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Abstract

Purpose—The field of quality-of-life (QOL) research would benefit from learning about and 

integrating systems science approaches that model how social forces interact dynamically with 

health and affect the course of chronic illnesses. Our purpose is to describe the systems science 

mindset and to illustrate the utility of a system dynamics approach to promoting QOL research in 

chronic disease, using diabetes as an example.

Methods—We build a series of causal loop diagrams incrementally, introducing new variables 

and their dynamic relationships at each stage.

Results—These causal loop diagrams demonstrate how a common set of relationships among 

these variables can generate different disease and QOL trajectories for people with diabetes and 

also lead to a consideration of non-clinical (psychosocial and behavioral) factors that can have 

implications for program design and policy formulation.

Conclusions—The policy implications of the causal loop diagrams are discussed, and empirical 

next steps to validate the diagrams and quantify the relationships are described.
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Over the past two decades, the field of quality-of-life (QOL) research has evolved and 

matured, evidencing growth in methodological sophistication and application. In addition to 

its long-standing application to outcome research, QOL tools and methods are increasingly 

used in comparative effectiveness research [1] and health policy decision-making [2]. 

Additionally, research on the utility of QOL tools in clinical practice supports their use for 

improving provider-patient communication [3]. Finally, recent developments in formalizing 

the use of patient- reported outcomes at the United States Federal Drug Administration have 

led to QOL tools being a critical source of information for federal approval of new 

pharmacotherapies and medical devices [4].

In parallel with the growth in the field of QOL research, there have been substantial 

advances in theoretical models for understanding how social forces influence health. 

Comprehensive models of care, such as the original chronic care model [5–7], focus on 

evidence-based health care system changes to meet the needs of chronically ill patients. 

While such models can be useful for linking health system, clinical, and patient components 

that affect disease management outcomes [8], they are typically applied somewhat narrowly 

to focus on clinical concepts in a unidirectional manner; that is, the factors are all “inputs,” 

and are not conceptualized or considered in a dynamic manner, such as how they interact 

and impact each other over time. It is important to go beyond a static, clinical view and look 

at other factors in the patient’s life that can and do affect the disease trajectory [8, 9].

In response to this desire for a more dynamic understanding and modeling of how social 

forces impact health [10], the interdisciplinary field of systems science research has 

developed. This field adds value to more traditional research methods by aiding in the 

development and testing of integrated models that examine how these factors interact with 

each other and with health status. For example, some of this research has examined the 

dynamic mechanisms by which income, education, neighborhood quality, employment 

stability, and other socioeconomic factors influence health [11]. Other research has revealed 

changes in access to important resources may have direct or indirect effects on health 

outcomes [12, 13]. Social network analysis, agent- based modeling, and system dynamics 

modeling are three such systems science approaches that show great promise for health 

intervention research [14].

Systems science approaches utilize qualitative, nonlinear thinking to model relationships 

between a host of factors that influence health [15]. The approaches can reveal what factors 

lead to worse-than-expected health outcomes, (i.e., health disparities) as well as what factors 

lead to better-than-expected health outcomes (i.e., resilience). The resulting model is then 

substantiated by extant research and becomes the basis for simulation modeling and 

exploration of alternative strategies that yield likely points of intervention to make social 

change [15, 16].

We believe that the field of QOL research would benefit from learning about and integrating 

such a systems science approach. Our purpose is thus to describe the systems science 

zeitgeist and to illustrate its utility for QOL research and health system reform. Using 

diabetes as an example, we will demonstrate the application of systems methods to QOL 

research. To do this, we will build a causal loop diagram incrementally, introducing new 
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variables and their dynamic relationships at each stage. These causal loop diagrams 

demonstrate how the relationships can lead to different disease and QOL trajectories for 

people with diabetes. This approach builds on documented relationships that other 

researchers have validated. It synthesizes and integrates the literature into a more dynamic 

model to fuel hypothesis testing in future empirical research. In addition to illustrating how 

systems science thinking leads to a consideration of non-traditional factors, we will also 

discuss the policy implications of the causal relationships that are diagramed. Table 1 

provides a glossary of terms central to system dynamics, a systems science approach that we 

are using as an example.

