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Abstract

Background: Mathematical modelling has been a vital research tool for exploring complex systems, most recently
to aid understanding of health system functioning and optimisation. System dynamics models (SDM) and agent-
based models (ABM) are two popular complementary methods, used to simulate macro- and micro-level health
system behaviour. This systematic review aims to collate, compare and summarise the application of both methods
in this field and to identify common healthcare settings and problems that have been modelled using SDM and
ABM.

Methods: We searched MEDLINE, EMBASE, Cochrane Library, MathSciNet, ACM Digital Library, HMIC, Econlit and
Global Health databases to identify literature for this review. We described papers meeting the inclusion criteria
using descriptive statistics and narrative synthesis, and made comparisons between the identified SDM and ABM
literature.

Results: We identified 28 papers using SDM methods and 11 papers using ABM methods, one of which used
hybrid SDM-ABM to simulate health system behaviour. The majority of SDM, ABM and hybrid modelling papers
simulated health systems based in high income countries. Emergency and acute care, and elderly care and long-
term care services were the most frequently simulated health system settings, modelling the impact of health
policies and interventions such as those targeting stretched and under resourced healthcare services, patient length
of stay in healthcare facilities and undesirable patient outcomes.

Conclusions: Future work should now turn to modelling health systems in low- and middle-income countries to
aid our understanding of health system functioning in these settings and allow stakeholders and researchers to
assess the impact of policies or interventions before implementation. Hybrid modelling of health systems is still
relatively novel but with increasing software developments and a growing demand to account for both complex
system feedback and heterogeneous behaviour exhibited by those who access or deliver healthcare, we expect a
boost in their use to model health systems.
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simulation type [27]. The activity captured in such
models emulates the individual variability of patients
and health professionals while retaining the complex,
aggregate behaviour exhibited in health systems.
Health scientists and policy makers alike have recog-

nised the potential of using SDM and ABM to model all
aspects of health systems in support of decision making
from emergency department (ED) optimisation [34] to
policies that support prevention or health promotion
[35]. Before implementing or evaluating costly health
policy interventions or health service re-structuring in
the real world, modelling provides a relatively risk-free
and low budget method of examining the likely impact
of potential health system policy changes. They allow
the simulation of ‘what if’ scenarios to optimise an inter-
vention [36]. They can help identify sensitive parameters
in the system that can impede the success of initiatives
and point to possible spill-over effects of these initiatives
to other departments, health workers or patients. Per-
haps most important of all, these modelling methods
allow researchers to produce simulations, results and a
graphical-user interface in relation to alternative policy
options that are communicable to stakeholders in the
health system [37], those responsible for implementing
system-wide initiatives and changes.

Study aim and objectives
Given the increasing amount of literature in this field,
the main aim of the study was to examine and describe
the use of SDM and ABM to model health systems. The
specific objectives were as follows: (1) Determine the
geographical, and healthcare settings in which these
methods have been used (2) Identify the purpose of the
research, particularly the health policies or interventions
tested (3) Evaluate the limitations of these methods and
study validation, and (4) Compare the use of SDM and
ABM in health system research.
Although microsimulation, DES and Markov models have

been widely used in disease health modelling and health
economic evaluation, our aim in this study was to review
the literature on mathematical methods which are used to
model complex dynamic systems, SDM and ABM. These
models represent two tenants of modelling: macroscopic
(top-level) and microscopic (individual-level) approaches.
Although microsimulation and DES are individual-based
models like ABM, individuals in ABM are “active agents” i.e.
decision-makers rather than “passive agents” which are the
norm in microsimulation and DES models. Unlike Markov
models which are essentially one-dimensional, unidirectional
and linear, SDM are multi-dimensional, nonlinear with feed-
back mechanisms. We have therefore focussed our review
on SDM and ABM because they are better suited to charac-
terise the complexity of health systems. This study reviews
the literature on the use of SDM and ABM in modelling

health systems, and identifies and compares the key charac-
teristics of both modelling approaches in unwrapping the
complexity of health systems. In identifying and summaris-
ing this literature, this review will shed light on the types of
health system research questions that these methods can be
used to explore, and what they add to more traditional
methods of health system research. By providing an over
overview of how these models can be used within health
system research, this paper is also expected to encourage
wider use and uptake of these methods by health system re-
searchers and policy makers.

Methods
The review was conducted in compliance with the Pre-
ferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) statement [38].

Search strategy and information sources
The literature on ABM and SDM of health systems has
not been confined to a single research discipline, making
it necessary to widen the systematic review to capture
peer-reviewed articles found in mathematical, computing,
medicine and health databases. Accordingly, we searched
MEDLINE, EMBASE, Cochrane Library, MathSciNet,
ACM Digital Library, HMIC, Econlit and Global Health
databases for literature. The search of health system litera-
ture was narrowed to identify articles that were concerned
with modelling facility-based healthcare, services and
related healthcare financing agreements which had been
excluded or were not the focus of previous reviews
[34, 35, 39–41]. The search criteria used for MED-
LINE was as follows, with full search terms for each
database and search terms used to locate SDM and
ABM literature found in Additional file 1:

(health system* OR health care OR healthcare OR
health service* OR health polic* OR health facil* OR
primary care OR secondary care OR tertiary care OR
hospital*).ab,ti. AND (agent-based OR agent
based).ab,ti. AND (model*).ab,ti.

In addition, the reference list of papers retained in the
final stage of the screening process, and systematic re-
views identified in the search, were reviewed for relevant
literature.

Data extraction and synthesis
The screening process for the review is given in Fig. 1
(adapted from [38]). All search results were uploaded to
Mendeley reference software where duplicate entries
were removed. The remaining records were screened
using their titles and abstracts, removing entries based
on eligibility criteria given in Table 1. Post-abstract re-
view, the full text of remaining articles was screened.
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