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Abstract 
Post-traumatic stress disorder (PTSD) stands out as a major mental illness; however, little 

is known about effective policies for mitigating the problem. The importance and complexity of 
PTSD raise critical questions: What are the trends in the population of PTSD patients among 
military personnel and veterans in the postwar era? What policies can help mitigate PTSD? To 
address these questions, we developed a system dynamics simulation model of the population of 
military personnel and veterans affected by PTSD. The model includes both military personnel 
and veterans in a “system of systems.” This is a novel aspect of our model, since many policies 
implemented at the military level will potentially influence (and may have side effects on) veterans 
and the Department of Veterans Affairs. The model is first validated by replicating the historical 
data on PTSD prevalence among military personnel and veterans from 2000 to 2014 (datasets from 
the Department of Defense, the Institute of Medicine, the Department of Veterans Affairs, and 
other sources). The model is then used for health policy analysis. Our results show that, in an 
optimistic scenario based on the status quo of deployment to intense/combat zones, estimated 
PTSD prevalence among veterans will be at least 10% during the next decade. The model 
postulates that during wars, resiliency-related policies are the most effective for decreasing PTSD. 
In a postwar period, current health policy interventions (e.g., screening and treatment) have 
marginal effects on mitigating the problem of PTSD, that is, the current screening and treatment 
policies must be revolutionized to have any noticeable effect. Furthermore, the simulation results 
show that it takes a long time, on the order of 40 years, to mitigate the psychiatric consequences 
of a war. Policy and financial implications of the findings are discussed. 
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Introduction 
Post-traumatic stress disorder (PTSD) stands out as a major mental illness, and is becoming 

a serious public health challenge. Currently, more than two percent of the US population (about 
7.7 million people) are known to suffer from PTSD, and eight to nine percent of the US population 
reports experiencing lifetime PTSD [1]. In the military context, it is estimated that 11% to 20% of 
US military personnel who served in Iraq or Afghanistan have diagnosed or undiagnosed PTSD 
[2].  
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PTSD is the result of experiencing a traumatic event during the war such as combat, or a 
non-war traumatic event such as a terrorist attack, family violence, sexual assault, or serious injury 
[3]. Although the majority of PTSD cases in the US are caused by non-combat trauma [4, 5], the 
lifetime prevalence of the disorder is higher in combat-exposed cases [6]. PTSD is highly comorbid 
with other psychological effects or mental illnesses that can occur following trauma, including 
depression [7, 8], anger and violence [3], guilt and shame [9, 10], substance abuse [11, 12], and 
suicidality [13]. Individuals with PTSD continue to experience the psychological effects of trauma, 
including re-experiencing symptoms, avoidance of similar stimuli, negative cognition and mood, 
and increased physical arousal, long after being removed to a safe environment [14]. They may 
also suffer a wide range of consequences of revealing their problems, such as a higher likelihood 
of losing jobs or being discriminated against in the workplace, social exclusion, lower income, 
difficulties in renting residences, exclusion from social communities, legal difficulties [15, 16]. In 
addition to the patients themselves, family members, friends, community members, colleagues, 
and employers are also indirectly affected by PTSD. 

Despite the importance of problems related to PTSD among US military personnel and 
veterans and recent improvements in diagnosis and treatment of the illness [17, 18], little is known 
about effective policies for prevention. Purtle [19]) noted that ‘PTSD policy research’ is 
undeveloped, although knowledge about PTSD has grown over the last four decades. We believe 
there are three major barriers to developing effective policies:  

- PTSD is a multi-organizational challenge [16]. In simple terms, patients’ family 
members, employers, colleagues, communities, and neighborhoods are often involved 
in cases of PTSD. At the macro level, larger entities such as the military, the healthcare 
system, the Department of Veterans Affairs (VA), and government organizations are 
concerned and involved with the problems of PTSD. These stakeholders have different 
preferences and incentives. Focusing on one organization or a specific stage of patients’ 
lives can result in shifting the burden to another organization rather than addressing the 
main roots of the problem. Most past policy studies of PTSD have focused on one 
sector, usually a single organization, and have not studied the consequences of the 
policies on other sectors.  

- Similar to other dynamically complex problems, there are long delays between causes 
and effects—e.g., the interval between trauma exposure and diagnosis is delayed as a 
result of various barriers to entry into the mental health system—making current 
policies inadequate or ineffective.  

- While there has been increased attention in the literature, there are still uncertainties 
about the prevalence of PTSD. Moreover, the performance of screening procedures and 
the accuracy of diagnosis are questionable [20]. For instance, screening procedures are 
usually self-reported surveys, and subjective answers can suffer from errors or be 
intentionally under-reported to avoid social stigma of the illness or exaggerated for 
secondary gain motives (e.g., disability compensation) [16, 21]. The effect of social 
stigma in the screening procedures is particularly important. Research shows that 
patients suffer a wide range of consequences of revealing their problems, such as a 
higher likelihood of losing jobs or being discriminated against in workplaces, lower 
income, difficulties in renting a residence and exclusion from social communities [15]. 
Consequently, the perception of possible discrimination and other consequences of 
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being labeled as mentally ill can affect the behavior of individuals going through the 
screening process.  

Therefore, the importance and complexity of PTSD raise critical questions: What are the 
trends in the population of PTSD patients among military personnel and veterans in the postwar 
era? What policies can help mitigate PTSD? What are the healthcare cost implications of potential 
policies? Furthermore, research shows that the complexity of a dynamic problem such as PTSD, 
which includes potential delays between causes and effects, is beyond the understanding of the 
human brain [22, 23]. From this complexity emerges the use of systems science and simulation-
based policy analysis [24, 25], particularly system dynamics modeling [26, 27]. While systems 
models of different health-related problems have been developed [28-32], this study is the first to 
develop a system dynamics simulation model of PTSD, a model that includes both military 
personnel and veterans in a “system of systems”—a novel aspect of this study. 

The military and VA have different purposes and functions, while the bigger system (the 
system of systems) is expected to have one general health-related objective which, presumably, is 
to improve the health of its members (i.e., military personnel and veterans). However, because the 
military and VA are embedded in the larger system, some of policies implemented in one of these 
two sub-systems may have positive ‘local’ impacts but create further problems in the larger system. 
Many policies implemented at the military level will potentially influence (and may have side 
effects on) veterans and the VA. This is mainly driven by the ‘interconnections’ between the two 
sub-systems as well as ‘feedback delays’; together, these increase complexity and create 
unexpected consequences over the long haul, such that by the time a problem becomes apparent, 
it might be unnecessarily difficult to solve. Without the systems-thinking lens, the behavior of the 
system of systems can jump without warning into a kind of mode that not only was not seen but 
also was not expected before (for more discussion on systems thinking, see [33]). 

