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Abstract: Hospital discharge (HD) records contain important information that is used in public
health and health care sectors. It is becoming increasingly common to rely mostly or exclusively on
HD data to assess and monitor severe maternal morbidity (SMM) overall and by sociodemographic
characteristics, including race and ethnicity. Limited studies have validated race and ethnicity in
HD or provided estimates on the impact of assessing health differences in maternity populations.
This study aims to determine the differences in race and ethnicity reporting between HD and birth
certificate (BC) data for maternity hospitals in Florida and to estimate the impact of race and ethnicity
misclassification on state- and hospital-specific SMM rates. We conducted a population-based
retrospective study of live births using linked BC and HD records from 2016 to 2019 (n = 783,753). BC
data were used as the gold standard. Race and ethnicity were categorized as non-Hispanic (NH)-
White, NH-Black, Hispanic, NH-Asian Pacific Islander (API), and NH-American Indian or Alaskan
Native (AIAN). Overall, race and ethnicity misclassification and its impact on SMM at the state- and
hospital levels were estimated. At the state level, NH-AIAN women were the most misclassified
(sensitivity: 28.2%; positive predictive value (PPV): 25.2%) and were commonly classified as NH-
API (30.3%) in HD records. NH-API women were the next most misclassified (sensitivity: 57.3%;
PPV: 85.4%) and were commonly classified as NH-White (5.8%) or NH-other (5.5%). At the hospital
level, wide variation in sensitivity and PPV with negative skewing was identified, particularly for
NH-White, Hispanic, and NH-API women. Misclassification did not result in large differences
in SMM rates at the state level for all race and ethnicity categories except for NH-AIAN women
(% difference 78.7). However, at the hospital level, Hispanic women had wide variability of a percent
difference in SMM rates and were more likely to have underestimated SMM rates. Reducing race and
ethnicity misclassification on HD records is key in assessing and addressing SMM differences and
better informing surveillance, research, and quality improvement efforts.

Keywords: race and ethnicity; misclassification; severe maternal morbidity; hospital discharge;
birth certificate

1. Introduction

Severe maternal morbidity (SMM) is an unexpected life-threatening complication
of childbirth in which women suffer short-term or long-term health consequences if not
identified and treated in a timely manner [1]. In the United States (USA), SMM is identified
using 21 indicator conditions, and the five most common conditions are blood transfusion,
disseminated intravascular coagulation, hysterectomy, acute renal failure, and adult res-
piratory distress syndrome [2]. From 2011 to 2020, SMM rates have increased in the USA
from 69.8 to 88.2 women per 10,000 hospital deliveries, and in the state of Florida, USA,
from 68.6 to 94.3 women per 10,000 hospital deliveries [3]. The literature suggests that
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increases in risk factors such as maternal age, prepregnancy obesity, pre-existing chronic
conditions, and cesarean delivery may be responsible for the increase in SMM rates [4].

SMM mostly affects women who identify as racial and ethnic minorities [5,6], with most
of the focus on assessing these disparities being placed on the influence of social determinants
of health such as poverty, education, neighborhood characteristics, etc. [7,8]. The literature
supports that the association between race and ethnicity and SMM remains even after ac-
counting for sociodemographic factors, pregnancy factors, and health system factors [9–11].
However, race and ethnicity differences in SMM are complex, and little is known as to how
misclassification of race and ethnicity may influence these disparities. When compared
to non-Hispanic White (NH-White) women, a multistate analysis reported SMM rates
that were 2.1, 1.3, 1.2, and 1.7 times higher for non-Hispanic Black (NH-Black), Hispanic,
Asian Pacific Islander (API), and American Indian Alaska Native (AIAN), respectively [12].
Accurate race and ethnicity documentation are essential to quality improvement, SMM
prevention, and reduction in health inequities. Misclassification of race and ethnicity can
result in incorrect estimation of the burden of health outcomes [13]. It is becoming increas-
ingly common for researchers, public health, and hospitals to rely mostly or exclusively on
hospital discharge (HD) data to assess and monitor SMM overall and by various sociodemo-
graphic characteristics, including race and/or ethnicity. This is problematic because studies
consistently report misclassification of NH-API and NH-AIAN race and ethnicity groups
in non-maternity populations [14–17]. It is less clear the extent to which misclassification
impacts maternity populations.

The study objectives were as follows: (1) determining the differences in race and
ethnicity reporting between HD and birth certificate (BC) data from maternity hospitals in
Florida and (2) estimating the impact of race and ethnicity misclassification on state- and
hospital-specific SMM rates.

2. Materials and Methods
2.1. Data Sources

We used the latest available data to conduct a population-based retrospective study
using Florida BC linked to inpatient HD records for live births from January 2016 to
December 2019. The study time period was chosen because 2016 was the first full year
of HD data following the ICD-10-CM implementation. BC records were provided by the
Florida Department of Health (FDOH, Tallahassee, FL, USA) and contain demographic
and clinical information on the mother and baby. HD records were provided by the
Florida Agency for Health Care Administration (AHCA, Tallahassee, FL, USA) and contain
individual-level patient data for each inpatient hospital stay. Hospitals are required to
submit race and ethnicity in a standard format to AHCA. However, how this information is
actually collected varies across hospitals and may be self-reported by patients or designated
from observation by admitting clerks or clinical staff [18–21]. A hierarchical, deterministic
data linkage algorithm performed by the FDOH was used to link BC and HD records;
this linkage process has been described elsewhere [22–24]. Among non-federal maternity
hospitals in the state, the linkage rate was 91.3%. Home births and births at military
hospitals were excluded since these data were not captured in the data from AHCA. This
study was reviewed and approved by the FDOH and the University of South Florida
Institutional Review Boards.

