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Abstract

Background: The most common reason for hospitalization in the United States is childbirth. The costs of child-
birth are substantial.

Materials and Methods: This was a retrospective cohort study of hospital deliveries identified in the Market-
Scan® Commercial and Medicaid health insurance claim databases. Women with an inpatient birth in the calen-
dar year 2016 were included. Severe maternal morbidity (SMM) was identified using the Centers for Disease
Control and Prevention algorithm of 21 International Classification of Diseases-10 codes. Mean costs and cost
ratios for women with and without SMM were reported. Generalized linear models were used to analyze demo-
graphic and clinical variables influencing delivery costs.

Results: \We identified 1,486 women in the Commercial population, who had a birth in 2016 and met the criteria
for SMM. The total mean per-patient costs of care for women with and without SMM were $50,212 and $23,795,
respectively. In the Medicaid population there were 29,763 births, of which 342 met the criteria for SMM. The total
mean per-patient costs of care for women with and without SMM were $26,513 and $9,652, respectively.
A multifetal gestation, a cesarean delivery, maternal age, and pregnancy-related complications were indepen-
dently predictive of increased delivery costs in both Commercial and Medicaid populations.

Conclusions: The occurrence of SMM was associated with an increase in maternity-related costs of 111% in
the Commercial and 175% in the Medicaid population. Some of the factors associated with increased delivery
hospitalization costs could be treated or avoided.
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Introduction multifetal gestation, and maternal comorbidities are

The most common reason for hospitalization in the
United States is childbirth.! The costs of childbirth are
substantial and are increased by a cesarean delivery,
multifetal pregnancy, preexisting medical conditions,
and complications of pregnancy.”™® A cesarean delivery,

also risk factors for severe maternal morbidity
(SMM),”** which refers to scenarios in which women
experience one or more life-threatening complications
during labor or delivery."> The incidence of SMM in
the United States has been estimated as 144 per 10,000
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delivery hospitalizations.'” In studies based on hospital
discharge records, mean delivery costs (not including
prenatal and postdelivery costs) associated with SMM
were estimated to be about twice those of deliveries
without SMM."*"?

We previously described the use of insurance claims
data to determine prenatal, delivery, and postpartum
costs in commercially insured and Medicaid patients
in 2013 and found that mean costs were greater with
deliveries with SMM compared with deliveries without
SMM.'® However, in these previously reported studies,
SMM was identified using the Centers for Disease Con-
trol and Prevention (CDC) list of 25 indicators, based
on the International Classification of Diseases, 9th edi-
tion (ICD-9) codes.'*™'® In 2017 the CDC algorithm
for SMM was revised from 25 indicators to include a
list of 21 indicators based on ICD-10 codes."? The in-
cidence of SMM in nationwide samples of commer-
cially and Medicaid-insured women using the revised
CDC algorithm for SMM has been reported recently
and found the incidence to be 111.4 in the Commercial
and 109.6 per 10,000 deliveries in the Medicaid popu-
lation."” The objective of the present analysis was to
determine the costs of prenatal care, hospital delivery,
and postdelivery care in commercially and Medicaid-
insured women with and without SMM, using the re-
vised CDC algorithm for SMM, and to determine the
relationship between delivery costs and various risk
factors.

Materials and Methods

Study overview

This was a retrospective cohort study of SMM in ben-
eficiaries enrolled in the MarketScan® Commercial
Claims and Encounters (“Commercial”) and Medicaid
databases. The Commercial database includes paid
medical and prescription drug claims for several mil-
lion individuals annually from ~ 300 self-insured U.S.
employers and 25 health plans, while the Medicaid
database contains the pooled health care experience
of Medicaid enrollees from 11 states."”'® Due to pri-
vacy agreements between the Medicaid state agencies
and the agency that manages the coordination of ben-
efits, the states included are not publicly identifiable.
The MarketScan data were deidentified, so that Insti-
tutional Review Board approval was not required.

Study sample
The study population included all women with an in-
patient birth in 2016, identified by ICD-10 diagnostic
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and procedural, Current Procedural Terminology, and
Diagnosis-Related Group codes for a delivery (Supple-
mentary Table S1)."” In the primary analysis, continu-
ous enrollment (without gaps) was required during the
9 months before and 30 days following the delivery.

