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The COVID-19 pandemic has revealed consequences of past defunding of the U.S. public health system, but the
extent to which public health infrastructure is associated with COVID-19 burden is unknown. We aimed to
determine whether previous county-level public health expenditures and community health planning activities
are associated with COVID-19 cases and deaths. We examined 3050 of 3143 U.S. counties and county equivalents
from March 1, 2020 to February 28, 2022. Multivariable-adjusted linear regression and generalized additive
models were used to estimate associations between county-level public health expenditures and completion of
community health planning activities by a county health department with outcomes of county-level COVID-19
cases and deaths per 100,000 population. After adjusting for county-level covariates, counties in the highest
tertile of public health expenditures per capita had on average 542 fewer COVID-19 cases per 100,000 popu-
lation (95% CI, —1004 to —81) and 21 fewer deaths per 100,000 population (95% CI, —-32 to —10) than counties
in the lowest tertile. For analyses of community health planning activities, adjusted estimates of association
remained negative for COVID-19 deaths, but confidence intervals included negative and positive values. In
conclusion, higher levels of local public health expenditures and community health planning activities were
associated with fewer county-level COVID-19 deaths, and to a lesser extent, cases. Future public health funding
should be aligned with evidence for the value of county health departments programs and explore further which
types of spending are most cost effective.

1. Introduction

From the beginning of the coronavirus disease 2019 (COVID-19)
pandemic and into 2022, the United States (U.S.) consistently experi-
enced higher COVID-19 and all-cause mortality as compared to other
peer countries in the Organisation for Economic Co-operation and
Development (OECD). (Bilinski and Emanuel, 2020; Bilinski et al., 2023)
This increase in deaths has further widened the long-standing mortality
and life expectancy gaps between the U.S. and other developed coun-
tries. (Heuveline and Lanza Queiroz, 2023; Bor et al., 20232023; Woollf,
2023) Therefore, examining what worked and what did not work to
prevent cases and deaths from COVID-19 offers opportunities for
learning how future funding and programs can best be spent to prevent
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future cases and deaths from COVID-19 as well as other emerging in-
fectious diseases and public health threats. (Freeman, 2021) As
emphasized in a 2021 report by the National Academy of Medicine
(formerly the Institute of Medicine), the future of public health post-
COVID-19-pandemic requires adequate funding resources and commu-
nity partnerships. (DeSalvo et al.,) Thus, there is a need to understand
the understudied roles of public health expenditures and community
health planning.

Despite extensive literature on hospital medical expenditures, less
research has examined the impact of non-hospital or public health ex-
penditures. (Edwards et al., 2013) Public health expenditures per capita
vary widely across U.S. counties, and increases in public health expen-
ditures are associated with decreased all-cause mortality, improved
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county-level health rankings, and numerous other health outcomes.
(Leider et al., 2018; McCullough and Leider, 2016; Singh, 2014) How-
ever, public health has been underfunded over several decades in the U.
S., leaving populations potentially more vulnerable to COVID-19.
(Maani and Galea, 2020; Alfonso et al., 2021) The U.S. spends less on
prevention and public health services relative to overall health expen-
ditures as compared to other OECD countries such as Canada, Italy, and
South Korea, (Gmeinder et al., 2017) while median per-capita spending
among U.S. local health departments decreased by 25% from 2008 to
2016. (Hoornbeek et al., 2019) Public health expenditures may provide
a proxy measure of public health infrastructure, preparedness, and
disposition for handling impacts of the pandemic.

In the landmark 1988 Institute of Medicine report The Future of Public
Health, local assessments of health and subsequent actions are deemed
core functions of public health. (Institute of Medicine (US) Committee
for the Study of the Future of Public Health) Local health departments
can voluntarily apply for accreditation by the Public Health Accredita-
tion Board if they complete a community health assessment and
improvement plan every five years, among other requirements. (Shah
et al., 2015) Completion of these community health planning activities
by local health departments is associated with increased delivery of
chronic disease prevention programs: a proxy of a public health system’s
decision-making capacity and ability to act. (Rabarison et al., 2015)
Local health departments with such activities may have greater under-
standing and trust of the community whom they serve, and therefore
better positioned to mitigate the effects of COVID-19 within their
jurisdictions.