This study analysis consisted of three different subgroups, henceforth referred to as
the state-level, hospital-level, and hospital-level SMM populations (Figure 1). The original
study file of births from BC linked to maternal delivery hospitalizations was 783,753 births
in 173 hospitals. For the state-level population, we excluded: (1) non-delivery hospitals,
which are hospitals with less than 100 annual births; (2) military hospitals, birthing centers,
and non-hospital births; and (3) facilities/hospitals with at least 5% missing or unknown
values for the race or ethnicity variables on the BC to reduce potential bias (67 hospitals,
n = 42,931). We also excluded births with mothers reporting multiracial heritage on the
BC (n = 13,743) because multiracial heritage is not captured on the HD record. The study
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population at the state level included 727,079 births from 106 hospitals. Hospital-level and
hospital-level SMM populations have further exclusions and are described later.

Int. J. Environ. Res. Public Health 2023, 20, x FOR PEER REVIEW 3 of 12 
 

 

which are hospitals with less than 100 annual births; (2) military hospitals, birthing cen-
ters, and non-hospital births; and (3) facilities/hospitals with at least 5% missing or un-
known values for the race or ethnicity variables on the BC to reduce potential bias (67 
hospitals, n = 42,931). We also excluded births with mothers reporting multiracial heritage 
on the BC (n = 13,743) because multiracial heritage is not captured on the HD record. The 
study population at the state level included 727,079 births from 106 hospitals. Hospital-
level and hospital-level SMM populations have further exclusions and are described later. 

 
Figure 1. Flowchart describing determination of the study sample to be used in each analysis. Figure 1. Flowchart describing determination of the study sample to be used in each analysis.

2.2. Measures

We extracted race and ethnicity information from both the BC and HD data sources.
The HD record allowed the classification of race into categories (White, Black, American
Indian or Alaska Native, Asian, Native Hawaiian or Pacific Islander, and other) (Table S1).
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Due to small individual sample sizes, we combined Asians and Native Hawaiian/Pacific
Islanders into a single Asian-Pacific Islander group. On the BC, race can be defined
across 15 different categories, which we recoded to align with the five race categories
from the HD record. Although Hispanic subgroup differentiation is possible on the BC
(e.g., Puerto Rican, Mexican), such granularity is not available on the HD record. As such,
ethnicity was dichotomized as either Hispanic or non-Hispanic in the BC to align with
the HD. Next, to reflect what is often performed for hospital reporting and in research
studies, we created a combined race and ethnicity variable for analyses. All Hispanics
were grouped together, and non-Hispanics were subclassified on the basis of reported race:
non-Hispanic White (NH-White), non-Hispanic Black (NH-Black), non-Hispanic Asian
Pacific Islander (NH-API), non-Hispanic American Indian or Alaska Native (NH-AIAN),
and non-Hispanic “other”.

Since mothers’ self-reported race and ethnicity as documented on the BC, are typically
based on US recommendations [25], the BC is used as the gold standard for all race and
ethnicity comparisons in this study. Any classification of race and ethnicity reported on
the HD that did not match the race and ethnicity reported on the BC was considered a mis-
classification. To reflect the impact of race and ethnicity misclassification on a meaningful
perinatal outcome, we created a dichotomous indicator of SMM presence (yes or no) based
on International Classification of Diseases, Tenth Edition (ICD-10) diagnosis and procedure
codes documented on the delivery hospitalization record, and defined using the Alliance
for Innovation on Maternal Health’s (AIM) ICD-10 criteria for 21 indicator conditions [26].

2.3. Analyses

We calculated the sensitivity, specificity, positive predictive value (PPV), and negative
predictive value (NPV) separately for (1) race, (2) ethnicity, and (3) combined race and
ethnicity variables to analyze state-level misclassification between the BC and HD using
state-level population. Sensitivity estimates the probability that the HD captures race and
ethnicity as reported in the BC. For example, we calculated the sensitivity of NH-AIAN
as the proportion of all individuals reported as NH-AIAN on the BC that were correctly
identified as NH-AIAN on the HD. PPV estimates how frequently the HD was accurate in
classifying a specific race and ethnicity among those who reported as that race and ethnicity.
For example, we calculated the PPV for NH-AIAN as the proportion of NH-AIAN on the
HD that was classified as NH-AIAN on the BC. We made these calculations in two ways.
First, we considered missing race and/or ethnicity in one data source and non-missing
race and/or ethnicity in the other source as disagreement. Second, we excluded records
with missing race and ethnicity (Table S2) and estimated these measures only among
records with non-missing race and ethnicity in both data sources. The sensitivity analysis
comparing race and ethnicity between BC and HD resulted in minimal differences with
and without missing data. Therefore, analyses presented in this paper use data inclusive of
missing race and ethnicity variables.

We then assessed the impact of maternal race and ethnicity misclassification on SMM
at the state level by first calculating the number of SMM cases, SMM rates, and risk ratios
representing the association between race and ethnicity and SMM using each data source
(BC, HD) individually. We then calculated the percent difference in these SMM statistics
when using race and ethnicity from the HD versus the BC data.

