n=183,767

Non-Hispanic White n=229,357

Minor teaching
Major teaching
Perinatal Level 0 or 1
2
3ord
Delivery Volume Highest quartile
2nd quartile
3rd quartile
Lowest quartile
Deliveries per full-time equivalent registered nurse, mean
Patient safety indicator score, mean
Doctor communication score, mean
Residential characteristics®
Residential area: Large central metropolitan
Large fringe metropolitan
Medium metropolitan
Small metropolitan
Micropolitan
Noncore
Neighborhood deprivation index (NDI)
Uninsured women of reproductive age (WRA)
Obstetrician/gynecologists per 10,000 women of reproductive age (Mean)
Federally qualified health centers (FQHC), mean
Medically underserved area (Yes)
Community mental health centers, mean
Year of delivery 2016
2017
2018
2019
2020

51.5%
24.6%
5.3%
22.8%
71.9%
70.0%
22.3%
6.7%
1.1%
416
1.07
78.80

13.5%
46.3%
12.4%
14.1%
8.3%
5.5%
0.25
16.1%
6.70
5.42
13.1%
0.40
20.0%
20.5%
20.1%
20.0%
19.4%

53.3%
10.4%
10.1%¢
28.7%
61.2%
61.7%°
27.0%
10.2%
1.1%
4,09
1.04°
79.47¢

6.8%°
44.3%
11.0%
16.1%
12.7%
9.1%
—0.50°
12.6%
5.10¢
3.19¢
18.4%"
0.27¢
20.8%"°
20.6%
20.1%
19.8%
18.7%

@ Data SourcesHospital discharge: SMM; Vital records: age, education, US born, married, prior births, singleton birth, payer at delivery, no or third trimester PNC, delivery volume, year of delivery; Vital
records and hospital discharge: pre-pregnancy diabetes and hypertension, gestational diabetes and hypertension, smoker (see codes below); American Hospital Association (AHA): hospital owner-
ship, teaching status, full-time equivalent registered nurses; Area Health Resource File (AHRF): percent uninsured women of reproductive age (WRA), Ob/Gynecologists per 10,000 WRA, number
FQHCs, medically underserved area, number community mental health centers; American Community Survey (ACS): NDI (NDI scaled to distribution in Georgia in 2015 with 1 unit equal to 1 standard
deviation increase; higher scores represent more deprivation); Center for Medicare and Medicaid Services (CMS): patient safety and adverse event composite score (Hospital Compare-Agency for
Healthcare Research and Quality quality indicator), doctor communication (Hospital Consumer Assessment of Healthcare Providers and Systems Survey — percent responding doctors always commu-
nicate well); National Center for Health Statistics (NCHS): Residential area 2013 urban—rural classification scheme for counties (https://www.cdc.gov/nchs/data/series/sr_02/sr02_166.pdf); ® Defined
using vital records (VR) and ICD-10 diagnosis codes from hospital discharge (HD)Pre-pregnancy diabetes: VR — Pre-pregnancy diabetes (yes) HD — E08, E09, E10, E11, 0240, 0241, 0242, 0243,
0248Gestational diabetes: VR — Gestational diabetes (yes) HD — 0244, 099810, 099814, Chronic hypertension: VR - Chronic hypertension (yes) or hypertension eclampsia (yes) HD — 110, 010,
011Gestational hypertension: VR — Gestational hypertension (yes) HD — 013, 014, 015Smoker: VR — Tobacco use during pregnancy (ves) HD — F172, 09933, Z87891; © All residential character-
istics are measured at county level, except NDI scale is measured at census tract.; 9 P<.001 (significant differences between Non-Hispanic Black and White estimated with Pearson Chi-square for cat-

egorical variables and Student t-tests for continuous measures)

Adams. Examining the Black-White gap in severe maternal morbidity. Am ] Obstet Gynecol Glob Rep 2024.
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Multivariable

