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Ecological fallacy, defined by Robinson in 1950 as incorrect infer-
ences about individuals based on characteristics and associations
observed among groups (1), is a well-recognized concept in epi-
demiology and statistics. Research has shown when aggregate
values for variables of interest (eg, median area-level income)
were used as proxies for individual-level variables (eg, household
income), covariates estimated from regression models may be
biased (2,3) and the sign of regression coefficients could change
(4). Policy makers and health-care providers who rely on these
estimations could inadvertently draw the wrong conclusions or
target the wrong group for interventions.

Health disparities research, including cancer disparities
research, using observational data from registries, medical
records, or administrative claims often lacks information on
individual-level socioeconomic status (SES) variables, such as
income, educational attainment, and employment status. Many
studies use aggregate statistics at selected geographic units (eg,
county, zip code, or census tract) as a substitute for individual-
level SES. This approach, known as the census-based approach
(5-7), is common practice in disparities research, where these var-
iables are treated as “proxies” for individual SES and interpreted
as if SES had been measured among individuals. Although some
studies acknowledge ecological fallacy as a limitation, the use of
the census-based approach is widely accepted by researchers as
well as peer reviewers and is frequently viewed as an inevitable
compromising analytical strategy driven by the lack of
individual-level data on SES variables.

Davis et al. (8) made an important contribution to the litera-
ture of cancer disparities research by identifying appropriate data
for neighborhood and individual income to showcase the issue of
ecological fallacy when linking area-level factors to individual
outcomes. The authors documented poor agreement between
neighborhood and individual income measures, especially in
rural communities (8). In addition, associations between neigh-
borhood income and survival among patients with colorectal
cancer were much smaller than associations of individual
income and survival (8), suggesting that misclassification bias
from using neighborhood income as a proxy for individual
income may contribute to an underestimation of the income
effect. Findings from this study serve as a cautionary tale for

cancer disparities research, especially for researchers exploring
the association between income inequality, social determinants
of health (SDoH), and rurality and health outcomes.

An extension of Davis et al. (8) is to expand the literature on
income inequality and health (9) to cancer-related outcomes. The
income variable, quantified as neighborhood or individual
income, can be used to construct income inequality measures,
such as Gini index (10), decile ratios (11), or Robin Hood index
(12). This information can then be used to test hypotheses to
explain the pathway from income inequality and health, such as
absolute income, relative income, deprivation, or relative position
hypothesis (13). Each hypothesis offers a different mechanism of
potential policy actions to improve population health and reduce
disparities. For example, empirical evidence supporting the abso-
lute income hypothesis suggests reducing health disparities
through improving incomes for all individuals, whereas the dep-
rivation hypothesis recommends improving income and reducing
income inequality specifically for individuals who are poor. The
ability to distinguish and test these hypotheses hinges on having
individual-level data because one cannot rely on neighborhood
income alone to determine the relative economic standing of
individuals in their communities. Furthermore, studies relying on
aggregate incomes have shown conflicting findings, with stronger
association between income inequality and health reported
mostly in studies in the United States but not in many other
countries. This observation, nicknamed “American
exceptionalism” (14), has led Kawachi and Kennedy (15) to ponder
the way income inequality manifested in the United States
appears to differ from other countries. That is, income at an
aggregate level appears to represent a socioeconomic construct
at the ecologic level and should be analyzed and interpreted as
such.

Many socioeconomic constructs exist mainly at the ecologic
level, especially SDoH, which are the economic and environmen-
tal conditions under which people are born, live, work, play, and
age that affect health, well-being, quality of life, morbidity, and
mortality (16,17). Structural factors at the national, state, and
local levels include aspects of the physical environment (eg,
availability of safe and affordable housing, public transportation);
laws, regulations, and policies (eg, housing assistance policies,
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paid sick leave mandates); and aspects of the social environment
(eg, structural racism) can affect individual access to health care
from prevention, screening, and diagnosis to treatment, survivor-
ship, and end-of-life care. Many aspects of SDoH underlie the
long-standing inequities in cancer outcomes by geography, SES,
and race and ethnicity in the United States (16). For example, dis-
criminatory housing practices, such as historic redlining, began
limiting mortgage lending during the 1930s in neighborhoods
largely inhabited by Black populations that were mapped in red.
By limiting home ownership, historic redlining also limited inter-
generational wealth transfer and resulted in disinvestment in
these neighborhoods and lower area-level income. Contemporary
residence in historically redlined neighborhoods is associated
with later-stage cancer diagnoses, worse treatment, and higher
cancer mortality rates (18-20). In this context, one must be wary
of individualistic fallacy to avoid generalizing neighborhood-level
relationships from only individual-level characteristics (21).

