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Policy Points:

• US maternal mortality rates (MMRs) display considerable racial dispar-
ities and exceed those of other developed countries. While worldwide
MMRs have dropped sharply since the 1990s, the US MMR appears to
be rising.

• We provide strong evidence of the effectiveness of pregnancy-related
public health spending on improvements in maternal health.

• Using longitudinal data from Florida counties, we found that spending
on public health significantly reduced the MMR among black moth-
ers and narrowed black-white outcome disparities. Each 10% increase
in pregnancy-related public health expenditures was associated with
a 13.5% decline in MMR among blacks and a 20.0% reduction in
black-white disparities.

Context: Maternal mortality rates in the United States exceed those of other
developed countries. Moreover, these rates show considerable racial disparities,
in which black mothers are at three to four times the risk compared with their
white counterparts. With more than half of all maternal deaths deemed to be
preventable, public health interventions have the potential to improve maternal
health along with other pregnancy outcomes. This rigorous longitudinal study
examines the impact of a package of pregnancy-related public health programs
on maternal mortality rates.

Methods: We analyzed administrative data on pregnancy-related public health
expenditures, maternal mortality rates, and sociodemographic factors from all
67 Florida counties between 2001 and 2014. Florida provides consistent counts
of maternal deaths for the entire period of this analysis. We estimated both
fixed-effects ordinary least squares regressions (OLS) and generalized method
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of moments (GMM) models. GMM enabled us to identify the impact of public
health expenditures on maternal mortality rates while also addressing both
potential endogeneity and serial correlation problems. We also provide a series
of robustness and falsification tests.

Findings: Overall, a 10% increase in targeted public health expenditures led
to a weakly significant decline in overall maternal mortality rates of 3.9%. The
estimated effect for white mothers was not statistically significant. However,
we found statistically significant improvements for black mothers. Specifically,
a 10% increase in pregnancy-related public health spending led to a 13.5%
decline in maternal mortality rates among black mothers and a 20.0% reduction
in the black-white maternal mortality gap.

Conclusions: Our analysis provides strong evidence of the effectiveness of
public health programs in reducing maternal mortality rates and addressing
racial disparities.

Keywords: Maternal mortality, public health, Florida, generalized method of
moments.

M aternal mortality rates (MMRS) in the United
States not only exceed those of other developed countries, but
they also exhibit considerable racial disparities.1,2 In 2013,

there were 12.7 deaths per 100,000 live births for white women and
43.5 for black women.3 The problem is significant enough to have been
the subject of scrutiny even in the popular media. A 2017 investigative
reporting series highlighted the alarming increase in “lost mothers” and
concluded that “private tragedies point to a much bigger public health
problem.”4 Later that same year, the near-death experience of tennis
star Serena Williams in childbirth led to further debate on the possible
reasons for the racial disparities in both infant and maternal mortality
in the United States.5

Moreover, the MMR in the United States seems to have risen by
49.2% between 1990 and 2013.6 In 2015, the United States—along
with other countries such as Jamaica, North Korea, Serbia, and South
Africa—was among the 13 countries in the entire world where MMRs
were higher than in 1990.7 However, trends in the US MMR suffer from
measurement issues. MacDorman and colleagues8 pointed out that in
2003, death certificates in the United States were revised to include a
pregnancy check box in an effort to better capture maternal deaths. This
led to a substantial rise in deaths attributed to maternal issues, which
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complicated studies of national time trends. Even though the pregnancy
check box may have led to some overcounting,9 MMRs in the early 2000s
were higher than previously reported, which suggests that maternal
deaths had been a significant public health problem in the United States
long before the revised measurements revealed it more clearly.8

Rising maternal mortality in the United States can be attributed to
a number of factors. Clinicians have focused on the proximate medical
factors contributing to the problem while mostly neglecting the
social aspects that might also affect a mother’s health before and after
childbirth.2 Health services researchers, however, tend to consider other
outcomes, such as maternal complications, that are far more common
than maternal mortality.10 In general, there seems to be a decrease in
the “classic” causes of maternal mortality, such as hemorrhage, whereas
the number of deaths due to conditions like cardiovascular disease is on
the rise.11 The increasing age of mothers and the higher prevalence of
chronic health conditions such as hypertension, diabetes, and obesity can
also complicate childbirth.12 The influence of these factors among low-
income and rural populations has grown over the last decade, which can
explain some of the increases in racial disparities in maternal mortality.13

