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RESEARCH AND PRACTICE

Building the Evidence for Decision-Making: The
Relationship Between Local Public Health Capacity and

Community Mortality

| Anna P. Schenck, PhD, MSPH, Anne Marie Meyer, PhD, Tzy-Mey Kuo, PhD, and Dorothy Cilenti, DrPH, MSW

The length and severity of the recent economic
recession created challenging conditions for
local health departments (LHDs). Faced with
reduced financial resources, many LHDs elim-
inated staff and cut or reduced services. Nearly
half (48%) of LHDs reduced or eliminated
services in 2008 By 2012, the combined
workforce loss in the United States since the
start of the recession in 2008 was estimated at
almost 44 000.> The common mantra of local
health directors in the past has been that they
are often asked to do more with less. Now, they
have found themselves trying to determine
how to do less with less—a task made more
complicated by a limited evidence base to
inform decision-making. In a national survey
of local health officials, the effectiveness of
a service was the factor listed by most as being
influential in their decisions about resource
allocation.® Yet, evidence of the impact of
public health services is not clear. Similarly,
data on capacity measures such as spending,
staffing, or services are sparse, and systematic
evaluation is challenging.* This challenge is
especially true at the local level at which many
funding and programmatic decisions are made.
The national public health systems and
services research agenda has identified the
need for evidence demonstrating which in-
vestments and strategies have the largest effect
on community health outcomes.® The Con-
sensus Statement on Quality in Public Health
has stated that public health practices should
be efficient, which includes understanding the
costs and outcomes associated with programs.®
The field of public health systems and services
research has also recognized that investments
in data and methods are needed.” Our study
was conducted in this context. We examined
the association between investments in local
public health and community health outcomes
in North Carolina, with the aim of contributing
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Objectives. We examined associations between local health department (LHD)
spending, staffing, and services and community health outcomes in North
Carolina.

Methods. We analyzed LHD investments and community mortality in North
Carolina from 2005 through 2010. We obtained LHD spending, staffing, and
services data from the National Association of City and County Health Officials
2005 and 2008 profile surveys. Five mortality rates were constructed using
Centers for Disease Control and Prevention mortality files, North Carolina vital
statistics data, and census data for LHD service jurisdictions: heart disease,
cancer, diabetes, pneumonia and influenza, and infant mortality.

Results. Spending, staffing, and services varied widely by location and over
time in the 85 North Carolina LHDs. A 1% increase in full-time-equivalent
staffing (per 1000 population) was associated with decrease of 0.01 infant
deaths per 1000 live births (P<.05). Provision of women and children’s services
was associated with a reduction of 1 to 2 infant deaths per 1000 live births
(P<.05).

Conclusions. Our findings, in the context of other studies, provide support for
investment in local public health services to improve community health. (Am J
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to the evidence base linking public health
services with community outcomes.

Our work builds on previous studies of the
associations between community outcomes
and public health capacity (usually measured in
terms of spending, staffing, and services) and
processes (usually measured through perfor-
mance of essential services or community out-
comes). Our analytic approach was guided by
the conceptual model proposed by Meyer
et al.* This framework illustrates that public
health outcomes are influenced by perfor-
mance and services provided by public health
systems, which are in turn influenced by the
organizational capacity of the public health
systems. Using this model, funding is catego-
rized as an economic resource and staffing as
a human resource, which are 2 of the types
of organizational resources that influence the
capacity of LHDs to perform services. This
model depicts a temporal pathway from ca-
pacity to services to outcome, but it does not

Public Health. 2015;105:S211-S216. doi:10.2105/AJPH.2014.302500)

identify specific measures of the model
components or the interrelationships between
indicators of capacity (such as funding and
staffing).

