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Abstract

Rationale: Identifying predictors of improvement amongst patients receiving routine treatment
for post-traumatic stress disorder (PTSD) could provide information about factors that influence
the clinical effectiveness of guideline-concordant care. This study builds on prior work by
accounting for delivery of specific evidence-based treatments (EBTSs) for PTSD while identifying
potential predictors of clinical improvement using patient-reported outcomes measurement.

Method: Our sample consisted of 2 643 US Department of Veterans Affairs (\VA) outpatients who
initiated treatment for PTSD between 2008 and 2013 and received at least four PTSD checklist
(PCL) measurements over 12 weeks. We obtained PCL data as well as demographic, diagnostic,
and health services use information from the VA corporate data warehouse. We used latent
trajectory analysis to identify classes of patients based on PCL scores, then determined
demographic, diagnostic, and treatment predictors of membership in each class.

Results: Patients who met our PCL-based inclusion criteria were far more likely than those who
did not receive EBTs. We identified two latent trajectories of PTSD symptoms. Patients in the
substantial improvement group (25.9%) had a mean decrease in PCL score of 16.24, whereas
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patients in the modest improvement group improved by a mean of 8.09 points. However, there
were few differences between the groups, and our model to predict group membership was only
slightly better than chance (area under the curve [AUC] = 0.55). Of the 64 covariates we tested,
the only robust individual predictor of improvement was gender, with men having lower odds of
being in the substantial improvement group compared with women (odds ratio [OR] 0.76; 95%
confidence interval [C1] 0.58-0.96).

Conclusion: VA patients with PTSD can realize significant improvement in routine clinical
practice. Although available medical records-based variables were generally insufficient to predict
improvement trajectory, this study did indicate that men have lower odds of substantial
improvement than women.

Keywords

delivery of health care; evidence-based medicine; mental health services; patient reported outcome
measures; post-traumatic stress disorder; practice guideline

1| INTRODUCTION

Post-traumatic stress disorder (PTSD) is a serious condition that can follow exposure to a
traumatic event, characterized by intrusive re-experiencing of the trauma such as flashbacks
and nightmares, avoidance of trauma reminders that are associated with or arouse intrusive
symptoms, negative alterations in cognitions and mood such as inability to remember the
trauma or inability to experience positive emotions, and increased arousal and reactivity
such as exaggerated startle response and angry outbursts.! PTSD has a lifetime prevalence of
6.1% in the United States.2 Over 10% of veterans receiving care in the Department of
Veterans Affairs (VA) health-care system have PTSD, comprising an active caseload of
approximately 600 000 in 2016.2 VA patients often receive PTSD treatment for many years,*
despite randomized controlled trials indicating that evidence-based treatments (EBTS) for
PTSD are generally delivered over a 2 to 4 month time frame.®

To monitor progress towards recovery, VA clinicians increasingly rely on patient-reported
outcome measurement using the PTSD Checklist (PCL)® as part of routine practice.’
Leveraging patient-reported outcome measurement, such as longitudinal PCL data, to
understand and improve the course of routine clinical treatment at the population level has
been suggested as a method to expand the available evidence base in a learning health-care
system.8-10 Such work might allow health systems to learn about the factors that predict that
patients do not benefit sufficiently from routine clinical care and to take steps to improve
systems to improve health-care effectiveness for those patients. Consistent with this idea,
Sripada et al (2017) recently performed the first national study using latent class analysis of
VA PCL data to demonstrate typical symptomatic trajectories in clinical practice.ll They
identified VA patients with new PTSD diagnoses nationally in 2013, including 2237 who
had four PCL scores evenly spaced over a 12-week period. They found three classes of
patients including mild-improving (21.8%), moderate-improving (43.8%), and severe-stable
(34.3%). Predictors of mild or moderate improvement, compared with the severe-stable
class, were female gender, White race, non-Hispanic ethnicity, and a lack of comorbid
depression. However, there were two important limitations to this work. First, the authors
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did not apply PTSD diagnostic criteria to the baseline PCL score when defining their cohort.
As such, it is possible that some patients did not have PTSD at the start of their trajectory
period. Second, the authors did not account for receipt of EBTSs, including medications and
psychotherapy in their models predicting class membership. Thus, it was not possible to
determine whether membership in improving groups was driven by receipt of guideline-
concordant care.

