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Summary

What is already known about this topic?

The prevention of chronic diseases is one of the most critical health prob-
lems in the world.

What is added by this report?

Our study identified the potential short- and long-term effects of upstream
and downstream chronic disease prevention strategies through a system-
atic review.

What are the implications for public health practice?

Health care workers and policy makers can use system dynamics models
to analyze the priorities of chronic disease prevention to delay disease pro-
gression and reduce the health care burden of chronic diseases.

Abstract

Introduction
Chronic disease is a serious health problem worldwide. Given that
health care resources are limited, a comprehensive, effective, and
affordable way is needed to provide insights to prevent chronic
diseases. System dynamics models provide a comprehensive and
systematic method that can predict results over time. These mod-
els can simulate and predict appropriate prevention measures for
chronic diseases to determine the best practice.

Methods
Two researchers (Y.W., B.H.) independently searched databases
(PubMed, Web of Science, Scopus, and Embase) for full-text art-

icles published from January 2000 through February 2021. A
PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analysis) 2020–compliant search was carried out to review
system dynamics models of chronic disease prevention. A total of
34 articles were included in our study.

Results
We divided the prevention measures of system dynamics models
into 2 main categories: upstream prevention and downstream pre-
vention. Upstream prevention measures include lifestyle (eg, to-
bacco control, balanced diet, mental health, moderate exercise),
obesity prevention, and social factors. Downstream prevention
measures include clinical treatment of chronic diseases. Results
showed that effective upstream prevention measures could reduce
the prevalence of chronic diseases, and downstream prevention
measures could reduce the incidence of complications, improve
quality of life, prolong life, save medical costs, and reduce mortal-
ity.

Conclusion
To our knowledge, our systematic review is the first to evaluate
the application of system dynamics models in preventing chronic
diseases. Such models can provide effective simulations. Hence,
we can use system dynamics models to design and implement ef-
fective prevention measures for people with chronic diseases.

Introduction
Chronic diseases have the highest disease mortality worldwide,
and their prevention is affected by many driving forces, such as
lifestyle, health care, and health policies (1). System dynamics
models can help us understand the complex relationships between
prevention measures and chronic diseases. System dynamics mod-
eling is a system simulation method that describes the structure
and dynamics of complex systems (2). Systems are interconnec-
ted to produce their own pattern of behavior over time and focus
on the whole problem, its structure, and its dynamics rather than
its parts and its static state. The prevention of chronic diseases in-
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volves many variables and stakeholders. These variables form a
highly complex system with complex dynamic changes and inter-
actions. When we implement a seemingly ideal solution to a prob-
lem, that solution often results in failure or more serious con-
sequences, because dynamic complexity leads to policy resistance
(2,3). Policy resistance means that implementing prevention meas-
ures can produce outcomes opposite to those expected. For ex-
ample, antibiotics can cure bacterial infections, but antibiotic ab-
use stimulates the production of drug-resistant bacteria (2). That is
what Sterman (2) meant when he said, “today’s interventions have
become tomorrow’s problems.” In general, the behavior of com-
plex systems is often counterintuitive, which means it can lead to
unexpected consequences (2–4).

System dynamics models can help us establish a holistic concept
and analyze the prevention of chronic diseases as a whole. The
steps for establishing system dynamics models are 1) problem
definition, 2) development of a conceptual model, 3) development
of a quantitative model, 4) validation and testing, and 5) policy
simulation. In the process of developing the model, stakeholders
continue to gather qualitative and quantitative evidence to optim-
ize the model. Homer and Hirsch (4) propose that the prevention
of chronic diseases mainly focuses on 2 parts: upstream preven-
tion and downstream prevention. Upstream prevention focuses on
preventing the occurrence of diseases, and its focus is on people
without chronic diseases. Downstream prevention refers to the
prevention of complications of chronic diseases, and focuses on
people with chronic diseases. Therefore, our study discussed and
analyzed upstream and downstream prevention according to
chronic disease prevention. Our objective was to systematically
evaluate and describe the potential short- and long-term effects by
using system dynamics models to model the upstream and down-
stream prevention of chronic diseases. We theorized that ex-
amined evidence could provide health care workers with preven-
tion measures for people with chronic diseases.

Methods
We developed a causal loop diagram, a stock-flow diagram, and a
hybrid diagram by using Vensim PLE software (Ventana Systems,
Inc) to provide examples of common system dynamics modeling
conventions (Figure 1). The causal loop diagram is the first stage
of the conceptual model and is a dynamic feedback process (5).
After a comprehensive analysis of the identified problems, stake-
holders establish a causal loop diagram to qualitatively show the
causal relationship between variables. In our example, population
and births form a reinforcing feedback (loop R1, Figure 1A).
Changes generated by the population will affect births and feed-
back to the population. Similarly, the population and deaths form a
balancing feedback, loop B1. The causal loop diagram is widely

used in the initial stage of modeling, but it is not necessary for ex-
perienced modelers. The stock-flow diagram (Figure 1B) is de-
veloped from the causal loop diagram and describes stock vari-
ables (cumulative, indicating system status), flow variables (indic-
ating stock changes), auxiliary variables (to help express other in-
formation), and constant variables (constant values). We first de-
termine  the  main  relat ionship  between  stock  variables
(population), flow variables (birth and death), auxiliary variables,
and constant variables (birth rate, mortality rate). Then, the look-
up function is used to determine the nonlinear relationship
between variables, and the parameters of various variables are es-
timated and assigned. The hybrid diagram (Figure 1C) combines
the causal loop diagram with the stock-flow diagram, which not
only expresses the important stock and flow variables, but also
maintains the simplicity of the causal loop diagram.
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Figure 1. System dynamics model in 3 parts showing the convergence of
births and deaths to create population. The variables are linked by a causal
chain with positive (+) and negative (–) polarity. The positive sign indicates
that when variable A increases, variable B also increases; the negative sign
indicates that when variable A increases, variable B decreases. The positive
and negative signs represent either increase or decrease, not the proportional
relationship between variables. Part A is a causal loop diagram that shows a
reinforcing loop for increases in births and a balancing loop for deaths. Part B

is a stock-flow diagram illustrating the convergence of birth rate and mortality
rate, which equals population. Part C is a hybrid diagram that incorporates the
effect of environmental carrying capacity, residual environmental carrying
capacity, and routine mortality on births and deaths to result in population.

