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Abstract

Despite decades long calls for increased public health infrastructure, local health
departments are still often overlooked. With continued and varied health threats being
constantly posed, these health departments, which are considered to be the frontlines of
public health practice, are being tested daily. All the while, many questions remain about
the level of performance in local health departments and the mechanisms by which these
health departments may become more effective in providing public health services to
their communities.

In this dissertation, I first present an in-depth look at the current level of local
health department performance on the Ten Essential Public Health Services. Using
principal component analysis, we calculate health department specific scores for each of
the essential services based on reported activities. With these scores, we explore the
distribution of performance across services and the correlates of health department
performance. We find that there is great variability on the performance of the essential
services across health departments, but performance tends to be low overall. Total
population served and health department per capita expenditures were both consistently
associated with health department scores. Cluster analysis showed that there are six
distinct score clusters, which can be defined by their overall performance level (high,
moderate, or low performance) and whether they focus on policy and regulation or direct

patient services. These findings suggest that health departments may be specializing their
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services, to be more policy or patient service based, given their available resources or
their role in their state’s public health infrastructure.

We next explore a supplemental method to the current county health ranking
systems. Ranking systems, such as the Robert Wood Johnson County Health Rankings,
rank counties from first to last using morbidity, mortality and quality of life metrics.
However, they do not include any sociodemographic context into the rankings, which
leads to rankings that highlight the social inequities of health. While this is a valuable
visual for the general public, and policy makers, it gives local health departments, who
are well aware of these inequities, little new information. To explore this further, we
created county health rankings driven by factors other than sociodemographic
characteristics, which would provide health departments with new information on how
they may improve their population’s health. Using cluster analysis, we create county
groupings based on the sociodemographic make-up of the county populations. Using the
outcomes of obesity, smoking, and motor vehicle mortality, we compare nationwide
county rankings to within cluster rankings. We find that the relative performance of many
counties differs greatly if they are being compared to cluster peers instead of a
nationwide ranking. These findings challenge the current practice of comparing localities
with no consideration of their sociodemographic context, and propose that comparisons
between similar populations may provide more opportunities for learning exchange.

Finally, we explore the premise that the activities local health departments
perform positively impact health behaviors and outcomes in the populations they serve.
Using hierarchical models, we examine the associations between local health department

characteristics, including their scores on the Essential Public Health Services, and the
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health outcomes of smoking, obesity, seatbelt use, and a self-reported rating of general
health in individuals living in the populations being served. Increased scores on several of
the Essential Public Health Services were significantly associated with decreased odds of
poor health outcomes. Higher health department scores on “Inform, Educate, and
Empower” and “Link to and Provide Care” were both significantly associated with a
decreased odds of reporting poor or fair health. Increased scores on “Inform, Educate,

and Empower” were also associated with decreased odds of smoking. Decreased odds of
inconsistent seatbelt was significantly associated with higher scores on “Monitor Health
Status” and “Enforce Laws and Regulations”. While these associations between are
noteworthy, perhaps the more remarkable finding was the strong and consistent
relationship of people living in state governed local health departments having higher
odds of poor health outcomes and behaviors than their locally governed counterparts after
adjusting for the individual characteristics of the populations served and other health
department characteristics.

As population health in the United States comes under increased scrutiny, the
need for a strong public health infrastructure must be on the forefront of these
conversations. In this dissertation, we attempt to highlight the importance of local health
departments in this dialog. Future research, including robust longitudinal studies and
validation of the scoring methodology used in this work, would further increase the
understanding of how local health departments function and what steps can be taken to
improve their performance. This work supports previous findings that local health

departments make meaningful impacts on the populations they serve, but many of them
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fall short of the expected level of capacity. A finding that I hope policy makers will note

and work toward remedying.
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Chapter 1

Introduction

1.1 Health in the United States

Health gains in the United States, as measured by life expectancy and mortality,
have stagnated in recent years, and even begun to worsen; and in 2015 life expectancy in
the United States decreased for the first time in decades.! Additionally, the United States
appears to be falling behind many of its industrialized peers in health metrics, and life
expectancy is projected to continue to fall further behind other industrialized nations in
the future.> However, health in the United States is far from uniform, with large
disparities in health across the country that appear to be defined primarily by differences
in socioeconomic status, and the health differences between the haves and have nots are
continuing to widen.>*

The overall stagnating health gains in the United States paired with the increasing
health disparities make a strong case for a paradigm shift in how health services are
delivered to communities. With continued political uncertainty surrounding the funding
of clinical services, the importance of public health practice is becoming increasingly
apparent. Historically, population level change in health status has been the calling card
of public health. Public health interventions have been credited with majority of life
expectancy increases over the past 200 years, yet discussion on the current role of public

health has been mostly lacking in the public sphere.®® This dissertation is focused on



exploring the current state of public health practice in the United States, specifically at
the local level, and its potential role in making lasting impacts on the health of

populations.

1.2 Public Health Infrastructure in the United States

The public health infrastructure in the United States is comprised of a network of
federal, state, tribal and local health agencies, which are intended to work in concert.”!!
The effectiveness of this system relies on each infrastructure level having the capacity to
complete its required tasks.'?> These infrastructure levels each have differing legal roles,
which define their responsibilities. Federal health agencies work in six main areas to
impact population health: (1) policy making, (2) financing, (3) public health protection,
(3) collecting and disseminating information, (4) capacity building, (5) direct
management of services.”!> Federal health agencies have particular powers in
environmental protection, occupational health and safety, and food and drug purity.*!'*
Although the federal government has capacity to guide public health practice within the
United States, the primary responsibility for health falls to the state and local health
departments. Under the 10" Amendment of the Constitution, the state and local health
agencies retain the powers for ensuring the health of their populations. With states and
localities all passing their own legislation and building their own public health systems,
the U.S. public health infrastructure is fragmented, and quite diverse from location to
location.”!*15

In 1988, the Institute of Medicine released The Future of Public Health report,

which described a governmental public health system that was in disarray, and provided a



road map for public health moving forward.!® It was within this report that the mission of
public health was defined as “fulfilling society’s interest in assuring conditions in which
people can be healthy”.’ The role of government health agencies in fulfilling this
mission was outlined in the three core functions of public health practice: assessment of
health status and health needs, policy development, and assurance that necessary services
are provided. >
In response to the disorder described in the Institute of Medicine report, the

Department of Health and Human Services convened the Public Health Functions
Steering Committee in 1994. This committee was tasked with defining the basic public
health services that every community should have access to.!® This group defined Ten
Essential Public Health Services, which expanded upon the core public health functions,
serve as the basis of the nation’s public health strategy, and provide a framework for
public health performance evaluations such as the National Public Health Performance
Standards.!™!® The Essential Public Health Services are:

1. Monitor health status to identify and solve community health problems.

2. Diagnose and investigate health problems and health hazards in the community.

3. Inform, educate, and empower people about health issues.

4. Mobilize community partnerships and action to identify and solve health

problems.

5. Develop policies and plans that support individual and community health efforts.

6. Enforce laws and regulations that protect health and ensure safety.

7. Link people to needed personal health services and assure the provision of health

care when otherwise unavailable.



8. Assure competent public and personal health care workforce.
9. Evaluate effectiveness, accessibility, and quality of personal and population-based
health services.

10. Research for new insights and innovative solutions to health problems.

Despite the provision of a more concrete definition of what public health practice
should look like, there has been continued concern about the status of the public health
infrastructure in the United States. These concerns were brought to the forefront of the
nation’s attention in the fall of 2001, when the September 11" attacks, followed by a
bioterrorism event in which individuals were exposed to anthrax laced mail, exposed
many of the weaknesses in the public health system. These revelations spurred the
Institute of Medicine’s Committee on Assuring the Health of the Public in the 21st
Century to further investigate public health capacity and provide an inclusive framework
for action. The result was the 2003 report, The Future of the Public’s Health in the 2 1*'
Century, which makes a compelling case for the need of increased public health capacity
in order to ensure the nation’s health. °

More recently, Healthy People 2020 and health department accreditation have
placed further emphasis on public health capacity building.'>* Healthy People 2020
includes specific goals for the building of public health infrastructure which focus on a
range of topics from workforce to data services, however many of the goals have not
been reached, or are difficult to evaluate due to a lack of available data to measure
progress.'® Health department accreditation initially received great attention for its

potential to build capacity through health departments striving to meet the thresholds for



being accredited, but it seems that local health department accreditation is slowing and
many health departments view it as too much effort for little gain.?"?

Despite the many calls for bolstered public health practice over the years, it is
unclear if meaningful improvements have been made, particularly at the local level. In
part, this is because there is great diversity at the local level, and nationwide capacity has
not been well described. In addition, there is little information on how local health

departments impact the communities they serve, or what activities it is most important for

local health departments to perform.

1.3 Local Public Health Performance

Local health departments may be the ideal public health institutions to lead the
fight against the worsening health in the United States, as they are the most proximal
institutions to the communities they serve and can cater their programs and services to
suit their population’s needs.>'** However, local health departments face many
challenges in delivering quality public health services. Mainly, the health inequities that
are being seen in the population are also being mirrored in the public health system, with
those communities with the worst health outcomes being served by local health
departments with the fewest resources.?**

Evaluating local public health performance is challenging in itself for a variety of
reasons. First, many of the current performance evaluation studies use opt in recruitment
methods that often result in a sample with higher proportions of high performing health

departments than are seen nationwide, leading to overestimates of nationwide capacity.?

Additionally, many of the studies performed ask health departments to directly evaluate



their performance on the Ten Essential Public Health Services, likely leading to reporting
bias. »* Finally, some of the most commonly used evaluations are intended for the health
department’s own use, and therefore the results aren’t aggregated into any standardized
dataset that can be accessed for nationwide capacity or performance descriptions. 2
Despite these evaluation challenges, many studies have attempted to provide an estimate
of local health department performance on the Ten Essential Public Health Services, with
the majority of these studies finding that few health departments fulfill these basic
functions. 9252732

The lack of local health department capacity is not surprising when one considers
the many challenges these organizations face. In recent years, many local health
departments have faced funding and workforce decreases, making it challenging to

maintain activities, and nearly impossible to add new ones. 333

This has put pressure on
local health departments to become more specialized in the services they offer. 32 Local
health departments also struggle to evaluate their own performance, both in relation to
their capacity level and in outcomes in their own populations, primarily due to a lack of
data. Local health department leaders have cited a lack of sufficiently granular and timely
data as their main challenge in providing responses to public health concerns in their
community. ¥

Due to the challenges in making comparisons between local health departments,
their relative performance is often evaluated using measures like the County Health
Rankings. 3¢ This ranking system, an effort led by the Robert Wood Johnson Foundation

and the University of Wisconsin’s Population Health Institute, ranks the counties in a

state from first to last based on mortality and quality of life measures. 3¢ However, these



rankings may present even more difficulties for local health departments. The rankings
often highlight the underlying health disparities and sociodemographic differences
between counties, a topic that undoubtedly deserves visibility, but also one that the most
disadvantaged health departments have little hope of tackling alone. Additionally, they
give local health departments little information on how to improve their performance, as
the counties ranking above them often simply have wealthier populations.

Despite the challenges being faced by local health departments, there is mounting
evidence that the work that public health institutions do has a meaningful impact on the
populations they serve. Recent studies have demonstrated associations between increased
health department resources and decreases in measures of morbidity and mortality in the
populations served. ''7#! Additionally, when local health department resources are
reduced, performance on the Ten Essential Public Health Services also tends to decline,
suggesting that performance on these services falls on the causal pathway for producing
population level change. ?*** The significant associations between local health
department resources and the health outcomes in the communities they serve further
highlight the potential for local health departments to have a meaningful impact on the
health of the United States. This may be particularly true when considering health
outcomes that are prime targets for public health interventions, such as the Centers for
Disease Control and Prevention’s (CDC) Winnable Battles, which are health outcomes
that cause high levels of morbidity and mortality, but have known, effective public health

interventions. *



1.4 Overview of Dissertation

The main objectives of this dissertation are to describe the current state of local
public health capacity and performance in the United States, with a particular emphasis
on the Ten Essential Public Health Services and to explore if differences in local health
department characteristics, including their performance on the Ten Essential Public
Health Services, impact the populations that they serve. Through the exploration of these
two main aims, we hope to provide guidance to both federal agencies working to enhance
local health department infrastructure and local health departments striving to improve
the health of the people they serve.