The covariates associated with higher
odds of SMM at delivery through
42 days for Black and White mothers
(Table 2) are shown for models without
(model 1) and with hospital fixed-
effects (model 2). For many covariates,
the association with SMM was similar
for both racial groups, including signifi-
cantly lower odds of SMM among deliv-
eries to those of younger ages, higher
education, who were married, had a sin-
gleton pregnancy, at a minor teaching
or religious affiliated hospital; and sig-
nificantly higher odds of SMM among
deliveries to those with chronic or gesta-
tional hypertension, no or third trimes-
ter prenatal care, and at a government
or non-profit hospital. Notably, whereas
chronic and gestational hypertension
increased the odds of SMM for both
Black and White mothers, the odds esti-
mates for gestational hypertension were
substantially higher than those for
chronic hypertension for both racial
groups; however, the odds estimates for
chronic hypertension for Black mothers
was substantially higher than that for
White mothers (the point estimate for
Black mothers did not lie within the
95% confidence limits of that for White
mothers). In contrast, for other covari-
ates, the odds estimates varied accord-
ing to racial group. For example, having
3 or more prior births and delivery at a
major teaching hospital were associated
with an increased odds of SMM for
Black but not White mothers, whereas
higher (worse) patient safety and
adverse event composite score was asso-
ciated with increased odds of SMM only
for White mothers. Residence in coun-
ties other than large central metropoli-
tan counties was associated with lower
odds of SMM only for Black mothers.

Decomposition

Decomposition of the 1.421 pp Black-
White difference in SMM is shown in
Table 3 and the Figure. Nearly a third
(30.4%) of the total Black-White SMM
gap is explained by predictors in model
1, with the largest discriminatory
explanatory contribution from access to
care (10.3%) followed by sociodemo-
graphic factors (10.1%). In model 1,
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hospital factors that were time-varying
and measured time-invariant hospital
characteristics explained the next high-
est percentage, 4.7%; with the remaining
factors contributing less than 4% each,
including maternal medical factors
(3.8%) and obstetrical factors (2.8%). In
model 2, with the addition of hospital
fixed-effects, the total percentage of the
Black-White  difference  explained
increased markedly to 49.8%; hospital
fixed-effects were the largest single
explanatory contributor (15.1%) with
access to care (14.9%) and sociodemo-
graphic factors (14.4%) explaining simi-
lar proportions, and a substantially
smaller discriminatory contribution
from maternal medical factors (5.6%),
obstetrical factors (4.0%), and time-
varying hospital characteristics (3.2%).
For both model 1 and model 2, the larg-
est discriminatory contribution for soci-
odemographic factors was marital
status (7.6% and 10.3%, respectively);
for medical factors, it was gestational
hypertension (2.4% and 3.3%, respec-
tively) followed closely by chronic
hypertension (2.1% and 3.1%, respec-
tively); for obstetrical factors, it was
birth order (2.5% and 3.6%, respec-
tively); for access to care, it was payer
type (9.0% and 13.3%, respectively);
and for residential factors, it was NDI
(4.9% and 4.0%, respectively) and num-
ber of FQHCs (-5.3% and -4.7%, respec-
tively, which were protective for Black
mothers as indicated by the negative
sign).

Sensitivity Analyses

In our sensitivity analysis for which we
randomly sampled a single delivery to
the same individual, we found no mean-
ingful differences in the distribution of
delivery characteristics for non-His-
panic Black and White individuals
(Supplemental Table 1) or the odds of
SMM (Supplemental Table 2) compared
to findings for the full sample (Table 1
and Table 2). Likewise, the proportions
of the Black-White SMM gap explained
in the decomposition for the single
delivery per individual sample (Supple-
mental Table 3) were largely compara-
ble to the decomposition for the full
sample (Table 3); however, the

proportion accounted for by hospital
fixed-effects was greater (16.2% vs
15.1%, respectively) whereas the pro-
portion explained by sociodemographic
factors was less (12.4% vs 14.4%, respec-
tively).

In our sensitivity analyses for which
we excluded blood transfusions from
the definition of SMM, the odds of
SMM for deliveries to both racial
groups was greater for maternal age
groups over 20 to 29 years (Supplemen-
tal Table 4) in comparison to findings
for the full sample (Table 2), whereas
the odds of SMM were higher for White
(not Black) mothers residing in large
fringe metropolitan, micropolitan and
non-core counties (vs large central met-
ropolitan areas) in comparison to find-
ings for the full sample. For the
decomposition analysis for which blood
transfusion was excluded from the defi-
nition, there was a smaller Black-White
difference in SMM (0.688) correspond-
ing to the lower SMM rate for Black
and White individuals (1.526 and 0.838
per 100 deliveries, respectively) in com-
parison with findings from the full sam-
ple; however, the proportion of the gap
explained was greater (34.4% vs 30% for
model 1; 53.2% vs 49.8% for model 2)
(Supplemental Table 5, Table 3).