Time delays are an important concept in system dynamics models,
which means that the prevention measures we implement will not
have an immediate effect. For example, time delays can occur
between population and residual environmental carrying capacity
(Figure 1C). Time delays in the feedback loop will cause system
instability, lead to overshoot or oscillation, and reduce our ability
to learn and accumulate experience (2,3).

Data sources

We conducted our systematic review in accordance with the
guidelines of PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analysis) 2020 (6). PubMed, Scopus, Embase,
and Web of Science databases, from 2000 to the present, were
searched initially in January 2020 and searched again in February
2021 for potentially relevant research published in English. We
conducted the search using medical subject headings (MeSH
terms) and free-text words. The search strategy was “noncommu-
nicable diseases” OR “chronic disease” OR “chronic illness” OR
“chronic disease [MeSH Terms]” OR “noncommunicable dis-
eases [MeSH Terms]” AND “system dynamics” OR “computer
simulation [MeSH Terms]” OR “dynamics, nonlinear [MeSH
Terms].”

Study selection

The inclusion criteria for our study were 1) original studies or
study protocols published in the database searched, 2) studies re-
porting chronic disease prevention based on system dynamics
models, 3) studies including human participants, and 4) studies
published in English. The exclusion criteria were 1) abstracts and
conference proceedings and 2) studies investigating nonchronic
diseases, such as emergency care, epidemic prediction, and vac-
cination.

Two researchers (Y.W., B.H.) formulated a comprehensive search
strategy to conduct the literature search. Duplicates were inde-
pendently removed by using EndNote reference manager (Clariv-
ate), and abstracts and full texts were reviewed to remove in-
eligible studies. Finally, the identified studies were retrieved and
aggregated for review during the preliminary search in January
2020 and the repeated search in February 2021 (Figure 2).
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Figure 2. Selection process for study of system dynamics models in chronic
disease prevention, January 2000 to February 2021. Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) diagram showing
research study identification and selection process.

Data extraction

We developed a data form to collect the following information:
study authors and year of study, country where the research was
conducted, study objective, type of upstream prevention, and type
of downstream prevention (Table 1). Two researchers independ-
ently extracted data from the selected articles. Differing opinions
were resolved though discussion. In addition, we used the assess-
ment criteria from a previous study (7) to evaluate the quality of
the literature. Our 8 quality criteria were 1) presenting a clear ob-
jective; 2) presenting clear scenarios and interventions; 3) present-
ing clear outcome variables by graphs, charts, or tables; 4) de-
scribing the development of a system dynamics model framework
or presenting a detailed model framework; 5) presenting and ex-

plaining model parameters; 6) improving the quality of data by us-
ing stakeholders’ engagement, surveys, interviews, and databases;
7) validating models (validation used 4 methods: sensitivity test-
ing parameters that the model is highly sensitive to and compar-
ing them with the real world; model data calibration to compare
model data with the real world; a structural test to compare math-
ematical formulas or logical relationships in the model with the
real world; and a behavior pattern test to evaluate the accuracy of
model prediction to exchange results and achieve goals (8)); and
8) presenting clear results.

Because of the differences in evaluation indicators involved in
qualitative and quantitative models, we used only 5 of our 8 qual-
ity criteria (criteria 1, 4, 5, 6, and 8) to assess the quality of qualit-
ative research. We used all 8 criteria to evaluate quantitative re-
search. The score for each item ranged from 0 to 2 (0 = not men-
tioned, 1 = mentioned, and 2 = fully described). Therefore, the
total scores for qualitative and quantitative research were 10 and
16 points, respectively. To further assess the quality, we conver-
ted the research quality score into a percentage. The percentage
was the study scores divided by the total point score for that cat-
egory (10 for qualitative, 16 for quantitative) and multiplied by
100% (Table 2). The quality assessment criteria of the reviewed
studies were as follows: good quality, >80%; medium quality,
70%–80%; poor quality, 65%–70%; and very poor quality, <65%
(7). We omitted articles of poor and very poor quality.

Results
Literature search

In our search for studies to include in our systematic review, we
noted that most of the articles about system dynamics models of
chronic disease prevention were from the US (n = 25). Other
countries, including Singapore, Japan, Australia, Canada, Colom-
bia, the Caribbean Community, and India, also carried out studies
in this area (Table 1).

Generally, qualitative research uses a causal loop diagram to ana-
lyze the causality of variables in chronic disease prevention. A
total of 7 studies used causal loop diagrams to analyze the causal
relationship between diabetes, obesity, chronic kidney disease, and
predictive measures (9–15). We developed a stock-flow diagram
(Figure 1B) and a hybrid diagram with variable functions and
parameters (Figure 1C) based on the causal loop diagram to pre-
dict the effect of various prevention measures on chronic diseases.
Of the 27 studies that used quantitative models, only 3 studies es-
tablished stock-flow diagrams (16–18). The hybrid diagram com-
bined the advantages of the causal loop diagram and the stock-
flow diagram, so it was used in the final simulation of the 27
quantitative studies.
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Upstream prevention

We examined the articles involving upstream prevention meas-
ures in detail. Among them, lifestyle approaches (balanced diet,
moderate exercise, tobacco control, and mental health) were the
most  s imula ted  prevent ion  measures  (n  =  15 ,  44 .1%)
(9–12,19–29). Through simulation, the researchers found that life-
style modification can reduce the incidence of chronic diseases,
premature death, and medical costs among people with chronic
disease, but the effect of lifestyle simulation prevention measures
was more powerful in the long term (19–21,23–28). For example,
the tobacco control program in Communities Putting Prevention to
Work could prevent 45 million premature deaths and save $750
million in medical costs (20). Four qualitative studies used a caus-
al loop diagram to analyze the causal relationship between life-
styles and chronic diseases (9–12). Researchers found that chron-
ic disease screening showed a shifting of the burden. That is, when
we took fundamental interventions such as lifestyles, there was no
immediate effect from time delays in achieving the effect. People
would turn their attention to the treatment of chronic diseases be-
cause treatment could quickly reduce mortality and complications.