Literature in the field of public health sys-
tems and services research has consistently
measured the association between community
outcomes with either capacity measures or
processes measures, but seldom with both.
Mays and Smith® examined associations be-
tween levels of local public health spending and
preventable mortality over a 13-year period.
Spending was significantly associated with
reductions in 4 outcomes—infant mortality
and deaths from cancer, heart disease, and
diabetes—but not in influenza deaths or all-
cause mortality. Erwin et al.” examined changes
in local resources and staffing, aggregated to the
state level, from 1995 through 2005, as pre-
dictors of community health outcomes. They
found reductions in infectious disease morbidity
associated with higher local health spending
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and reductions in cardiovascular mortality
associated with greater full-time-equivalent
(FTE) staffing. They found no associations
between spending or FTEs for the outcomes of
smoking, obesity, cancer deaths, infant mortal-
ity, and years of potential life lost. In a similar
study over a longer time, researchers reported
associations between LHD expenditures and
infant mortality and years of potential life
lost.'”

A 2008 literature review identified 23
peer-reviewed articles on LHD performance.
LHD characteristics associated with higher
performance included greater funding, more
staffing, and a larger population served. Two
landmark studies have examined public health
system performance using indicators based on
performance of the 10 essential services!*"
These studies observed associations between
higher public health system performance and
higher levels of funding. However, a later study
showed significant associations between higher
performance and other metrics, including
larger size of the population served, presence of
boards of health, and educational background
of the top officer in the LHD.!* Direct federal
per capita spending was significantly associated
with only 1 of 10 essential services. Staffing was
not associated with performance. In a recent
study looking at the association between
outcomes and spending, Bekemeier et al.'®
observed an association between LHD invest-
ments in maternal and child health services and
reduced rates of low birth weight babies.

A few North Carolina—specific studies have
examined the capacity indicators as predictors
of LHD performance. Hajat et al.'® measured
performance of 9 service categories. They
observed workforce characteristics, such as
staff education, certification, and experience,
were important predictors for most services.
Staffing, measured as FTEs, and spending were
significantly associated with only 1 service area
each. Porterfield et al'” examined LHD di-
abetes prevention and control activities and
characteristics associated with performance.
Health department FTEs, expenditures and
accreditation status, and diabetes-specific
external funding were significantly associated
with diabetes prevention and control perfor-
mance.

Although previous studies®™'*'® have
shown some support for the hypothesis that
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investments in public health improve LHD
performance and community health, results
have been inconsistent. This may be, in part,
a result of conceptual and methodological
differences in the studies. The use of different
measures for capacity, services, and outcomes;
differential emphasis on specific parts of the
temporal pathway; and modeling strategies
likely contribute to the lack of consistency in
study findings related to public health invest-
ments and outcomes. In an effort to enhance
understanding of the relationships among ca-
pacity, services, and outcomes, we incorporated
multiple constructs to explore the potential
pathways by which capacity and services may
influence outcomes.

METHODS

Our retrospective study examined the asso-
ciation of North Carolina LHD investments
with community outcomes over the time period
from 2005 to 2010. Specifically, we were
interested in the effects of changes in spending
related to the economic recession; thus, we
grouped data into time periods before and after
the 2008 economic recession.

We obtained LHD spending, staffing, and
services data from the National Association of
City and County Health Officials’ 2005 and
2008 National Profile of Local Health Depart-
ments survey data.'® Spending was analyzed
using a per capita expenditure measure con-
structed from the total reported LHD expen-
ditures and county or service region popula-
tion. We created a similar measure for staffing
by using the reported number of FTEs per
1000 jurisdictional population. Services pro-
vided by LHDs were collapsed into 6 cate-
gories used in previous published research:
clinical preventive services, medical treatment,
specialty care services, population-based ser-
vices, regulatory and licensing services, and
environmental services.'® We assessed the
proportion of individual services in each of the
6 categories that were provided or contracted
for by the LHD. In addition, we examined
selected individual services with selected out-
comes to further understand potential mecha-
nisms for observed relationships.