Comment

Principal findings

In Georgia, models with hospital fixed-
effects explain a substantially greater
proportion of the Black-White gap in
SMM during delivery through 42 days
postpartum for 2016 to 2020 than mod-
els without them (49.8% vs 30.4%); and
hospital fixed-effects were the largest
explanatory contributor (15.1%). This
finding suggests that care processes and
other unmeasured factors within the
same delivery hospital may differ in a
way that translates into racial differen-
ces in SMM during delivery through
42 days postpartum. Of near equal
explanatory importance to the Black-
White SMM gap were access to care
(14.9%) and sociodemographic factors
(14.4%). Smaller proportions were
explained by medical factors (5.6%),
obstetrical factors (4.0%), and time-
varying hospital factors (3.2%). Within
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TABLE 2

Odds of severe maternal morbidity during delivery through 42 days postpartum according to sociodemographic,
medical, obstetric, access, hospital, and residential factors for Non-Hispanic Blacks and Whites in Georgia,

2016 to 2020

Delivery Characteristics

Maternal sociodemographic factors

Age (y): <20
20—29
30-34
35-39
40—44
45 +
Education: <High school
High school graduate
Some college
US born
Married
Medical factors
Diabetes mellitus
Gestational diabetes
Chronic hypertension
Gestational hypertension
Smoker
Obstetrical factors
Prior Births: None
1
2
3 or more
Singleton
Access to care
Payer at delivery: Private
Medicaid
Self-pay
Other payer

No or third trimester prenatal care

Hospital Characteristics®

Ownership: For-profit
Government hospital
Non-Profit hospital
Religious affiliation

Model 1?

Non-Hispanic
Black (n=183,767)
Odds ratio (95% Cl)

Non-Hispanic
White (n=229,357)
Odds ratio (95% Cl)

Model 2°
Hospital Fixed-effects

Non-Hispanic
Black (n=183,767)
0dds ratio (95% Cl)

Non-Hispanic
White (n=229,357)
Odds ratio (95% Cl)

1.14 (1.02—1.28)
Ref.

1.09 (1.02—1.17)
1.22 (1.12—1.33)
1.56 (1.36—1.80)
2.32(1.57-3.42)
Ref.

0.95 (0.87—1.04)
0.84 (0.77—-0.92)
1.03 (0.93—1.15)
0.91 (0.85—0.98)

1.48 (1.29—1.71)
0.99 (0.90—1.09)
1.89 (1.75—2.04)
2.35 (2.21—2.49)
1.12(1.03—1.22)

Ref.

0.95 (0.88—1.02)
1.00 (0.92—1.08)
1.18 (1.09—1.28)
0.34 (0.29—0.40)

Ref.

1.04 (0.96—1.12)
1.19 (1.00—1.40)
1.19 (1.02—1.38)
1.12 (1.03-1.22)
Ref.

1.51 (1.25—1.83)
1.55 (1.36—1.76)
0.66 (0.50—0.88)

0.98 (0.84—1.14)
Ref.

1.08 (1.00—1.18)
1.41 (1.27—1.56)
1.78 (1.50—2.12)
3.48 (2.19-5.53)
Ref.

0.82 (0.73-0.92)
0.71 (0.63—0.80)
1.03 (0.88—1.21)
0.89 (0.82—0.96)

1.85 (1.52—2.25)
1.05 (0.94—1.17)
1.48 (1.31—1.67)
2.47 (2.30—2.66)
1.16 (1.06—1.26)

Ref.

0.69 (0.64—0.75)
0.83 (0.76—0.92)
0.98 (0.87—1.10)
0.34 (0.28—0.42)

Ref.

1.21(1.10—1.32)
1.65 (1.35—2.02)
1.16 (0.97—1.38)
1.19(1.04—1.37)

Ref.

1.40 (1.15—1.71)
1.27 (1.10—1.47)
0.66 (0.52—0.83)

1.15(1.03—1.28)
Ref.

1.09 (1.02—1.18)
1.23 (1.12—1.34)
1.57 (1.36—1.81)
2.41 (1.63—-3.57)
Ref.

