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SUMMARY

Maternal mortality rates (MMRs) are valuable benchmarks
for measuring the quality of a nation’s healthcare and
social outcomes. Variable MMRs within a country often
reflect disparities in social determinants such as income,
access to healthcare, and education. In this study, we
hypothesized that race, income, education, and health
insurance access correlate with MMRs within the United
States (US). We utilized retrospective data from the
National Vital Statistics System and Center for Disease
Control and Prevention for the period 2018-2022 to
compute US state-level MMR by race. US Census Bureau
state-level data from the American Community Survey
provided information on median household income,
college education, and health insurance coverage
by race. In addition, we used regression analyses to
understand the association between MMRs and these
factors. Per our analysis, race, median income, and
healthcare uninsured rates had a statistically significant
relationship with MMRs, while education level was
not statistically related with MMRs after adjusting for
other factors. MMRs decreased by 1.04% for every $1K
increase in median annual income and increased by
2.00% for every 1 percentage point increase in uninsured
rate, regardless of race. Additionally, MMRs in the Black
population were 1.99 times that of the White population,
while MMRs in the Hispanic population were 0.66 times
that of White population after adjusting for differences in
median income and the uninsured rate. More research is
needed to better understand the effect of various social
determinants on maternal mortality in the United States.
Disparities in maternal mortality continue to exist within
the US and multi-faceted efforts are required to ensure
better maternal health outcomes for all.

INTRODUCTION

Taking the best steps to prioritize a mother’s health and
outcomes during pregnancy is important to protect the lives
of mothers and infants (1, 2). The Centers for Disease Control
and Prevention (CDC) and the World Health Organization
(WHO) define maternal mortality rate (MMR) as the ratio of
maternal deaths to live births within the same period (3, 4).
The WHO defines maternal deaths based on the cause of
death and timeframe: deaths that occur during pregnancy
or within 42 days after pregnancy and are a result of factors
related to the pregnancy or its management, are counted as
maternal deaths (3, 4). MMRs vary in different parts of the
world (5). According to published data from the CDC and the
Organization for Economic Co-operation and Development
(OECD), in 2018, the US MMR was 17.4 deaths per 100,000
live births, whereas countries such as the United Kingdom and
Canada had much better MMRs of 6.5 and 8.6, respectively
(5). The OECD Health Data 2020 report stated that the US

healthcare system has a limited number of midwives, as well
as fewer benefits such as health care visits at home and
paid time off after childbirth, compared to other developed
nations such as UK and Canada, which may contribute to
the higher MMRs in the US (5). Furthermore, the US MMR
has worsened from 9.9 in 1999 to 32.9 in 2021 (3, 6, 7). To
monitor MMRs, several US states have measures in place
such as maternal mortality review committees (MMRCs) that
conduct detailed reviews of maternal deaths (8). The most
recently published MMRC review for the period 2017-2019
reports data from 36 US states and shows that the majority of
the deaths were preventable (8). These findings suggest that
prompt and comprehensive action is necessary to address
maternal mortality in the US.

It has been reported that maternal mortality is affected
by several factors including race, income level, accessibility
to health insurance, and education level (9, 10). The WHO
defines social determinants of health (SDH) as living conditions
that affect people’s health and well-being such as income,
education, housing, social inclusion, and access to affordable
health care (11). Notably, SDH are an important area of focus
for the US federal initiative called Healthy People 2030, which
aims to improve overall health by promoting better social
conditions, including availability of medical facilities, financial
status, education, and other factors (12, 13).

Additional studies are required to understand the full effect
of SDH on maternal mortality. At both state and national
levels within the US, disparities in maternal mortality have
existed within racial groups for several decades (14, 15).
Amongst different races within the US, the non-Hispanic
Black population is reported to have more than two times
the MMR of non-Hispanic White women (14-17). While the
relationship of race with MMR has been extensively reported,
the relationships between other SDH and MMR have yet to be
fully explored. For instance, Black populations tend to have
lower incomes and education rates in comparison to White
populations in the US, which can affect MMR (18). In the
present study, we sought to determine whether mothers from
various racial populations across different US states have
similar MMR outcomes if we adjust for the differences in their
SDH.