Our study aimed to provide evidence on potential areas to bolster U.
S. public health infrastructure by examining relationships between
public health expenditures, community health planning activities, and
COVID-19 burden. We hypothesized that increased prior county-level
public health expenditures and implementation of community health
planning activities by respective county health departments are associ-
ated with decreased county-level COVID-19 cases and deaths. By
examining both expenditures and community health activities, instead
of either one alone, we can study their independent effects.

2. Methods
2.1. Data sources & variables

We linked national surveys with COVID-19 surveillance data to
conduct a series of cross-sectional studies on associations between
county-level public health expenditures per capita and community
health planning activities with COVID-19 incidence and mortality. The
Stanford University Institutional Review Board approved this study.

Our outcome variables were county-level COVID-19 cases and deaths
per 100,000 population from March 1, 2020 to February 28, 2022. These
public data come from Johns Hopkins University Center for Systems
Science and Engineering and USAFacts. (Dong et al., 2020; USAFacts)
Because the state of Nebraska discontinued their daily COVID-19
dashboard in June 2021 leading to underreported numbers, we
excluded Nebraskan counties from our analyses. Our final analyses on
public health expenditures included 3050 out of 3143 U.S. counties and
county equivalents. To adjust for other sources of variation, we included
county-level variables previously identified as key risk factors for
COVID-19 infection and mortality, (Chin et al., 2020) including: per-
centages of population over 70 years old; living under poverty line;
living in group quarters; with race alone or in combination (American
Indian and Alaska Native, Asian, Black or African American, Native
Hawaiian and Other Pacific Islander) and Hispanic ethnicity; living
alone over 65 years old; with broadband internet; and between 18 and
64 years old without health insurance; as well as median household
income; total county expenditures per capita; in-patient costs per capita;
prevalence of diabetes; coronary heart disease and hypertension-related
hospitalizations; average household size; percentage of households with
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grandparents living with grandchildren; percentage of households that
are renter-occupied; population size; population density; number of
hospital and ICU beds; premature mortality (years of potential life lost
before age 75); and U.S. Census Region. Missing data were imputed via
random forest imputation.

Our first exposure variable was county-level public health expendi-
tures per capita. Data on public health expenditures were derived from
the U.S. Census Bureau’s 2017 Census of Governments, a survey con-
ducted every 5 years collecting detailed finance data from all 87,000 +
units of local government across the U.S. (U.S. Census Bureau. Census of
Governments) Throughout this paper, “public health expenditures” will
refer to public health expenditures per capita.

Our second exposure variable was implementation of community
health planning activities (community health assessment and improve-
ment plan) by the respective county health department within three
years prior to 2019, similar to previous research. (Rabarison et al., 2015)
These data come from the 2019 National Profile of Local Health De-
partments Study (2019 Profile Study) conducted by the National Asso-
ciation of County and City Health Officials (NACCHO) (National
Association of County and City Health Officials). After excluding
counties in Nebraska, our final study sample included 1728 counties. We
included covariates previously identified as local health department
characteristics related to public health service delivery. (Rabarison
et al., 2015) Additional details on variable definitions, selection, and
missingness are described in the online supplement (Supplemental
Methods).

2.2. Analytic strategy

We divided counties into tertiles of public health expenditures (cut-
points: $30 and $105) and calculated descriptive statistics. To assess for
geographic variations, we mapped intersections of public health ex-
penditures and COVID-19 measures. We also plotted time series of
average daily COVID-19 measures by public health expenditure tertile
and community health assessment implementation.

