1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Curr Epidemiol Rep. Author manuscript; available in PMC 2020 June 15.

-, HHS Public Access
«

Published in final edited form as:
Curr Epidemiol Rep. 2019 June 15; 6: 248-262. doi:10.1007/s40471-019-00200-w.

System dynamics applications to injury and violence prevention:
a systematic review

Rebecca B. Naumann, PhD&", Anna E. Austin, MPHP, Laura Sheble, PhD®9, Kristen
Hassmiller Lich, PhD®

aDepartment of Epidemiology and Injury Prevention Research Center, University of North
Carolina at Chapel Hill

bDepartment of Maternal and Child Health and Injury Prevention Research Center, University of
North Carolina at Chapel Hill

¢School of Information Sciences, Wayne State University
dDuke Network Analysis Center, Social Science Research Institute, Duke University

€Department of Health Policy and Management, University of North Carolina at Chapel Hill

Abstract

Purpose of review: System dynamics (SD) is an approach to solving problems in the context of
dynamic complexity. The purpose of this review was to summarize SD applications in injury
prevention and highlight opportunities for SD to contribute to injury prevention research and
practice.

Recent findings: While SD has been increasingly used to study public health problems over the
last few decades, uptake in the injury field has been slow. We identified 18 studies, mostly
conducted in the last 10 years. Applications covered a range of topics (e.g., road traffic injury;
overdose; violence), employed different types of SD tools (i.e., qualitative and quantitative), and
served a variety of research and practice purposes (e.g., deepen understanding of a problem, policy
analysis).

Summary: Given the many ways that SD can add value and complement traditional research and
practice approaches (e.g., through novel stakeholder engagement and policy analysis tools),
increased investment in SD-related capacity building and opportunities that support SD use are
warranted.
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Introduction

The health, social, and economic impacts of unintentional and intentional (violent) injuries
are enormous. Globally, 4.8 million people died as a result of injuries and 973 million
sustained injuries that warranted healthcare treatment in 2013 [1]. While international
progress in injury prevention has been made over the last few decades, as evidenced by a
30% decline in the age-adjusted rate of disability-adjusted life years (DALY's) due to injuries
between 1990 and 2013, these decreases have not been equitably dispersed [1]. For example,
during this same time period, DALY rates attributed to injury increased in west, central, and
southern sub-Saharan Africa [1]. Moreover, even in countries experiencing declines, like the
U.S., the overall burden remains high. More people die from injuries in the first half of their
lives (ages 1-44 years) in the U.S. than from any other cause [2].

As with many public health problems, injury trends are relatively persistent, complex, and
often resistant to attempted policy and intervention approaches [3¢]. The underlying system
of factors that drives injury trends is often comprised of multiple, interrelated organizational,
social, cultural, and environmental factors and involves dynamically complex interactions
between these factors [4, 5]. By dynamically complex, we mean that interactions are often
characterized by feedback, time delays, non-linearity, adaptiveness, and other attributes that
make predicting the behavior of the system of factors over time particularly difficult [6—8¢].

Briefly, we define each of these characteristics to elucidate how such attributes of dynamic
complexity can make examining and responding to injury problems challenging [6-8¢]. (1)
Feedbacks refer to closed chains of causal connections in which a change in one factor sets
off a series of reactions to further change that factor. For example, an increase in opioid
overdose deaths could trigger a decrease in physicians’ opioid prescribing, with the intent of
addressing the problem (a control or balancing feedback loop). However, the decrease in
opioid prescribing may in turn trigger an increase in illicit opioid use, potentially offsetting
gains or even exacerbating the increase in opioid-related deaths (a reinforcing loop). (2)
Time delays refer to the fact that certain factors, such as injury-related norms, attitudes, and
policies, are often delayed with respect to their initial causes or inputs. For example, injury
prevention legislation takes time, advocacy, and political will and may be considerably
removed in time from the event(s) that initiated such action. (3) Non-linearity refers to the
fact that the output observed from a system may not be proportional to any linear
combination of inputs. For example, the intensity of brain injury that occurs from players’
sports-related impacts can dramatically (and non-linearly) increase with each impact,
especially when events occur close in time [9]. (4) Finally, adaptiveness refers to the fact that
the systems are always changing and responding to new factors and feedbacks. For example,
new sources of distraction for drivers arise with new technological advancements, new
firearms become available with implications for violence-related outcomes, and new
substances capable of causing overdose emerge, and systems react in more and less effective
ways.

Traditional research tools (e.g., basic statistical measures, regression models) and
frameworks (e.g., the public health approach) offer several strategies for understanding the
burden of injury, examining relationships between specific risk factors and outcomes, and
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evaluating the impacts of public health policies designed to prevent injuries [10]. However,
many of these approaches lack a perspective of, and the analytic ability to take into account,
the larger system of underlying factors and the dynamic complexity of interactions among
these factors that may be driving an injury problem.

System dynamics (SD) offers a set of interdisciplinary research and practice tools to
complement traditional approaches [6-8]. Specifically, SD can be used to help examine
dynamic complexity and the effect of proposed interventions on the system’s behavior over
time, ultimately improving our understanding of where to intervene within the larger system
to have the greatest impact.

SD tools range from qualitative to quantitative and have public health research, practice, and
communication implications. For example, a common SD tool, causal loop diagramming
(CLD), involves mapping the hypothesized feedbacks and interactions between factors in a
system that may be driving observed trends (e.g., suicide rates) [6]. This type of
diagramming or mapping can occur in the context of a large group of stakeholders invested
in the issue (e.g., community members, experts, policy makers) or among a small research
team [11]. Depending on the audience and purpose, CLDs can increase understanding of a
problem, elucidate hypotheses, improve stakeholder communication, facilitate development
of a shared vision, illuminate research needs and gaps, or identify potential points of
collaboration or synergy. Building from CLDs, SD simulation models can help
quantitatively test hypotheses about the underlying factors, structures, and processes in a
system driving an observed trend [6]. SD simulation models provide a tool to test hypotheses
involving many factors and feedbacks, develop a greater understanding of the contributions
of specific inputs to a problem, examine effects of potential interventions and unintended
consequences, and develop a coordinated approach to a problem. These SD tools, among
others, ultimately can help advance science and practice, and foster coordinated
communication, around critical public health problems, like injury. We refer the interested
reader to additional resources and a more thorough discussion of SD tools [6, 8, 12].

SD tools have been increasingly applied to a wide range of public health problems, such as
diabetes [13, 14], tobacco [15], substance use [16-18], HIV/AIDS [19-22], and obesity [23,
24], to help understand the complexities driving these problems and elucidate potential
policy approaches. The purpose of this systematic review was to identify, summarize, and
reflect on SD applications in the injury prevention literature and highlight future
opportunities for SD to contribute to injury prevention research and practice.

We sought to identify all applications of SD modeling to injury outcomes in the peer-
reviewed literature between January 1958, when SD methods were first introduced, and June
2018.

Search and Study Identification Strategies

Members of our research team recently completed a systematic review of SD applications in
health (defined broadly to include physical, social, and/or emotional wellness of individuals
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or populations) in the peer-reviewed scientific literature, searching articles written in English
that were published between 1958 and 2016. This review updates and builds from that work
to specifically examine injury SD applications.