We hypothesized that various SDH including race, income,
education level, and healthcare uninsured rates correlate with
MMRs in different US states. We further assessed whether
these SDH variables were statistically related with MMRs in the
study dataset. In the study results, race, median income, and
uninsured rate had a statistically significant association with
increased MMRs. MMRs decreased with increased median
annual income and increased with increased uninsured rate
regardless of race. Black populations had higher MMRs than
White populations, while Hispanic populations had lower
MMRs than White populations after adjusting for differences
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in median income and uninsured rates. Hence, addressing
social determinants appears to be important to improve
maternal mortality in the US.

RESULTS

To test our hypothesis that SDH variables may correlate
with MMR, we analyzed MMR data for US states from the
CDC National Vital Statistics System (NVSS) and their
corresponding SDH data from the American Community
Survey (ACS) over the 5-year period 2018-2022. Data from
women of three different races were analyzed: non-Hispanic
Black (henceforth termed as Black population), non-Hispanic
White (henceforth termed as White population), and Hispanic
(henceforth termed as Hispanic population). We tabulated
results for the US states where the MMR could be calculated
from the available CDC NVSS data for each of the three races
above. This resulted in an analysis of 16 US states as MMR
data was not available due to data suppression by the CDC
for confidentiality purposes in some states and races where
the numbers were small.

Racial Analysis

To study the effect of socio-economic variables on MMRs,
we first tabulated the MMR by state for Black, Hispanic, and
White populations along with the key demographic variables

https://doi.org/10.59720/24-147

of median income, uninsured rate, and percent college edu-
cated (Table 1). Our data revealed disparate MMRs by state.
For example, New Jersey (NJ), with 76 deaths per 100,000
live births in 2018-2022, had one of the highest MMRs in the
Black population among the 16 states. NJ had MMRs of 27
and 14 deaths per 100,000 live births in the Hispanic and
White populations, respectively (Table 1). On the other hand,
with MMRs of 33, 9, and 8 in Black, Hispanic, and White pop-
ulations, respectively, California had one of the lowest overall
MMRs for various races (Table 1).

In general, we found that MMR was highest in the Black
population among the three races across most states (Table
1, Figure 1). For example, in NJ, the Black population had
an MMR of 76 compared to 27 and 14 for Hispanic and
White populations, respectively. At the same time, the Black
population in New Jersey also had the lowest median annual
income of $59K, followed by the Hispanic population at $64K
and the White population at $102K. The Black population also
had lower college education levels and a higher uninsured rate
than the White population across US states (Table 1). While
the Hispanic population also had lower college education
levels and a higher uninsured rate than the White population,
their MMRs were closer to the White population and better
than the Black population across the states analyzed (Table
1, Figure 1). Overall, the data suggests that higher incomes,

MMR {per 100,000 live Median annual income
births) [5K) Uninsured rate (%) % College Educated
State Black | Hispanic | White Black | Hispanic | White Black | Hispanic | White Black | Hispanic | White
Arizona 54 34 18 53 =13 72 10 17 ] 30 17 35
Cofornia | =2 (Ee s & s s 1 | s = | |
Florida 50 17 18 45 =13 =] 15 18 9 23 28 37
Georgia 54 13 24 50 57 75 13 - 10 25 3 35
llinois 40 14 15 43 64 a0 8 15 4 25 18 41
Indiana 43 30 30 - 54 85 10 17 7 21 20 30
Maryland 32 17 13 FE] 20 [ n . 3 pL
Massachusetts 41 L 14 61 52 15 & 32 3
New Jersey 78 27 14 53 54 B 18 4 9 23
Mew York 68 14 15 54 5& 8 3 10 - 28 23
Morth Carolina L] 19 20 43 =04 2] 11 29 g x 18 35
Oklahoma 5 25 25 - 50 62 14 26 11 23 - 20
Pennsylvania 41 14 14 42 45 73 7 12 5 22 20 35
Tennessee 26 EE} 42 g1 £3 12 - g 22 0 3z
Texas 51 24 28 51 55 32 15 7 10 ] 18 42
Virginia 64 21 27 55 76 87 £l 23 5 28 29 45