Leonard and colleagues14 examined trends in disparities over time and
found that changes in the characteristics of pregnant women such as co-
morbidities did not explain why racial/ethnic differences in severe mater-
nal morbidity persist over time. Beyond the impact of sociodemographic
and obstetric characteristics as well as the comorbidities that are often
associated with race, the strains of dealing with race-based implicit bias,
institutionalized racism, and segregation present yet another level of
risk.15,16

Although about 35% to 60% of all maternal deaths are estimated to
be potentially preventable, this proportion varies by the specific cause
of death and, in some cases, can be higher than 90%.17-19 Public health
programs, with their explicit accommodation of racial, cultural, and
ethnic differences, and a service focus that often extends from clinical to
social needs, have the potential to mitigate some of the risk factors just
discussed. They have been particularly useful in addressing disparities
in infant health outcomes. For example, Moehling and Thomasson20

examined the introduction of the Sheppard-Towner Act of 1921, which
increased spending on public health education programs targeted at
reducing infant and maternal mortality. They found that interventions
such as nurse home visits and the establishment of health clinics were
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particularly effective among nonwhites in reducing state-level infant
mortality rates. Blacks do not appear to have been excluded from
these programs and ended up benefiting more than whites did. This
is because of the disproportional prevalence of the problem among
nonwhites compared with whites, as well as the differences in health
literacy and access to health care services. Similarly, Hoehn-Velasco21

analyzed the provision of sanitation and child-oriented health services
by county health departments from 1908 to 1933 and found little
to no reduction in white infant mortality rates. But for nonwhites in
rural-only counties and in counties with less wealth and access to health
care, there were much greater declines in infant mortality.

Bhatia and colleagues22 reported that public health programs played
a central role in reducing infant mortality in the United States in the
early 20th century and explained that some of these structural interven-
tions were designed in response to a growing awareness of racial/ethnic
disparities in maternal and child mortality. Bekemeier and colleagues23

examined the black-white mortality gap during a more recent time
period, 1993 to 2005. They compiled county-level information for a na-
tional sample from various data sources and identified 10 specific local
health department service domains. After investigating which of these
services were significantly associated with the racial disparity gap in
all-cause mortality rates across the United States, they concluded that
maternal and child health activities were one of the two service domains
significantly associated with drops in the black-white mortality gap
among 15- to 44-year-olds.

Empirical evidence on maternal mortality is much scarcer in the
United States. Olds and colleagues24 conducted a randomized clinical
trial of nurse home visits in a public system of obstetric and pediatric
care in Memphis, Tennessee, between 1990 and 2011. The participants
were recruited primarily among African American women and their
first live-born child living in disadvantaged urban neighborhoods. In
addition to various pregnancy and child health outcomes through the
first two years of life, Olds and colleagues also examined the effects on
maternal mortality. They found statistically significant effects of nurse
home visits on maternal mortality in some treatment groups but not
others. The main reason was that even when individuals are observed
over a two-decade-long period, maternal mortality is so seldom observed
in a randomized-controlled trial that it is difficult to draw meaningful
conclusions.
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As such, macro level studies at the state or county level can be much
more informative. Typically, however, macro data on health outcomes,
along with detailed information about public health activities, such as
that used by Bekemeier and colleagues,23 is difficult to find. Studies
trying to discern the effect of public health spending on particular
health outcomes, including maternal and child health, have difficulty
demonstrating its effectiveness because of the lack of uniform granular
data regarding the specific use of funds. Mays and Smith25 and, more
recently, Bernet and colleagues26 offer detailed discussions of these data
limitations.