To further examine misclassification at the hospital level, we used a subset of the
state-level population. The hospital-level population excluded nine additional hospitals
that did not have at least 20 births from each race and ethnic group—NH-White, NH-Black,
Hispanic, and NH-API—in order to ensure statistically reliable estimates for each race and
ethnicity category when calculated at the hospital level. The hospital-level population
consisted of 706,023 births from 97 hospitals. We analyzed the distribution (minimum,
maximum, median, interquartile range) of sensitivity, specificity, PPV, and NPV measures
across hospitals. To then assess how race and ethnicity misclassification affects SMM rate at
the hospital level, we used a subset population of the hospital-level population, where we
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excluded an additional 58 hospitals that did not have at least 10 births with SMM from each
of the following groups: NH-White, NH-Black, and Hispanic. Again, this was performed
in order to have minimally reliable estimates of SMM rates at the hospital level; insufficient
numbers of NH-API were available at the hospital level for inclusion. The hospital-level
SMM population consisted of 428,718 births from 39 hospitals. We conducted a sensitivity
analysis comparing the sensitivity and PPV findings for these 39 maternity hospitals to the
overall 97 maternity hospitals in the state. For each race/ethnic group, we then examined
the distribution of hospital-level percent differences in rates of SMM diagnosed in maternal
delivery HD records compared to BCs.

All analyses for this study were conducted using SAS software version 9.4 (SAS
Institute Inc, Cary, NC, USA), and figures were generated using R version 4.1.3 with
RStudio 2022.02.3.

3. Results

Race and Ethnicity. At the state level, NH-AIAN was the most misclassified race and
ethnicity (sensitivity: 28.2%, PPV: 25.2%) and was commonly misclassified as NH-API
(30.3%) in HD records (see Table 1). NH-AIAN was most often incorrectly classified as
another race than classified correctly as NH-AIAN. NH-API was the next most misclassified
group (sensitivity: 57.3%, PPV: 85.4%) and was commonly misclassified as NH-White (5.8%)
or non-Hispanic Other (5.5%). The next three groups represented the largest percentages
of Florida births and were misclassified far less frequently. Most Hispanic mothers were
reported as Hispanic (sensitivity: 80.8%, PPV: 91.0%) but were also reported as NH-White
(6.3%). NH-White were also reported as such (sensitivity: 90.7%, PPV: 89.6%) but were
also reported as Hispanic (7.7%); NH-Black (sensitivity: 91.8%, PPV: 95.7%) were more
frequently reported accurately but were also misclassified as Hispanic (1.9%).

Table 1. Comparing documentation of maternal race and ethnicity on birth certificates compared to
the maternal delivery hospitalization discharge record, Florida, 2016–2019.

Variable Category n Sensitivity Specificity PPV NPV

Race and
ethnicity

NH-White 321,677 90.7 91.6 89.6 92.5
NH-Black 163,591 91.8 98.8 95.7 97.6
Hispanic 207,817 80.8 96.8 91.0 92.6
NH-API 23,382 57.3 99.7 85.4 98.6

NH-AIAN 805 28.2 99.9 25.2 99.9

Race

White 521,665 84.8 93.6 97.1 70.8
Black 169,071 93.1 98.6 95.3 97.9
API 23,842 59.1 99.6 84.3 98.6

AIAN 908 28.3 99.8 17.4 99.9

Ethnicity Hispanic 207,817 80.8 96.8 91.0 92.6
Non-Hispanic 516,544 94.6 83.1 93.2 86.1

PPV, positive predictive value; NPV, negative predictive value; NH, non-Hispanic; API, Asian or Pacific Islander;
AIAN, American Indian or Alaskan Native. Note: Missing values are included as disagreement.

Race and Ethnicity Separately. The sensitivity and PPV for each race group were
fairly similar to the findings of the combined category (see Table 1). As a separate category,
Hispanic ethnicity (sensitivity: 80.8%, PPV: 91.0%) was more commonly misclassified than
NH ethnicity (PPV: 93.2%; sensitivity: 94.6%).

3.1. Hospital Level

At the hospital level, wide variation in sensitivity and PPV with negative skewing
was identified, particularly for NH-White, Hispanic, and NH-API groups (Table 2). The
violin plots represented in Figure 2 show the distribution of sensitivity and PPV for race
and ethnicity at the hospital level. Evidenced by higher medians (IQR) for sensitivity,
more hospitals correctly classified NH-White 92.5 (85.8, 95.7) and NH-Black 91.6 (87.8,



Int. J. Environ. Res. Public Health 2023, 20, 5689 6 of 12

95.4). Wider variation is seen across hospitals in correctly classifying Hispanic 73.6 (57.7,
85.7) and NH-API 55.5 (44.4, 69.2) race and ethnicity groups. The probability of being
truly NH-Black when classified as NH-Black in HD records (PPV) was highest among all
hospitals, 94.5 (92.6, 96.7).

3.2. Impact of Misclassification on a Quality Indicator (SMM)

Generally, misclassification did not result in large SMM rate differences at the state
level for most race and ethnicity categories (Table 2). However, as a result of misclassifica-
tion, SMM rates for NH-AIAN appeared to be higher (% difference: 78.7) when using HD
data. Although clear variability occurred among all three race and ethnicity groups at the
hospital level, Hispanics had wide variability of the percent difference in SMM rates when
using HD data compared to BC data and were more likely to have underestimated SMM
rates (Figure 3).

