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Abstract

This is the first randomized controlled trial to evaluate non-inferiority of Prolonged Exposure (PE) 

delivered via home-based telehealth (HBT) compared to standard in-person (IP) PE. One-hundred 

thirty two Veterans recruited from a Southeastern Veterans Affairs Medical Center and affiliated 

University who met criteria for posttraumatic stress disorder (PTSD) were randomized to receive 

PE via HBT or PE via IP. Results indicated that PE-HBT was non-inferior to PE-IP in terms of 

reducing PTSD scores at post-treatment, 3 and 6 month follow-up. However, non-inferiority 

hypotheses for depression were only supported at 6 month follow-up. HBT has great potential to 

reduce patient burden associated with receiving treatment in terms of travel time, travel cost, lost 

work, and stigma without sacrificing efficacy. These findings indicate that telehealth treatment 

delivered directly into patients’ homes may dramatically increase the reach of this evidence-based 

therapy for PTSD without diminishing effectiveness.
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Veterans are at high risk for repeated exposure to potentially traumatic events and 

subsequent risk of a broad range of mental health problems, including posttraumatic stress 

disorder (PTSD; Cohen et al., 2010; Fulton et al., 2015; Hoge et al., 2004; Hoge, 

Auchterlonie, & Milliken, 2006; Ramchand et al., 2015). Estimates of PTSD in veterans 

across eras range from 5 – 30% (Fulton et al., 2015; Hoge et al., 2004; Hoge et al., 2006; 

Iversen et al., 2005; Kang et al., 2003; Kulka et al., 1990; Ramchand et al., 2010; Seal et al., 

2007). Fortunately, screening veterans for mental health problems is now routine (Wright et 

al., 2002), and those in need of help are more likely than ever to be identified. Moreover, 

mental health improves, and service use and costs are decreased when evidence based 

treatments such as Prolonged Exposure (PE; Foa et al., 1991; Foa et al., 1999; Foa et al., 

2005) are offered and completed (Tuerk et al., 2013). Nonetheless, even though over 40% of 

those screening positive indicate that they want care for PTSD symptoms, and despite 

existence of effective and cost-reducing treatments, only 25% of those screening positive 

actually receive these services (Hoge et al., 2006). Stigma and logistics-based barriers likely 

play a role in low treatment utilization (Hoge et al., 2004; Kim et al., 2010). Thus, effective 

evidence based treatments for combat-related PTSD such as PE must be delivered by 

methods that address relevant barriers to care for military personnel and Veterans in order to 

optimize opportunities for broad dissemination.

Barriers to Seeking Treatment and a Potential Solution: Home-Based 

Telehealth

Veterans experience stigma associated with psychiatric conditions (Iversen et al., 2005). 

Among both active duty and veteran personnel who have experienced military culture, 

“succumbing” to PTSD may be perceived as a failure, a weakness, or as evidence of an 

innate deficiency of strength or leadership capability (Friedman, 2004). An attitude of 

“wanting to solve my own problems” has also been cited as a factor that prevents treatment 

seeking in earlier studies (Kulka et al., 1990). More obvious, logistical barriers to attending 

consecutive multiple weekly appointments also play a large role in preventing access to 

evidence-based PTSD care. Barriers range from difficulty accessing care due to parking 

issues in urban areas, travel time to and from appointments, and lost work time to difficulties 

in scheduling and location (Hoge et al., 2004). Such logistical problems are amplified for 

those commuting from rural areas (Beachler, Holloman, & Herman, 2003; Hogan, 2003).