Chapter 2 begins with an evaluation of local health department performance on
the Ten Essential Public Health Services. Motivated by a lack of generalizable findings
and methods susceptible to reporting bias in previous work, we measured performance
using principal component analysis of the various activities local health departments
reported performing in the National Association of City and County Health Officers
Profile of Local Health Department’s Survey. With this methodology we calculated
scores for each essential service for 2,000 local health departments across the United
States. This quantitative data allowedus to further investigate the distributions of health
department performance and investigate the relationships between local health
department characteristics and health department performance on the Essential Public
Health Services. Cluster analysis was also performed to explore if health department
performance clusters exist and the characteristics of these clusters were described.

Chapter 3 builds upon the idea of comparing community outcomes, and by proxy

local health department performance, using metrics such as the Robert Wood Johnson



County Health Rankings. We propose that within state comparisons of counties may not
always be the best way to accurately measure performance on health outcomes, and that
comparing populations with similar sociodemographic make ups, regardless of state lines,
could provide a new perspective on health department performance for their given
context and supply an ideal group for learning exchange. To demonstrate this idea, we
clustered counties in the United States based on their sociodemographic characteristics
and then explored their percentile rank before and after clustering for several different
health outcomes. Using this method, we show that context matters, and that counties that
are considered high or low performers in a nationwide context may look quite different
when compared to counties with similar sociodemographic characteristics. These
comparisons to other similar populations provide health departments with an additional
frame of reference by which to evaluate their performance.

Finally, in Chapter 4 we attempt to gain further understanding of the relationship
between local health department performance and health outcomes in the populations
they serve. Using hierarchical models, we evaluated the relationships between the local
health department Essential Public Health Service scores presented in Chapter 2 and the
odds of adverse health outcomes in individuals living in those health departments’
jurisdictions. The findings in this chapter help to describe and further solidify our
understanding of how health departments may positively impact the populations they

S€rve.
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Chapter 2

What Do Local Health Departments Do?
Performance and Approaches to Essential Public
Health Services.

2.1 Abstract

Objective: To quantify self-reported local health department performance on the Ten
Essential Public Health Services and describe the relationships between performance and
institutional characteristics.

Methods: We used data on 2000 local health departments from the 2013 National Profile
of Local Health Department survey, conducted by the National Association of County
and City Health Officials to develop principal component analysis based scores for each
health department on the essential public health services.

Results: Performance scores varied greatly across health departments and across
essential public health services, however health departments typically scored below 50,
indicating that they performed less than half of the activities evaluated. Local health
department performance showed significant positive associations with population size
and per capita funding.

Conclusions: Our results suggest weaknesses in many local health department’s

fulfillment of the essential public health services, particularly with in low population and
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low funding settings. We further find differences in local health department focus
associated with governance and funding levels.

Policy implications: This study provides a snapshot of health department performance
across the United States and lays out a methodology for understanding our public health

infrastructure.
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2.2 Introduction

The public health infrastructure in the United States is comprised of a network of
federal, state and local health agencies intended to work in concert."? The effectiveness
of this system relies on each level having the capacity to complete its required tasks.® In
1994, the Public Health Functions Working Group defined the 10 Essential Public Health
Services (EPHS) that serve as benchmark for public health practice (Table 1).*
Fulfillment of the EPHS by local health departments is vital as they are the most
proximal health agency to the communities they serve.!” However, a growing body of
literature suggests that the capacity of local health departments to provide public health
services varies greatly, and may be weak overall. 112

Concerns over lack of capacity have led to a push for public health infrastructure
improvements through programs such as Healthy People 2020 and health department
accreditation.’>'* However, many of these goals remain unmet.!>'® Additionally, there is
no clear baseline for local public health performance. Studies investigating local public
health performance tend to focus on the most populous cities or health departments that
have opted into programs such as the National Public Health Performance Standards
Program;®'*!7-1% hence may overestimate nationwide capacity. 1!

Here we evaluate the self-reported capacity of local public health departments
using scores derived from principal components analysis. We quantify the performance
of 2,000 local health departments on each of the 10 EPHS with an eye towards

objectively measuring performance across a heterogeneous group of health departments.
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We further explore the relationships between health department performance and

institutional characteristics.

2.3 Methods

2.3.1 Study Data

Our analysis uses data from the National Association of City and County Health
Officers (NACCHO) 2013 National Profile of Local Health Departments.?’ The
NACCHO study enumerated 2,532 local health departments, 2,000 (79%) of which
responded to the core survey. Health departments were randomly selected to receive just
the core questionnaire or the core plus one of two supplemental modules. Seventy-nine
percent of those that received supplemental module 1 and 82% of those that received

supplemental module 2 responded.

2.3.2 Measures of Essential Public Health Service Performance

Reported health department activities were categorized into EPHS categories
based on metrics used in previous health department evaluations (Appendix 1).221-22
Activities only relevant for localities with particular industries were excluded (e.g.
correctional health or radiation control). Some of the activities used in describing EPHS

4, EPHS 8, EPHS 9, and EPHS 10 came from module 1 of the questionnaire, therefore

the analysis for these EPHS had a reduced sample size (N=490).
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2.3.3 Data Analysis

We used principle components analysis (PCA) to derive an EPHS specific score
(the principle component) derived form a linear combination of responses that captures
the majority of the variability in the data on that service. Because many variables were
discrete, we used polychoric correlation matrices of the variables of interest.?* Our
analysis focuses only on the principle components, which explain an average of 53.5% of
the combined variances in the variables used, versus 13.8% for secondary components.
We highlight those variables with the largest contribution to the score (i.e., those with a
correlation of >25%) (Table 1).

Each EPHS score was normalized to range from 0 to 100 such that those health
departments performing all of the activities within a given essential service have a score
of 100 and those health departments performing none of the activities have a score of 0.

We used multivariate linear regression to examine the association between EPHS
scores and population size, per capita health department expenditures, health department
governance classification (local, state, or shared governance), and presence of a local
board of health. Population size and per capita expenditures were modeled on the log
scale to maintain a linear relationship with the dependent variables. Correlations between
health departments in the same state were accounted for using clustered standard errors.

To explore if there are natural groupings of local health departments that share the
same strengths and weaknesses, clusters were created based on health department EPHS
scores using Gaussian finite mixture modeling as implemented in the mclust R
package.?*? This approach creates clusters of health departments based on similarities in

their score profiles across the EPHSs. We compared the characteristics of EPHS based
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clusters (e.g. governance, per capita expenditures), and assessed associations using chi-

squared and ANOVA significance tests. Data were analyzed using R v3.3.2. %

2.4 Results

Results are summarized in Table 1, which identifies those factors that best capture
local health department performance for each EPHS; and Table 2, which provides
summary statistics and the distribution of health department scores for each EPHS.

Health departments performed well on EPHS 1 (monitor health status to identify
and solve community health problems), with the majority scoring above 50. A typical
(i.e., scoring near the median) local health department performed 4 of 7 surveillance
activities and completed a community health assessment within the prior five years.
Communicable disease surveillance was the most frequently reported activity (91.2%;
1,802/1,975), while injury surveillance was the least common (27.3%; 522/1,910).

For EPHS 2 (diagnose and investigate health problems and health hazards in the
community), a typical local health department performed 4 of 8 disease screening
activities and provided no laboratory services. Tuberculosis screening was the most
frequently reported activity (83.7%; 1,650/1,971), while cardiovascular disease screening

was the least common (27.3%; 523/1915).
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Table 2.1: Activities Best Capturing EPHS Performance and the Combined Variance in the Activities Used that is Explained
by the Principal Component

Variance
Explained

Essential Public Health Service

Activities Best Capturing EPHS Performance, in Order of Importance

1. Monitor health status to identify Infectious disease surveillance, injury surveillance, behavioral risk factor surveillance, chronic disease
and solve community health surveillance, maternal and child health surveillance, syndromic surveillance, environmental health 56.7
problems surveillance
2. Diagnose and investigate health Screening for diabetes, cardiovascular disease, cancer, tuberculosis, high blood pressure, HIV, blood lead,
problems and health hazards in the provision of laboratory services 52.2
community
3. Inform, educate, and empower Population-based primary prevention activities for physical activity, violence, chronic disease, nutrition, 57.6
people about health issues tobacco, substance abuse, injury, mental illness, unintended pregnancy
4. Mobilize community partnerships  Collaborated with other community partners on maternal and child health, infectious disease, chronic
to identify and solve health problems disease, environmental health, community health assessments, food safety, tobacco, alcohol or other 42.0
drugs, emergency preparedness
5. Develop policies and plans that Provision of technical assistance to policy makers, regulatory or advocacy groups for drafting proposed
supportindividual and community legislation, regulations, or ordinances, preparation ofissue briefs regarding proposed policy, provision of 51.5
health efforts public testimony regarding proposed policy, participation on a board or advisory panel responsible for
public health policy
6. Enforce laws and regulations that Regulation, inspection, and/or licensing of food service establishments, ground water protection, surface
protect health and ensure safety water protection, private drinking water, air pollution, public drinking water, schools and daycares, 45.1
indoor air quality, health facilities
7. Link people to needed personal Provision of child immunization, family planning, STD treatment, adult immunizations, tuberculosis
health services and assure the treatment, WIC food and nutrition services 41.0
provision ofhealth care when
otherwise unavailable
8. Assure competent publicand Use of core competencies for public health workers for conducting staff performance evaluations, 67.4
personal health care workforce assessing staff training needs, developing staff training plans, writing job descriptions.
9. Evaluate effectiveness, Performance of quality improvement (QI) activities, existence of agency wide QI plan, QI committee,
accessibility, and quality of personal  dedicated QI staff member, dedicated resources for QI, provision of QI resources and training to staff on 52.6
and population-based health an ongoing basis, use of performance data to drive improvement efforts
services.
10. Research for new insights and Development of research protocols, dissemination of findings to stakeholders, collection, exchange, or
innovative solutions to health report of study data, analysis and interpretation of study data, identification of research topics relevant to 68.5
problems public health practice, recruitment of study participants, support of organizations applying research
findings to practice, and application of research findings to practices within their own organization.
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Table 2.2: Sample Size, Median Score, Number of Health Departments Performing No Activities, Number of Health
Departments Performing All Activities, and Distribution of Health Department Scores for Each EPHS

Essential Public Health Service Median Performed No Performed All Local Health Department
Activities Activities Score Distributions

1. Monitor health status to identify and solve 1,834 . 32 (1.7%) 178 (9.7%)
community health problems (91.7%) (46.1-80.9)
2. Diagnose and investigate health problems 1,467 42.0 91 (6.2%) 71 (4.8%)
and health hazards in the community (73.4%) (28.1-72.0)
3. Inform, educate, and empower people 1,836 411 108 (5.9%) 76 (4.1%)
about health issues (91.8%) (17.9-66.6)
4. Mobilize community partnerships to 451 65.4 1 (0.2%) 7 (1.6%)
identify and solve health problems (22.6%) (53.7-77.5)
5. Develop policies and plans that support 1,832 58.7 86 (4.7%) 89 (4.9%)
individual and community health efforts (91.6%) (26.9-81.7)
6. Enforce laws and regulations that protect 1,796 42.0 151 (8.4%) 18 (1.0%)
health and ensure safety (89.8%) (23.8-58.7)
7.Link people to needed personal health 1,767 48.2 80 (4.5%) 1 (0.1%)
services and assure the provision of health (88.4%) (34.1-58.7)
care when otherwise unavailable
8. Assure competent public and personal 470 0.0 347 (73.8%) 29 (6.2%)
health care workforce (23.5%) (0.0-22.9)
9. Evaluate effectiveness, accessibility, and 473 29.7 53(11.2%) 7 (1.5%)
quality of personal and population-based (23.7%) (12.2-55.7)
health services.
10. Research for new insights and innovative 463 10.6 183 (39.5%) 21 (4.5%)
solutions to health problems (23.2%) (0.0-23.8)
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For EPHS 3 (inform, educate, and empower people about health issues), a typical
local health department performed 3/9 population-based primary prevention activities and
provided food safety education. Food safety education was the most frequently reported
activity (73.1%; 1,428/1,954), while mental illness programs were the least common
(12.4%; 240/1,933).

