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Abstract

Purpose: Racial/ethnic disparities in severe maternal morbidity (SMM) are substantial, but little
is known about whether these disparities are changing over time or the role of maternal and
obstetric factors.

Methods: We examined disparities in SMM prevalence and trends using linked birth certificate
and delivery discharge records from Californian births during 1997-2014 (n = 8,252,025).

Results: The prevalence of SMM was highest in non-Hispanic (NH) Black women (1.63%),
lowest in NH White women (0.84%), and increased from 1997-2014 by approximately 170% in
each racial/ethnic group. The magnitude of SMM disparities remained consistent over time.
Compared to NH White women, the adjusted risk of SMM was higher in women who identified as
Hispanic (RR 1.14; 95% CI 1.12, 1.16), Asian/Pacific Islander (RR 1.23; 95% CI 1.20, 1.26), NH
Black (RR 1.27; 95% CI 1.23, 1.31), and American Indian/Alaska Native (RR 1.17; 95% CI 1.04,
1.31), accounting for comorbidities, anemia, cesarean birth, and other maternal characteristics.

Conclusions: The prevalence of SMM varied considerably by race/ethnicity but increased at
similarly high rates among all racial/ethnic groups. Comorbidities, cesarean birth, and other
factors did not fully explain the disparities in SMM, which remained persistent over time.
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INTRODUCTION

An estimated 14 in every 1000 women hospitalized for delivery in the U.S. experienced
severe maternal morbidity (SMM) in 2014 — a nearly twofold increase from 1994.1 These
women suffered hemorrhage, embolism, stroke, and other serious complications that have
significant short- and long-term health consequences.?2 Women who identify as racial or
ethnic minorities have experienced the greatest burden of SMM,? but little is understood
about contributors to this disparity or how it has changed over time. Creanga et al.* reported
that non-Hispanic Black, Hispanic, Asian/Pacific Islander, and American Indian/Alaska
Native women had 2.1, 1.3, 1.2, and 1.7 times higher risk of SMM, respectively, compared
to non-Hispanic White women in a multi-state study of U.S. deliveries 2008-2010. One prior
study has suggested that the trend in SMM may vary by race/ethnicity, reporting that SMM
prevalence increased 1998-2012 in a national sample by 74%, 93%, 92%, and 58% in non-
Hispanic White, non-Hispanic Black, Hispanic, and Asian/Pacific Islander women,
respectively.®

Racial/ethnic health disparities are complex and reflect multiple levels of inequities — from
patient characteristics to health-care policies.® Maternal comorbidities (particularly obesity,
hypertension, and diabetes) and cesarean birth are frequently identified as major patient-
level contributors to SMM and its rise over time.127-9 These factors have all increased
across recent decades, 1912 and tend to be more common among minority groups.®’11.13 |n
comparison to non-Hispanic White women, obesity and diabetes are more prevalent in
women who are non-Hispanic Black, Hispanic, Asian/Pacific Islander, or American Indian/
Alaska Native.1314 Additionally, hypertensive disorders, asthma, anemia, and cesarean birth
are all more common in non-Hispanic Black women, who also experience the largest burden
of SMM.411.13-16 Therefore, it is reasonable to expect that these comorbidities, along with
cesarean birth, may contribute to disparities in SMM prevalence and trends. However, the
contributions of patient-level factors to disparities in either the prevalence or trends of SMM
are uncertain.

Achieving racial/ethnic equity in maternal health will require strategies that target multiple
levels of health determinants.® In this study, we leveraged a high-quality, population-based
dataset of delivery discharge records and birth certificates to fill gaps in the understanding of
disparities in SMM and patient-level contributors. Our objective was to examine racial/
ethnic disparities in the overall prevalence and temporal trend of SMM.

MATERIAL AND METHODS

Study population

This cohort study used data from all recorded live births that occurred in California from
January 1, 1997 to December 31, 2014 (N = 9,353,996). Birth certificate records were
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previously linked to delivery discharge records by the California Office of Statewide Health
Planning and Development (1997-2011) and the California Maternal Quality Care
Collaborative (CMQCC) (2012-2014). This study included all births >20 weeks’ gestation
with linked birth certificate and maternal delivery discharge records and complete
information on study variables (Supplemental Figure 1). Because births of multiples resulted
in duplicate maternal records, we selected for the first record in such cases. The State of
California Committee for the Protection of Human Subjects and the Stanford University
Research Compliance Office approved the study protocol.