Applications of system dynamics to health problems

System dynamics modeling has been shown to promote deep understanding of complex 

human and organizational problems and has been demonstrated to be useful for informing 

the development and implementation of effective policies in many domains [17–19]. The 

hallmark of the system dynamics approach is the study of feedback mechanisms, or 

cybernetics, which can be used to explain how things change over time [20–23]. Health 

services and clinical care have been a major focus for system dynamics studies since the 

1970s [24]. Applications to public health and health services research have typically studied 

population-level problems, although organizational studies and models of individual level 

biologic or medical phenomena have been conducted. For example, system dynamics has 

been used to examine health care quality improvement [25–31]; patient flow and wait time 

optimization [32–37]; clinical workforce demand [38–40]; community-based systems of 

care [41–44]; urgent care facility utilization [45–47]; patient-level clinical assessment [48–

50]; epidemiology and disease surveillance [51–55]; global health care management [56–

58]; behavioral health interventions in tobacco [55, 59–62], substance abuse [63–66], and 

mental health [67, 68]; as well as in managing chronic illness [44, 69, 70].

In addition, a system dynamics model called Health-Bound was developed for the Centers 

for Disease Control and Prevention (CDC) to help people understand the critical relationship 

between “upstream” efforts to prevent illness and the demand for the relationships between a 

community’s access to care, health status, and socioeconomic level [10]. A later generation 

of the model is being used as part of a project called ReThink Health to help communities 

better understand the potential benefits of combining preventive efforts with measures to 

improve the delivery of health care.

Background on diabetes

Diabetes is a debilitating chronic illness that is considered an epidemic [71], affecting over 

six percent of the world’s population [72, 73]. The disease disproportionately affects 

Hispanics and non-Hispanic blacks, with incidence estimated to be 66 and 77 % higher than 

the non-Hispanic white national population, respectively [74]. More prevalent in older [71] 

and urban-dwelling [72], diabetes is often accompanied by other comorbid conditions, such 

as heart disease, kidney disease, obesity, and depression [74–77]. Diabetes is an important 

area of concern for healthcare professionals, both because of the global burden of disease 

and because its course is exacerbated by non-adherence to medical regimens [78–80]. As is 
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the case with most chronic diseases, living with diabetes is a process of daily decision-

making and participation in self-care [75, 81–83]. The current standard of care of diabetes 

involves not only medical monitoring and treatment, but also patient education and 

psychosocial support to enable patient participation [75, 84]. However, patient participation 

in care and adherence to treatment regimens depend very much on what else is going on in a 

patient’s life (e.g., employment, social relationships, family support) which, in turn, is 

affected by the clinical and psychological impacts of the disease. System dynamics and the 

causal diagrams developed in the next section enable us to capture the closed loop nature of 

the interactions between these aspects of a patient’s life and the subsequent progression of 

their illness.

Building the causal loop diagram

Diabetes management focuses on the patients’ participation in their care [78, 85–89]. This 

participation is operationalized not only as adherence to pharmacotherapy regimens, but also 

to dietary and lifestyle practices that are known to prevent the progression of disease [78, 80, 

86]. When clinical health status creates symptoms, the patient becomes more aware and 

alarmed of their diagnosis [90] and thus is propelled to participate more effectively in 

medical care [86, 91]. Figure 1 shows a causal feedback loop through associated symptoms 

and complications that affect perceived need for care and cause the patient to participate 

more effectively. This loop is referred to as a balancing loop (denoted by a “B”), because it 

has a buffering effect that trends toward a position of stability or homeostasis over time [92]. 

In this sense, balancing loops are goal directed and serve to resist movement in a particular 
direction (downward or upward) that might otherwise be a consequence of the disease.

However, as shown in Fig. 1, there is more going on that affects the patient’s participation. 

Clinical health status may affect one’s perceived QOL which affects participation in care 

and, in turn, one’s clinical health status [84, 93–95]. Declining QOL, as perceived by the 

patient, may reduce the patient’s motivation to participate in care and accelerate the decline 

in both clinical health status and perceived QOL. This forms another type of causal loop, a 

reinforcing or positive feedback loop, with relationships that drive behavior in a particular 
direction rather than resisting changes as the balancing loop does. Reinforcing loops are 

denoted with an “R” and can generate upward and downward trends in the variables that 

define the loop [92]. Thus, improvements in perceived QOL can lead to improved patient 

participation in care and clinical health status. This will be an important concept as we 

project the various trajectories that might be implied by these causal relationships.

The next several Figures embellish upon these fundamental dynamics of diabetes and 

chronic illness in general. Added variables at each stage are shown in bold italics, and new 

feedback loops added are shown as thick lines.

As shown in Fig. 2, perceived QOL is going to be affected not only by clinical health status, 

but also by the patient’s own standard for QOL, which reflects his/her past experience, or 

history [84, 93]. In this figure, we have included two primary socioeconomic factors—the 

ability to afford healthcare and the ability to work (i.e., earn a living)—that feed into a 
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number of important abilities, such as the ability to live in safe and pleasant housing, and the 

ability to purchase health-enhancing food, such as fresh produce and whole-grain bread.