A detailed description of the previous review has been documented [25]. Briefly, studies
were identified through PubMed and Web of Science using three search strategies: 1) a
keyword search using a range of SD-related terms; 2) a review of all articles published in the
System Dynamics Review or accepted for presentation at a list of SD-related conferences;
and 3) a review of all articles citing a foundational publication in the SD field (Forrester,
1961-1969; Homer, 2006; Sterman 2000-2010) [3e, B¢, 7+, 26¢, 27¢]. Search results were
restricted to health-related applications, using health-related keywords and a list of
publication venues in Web of Science.

In July 2018, we updated this search to capture any articles published between 2016 and
June 2018. To ensure that the health-related restriction was broad enough to capture all
injury applications, we added injury and safety-related terms to the keyword search across
the entire review period (1958-2018).

Avrticles meeting search criteria were then reviewed to determine whether they were injury-
related (more on definition below) and actual SD applications, as opposed to studies that
talked about the “dynamics” of a problem in a different context or solely made
recommendations to include SD methods in future work. Articles that did not use some type
of SD qualitative or quantitative modeling approach (e.g., CLD, stock and flow model,
group model building) were not included.

Definition of Injury

We examined all selected articles for their application to injury and violence prevention.
Specifically, we included SD applications that explicitly and directly involved the study of at
least one type of fatal or nonfatal injury. Adopting the World Health Organization’s
definition, we defined an injury as physical damage “caused by acute exposure to physical
agents such as mechanical energy, heat, electricity, chemicals, and ionizing radiation
interacting with the body in amounts or at rates that exceed the threshold of human
tolerance. In some cases (e.g., drowning and frostbite), injuries result from the sudden lack
of essential agents such as oxygen or heat.” [28, 29] The main causes of injury include both
unintentional (e.g., road traffic crashes, poisoning, falls, burns, suffocation) and violent/
intentional (e.g., intimate partner violence, suicide, child abuse) mechanisms. We did not
include studies that indirectly related to injury without specifically modeling or discussing
the direct link to the injury outcome, such as studies of drug trade or traffic flow that did not
specifically model overdose or crash-related injuries, respectively. All potential injury-
related SD applications were initially selected by one research team member, who erred on
the side of inclusiveness, and final decisions were made by two members of the research
team with any discrepancies discussed and agreed upon.

During our review, we identified several articles that specifically focused on occupational
safety processes (e.g., construction management, mine safety). While many of these models
examined underlying organizational systems and how system structures and dynamic
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interactions might lead to safety-related incidents, they often lacked a focus or discussion on
injuries specifically [30-40]. Therefore, they were not included in this review. Other
common themes in the literature with an indirect link to injury included post-disaster
response planning and emergency department system management (e.g., management of
wait times and patient flow) [41-49].

Key characteristics of the articles were abstracted by two members of the research team.
Abstraction elements included: authors; year of publication; title; general injury topic area
(e.g., road traffic injury, suicide); research team expertise (i.e., research departments/
disciplines represented on core research team); purpose of the paper and purpose of SD
model; description of SD method(s) used (e.g., qualitative CLD, concept model, tested/
analyzed simulation model); setting/context (e.g., organization, community/city, national);
use of a participatory approach/stakeholder involvement; description of types of stakeholders
involved, intensity of involvement, and method of stakeholder recruitment, if applicable;
main findings and conclusions; and primary strengths and limitations. Additionally,
reference lists of all articles were thoroughly reviewed for other relevant articles that met
review inclusion criteria but had not been captured through the search strategy described
above; however, no additional articles were identified.

The combined search of keywords, specific SD-related sources, and seed articles for the
period of 1958 through mid-2018 yielded 1,238 unique articles (Figure 1). The additional
safety-related search terms across this period returned an additional 29 unique articles, for a
total of 1,267 articles reviewed. After excluding articles that did not involve an actual SD-
related application and were not injury-related, 62 articles remained. Two members of the
research team conducted a thorough text review of these 62 and determined that 18 [50-67]
had a direct and specific link to an injury outcome and utilized a SD-related method or tool
(e.g., CLD, SD simulation model). These 18 studies were included in the review (Table 1).

SD uptake, topics covered, and geographic scale/context

With the exception of one 1993 study related to drug use and overdose [54], we did not
identify SD applications to injury outcomes in the peer-reviewed literature until 2009 (Table
1). Since 2009, one to three applications have been published each year. Topic areas
included youth violence [50], domestic violence [55, 56], community violence [51]; suicide
[63]; drug overdose [54, 64—67]; occupational injury [53]; road traffic injury [52, 58-62];
and traumatic brain injury [57]. Studies were conducted within a variety of geographic
contexts and scales. Half of the studies (n=9) [50, 51, 55, 56, 58-62] were framed within the
context of one or more specific communities or cities, and one-third (n=6) [54, 63-67]
involved a national context. The remaining three occurred within a specific organization
[53], a region of a country [52], or the context was not specified [57].
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Multidisciplinary involvement

The multidisciplinary nature of SD was observed with respect to both the core research
teams, as well as the larger group of participants and stakeholders engaged. Core research
teams included those with backgrounds in social work, engineering, public health,
psychology, design and built environment, medicine, policy, criminal justice, statistics, and
geography. Two-thirds (n=12) [50, 51, 53, 56-58, 60, 62, 64—67] of the studies involved
some type of larger stakeholder engagement, ranging from an expert panel or a few key
informant interviews to several iterative workshops, in-depth interviews, and continued
follow-up with key stakeholders representing a range of community perspectives (Table 1).
In three studies [55, 59, 61], a participatory approach was not used for the specific study
reviewed but was used for other components of the team’s larger body of work on the injury
topic.

SD tools applied and findings elicited

One-third (n=6) [51, 53, 57, 59-61] of the reviewed articles used CLD and mapping
techniques to develop a deeper understanding of hypothesized factors, feedbacks, and
system structure driving an injury problem; to refine a hypothesized map for other contexts
or communities; to elucidate data gaps and research needs; or to develop a shared framework
among diverse stakeholders (Table 1). Eleven (61%) articles [50, 54-56, 58, 62—67] involved
building and testing a SD simulation model, typically, but not always, after CLD or map
development. Simulation models were built to increase understanding of a specific injury
problem or observed unintended consequence, explore the choice and timing of different
intervention strategies, test the generalizability of model structure across different contexts
(e.g., cities), or provide a decision-support tool for injury prevention stakeholders. Finally,
one study [52] involved construction of SD simulation concept models to demonstrate the
utility of SD methods for traffic safety policy analysis. Table 1 includes brief summaries of
the specific insights revealed by study.

Primary strengths and limitations

There were several similar strengths and weaknesses expressed by the authors. One of the
most common strengths was the richness in perspectives and expert knowledge contributed
through multidisciplinary stakeholder involvement (Table 1). Other strengths included
increased ability to visualize the “bigger picture” and create a unified framework around a
specific injury problem, to examine non-linear and complex hypothesized relationships, to
explicitly highlight the importance of specific research needs and data gaps, and to create
hands-on tools to foster active learning about a problem and potential intervention effects.
Common limitations included lack of empirical support for specific model parameters and
relationships, lengthy processes involved in building relationships and engaging with a wide
range of stakeholders, generalizability concerns of models, potential over-simplification of
models, and lack of model alignment with historical data (i.e., poor model calibration).