Consistent with the results of the plurality of meta-analyses,>12-15 the VA/Department of
Defense (DoD) clinical practice guideline (CPG) recommends four antidepressants for
PTSD, including fluoxetine, sertraline, paroxetine, and venlafaxine.1® The CPG recommends
many trauma-focused psychotherapy protocols for PTSD, including prolonged exposure
(PE), cognitive processing therapy (CPT), eye movement desensitization and reprocessing
(EMDR), other specific cognitive behavioural therapies, brief eclectic psychotherapy,
narrative exposure therapy, and written narrative exposure.16 Below, we refer to the four
medications as evidence-based antidepressants (EBASs) and the trauma-focused
psychotherapies as evidence-based psychotherapies (EBPs). For most of the past decade, VA
training efforts have focused on two EBPs, PE and CPT.17

We sought to extend the work of Sripada et al by including variables describing EBT
provision as additional predictors of clinical trajectory group membership using a national
sample of VA patients undergoing new episodes of PTSD care. Our goal was to identify
predictors of clinical improvement while accounting for the delivery of EBTs. We hoped that
contextualizing patient predictors of improvement with data about EBT receipt could
provide information about which VA PTSD treatments work the best and for whom in
routine clinical practice. Individual patient factors that continue to predict lack of
improvement after accounting for EBT receipt would more strongly indicate that disparities
in effectiveness are determined by those patient factors rather than differences in access to
EBT.

METHOD

Patients and procedure

The sample was drawn from a cohort of VA patients with new PTSD treatment episodes
from fiscal years 2004 through 2013, which was designed to examine patterns of care during
the initial year of treatment.18-20 We used the VA corporate data warehouse (CDW) to
obtain information on services use, clinical diagnoses, prescriptions, and standardized
measures of PTSD symptoms. This study was approved by the Veterans Institutional Review
Board of Northern New England.

The cohort included patients who received a primary diagnosis of PTSD at two or more
outpatient encounters, at least one of which occurred in a mental health setting, over the
course of 90 days between fiscal years 2004 and 2013. This criterion is consistent with
research that indicates requiring multiple encounter-based diagnoses, including those made
by a mental health clinician, improves the validity of encounter-based diagnoses for PTSD
case identification.21-23 To focus on new episodes of PTSD care, patients who had met this
criterion during the prior 2 years were excluded, requiring us to look back into fiscal years
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2002 and 2003 records. For example, if a patient met our inclusion criteria on June 30, 2002,
he or she would not have been eligible for cohort inclusion until July 1, 2004. Additionally,
when patients met our criteria for cohort inclusion multiple times over the 10-year period,
only the first episode was included. For example, a patient who entered the cohort in fiscal
year 2004 and did not receive any PTSD diagnoses in fiscal years 2008 or 2009 could not
have re-entered the fiscal year 2010 or later. Because of a lack of data from patient-reported
outcome measurement using the PCL during the years 2004 to 2007, the sample was further
restricted to those who entered the cohort in fiscal year 2008 or later, when use of the PCL
began to increase.?425 We examined 1 year of treatment receipt following the first encounter
with a qualifying diagnosis of PTSD (index diagnosis). Patients were included in our
analytic sample if they met our criteria for PTSD symptoms measurement (described below)
at some point during the year following their index diagnosis.

