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Background: The increasing focus of population surveillance and
research on maternal—and not only fetal and infant—health outcomes
is long overdue. The United States maternal mortality rate is higher
than any other high-income country, and Georgia is among the highest
rates in the country. Severe maternal morbidity (SMM) is conceived of
as a “near miss” for maternal mortality, is 50 times more common than
maternal death, and efforts to systematically monitor SMM rates in
populations have increased in recent years. Much of the current pop-
ulation-based research on SMM has occurred in coastal states or large
cities, despite substantial geographical variation with higher maternal
and infant health burdens in the Southeast and rural regions.

Methods: This population-based study uses hospital discharge
records linked to vital statistics to describe the epidemiology of
SMM in Georgia between 2009 and 2020.

Results: Georgia had a higher SMM rate than the United States
overall (189.2 vs. 144 per 10,000 deliveries in Georgia in 2014, the
most recent year with US estimates). SMM was higher among ra-
cially minoritized pregnant persons and those at the extremes of age,
of lower socioeconomic status, and with comorbid chronic con-
ditions. SMM rates were 5 to 6 times greater for pregnant people

delivering infants <1500 grams or <32 weeks’ gestation as
compared with those delivering normal weight or term infants. Since
2015, SMM has increased in Georgia.

Conclusion: SMM represents a collection of life-threatening emer-
gencies that are unevenly distributed in the population and require
increased attention. This descriptive analysis provides initial guid-
ance for programmatic interventions intending to reduce the burden
of SMM and, subsequently, maternal mortality in the US South.
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Public health surveillance and research on fetal and infant
health outcomes in the United States is longstanding and

relatively robust, as evidenced by population-based data
systems that utilize vital records and health care data, sub-
stantial clinical and population research, and funding. How-
ever, recent years have seen a relatively dramatic increase in
media reporting of the status of maternal, and not only fetal
and infant, health in the United States.1 There have been
corresponding calls for increased public health surveillance,
research, and action to improve maternal health outcomes and
eliminate racial and geographic disparities.2

Growing evidence suggests that the maternal peri-
partum course should be viewed along a continuum from
healthy/uncomplicated to morbid, severely morbid (“near
miss”), and fatal.3 The US pregnancy-related mortality ratio
in 2018 was 17.3 deaths per 100,000 live births,4 which is
substantially higher than the Healthy People 2020 goal of
11.4 per 100,000 live births5 and at least double the number
of maternal deaths of other wealthy, developed nations.6

Severe maternal morbidity (SMM), defined as unexpected
outcomes of labor and delivery that result in significant short-
or long-term consequences to health and conceived of as
mortality “near misses”, is ~50 times more prevalent than
maternal death in the United States.7

Maternal death is a devastating but fortunately rare
outcome. Surveillance and evaluation of SMM may improve
opportunities to identify issues of health care access and
quality-of-care that contribute to the maternal progression
along the peripartum morbidity to mortality continuum.8

Specifically, the measurement and evaluation of trends,
causes of, and contributors to SMM can serve as an adjunct
to maternal death reviews in the assessment of resource
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allocation, identification of research priorities, and develop-
ment of obstetric critical care protocols.9 The study of SMM
may also shed light on unique successes and missed oppor-
tunities in the management of obstetric conditions.

Unlike maternal mortality or feto-infant morbidity and
mortality, which can be monitored through specific population-
based surveillance data systems (eg, birth and death certifi-
cates), there is no corresponding nationally-uniform data
system for SMM. Since the mid-2000s, algorithms have been
proposed for identifying probable cases of SMM from hospital
discharge forms, often available from state hospital
associations.9–11 However, challenges in accessing, managing,
and analyzing these administrative data have limited the
growth and extent of SMM research, and in many cases, lim-
ited the scope of studies to single states or cities. For example,
California hospital discharge data has been used to characterize
the relationship between SMM and cesarean section,12 short
inter-pregnancy interval,13 maternal comorbidities,14 and pre-
term birth.15 In New York state, Liu, et al16 reported the as-
sociation between county measures of structural racism and
SMM, while in New York City, hospital discharge data has
been used to characterize the clinical, social, and hospital-
specific correlates of racial and ethnic disparities in SMM.17–19

Research such as that briefly summarized above is
critically important for effective action. However, there is a
relative paucity of evidence specifically describing the scope,
extent, and patterns of SMM in the US South. With only a
few exceptions20–22 there is sparse evidence describing the
epidemiologic patterns and population burden of SMM in the
very states where both overall burden and racial and ethnic
disparities are historically largest. For example, the preg-
nancy-related mortality ratio in Georgia from 2015 to 2017
was 25.1 per 100,000 live births,23 among the highest rates in
the United States. This high rate, coupled with wide racial
disparities, underscores the need to better understand the
distribution and burden of the related but more prevalent
construct of SMM in a southeastern US state.