Social factors such as employment, socioeconomic status, and
community cohesion (n = 8, 23.5%) are also important aspects that
affect chronic diseases (12,13,24,25,27,30–32). When the employ-
ment rate increased, the prevalence of chronic diseases was re-
duced to varying degrees (31). In addition, Chen et al (30) sugges-
ted that work stress or limited personal time would lead to an un-
healthy lifestyle and increase the prevalence of obesity. Two qual-
itative studies concluded that primary health care was important
for preventing chronic diseases, and that health policies, care qual-
ity, and cost were important factors affecting patient participation
in primary care (12,13). Four quantitative studies found that ef-
fective healthcare measures can reduce the risk of chronic dis-
eases, but cannot reduce cost (24,25,27,32).

Obesity is one of the important drivers of cardiovascular disease
(CVD) and diabetes (n = 8, 23.5%) (9,16,21,22,25,33–35). Guar-
iguata et al (9) proposed establishing qualitative models of dia-
betes through in-depth interviews with stakeholders in the Carib-
bean Community to determine the impact of obesity on diabetes
prevalence. Simulation of quantitative system dynamics models
showed that when the incidence of obesity was reduced, the incid-
ence of diabetes or cardiovascular events was significantly re-
duced (25,33). Researchers found that prediabetes patients were
still likely to develop diabetes after a period of preventive manage-
ment, a so-called “backup” phenomenon (21,34). When the
obesity rate decreased, no backup phenomena occurred, and more
medical expenses were saved (21,34). Fallan-Fini et al (22) calcu-
lated the energy intake of different populations through system dy-
namics models and found that people with obesity had excessive

energy (ie, no energy gap), which indicated that obesity would
worsen further. Two quantitative studies (16,35) found that when
the prevalence of diabetes and hypertension decreased, the mor-
bidity and mortality from cardiovascular events and the preval-
ence of diabetic nephropathy decreased.

Downstream prevention

Downstream prevention consists of clinical treatment and care of
people  with  chronic  diseases  (n  =  19  art icles  [55.9%])
(9,10,13–15,17,18,23,24,26,27,29,31,33,34,36–39). Some studies
found that clinical treatment and care of people with chronic dis-
eases could significantly reduce mortality. For example, we can
achieve this long-term effect, mortality reduction, by improving
the proportion of disease control and the affordability of drugs
(10). Several qualitative models showed that patients with chronic
diseases received continuous care, which was reflected in the im-
provement of health care quality and availability (10,13–15).
Some studies reported that continuous care and access to health
care after illness were important measures to reduce the recur-
rence  of  chronic  d iseases ,  morta l i ty ,  and  cos t  of  care
(18,23,26,37,38). However, clinical treatment can rapidly reduce
mortality from chronic diseases without reducing their prevalence
because of increased patient survival time (17,29,33,34).

Homer and Hirsch (4) and Homer et al (40) established system dy-
namics models to analyze the difference between upstream pre-
vention and downstream prevention (n = 2 articles [5.9%]). The
model simulation showed that when upstream prevention (life-
styles, social factors, and obesity) increased, the incidence of
chronic diseases decreased. When people see the effectiveness of
upstream prevention, more resources will be devoted to it.
However, when downstream prevention increased, the mortality
caused by chronic diseases decreased significantly. Because many
chronic diseases are not curable, the reduction of mortality leads to
more and more patients with chronic diseases living longer, which
leads to the need for more resources for downstream prevention.
Similarly, we also need to consider the issue of medical costs. Al-
though clinical treatment of chronic disease showed significant
medical cost savings in the short term, it was not beneficial in the
long term (41).

Literature quality evaluation

The quality of all reviewed articles met our criteria, so none was
dropped. Of the 34 articles reviewed, we found 30 good quality
studies (88.2%), 3 medium quality studies (8.8%) and 1 poor qual-
ity study (2.9%) (Table 2). Seven articles used the Prevention Im-
pacts Simulation Model (PRISM) but did not describe it in detail
(19–21,23,24,27,29). PRISM is a that is used to simulate the ef-
fects of cardiovascular events and other chronic disease preven-

PREVENTING CHRONIC DISEASE VOLUME 18, E103

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY   DECEMBER 2021

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,
the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

www.cdc.gov/pcd/issues/2021/21_0175.htm • Centers for Disease Control and Prevention       5



tion measures. Nine articles conducted stakeholder interviews and
used  publ ic  data  to  ensure  the  qual i ty  of  their  s tudies
(18,19,24,25,27,31,36–38). In 8 studies, only stakeholder or focus
g r o u p  i n t e r v i e w s  w e r e  c o n d u c t e d  t o  c o l l e c t  d a t a
(10,11,13–15,28,32,39). Eleven articles carried out only sensitiv-
ity analysis or model data calibration for model validation and did
not  conduct  a  structural  test  and  a  behavior  pattern  test
(17,26,28–30,32,36,37,39–41).

Discussion
Our review evaluated the potential impact of system dynamics
models on the upstream prevention (lifestyle, social factors,
obesity) and downstream prevention (clinical treatment and inter-
vention) of chronic diseases. System dynamics models can help us
find the different results we expect from upstream prevention and
downstream prevention, providing insights into prevention. We
found that most models were created in developed countries such
as the US. Chronic diseases were a huge burden in low- and
middle-income countries, which showed an important research
gap (42,43). Through systematic review, we found that the up-
stream and downstream prevention of chronic diseases had their
own advantages and disadvantages. First, because of time delays
in observing a desired outcome, the investment in upstream pre-
vention (eg, lifestyle intervention, weight control) does not have
an immediate effect, so more investment is diverted to down-
stream prevention (ie, preventing complications). When people fo-
cused on downstream prevention, the complications and deaths
from chronic diseases were significantly reduced. However, lim-
ited medical resources make it impossible to prevent complica-
tions in patients with chronic diseases, and the death toll may re-
bound. With the increase of medical resources for upstream pre-
vention, the incidence of chronic diseases and mortality from com-
plications will continue to decline (4). However, the upstream pre-
vention of chronic diseases takes a long time to exhibit the de-
sired effect. For example, studies have shown that the clinical
treatment of diabetes can reduce its mortality but cannot reduce its
incidence. The reduction of the obesity rate would be more benefi-
cial to reduce the incidence of diabetes (34). Therefore, the up-
stream and downstream prevention of chronic diseases has advant-
ages and disadvantages, and the actual situation should be compre-
hensively considered to implement interventions.