We obtained mortality data from Centers
for Disease Control and Prevention com-
pressed mortality files.° Four cause-specific

and age-adjusted mortality rates (per 100 000
population) were created: heart disease, di-
abetes, cancer, and pneumonia and influenza.
In addition, we also examined infant mortality,
using de-identified North Carolina vital statis-
tics data available from the Odum Institute at
the University of North Carolina.?! We calcu-
lated the infant mortality rate as the number
of deaths for children younger than age 1 per
1000 live births. All rates were calculated
separately for 2 time periods: 2005 to 2007
and 2008 to 2010.

We included community characteristics as
control variables in regression models for
explaining variations in community health
outcome. These variables were identified from
previous literature® and were checked against
our conceptual framework. Specifically, we in-
cluded the following county-level variables
from the Area Resource File: demographic
composition in the LHD jurisdictional areas
(percentage of females, percentage of the
population aged 65 years and older, percent-
age of non-White people, percentage of non-
English speakers), socioeconomic characteris-
tics (unemployment rate, percentage of college
graduates, percentage of uninsured people,
and percentage of people in poverty), health
care resources (number of physicians per 100 000
population, public health clinics per 10 000 pop-
ulation, and hospital beds per 100 000 popula-
tion), total population, and urban-rural area
indicator. We used the same control variable for
all models except infant mortality outcome. In
the regression models concerning infant mor-
tality, we replaced the percentage of people aged
65 years and older with total births. We did not
include presence of a board of health, found to
be important in previous studies,”>** because all
North Carolina LHDs had boards of health
during the study period.

We defined all the outcome measures and
control variables at the LHD level. Among
the 85 LHDs that represent 100 counties in
North Carolina, 6 (Albemarle, Appalachian,
Granville/Vance, Martin/Tyrell/Washington,
Rutherford/Polk/McDowell, and Toe River)
have jurisdictional area across multiple counties.
To obtain LHD-level measures for these
multiple-county LHDs, we first identified the
counties in each jurisdiction area and computed
the measures using data from all the counties
combined for each LHD. For example, we selected
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mortality data from the 3 counties in the Appa-
lachian LHD and obtained the total age-adjusted
rate from the 3 counties. Similarly, to compute the
percentage of females in the Appalachian LHD,
we summed the number of females and divided
by the total population of all 3 counties.

We conducted analyses to answer 3 re-
search questions: (1) whether decreased local
public health spending was associated with
worse mortality, (2) whether decreased LHD
staffing was associated with worse mortality,
and (3) whether decreased services were asso-
ciated with worse mortality. Each LHD had
data from 2 time points. Within such tempo-
rally structured data, the measures for the same
LHD at both time points were expected to be
more similar than the measures across different
LHDs. We used multilevel models to account
for this correlated data structure, such that the
data were modeled in 2 levels to incorporate
each distinct time point.22 In addition, we used
random intercepts for LHDs in the analyses to
allow the mean effect of each LHD to vary
instead of forcing them to have the same single
intercept as in traditional regression models.
This 2-level random-intercept model decom-
poses the variations into 2 levels, with level
2 variation across LHDs and level 1 variation
between time points within an LHD. This
approach also made it possible to estimate the
effects at different levels. We used directed
acyclic graphs®? to identify the model con-
struction and confounding variables for each
model on the basis of our conceptual model
and available variables. These graphs are use-
ful in describing the relationship among the 3
key independent variables and mortality out-
come. Guided by the directed acyclic graphs,
we identified different sets of confounding
variables for each model depending on the
research question and exposure of interest. For
the first research question, we controlled for
community factors; for the second research
question, we controlled for spending and
community factors; and for the third research
question, we controlled for spending, staffing,
and community factors. In addition to these
3 sets of models, we also ran models to test
whether the spending was associated with
staffing and services while controlling for
community factors. We conducted all statistical
analyses in SAS software (version 9.3; SAS
Institute, Inc.; Cary, NC).
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RESULTS

We observed differences in LHD spending,
staffing and services, from community to com-
munity and over time. We also identified
associations between staffing and services for
one of the mortality outcomes examined. Fur-
ther details of these findings are described
below.