There are a number of important exogenous variables that create the environment in which a 

person is dealing with the disease, for example, childhood or initial socioeconomic status, 

marital/family status versus being on one’s own, ethnicity, cultural norms, country of origin, 

gender. These exogenous variables set the stage for how endogenous factors (e.g., individual 

and societal characteristics) interact, but are not dynamic themselves. In the interest of 

reducing the un-readability of the causal loop diagrams, we restricted the number of 

exogenous variables described and show them drawn with a boundary around them coming 

from outside the causal loop diagram. The diagrams are meant to focus on changes that 

occur in an individual’s life (endogenous to our model), and which interact to influence 

disease trajectories.

The concept of cognitive reserve [96] is very helpful for understanding how patients 

internalize that history. Cognitive reserve [96] is the concept that the brain can compensate 

for progressive injury by shifting function from areas of injury to other areas through the 

neuronal network. Both cognitive and physical activities appear to increase the 

interconnectedness of the neuronal network allowing for more compensation and later onset 

of disease progression [97–100]. Cognitive reserve theory [96] posits two components: 

passive and active. Whereas passive reserve reflects past and premorbid indicators of brain 

reserve (e.g., intelligence quotient, educational and occupational attainment, and childhood 

enrichment activities), active reserve encompasses activity concurrent with the comorbidity 

(e.g., stimulating leisure and cultural activities, and exercise).

Cognitive reserve is a concept that brings both history and current activities into focus. 

Active cognitive reserve has been found to have important relationships with patient-

reported outcomes [101], symptom experience [102], and ways of thinking about QOL 

[103]. It has also been found to relate to patients’ ways of interacting with those around 

them [104]. These relationships form an additional set of feedback loops. Figure 2 

introduces a balancing loop in which the standard for QOL helps to stabilize perceived QOL 

and resist deterioration due to consequences of diabetes. Figure 2 also shows two new 

reinforcing loops. To the extent that people are not able to work or engage in social 

activities, their active cognitive reserve is diminished and subsequently their standard for 

QOL is lowered. This leads to deterioration in their perceived QOL [87, 105]. The degree of 

diabetes disability is affected both by their clinical health status and also by their perceived 

QOL, which disables them as well [106]. Conversely, these reinforcing loops show that, to 

the extent that they can increase their lifestyle activities to include more active cognitive 

reserve, over time they would be able to reduce the rate of their diabetes-related distress, 

deterioration, and disability.

Due to the American arrangement of employment-based health insurance, one’s ability to 

work affects the ability to afford health care. This relationship adds another reinforcing loop 

because if one cannot work, one may not afford health care and thus may not get health care 

or have access to higher quality care. This loop can lead to a downward trajectory of clinical 

health status (Fig. 3). It is plausible that people with higher active cognitive reserve engage 
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in more focused efforts to push themselves to stay employed and thus enhance or maintain 

their employability [107] despite symptom burden or clinical health status.

In addition to participation in medical care, there are lifestyle factors that are relevant to 

patient participation. Specifically, Fig. 4 shows a balancing loop created by developing 

habits that follow recommended dietary and exercise guidelines. This loop shows an 

important component of adherence [108]. For example, diabetes patients who adopt a low-

fat, low-sugar diet are better able to maintain a healthy hemoglobin A1c level [106, 109]. 

Similarly, engaging in regular physical activity has clear benefits for blood glucose as well 

as metabolism function [110]. These lifestyle factors are key components to patient 

participation [111] and flow directly from perceived QOL and standard for QOL. If there is 

a gap between one’s perceived QOL and one’s standard for QOL, then one is more likely to 

seek out and adhere to lifestyle changes that improve one’s clinical health status as well as 

feeding back to affect perceived QOL. Similarly, one’s standard for QOL is determined by 

both passive reserve and active cognitive reserve. There is an activation process: If one 

maintains a strong standard for QOL, one is creating a gap that motivates or activates 

lifestyle changes that support better clinical health status.

Three other causal loops add to the dynamic complexity (Fig. 5). Emotional state and 

depression are affected by the ability to socialize and engage in activities [80, 84], and can 

directly affect perceived QOL [89]. Further they can affect caregiver relationship and 

support, which affects patient participation in care as well as lifestyle [112]. Lifestyle in turn 

affects health risks and clinical health status [109]. These are reinforcing loops in which 

declining clinical health status can be accelerated by emotional reactions and depression, 

which have a direct effect on patient participation in care as well as an indirect effect 

through the loss of caregiver support as caregivers become alienated by the patient’s 

emotional reactions to his or her illness.