Table 1: Distribution of MMR and SDH in various US states. MMR (Maternal Mortality Rate for every 100,000 live births) and SDH of
median household income (in thousands of dollars), uninsured rates, and percent college-educated are shown individually for the 16 states in
the US which have MMR data for each of the 3 groups: Black, White and Hispanic populations. The source of the datasets is CDC WONDER,
2018-2022 and ACS, 2017-2021. Darker shades of blue represent more favorable values for maternal health, and darker shades of red
represent less favorable values, with lighter shades of both colors representing intermediate values. For example, higher values for MMR
and uninsured rates were darker shades of red (higher values are unfavorable indicators) and higher values of median income and percent
college-educated were shades of blue (higher values are favorable indicators).
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Figure 1: Distribution of MMR by state and race in the US. Histogram showing MMR (per 100,000 live births) in 16 US states where we
have available data for all three groups of Black, White, and Hispanic populations. Source: CDC WONDER

higher education levels, and lower uninsured rates may be
associated with better MMRs. In addition, there may still be
differences in MMRs across races that may be due to reasons
other than observable SDH.

Bivariate Analysis of Each SDH and MMR

To further study the effect of each SDH variable on MMR,
we plotted MMRs against each SDH variable individually. In
addition to the 16 states where we were able to calculate the
MMR for each of the 3 races, there were 13 states where the
MMR could be computed only for 2 races and 12 states where
the MMR could be computed only for 1 race. We utilized all
these data points and compared the MMR with the SDH
variables for the respective state/race combination.

First, we plotted the MMR by race for each state along
with the median annual income for the matching state and
race combinations (Figure 2). MMRs were generally higher in
states and races with lower median annual incomes. MMRs
for Black populations were the highest of all races even when
median annual incomes were similar, suggesting that race
could be associated with changes in MMR.

Then, we plotted MMR by race for each state based on the
percentage of the population that was uninsured (Figure 3).
As the uninsured rate decreased within a race, the MMR gen-
erally decreased. Interestingly, while Hispanic populations
had some of the highest uninsured rates, their MMRs were
generally lower than Black populations.

Finally, we plotted MMR by race for each state with the
percentage of the population that was college educated (Fig-
ure 4). In general, higher college education rates were asso-
ciated with a trend of decreasing MMR within the same race.
However, Hispanic and White populations had similar MMRs

despite the lower college education rates in Hispanics, while
Black populations had comparatively higher MMRs as well as
lower college education rates than White populations.
Overall, the data suggested a negative correlation of
MMRs with median income and education level, and a posi-
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Figure 2: Distribution of MMR by race and median household
income across various US states. The data includes all US States
with available MMR data amongst any of the three groups of Black,
White, and Hispanic populations. Every state and race combination
with available data is represented by a dot in the figure. The negative
trendlines suggest an inverse relationship between MMR and
median income.
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Figure 3: Distribution of MMR by race and uninsured rate across
US states. The data includes all US States with available MMR
data amongst any of the three groups of Black, White, and Hispanic
populations. Every state and race combination with available data is
represented by a dot in the figure. The positive trendlines suggest a
direct relationship between MMR and uninsured rate.

tive correlation of MMRs with uninsured rate in the popula-
tion. MMRs were generally lower with higher median income
and education level and higher with higher uninsured rate in
the population. MMRs were also higher in Black populations
as compared to White and Hispanic populations.

Regression Analysis

After studying the relationships between MMR and each
of the SDH variables individually, we conducted a multi-step
regression analysis to understand the overall relationship
between the SDH factors and MMR using our datasets
from CDC and ACS. MMR was the dependent variable for
our study, while the SDH factors of race, college education,
household income, and uninsured rate were the four
independent variables (Table 2). The p-value cut-off of <0.05
was pre-specified to determine statistical significance. Upon
analysis, Black and Hispanic races and uninsured rates had
statistically significant relationships with changes in MMR
after controlling for other variables (p-value < 0.001, < 0.001,
and = 0.01, respectively). Median annual income and percent
college educated were not significantly related with changes
in MMR (p-value = 0.086 and = 0.82, respectively).

https://doi.org/10.59720/24-147
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Figure 4: Distribution of MMR and College Completion
Percentages in various US states. The data includes all US States
with available MMR data amongst any of the three groups of Black,
White and Hispanic populations. Every state and race combination
with available data is represented by a dot in the figure and the
negative trendlines suggest an inverse relationship between MMR
and percent college educated population.