For this study, we created a panel data set of pregnancy-related public
health program expenditures for all Florida counties from 2001 through
2014, paired with MMRs as well as demographic and socioeconomic
factors, to examine the effect of public health expenditures on MMRs.
We specifically focused on maternal and infant health-related spending
and its role in mitigating maternal mortality and racial disparities. We
used a uniquely detailed data set from the Florida Department of Health
(FDOH), which allowed us to consistently disaggregate spending by use
for all Florida counties during a 14-year period. Our main contributions
are threefold: (1) we concentrated on targeted spending by identifying
expenditures on programs that could affect maternal health; (2) we
estimated the impact of public health spending on maternal mortality;
and (3) we examined whites and blacks separately, because public health
spending may be particularly important to disadvantaged groups.

Data and Methods

Maternal Mortality Rates

For this study, we concentrated on a single state, Florida, which provides
consistent counts of maternal deaths for the entire period of our analy-
sis through its publicly accessible data portal, FLHealthCHARTS.com.
MacDorman and colleagues8 suggest that MMR data ideally should be
analyzed individually for each state in the United States because states
have changed their measurement of MMRs at different times, making
it difficult for researchers who want to examine national data. Our panel
covers all 67 Florida counties for each year between 2001 and 2014.
Since we utilize publicly available data aggregated at the county level,
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our study was exempt from approval by an institutional review board
for research involving human subjects. Maternal deaths are all female
deaths due to “complications during pregnancy, childbirth, or the period
immediately following childbirth” (International Classification of Dis-
ease ICD-10 codes A34, O00-O95, O98-O99). The period immediately
following childbirth is defined as up to one year postpartum. MMR is
expressed as the count of maternal deaths per 100,000 live births.

The count of maternal deaths we used is somewhat different from
what Florida collects under its Pregnancy-Associated Mortality Re-
view (PAMR) registry. PAMR uses a broad set of criteria to identify
maternal deaths—not only the ICD-10 codes just listed but also a
team review that relies on other information, including the pregnancy
check box indicating that the decedent was pregnant or had a matching
birth (or fetal death) record within the year prior to death. Therefore,
FLHealthCHARTS.com likely underreports pregnancy-related deaths
compared with the PAMR registry figures.

When the US maternal mortality measures were modified in 2003,
following the revision of the death certificates to include a pregnancy
check box, the incident classifications employed in the Pregnancy Mor-
tality Surveillance System were standardized.8 Florida adopted these
standards by 2006, and all deaths between 1998 and 2005 were sub-
sequently recoded in the PAMR registry using this system to al-
low for the proper evaluation of trends over time.27 In contrast, FL-
HealthCHARTS.com data have always reported the number of female
deaths with a specific set of underlying ICD-10 codes and have used the
same counting method since 1999 (the introduction of 10th revision of
ICD), well before the start of our analysis period.

Pregnancy-Related Public Health Spending

Public health spending on pregnancy-related programs is the key
independent variable in our study. FDOH provides data on spending
by county and program, and statewide accounting standards ensure the
comparability of expenditures across all counties and years. We defined
pregnancy-related spending as the sum of expenditures on three specific
services that can directly affect maternal mortality: (1) the Maternal
Health and Improved Pregnancy Outcomes program provides pregnancy
testing, nurse home visits to pregnant women, vitamin supplements,



156 P. Bernet, G. Gumus, and S. Vishwasrao

depression screening, educational material, and other services such as
Spanish and Creole interpretation; (2) the Healthy Start program helps
women, infants, and children up to age three with nutritional advice,
psychosocial counseling, smoking cessation counseling, breast-feeding
training, interconception education, and home visits28; (3) and finally,
Women, Infants, and Children is a federally funded nutrition program
providing healthy foods, nutrition education, counseling, and other
services. These programs provide nurse home visits, nutritional support,
screening, and counseling both pre- and postpartum, all of which are
expected to affect maternal outcomes. These same programs have also
been shown to improve birth outcomes29 and reduce infant mortality.26

While other public health initiatives might improve maternal health,
such as smoking cessation, we deliberately chose these three programs
for two reasons. First, these programs directly targeted improvements
in the health of infants and their mothers. Second, our data source
allowed us to disaggregate expenditures that are spent on these three
sets of services in each county and year.