Discussion

We found limited uptake of SD tools and methods in the injury prevention field over the past
several decades. While SD methods were first developed in the mid-1950s [68], they were
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largely applied within economics, engineering, operations, management, business, and
mathematics fields for many years. It was not until the late 1970s and early 1980s that
researchers began using SD tools to study public health problems [3], and uptake in injury
prevention has appeared even more recently, within the past 10 years.

Although relatively few in number (n=18), SD applications to injury have covered a range of
topics and contexts, employed different SD tools and approaches, and served a variety of
research and practice purposes. We found that applications covered both unintentional injury
(e.g., road traffic injury, overdose) and intentional or violence-related injury (e.g., youth,
domestic, community violence) and occurred across a wide range of scales, from an
organizational to a national level. Likewise, the SD tools applied extended from qualitative
CLDs and mapping approaches to quantitative simulation and empirical decision support
tool development, with a range of implications for both research and practice.

During our review of these specific studies, we noted seven noteworthy advantages of taking
an SD approach to injury research, or using SD-related tools (Table 2). These are discussed
in detail below.

Engage critical stakeholders, especially frequently marginalized populations, in
understanding causes and identifying solutions.

Two-thirds of the studies reviewed took an SD modeling approach that integrated
stakeholder perspectives. Two studies in particular leveraged key SD diagramming
techniques to advance difficult discussions around violence, race, and inequality [50, 51].
Bridgewater et al. (2010) [50] engaged active gang-involved youth, family mental health
experts, survivors of gang violence, community residents, and community-based agencies to
explore strategies for reducing youth violence in Boston; stakeholders were continuously
involved, using SD tools, throughout the project. Similarly, Frerichs et al. (2016) [51]
fostered rich discussions among law enforcement, schools, housing, grassroots community
organizations, religious institutions, and prior gang-involved youth to advance discussions
around community violence in Rochester, NY. Both projects recognized the ability of
community-based involvement to improve the accuracy of model development and to
increase the likelihood of intervention uptake. Additionally, both projects recognized the
strength of SD tools to act as interventions in and of themselves by promoting restorative
conversations among key stakeholders. The use of SD-related diagramming and other tools
hold great, and currently underutilized, potential for advancing prevention work in injury-
related areas that may be divisive or prone to stigma (e.g., gun control, intimate partner
violence, drug disorder and overdose).

Develop a shared vision and unified framework of a complex, multi-level problem to
elucidate data and knowledge gaps and advance research.

Kenzie et al. (2018) [57] provide an exemplary application of using SD to synthesize
research on contributors to concussion occurring on different scales (e.g., cellular,
environmental, social). Using SD diagramming and drawing on experts across disciplines,
the team created a unifying framework for interdisciplinary communication and
collaboration with clear identification of research gaps and needs. Given the complex,
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interacting, and multi-level causes of injury outcomes (e.g., falls, overdose, suicide), similar
diagramming focused on other types of injury could accelerate advancements in these areas.

Account for policy and intervention effects on multiple outcomes and metrics, fostering
transparency in weighing options and considering tradeoffs.

Several of the papers reviewed demonstrated the importance of evaluating an intervention
from multiple perspectives by incorporating multiple outcome measures into SD modeling
efforts [56, 62, 64, 65, 67]. For example, through their SD simulation model, Wakeland et al.
(2011) [64] demonstrated how specific interventions focused on reducing opioid misuse in
the medical sector could increase illicit opioid use or result in barriers to therapeutic care for
chronic pain patients. Additionally, McClure et al. (2015) [62] highlighted the need to focus
not only on road safety risks but also risks associated with chronic disease development
when examining the effect of land use and transport policies on population health. The
inherent ability of SD to incorporate multiple metrics, outcomes, and perspectives is a
critical benefit, given that understanding and weighing tradeoffs is fundamental to almost
any injury intervention selection (e.g., interventions in sports-related injuries, pedestrian
travel, medication use).

Account for the timing of intervention implementation.

SD simulation models run across a user-specified time frame. The longitudinal nature of
such modeling tools allow researchers to explore critical questions about intervention
timing, recognizing the importance of not only which interventions are implemented but also
when interventions are implemented. Hovmand et al. (2009) [55] explored the sequence and
timing of three domestic violence interventions, finding that interventions that build victim
advocacy efforts and foster cooperation between police and victim advocates prior to
implementation of a mandatory arrest policy for domestic violence can lead to reductions in
victim arrests, as compared to other iterations of intervention sequencing. The ability of SD
to incorporate intervention timing and to factor in how events leading up to and immediately
following intervention implementation can change the underlying state of the system holds
enormous potential for optimizing intervention deployment to increase potential impact on
injuries.

Recognize and explore unintended or weak effects of policies and interventions.

Hovmand et al. (2009) [56] provide a clear example of how SD can be used to hypothesize
about unintended policy effects. Using a range of data sources and stakeholder input, the
researchers sought to explore the underlying system creating an increase in domestic
violence victim arrests after implementation of mandatory arrest policies for domestic
violence events. Additionally, Wakeland et al. [64, 66] demonstrated how efforts to increase
prescriptions of tamper-resistant opioid medications could shift opioid use and misuse
behaviors to other parts of the system, resulting in very little reduction in overdose deaths.
Finally, Macmillan demonstrated that a city’s planned approach to foster bicycle use and
reduce injuries would likely not meet anticipated government-set targets; however, modeling
efforts revealed that a more ambitious approach could result in improved outcomes in a cost-
effective manner [58]. These studies and others provide useful examples of using SD to
enrich injury intervention understanding, planning, and evaluation.
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Leverage the generalizability of underlying system structures driving injury trends.

Two of the articles developed underlying, hypothesized model structures for explaining
bicycling and road transport use and safety. The researchers then tested the generalizability
of underlying structures across cities, acknowledging that specific parameter values and the
dominance of specific feedback loops might vary, but that underlying structures can be
robust. For example, Macmillan et al. (2017) [60] developed initial support for an underlying
causal model of bicycling in higher-income cities, finding slight variations according to
bicycling prevalence in cities. McClure et al. (2015) [62] tested a model of land transport
and health across several major cities, finding that the underlying model structure was
consistent with several trends across six major cities. SD applications that develop and test
generalizable model structures for persistent injury problems may serve as an efficient
starting point for model development in other contexts by reducing the time and cost of
development. While there is often value added by engaging key stakeholders in a specific
context, and model adjustment is often needed when starting from a generalized structure,
SD simulation models are time and resource intensive. The ability to develop relatively
generalizable structures that serve as informed starting points may not only lower the burden
of SD simulation uptake but also provide critical insights on recurring underlying drivers
and patterns.

Support policy decision-making with transparent, hands-on tools.