To estimate associations between public health expenditure tertile
and COVID-19 measures, we conducted unadjusted and multivariable-
adjusted regression models. We estimated linear models by regressing
cumulative COVID-19 measures on public health expenditure tertile
(Tertile 1, lowest, as reference) using the dataset of 3050 counties and
controlled for aforementioned covariates. With confounding variables
defined as variables that affect both exposure and outcome, (Lash et al.,
2020) we did not control for COVID-19 policies or vaccination rates
because those occurred after the advent of COVID-19 and therefore
cannot affect pre-pandemic public health expenditures (Supplemental
Fig. 1). As sensitivity analyses to assess whether associations between
public health expenditure tertiles and COVID-19 differed over time, we
examined COVID-19 measures in 2-month periods, resulting in 12 time
periods spanning from March 2020 to February 2022. Given there may
be non-linear relationships between public health expenditures and
COVID-19 measures, we also used generalized additive models to
regress overall COVID-19 outcomes on a continuous measure of public
health expenditures. (Wood, 2017) To estimate associations between
community health planning activities with COVID-19 burden, we
adopted a similar linear regression approach using the sample of 1728
counties from NACCHO’s 2019 Profile Study. All analyses were per-
formed using R. This study followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting guideline.

3. Results
3.1. Descriptive analyses
County characteristics are summarized by public health expenditure

tertile in Table 1. The overall mean (SD) of public health expenditure per
capita was $133 ($375) and for lowest, middle, and highest tertiles were
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Table 1
Descriptive Statistics for U.S. Counties by Public Health Expenditure Tertile from
March 1, 2020 to February 28, 2022.

Characteristics Overall Tertile 1 Tertile 2 Tertile 3
n= (Lowest) n= 1029 (Highest)
3050Mean n= Mean (SD) n = 1045
(SD) 976Mean Mean (SD)
(SD)

County-level
Characteristics

Public health 133 (375) 11 (9) 63 (22) 317 (599)
expenditures,® 2017
($ per capita)

In-patient hospital 3213 (640) 3231 3165 3242
expenditures, all CMS (652) (581) (681)
beneficiaries,® 2019
($ per capita)

Population over 70 13.1 (3.5) 13.0 (3.5) 12.9 (3.4) 13.2(3.5)
years old,® 2018 (%)

Population living under 16.0 (6.3) 16.9 (6.8) 15.9 (6.2) 15.3 (5.8)
poverty line,9 2016
(%)

Living in group 3.6 (4.6) 3.7(.1) 3.54.7) 3.44)
quarters,? 2018 (%)

Median household 49,479 47,725 49,613 50,986
income,” 2016 ($) (13021) (13403) (12705) (12780)

Total county 25669.6 19679.1 25629.9 31303.6
expenditures,® 2017 (33523.7) (19323.5) (39800.2) (36171.1)
($ per capita)

Proportion American 3.3(8.4) 3.9 (10.9) 3.3(8.1) 2.8 (5.3)
Indian and Alaska
Native race,® 2018
(%)

Proportion Asian race,” 2.1 (3.6) 1.7 (3.5) 2.0 (3.3) 2.4 (3.8)
2018 (%)

Proportion Black or 10.5 (14.7) 11.8 11.0 8.7 (13.3)
African American (15.3) (15.5)
race,® 2018 (%)

Proportion Native 0.3(1.9) 0.3 (2.4) 0.2 (0.8) 0.2 (0.3)
Hawaiian and Other
Pacific Islander race,?

2018 (%)

Proportion Hispanic 9.7 14) 9.9 (15) 9.1 (13.3) 10.1
ethnicity,® 2018 (%) (13.7)

Diabetes prevalence,d 10.4 (3.8) 11.1 (4) 10.5 (3.8) 9.7 (3.5)
2016 (%)

Medicare CHD 70.9 (23.5) 75.7 (22) 69.9 67.5
hospitalization rate,d (23.2) (24.9)
2014-2016 (per
1,000 capita)

Medicare hypertension 133.3 141.6 132.3 126.4
hospitalization rate,  (39.6) (37.2) (39.4) (40.5)
2014-2016 (per
1,000 capita)

Average household 2.5(0.3) 2.6 (0.3) 2.5(0.3) 2.5 (0.3)
size,® 2018 (n)

Living alone and over 12.5(3.1) 12.5 (3) 12.4 (3.1) 12.7 (3.1)
65 years old,” 2018
(%)