Measures

We measured PTSD symptoms using the PCL. During the time period we examined, the VA
used the version of the PCL corresponding to PTSD diagnostic criteria in the fourth version
of the Diagnostic and Statistical Manual of Mental Disorders, called DSM-1V.26:27 The PCL
is a 17-item measure with each item rated on a five-point Likert-type scale with total scores
ranging from 17 through 85.% Respondents are asked to rate how much they are bothered by
each symptom over the last month. Symptom presence is determined by a response of
“moderately” or greater.6 We defined clinically meaningful improvement as a decrease of 10
points or more based on prior research in Veterans showing that 5 to 10 points is clinically
meaningful.28:29 A clinically meaningful improvement in PTSD symptoms plus no longer
meeting diagnostic criteria for PTSD has been shown to be an important marker of improved
quality of life.30

Consistent with the approach of Sripada et al to cohort inclusion, we required a minimum of
four PCL scores over the course of 12 weeks, and that the timing of these PCL scores was
spread across at least four of six 2-week windows (Weeks 1-2, 34, 5-6, 7-8, 9-10, and 11—
12).31 To ensure patients continued to experience PTSD at the start of their trajectory period,
we differed from Sripada et al in requiring that patients have a score of 50 or higher,%:32 and
meet minimal symptom criteria according to DSM-IV (one re-experiencing symptom, three
avoidance and numbing symptoms, and two hyperarousal symptoms) at their baseline PCL
measurement.

Independent variables

We used an extensive list of medical records-based covariates that could plausibly be
associated with our outcome of PTSD symptom change.’ Patient characteristics included
demographics, military service characteristics, and commonly occurring medical and mental
health disorders. We measured health-care utilization variables for all patients during their
initial year of PTSD treatment. Outpatient visits included those to primary care, general
mental health, specialized PTSD, and substance abuse specialty clinics. We also measured
days of care in residential PTSD or substance abuse settings or in the acute inpatient
psychiatry setting. EBA receipt included any filled prescription for fluoxetine, sertraline,
paroxetine, or venlafaxine as well as weeks filled of each. We measured EBP receipt,
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including sessions of PE and CPT, using natural language processing (NLP) algorithms to
classify therapists’ notes.* During initial development of the NLP classifiers, we attempted
to identify other EBPs for PTSD such as EMDR.33 Despite manual review of over 7500
notes written about patients attending PTSD clinics, we were unable to detect any examples
of other EBPs in routine clinical practice in VA.33 Therefore, our EBP for PTSD measure
only included PE and CPT sessions. We further distinguished CPT sessions as being
delivered in individual (CPT-1) or group (CPT-G) settings based on procedural billing codes.
Our NLP algorithms have an overall classification accuracy of 0.99 for PE, 0.97 for CPT-I,
and 0.97 for CPT-G.# Other mental health treatment variables included non-EBP
psychotherapy provision as well as provision of non-EBA medications commonly prescribed
to patients in this cohort.34

Data analysis

To understand how patients selected for this analysis differed from the rest of the cohort
during the relevant years, we compared patient characteristics and service use over the initial
year of PTSD treatment using Xz analysis and ttests, as appropriate. We similarly compared
these same characteristics based on group assignment during the 12-week trajectory period
amongst patients who met our PCL-based inclusion criteria. We identified improvement
groups with latent trajectory analysis using the R traj package to implement the Leffondre et
al (2004) method.3® This method was developed to identify patterns of change in large
clinical databases containing repeated measures, where measurement intervals may be
irregular. It has been applied broadly to detect and understand patterns of illness in general
medical and mental health conditions.36-38 In this application, we used patients’ PCL scores
to calculate 24 potential measures of change over time.3° Several of the measures of change
are meaningful only if there are at least four observations per patient, necessitating the
requirement of at least four PCL scores for cohort inclusion.3® After calculation of the
measures, we performed factor analysis to select the subset of nonredundant measures, and
cluster analysis to identify subgroups of patients with similar PTSD symptom trajectories.
We determined the number of clusters based on examination of cubic clustering criterion
and scree plots.

