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Researchers in public health have periodically
reiterated calls for approaches that recognize
that individual and population health emerge
from the functioning of systems."'® Resurgence
of interest in systems approaches has been
stimulated by growing application of systems
approaches to study biological”° and social
processes,“*! and by increasing frustration
with the ability of traditional methods to pro-
vide satisfying explanations or solutions for
persistent health problems such as inequalities
in health.

Systems approaches have historically em-
phasized the need to understand dynamic
interrelations between various components.??
Because the effect of a given input depends on
other conditions in the system, emphasis shifts
from isolating the causal effect of a single factor
to comprehending the functioning of the system
as a whole. Complex systems typically include
heterogeneous agents at various levels, contact
structures between agents, adaptation, nonlin-
ear dynamics, and stochasticity. These features
lead to the emergence of patterns at various
scales. %3

The recognition that the health of individ-
uals and populations is the manifestation of a
system in which biology interacts with envi-
ronments and individuals interact with each
other and with environments over time is a key
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Complex systems approaches have received increasing attention in public
health because reductionist approaches yield limited insights in the context of
dynamic systems. Most discussions have been highly abstract. There is a need to
consider the application of complex systems approaches to specific research
questions. | review the features of population health problems for which complex
systems approaches are most likely to yield new insights, and discuss possible
applications of complex systems to health disparities research. | provide illustra-
tive examples of how complex systems approaches may help address unan-
swered and persistent questions regarding genetic factors, life course processes,
place effects, and the impact of upstream policies. The concepts and methods of
complex systems may help researchers move beyond current impasse points in
health disparities research. (Am J Public Health. 2011;101:1627-1634. doi:10.2105/

element of the concept of population health.
However, the specific ways in which features
of this system give rise to health are rarely
made explicit. Systems approaches encourage
investigators—indeed, require them—to make
these relations explicit. Articulating these re-
lations in detail may also help develop theory
in population health that goes beyond artificial
distinctions such as “causes of disease in in-
dividuals” and “causes of disease in popula-
tions” because, from a systems perspective,
health is conceptualized as an emergent prop-
erty of a system, in which processes operating
at the levels of individuals and populations
are inextricably connected.

A particularly vexing problem in population
health is that of health disparities.** Health
disparities are characterized by persistent ques-
tions about etiology and policy. These questions
may have remained difficult to answer in part
because they involve the types of dynamic pro-
cesses that characterize systems and because
most existing work has been based on ap-
proaches that largely ignore these dynamics.
Systems thinking and systems methodologies
may help researchers move beyond current
stalemates and enhance the production of
knowledge regarding the causes of health dis-
parities as well as the identification of effective
policies or interventions.

WHEN COMPLEX SYSTEMS
APPROACHES MAKE THE MOST
DIFFERENCE

A key characteristic of the types of popula-
tion health problems for which complex sys-
tems approaches may be useful is the presence
of influential positive or negative feedback
loops.?>#® Examples of feedback mechanisms
include feedback between behavioral and
environmental features (healthy food avail-
ability promoting a healthier diet, which, in
turn, creates greater demand for healthy
foods) and feedback between health and
social circumstances (health affecting income
and income affecting health).

Feedbacks are not always reinforcing or
positive. The presence of negative or balancing
feedbacks can regulate a system’s behavior so
that it maintains stability or equilibrium over
time. For example, balancing feedbacks may
operate at the latter stages of an epidemic to
slow the development of new cases. Partly
because of the inadequacy of traditional
quantitative methods in accounting for feed-
back loops, feedback is generally assumed to be
ignorable in most public health research. Yet
its presence can give rise to nonlinear effects,
effects distant in space and time, unanticipated
effects, large effects of small changes in initial
conditions, and outcomes that are strongly
dependent on the history and order of past
events,%1927 all features of population health
problems.

Another characteristic of population health
problems especially suited to complex systems
approaches is the presence of dependencies
between individuals (i.e., situations in which the
outcome for one individual is affected by the
outcomes in other individuals). For this reason,
infectious disease epidemiology has been at the
forefront of the application of these methods
in population health.?® Noninfectious disease—
related outcomes such as behaviors may share
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some of these features.? This contagiousness
generates feedback mechanisms through which
individual and group characteristics affect each
other over time. Accounting for the processes
that generate these dependencies is important to
correctly estimating the impact of an intervention
on disease rates. This is distinct from noninde-
pendence or interference between units as a nui-
sance that complicates causal inference or needs
to be accounted for statistically.

