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Abstract
Objectives Severe maternal morbidity (SMM) is an important indicator for identifying and monitoring efforts to improve 
maternal health. Studies have identified independent risk factors, including race/ethnicity; however, there has been limited 
investigation of the modifying effect of socioeconomic factors. Study aims were to quantify SMM risk factors and to deter-
mine if socioeconomic status modifies the effect of race/ethnicity on SMM risk. Methods We used 2008–2012 NYC birth 
certificates matched with hospital discharge records for maternal deliveries. SMM was defined using an algorithm developed 
by the Centers for Disease Control and Prevention. Mixed-effects logistic regression models estimated SMM risk by demo-
graphic, socioeconomic, and health characteristics. The final model was stratified by Medicaid status (as a proxy for income), 
education, and neighborhood poverty. Results Of 588,232 matched hospital deliveries, 13,505 (229.6 per 10,000) had SMM. 
SMM rates varied by maternal age, birthplace, education, income, pre-existing chronic conditions, pre-pregnancy weight 
status, trimester of prenatal care entry, plurality, and parity. Race/ethnicity was consistently and significantly associated 
with SMM. While racial differences in SMM risk persisted across all socioeconomic groupings, the risk was exacerbated 
among Latinas and Asian-Pacific Islanders with lower income when compared to white non-Latinas. Similarly, living in the 
poorest neighborhoods exacerbated SMM risk among both black non-Latinas and Latinas. Conclusions for Practice SMM 
determinants in NYC mirror national trends, including racial/ethnic disparities. However, these disparities persisted even 
in the highest income and educational groups suggesting other pathways are needed to explain racial/ethnic differences.

Keywords  Disparities · Pregnancy complications · Severe maternal morbidity · Surveillance

Significance

What is already known on this subject? Studies have identi-
fied independent risk factors for severe maternal morbidity 
(SMM), including race/ethnicity. However, there has been 
limited investigation of the potential modifying effect of 
socioeconomic factors on racial differences in SMM risk.

What does this study add? This study examines the deter-
minants of SMM in New York City from 2008 to 2012. 
Findings demonstrate independent individual-level SMM 
risk factors and the persistent effect of race/ethnicity even 
within the highest socioeconomic groups.

Introduction

As nationwide rates of maternal mortality increase, severe 
maternal morbidity (SMM) has emerged as a marker to 
identify and monitor the effectiveness of interventions to 
improve maternal health (Lu et al. 2015). In 2012, the US 
Centers for Disease Control and Prevention (CDC) stand-
ardized the measurement of this construct by focusing on 
25 indicators of life-threatening complications at childbirth 
(Callaghan et al. 2012). This algorithm uses diagnosis and 
procedure codes from the International Classification of 

Electronic supplementary material  The online version of this 
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Diseases, 9th Edition, Clinical Manual (ICD-9-CM), mak-
ing population-based surveillance of SMM possible using 
hospital discharge data (Centers for Disease Control and 
Prevention 2017).

Using this algorithm, national estimates suggest SMM 
affects 129 per 10,000 deliveries, or approximately 52,000 
women a year (Callaghan et  al. 2012). Women with 
advanced maternal age, multiple births, previous cesarean 
delivery, or pre-existing chronic disease are at elevated risk 
for SMM (Gray et al. 2012; Centers for Disease Control 
and Prevention 2017). Racial/ethnic disparities in SMM 
have also been found, with particularly high rates among 
black non-Latina women (Creanga et al. 2014). Variation in 
hospital site and performance has emerged as an important 
contributor to these racial/ethnic differences (Howell et al. 
2016a).

Socioeconomic factors, such as education, income, 
and neighborhood poverty, have also been acknowledged 
as important drivers of SMM and racial/ethnic disparities 
(Louis et al. 2015). In a national study, Medicaid status 
and area-based poverty were both associated with higher 
SMM rates, but did not fully explain racial/ethnic dispari-
ties (Creanga et al. 2014). Given the well-known importance 
of socioeconomic status on population health and inequi-
ties among racial groups (Anderson et al. 2014; Williams 
et al. 2010), this paper sought to examine whether higher 
education attainment, income level, or neighborhood wealth 
reduced racial/ethnic differences in SMM.