Control Variables

We also accounted for a set of time-varying county characteristics that
could influence MMRs. We included demographic characteristics: the
percentage of the population that is nonwhite, of Hispanic ethnicity, and
of the child-bearing ages 15 to 44 and ages 65 or older. We also added
the unemployment rate, personal income per capita, percentage of births
covered by Medicaid, and number of physicians and hospital beds per
100,000 people. These control variables were meant to capture demo-
graphic and socioeconomic factors, macroeconomic conditions, as well
as access to health care services. The existing literature on maternal and
child health outcomes informed our selection of control variables.30-32

Since we included county- and year-specific fixed effects in all our mod-
els, as we later explain, variables that do not vary within-county over
time would not be meaningful to include. Some other factors that would
be appropriate to include were, however, unavailable at the county level
for each year and for all 67 counties of Florida. For example, the per-
centage of births covered by private health insurance plans could be
an important determinant of maternal health, but such data were not
available for all Florida counties and the years under study.
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Empirical Methodology

Following the literature,31,32 we first used ordinary least squares (OLS)
with county and year fixed effects to estimate the following equation:

MMRct = β0 + β1Ln
(
PHExpct−1

) + Xct−1β2 + δt + γc + εct (1)

where MMRct is defined as the count of maternal deaths per 100,000
live births in county c and year t. We separately estimated the overall
MMR, the black MMR, and the white MMR, as well as the black-white
MMR gap (defined as black MMR minus white MMR). The regressor
Ln(PHExpct-1), which is the focus of this study, represents the one-year
lagged pregnancy-related real public health expenditures (as defined ear-
lier) per 100,000 live births. We used the first lag to allow sufficient time
to lapse between public spending and possible maternal death during
pregnancy, birth, and postpartum. We also conducted robustness checks
that utilized contemporaneous, second lag, and third lag of expendi-
tures. The estimated coefficient for Ln(PHExpct-1) can be interpreted as
a semi-elasticity, that is, a unit change in MMR that is associated with a
100% change in the public health spending rate. The vector X contains
the first lags of time-varying control variables described earlier. Year
fixed effects (δt) accounted for annual statewide trends in the MMR.
Time-invariant regional differences in MMRs across Florida counties
were accommodated through county-specific fixed effects (γ c), and εct is
the error term.

OLS estimation fails to account for cyclical patterns: Higher public
health expenditures can improve outcomes, but improved outcomes may
lower spending. As a result, we modified the specification as

MMRct = β0 +β1MMRct−1 + β2Ln
(
PHExpct−1

) + Xct−1β3

+ δt + γc + εct. (2)

We included MMRct-1 to capture each county’s previous outcomes. In-
troducing the lagged dependent variable leads to autocorrelation and
inconsistent OLS estimates. In particular, if counties responded to wors-
ening maternal and child health outcomes by increasing their pregnancy-
related spending, then the beneficial effect of public health efforts would
be underestimated in a classic OLS model. In addition, public health
spending may not be strictly exogenous. Concerns about both endo-
geneity and serial correlation can be addressed by using generalized
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method of moments (GMM) models.33 GMM allows us to specify pub-
lic health expenditures and maternal mortality as endogenous and uses
lagged differences and levels of the endogenous variables as instruments.
Specifically, we estimated system GMM models using the first and the
second lags of the two endogenous variables along with the year dummies
as instruments.

Several identification assumptions underlie the GMM model. A crit-
ical assumption is that the utilized instruments are valid, that is, ex-
ogenously determined. Roodman34 described a Sargan/Hansen test of
the overidentifying restrictions, which we implemented and reported in
our tables. In an effort to avoid a “weak” set of instruments, one may
be tempted to utilize a large number of lags as instruments. Including
an excessive number of instruments in models with short time periods,
however, can lead to a common pitfall with “implausibly good p-values”
close to 1.000.34 Hence, the choice of lags for instruments needs to
be validated by the Hansen’s J-test for overidentifying restrictions. In
addition to performing this test, we also experimented with various lags
as instruments in a robustness check. Another set of diagnostic statis-
tics we used, AR1 and AR2 tests, gauges the appropriateness of GMM
models, as opposed to using OLS. AR1 (AR2) tests the null hypothesis
of serial correlation of order one (two) in the residuals. If rejected, this
test would indicate that serial correlation is a valid concern and that the
OLS results are not consistent.