A third characteristic is the presence of
macro-level patterns that emerge from the
interplay of factors at different levels of orga-
nization. In population health, interest often
centers on understanding the factors that lead
to differences in rates of disease across groups.
But these macro-level patterns are the end
result of a multiplicity of processes operating at
different levels and scales (e.g., cellular or mo-
lecular, organism, interindividual, and macro-
environmental). Complex systems approaches
can help us explicitly understand how lower-
level processes scale up and interact with higher-
level factors to generate the higher-scale macro

patterns that we observe.*

OUTSTANDING HEALTH DISPARITIES
QUESTIONS

Although feedback, dependencies, and
emergent patterns may characterize virtually
all population health problems, they may be
especially important in health disparities. The
systems nature of health disparities may ex-
plain their persistence and robustness across
different health outcomes and over time, and
their resistance to interventions. I review some
key outstanding issues in health disparities
research and use simple schematic examples to
illustrate how systems thinking may help us
conceptualize these problems differently.

The Role That Genes Play

Despite numerous discussions of the roles of
genes and environments in health disparities,**>°
considerable uncertainty remains regarding the
importance of genetic variation. It has long
been clear that there is substantially less ge-
netic variation between than within commonly
defined racial/ethnic groups.>” Tt is also true
that certain genetic markers tend to cluster by
geographic ancestry®®>® and, although these
constitute only a very small proportion of total
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genetic variation, their presence suggests that
genetic differences across these groups could
plausibly have at least some implications for
health differences. On the other hand, the pres-
ence of disparities in multiple unrelated health
outcomes as well as the presence of heteroge-
neity in racial/ethnic differences over time and
across contexts suggests that genetic factors alone
are a very unlikely explanation for the bulk of
health disparities. Moreover, the failure of genetic
variation to explain a substantial proportion of
variation in disease risk for common chronic
diseases, even for cases in which genetic poly-
morphisms linked to disease have been consis-
tently identified, suggests that gene-gene inter-
actions and gene—environment interactions are
likely to play a major role.*

A more nuanced understanding of how
genes interact dynamically with each other and
with environments is necessary to fully un-
derstand if and how genetic variation contrib-
utes to health disparities.*"*? Yet the methods
commonly used are limited in their ability to
capture the dynamic processes linking genes and
environments over time. The reliance on statis-
tical methods that ignore these dynamics may
have contributed to the current stalemate in
which neither genetic nor environmental factors
appear to convincingly explain health disparities
in ways that are compelling to both social and
biological scientists.

One example of the dynamic relations of
genes and environments is Cole’s theory of
recursive developmental remodeling.*> Under
this theory, environmental conditions affect gene
expression, triggering sets of neuroendocrine
responses, which, in turn, affect biological

Source. Adapted from Cole.*®

Environment ————»  Gene expression

Structural and
physiological changes

Note. A single-headed arrow from X to Y indicates that X is a cause of Y or that X causes increased exposure to Y. A line
intersecting a 1-headed arrow (in the form of a T) indicates that the factor modifies or modulates the relation between X and
Y (effect modification in epidemiologic terms). The T-shaped line from structural/physiological changes that intersects the
arrow from environment to gene expression indicates that the structural and physiological changes modify or modulate the
effect of environments on gene expression. Positive or negative feedback loops are indicated with an R (reinforcing) or a B
(balancing). Reinforcing loops promote or reinforce change in one direction. Balancing loops tend to close the gap between
the current state and the desired state. Directionality (plus or minus signs associated with the arrows) is not indicated in the
figures but the types of relations can be inferred from the description in the text.

FIGURE 1—The interplay of genes and environments: recursive developmental remodeling.

structure and function. These changes in biolog-
ical structure and function, in turn, modulate
the subsequent effects of the environment on
gene expression. This creates a reinforcing
mechanism by which the effects of the environ-
ment on gene expression can be enhanced or
dampened substantially over time (Figure 1).
Health status itself may be affected by, and also
affect, gene expression, further reinforcing the
cycle. The impact of environments or the role of
genetic factors that modulate environmental in-
fluences on gene expression cannot be properly
understood without accounting for these dynamic
relations.