SMM was defined by the occurrence during delivery
hospitalization of one or more of the 21 potentially life-
threatening conditions or complications identified by
the diagnostic and procedural ICD-10 codes identified
by the CDC (Supplementary Table S2)."* Preexisting
comorbidities and obstetric-related complications were
identified from the literature and the corresponding
ICD-10 codes identified (Supplementary Table $3).%°~>*
Patient characteristics included in the study were ma-
ternal age (in 5-year age groups), gestation type (single-
ton or multifetal), delivery method (vaginal or cesarean),
geographic region (Commercial population only), and
race/ethnicity (Medicaid population only). Geographic
regions included the four divisions defined by the U.S.
Census: Northeast, Midwest, South, and West. Race/
ethnicity was categorized as White non-Hispanic, Black
non-Hispanic, Hispanic, and other.

Cost analysis

Costs are presented in 2016 U.S. dollars. All-cause costs
incurred, whether obstetrics related or not, were classi-
fied into one of three time periods: the prenatal period
(9 months before delivery hospitalization admission),
delivery period (costs during hospitalization), and post-
delivery period (30 days following delivery hospitali-
zation discharge). Total costs were determined for all
services, using the amounts paid by insurers plus out-
of-pocket and third-party payments. Cost data were
calculated as mean, standard deviation. Costs were also
calculated as median and interquartile range. Costs
were calculated by SMM status, delivery method, ges-
tation type, maternal age category, region in the
Commercial population, and race in the Medicaid pop-
ulation. Comparisons of mean costs between women
with and without SMM were made using the t-test.
Generalized linear models were used to analyze the re-
lationship between demographic and clinical variables
and delivery costs, adjusting for preexisting conditions
and pregnancy-related complications. Generalized lin-
ear model methodology is an appropriate technique for
analyzing skewed cost data.”> The models used a log
link and gamma error distribution function that con-
forms to the non-normal cost distributions typical of
health care costs. Results are presented as cost ratios
and mean costs with 95% confidence intervals (CIs).
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For the Medicaid population, a sensitivity analysis was
conducted for delivery costs, in which the continuous
enrollment criterion was removed. This sensitivity anal-
ysis was completed to account for potential selection
bias in the Medicaid population, which was observed
to have a fragmented enrollment history. All analyses
were conducted using SAS Version 9.4.31.

Results

Commercial population

A total of 130,297 delivery hospitalizations met the
study inclusion criteria, of which 1,486 deliveries were
classified with SMM, for a rate of 114 per 10,000 deliv-
eries. The total mean per-patient costs of care for women
with and without SMM were $50,212 and $23,795, re-
spectively (Fig. 1). Prenatal, delivery, and postdeliv-
ery costs were all significantly higher at p<0.001 for
women with SMM versus women without SMM
(Fig. 1). Delivery costs comprised the greatest propor-
tion of total costs, which is 45.7% of total costs in
women with SMM and 60.3% of women without
SMM. Among women with SMM, prenatal costs com-
prised 33.4% of total costs, whereas postdelivery costs
comprised 20.9% of costs. Similarly, among women
without SMM, prenatal, and postdelivery costs com-
prised 24.5% and 15.2% of total costs, respectively.
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The individual SMM indicator associated with the great-
est delivery cost ($86,662) was cardiac arrest/ventricular
fibrillation/conversion of cardiac rhythm (Fig. 2).

In the generalized linear model analysis, SMM in-
creased delivery costs by 20% and was the strongest pre-
dictor of delivery costs, with an adjusted mean (95%
CI) cost of $22,672 ($21,277-$24,154; Table 1). Relative
to age 31-35 years, the 19-24 and 25-30 years age cat-
egories were predictive of lower delivery costs, and age
categories >35 years were significantly associated with
increased delivery costs. In addition, delivery method,
gestation type, Northeast geographic region, and pres-
ence of any obstetric complication or preexisting co-
morbidity were independently predictive of increased
delivery costs (Table 1).