The outcome of interest was SMM during delivery hospitalization, measured using the
Severe Maternity Morbidity Index.! The CDC and its partners created the index for use in
administrative data. It includes 18 indicators of organ-system dysfunction that likely
represent specific, well-defined severe events, such as blood transfusion, acute respiratory
distress syndrome, and acute renal failure.” We used /nternational Classification of Disease
Clinical Modification 9" Revision (ICD-9-CM) diagnosis and procedure codes to identify
these indicators in discharge records (Supplemental Table 1). We also studied a subset of
SMM that excluded those cases for which the only indication was a blood transfusion
(“transfusion-only cases”). Blood transfusion is the only qualifying indicator for
approximately half of SMM cases because postpartum hemorrhage is by far the most
common cause of SMM.217 However, the number of units of blood transfused is not
available in administrative data, and thus transfusion-only cases may include some less
severely ill women; this is likely to be more common among women with anemia upon
admission.18 Prior studies have also suggested that blood transfusions may be driving the
rise in SMM. 119

Maternal race/ethnicity was collected on the birth certificate and grouped as Hispanic
(Hispanic/Spanish/Latina), non-Hispanic White, non-Hispanic Black (Black or African
American), Asian/Pacific Islander (Indian, Chinese, Filipino, Japanese, Korean, Vietnamese,
Native Hawaiian, Guamanian/Chamorro, Samoan, or other Asian/Pacific Islander),
American Indian/Alaska Native, or Other based on available data and prior studies.* We
hereafter refer to non-Hispanic White and non-Hispanic Black as White and Black.

Maternal comorbidity was measured using an index created by Bateman et al.20 We
modified the index by removing ICD-9-CM diagnosis codes that are also in the SMM Index
(eclampsia [642.6x] and sickle cell disease with crisis [282.41, 282.62, 282.64, 282.69]).
The comorbidity index includes previous cesarean birth, advanced maternal age, multiple
gestation, placental conditions, drug and alcohol abuse, and several preexisting and
gestational conditions. Anemia prior to delivery is often on the direct path to SMM in that it
increases the chance of blood transfusion, particularly when combined with cesarean birth.
For that reason, we examined the role of anemia separately from other comorbidities. Given
the possible misclassification of anemia secondary to postpartum hemorrhage as a
preexisting condition, we only included anemia cases (ICD-9-CM 648.20-648.23) with a
diagnosis reported as present-on-admission for the delivery hospitalization.2! Cesarean birth
was identified either in the discharge record (ICD-9-CM procedure code 74) or on the birth
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certificate. Prepregnancy body mass index (BMI) was examined as an additional risk factor
in a sensitivity analysis conducted in data from 2007-2014. In 2007, California implemented
the revised U.S. birth certificate, which collects prepregnancy weight and height.
Prepregnancy BMI (kg/m?2) was categorized as underweight (<18.5), normal weight
(18.5-24.9), overweight (25-29.9), obesity class 1 (30-34.9), obesity class 2 (35-39.9), and
obesity class 3 (=40). We used causal diagrams and prior knowledge to select covariates
from available data to include in regression models.#17:22-24 They included educational
attainment, expected method of payment for delivery, trimester prenatal care began, parity,
and preterm birth (<37 weeks’ gestation). We recognized that nearly all of the variables in
this study temporally occur after race and thus might be considered mediators of an
association between racial identity and SMM.2> The findings are therefore limited in
interpretation to how SMM for a racial/ethnic group would change if the distribution of the
‘mediators’ (e.g., comorbidity) were set to that of White women (the reference). This
interpretation makes the assumption of no unmeasured confounding between each covariate
and SMM.2

Statistical analysis

We compared the distributions of maternal and delivery characteristics among racial/ethnic
groups in the study population and between included and excluded subjects. To evaluate
disparities in the prevalence of SMM, we conducted multivariable logistic regression models
with White women as the reference group because they had the lowest risk of SMM.
Estimated odds ratios approximated risk ratios because of the rarity of SMM. We adjusted
the models for delivery year and sequentially adjusted for sociodemographic/obstetric
factors, comorbidity, anemia, and cesarean birth to estimate their contribution to the
disparities and because the risk factors often happen in a sequential order.25 In study years
during which prepregnancy BMI was collected (2007-2014), we replicated the above models
with additional adjustment for prepregnancy BMI.