Households with 5.7 (3.2) 6.3 (3.7) 5.8(3) 5.0 (2.7)
grandparents living
with own
grandchildren,® 2018
(%)

Renter-occupied 28.6 (8.3) 27.9 (8.3) 28.3 (7.8) 29.6 (8.7)
household,* 2018 (%)

Total population size,™! 106,985 59,030 112,146 146,693
2019 (337916) (140030) (311752) (464453)

Log(Population),® 2019 4.5 (0.6) 4.4 (0.6) 4.5 (0.6) 4.5 (0.7)

Population density,” 266 (1750) 164 (704) 186 (487) 439
2010 (per sq. mi.) (2863)

Population with 72.6 (9.3) 70.5 (9.7) 72.9 (9.3) 74.3 (8.7)
broadband internet,®
2018 (%)

Uninsured population, 13.6 (6.3) 15.1 (6.8) 13.8 (6) 12.1 (5.7)

18-64 years old,®
2017 (%)
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Table 1 (continued)

Characteristics Overall Tertile 1 Tertile 2 Tertile 3
n= (Lowest) n = 1029 (Highest)
3050Mean n= Mean (SD) n = 1045
(SD) 976Mean Mean (SD)
(SD)

Number of hospital 295.4 264.9 276.2 3429
beds,® 2017 (per (489.7) (407.2) (357.7) (645)
100,000 capita)

Number of ICU beds,® 11.7 (29.6) 9.7 (18.2) 12.3 13.0
2017 (per 100,000 (23.8) (41.1)
capita)

Premature mortality, 8528 9159 8413 8052
2017 (years per (2714) (2913) (2496) (2616)
100,000 capita)

County-level COVID-

19 Measures
Cumulative COVID-19 24,202 24,605 24,470 23,561
Cases,® March 1, 2020 (5700) (6476) (5276) (5262)
— February 28, 2022
(per 100,000 capita)
Cumulative COVID-19 355 (155) 386 (157) 355 (151) 327 (151)

Deaths,® March 1,
2020 - February 28,
2022 (per 100,000
capita)

CMS = Centers for Medicare & Medicaid Services; CHD = Coronary Heart Dis-
ease; ICU = Intensive Care Unit; SD = standard deviation; Proportion race
variables = race alone or in combination; Premature mortality = age-adjusted
years of potential life lost before age 75; Sources of data: *U.S. Census Bureau,
bCenters for Medicare & Medicaid Services, “National Center for Health Statis-
tics, YCenters for Disease Control & Prevention Atlas, “American Health
Resource Files, fRobert Wood Johnson Foundation, 8Johns Hopkins University
Center for Systems Science and Engineering & USAFacts.org, "Total population
size was not included as a regression covariate (see Supplemental Table 1 for
additional details on sources).

$11 ($9), $63 ($22), and $317 ($599), respectively. Density plots of
public health expenditure are shown in Supplemental Fig. 2. Geographic
distributions are found in Supplemental Table 2. Many county-level
covariates differed across tertiles. For example, mean (SD) proportions
(%) of population living under the poverty line (Tertile 1: 16.9 (6.8);
Tertile 2: 15.9 (6.2); Tertile 3: 15.3 (5.8)), hospitalization rates for hy-
pertension per 1,000 Medicare beneficiaries (Tertile 1: 141.6 (37.3);
Tertile 2: 132.3 (39.4); Tertile 3: 126.4 (40.4)), and number of intensive
care unit beds per 100,000 population (Tertile 1: 9.7 (18.2); Tertile 2:
12.3 (23.8); Tertile 3: 13.0 (41.1)). The overall mean (SD) cumulative
number of COVID-19 cases was 24,202 (5700) per 100,000 population
and for deaths was 355 (155) per 100,000 population, while the number
of average cases and deaths decreased from lowest to highest public
health expenditure tertiles.