We reported these diagnostic test statistics for all the GMM models
in our tables. Finally, in the GMM models, the standard error esti-
mates are not necessarily robust to heteroskedasticity or serial correla-
tion in the error terms.34 To address this, we computed and reported
Windmeijer-corrected cluster–robust standard errors that allow for the
nonindependence of observations within each county. Further details on
GMM, including other underlying assumptions of the two-step system
estimations, as well as the methodological advantages of GMM over OLS
models, have been described elsewhere.26,34,35

Results

Figure 1 shows that the black MMR is higher than the white MMR
in Florida and that both increased considerably over this period. While
targeted public health expenditures increased somewhat after the Great
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Figure 1. Maternal Mortality Rates and Pregnancy-Related Public
Health Spending (PPHS), Florida, 2001-2014

Authors calculations using FDOH data; public health spending is in
constant 2014 million dollars.

Recession of 2007, there was a steady decline from 2011 to 2014.
Table 1 provides descriptive statistics for all the variables, along with
our data sources. From 2001 to 2014, the average MMR in Florida
was 19.429 per 100,000 live births, with the MMR almost three-times
higher among black mothers than among white mothers (40.697 and
15.736, respectively). Spending on pregnancy-related public health
programs, described later, averaged $2.755 million per county per year
(all amounts throughout this study are stated in constant 2014 dollars),
or $105 million per 100,000 live births.

In Table 2, we present estimation results for both the OLS and GMM
models, in which the dependent variable is the overall MMR in column
1. We then consider the white MMR, black MMR, and the black-white
MMR gap in Columns 2, 3, and 4, respectively. We report the estimated
coefficients and corresponding robust standard errors (in parentheses)



160 P. Bernet, G. Gumus, and S. Vishwasrao

Table 1. Descriptive Statistics for All Florida Counties, 2001-2014
(N = 938 County-Year Observations)

Variable Mean
Standard
Deviation

Outcome measuresa

Maternal mortality rate (per 100,000
live births)

19.429 61.121

Whites 15.736 70.310
Blacks 40.697 215.901

Pregnancy-related public health
spendingb

Pregnancy-related public health
spendingb

2,754,846 3,994,893

Pregnancy-related public health
spending per 100,000 live
birthsa,b

105,000,000 57,100,000

Control variables
Percentage of nonwhitesc 18.19 9.69
Percentage of Hispanic ethnicityc 11.49 11.56
Percentage of age 15-44a 38.28 6.36
Percentage of age 65+a 18.03 6.71
Unemployment rated 6.60 2.71
Personal income per capitae 36,008 11,795
Percentage of births covered by

Medicaida
42.89 24.99

Physicians per 100,000 peoplef 141 108
Hospital beds per 100,000 peopleg 232 136
Total live birthsa 3,275 5,643

Whites 2,376 3,863
Blacks 730 1,599

aData from FloridaCHARTS.com Query System. FloridaCHARTS.com is provided by
the Florida Department of Health, Division of Public Health Statistics & Performance
Management.
bSpending includes expenditures on the Maternal Health and Improved Pregnancy Out-
comes, Healthy Start (Prenatal, Infants, and Interconception Woman), and the Women,
Infants, and Children programs. Expressed in constant 2014 $. Data from the Florida
Department of Health.
cData from the US Census Bureau.
dData from the US Department of Labor, Bureau of Labor Statistics.
eData from the US Department of Commerce, Bureau of Economic Analysis. Expressed in
constant 2014 $.
fData from the Florida Department of Health, Division of Medical Quality Assurance.
gData from the Florida Agency for Health Care Administration (AHCA).
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Table 2. Estimation Results for Maternal Mortality Rates

Overall Whites Blacks
Blacks-
Whites

(1) (2) (3) (4)

Model A: Fixed-effects OLS regression (N = 871)

Ln(Pregnancy-related
public health spending
per 100,000 live
births)t-1

–6.688* 1.805 −57.118*** –58.923***
(3.713) (3.29) (19.390) (20.342)