We next evaluated racial/ethnic differences in the trend of SMM. The annual prevalence of
SMM for each racial/ethnic group was calculated and plotted. We grouped every 3 years of
data and conducted the same regression models as described above separately in each 3-year
time interval. We grouped the years to increase statistical power and smooth the plots. Risk
ratios for SMM comparing each racial/ethnic minority group to White women were
estimated and plotted over time. We performed all analyses above for SMM including and
excluding transfusion-only cases. We also performed a post hoc sensitivity analysis to assess
if correlation among sibling births affected the results. We conducted this analysis using
generalized estimating equations with an exchangeable correlation matrix in a random
sample of 100,000 births during 1997-2011 due to computational limitations and lack of
information to link siblings after 2011. During 1997-2011, there were 6,902,025 births to
5,057,098 women and this degree of clustering did not affect the results. All analyses were
conducted in R 3.4.4. and SAS 9.4.
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The study included 8,252,025 live births during 1997-2014. Fifty percent of women in the
study were Hispanic, 30% were White, 12% were Asian or Pacific Islander, 5% were Black,
0.3% were American Indian or Alaska Native, and 3% were multi-race or other. The
prevalence of SMM was highest in Black women and lowest in White women (Table 1).
Cesarean birth, anemia, and high comorbidity were most common in Black women, and
high prepregnancy BMI was most common in American Indian/Alaska Native women.
Differences between included and excluded subjects were minimal, except that women
excluded from the study had a higher prevalence of SMM (1.19% vs. 1.05%), lower
educational attainment, and delivered in earlier years than those who were included
(Supplemental Table 2).

Compared to White women, the unadjusted risk of SMM was 23% higher in Hispanic
women, 22% higher in Asian/Pacific Islander women, 92% higher in Black women, and
54% higher in American Indian/Alaska Native women (Table 2). Statistical adjustment for
sociodemographic/obstetric factors, comorbidity, anemia, and cesarean birth attenuated, but
did not eliminate, the elevated risk of SMM in Hispanic, Black, and American Indian/Alaska
Native women. The risk ratios for SMM in Asian/Pacific Islander women did not
meaningfully change with adjustment for risk factors. Relative racial/ethnic differences were
smaller for the outcome of SMM excluding transfusion-only cases, except for Black women.
After full statistical adjustment, the relative Black-White difference for SMM was 1.27 (95%
Cl: 1.23, 1.31); after excluding transfusion-only cases, it was 1.44 (95% CI: 1.39, 1.50).
Additional adjustment for prepregnancy BMI had a minimal impact on estimated risk ratios
in sensitivity analysis conducted in study years 2007-2014 (Supplemental Table 3).

The prevalence of SMM increased in all racial/ethnic groups from 1997-2014 (Figure 1).
SMM increased by 179% in Black women, 173% in Hispanic women, 175% in Asian/
Pacific Islander women, and 163% in White women. (Trends of SMM in American Indian/
Alaska Native women were not analyzed because there were only 10-35 cases per year.)
There was minimal variation over time in the relative racial/ethnic differences in SMM, with
or without adjustment for risk factors (Figure 2).

We found that the outcome of SMM excluding transfusion-only cases did not meaningfully
increase in prevalence until after 2006-2008, for any racial/ethnic group (Figure 3). From
2008 to 2014, SMM excluding transfusion-only cases increased by 54% in Black women,
44% in Hispanic women, 53% in Asian/Pacific Islander women, and 63% in White women.
Similar to results for SMM, minimal variation over time was present in the unadjusted and
adjusted relative racial/ethnic differences in SMM excluding transfusion-only cases (Figure
4).

DISCUSSION

The prevalence of severe maternal morbidity nearly tripled among all racial/ethnic groups in
California from 1997 to 2014. Substantial racial/ethnic disparities in SMM were persistent
over time, even after accounting for sociodemographic and obstetric characteristics,
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comorbidities, anemia, and cesarean birth. However, these risk factors did affect the
magnitude of the observed disparities, particularly for women who identified as non-
Hispanic Black or American Indian/Alaska Native. These findings add to limited evidence
on maternal health inequities and underscore their complexity.