Given these barriers, an alternative medium for service delivery is needed that addresses 

both stigma and logistical factors impeding access to care. “Hub and spoke” telehealth-

delivered care was initially proposed as one such solution, with an expert or provider at 

centralized clinic delivering care to patients at satellite clinics. Indeed, such telehealth 

formats often come at a lower patient-side cost and with easier access for both patients and 

providers (Bose et al., 2001; Elford et al., 2000; Morland et al., 2010) and are effective 

means of service delivery (Bolton & Dorstyn, 2015). Several Department of Veterans Affairs 
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(VA) and Department of Defense studies demonstrate that hub and spoke telehealth can be 

implemented within the existing system infrastructure (Shore, Goranson, & Lu, 2014; Tuerk 

et al., 2010; Williams et al., 2015), is cost effective (Fortney et al., 2005; Glueckauf, 2002; 

Jerome & Zaylor, 2000; Perednia & Allen, 1995), and is clinically effective (Morland et al., 

2011). However, as patients must travel to satellite clinics, stigma and logistic barriers are 

still present in hub and spoke telehealth models. By contrast, home-based telehealth (HBT)-

delivered psychotherapy may address these barriers to a higher degree, and initial work by 

our group demonstrates encouraging results (Acierno et al., 2016; Egede et al., 2015).

The Present Study

As noted earlier, HBT delivery of PE for PTSD may be one way to address stigma and 

logistical barriers to care that confront veterans. However, few studies have evaluated 

comparability (non-inferiority, specifically) of traditional, office based treatments with 

telehealth-delivered treatments (Bolton & Dorstn, 2015), particularly with complex 

diagnoses such as PTSD and rigorous psychotherapies such as PE. The distinction between 

psychotherapy delivered through standard telehealth, which almost always follows the hub 

and spoke model of care and psychotherapy delivered through HBT is an important one. 

HBT amplifies all advantages with respect to travel time, cost, and stigma, potentially 

obtained through standard telehealth, but lacks supportive infrastructure found in both 

traditional in-person care and satellite office-based telehealth care. Thus, the current study 

was designed to determine if HBT delivery of evidence based PE for PTSD, “is as good as” 

traditional in-person (IP) PE, in terms of standard measures of PTSD and major depression 

(MD), the latter of which was included as an outcome in keeping with existing treatment 

outcome research on PTSD (Foa et al., 1999; 2005).

Methods

Design

The current study used a between groups repeated measures randomized controlled design 

powered for non-inferiority conclusions. Participants were randomly assigned (1:1) to either 

HBT or office based IP delivery of the identical PE treatment (PE-HBT vs. PE-IP). Repeated 

assessments were conducted by blind interviewers at pre-treatment, post-treatment, 3-month 

follow-up, and 6-month follow-up. A non-inferiority approach was chosen for clinical 

outcome variables measuring PTSD and MD based on hypotheses derived from prior 

research on PTSD and satellite clinic based telehealth (Acierno et al., 2016; Tuerk et al., 

2010). Specifically, we predicted that the mean treatment outcome difference scores of PE-

IP minus PE-HBT would be within a priori defined confidence intervals (i.e., 90% one 

sided) demonstrating that PE-HBT is “as good as” PE-IP.

Participants and Recruitment

Participants were recruited from the Ralph H. Johnson Veterans Affairs Medical Center (VA) 

and the Medical University of South Carolina via provider referral to the VA PTSD clinic 

(see Figure 1 for CONSORT diagram). Data were collected November 2010 through April 

2015. The Clinician Administered PTSD Scale (Blake et al., 1995) was used to determine 

Acierno et al. Page 3

Behav Res Ther. Author manuscript; available in PMC 2018 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



PTSD eligibility and required that the criterion A event (i.e., the traumatic event) be combat-

related. Individuals who were actively psychotic, acutely suicidal, or met criteria for current 

substance dependence, as determined by the Structured Clinical Interview for DSM-IV 

(SCID-IV; First, Spitzer, Gibbon, & Williams, 1997) were excluded from participation. To 

enhance generalizability of study findings, (a) veterans from each of the major conflicts 

comprising the majority of those served by the VA were included (i.e., OIF/OEF/OND, 

Persian Gulf, & Vietnam), and (b) participants receiving psychotropic medication or case 

management services for PTSD, mental health treatment for other psychiatric disorders, or 

those who met criteria for substance abuse were not excluded from participation. However, 

participants were asked to maintain their medication dosages at current levels and, in 

instances where medications were newly prescribed, required to wait four weeks for 

stabilization, at which point baseline measures were re-collected and study initiation 

commenced. Participant descriptions and demographics from the relatively larger Intent to 

Treat (ITT) sample (N = 132) are given in Table 1. Participants were predominantly male (n 

= 127), Black (n = 44) or White (n = 80), and married (n = 73). Just under half were 

employed (n = 55), and the average service connection rating, referring to compensated 

disability for injury suffered while in the military, was 53.5%.