Fig. 1 maps COVID-19 measures intersected with public health
expenditure tertiles. Among 1045 counties in the highest public health
expenditure tertile, there was a greater proportion in the lowest tertiles
of cases (low case tertile: 37.5%; moderate case tertile: 33.2%; high case
tertile: 29.3%) and of deaths (low death tertile: 41.3%; moderate case
tertile: 32.6%; high case tertile: 26.0%), as shown in the shade of blue
from the bottom left legend color. Among 976 counties in the lowest
public health expenditure tertile, there was a greater proportion in the
highest tertiles of cases (low case tertile: 31.5%; moderate case tertile:
33.5%; high case tertile: 35.0%) and of deaths (low death tertile: 25.3%);
moderate case tertile: 32.0%; high case tertile: 42.7%), as shown in the
shade of pink from the top right legend color. Scatterplots that show
bivariate density plots of public health expenditures and COVID-19
measures are displayed with the maps in Supplemental Fig. 3. Addi-
tional intersection numbers are reported in Supplemental Table 3.

Fig. 2 plots average daily cumulative and non-cumulative COVID-19
measures by public health expenditure tertile over time. Generally, cu-
mulative curves for the lowest public health expenditure tertile appear
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Table 2

Associations Between County-level Public Health Expenditure Per Capita Ter-
tiles and Community Health Assessment & Improvement Plan with COVID-19
Incidence and Mortality from March 1, 2020 to February 28, 2022.

Model + Variables Overall Cases per Overall Deaths per

100,000 100,000
Coefficient Pvalue  Coefficient P value
(95% CI) (95% CI)
Public Health
Expenditure Per
Capita Tertile
Unadjusted model
Tertile 1 (< $30) ref - ref -
Tertile 2 ($30-105) —135 (-632, 0.596  —31 (-44, <0.001
363) —-18)
Tertile 3 (>$105) —1044 <0.001 —59 (-72, <0.001
(-1540, —46)
—548)
Multi-variable adjusted
model®
Tertile 1 (< $30) ref - ref -
Tertile 2 ($30-105) 244 (-201, 0.282 —4(-15,7) 0.462
689)
Tertile 3 (>$105) —542 (-1004, 0.021  —21(-32, <0.001
—81) -10)
Community Health
Assessment
Unadjusted model
Without community ref - ref -
health assessment
With community health —706 (-1224, 0.008  —55(-70, <0.001
assessment —188) —41)
Multi-variable adjusted
model®
Without community ref - ref -
health assessment
With community health —83 (-537, 0.719 -11(-23,1) 0.076
assessment 370)
Community Health
Improvement Plan
Unadjusted model
Without community ref - ref -
health improvement
plan
With community health —269 (-772, 0.295  —46 (-60, <0.001
improvement plan 234) -32)
Multi-variable adjusted
model®
Without community ref - ref -
health improvement
plan
With community health 415 (-23, 0.063 —6 (-18, 5) 0.286
improvement plan 854)
Both Community Health
Assessment &
Improvement Plan
Unadjusted model
Without community ref - ref -
health assessment &
improvement plan
With community health —473 (971, 0.063 —45 (-59, <0.001
assessment & 25) -31)
improvement plan
Multi-variable adjusted
model®
Without community ref - ref -
health assessment &
improvement plan
With community health 187 (-245, 0.396 -8 (-19, 4) 0.189

assessment & 619)
improvement plan

95% CI = 95% confidence interval; ®Linear regression models were used and
adjusted models contain additional covariates of county-level variables (per-
centages of population over 70 years old; living under poverty line; living in
group quarters; race alone or in combination (American Indian and Alaska
Native, Asian, Black or African American, Native Hawaiian and Other Pacific
Islander); Hispanic ethnicity; over 65 years old living alone; with broadband
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internet; and between 18 and 64 years old without health insurance; as well as
in-patient costs per capita; median household income; total county expenditures
per capita; prevalence of diabetes; coronary heart disease and hypertension-
related hospitalizations; average household size; percentage of households
with grandparents living with grandchildren; percentage of households that are
renter-occupied; population size (log-transformed); population density; number
of hospital and ICU beds; premature mortality; and U.S. Census Region). "Linear
regression models were used and adjusted for the same covariates as the
aforementioned model, in addition to a log-transformed continuous measure of
U.S. Census public health expenditures per capita and county health department
characteristics (presence of a governing local board of health; administrative
authority centralized to the state level; and full-time employment status of the
county health department’s top executive and health officer). Data for COVID-19
include measures from March 1, 2020 to February 28, 2022 for 3050 U.S.
counties and county equivalents for public health expenditure analyses, and for
1728 U.S. counties and county equivalents for community health activity
analyses.