Dynamic and policy implications of the causal structure

Disease and QOL trajectories

What does this causal structure imply for different trajectories that might be experienced by 

patients with diabetes? One possibility that is unfortunately seen in many patients is a poor 

trajectory in which these reinforcing loops amplify the effects of declines in clinical health 

status and cause gradual deterioration over time where the disease process affects the 

patients’ QOL, reduces their social participation and employment, and leads to poor 

participation in care and further progression of the disease. A variation in this trajectory is a 

stair-step series of temporary improvements stimulated by the balancing loop reacting to 

symptoms and complications, but with a long-term trend downward. These downward 

trajectories may be partially the result of limited cognitive reserve and less stable standards 

for QOL that ultimately result in weak reactions in terms of patient participation in care and 

having a lifestyle that affects health risk. Reinforcing loops through work and social 

activities, emotional state, and caregiver relationships can accelerate the downward trend and 

make it difficult to recover to better states of health and QOL.
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The alternative, more desirable, trajectory is a stable one that avoids this sort of deterioration 

and results in a more stable patient who has a better outcome. Why do some patients do 

better? It starts with a strong standard for QOL based on cognitive reserve that activates 

balancing loops and works against the deterioration process. Adaptations activated by this 

balancing loop lead to stable changes in lifestyle which improve patient participation in care 

and clinical health status. These beneficial changes then engage the reinforcing loops in a 

positive direction so that they are supporting improvement rather than accelerating 

deterioration. As indicated earlier, reinforcing loops can work in an upward as well as 

downward direction. The result will be more stable clinical health status and perceived QOL 

and resiliency that provides for more rapid recoveries from clinical setbacks.

Policy implications

Looking more broadly at the aspects of QOL that interact with the disease process and 

clinical care has added value [113]. It also suggests additional leverage points for affecting 

the progression of a chronic illness such as diabetes that would not be apparent from a 

narrower clinical perspective. Many years of experience with system dynamics indicates that 

policy leverage comes from strengthening balancing loops that maintain stability in systems, 

and reducing the strength of reinforcing loops that can produce vicious cycles. For example, 

employment counseling that helps a person maintain their ability to work in the face of 

disease has an impact on a number of variables that influence disease trajectory (e.g., ability 

to afford health care, preventing further disability, and enhancing participation in medical 

care). In doing so, it weakens the reinforcing loops that would otherwise isolate the patient, 

reduce their access to health care, and lessen their participation in their care. Although the 

Affordable Care Act may reduce the impact of this reinforcing loop, it is still likely to be a 

problem, especially in states that do not fully participate in the Act’s implementation (e.g., 

will not expand Medicaid programs to accommodate lower- income working people).

Similarly paying attention to patient’s emotional state and their relationship to caregivers 

would lead to making counseling available to deal with those aspects of QOL that affect 

patients’ engagement in care. If they are not getting caregiver support because they have 

alienated their caregivers due to their own emotional problems, patients will be less likely to 

participate in their own care. Counseling focused on these emotional and family issues will 

thereby weaken loops in which emotional distress and deteriorating caregiver relationships 

contribute to a downward trajectory. Providing meaningful support for lifestyle changes can 

strengthen the balancing loop that produces improvements in lifestyle and clinical outcomes, 

and leads to a more stable trajectory.

Next steps

The relationships in the causal diagrams can be further validated and expanded upon to 

include other factors, and can be quantified to become the basis for a system dynamics 

simulation model. Such a model can be used to more rigorously investigate different 

trajectories and effects of policies and programs on those trajectories and help to design 

comprehensive programs for managing diabetes and other chronic illnesses. The programs 

would benefit from a perspective that goes beyond clinical factors and integrates other 

aspects of a patient’s life in a strategy for dealing effectively with both the disease and the 
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quality of the patient’s life. These simulation models can also become learning environments 

that practitioners in the field can use to develop their own sense of more effective ways of 

managing the care of patients [113].

Using system dynamics modeling facilitates understanding about not only how things 

change, but also why things change, as time-dependent interdependencies between variables 

are explicitly represented in the structure of the model. Such analyses are critical for 

identifying robust program strategies and policies that work in the real world. System 

dynamics simulation modeling provides a novel approach for evaluating how 

implementation and outcome variables are related to contextual factors that impact the 

functioning for patients, their caregivers, clinical settings (e.g., primary care facilities and 

hospitals), as well as health care institutions that govern access to and quality of health 

services.

As a first step, balancing and reinforcing causal loops are an effective method to elucidate 

the connections, or “feedback structures,” among factors that influence a given problem. 