EPHS 4 (mobilize community partnerships to identify and solve health problems)
had the highest scores overall, indicating that most local health departments are working
with their community partners. These partnerships were evaluated on a scale ranging
from the low end of having no involvement with outside partners, followed by
networking, coordinating, cooperating, and collaborating, with collaboration being the
highest level of partnership. A typical local health department coordinated their efforts
with partners on most topics, but only rarely reported full collaboration on activities.
Emergency preparedness was the most frequently reported collaboration activity
(collaboration performed by 70.1%; 338/482), while land use collaboration was the least
common (5.6%; 26/468).

For EPHS 5 (develop policies and plans that support individual and community
health efforts), a typical local health department had strategic and community health
improvement plans, but these had not been updated in the previous 5 years. They also
participated in some policy-making activities, but had not passed a new public health
ordinance in the past 2 years. Communicating with legislators was the most frequently
reported activity (79.4%; 1,350/1,945), while adopting a new public health ordinance or

legislation was the least common (36.8%; 719/1,954).
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For EPHS 6 (enforce laws and regulations that protect health and ensure safety), a
typical local health department performed 5/13 regulatory activities. Regulation,
inspection, and/or licensing of food services establishment was the most frequently
reported activity (78.5%; 1540/1,962), while regulation, inspection, and/or licensing of
cosmetology businesses was the least common (12.3%;235/1,913).

For EPHS 7 (link people to needed personal health services and assure the
provision of health care when otherwise unavailable), a typical local health department
performed 8/20 health services. Adult immunization was the most frequently reported
activity (90.6%; 1,789/1,975), while substance abuse services were the least common
(7.4%; 143/1,940).

EPHS 8 (assure competent public and personal health care workforce) had the
lowest health department scores overall, with a median score of 0. A typical health
department did not use core public health competencies for any employee hiring or
training actives. Use of core competencies for evaluating training needs was the most
frequently reported activity (directly performed by 18.9%; 89/470), while use of core
competencies in job descriptions was the least common (13.4%; 63/470).

For EPHS 9 (evaluate effectiveness, accessibility, and quality of personal and
population-based health services), a typical local health department reported informal or
ad hoc quality improvement (QI) activities, with no consistent resources dedicated to QI.
Formal or informal QI activities were reported by most health departments (performed by
88.9%; 424/477), however a minority of health departments reporting QI activities had

specific resources dedicated to QI (43.6%; 185/424).
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Health departments scored poorly on EPHS 10 (research for new insights and
innovative solutions to health problems), with 39.5% performing none of the research
activities evaluated. A typical local health department performed 1/8 research activities.
Collecting, exchanging, or reporting data for a study was the most frequently reported
activity (performed by 40.4%; 187/463), while developing or refining research plans
and/or protocols for public health practice was the least common (12.5%; 58/463).

We considered the impact of population size, health department per capita
expenditures, governance classifications and the presence of a local board of health on
EPHS scores. The mean population of the jurisdictions included was 155,200
(SD=441,127). The mean local health department expenditures, per capita, were $55.54
(SD=101.11). A health department being a unit of the local government was the most
common governance classification (77.0%; 1,163/1,511), followed by being unit of state
government (12.1%; 183/1,511). Combined state and local governance was the least
common governance classification (10.9%; 165/1,511). A majority of local health
departments reported having a local board of health (73.9%; 1,116/1,511).

Those local health departments serving larger populations and with more funding,
tended to perform more activities related to the EPHSs, and have higher scores (Table 3).
However, expenditures were unrelated to the number of enforcement activities a local
health department performed (as captured by EPHS 6) or the use of core competencies
for the public health workforce (EPHS 8). The presence of a local board of health did not
seem to have a consistent impact on EPHS scores, however health departments with a

local board of health did score 8.1 points higher on average (95% CI 3.6, 12.7) on
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activities related to informing, educating, and empowering people about health issues
(EPHS 3).

Health departments governed at the local level scored higher on activities related
to local health policy (EPHS 5) compared to state governed departments, which on
average scored 36.2 points less on EPHS 5 (95% CI -48.2, -23.2). Health departments
governed at the state level scored higher on activities related to the linkage to and
provision of healthcare (EPHS 7) and the assurance of a competent workforce (EPHS 8),
scoring on average 15.1 points higher on EPHS 7 (95% CI 3.2, 27.1) and 14.5 points
higher on EPHS 8 (95% CI 5.4, 23.5) than locally governed health departments. Health
departments governed at both the state and local level scored higher on activities related
to diagnosis and investigation health problems (EPHS 2) and the evaluation of population
based health services (EPHS 9) scoring on average 20.8 points higher on EPHS 2 (95%

CI 7.0, 34.6) and 16.4 points higher on EPHS 9 (95% CI 4.7, 28.0).
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Table 2.3: Influence of Selected Characteristics on Local Health Department EPHS Scores

Average Difference in Score on EPHS

o EPHS 1 EPHS2 EPHS3 EPHS4 EPHS5 EPHS6 EPHS7 EPHSS EPHS9 EPHS 10
Characteristic (n=1,407) (n=1,148) (n=1,397) (n=344) (n=1,403) (n=1,378) (n=1,364) (n=366) (n=366) (n=358)
59 32 56 39 8.1 56 41 17 54 81
Population of jurisdiction (log) (3.8,7.9° (1.0,5.3)° (4.1,7.1F° (2.6,5.1y° (6.8,9.5)° (2.7,8.5) (2.4,5.9)° (-0.17,3.7) (3.3,7.6)° (6.9,9.3)*
) ) 8.9 10.7 11.6 36 44 0.2 114 0.2 46 49
Per capita expenditures (log) (5.6,12.2)° (6.1,15.2)° (8.5, 14.7)° (1.2,6.0)° (1.9,7.0)° (-5.1,5.6) (82,147°  (-3.4,3.8) (0.1,9.1)* (2.5,7.2)
Governance classification
23 9.5 54 25 -36.2 -10.2 15.1 145 138 9.9
Unit of state government (17.6,129)  (-13.1,32.1)  (-202,31.0)  (-10.6, 5.7)  (-48.2,-232)F°  (-184, 2.1}  (3.2,27.1} (54,235  (-15.0,42.7)  (-18.1,-1.8)°
5.0 20.8 82 25 33 0.2 11.0 9.1 16.4 3.4
IGOVlemed by both stateand (1.0,11.0)  (7.0,346)  (3.0,13.5) (-3.8,8.7) (0.3,6.2)" (105,108)  (3.1,189°  (:3.7,220)  (4.7,280)° (-9.7,2.8)
local
Reference: unit of local
government
37 0.6 8.1 -1.7 3.0 24 1.0 34 76 -1.6
Local board of health (0.5,6.9)* (-5.0,6.3) (3.6, 12.7)° (-6.3,3.0) (-0.6,6.6) (-3.3,8.0) (-2.0,4.1) (-2.9,9.6) (0.3,15.0)° (-6.2,3.1)

ap-value<0.05, b p-value<0.01,¢p-value<0.001
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To maximize the number of health departments considered, we ran the cluster
analysis using only those EPHSs with activities included on the core questionnaire, which
included EPHS 1: Monitor Health Status; EPHS 2: Diagnose and Investigate; EPHS 3:
Inform, Educate, and Empower; EPHS 5: Develop Policy; EPHS 6: Enforce Laws and
Regulations; and EPHS 7: Link to and Provide Care. We identified six performance
based local health department clusters (Table 4). Two of these had high mean EPHS
scores, two had moderate scores, and two had relatively poor average scores. With one or
two exceptions, high scoring clusters had higher mean scores across all EPHSs. However,
within scoring tiers health departments could be divided between those that emphasize
policy and regulation (e.g. EPHS 5: Develop Policy and EPHS 7: Enforce Laws and
Regulations) and those with varying levels of increased emphasis on direct patient
services (e.g. EPHS 2: Diagnose and Investigate, EPHS 3: Inform, Educate and
Empower, and EPHS 7: Link to and Provide Care). This division was especially stark in
the low scoring tier.

Of the two clusters in the high performance tier, the Policy and Regulation Cluster
had particularly high scores in monitoring health status (EPHS 1) and policy development
(EPHS 5), but scored moderately in linkage to and provision of care (EPHS 7). The high
performance Direct Patient Services Cluster specialized in diagnosis and investigation
(EPHS 2) and had a relatively low scores for enforcement of laws and regulations (EPHS
6). In the moderate performance tier, the Policy and Regulation Cluster had moderate
EPHS scores overall, but had similar performance strengths and weaknesses to high
performance Policy and Regulation Cluster. The moderate tier Direct Patient Services

Cluster scored moderately well on monitoring health status and linkage to and provision
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of care, but scored poorly in policy development. In the low performance tier, the Policy
and Regulation Cluster had the lowest average overall score but scored moderately well
in policy development and enforcement of laws and regulations. The Direct Patient
Services Cluster scored moderately well on inform, educate and empower (EPHS 3) and
linkage to and provision of care, but scored poorly in enforcement of laws and
regulations. We also clustered health departments based on their scores across all 10
EPHSs (n=266). This analysis revealed two health department clusters, differing
primarily by average scores on assurance of a competent workforce (EPHS 8) and
research (EPHS 10).

The health department clusters differ significantly by size of the population
served, with the high performance tier having the highest mean populations and the low
performance tier having the lowest mean populations (P<0.01) (Table 4). Clusters also
differed significantly by their per capita expenditures with the high performance tier
spending the most overall (P<0.01). The groups also have significant differences in their
governance classifications, with the Policy and Regulation clusters tending to be more
frequently locally governed (P<0.01). Additionally, the Policy and Regulation clusters
were more likely to have a local board of health than the Direct Patient Services clusters

(P=0.01).
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Table 2.4: Local Health Department Clusters with Cluster Specific Mean Scores on Each EPHSs and Associations Between

Local Health Department Clusters and Health Department Characteristics.

High Performance Tier

Moderate Performance Tier

Low Performance Tier

Policyand Direct Patient Policyand Direct Patient Policyand Direct Patient p-
Regulation Services Regulation Services Regulation Services value
Cluster Cluster Cluster Cluster Cluster Cluster
(n=254) (n=167) (n=308) (n=214) (n=89) (n=113)
Cluster Descriptions
Cluster Mean Score
EPHS 1: Monitor Health Status 83.0 72.4 66.5 52.4 33.1 39.7 -
EpLS 2: Diagnose and 59.6 89.9 38.3 37.9 6.4 31.7 :
vestigate
EPHS 3: Inform, Educate, and 61.0 60.6 46.0 33.8 122 40.7 )
Empower ' ' ) ’ ' '
EPHS 5: Develop Policy 90.0 55.3 62.7 13.1 52.3 46.2 -
EPHS 6: Enforce Laws and
Regulations 59.8 40.4 44.8 327 53.4 2.1 -
EPHS 7: Link to and Provide 537 635 465 495 25 408 )
Care . . . . . .
Institutional Characteristics of
Cluster Members
Mean population of jurisdiction in
thousands, (SD) 326.3(870.9) 138.5(329.7) 116.5(211.3) 82.2(169.2) 69.4(126.3) 114.5(348.8) | <0.01
(l\gg‘)“ per capita expenditures, $, 84.5(229.7) 72.3 (60.0) 51.9(57.5) 48.2(37.4) 17.3(17.7) 60.4(68.8) | <0.01
Governance classification, n (%) <0.01
Unit of local government 202 (79.5) 85(50.9) 241(78.2) 93 (43.5) 88(98.9) 90 (79.6) -
Shared governance 42(16.5) 36(21.6) 18(5.8) 3(1.4) 0(0.0) 5(4.4) -
Unit of state government 10(3.9) 46 (27.5) 49 (15.9) 118 (55.1) 1(1.1) 48(15.9) -
Local board of health, 7 (%) 192 (76.5) 109 (65.3) 226 (73.6) 134 (63.2) 66 (74.2) 36 (66.4) 0.01
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2.5 Discussion

Overall, our analysis indicates local health departments have room for
improvement on EPHS performance. For all but 3 of the EPHSs, the median score was
less than 50, indicating that most local health departments performed less than half of the
activities key to these services. Health department performance varied widely. For each
EPHS there was at least one health department that performed none of the activities
measured (i.e., scored 0) and at least one that performed all of the activities (i.e., scored
100). The often high frequency of low sores further emphasizes the continued need for
improvements in public health infrastructure. >*

There was substantial variability in performance between EPHSs. On average,
local health departments reported the highest performance in monitoring population
health, mobilizing community partnerships, and developing public health policies and
plans. Health departments had the lowest scores overall for assuring a competent
workforce, evaluating population based health services, and performing research.
Notably, the majority of health departments (73.8%) scored zero on EPHS 8, indicating
that they do not use core public health competencies in any workforce recruitment or
development activities.

