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Abstract

Objective—Equity can be valuable to guide decision makers about where to target funds; 

however, there are few studies for modeling vertical equity in public health program funding 

strategies. This case study modeled vertical equity in the funding strategy of the Centers for 

Disease Control and Prevention’s Colorectal Cancer Control Program.

Design—To integrate vertical equity by using historical funding and health data, we (a) examined 

the need for colorectal cancer screening, (b) conducted multiple regressions to examine the 

relationship between factors of need and funding of states, (c) stratified states into similar need 

groups, (d) estimated vertical equity within groups, and (e) assessed equity in the funding 

distribution.

Results—Certain states with similar needs had high relative funding, whereas other states with 

similar needs had low relative funding.

Conclusion—The methods used to integrate vertical equity in this case study could be applied in 

publicly funded programs to potentially minimize inequities and improve outcomes.
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Social justice is a core principle in public health that aims to improve population health by 

equalizing access and opportunity to resources for achieving good health, especially among 

people in vulnerable circumstances.1–3 This vulnerability to poor health is known as health 

disparities. Health disparities exist when differences in health outcomes or health 

determinants are observed among populations, and those differences can be attributed to 

economic, social, or environmental disadvantage.4 In the United States, health disparities are 

widely spread across every domain of public health, and one of the primary goals in national 

initiatives, such as Healthy People 2020, is to reduce disparities.4–7 Disparities in colorectal 

cancer (CRC) incidence are particularly evidenced within our Centers for Disease Control 

and Prevention (CDC)-funded Colorectal Cancer Control Program (CRCCP), where CRC 
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incidence rates range from 33.6 (Colorado) to 57.8 (South Dakota) per 100 000 people in 

their state populations.8

Health equity is social justice for health and is the principle underlying a commitment to 

reduce health disparities.9 Health equity can be viewed in various ways; one in particular is 

the notion of distributive justice, which is to equitably allocate resources to reduce 

disparities and improve health outcomes.4 Equity in resource allocation incorporates 

concepts of need in the allocation strategy. Need may refer to adjustable factors such as 

medically underserved areas, lack of funds for health services, and risky health behaviors. 

Integrating the concept of equity in the funding strategy of public health programs can be a 

viable mechanism for achieving a just distribution of resources, which can aid in attaining 

social justice and reducing health disparities.4,9,10

A number of strategies and processes are employed to award and distribute funds among 

states and other jurisdictions. The CDC typically awards states by using a competitive 

application procedure that uses a standard objective review process in which local contexts 

for the funds are closely considered.11 Accordingly, some CDC programs tie funding 

decisions to performance information through a performance-based grants management 

process (T. H. Poister, PhD, O. Q. Pasha, PhD, A. DeGroff, PhD, J. Royalty, MS, K. T. 

Joseph, MA, unpublished data, 2014).12 Such performance-based strategies aim to improve 

performance of public health programs and strengthen accountability of how federal funds 

are used. Some public health programs use optimization models, or formula-based models, 

to allocate funds.11,13,14 Formula-based models use a mathematical calculation that accounts 

for state-based factors, such as the proportionate share of the national population or 

proportionate share of low-income residents, compared with the national low-income 

population.15

Each funding strategy has its own pros and cons. Some strategies may consider need in the 

calculation to address health disparities; however, they usually measure need by using 1 or 2 

simple indicators, such as the size of the target population by state or incidence of disease by 

state. So far, no funding strategy has comprehensively considered need in its model. In 

addition, few studies are available about the modeling and estimation of an equity measure 

to guide resource allocation in federal public health programs.16

The purpose of this article is to introduce a practical approach to integrate equity in funding 

strategies for public health programs. Using CDC’s CRCCP as a case study example, we 

show how integrating equity can guide decision makers to make funding allocation 

decisions. This article is arranged as follows: we begin with a background of the CRCCP 

and the principles of equity. Then, we describe our 5-step methodological process by using 

the CRCCP as an example. Finally, we provide results of our analysis and discuss the 

implications and future areas of work for this study.