The systems approach in this study helps hone understanding of the parts of the system of 
systems and consider interconnections between them, and allows us to ask “what-if” questions 
about possible future behaviors and consequences of current policies. This analysis helps us project 
multi-year consequences of PTSD workloads and costs under a wide variety of what-if scenarios, 
ranging from those largely outside the control of the PTSD system, such as the intensity of 
engagements in future wars, to those under the control of the PTSD system, such as increasing 
resiliency to PTSD and the use of improved screening or new evidence-based treatments.  

To deduce how this complex system of systems operates, we studied its components (i.e., 
the military and the VA) and their interconnections, and developed a model that replicates the 
historical behavior of the system of systems. We then use the model to conduct simulation-based 
what-if experiments. The rest of this article presents the data and modeling and the results of policy 
analysis. More detailed discussion about the data, model parameters, formulations, calibration, and 
validation, along with sensitivity analysis, can be found in S1 File.  

Data and Modeling 
We used time series datasets (2000-2014) publicly available from the Department of 

Defense, the Institute of Medicine, the Department of Veterans Affairs, and other sources (see S1 
File, Section 1) to set the base run scenario and fit the model to the data. We also extensively used 
the literature as a source of model parameters (see S1 File, Section 2). Our model generally 
presents the flow of people from recruitment into the military and from military service to the post-
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military stage. The basic structure of the model is illustrated in Fig 1. The model contains two 
major sections (large boxes): military and post-military. Each section has three stages (shown in 
small boxes) connected by nine potential pathways (arrows).  

 

Fig 1. A simplified representation of the PTSD model of the “Military/Post-Military” system 

All six stages have an outflow of death included in the model, but for the sake of simplicity here, they are not shown in 
the figure. Successful treatment rates are illustrated with dashed lines. 

The two major sections of Fig 1, military and post-military, are described below. 

Military:  

First, people enter the military through recruitment (path 1). The model divides people in 
the military into three categories: healthy, ill-undiagnosed, and ill-diagnosed. The majority of the 
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new enlisted are PTSD-free and are in the healthy military category (path 1a); however, there is a 
chance of recruiting people with a history of PTSD (see [34, 35] for more discussion), which is 
captured in path 1b (see Table B in S1 File for more information). We particularly consider path 
1b in the model, because in an effort to hit recruitment targets, the military may lower criteria and 
recruit individuals with pre-enlistment trauma history. One might argue that the actual numbers 
are small, but these individuals can show up as a portion of demand for VA services related to 
trauma, even though their PTSD was not deployment-related. 

Healthy military personnel move to ill-undiagnosed if they develop PTSD as a result of 
trauma (path 2). In this stage, they do not manifest any symptoms of PTSD. Military personnel 
move from ill-undiagnosed to ill-diagnosed when they exhibit symptoms and are diagnosed (path 
3). The population of ill-diagnosed may separate or get discharged, moving to the post-military 
(path 7), or receive successful treatment and move back to the healthy sub-population (path 4). 
However, given the delays between trauma exposure and diagnosis, the PTSD problems may arise 
after the separation from the military (path 6). 

Post-military:  

Military personnel leave the military and become veterans through three paths: healthy 
(i.e., mentally healthy) separation (path 5), separation with unknown illness (path 6), and 
separation or discharge with known illness (path 7). Similar to the military section, we divide the 
population in the post-military into healthy, ill-undiagnosed, and ill-diagnosed. The ill-
undiagnosed veterans move to the ill-diagnosed subpopulation when they are diagnosed with 
PTSD (path 8). Successful treatment in the post-military stage can move these ill individuals back 
into the healthy population (path 9).  

Furthermore, in order to consider the effects of recent and long-term untreated PTSD 
prevalence, the population of diagnosed PTSD veterans is separated into two parts: Iraq and 
Afghanistan, and pre-2000 era veterans (Table A in S1 File).   

The model follows the described structure. For each state variable (box variable, so-called 
‘stock’ variable), the value is mathematically represented by the integration of inflow(s) minus 
outflow(s), following system dynamics method [22]. In each of the nine small boxes in Fig 1, a 
small proportion of the population die; this is included in the model, but for the sake of simplicity, 
it is not shown in Fig 1. Detailed model formulations as well as numbers used in the model are 
fully documented in S1 File (Section 3), and follow the preferred model reporting requirements 
(PMRR), which is a guideline for reporting simulation-based studies (see [36] for more 
information about PMRR).  

 

Model calibration and validation 
The model is calibrated to the data using the partial model calibration method [37, 38], 

through which unknown parameters are estimated; see Section 4 in S1 File for the estimation 
results and more discussion. While the developed model is complex and encompasses various 
details about military personnel, it is still a simplification of reality; as such, it should be carefully 
tested and validated for the purposes of the modeling project. To build confidence in the usefulness 
of the model, we conducted various tests used in system dynamics modeling, such as tests of 
behavior validity [39], unit consistency, and equation robustness in extreme conditions [26]. 
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Moreover, in the formulation of equations, we first tested them against different input values to 
ensure that the logic portrayed in the data was represented [38, 40]. Then we calibrated the model 
to the data. And finally, behavior reproduction tests were conducted to evaluate the ability of the 
model to reproduce key behaviors observed in datasets (such as the trends of PTSD patients in the 
military, combat-related PTSD diagnosis rate in the military, PTSD patients in VA facilities, PTSD 
diagnosis rate in VA facilities, pre-2000 veterans with PTSD, Iraq and Afghanistan veterans with 
PTSD, PTSD costs in the military, and PTSD costs in VA facilities), which helped build further 
confidence in the model’s usefulness [41].  

Various sensitivity analyses showed that simulation results are relatively robust for 
considerable changes in estimated parameters, assumptions in the model, and data errors (i.e., 
some inconsistency among various data sources). For more information on model validation and 
sensitivity analysis of the estimated parameters, see S1 File, Section 5.  
 