After iterative testing and refinement, a simulation model becomes a useful tool to guide 

strategic planning and policy implementation. Stakeholders at every level can and should 

play a substantive role in helping to validate the utility of the tool, by bringing their tacit 

knowledge of the problem at hand as well as by facilitating access to sources of evidence or 

data that can inform key assumptions and reliable estimates of important model parameters.

In the case of diabetes, expansive bodies of useful empirical research and treatment 

guidelines have already been developed. Some prior efforts have also been created using 

simulation models to identify and assess policies to curb the burden of chronic illnesses like 

diabetes. The future simulation modeling proposed here should build upon both of these 

existing resources, focusing on ways to promote individual (e.g., patient, caregiver, 

clinician) as well as organizational learning (e.g., primary care facility, hospital, payor) by 

studying how delays in processes or procedures contribute to performance barriers [19, 21, 

114]. For example, time delays in a diabetes patients’ taking action to build active cognitive 

reserve, or in a health care system’s development of capacity to promote self-care for 

patients, may impede effective learning. System dynamics simulations of these delays, 

ubiquitous in real-world settings, have been found to be relevant to understanding how 

decisions were made between long-term and short-term organizational objectives [115].

Summary

System science approaches can raise awareness of important factors that influence health 

and QOL and the relationships between them. By taking this broader view, it identifies 

different leverage points that could affect diabetes trajectories that are not as immediately 

apparent when thinking in narrower clinical terms. This thinking thus leads to policy levers 

for improving the lives of people with diabetes and positively influencing the course of their 

disease. For QOL researchers, this thinking could lead to more contextualized research, 

characterized not only by more comprehensive analytic models but also by the inclusion of 

measures that tap the psychosocial and behavioral factors that influence health outcomes.
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Fig. 1. 
A simple depiction of factors influencing patient participation in care, including a balancing 

loop as patients respond to diabetes symptoms and complications and a reinforcing loop that 

can produce decline or improvement based on patient responses to perceived QOL
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Fig. 2. 
Exogenous variables are shown impinging on the box, together with other community 

characteristics, and constitute the environment in which individual behavior occurs. 

Exogenous variables can affect individual behavior (e.g., average level of education or 

availability of employment can affect an individual’s ability to work); but are only 

minimally affected by changes in any one individual’s status. Two new reinforcing loops 

show that not being able to work or engage in social activities, reduce one’s active cognitive 

reserve and lower one’s standard for QOL, which leads to deterioration in one’s perceived 

QOL. The degree of disability is affected both by one’s clinical health status and also by 

one’s perceived QOL, which can be disabling as well. There is also a balancing loop in 

which the patient’s standard for quality of life can help to stabilize the perceived QOL. An 

additional reinforcing loop through intention to work increases the likelihood that someone 

will strive to overcome their disability and work, thereby contributing to active cognitive 

reserve and further strengthening the intention to work
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Fig. 3. 
A reinforcing loop showing that if one cannot work, one cannot afford and access health 

care, clinical health status will worsen and lead to greater disability
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Fig. 4. 
A balancing loop showing that lifestyle factors are key components to patient participation, 

and flow directly from perceived QOL and standard for QOL. There is an activation process: 

If one maintains a strong standard for QOL, one is creating a gap that motivates or activates 

lifestyle changes that support better clinical health status
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Fig. 5. 
Three other causal loops are added: Emotional state and depression are affected by the 

ability to socialize and engage in activities and can directly affect perceived QOL. Further 

they can affect caregiver relationship and support, which affects patient participation in care 

as well as lifestyle
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Table 1

A Glossary of Terms

Concept Definition

Systems thinking A nonlinear way of thinking about social problems that stresses chains of reciprocal causal relationships among the 
variables

Causal loop diagram A visual representation of a problem that specifies what processes are hypothesized to give rise to problematic 
behavior in a system

Balancing loop A loop in which all the variables act to counteract change, i.e., bringing the system back to status quo

Reinforcing loop A loop in which all the variables amplify the directional change by prompting either growth or decay

Endogenous factors Individual and societal characteristics that are dynamic and changeable, and which interact to influence disease 
trajectories

Exogenous factors Static, unchanging background characteristics that create the environment in which a person is dealing with the 
disease (e.g., ethnicity, cultural norms, country of origin, gender)

Passive cognitive 
reserve

Brain reserve based on past enrichment activities, such as educational and occupational achievement, childhood 
exposure to cultural, artistic, musical, and other enrichment

Active cognitive reserve Current enrichment activities that maintain brain capacity, such as current practices of exercise, cultural, artistic, 
musical, spiritual/religious, and other leisure pursuits that enrich brain function and cognitive flexibility
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