Variation in Spending, Staffing, and
Services Between 2005 and 2008

Of 85 LHDs, 82 responded to the National
Association of City and County Health Officials
profile survey in 2005 and 83 responded in
2008 (Table 1). Spending in North Carolina
LHDs increased between 2005 and 2008,
from $74 per capita to $87 per capita (range =
$21.20-$74.50). Although spending in-
creased on average, overall level of staffing in
LHDs decreased from an average of 110 FTEs
in 2005 to 107 FTEs in 2008. The aggregate
figures mask local experience of the economic

2005 and 2008

TABLE 1—Characteristics of Local Health Departments and Populations: North Carolina,

recession; 10 LHDs experienced a decrease in
the amount of spending from 2005 to 2008
and 37 LHDs experienced a decrease in staff-
ing from 2005 to 2008."°

The extent of service provision by North
Carolina LHDs varied depending on category
of service. Clinical preventive services were the
most extensively provided category of services,
with LHDs providing or contracting for nearly
all (90%) of the potential services in this
category. Specialty care services were the least
likely to be offered, with LHDs providing on
average only 30% of the potential services in
this category. The overall level of services
provided by LHDs changed very little from
2005 to 2008. For individual service items, we
found little change over time in most services
except obstetric care: 18 LHDs stopped pro-
viding the service and 9 LHDs started pro-
viding the service in 2008."°

Overall, the average age-adjusted mortality
rates for heart disease, cancer, diabetes, pneu-
monia and influenza, and infant mortality fell in

Characteristic

2005 (n=82), Mean (SD)

2008 (n = 83), Mean (SD)

Total per capita spending, $
Total FTE
Services performed,” %
Clinical preventive services
Medical treatment services
Specialty care services
Population-based activities
Regulatory and licensing activities
Environmental health activities
Maternal and child health services
Mortality rate”
Heart
Diabetes
Cancer
Influenza or pneumonia
Infant

74.5 (36.7) 87.6 (37.5)
109.7 (99.0) 106.7 (96.7)
90.2 (15.6) 915 (11.9)
60.7 (15.9) 59.5 (16.3)
30.1 (25.5) 27.3 (23.9)
58.4 (21.3) 62.1 (21.0)
61.0 (18.9) 61.8 (15.0)
30.5 (19.0) 31.2 (19.7)
84.6 (20.2) 86.2 (12.9)
214 (35) 195 (33)
27 (10) 24 (9)
195 (33) 183 (17)
22 (9) 20 (7)
9@3) 8(3)

Note. FTE = full-time equivalent.

Institute at the University of North Carolina.”

2005) and 2008-2010 (for 2008).

Source. National Association of City and County Health Officials,]9 Centers for Disease Control and Prevention,20 and Odum

?Percentage of services performed or contracted for by local health department.
°All mortality rates except infant mortality rate were age adjusted by 2000 Census population and measured per 100 000
population. Infant mortality rate was measured at per 1000 live births. Mortality rates were calculated from 2005-2007 (for
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TABLE 2—Coefficient Estimate of Per-
Capita Spending (Logged) on Full-
Time-Equivalent Staff and Services:
National Association of City and
County Health Officials Profile
Surveys, North Carolina, 2005 and
2008

Staffing and Services Coefficient P
FTE staff 0.384 <001
Services
Clinical preventive services -2.612 42
Medical treatment services 14.070 <.001
Specialty care services 12.003 .049
Population-based activities 6.853 .19
Regulatory and licensing -4.991 .203
activities
Environmental health -9.207 .072

activities

Note. FTE =full-time equivalent per 1000 population.
We obtained the coefficient estimate from each
model, in which we controlled for year, public clinics
per 10 000 population, percentage female, unem-
ployment rate, percentage non-White, percentage of
population aged 65 years or older, total population,
percentage of college graduates, percentage of non-
English speakers, physicians per 100 000 population,
hospital beds per 100 000 population, percentage of
population living in poverty, percentage uninsured,
and urban indicator.

the jurisdictions between 2005 and 2008
(Table 1). We observed this reduction in more
than two thirds of the LHDs. The burden of
mortality, however, varied by location, with
higher infant mortality observed in eastern
areas of North Carolina.?!