Finally, Page et al. (2017) [63] developed a transparent SD model that incorporated key
evidence on suicide prevention strategies. The research team then created a user-friendly
version of the model, making it available as a decision-support tool for stakeholders to ask
“what-if” questions related to different combinations of policy implementation. As with any
model, the SD tool developed was a simplification of reality. However, in contrast to some
other modeling approaches, the hands-on tool and associated documentation made
limitations and assumptions exceptionally transparent. The tool can be used to foster
decision-maker engagement, active inquiry, and informed decisions about resource and
intervention prioritization. Development of user-friendly SD tools for other injury outcomes
could be a fruitful path forward, helping to further discussions and transparency between
researchers and practitioners.

Limitations of review

This review was limited to articles published in the peer reviewed literature, written in
English, and indexed in PubMed or Web of Science. Web of Science, in particular, was
included, as SD researchers working on health and safety problems may publish outside of
traditional public health and injury prevention journals. Still, it is possible that our review
may have missed pertinent SD applications to injury problems. In Liu et al.’s (2018) [69]
review of SD applications in the population health literature, they highlight the fact that
many SD researchers are employed in the private sector, which could result in SD
applications appearing less frequently in the published literature. Finally, as with any review,
there is a possibility that relevant studies were missed in our review of potential articles or
that we did not correctly capture specific study details during data abstraction.
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Conclusions

SD has been increasingly used to study public health problems and interventions over the
last few decades; however, uptake in the injury field has been slow. While barriers to
adoption exist, including few training programs in systems science methods, facilitators of
SD use are becoming more prevalent, including specific funding calls for systems science
applications. Given the many ways that SD can add value and complement traditional
approaches in the injury field, as demonstrated above (e.g., methods to visualize and explore
complexity, policy decision support tools), increased investment in building capacity to
utilize SD tools and creating opportunities for use is warranted. As injury continues to
represent one of our largest public health problems, innovative methods, like SD, are needed
to foster new insights on intervention and policy creation, prioritization, and implementation
to ultimately support prevention progress.
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FIGURE 1.

Results of systematic review: number of records iden

tified through search strategy, screened

for eligibility, and included in review of system dynamics (SD) applications to injury

outcomes

Curr Epidemiol Rep. Author manuscript; available in PMC 2020 June 15.




Page 16

Naumann et al.

UUM UOIE8ID
|apow uonenWIs
10 uonesuowWag

Buiwweibeip

pue uonelj1oey dnolb
u1 sabuajfeys 031 anp
wreaBeip ui sdiysuone|as
payueld AjJood

pue sa|qeLien Buissiin

80UBA3[3 [BINYND
anoidwi 03 s3d1Ios
doysyiom pardepy

Aloay aoel
[e213110 JO UoneIBa|

SI3P|OYBYeIS BSIBAIP
Buowre saido} 3noiyip
JO SUOISSNISIP Ya1y

Aunwwod abebua
01 ssa204d Ayibua

juawabebus pue
sdiysuonejas Ajunwiwod
0} JUBWHWWOD

slaquiaw
Bueb Jo wawanjonu|

sy1buans

‘suoneWI

syibuans

‘suoleNWI

:syibuans

(saoy1ne Aqg palou se)
suolrenwi| pue syibuains

10 10edwi 8y} uo siaxewAdljod a1eanpa 0}
|enuajod ‘adeyiaiul Ajpuatij-1asn dojansp
‘sa|qelen Jo abuel apim pue sdiysuorie|al
Jeaul|-uou Jo uofielodiodul apnjaul
Aiages o1jel) peol Joy S 40 sabeluenpy

90UBOIA [eJNIONIIS PUE ‘sanijenbaul [e1oes
‘poddns [e100s ‘90UB|OIA JO UOIEZIjEWIOU
‘diyssaumo unb ‘yieay jeusw

pue UOIe|0SI SPN|aUI SJUSJOIA ANUNWWOD
Bunosye se paiynuapl sio03oey A3

99US|OIA UO BN} [3A8]-ANUNWWO
pue -[enpIAIpul JO S198)8 8yl pue (sbueb
10 1n0 pue 01Ul “B°8) BUB|OIA JO S|aAJ)
JUBJaYIP USBMIS] YINOA JO JUSLUSAOW
apn|oul uonuanaid 1oy sease [ea04

S1Nsad urej

VIN

(218 ‘yINoA panjonul-bueb sond
‘Buisnoy ‘sjooyds ‘JusWaIIoUD
ME| ‘YoJeasal) SIap|oyaxels

A8y yum doysxiopn

slaquiaw
Buebh Jawiioy
pue JUB.IND YIM

sdnoub snoo4 .
sjuapisal
Aunwwod yum

Bulwweibeig .

slap|oyaxels
pue s1aquisw

Aunwwod yum

sbuigaiiq 198loid .

30us|oIA Bueh
10 SIOAIAINS pue
suadxa yyjeay
leyusw pue Bueh
UM SMBIAIBI| .

ssaooad A1ojedionied

Japow
uoljeJISUOWap
ndaouo)

wesbeiq

Jlepow
pazAjeue
pue pajsal

(s)1001
solwreuAp
wie1sAs

sisAJeue Aojod
A1aJes o1jel) |9n9)
-010BW 3JE1I[19B) UBD
s Moy ajensuowsqg

sannbaul [eioes

pue uoISSIWISUE.}
90UBJ0IA ANUNWIWIOD
JO syueUIWIBIBP

£oy Jo Buipueisiapun
Jadaap e dojanag

Buluue|d o16ayens
Alunwiwod wioyui
pue 32U3|0IA YINoA

10 Buipugisiapun
asealou|

|apow o asodind

Ainlur
dlyjel) peoy

90UB|OIN
Aunwwo)

30UB[OIA
UINOA

a1doy Aunfuj

[zs] ztoz
‘8A07 %2 Y09

[ts] 910z “[B
19 Syoual4

[og]
0T0Z "B 19
Jaremabplig

uonend

Author Manuscript

(8T=u) sawo2no Ainfui 01 suoneardde (QS) solweuAp WalsSAS JO M3IASI J1TRWBISAS Ul papn|oul salpnis

‘T314gvlL

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2020 June 15.

in

available

Curr Epidemiol Rep. Author manuscript



Page 17

Naumann et al.