Measures

Clinician-Administered PTSD Scale (CAPS)-IV—The CAPS is a clinician-rated scale 

designed to diagnose current and lifetime PTSD (Blake et al., 1995). The CAPS has 

adequate internal consistency, inter-rater reliability, and test-retest reliability (Orsillo, Batten, 

& Hammond, 2001). In addition, the CAPS has adequate convergent validity with alternative 

measures of PTSD and adequate discriminant validity with respect to measures of 

depression and anxiety (Weathers & Litz, 1994). Finally, the diagnosis established by the 

CAPS compares well to alternative structured interviews (Weathers, Ruscio, & Keane, 

1999), including the SCID (First et al., 1996). For this study, the CAPS was used to define 

inclusion criteria (i.e., PTSD diagnosis), not treatment response.

PTSD Checklist–Military (PCL-M)—The PCL-M is a 17-item measure designed to 

assess DSM-IV PTSD symptom severity (Weathers et al., 1993). The PCL has excellent 

internal consistency (α > .94) and excellent test-retest reliability in various populations (r = .

96; Orsillo et al., 2001). In addition, the PCL demonstrates excellent convergent validity 

with alternative measures of PTSD (rs range from .77 to .93; Orsillo et al., 2001). 

Importantly, the PCL is also the most widely used PTSD outcome measure in the VA and 

demonstrates consistent dynamic change with effective PE treatment across numerous in-

person studies (e.g., Goodson et al., 2013; Mouilso et al., 2015; Tuerk et al., 2011; Wolf et 

al., 2012; Yoder et al., 2012) and telehealth-related studies (e.g. Gros et al., 2011; Tuerk et 

al., 2010). Accordingly, the PCL served as the PTSD-related non-inferiority outcome for the 

study.

Beck Depression Inventory—2nd Edition (BDI)—The BDI 2nd edition is a 21-item 

measure designed to assess the cognitive, affective, behavioral, motivational, and somatic 

symptoms of depression in adults and adolescents (Beck, Steer, & Brown, 1996). The BDI-II 

has demonstrated excellent test-retest reliability over a 1-week interval (r = .93), excellent 
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internal consistency (α < .92), and convergent and discriminant validity in multiple samples 

(Beck et al., 1996; Steer & Clark, 1997). The BDI served as the depression-related non-

inferiority outcome for the study.

Procedures

All study procedures were approved by the University institutional review board and VA 

Medical Center Research and Development committee. Consented participants were 

randomly assigned to either PE-IP or PE-HBT. The randomization sequence was generated 

by the biostatistician (RK) using a permuted block randomization scheme with block size 

varied to minimize threats to blinded group assignment. The CONSORT diagram (see 

Figure 1) demonstrates the proportions of these groups that were randomized, completed at 

least one treatment session (the minimum to be included in ITT analyses), completed at least 

6 treatment sessions (the minimum to be included in per protocol (PP) analyses) and 

completed at least one post treatment assessment.