Model B: Two-step system GMM estimation (N = 871)

Ln(Pregnancy-related
public health spending
per 100,000 live
births)t-1

–7.645* –1.121 –55.046** –53.656***
(3.946) (4.43) (26.108) (20.600)

AR1 test: p-value 0.005 0.054 0.013 0.006
AR2 test: p-value 0.219 0.909 0.281 0.419
Hansen test: p-value 0.948 0.996 0.941 0.982

Model C: Two-step system GMM weighted estimation (N = 871)

Ln(Pregnancy-related
public health spending
per 100,000 live
births)t-1

–10.433* –3.419 –40.021** –53.133***
(6.272) (8.189) (19.665) (15.596)

AR1 test: p-value 0.013 0.076 0.025 0.009
AR2 test: p-value 0.279 0.712 0.094 0.380
Hansen test: p-value 0.966 0.982 0.934 0.894

Model D: Two-step system GMM estimation using the second lag of spending
(N = 804)

Ln(Pregnancy-related
public health spending
per 100,000 live
births)t-2

–10.553* –3.221 –69.792*** –67.748**
(6.190) (4.70) (26.029) (27.683)

AR1 test: p-value 0.006 0.055 0.011 0.006

Continued
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Table 2. Continued

Overall Whites Blacks
Blacks-
Whites

(1) (2) (3) (4)

AR2 test: p-value 0.405 0.560 0.132 0.179
Hansen test: p-value 0.910 0.879 0.641 0.803

The dependent variable is the maternal mortality rate per 100,000 live births. All models
include year and county fixed-effects, a constant term, and the control variables listed in
Table 1. Models B, C, and D also include lagged dependent variable as a regressor. Robust
(and Windmeijer-corrected in Models B, C, and D) standard errors are in parentheses.
*, **, ***; Significance at the 10%, 5%, and 1% level, respectively.

for all models. Model A, the OLS model with county and year fixed
effects, yielded a barely statistically significant negative coefficient for
health expenditures on the overall MMR, a positive but statistically
insignificant effect for the white MMR, and a rather large and highly
statistically significant negative coefficient for the black MMR.

In Model B of Table 2, the GMM estimates suggest that a 100%
increase in targeted public health expenditures has a weakly statistically
significant effect of 7.645 decline in the overall MMR. If we consider a
more reasonable 10% increase in targeted public health expenditures, it
would lead to a 0.765 decline in the MMR, an improvement of 3.9%.
Even this relatively small effect is larger than the 2.07% decrease in the
infant mortality rate in response to a 10% increase in targeted spending
reported by Bernet and colleagues.26 Although the estimate for white
mothers in Model B turns negative, it still is not statistically significant.
Among black mothers, each 10% increase in pregnancy-related public
health spending (per 100,000 live births) led to a statistically significant
5.505 decline in the MMR, holding everything else constant. Based
on the mean black MMR reported in Table 1, this translates into an
improvement of 13.5%. Most strikingly, a 10% increase in targeted
spending led to a 5.366 reduction in the black-white MMR difference,
which is a decline of 20.0%, considering that the average gap in our
sample is 26.8.

Under each column in Model B of Table 2, we provide p-values for
AR1, AR2, and Sargan/Hansen tests that validate the choice of GMM
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and the instruments used. Specifically, the Sargan/Hansen test statistics
for overidentifying restrictions never reject the null hypothesis that the
instruments are jointly valid. While the null hypothesis of no serial corre-
lation of order one in the residuals (AR1 test) is rejected, the null hypoth-
esis of no serial correlation of order two in the residuals (AR2 test) is never
rejected. This suggests that serial correlation in this context is a valid con-
cern, and thus the OLS results are not consistent. Nevertheless, the OLS
and GMM estimates in the two top panels of Table 2 are rather similar.