After identifying symptomatic trajectories, we performed least absolute shrinkage and
selection operator (LASSO) regression to predict group membership using the R glmnet
package.4? As we had many potentially redundant covariates (variables included in Table 1
as well as baseline PCL), we selected LASSO regression because it performs feature
selection. LASSO is a machine learning method that avoids the overfitting common to
multivariable models and the prediction errors common to stepwise selection by setting the
sum of the absolute values of the regression coefficients to be less than a fixed value. This
forces the coefficient of less important features to zero, and those covariates are dropped
from the model. The exact penalty parameter is selected via 10-fold cross-validation. For our
application, we randomly divided data into training set (2/3 of sample) and testing test (1/3
of sample). We used a 2-step process to implement LASSO regression. First, we applied
LASSO on the training set to select features and passed the coefficients to the testing set to
estimate the prediction score. To evaluate the association between prediction score and
clustering outcome, we plotted a receiver operating characteristic (ROC) curve and
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estimated the area under the curve (AUC). Second, we evaluated the robustness of our
feature selection using 100 bootstrapped samples in the training set. At the extreme ends of
the distribution of bootstrapped replications, some features that are important in the full
model are dropped by LASSO. This results in coefficients of zero. As the exponential
function of zero is one, this results in an odds ratio (OR) of 1.00 for non-significant values.

RESULTS

There were 491 040 patients who met our criteria for a new episode of PTSD care between
fiscal years 2008 and 2013. Amongst these, only 0.5% (2643) met our inclusion criteria
based on PCL data availability and baseline symptoms. The 2643 patients included in our
analyses differed from the rest of the cohort in most covariates (Table 1). With regard to
demographic characteristics, they were younger, more likely to be Black (vs White),
homeless, women (vs men), and to have experienced sexual trauma while in the military.
They were less likely to live in a rural area, or to have been exposed to combat. Patients in
the analytic cohort had similarly high levels of comorbidity to the overall treatment
population, but were more likely to have pain disorders, headache disorders, depressive
disorders, and non-PTSD anxiety disorders. They were less likely to have psychotic
disorders or nicotine dependence. Over the year following their index PTSD diagnosis,
patients in the analytic cohort had many more psychotherapy visits, including visits where
they received EBPs. For example, amongst patients who met our PCL-based inclusion
criteria, 26.6% received prolonged exposure and 54.4% received cognitive processing
therapy in their initial year of PTSD treatment. These rates are significantly higher than in
the rest of the cohort, where 2.8% received PE and 6.6% received CPT. Receipt of EBA was
similar, although patients in the analytic cohort were more likely to receive sertraline and
venlafaxine.

Our latent trajectory analysis indicated a 2-cluster solution (Figure 1 and Figure Al). While
there was no difference in days to initial PCL (54-55 days) and baseline PCL score (severity
of 65-66), the25.9% (n = 684) of patients in the substantial improvement trajectory had a
mean decrease in PCL score of 16.24 (SD = 15.42) points over 12 weeks, whereas the 74.1%
(n = 1959) of patients in the modest improvement trajectory improved by a mean of 8.09
(SD = 14.40) points (P< .001). Similarly, 39.0% (n = 267) of patients in the substantial
improvement trajectory achieved loss of PTSD diagnosis plus a 10-point improvement
whereas only 16.8% (n = 329) in the modest improvement group achieved this level of
improvement (P < .001). There were very few differences in the demographic and diagnostic
characteristics or 12-week treatment receipt amongst the patients in each group (Table 2).
Patients in the substantial improvement trajectory were more likely to be women, to have
experienced sexual trauma while in the military, and to have comorbidities including
psychatic, bipolar, personality, and alcohol use disorders. They received more outpatient
mental health visits and inpatient mental health treatment. Patients in the two groups
received an equal amount of EBP with the exception of group CPT, which was delivered
more to patients in the modest improvement group. EBA receipt was also the same across
the two groups, although patients in the substantial improvement group were slightly more
likely to receive sertraline.
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In the first step of our LASSO regression (model development), the ability of our model to
predict group membership peaked with seven classifiers and an AUC of 0.55 (Figure 2 and
Figure A2). In the second step of our LASSO regression (bootstrapping), we found that of
the seven classifiers in the initial model, only gender was robust to sample selection, with an
odds ratio of 0.76 men being in the substantial improvement group (95% confidence interval
[CI]: 0.58-0.96). The other six classifiers were dropped by our LASSO regression model in
the extreme high or low estimates, resulting in coefficients of zero and thus ORs of 1.00
(Table 3).