The dynamics are rendered even more
complex if we recognize that, in addition to
interacting with environments, genes may also
be related to the extent to which persons are
exposed to certain types of social and envi-
ronmental contexts. These contexts may affect
health directly or may modulate the effects of
genes.** A simple example is that genes have
consequences for skin color and, in certain social
contexts, skin color may be correlated with
exposure to discrimination*® because persons
are discriminated partly on the basis of their skin
color. The cause of the discrimination is the social
norm, but skin color determines who is discrimi-
nated. This exposure to discrimination may, in
turn, have health implications directly through
stress mechanisms, through effects on gene ex-
pression (triggering the processes shown in Figure
1), or through interactions with hypertension-
related genetic variants that covary with skin color.
Failure to understand these relations would result
in overestimates of the associations between
genes linked to skin color and hypertension.

R

<«—— Health
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Note. A single-headed arrow from X to Y indicates that X is a cause of Y (e.g., family norms are causally related to physical
activity) or that X causes increased exposure to Y (e.g., genetic factors related to exercise predisposition affect selection into
exercise-promoting environments). A line intersecting a 1-headed arrow (in the form of a T) indicates that the factor modifies
or modulates the relation between X and Y. Positive or negative feedback loops are indicated with an R (reinforcing) or a B
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Another example of gene—environment dy-
namics is provided in Figure 2. Recent work
has suggested that genetic variants may be
related to a greater predisposition to exercise.*®
A simplistic interpretation is that exercise levels
are genetically determined and the standard
statistical approach would be to estimate the
impact of genes on physical activity by isolating
the genetic effect after adjusting for other factors.
But the system in which these genes operate
may be much more complex (Figure 2). If genetic
factors truly influence the predisposition to
exercise, parental genes (which are linked to the
genes of their offspring) may partly shape the
exercise norms at home. In addition, the off-
spring’s genes could be related to the selection
into peer groups and environments conducive
to exercise. Family norms, peer behaviors, and
environments may affect physical activity
through mechanisms that have nothing to do
with genes. They may also modify the relation
between genes and physical activity, enhancing
their effects. Physical activity behavior may also
have reinforcing effects on environments and
norms (R1 and R2 in Figure 2). Another rein-
forcing cycle involves effects of environments
on family norms, effects of norms on physical
activity behaviors, and effects of behaviors on
environments (R3, Figure 2). Persons with
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FIGURE 2—The interplay of genes and environment: the role of gene-environment interaction

shared ancestry (which may or may not be
related to the physical activity genes) may also
share norms or cultural values or be more likely
to live in certain types of environments (influ-
enced by other exogenous factors), which may
have a much stronger causal effect on physical
activity than do genes. Failure to account for
these relations would result in simplistic mis-
representations of the causes of health dis-
parities.

Parental social
environment
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R

Parental behavior

Future behavior

Offspring
responsiveness of

HPA axis to stress ’
k() |

of offspring  ——— Offspring social

Note. A single-headed arrow from X to Y indicates that X is a cause of Y or that X causes increased exposure to Y. A line
intersecting a 1-headed arrow (in the form of a T) indicates that the factor modifies or modulates the relation between X and
Y. Positive or negative feedback loops are indicated with an R (reinforcing) or a B (balancing).

Source. Based on Diorio and Meaney® and Weaver et al.*!

Importance of Early Life Factors

Despite the recognition that factors over the
life course are likely to play a role in many
diseases,*”*® questions remain regarding the
relative importance of early life and the contri-
butions of early life factors to health disparities.
Part of the uncertainty results from the analytical
methods used, which attempt to isolate the
effects of early life from later life factors or ex-
amine the association of trajectories over time
with later health but are limited in their ability
to capture the dynamic processes that shape
these effects over time.*

One often noted example involves the im-
pact of early life exposure on stress respon-
siveness later in life. Animal experiments have
shown how parental behavior can modify the
long-term stress responsiveness of the offspring
through mechanisms involving epigenetic
modifications of the glucocorticoid receptor
gene.”®! These differences in stress respon-
siveness may interact with stress-generating so-
cial exposures over the life course to affect many
health outcomes (such as metabolic or hyper-
tension-related outcomes). Greater stress re-
sponsiveness could also promote the selection
into social environments that tend to reduce
stress responsiveness creating a balancing feed-
back loop (B1). In addition, stress responsiveness
affects the behavior of the offspring toward
its own offspring setting the stage for a rein-
forcing loop (R; Figure 3) that perpetuates and
magnifies stress responsiveness differentials
and their health consequences across