0.98 (0.90—1.07)
0.87 (0.79—0.96)
0.99 (0.89—1.11)
0.91 (0.85—0.98)

1.48 (1.28—1.71)
0.99 (0.90—1.09)
1.84 (1.71-1.99)
2.26 (2.13—2.40)
1.08 (0.99—1.17)

Ref.

0.94 (0.88—1.01)
1.00 (0.92—1.08)
1.19 (1.09—1.29)
0.33(0.28—0.39)

Ref.
1.02 (0.95—-1.10)
1.08 (0.91—-1.28)
1.12(0.95—1.32)
1.09 (1.00-1.19)

Ref.

0.98 (0.84—1.14)
Ref.

1.07 (0.99-1.17)
1.39 (1.25—1.54)
1.73 (1.45—-2.07)
3.43 (2.15—5.46)
Ref.

0.84 (0.75—0.94)
0.72 (0.64—0.81)
1.03 (0.88—1.21)
0.89 (0.82—-0.97)

1.89 (1.55—2.31)
1.06 (0.95—1.18)
1.50 (1.33—1.70)
2.42 (2.25-2.61)
1.15 (1.05—1.25)

Ref.

0.69 (0.64—0.75)
0.83 (0.75—0.92)
0.98 (0.87—1.10)
0.34 (0.27—0.42)

Ref.
1.21 (1.11-1.33)
1.57 (1.28—1.92)
1.04 (0.86—1.26)
1.15(1.00—1.33)
Ref.

(continued)
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TABLE 2

0dds of severe maternal morbidity during delivery through 42 days postpartum according to sociodemographic,
medical, obstetric, access, hospital, and residential factors for Non-Hispanic Blacks and Whites in Georgia, 2016 to

2020 (continued)

Delivery Characteristics
Teaching Status: None

Minor teaching

Major teaching
Perinatal Level: 0 or 1

2

3ord
Delivery volume: highest quartile

Second quartile

Third quartile

Lowest quartile
Deliveries per RN FTE
Patient safety indicator score (PSI)
Doctor communication
Residential characteristics
Residential area:

Large central metropolitan

Large fringe metropolitan

Medium metropolitan

Small metropolitan

Micropolitan

Noncore
Neighborhood deprivation index (NDI)
Percent uninsured women of reproductive age (WRA)
Obstetrician/gynecologists per 10,000 WRA
FQHC
Medically underserved area (Yes)
Number of community mental health centers
Year of Delivery: 2016