Findings from the multivariate model support previous studies that show health
department performance increases with the size of the population served and per capita
health department spending.”*1%1%27-2% Health department governance structure displayed
interesting relationships with EPHS performance scores in our model. Local health

departments that were state governed had significantly lower scores in local level policy
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making, enforcement of laws and regulations, and research than did locally governed
health departments. However, state governed local health departments had significantly
higher scores in linkage to and provision of health care and assurance of a competent
workforce. Health departments with shared state and local governance often scored better
than their locally governed counterparts. These patterns in EPHS performance by
governance structure are likely driven in part by differences in health department
responsibilities based on governance structures, with state governed and locally governed
local health departments serving different purposes within a state’s public health
infrastructure.

EPHS score based cluster analysis suggests local health departments may
specialize in particular EPHS areas, consistent with findings of previous studies. %30
While there were clusters that scored high or low across services, there is some
suggestion of qualitative differences between clusters. This suggests that given resource
or political limitations, health departments may be focusing on particular areas, while
leaving others behind. There may also be differences in the local mandates of health
department clusters. The associative analysis between health department structural
characteristics and the health department clusters also highlight important potential
drivers of health department priorities. As expected, the high performing health
department clusters had larger populations and higher per capita expenditures on average.
Additionally, the health department governance and presence of a local health department
appears to be related to the types of services a health department provides.

This study has several important limitations. Although this study is drawn from a

sampling frame that includes all local health departments, there was differential response
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by population size, with those health departments serving smaller populations being less
likely to respond. Health departments serving populations <25,000 had the lowest
response rate overall (72% vs 79% overall; p-value<0.05). Based on the associations seen
between population and health department performance in our model, this may indicate
that our findings are overestimates of nationwide EPHS performance.

Although the activities included in the PCAs were informed by expert opinion, we
were limited to the questions asked by the NACCHO survey and did not cover all
activities necessary for fulfillment of each EPHS. Furthermore, many of the surveillance
activities we included in EPHS 1 are often included in EPHS 2. However, we felt these
activities fit well within the “monitor health” description of EPHS 1, and given our
limited question availability, we choose to categorize these within EPHS 1 instead of
EPHS 2. Additionally, scores were derived from statistical relationships identified in
principal components analysis, and not on any indication that a particular activity was
more or less important for performance. That is, highly loaded variables should be
considered indicators rather than drivers of performance. Finally, our analysis was based
on self-reported performance of particular activities, not how well those activities were

performed.

2.6 Public Health Implications

This study broadly characterizes the performance of local health departments in
the United States, using the EPHSs as a guide. Understanding the level of EPHS
performance by local health departments, and the variations in that performance, is

fundamental in evaluating population access to critical public health services. These
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findings allow us to identify underserved populations and evaluate correlates to health

department performance, which serve to guide performance improvement efforts.
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Appendix 2A: Activities Categorized into Each Essential Public Health Service

Essential Public Health
Service

Activities Included

1. Monitor health status to
identify and solve
community health problems.

©)

o O O O O

o

Epidemiology and Surveillance Activities:

Infectious disease
Chronic disease

Injury

Behavioral risk factors
Environmental health
Syndromic surveillance
Maternal and child health

e Completion of community health assessment

2. Diagnose and investigate
health problems and health
hazards in the community.

e Screening for Diseases/Conditions

©)

O O O O O O

o

HIV/AIDS

Other STDs
Tuberculosis

Cancer

Cardiovascular disease
Diabetes

High blood pressure
Blood lead

e Laboratory Services

3. Inform, educate, and
empower people about health
issues.

e Population-based Primary Prevention Activities

o

O O O O O O O

o

Injury

Unintended pregnancy
Chronic disease
Nutrition

Physical Activity
Violence

Tobacco

Substance Abuse
Mental illness

e Food safety education

4. Mobilize community
partnerships and action to
identify and solve health
problems.

e Partnerships and Collaboration measured in the
increasing levels of no programs, not involved,
networking, coordinating, cooperating, and
collaborating

©)

O O O O

Emergency Preparedness

Food Safety

Maternal and child health

Tobacco, alcohol or other drugs
Community health assessment and planning
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Communicable/infectious disease
Chronic disease

Land use

Environmental health

o O O O

5. Develop policies and plans
that support individual and
community health efforts.

Local level policy making and advocacy
o Prepared issue briefs for policy makers
o Gave public testimony to policy makers
o Participated on a board or advisory panel
responsible for public health policy
o Communicated with legislators, regulatory
officials, or other policymakers regarding
proposed legislation, regulations, or
ordinances
o Provided technical assistance to legislative,
regulatory or advocacy group for drafting
proposed legislation, regulations, or
ordinances
New public health ordinance or regulation in past
two years
Participated in developing a community health
improvement plan
Developed agency wide strategic plan

6. Enforce laws and
regulations that protect health
and ensure safety.

Regulation, inspection and/or licensing

o Schools/daycare
Cosmetology business
Tobacco retailers
Smoke-free ordinances
Lead inspection
Public drinking water
Private drinking water
Food Service Establishments

o Health-related facilities
Environmental Health Activities

o Indoor air quality

o Groundwater protection

o Surface water protection

o Air pollution

O O O O O O O

7. Link people to needed
personal health services and
assure the provision of health
care when otherwise
unavailable.

Adult immunization
Child immunization
Treatment for communicable disease
o HIV/AIDS
o Other STDs
o Tuberculosis
Maternal Child Health
o Family planning
o Prenatal care
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Obstetric care
WIC
MCH home visit
EPSDT
Well child clinic
Other health services
o Comprehensive primary care
o Home health care
o Oral health
o Behavioral/mental health services
o Substance abuse services
Emergency medical services
Outreach and enrollment for medical insurance
School-based clinics
School health

o O O O O

8. Assure competent public
and personal health care
workforce.

Use of core competencies for:
o Writing position descriptions
o Conducting staff performance evaluations
o Assessing staff training needs
o Developing staff training plans

9. Evaluate effectiveness,
accessibility, and quality of
personal and population-
based health services.

Level of quality improvement activities

o No QI activities

o Informal or ad-hoc QI

o Formal QI in specific areas

o Formal QI agency wide
Agency QI Council or other committee that
coordinates QI efforts
Staff member with dedicated time as part of their
job description to monitor 1Q work throughout the
agency
Agency-wide QI plan
Agency performance data is used on an ongoing
basis to drive improvement efforts
Leadership dedicates resources (e.g., time, funding)
to QI
QI is incorporated in employee job descriptions
QI is incorporated in employee performance
appraisals
QI resources and training opportunities are offered
to staff on an ongoing basis

10. Research for new insights
and innovative solutions to
health problems.

Use of the Guide to Community Preventive
Services to support or enhance decision making
Identified research topics relevant to public health
practice
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Developing or refining research plans and/or
protocols for public health studies

Recruiting study sites and/or study participants
Collecting, exchanging, or reporting data for a
study

Analyzing and interpreting study data and findings
Disseminating research findings to key
stakeholders

Applying research findings to practices within your
own organization

Helping other organizations apply research
findings to practice
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Chapter 3

Apples to Apples: Identifying Comparison Groups
When Accessing Health Department Performance

3.1 Abstract

Objective: To compare county level percentile rankings on the outcomes of smoking,
motor vehicle deaths, and obesity when ranked within sociodemographic peer clusters as
compared to nationwide rankings.

Methods: Random Forest algorithms were used to identify the sociodemographic
characteristics most predictive of the outcomes of interest. All 3,144 counties in the
United States were then clustered based on these sociodemographic characteristics.
County percentile rankings on the outcomes of interest were compared before and after
clustering.

Results: We found distinct sociodemographic clusters throughout the United States, with
many states consisting of several different cluster types. Individual county outcome
percentile ranks often differed greatly before and after clustering, with some counties
percentile ranks differing as much as 40 points when considered within their
sociodemographic peer cluster as compared to nationwide. Hence, some counties that
appear to be poor performers within their state are actually top performers when

compared to areas with similar demographics, and vice-versa.
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Conclusions: Comparing county health outcomes on a nationwide or statewide bases
fails to take the sociodemographic context of the county into account. Clustering counties
by sociodemographic factors related to the outcome of interest allows a look into other
factors that may be shaping the prevalence of outcomes in a community. These groupings
may also aid learning exchange by identifying counties confronting similar health

problems due to their underlying demographics.
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3.2 Introduction

In 2015, life expectancy in the United States declined for the first time in
decades.! There has been much discussion about the underlying cause of this trend shift,
but it is clear that, overall, Americans have stopped gaining health. In addition, there are
great disparities in health outcomes across the United States, with individuals of high
socioeconomic status (SES) continuing to have better health outcomes, including longer
life expectancy, than those of low SES.>* Unfortunately these gaps appear to be
widening. When considered on a county level, those counties with the highest life
expectancies have continued to gain over the past 25 years, while those counties with the

lowest life expectancies experienced plateaus. >*

Local health departments are on the front lines of this battle to improve health in
the United States, often with few resources and little data to inform health departments on
their performance.”’ Local health departments often look to metrics such as the Robert
Wood Johnson County Health Rankings as a means to evaluate their performance in
relation to their state peers.® However, these comparisons frequently reflect the
underlying socioeconomic differences within a state. Comparisons of vastly different
populations within a state may be of limited utility and can obscure net gains being made
by health departments serving low SES populations. In some cases, health departments
working with hard to serve populations may even be harmed in competitive funding
situations. Population interventions are often specialized to the target population in order

to improve effectiveness, therefore if a county ranking last in a state were to implement
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all of the same interventions as the county that ranked first, it is not certain that the

interventions would have the same success. °

There is a need for appropriate comparison groups that health departments can
use, not only to benchmark themselves, but also as a forum for learning exchange. This is
not a new concept, urban health departments have been reaching out to one another for
years, the Big Cities Health Coalition being a prime example.!® This group has a data
platform for comparisons between the largest cities on key health indicators and provides
case studies on the interventions urban local health departments have used to impact
many of these indicators. However, this leaves a void for rural health departments, which
often lack formal relationships across state lines, and have seen stagnating health

improvement as compared to urban health departments.'!!?

Here we create comparison groups for local health departments based on the
sociodemographic makeup of the county populations and evaluate the distributions of
important health behaviors within the comparison groups, focusing on the Centers for

Disease Control and Prevention’s (CDC) Winnable Battles.

3.3 Methods

3.3.1 Study Data

Our analysis utilized individual level data from the 2014 Behavioral Risk Factor
Surveillance System (BRFSS) and county level data from the 2016 Robert Wood Johnson
Foundation County Health Rankings dataset, with additional measures included from the

U.S. Census Bureau’s American Community Survey (Appendix 3A). 1313
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3.3.2 Data Analysis

To evaluate local public health performance in this study, we chose to focus on
the CDC’s Winnable Battles, which are priorities with large-scale health impacts and
known effective strategies to address them.'® Specifically, we evaluated county level
smoking prevalence, obesity prevalence, and the rate of motor vehicle crash mortality

across the United States as the outcomes of interest.

To identify the individual characteristics that were most predictive of outcomes of
interest, we used the random forest algorithm to rank the importance of variables present
in BRFSS data in predicting these outcomes.'”!® Self-reported seatbelt use and driving
under the influence of alcohol were used to evaluate the individual characteristics most
predictive of motor vehicle crash mortality, because these outcomes are on the causal
pathway to motor vehicle crash death.!” Variables whose removal led to a mean decrease
in accuracy of 10 misclassifications or greater were considered to highly predictive on the
outcomes of interest. These variables were individual race/ethnicity, educational
attainment, age, marital status, employment status, sex, and health insurance status.
Proxies for these variables that were available at the county level were used to create
county clusters. These variables were percent non-Hispanic African American, percent
non-Hispanic white, percent Hispanic, percent American Indian, percent Asian, percent
with some college education, percent married, percent unemployed, percent female, and
percent uninsured median age. Percent rural was also included in further analysis due to

its relationships with the outcomes and potential impact on intervention effectiveness.
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K-means analysis was used to identify clusters of counties with similar
sociodemographic profiles. Gap statistics, Bayesian information criterion, and within
group sums of squares were used to select the optimal number of clusters.?->> These
methods supported from six to ten clusters, and we choose to base our analysis on the
median number of eight clusters. The sociodemographic characteristics of each of the
clusters were investigated and clusters were mapped for visualization of the location of

the clusters across the United States.