Table 2. Statewide cases and rate of severe maternal morbidity diagnosed in maternal delivery
hospitalization discharge records compared to birth certificates, by race and ethnicity, Florida,
2016–2019.

Race/Ethnic Group Hospital Discharge Birth Certificates % Difference

NH-White
Live births 325,548 321,677 1.2
SMM cases 4091 3977 2.9

SMM risk (%) 1.3 (1.2, 1.3) 1.2 (1.2, 1.3) 1.7
SMM risk ratio reference reference n/a

NH-Black
Live births 156,879 163,591 −4.1
SMM cases 3611 3680 −1.9

SMM risk (%) 2.3 (2.2, 2.4) 2.2 (2.2, 2.3) 2.3
SMM risk ratio 1.83 (1.75, 1.91) 1.82 (1.74, 1.90) 0.7

Hispanic
Live births 184,558 207,817 −11.2
SMM cases 2742 3051 −10.1

SMM risk (%) 1.5 (1.4, 1.5) 1.5 (1.4, 1.5) 1.2
SMM risk ratio 1.18 (1.13, 1.24) 1.19 (1.13, 1.24) −0.4

NH-API
Live births 15,676 23,382 −33.0
SMM cases 254 391 −35.0

SMM risk (%) 1.6 (1.4, 1.8) 1.7 (1.5, 1.8) −3.1
SMM risk ratio 1.29 (1.14, 1.46) 1.35 (1.22, 1.50) −4.7

NH-AIAN
Live births 901 805 11.9
SMM cases 20 10 100.0

SMM risk (%) 2.2 (1.3, 3.2) 1.2 (0.5, 2.0) 78.7
SMM risk ratio 1.77 (1.14, 2.73) 1.00 (0.54, 1.86) 75.8

NH-Other
Live births 21,424 6627 223.3
SMM cases 291 92 216.3

SMM risk (%) 1.4 (1.2, 1.5) 1.4 (1.1, 1.7) −2.2
SMM risk ratio 1.08 (0.96, 1.22) 1.12 (0.91, 1.38) −3.7

NH, non-Hispanic; API, Asian or Pacific Islander; AIAN, American Indian or Alaskan NativeNote: SMM risk
ratio compares the risk of SMM for each race/ethnic group compared to NH-White. The percent difference is
calculated as: ((hospital discharge measure−birth certificate measure)/birth certificate measure) × 100.
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4. Discussion

We found that misclassification at the state level varied amongst all racial and ethnic
groups, i.e., NH-White, NH-Black, Hispanic, NH-API, and NH-AIAN groups. The most
misclassified groups were NH-API and NH-AIAN women, and the least misclassified
group was NH-Black women. A wide variation in misclassification for all races and ethnic
groups was observed at the hospital level. Misclassification of race and ethnic groups
resulted in differences in SMM rates for the NH-AIAN group at the state level and among
all three groups at the hospital level, especially the Hispanic group.

At the state level, Florida’s sensitivity and PPV of HD data for race and ethnicity
classification at delivery varies widely across subgroups. NH-API and NH-AIAN women
were by far the most misclassified group; NH-Black women were the least misclassified.
Howland et al. [27] is the only US-published study to investigate HD race and ethnicity
reporting accuracy among maternity populations, where they too found sensitivity was
highest among NH-Black women and lowest among NH-API and Hispanic women [27].
Unlike this New York state study, our study with a larger sample size showed wide
variation in PPV across all race and ethnicity groups. Importantly, we included NH-AIAN
women, who are understudied due to small sample sizes, and they were more likely to be
classified incorrectly as NH-API or NH-White than as NH-AIAN. NH-AIAN individuals
are the most misclassified group [14,17] and are more often classified as another group
(i.e., NH-API). This is consistent with previous studies in non-maternity populations and
utilizing different data sources [14,17].

Race and ethnicity misclassification did not result in major differences in SMM rates
across NH-White, NH-Black, Hispanic, and NH-API women and is consistent with findings
by Howland et al. [27]. However, state-level SMM rates for NH-AIAN were greatly
impacted in our study. Although SMM rates of NH-White, NH-Black, Hispanic, and NH-
API race and ethnicity groups may be accurate at the state level, Florida’s SMM rates for
NH-AIAN deliveries are greatly underestimated. Similarly, several studies focused on NH-
AIAN have shown that the misclassification of this group has also led to an underestimation
of other health disparities [14,15,17,28–30].

At a hospital level, wide variation in sensitivity and PPV exists, resulting in frequently
unreliable hospital data for race and ethnicity groups. Most hospitals accurately classified
NH-Black and NH-White women, with a sensitivity of at least 85%. However, 25% and
50% of hospitals did not capture race and ethnicity correctly for Hispanics and NH-API,
respectively. While classification at the state level for NH-White, NH-Black, and Hispanics
was mostly accurate, the extent of race and ethnic misclassification across hospitals is incon-
sistent, making it challenging to predict the impact on outcome rates for a given hospital.

Wide accuracy variation in hospital sensitivity and PPV can be misleading and result
in considerable underestimation of SMM rates for some race and ethnic groups, especially
Hispanics. Despite our ability to assess the impact of NH-API and NH-AIAN misclas-
sification on SMM rates at a state level, we anticipate that these two groups would be
more greatly impacted at a hospital level. Our findings provide one of the first looks at
the hospital level on the prevalence of racial and ethnic misclassification among maternity
patients overall and the impact on maternal outcomes.