Association of Outcomes With Spending,
Staffing, and Services

We used directed acyclic graphs to guide our
multivariate modeling strategy and appropri-
ately control for community factors as well as
required model constructs (i.e., specific capacity
or process measures). After specifying the
model, we found that increases in spending
were associated with statistically significant
increases in FTE: on average, a 1% increase in
per capita spending was associated with a 0.4%
increase in FTE per 1000 population (Table 2).
Increases in capacity as measured by spending
were also associated with increased provision
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of 2 categories of services: medical treatment
services and specialty care services. A 1%
increase in per capita spending was associated
with a more than 100% increase in these
services.

We did not find associations between changes
in spending and mortality (Table 3) after control-
ling for community factors. Changes in FTEs,
however, were significantly associated with infant
mortality—an increase in LHD staffing was signif-
icantly associated with lower infant mortality
(P<.05; Table 3), controlling for community
factors and spending. More specifically, a 1%
increase in FTE per 1000 population was associ-
ated with a reduction of 0.01 infant deaths per
1000 live births, after controlling for community
factors and spending. A greater level of medical
care treatment provided by LHDs was associated
with reduced infant mortality (P<.05) when
community factors, LHD spending, and staffing
were held constant. We observed no other asso-
ciations between staffing, services, and mortality.

Further analyses examining the effect of
changes in the provision of specific types of
services expected to affect infant mortality revealed
2 significant associations between an increase in
the provision of services and a reduction in infant
mortality (Table 4) after controlling for community
factors and LHD spending and staffing. Provision
of women and children’s services was associated
with a decrease in infant mortality rates (P<.05).
Specifically, provision of prenatal care and

TABLE 3—Coefficient Estimate of Local Health Department Spending, Staffing, and
Medical Treatment Services on Mortality: North Carolina, 2005 and 2008

obstetrical services was associated with 1 to 2
fewer infant deaths per 1000 live births.

DISCUSSION

We observed reductions in infant mortality
associated with increased staffing and provi-
sion of prenatal and obstetric care in North
Carolina LHDs. Our findings are consistent
with the implications of previous studies,
though we found some differences.'°

In our study, we did not see previously
observed associations between increased LHD
spending and improved outcomes for 3 causes
of mortality (heart disease, diabetes, cancer).31°
There are several potential explanations for the
differences between our findings and those
of previous researchers. First, our study cov-
ered a much smaller population and a shorter
time period than previous studies. Second,
spending per se is not expected to have a direct
causal effect on health outcomes. Rather, other
aspects of capacity, such as staffing and pro-
grams enabled through LHD spending, are
expected to improve outcomes. Our results did
confirm associations between increases in the
intermediary variables of staffing and services
on improved infant mortality. Infant mortality
is substantively different from chronic mortal-
ity outcomes. Heart disease, diabetes, and
cancer are diseases with long latency periods.
Any changes in spending would not be

Cause of Spending Effect on Staffing Effect Medical Treatment Services
Mortality Mortality on Mortality Effect on Mortality
Heart 2.904 0.514 0.114
Diabetes -2.571 2.558 -0.023
Cancer -3.654 5.665 0.012
Influenza or pneumonia 3.888 2.100 0.045
Infant mortality® 1.066 -1.369* -0.035*

Institute at the University of North Carolina.?

*P <.05.