Chronic disease prevention is a dynamic and complex process. Its
complexity and time delays prevented us from discovering the
consequences of prevention measures, which often led to unexpec-
ted results (3). System dynamics models are effective tools to help
us transform system thinking into reality. For example, the most
typical hybrid diagram is PRISM, which is a system dynamics
model of CVD in the US (https://prism-simulation.cdc.gov/app/

cdc/prism/#/resources). It can help health care workers estimate
the impact of various prevention measures on prevalence, morbid-
ity, and mortality from CVD, and the cost-effectiveness of such
measures. Seven of the studies that we selected used PRISM to as-
sess the short- and long-term effects of prevention measures on
CVD or other chronic diseases to prioritize prevention measures
(19–21,23,24,27,29). When the symptoms of the problem are the
focus, without considering the root causes (eg, downstream pre-
vention does not reduce the prevalence of chronic diseases), pre-
vention alone cannot solve the problem. Instead, it could lead to
more serious problems. Therefore, we can use system dynamics
models to simulate the short- and long-term results of chronic dis-
ease prevention measures and choose the best measure for chronic
disease prevention.

The establishment of system dynamics models is an iterative pro-
cess, which deepens the understanding of chronic disease preven-
tion through continuous learning. It can also help us understand
the potential causal relationship between hidden assumptions and
variables to better prevent chronic diseases. System dynamics
models can help us understand the impact of feedback and time
delays on chronic disease prevention and provide us with addition-
al insights compared with traditional methods such as regression
models. System dynamics models are also widely used in other as-
pects of the medical field, such as the prediction of health person-
nel needs (44). Not only can these models help rid us of local
thinking (focusing on the part, not the whole), short-sighted think-
ing (focusing on the present, not the future), and phenomenal
thinking (focusing on the surface rather than the essence) (45), but
they can also help us capture the dynamic interactions of all as-
pects of chronic disease prevention.

Our study had limitations. First, we searched only 4 databases:
PubMed, Scopus, Embase, and Web of Science. Other databases
were not searched, which may have led to literature omission. In
the future, we need to search more databases to obtain more evid-
ence to explore the application of system dynamics models in
chronic disease prevention. Second, we only evaluated the up-
stream and downstream prevention of chronic diseases, which may
lead to incomplete evaluation. We need to explore other aspects of
chronic disease research to enrich the results. Finally, the replicab-
ility of the system dynamics models was poor. We can set the
model online or provide more raw data to solve the problem (ie,
researchers can set the model to be available online, including
variable equations, for readers to download for simulation and pre-
diction, rather than obtaining only the schematic diagram of the
model). Although our study had some limitations, we thoroughly
reviewed the application of system dynamics models in the pre-
vention of chronic diseases. The models can identify the relation-
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ship between upstream prevention and downstream prevention,
which can provide some insights into the prevention of chronic
diseases.

Our results showed that downstream prevention can greatly re-
duce mortality from chronic disease complications but cannot re-
duce the prevalence of chronic diseases. Upstream prevention, es-
pecially primary prevention, can greatly reduce the prevalence of
chronic diseases. However, because of time delays, upstream pre-
vention needs more time to show effectiveness, resulting in the re-
sources for upstream prevention being preempted by downstream
prevention. Therefore, we need to be cautious about the allocation
of resources for preventing and managing chronic diseases. Sys-
tem dynamics models can connect different stakeholders who pre-
vent, control, and treat chronic disease; help to understand the re-
lationship between complex disease prevention measures; and
provide insights for policy makers in chronic disease prevention.

Acknowledgments
The first 2 authors contributed equally to this article. The authors
have no competing interests to declare. This study was approved
by the ethics committee of Qingdao University Affiliated Hospital
(No: QYFYWZLL25890). This study was supported by Project of
Research Planning Foundation on Humanities and Social Sci-
ences of the Ministry of Education (No: 20YJAZH144). No copy-
righted material was used in this article.

Author Information
Corresponding Author: Xiuli Zhu, RN, PhD, School of Nursing,
Medical College, Qingdao University, No. 15, NingDe Rd, Shinan
District, Qingdao, 266071, China. Telephone: 15820022927.
Email: 15820022927@163.com.

Author Affiliations: 1School of Nursing, Medical College,
Qingdao University, Qingdao, China. 2Department of Thoracic
Surgery,  Qingdao  Municipal  Hospital ,  Qingdao,  China.
3Department of Obstetrics and Gynecology, Affiliated Hospital of
Qingdao University, Qingdao, China.

References
World Health Organization. Total NCD mortality. 2016. https:/
/www.who.int/data/gho/data/themes/topics/indicator-groups/
indicator-group-details/GHO/total-ncd-mortality. Accessed
March 1, 2020.

  1.

Sterman JD. System dynamics: systems thinking and modeling
for a complex world. Boston (MA): Massachusetts Institute of
Technology; 2002. https://dspace.mit.edu/handle/1721.1/
102741. Accessed September 30, 2021.

  2.

Sterman JD. Learning from evidence in a complex world. Am
J Public Health 2006;96(3):505–14.

  3.

Homer JB, Hirsch GB. System dynamics modeling for public
health: background and opportunities. Am J Public Health
2006;96(3):452–8.

  4.

Wang Q.  System dynamics.  Shanghai  (CN):  Shanghai
University of Finance and Economics Press; 2009.

  5.

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann
TC, Mulrow CDet al.  The PRISMA 2020 statement: an
updated guideline for reporting systematic reviews. BMJ 2021;
372(71):n71.

  6.

Davahli MR, Karwowski W, Taiar R. A system dynamics
simulation applied to health care: a systematic review. Int J
Environ Res Public Health 2020;17(16):5741.

  7.

Barlas Y. Formal aspects of model validity and validation in
system dynamics. Syst Dyn Rev 1996;12(3):183–210.