The New York City Department of Health and Mental 
Hygiene (DOHMH) recently established the first-ever local 
SMM surveillance system in 2015, utilizing the CDC algo-
rithm and linked hospital discharge records and birth cer-
tificates that were available from 2008 to 2012. These data 
provide a unique opportunity to explore a broad range of 
demographic, socioeconomic, and health-related risk factors 
for SMM within a large, diverse sample of women. There-
fore, the objectives of this study were to describe the deter-
minants of SMM in NYC from 2008 to 2012 including race/
ethnicity, and to examine the role of socioeconomic status 
in reducing or eliminating racial disparities in SMM risk.

Methods

We used 2008–2012 NYC birth certificates matched with 
hospital discharge records for maternal deliveries. DOHMH 
collects information on all live births that take place in NYC 
facilities for legal registration and public health purposes 
(Howland et al. 2015). A total of 625,505 births were regis-
tered in NYC from 2008 to 2012, 99% of which took place in 
a hospital (Fig. 1). Hospital discharge records are collected 
by the New York Statewide Planning and Research Coop-
erative System (SPARCS) (New York State Department 

of Health). Maternal delivery records from SPARCS were 
matched with NYC birth certificates using a combination 
of unique identifiers, resulting in a 95.9% match rate and a 
final matched sample size of 588,232. The study protocol 
was approved by the NYC Department of Health and Mental 
Hygiene (DOHMH) Institutional Review Board (#14-052).

Measures

Severe maternal morbidity (SMM) was defined based on the 
CDC algorithm, described in detail elsewhere (Callaghan 
et al. 2012). Briefly, the algorithm includes 25 indicators of 
SMM that correspond with ICD-9-CM codes found in the 
hospital discharge record (Table S1). Delivery records with 
≥ 1 indicator were categorized as having SMM. Compared 
to an expert review of abstracted medical records, the SMM 
algorithm has a 77% sensitivity, 99% specificity, and 44% 
positive predictive value (Main et al. 2016). To rule out less 
severe cases, deliveries categories as SMM based solely on 
diagnosis (rather than procedure codes) were only included 
if the length of stay was in the 90th percentile or higher by 
delivery method or if the woman was transferred or died 
during hospitalization (Callaghan et al. 2012).

Demographic variables of interest included maternal age 
(≤ 19, 20–24, 25–29, 30–34, 35–39, and ≥ 40 years), year 
of birth (2008–2012), birthplace (foreign- or US-born), 
race/ethnicity (White non-Latina, black non-Latina, Latina, 
Asian-Pacific Islander, and Other or multiple non-Latina 
ethnicities). Measures of socioeconomic status included 
educational attainment (less than high school, high school 
graduate, and college graduate or higher), Medicaid insur-
ance status (yes, no), as a proxy for individual income, and 
neighborhood poverty, which was derived from the Ameri-
can Community Survey (2011–2013) and linked to the data 
based on the community district of residence reported on 
the birth certificate (New York City Department of City 
Planning). Neighborhood poverty was defined as percent of 
residents living below the federal poverty level, and empiri-
cally categorized as low (< 15%), medium (15–29%) and 
high (30–44%).

Health and clinical status variables included were smok-
ing in the 3 months before or anytime during pregnancy, 
parity (0 or 1 + previous live births), plurality (singleton or 
multiple birth), entry into prenatal care (first, second, third 
trimester, or never), and pre-pregnancy weight (Under-
weight = BMI < 18.5, Normal weight = BMI 18.5–24.9, 
Overweight = BMI 25.0–29.9, Obese Class I = BMI 
30.0–34.9, Obese Class II = BMI 35–39.9, and Obese Class 
III BMI ≥ 40.0). We also included pre-existing chronic con-
ditions (heart disease, hypertension, and diabetes) if they 
were reported either on the birth certificate or hospital dis-
charge record (Table S2).
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Analysis