The aim of this study was to provide the descriptive
epidemiology of SMM in the state of Georgia for 2009
through 2020, which spans the pre-October and post-October
2015 periods when SMM surveillance changed from ICD-9-
CM to ICD-10-CM coding. This descriptive characterization
of SMM in Georgia serves to capture critical aspects of the
state of maternal health and health care in this racially di-
verse, populous, southern state. It also serves to galvanize
future research in Georgia, the Southeast, and nationally to
better understand patterns of SMM, to inform specific actions
to reduce SMM, and to eliminate racial, economic, and
geographic disparities in SMM. By analyzing the state’s vital
statistics and hospital discharge data, the authors sought to
assess Georgia’s SMM trends, risk factors, and disparities,
laying the groundwork for ongoing surveillance and strategic
planning within the state.

MATERIALS AND METHODS
The data source for this study was a retrospective pop-

ulation-based cohort created by deterministically linking the
Georgia Discharge Data System (an administrative hospital

discharge dataset with International Classification of Disease
(ICD) diagnosis and procedure codes associated with hospi-
talizations) with Georgia Vital Statistics (birth certificates and
fetal death records) through a unique identifier for the years
2009 through 2020. The same unique identifier permitted the
longitudinal linkage of hospital discharge records to identify
SMM events occurring during the delivery hospitalization and
during post-delivery rehospitalizations, and thus include SMM
events that occur in the postpartum period.

Pregnancies considered “at risk” for an SMM event
were at least 22 weeks of gestation among Georgia residents
aged 12 to 55 between January 1, 2009 and December 31,
2020, and were recorded on a Georgia hospital discharge
record. The pregnancy could have ended in live birth or fetal
death; ectopic pregnancies, molar pregnancies, and induced
terminations were excluded. Inclusion criteria were a date of
conception (determined as delivery date minus clinically es-
timated gestational age) between July 31, 2008 and June 18,
2020, to allow sufficient follow-up period to observe post-
partum SMM events (ie, to include pregnancies at least 22
weeks gestation that were due by January 1, 2009, and to only
include pregnancies that were observed through 42 days
postpartum in the 2020 data).

SMM events were identified using the 21 diagnoses
defined by the Alliance for Innovation of Maternal Health
(AIM) (v08-09-2021) and recommended by the CDC.24 For
hospital discharges before October 2015, we used the defined
ICD-9-CM diagnosis and procedure codes, and for hospital
discharges after October 2015, we used the defined ICD-10-
CM diagnosis and procedure codes to identify each condition
occurring to a woman during her delivery hospitalization. The
primary analysis restricts to SMM during the delivery hos-
pitalization, but additional analyses provide estimates com-
bining events from both delivery hospitalization and any
rehospitalization SMM event within 42 days of delivery
(Supplemental Tables 2–3, Supplemental Digital Content 1,
http://links.lww.com/MLR/C588, Supplemental Digital Con-
tent 2, http://links.lww.com/MLR/C589).

Blood transfusion of 4 or more units was a defined
criterion for SMM as originally proposed by Callaghan,10 but
ICD coding does not distinguish the number of units trans-
fused. Therefore, following convention in the SMM literature,
we produced estimates of SMM, both including and exclud-
ing the blood transfusion criteria to produce more plausible
bounds on the true burden of SMM.

To further characterize demographic and pregnancy-
related factors associated with SMM, all deliveries were
linked through a unique identifier to either live birth or fetal
death certificates. From these vital records, we confirmed
maternal race/ethnicity and age and added the following to
our descriptive characteristics: marital status, education, to-
bacco use, parity, urbanicity of county of residence, plurality,
pre-pregnancy hypertension, gestational hypertension and
diabetes, and neonatal outcomes (including gestational age,
birth weight, and fetal death vs. live birth).

Observed SMM rate (the number of persons who met
severe morbidity criteria per 10,000 delivery hospitalizations)
and the crude relative risk of these maternal outcomes
according to various maternal sociodemographic and clinical
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TABLE 1. Maternal Sociodemographic and Clinical Characteristics for Severe Maternal Morbidity With and Without Blood Transfusion During Delivery Hospitalization
Among Georgia Resident Women Ages 12–55 Years With Delivery Hospitalizations Between 2009–2020

Including blood transfusion Excluding blood transfusion

Characteristic Delivery hospitalizations, n (%) SMM events, n (%) SMM rate Crude RR (95% CI) SMM events, n (%) SMM rate Crude RR (95% CI)