Note. We obtained the coefficient estimate from each model, in which we controlled for year, public clinics per 10 000
population, percentage female, unemployment rate, percentage non-White, percentage of population aged 65 years or older,
total population, percentage of college graduates, percentage of non-English speakers, physicians per 100 000 population,
hospital beds per 100 000 population, percentage of population living in poverty, percentage uninsured, and urban indicator.
Mortality rates were calculated from 2005-2007 (for 2005) and 2008-2010 (for 2008).

Source. National Association of City and County Health Officials,]9 Centers for Disease Control and Prevention,zo and Odum

*We obtained the coefficient estimate in the infant mortality model using the same control variables as for the other models,
except that we removed the percentage of the population aged 65 years and older and added logged births.
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TABLE 4—Effect of Local Health
Department Services on Infant
Mortality: North Carolina, 2005 and
2008

Service Coefficient P
Clinical preventive -0.006 173
Family planning -3.272 102
EPSDT -0.160 .785
Medical treatment -0.035 .037
Prenatal care -1.918 .009

Obstetrical care -1.227 .01

Note. EPSDT = Early and Periodic Screening, Diagno-
sis, and Treatment, a program for Medicaid-eligible
children. We obtained the coefficient estimate from
each model, in which we controlled for year, public
clinics per 10 000 population, percentage female,
unemployment rate, percentage non-White, logged
births, total population, percentage of college grad-
uates, percentage of non-English speakers, physicians
per 100 000 population, hospital beds per 100 000
population, percentage of population living in poverty,
percentage uninsured, and urban indicator. Mortality
rates were calculated from 2005-2007 (for 2005)
and 2008-2010 (for 2008).

Source. National Association of City and County
Health Officials,19 Centers for Disease Control and
Prevention,2® and Odum Institute at the University of
North Carolina.”

expected to influence mortality in the short
term for these outcomes. In contrast, infant
mortality is influenced by factors occurring
over a relatively short time. Therefore, the
effect of changes in services is more likely to be
observed for this type of mortality than for
other types of mortality in a short time period.

Our findings provide support for the work
that LHDs are doing to improve infant health
in their communities. Although it is not possible
to directly attribute the improved infant mor-
tality outcomes to LHD staffing and services,
that we observed this association with a corre-
sponding increase in the specific services
designed to improve infant outcomes, and
not for other, unrelated services, lends support
to the conclusion that LHD staffing and ser-
vices play arole in reducing the infant mortality
rate. It also confirms previous research on
this important association.

In our analyses, we controlled for commu-
nity characteristics, including demographic
characteristics of the population served and
medical care—related resources. However, it is
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possible that the results are spurious or that
unmeasured characteristics in an ecologically
designed study may have contributed to the
observed relationships. Ecological variables
may also, in fact, have been endogenous and
affected the observed results. For example, the
economic conditions may have caused an in-
crease in Medicaid enrollment, which may have
affected both LHD services and infant mortal-
ity. We were also limited in our ability to
examine interactions among spending, staffing,
and services because of our focus on North
Carolina and the resulting small sample size.
In addition, the wide variation in observed
spending levels by LHDs, along with the small
sample size, further limited our potential to
see an effect for spending.

Our research highlights the methodological
difficulties of assessing the effect of services on
outcomes. The National Association of City and
County Health Officials data provided only
whether the service was contracted for or pro-
vided by the LHD. They did not indicate the level
of staffing or funding provided for individual
services. Also, some services were uniformly
provided (such as childhood immunizations), thus
making it impossible to examine potential associ-
ations between the service and community out-
comes. Finally, no data were available to measure
the quality of services, which would certainly
be expected to influence outcomes.

In this study, we examined the effect of
spending, staffing, and services on mortality.
We are conducting similar analyses of the
relationship between LHD spending, staffing,
and services and rates of selected preventive
service use and morbidity rates. Results of
these analyses may provide additional insights
for local decision-makers.
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