Mixed-effects logistic regression models estimated the 
effects of demographic, socioeconomic, and health charac-
teristics on the binary outcome of SMM or not. Variables 
were included in the model as categorical fixed effects 
nested within facility identifiers, and normal distribution 
of the random effects was assumed. Crude odds ratios were 
initially estimated for the effect of each variable on the out-
come, and odds ratios were subsequently adjusted for all 
variables simultaneously included in the final model. We 
separately tested for an interaction between race/ethnicity 
and key socioeconomic variables (education, income, and 
neighborhood poverty) in the final model. If evidence of 
an interaction was found, results were stratified accord-
ingly to further explore the effect modification. Due to the 
low reported specificity of blood transfusion codes (i.e., 
they can indicate one or ten units of blood), a sensitiv-
ity analysis was also conducted to compare adjusted odds 
ratios across SMM outcomes with or without blood trans-
fusion (Main et al. 2016). Women with multiple hospital 
deliveries from 2008 to 2012 were identified and one birth 
was randomly selected for inclusion in regression analy-
ses. Missing values (5%) were omitted from the analysis, 
resulting in a final sample size of 486,982. Data manage-
ment and analysis were conducted in SAS (Version 9.2; 
SAS Institute, Cary, NC) and Stata (Version 14.2; Stata 
Corp, College Station, TX).

Results

From 2008 to 2012 in NYC, 588,232 hospital deliveries 
and 13,505 cases of SMM (229.6 per 10,000 deliveries) 
occurred (Fig. 1). Blood transfusion was the leading indi-
cator of SMM at 176.5 per 10,000 deliveries (Table S1). 
Other leading indicators included complications during pro-
cedure or surgery (19.7), disseminated intravascular coagu-
lation (17.1), and hysterectomy (12.5). The NYC SMM rate 
in 2008–2012 was nearly double the national average from 
2008 to 2009 (229.6 vs. 129.1) (Callaghan et al. 2012) and 
included higher rates of cardio monitoring, sickle cell ane-
mia with crisis, and severe anesthesia complications.

Risk Factors

SMM rates were high among women who were 40 years 
or older (358.9 per 10,000 deliveries) or black non-Latina 
(386.9). Rates were also high among women who received 
no prenatal care (574.8), had multiple births (761.3), were 
morbidly obese (Obese Class III) (416.1), or were diagnosed 
with diabetes (340.6), hypertension (633.2), or heart disease 
(636.3) (Table 1).

Race/ethnicity was consistently and significantly asso-
ciated with SMM after controlling for other variables 
(Table 2). Compared to white non-Latina women, SMM risk 
was significantly higher among black non-Latina (Adjusted 
Odds Ratio (AOR) 1.84, 95% CI 1.72–1.97), Latina (AOR 
1.52, 95% CI 1.42–1.62), Asian or Pacific Islander (AOR 
1.35, 95% CI 1.24–1.46) or other ethnicities (AOR 1.62, 
95% CI 1.40–1.88). Maternal education, age, birthplace, and 
income were also significantly associated with SMM in the 
adjusted analysis. While women residing in high poverty 
neighborhoods had higher rates than those women living 
in low poverty areas (271.6 vs. 184.8 per 10,000 deliver-
ies), this difference was not significant in adjusted analyses. 
A number of health variables also remained significantly 
associated with SMM in the adjusted analysis, including the 
lack of prenatal care, morbid obesity, multiple births, and 
pre-existing conditions. Finally, smoking in the 3 months 
before or during pregnancy was not a significant risk factor 
after adjustment.

Stratification by Socioeconomic Variables

We found some evidence of an interaction between race/eth-
nicity and education (p-values ranged from 0.006 to 0.498), 
income (p-values ranged from 0.001 to 0.546), and neigh-
borhood poverty (p-values ranged from < 0.001 to 0.893) 
and these results were further explored in stratified analy-
ses. SMM rates, particularly for black non-Latina and Latina 

All live birth cer�ficates in 
New York City, 2008-2012

(n=625,505)

All unique deliveries in New 
York City, 2008-2012

(n=613,314)

Matched birth-hospital 
discharge data, 2008-2012

(n=588,232)

All maternal delivery records, 
2008-2013 (ICD-9-CM=V27 or 

DRG=370-375)

New York State Hospital 
Discharge records, 2008-2013

SMM Cases (n=13,505)

CDC Algorithm

Matched 95.9%

Fig. 1   Study sample, New York City, 2008–2012. This figure illus-
trates the flow of data from the original data sources to the matched 
sample and SMM cases
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women, generally followed a socioeconomic gradient, with 
higher rates at lower education, income, and neighborhood 
wealth (Table 3).