4.1. Clinical Implications

Our study demonstrated wide variability of race and ethnicity misclassification in
HD records at the state level for all race and ethnic groups, especially for the NH-API
and NH-AIAN groups, and wide variability at the hospital level for NH-White, Hispanic,
and NH-API groups. Misclassification at the state level did not result in large SMM rate
differences, except for the NH-AIAN group, where we observed an overestimation of SMM
rates. At the hospital level, misclassification appeared to result in an underestimation of
SMM rates for all three groups but especially the Hispanic group. This misclassification
likely impacts multiple health and health quality measures at a hospital level. Therefore,
health agencies and hospitals should not rely on state-level race and ethnicity data as
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a proxy for assessing accuracy at the hospital level. This study highlights the need for
uniform processes in collecting self-reported race and ethnicity, nativity, and country of
origin, and patient education on the importance of ascertaining this information in order to
improve their health care. Importantly, correct classification of race and ethnicity would
potentially ensure that the delivery of health care services is tailored more appropriately.

4.2. Research Implications

Health differences stemming from race and ethnicity are a health priority because they
can be used to assess unmeasured social and health factors that influence health and health
care delivery. To obtain a true measure of outcome differences, data sources used to identify
race and ethnicity must be accurate and reliable. In the US, reducing race and ethnicity
misclassification in HD data is key to monitoring and reducing SMM and other maternal
health outcomes at the state- and hospital level, where improvements can be made. Future
studies are needed to further delineate the implications of misclassification among people
of multiracial heritage on health outcomes at a state and hospital level.

4.3. Strengths and Limitations

One strength of the study is Florida’s large, highly diverse birthing population, which
provides a large sample size for population subgroups. This enabled assessing smaller race
and ethnicity categories such as NH-AIAN and NH-API. Second, it has become a priority to
obtain accurate estimates of race and ethnicity data at the state-, county-, and hospital levels
because of the increasing diversity across many US states and in an effort to monitor and
address disparities [31]. Therefore, although race and ethnicity make up varies from state
to state, our study is applicable across all US states. Third, despite HD data quality issues,
we were able to examine the effect of misclassification on SMM, a major national health care
quality indicator. Fourth, this study not only assessed misclassification at a state level but
evaluated these key measures across hospitals [27]. Our study also has some limitations.
The reporting sources for race and ethnicity data collection on hospital discharge are unclear
and likely vary across hospitals. Some racial and ethnic groups were of small size in Florida,
limiting the scope of analyses. In addition, HD categories were limiting. Using the linked
file in Florida excluded certain groups, especially undocumented women. This may have
only a small impact [32]. The generalizability of our hospital-level findings is somewhat
limited to large US maternity hospitals. However, state-level sensitivity and PPV findings
for large maternity hospitals in Florida were very similar to overall state-level findings
on sensitivity analysis (Figure S1). Our findings are not generalizable to other countries.
The Organisation for Economic Co-operation and Development (OECD, Paris, France)
outlines the data collection practices of racial, ethnic, and indigenous identities in member
countries [33]. Some countries do not collect race and ethnicity data [34]. For example,
in Denmark, the country of origin was utilized as a proxy for ethnicity in one study [35].
Furthermore, race and ethnic groups may differ from the US. For example, in Brazil, race
and ethnicity are defined as White, Pardo (the official term for the admixed population),
Black, Asian, and Indigenous [36]. Likewise, in the United Kingdom, where greater than
10 racial ethnic groups exist, one study assessed misclassification with 16 different race
and ethnicity groups [37]. However, other countries may find similar misclassification
of disparate groups, and our study may prompt them to conduct such investigations to
accurately assess maternity health outcomes [35,36,38,39].

5. Conclusions

This study assessed the differences in race and ethnicity reporting between HD and
BC data from maternity hospitals in Florida and estimated the impact of race and ethnicity
misclassification on state- and hospital-specific SMM rates. Misclassification of race and
ethnicity in HD records occurs at both the state and hospital levels, resulting in differences
in SMM rates at each level. The role of race and ethnicity may be different in other countries.
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Reducing race and ethnicity misclassification is key in assessing and addressing SMM rate
differences and better informing surveillance, research, and quality improvement efforts.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/ijerph20095689/s1, Figure S1: Comparing distribution of hospital-
level sensitivity (top) and positive predictive value (bottom) measures, by race and ethnicity, between
the original 97 hospitals and the subset of 39 hospitals included in analysis of severe maternal
morbidity, Florida, 2016–2019; Table S1: Classification of race groups in BC records to match the race
groups provided in HD records; Table S2: Comparing documentation of maternal race and ethnicity
on birth certificates compared to the maternal delivery hospitalization discharge record, Florida,
2016–2019.

