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Population health research has, as its main aim, characterizing the causes and 
consequences of health and disease. The process of rigorously testing hypotheses 
about what influences population health is challenging, particularly when 
considering the health effects of inalterable or potentially deleterious exposures. 
While the design, execution, and interpretation of population health experiments is 
itself arduous, trials are only even possible when the health effects of alterable, 
potentially beneficial treatments are being interrogated. By contrast, analyzing the 
effects of inalterable, potentially deleterious exposures is substantially more 
problematic. Absent the luxury of clinical trials, and given obvious ethical or 
logistical limitations, the enterprise has largely been limited to the analysis of large 
datasets derived by following individuals over time to attempt to identify the effects 
of these exposures. 
 
Race is one such “inalterable exposure,” the rigorous study of which is 
methodologically complicated. Race is doubtless among the most important 
predictors of health in heterogeneous societies such as the United States, associated 
with myriad health metrics. Race is an important predictor of birth weight, 
gestational age, and risk of infant mortality [1]; it is associated with health behaviors 
that may influence health outcomes throughout life, such as physical activity [2] and 
health services access and use [3]; finally, race is a robust predictor of the timing and 
nature of the end of life, associated with age-specific, cause-specific, and all-cause 
mortality [4]. 
 
It is similarly clear, however, that race is a poorly defined and nonspecific term [5]. 
It is but a proxy for a number of other (possibly causal) factors that may relate to 
health. The growing literature that has identified consistent associations between race 
and health outcomes sheds little light on the mechanisms that produce those 
differences [1-5]. There are a number of plausible hypotheses. Biological scientists 
point to concrete differences in the observable phenotypes that differentiate racial 
groups and argue that there must be genotypic differences underlying these observed 
differences and, therefore, that there may also be genotypic differences underlying 
differences in health outcomes [6]. However, genetic variation within racial groups is 
substantially greater than it is between such groups [7], and the minimal variation 
between groups has not been shown to have substantial relation with health 
outcomes [8]. Nevertheless, potential differences in the distribution of risk alleles or 
the epigenetic modification of alleles by race remains a viable hypothesis for racial 
differences in certain health outcomes [6]. 
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By contrast, social epidemiologists contend that race shapes health by way of a 
number of social mechanisms [9-11]. First, variation in the experiences of 
discrimination and xenophobia both between and among historically marginalized 
groups is predictive of differences in health outcomes among them [9]. For example, 
Geronimus observed that black-white disparities in birth weight increased with 
increasing maternal age at parturition [12, 13]. She reasoned this “weathering” of 
black relative to non-Hispanic white mothers represented the cumulative effect of 
lifelong exposure to a caustic social environment experienced by black, but not non-
Hispanic white, mothers as they aged [12, 13]. Race also has implications for the 
social environments to which people are exposed, the ways resources are allocated, 
and ultimately, the health experiences of members of each group. Supporting these 
arguments in the health literature are consistent correlations between race, 
socioeconomic position, and health outcomes, such that marginalized groups are 
persistently disadvantaged and suffer the health consequences thereof [14-16]. 
 
Understanding the mechanisms that underlie the role of race in shaping population 
health is particularly challenging. How do we, for example, disaggregate the effects 
of discrimination from those of individual and contextual socioeconomic 
disadvantage when considering the etiology of racial differences in health? This is 
especially challenging because these factors are mutually reinforcing: discrimination 
has implications for educational attainment and income prospects throughout the life 
course, which shape the neighborhoods and locales—the environments—into which 
individuals of different racial groups select, which ultimately feed back into their 
social experiences [9, 17]. 
 