Medicaid population

A total of 29,763 delivery hospitalizations met the study
inclusion criteria, of which 342 deliveries were classi-
fied with SMM, for a rate of 115 per 10,000 deliveries.
The total mean per-patient costs of care for women
with SMM ($26,513) were 177% higher than for
women without SMM ($9,652; Fig. 3). Costs of prena-
tal, delivery, and postdelivery costs were all higher for
women with than without SMM (p <0.001 for all com-
parisons). Delivery costs were 39.3% of total costs for
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Total mean cost across time periods by SMM status in the Commercial population. Total costs
are in bold on top of the bar for women without SMM. p <0.001 for comparisons of prenatal, delivery,
and postdelivery costs in women with and without SMM. SMM, severe maternal morbidity.
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Cardiac arrest/ ventricle fibrillation/ conversion of cardiac rhythm . $86,662
Shock PSS $46,756
Adult respiratory distress syndrome " $46,708
Amniotic fluid complications EEEEEEES———— $44,389
Sever anesthesia complications FEEEESSS——— $41,729
Sickle cell anemia with complications IEEEE——— $36,358
Acute renal failure PEEEEESS———— $35 444
Hysterectomy s $31,951
Sepsis MEEEEEEESS———— $31,739
Pulmonary edema/ acute heart failure mEEE————— $31,208
Puerperal cerebrovascular disorders I $29,198
Disseminated intravascular coagulation IEEEESS———————— $25 543
Air and thromboembolism I————— $23 214
Eclampsia s 319,747
Acute myocardial infarction/ aneurysm m———— $16,214
Blood transfusions s $15,889
Ventilation temporary tracheostomy s $13,683
Heart failure/ arrest during surgery mmsss 513,683

%

FIG. 2. Mean delivery cost by SMM indicator in the Commercial population.
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Mean delivery cost

women without SMM, and 28.5% of total costs for
women with SMM. The SMM indicator associated with
the greatest delivery cost was shock ($25,769; Fig. 4).
In the generalized linear model analysis, the adjusted
delivery cost was 31% greater for women with than for
women without SMM (Table 2). Adjusted mean de-
livery costs were significantly higher for women ages
31-35 compared with women 19-30 years of age,

for Black non-Hispanic versus White non-Hispanic
women, for a cesarean versus vaginal delivery, a multi-
fetal versus singleton gestation, and with the presence
of any obstetric complication or preexisting comorbid-
ity (Table 2).

In the sensitivity analysis, conducted without the con-
tinuous enrollment criterion, there were 219,670 deliv-
ery hospitalizations in the Medicaid population, with a

Table 1. Predictors of Adjusted Delivery Cost in the Commercial Population

Adjusted cost ratio (95% Cl)

Adjusted mean cost (95% Cl)

Intercept —
SMM (referent: no SMM) 1.20 (1.17-1.24)°

Delivery (referent: vaginal)

Cesarean 1.17 (1.17-1.18)°
Maternal age (referent: 31-35)

14-18 0.94 (0.85-1.05)

19-24 0.94 (0.92-0.96)°

25-30 0.96 (0.94-0.97)°

36-40 1.02 (1.01-1.04)°

41-45 1.08 (1.04-1.11)°

>45 1.09 (1.00-1.20)°
Gestation status (referent: singleton)

Multifetal 1.09 (1.07-1.11)°
Region (referent: West)

Midwest 0.86 (0.85-0.87)°

Northeast 1.22 (1.20-1.23)°

South 0.85 (0.85-0.86)°
Pregnancy-related complication (referent: no presence of complications) 1.04 (1.04-1.05)°

$15,607°
$22,672 ($21,277-524,154)

$22,103 ($21,220-5$23,024)

$17,781 ($15,430-5$20,490)
$17,692 ($16,726-$18,715)
$18,041 ($17,177-518,949)
$19,287 ($18,339-5$20,282)
$20,243 ($18,993-5$21,575)
$20,590 ($18,151-%$23,356)

$20,422 ($19,372-$21,528)

$16,242 ($15,522-$16,995)
$22,929 ($21,890-524,017)
$16,045 ($15,366-516,756)
$19,633 ($18,843-$20,457)