  8.

Guariguata L, Guell C, Samuels TA, Rouwette EA, Woodcock
J, Hambleton IRet al. Systems science for Caribbean health:
the development and piloting of a model for guiding policy on
diabetes in the Caribbean. Health Res Policy Syst 2016;
14(1):79.

  9.

Ansah JP, Islam AM, Koh V, Ly V, Kol H, Matchar DBet al.
Systems modelling as an approach for understanding and
building consensus on non-communicable diseases (NCD)
management in Cambodia. BMC Health Serv Res 2019;
19(1):2.

10.

Allender S, Owen B, Kuhlberg J, Lowe J, Nagorcka-Smith P,
Whelan Jet al. A community based systems diagram of obesity
causes. PLoS One 2015;10(7):e0129683.

11.

Homer J, Milstein B, Wile K, Pratibhu P, Farris R, Orenstein
DR. Modeling the local dynamics of cardiovascular health: risk
factors,  context,  and capacity.  Prev Chronic Dis 2008;
5(2):A63.

12.

Ansah JP, Matchar DB, Koh V, Schoenenberger L. Mapping
the dynamic complexity of chronic disease care in Singapore:
using group model building in knowledge elicitation. Syst Res
Behav Sci 2018;35(6):759–75.

13.

Lounsbury  DW,  Hirsch  GB,  Vega  C,  Schwar tz  CE.
Understanding social forces involved in diabetes outcomes: a
systems science approach to quality-of-life research. Qual Life
Res 2014;23(3):959–69.

14.

Kang H, Nembhard HB, Curry W, Ghahramani N, Hwang W.
A systems thinking approach to prospective planning of
interventions for chronic kidney disease care. Health Syst
(Basingstoke) 2017;6(2):130–47.

15.

PREVENTING CHRONIC DISEASE VOLUME 18, E103

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY   DECEMBER 2021

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,
the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

www.cdc.gov/pcd/issues/2021/21_0175.htm • Centers for Disease Control and Prevention       7



Sugiyama T, Goryoda S, Inoue K, Sugiyama-Ihana N, Nishi N.
Construction of a simulation model and evaluation of the effect
of potential interventions on the incidence of diabetes and
initiation of dialysis due to diabetic nephropathy in Japan.
BMC Health Serv Res 2017;17(1):833.

16.

Kang H, Nembhard HB, Ghahramani N, Curry W. A system
dynamics approach to planning and evaluating interventions
for chronic disease management. J Oper Res Soc 2018;
69(7):987–1005.

17.

Vanderby SA, Carter MW, Noseworthy T, Marshall DA.
Modelling the complete continuum of care using system
dynamics: the case of osteoarthritis in Alberta. J Simul 2015;
9(2):156–69.

18.

Kuo T, Robles B, Trogdon JG, Ferencik R, Simon PA,
Fielding JE. Framing the local context and estimating the
health impact of CPPW obesity prevention strategies in Los
Angeles County, 2010–2012. J Public Health Manag Pract
2016;22(4):360–9.

19.

Honeycutt A, Bradley C, Khavjou O, Yarnoff B, Soler R,
Orens te in  D.  Simula ted  impacts  and  potent ia l  cos t
effectiveness of Communities Putting Prevention to Work:
tobacco control  interventions in 21 U.S.  communities,
2010–2020. Prev Med 2019;120:100–6.

20.

Soler R, Orenstein D, Honeycutt A, Bradley C, Trogdon J,
Kent CKet al.; Communities Putting Prevention to Work
Leadership Team. Community-based interventions to decrease
obesity and tobacco exposure and reduce health care costs:
outcome estimates from Communities Putting Prevention to
Work for 2010–2020. Prev Chronic Dis 2016;13:E47.

21.

Fallah-Fini S, Rahmandad H, Huang TT, Bures RM, Glass TA.
Modeling US adult obesity trends: a system dynamics model
for estimating energy imbalance gap. Am J Public Health
2014;104(7):1230–9.

22.

Honeycutt AA, Wile K, Dove C, Hawkins J, Orenstein D.
Strategic planning for chronic disease prevention in rural
America: looking through a PRISM lens. J Public Health
Manag Pract 2015;21(4):392–9.

23.

Homer J, Wile K, Yarnoff B, Trogdon JG, Hirsch G, Cooper
Let al. Using simulation to compare established and emerging
interventions to reduce cardiovascular disease risk in the
United States. Prev Chronic Dis 2014;11:E195.

24.

Homer J, Milstein B, Wile K, Trogdon J, Huang P, Labarthe
Det al. Simulating and evaluating local interventions to
improve cardiovascular health. Prev Chronic Dis 2010;
7(1):A18.

25.

Hirsch G, Homer J, Evans E, Zielinski A. A system dynamics
model for planning cardiovascular disease interventions. Am J
Public Health 2010;100(4):616–22.

26.

Hirsch G, Homer J, Trogdon J, Wile K, Orenstein D. Using
simulation to compare 4 categories of intervention for reducing
cardiovascular disease risks. Am J Public Health 2014;
104(7):1187–95.

27.

Loyo HK, Batcher C, Wile K, Huang P, Orenstein D, Milstein
B. From model to action: using a system dynamics model of
chronic disease risks to align community action. Health Promot
Pract 2013;14(1):53–61.

28.

Yarnoff B, Bradley C, Honeycutt AA, Soler RE, Orenstein D.
Estimating the relative impact of clinical and preventive
community-based interventions: an example based on the
Community Transformation grant program. Prev Chronic Dis
2019;16:E87.

29.

Chen HJ, Xue H, Liu S, Huang TTK, Wang YC, Wang Y.
Obesity trend in the United States and economic intervention
options to change it: a simulation study linking ecological
epidemiology and system dynamics modeling. Public Health
2018;161:20–8.

30.

Brittin J, Araz OM, Nam Y, Huang TT-K. A system dynamics
model to simulate sustainable interventions on chronic disease
outcomes in an urban community. J Simul 2015;9(2):140–55.

31.