DISCUSSION

Our results differed from those of Sripada et al'! in that we found two rather than three
PTSD symptom trajectories that both groups improved and that only the female gender
predicted the level of improvement. Distinctions in our research strategies likely accounts
for difference in each of these three findings. First, the difference in number of trajectories
may be due to our stricter inclusion criteria for PTSD at the baseline PCL. The groups of
Sripada et al had mild (mean PCL of approximately 50), moderate (approximately 60), and
severe (approximately 70) PTSD symptoms at baseline. Our strategy eliminated the mild
group, and our remaining groups split the difference between moderate and severe groups of
Sripada et al at baseline. Second, our finding that patients in both groups improved may be
related to the method used to construct our cohort. Our parent cohort was comprised of 10
yearly cross-sections of patients entering PTSD treatment between 2004 and 2013. Patients
who were part of prior years’ cohorts were excluded from subsequent years. Thus, in the
analytic sample for this study, which included cross-sections entering PTSD treatment
between 2008 and 2013, patients were either naive to VA PTSD treatment or had not
received VA PTSD treatment for many years. This is in contrast to the “180-day dormant
period without a diagnosis of PTSD” of Sripada et al. Therefore, Sripada et al likely
included treatment-resistant patients that would have been excluded from our sample.
Finally, out of the seven predictors in our model to predict symptom trajectory, only gender
was available as a covariate in the dataset of Sripada et al. Given that we used a more
expanded set of patient and treatment covariates, it is not surprising that we initially found a
different set of classifiers. However, in our bootstrapped analysis, only gender remained a
significant predictor of symptomatic trajectory. Therefore, we are only confident in gender
finding, as the other predictors may be artefacts of sampling error.

It is promising that patients in both groups experienced improvement. Even the modest
improvement group was within the 5 to 10 point range of clinically meaningful improvement
on the PCL.28:29 At the same time, being in the substantial improvement group was
associated with a much higher rate of loss of diagnosis plus a 10-point improvement (39.0%
versus 16.8%), an outcome that is associated with increased quality of life.30 This
underscores the evidence that outcomes for patients in our two trajectory groups were
appreciably different. However, with an AUC of 0.55, our model to predict membership in
the substantial improvement group using available patient and treatment covariates was only
slightly better than chance.
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We were surprised to find that receiving EBT for PTSD was not a predictor of being in the
substantial improvement group. In this dataset, having sufficient PCL measurement for
trajectory analysis is essentially a proxy for receiving a high level of EBT, making it difficult
to assess the effects of receiving versus not receiving guideline-concordant care on clinical
trajectory. Patients in both groups who were prescribed EBAs received a mean of 9 to 10
weeks of treatment. This was in line with VA treatment guidelines at the time, which
recommended that antidepressants be continued for at least 8 weeks when treating PTSD.4!
Patients in both groups received similarly high levels of individual EBPs during the 12-week
trajectory period, both in terms of percent receiving PE and CPT and in terms of the mean
number of sessions received. While we were unable to meaningfully predict trajectory based
on available patient and treatment characteristics, unmeasured characteristics such as receipt
of preferred treatment and treatment expectations could account for these differences.2-44
Information regarding these factors is not available in the CDW.