*The intercept represents the adjusted mean cost estimate for a woman with no SMM, vaginal delivery, age 31-35, singleton, West, and no pres-

ence of complications.
PMultivariate regression analysis statistically significant at p<0.05.
Cl, confidence interval; SMM, severe maternal morbidity.
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FIG. 3. Total mean cost across time periods by SMM status in the Medicaid population. Total costs
are in bold on top of the bar for women without SMM. p <0.001 for comparisons of prenatal, delivery,
and postdelivery costs in women with and without SMM.

similar rate of SMM (110 per 10,000 deliveries) as in
the primary analysis (115 per 10,000 deliveries). Total
mean delivery costs with or without SMM in the sensi-
tivity analysis were twice those in the primary analysis
(Table 3). Nevertheless, the cost ratios between women
with SMM and no SMM were similar (1.99 and 1.98 in

the primary and sensitivity analyses, respectively), for
a cost ratio difference of —1.0% (Table 3). The greatest
differences in mean cost ratios in the sensitivity versus
the primary analysis were observed in the categories of
race/ethnicity and gestation type: —1.16 for “other”
race/ethnicity, and —1.44 for a singleton gestation.

Shock

Sepsis

Disseminated intravascular coagulation
Amniotic fluid embolism

Acute renal failure

Adult respiratory distress syndrome

Acute myocardial infarction/ aneurysm $9,182
Pulmonary edema/ acute heart failure $9,033
Air and thromboembolism $8,780
Puerperal cerebrovascular disorders $8,013
Sickle cell anemia with complications $7,386
Sever anesthesia complications $6,277

Eclampsia $5,472
Cardiac arrest/ ventricle fibrillation/ conversion of cardiac rhythm $5,032
Blood transfusions $5,008
Hysterectomy $3,840
Ventilation temporary tracheostomy $3,840
Heart failure/ arrest during surgery $3,840

FIG. 4. Mean delivery cost by SMM indicator in the Medicaid population.
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Table 2. Predictors of Adjusted Delivery Cost in the Medicaid Population
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Adjusted cost ratio (95% Cl)

Adjusted mean cost (95% Cl)

Intercept

SMM (referent: no SMM)
Delivery (referent: vaginal)

Cesarean

Maternal age (referent: 31-35)

14-18
19-24
25-30
36-40
41-45
>45

Gestation status (referent: singleton)

Multifetal

Race/ethnicity (referent: Black)

Hispanic
Other
White

Pregnancy-related complication (referent: no presence of complication)

131 (1.23-1.40)°
1.16 (1.15-1.18)°

0.96 (0.89-1.03)
0.96 (0.92-0.99)°
0.96 (0.93-0.99)°
1.03 (0.97-1.09)
1.08 (0.96-1.21)
1.03 (0.70-1.53)

1.10 (1.06-1.15)°

1.00 (0.95-1.05)
1.03 (0.97-1.09)
0.97 (0.94-0.99)°
(

1.03 (1.01-1.05)°

$5,932°
$7,796 (56,772-$8,974)

$6,908 ($6,300-57,575)

$5,674 ($4,886-56,589)
$5,667 ($5,051-$6,359)
$5,706 ($5,085-%6,402)
$6,122 ($5,337-$7,022)
$6,395 ($5,262-$7,773)
$6,138 ($3,831-59,835)

$6,530 ($5,791-5$7,363)

$5,943 ($5,224-56,761)
$6,105 ($5,323-$7,000)
$5,742 ($5,172-%6,373)

(

$6,101 ($5,551-56,706)

*The intercept represents the adjusted mean cost estimate for a woman with no SMM, vaginal delivery, age 31-35, singleton, Black, and no pres-
ence of complications.
PMultivariate regression analysis statistically significant at p <0.05.