N= 1,172,752 N= 20,701 — — N= 8,144 — —

Race and ethnicity
NH White 543,294 (46) 7,252 (35) 133.5 Ref 3,115 (38) 57.3 Ref
NH Black 415,138 (35) 9,742 (47) 234.7 1.8 (1.7, 1.8) 3,718 (46) 89.6 1.6 (1.5, 1.6)
NH Asian 42,041 (4) 655 (3) 155.8 1.2 (1.1, 1.3) 243 (3) 57.8 1.0 (0.9, 1.1)
NH Other 1,764 (0) 40 (0) 226.8 1.7 (1.2, 2.3) 14 (0) 79.4 1.4 (0.8, 2.2)
NH Multiracial 26,847 (2) 457 (2) 170.2 1.3 (1.2, 1.4) 194 (2) 72.3 1.3 (1.1, 1.5)
Hispanic 131,050 (11) 2,334 (11) 178.1 1.3 (1.3, 1.4) 767 (9) 58.5 1.0 (0.9, 1.1)
Missing 12,618 (1) 221 (1) 175.1 — 93 (1) 73.7 —

Maternal age
< 17 12,062 (1) 308 (1) 255.3 1.6 (1.4, 1.8) 94 (1) 77.9 1.3 (1.0, 1.6)
17–19 82,580 (7) 1,724 (8) 208.8 1.3 (1.2, 1.4) 587 (7) 71.1 1.2 (1.1, 1.3)
20–24 288,014 (25) 5,078 (25) 176.3 1.1 (1.1, 1.2) 1,762 (22) 61.2 1.0 (0.9, 1.1)
25–29 334,328 (29) 5,301 (26) 158.6 Ref 2,026 (25) 60.6 Ref
30–34 286,419 (24) 4,612 (22) 161.0 1 (1.0, 1.1) 1,957 (24) 68.3 1.1 (1.1, 1.2)
35–39 137,472 (12) 2,772 (13) 201.6 1.3 (1.2, 1.3) 1,260 (15) 91.7 1.5 (1.4, 1.6)
> = 40 31,877 (3) 906 (4) 284.2 1.8 (1.7, 1.9) 458 (6) 143.7 2.4 (2.1, 2.6)

Marital status
Unmarried 551,152 (47) 11,554 (56) 209.6 1.4 (1.4, 1.5) 4,185 (51) 75.9 1.2 (1.1, 1.3)
Married 619,513 (53) 9,071 (44) 146.4 Ref 3,921 (48) 63.3 Ref
Missing 2,087 (0) 76 (0) 364.2 — 38 (0) 182.1 —

Insurance payor
Private 487,579 (42) 6,908 (33) 141.7 Ref 3,023 (37) 62.0 Ref
Medicaid 571,689 (49) 11,685 (56) 204.4 1.4 (1.4, 1.5) 4,182 (51) 73.2 1.2 (1.1, 1.2)
Medicare 15,331 (1) 398 (2) 259.6 1.8 (1.7, 2.0) 215 (3) 140.2 2.3 (2.0, 2.6)
Self pay 31,264 (3) 714 (3) 228.4 1.6 (1.5, 1.7) 239 (3) 76.4 1.2 (1.1, 1.4)
Other payors 64,925 (6) 970 (5) 149.4 1.1 (1.0, 1.1) 469 (6) 72.2 1.2 (1.1, 1.3)
Missing 1,964 (0) 26 (0) 132.4 — 16 (0) 81.5 —

Education
Less than high school 34,501 (3) 695 (3) 201.4 1.3 (1.2, 1.4) 236 (3) 68.4 1.1 (0.9, 1.2)
Some high school 133,031 (11) 2,976 (14) 223.7 1.5 (1.4, 1.5) 1,010 (12) 75.9 1.2 (1.1, 1.3)
High school degree/GED 350,282 (30) 6,855 (33) 195.7 1.3 (1.3, 1.3) 2,546 (31) 72.7 1.1 (1.1, 1.2)
Some college or higher 624,703 (53) 9,477 (46) 151.7 Ref 4,006 (49) 64.1 Ref
Missing 30,235 (3) 698 (3) 230.9 — 346 (4) 114.4 —

Tobacco use during pregnancy
Yes 64,911 (6) 1,116 (5) 171.9 1.0 (0.9, 1.0) 446 (5) 68.7 1.0 (0.9, 1.1)
No 1,102,674 (94) 19,408 (94) 176.0 Ref 7,612 (93) 69.0 Ref
Missing 5,167 (0%) 177 (1) 342.6 — 86 (1) 166.4 —