PMC 2020 June 15.

in

available

Curr Epidemiol Rep. Author manuscript

-suonEwr 0] 8UIR209 Japmod [ensed
woJy Jys ul puasy Bunsixs
SUOISIAI puURe suolfen|ens 40 uonENUNU0d pajasfoid .
[9pOUI JO S3LIBS * asn auresod panodal
suondwnsse -}19S PUE [ENJOE UssMISq
[ewiuw ynm sdooy awy Jano deb Buiseasou] . ejep Lodal
>9eqpasy snousopua asn 43S hwhﬂwﬂmﬁcﬁm
uo paseq suondafoid ‘ ain1ny 1994 0 oe( Pasy sassa00.d BuiAjiapun
suonoaloid 3011d uo $198)3 pue ‘sisalre 10 abpajmou|
pajrelop paamded . ‘Aifenow ‘Anpigow Jepow pue asn auIed0d
’ /3SOPJaN0 a3j1] ‘asn pazAjeue 0 suonoaloid pue (asopJano [s]
syibuans aUre20d 40 S32UBNHAsU0D . V/IN pue paisa] Ssarewnsa ayesauas) | pue) asn bnug | €66T ‘JowoH
paiels SUON .
‘suolyenwi]
uoneziueblo
10 Juswabeuew
101U3S YJIM SUOISSNISIp
Buiwioyul 7 saibarens
uonuanaid Buidojansp
10} siseq papinoid .
Sanss|
palejal Jo MaIA d1sIjoy
pue o1WeuAp © papInoid . J010RU0D
JuswiebeuRwW S)0BAUOD Buruiw pue Buijjup e
AKyayes Butausnpul 2ININJ UIM 0} 311S3P pUe ‘Spuewsap 30 souew.opad Aayes
s1019e) BuizisayodAy jual]o *Aayes pue uonanpoid usamag Yreay Jeuorednaso
10} |00} padojanag . suoisua) ‘sjebe) A1ajes 198l 0} SHOYD Burousnjyul s10308)
papnjoul a1el Aouanbauy Ainful Burjgesip siafeuew 10 Buipugisiapun Ainful [es] zT02
:syibuans a1 Bunoaye sio1oe} pazisaylodAy Asyy 10 A1a1ren e yum doysyIopn wesbeiq asealou| [euonednaoo “le19 Yoo
S|spow @s
40 Aupifen [einjonns yum
sabua|eyo ‘Aurepaoun
JUN0JJe 03I B¥El AJIpEal
10U S30p Ty} S|apow
10 aInjeu onsIUIWIBIP
‘suofieoIy10ads
aln uo aduel|al
:SuoIERIWI| UoKRINWIS
as Jabue| Jo uoissnasiq
'014193ds Apnis 10N .
‘suoneywiI]
sisAjeue Wia1sAs Jodsue.) ay1 Jo MaIA d1sIjoY
Aa1jod Buipuodsaliod e Jo uonowoud pue ‘Aa1jod A1ajes oien
(s)1001
(saoyane Aq psiou se) SolwreuAp
suonewi| pue syibuaais S)nsal urey ss300.4d A10yedidnaed walsAs Japow jo asodand a1doy Aunfuy uoneND

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 18

Naumann et al.

SIOM PaIUBIIO-SWAISAS
aininy 1oy 1daduod
10 Jooud papinoid

YoJeasal uoIssnouod 1oy
MJomawrely BuiAsiun e aoy
UoI}epuUNO} & PapINOId

pajels suoN

uolesadood

87e20APE WIIA

pUE JUBWIAI0UB Me] JO
aouerniodwi payybiybiH

SMOJ}/S3003s pue sdoo]
3oeqpaa) Jo souelodwi
paresisuowsq

swisjueydaw
[e120S 0 ainjeu [esodwia}
pue sanixajdwod
JuaJayul parensni||

palels aUON

sayoeoldde 1s1uononpal
‘Jeaul] [euonipesy
10 SUONEWI| PasSAIPPY

3WO09IN0 3UO JAPISUOD
Ajuo o1 onewsjqoid
80 Ued 1 Jeyr psmoys

loineyaq
o1WeuAp Jo susaned
xa8]dwod paiojdx3

syibuans

‘suoneNWI

syibuans

‘suoneNwI

syibuans

(saoyane Ag pajou se)
suoneywI| pue sylbusiis

Ainlur

ulelq dleWINeL} 19844

16y} (Jeroos ‘[enustiadxa

‘IoMiau ‘Iejn|ad)

uoneziueblo [eaibojoiq Jo

S9[BIS [BIAASS e S3|QRLIeA

pue sa[eas awi Buisealoul
sapnjoul weibeiq .

sisalle
WIOIA Ul 8SB3I0UI |[eJ9A0 Ul Buninsal
‘S81E00APE WIDIA PUR JUSLISIIOJUS

Me| UaMIag Uo1eladood 40 UoIso.d 0}
1S9..48 JO YSLI 18 SWIIDIA JO Y201 Ul BUIj93p
01 811 158148 Ul 8S88J0UI [e1lIUl WOy

3WIY JBAO0 YIYS SISBLIE WIIDIA 9OUB|OIA
ansawop BulAjiepun swsiueyds|A

Aaorjod isa.le

Alojepuew B 810J3Q SIEaA Al Pa1INIJ0
S31B20APE WIIDIA PUR JUBWI2I0JUS

ME| Usamiag uolesadood pue

A9BI0APE WIJIA 8S3I2UI 0} SUOUBAIBIUI
U3YM panlasqo SwidIA Arewnd Joy
S1Sa.le 1S11) Ul Sasealoap pue slossalbbe
Atewrid 10y S)Sa1Je 1SI1J UL S8SEaIIU|

SN 8UILBJ0D Ul 8SLa10Ul
Jlesan0 i Bunynsas ‘asn
3UIBD09 30R10 BAIS|INAWO0D

s)Nsad urejy

ewines|
urelg woly

pue sadualajuod

1e payolfos
oeqpaad .

sueIOIUND

pue s1ayoIeasal
UM SMIIAIBIU| .

1S 801440 J0Inoasold

pue S312O0APE WIIOIA 32UBJOIA

211S3WOP YIIM SMBIAIBIU|

V/IN

ssaooad A1o1edidnied

welbelq

Jepow
pazAjeue
pue pa1sal

|lapow
pazAeue
pue paisa )

(s)1001
SolwreuAp
wa1sAs

sa[eas ajdijnwi
ssoJoe ABojowoldwAs
pue ABojoisAydoyred
uoISSNIU0I
Burouanyyui

S3|qeLIBA UBaMI]
sdiysuoirejas 101dag

90UB|0IA
anisawop Joy saoijod
1s8.1e Alorepuew

30 uoneuswa|duwi
Jaye sisaLre

wnaiA Buisealoul

10 So1WRUAp 3y}
BuiALp swisiueydaw
BuiAiepun

10 uoljeue|dxa

Ue apIn0id

A)dyeS WNOIA

pue Al1[10eIUN0JE
Japuayo Buinoidwi
UO SUORUBAJBIUI
Aunwwod

83y3 Jo Buiwn ayp
10 193)48 8y} arenjens

|apow o asodind

Ainlur ureaq
anrewnes |

30U3J0IA
ansawoq

30UB|0IA
ansawoq

oidol Aunfuj

[28] 8102
“[e 19 a1zuay

[9s] 6002 “Ie
19 puBWAOH

[ss]
600 ‘piod
79 PUBWAOH

uonend

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2020 June 15.

in

available

Curr Epidemiol Rep. Author manuscript



Page 19

PMC 2020 June 15.

In

available

Curr Epidemiol Rep. Author manuscript

Naumann et al.