Davis et al. (8) reported that neighborhood income was partic-
ularly inaccurate for patients who lived in rural communities.
Several reasons for this observation exist; each reinforces the
need to exercise caution when interpreting area-level variables,
especially in rural areas. First, people who live in rural areas often
have addresses that correspond to a post office box that could be
at considerable distance from where they live. Therefore, neigh-
borhood income may reflect attributes of a different community
than the community in which the patient resides. This problem
is exacerbated by large rural communities described as Frontier
and Remote (22). Frontier and Remote areas are characterized by
low population size and high geographic remoteness, which is
determined by the time it takes to travel by car to the edges of a

nearby urban area. Second, because of low population size, the
area for which information is released for individuals is often
much larger for rural residents than would be released for indi-
viduals who live in urban areas. For example, in a densely popu-
lated area, it may be possible for researchers to obtain
neighborhood income at a small geographic unit such as a census
block, whereas only county-level income may be available for an
individual living in a rural area. Such data restrictions are
intended to protect the patient’s identity. Often, area-level data
used to link to census information are missing from public use
datasets altogether for patients who live in sparsely populated
areas. Third, the oncology care team for rural patients may be
located in a different community that is not necessarily adjacent
or closest to where the patient lives. Rural residents who have
the means to travel to a National Cancer Institute–designated
center, for example, may receive more state-of-the-art treatment
than their urban counterparts (23). Thus, the ability to travel to a
National Cancer Institute center cannot be accurately predicted
by median neighborhood income.

What can the research community do to mitigate biases
resulting from ecological fallacy? An obvious solution to avoiding
the issue of ecological fallacy is to improve the data quality by
developing creative algorithms to make individual-level variables
accessible without compromising patient confidentiality.
Examples include use of categorical variables (eg, income cate-
gory) to mask individual values while preserving the variations
and relative difference across individuals. This will require con-
certed effort from government agencies that release public use
databases for research and govern the terms of user agreement
as well as efforts from data vendors of proprietary databases.
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Figure 1. Conceptual framework on the relationship between income-related measures and health. This figure uses income-related measures to
illustrate 3 pathways that explain the relationship between income and health. Each pathway is associated with a different measure of income,
including individual income (double line border), area-level income (single line border), and income inequality (dashed line border), which combines
income at the individual and area levels. This figure also comments on data availability and visualizes individual vs ecological fallacy.
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Another solution is through innovations in research methodol-
ogy. One such example is the spatially-adjusted Bayesian addi-
tive regression tree model that borrows individual-level variables
from another database through geographic commonality
between the 2 databases (4). This model-based approach, how-
ever, is computationally intensive and requires a level of geo-
graphic granularity (eg, zip code) that often is not available in
public use data. A third solution is through novel privacy preser-
vation record linkage methods, such as tokenization of patient
records through hashing technique (24). Although the perform-
ance of these data linkage methods is satisfactory (25), it requires
considerable resources to create “tokens” because it requires
licensing both the data linkage software and databases to be
tokenized. All of these approaches, however, may reduce the
timeliness underlying data for research.

It is critical for health disparities researchers to generate high-
quality empirical evidence to identify populations living in vul-
nerable conditions to accurately inform policy actions. Figure 1
uses income-related measures to exemplify 3 plausible pathways
that explain the relationship between income and health, high-
lighting the importance of understanding the implications of
adopting measures at various levels. Without the availability of
perfect data that provide both neighborhood and individual SES
variables, accessibility of robust and user-friendly statistical
methods, or affordable software with validated data linkage tech-
niques, researchers using observational data to conduct dispar-
ities research must be mindful of ecological fallacy. Even when
individual-level SES variables are available, it is important to mit-
igate individualistic fallacy by including variables at both the
individual and area levels and applying multilevel statistical
models to properly analyze cross-level processes (26). Davis et al.
(8) illustrates the importance for disparities research to conceptu-
alize measures at the appropriate level and exercise caution in
interpreting study findings.
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