consistently above the curves for higher public health expenditure ter-
tiles, while non-cumulative curves for the lowest public health expen-
diture tertile appear above other curves during surges.

3.2. Public health expenditure regression analyses

For unadjusted linear regression analyses of cumulative COVID-19
measures, counties in the highest public health expenditure tertile had
1044 fewer cases per 100,000 population (95% CI, —1549 to —548) and
59 fewer deaths per 100,000 population (95% CI, —72 to —46), as
compared to counties in the lowest tertile (Table 2). After adjusting for
covariates, these estimates were attenuated with 542 fewer cases per
100,000 population (95% CI, —1004 to —81) and 21 fewer deaths per
100,000 population (95% CI, -32 to —10). As for COVID-19 measures
over time by 2-month periods, while there were differences in unad-
justed analyses, many estimates were attenuated after adjusting for
covariates (Supplemental Table 4 and Supplemental Fig. 4).

In our generalized additive model analyses, increases in public
health expenditures were associated with decreased COVID-19 cases and
deaths (Supplemental Fig. 5). Smoothed terms of public health expen-
ditures indicated continuous associations for both case and death
models, with respective F statistic values of 5.12 (P < 0.001) and 7.92 (P
< 0.001). Complete model coefficients are reported in Supplemental
Table 5.

3.3. Community health planning activities

Among NACCHO’s 2019 Profile Study sample of 1728 counties and
their respective county health department, 64.4% counties completed a
community health assessment, 58.1% counties completed a community
health improvement plan, and 54.3% of counties completed both within
3 years prior to 2019. The proportion of counties that implemented these
activities increased from lowest to highest public health expenditure
tertiles. Additional descriptive statistics are summarized in Supple-
mental Tables 6-7. The difference between time series curve for counties
with and without a community health assessment was wider among the
lowest public health expenditure tertile and narrow among the highest
public health expenditure tertile (Supplemental Figs. 6-7).

Table 2 summarizes linear regression analyses of COVID-19 mea-
sures on community health activities. For unadjusted analyses, counties
with a community health assessment had on average 706 fewer cases per
100,000 population (95% CI, —1224 to —188) and 55 fewer deaths per
100,000 population (95% CI, —70 to —41), as compared to counties
without a community health assessment; counties with a community
health improvement plan had 46 fewer deaths per 100,000 population
(95% CI, —61 to —32), as compared to counties without a community
health improvement plan; and counties with both a community health
assessment and improvement plan had 45 fewer deaths per 100,000
population (95% CI, —59 to —31), as compared to counties without both
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Fig. 1. U.S. Maps of County-level Public Health Expenditure Tertiles vs. COVID-19 Measures from March 1, 2020 to February 28, 2022. Fig. 1 Footnotes: Data for
COVID-19 include measures per 100,000 population from March 1, 2020 to February 28, 2022 for 3050 U.S. counties and county equivalents. Data from the state of

Nebraska was excluded due to state-wide lack of data reporting.

activities. Unadjusted estimates of cases for the models examining
community health improvement plans and both activities had confi-
dence intervals with negative and positive values.

When adjusting for county and county health department charac-
teristics, estimates were consistently attenuated for deaths such that the
coefficients remained negative, but estimates were less precise and
confidence intervals included negative and positive values. Estimates
after model adjustment were not consistently attenuated for cases. When
examining coefficients over time, estimates from linear regression
models were variably attenuated after adjusting for county and county
health department characteristics (Supplemental Table 8 and Supple-
mental Fig. 8).