In Model C, we present GMM regressions weighted by the number of
live births in each county. Weighted regressions are more efficient only
if the form of heteroskedasticity is chosen correctly. Bearing this caveat
in mind, a comparison of estimates in Models A and B with those in C
reveals that the OLS estimate for overall MMR may be biased downward
and that the OLS estimate for the black MMR may be biased upward.
Our overall conclusions, however, remain the same. In Model D, we
re-estimated all our models using the second lag of expenditures instead
of the first one. This exercise yielded estimates larger than those of
Model B and showed larger differences than those of the OLS estimates,
suggesting that public health expenditures from two years prior exert
a larger influence on maternal mortality. This may be true if earlier
interventions are likely to matter more.

In the following, we concentrate on Model B results mainly because
they are more conservative estimates compared with those in Model D.
We also tried replacing the first lag of the expenditures with contem-
poraneous expenditures and then with the third lag of expenditures.
As expected, contemporaneous spending yielded similar but relatively
smaller estimates than those in Model B, and the third lag of expendi-
tures did not have any statistically significant effect on MMRs.

Finally, in Table 3, we present additional evidence that the observed
effects are not spurious. Panel I in this table repeats the baseline results
from Table 2 (Model B) for comparison purposes. In Panel II, we display
the estimated effect of total public health expenditures on MMRs. We
found that overall public health spending does not yield any statisti-
cally significant effects on MMRs, which is consistent with the existing
findings.26 This is not surprising, as aggregate public health expendi-
tures fail to distinguish between spending items specifically devoted to
maternal health versus other outcomes. Next, as falsification tests, we
replaced pregnancy-related spending with other relatively large public
health expenditures, first those on immunization (Panel III) and then on
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Table 3. Falsification Tests Using Two-Step System GMM Estimation
(N = 871)

Overall Whites Blacks
Blacks-
Whites

(1) (2) (3) (4)

Panel I: Baseline results from Table 2, Model B using pregnancy-related public
health spending

Ln(Pregnancy-related
public health spending
per 100,000 live
births)t–1

–7.645* –1.121 –55.046** –53.656***
(3.946) (4.437) (26.108) (20.600)

AR1 test: p-value 0.005 0.054 0.013 0.006
AR2 test: p-value 0.219 0.909 0.281 0.419
Hansen test: p-value 0.948 0.996 0.941 0.982

Panel II: Using total public health spending

Ln(Total public health
spending per 100,000
live births)t-1

–3.146 –12.197 31.067 82.759
(20.727) (14.691) (68.750) (88.480)

AR1 test: p-value 0.005 0.051 0.009 0.005
AR2 test: p-value 0.138 0.416 0.168 0.254
Hansen test: p-value 0.999 0.999 0.667 0.965

Panel III: Using immunization-related public health spending

Ln(Immunization-
related public health
spending per 100,000
live births)t-1

–15.848 –14.972 –7.406 16.221
(12.638) (12.283) (67.832) (62.563)

AR1 test: p-value 0.006 0.054 0.009 0.004
AR2 test: p-value 0.398 0.261 0.168 0.237
Hansen test: p-value 0.990 0.982 0.888 0.932

Panel IV: Using tobacco-related public health spending

Ln(Tobacco-related
public health spending
per 100,000 live
births)t-1

–0.716 –0.963 –2.613 –1.270
(1.013) (1.645) (2.369) (2.761)

AR1 test: p-value 0.007 0.056 0.009 0.004

Continued
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Table 3. Continued

Overall Whites Blacks
Blacks-
Whites

(1) (2) (3) (4)

AR2 test: p-value 0.615 0.807 0.131 0.228
Hansen test: p-value 0.706 0.731 0.929 0.994

The dependent variable is the maternal mortality rate per 100,000 live births. All models
include year and county fixed-effects, a constant term, and the control variables listed
in Table 1. All models include lagged dependent variable as a regressor. Robust and
Windmeijer-corrected standard errors are in parentheses.
*, **, ***; Significance at the 10%, 5%, and 1% level, respectively.

tobacco control programs (Panel IV). As expected, neither of these two
expenditures yielded any statistically significant effects on MMRs.

In addition to these results, we conducted other robustness checks, in
which we estimated the GMM models using only one lag and then the
first three lags of the endogenous variables (along with year dummies)
as instruments. These exercises support our preference for Model B
presented in Table 2 based on specification test results. All those results
not reported here are available from the authors upon request.