Discussion pitalization costs than a cesarean delivery, maternal
In this analysis, the occurrence of SMM during delivery age, or multifetal gestation. Pregnancy-related compli-
hospitalization was associated with an increase in total ~cations were independently associated with increased
mean health care costs of 111% and 175% in the Com-  delivery costs in both the Commercial and Medicaid
mercial and Medicaid populations, respectively. SMM  populations. Furthermore, racial and ethnic disparities
was more strongly predictive of increased delivery hos-  were observed in the Medicaid population, with elevated

Table 3. Mean Delivery Costs in the Primary and Sensitivity Medicaid Analyses

Primary analysis Sensitivity analysis

No SMM SMM No SMM SMM
Cost ratio
Mean+SD Mean+SD Cost ratio® Mean+SD Mean*SD Cost ratio® difference®
Total $3,797+1,742 $7,552+12,197 1.99 $7,677 +8,849 $15,210+30,229 1.98 —0.01
Age, years
14-18 $3,681+ 2,446 $6,319+2,384 1.72 $6,597+6,215 $9,455+8,818 1.43 —0.29
19-24 $3,677+1,398 $7,791+17,727 2.12 $7,850+9,068 $14,216 126,424 1.81 —0.31
25-30 $3,774+1,517 $6,742+6,012 1.79 $7,746+ 8,967 $15,035+27,729 1.94 0.15
31-35 $3,971+2,277 $7,626+7,395 1.92 $7,421+8,497 $16,757 +35,297 2.26 0.34
36-40 $4,167+2,128 $8,907+ 12,938 2.14 $7,455+ 8,546 $16,879+40,777 2.26 0.12
41-45 $4,314+3,524 $9,981+13,532 2.31 $7,562+ 8,958 $13,723+16,636 1.81 —0.50
>45 $4,303+ 1,097 $6,597 16,215 1.53 $7,413+9,180 $11,656 £ 5,096 1.57 0.04

Delivery method

Cesarean $4,787 + 2,468 $8,592+8,676 1.79 $10,013+£ 11,467 $16,844 £28,782 1.68 —0.11

Vaginal $3,430£1,186 $6,524 114,837 1.90 $6,702£7,273 $13,302£31,743 1.98 0.08
Gestation type

Singleton $4,911£5,361 $13,648 £35,699 2.78 $10,658+ 13,341 $14,259£ 23,045 1.34 —1.44

Multifetal $3,770+£ 1,463 $6,64916,950 1.76 $7,676£8,721 $14,974£30,659 1.95 0.19
Race/ethnicity

Black $3,878+1,653 $7,676+ 15,202 1.98 $15,762+ 14,467 $41,600+ 60,365 2.64 0.66

Hispanic $3,791£2,071 $5,422£3,048 143 $8,616£9,565 $14,636 £ 28,981 1.70 0.27

Other $3,973+£2,607 $11,548+£13,937 291 $5,674+6,003 $9,929+12,761 1.75 -1.16

White $3,676+£1,594 $7,186£8,073 1.96 $7,887£9,601 $16,742£ 24,568 212 0.16

@Unadjusted cost ratio.
The cost ratio difference represents the difference between the sensitivity and primary analysis cost ratios.
SD, standard deviation.
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costs associated with SMM among Black non-Hispanic
women compared with White non-Hispanic and His-
panic women.

Prenatal, delivery, and postpartum costs were all con-
siderably higher in the Commercial than in the Medic-
aid population in both women with or without SMM.
Commercial insurance is known to reimburse for ser-
vices at higher payment rates compared with govern-
ment sponsored insurance.** Comparing the present
2016 cost analysis with the previous 2013 analysis,"®
total pregnancy-related costs with or without SMM
were considerably higher in 2016 in both the Com-
mercial and Medicaid populations: total costs in the
Commercial and Medicaid populations were 40%-60%
higher without SMM and 150%-260% higher with
SMM. Delivery costs with SMM were 48% higher in
2016 than in 2013 in the Commercial population,
but similar (4% higher) in 2016 compared with the
2013 Medicaid populations—which suggests that the
change in SMM coding algorithm did not itself in-
crease costs.