Background of CDC’s CRCCP

CDC’s CRCCP, which began in 2009, funded 25 states and 4 tribal organizations through 

grant-based funding via cooperative agreements.17 Grants for the program are typically 
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awarded to state health departments and tribal health agencies. The goal of the CRCCP is to 

increase CRC screening prevalence to 80% in funded states and tribal organizations.17,18 

The CDC recommends that states implement evidence-based activities to increase 

population use of CRC screening.17 Diversity in population and health environments in 

states present unique challenges for each state to reach the CRCCP goal.17 At the inception 

of our analysis, the CRCCP was in its final year of a 5-year cooperative agreement, which 

allowed us to include historical funding data in our analysis.

Principles of Equity

Although often overlooked in public health studies, the principle of distributive justice, or 

funding equity, has been well established in the taxation and education literature.19–28 The 

application of equity revolves around 2 principles: horizontal equity and vertical 

equity.9,19,20–27 Horizontal equity is defined as the equal treatment of equals, or the 

sameness, and is contextualized by fair outcomes. In the context of public health, horizontal 

equity may be described as equal funding to states with equal sized populations. However, 

an inherent limitation of horizontal equity is in its assumption that the external environment, 

or the capacity of each state program, is equal (ie, equal size of population requires equal 

amount of funding).27 In contrast, vertical equity is defined as the unequal, but fair treatment 

of unequals, and is contextualized by a fair process.21,22 In the context of public health, 

vertical equity may be described as a funding allocation corresponding to needs in states 

reflected by their diverse sizes and levels of risk in the population. Thus, vertical equity 

attempts to connect funding to the needs of states beyond population size. This is especially 

important for federal public health programs that target disadvantaged subpopulations, such 

as the CRCCP.

Researchers in education finance have been front-runners in modeling vertical equity 

measures for funding allocation across school districts.23–28 Vertical equity was introduced 

in school financing by acknowledging that different educational environments warrant 

different resources specific to need.20–27 Applying vertical equity in school finance 

improved the responsiveness of schools or school districts adapting to shifting risk factors 

among students and enabled district administrators to recognize disparities and allocate a 

proportionately greater share of funds to schools with greater needs.23 By recognizing 

different educational environments and allocating resources accordingly, vertical equity 

proved to be a valuable tool for funding of public education. It is reasonable to assume that 

extensions of vertical equity may be a valuable tool for funding of public health programs as 

well.

Methods

A 5-step process was applied to develop and model a vertical measure of equity for the 

CRCCP. First, because vertical equity is concerned with differences, CRCCP population- 

and state-level CRC risk factors were identified and are described in further detail in the 

following text. Second, multiple regressions were conducted to examine the relationship 

between risk factors, funding level, and the CRC at-risk rate within each state. All 25 

CRCCP states were included in the analyses. Third, on the basis of the regression results, 
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states were stratified into groups with similar CRC screening need. Fourth, a vertical equity 

point was calculated for each state to assess the level of need per state within each group. 

Finally, equity in the distribution of funds was assessed.

Variables used to measure vertical equity

Outcomes from 2 regression models were used to measure vertical equity. Dependent 

variables included (1) the screening need or CRC at-risk rate (the unscreened persons and 

those not up-to-date with CRC screening) in each state on the basis of CDC’s Behavioral 

Risk Factor Surveillance System, and (2) the annual average CRCCP award for each state on 

the basis of 2009–2013 funding data. The at-risk rate was estimated because the goal of the 

CRCCP is to increase the screening rate in each state to 80%.

Explanatory variables include both population- and state-level characteristics that reflect risk 

factors for CRC. These variables were included on the basis of prior empirical evidence of 

risk factors related to CRC.28–40 We limited our analysis to those variables that could be 

modifiable by public health programs or by policies and data readily accessible at the 

population level. Related descriptive statistics of these variables aggregated for the 25 states 

are presented in the Table. US Census data were used to estimate the total target population 

aged 50 to 75 years on the basis of the US Preventive Services Task Force recommendation 

of CRC screening for individuals in that age group. The proportion of the CRC at-risk 

population out of the total target population was defined as the population ratio.18 Other 

population-level characteristics include current smoking and excessive drinking prevalence 

among the target population, as these health behaviors are associated with an increased risk 

for various chronic diseases, including CRC.29–31 US Census data also estimated the 

percentage of low-income, uninsured adults aged 50 to 64 years (individuals older than 64 

years were assumed to be insured, as they are eligible for Medicare). The unemployment 

rate per state was included because the unemployed often face greater barriers to medical 

services, receive fewer preventive services for chronic diseases, including cancer screening, 

and are more likely to report negative health status.32–35 State-level characteristics included 

rurality as a proxy for geographic accessibility and the density of primary care physicians 