2017

2018

2019

2020

Model 2°
Model 12 Hospital Fixed-effects

Non-Hispanic Non-Hispanic Non-Hispanic Non-Hispanic
Black (n=183,767)  White (n=229,357)  Black (n=183,767)  White (n=229,357)
Odds ratio (95% Cl)  Odds ratio (95% Cl)  Odds ratio (95% Cl)  Odds ratio (95% Cl)
Ref. Ref. Ref. Ref.
0.88 (0.81—-0.97) 0.80 (0.73—0.87)
1.38 (1.24—1.54) 0.98 (0.86—1.12)
Ref. Ref. Ref. Ref.
1.00 (0.84—1.19) 1.00 (0.86—1.16)
1.19(0.97—1.45) 1.08 (0.90—1.30)
Ref. Ref. Ref. Ref.
0.93 (0.84—1.02) 0.75(0.67—0.84) 1.15(0.93—1.41) 0.93 (0.73—1.19)
1.03 (0.86—1.22) 0.86 (0.72—1.04) 1.50 (0.98—2.30) 0.92 (0.58—1.44)
1.66 (1.24—2.23) 1.11 (0.82—1.51) 1.19 (0.49—-2.89) 1.08 (0.37—3.19)
1.02 (1.00—1.04) 1.04 (1.02—1.06) 0.98 (0.94—1.02) 1.00 (0.95—1.04)
0.73 (0.60—0.89) 1.27 (1.01-1.60) 0.89 (0.69—1.15) 1.60 (1.17-2.17)
1.03 (1.02—1.04) 1.03 (1.01-1.04) 1.02 (1.01-1.04) 1.01 (0.99-1.03)
Ref. Ref. Ref. Ref.
0.88 (0.78—0.99) 1.01 (0.83—1.24) 1.18 (1.03—1.35) 1.18 (0.96—1.45)
0.68 (0.60—0.78) 0.64 (0.51—-0.80) 0.94 (0.70—1.26) 1.06 (0.79—1.44)
0.73 (0.64—0.84) 0.84 (0.68—1.04) 1.05(0.81-1.38) 1.19 (0.92—1.54)
0.79 (0.67—0.93) 0.99 (0.79—1.24) 1.31(0.99-1.72) 1.33(1.03-1.72)
0.82 (0.68—0.99) 0.98 (0.77—1.24) 1.20 (0.89—1.61) 1.33 (1.01-1.75)
1.03 (0.99—1.07) 1.05(0.99—-1.12) 1.02 (0.98—1.06) 1.03 (0.96—1.10)
0.88 (0.57—1.37) 0.63(0.34—1.18) 0.93 (0.59—1.46) 0.78 (0.41—-1.49)
1.01 (1.00-1.02) 1.00 (0.99—-1.02) 1.01 (0.99-1.02) 1.00 (0.98—1.01)
0.98 (0.97—0.99) 0.98 (0.97—1.00) 1.00 (0.99—1.01) 0.99 (0.97—1.01)
0.97 (0.87—1.08) 1.01(0.9-1.13) 1.00 (0.89—1.13) 0.99 (0.88—1.12)
1.04 (0.98—1.11) 1.02 (0.95—1.11) 0.93 (0.87—1.00) 1.01 (0.93-1.10)
Ref. Ref. Ref. Ref.
1.06 (0.97—1.15) 0.98 (0.89—1.09) 1.05 (0.96—1.15) 0.98 (0.89—1.09)
1.01 (0.93—1.11) 1.00 (0.90—-1.11) 1.01 (0.93-1.11) 0.95 (0.85—1.05)
1.04 (0.95—-1.13) 1.06 (0.96—1.17) 1.04 (0.95—-1.15) 1.00 (0.90—1.11)

( )

1.33 (1.21—1.47)

119 (1.07—1.33)

1.24 (1.11-1.38)

1.08 (0.95—1.22

Cl, confidence interval; FQHC, federally-qualified health center; FTE, fulltime equivalent; NDJ, Neighborhood deprivation index; AN, registered nurse; WRA, women of reproductive age.

2 Adjusted for all characteristics presented; ® Adjusted for all characteristics presented and hospital fixed-effects. Hospital fixed-effects are not shown. Time invariant hospital characteristics of hospital
ownership, teaching status, and perinatal level excluded from fixed-effects models.
Adams. Examining the Black-White gap in severe maternal morbidity. Am ] Obstet Gynecol Glob Rep 2024.
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TABLE 3

Decomposition of the Black-White difference in SMM during delivery through 42 days postpartum

Characteristics
SMM rate (per 100 deliveries) delivery to 42 days postpartum: Black-White difference

Explained gap (X}, — Xw) Buw
Maternal sociodemographic factors
Married
Education
US born
Age
Medical factors
Gestational hypertension
Chronic hypertension
Diabetes mellitus
Gestational diabetes
Smoker
Obstetrical factors
Birth order
Singleton birth
Access to care
Payer type
No or third trimester prenatal care
Hospital Characteristics
Delivery Volume
Ownership
Perinatal Level
Patient Safety Indicator Score
Deliveries per RN FTE
Teaching Status
Doctor Communication
Residential Characteristics
NDI
0b/Gyn per 10,000 WRA
Number of Comm. Mental Health Centers
Medically Underserved Area
Residential Area
Percent Uninsured WRA
FQHC
Year of Delivery
Hospital Fixed-effects

Unexplained gap

FQHC, federally-qualified health center; FTE, fulltime equivalent; NDJ, Neighborhood deprivation index; RN, registered nurse; WRA, women of reproductive agez.

2 Adjusted for all characteristics presented: ® Adjusted for all characteristics presented and hospital fixed-effects. Hospital fixed-effects are not shown. Time-invariant hospital characteristics of hospital

ownership, teaching status, and perinatal level excluded from fixed-effects models.; ° P<.001.