Conclusions

Maternal mortality has been the focus of increased attention in the past
decade partly because of the poor performance of the United States
relative to that of other developed nations and partly because of dispar-
ities that place black mothers at three to four times the risk of white
mothers.11 A recent CDC report determined that about three in five
pregnancy-related deaths in the United States could be preventable.19

Yet very few studies have looked at how specific public health efforts
could reduce MMRs, typically because of the lack of granular data that
allow researchers to identify service-specific public health expenditures.
As we demonstrated in this study, total public health expenditures do
not always improve specific health outcomes such as maternal deaths. In
that sense, one of the main contributions of this study is the longitudinal
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analysis of how a targeted public health package of pregnancy-related
programs can influence MMRs. If increases in maternal mortality in the
United States can be attributed to an increase in chronic conditions like
hypertension and diabetes, or societal factors such as bias or racism, all
of which increase the risks associated with childbirth, effective solutions
may not lie in improving hospital care alone but rather in improv-
ing access to early and regular interventions through publicly funded
programs.

Our results show that spending on pregnancy-related public health
programs leads to statistically significant reductions in black maternal
mortality and the black-white maternal mortality gap in Florida. Specif-
ically, a 10% increase in program spending led to a 13.5% decline in
the MMR among black mothers and a 20.0% reduction in black-white
disparities. This is after accounting for a variety of potential confounders
such as income, unemployment, and access to care that are typically as-
sociated with race. These results are consistent with earlier reports of a
higher proportion of preventable maternal deaths among black women
compared with white women.17 They also are consistent with the exist-
ing literature, which finds beneficial effects of public health efforts on
racial disparities.20,21,23,26

This study has several limitations. First, we focused on a single state.
Although we considered well-established public health services, repli-
cating our analysis for another state may prove somewhat difficult, since
the specific mix of public health programs may include different ser-
vice combinations. The reason is that each state tailors its public health
programs according to its particular needs. Nonetheless, Florida is de-
mographically diverse and the third most populous state in the United
States, which does enhance the generalizability of our findings. Second,
we examined only one outcome, maternal mortality, which is a rela-
tively rare event. Investigations of other maternal health outcomes, such
as severe maternal morbidity along with MMRs, would have allowed
us to gain a more complete perspective. Third, while we control for
some structural factors such as poverty and access to health care, we do
not explicitly account for negative experiences of bias that potentially
contribute to existing health disparities. Our results suggest that public
health programs can overcome some racial inequities but the mecha-
nisms through which this occurs are beyond the scope of our analysis.
Future studies need to further examine how directing public health re-
sources to nonwhite communities can address such inequities. Finally,
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our observations were at the county and year levels, which may miss
variations at finer geographical levels and time intervals. This really is a
current data limitation, but surveillance is one of the core public health
functions, and observations at finer levels in the future could provide
further insights.

Other states, including Ohio, Massachusetts,36 and Illinois,37 have
been exploring their maternal mortality surveillance system data in an
effort to inform public health practice. Recently, Main and colleagues38

analyzed another very large state with a diverse population, California,
and the efforts of the California Department of Public Health to in-
vestigate and reduce maternal deaths. They explained that California’s
Maternal Quality Care Collaborative, a statewide public-private part-
nership established in 2006, helped the state achieve a “large-scale and
sustained improvement in maternity outcomes.” Even though the na-
tional MMR rose in the 2010s, California managed to reduce its rate
nearly in half, bringing it down to a level comparable to the rates in
Western European countries. Main and colleagues38 identified the key
steps in this process and credited various maternal health improvement
activities that could provide a road map for other public health depart-
ments across the country.

Our findings here certainly echo the California experience, with one
major difference. Main and colleagues showed that while MMRs fell
drastically for both black and white mothers in California between
1999 and 2013, the black-white maternal mortality gap remained the
same. The FDOH has declared that one of the state’s priorities is to
“improve access to health care for women to improve preconception and
interconception health, specifically women who face significant barriers
to better health.”39 Our findings suggest that Florida’s public health
programs may be on target if we specifically consider maternal mortality
and the racial disparities therein.
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