(PCPs) in rural areas. Rural communities often face greater barriers to health services, 

especially preventive care, which may result in higher health inequalities.35,36 Lower density 

of PCPs has been associated with a higher incidence and death rates of CRC.27–39

Modeling vertical equity

Incorporating measures of vertical equity, 2 multivariable regressions were developed to 

estimate the predicted funding award (1) and predicted at-risk rate (2) for each state:

(1)
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(2)

The predicted at-risk rate was used as an indicator for screening need (equation 2), which 

estimates the proportion of the state’s population that is at risk for CRC. The predicted at-

risk rate was sorted in ascending order and then divided into tertiles to stratify states by 

similar screening need. A relative predicted funding level was calculated for each state by 

taking the proportion of its predicted funding award (equation 1) out of the total predicted 

funding award for 25 states.

We then computed a vertical equity point by dividing the relative predicted funds (equation 

1) by the proportion of its target population at risk for each state within each stratum, shown 

in equation 3. The vertical equity point measures a fair distribution of funds on the basis of 

the unscreened population for each state, after controlling for risk factors of CRC. We 

calculated vertical equity within each stratum to differentiate the level of funding for states 

with similar screening need relative to other states in their strata; each state was categorized 

as overequity, at-equity, or underequity to capture the historical dispersion of funding within 

each stratum. This provides a helpful way for grouping states to guide funding allocation.

(3)

where “relative predicted funds” is the proportion of the total average funds awarded per 

state controlling for population socioeconomic status and health behaviors, as well as state 

geography and health resources.

We defined the equity categories by using a t-distribution with an 80% confidence interval 

on the average of the vertical equity within each stratum. States defined as at-equity have a 

vertical equity point within the upper and lower limits of the 80% confidence interval, 

overequity states have a vertical equity point above the upper limit of the confidence 

interval, and underequity states have a vertical equity point below the lower limit of the 

confidence interval.

Results

The average relative funding and at-risk rate (proxy for screening need) in stratum 1 were 

0.042 and 29.00%; stratum 2, 0.041 and 33.75%; and stratum 3, 0.037 and 38.01%. We 

found an inverse relationship between the predicted relative funding and screening need. For 

example, stratum 1 had the highest relative funding (0.042) but lowest screening needs 

(29.00%). The vertical equity point was relative to each stratum. Consequently, the equity 

labels are defined relative to each stratum. For example, in stratum 2, the vertical equity 
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ranged from 0.27 to 7.67, with an average of 2.92 and 80% confidence interval from 1.64 to 

4.21. As a result, in stratum 2, 3 states had vertical equity points of 0.27, 0.64, and 1.01 

(underequity), 3 states had vertical equity points of 1.86, 2.70, and 3.96 (at-equity), and 2 

states had vertical equity points of 5.27 and 7.67 (overequity). Equity categories within each 

subsequent stratum were defined by using this method (Figure 1).

On the basis of our specific definition for measuring vertical equity, our results suggest that 

among states funded for the CRCCP, 11 states were underequity, 8 states were at-equity, and 

6 were overequity. Figure 2 shows the distribution of the at-risk population on the equity 

point by strata illustrating a fairly linear, but inverse, relationship between the vertical equity 

point and the current size of the at-risk population. As the size of states’ at-risk populations 

increases, vertical equity points are decreasing, which suggests that states with larger at-risk 

populations may have future levels of funding incrementally increased; conversely, states 

with smaller at-risk populations may have future levels of funding incrementally decreased 

to maintain a vertically equitable funding distribution.

Discussion

This case study illustrates the conceptual and methodological application of an equity 

measure for resource allocation of federal public health programs by using CDC’s CRCCP 

as an example. The equity categorization of underequity, at-equity, and overequity guides 

decision makers of where funding adjustments can be made corresponding to health and 

program needs (ie, an equitable distribution based on the risk factors of the disease in 

question). The high number of states defined as under- or overequity could be due to a 

variety of reasons, such as (1) the nature of the standard, competitive application and 

objective review process by which CDC awards state grants; (2) a sufficient amount of funds 

available to the CRCCP to cover an at-equity distribution; or (3) a funding strategy that 

resulted in a horizontally equitable distribution when making funding decisions.