4. Discussion
While there is renewed attention to the underfunded U.S. public

health system, (DeSalvo et al., ; Maani and Galea, 2020; Alfonso et al.,
2021) our study is the first to our knowledge that examines associations

between COVID-19 burden with measures of both prior public health
expenditures and community health planning activities. Counties in the
lowest tertile of public health expenditures had greater county-level risk
factors at baseline prior to the pandemic and greater measures of
COVID-19. Geographic variation appeared not only across states, but
also within states at the county level as shown in Fig. 1, thus highlighting
the need to consider local differences in pandemic-related research. In
our exploratory study, higher prior public health expenditures were
associated with lower measures of COVID-19. More research is war-
ranted to determine whether increased public health expenditures and
infrastructure play a role in county-level factors that prevent severe
disease and deaths caused by COVID-19.

In several of our analyses, measures of COVID-19 were similar for the
lowest ($0-$30) and middle ($30-105) tertiles of public health expen-
ditures per capita. The difference between lowest and middle tertiles
could be less apparent because those ranges nearly overlap with esti-
mates of costs for providing public health services recommended by the
Institute of Medicine, ranging from $32 per capita for foundational
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(a) Average Cumulative County-Level U.S. COVID-19 Cases Over Time
by Public Health Expenditure Tertile
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(b) Average Daily New County-Level U.S. COVID-19 Cases Over Time
by Public Health Expenditure Tertile (7-day average)
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capabilities to $82 per capita for full service implementation. (Mamaril
et al., 2018).

Analyses of categorical tertiles and continuous measures of public
health expenditures revealed associations between public health ex-
penditures with COVID-19 burden. The confidence intervals for gener-
alized additive model results were wide given that 95% of counties had
public health expenditures under $404 per capita, with $2000 per capita
approximately at the 99.5th percentile. Separate regression estimates
varied when examining associations by time period. This could be due to
smaller case and death counts captured in a 2-month period, especially
in counties with smaller populations. Also, since diagnosed and reported
COVID-19 cases are only a fraction of total cases, (Li et al., 2020) and
better-resourced counties may have increased case finding, associations
between public health expenditures and COVID-19 measures could be
attenuated because less-resourced counties may experience
underreporting.

The completion of community health planning activities within three
years prior to 2019 was associated with decreased COVID-19 measures
in certain time periods, even after adjusting for public health expendi-
tures. Counties whose health departments conducted a community
health assessment may be more knowledgeable about and have built
more trust with their community, therefore preventing COVID-19 cases
and deaths through means such as tailored allocation of resources and
increased public adherence to public health recommendations (e.g.,
vaccinations and masking). However, adjusted results over time were
more consistent for deaths than for cases. These discrepancies could
indicate while existing public health infrastructure have not been able to
control case numbers indefinitely, certain factors among county health
departments with better preparedness and existing community
engagement may have contributed to preventing COVID-19 deaths. In
addition, researchers have previously demonstrated that static county-

level covariates are not consistently correlated with dynamic COVID-
19 measures, especially as public policies and population behavior
change over time. (Krieger and Christian; Chen, Jarvis T., Waterman,
Pamela D., Hanage, William P. , 2020) Lower-resourced counties may
also underreport COVID-19 cases and deaths, (Stokes et al., 2021)
leading to results potentially biased towards the null and even coun-
terintuitive findings of higher-resourced counties being associated with
increased COVID-19 measures during certain time periods. Future
research is crucial to understanding how local health departments can
help reduce preventable deaths in the current and future pandemics.
There are several policy and advocacy implications to our study. The
reimagined Public Health 3.0 framework has been proposed by the U.S.
Department of Health and Human Services since 2017, and much
progress has yet to be made. (DeSalvo et al., 2017;14:E78.) Among
several recommendations, Public Health 3.0 highlights engagement
with community stakeholders. While our study examined community
health planning activities conducted by county health departments, we
recognize that hospitals also play a role in ensuring population health.
Since non-profit hospitals are required to conduct community health
planning activities to maintain tax exemption status, (Wilson et al.,
2014) stronger partnerships could be formed between hospitals and
local health departments to better understand the community’s needs, as
opposed to current decentralized efforts. (Beatty et al., 2015) Previous
research has suggested increased hospital investments in community
health initiatives when local health departments were involved in hos-
pitals’ community health implementation strategies. (Carlton and Singh,
2018) Long-standing relationships between local health departments,
federally qualified health centers, and other agencies can be strength-
ened to increase access to services, such as vaccinations. (Allen et al.,
2022) In addition to hospitals and clinics, there are calls within aca-
demic medicine for building cross-agency collaborations, integrating
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medical and public health schools, and expanding the pipeline of phy-
sicians considering public health careers. (Blazer et al., 2022).