Ainfursijooig
10 UOIUIBP MOLIEN .
suolreNwI|
Aurepaoun
olsweled pue [eanjonns
10 sasAjeue AlAnISUsS .
(.S1aquinu Ut
Kiajes,, 69) euswouayd
Aoy Buijspow sBuines
0} yaeoudde paouenN . 1500 |[2J9A0 YIIM ‘OM] slapjoyayels
3y} JO UOIRUIQUIOD B Jo/pue paloa|as
mmmwmw\wwmm_wu%%m ‘speol Bulurejdxa-4|as yum sdoysyIopn .
‘apajmous Japjoyaxers ‘saue 8j2Ao1q payebaibas Jo .
uoleIuaWa dwI YUM Ind20 (o1
5 pauIquios :mot Kew ayes Anlur 11194019 ‘JusLuuIBN0B
sbpajmoxy psnoldul] ‘ u1 aseaoap paroslold [€30]
'S9SS8UISN( [B20]
S3W02N0 :
Japowl ayy 03 Huiplodde s1axewAorjod
sdninw patesodioou ° ‘a1el Ainfui 1s119401q 1iodsues)
forjod podsues 3} Ul SUOIdNPaJ Ul }Nsal [euoifial ‘salfiwey A2 pareuiwop
A1) JO JUBLUSSASSE 10U Aew pue sjebiel sy awooul Moj) -Ied e ul Bunnwwod
" paresBaul isii4 . 193w 0} A|1jun s1 ABajens slapjoyae:s Jepow 8]9A21q asealoul
T iomiaN BuiaA) jeuoifiey 10 A1aLien pazAjeue 03 sa1o1j0d aA198Yd Ainfuroigen | [8s] ¥10Z “Ie
syibuans pauueld Ajjuaind ay L . B UM SMaIAIBI| . pue paisa] -1500 aAl are[nwiS | peod 1sijoAdlg | 18 ue|IARIN
awn
130 3INJONIIS WAISAS Ul
sabueyo 1o1dap Jou seop
pue anels s1 weibeiq .
FATERITTREDS
191 p|iW 7 UoISSNIUOI
01 youeasal Aunfui
ureiq dllewnes) pauiap
A|peolq Jo aouens)al
Buipsebal A1ied Jo 3oe .
a|qelren
1uens|al AJaAs apnjoul
10U S30P puE W Ul
jJutod 8UO e WaASAS € Jo
Buipuelsiapun ,siajapowl
10 uoneussaldal
e s1 wesbeiq .
‘suoeNwI A1ano2al
UOISSNIU0D dYeM (198} Aew
ainyesay| SUOIIUBAIBIUI JUBWIED} wniJosuo)
10 Malnal ybnoloy | . pue ‘uoneidepe ‘Buido) paseq-adusping
(s)1001
(saoyane Ag pajou se) solweuAp
suonewi| pue syibuaais S)nsal urey ss300.4d A10yedidnaed walsAs Japow jo asodand a1doy Aunfuy uoneND

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript



Page 20

Naumann et al.

slapjoyaxels
0 abuel apim e Jo
anndadsiad pajuasalday

abelanod

BIpaW pue sanijele}
151194219 UsaMIaq
diysuorrejas ays Jo 10adse
3UO0 Uo pasnaoy AlUO

abelanod
BIPaW JO 3U0) J0
1X3JU0J BUILEX® 10U PIQ

saunfui 1119401
[exey paulwexa AJuQ

Jadedsmau

Jund JO 8pISINO N30
Aew saniferes Buijokoig
01 911gnd Jo ainsodx3

abeIan02 eIpBW BUIWEXD
01 A119 yoea ul Jadedsmau
auo pasn A|luo

uoneaynuenb

syoe| Ajjensn Jeyy

Japow @s u1 diysuoneyal
OAIEl[eNnb,, © paulwex3

dnoJb jo13u0d se sanifere}
1s119A2J010W J0 3sM

(sapeaap omy) porad
awn Buo| pauiwex3

abeianod eipaw
01 SaYse.d d1jel) peol
30 spJ02al 821j0d paquI]

BuijoAaiqg Jainwiwod

40 WU Anjerow
9]ewW11salan0 Aew [apow
Ul pasn salpnis 10Yod
woJj SYSH aAIe|aYy

:syibusng

‘suoneWI

:syibuans

alnonanselyul
anoldwi oy [jim eanijod
$3sBaIoUI SIS119A21q

10 Jaqwinu Buisealou|

suonpuod BuroAolg
panoidwi Joy Bulubredwes
S3[01Me Ul 85ealoul

01 pea| Aew sanijere}

10 9beIBA02 pasealau]

Ayuomsmau,,

2I0W aWesaq

Bu1joAaig se paseasoul
BIPAW Ul P3IAA0J Sallljele)
ng ‘ajgels paurews
Salli[ere} ‘pasealoul

sdiy Buljakoiq sy

Aunwwod
‘yateasal)
sI1ap|oyaxels
10 A1aLien

B UM SMBIAIBI| .

VIN

wesbeiq

uolissaifal
Buisn
sdiysuorrejal
as
pazisayiodAy
‘a1y109ds

10 sisAjeue
‘welbeiq

(s)1001

9110 Uequn €
ul yodsueay burjoAoig
U1 SaSealoul paureIsns
Buinsiyoe Joy

sa19110d 8A119343 U0
juswaaibe dojanag

sayseld
J14Jel) peos pareal
-BuioAaiq Jo abesanod
rIpaw pue BuipAalqg
10 dousenaid

ay} ul sabueyd
usamiaq diysuonejal
ay aulwex3y

Ainlur oiyen
peou 1s1j94Aa1g

Ainfur oigen
peou 1s1194019

[09] 2102
209P0O
® Ue||INJeN

[65] 9102 “I2
19 UB[IINORIN

PMC 2020 June 15.

in

available

Curr Epidemiol Rep. Author manuscript

(saoyane Ag pajou se)
suoneywI| pue sylbusiis

SolwreuAp

S1|NsaJ Ule\ ssaooad A1o1edidnied wasAs Japow Jo asodind oidol Aunfuj uoneud

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 21

Naumann et al.

Anigezijessush
anoiduwil 03 SIX83U02
210W 0) PUBIX3 0} PAdN

sdiysuorrejal Jo
195 adwis pue sa|qelsen
10 18s snojuowissed pasn

Aupifen jspow
J0 Juswissasse yBnoioy |

sdiysuoirejal
Jeaulj-uou payesodioau|

pajels suoN

saunseaw
3Wo21no 4o abuel peoig

salnseawl
anndalqo pue aanaalgns
10 uoleUIqWoD

SaWo9N0
10 abuel e pue BuijoAoig
10} a1monisesgul
u?amiaq sdiysuone|al
Buizifensia 1o} 1001 Aoy

paisal

80 0} paau [|13s ‘elep
Bunsixa Aq paoipenuod
aq Aew sdooj oeqpasH

Anigezijessush
anoiduwil 03 SIX83U09
210W 0) PUBIX3 0} PAdN

Bulures|

dnoif pue uoiesIaAu0d
Aseurndiosipsuesy

10} pamo|e sdoysyIopn

‘suoneWI

syibuans

‘suoneWI

syibuans

‘suoneNWI

(saoyane Ag pajou se)
suoneywI| pue sylbusiis

SaI119 1S0W U1 pajuanaid syyesp olen
peol Jo uoiodoud 1sebie| ul paynsal
(uodsuely aAnoe 7 1odsues) ssew