Table 4 indicates that significant racial differences 
in SMM risk persisted across all socioeconomic groups 
for all race/ethnicities. Nevertheless, SMM risk was 
significantly higher among Latinas with lower income 
(AORmedicaid 1.69, 95% CI 1.53–1.87; AORother 1.27, 95% 
CI 1.15–1.41) and higher neighborhood poverty levels 
(AORhighest 1.96, 95% CI 1.62–2.37; AORlowest 1.31, 95% 
CI 1.13–1.53) than their higher income / lower poverty 
counterparts when compared to white non-Latinas in 
each of these groups. While not significant, results for 
education followed a similar trend, with higher SMM risk 
for Latina women with less than a high school education 
(AOR< HS 1.74, 95% CI 1.45–2.08; AORcollegegrad 1.31 
95% CI 1.15–1.49). For Asian-Pacific Islanders, income 
also had a significant modifying effect on SMM, increas-
ing risk from 1.27 (95% CI 1.15–1.41) to 1.69 (95% CI 
1.53–1.87) for those women on Medicaid when compared 

Table 1   Delivery hospitalizations with severe maternal morbidity by 
select demographic, socioeconomic, and health variables, New York 
City, 2008–2012

Total 
hospital 
deliveries

SMM

N N Rate per 10,000

Total 588,232 13,505 229.6
Demographic variables
 Maternal race/ethnicity
  White non-Latina 178,808 2265 126.7
  Black non-Latina 124,268 4808 386.9
  Latina 185,358 4712 254.2
  Asian or Pacific Islander 88,832 1447 162.9
  Other non-Latina 10,021 240 239.5

 Maternal age (years)
  19 or less 34,152 998 292.2
  20–24 113,478 2698 237.8
  25–29 151,689 3013 198.6
  30–34 162,286 3327 205.0
  35–39 97,680 2430 248.8
  40 or older 28,947 1039 358.9

 Maternal birthplace
  US-born 286,634 6588 229.8
  Foreign-born 301,225 6907 229.3

 Year of delivery
  2008 120,379 2374 197.2
  2009 113,539 2402 211.6
  2010 118,933 2990 251.4
  2011 117,400 2755 234.7
  2012 117,981 2984 252.9

Socioeconomic variables
 Maternal education
  Less than high school 138,868 3942 283.9
  High school graduate 261,155 6379 244.3
  College graduate or 

higher
185,976 3059 164.5

 Delivery insurance
  Medicaid 341,406 8915 261.1
  Other payment method 246,826 4590 186.0

 Neighborhood povertya

  Low (< 15%) 120,106 2219 184.8
  Medium (15–29%) 269,869 6221 230.5
  High (30–44%) 152,500 4142 271.6
  Outside NYC 45,632 921 201.8

Health variables
 Pre-pregnancy body mass 

index
  Underweight (< 18.5) 32,202 587 182.3
  Normal (18.5–24.9) 315,772 6228 197.2
  Overweight (25–29.9) 137,318 3450 251.2
  Obese I (30–34.9) 60,221 1710 284.0
  Obese II (35–39.9) 22,570 730 323.4

Table 1   (continued)

Total 
hospital 
deliveries

SMM

N N Rate per 10,000

  Obese III (40 +) 12,833 534 416.1
 Chronic conditions
  Diabetes 32,181 1096 340.6
  No diabetes 556,051 12,409 223.2
  Hypertension 22,125 1,401 633.2
  No hypertension 566,107 12,104 213.8
  Heart disease 2373 151 636.3
  No heart disease 585,859 13,354 227.9

 Smoking during pregnancy
  Yes 14,922 379 254.0
  No 572,202 13,061 228.3

 Prenatal care entry
  No prenatal care 4123 237 574.8
  First trimester 405,586 8443 208.2
  Second trimester 124,782 3142 251.8
  Third trimester 35,925 1066 296.7

 Parity
  Nulliparous 269,746 6023 223.3
  Multiparous 318,027 7464 234.7

 Single or multiple birth
  Single 578,840 12,790 221.0
  Multiple 9392 715 761.3

a Neighborhood poverty level was defined as the percent of residents 
in the woman’s community district living below the federal poverty 
level and categorized as low (< 15%), medium (15–29%) and high 
(30–44%)
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Table 2   Effects of maternal 
demographic, socioeconomic, 
and health characteristics on 
severe maternal morbidity, New 
York City, 2008–2012

Crude OR p-value Adjusted ORa p-value

Maternal race/ethnicity
 White non-Latina 1.00 1.00
 Black non-Latina 1.93 (1.82–2.06) < 0.001 1.84 (1.72–1.97) < 0.001