Offspring
health

environment

FIGURE 3—Long-term effects and transgenerational transmission of early life experiences.
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generations. A larger balancing feedback (B2)
may also operate through which parental be-
havior (such as less bonding with the offspring)
results in greater stress responsiveness of the
offspring; this greater stress responsiveness
leads to selection into less stressful environ-
ments, and these less stressful environments
result in better parental bonding behavior to-
ward future generations (B2). The net intergen-
erational effect will thus be a result of the
countervailing influences of R and B2.

A second example involves the dynamic
relations between health and socioeconomic
circumstances over the life course (Figure 4).
Parental socioeconomic circumstances may af-
fect both the health and educational achieve-
ment of children.”* Childhood health also has
consequences for educational achievement and
socioeconomic circumstances later in life,>>
which, in turn, has consequences for the health
and educational achievement of the next gener-
ation. Parental socioeconomic circumstances
may also shape exposure to peer groups, which
could affect offspring’s educational and health
outcomes through social influences. Reinforcing
feedback loops between health and socioeco-
nomic factors (R1-R3) and between peer char-
acteristics and offspring characteristics (R4 and
R5) further complicate these relations. Larger
reinforcing feedback loops may also be present

/" Parental

Parental / Rq

health W Socloeconomic
circumstances

\/

Offspring
health
achievement

QRN

Offspring peer
characteristics

Offspring

life course and across generations.

1630 | Framing Health Matters | Peer Reviewed | Diez Roux

educational —

\

adult
=)
Offspring

health

as adult \

Note. A single-headed arrow from X to Y indicates that X is a cause of Y or that X causes increased exposure to Y. A line
intersecting a 1-headed arrow (in the form of a T) indicates that the factor modifies or modulates the relation between X and
Y. Positive or negative feedback loops are indicated with an R (reinforcing) or a B (balancing).

FIGURE 4—Dynamic relations between health and socioeconomic circumstances over the
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(R6): better offspring health results in better
educational achievement, which may in turn have
influences on peer achievement, and greater peer
educational achievement may reinforce better
offspring health. The failure to consider these
dynamics may hamper our ability to determine
the contributions of early life factors to health
disparities.

Relative Roles of People and Places

Although many studies have documented
important differences in neighborhood physi-
cal and social environments by race/ethnicity
or socioeconomic position, the extent to which
these neighborhood differences contribute to
disparities in health has remained elusive. This
elusiveness may in part be a result of the
virtually exclusive analytical focus on isolating
the effects of context and composition. A crucial
need is a more nuanced understanding of how
the linked processes of residential segregation,
differential location of health-related resources,
and the behaviors of residents dynamically
affect health differentials."®

For example, persons are sorted into neigh-
borhoods on the basis of preferences and
resources modified (or modulated) by discrim-
ination (Figure 5). Area composition affects the
material and advocacy power of residents,
which, in turn, reinforces area composition (R1).

Offspring socioeconomic
circumstances as

) Offspring
E)ffslprrllng /R?,\‘ educational
alth " 4chievement

(next generation) (next generation)

Area resources affect the location of services
(e.g., stores offering cheaper, unhealthy food
tend to locate in poorer neighborhoods) and the
presence of services affects area resources (R2).
The location of services shapes and is in turn
reinforced by the behaviors of residents
(proximity of healthy foods affects food pur-
chasing patterns and the purchasing behaviors
of residents affect what is sold [R3]).>*

Stress related to disadvantage, discrimination,
or neighborhood factors can lead to coping
behaviors such as increasing fat intake®® that
help reduce levels of stress (creating a negative or
balancing feedback loop [B]). Although they may
help reduce stress, these behaviors may also
have adverse physical health effects through
other mechanisms. The extent to which residents
adopt certain coping behaviors in response to
stress may also be modified by the environ-
mental context. For example, residents may cope
with stressors by increasing their fat intake,
especially if high-fat foods (such as fast foods) are
easily available in the neighborhood. Other
larger reinforcing loops are also possible. For
example, area deprivation may result in greater
stress, greater stress may lead to greater fat
intake, greater fat intake may promote availabil-
ity of fast food stores, which in turn may drive
down property prices, further increasing area
deprivation (R4). Spatial and nonspatial social
networks (not shown in figure) may also create
dependencies in behaviors that reinforce or
buffer the impact of environmental factors.