Author Contributions: Conceptualization, C.N.R., R.O., J.L.S., J.L., E.R. and W.M.S.; Methodology,
C.N.R., R.O., J.L.S., E.R. and W.M.S.; Software, C.N.R., R.O. and J.L.S.; Validation, C.N.R., R.O., J.L.S.,
C.I., J.L., E.R. and W.M.S.; Formal Analysis, C.N.R., R.O., J.L.S. and W.M.S.; Data Curation, C.N.R.,
R.O., J.L.S. and E.R.; Writing—Original Draft Preparation, C.N.R. and R.O.; Writing—Review and
Editing, C.N.R., R.O., J.L.S., C.I., J.L., E.R. and W.M.S.; Visualization, C.N.R., R.O., J.L.S. and W.M.S.;
Supervision, W.M.S., J.L.S. and J.L.; Project Administration, C.N.R. and R.O.; Funding Acquisition,
W.M.S., J.L.S. and J.L. All authors have read and agreed to the published version of the manuscript.

Funding: This publication was made possible by the contract COHBW from the Florida Department
of Health (FDOH) and grant NU58DP006377-01-01 from the Centers for Disease Control and Preven-
tion (CDC). Its contents are solely the responsibility of the authors and do not necessarily represent
the official views of the FDOH or CDC.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Boards of the Florida Department
of Health and the University of South Florida (Pro00016235).

Informed Consent Statement: Not applicable.

Data Availability Statement: Restrictions apply to the availability of these data. Data were obtained
from the Florida Department of Health and the Florida Agency for Health Care Administration.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Centers for Disease Control and Prevention Rates in Severe Morbidity Indicators per 10,000 Delivery Hospitalizations, 1999–2014.

Available online: https://www.cdc.gov/reproductivehealth/maternalinfanthealth/smm/rates-severe-morbidity-indicator.htm
(accessed on 22 June 2022).

2. Fingar, K.R.; Hambrick, M.M.; Heslin, K.C.; Moore, J.E. Trends and Disparities in Delivery Hospitalizations Involving Severe
Maternal Morbidity, 2006–2015. In Healthcare Cost and Utilization Project (HCUP) Statistical Briefs #243; Agency for Healthcare
Research and Quality: Rockville, MD, USA, 2018.

3. Agency for Healthcare Research and Quality Severe Maternal Morbidity (SMM) among In-Hospital Deliveries. Available online:
https://datatools.ahrq.gov/hcup-fast-stats?count=3&tab=hcupfsse&type=subtab (accessed on 27 April 2023).

4. Creanga, A.A.; Berg, C.J.; Ko, J.Y.; Farr, S.L.; Tong, V.T.; Bruce, F.C.; Callaghan, W.M. Maternal Mortality and Morbidity in the
United States: Where Are We Now? J. Women’s Health 2014, 23, 3–9. [CrossRef] [PubMed]

5. Holdt Somer, S.J.; Sinkey, R.G.; Bryant, A.S. Epidemiology of racial/ethnic disparities in severe maternal morbidity and mortality.
Semin. Perinatol. 2017, 41, 258–265. [CrossRef] [PubMed]

6. Admon, L.K.; Winkelman, T.N.A.; Zivin, K.; Terplan, M.; Mhyre, J.M.; Dalton, V.K. Racial and ethnic disparities in the incidence
of severe maternal morbidity in the United States, 2012–2015. Obstet. Gynecol. 2018, 132, 1158–1166. [CrossRef] [PubMed]

7. Janevic, T.; Zeitlin, J.; Egorova, N.; Hebert, P.L.; Balbierz, A.; Howell, E.A. Neighborhood Racial and Economic Polarization,
Hospital of Delivery, and Severe Maternal Morbidity. Health Aff. 2020, 39, 768–776. [CrossRef]

8. Geller, S.E.; Cox, S.M.; Callaghan, W.M.; Berg, C.J. Morbidity and mortality in pregnancy. Women’s Health Issues 2006, 16, 176–188.
[CrossRef]

9. Howell, E.A.; Egorova, N.N.; Janevic, T.; Balbierz, A.; Zeitlin, J.; Hebert, P.L. Severe Maternal Morbidity Among Hispanic Women
in New York City: Investigation of Health Disparities. Obstet. Gynecol. 2017, 129, 285–294. [CrossRef]

10. Mujahid, M.S.; Kan, P.; Leonard, S.A.; Hailu, E.M.; Wall-Wieler, E.; Abrams, B.; Main, E.; Profit, J.; Carmichael, S.L. Birth hospital
and racial and ethnic differences in severe maternal morbidity in the state of California. Am. J. Obstet. Gynecol. 2021, 224,
219.e1–219.e15. [CrossRef]

https://www.mdpi.com/article/10.3390/ijerph20095689/s1
https://www.mdpi.com/article/10.3390/ijerph20095689/s1
https://www.cdc.gov/reproductivehealth/maternalinfanthealth/smm/rates-severe-morbidity-indicator.htm
https://datatools.ahrq.gov/hcup-fast-stats?count=3&tab=hcupfsse&type=subtab
https://doi.org/10.1089/jwh.2013.4617
https://www.ncbi.nlm.nih.gov/pubmed/24383493
https://doi.org/10.1053/j.semperi.2017.04.001
https://www.ncbi.nlm.nih.gov/pubmed/28888263
https://doi.org/10.1097/AOG.0000000000002937
https://www.ncbi.nlm.nih.gov/pubmed/30303912
https://doi.org/10.1377/hlthaff.2019.00735
https://doi.org/10.1016/j.whi.2006.06.003
https://doi.org/10.1097/AOG.0000000000001864
https://doi.org/10.1016/j.ajog.2020.08.017


Int. J. Environ. Res. Public Health 2023, 20, 5689 11 of 12

11. Racial Disparities in Severe Maternal Morbidity in an Integrated Health Care System, Southern California, 2008–2017. Available
online: https://doi.org/10.1016/J.WHI.2023.01.001 (accessed on 14 January 2023).