Treatment, Therapists, & Treatment Fidelity—Both IP and HBT conditions followed 

the identical PE manual (Foa, Hembree, & Rothbaum, 2007), and all therapists delivered PE 

in both delivery formats. Treatment was comprised of 10-12, 1.5 hour sessions. Therapists 

were licensed master's level counselors who completed a 32-hour workshop-training 

program in PE and observed a senior-level clinician throughout a complete course of PE-IP 

and PE-HBT. Therapists met weekly with the third author for supervision throughout the 

duration of the study. All therapists provided equal proportions of PE-IP and PE-HBT 

treatment. Treatment fidelity was maintained at or above 90% across and within conditions, 

assessed through random sampling of 20% of therapy session audiotapes rated according to 

session-specific procedures directly corresponding to the PE treatment manual. Interviewers 

were masters level psychologists and were blind to condition for baseline, post-treatment, 

month 3 and month 6 follow-up data collection. However, therapists gathered PCL and BDI 

data for week 2, 4, 6, 8, and 10 time points as part of standard treatment procedures.

Experimental Conditions: PE-IP vs. PE-HBT

IP treatment was provided in the VA Medical Center PTSD outpatient treatment wing. 

Treatment sessions for the HBT condition were conducted using HIPAA compliant in-home 

videoconferencing software available free to VA Medical Center patients and providers. PE-

HBT was provided via participants’ own equipment (e.g., home computer or tablet or even 

smartphone), or via equipment (videophones or tablets with high speed cellular internet 

plans) with pre-loaded videoconferencing software provided during the treatment phase by 

the research team. An assistant was available for technical support when needed, and 

conducted a pre-treatment test call with all patients. This pre-test procedure effectively 

resolved all software initiation issues. However, almost 80% of patients reported at least one 

bandwith (i.e., ‘frozen image’ problem) during at least one session, all of which were 

resolved by reconnection. Consistent with HBT policies, participants provided the address 

within which HBT sessions would take place in order to create a point of intervention should 

emergencies arise. Prior to session initiation, therapists acquired the direct (not 911) 

telephone line for the local emergency services dispatch for each patient's location. 

Emergency procedures for HBT are outlined by Gros, Veronee, Strachan, Ruggiero, and 
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Acierno (2011) and begin with initiating local emergency service personnel response using 

the aforementioned direct telephone number. No participant required this, however.

Data Analytic Plan

The 90% one-sided confidence interval (90% CI) approach was used to evaluate 

noninferiority of PE-HBT compared to PE-IP mode of delivery. PE-HBT is judged to be “at 

least as good as” (noninferior to) PE-IP so long as difference in treatment means for PE-IP 

does not exceed that of PE-HBT by more than the a priori specified non-inferiority margin, 

delta (Δ). For the PTSD measure (PCL), the non-inferiority margin is given by the VA 

National Center for PTSD as 10-20 (Monson et al., 2008). However, we considered this 

range too liberal, and used the range of 8.8 derived through polling 12 published PTSD 

researchers and used in our first non-inferiority study (Acierno et al., 2016) of HBT. The 

commonly accepted clinically important effect size for the BDI is 5 points (Dworkin et al., 

2008). With the CI approach (assuming order of subtraction is IP minus HBT), the non-

inferiority of HBT can be declared if the lower bound of the 90% CI is less than −Δ, where 

−Δ for PCL and BDI are −8.8 and −5.0, respectively. The primary time points for assessing 

non-inferiority were immediate post-treatment and at 3- and 6-months follow-up.

Missing data were estimated using multiple imputation (SAS procedures MI and 

MIANALYZE; SAS V9.4, Cary, NC) with treatment, age, and observed values of the 

outcome variable (PCL, BDI) at all time points (baseline, even weeks 2-10, post, 3-, 6-

months) included in the imputation model. The Markov Chain Monte Carlo (MCMC) 

method was used to convert nonmonotone missing data to a monotone pattern which was 

used for the final imputation step. A regression approach using a mixed effects model (SAS 

Proc Mixed) was used to estimate differences in outcome means and corresponding 90% CI 

at the primary time points (post-treatment, 3 month and 6 month follow-up). Consistent with 

non-inferiority (NI) analysis guidelines, we used the per-protocol (PP) sample for primary 

NI results and report confidence intervals rather than p-values (Schumi & Wittes, 2011).