0} Paz1I0JOL [BNPIAIPUI WO.Y) UOKNQLISIP
apow uodsuel) abueyd pue si

apow [aAeJ} 9Inpai 0} Ad1jod paulquio)

SaInseall [aA3]-eale pue -[enplAIpUl Jaylo
pue ‘(U0I193UUOI [RIJ0S) SBLIOINO Yjeay
[eJUBIUOIIAUS pUB [e190s ‘(uonnjjod Jre
‘Aianoeul [eaisAyd) si1o3oey ysul ‘(Ainful
‘sajaqgelp) sawooIno yijeay eaisAyd
papn|oul painseaw aq 0} SaWoNQO

sdooj >oeqpasy weibelp

U1 S8oUaJayIp ajgelou

pasned Sailo € 8y SSo1oe

S3OUBJIBYIP B4NJoNJISeIUI
pue o1ydelbowsaq .

syreap pue saunful 8npai

BuijoAaig Buizijewsou
pue . siaqunu ui A1ayes,, .

s)Nsad urejy

slauonnoeid pue ‘siayewAoljod
‘s1aydJeasal wody Indu|

V/IN

S1ap|oyaxels
paloa|as

yam sdoysyIopn .
(019
‘preay ‘Aoeaonpe

ssaooad A1o1edidnied

|lapow
pazAeue
pue paisa )

welbelq

(s)1001
SolwreuAp
wa1sAs

sanio 9

ur yyeay aziwndo yeyy
wialsAs podsuely/asn
pue| 3y} JO sainyeay
ay} Jo Buipuelsiapun
Ue aulyay

Apnis uonuanaul
aInIny e Ul 3oel) 0}
S3WO09IN0 3y} Wojul
01 2Jnon.iselgul
BuroAoig pue Bursjem
pue [9ABI} BA10E
uaamiaq sdiysuone|al
ayy Joy A1oayy

lesnea e dojanaQg

|apow o asodind

Ainluy
Jlyyel} peoy

Aanlur oien
peou 1s119A01g

oidol Aunfuj

[z9] sTOZ “IB
19 3IN|DIN

[ta] 8107 ‘10
18 Ue|[IAOBIN

uonend

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2020 June 15.

in

available

Curr Epidemiol Rep. Author manuscript



Page 22

Naumann et al.

PMC 2020 June 15.

in

available

Curr Epidemiol Rep. Author manuscript

sJajeweled sypesp
awios Joj poddns 3S0PJANO [[EJaN0 39NPal
[eanidwia Jo o] . 10U PINOM INQ ‘8SOPIBAD
. JeuonuaUIUN WO} Syresp
‘suonEnwn Jasn Jeaipaw o uoniodoud
80NpaJ PIN0J SUOIIBINLIOY
SY1eap asopJano
Syjeap asopJano pioido juelsisal . _
u_m_%wo moﬂse -1adwe} aAoaya AlybIH Ew_oF__muomeMz%HM
a1dninw paulwex3 . swaned " " un asealoul ay
sdoo| oeqpasy ured 01U0JYD 0§ JudWIERS ssalppe 0} saibarens
pUE SUOII3ULIODIBIUI [eannadeweyd o} sseode uonaIppe Bnip uonebniw Buienjess
x31dwod paziubossy . Bunoaye Ajasianpe Inoyum pue ‘uoIsIaAIp Bnup ‘Juswieas) Japow J1oy yoeouidde paseq
’ SY1eap asopJano aziwiuiw uted 21uoJyd ‘Burjapow As pazAjeue uoreINWIS ‘[aA3] asopsano | [#9] TTOZ “IB
:syibusng 01 3IN21YIp aq AeN ul spadxa Jo [aued wouy Indu| pue paisal -WalsAs e ayesn||| proido 19 pue|aeM
Alpgezijessusb
panwi Ajfenusiod .
SUOIIUBAIBIUI
jueniodwi Ajjenusiod
10 39S paywi| e ale
Japow ojul pajesodiodul
SUOIUBAIAIU] .
|apouw ayeiqifed
0] pasn ejep ul apIoINs
10 Bununoo-iapun .
Aueas yo uoneoysidwis .
‘suoleNwI]
SOLIRU3DS
JuaJaylp Bunse) Joy
a11qnd 0} 3| fene [3pOIA .
1001 Lioddns-uois1oap
|ngasn e padojaneg .
SaIIUNWWIOD
I 1u wMMm %%\_meﬁ_wm . pue siaxewAdijod Joy
i : 1001 Lioddns-uois1oap
spuaJ} apIdIns e dojanap pue
Buijapow o1 yaeoudcde salfajess uonuanaid
snoJoBi Ajeanewsyiey . 9pIdINS ul suononpal lspow 9pIdINS JusLINI
’ i 1saf1e] Ul pa)nsal aJediale PareulIpIo00d pazAeue J0O UoIleUIqWIOD B [e9] 2TOZ
syibuans pue Bujurely Jauonoeld [eJausD V/IN pue paisal | Jo syoedwi arebnsanul apIoIns ““Ie 10 abed
suoseal Jo A1aLien
® 10} [9pOW 8y} Wouy
paniwo sa|gelten awos .
(s)1001
(saoyane Ag pajou se) solweuAp
suoirenwi| pue syibusiis S1|NsaJ Ule\ ssaooad A1o1edidnied wasAs Japow Jo asodind oidol Aunfuj uoneud

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 23

Naumann et al.

uonnjos
|eanAjeue ou aney eyl
sdiysuorrejal yeqpasy

xa|dwod pajejnwis

J01ARY3Q X8]dWo9 218810
ey} sdooj oeqpasy

pue sassado.d BulAjiapun
urejdxa djay 01 walsAs
3y} JO aInjoNAs ay}

10 M3IA peoiq PapInOId

a|qIsea} sI asnge pue
uoisianip Bnup jo Aloayy
19A3]-Wa1sAS [[eIano

JO UO17810 Jey) 80UspIAT

(ured anoe jou) Ajuo
ured 9JU0JY UO PasNI0H

SpuaJy Je|noss
10 JUBWIRa) 0] Paje|al
sa|geLIeA apnjoul 10U pId

asn uroJay Jo Bnip
-Ajod auiwexa jou piIg

30UBPING
10 9| 01 8nNp Papnjoxa
sa|qeLieA Juenodwi
Alrenusiod swos

sJg)aweled
awios Joy poddns
[eonidws Jo xoe

S|apou [euonIppe
10} UOIEPUNOY PBPIACI]

Aja1enaoe

paleIqIed Usaq aAey Jou
Aew pue e1ep [eaLolsly
yum ubife Jou pip [3pON

syibuans

‘suoneNwI

syibusng

(saoyane Ag pajou se)
suoneywI| pue sylbusiis

syresp
9SOPJaN0 Ul Uo1IdNpal 1sayeal ul paynsal
(suonduiosaid sanoya) Jo Burteys Buionpas
pue sjusAa xaeq ae} Bnip ybnoayl
Alpgejrene Buinowal) suonuaAlaul
Ajddns Burleys [ew.ojul pue suole|nwLIO)
Bnup Juelsisai-1adwie) Jo uorreuIquwo)

saidelay}

le1oiauaq Ajjenuaod

paiuap Buiaq swuaned ured

21U0JYD Ul 8SeaJoUl Ul }NSal

ose ybiw suonuanIdul
18n8]-18q149s31d ‘19AaMOH .

uoIeanpa |ans|-1uaned ueyy

Ssyyeap asop.ano pioido

uonduosaid Buionpal

Ul 3A1108J3 210 Sl
UOIBINPS |9A3]-18q119S3ld .