A measure of equity is not meant to be used by itself, but it should aid other funding 

strategies such as formula- or performance-based funding. Decision makers establish 

funding allocations on the basis of information given to them; thus, the more knowledgeable 

they are of the program and external influential factors to the program, the better able they 

are to make appropriate funding decisions with limited funds. Labeling states as overequity, 

at-equity, and underequity applies the principles of equity in a clear, practical, and 

straightforward way to advise decision makers of the status of funding levels on the basis of 

need in each state. This equity strategy used with another funding strategy supersedes one-

sided decisions and can foster discussion among program leaders.

Because funding for public health programs may be limited or finite, the process of 

integrating vertical equity is a valuable tool for providing information to target funds where 

they may be needed most. This process supports effective use of public resources and 

addresses health disparities to improve equal opportunities to health.41–45 The equity 

measure is meant to provide additional information that can support program planning and 

development.
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When defining need across states, conceptualizing vertical equity is restricted by and could 

vary by the available scientific research and data, programmatic policy, conceptual 

reasoning, or value judgments. Even if a standard definition of need is established, the 

threshold for the appropriate amount of funds also varies and is built on subjectivity. 

Although including a measure of vertical equity can enhance the funding process, focusing 

solely on vertical equity may alter funding among states that are horizontally equitable by 

providing more funds to certain states to attain vertical equity.27 Although there is a trade-

off when integrating vertical equity, applying both vertical equity and horizontal equity may 

present a more comprehensive picture, so decision makers can be better informed about the 

potential resources necessary to achieve the maximum return on investment.

Continuous monitoring and evaluation are important for identifying gaps for improvements 

in the overall strategy to allocate funds to public health programs. The level of equity by 

state could alter as data change over time and new variables are integrated into the model. 

Evaluating this component of the funding strategy will increase the evidence base for its 

utility and help provide recommendations for improvement.

The major contribution of this study is to positively inform resource allocation strategy and 

to position this work within the broader literatures on the allocation of federal funding for 

public health programs. In addition, our methods incorporated population-adjusted burden of 

disease (ie, population at risk) in the funding strategy, which is required by Congress to be 

used as a significant criteria for awards, tracking measures, and evaluation of public health 

activities. Our study highlighted the importance of integrating vertical equity into funding 

strategies. This study defined equity related to the CRCCP specifically; however, the 

methodology or conceptual framework could be applied to almost any public health program 

allocating funds across states, such as breast and cervical cancer screening programs or a 

child immunization program, by adapting the variables to risk factors of that public health 

concern and adjusting the expected outcome that serves a specific target population. 

Applying this approach can increase transparency of the allocation of public funds and may 

improve the potential for programmatic impact among populations at risk. Although this 

approach is beneficial for public health funding strategies, decision makers may need to 

systemically choose variables that accurately reflect the specific program and not assume 

that additional funds directly result in better outcomes. It is important that each program 

research and evaluate equity characteristics that are most critical to funding and assess the 

current funding strategy before proceeding with establishing its own equity measures.

Some limitations in this study need to be acknowledged. First, some key variables were not 

available for the analysis. For example, CRC prevalence in CRCCP states was not available 

at the time of this analysis. Although the Surveillance, Epidemiology, and End Results 

Program of the National Cancer Institute estimated the number of cancer survivors for the 

United States, it did not provide estimates for all states funded through CRCCP; therefore, 

we were not able to estimate the true number of individuals at risk for developing the disease 

in CRCCP states. A true CRC prevalence rate would be a more appropriate indicator to 

observe the effects of the vertical equity factors because those who have already received a 

diagnosis of CRC would not be included in the target population. In addition, state-level 

measures, such as the structure of the health care system in a state and CRC clinical and 
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promotion costs, were unavailable. These factors may affect the efficiency of a program to 

reach and serve their target population, which in return may affect the resources each 

program needed to approach the same goal of an 80% screening rate. Given that this is a 

state-level analysis, and only 25 states were funded through CRCCP, we only included the 

most relevant and available factors in our model because of the sample size. Furthermore, 

we assumed that individuals older than 64 years used their Medicare insurance for CRC 

screenings, not considering other barriers to access beyond insurance coverage. Finally, 

results cannot be extrapolated to tribal organizations funded by CDC’s CRCCP because of a 

lack of data specific to the tribe.