In a secondary set of analyses using the ITT sample (comprising all 132 randomized 

participants who attended at least one session), a mixed effects modelling approach (MEM) 

was used to illustrate and compare the trajectories of longitudinal outcome means for PE-IP 

and PE-HBT over the full time course. The dependent variables in the MEM models were 

PCL and BDI, each used separately. The model included treatment, visit, visit-by-treatment 

(interaction term) as primary independent variables. Visit included measurement time points: 

baseline, weeks 2, 4, 6, 8, 10, post-treatment, 3 and 6 month follow-up. If a significant 

interaction term in the model is observed, this is considered evidence of non-parallel 

trajectories (differential rate of change by treatment group). An unstructured covariance was 

used and analyses were performed using SAS Proc Mixed (SAS v9.4).

Results

Baseline Scores and Dropout

Demographic characteristics and self-report measures of psychopathology were not 

significantly different for the PE-HBT and PE-IP treatment groups (Table 1). Approximately 
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19% of the PE-IP group dropped out (did not complete at least six therapy sessions) as 

compared to 32.8% of the PE-HBT group (χ2 = 3.23, p=0.072). We subsequently: (a) 

examined the overall average number of sessions received in both groups and found no 

statistically significant differences between PE-HBT (7.6 sessions; SD = 3.6 sessions) and 

PE-IP (8.6 sessions; SD=3.2 sessions) (F(1, 131) = 2.97, p = .09) in the overall ITT sample (N 
= 132); and (b) examined the average number of sessions completed prior to dropout in each 

group, and found no difference between conditions in the dropout sample (ITT – PP = 34) 

(PE-HBT: 3.1 sessions completed before dropout vs PE-IP: 2.9 sessions completed before 

dropout; F(1, 131) = 0.07, p = .80). Considering overall participants available for study, one 

hundred fifty individuals were randomized but intent to treat data were available for only 

132 at post treatment and 110 at followup.

Non-Inferiority Comparisons

Figures 2 and 3 give the 90% one sided confidence intervals overlaid on the non-inferiority 

margin (Δ) line for PCL and BDI, respectively. Differences in treatment means and 

confidence intervals (90% CI) are given in terms of the PE-HBT group mean subtracted 

from the PE-IP group mean, with negative numbers indicating poorer performance for PE-

HBT. In Figure 2, the lower limits of the 90% CI for PCL scores at post-treatment (M= −3.2; 

90% CI: −8.6 to 2.1) 3 months (M= : −2.8; 90% CI: −7.6 to 2.0) and 6 months (M= 0.03; 

90% CI: −4.9 to 5.0) were within (did not exceed) the pre-specified meaningful clinical 

difference (−Δ = −8.8) indicating, with respect to PCL outcome scores, PE-HBT was “as 

good as” PE-IP.

In contrast to findings for PTSD symptoms, the lower limit of the 90% CI for BDI scores 

(Figure 3) at post-treatment (M = −2.4; 90% CI: −6.3 to 1.5) and 3 month follow-up (M = 

−2.0; 90% CI: −5.7 to 1.6) fell slightly outside the pre-specified limit of non-inferiority (Δ = 

−5.0). However, scores between conditions were virtually identical (M= −0.3; 90% CI: −4.1 

to 3.6) at 6 month follow-up.

Secondary analyses described the longitudinal trajectory of outcome using the ITT sample to 

characterize the overall intervention effect, as ITT samples are characteristically used for 

this purpose. Note that Figures 4 and 5 illustrate the modeled time course of PCL and BDI 

means, respectively. For both PCL and BDI, we found no statistically significant time-by-

visit interaction and no significant treatment main effect, indicating that treatment groups 

had similar rates of improvement over time for PCL (PE-IP slope=−1.9, p<0.0001; PE-HBT 

slope=−1.8, p<0.0001) and BDI (PE-IP slope=−1.2, p<0.0001; PE-HBT slope=−0.8, 

p=0.004). We also found no statistically significant treatment differences in outcomes (effect 

sizes) at the primary post, 3-, and 6-month time points for the linear MMRM model.