Counties were first given overall percentile ranks for each outcome based on their
current smoking prevalence, obesity prevalence, and motor vehicle death rates, compared
with all other counties in the United States. Outcome percentile ranks were then
calculated separately for each cluster, comparing a county’s outcome prevalence only to
other counties within its cluster. These cluster specific outcome percentiles were
compared to the previous nationwide percentiles. These nationwide and cluster specific
county percentiles were mapped to highlight the high and low percentile counties before
and after clustering.”® To further highlight the differences in the prevalence of the
outcomes of interest cluster specific means, variances, and average percentile change

after clustering were calculated for each outcome. Data were analyzed using R v3.2.2.%

3.4 Results

The sociodemographic characteristics of each cluster of counties can be found in
Appendix 3B. The clusters vary markedly from one another, particularly in racial and

ethnic breakdowns, socioeconomic markers, and how rural the county is. We assigned
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each cluster a name that highlights the makeup of'its population. The eight clusters
identified were: (1) rural, high SES cluster; (2) semi-urban, high SES; (3) young, urban,
mid/high SES; (4) mostly rural, mid SES; (5) rural, mid/low SES; (6) semi-urban,
mid/low SES; (7) a semi-urban, Hispanic; and (8) rural, American Indian. Counties from
the same cluster tended to group geographically (Figure 3.1) displays the locations of the

clusters, which tend to cluster together geographically as well.

The prevalence of the outcomes varies significantly between clusters. The high
SES, rural group has the lowest average percent of smokers at 15.9%, while the rural,
American Indian group has the highest at 29.3% (Table 3.1). Motor vehicle death rates
range from 12.2/100,000 population in the young, urban, mid/high SES group to
46.4/100,000 population in the rural, American Indian group. The young, urban, mid/high
SES group also had the lowest obesity prevalence at 28.4%, while the semi-urban,

mid/low SES group had the highest at 35.9.
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Figure 3.1: Map of the Sociodemographic Based County Clusters
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Table 3.1: Cluster Variance and Average Percentile Change for Each Cluster by Outcome

. Young, Semi-
Rural, High Semi- Urban, Mostly. Rural, Urban, Semi-Urban Rure.ﬂ,
Urban, . . Rural, Mid Mid/Low . . . American
SES . High/Mid Mid/Low Hispanic . Overall
> High SES SES SES > Indian
N=671 > SES > > SES n=242 a
n=727 n=977 n=116 n=42
n=37 n=327
Smoking
Average Percent Current Smokers 16.1 17.3 12.9 19.9 20.5 21.3 16.4 29.3 18.4
Cluster Standard Deviation 1.9 3.1 2.6 3.5 3.8 2.9 2.1 6.2 3.8
Average Percentile Change 19.8 7.6 38.9 -12.0 -17.6 254 15.4 437 -
Motor Vehicle Deaths
Average Motor Vehicle Death
Rate (per 100,000 population) 20.3 12.2 7.2 23.0 23.8 23.6 20.3 46.4 19.7
Cluster Standard Deviation 9.7 5.0 3.3 8.0 7.2 9.0 9.1 16.9 9.6
Average Percentile Change 2.4 26.1 41.7 -12.8 -15.9 -13.0 2.9 -39.8 -
Obesity
Average Percent Obese 30.2 29.0 23.2 31.9 32.8 35.6 28.9 35.2 31.0
Cluster Standard Deviation 35 43 43 3.6 42 3.9 4.2 4.2 45
Average Percentile Change 6.2 12.9 35.0 -6.4 -11.6 -30.0 15.6 -28.9 -

53




By clustering the United States population into smaller, more homogenous
groups, we would expect that within cluster standard deviations of the outcomes of
interest might be smaller than the overall standard deviations in the outcomes of interest.
This is what is typically seen with our clusters, however there are a few clusters with
standard deviations that are larger than the overall standard deviation. The standard
deviation is also interesting in this this analysis because it may serve as a metric to
evaluate room for potential improvement, with health departments that are the bottom of
a cluster with high variance having more room for improvement, whereas clusters with
small variance may be hitting some improvement threshold. The percentage of current
smokers within a county had an overall standard deviation of 3.8% and the cluster
specific standard deviations ranged from 1.9% in the high SES, rural group, indicating
very little outcome heterogeneity in that cluster, to 6.2% in the rural, American Indian
group. Motor vehicle mortality had a standard deviation of 9.6 per 100,000 population,
with cluster specific standard deviations ranging from 3.3 per 100,000 population in the
young, urban, high/mid SES group to 16.9 per 100,000 in the rural American Indian
group, indicating that there is a large range in the mortality caused by motor vehicles.
Obesity had an overall standard deviation of 4.5%, and the cluster specific standard
deviations ranged from 3.5% in the rural, high SES group to 4.3% in the young, urban,
high/mid SES group, showing that counties within the same cluster tend to have similar

obesity prevalence.

County percentile rankings often shifted dramatically when those percentiles
were recalculated within the clusters (Figure 3.2). Across all outcomes, the overall

percentiles tend to have strong regional tendencies, but there is more regional
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heterogeneity introduced in the cluster specific percentiles. Additionally, clusters
composed of mostly low percentile counties had an increase in their average percentile
after clustering, because many of the counties within the clusters had an increased
percentile when considered within the context of their cluster. Likewise, clusters
composed of mostly high percentile counties tended to experience percentile decreases on

average (Table 3.1).

As can be seen in Figure 3.2a and 3.2b, smoking tends to be concentrated in the
Mississippi Valley and Appalachian Highlands regions of the United States. However,
after clustering, much of the Southeast show improvements in their relative percentile,
indicating that there are doing well compared to demographically similar counties; while
some counties in the northern Midwestand Mountain regions have higher percentiles
after clustering, suggesting that these counties have a high smoking prevalence compared
to similar counties. Several counties in the rural, American Indian group had within
cluster percentiles that were 70 points lower than their nationwide percentiles. For
example, in Lyman County, South Dakota, 22% of the population are current smokers,
placing the county in the 83rd percentile overall, however it is in the 8th percentile
compared to the demographically similar counties in its cluster. This suggests that Lyman
County may serve as an exemplar of best practices for smoking reduction in rural
American Indian populations. Conversely, Sacramento County, California, has a smoking
prevalence of 15%, placing it in the 16th percentile nationwide, but in the 78th percentile
within its cluster. This suggests, that while Sacramento County has a relatively low

smoking prevalence compared to the nation as a whole, its smoking control programs
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have not been less successful compared to others in the young, urban, mid/high SES

group.

Figure 3.2: Map of Overall and Cluster Adjusted Outcome Percentiles by County

b) Cluster Adjusted Smoking Percentiles by County

a) Overall Smoking Percentiles by County
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Figure 3.2c and 3.2d show that motor vehicle death rates are the highest in the
most rural, central regions of the United States, where driving distances tend to be longer.
This pattern is sustained after cluster specific percentiles are calculated, however there
are notable changes for individual counties. This outcome also had many counties within
the rural, American Indian cluster that had within cluster percentiles more than 70 points
lower than their nationwide percentiles. Cibola County, New Mexico had the largest
difference. With a motor vehicle death rate of 27/100,000 population the county was in
the 80th percentile nationwide, however when considered within its cluster, it falls within
the 8th percentile. The young, urban, high/mid SES group had very low rates of motor
vehicle deaths overall, thus high performing counties show room for improvement
compared to their cluster peers. For example, San Joaquin County, California has a motor
vehicle death rate of 12/100,000 population, placing it in the 21st percentile overall, but

within its cluster it is in the 92nd percentile.

The highest obesity percentiles are concentrated in the Southeast and Appalachian
Highlands regions (Figure 3.2¢e). However, after clustering the highest percentiles are no
longer as thickly concentrated in these regions, and again show up much more frequently
in the Midwest (Figure 3.2f). One regional high performer is Houston County, Alabama,
which has an obesity prevalence of 34%, placing it in the 77th percentile nationwide, but
within the semi-urban, mid/low SES cluster it is in the 30th percentile. The young, urban,
mid/high SES group had the lowest average obesity prevalence of any cluster, and within
this group Sutter County, California has an obesity prevalence of 28% placing it in the

21st percentile overall, but within its cluster it is in the 90th percentile.
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3.5 Discussion

This method demonstrates that there are clear sociodemographic clusters of
counties throughout the United States and these clusters differ from one another in the
prevalence of the three outcomes considered in this analysis. Although the clusters did
have regional tendencies, states had counties from multiple different clusters within their
borders. This suggests that comparisons within states may not be the best way to
approach rankings, and that counties may share more similarities with counties outside of
their states. Additionally, because the clustering in this paper is based on
sociodemographic indicators that are predictive of the outcomes of interest, one might
hypothesize that members of a given cluster would benefit from similar public health
interventions, making these clusters excellent groups for learning exchange. Finally,
when counties (and thus health departments) are evaluated within states, it often removes
the national context from the ratings. For example, if your county is ranked first in your
state based on health outcomes, but your state has some of the worst health outcomes in
the country, it is unclear how meaningful a high ranking truly is.

The clusters differed from one another in the average prevalence of the outcomes
of interest, and the cluster variances tended to be smaller than the overall variance. This
indicates that cluster members tended to have similar outcome prevalence. Because of
this, county percentiles within a given cluster would often shift as a whole when
clustering was considered. However, the overall shifting of percentile ranks within a
cluster, compared with the percentile ranks of other clusters, is a side effect, and not the
point of this method. Instead, the aim is to look within clusters to highlight high and low

performers within a given sociodemographic context.
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This method provides a tool for comparing county performance to other counties
with similar populations. Those counties with the highest percentiles overall, will
continue to have the highest percentiles within their clusters, likewise those with the
lowest percentiles overall, will continue to have the lowest percentiles within their
clusters. However, those counties that have moderate performance on a nationwide scale,
but are in a high performing cluster, will have high within cluster percentiles, as was seen
in Sacramento County, California, San Joaquin County, California, and Sutton County,
California. These high within cluster percentiles indicate that, although they may be
doing well in the context of the entire United States, other counties with similar
sociodemographic make ups tend to have better performance, which signals an
opportunity for further improvement in these counties. Additionally, counties with
moderate performance that belong to low performing clusters, had low within cluster
percentiles as was seen in Lyman County, South Dakota, Cibola County, New Mexico,
and Houston County, Alabama. These low within cluster percentiles suggest that
although these counties have significant room for improvement in the national context,
they are doing well for their respective groupings and should serve as examples for other
counties in their clusters of how to make meaningful improvements.

The sociodemographic indicators that were predictive of the outcomes of interest
had substantial overlap, allowing us to create a single clustering scheme that could be
applied to all three outcomes. This suggest that this methodology could be applied to
many other outcomes to obtain similar rankings and comparisons with little, if any,
adjustment. This would enable local health departments to compare their performance to

other counties within their cluster for any outcome for which there are data available.
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Additionally, since these sociodemographic indicators upon which the clusters are based
appear to be consistently important, local health departments could engage in learning
exchange, even for those outcomes for which there is little data available in order to
implement interventions that are likely to be the most effective within their populations.
For this analysis we used a small number of clusters to make the clusters more digestible,
however, BIC calculations suggested that using many more clusters would be almost
equivalently acceptable. Hence, if health departments desire smaller, and more similar
comparison groups, simply increasing the number of clusters in this analysis would be a
reasonable way to achieve this goal.

The importance of the social inequities of health cannot be overemphasized, and
evaluations that highlight these detrimental health gaps are vitally important, but the
social inequities are often barriers that few local health departments have the resources to
impact, particularly those health departments that have the worst health outcomes overall.
This method provides a mechanism to create valuable comparison groups, through which
the lowest performers within a cluster can gain valuable information on how to improve
their performance by implementing similar interventions as the highest performers in the
cluster. This is not to say that counties that perform well for their given clusters should
consider their work done. These high performing counties should be looking to new and
innovative ways to continue to improve the health of their populations and close the
health gap caused by social inequities.

Beyond the social inequities of health there are other additional reasons why
within state comparisons are logical and needed. Counties within a given state are subject

to the same state legislation and are served by the same state health department, making
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differences within a state a meaningful tool, particularly for state level decision making.
Therefore, this method should be considered a supplementation to and not a replacement
of current ranking methods.