NCHS rural-urban
Large central metro 114,252 (10) 2,470 (12) 216.2 Ref 846 (10) 74.0 Ref
Large fringe metro 548,478 (47) 9,776 (47) 178.2 0.8 (0.8, 0.9) 3,690 (45) 67.3 0.9 (0.8, 1.0)
Medium metro 127,893 (11) 1,692 (8) 132.3 0.6 (0.6, 0.7) 877 (11) 68.6 0.9 (0.8, 1.0)
Small metro 182,437 (16) 2,792 (13) 153.0 0.7 (0.7, 0.7) 1,145 (14) 62.8 0.8 (0.8, 0.9)
Micropolitan 118,127 (10) 2,361 (11) 199.9 0.9 (0.9, 1.0) 961 (12) 81.4 1.1 (1.0, 1.2)
Non-core 81,565 (7) 1,610 (8) 197.4 0.9 (0.9, 1.0) 625 (8) 76.6 1.0 (0.9, 1.1)

Plurality
Multiple 21,097 (2) 1,272 (6) 602.9 3.6 (3.4, 3.8) 389 (5) 184.4 2.7 (2.5, 3.0)
Single 1,151,474 (98) 19,428 (94) 168.7 Ref 7,754 (95) 67.3 Ref
Missing 181 — — — — — —
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characteristics were calculated. Unadjusted and jointly
adjusted SMM rate ratios were estimated using log-binomial
regression. We recognize that racial and ethnic disparities in
SMM are substantial and are not a product of biologically
essential traits but instead of the complex interplay of life
course experience shaped by historical and contemporary
structural racism. Therefore, we chose to summarize multiply
adjusted rate ratios stratified by race/ethnicity for the 2 largest
groups in Georgia: non-Hispanic Black and non-Hispanic
White. These stratified analyses permit the examination of
differences in the association of risk factors with SMM by
race/ethnicity.

In the main analysis, adjusted rate ratios were calculated
using all years of data. Because social and health care dis-
ruptions from the COVID-19 pandemic in 2020 may have
influenced either the measurement or occurrence of SMM, we
estimate pooled and adjusted results excluding data from 2020
as a sensitivity analysis. Data analyses were performed using
R.25 The Emory Institutional Review Board approved all
components of this study.

RESULTS
Within the hospital discharge dataset, there were

1,522,047 delivery hospitalizations between 2009 and 2020
among pregnant persons aged 12 to 55 years old. Of these
deliveries, 1,472,345 (97%) were among those residing in
Georgia and 1,291,246 (88%) of this set were linked with a
unique vital statistic record (1,285,291 live births, 5560 fetal
deaths, and 395 with a record in both live births and fetal
deaths). After exclusion based on gestational age at delivery
and date of conception outside of the eligibility window, there
were 1,172,752 deliveries included in the analytic cohort.

Among this cohort, 20,701 individuals met the criteria
for SMM during delivery hospitalization, including blood
transfusion, and 8144 met the criteria excluding transfusion
(Table 1).

Persons at higher risk of SMM during the delivery
hospitalization were younger than 19, or 35 years of age and
older, belonged to a racially or ethnically minoritized group,
lacked a college education, were unmarried, and were un-
insured or had coverage other than private health insurance
(such as Medicaid or Medicare) (Table 1). Women were also
at higher risk of SMM if they had pre-pregnancy or
gestational hypertension or diabetes. While the risk of
SMM is born unevenly by maternal race and ethnicity, the
magnitude of Black-White racial disparities varied across
demographic and clinical risk factors (Table 2, Fig. 1). For
example, there is nearly no racial difference in SMM among
the youngest mothers, but the magnitude of disparity
increases with maternal age.

In race-stratified multiply adjusted models (Table 2),
several factors remained meaningfully and significantly
associated with SMM. Using the SMM case definition
without blood transfusion, non-Hispanic White and Black
pregnant persons 40 years of age and older experienced
similarly elevated risk (eg, RR of 2.3, 95% CI 1.9–2.8 for
persons 40 or older), but there were racial differences in the
magnitude of association for other factors. For example, theP
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risk of SMM was lowest in large central metropolitan counties
(eg, those containing and immediately surrounding Atlanta) for
non-Hispanic White persons and was higher in every other
kind of county including medium and small metropolitan,
micropolitan and rural non-core counties. However, SMM risk
was relatively homogenous—albeit higher overall—for non-
Hispanic Black persons regardless of urbanicity or rurality.
Pre-pregnancy and gestational hypertension were strong pre-
dictors of SMM risk for all pregnant persons, but the magnitude
of association was greater for non-Hispanic Black as compared
with White persons.

The annual SMM rate varied over time for both SMM
definitions with and without blood transfusion, and breaks in
the trend line are apparent with the adoption of the ICD-10-
CM codes in 2015 (Fig. 2, Supplemental Table 2,
Supplemental Digital Content 1, http://links.lww.com/MLR/
C588). Since 2015, SMM rates, including blood transfusion,
have been increasing, but there was only a modest increase
for SMM without blood transfusion between 2015 and 2019
and evidence of a decline in 2020.