12. Creanga, A.A.; Bateman, B.T.; Kuklina, E.V.; Callaghan, W.M. Racial and ethnic disparities in severe maternal morbidity: A
multistate analysis, 2008–2010. Am. J. Obstet. Gynecol. 2014, 210, 435.e1–435.e8. [CrossRef]

13. Mays, V.M.; Ponce, N.A.; Washington, D.L.; Cochran, S.D. Classification of Race and Ethnicity: Implications for Public Health.
Annu. Rev. Public Health 2003, 24, 83–110. [CrossRef]

14. Jarrín, O.F.; Nyandege, A.N.; Grafova, I.B.; Dong, X.; Lin, H. Validity of Race and Ethnicity Codes in Medicare Administrative
Data Compared With Gold-standard Self-reported Race Collected During Routine Home Health Care Visits. Med. Care 2020, 58,
e1–e8. [CrossRef]

15. Gomez, S.L.; Glaser, S.L. Misclassification of race/ethnicity in a population-based cancer registry (United States). Cancer Causes
Control 2006, 17, 771–781. [CrossRef] [PubMed]

16. Hamilton, N.S.; Edelman, D.; Weinberger, M.; Jackson, G.L. Concordance between self-reported race/ethnicity and that recorded
in a Veteran Affairs electronic medical record. N. C. Med. J. 2009, 70, 296–300. [CrossRef] [PubMed]

17. West, C.N.; Geiger, A.M.; Greene, S.M.; Harris, E.L.; Liu, I.L.A.; Barton, M.B.; Elmore, J.G.; Rolnick, S.; Nekhlyudov, L.; Altschuler,
A.; et al. Race and ethnicity: Comparing medical records to self-reports. J. Natl. Cancer Inst. Monogr. 2005, 2005, 72–74. [CrossRef]
[PubMed]

18. Hasnain-Wynia, R.; Baker, D.W. Obtaining data on patient race, ethnicity, and primary language in health care organizations:
Current challenges and proposed solutions. Health Serv. Res. 2006, 41 Pt 1, 1501–1518. [CrossRef]

19. Committee on the Recommended Social and Behavioral Domains and Measures for Electronic Health Records; Board on
Population Health and Public Health Practice; Institute of Medicine Implementation Issues. Capturing Social and Behavioral
Domains and Measures in Electronic Health Records: Phase 2; National Academies Press: Washington, DC, USA, 2015.

20. National Research Council (US). Panel on DHHS Collection of Race and Ethnic Data Collection of Data on Race and Ethnicity by
Private-Sector Organizations: Hospitals, Health Plans, and Medical Groups. In Eliminating Health Disparities: Measurement and
Data Needs; Ver Ploeg, M., Perrin, E., Eds.; National Academies Press: Washington, DC, USA, 2004.

21. Weissman, J.S.; Hasnain-Wynia, R. Advancing Health Care Equity through Improved Data Collection. N. Engl. J. Med. 2011, 364,
2276–2277. [CrossRef]

22. Clayton, H.B.; Sappenfield, W.M.; Gulitz, E.; Mahan, C.S.; Petersen, D.J.; Stanley, K.M.; Salihu, H.M. The Florida Investigation of
Primary Late Preterm and Cesarean Delivery: The accuracy of the birth certificate and hospital discharge records. Matern. Child
Health J. 2012, 17, 869–878. [CrossRef]

23. Kahn, E.B.; Berg, C.J.; Callaghan, W.M. Cesarean delivery among women with low-risk pregnancies: A comparison of birth
certificates and hospital discharge data. Obstet. Gynecol. 2009, 113, 33–40. [CrossRef]

24. Lydon-Rochelle, M.T.; Holt, V.L.; Cárdenas, V.; Nelson, J.C.; Easterling, T.R.; Gardella, C.; Callaghan, W.M. The reporting of
pre-existing maternal medical conditions and complications of pregnancy on birth certificates and in hospital discharge data. Am.
J. Obstet. Gynecol. 2005, 193, 125–134. [CrossRef]

25. Baumeister, L.; Marchi, K.; Pearl, M.; Williams, R.; Braveman, P. The validity of information on “race” and “Hispanic ethnicity” in
California birth certificate data. Health Serv. Res. 2000, 35, 869–883.

26. Alliance for Innovation on Maternal Health AIM Data Resources. Available online: https://safehealthcareforeverywoman.org/
aim/resources/aim-data-resources/ (accessed on 25 March 2022).