As inherited traits are fundamentally inalterable, we are left with observational 
epidemiologic studies to attempt to isolate the effects of these influences. However, 
our limited methodology, founded upon regression modeling, forces us to make 
increasingly less tenable assumptions to that end [18, 19]. For example, traditional 
health research approaches are beholden to the assumption that individuals are 
autonomous agents whose interactions with others do not influence the individual 
agent’s outcomes. But what is discrimination if not a process resulting from human 
interaction—the influence of one agent’s actions on another? Similarly limiting is the 
incapacity of observational approaches to efficiently represent context [20], 
conflating aggregate characteristics of the individuals residing in particular spaces 
with the environmental influences of those spaces themselves [21]. For example, 
studies demonstrating associations between neighborhood poverty and poor health 
cannot accurately differentiate between the influences of these neighborhoods and 
the influences of the characteristics of the individuals living therein [21]. This 
limitation prevents us from teasing apart the health implications of individual and 
context-level socioeconomic deprivation on the health of people in marginalized 
groups. Lastly, because observational studies only represent levels of exposure and 
outcomes at specified points in time, they cannot deal effectively with the reciprocity 
or feedback between exposures or between exposures and outcomes that we 
understand to be important in shaping racial disparities in health [18, 19]. 
 

 www.virtualmentor.org Virtual Mentor, June 2014—Vol 16 451 

http://www.virtualmentor.org/


Complex systems approaches may be particularly important for understanding the 
mechanisms underlying the influence of race on population health [18, 19]. Whereas 
traditional epidemiologic approaches are designed to test hypotheses about 
population-level associations between exposures and outcomes of interest, systems 
approaches are designed to test hypotheses about the dynamics that underlie the data. 
They force investigators to represent and test hypotheses about the mechanisms that 
produce population health and disease while freeing them of some of the problematic 
assumptions imbedded in regression models. By embracing, rather than ignoring, 
important factors such as inter-individual interactions, environmental influences, and 
reciprocity and feedback, these tools enable us to understand why race is so strong a 
predictor of differences in health. 
 
One particularly promising systems method for health research about race is agent-
based modeling [19]. Agent-based models simulate individuals with various 
attributes and preferences who interact with one another via dynamic social networks 
and who are situated in particular contexts to which they contribute and that 
influence their behaviors in turn. Agent-based models can account for an individual 
with her particular characteristics, the neighborhood in which she lives, as well as the 
network of friends and family she has—all changing dynamically with time, 
according to the joint behaviors of the agents in the model. Hence, these models 
allow investigators to consider the population-level consequences of individual-level 
behaviors, and the population-level dynamics they model emerge from the behaviors 
of the individuals the population comprises. Agent-based models have already 
demonstrated their utility in health research. Investigators have employed them to 
demonstrate the social mechanisms that underlie differences in such activities as 
walking behavior in an urban environment and to analyze the value of using social 
networks to mitigate obesity [22, 23]. 
 
Agent-based models hold particular promise for the study of race and health because 
they allow investigators to explicitly articulate, represent, and, therefore, test the 
social and biological mechanisms hypothesized to underlie influences of race on 
health. Rather than continuing to rely on race as a nonspecific proxy for a number of 
underlying exposures of interest, agent-based models allow investigators to represent 
each of these underlying exposures explicitly as aspects of agent attributes or 
behaviors. From socioeconomic characteristics and experiences of personalized or 
structural discrimination to the locus-specific alleles that shape genotypes, agent-
based models allow investigators to deconstruct race to its core components to better 
understand each mechanism contributing to the systematic racial differences in 
health that we so routinely observe. 
 
While agent-based modeling and complex systems approaches are fledgling 
methodologies in health research, they are well suited to characterizing the myriad 
influences of race on health. The benefits of these approaches are clear for 
investigators and policymakers alike. They allow investigators a more granular, 
hypothesis-based way to understand and disentangle the mechanisms that shape the 
racial differences we observe by enabling us to bypass several obfuscating 
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assumptions that limit our inference regarding the role of race in health. By 
deconstructing race in health research, we may better understand the dynamics that 
operate to produce race-related disparities in health and how mechanisms such as 
interactions, context, and feedback may be shaping them. For these reasons, complex 
systems approaches have important implications for policy as well. Equipped with a 
more comprehensive yet focused understanding of the dynamics underlying racial 
disparities, these approaches may provide policymakers interested in tackling these 
inequalities with better defined, more relevant levers on which to focus their efforts. 
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