Data availability was a limitation in this study, one that is frequently faced by
local health departments searching for stable and comparable county level data. In order
to obtain stable county level estimates, we often had to combine data for multiple years,
meaning that county estimates may not be representative of the current outcome
prevalence within a county. This would be particularly important for counties that have

experience recent, rapid health improvements or declines within their populations.

3.6 Public Health Implications

Health inequalities in the United States are large, and continue to grow. Health
departments require tools to fully assess their own performance, and the opportunity to
share knowledge with health departments serving similar populations, and facing similar
obstacles. This paper suggests a method for creating appropriate risk sets with which

health departments can continue to monitor and improve the health of their populations.
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Appendix 3A: Sources of County Level Data

Measure Source Year(s)

Percent of adult population that are current Behavioral Risk Factor 2014

smokers Surveillance System

Motor vehicle crash death rate per 100,000 CDC WONDER Mortality | 2007-

population Data 2013

Percent of adult population with BMI > 30 CDC Diabetes Interactive 2012
Atlas

Percent of population under age 65 without Small Area Health 2013

health insurance Insurance Estimates

Percent of population aged 16 or greater that | Bureau of Labor Statistics 2014

are unemployed but seeking work

Percent of adults aged 25 to 44 with some American Community 2010-

post-secondary education Survey 2014

Percent of population that identify as non- Census Population 2014

Hispanic African American Estimates

Percent of population that identify as Census Population 2014

American Indian and Alaskan Native Estimates

Percent of population that identify as Census Population

. . . 2014

Hispanic Estimates

Percent of population that identify as Non- Census Population 2014

Hispanic white Estimates

Percent of population that are females Census Population 2014
Estimates

Percent of county that is considered rural Census Population 2010
Estimates

Median Age American Community 2010-
Survey 2014

Percent of adult population that are married | American Community 2010-
Survey 2014
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Appendix 3B: Cluster Sociodemographic Characteristics

Rural, High SES Semi-Urban, Young, Urban, Mostly Rural, Rural, Mid/Low Semi-Urban, Semi-Urban Rural, American
Clusters “raN: 6‘%1} High SES High/Mid SES Mid SES SES Mid/Low SES Hispanic Indian

n=727 n=37 n=977 n=116 n=327 n=242 n=42

Total Population 12,661,364 152,194,298 44,405,450 33,726,783 1,904,737 26,581,542 46,524,801 857,992

Percent White 92.1 70.7 422 86.4 67.5 49.9 452 30.6

Percent 3.9 7.7 21.0 52 10.5 4.4 46.9 52

Hispanic

Percent African 11 7.1 8.9 4.7 182 4.9 43 1.1

American

Percent Asian 0.6 2.5 20.77 0.6 0.7 1.0 1.7 0

Percent

Amorican Indian 1.3 1.2 22 1.7 2.0 0.7 2.1 59.6

Percent Some 64.0 66.0 68.9 49.6 39.8 493 487 50.1

College

Percent Married 59.0 50.5 49.3 53.7 44.1 42.7 50.1 41.3

Percent 45 5.4 5.8 7.2 6.8 8.7 6.0 95

Unemployed

Percent Female 49.8 50.5 49.6 50.2 02 513 493 49.0

Percent 143 13.9 16.0 19.2 20.0 19.6 25.1 23.9

Uninsured

Percent Rural 79.9 25.1 10.5 73.0 75.3 56.4 40.3 83.1

Median Age 44.4 37.4 37.0 43.1 40.1 38.6 36.2 31.7
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Chapter 4

How Health Departments Make an Impact: The
Effects of Local Health Department Performance on
the Ten Essential Public Health Services

4.1 Abstract

Objectives: To evaluate the associations between local health department characteristics,
including performance scores on the Ten Essential Public Health Services, and health

outcomes and behaviors in the populations they serve.

Methods: Multilevel logistic regressions were used to explore the associations between
health department characteristics and the outcomes of general health rating, current
smoking status, seatbelt use, and obesity, while controlling for individual level

confounders.

Results: Higher Essential Public Health Service scores were significantly associated with
decreased odds of poor general health, smoking, and inconsistent seatbelt use. Health
department governance structure also had strong significant associations with health

outcomes.

Conclusions: Our results suggest that local health departments have meaningful impacts
on the health of the populations that they serve. Increased emphasis on building Essential

Public Health Service Capacity and understanding the impact of health department
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governance structure may aide health departments in further improving the health of their

populations.
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4.1 Introduction

In recent years, the United States has seen a decline population health. The
country’s average life expectancy decreased in 2015, and over the next few decades’ is
expected to fall even further behind other industrialized countries.!? However, life
expectancy is not homogenous across the United States. At the county level, there are
large inequalities in life expectancy that are often associated with income or other
socioeconomic status markers.>* Additionally, these gaps appear to be widening as those
counties with the longest life expectancy continue to improve, while those with the
shortest life expectancies have seen stagnating improvements.®> Local health departments
provide a prime avenue by which to reach underserved populations, however the
populations with the worst health outcomes, tend to also have local health departments
with the fewest resources.®”

There is growing evidence that local health department capacity may have a
meaningful impact on the populations being served with studies showing that increased
health department resources and activities are associated with reductions in measures of
morbidity and mortality.*!°!* However, the authors of this work are careful to state that
an influx in funding alone will not likely cause measurable improvements, but the
funding must bring about improvements in public health practice. Other work has shown
that decreases in local health department spending are associated with a reduction on
performance on the Ten Essential Public Health Services (EPHS), suggesting that local

health department fulfillment of these services lies on the causal pathway of the
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relationship between health department resources and morbidity and mortality in the
population.'

At a time when many local health departments are facing workforce and funding
cuts, tough decisions must be made about which programs and activities should remain a
priority, which may lead to a specialization of local health departments that we are
already seeing some evidence of.">"!7 Evidence that not only demonstrates that local
health departments’ performance on the EPHSs is associated with the health of the
populations served, but also states specifically which services have the strongest
associations with population outcomes, would be invaluable to local health departments
prioritizing where limited resources should be placed.

In this study we investigate if local health department characteristics, including
performance on the EPHSs, are associated with reductions in poor health outcomes or
behaviors. Specifically, we focus on outcomes that are part of the Centers for Disease
Control and Prevention’s (CDC) Winnable Battles. These are outcomes selected because
they cause high morbidity and mortality, but have known effective prevention

strategies. '8

4.2 Methods

Local health department data were drawn from the National Association of City
and County Health Officer’s 2013 National Profile of Local Health Departments.'® The
derivation of local health department performance scores on the ten essential public
health servicesis described in previous work.!” The questionnaire was completed, and

scores were calculated, for 2,000 of 2,532 (79%) local health departments. Scores were
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derived from questions in both the core questionnaire and supplemental modules. The
supplemental modules were not completed by all local health departments. In order to
retain the most local health departments in our data set, only EPHS scores derived from

the core questionnaire will be used in this analysis. These essential services include:

EPHS 1. Monitor health status to identify and solve community health problems

EPHS 2. Diagnose and investigate health problems and health hazards in the community
EPHS 3. Inform, educate, and empower people about health issues

EPHS 5. Develop policies and plans that support individual and community health efforts
EPHS 6. Enforce laws and regulations that protect health and ensure safety

EPHS 7. Link people to needed personal health services and assure the provision of

health care when otherwise unavailable

Data on individual risk factors and outcomes was drawn from the 2014 SMART
BRFSS dataset.?’ These data are a subset of the Behavioral Risk Factor Surveillance
System (BRFSS) data and are comprised of those metropolitan and metropolitan
statistical areas that have at least 500 completed BRFSS interviews.?! The individual
level BRFSS data was linked to the health department data by zip code. To account for
zip codes often falling into multiple counties (the jurisdiction level of most local health
departments) weighted bootstrapping was used to create random samples and models
were run on 1000 iterations of these bootstrap derived samples.

Zip code matches to the SMART BRFSS data were made for 65.4% (1,308/2,000)

of the local health departments with previously calculated EPHS performance scores, this
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1s 51.7% (1,308/ 2,532) of all local health departments in the United States. The final
matched dataset contained data for 194,114 individuals from 46 states and Washington
D.C. Rhode Island and Hawaii were not included in the analysis because they do not have
local health departments, and Wyoming and New Hampshire were excluded due to low
sample size.

As previously mentioned, the outcomes for this analysis were drawn from the
CDC’s Winnable Battles. Specifically, we focused on the areas of smoking, motor
vehicle deaths and obesity. For the outcome of smoking we used individuals’ self-
reported current smoking status. To evaluate motor vehicle deaths, we used self-reported
seatbelt use as the outcome of interest, categorized as “always use a seatbelt” vs “not
always”. The outcome of obesity was categorized as anyone with a self-reported BMI >
30. We also investigated the outcome of general health, which was categorized as those
that self-reported their general health as “excellent”, “very good”, or “good” versus those
that reported their health as “fair” or “poor”.

Multilevel logistic regressions were used to model the relationships between local
health department scores and the outcomes described. A state level random effect was
used to account for differences that may occur at the state level, such as differences in
state health department capacity or differences in state public health legislation. Model 1
for each outcome is comprised of this random intercept only model.

Model 2 builds upon Model 1 by adding in individual level confounders. The
included individual level covariates are age categorized as “18 to 34”, “35 to 54”, and
“55 and older”, education categorized as “some college or greater” vs “no college”,

employment categorized as “employed” vs “unemployed”, which includes individuals
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that are retired, marital status categorized as “married” or “unmarried”, race categorized
as “non-Hispanic white”, “non-Hispanic black”, and “other”, and sex. As with Model 1,
Model 2 is applied to each of the outcomes of interest.

Model 3 further builds upon the previous two models by adding in the local health
department covariates. Model 3a includes adds in local health department scores for
EPHS 1: Monitor Health Status, EPHS 2: Diagnose and Investigate, EPHS 3: Inform,
Educate and Empower, EPHS 5: Develop Policy, EPHS 6: Enforce Laws and
Regulations, and EPHS 7: Link to and Provide Care. Model 3b does not include EPHS
scores, but adds other local health department characteristics, which were per capita
health department expenditures, the size of the population served, the health department
governance category, and the presence of the local board of health. Model 3¢ includes all
covariates from Model 3a and 3b. All continuous variables were mean centered and

scaled by standard deviation. Each of these models were run on 1000 iterations of

weighted bootstrapped samples.

4.4 Results

The final merged data set was comprised of 194,114 individuals which were
linked to 1,308 local health departments (Table 4.1). The individuals in the dataset tend
to be older in age with 55.1% aged 55 or older. The sample is predominantly non-
Hispanic White (77.4%) and is 41.8% male. The means and standard deviations of the
EPHS scores for this sample are very similar to those of the full sample described in
previous work. The local health departments in the sample were typically locally

governed (68.1%) and most had oversight by a local board of health (68.7%).
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Table 4.1: Sample Descriptors: Individual and Local Health Department
Characteristics

Individual Characteristics

N=194,020
Age, n (%)
18to 34 29,483 (15.2)
35054 57,535(29.7)
55 and older 107,002 (55.1)

No college education, n (%)

61,502 (31.8)

Unemployed, n (%) 90,355 (46.8)
Unmarried, n (%) 90,355 (46.8)
Race, n (%)

Non-Hispanic White 147,798 (774)

Non-Hispanic Black

20,118 (10.5)

Other

23,155 (12.1)

Male, n (%)

81,126 (41.8)

Heal th Department Characteristics
N=1,305

Mean Score, (SD)

EPHS 1: Monitor Health Status 62.0(26.4)
EPHS 2: Diagnose and Investigate 49.3(29.6)
EPHS 3: Inform, Educate and Empower | 45.1(29.6)
EPHS 5: Develop Policy 56.7(31.7)
EPHS 6: Enforce Laws and Regulations | 43.3 (23.7)
EPHS 7: Link to and Provide Care 46.7(29.9)
Mean per capita expenditures ($), (SD) 49.5(75.3)

Mean population (in thousands), (SD)

190.1 (478.2)

Governance Category, n (%)

Local 888 (68.0)

State 291(22.3)