Policy Analysis Results 
Our policy analysis results are divided in two sections: First, we discuss the effects of future 

engagements in wars; second, we present the effects of improvements in diagnosis, treatment, and 
prevention in the military, and study their consequences not only on the military but also on the 
VA and the total system. To distinguish these policies in the following sections, we call the future 
engagements in wars “scenarios” and the improvement interventions “policies.”  
 

Scenarios based on future engagements in wars 
We consider three scenarios for future engagements in wars:  

 Scenario 1: Minimum deployment to intense/combat zones (1% of military personnel); 
this was the status quo in 2014 (see Figure A in S1 File for more information);  

 Scenario 2: Twice the current policy, i.e., 2% deployment to intense/combat zones.    

 Scenario 3: Significantly larger than the current policy, i.e., 5% deployment to 
intense/combat zones. 

As a baseline for comparison, from 2001 to 2014, on average, 6.6% of US military 
personnel were deployed annually to combat zones, a rate that reached a maximum of 10.8% in 
2008. Fig 2 presents the base run simulations of the model for diagnosis rate in the military through 
the historical period, starting in 2000, and then in the future through 2025. In addition to simulation 
outputs, historical data (2000-2014) is also presented in Fig 2; it can be seen how closely the 
simulated results are a fit with the historical data.  

Fig 2-A depicts the diagnosis rate in the military, which is annual new cases. As the figure 
shows, the number of new cases of PTSD has been declining since 2013, which is mainly due to 
the decreasing number of troops in Iraq and Afghanistan in recent years. The future trend, however, 
is very sensitive to US involvement in future wars, represented by the three scenarios. As depicted 
in Fig 2-B, the population of people with PTSD in the military significantly declines over time, 
reaching 28,000 in scenario 1 and 36,000 in scenario 2in 2025. In scenario 3, PTSD prevalence in 
the military increases greatly; diagnosed cases are estimated to be 58,000. Fig 2-C presents the 
PTSD population among veterans. Overall, the population of patients among veterans declines 
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very slowly in comparison to the military, since people remain in the post-military stage for a long 
time (basically until death). Despite decreasing deployments, new cases will be diagnosed every 
year among veterans, because there is a delay between symptom onset and presenting at a clinic 
for mental health services, revealing the long-lasting effects of wars. Under scenario 3, which 
assumes more US troop involvement in future wars, the population of patients among veterans 
stays relatively constant at around 600,000 over the next decade.  

 

Fig 2. Historical data vs. simulation results, and scenarios based on future engagements in wars 

(A) Diagnosis rate in military [new cases per year]. (B) Diagnosed cases in military. (C) Diagnosed cases 
in veterans 
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We also conducted two additional analyses with the model: annual costs of PTSD and the 
delay in mitigating the psychological effects of a war.  

 

Annual costs 
Fig 3-A presents our estimation of direct annual costs of PTSD for the military and VA 

healthcare systems (based on the dollar value in 2012). Cost estimation was performed based on 
the assumption of constant costs per PTSD patient in the military and VA over the next decade. 
Average cost per patient was extracted from a 2014 report by the Institute of Medicine: $4,500 and 
$6,244 per PTSD patient in the military and VA, respectively [20]. Accordingly, in scenario 1, 
estimated healthcare costs for the military and VA were $125 million and $2.95 billion, 
respectively. In scenario 2, these estimates rose to $164 million for the military and $3.15 billion 
for the VA. In scenario 3, the estimates reached $264 million for the military and $3.63 billion for 
the VA.  

 

Fig 3. Cost projection and inertia analysis in the military and post-military systems 

(A) PTSD health costs in 2025, based on the dollar value in 2012. (B) A counterfactual analysis to 
measure the effects of a short-term war (between years zero and five) on PTSD prevalence in the military 
and among veterans. 
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Delay in mitigating the psychological effects of a war 
The simulation runs discussed above captured various factors that occurred during the 

period 2000 to 2014. Here, we ran a counter-factual simulation from a steady-state condition, 
presented in Fig 3-B. The purpose of this simulation was to analyze the inertia in the system and 
measure how long it takes to mitigate the effects of a hypothetical 5-year war with 10% troop 
deployment (around the maximum deployment in Iraq). We used the estimated parameters from 
the model, but isolated all exogenous variables (i.e., variables assumed to change from outside our 
model). The results, presented in Fig 3-B, show the long delay in mitigating the psychological 
effects of a war. Controlling for treatment, screening, and training policies, Fig 3-B shows that it 
takes about 40 to 45 years for the veteran population to become PTSD-free. This represents the 
long-lasting effects of a war. Furthermore, Fig 3-B shows that the peak for the PTSD population 
among veterans emerges about six years after the war ends, and the PTSD population is much 
higher among veterans than in the military.   

 

Interventions based on diagnosis, treatment, and prevention 
Similar to most other health interventions, our policies focus on improving diagnosis, 

treatment effectiveness, and prevention. We also had a base run scenario—without any 
interventions—considered as control group. The overall goal in this section is to study how policies 
implemented in the military will affect not only military personnel but also veterans and the total 
system.  

In Policy 1, improving diagnosis, the focus was on screening. We formulated this policy 
by doubling the screening sensitivity in the military (i.e., the annual rate at which undiagnosed 
PTSD is diagnosed). Given that there is no data on how many military personnel have PTSD and 
are undiagnosed, we estimated the rate at which undiagnosed military personnel are diagnosed 
through model calibration. In a nutshell, the rate of diagnosis during service (people/year) is a 
product of the fractional rate of revealing symptoms (a constant coefficient, estimated to be 
0.043/year) and the population of ill-undiagnosed military members (a dynamic variable, unit: 
person); see S1 File for more information about the formulation, estimation, and sensitivity 
analysis on the estimation. In this policy, the fractional rate of revealing symptoms is doubled, 
representing higher speed of diagnosis, and the effect is analyzed.  

In Policy 2, the focus was on improving treatment, and we tested the effects of doubling 
the successful treatment rate while PTSD patients are in the military. Despite the increased 
attention in the literature, lack of comprehensive outcome data on treating combat-related PTSD 
[42] and high heterogeneity among different findings [17] are still significant challenges. We 
therefore estimated the successful treatment rate through model calibration. The rate of successful 
treatment (people/year) is a product of fractional treatment rate (a constant coefficient, estimated 
to be 0.125/year) and ill-diagnosed military members (a dynamic variable, unit: person); see S1 
File for more information. In this policy test, we doubled the fractional treatment rate, and the 
effect was examined.   