Our study findings are broadly consistent with aforementioned
public health spending literature (Leider et al., 2018; McCullough and
Leider, 2016; Singh, 2014) and are supportive of increasing local public
health funding. Public Health 3.0 emphasizes the securement of
enhanced, flexible funding for public health. Given that local health
departments have been experiencing trends of shrinking workforces and
budgets that have not increased since 2008, additional resources and
training should be priorities in rebuilding public health infrastructure.
(Association, 2019) Future studies should evaluate causal and mediating
pathways by which increased local public health spending improves
outcomes using methods such as dynamic panels and natural experi-
ments. (Leatherdale, 2019; Brown, 2014) Vaccination rates, non-
pharmaceutical interventions (e.g., masking and stay-at-home policies)
and other county-level characteristics should also be examined. For
example, in Supplementary Table 9, we noted strong associations be-
tween public health expenditures and vaccination rates. As COVID-19
vaccine effectiveness is greater against death than against infection,
(Ioannou et al., 2022) increased public health expenditures may have
been more inversely related to COVID-19 deaths as compared to cases
through greater vaccination rates. Lack of insurance may also be related
because it reduces access to health care and preventive services liked
vaccinations. (Sudano and Baker, 2003).

Our study noted large funding disparities: the average public health
expenditures per capita for counties in Tertile 3 was five times that of
Tertile 2 and twenty-nine times that of Tertile 1 ($317, $63, and $11,
respectively). As decreased expenditures were associated with increased
COVID-19 burden, future studies should examine ways to reduce
resource disparities for the least funded and often more rural counties,
such as through state or federal mechanisms.

Discussions of increasing funding to local health departments should
include insights on how those funds are best utilized, as there is
generally a lack of state or federal guidelines on how to prioritize public
health funding. (Alford et al., 2021) More detailed reporting of public
health expenditures leading to improved research studies may help
better inform such guidelines. (Bekemeier et al., 2018) For example,
medical expenditures have previously been mapped out by payers and
health conditions; and while another study similarly attempted to
disentangle personal medical expenditures from public health spending,
the study was only able to evaluate federally-funded programs. In-
vestments in modernized and digitized public health data systems may
also increase the effectiveness of public health departments, while
providing data that would fill gaps in knowledge between public health
and medicine.

4.1. Limitations

Government-reported public health expenditures are non-specific
and may be inflated as compared to specific expenditures. Although
total expenditures have been associated with general outcomes such as
all-cause mortality and county health rankings, total expenditures may
not always be associated with specific outcomes. In a study of the early
pandemic ending in July 2020, previous public health expenditures
were not found to be associated with greater control of COVID-19 cases
at the county-level. However, more specific measures of public health
expenditures could reveal associations with their respective specific
outcomes. Increased availability and accessibility of more detailed data
on local public health expenditures, as well as state-level characteristics,
could better inform public health expenditure studies on pandemic-
related and other specific outcomes. Additional variable limitations
are discussed in the online supplement (Supplemental Methods).

5. Conclusion

Prior county-level public health expenditures and community health
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planning activities were found to be associated with COVID-19 cases and
deaths in the U.S. The results of our study on county health department
characteristics and COVID-19 outcomes underscore calls to action for
building a more robust public health system. We hope our study will
spur additional research to understand the effects of public health
characteristics on COVID-19 and to consider the perspective of public
health infrastructure when studying other health outcomes.
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