Latina 1.49 (1.40–1.58) < 0.001 1.52 (1.42–1.62) < 0.001
 Asian or Pacific Islander 1.31 (1.21–1.41) < 0.001 1.35 (1.24–1.46) < 0.001
 Other non-Latina 1.61 (1.39–1.85) < 0.001 1.62 (1.40–1.88) < 0.001

Maternal age (years)
 19 or less 1.20 (1.11–1.29) < 0.001 1.01 (0.92–1.10) 0.899
 20–24 1.07 (1.01–1.13) 0.027 1.00 (0.94–1.06) 0.916
 25–29 1.00 1.00
 30–34 1.14 (1.08–1.21) < 0.001 1.19 (1.12–1.25) < 0.001
 35–39 1.44 (1.36–1.52) < 0.001 1.47 (1.38–1.56) < 0.001
 40 or older 2.07 (1.92–2.24) < 0.001 1.97 (1.82–2.14) < 0.001

Maternal birthplace
 US-born 1.00 1.00
 Foreign-born 0.94 (0.90–0.98) 0.002 0.92 (0.89–0.97) < 0.001

Year of delivery
 2008 1.00 1.00
 2009 1.08 (1.01–1.14) 0.018 1.13 (1.06–1.20) < 0.001
 2010 1.28 (1.21–1.36) < 0.001 1.27 (1.20–1.35) < 0.001
 2011 1.21 (1.14–1.29) < 0.001 1.20 (1.13–1.28) < 0.001
 2012 1.32 (1.24–1.39) < 0.001 1.32 (1.24–1.40) < 0.001

Maternal education
 Less than high school 1.25 (1.18–1.33) < 0.001 1.27 (1.19–1.36) < 0.001
 High school graduate 1.15 (1.09–1.21) < 0.001 1.12 (1.06–1.19) < 0.001
 College graduate or more 1.00 1.00

Delivery insurance
 Medicaid 1.10 (1.05–1.15) < 0.001 1.08 (1.03–1.14) 0.004
 Other payment method 1.00 1.00

Neighborhood povertyb

 Low (< 15%) 1.00 1.00
 Medium (15–29%) 1.07 (1.02–1.13) 0.010 1.01 (0.96–1.07) 0.693
 High (30–44%) 1.11 (1.05–1.18) 0.001 1.04 (0.97–1.11) 0.291

Pre-pregnancy BMI
 Underweight (< 18.5) 0.97 (0.88–1.06) 0.484 0.99 (0.90–1.09) 0.813
 Normal (18.5–24.9) 1.00 1.00
 Overweight (25–29.9) 1.08 (1.04–1.13) < 0.001 1.00 (0.95–1.05) 0.979
 Obese I (30–34.9) 1.16 (1.09–1.23) < 0.001 1.00 (0.94–1.07) 0.940
 Obese II (35–39.9) 1.29 (1.19–1.40) < 0.001 1.05 (0.96–1.15) 0.244
 Obese III (40 +) 1.62 (1.47–1.78) < 0.001 1.22 (1.10–1.35) < 0.001

Chronic conditions
 Diabetes 2.12 (1.89–2.39) < 0.001 1.52 (1.34–1.72) < 0.001
 No diabetes 1.00 1.00
 Hypertension 2.57 (2.40–2.76) < 0.001 1.97 (1.82–2.13) < 0.001
 No hypertension 1.00 1.00
 Heart disease 3.35 (2.80–4.01) < 0.001 3.25 (2.70–3.92) < 0.001
 No heart disease 1.00 1.00

Smoking during pregnancy
 Yes 0.97 (0.86–1.08) 0.537 0.93 (0.83–1.04) 0.217
 No 1.00 1.00
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to white non-Latinas in these groups; the modifying effect 
of education and neighborhood poverty on SMM risk was 
not found for Asian-Pacific Islanders. While income and 
education made a negligible difference in the black-white 
gap in SMM risk, residence in high poverty neighborhood 
significantly increased the SMM risk difference between 
black and white non-Latinas compared to this difference 
in wealthier neighborhoods (AORhigh poverty 2.36, 95% CI 
1.94–2.86; AORlow poverty 1.67, 95% CI 1.42–1.96).