This study provided insights for several future areas of work. First, our model could be 

practically applied to the funding process of other public health programs. Second, our 

model could be improved by defining the threshold of base funding for each state, other than 

assuming all states started at zero or had the same baseline. Third, capacity assessment of 

the states with highest burden is needed because they often struggle to implement effective 

programs. Thus, better understanding their barriers other than just funding (eg, personnel, 

systematic) may help them get support to succeed and achieve sustainable development. 

Fourth, it is important to balance between efficiency and effectiveness in measuring the 

equity of funding strategies of public health programs. The interplay between equity and 

performance standards could be of interest. For example, a state categorized as underequity 

can be more resourceful with its funds and be a well-performing state, and vice versa, an 

overequity state can be a low performer.

Conclusion

In this study, we proposed a method for integrating vertical equity in the funding process for 

a federally funded public health program. There are many approaches to allocate funds to 

public health programs; however, applying equity to the funding strategy may provide more 

information to help guide the decision-making process. Targeting limited resources may help 

achieve health outcomes and attend to populations that are in greatest need. The methods 

used to integrate vertical equity in this case study could be applied in publicly funded 

programs to potentially minimize inequities and improve outcomes.
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FIGURE 1. State Stratifications of CRCCP States by Measures of VE
Abbreviations: CRCCP, Colorectal Cancer Control Program; VE, vertical equity.
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FIGURE 2. Distribution of Population Eligible for CRCCP and Vertical Equity Point by Stratum
Abbreviation: CRCCP, Colorectal Cancer Control Program.
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TABLE

Variables Used in Regression Analyses

Variable Name Definition
Descriptive
Statistics Source

Dependent variables

  CRC_Unscreened Rate Percentage of individuals (aged 50–75 y) who have 
not had a colonoscopy in the last 10 y and/or flexible 
sigmoidoscopy in last 5 y with FOBT in last 3 y or 
FOBT in last year

Mean = 33.4% 2011 BRFSS

Min = 24.8%

Max = 42.5%

SD = 5.3

  Average Award CRCCP average state funding awarded for the period 
2009–2013

Mean = $894 015 CDC’s CRCCP

Min = $553 252

Max = $1 380 181

SD = 151 323

Explanatory variables

  Smoking Percentage of adults who currently smoke cigarettes 
every day or some days

Mean = 14.4% 2011 BRFSS

Min = 8.9%

Max = 19.4%

SD = 0.025

  Alcohol Percentage of adults who are excessive drinkers Mean = 2.7% 2011 BRFSS

Min = 1.4%

Max = 4.6%

SD = 0.007

  LowIncome_ Uninsured Percentage of adults who are below 250% of the 
federal poverty line and uninsured

Mean = 7.5% US Census Bureau 2011 Small 
Area Health Insurance Estimates

Min = 2.2%

Max = 12.4%

SD = 0.027

  Unemployed Percentage of adults who are unemployed Mean = 8.0% 2011 BRFSS

Min = 4.2%

Max = 11.4%

SD = 0.020

  Population_Ratio Proportion of persons (aged 50–75 y) eligible for the 
CRCCP who are not up-to-date with screening out of 
the total population in the same age range

Mean = 0.04 2011 BRFSS—numerator

Min = 0.005 US Census Bureau 2011 
population estimates—
denominatorMax = 0.20

SD = 0.045

  Rural_Population Percentage of the population residing in rural counties Mean = 22.6% US Census Bureau 2011 
population estimates

Min = 0.41%

Max = 64.8% National Center for Health 
Statistics Rural Urban County 
CodesSD = 0.172

  PCP_Density Number of primary care physicians per 100 000 in 
rural counties

Mean = 50.9 Health Services and Resources 
Administration 2010

Min = 33.1

Max = 94.3 Area Health Resources File

SD = 15.2

Abbreviations: BRFSS, Behavioral Risk Factor Surveillance System; CRCCP, Colorectal Cancer Control Program; FOBT, fecal occult blood test.
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