Shared 126 (9.7)
Has local board of health 884 (68.6)
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For each of the outcomes, the models’ AICs decreased for each additional set of
covariates added, with Model 3c consistently having the lowest AIC for each outcome.
When considering the outcome of general health, each of the individual level covariates
were significantly associated with reporting poor or fair health, with older age, no college
education, being unemployed, being unmarried, being a racial minority and being a male
all increasing the odds of reporting poor or fair health (Table 4.2). The local health
department’s EPHS 4 (Diagnose and Investigate) score, also had a statistically significant
relationship with an individual’s health rating, with each standard deviation increase in
EPHS 4 score the odds of an individual reporting poor or fair health increased by 6
percent (OR: 1.06; 95% CI: 1.02, 1.09). Increased local health department scores on
EPHS 3 (Inform, Educate, and Empower) and EPHS 7 (Link to and Provide Care) were
associated with decreases in the odds of reporting poor or fair health. With each standard
deviation increase in EPHS 3 the odds of poor health decreased by 3 percent (OR: 0.97;
95% CI: 0.94, 0.99) and with each standard deviation increase in EPHS 7 the odds
decreased by 4 percent (OR: 0.96; 95% CI: 0.93, 0.99). The health department
governance structure also seemed to play an important role with those individuals living
in the jurisdiction of a state governed local health department having 20 percent higher
odds of reporting poor or fair health than individuals living in locally governed

jurisdictions (OR: 1.21;95% CI: 1.10, 1.33).
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Table 4.2: Multilevel logistic regressions modeling the influence of individual
characteristics and local health department characteristics on the odds of reporting

fair or poor health

Model 1 Model 2 Model 3a Model 3b Model 3¢
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
AIC 174,518.1 151,236.0 98,522.6 121,389.1 80,405.0
Intercept 0.21 (0.20, 0.21) 0.02 (0.02, 0.02) 0.02 (0.02, 0.02) 0.02 (0.02, 0.02) 0.02 (0.02, 0.02)

Individual level
Age (18 to 34)
35 to 54
55 and older
Education (some college)
No college
Employment (Employed)
Unemployed
Marital status (married)
Unmarried
Race (non-Hispanic
white)
Non-Hispanic black
Other
Sex (Female)
Male
Health department level
EPHS scores
EPHS 1: Monitor
Health Status
EPHS 2: Diagnose
and Investigate
EPHS 3: Inform,
Educate and
Empower
EPHS 5: Develop
Policy
EPHS 6: Enforce
Laws and
Regulations
EPHS 7: Link to and
Provide Care
Per capita expenditures
Population
Governance Category
(local)
State
Shared
Local board of health
State level random
effect
95% CI

(0.13, 0.34)

2.53 (2.39,2.67)
2.53 (2.41,2.66)

2.13 (2.07,2.18)
3.26 (3.15,3.37)
1.63 (1.59,1.68)
1.58 (1.52,1.64)
1.88 (1.81,1.95)

1.17 (1.14,1.20)

(0.01, 0.03)

2.58 (2.42,2.76)
2.59 (2.45,2.75)

2.10 (2.04,2.17)
3.18 (3.06,3.31)
1.61 (1.56, 1.66)
1.61 (1.53,1.69)
1.94 (1.85,2.03)

1.17 (1.13,1.21)

1.00 (0.97, 1.02)
1.04 (1.01,1.07)

0.98 (0.96, 1.01)

1.00 (0.97, 1.02)

1.00 (0.98, 1.02)

0.98 (0.95, 1.01)

(0.02, 0.03)

2.51 (2.37,2.67)
2.55 (2.42,2.69)

2.12 (2.06,2.18)
322 (3.11,3.33)
1.63 (1.58,1.68)
1.58 (1.51, 1.65)
1.93 (1.85,2.01)

1.15 (1.12,1.18)

1.01 (0.99, 1.05)
1.00 (1.00, 1.01)

1.18 (1.09,1.27)
0.98 (0.88, 1.08)
1.04 (0.99, 1.09)

(0.01, 0.03)

2.59 (2.41,2.78)
2.62 (2.46, 2.80)

2.09 (2.02,2.16)
3.15(3.01,3.28)
1.61 (1.55,1.67)
1.60 (1.51,1.69)
2.02 (1.92,2.13)

1.15 (1.11,1.20)

0.98 (0.95, 1.00)
1.06 (1.02, 1.09)

0.97 (0.94, 0.99)

1.00 (0.98, 1.03)

1.01 (0.98, 1.03)

0.96 (0.93, 0.99)
1.04 (0.99, 1.09)
1.01 (1.00, 1.02)

1.21 (1.10, 1.33)
1.08 (0.99, 1.19)
1.04 (0.98, 1.10)

(0.02, 0.03)
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Many of the individual level covariates were also significantly associated with the
odds of being a current smoker (Table 4.3). Being aged 35 to 54, having no college
education, being unmarried, and being a male all increasing the odds of being a current
smoker. Being aged 55 or older and being a racial/ethnic category other than non-
Hispanic white or black both significantly decreased an individual’s odds of being a
current smoker. The local health department’s EPHS 3 (Enform, Educate and Empower)
score also had a statistically significant relationship with an individual’s health rating,
with each standard deviation increase in EPHS 3 score the odds of an individual living in
that health department’s jurisdiction being a current smoker decreased by 4 percent
(OR:0.96; 95% CI: 0.94, 0.99). Higher EPHS 1 (Monitor Health Status) and EPHS 2
(Diagnose and Investigate) scores were significantly associated with a higher odds of
smoking in Model 3a, however these findings were no longer significant in the larger
Model 3c. Each standard deviation increase in per capita expenditures by health
departments was associated with a 6% increase in the odds of smoking (OR: 1.06;
95%CI: 1.02, 1.11). Increased population size served by the local health department was
associated with a decreased odds of smoking (OR: 0.98; 95% CI:0.97, 0.99). The local
health department’s governance category also had a significant relationship with current
smoking. Having a local health department that was state governed increased an
individual’s odds of smoking by 28 percent as compared to locally governed local health
departments (OR: 1.28; 95%CI: 1.14, 1.45). A shared governance structure had a

protective effect in Model 3b, but this was no longer significant in the larger Model 3c.
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Table 4.3: Multilevel logistic regressions modeling the influence of individual
characteristics and local health department characteristics on the odds of current

smoking
Model 1 Model 2 Model 3a Model 3b Model 3¢
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
AIC 152,101.5 140, 287.0 91,516.6 112,191.2 74,757.3
Intercept 0.17 (0.17, 0.17) 0.09 (0.09, 0.09) 0.09 (0.09, 0.10) 0.09 (0.08, 0.09) 0.09 (0.08, 0.10)

Individual level
Age (18 to 34)
35 to 54
55 and older
Education (some college)
No college
Employment (employed)
Unemployed
Marital status (Married)
Unmarried
Race (non-Hispanic
White)
Non-Hispanic Black
Other
Sex (female)
Male
Health department level
EPHS scores
EPHS 1: Monitor
Health Status
EPHS 2: Diagnose
and Investigate
EPHS 3: Inform,
Educate and
Empower
EPHS 5: Develop
Policy
EPHS 6: Enforce
Laws and
Regulations
EPHS 7: Link to and
Provide Care
Per capita expenditures
Population
Governance Category
(local)
State
Shared
Local board of health
State level random
effect
95% CI

(0.11, 0.27)

1.16 1.11,1.21)
0.60 (0.58, 0.63)

2.24 (2.19,2.31)
1.07 (1.03, 1.10)
2.10 (2.03,2.16)
1.02 (0.97, 1.07)
0.81 (0.77, 0.85)

132 (1.29,1.36)

(0.06, 0.14)

1.19 (1.12, 1.25)
0.62 (0.58, 0.64)

2.23 (2.15,2.31)
1.04 (1.00, 1.08)
2.13 (2.05,2.21)
1.01 (0.96, 1.07)
0.79 (0.75, 0.84)

1.32(1.28,1.37)

1.02 (1.00, 1.05)
1.03 (1.00, 1.06)

0.95 (0.93, 0.98)

0.98 (0.96, 1.01)

0.99 (0.97, 1.01)

1.00 (0.97, 1.03)

(0.06, 0.13)

1.15 (1.10,1.20)
0.61 (0.58, 0.64)

2.26 (2.20,2.33)
1.05 (1.01, 1.09)
2.11 (2.04,2.18)
1.02 (0.96, 1.07)
0.79 (0.75, 0.84)

1.30 (1.26,1.35)

1.05 (1.02,1.08)
0.99 (0.98, 1.00)

1.34 (1.22,1.47)
0.80 (0.70, 0.91)
1.03 (0.98, 1.09)

(0.06, 0.14)

1.17 (1.10, 1.24)
0.61 (0.58, 0.65)

2.24 (2.15,2.33)
1.03 (0.98, 1.07)
2.13 (2.04,2.21)
1.01 (0.94, 1.07)
0.77 (0.72, 0.83)

1.29 (1.24,1.35)

1.00 (0.98, 1.03)
1.02 (0.99, 1.06)

0.96 (0.94, 0.99)

1.00 (0.96, 1.03)

1.02 (0.99, 1.05)

0.99 (0.95, 1.02)
1.06 (1.02,1.11)
0.98 (0.97, 0.99)

1.28 (1.14, 1.45)
0.92 (0.81, 1.03)
0.99 (0.93, 1.06)

(0.06, 0.13)

78




The individual level covariates that had significant positive associations with
inconsistent seatbelt use were no college education, being unmarried, being non-Hispanic
black and being a male (Table 4.4). Increased aged, being unemployed, and being a
racial/ethnic category other than non-Hispanic white or black all significantly decreased
an individual’s odds of inconsistent seatbelt use. The local health department’s EPHS 1
(Monitor Health Status) and EPHS 6 (Enforce Laws and Regulations) scores also had
statistically significant relationships with seatbelt use. With each standard deviation
increase in EPHS 1 score the odds of an individual living in that health department’s
jurisdiction having inconsistent seatbelt use decreased by 5 percent (OR: 0.95; 95% CI:
0.92, 0.98) and each standard deviation increase in EPHS 6 score was associated with an
11 percent reduction in odds (OR:0.89; 95%CI: 0.85, 0.91). Increased per capita spending
by the local health department was associated with an increased odds of inconsistent seat
belt use (OR: 1.10; 95% CI: 1.04, 1.17). Having a local health department with shared
state and local governance decreased an individual’s odds of inconsistent seatbelt use by
29 percent as compared to locally governed local health departments (OR: 0.71; 95%CI
0.55, 0.95). State governance increased the odds of inconsistent seatbelt use in Model 3b,

but this finding was no longer significant in the larger Model 3c.
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Table 4.4: Multilevel logistic regressions modeling the influence of individual
characteristics and local health department characteristics on the odds of
inconsistent seatbelt use

Intercept
Individual level
Age (18 to 34)
35 to 54
55 and older
Education (some college)
No college
Employment (employed)
Unemployed
Marital status (married)
Unmarried
Race (non-Hispanic
white)
Non-Hispanic black
Other
Sex (female)
Male
Health department level
EPHS scores
EPHS 1: Monitor
Health Status
EPHS 2: Diagnose
and Investigate
EPHS 3: Inform,
Educate and
Empower
EPHS 5: Develop
Policy
EPHS 6: Enforce
Laws and
Regulations
EPHS 7: Link to and
Provide Care
Per capita expenditures
Population
Governance Category
(local)
State
Shared
Local board of health
State level random
effect
95% CI

Model 1 Model 2 Model 3a Model 3b Model 3¢
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
129,496.7 122,191.5 79,188.7 99,141.1 65,448.6

0.12 (0.12, 0.12)

(0.05, 0.32)

0.10 (0.10, 0.11)
0.69 (0.66, 0.72)
0.55 (0.53,0.57)
1.41 (1.37,1.46)
0.92 (0.89, 0.96)
1.40 (1.35,1.44)
1.17 1.11,1.24)
0.83 (0.79, 0.87)

2.00 (1.94,2.06)

(0.04, 0.27)

0.10 (0.10, 0.11)
0.68 (0.64,0.72)
0.55 (0.52, 0.58)
1.41 (1.35,1.46)
0.90 (0.86, 0.94)
1.40 (1.35, 1.46)
1.19 (1.11,1.28)
0.87 (0.82, 0.92)

2.03 (1.96,2.10)

0.97 (0.95, 1.00)
1.00 (0.97, 1.04)

1.02 (0.9, 1.05)

1.02 (0.9, 1.06)

0.90 (0.88, 0.93)

1.02 (0.99, 1.06)

(0.03, 0.29)

0.09 (0.09, 0.10)
0.68 (0.65, 0.72)
0.55 (0.53, 0.58)
1.42 (1.37,1.47)
0.93 (0.89, 0.96)
1.38 (1.33,1.43)
1.21 (1.14,1.28)
0.85 (0.80, 0.89)