Two earlier studies reported delivery hospitalization
costs associated with SMM, using, respectively, dis-
charge data from the 2011 National Inpatient Sample
(NIS) and a dataset of all delivery hospitalizations in
New York City (NYC) from 2008 to 2012."*'> Direct
comparison of these delivery cost estimates with esti-
mates based on reimbursements in separate Commer-
cial and Medicaid populations is difficult, given the
different population structures and cost data sources.
The earlier analyses estimated the costs expended by
the hospital but excluded physician expenses. In the
present study and in the previous 2013 analysis,'® pop-
ulations of employer-sponsored insurance beneficiaries
and Medicaid beneficiaries were analyzed separately. In
contrast, the NIS and NYC studies analyzed mixed
populations of commercially insured and Medicaid pa-
tients (the former 50% Commercial and 44% Medicaid
patients and the latter 38% Commercial and 58% Med-
icaid patients).14’15 In addition, the earlier studies used
an algorithm for identifying SMM based on ICD-9
codes, whereas the present study was based on ICD-10
codes."*"¢

The accuracy of SMM algorithms based on either
ICD-9 or ICD-10 codes depends on the correct assign-
ment of codes in hospital discharge records. In a study
set in the period 2001-2011, in which the ICD-9 codes
for SMM indicators were checked against medical
records, the codes were correctly assigned in 82%-
86% of instances, although this varied substantially
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by code.”® Furthermore, the sensitivity and predictive
value of the ICD-10 version of the CDC algorithm
for SMM have not been determined.

Removing the requirement for continuous enroll-
ment increased the number of delivery hospitalizations
in the sensitivity analysis of the Medicaid population.
The requirement for continuous enrollment espe-
cially impacts the Medicaid population due to the frag-
mented patterns of enrollment. Delivery costs in the
sensitivity analysis were greater overall and across all
demographic and delivery characteristics, although the
SMM cost ratios were similar. The increased costs could
be attributed to the fragmentation of care, in that com-
plications may not be identified or treated in a timely
manner. Noted differences in the demographic and
clinical profile of the women in the sensitivity analysis
could explain the increased costs, but further research
will be necessary to understand the specific cost drivers.

The continuous enrollment criterion may have re-
duced the ability to infer toward the larger base popu-
lation, who may not have continuous enrollment for
different reasons, such as job loss or changing employ-
ment status. The differences in absolute costs between
the primary and sensitivity analyses of the Medicaid
population could indicate potential selection bias. Since
delivery hospitalization costs were restricted to those
incurred at any time during 2016, prenatal and postde-
livery costs were likely underestimated. Data for a full
9-month prenatal period were available only for deliv-
eries in the last 3 months of 2016. Similarly, the costs
of a 30-day postdelivery period were available only
for deliveries in the first 11 months of 2016. The Med-
icaid database represented only births from 11 states in
2016 and it is not possible to generalize these results
to a national population. Furthermore, due to privacy
agreements between the Medicaid state agencies and
Truven, the identities of the states included are not
publicly available. Patients’ racial/ethnic identities were
not available in the Commercial population. The expla-
nation of racial/ethnic disparities in maternal morbid-
ity in the Medicaid population is unclear, but they do
not appear to be explained by differences in patient
characteristics or by delivery hospital.>® Analysis of
cost data is problematic, because the data tend to be
non-negative and positively skewed, with heavy tails.
In this data set, as is typical, median costs were lower
than means in both the Commercial and Medicaid pop-
ulations (Supplementary Tables S4 and S5). Neverthe-
less, the differences in median costs for women with
and without SMM mirrored those for mean costs.
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The data in this study indicate that there may be
financial incentives for initiatives to reduce maternal
morbidity. In the predelivery period, many of the
pregnancy-related complications (gestational hyperten-
sion, preeclampsia, obstetric infection, efc.) associated
with higher costs are preventable. There is evidence
supporting the implementation of quality improve-
ment programs designed to reduce maternal morbid-
ity.”” Collections of best practices, or care bundles,
have been developed to address obstetric hemorrhage
and severe hypertension in particular.””>* In the post-
delivery period, the American College of Obstetricians
and Gynecologists has recommended that postpartum
care should become an ongoing process, with services
tailored to each woman’s individual needs.”>" In addi-
tion, the fragmentation of care in the Medicaid popula-
tion could be addressed by modifying eligibility and
enrollment criteria. Our data suggest that the costs of
these initiatives could be offset by reductions in costs
associated with SMM.

Conclusion

In conclusion, women experiencing SMM incurred
significantly greater health care costs during the pre-
natal, delivery hospitalization, and 30-day postdelivery
periods compared with women without SMM. Several
demographic factors, preexisting comorbidities, and
obstetric complications were associated with increased
delivery hospitalization costs.
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