Environmental features may also interact
dynamically with each other. For example,
poor areas may have less accessible destina-
tions and may also be less safe, factors that
detract from walking and also reinforce each
other. These features may magnify residential
segregation as persons with more resources
and power are able to locate in and advocate
for areas with better environmental attributes.
In addition, greater walking may also have
consequences for changes in land use mix and
safety over time. The dynamic ways in which
these factors contribute to health disparities or
the consequences we may expect to see as a
result of intervening on these factors cannot be
fully captured with statistical models.

The 3 examples (role of genes, life course
processes, and neighborhood factors) show how
aggregate-level differences in health across so-
cial or racial/ethnic group may result from
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intersecting a 1-headed arrow (in the form of a T) indicates that the factor modifies or modulates the relation between X and
Y (e.g., discrimination modifies the relation between personal resources/preferences and residential location, and stress
modifies the relation between location of services and behaviors). Positive or negative feedback loops are indicated with an R
(reinforcing) or a B (balancing). Reinforcing loops promote or reinforce change in one direction. Balancing loops tend to close
the gap between the current state and the desired state (e.g., increases in stress result in health behaviors that reduce stress
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Location of
services

outcomes.

processes involving factors at different levels
of organization, reinforcing and balancing
mechanisms and dependencies between indi-
viduals. They also illustrate how, in the context
of systems, there may be multiple different
causal pathways to the same outcome, as well
as how a single factor can lead to different
outcomes depending on other conditions of the
system. The schematic examples are rendered
even more complex if one considers that
many of the relations depicted very simply as
arrows between constructs may themselves
be nonlinear and involve variable time lags,
often including long time delays. In all 3 ex-
amples, the dynamics of the system are such
that intervening at one point may produce
effects that are distant in space and time and
unanticipated. Systems approaches allow re-
searchers to explicitly conceptualize dynamic
hypotheses or theories such as those encoded
in Figures 1 through 5 and use simulation to
explore the implications of alternative dynamic
theories.

Interventions That Would Help
Eliminate Disparities

Despite abundant work describing health
disparities, little progress has been made in
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FIGURE 5—Dynamic relations between area factors, individual-level factors, and health

identifying or implementing policies or inter-
ventions to eliminate disparities. One possibil-
ity is that the underlying and structural causes
of disparities have not been addressed. Systems
approaches can help create compelling evi-
dence for the need to address these causes,
which may be quite distant in space and time
from health. The consequences of intervening
on these distal and structural causes can be
very difficult to convincingly identify in obser-
vational or experimental studies. It is under
these circumstances (i.e., the desire to evaluate
upstream interventions with distal and perhaps
unexpected effects in the context of a multi-
plicity of other factors that may modify their
consequences) that systems approaches can be
most useful.'” For example, it would be of great
policy interest to assess the long-term health
and health disparity consequences (including
intergenerational effects) of improving educa-
tional quality and educational opportunities for
children in poor neighborhoods. Yet these long-
term data are difficult to obtain and the extent
to which results from a given observation can be
generalizable to slightly different circumstances
is questionable. Systems approaches that capture
the types of dynamic relations shown in Figure
4 could help identify plausible effects of such

interventions. Other examples include evalu-
ating the impact of transportation policy on
physical activity disparities, the impact of
taxation policies on dietary disparities, or the
impact of national health reform on health
status, cost, and equity.?®

Systems approaches can also help identify
previously unidentified leverage points or
yield clues as to why certain interventions or
policies may not have yielded the expected
results, a problem referred to as “policy
resistance.”'® Link and Phelan’s notion of fun-
damental social causes,”” an important theoreti-
cal framework in health disparities research
according to which health inequalities can persist
through new mechanisms even when selected
intervening factors are blocked, can be thought
of as a manifestation of a system that exhibits
policy resistance. More generally, the persistence
and robustness of health disparities across time,
place, and health conditions suggests that im-
portant reinforcing and balancing mechanisms
are likely to be involved. Understanding the
systems that give rise to these inequalities may be
necessary to identifying high leverage points
and understanding the causes of policy resis-
tance.