Following appropriate steps for a backwards stepwise
regression, a second regression analysis was conducted
after excluding the least significant independent variable—
the percent college educated—from the first regression
(p-value = 0.82). Both the race and the uninsured rate
variables remained significant in the second regression
(Table 3). In addition, the median annual income was found
to be a significant independent variable associated with
MMR (p-value < 0.001). Also, a high positive coefficient
from the second regression analysis for Black populations
suggested a higher MMR in Black populations compared to
White populations for the same levels of median income and
uninsured rates. Finally, a negative regression coefficient
for Hispanic race suggested a lower MMR for Hispanic
populations versus White populations for the same level of
median income and uninsured rates (Table 3).

To quantify the effect of these independent variables on
MMR, a sensitivity analysis was conducted based on the
results of the second regression. We first computed the

Table 2: First regression analysis of SDH against MMR. The
SDH factors of race, education, household income, and uninsured
rate were the four independent variables used. The p-values shown
in bold are the ones that met the p-value cutoff of <0.05 for statistical
significance. *C.I. stands for Confidence Interval.

Standard Lower 95% Upper
Independent Variable | Coefficients Error p-value c.L= 95% C.I.*

Standard Lower 95% | Upper 95% Black 0,686 0.103 2.79E-09 0.481 0.890

Independent Variable | Coefficients Error p-value (o g cuL Hispanic -0.412 0121 1.06E-03 -0.653 0171

Black 0.684 0104 | 4.00E-09 0478 0.830 Median Income 0,010 0.003 3.57E-04 0016 -0.005

Hispanic -0.435 0.157 7.11E-03 -0.748 -0.122 Uninsured Rate 1.982 0.751 0.010 0.487 3476

Median Annual Income -0.009 0.005 0.086 -0.020 0.001

Uninsured Rate 1.978 0.756 0.011 0.474 3.482 Table 3: Second regression analysis using the statistically
Percent College 0241 1053 0.820 233 1855 significant variables of race, median income and uninsured rate
Educated from the first regression analysis. The percent college educated

variable was dropped from analysis as it had a p-value greater than
the cut-off. The p-values shown in bold are the ones that met the
p-value cutoff for statistical significance of <0.05. All SDH used in
this regression met the p-value cut-off and no further regression
was needed for the multi-step regression analysis. *C.I. stands for
Confidence Interval.
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Median % MMR % MIMR
Annual Uninsured | White | Black | Hispanic si':::;ir Chlar;%ef I:I:r:l;: ’;Ix::ir;:
Inc;'r(ne. Rate (%) | MMR | MMR | MMR Median Higher MMR MMR
Income Uninsured
50 0.05 23.6 | 46.9 15.7
50 0.1 261 | 518 17.3
50 0.15 288 | 57.2 18.1
60 0.05 213 | 423 14.1
= & 235 | 467 156 -1.04% 2.00% 1.99 0.66
60 0.15 26.0 | 516 17.2
70 0.05 152 | 38.1 12.7
70 0.1 212 | 421 14.0
70 0.15 23.4 | 464 15.5
Table 4: Sensitivity Analysis for the effects of race, median

income, and uninsured rate on MMR. The table shows estimated
values of MMR for varying levels of median income and uninsured
rates across races based on the regression model. Effects of each
individual variable on the MMR are quantified.

MMR for varying levels of median annual incomes ($50K,
$60K, and $70K) and uninsured rates (5%,10%, and 15%)
using the coefficients derived from the second regression.
We found that the MMR had a 1.04% decline for every $1K
increase in median annual income. Similarly, the MMR had
a 2.00% increase for every 1 percentage point increase in
uninsured rate, regardless of race (Table 4). With respect to
race, Black populations had a MMR 1.99 times that of White
populations while Hispanic populations had a MMR 0.66
times that of White populations for the same median incomes
and uninsured rates (Table 4). Hence, our analysis suggests
that the SDH factors of median income and uninsured rate
may correlate with MMR and that race appears to matter even
after adjusting for those factors.