SMM Without Blood Transfusion

A sensitivity analysis was conducted to compare adjusted 
effect estimates for each variable on SMM with or without 
blood transfusion (Table S3). While there was a significant 
increase in SMM occurrence for every year compared to 
2008, there was a negligible difference across years for 
SMM without blood transfusion. In addition, we found sig-
nificant effect differences across outcomes for maternal age 
and heart disease. Older women had significantly higher 
SMM risk with or without blood transfusion compared to 
25–29 year olds. Yet the effect size among older age groups 
(30–34, 35–39 and 40 + years) was significantly greater for 
SMM without blood transfusion. Similarly, while heart dis-
ease significantly increased SMM risk with or without blood 
transfusion compared to no heart disease, the magnitude of 
the effect of heart disease was significantly greater for SMM 
without blood transfusion (AOR 5.21, 95% CI 4.17–6.51) 
compared to SMM with blood transfusion (AOR 3.25, 95% 
CI 2.70–3.92).

Conclusions for Practice

Overall, approximately 13,500 women experienced SMM 
during delivery in NYC from 2008 to 2012, at a rate almost 
two times higher than national estimates. SMM risk in NYC 
was associated with several demographic, socioeconomic, 
health variables. Similar to previous studies in both NYC 
and other settings, racial/ethnic disparities were persistent 
after adjusting for other factors (Creanga et al. 2014). All 
racial/ethnic groups had higher SMM risk than white non-
Latina women and the greatest risk was found among black 
non-Latina women. A recent analysis found that between 
38 and 48% of this racial/ethnic disparity in SMM rates in 
NYC could be attributed to differences in site of delivery, 
with clustering of deliveries among black non-Latina and 
Latina women in facilities with higher SMM rates (Howell 
et al. 2016b, 2017).

Building on this evidence, our analysis indicates that 
while socioeconomic status has some modifying effect on 
racial/ethnic differences in SMM, disparities persist even 
at higher education, individual-, and neighborhood-income 
levels. For Latina and Asian-Pacific Islanders, lower income 
significantly increased SMM risk compared to White non-
Latinas, suggesting eligibility and by proxy, individual-level 
income, plays a role in reducing, but not eliminating, the 
SMM risk difference with white non-Latinas. Neighbor-
hood-level poverty also significantly modified SMM risk 
for both Latina and black non-Latina women. This differ-
ence in risk between high and low poverty neighborhoods 
points to the role of broader physical, social, and environ-
mental conditions. Research suggests that exposure to these 

Table 2   (continued) Crude OR p-value Adjusted ORa p-value

Prenatal care entry
 No prenatal care 1.89 (1.63–2.19) < 0.001 1.81 (1.54–2.12) < 0.001
 First trimester 1.00 1.00
 Second trimester 1.02 (0.98–1.07) 0.308 1.00 (0.96–1.05) 0.855
 Third trimester 1.02 (0.95–1.09) 0.666 1.05 (0.97–1.12) 0.223

Parity
 Nulliparous 1.00 1.00
 Multiparous 0.98 (0.95–1.02) 0.310 0.84 (0.80–0.88) < 0.001

Single or multiple birth
 Single 1.00 1.00
 Multiple 3.80 (3.50–4.13) < 0.001 3.74 (3.43–4.09) < 0.001

OR odds ratio, CI confidence interval
a Adjusted OR based on mixed-effects logistic regression model adjusted for data clustering within facilities 
and included maternal race/ethnicity, maternal age (years), maternal birthplace, year of delivery, mater-
nal education, delivery insurance, neighborhood poverty, pre-pregnancy BMI, chronic conditions, smoking 
during pregnancy, prenatal care entry, parity, and single or multiple birth
b Neighborhood poverty level was defined as the percent of residents in the woman’s community district liv-
ing below the federal poverty level and categorized as low (< 15%), medium (15–29%) and high (30–44%)
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environments can increase chronic stress and susceptibility 
to disease during pregnancy (Louis et al. 2015).