Apostolopoulos Y, Lemke MK, Hosseinichimeh N, Harvey IS,
Lich KH, Brown J. Embracing causal complexity in health
disparities: metabolic syndemics and structural prevention in
rural minority communities. Prev Sci 2018;19(8):1019–29.

32.

Milstein B, Jones A, Homer JB, Murphy D, Essien J, Seville
D. Charting plausible futures for diabetes prevalence in the
United States: a role for system dynamics simulation modeling.
Prev Chronic Dis 2007;4(3):A52.

33.

Jones AP, Homer JB, Murphy DL, Essien JD, Milstein B,
Seville DA. Understanding diabetes population dynamics
through simulation modeling and experimentation. Am J
Public Health 2006;96(3):488–94.

34.

Ansah JP, Inn RLH, Ahmad S. An evaluation of the impact of
aggressive hypertension, diabetes and smoking cessation
management on CVD outcomes at the population level: a
dynamic simulation analysis. BMC Public Health 2019;
19(1):1105.

35.

Cruz JP, Guerrero Rueda WJ, Pérez ER, Lizarazo Walteros
DL, Rico Ardila PC, Castillo AMet al. Kidney procurement
system in Colombia: a system dynamics approach. Revista
Gerencia y Politicas de Salud 2019;18(36):1–26.

36.

Homer J,  Hirsch G, Minniti  M, Pierson M. Models for
collaboration: how system dynamics helped a community
organize cost-effective care for chronic illness. Syst Dyn Rev
2004;20(3):199–222.

37.

Diaz R, Behr J, Kumar S, Britton B. Modeling chronic disease
patient flows diverted from emergency departments to patient-
centered medical homes. IIE Trans Healthc Syst Eng 2015;
5(4):268–85.

38.

PREVENTING CHRONIC DISEASE VOLUME 18, E103

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY   DECEMBER 2021

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,
the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

8       Centers for Disease Control and Prevention  •  www.cdc.gov/pcd/issues/2021/21_0175.htm



Mishra V, Samuel C, Sharma SK. System modeling for
forecasting of diabetes prevalence. Indian Journal of Public
Health Research and Development 2018;9(7):139–44. https://
www.researchgate.net/publication/326265772.

39.

Homer J, Hirsch G, Milstein B. Chronic illness in a complex
health economy: the perils and promises of downstream and
upstream reforms. Syst Dyn Rev 2007;23(2-3):313–43.

40.

Diaz R, Behr JG, Britton BS. Estimating cost adjustments
required to accomplish target savings in chronic disease
management interventions: a simulation study. Simulation
2015;91(7):599–614.

41.

Forrester JW. System dynamics — the next fifty years. Syst
Dyn Rev 2007;23(2-3):359–70.

42.

Huang K, Yang T, Xu J, Yang L, Zhao J, Zhang Xet al.; China
Pulmonary Health (CPH) Study Group. Prevalence, risk
factors, and management of asthma in China: a national cross-
sectional study. Lancet 2019;394(10196):407–18.

43.

Ansah JP, Koh V, De Korne D, Jayabaskar T, Matchar DB,
Quek D. Modeling manpower requirement for a changing
population health needs: the case of ophthalmic nurses and
allied health ophthalmic professionals. Health Policy Technol
2019;8(3):282–95.

44.

Massive open online course in Chinese universities. Systematic
thinking and systematic decision-making. [Chinese] https://
www.icourse163.org/ learn/CUFE-1003481004?t id=
1 4 6 3 5 1 3 4 6 2 # / l e a r n / c o n t e n t ? t y p e = d e t a i l & i d =
1241429843&cid=1263859514. Accessed July 1, 2021.

45.

PREVENTING CHRONIC DISEASE VOLUME 18, E103

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY   DECEMBER 2021

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,
the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

www.cdc.gov/pcd/issues/2021/21_0175.htm • Centers for Disease Control and Prevention       9



Tables

Table 1. Summary of Articles Reviewed, Systematic Review of Applications of System Dynamics Models in Chronic Disease Prevention, January 2000–February
2021

Author and Year Country Objective

Predictors

Upstream Preventiona Downstream Preventionb

Homer et al, 2006 (4) US Explore the relationship between sick
population and resource utilization

Upstream prevention of
disease

• Downstream clinical
treatment

•

Guariguata et al, 2016
(9)

Caribbean Community Develop a system dynamics model to guide
diabetes prevention and control policies

Obesity management•
Physical inactivity•
Diet•

—

Ansah et al, 2019 (10) Singapore Explore and reach a consensus on the
management of chronic diseases

Population ageing•
Tobacco use•
Unhealthy diets•
Physical inactivity•

Medicine•
Cost of treatment•
Access to clinics•
Quality of care•

Allender et al, 2015 (11) Australia Establish a causal loop diagram of factors
affecting children's obesity in the community
through the group model building

Social influences•
Fast food•
Junk food•
Physical activity•

—

Homer et al, 2008 (12) US Develop a system dynamics model to predict
the risk factors of CVD

Primary care•
Healthy food option•
Physical activity•
Smoking regulation•
Reduce chronic stress•

—

Ansah et al, 2018 (13) Singapore Describe the dynamics complexity of chronic
disease care

Primary health care• Clinical care•
Outpatient care•

Lounsbury et al, 2014
(14)

US To explain the effectiveness of system
dynamics in promoting the quality of life of
chronic disease

Qualitative research•
—

Kang et al, 2016 (15) US To investigate how systematic thinking
supports nursing intervention decision-
making in the management of CKD —

Physician education•
Care coordination•
Care manager education•

Sugiyama et al, 2017
(16)

Japan Predict the number of people with diabetes
and the number of people who need dialysis
because of diabetic nephropathy

Diabetes prevention and
management

• End-stage renal disease
prevention

•

Kang et al, 2017 (17) US To study the influence of system dynamics
method on nursing intervention of CKD
patients —

Physician education•
Care coordination•
Care manager education•

Vanderby et al, 2015
(18)

Canada Simulation of complete continuous care — Continuous care•

Kuo et al, 2016 (19) US The Prevention Impacts Simulation Model —

Abbreviations: —, not applicable; CKD, chronic kidney disease; CVD, cardiovascular disease.
a Upstream prevention measures are lifestyle (eg, tobacco control, balanced diet, mental health, moderate exercise), obesity prevention, and social factors.
b Downstream prevention measures are clinical treatment and care of chronic diseases.
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(continued)