27. Howland, R.E.; Tsao, T.Y. Evaluating Race and Ethnicity Reported in Hospital Discharge Data and Its Impact on the Assessment
of Health Disparities. Med. Care 2020, 58, 280–284. [CrossRef]

28. Jim, M.A.; Arias, E.; Seneca, D.S.; Hoopes, M.J.; Jim, C.C.; Johnson, N.J.; Wiggins, C.L. Racial Misclassification of American
Indians and Alaska Natives by Indian Health Service Contract Health Service Delivery Area. Am. J. Public Health 2014, 104, S295.
[CrossRef] [PubMed]

29. Lan, C.W.; Joshi, S.; Dankovchik, J.; Jimenez, C.; Needham Waddell, E.; Lutz, T.; Lapidus, J. Racial Misclassification and Disparities
in Neonatal Abstinence Syndrome Among American Indians and Alaska Natives. J. Racial Ethn. Health Disparities 2021, 9,
1897–1904. [CrossRef] [PubMed]

30. Rhoades, D.A.; Lapp, T. Racial misclassification and disparities in cardiovascular disease among American Indians and Alaska
Natives. Circulation 2005, 111, 1250–1256. [CrossRef] [PubMed]

31. Grafova, I.B.; Jarrín, O.F. Beyond Black and White: Mapping Misclassification of Medicare Beneficiaries Race and Ethnicity. Med.
Care Res. Rev. 2021, 78, 616–626. [CrossRef] [PubMed]

32. Salemi, J.L.; Tanner, J.P.; Bailey, M.; Mbah, A.K.; Salihu, H.M. Creation and evaluation of a multi-layered maternal and child
health database for comparative effectiveness research. J. Regist. Manag. 2013, 40, 14–28.

33. Balestra, C.; Fleischer, L. Diversity Statistics in the OECD: How Do OECD Countries Collect Data on Ethnic, Racial and Indigenous
Identity? OECD Statistics Working Papers, No. 2018/09; OECD Publishing: Paris, France, 2018. [CrossRef]

34. United Nations Human Rights Council. Promotion and Protection of the Human Rights and Fundamental Freedoms of Africans and of
People of African Descent against Excessive Use of Force and Other Human Rights Violations by Law Enforcement Officers; United Nations:
Geneva, Switzerland, 2021.

https://doi.org/10.1016/J.WHI.2023.01.001
https://doi.org/10.1016/j.ajog.2013.11.039
https://doi.org/10.1146/annurev.publhealth.24.100901.140927
https://doi.org/10.1097/MLR.0000000000001216
https://doi.org/10.1007/s10552-006-0013-y
https://www.ncbi.nlm.nih.gov/pubmed/16783605
https://doi.org/10.18043/ncm.70.4.296
https://www.ncbi.nlm.nih.gov/pubmed/19835243
https://doi.org/10.1093/jncimonographs/lgi041
https://www.ncbi.nlm.nih.gov/pubmed/16287889
https://doi.org/10.1111/j.1475-6773.2006.00552.x
https://doi.org/10.1056/NEJMp1103069
https://doi.org/10.1007/s10995-012-1065-0
https://doi.org/10.1097/AOG.0b013e318190bb33
https://doi.org/10.1016/j.ajog.2005.02.096
https://safehealthcareforeverywoman.org/aim/resources/aim-data-resources/
https://safehealthcareforeverywoman.org/aim/resources/aim-data-resources/
https://doi.org/10.1097/MLR.0000000000001259
https://doi.org/10.2105/AJPH.2014.301933
https://www.ncbi.nlm.nih.gov/pubmed/24754617
https://doi.org/10.1007/s40615-021-01127-z
https://www.ncbi.nlm.nih.gov/pubmed/34410606
https://doi.org/10.1161/01.CIR.0000157735.25005.3F
https://www.ncbi.nlm.nih.gov/pubmed/15769765
https://doi.org/10.1177/1077558720935733
https://www.ncbi.nlm.nih.gov/pubmed/32633665
https://doi.org/10.1787/89bae654-en


Int. J. Environ. Res. Public Health 2023, 20, 5689 12 of 12

35. Garcia, R.; Rajan, D.; Warming, P.E.; Svane, J.; Vissing, C.; Weeke, P.; Barcella, C.A.; Jabbari, R.; Gislason, G.H.; Torp-Pedersen,
C.; et al. Ethnic disparities in out-of-hospital cardiac arrest: A population-based cohort study among adult Danish immigrants.
Lancet Reg. Health Eur. 2022, 22, 100477. [CrossRef]

36. Dos Santos, H.G.; do Nascimento, C.F.; de Oliveira Duarte, Y.A.; Kawachi, I.; Chiavegatto Filho, A.D.P. Blurred lines: Racial
misclassification in death certificates in Brazil. Int. J. Public Health 2020, 65, 29–36. [CrossRef]

37. Saunders, C.L.; Abel, G.A.; Turabi, E.; Ahmed, F.; Lyratzopoulos, G.; Saunders, C. Accuracy of routinely recorded ethnic group
information compared with self-reported ethnicity: Evidence from the English Cancer Patient Experience survey. BMJ Open 2013,
3, e002882. [CrossRef]

38. Lakha, F.; Gorman, D.R.; Mateos, P. Name analysis to classify populations by ethnicity in public health: Validation of Onomap in
Scotland. Public Health 2011, 125, 688–696. [CrossRef]

39. Sandiford, P.; Salvetto, M.; Bramley, D.; Wong, S.; Johnson, L. The effect of Māori ethnicity misclassification on cervical screening
coverage. N. Z. Med. J. 2013, 126, 55–65.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.lanepe.2022.100477
https://doi.org/10.1007/s00038-019-01321-1
https://doi.org/10.1136/bmjopen-2013-002882
https://doi.org/10.1016/j.puhe.2011.05.003

	Introduction 
	Materials and Methods 
	Data Sources 
	Measures 
	Analyses 

	Results 
	Hospital Level 
	Impact of Misclassification on a Quality Indicator (SMM) 

	Discussion 
	Clinical Implications 
	Research Implications 
	Strengths and Limitations 

	Conclusions 
	References