For comparability with other treatment outcome studies, we also report calculated effect 

sizes (d) for time. As noted above, there were no between group differences in either slope, 

or effect size at each time point. Thus, in the absence of differences across conditions, 

overall effect sizes across major time assessment points (i.e., baseline compared to post-

treatment, 3 and 6 month follow-ups) were calculated with the ITT sample for PCL scores 

using pooled standard deviations at each time point (baseline PCL M = 59.1, SD = 11.2; 

post-treatment PCL M 43.4, SD = 14.2; month 3 PCL M = 44.8, SD = 10.5; month 6 PCL M 
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= 46.5, SD = 13.8), yielding a baseline - post treatment effect size d = 1.24 (90% CI = 1.02 – 

1.46); a baseline - month 3 effect size d = 1.32 (90% CI = 1.10 – 1.55), and a baseline – 

month 6 effect size d = 1.04 (90% CI = 0.83 – 1.26).

Discussion

The major study hypothesis that PE delivered by HBT would be ‘as good as’ the same 

treatment delivered in person was largely supported in terms of PTSD symptom response by 

non-inferiority analyses at all time points. However, non-inferiority hypotheses for 

depression were only supported at 6 month follow-up, with PE-HBT performing more 

poorly than PE-IP with respect to BDI scores at post-treatment and 3 month follow-up. This 

may be due to the focus of PE on PTSD symptoms, and this focus may be relatively 

enhanced when conducting treatment via HBT compared to in person settings, where 

opportunities for incidental attention to depression symptoms and their alleviation may be 

more frequent. In addition, the increased activities necessary to engage in in person 

psychotherapy may well have acted as a form of behavioral activation, enhancing the the in 

person condition's antidepressant effect. Overall, these findings build on those of previous 

investigations indicating non-inferiority of HBT delivered therapies relative to in-person 

treatment (Acierno et al., 2016; Bolton & Dorstyn, 2015; Maieritsch et al., 2015; Morland et 

al., 2015), and support the notion that this medium is tenable for delivering evidence based 

treatments for complex conditions such as PTSD. These findings are promising for veterans 

who encounter significant barriers to receiving PTSD-related treatment at the VA or at 

community based outpatient clinics.

Our findings are in line with those of existing randomized controlled trials comparing 

telehealth delivered treatment with in person treatment of PTSD (although there are very few 

of these studies with veterans). For example, Morland et al. (2013) followed the hub and 

spoke model of care (satellite office based telehealth) to deliver therapy to groups of 

veterans with PTSD and found the modality to be non-inferior to in person treatment in a 

sample of 125 veterans. However, unlike Morland et al. (2013), PTSD treatment gains 

following HBT were largely maintained in this study. Similarly, in a very small randomized 

controlled trial with 18 participants, Zeimba, et al. (2014) showed similar gains for in-person 

and satellite office telehealth treated veterans. Maieritsch et al. (2015) also compared the hub 

and spoke version of telehealth delivered treatment with in person treatment of PTSD and 

found similar outcomes for both treatment deliveries. However, they noted that HBT should 

be considered due to significant barriers to treatment delivery using the hub and spoke 

model, including requirements of space for a therapist at one site, space for the patient at the 

second site, and patient travel time. Thus, our findings extend prior hub and spoke telehealth 

findings to HBT delivered care, which may alleviate more barriers than traditional hub and 

spoke models of telehealth. Note also that none of these studies used PE as the treatment 

examined. Instead, other effective cognitive behavioral treatments were used including 

cognitive processing therapy. Therefore, this is the first study to examine high-fidelity PE 

delivered over HBT. This is an important distinction because therapists may be more 

reluctant to deliver PE over HBT due to potential difficulties with imaginal exposures and in 

vivo exposures. However, the findings from this study should alleviate any of these potential 

therapist concerns.
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Indeed, a secondary finding worthy of comment is the fact that effect size analyses indicated 

that PE produced long-term PTSD symptom improvement, albeit at levels somewhat less 