The 5 most frequent SMM indicators for Georgia res-
ident women during the delivery hospitalization were: (1)
Blood transfusion (n= 14,247; SMM rate 121.5 per 10,000
delivery hospitalizations); (2) Disseminated intravascular
coagulation (n= 3,124; SMM rate 26.6 per 10,000); (3)
Hysterectomy (n= 1,087; SMM rate 9.3 per 10,000); (4)
Adult respiratory distress syndrome (n= 1,070; SMM rate 9.1
per 10,000); and (5) Acute renal failure (n= 1,026; SMM rate
8.7 per 10,000) (Supplemental Table 1, Supplemental Digital
Content 3, http://links.lww.com/MLR/C590). Eclampsia,
pulmonary edema, shock, and sepsis were also relatively
frequent indicators of SMM (Supplemental Table 1, Supple-
mental Digital Content 3, http://links.lww.com/MLR/C590).

Persons that delivered live-born infants at a gestational
age <37 weeks were at higher risk of SMM compared with
those that delivered a term infant, with a progressive increase
in risk for those with a late preterm delivery, through a very
preterm delivery (Table 3). Similarly, those delivering infants
with birth weights <3000 grams or > 4000 grams were at
elevated risk of SMM compared with those delivering infants
between 3000 and 4000 grams.

Patterns of maternal and neonatal factors associated
with SMM were consistent with those summarized above
when we allowed SMM to be defined at either the delivery
hospitalization or any post-delivery rehospitalization within
42 days of delivery (Supplemental Table 3-4, Supplemental
Digital Content 2, http://links.lww.com/MLR/C589, Supple-
mental Digital Content 4, http://links.lww.com/MLR/C591).
We considered that results in 2020 might have differed due to
COVID-19 pandemic-related changes in health care and
surveillance. However, results were not meaningfully differ-
ent when pooled analysis excluded deliveries in 2020 (data
not shown).

DISCUSSION
During the delivery hospitalization, Georgia resident

women experienced 176.5 and 69.4 SMM events per 10,000
deliveries between 2009 and 2020 for definitions including

and excluding (respectively) blood transfusions. From 2015,
when the ICD10 code adoption began, through 2019, SMM
rates have increased in Georgia for both SMM definitions that
included and excluded blood transfusion, although the trend
is more pronounced for the definition including blood trans-
fusions. The appearance of a slight decline in SMM excluding
blood transfusion in 2020 warrants further investigation,
given other anomalous perinatal surveillance trends in 2020
likely related to the COVID-19 pandemic and response.26

The Georgia SMM rate during our study period was
substantially higher than the US SMM rate. For example,
comparing estimates in 2014 (the most recent national
estimate available from CDC27), the US rate of SMM, in-
cluding blood transfusion, was 144 per 10,000 deliveries
compared with the Georgia 2014 rate of 189.2 (95% CI:
181.0, 197.3) per 10,000. The national rate without blood
transfusions was 35 per 10,000 as compared with Georgia’s
2014 rate of 75.3 (95% CI: 70.1, 80.5) per 10,000. The up-
ward trend of Georgia’s annual SMM rate parallels the up-
ward trend of the overall US SMM rate over a similar
timeframe.22,27 The 5 most common indicators of SMM in
Georgia during the study timeframe were blood transfusion,
disseminated intravascular coagulation, hysterectomy, adult
respiratory distress syndrome, and acute renal failure. These
are similar to the national leading indicators of SMM.27

As is the case for many health outcomes, in this study,
SMM risk was associated with extremes of age, membership in
a minoritized racial or ethnic group, indicators of lower soci-
oeconomic status, and the presence of chronic conditions.
Morbidity among these peripartum persons was also under-
standably associated with antepartum complications and poor
feto-infant outcomes. The patterns have important public
health and health care implications. For example, Georgia has a
large and unacceptable excess risk for SMM among pregnant
persons of color, particularly Black as compared with non-
Hispanic White persons. But it is also notable that the Black-
White racial disparity in SMM in Georgia (eg, unadjusted RR
of 1.6) is actually smaller in magnitude than reports of
corresponding disparities in other states (eg, unadjusted racial
disparities ranging from RR 1.8–2.1).16,28,29