In Policy 3, we tested the effects of improvement in PTSD prevention. This policy 
represented effective training programs that might improve the resilience of military personnel to 
PTSD (i.e., the ability of individuals to maintain a stable equilibrium, which can be achieved 
through psychological pathways such as hardiness, self-enhancement, repressive coping, and 
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positive emotion—see [43] for more discussion on each pathway). It should also be noted that non-
psychological factors, such as genetic and neurobiological dysfunctions; are also dimensions 
which affect resilience [44]. Overall, we formulated Policy 3 by decreasing the average likelihood 
of getting PTSD after trauma. We formulated a condition where resiliency to trauma was doubled, 
meaning that the chance of developing PTSD after experiencing trauma was halved (the base 
likelihood of 17% [45] is considered in our model).  

In Policies 1-3, a single model input was changed and model outputs were analyzed 
accordingly; however, we tested all combinations of these three policies, which created four 
additional policies (i.e., Policies 4-7, see Table 1). It should be noted that our model is fully 
reported (see Supporting Information), and if future researchers find different base line values 
(e.g., a different base line value for the average likelihood of developing PTSD after trauma), or 
prefer to test different changes in the base line (e.g., instead of doubling the resilience rate to 
trauma, increase it by 50% or so), they can simply implement the changes in the model, run the 
simulation, and observe the results. In order to do this, the model can be run offline using the 
Vensim software program (by Ventana Systems, Inc.) or online without any software requirements 
at http://jalali.mit.edu/ptsd-simulation—the offline version includes more features (see S2 File); 
the online version is developed in a more interactive environment.  

For each sector (military, veterans, and total system), we analyzed Policies 1-7 along with 
the base line vs. the three scenarios of future involvement in wars; therefore, 24 combination model 
outputs are presented. We used two major outputs as policy measures: PTSD prevalence and PTSD 
healthcare costs. Table 1 and Table 2 presents these policy measures for 2025. Table 1 and Table 
2 present PTSD prevalence (%) and healthcare costs (in billions), respectively. Values in both 
tables are color coded to emphasize the magnitude of the numbers and provide comparisons across 
all conditions (darker colors represent larger numbers). Fig 4 also provides a more visual 
presentation of the results in Table 1 and Table 2.  
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Table 1. Simulation results for PTSD prevalence in 2025 for the military, the VA, and the total military-VA 
system under the three scenarios and interventions (Policy 1–7) 

  Military  Veterans 
Total System

(bold values here are red 
dots in Fig 4)

  Scenarios  Scenarios  Scenarios 

  1 2 3 1 2 3 1  2  3

Base run (control group)  6.7  10.5  20.5  9.8  10.2  11.3  9.5  10.2  12.2 

Policy 1 (screening)  6.4  10.1  19.8  9.7  10.1  11.1  9.4  10.1  12.0 

Policy 2 (treatment)  6.4  10.1  19.8  9.8  10.2  11.3  9.5  10.2  12.2 

Policy 3 (prevention)  4.7  6.9  12.9  9.6  9.9  10.6  9.1  9.6  10.8 

Policy 4 (screening and treatment)  5.9  9.5  18.8  9.8  10.1  11.2  9.4  10.1  11.9 

Policy 5 (screening and prevention)  4.5  6.6  12.4  9.6  9.8  10.5  9.0  9.5  10.7 

Policy 6 (treatment and prevention)  4.4  6.5  12.4  9.7  9.9  10.6  9.1  9.6  10.8 

Policy 7 (mixed, all three)  4.0  6.1  11.7  9.6  9.8  10.5  9.0  9.4  10.6 

- Note: See the instructions under Table 2 on how to read the table. 
 
 
Table 2. Simulation results for PTSD healthcare costs in 2025 for the military, the VA, and the total military-
VA system under the three scenarios and interventions (Policy 1–7) 

  Military  Veterans  Total System 

  Scenarios  Scenarios  Scenarios 

  1  2  3  1  2  3  1  2  3 

Base Run (control group)  0.12  0.16  0.27  2.89  3.08  3.58  3.01  3.24  3.85 

Policy 1 (screening)  0.17  0.24  0.42  3.03  3.26  3.85  3.20  3.50  4.27 

Policy 2 (treatment)  0.09  0.12  0.20  2.77  2.96  3.44  2.86  3.08  3.64 

Policy 3 (prevention)  0.10  0.13  0.19  2.81  2.94  3.28  2.91  3.07  3.47 

Policy 4 (screening and treatment)  0.12  0.18  0.32  2.90  3.12  3.68  3.02  3.30  4.00 

Policy 5 (screening and prevention)  0.14  0.18  0.29  2.94  3.09  3.50  3.08  3.27  3.79 

Policy 6 (treatment and prevention)  0.07  0.09  0.14  2.70  2.82  3.16  2.77  2.91  3.30 

Policy 7 (mixed, all three)  0.10  0.13  0.22  2.81  2.96  3.35  2.91  3.09  3.57 

- Note: For each sector (military, veterans, and total system), 24 combinations of the three scenarios and seven policy interventions 
along with the base run are presented.  
- Darker colors represent larger numbers. 
- One way to read the tables is to compare the effects of policies in a scenario (e.g., scenario 1).  

In Table 1, e.g., in the military under scenario 1 (little involvement in future wars), PTSD prevalence was estimated to be 
6.7% in the base run. If policies 1 or 2 were implemented, PTSD prevalence decreased slightly to 6.4%. However, with 
Policy 3, the prevalence decreased to 4.7%.  
In Table 2, e.g., in military, under scenario 1, PTSD healthcare costs are estimated to be $0.12B in the base run. Going 
down in the same column, e.g., for policies 1 through 3, the PTSD healthcare costs in the military are estimated to be 
$0.17B, $0.09B, and $0.10B, respectively.  