Model 17

Non-Hispanic Black and
White (n=413,124)

Model 2°

Hospital Fixed-effects
Non-Hispanic Black and
White (n=413,124)

1.421
0.431 (30.4%)°
0.144 (10.1%)°
7.6%
4.3%
-0.2%
-1.6%
0.054 (3.8%)°
2.4%
2.1%
0.6%
0.0%
1.2%
0.04 (2.8%)°
2.5%
0.3%
0.146 (10.3%)°
9.0%
1.3%
0.067 (4.7%)°
2.6%
1.7%
1.2%
1.1%
0.4%
0.2%
2.4%
-0.022 (-1.6%)
4.9%
0.9%
0.5%
-0.1%
-0.2%
-2.2%
-5.3%
0.003 (0.2%)™

0.99 (69.6%)°

Adams. Examining the Black-White gap in severe maternal morbidity. Am J Obstet Gynecol Glob Rep 2024.

1.421
0.708 (49.8%)°
0.205 (14.4%)°
10.3%
6.4%
-0.3%
2.1%
0.08 (5.6%)°
3.3%
31%
0.9%
-0.1%
1.6%
0.057 (4.0%)°
3.6%
0.5%
0.211 (14.9%)°
13.3%
1.5%
0.046 (3.2%)
1.3%

31%
-0.1%
1.1%
-0.107 (-7.5%)
4.0%
-0.8%
0.2%
0.1%
-4.5%
1.8%
-4.7%
0.002 (0.1%)
0.214 (15.1%)
0.713 (50.2%)°
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FIGURE

Percent of Black-White disparity in severe maternal morbidity explained by covariate groups in a model without

(model 1) and with (model 2) hospital fixed-effects
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each category, the largest discriminatory
contributions were attributable to payer
type (13.3%) for access to care, marital
status  (10.3%) for sociodemographic
factors, gestational hypertension (3.3%)
and chronic hypertension (3.1%) for
medical factors, birth order (3.6%) for
obstetrical factors, and patient safety
indicator (3.1%) for time-varying hospi-
tal characteristics.

Results in context of what is known
Our findings are consistent with
national data demonstrating within-
hospital racial differences in patient
safety indicators and adverse events,”’
other within-hospital analyses,'’" and
that between-hospital methods of

10 AJOG Global Reports February 2024

analyzing disparities in adverse hospital
outcomes underestimates them.'' Our
findings are also consistent with the ear-
lier study of SMM in New York City,” in
terms of the importance of delivery hos-
pital in explaining the Black-White gap
in SMM. However, our decomposition
analysis adds significant new informa-
tion on the relative importance of socio-
demographic, medical, obstetric, access
to care, and hospital factors. Further,
with respect to hospital factors, our
study adds new information on the rela-
tive importance of between vs within-
hospital effects. Finally, our findings
add emphasis to Black-White differen-
ces in access to care (especially related
to the payer type at delivery) and

sociodemographic factors (especially
marital status and level of education) as
other key determinants of the Black-
White gap in SMM through 42 days
postpartum.

Clinical and policy implications

Considering that racial differences in
processes within the same delivery hos-
pital are most explanatory for Georgia’s
Black-White gap in SMM during
delivery through 42 days postpartum,
hospitals should consider employing
the existing Alliance for Innovation
(AIM) Peripartum Racial and Ethnic
Disparities Patient Safety Bundle, which
includes developing and implementing
a dashboard to monitor disparities in
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process and outcome metrics, quality
improvement projects around identified
disparities, and staff-wide implicit bias
training.”>”” The finding that time-
varying hospital characteristics related
to quality help explain disparities sug-
gests hospitals also continue to focus on
improving measures such as patient
safety indicators.

The substantial proportion of the gap
attributable to access to care and socio-
demographic factors points to the need
for broader policy interventions to
increase equity in access to care, sup-
port for marriage and stable families, as
well as educational attainment. For
example, the stark differences in marital
status for Georgia’s Black and White
mothers, and its protective effect on
SMM risk, reflects need for attention to
policies that have led to high rates of
unemployment and  incarceration
among Black men,” including safer
policing and bail allowances. The stron-
ger protective effect of some college for
Black mothers found here suggests poli-
cies to promote higher education,
through a focus on reducing structural
barriers that hinder racial and ethnic
minority individuals’ attainment (eg,
residential ~ segregation).”™®  Efforts
would need to focus on reducing socie-
tal and structural barriers that hinder
racial and ethnic minority individuals’
educational attainment, such as segrega-
tion in lower income neighborhoods
with fewer and lower opportunities.”’