We present several scenarios to help visualize the effects
of each of the significant variables on MMR (Figure 5). We
first estimated the MMR for White women with a median
annual income of $70K and uninsured rate of 5% to be 19.2.
For each successive scenario, we changed one variable at
a time to visualize the magnitude of the different effects on
MMR. When the median annual income was reduced by
$10K, keeping all other variables the same, the estimated
MMR increased by about 10% from 19.2 to 21.3. We then
increased the uninsured rate by 5%, which again caused
the MMR to increase by about 10% from 21.3 to 23.5 (2%
effect for every 1% point change in uninsured rate). We then
changed the race from White to Black, which resulted in
almost doubling MMR from 23.5 to 46.7.

DISCUSSION

The study analysis supports our original hypothesis that
SDH correlate with MMRs in various US states. The study
results show a statistically significant association between
MMR and race, as well as median income and health insur-
ance coverage, but no significant relationship between MMR
and college education level, after adjusting for other vari-
ables. Additionally, for the same insurance coverage status
and median income, our results suggest that Black popula-
tions have about two times the MMR of White populations,
and Hispanic populations have slightly better MMRs than
White populations.

Published literature have demonstrated that maternal
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Figure 5: Predicted MMR as a function of median income,
uninsured rate, and race. Visualization of the results from the
second regression model for hypothetical scenarios. Note that only
one input SDH variable changes between adjacent scenarios to
visualize the individual effects of different SDH on MMR.

mortality is affected by factors including race, income level,
overall access to education and health insurance (9, 10). Pre-
vious reports suggest that long-term socioeconomic inequi-
ties can result in premature aging and other adverse health
outcomes, especially in racial minority groups such as Black
populations (19). For example, poorer individual or regional fi-
nancial status was associated with higher adverse outcomes
in birth outcomes, hypertension, and other health conditions
associated with chronic inflammation (19). This phenomenon
may explain some of the worse outcomes observed for Black
populations in our study. Our study also suggests that MMR
increases with an increase in uninsured rate, regardless of
race. Hence, an extensive approach to address racial dis-
parities as well as broaden insurance coverage appears to be
needed to improve MMRs within the US.

After the Affordable Care Act, all United States Market-
place and Medicaid health insurance plans are required to
cover medical treatments for pregnant women. As of 2021,
only 3.9% of pregnant women were self-paying, while the rest
had some form of insurance coverage (20). However, medical
conditions were still the leading cause of maternal deaths in
the 2017-2019 MMRC data in the US (8). The uninsured rate
in our dataset could also pertain to women who, before preg-
nancy, had significant pre-existing chronic health conditions
that were possibly left untreated, which may have affected
their pregnancy. Studies suggest that optimal health care for
women before pregnancy can be important for improving ma-
ternal mortality outcomes (17).

The SDH factor of college education level did not show a
significant relationship with MMR in our results. Of note, we
used overall population-level ACS data for SDH because spe-
cific college education level data for mothers who died versus
others was not available publicly. Future studies could utilize
detailed data about SDH in pregnant mothers for a more spe-
cific analysis. Furthermore, college-educated and higher-in-
come women are more likely to have advanced maternal age,
which is reported to result in increased MMR (3, 21, 22). The
higher age in educated mothers may be balanced by the fact
that less educated mothers can often have inadequate finan-
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cial resources and health care access. Several other factors
such as maternal age, geography (rural versus urban environ-
ment), and pre-existing health conditions also play a role in
the MMR of different regions and can confound our analysis
(3, 8).

Notably, Hispanic populations had comparable MMRs to
White populations in our study, despite having lower median
incomes, higher uninsured rates, and lower education levels.
Hence, a previously reported phenomenon known as the
“Hispanic paradox” was also demonstrated in our study (23).
The “Hispanic paradox” is a phenomenon describing the ob-
servation that US Hispanic populations tend to have a health
status similar to US non-Hispanic White populations despite
having worse socioeconomic status (23, 24). This has been
found in several health outcome measures such as deaths
from cancer and heart disease (24). Itis possible that the rela-
tively better outcomes in Hispanic populations may be linked
to the benefits of cooperative living and other factors related
to Hispanic culture (24, 25).