Recently, calls to action to address racial and ethnic disparities in maternal morbidity and
mortality have emerged.8:26 However, no systematic ongoing data collection for population-
based maternal morbidity in the U.S. exists, and inconsistent definitions of maternal
morbidity, along with lack of risk factor data, have limited research.” This study used an
index developed by the CDC and its partners to identify SMM cases consistently across
studies using diagnosis and procedure codes from hospitalization discharge records.1:2.7
Using this index in the California birth cohort, we observed rates of SMM by race/ethnicity
similar to those reported in national inpatient samples.#27 Previously, Creanga et al.# found
that adjustment for several sociodemographic factors and chronic conditions slightly reduced
the disparity in SMM for Black and American Indian/Alaska Native women. We used
measures available in a linked birth certificate-hospitalization discharge database to assess
the additional impact of anemia, cesarean birth, prepregnancy BMI, and other
sociodemographic and obstetric factors. We found these factors attenuated the disparity for
all minority groups, except for Asian/Pacific Islander women. Given these findings, further
study is needed of maternal health outcomes in Asian/Pacific Islander women — a highly
heterogeneous population in California.

Risk factor adjustment in this study had the largest effect on the Black-White disparity in
SMM. Adjustment for anemia, in particular, substantially reduced the relative Black-White
disparity. Anemia at the time of delivery admission may increase the risk of cesarean birth
and of particular importance for SMM, increase the risk of transfusion following cesarean
birth.15:28 The prevalence of anemia was 10% in Black women, 5% in Hispanic women, and
4% in White women; in a national study, these rates were 18%, 6%, and 2%, respectively.1®
A research challenge is that birth complications, such as hemorrhage, can also result in
anemia. To address this issue as best as possible with hospitalization discharge data, we used
ICD-9-CM diagnosis codes for anemia complicating pregnancy or childbirth reported as
present-on-admission for delivery. Reporting of present-on-admission in California patient
discharge data was previously found to have 74% agreement with medical records, which is
similar to the validity of maternal diagnoses and procedures in hospitalization discharge
databases.?12% Anemia is a treatable condition, and our findings highlight a potential area of
further investigation in studies with detailed information on anemia and timing of diagnosis.

The patient-level risk factors examined in this study did not fully explain the substantial
racial/ethnic disparities in SMM. This finding may point to the understudied roles of health
care delivery systems, communities, and chronic stress.6 Researchers have recently
demonstrated a significant impact of hospital quality on disparities in SMM.39-32 |n New
York City, Howell et al.31:32 estimated that hospital differences may contribute up to 37% of
the Hispanic-White disparity in SMM and up to 48% of the Black-White disparity.
Personally mediated racism and stress during pregnancy have also been linked to disparities
in preterm birth and low birthweight,33 which often c-ooccur with SMM. Institutionalized
and internalized racism likely also contribute to these disparities.3* Together, the current
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evidence underscores the combined effects of multiple levels of factors on maternal health
disparities and directions for future research and public health initiatives.

The national prevalence of SMM increased substantially during this study’s time period
(1997-2014).1 We found that this trend was similar across racial/ethnic groups, which was
also found in a recent government report,2” but not in a separate study.> We found that this
observation persisted after adjustment for a wide range of individual-level risk factors. These
results suggest that changes in the characteristics of women giving birth have not affected
disparities in SMM over time, despite increasing trends in maternal comorbidities and SMM.
1.35 previously, we found that prepregnancy health and cesarean birth were associated with
SMM, but were not associated with an increasing trend in SMM in California during 2007 to
2014.12 Additionally, the Black-White disparity in maternal mortality in California has
remained substantial, despite a decline of 57% in the overall maternal mortality rate from
2006 to 2013.36 The persistence of the disparities highlights the need for initiatives that
specifically target maternal health inequities.

Blood transfusion is the only qualifying indicator for approximately half of SMM cases, and
may be driving the national increase in SMM.127 Furthermore, racial/ethnic disparities in
SMM may differ when the transfusion-only cases are excluded.? In our study, SMM
increased across the entire study period whereas SMM excluding transfusion-only cases
only increased after 2006. Additionally, the adjusted risk ratio for the Black-White disparity
in SMM was 1.27 for all SMM and 1.44 after excluding transfusion-only cases. For the other
racial/ethnic subpopulations, the disparity was lower when transfusion-only cases were
excluded. In a multi-state sample 2008-2010, the adjusted relative Black-White disparity in
SMM was 2.1 for all SMM and 2.4 for SMM after excluding transfusion-only cases.* We
adjusted for additional factors in this study, which may explain our lower estimates.