The higher prevalence of gestational
and chronic hypertension among Black
mothers than White mothers, and the
stronger effect of chronic hypertension
on odds of SMM among Black mothers,
underscores both the importance of
equitable access to quality care for
appropriate diagnosis and management
of these conditions as well as attention
to other social determinants of health
found to associate with their prevalence
among reproductive aged women,
including food insecurity.”® As previous
research has established that Black
mothers are at higher risk of hyperten-
sion-related severe morbidities (such as
stroke, heart failure, and pulmonary
edema),” delay in treatment of hyper-
tensive emergency is one of the most

important contributing factors to this
morbidity, and expeditious treatment of
hypertensive emergency reduces the
risk of SMM and maternal death,*’ hos-
pitals should adhere to American Col-
lege of Obstetricians and Gynecologists
guidelines for emergency management
of severe hypertension*' and implement
the AIM Severe Hypertension in Preg-
nancy Patient Safety Bundle to achieve
related quality improvements.*”

The Center for American Progress
outlines a comprehensive policy frame-
work for addressing US racial dispar-
ities in maternal and infant mortality
through health, healthcare and social
policy approaches.”” The framework
includes policy strategies in 5 key areas,
including improving access to critical
services, improving quality of care pro-
vided to pregnant and individuals,
addressing maternal and infant mental
health, enhancing support for families
before and after birth, and improving
data collection and oversight. Within
this framework, a number of recom-
mendations relate specifically to our
findings.

Research implications

To achieve a better understanding of
factors  underlying  within-hospital
Black-White differences in processes,
studies should investigate sources of
these racial differences—including
whether they reflect implicit bias,
patient-provider racial discordance, or
other factors within the hospitals—and
whether targeted interventions can
improve care-related differences and,
ultimately, health disparities. Given the
importance of delivery hospital, there is
also need for further research on poli-
cies affecting hospital revenue and qual-
ity while assuring that safety-net
hospitals, which serve more minorities,
are not adversely affected.”* " Relat-
edly, given the importance of payer in
influencing access to care and hospital
of delivery, and the comparatively large
percentage of deliveries to Black moth-
ers that are covered by Medicaid, there
is a need for further investigation of fac-
tors affecting access to Medicaid partici-
pating providers as well as potential
“segmentation” of Medicaid and private

. 48,49 .
insured markets.”"” Future work using

Georgia data will investigate hospital
choice based on patient preference with
physicians acting as their agent. Previ-
ous studies indicate that patients, con-
trolling for distance, prefer hospitals
with greater service capacity but age,
complexity of illness, and patient-physi-
cian ties matter; rural residents seeking
obstetrical care are willing to bypass
their closest hospital for those with
higher delivery volume and level of
infant services.”’ >* Results of this type
of analysis will elucidate the importance
of federal and state policies around
adequacy of Care Management Organi-
zation (CMO) networks for obstetrical
care.”™" Finally, our findings of the
strong protective effect of marital status
and some college and higher education
in reducing SMM, and the lower preva-
lence of these protective factors among
Black mothers, supports the need for
the development and evaluation of
innovative social and economic policies
that promote increased marriage rates
and educational levels among Black
families in Georgia.

Strengths and limitations

Our inclusion of all Georgia deliveries
linked with a hospital discharge abstract
data over a multi-year period, uniform
ascertainment of SMM from the dis-
charge abstracts for the delivery or any
subsequent hospitalization through 6
weeks (42 days) postpartum, and use of
a decomposition analysis not previously
applied to SMM represent our study’s
strengths. Because hospital discharge
abstract was required for SMM ascer-
tainment, births that did not link to a
hospital ~ discharge record  were
excluded, representing a limitation.

Conclusions

Addressing racial disparities in SMM in
Georgia requires actions not only to
ameliorate medical and obstetrical risks
that disproportionately affect Black
mothers but also to address socioeco-
nomic and structural factors that
disproportionately impact them. In
particular, the significant percentage of
the explained Black-White SMM dis-
parity related to site of delivery points
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to the need for further investigation of
underlying contributors to within-hos-
pital differences in processes and quality
for non-Hispanic Black and White indi-
viduals, as well as the need for targeting
quality improvement and bias training
efforts within-hospitals. [ |
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