1.94 (1.88,2.01)

1.07 1.02,1.11)
0.99 (0.98, 1.00)

1.26 (1.13,1.42)
0.77 (0.61, 0.95)
1.10 (1.04,1.17)

(0.06, 0.14)

0.10 (0.09, 0.12)
0.68 (0.64, 0.72)
0.55 (0.52, 0.58)
1.43 (1.37, 1.50)
0.90 (0.86, 0.95)
1.38 (132, 1.43)
1.24 (1.15,1.32)
0.88 (0.82, 0.94)

1.98 (1.90, 2.06)

0.95 (0.92, 0.99)
1.01 (0.97, 1.04)

1.03 (0.99, 1.07)

1.03 (0.98, 1.07)

0.88 (0.85, 0.91)

0.99 (0.94, 1.03)
1.10 (1.04,1.17)
1.00 (0.99, 1.01)

0.93 (0.81, 1.09)
0.71 (0.57,0.91)
1.05 (0.97, 1.13)

(0.07, 0.15)
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Almost all of the individual level covariates had positive significant associations
with obesity (Table 4.5). Being older aged, having no college education, being
unmarried, being arace or ethnicity other than white and being a male all significantly
increased the odds of obesity. Each standard deviation increase in the population size
served by the health department was associated with a slight decrease in the odds of
being obese (OR: 0.99; 95% CI: 0.98, 0.99). Having a local health department that was
state governed was associated with an 18 percent increase in an individual’s odds of
obesity as compared to locally governed local health departments (OR: 1.18; 95% CI:
1.09, 1.28). None of the EPHS scores had significant associations with an individual’s

odds of being obese.
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Table 4.5: Multilevel logistic regressions modeling the influence of individual
characteristics and local health department characteristics on the odds of obesity

Model 1 Model 2 Model 3a Model 3b Model 3¢
OR (90% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
AIC 221,813.4 214,457.1 136,053.8 171,794.1 111,692.7
Intercept 0.40 (0.40, 0.40) 0.21 (0.20, 0.22) 0.22 (0.21, 0.23) 0.20 (0.19, 0.21) 0.21 (0.19, 0.22)

Individual level
Age (18 to34)
35 to 54
55 and older
Education (some college)
No college
Employment (employed)
Unemployed
Marital status (married)
Unmarried
Race (non-Hispanic
white)
Non-Hispanic black
Other
Sex (female)
Male
Health department level
EPHS scores
EPHS 1: Monitor
Health Status
EPHS 2: Diagnose
and Investigate
EPHS 3: Inform,
Educate and
Empower
EPHS 5: Develop
Policy
EPHS 6: Enforce
Laws and
Regulations
EPHS 7: Link to and
Provide Care
Per capita expenditures
Population
Governance Category
(local)
State
Shared
Local board of health
State level random
effect
95% CI

(029, 0.55)

1.75 (1.69, 1.81)
1.55 (1.49, 1.60)

1.27 (1.24,1.29)
1.01 (0.98, 1.03)
1.05 (1.03,1.07)
1.88 (1.81,1.94)
1.12 (1.08, 1.16)

1.08 (1.06,1.11)

(0.16, .0.29)

1.76 (1.68, 1.84)
1.54 (1.48,1.62)

1.26 (1.22,1.29)
1.01 (0.98, 1.04)
1.03 (1.00, 1.06)
1.85 (1.77,1.92)
1.16 (1.11,1.21)

1.08 (1.05,1.11)

1.00 (0.99, 1.02)
0.99 (0.97, 1.01)

0.99 (0.97, 1.01)

0.99 (0.97, 1.01)

1.00 (0.98, 1.02)

1.02 (0.99, 1.04)

(0.16, 0.29)

1.74 (1.68, 1.81)
1.55 (1.49,1.61)

1.28 (1.25,1.31)
1.01 (0.98, 1.04)
1.05 (1.02, 1.08)
1.90 (1.83,1.97)
1.13 1.09,1.17)

1.07 (1.05,1.10)

0.98 (0.95, 1.00)
0.99 (0.98, 0.99)

1.18 1.10,1.27)
0.99 (0.91, 1.08)
1.04 (1.00, 1.08)

(0.15, 0.27)

1.76 (1.67, 1.85)
1.55 (1.47,1.62)

1.26 (1.22,1.30)
1.02 (0.9, 1.05)
1.04 (1.01,1.07)
1.88 (1.79, 1.96)
1.16 (1.10,1.21)

1.08 (1.05,1.12)

1.00 (0.98, 1.02)
0.99 (0.97, 1.02)

0.98 (0.96, 1.00)

1.01 (0.98, 1.03)

1.02 (1.00, 1.05)

1.02 (0.99, 1.05)
0.97 (0.94, 1.01)
0.99 (0.98, 0.99)

1.18 (1.09,1.28)
1.04 (0.95, 1.14)
1.02 (0.98, 1.07)

(0.16, 0.28)
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4.5 Discussion

This study attempts to address two important questions. First, do health
department activities and characteristics impact the prevalence of outcomes in the
communities served in measurable ways, and second, are there particular EPHSs that
seem to be of particular importance for addressing health outcomes? This study has
shown that there are statistically significant relationships between the characteristics of
local health departments and the outcomes in the populations they serve, supporting
previous findings.! !> However, in contrast to past studies, population size, and per
capita expenditures were less important than the health departments’ governance
structures with individuals living in the jurisdictions of state governed local health
departments tending to have higher odds of poor health outcomes or behaviors. The
strength and consistency of the associations between state governed local health
departments and poor health outcomes and behaviors is remarkable and warrants further
investigation.

Local health department EPHS scores also had significant associations with
individual health outcomes. Health departments with higher scores on EPHS 3 (Inform
and Educate) were associated with lower odds of smoking in the individuals served. This
finding is logical, because population based prevention activities fall within this EPHS,
suggesting that health department prevention services are truly impacting their
populations. The odds of inconsistent seat belt use were negatively associated with health
department scores on EPHS 1 (Monitor Health Status) and EPHS 6 (Enforce Laws and
Regulations), with the EPHS 6 association being the strongest of any of the score

relationships. This relationship is less clear cut, as we wouldn’t expect health departments
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to be enforcing seatbelt laws, however it may be indicative of a culture in which health
departments work closely with other agencies such as law enforcement. Interestingly,
those individuals living in jurisdictions with higher scores on EPHS 2 (Diagnose and
Investigate) tended to report worse general health, though this may be explained by
access to diagnostics leading to a better understanding of their true health condition.

Although the EPHS score associations all had small effect sizes, when considered
on the population level, these small difference can have large effects on health.
Therefore, these findings serve to underscore the importance of local health department
functions. None of the EPHS scores were consistently associated with improved health
outcomes, with different outcomes having different EPHSs associated with them. This
implies that particular services may be more or less important for a given health outcome
the health department is attempting to address, but that no essential service stands out as
being the most consistently needed. This may indicate that well rounded health
departments, which have strong capacity in each of the essential service areas are likely
the most effective when considering the overall health of the populations served. Our
analysis also suggests that there may be some mediation occurring between the health
department characteristics, such as the governance category, and the essential public
health scores. This would be an interesting relationship for further exploration as it will
likely provide further insight on the mechanisms by which health departments impact
their populations.

This study does have some limitations that should be noted when considering the
results. We were unable to evaluate the outcomes of all ten of the EPHS, due to a reduced

sample size when using the full group, however by investigating six of the ten we gain
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valuable insight on the overall importance of these services and underscore the need for
further research in this area. Additionally, the EPHS were based only on the activities the
health departments reported participating in, with no measure of how well these activities
were performed. It would be expected that there would be substantial variation in
performance even among health departments with similar scores. There is also the
potential for reverse causation, particularly with indicators such as per capita
expenditures. Finally, we have no data on the interaction of the individuals with their
health departments. We are assuming that these individuals gain some benefit from being
in the jurisdiction of their local health department, but have no data to support a causal

link.

4.6 Public Health Significance

Local health departments are an often overlooked piece of the United States
public health infrastructure, but they are well placed to impact some of the most
vulnerable populations. This study supports the idea that high performance local health
departments can have meaningful impacts on the populations they serve and provides
evidence that the Essential Public Health Services are meaningful metrics that local

health departments should build their services around.
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Chapter 5

Conclusions

Throughout the process of writing this dissertation, the need for robust public
health practice in the United States has been continuously reaffirmed. The much
publicized drop in life expectancy in 2015 sparked conversations about what
circumstances led to the United States having some of the worst health metrics among
industrialized nations.! Recent international infectious disease outbreaks such as the
Ebola and Zika outbreaks have challenged the front lines of public health and brought
forward questions about our ability to coordinate responses.>* The prevalence of chronic
disease continues to rise and the overdose epidemic continues to surpass expectations.*?
These health challenges are paired with government debate on the fate of the Affordable
Care Act, which threatens to leave even more people without access to healthcare.

For the United States to make meaningful improvements on the health of the
population, governmental public health agencies, including local health departments,
must be engaged in the process. This means these agencies must have the resources and
capacity to perform all of the services that are required of them and there must be an
understanding of what activities are most important for them to perform. This dissertation
attempts to answer these questions, and highlight the importance of local public health

practice in the United States public health infrastructure.
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In Chapter 2 we found that there is a significant amount of variability in local
health department performance on the Ten Essential Public Health Services, and there are
many health departments that perform few of the activities that were categorized into the
services. Areas that health departments tended to perform particularly poorly in included
“Assurance of a Competent Health Workforce” and “Performance of Public Health
Research”. The Essential Public Health Service scores were significantly associated with
the size of the populations that the health departments served and their per capita funding,
We also found that there are distinct essential service score based health department
clusters. The health departments in these clusters differed from each other in two distinct
ways. First, there were three apparent performance tiers, with low, mid, and high
performing health departments being separated by their overall performance. Second,
within each tier, health departments were further divided based their focus area, which
feel into the categories of “policy and regulation” or “direct patient services”.

In Chapter 3 we wanted to investigate the method of comparing health
departments based on their sociodemographic characteristics, instead of within states or
across the nation. We found that health department performance rank on outcomes shifts
considerably when they are compared to similar peers, as compared to a nationwide
ranking. These peer-to-peer comparisons may provide health departments with a more
equitable way of evaluating their own performance, and would provide health
departments with more logical peer groups for learning exchange.

In Chapter 4 we found that while individual level covariates have the largest
overall impact on an individual’s odds of poor health outcomes or behaviors, many health

department characteristics also had significant associations with the odds of health
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outcomes. Health department scores on the Essential Public Health Services were shown
to significantly decrease the odds of poor health outcomes and behaviors. Perhaps the
most surprising finding in this chapter was the strong and consistent relationship between
the local health department governance structure and health outcomes, with individuals
living in the jurisdictions of state governed local health departments having higher odds
of poor health outcomes and behaviors.

In this dissertation, we set out to describe the current level of local health
department performance on the Ten Essential Public Health Services and investigate
whether these metrics of performance are important for the outcomes in the communities
they serve. We have demonstrated that there is great diversity in the level of activities
being performed in local health departments and that there are several public health
services in particular that tend to fall far short of expectations. Our findings also suggest
that these essential services are important in improving health outcomes, and that local
health departments may hold real potential to boost our nation’s health status. However,
there is little hope that there will be a large influx in resources granted to these
institutions. Therefore, there is the continued need to do more with less. Perhaps with
continued research, the specific minimum tasks that are required for the optimum
performance can be further elucidated, and health departments can streamline their
activities appropriately. Another option to combat a lack of health department capacity
may be to combine smaller health departments, where each health department serves a
minimum population size. A solution that is supported by the results of this work.

While we have made great strides in answering these questions, there are still

many unanswered questions that are fertile ground for future research. Validation of the
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methods used to create the Essential Public Health Service Scores, particularly of the
activities categorized into each of the services should be performed. Longitudinal studies
would further increase the certainty of the associations between health departments and
their communities. Finally, as much of the research has shifted to looking at public health
systems, it is important understand what roles are most vital for health departments to fill.
This work has underscored the importance of local health departments, and often
undervalued and under discussed part of the public health infrastructure and I hope we
have made the case that local health departments serve an important role in the health of
the United States population. We must learn how to make the local health departments as
effective as possible, and provide them with the resources in order to perform the needed
activities. This dissertation highlights areas of particular need and it is my hope that
policy makers take steps to strengthening this much needed part of our public health

infrastructure.
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