Direct comparisons of the current study to others are
made difficult by differing study time periods and, in the case
of adjusted models, different covariates in each study. How-
ever, 1 possible explanation for apparently smaller relative
racial disparities in SMM in Georgia is that all Georgia
pregnant people, including non-Hispanic White, face some-
what higher risk as compared with those delivering in other
states reported in the literature. For example, Leonard, et al,29

report that non-Hispanic White persons in California had an
SMM rate of 84 per 10,000 overall and 42 per 10,000 ex-
cluding transfusion. In contrast, non-Hispanic White pregnant
persons in Georgia experienced 133 (including transfusions)
and 57 (excluding transfusions) SMM events per 10,000
delivery hospitalizations. These differences emphasize the
importance of conducting a regionalized study of the patterns
of maternal health risk overall and within specific marginal-
ized groups, including communities of color, where exposure
to structural and social determinants of health may differ-
entially shape experiences before, during and after pregnancy.
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Excess risk of SMM in Georgia related to rurality, in-
surance status, comorbid chronic conditions, and poor soci-
oeconomic status each speak to the importance of social
determinants of health and health care access in shaping
maternal health outcomes, as documented in a recent sys-
tematic review.30 Medicaid expansion, which decreases the

uninsured rate for women of reproductive age before and
between pregnancies, is seen as a key strategy for reducing
maternal morbidity and mortality rates.31,32 The expansion of
Medicaid, which improves access to health care services be-
fore and between pregnancies, has been associated with in-
creased receipt of preconception health counseling around

TABLE 2. Multiply Adjusted Associations Between Individual Covariates and Severe Maternal Mortality With and Without Blood
Transfusion During Delivery Hospitalization by Race and Ethnicity, Georgia, 2009–2020

Delivery hospitalization SMM Delivery hospitalization SMM, excluding blood transfusion

Non-Hispanic White Non-Hispanic Black Non-Hispanic White Non-Hispanic Black

Characteristic SMM Rate* Adjusted RR SMM Rate* Adjusted RR SMM Rate* Adjusted RR SMM Rate* Adjusted RR

Race-specific rate 133.5 — 234.7 — 57.3 — 89.6 —

Maternal age
< 17 250.5 1.3 (1.0, 1.7) 257.0 1.2 (1.0, 1.4) 87.7 1.2 (0.7, 1.8) 74.1 0.8 (0.5, 1.1)
17–19 166.0 1.0 (0.9, 1.2) 238.4 1.1 (1.0, 1.2) 51.0 0.8 (0.6, 0.9) 89.7 1.0 (0.9, 1.2)
20–24 136.5 1.0 (0.9, 1.1) 214.1 1.0 (0.9, 1.1) 50.7 0.9 (0.8, 1.0) 74.1 1.0 (0.9, 1.1)
25–29 120.8 Ref 213.7 Ref 53.2 Ref 74.9 Ref
30–34 121.8 1.1 (1.0, 1.1) 238.5 1.1 (1.0, 1.2) 55.8 1.1 (1.0, 1.2) 98.9 1.3 (1.2, 1.5)
35–39 147.1 1.3 (1.2, 1.4) 301.0 1.3 (1.2, 1.4) 71.6 1.4 (1.3, 1.6) 134.3 1.7 (1.5, 1.9)
> = 40 218.1 1.8 (1.6, 2.1) 397.6 1.6 (1.4, 1.8) 115.4 2.3 (1.9, 2.8) 199.8 2.3 (1.9, 2.8)

Marital status
Married 124.2 Ref 215.4 Ref 55.8 Ref 95.2 Ref
Unmarried 156.1 1.0 (1.0, 1.1) 240.4 1.1 (1, 1.2) 60.9 1.0 (0.9, 1.1) 87.0 1.0 (0.9, 1.1)

Insurance payor
Private 120.9 Ref 203.3 Ref 55.2 Ref 86.8 Ref
Medicaid 155.8 1.2 (1.1, 1.3) 242.6 1.1 (1.1, 1.2) 60.1 1.1 (0.9, 1.2) 85.8 1.1 (1.0, 1.2)
Medicare 156.6 1.2 (1.0, 1.4) 409.7 1.7 (1.5, 2.0) 80.8 1.4 (1.0, 1.7) 227.4 2.4 (1.9, 2.9)
Self pay 152.2 1.1 (0.8, 1.4) 343.1 1.4 (1.2, 1.7) 38.9 0.6 (0.4, 1.0) 139.4 1.5 (1.1, 1.8)
Other payors 117.8 1.0 (0.9, 1.1) 200.7 1.0 (0.9, 1.1) 59.1 1.1 (0.9, 1.2) 95.1 1.2 (1.0, 1.4)

Education
Less than high school 166.3 1.3 (1.0, 1.6) 272.4 1.2 (1.0, 1.5) 61.4 1.2 (0.8, 1.8) 91.6 1.1 (0.8, 1.6)
Some high school 183.1 1.4 (1.2, 1.5) 268.6 1.2 (1.1, 1.3) 62.0 1.2 (1.0, 1.4) 90.8 1.1 (1.0, 1.3)
High school degree/GED 143.9 1.1 (1.1, 1.2) 248.3 1.2 (1.1, 1.2) 60.1 1.1 (1.0, 1.3) 91.1 1.2 (1.1, 1.3)