HOW SYSTEMS APPROACHES
CAN HELP

Systems approaches can help move the field
of health disparities forward in 3 ways: (1)
systems thinking can promote the development
of more sophisticated dynamic conceptual
models of the causes of health disparities, (2)
systems tools (formal models and simulation)
can help explore and refine these models and
explore the effects of different interventions in
the context of dynamic relations, and (3) the
use of systems approaches can enhance the use
of existing data and promote the collection of
new types of needed data.

Developing Dynamic Conceptual Models
Any systems approach must begin with the

development of what has been referred to as

a mental model ?®

A mental model encodes
our beliefs about the networks of causes and
effects that describe how a system operates, along
with the boundary of the model (which variables
are included and which are excluded) and the time

horizon we consider relevant.25®%
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Mental models are thus analogous to what
health disparities researchers refer to as con-
ceptual models. The systems approach forces
us to be very explicit about these models and
incorporate feedback and dependencies
(i.e., dynamic relations and hypotheses) into
their formulation. A major challenge is setting
the boundaries of the system including the
relevant time horizon and deciding which vari-
ables will be considered exogenous and endog-
enous, and what things will be excluded. De-
fining the level of detail necessary in the model is
key, and it may be necessary to consider sub-
models or subsystems linked to each other.

The specific examples shown in Figures 1
through 5 are not intended to represent the full
set of dynamic relations that might be relevant
to the question at hand. A true application of
systems to these questions would begin with
the development of a much more comprehen-
sive conceptual model and careful definition of
the boundaries of the system. The establish-
ment of these boundaries will be based on the
overall purpose or goal of the modeling effort
as well as on existing knowledge, interdisci-
plinary exchange, and intuition. The model
itself represents a complex hypothesis about
the fundamental processes that are involved.
Making this model explicit and refining it
through scientific exchange, contrast with the
real world, and experimentation in a virtual
world, is one of the important products of the
systems approach. The development of novel
and dynamic models of the sources of health
disparities may help researchers break away
from stalemates and see persistent problems in
a new light that could provide the basis for
new breakthroughs in understanding.

Using Virtual Worlds to Explore the
Dynamic Conceptual Model

A key methodology in systems approaches is
the use of virtual worlds (i.e., formal models
and simulations). In the presence of dynamic
complexity, computer simulations based on
formal models are necessary to understand the
functioning of the system and the implications
of the conceptual model proposed.?® Agent-
based models and system dynamics models are
2 types of systems tools that can be used for this
purpose.?>8% Through the use of formal
models and computer simulations, investigators
can better understand the implications of their
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conceptual model and refine it as necessary.
They can also gain a richer understanding of
the fundamental dynamic relations involved
and identify unanticipated leverage points. Even
if they do not provide definitive answers, mod-
eling approaches also allow thoughtful initial
exploration of the plausible impacts of policies
and interventions.

By definition, no model can be a complete
representation of reality because simplification
is inherent in model building. There is a tension
in the model-building process between using
models to estimate the impact of an interven-
tion on the system in real life settings and using
models to obtain basic insights about funda-
mental processes. Estimating the effects of in-
terventions requires sophisticated modeling
efforts supported by abundant data. In addi-
tion, building models that can be reliably used
for estimating the impact of a specific inter-
vention or policy can be challenging when the
basic underlying dynamics are still poorly un-
derstood. Large and complicated models also
rapidly become difficult to test.

Another special utility in the early stages of
the applications of these methods is the use of
modeling to gain fundamental insights into
basic dynamics of the system and to identify
possible new leverage points. When used for
this purpose, the model-building enterprise
begins simply. As the model’s functioning
becomes understood, new components are
added progressively. If the model is too simple,
and fundamental elements of the dynamics are
omitted, the insights we obtain may be at best
incomplete and at worst incorrect. Neverthe-
less, especially for situations in which dynamics
are still very poorly understood (as in the
case of health disparities), beginning with very
basic models that can then be expanded or
linked to other models as their dynamics are
better understood may be a useful strategy.
Even very simple models are helpful because
they can serve for proof-of-principle—type ex-
ercises, can generate new questions, and may
stimulate necessary data collection efforts.