- Another way to read the tables is to compare different scenarios over a policy.  
- Based on Table 1, policy 7 results in lower prevalence and based on Table 2, policy 6 results in the most cost saving.  
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Fig 4. Healthcare costs in the military and the VA, and PTSD prevalence in the total system in 2025 
 

PTSD prevalence 
Based on Table 1 and Fig 4, it is notable that Policy 1 (sole focus on screening) and Policy 

2 (sole focus on treatment) had minimal effect compared to the corresponding values in the base 
run. The main reason for achieving this result for Policy 1 is that with the current effectiveness of 
treatments (argued to be low; see [17] for more discussion), a sole focus on screening may only 
lead to finding more PTSD-positive individuals who are not treated successfully. In Policy 2, a 
focus on treatment alone also does not help much either, because many PTSD patients are not 
diagnosed or are late-diagnosed. Consequently, the combination of Policies 1 and 2 (i.e., Policy 4) 
slightly decreased the prevalence rate compared to the base run. However, the prevalence rates of 
Policy 3 (sole focus on prevention) and any other combination of policies which include the focus 
on prevention (i.e., policies 5-7) were considerably lower—e.g., under Scenario 1 in Fig 4, 
compare the red dots of policies 3 and 5-7 to those of the base line and policies 1-2 and 4. The 
same pattern—where policies with a focus on prevention decreased the prevalence noticeably—is 
also achieved for the military, the VA, and the total system across all three scenarios (see Fig 4).  
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Based on the results in Table 1, it is important to note that under scenario 1, the effects of 
all policies were still limited to the small population of military personnel with PTSD, and the VA 
will be still facing a large number of PTSD patients (between 9.6% and 9.8% across all policies).  

 

PTSD healthcare costs 
Policy 1 (sole focus on screening) not only costs the military and VA more than the base 

run, but it is also more expensive than all other policies across the three scenarios (see Fig 4). As 
discussed in the previous section, under Policy 1, since more people are screened, more PTSD 
positives are diagnosed. However, without advancements in treatment, screening improvement 
only increases the demand for care. In other words, because the successful treatment rate is already 
small, this policy mainly results in higher demand for treatment and a higher rate of discharge from 
the military. Consequently, not only do costs for the military increase, but also, unexpectedly, costs 
(and demand for care) for the VA rise due to more military discharges, an example of shifting the 
burden in a complex system of systems. Thus, Policy 1 alone can make us worse off in cost-related 
measures and also has minimal effect on PTSD prevalence (see Table 1 and Fig 4).  

Policy 2 (sole focus on treatment) decreases the costs in comparison to the baseline. This 
policy mainly helps treat already diagnosed patients at a more successful pace; however, it also 
has a limited effect on PTSD prevalence, as many patients remained undiagnosed. Overall, Policy 
3, which focuses on prevention by increasing the resilience to PTSD, results in costs similar to 
Policy 2; however, with more involvement in future wars, Policy 2 becomes more costly—
compare the costs of policies 2 and 3 across the three scenarios in Fig 4 (a similar pattern can also 
be seen for policies 4 and 5). 

Among the policies with a focus on a combination of screening, treatment, and prevention 
(i.e., policies 4-6), Policy 6 (focus on treatment and prevention) has the lowest costs. In fact, Policy 
6 has the lowest costs in comparison to all other policies as well as the base line; however, its 
PTSD prevalence rate is relatively higher than that of policies 5 and 7 (see Fig 4). Policy 7, which 
is a combination of screening, treatment, and prevention, is similar to policies 2 and 3 in terms of 
costs, but it has the lowest PTSD prevalence rate compared to all other policies, which makes it a 
potential choice for mitigating PTSD. One might argue that Policy 6 is cheaper and its PTSD 
prevalence rate is not much different from the prevalence rate of Policy 7. This might seem 
reasonable, but in fact, it is missing improvements in screening that are critical to intervention with 
diagnosed PTSD patients, and without which many individuals may remain undiagnosed in the 
system.  

 

Discussion and Conclusions 
We developed a systems model of the population of military personnel and veterans 

affected by post-traumatic stress disorder (PTSD) and compared the results with the historical data 
for 2000-2014. Then, the model was used to forecast the trends for the next decade under several 
scenarios of US involvement in future wars. The major insights from the model are: 1) The 
population of patients and system costs are very sensitive to US involvement in future wars, and 
screening and treatment policy interventions have marginal effects in comparison; 2) In an 
optimistic scenario based on the status quo (about 1% deployment of military personnel to 
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intense/combat zones in 2014) and assuming that no war will happen in the next decade, estimated 
PTSD prevalence among veterans in 2025 will be 10%; 3) During wars, resiliency-related policies 
are the most effective for decreasing PTSD; in a postwar period, there is no silver bullet for 
overcoming the problem of PTSD, and the current screening and treatment policies must be 
revolutionized to have any noticeable effect; and 4) It takes a long time, on the order of 40 years, 
to mitigate the psychiatric consequences of a war.  

It should be noted that our study objective was to conduct ‘what-if’ analyses. In terms of 
treatment, we analyzed the long-term effects if the current effective treatment rates are doubled—
we did not intend to study ‘how to’ improve treatment. There is already increasing attention in the 
literature to discussing these how-to concerns, e.g., see [43, 44, 46-48] for increasing resiliency to 
PTSD (prevention), [49-52] for improving screening, and [53-57] for enhancing treatment. There 
still remains a lot to do on this how-to stream of research, yet little attention has been paid to the 
long-term effects of the policies we studied, particularly in a system of systems that includes both 
the military and VA.  

Our findings may help the military, the VA, and other government entities identify more 
effective strategies and also interact more effectively with one another. PTSD is a multi-
organizational problem, and focusing on one organization or a specific stage of patients’ lives can 
result in shifting the burden to another organization. We would also like to clarify that all cost 
estimations in the study are based on average expenditure per patient in military and VA healthcare 
facilities. The actual costs for each patient are much higher, including the cascading effects of the 
illness on personal life [16].  

 

Limitations and future studies 
This study is subject to some limitations. The major limitation concerns exogenous 

variables, i.e., variables assumed to change from outside our model. We assumed deployment to 
war is an exogenous variable for a model of a healthcare system. In simple words, changes in the 
number of PTSD patients at the levels we are discussing (10% to 20%) are not likely to influence 
politicians’ decisions about entering wars. In an ideal world, we hope that with understanding of 
high PTSD prevalence and more social pressure, involvements in future wars will decrease and 
the military will be downsized. With a smaller military, one can be even more selective and recruit 
more resilient military personnel.  