Some college or higher 120.1 Ref 209.0 Ref 54.4 Ref 84.8 Ref
Tobacco use during pregnancy
No 132.1 Ref 232.0 Ref 56.8 Ref 88.8 Ref
Yes 143.1 0.9 (0.8, 1.0) 278.3 1.0 (0.9, 1.1) 60.2 1.0 (0.9, 1.2) 94.3 0.9 (0.7, 1.1)

NCHS rural-urban
Large central metro 117.3 Ref 288.1 Ref 43.0 Ref 96.7 Ref
Large fringe metro 134.3 1.1 (1.0, 1.3) 235.7 0.9 (0.8, 0.9) 55.0 1.4 (1.2, 1.7) 88.1 0.9 (0.8, 1.0)
Medium metro 101.8 0.8 (0.7, 0.9) 169.7 0.6 (0.5, 0.6) 59.6 1.4 (1.1, 1.8) 79.3 0.9 (0.7, 1.0)
Small metro 119.7 1.0 (0.9, 1.1) 212.5 0.7 (0.7, 0.8) 51.1 1.3 (1.0, 1.6) 88.9 0.9 (0.8, 1.1)
Micropolitan 165.4 1.3 (1.2, 1.5) 259.8 0.9 (0.8, 0.9) 72.5 1.8 (1.5, 2.3) 94.8 1.0 (0.9, 1.2)
Noncore 160.2 1.3 (1.1, 1.5) 258.9 0.9 (0.8, 1.0) 66.2 1.7 (1.4, 2.2) 99.3 1.1 (0.9, 1.3)

Plurality
Single 127.4 Ref 224.2 Ref 55.5 Ref 87.1 Ref
Multiple 465.5 3.5 (3.1, 3.8) 738.3 3 (2.7, 3.3) 160.0 2.6 (2.1, 3.0) 207.1 2.0 (1.7, 2.4)

Parity
nulliparity 149.4 Ref 222.9 Ref 62.1 Ref 97.5 Ref
low multiparity (1–3) 117.2 0.8 (0.7, 0.8) 225.3 1.0 (1.0, 1.1) 51.9 0.8 (0.7, 0.8) 79.7 0.7 (0.7, 0.8)
grand multipara (4+) 206.1 1.0 (0.9, 1.2) 364.0 1.3 (1.2, 1.4) 88.6 1.0 (0.8, 1.2) 120.2 0.9 (0.7, 1.0)

Prenatal care
Prenatal Care 129.4 Ref 217.5 Ref 54.8 Ref 80.6 Ref
Late or no prenatal care 149.3 1.1 (0.9, 1.2) 269.4 1.1 (1.1, 1.2) 57.0 1.0 (0.8, 1.3) 90.8 1.1 (1.0, 1.3)

Pre-pregnancy hypertension
No 132.1 Ref 227.1 Ref 56.3 Ref 84.3 Ref
Yes 214.5 1.5 (1.3, 1.8) 461.4 1.9 (1.8, 2.1) 113.3 1.8 (1.4, 2.3) 244.6 2.7 (2.3, 3.1)

Gestational hypertension
No 121.5 Ref 210.8 Ref 50.4 Ref 75.2 Ref
Yes 322.4 2.4 (2.2, 2.6) 578.9 2.6 (2.5, 2.8) 164.8 3.0 (2.7, 3.3) 293.9 3.7 (3.3, 4)

Gestational diabetes
No 132.0 Ref 232.2 Ref 56.4 Ref 88.1 Ref
Yes 165.0 1.0 (0.9, 1.2) 281.3 1.0 (0.9, 1.1) 75.1 1.0 (0.8, 1.2) 114.6 0.9 (0.8, 1.1)

*SMM rates are events per 10,000 deliveries.
SMM indicates severe maternal morbidity.
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health risks33 and with a significantly reduced rate of SMM.34

Rates of maternal mortality from 2006 to 2017 are also noted
to be lower in expansion versus non-expansion states.35

Analysis of Medicaid claims data across multiple states from
2010 to 2012 supports that specific domains of preconception
care, including receipt of contraceptive services and preg-
nancy testing services, significantly decrease the odds of
SMM; in restricting the study population to Medicaid-en-
rolled women with chronic health conditions, both the receipt
of contraceptive services and routine physical examinations in
the year before conception significantly decreased the odds of
SMM.36 Georgia has not expanded Medicaid under the