that those observed in prior studies (Foa e al., 2005). These clinically significant 

improvements were evident even though we went to great lengths to approximate the ‘real 

world’ context of a VA PTSD clinic and its clinicians. Specifically, our recruitment criteria 

were the same as those of the VA clinic from which we recruited, and the wide inclusion / 

narrow exclusion criteria (i.e., CAPS positive for PTSD, non-acutely psychotic, not acutely 

suicidal, non-substance dependent) meant that our patient population evinced many 

variations of symptom intensity, frequency, course, motivation for treatment, and 

comorbidities of both a health and mental health nature among other factors that most 

certainly affect treatment effectiveness. These factors are typically filters for inclusion in 

protocol based treatment outcome research. This, combined with our purposeful use of 

masters level clinicians rather than highly specialized clinicians, dramatically increased the 

real world generalizability of our findings.

There are several strengths of the present study. Most importantly, this is the first 

demonstration of non-inferiority of PE delivered via HBT for PTSD symptoms. Second, the 

patient sample was relatively ‘unfiltered’, and our inclusion / exclusion criteria were no 

different from that of the VA PTSD clinic from which participants were recruited. Third, our 

therapists were typical of the VA, and thus, our findings have extremely high real world 

relevance and show that the logistical advantage of HBT over ‘hub and spoke’ versions of 

telehealth do not come at a high cost to treatment effectiveness.

Limitations

The study also contains several limitations. First, due to ethical concerns associated with 

using control treatments with veterans with PTSD, the study lacked a third group of 

participants receiving an alternative intervention to compare PE-HBT with a standard 

control-group treatment (e.g., Supportive Counseling via HBT). Although this would not 

have provided relevant information for non-inferiority analyses, it would have provided 

comparative effectiveness data allowing us to isolate the treatment medium from the PE 

treatment, per se. Second, the number of those completing six or more sessions (i.e., the PP 

sample) was significantly lower than the ITT sample, and such discrepancy could lessen 

reliability of the findings. Relatedly, there was limited power to assess differential dropout. 

In addition, all participants in both groups were required to be willing to attend sessions in 

person prior to randomization, thereby limiting generalization to the more rural / 

geographically distant population for whom this modality is most relevant. Further, prior 

treatment and prior treatment failure were not assessed, and the impact of prior treatment on 

the effectiveness of in person vs HBT delivered PE is unknown. Another limitation involves 

the dependent measures. While it is common to use continuous measures of 

psychopathology as primary outcome variables, post-treatment CAPS data would have 

offered complimentary diagnostic level information regarding non-inferiority of treatment 

modality. Additionally, although miniority status was well represented, gender was not, with 

only 5 female veterans included in the study. A further weakness involves limited 

generalizability of results from this combat sample of largely male veterans to the general 

population of civilians who may receive PE treatment. Finally, a major concern with HBT 
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involves access to emergency resources that may be more often available in clinic settings. 

The scope of the present investigation was limited in that these concerns and the parameters 

under which they are more or less likely to become manifest were not studied.
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Highlights

• Prolonged Exposure (PE) decreases posttraumatic stress disorder 

(PTSD) symptoms

• Home-based telemedicine (HBT) was compared to in person (IP) 

delivery of PE

• HBT-PE was non-inferior to IP-PE in terms of PTSD symptoms at post, 

3 and 6 month followup points

• HBT-PE was non-inferior to IP-PE in depression symptoms at 6-month 

follow-up only

• HBT-PE can increase the reach of this evidence-based treatment for 

PTSD
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Figure 1. 
CONSORT 2016 Flow Diagram (PE)

Notes: PE-IP / PE-HBT: Prolonged Exposure In Person / Home Based Telehealth; ITT Intent 

to treat (at least 1 session completed); PP: Per Protocol (at least 6 sessions completed).
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Figure 2. 
PCL difference PE-HBT vs. PE-IP at post-treatment, 3 & 6 month follow-up.