Our findings in clinical practice regarding gender mirror the Watts et al meta-regression of
published RCT data,® suggesting that men may not respond as well to available PTSD
treatments as women. Given our approach, the finding on gender applies generally to
treatments provided to men in our cohort during the trajectory period. However, a national
evaluation of the VA PE implementation programme by Eftekhari et al*® found a
significantly poorer effect for men versus women (approximately 5 points on the PCL).
Thus, the finding of worse outcomes in men may also apply to men receiving specific PTSD
treatments in clinical practice. Research determining why men experience less benefit with
treatment is warranted. This could be due to underlying gender differences in the pathology
of PTSD or in the suitability of available treatments for men. Such research could lead to
helpful modifications of current treatments or the design of new treatments that address
issues unique to men.

There are key limitations to this work. First, sufficient PCL measurement to be included in
the trajectory analysis was only available on 0.5% of our parent cohort. Therefore, our
findings may not generalize to the broader VA PTSD treatment population. Use of the VA
electronic medical record to administer the PCL in routine practice became more common in
2008 after implementation of an electronic decision support tool that prompted
administration of the PCL to patients with PTSD diagnoses,2* with rapid uptake of the
practice between 2008 and 2013.7 The VA’s measurement-based care initiative, which
encourages the use of the PCL to help guide treatment decisions, may further accelerate this
process. Therefore, future studies using more recent samples are likely to be more
representative of the VA PTSD treatment population. Telephone-based assessments for a
representative sample of VA patients initiating care for PTSD, such as those collected
through the Veterans Outcome Assessment programme,*6 may also aid in the
representativeness of studies assessing the effectiveness of routine VA care. Second, we may
have decreased the proportion of patients participating in PCL measurement by examining
only 1 year of care. Maguen et al* showed that it commonly takes up to 3 years following an
initial VA PTSD diagnosis to receive an EBP. This is a critical consideration for future work
using clinical data, as our study indicates EBP receipt drives the use of PCL measurement.
Third, it is possible that EBPs were delivered with poor fidelity or that patients who were
prescribed EBASs were not actually taking them. Measures of psychotherapy treatment
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fidelity and psychopharmacology treatment adherence were not widely used in clinical
practice during the years we examined. Fourth, we did not account for treatment history
before the index PTSD diagnosis. For example, while the cohort was designed to capture
treatment during the initial year of PTSD care, it is possible that patients received multiple
EBAs before their index PTSD diagnosis as these medications are frequently used for other
conditions. Future work should account for longitudinal treatment history as prior treatment
resistance could explain current lack of improvement.3!

In conclusion, while we were unable to predict which VA PTSD treatments work the best
and for whom in routine clinical practice, we report two highly relevant clinical findings.
First, our work indicates that patients receiving a high level of PTSD care in the VA do
achieve meaningful improvements in symptoms. This is important information as it indicates
that routine PTSD care provided by the VA can effectively reduce PTSD symptoms. Second,
we showed that men do not appear to benefit from available PTSD treatments as much as
women in routine VA practice. This suggests that additional research to confirm our findings
and to understand why men do not benefit as much from PTSD treatment is needed and
should be a priory for the VA.
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Post-traumatic stress disorder (PTSD) symptoms scores based on the PTSD checklist (PCL)
over time
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Least absolute shrinkage and selection operator (LASSO) cross validation results. The y-axis
represents the area under the curve, or AUC
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TABLE 3

Classifiers in final LASSO model, with bootstrapped Cis

Variable

Men

Homeless
Headache disorder

Alcohol dependence

Odds
Ratio

0.76
0.76
0.96
1.15

Non-PE/CPT individual psychotherapy sessions ~ 1.02

Atypical antipsychotic

Nicotine replacement

1.33
1.09

95% ClI
L ower
0.58
0.49
0.77
1.00
1.00
1.00
1.00

Upper
0.96
1.00
1.00
1.48
1.05
1.80
1.53
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Abbreviations: Cl, confidence interval; LASSO, least absolute shrinkage and selection operator; PE/CPT, prolonged exposure/cognitive processing

therapy.
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