We also looked at MMR in various US states in this study.
California had one of the lowest MMRs in the current dataset
(Table 1). California developed the California Maternal Qual-
ity Care Collaborative (CMQCC) in 2006, which has signifi-
cantly reduced maternal mortality through various initiatives
(26). Several measures have been implemented in California,
such as detailed research and tracking of maternal health,
financial support to increase healthcare access for more
women, steps to address social factors that affect health out-
comes, and designation of specific national targets, resulting
in improved maternal health indices (27).

In contrast, NJ had one of the highest MMRs in our study
(Table 1). NJ has also been implementing several measures
to reduce maternal mortality recently (28, 29). Nurture NJ
was started in 2019 to improve the health of all infants and
mothers. The program aims to promote the highest quality of
health care access for all women as well as better living con-
ditions in various stages of their lives including before preg-
nancy and postpartum care (29, 30). Nurture NJ also focuses
on creating support systems in the community with the help of
various sectors such as government, health policy and busi-
nesses to improve health outcomes. It expands data sharing
and utilization across state to create awareness and devise
better solutions (29,30). Nurture NJ can further inform its ini-
tiatives with lessons learnt through CMQCC and other more
developed plans in the coming years.

Our study has several limitations. The analyses are lim-
ited by constraints around the extent of public data available
from CDC and ACS for analysis and the inherent restrictions
of data collection with the NVSS. We utilized population-lev-
el socioeconomic data from ACS for our analyses. If more
specific socioeconomic data for mothers with live births and
for mothers who died can be available for future analyses,
this can further explain the relationship between social de-
terminants and maternal mortality. Another limitation is that
our study data does not include all states and races/ethnici-
ties within the US. We analyzed MMR data from race/ethnic
populations that comprised the majority of the dataset. The
National Center for Health Statistics (NCHS) masks numbers
in some states and populations with small numbers for patient
confidentiality. For example, MMR based on fewer than ten
deaths are masked for privacy reasons, and MMR for fewer
than 20 deaths are labeled as unpredictable data (31). Fur-

https://doi.org/10.59720/24-147

thermore, differences in implementation of data collection
across various US states can also lead to heterogeneity (32).
Another constraint of data collection by NCHS is that death
certificates marked yes for pregnancy option without a mater-
nal ICD-10 code are counted as maternal deaths (33). This
can potentially include deaths unrelated to pregnancy and re-
sult in over-reporting (34).

There are more detailed and rigorous maternal mortality
reviews such as the Pregnancy Mortality Surveillance System
(PMSS) and the MMRCs (35, 36). This study did not utilize
PMSS and MMRC data as these systems tend to be slower
reporting, are not available readily for public, and don’t have
data beyond 2019 in current available records.

Our study suggests that racial disparities, median income
and insurance coverage may play an important role in the ma-
ternal mortality outcomes for various US states. Government
initiatives to address racial disparities as well as enhance
median income and health insurance coverage access can
lead to improved maternal mortality rates across regions. We
suggest future research examining the effect of various SDH
on maternal mortality in more specific and comprehensive
datasets and dedicated initiatives to promote excellent health
for all mothers in the United States.

MATERIALS AND METHODS
Data Collection

We identified published literature and datasets with
relevance to MMR through a systematic search of PubMed,
Google Scholar, and Medline. We accessed retrospective
data for live births and maternal deaths from the CDC NVSS
using the CDC Wide-ranging Online Data for Epidemiologic
Research (WONDER) as of November 13, 2023 and used it to
compute MMR per 100,000 live births (37—40). Per standard
NCHS guidelines, we selected International Statistical
Classification of Diseases, 10th Revision (ICD-10) codes of
A34, 000-095, and 098-099 to derive maternal deaths
from the overall mortality data (39). We utilized individual data
for the various US states and the races of Black, White, and
Hispanic for study analyses. The 2018—-2021 finalized mortality
data and the 2022 provisional mortality data available as of
November 13, 2023 were used as a representation of MMR
for the most recently available 5-year period of 2018-2022
(38—40).