We also assumed that PTSD costs are not feeding back to decisions about involvement in 
future wars. We think that since the direct costs of PTSD (inpatient and outpatient costs) are small 
in comparison to all military costs, our assumption is fairly reasonable. Moreover, we did not 
include a variety of factors at the macro level, such as the US economy or politics of elections. 
These variables are more important for modeling involvement in wars. The purpose of our model 
was not analyzing the dynamics of wars, but a specific consequence of wars under various 
scenarios.   

Moreover, our work mainly describes the model as a flow process with few but relevant 
feedback loops. Future modeling studies could incorporate more feedback loop mechanisms. More 
dynamic factors can also be considered. Future research could examine how barriers to care such 
as comorbidity (i.e., the presence of comorbid mental and physical health conditions) and social 
stigma (i.e., labeling and social exclusion associated with mental illnesses) interfere with both 
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diagnosis and treatment of PTSD and therefore hamper the outcomes of the policies—see [18] for 
more discussion. Another topic could be how improvements in treatment and screening over time 
could eventually result in different behavior of the model outputs.  

One should also take into account that the proportion of female service members has 
increased and may continue to do so, and females may have higher likelihood of sustaining PTSD 
in a combat situation. Furthermore, we followed the usual dichotomous status for treatment of 
PTSD, but we acknowledge that mental illnesses almost always exist on a continuum, and 
imposing an on-off switch is relatively arbitrary. In addition to addressing our study limitations, 
future studies could also further validate our findings.  

Despite these limitations, we hope the current study provides a first systematic step towards 
better understanding the consequences of PTSD policies. Our model is fully documented, not only 
for investigating various policies and analyzing the results over the long haul, but also for further 
development and replications. The model is available to be run online at http://jalali.mit.edu/ptsd-
simulation. The historical data and model assumptions (embedded in model parameters and 
equations) are continually refined at this web address.  

Acknowledgements 
We would like to thank John Carroll, Saras Chung, Anand Desai, Bartley Frueh, Amy 

Glasmeier, Thomas Kochan, Richard Larson, Brett Litz, Mark Miller, Jonathan Purtle, Anne 
Quaadgras, Christine Kha Tang, Miranda Worthen, and Noel Zamot for their constructive 
feedback on earlier versions of this paper. This article is based upon MIT Post-Traumatic Stress 
Innovations project supported, in part, by the Office of the Assistant Secretary of Defense for 
Health Affairs. The US Army Medical Research Acquisition Activity (820 Chandler Street, Fort 
Detrick, MD 21702-5014), is the awarding and administering acquisition office. Opinions, 
interpretations, conclusions and recommendations are those of the authors and are not necessarily 
endorsed by the Department of Defense, MIT, or Virginia Tech.  

References 
1.  Kilpatrick DG, Resnick HS, Milanak ME, Miller MW, Keyes KM, Friedman MJ. National estimates of 
exposure to traumatic events and PTSD prevalence using DSM‐IV and DSM‐5 criteria. Journal of traumatic 
stress. 2013;26(5):537‐47. 
2.  US  Department  of  Veterans  Affairs.  How  Common  is  PTSD?  2016b  [cited  2016  04/07/2016]. 
Available from: http://www.ptsd.va.gov/public/PTSD‐overview/basics/how‐common‐is‐ptsd.asp. 
3.  US Department of Veterans Affairs. PTSD: National Center for PTSD 2016a [cited 2016 April, 7, 
2016]. Available from: http://www.ptsd.va.gov/professional/PTSD‐overview/index.asp. 
4.  Prigerson HG, Maciejewski  PK,  Rosenheck RA.  Population Attributable  Fractions  of  Psychiatric 
Disorders and Behavioral Outcomes Associated With Combat Exposure Among US Men. American Journal 
of Public Health. 2002;92(1):59‐63. doi: 10.2105/AJPH.92.1.59. 
5.  Purtle J. “Heroes' invisible wounds of war:” constructions of posttraumatic stress disorder in the 
text  of  US  federal  legislation.  Social  Science  &  Medicine.  2016;149:9‐16.  doi: 
http://dx.doi.org/10.1016/j.socscimed.2015.11.039. 
6.  Kessler RC, Chiu W, Demler O, Walters EE. PRevalence, severity, and comorbidity of 12‐month 
dsm‐iv  disorders  in  the  national  comorbidity  survey  replication.  Archives  of  General  Psychiatry. 
2005;62(6):617‐27. doi: 10.1001/archpsyc.62.6.617. 