Table 1. Summary of Articles Reviewed, Systematic Review of Applications of System Dynamics Models in Chronic Disease Prevention, January 2000–February
2021

Author and Year Country Objective

Predictors

Upstream Preventiona Downstream Preventionb

(PRISM) was used to simulate population
health outcomes

Healthy eating•
Active living•

Honeycutt et al, 2019
(20)

US Estimate the potential impact of
Communities Putting Prevention to Work
tobacco intervention on avoiding deaths and
medical costs by 2020

Tobacco control•
Secondhand smoke
exposure

• —

Soler et al, 2016 (21) US Analyze the short-term and potential long-
term benefits of Communities Putting
Prevention to Work

Obesity and tobacco use•
Secondhand smoke
exposure

• —

Fallah-Fini et al, 2014
(22)

US Using system dynamics model to quantify
the energy imbalance gap leading to obesity
in American adults

Energy estimate•
—

Honeycutt et al, 2015
(23)

US Reported on results of the strategy to reduce
the impact of chronic diseases on
communities

Behavioral support•
Taxes and regulation•
Health promotion and
access

•

Clinical•

Homer et al, 2014 (24) US Compare the potential of emerging
interventions and existing interventions to
reduce cardiovascular risk factors

Air•
Lifestyle•
Care•

Air: post-CVD•
Lifestyle: post-CVD•
Care: post-CVD•

Homer et al, 2010 (25) US Used the system dynamics model to
evaluate risk factors for the management of
CVD

Care/air/lifestyle•
Weight-loss and mental
health services

• —

Hirsch et al, 2010 (26) US The factors leading to cardiovascular events
for the first time were simulated and
modeled

Lifestyle and environmental•
Mental and medical health
care

•
Mental and medical
health care: post-CVD

•

Hirsch et al, 2014 (27) US The Prevention Impacts Simulation Model
(PRISM) predicts the different consequences
of interventions to reduce the risk of
cardiovascular disease

Behavioral support•
Health promotion and
access

•

Tobacco taxes and
regulation

•

Clinical: post-CVD•
Behavioral support:
post-CVD

•

Loyo et al, 2013 (28) US Coordination of community prevention
efforts using a system dynamics model for
CVD risk

Air (tobacco control air
pollution reduction)

•

Comprehensive nursing•
Improve lifestyle•

—

Yarnoff et al, 2019 (29) US Investigate the long-term effect of clinical
and community intervention

Community intervention• Clinical intervention•

Chen et al, 2018 (30) US Simulate and predict the potential impact of
socio-economic programs on obesity rates

Employment rate•
Family income level• —

Abbreviations: —, not applicable; CKD, chronic kidney disease; CVD, cardiovascular disease.
a Upstream prevention measures are lifestyle (eg, tobacco control, balanced diet, mental health, moderate exercise), obesity prevention, and social factors.
b Downstream prevention measures are clinical treatment and care of chronic diseases.
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(continued)

Table 1. Summary of Articles Reviewed, Systematic Review of Applications of System Dynamics Models in Chronic Disease Prevention, January 2000–February
2021

Author and Year Country Objective

Predictors

Upstream Preventiona Downstream Preventionb

Brittin et al, 2015 (31) US Simulate the potential of social factors to
prevent chronic disease in low-income urban
communities

Social factors such as
income and employment,
neighborhood attraction,
and social cohesion

• Manage cases of
chronic disease
effectively

•

Apostolopoulos et al,
2018 (32)

US Explore the factors that affect the health of
Black Americans

Unemployment•
Limited access to health
care

•

Socioeconomic inequality•

—

Milstein et al, 2007 (33) US Explain the trend of diabetes prevalence in
US and predict the trend before 2010

Glycemic screening•
Reduce obesity rate•
Prediabetes management•

Diabetes management•

Jones et al, 2006 (34) US Explain the growth of diabetes and predict
future growth

Reduce the rate of obesity• Enhance clinical
management of
diabetes and
prediabetes

•

Ansah et al, 2019 (35) Singapore Evaluate the effects of hypertension and
diabetes management and smoking
cessation intervention on cardiovascular
event

Diabetes management•
Hypertension management•
Smoking cessation•

—

Cruz et al, 2019 (36) Colombia Used the causal loop diagram to analyze the
kidney procurement system in Colombia — Kidney donation•

Homer et al, 2004 (37) US Used the system dynamics model to
simulate the cost-effective results of
diabetes and heart failure

Screening and prevention
education for diabetes

• Disease clinical care•
Risk management for
heart failure

•

Diaz et al, 2015 (38) US A simulated intervention study on triage of
patients with chronic diseases from the
emergency department

—
Insurance coverage•
Visit rate•

Mishra et al, 2018 (39) India Using system dynamics model to predict the
increase of prevalence rate of diabetes
mellitus

Upstream prevention• Downstream treatment•

Homer et al, 2007 (40) US To explain the rising prevalence of chronic
disease and responses to it

Upstream prevention• Downstream care•

Diaz et al, 2015 (41) US Simulation of the cost saving of intervention
in a well-defined population —

Chronic disease
management cost-
effectiveness

•

Abbreviations: —, not applicable; CKD, chronic kidney disease; CVD, cardiovascular disease.
a Upstream prevention measures are lifestyle (eg, tobacco control, balanced diet, mental health, moderate exercise), obesity prevention, and social factors.
b Downstream prevention measures are clinical treatment and care of chronic diseases.
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Table 2. Quality Assessment of Reviewed Articles, Systematic Review of Applications of System Dynamics Models in Chronic Disease Prevention, January
2000–February 2021a