Of note, maternal mortality data was not available for
every US state and race combination even after combining
five years of data. For example, in our dataset, the data
on Asian populations was sparse, with only 160 maternal
deaths recorded across 50 states in 5 years, and only 3
states had individual state-wise non-suppressed maternal
mortality data for Asian populations (California, New York,
and Texas). For racial analysis, data was analyzed for the
3 races with the most data, which were Black, White, and
Hispanic populations, and 16 US states based on available
data for all 3 races. The population in the 16 US states with
available data generally accounts for about two-thirds of the
US population, and we expect it to be representative of the
behavior across US for these three races. The 16 US states
included were Arizona, California, Florida, Georgia, lllinois,
Indiana, Maryland, Massachusetts, New Jersey, New York,
North Carolina, Oklahoma, Pennsylvania, Tennessee, Texas,
and Virginia. The three races reported in our study have also
been exclusively presented in previous NCHS reports (3).
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We accessed the most recent US Census Bureau
state-level data on November 13, 2023 from the American
Community Survey (ACS) for the following factors: race,
education, household income, and health insurance
coverage (41). We looked at ACS data for median household
income, education by percentage of people with college
completion over 25 years age (bachelor’'s degree or higher),
and percentage of people without health insurance by race
and state within the US (42—44). ACS publishes these as a
five-year rate, and we used the most recently available (2017-
2021) as the most relevant five—year period for our MMR
data from 2018-2022. Data over several years was utilized
as opposed to single-year data to have a larger dataset for
our statistical analyses and to minimize the effect of limited
data due to suppressed values of MMR by NCHS. Of note,
the three subgroups reported by race are mutually exclusive
for both CDC WONDER and ACS datasets: Non-Hispanic
Black, Non-Hispanic White, and Hispanic (the latter includes
all US populations of Hispanic origin regardless of race). As
all the CDC and ACS data used was in anonymized form and
publicly available, no ethics approval was obtained.

Data Analyses

To study the effect of each of the SDH variables on MMR,
we plotted MMR versus each of the three demographic
variables graphically, one at a time. In addition to the 16
states where we were able to calculate MMR for each of the
3 races, there were 13 states where MMR could be computed
for 2 races and 12 states where MMR could be computed for
1 race. A dataset was compiled with all the available MMR
data per state: there were 86 different combinations of state
and race where MMR data was not suppressed in the CDC
database. We plotted all data points on a graph with the SDH
variables against the respective state and race combination.
We conducted log-linear regression analyses in Microsoft
Excel.

Statistical Analyses

In our regression analyses, MMR was the dependent
variable while race, median income, percent college educated,
and uninsured rates were the independent variables. Black
and Hispanic races were used as variables with two possible
values of 0 and 1 to capture the effect of race on MMR
compared to White race as the baseline. The threshold of p
value <0.05 was used to determine statistical significance for
every single variable in all regressions. We performed the
first regression analysis using all independent SDH variables.
The following equation was used to run the regression model:

In{MMR) = c0 + (c1 = Black) + (c2 * Hispanic) + (c3 * Median Income)
+ (c4 + Uninsured rate) + (5 + Collge Educated rate)

Note that c0-c5 are coefficients estimated by the regression.
A second regression analysis was conducted after omitting

the independent variable of percent college-educated as it

had the highest p-value of 0.82 among the non-significant

variables in the first regression analysis.

The following equation was used to run the regression model:

https://doi.org/10.59720/24-147

In(MMR) = ¢0 + (cl = Black) + (c2 * Hispanic) + (c3 » Median Income)

+ (c4  Uninsured rate)

Note that c0-c4 are coefficients estimated by the regression.

Subsequently, the coefficient results of the second
regression analysis were used to conduct a sensitivity
analysis between the independent variables and MMR. We
pre-specified median annual incomes of $50K, $60K, and
$70K and uninsured rates at the levels of 5%, 10%, and 15%,
and then we compared the model’s estimated MMR for White,
Hispanic, and Black populations in our sensitivity analysis.
A final bar chart with several scenarios was presented to
convey the effects of different SDH on MMR.
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