16 
 

7.  Campbell DG, Felker BL, Liu C‐F, Yano EM, Kirchner JE, Chan D, et al. Prevalence of depression–
PTSD  comorbidity:  Implications  for  clinical  practice  guidelines  and  primary  care‐based  interventions. 
Journal of General Internal Medicine. 2007;22(6):711‐8. 
8.  Ginzburg  K,  Ein‐Dor  T,  Solomon  Z.  Comorbidity  of  posttraumatic  stress  disorder,  anxiety  and 
depression: a 20‐year longitudinal study of war veterans. Journal of affective disorders. 2010;123(1):249‐
57. 
9.  Hendin H, Haas AP. Suicide and guilt as manifestations of PTSD. Am J Psychiat. 1991;148(5):586‐
91. 
10.  Henning KR, Frueh BC. Combat guilt and  its  relationship  to PTSD symptoms.  Journal of clinical 
psychology. 1997;53(8):801‐8. 
11.  Breslau  N,  Davis  GC,  Schultz  LR.  Posttraumatic  stress  disorder  and  the  incidence  of  nicotine, 
alcohol,  and  other  drug  disorders  in  persons  who  have  experienced  trauma.  Archives  of  general 
psychiatry. 2003;60(3):289‐94. 
12.  McFall ME, Mackay PW, Donovan DM. Combat‐related posttraumatic stress disorder and severity 
of substance abuse in Vietnam veterans. Journal of studies on alcohol. 1992;53(4):357‐63. 
13.  Jakupcak M, Cook J, Imel Z, Fontana A, Rosenheck R, McFall M. Posttraumatic stress disorder as a 
risk  factor  for  suicidal  ideation  in  Iraq  and  Afghanistan  war  veterans.  Journal  of  traumatic  stress. 
2009;22(4):303‐6. 
14.  SOLOMON Z, AVIGALSNIR HF, ROSENBERG M. Long‐Term Trajectories and Recovery from PTSD. 
Long‐Term Outcomes in Psychopathology Research: Rethinking the Scientific Agenda. 2015:187. 
15.  Hatzenbuehler  ML,  Phelan  JC,  Link  BG.  Stigma  as  a  fundamental  cause  of  population  health 
inequalities. American journal of public health. 2013;103(5):813‐21. 
16.  Ghaffarzadegan N, Larson RC. PTSD: Five Vicious Cycles that Inhibit Effective Treatment. The Army 
Medical Department Journal, Forthcoming. 2015. 
17.  Steenkamp MM, Litz BT. Psychotherapy for military‐related posttraumatic stress disorder: Review 
of the evidence. Clinical Psychology Review. 2013;33(1):45‐53. doi: 10.1016/j.cpr.2012.10.002. PubMed 
PMID: WOS:000314482600004. 
18.  Wisco  BE, Marx  BP,  Keane  TM.  Screening,  Diagnosis,  and  Treatment  of  Post‐Traumatic  Stress 
Disorder. Military Medicine. 2012;177(8):7‐13. PubMed PMID: WOS:000209027000003. 
19.  Purtle J. The legislative response to PTSD in the United States (1989‐2009): a content analysis. J 
Trauma Stress. 2014;27(5):501‐8. Epub 2014/10/18. doi: 10.1002/jts.21948. PubMed PMID: 25322879. 
20.  Institute of Medicine I. Washington (DC): National Academies Press (US)Copyright 2014 by the 
National Academy of Sciences. All rights reserved.; 2014. 
21.  Adamowicz  MW.  Controversy  about  PTSD  2009  [cited  2015  7/15/2015].  Available  from: 
http://ripsychotherapy.com/blog/2009/05/controversy‐about‐ptsd/. 
22.  Sterman  JD.  Business  dynamics:  systems  thinking  and  modeling  for  a  complex  world: 
Irwin/McGraw‐Hill Boston; 2000. 
23.  Abdel‐Hamid T, Ankel F, Battle‐Fisher M, Gibson B, Gonzalez‐Parra G, Jalali M, et al. Public and 
health  professionals’ misconceptions  about  the  dynamics  of  body weight  gain/loss.  System Dynamics 
Review. 2014;30(1‐2):58‐74. doi: 10.1002/sdr.1517. 
24.  Mabry PL, Marcus SE, Clark PI, Leischow SJ, Méndez D. Systems Science: A Revolution in Public 
Health  Policy  Research.  American  Journal  of  Public  Health.  American  Journal  of  Public  Health. 
2011;100(7):1161‐3. doi: 10.2105/AJPH.2010.198176. 
25.  Rahmandad  H.  Connecting  strategy  and  system  dynamics:  an  example  and  lessons  learned. 
System Dynamics Review. 2015;31(3):149‐72. doi: 10.1002/sdr.1541. 
26.  Sterman  J.  Business  dynamics  :  systems  thinking  and modeling  for  a  complex world.  Boston: 
Irwin/McGraw‐Hill; 2000. xxvi, 982 p. p. 



17 
 

27.  Homer JB, Hirsch GB. System dynamics modeling for public health: background and opportunities. 
American journal of public health. 2006;96(3):452‐8. 
28.  Milstein  B,  Homer  J,  Briss  P,  Burton  D,  Pechacek  T.  Why  behavioral  and  environmental 
interventions are needed to improve health at lower cost. Health Affairs. 2011;30(5):823‐32. 
29.  Hirsch G, Homer J, Trogdon J, Wile K, Orenstein D. Using simulation to compare 4 categories of 
intervention  for  reducing  cardiovascular  disease  risks.  American  journal  of  public  health. 
2014;104(7):1187‐95. 
30.  Milstein  B,  Homer  J,  Hirsch  G.  Analyzing  national  health  reform  strategies  with  a  dynamic 
simulation model. American Journal of Public Health. 2010;100(5):811. 
31.  Jalali M, Rahmandad H, Bullock S, Ammerman A, editors. Dynamics of Obesity Interventions inside 
Organizations.  The  32nd  International  Conference  of  the  System  Dynamics  Society;  2014:  System 
Dynamics Society. 
32.  Wittenborn AK, Rahmandad H, Rick  J, Hosseinichimeh N. Depression as a  systemic  syndrome: 
mapping  the  feedback  loops of major depressive disorder. Psychological medicine. 2016;46(3):551‐62. 
Epub 2015/12/02. doi: 10.1017/s0033291715002044. PubMed PMID: 26621339; PubMed Central PMCID: 
PMCPMC4737091. 
33.  Meadows DH, Wright D. Thinking in systems : a primer. White River Junction, Vt.: Chelsea Green 
Pub.; 2008. xiii, 218 p. p. 
34.  Monahan  P,  Hu  Z,  Rohrbeck  P. Mental  disorders  and mental  health  problems  among  recruit 
trainees, US Armed Forces, 2000‐2012. MSMR. 2013;20(7):13‐8; discussion 6‐8. 
35.  Kolkow TT, Spira JL, Morse JS, Grieger TA. Post‐traumatic stress disorder and depression in health 
care providers returning from deployment to Iraq and Afghanistan. Military medicine. 2007;172(5):451‐5. 
36.  Rahmandad H, Sterman JD. Reporting guidelines for simulation‐based research in social sciences. 
System Dynamics Review. 2012;28(4):396‐411. doi: 10.1002/sdr.1481. 
37.  Hosseinichimeh N, Rahmandad H, Wittenborn AK. Modeling the hypothalamus–pituitary–adrenal 
axis: A review and extension. Mathematical biosciences. 2015;268:52‐65. 
38.  Homer JB. Partial‐model testing as a validation tool for system dynamics (1983). System Dynamics 
Review. 2012;28(3):281‐94. 
39.  Barlas Y. Formal aspects of model validity and validation in system dynamics. System Dynamics 
Review. 1996;12(3):183‐210. doi: 10.1002/(SICI)1099‐1727(199623)12:3<183::AID‐SDR103>3.0.CO;2‐4. 
40.  Morecroft  JDW.  Rationality  in  the  Analysis  of  Behavioral  Simulation  Models.  Management 
Science. 1985;31(7):900‐16. 
41.  Barlas Y. Multiple Tests  for Validation of System Dynamics Type Simulation Models. European 
Journal of Operations Research. 1989;42(1):59‐87. PubMed Central PMCID: PMCPapers Folder. 
42.  Peterson AL, Luethcke CA, Borah EV, Borah AM, Young‐McCaughan S. Assessment and Treatment 
of Combat‐Related PTSD in Returning War Veterans. Journal of Clinical Psychology in Medical Settings. 
2011;18(2):164‐75. doi: 10.1007/s10880‐011‐9238‐3. PubMed PMID: WOS:000291484100007. 
43.  Bonanno GA. Loss, trauma, and human resilience: have we underestimated the human capacity 
to  thrive  after  extremely  aversive  events?  The  American  psychologist.  2004;59(1):20‐8.  doi: 
10.1037/0003‐066X.59.1.20. PubMed PMID: 14736317. 
44.  Ahmed AS. Post‐traumatic  stress disorder,  resilience and vulnerability. Advances  in Psychiatric 
Treatment. 2007;13(5):369‐75. doi: 10.1192/apt.bp.106.003236. 
45.  Martin  M.  PTSD  risk  factors  2014  [cited  2015  7/15/2015].  Available  from: 
http://www1.appstate.edu/~hillrw/PTSD%20MM/PTSD_riskfactors.html. 
46.  Highland KB, Costanzo M, Jovanovic T, Norrholm SD, Ndiongue R, Reinhardt B, et al. Biomarkers 
of  post‐deployment  resilience  among military  service members.  Neurobiology  of  stress.  2015;2:62‐6. 
Epub 2016/02/05. doi: 10.1016/j.ynstr.2015.07.001. PubMed PMID: 26844241; PubMed Central PMCID: 
PMCPMC4721320. 