While education and income variables accounted for 
some of the elevated risk in SMM, disparities persisted 
across all socioeconomic variables, suggesting the need 
for other explanations or pathways. A focus on structural 
racism, including factors such as residential segregation or 
differential health care quality and access, is increasingly 

being used in public health as a way to advance health 
equity research (Bailey et al. 2017). Indeed, institutional 
disadvantage for black non-Latina and Latina women 
in health services has been shown to exacerbate racial 
disparities in maternal and infant health outcomes par-
ticularly for women living in the poorest neighborhoods 
(Bailey et al. 2017; Howell et al. 2016a, b, 2017; Louis 
et al. 2015). The complex inter-relationship of facility, 

Table 3   Delivery hospitalizations and SMM rates stratified by income, education, and neighborhood poverty, New York City, 2008–2012

a Neighborhood poverty level was defined as the percent of residents in the woman’s community district living below the federal poverty level 
and categorized as low (< 15%), medium (15–29%) and high (30–44%)

(a) Income

Other payment Medicaid

Hospital deliveries SMM Hospital deliveries SMM

N N Rate per 10,000 N N Rate per 10,000

White non-Latina 121,190 1594 131.5 57,618 671 116.5
Black non-Latina 38,998 1385 355.1 85,270 3423 401.4
Latina 44,505 937 210.5 140,853 3775 268.0
Asian or Pacific Islander 36,215 557 153.8 52,617 890 169.1
Other non-Latina 5587 113 202.3 4434 127 286.4

(b) Education

Less than high school High school gradate or some college College graduate or higher

Hospital deliv-
eries

SMM Hospital deliv-
eries

SMM Hospital deliv-
eries

SMM

N N Rate per 10,000 N N Rate per 10,000 N N Rate per 10,000

White non-
Latina

14,674 202 137.7 62,493 774 123.9 101,151 1284 126.9

Black non-
Latina

28,013 1197 427.3 73,626 2806 381.1 21,863 728 333.0

Latina 72,268 2141 296.3 89,805 2118 235.8 22,775 434 190.6
Asian or Pacific 

Islander
22,370 342 152.9 30,444 552 181.3 35,924 548 152.5

Other non-
Latina

1364 57 417.9 4535 122 269.0 4100 61 148.8

(c) Neighborhood povertya

Low poverty (< 15%) Medium poverty (15–29%) High poverty (30–44%)

Hospital deliv-
eries

SMM Hospital deliv-
eries

SMM Hospital deliv-
eries

SMM

N N Rate per 10,000 N N Rate per 10,000 N N Rate per 10,000

White non-
Latina

60,712 758 124.9 57,933 763 131.7 34,729 305 87.8

Black non-
Latina

17,520 656 374.4 60,779 2266 372.8 40,522 1712 422.5

Latina 19,936 414 207.7 92,367 2226 241.0 66,227 1917 289.5
Asian or Pacific 

Islander
18,964 327 172.4 53,781 855 159.0 8996 144 160.1

Other non-
Latina

2826 61 215.9 4655 99 212.7 1673 49 292.9
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neighborhood, and individual characteristics on SMM risk 
and its racial/ethnic differences merits further investiga-
tion, including an examination of where women deliver in 
combination with the full range of other social determi-
nants of health. Studies that measure early life or chronic 
exposure to poverty may also capture the cumulative effect 
of socioeconomic status over the life course, considered 
an important driver of racial disparities in maternal health 
(Louis et al. 2015). Such evidence is critical to inform 
program and policy interventions aimed at eliminating 
preventable maternal mortality and SMM in NYC.

Results should be viewed in light of some limitations. 
First, the proportion of birth certificate and hospital dis-
charge records that matched was as low as 91.3% in 2009, 
resulting in fewer multiple births and Asian and Pacific 
Islanders in that year. Second, the matched dataset did not 

include other types of pregnancy outcomes that were part 
of national studies (e.g., stillbirths), potentially underes-
timating the SMM rate in NYC. Third, individual income 
was not collected directly; instead, we used Medicaid eli-
gibility as a proxy, which in New York is set at 223% of 
household income, or approximately $35,524 for a house-
hold of two (pregnant women count as two)(New York 
State Department of Health 2015). Fourth, studies suggest 
the CDC algorithm has low to moderate positive predic-
tive value, largely due to non-specific blood transfusion 
codes (Main et al. 2016; Sigakis et al. 2016). Our sensi-
tivity analysis of SMM without blood transfusions indi-
cated stronger effects of age and heart disease compared 
to the standard SMM definition. SMM risk also increased 
from 2008 to 2012 using the standard SMM definition 
compared to SMM without blood transfusion, mirroring 

Table 4   Different effect of race/ethnicity on SMM by income, education and neighborhood poverty, New York City, 2008–2012