Affordable Care Act, but in 2021 did extend postpartum
Medicaid coverage from 2 to 6 months; while this extension
of coverage during the postpartum period is critical for ad-
dressing health needs in the “fourth trimester,”37 it does little
to increase access to primary and preventive health care be-
fore conception, especially for women without dependent
children.31 Georgia did implement a Section 1115 Medicaid
Demonstration Family Planning Waiver in 2011, which ex-
panded the provision of family planning services to uninsured
18 to 44 year old women citizens of Georgia with a household
income at or below 211% of the federal poverty level who are
not otherwise eligible for Medicaid or the Children’s Health

A B

C

FIGURE 1. Severe maternal mortality rates per 10,000 deliveries for non-Hispanic Black and non-Hispanic White women in
Georgia, 2009–2020 stratified by selected demographic and clinical risk factors, using case definition including blood transfusion.
A, Maternal age; B, Delivery insurance payor; C, clinical risk factors, including gestational diabetes, gestational hypertension, and
pre-pregnancy hypertension. SMM indicates severe maternal morbidity
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Insurance Program. Implementation of the Georgia Family
Planning Demonstration Waiver contributed to an increase in
the use of higher effectiveness contraceptive methods and the
increased use of preventive screenings; however, a substantial
proportion of low-income women targeted by the waiver
remain unserved by the publicly-funded family planning
services in the state.38

Strengths and Limitations
Strengths of this study include its use of a large,

population-based dataset of Georgia resident pregnant persons
delivering in Georgia between 2009 and 2020. However, be-
cause the determination of the occurrence of SMM requires
ICD diagnosis code data, such as that found in the Georgia
Discharge Data System, a requirement for inclusion in the
study cohort was that a Georgia resident has a delivery that is
linked to a hospital discharge record, thus excluding deliveries
at home or in birth centers. However, this is only about 1% of
live births 39 and likely will tend to be lower-risk pregnancies
on average. Strength of the study was the enrichment of the

dataset variables through the linkage between hospital dis-
charges and vital records such as live birth and fetal death
certificates. However, restricting to records that are success-
fully linked can lead to potential biases if the probability of
accurate linkage is differential with respect to important
covariates. Individuals who were excluded due to the inability
to link were more likely to be on public insurance (58% vs.
50%) and more likely to be of minority race and ethnicity (66%
vs. 51%). Administrative hospital discharge databases are
created and used for billing rather than patient care and are
subject to errors of omission and commission by medical
coders. Further analysis is needed to explore the significance of
these potential biases and errors and their effect on the inter-
pretation and overall validity of findings related to SMM. In
addition, there is evidence that reliance on ICD codes for blood
transfusion, which do not distinguish the number of units,
likely captures deliveries that were not actually clinically
severe.40 While we rely on the CDC/AIM indicator list, it may
be that future definitions or more formal development
of dedicated SMM surveillance systems will refine case

FIGURE 2. Annual SMM events per 10,000 deliveries among Georgia resident women ages 12–55 between 2009–2020, using
case definition including and excluding blood transfusions. The break between the use of ICD-9-CM and ICD-10-CM codes reflects
the change in CDC/AIM codes defining SMM events across ICD version. The dotted lines from 2019–2020 reflect the overlay of the
COVID-19 pandemic. SMM indicates severe maternal morbidity.
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ascertainment by, for example, combining information on
disseminated intravascular coagulation, intensive care unit
admission, and transfusion.

CONCLUSION
The upward trend of SMM rates in the United States is

a major public health concern. This investigation was 1 of the
most comprehensive evaluations of the burden, trends, and
disparities of SMM in a Southeastern state with among the
highest maternal mortality rate in the nation. Despite the
limitations described above, it lays the groundwork for
continued assessment that can ultimately inform clinical,
programmatic, and policy interventions. The study provides a
guiding framework on the value of enhanced surveillance
through statewide data linkages for other southern states to
understand the burden of SMM in high-risk populations.
Future studies should move beyond state-level assessment
and examine geographic differences in SMM rates among
sub-state regions to inform place-based changes in quality
care and health policy targets. Advancing research on a
standardized surveillance approach is critical to elucidate
health system failures and intervention priorities to prevent a
pregnant person’s progression along the continuum of se-
verity. Ongoing surveillance of both maternal mortality
(through the Georgia Maternal Mortality Review Committee)
and SMM outcomes may improve the identification of issues
contributing to maternal progression along the peripartum
morbidity continuum. Ultimately, the goals of this study and
its corollaries are to enhance the allocation of Georgia’s
limited public health and obstetric resources and to improve
upon our poor maternal and infant health outcomes. Georgia
has a long road ahead to meet these aims, but the state has

taken several steps on the path to improvement in maternal
and infant health.
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