18 
 

47.  Hughes V. The roots of resilience. Nature. 2012;490(7419):165‐7. 
48.  Davidson  JRT,  Payne  VM,  Connor  KM,  Foa  EB,  Rothbaum  BO,  Hertzberg  MA,  et  al.  Trauma, 
resilience  and  saliostasis:  effects  of  treatment  in  post‐traumatic  stress  disorder.  International  Clinical 
Psychopharmacology. 2005;20(1):43‐8. PubMed PMID: 00004850‐200501000‐00009. 
49.  Davis SM, Whitworth JD, Rickett K. Clinical  inquiries. What are the most practical primary care 
screens  for post‐traumatic  stress disorder? The  Journal Of Family Practice. 2009;58(2):100‐1. PubMed 
PMID: 19203495. 
50.  de Bont PA, van den Berg DP, van der Vleugel BM, de Roos C, de Jongh A, van der Gaag M, et al. 
Predictive validity of the Trauma Screening Questionnaire in detecting post‐traumatic stress disorder in 
patients  with  psychotic  disorders.  The  British  journal  of  psychiatry  :  the  journal  of  mental  science. 
2015;206(5):408‐16. Epub 2015/03/21. doi: 10.1192/bjp.bp.114.148486. PubMed PMID: 25792693. 
51.  Bohnert KM, Breslau N. Assessing the performance of the short screening scale for post‐traumatic 
stress disorder in a large nationally‐representative survey. International Journal of Methods in Psychiatric 
Research. 2011;20(1):E1‐E5. doi: 10.1002/mpr.331. PubMed PMID: WOS:000288095300001. 
52.  Freedy JR, Steenkamp MM, Magruder KM, Yeager DE, Zoller JS, Hueston WJ, et al. Post‐traumatic 
stress  disorder  screening  test  performance  in  civilian  primary  care.  Fam  Pr.  2010;27(6):615‐24.  doi: 
10.1093/fampra/cmq049. PubMed PMID: WOS:000284432500005. 
53.  Botella C, Serrano B, Banos RM, Garcia‐Palacios A. Virtual reality exposure‐based therapy for the 
treatment  of  post‐traumatic  stress  disorder:  a  review  of  its  efficacy,  the  adequacy  of  the  treatment 
protocol,  and  its  acceptability.  Neuropsychiatric  disease  and  treatment.  2015;11:2533‐45.  Epub 
2015/10/23.  doi:  10.2147/ndt.s89542.  PubMed  PMID:  26491332;  PubMed  Central  PMCID: 
PMCPMC4599639. 
54.  McLean CP, Foa EB. Prolonged exposure therapy for post‐traumatic stress disorder: a review of 
evidence and dissemination. Expert review of neurotherapeutics. 2011;11(8):1151‐63. Epub 2011/07/30. 
doi: 10.1586/ern.11.94. PubMed PMID: 21797656. 
55.  Zalta  AK.  Psychological  mechanisms  of  effective  cognitive‐behavioral  treatments  for  PTSD. 
Current psychiatry reports. 2015;17(4):560. Epub 2015/03/10. doi: 10.1007/s11920‐015‐0560‐6. PubMed 
PMID: 25749748; PubMed Central PMCID: PMCPMC4472473. 
56.  Murphy D, Hodgman G, Carson C, Spencer‐Harper L, Hinton M, Wessely S, et al. Mental health 
and functional impairment outcomes following a 6‐week intensive treatment programme for UK military 
veterans with post‐traumatic stress disorder (PTSD): a naturalistic study to explore dropout and health 
outcomes  at  follow‐up.  BMJ  Open.  2015;5(3):9.  doi:  10.1136/bmjopen‐2014‐007051.  PubMed  PMID: 
WOS:000363458200069. 
57.  Watts BV, Schnurr PP, Mayo L, Young Y, Weeks WB, Friedman MJ. Meta‐Analysis of the Efficacy 
of  Treatments  for  Posttraumatic  Stress  Disorder.  J  Clin  Psychiatry.  2013;74(6):E541‐E50.  doi: 
10.4088/JCP.12r08225. PubMed PMID: WOS:000331115200004. 

 

 



19 
 

Supporting Information 

S1 File. Supporting Information Document. This document includes five sections: 1) Data–
Time Series, 2) Data–Parameters, 3) Model Formulation, 4) Model Calibration, and 5) Model 
Validation and Sensitivity Analysis. The document also includes supporting figures (Figures A-
N) and tables (Tables A-E). 

S2 File. Supporting Information Files. This zipped file includes the simulation model 
(PTSD_Simulation.mdl), data file (Data.vdf), as well as a ReadMe document (ReadMe.docx). See 
the ReadMe document for instructions on how to use the model and data. The simulation can also 
be run online without any software requirements at http://jalali.mit.edu/ptsd-simulation—
PTSD_Simulation.mdl file includes more features; the online version is developed in a more 
interactive environment. 