11 paau Aew

OYM 8SO0U} 10} JuBWIILa.)

pioido 0} ss829€ 8INnpal

PIN0J INq SYIeap asopIano

JeuonuaUIUN JO JaguINU

12101 92npai Aew swelboud
uoIeINPa UEIdISAYd .

s)Nsad urejy

SOILWOU093 pue ‘yieay a1jgnd
‘asnge aouelsgns ‘Ajigel] asnge
|eannasew.reyd ‘auidipaw ured
ur abpajmouy yam siauonioeld
PUE SJ3Y2JBasal YNM SMaIAIBIU]

asnge
pue asn pioido uondiiosaid pue
Aaijod ur spadxa woly induj

ssaooad A1o1edidnied

|lapow
pazAeue
pue paisa )

Japow
pazAjeue
pue paisa]

(s)1001
SolwreuAp
wa1sAs

SUOIIUBAIBIUI
apis-Alddns ¢

YIIM uoneluswiiadxa
MO][e pUe yjeap
3SOPJAN0 pue ash
proido uonduiosaid
[ealpawuou

01 3INQLIIU0I

ey} sassadoid
BuiAsepun pue
suonoesaul xa|dwod
ay} Jo Buipuelsiapun
asealou|

SY1eap asopJano
proido uonduiosaid
UO SUORUBAJBIUI
uoIeINPA 931U}

10 10948 8y asedwo)

|apow o asodind

9s0pJano
proido

9SOPJaA0
proido

oidol Aunfuj

[99] sTOZ
‘118ss199
9 ‘UssIaIN
‘pue|aEM

[s9] €TOZ “[B
19 pue|a e

uonend

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2020 June 15.

in

available

Curr Epidemiol Rep. Author manuscript



Page 24

Naumann et al.

PMC 2020 June 15.

in

available

Curr Epidemiol Rep. Author manuscript

(ured anoe j0u) Ajuo
ured 91U0JYD UO Pasna0S .
saAiow yiyoud
10 10edwi pajelahibexs
aney Aew yorym
Burreys [euosiadiaui
03 pasoddo se Buryolen
Bnip uo pasnao4 .
sJg)awesed
awos 1o} yoddns
[eduIdwa JO X2 . 1swssasse Aoljod paoueeq
. e apinoid 0} papasau
:suoneNWI
ale soLjaw a|din suonuanIaul [enusjod
abesans) 10 103)48 3y} arenjens
SY1eap asopJano 91qe3pISU0D BTEAISUOWIAP pue ‘syyesp asopJano
proido Jo soLaw swiebo.ad Burionuow Jeuonusjuiun
ajdnnw pauiwex3 . Brup uondudsaid pue asnqe ,,co_ma>__o
puewsp pue p ucm mm: [ed1pawLou co:mwm_mw%&%mcmm%&
. o0 Ayeindod ur uononpa !
Ajddns yioq uo pasnaod 4 _ Pay 1noge A10aL Buniom
e]ep Panlasqo spioido uondiiosaid Jo B 9Jeald ‘asnqge [29] 9TOZ
yNM pauBife [9poN . asn [eJIPAIUOU Ul 8SeaJaul Japow Bnip uonduosaid ‘IpIwyYdS
’ ’ 0] PaINQLIIU0D A8 S10108) pazAjeue 10 Buipuelsiapun as0pJano 79 ‘Uss|aIN
syibusng puewsp pue Ajddns yrog Jaued padxa woly induj pue paisal asealou| proido ‘puejadeM
pazijeal A||ny aq 0}
108449 10Y09 10} ybBnous
Buoj Jou awelyawn
1oys e pajenjens .
sJg)aweed
awos Joj woddns
[eouidwa Jo xoe .
:suoneNwWI
abpajmou ui sdef
ssasse 0} Anunuoddo
ue papinoid |apow
Hunoniisuod Jo ssad0ld .
(s)1001
(saoyane Aq psiou se) SolwreuAp
suoirenwi| pue syibusiis S1|NsaJ Ule\ ssaooad A1o1edidnied wasAs Japow Jo asodind oidol Aunfuj uoneud

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 25

Naumann et al.

5100} UO-spuey ‘quaiedsuesy yum Bupfew-uoisioap Adijod poddns .

spuas Ainfur BuiAlp sainonus walsAs BuiAjiapun jo Ajigezijelaush ayy abesana .

SUOIIUBAIBIUL pUB Sa19110d JO S108448 eam Jo papuaiuiun alojdxa pue aziuboday .

uoleuaWadwI UonuUaAIaIUL Jo Bulwil 8y} J0) JUNOJDY .

syoapely Buriapisuod pue suondo Buiybram ur Aouasedsuel) Buliglsoy ‘solIBW pue SawoaInNo ajdilNwW Uo S}9a)a UoKUaAIaIUl pue Ad1jod o) JUnoJdYy .
ydJeasal aoueApe pue sdeb abpajmou pue erep a1epion|a 0} Wajqoad [aAs)|-1} N ‘Xa|dwod © JO YI0MaWEeI} PalIuN pue UoISIA paleys e dojanag .
suonnjos BuiAynuapi pue sasned Buipueisispun ul ‘suoneindod pazifeulfrew Apusnbaiy Ajje1dadss ‘siapjoysyess [eanno abebug .

S21pNIS pPamalAal 8T Ul paleisuowiap se ‘aanaeid pue yaieasal uonuanaid Linful doy sayseoidde sorweuAp walsAs Buisn Jo sebeiuenpy

Author Manuscript

¢31avil

Author Manuscript

Author Manuscript Author Manuscript

Curr Epidemiol Rep. Author manuscript; available in PMC 2020 June 15.



	Abstract
	Introduction
	Methods
	Search and Study Identification Strategies
	Definition of Injury
	Abstraction

	Results
	SD uptake, topics covered, and geographic scale/context
	Multidisciplinary involvement
	SD tools applied and findings elicited
	Primary strengths and limitations

	Discussion
	Engage critical stakeholders, especially frequently marginalized populations, in understanding causes and identifying solutions.
	Develop a shared vision and unified framework of a complex, multi-level problem to elucidate data and knowledge gaps and advance research.
	Account for policy and intervention effects on multiple outcomes and metrics, fostering transparency in weighing options and considering tradeoffs.
	Account for the timing of intervention implementation.
	Recognize and explore unintended or weak effects of policies and interventions.
	Leverage the generalizability of underlying system structures driving injury trends.
	Support policy decision-making with transparent, hands-on tools.
	Limitations of review
	Conclusions

	References
	FIGURE 1.
	TABLE 1.
	TABLE 2.