Author, Year, Typeb

Quality Criteria Scorec

Score Study Scored, %1 2 3 4 5 6 7 8

Homer et al, 2006, quantitative (4) 2 2 2 2 1 0 0 2 11 68.8

Guariguata et al, 2016, qualitative (9) 2 — — 2 1 1 — 2 8 80.0

Ansah et al, 2019, qualitative (10) 2 — — 2 2 1 — 2 9 90.0

Allender et al, 2015, qualitative (11) 2 — — 2 2 1 — 2 9 90.0

Homer et al, 2008, qualitative (12) 2 — — 2 1 1 — 2 8 80.0

Ansah et al, 2018, qualitative (13) 2 — — 2 2 1 — 2 9 90.0

Lounsbury et al, 2014, qualitative (14) 2 — — 2 2 1 — 2 9 90.0

Kang et al, 2016, qualitative (15) 2 — — 2 2 1 — 2 9 90.0

Sugiyama et al, 2017, quantitative (16) 2 2 2 2 2 1 2 2 15 93.8

Kang et al, 2017, quantitative (17) 2 2 2 2 2 1 1 2 14 87.5

Vanderby et al, 2015, quantitative (18) 2 2 2 2 2 2 2 2 16 100.0

Kuo et al, 2016, quantitative (19) 2 2 2 1 2 2 2 2 15 93.9

Honeycutt et al, 2019, quantitative (20) 2 2 2 1 2 1 2 2 14 87.5

Soler et al, 2016, quantitative (21) 2 2 2 1 1 1 2 2 13 81.3

Fallah-Fini et al, 2014, quantitative (22) 2 2 2 2 2 1 2 2 15 93.8

Honeycutt et al, 2015, quantitative (23) 2 2 2 1 2 1 2 2 14 87.5

Homer et al, 2014, quantitative (24) 2 2 2 1 2 2 2 2 15 93.8

Homer et al, 2010, quantitative (25) 2 2 2 2 2 2 2 2 16 100.0

Hirsch et al, 2010, quantitative (26) 2 2 2 2 2 1 1 2 14 87.5

Hirsch et al, 2014, quantitative (27) 2 2 2 1 2 2 2 2 15 93.8

Loyo et al, 2013, quantitative (28) 2 2 2 2 2 2 1 2 15 93.8

Yarnoff et al, 2019, quantitative (29) 2 2 2 2 2 1 1 2 14 87.5

Chen et al, 2018, quantitative (30) 2 2 2 2 2 1 1 2 14 87.5

Brittin et al, 2015, quantitative (31) 2 2 2 2 2 2 2 2 16 100.0

Apostolopoulos et al, 2018, quantitative (32) 2 2 2 2 2 1 2 2 15 93.8

Milstein et al, 2007, quantitative (33) 2 2 2 1 2 1 0 2 12 75.0

Jones et al, 2006, quantitative (34) 2 2 2 2 2 1 1 2 14 87.5

Ansah et al, 2019, quantitative (35) 2 2 2 2 2 1 2 2 15 93.8

Abbreviation: —, not applicable.
a Columns indicate score for meeting each of the following 8 criteria: column 1, presenting a clear objective; column 2, presenting clear scenarios and interven-
tions; column 3, presenting clear outcomes variables by graphs, charts, or tables; column 4, describing the development of a system dynamics model framework or
presenting a detailed model framework; column 5, presenting and explaining model parameters; column 6, improving the quality of data by using stakeholders’ en-
gagement, surveys, interviews, and databases; column 7, validating models; and column 8, presenting a clear result. Because of the differences in evaluation indic-
ators involved in qualitative and quantitative models, we used only 5 of our 8 quality criteria (criteria 1, 4, 5, 6, and 8) to assess the quality of qualitative research.
We used all 8 criteria to assess the quality of quantitative research. The score for meeting each criterion ranged from 0 to 2 (0 = not mentioned, 1 = mentioned,
and 2 = fully described).
b Qualitative research is a conceptual model for analyzing the dynamic complexity between variables in the system; in quantitative research, the quantitative rela-
tionships, various parameters, and equations in the system are determined and simulated for prediction.
c Qualitative studies have a top score of 10 and quantitative studies have a top score of 16. The higher the score, the higher the overall quality of the study.
d Percentage = the study scores divided by the total score for the category of study (10 for qualitative and 16 for quantitative) and multiplied by 100.
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(continued)

Table 2. Quality Assessment of Reviewed Articles, Systematic Review of Applications of System Dynamics Models in Chronic Disease Prevention, January
2000–February 2021a

Author, Year, Typeb

Quality Criteria Scorec

Score Study Scored, %1 2 3 4 5 6 7 8

Cruz et al, 2019, quantitative (36) 2 2 2 2 2 2 1 2 15 93.8

Homer et al, 2004, quantitative (37) 2 2 2 2 2 2 1 2 15 93.8

Diaz et al, 2015, quantitative (38) 2 2 2 2 2 2 2 2 16 100.0

Mishra et al, 2018, quantitative (39) 2 2 2 2 2 1 1 2 14 87.5

Homer et al, 2007, quantitative (40) 2 2 2 2 2 1 1 2 14 87.5

Diaz et al, 2015, quantitative (41) 2 2 2 2 2 1 1 2 14 87.5

Abbreviation: —, not applicable.
a Columns indicate score for meeting each of the following 8 criteria: column 1, presenting a clear objective; column 2, presenting clear scenarios and interven-
tions; column 3, presenting clear outcomes variables by graphs, charts, or tables; column 4, describing the development of a system dynamics model framework or
presenting a detailed model framework; column 5, presenting and explaining model parameters; column 6, improving the quality of data by using stakeholders’ en-
gagement, surveys, interviews, and databases; column 7, validating models; and column 8, presenting a clear result. Because of the differences in evaluation indic-
ators involved in qualitative and quantitative models, we used only 5 of our 8 quality criteria (criteria 1, 4, 5, 6, and 8) to assess the quality of qualitative research.
We used all 8 criteria to assess the quality of quantitative research. The score for meeting each criterion ranged from 0 to 2 (0 = not mentioned, 1 = mentioned,
and 2 = fully described).
b Qualitative research is a conceptual model for analyzing the dynamic complexity between variables in the system; in quantitative research, the quantitative rela-
tionships, various parameters, and equations in the system are determined and simulated for prediction.
c Qualitative studies have a top score of 10 and quantitative studies have a top score of 16. The higher the score, the higher the overall quality of the study.
d Percentage = the study scores divided by the total score for the category of study (10 for qualitative and 16 for quantitative) and multiplied by 100.
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