This study should be interpreted in view of its design. Although large administrative datasets
make it possible to study racial/ethnic disparities in rare outcomes like SMM, they are also
subject to a number of limitations. Rare pregnancy complications were likely underreported,
37 and although we attempted to isolate preexisting anemia, postpartum cases may have been
miscoded as preexisting. If such misclassification was non-differential, bias in measures of
association would be expected toward the null. If misclassification was differential, bias
could be toward or away from the null. Cesarean birth is a well-known contributor to SMM,
27 but in certain cases could occur after SMM. We used sequential adjustment in our
analyses to consider cesarean birth separately, but could not study the timing of events
during the same hospitalization; thus, this aspect of our results should be interpreted with
caution. The CDC Index used to identify SMM cases in our study was previously found to
have reasonable validity in California, but likely overestimates cases compared to medical
record abstraction because of blood transfusions for non-severe complications.18 However,
results were overall consistent for the outcome of SMM excluding transfusion-only cases.
Our dataset also did not include information on several factors likely related to disparities in
SMM, such as measures of stress and racism. We grouped races and ethnicities for sufficient
group sizes and to compare with related studies but recognize the heterogeneity within these
groups, which deserves further study.
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CONCLUSIONS

Health disparities are a public heath priority, but disparities in severe maternal morbidity
have remained persistent. The current findings suggest that individual-level factors
contribute to, but do not fully explain, these disparities. Additionally, changes in the
characteristics of pregnant women — including increases in comorbidities — have not affected
racial/ethnic differences in severe maternal morbidity over time. These findings are
informative for research and initiatives aimed at advancing equity in maternal health. In
particular, our study supports public health endeavors to consider factors beyond those
captured in administrative datasets, including patient-reported measures of stress, structural
racism, and cultural congruency between health-care providers and patients.
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Figure 1. Observed trend in severe maternal morbidity by race/ethnicity, California, 1997-2014.
Non-Hispanic Black (- -), Hispanic (- -), Asian/Pacific Islander (- -), non-Hispanic White
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Figure 2. Relative racial/ethnic disparity in severe maternal morbidity compared to non-
Hispanic White women, California, 1997-2014.

Unadjusted (left) and adjusted (right). Hispanic (circle), Non-Hispanic Black (triangle),
Asian/Pacific Islander (square). Vertical lines represent 95% confidence intervals.
Adjustment set included education, expected payment method for delivery, country of birth,
prenatal care, parity, preterm birth, comorbidity, anemia, and cesarean birth.
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Figure 3. Observed trend in severe maternal morbidity, excluding blood transfusion-only cases,
California, 1997-2014.
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Figure 4. Relative racial/ethnic disparity in severe maternal morbidity, excluding blood
transfusion-only cases, compared to non-Hispanic White women, California, 1997-2014.