Enhancing the Use and Collection of
Relevant Data

Empirical data are important in the formu-
lation and refinement of the dynamic hypoth-
eses reflected in the conceptual model. In
addition, data relate to the building of formal

models and simulation in 2 ways. First, they
provide support for specific parameters of the
formal model. Second, they provide informa-
tion on patterns and distributions against which
summaries of simulated results can be com-
pared. In the area of health disparities, the
process of model building may make it quickly
apparent that, even for simple models, the
types of data necessary to support specific
parameters are often unavailable. When the
purpose of the model is to enhance under-
standing of fundamental processes, even exer-
cises with limited data can yield useful insights.
They can also serve as the motivation for
new and different types of data collection in
the future. The utility of systems modeling to
integrate and make the best use possible of
existing data, identify crucial data gaps, and
explore processes in the context of limited data
are important benefits of these approaches in
health disparities research.

It has been noted that, strictly speaking,
model validation is impossible.?®> However, re-
searchers can do a number of things to enhance
the credibility of their model for a specific
purpose. Model building and checking is an
iterative process that combines qualitative and
quantitative knowledge of modeled processes,
comparison of model output to various types of
external data, and a number of tests and sensi-
tivity analyses that can be used to identify flaws
and improve models.>>%%" Pattern replication is
often taken as a sign (although not necessarily
proof) that the model captures basic underlying
process relevant to the problem being studied.
However, it is important to note that these
models are not intended to be predictive models.
The development and assessment of systems
models is very different from the development
and assessment of models used for prediction
and forecasting. Model validation remains an
active area of research and discussion within
the systems field.

CONCLUSIONS

Health disparities research has reached a se-
ries of roadblocks in explaining the causes of
disparities and in identifying the most effective
interventions or policies to eliminate dispar-
ities. The use of analytical methods that pri-
marily focus on identifying independent effects
may be hampering progress and constrains
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even the questions that are asked. Thinking
about dynamic processes, making them explicit
through the formulation of dynamic conceptual
models, and exploring these processes through
formal models and computer simulations may
stimulate innovation in the field, and could help
identify novel intervention points. Systems
thinking and modeling may also generate new
questions that can then be investigated by
using empirical data. Aside from their utility in
knowledge generation, systems methods can
also provide experiential learning opportunities
to diverse actors and stakeholders and allow
them to contrast alternative dynamic hypothe-
ses of the causes of health disparities.'® For
these reasons, systems thinking and systems
methods are a welcome addition to our toolkit.
More generally, systems thinking can pro-
vide an organizing conceptual framework
though which factors at different levels and of
different domains can be explicitly integrated
dynamically in understanding health dispar-
ities. Systems tools allow explicit exploration
of these relations. The philosophy behind the
systems approach will resonate with many
health disparities researchers because, as noted
by Forrester, “In the complex system . .. causes
are usually found, not in prior events, but in the
structure and policies of the system. . . ”62P910
Systems approaches allow us to make this
structural causation explicit and concrete so
that it can be clearly communicated and so that
the impact of different interventions can be
evaluated. However, the use of systems ap-
proaches also raises numerous challenges. It
would be a mistake to expect these approaches
to solve all problems. Most likely they will serve
to complement rather than replace other ap-
proaches. The onus is on the scientific com-
munity to use these models to answer mean-
ingful scientific questions so that they are more
than clever computer games. In an ideal world,
there would be an iterative relationship be-
tween systems approaches and traditional data
collection and analysis efforts, by which dy-
namic modeling both stimulates new data
collection and analyses of empirical data, and
serves as an organizing principle though which
multiple types of data can be put back together
to better represent the underlying processes
that are driving the patterns we see.
Understanding the causes of health dispar-
ities requires understanding how the dynamic
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relationships between factors at different levels
of organizations result in the emergence of
health differences across groups. The key
question is no longer about partitioning group
and individual effects or social and biological
effects but rather about understanding how
these dynamically relate to generate the macro
patterns that we see. By allowing us to hy-
pothesize these processes in detail, and explore
and test them through formal models and
simulation, systems approaches give us the
opportunity to move beyond the metaphors to
make the connections and relations explicit,
so that they are real and tangible (rather than
abstract and metaphorical) and so that we

can not only identify useful interventions and
policies, but also, and most importantly, so that
we can motivate them in a compelling way. ®
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