OR odds ratio, CI confidence interval
a Neighborhood poverty level was defined as the percent of residents in the woman’s community district living below the federal poverty level 
and categorized as low (< 15%), medium (15–29%) and high (30–44%)
b Adjusted OR based on mixed-effects logistic regression model adjusted for data clustering within facilities and included maternal race/ethnicity, 
maternal age (years), maternal birthplace, year of delivery, maternal education, delivery insurance, neighborhood poverty, pre-pregnancy BMI, 
chronic conditions, smoking during pregnancy, prenatal care entry, parity, and single or multiple birth

(a) Income

Other payment Medicaid

Adjusted ORb (95% CI) p-value Adjusted ORb (95% CI) p-value

White non-Latina 1.00 1.00
Black non-Latina 1.89 (1.70–2.10) < 0.001 1.89 (1.71–2.09) < 0.001
Latina 1.27 (1.15–1.41) < 0.001 1.69 (1.53–1.87) < 0.001
Asian or Pacific Islander 1.23 (1.09–1.38) < 0.001 1.49 (1.32–1.68) < 0.001
Other non-Latina 1.48 (1.20–1.81) < 0.001 1.79 (1.44–2.22) < 0.001

(b) Education

Less than high school High school graduate and some col-
lege

College graduate or higher

Adjusted ORb (95% CI) p-value Adjusted ORb (95% CI) p-value Adjusted ORb (95% CI) p-value

White non-Latina 1.00 1.00 1.00
Black non-Latina 1.89 (1.56–2.27) < 0.001 1.92 (1.73–2.13) < 0.001 1.84 (1.63–2.07) < 0.001
Latina 1.74 (1.45–2.08) < 0.001 1.51 (1.36–1.68) < 0.001 1.31 (1.15–1.49) < 0.001
Asian or Pacific Islander 1.24 (1.00-1.53) 0.048 1.54 (1.34–1.76) < 0.001 1.22 (1.08–1.37) 0.002
Other non-Latina 2.23 (1.58–3.16) < 0.001 1.84 (1.49–2.27) < 0.001 1.15 (0.87–1.51) 0.340

(c) Neighborhood povertya

Low poverty (< 15%) Medium poverty (15–29%) High poverty (30–44%)

Adjusted ORb (95% CI) p-value Adjusted ORb (95% CI) p-value Adjusted ORb (95% CI) p-value

White non-Latina 1.00 1.00 1.00
Black non-Latina 1.67 (1.42–1.96) < 0.001 1.86 (1.67–2.07) < 0.001 2.36 (1.94–2.86) < 0.001
Latina 1.31 (1.13–1.53) < 0.001 1.52 (1.37–1.69) < 0.001 1.96 (1.62–2.37) < 0.001
Asian or Pacific Islander 1.40 (1.19–1.64) < 0.001 1.33 (1.18–1.49) < 0.001 1.40 (1.09–1.78) 0.008
Other non-Latina 1.54 (1.15–2.06) 0.004 1.45 (1.16–1.83) 0.001 2.06 (1.44–2.96) < 0.001
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national trends (Centers for Disease Control and Preven-
tion 2017). Fifth, correlation between neighborhood-level 
variables and facility random effects may have biased the 
findings; however, previous literature has demonstrated 
that women’s preference for delivery facility is not lim-
ited to geographic proximity (Hebert et al. 2011). Fur-
thermore, a recent study demonstrated that the majority of 
the clustering of SMM occurs at the facility-level, not the 
neighborhood-level (Guglielminotti et al. 2018). Finally, 
neighborhood-level poverty defined at the community dis-
trict may not capture heterogeneity over a relatively large 
geographic unit.

Conclusion

In conclusion, population-based surveillance of SMM based 
on administrative hospital discharge data is an important 
way to identify high risk populations and investigate modifi-
able risk factors for poor maternal health outcomes at a state 
or regional level. This study found important demographic 
and health determinants associated with an increased risk 
of SMM in NYC. Moreover, racial disparities in SMM were 
persistent even after controlling for other variables, and 
were only partially explained by differences in education 
and income levels. While higher socioeconomic status might 
be expected to reduce SMM risk differences among racial/
ethnic groups, other pathways, particularly structural racism 
and its effect on neighborhoods and health care quality and 
access, should be explored.
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