Unadjusted (left) and adjusted (right). Hispanic (circle), Non-Hispanic Black (triangle),
Asian/Pacific Islander (square). Vertical lines represent 95% confidence intervals.
Adjustment set included education, expected payment method for delivery, country of birth,
prenatal care, parity, preterm birth, comorbidity, anemia, and cesarean birth.
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Table 1.
Distribution of maternal and delivery variables among racial/ethnic groups, California, 1997-2014 (N =
8,252,025).
Hispanic  Non- Asian/ Non- American
Hispanic  Pacific Hispanic Indian/
White Islander Black Alaska
Native
n= n= n=961585 n=444255 n=26598
4,087,859 2,506,883
% % % % %
Severe maternal morbidity 1.09 0.84 1.10 1.63 1.30
Severe maternal morbidity excluding transfusion-only cases  0.48 0.42 0.51 0.82 0.55
Cesarean birth 29.1 29.2 29.3 335 28.9
Anemia 52 3.7 4.6 10.2 5.4
Prepregnancy BMI group
Underweight 2.7 4.1 8.9 3.9 3.0
Normal weight 41.3 56.6 66.2 40.2 36.9
Overweight 30.0 224 17.5 26.5 255
Obesity class 1 16.0 9.8 5.3 15.2 17.4
Obesity class 2 6.5 45 15 7.6 9.5
Obesity class 3 3.6 2.7 0.6 6.5 7.7
Comorbidity score
0 68.4 60.2 60.9 60.5 63.0
1-2 27.6 34.0 334 317 30.2
3-4 2.8 4.4 4.4 55 5.0
=25 13 13 13 2.3 18
Maternal age at delivery
<20y 12.9 5.6 2.6 14.2 14.3
20-24y 275 16.9 9.7 28.7 29.1
25-29y 27.3 26.0 25.6 24.9 26.1
30-34y 20.1 29.5 36.5 19.1 19.1
35-39y 9.9 175 20.8 10.4 9.1
240y 24 45 4.8 2.8 23
Mother born in the U.S. 40.8 86.3 19.3 915 98.0
Maternal education
Did not complete high school 46.3 9.2 7.2 17.9 24.8
High school graduate or equivalent 29.9 25.0 17.7 37.6 39.9
Some college — no degree 16.3 24.6 20.3 145 24.2
College degree or higher 75 41.2 54.8 29.9 111
Private insurance expected as delivery payment method 30.6 73.1 71.3 40.7 40.2
Trimester prenatal care began
18t trimester 81.6 88.8 87.2 80.5 72.9
2" trimester 14.9 9.1 10.4 155 20.3
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Hispanic  Non- Asian/ Non- American
Hispanic  Pacific Hispanic Indian/
White Islander Black Alaska
Native
n= n= n=961585 n=444255 n=26598
4,087,859 2,506,883
% % % % %

3" trimester or none 36 2.0 2.4 3.9 6.7
Preterm birth 9.1 8.2 8.6 13.2 10.4
Twin/multiple birth 11 21 15 2.1 14
Obstetric history

Primiparous 34.9 43.6 46.6 39.0 354

Multiparous with cesarean history 14.6 12.3 11.6 14.8 14.1

Multiparous without cesarean history 50.5 44.2 41.8 46.3 50.6
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Table 2.
Associations between race/ethnicity and severe maternal morbidity, California, 1997-2014.
Risk Ratio for Racial/Ethnic Group (95% CI)
Non-Hispanic  Hispanic Asian/ Non-Hispanic ~ American
White Pacific Black Indian/
Islander Alaska Native

Severe Maternal Morbidity

. *
Regression model terms

Unadjusted Reference 1.23 1.22 1.92 1.54
(1.21,1.25) (1.19,1.25) (1.87,1.97) (1.38,1.72)
Covariates Reference 1.12 1.20 1.70 141

(1.10,1.14) (1.16,1.23) (1.65,1.74) (1.27,1.58)

Comorbidity + covariates

Reference 1.19 1.26 1.59 1.33
(1.17,1.22) (1.23,1.30) (1.54,1.63) (1.19, 1.48)

Anemia + comorbidity + covariates Reference 1.14 1.19 1.29 1.28
(1.12,1.26) (1.16,1.22) (1.25,1.33) (1.15, 1.43)
Cesarean birth + anemia + comorbidity + covariates  Reference 1.14 1.23 1.27 1.29

(1.12,1.16) (1.20,1.26) (1.23,1.31) (1.15, 1.44)

Severe Maternal Morbidity — Excluding Cases with only Blood Transfusion

Regression model terms

Unadjusted Reference 1.10 1.16 1.93 1.30
(1.07,1.13) (1.12,1.20) (1.86,2.01) (1.10, 1.53)
Covariates Reference 1.03 1.07 1.75 1.26

(1.00,1.06) (1.03,1.11) (1.68, 1.82) (1.07, 1.49)

Comorbidity + covariates

Reference 1.10 1.13 1.63 1.18
(1.07,1.13) (1.09,1.18) (1.57,1.70) (1.00, 1.40)

Anemia + comorbidity + covariates

Reference 1.08 1.10 1.47 1.16
(1.05,1.11) (1.06,1.14) (1.41,1.53) (0.98, 1.37)

Cesarean birth + anemia + comorbidity + covariates

Reference 1.07 1.14 1.44 1.17
(1.04,1.10) (1.09,1.18) (1.39, 1.50) (0.99, 1.38)

Cl, confidence interval

*
All models adjusted for delivery year. Covariates included education, expected payment method for delivery, country of birth, prenatal care, parity,

and preterm birth. Comorbidity was measured by an index of conditions.20
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