Note: PE-HBT: Prolonged Exposure-Home Based Telehealth; PE-IP: Prolonged Exposure-

In Person; PCL: Post-traumatic Stress Disorder Checklist; Inventory Order of subtraction 

PE-IP minus PE-HBT; negative difference indicates HBT mean higher than IP mean. Non-

inferiority of HBT supported if lower limit of CI is not less than (extend beyond) delta.
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Figure 3. 
BDI difference PE-HBT vs. PE-IP at post-treatment, 3 & 6 month followup.

Note: PE-HBT: Prolonged Exposure-Home Based Telehealth; PE-IP: Prolonged Exposure-

In Person; BDI: Beck Depression Inventory Order of subtraction PE-IP minus PE-HBT; 

negative difference indicates HBT mean higher than IP mean. Non-inferiority of HBT 

supported if lower limit of CI is not less than (extend beyond) delta.
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Figure 4. 
Trajectory of PCL Modeled Means for ITT Sample (n=132)

Note: PE-HBT: Prolonged Exposure-Home Based Telehealth; PE-IP: Prolonged Exposure-

In Person; PCL: Post-traumatic Stress Disorder Checklist. Least squares means from mixed 

effects model with unstructured covariance. For linear model: Treatment main effect, 

p=0.1159; time main effect, p<0.0001, Treatment-by-time interaction, p=0.1307. p-values at 

immediate post, 3- and 6-months: 0.2478, 0.4437, 0.9753, respectively.
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Figure 5. 
Trajectory of BDI Modeled Means for ITT Sample (n=132)

Note: PE-HBT: Prolonged Exposure-Home Based Telehealth; PE-IP: Prolonged Exposure-

In Person; BDI: Beck Depression Inventory. Least squares means from mixed effects model 

with unstructured covariance. For linear model: Treatment main effect, p=0.1922; time main 

effect, p<0.0001, Treatment-by-time interaction, p=0.4703. P-values at immediate post, 3- 

and 6-months: 0.1513, 0.2079, 0.5480, respectively.
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Table 1

Sample Characteristics of the Overall ITT Sample Population at Baseline.

Characteristics Mean / Total N (SD / %) PE-HBT n (%) PE-IP n (%) F or X2, p

Mean Age (years) 41.8 (SD=14.5) 40.7 (SD=14.9) 42.9 (SD=14.1) 0.74, 0.39

Gender (%)

    Male 127 (96.2) 62 (98.4) 65 (94.2) 1.60, 0.37

    Female 5 (3.8) 1 (1.6) 4 (5.8)

Race/Ethnicity (%)

    White 80 (60.6) 39 (60.9) 41 (60.3) 1.16, 0.76

    Black 44 (33.3) 21 (32.8) 23 (33.8)

    Hispanic 7 (5.3) 4 (6.3) 3 (45.4)

    Others 1 (0.8) 0 (0.0) 1 (1.5)

Marital status (%)

    Never married 30 (23.3) 15 (23.8) 15 (22.7) 0.32, 0.96

    Married 73 (56.6) 36 (57.1) 37 (56.1)

    Sep./Divorced 23 (17.8) 11 (17.5) 12 (18.2)

    Widowed 3 (2.3) 1 (1.6) 2 (3.0)

Education (Years) 12.4 (SD=4.6) 12.2 (SD=4.9) 12.5 (SD=4.4) 0.09, 0.76

Employed (%) 55 (49.1) 26 (48.1) 29 (50.0) 0.04, 0.50

Baseline PCL 59.2 (11.2) 60.1 (11.3) 58.3 (11.1) 0.84, 0.36

Basline BDI 27.7 (12.1) 27.5 (13.0) 27.9 (11.4) 0.01, 0.87

War Theatre (%)

    OEF/OIF 80 (60.6) 38 (28.8) 42 (31.8) 0.06, 0.97

    Persian Gulf 22 (16.7) 11 (8.3) 11 (8.3)

    Vietnam 30 (22.7) 14 (10.6) 16 (12.1)

Mean Service Connection Rating 53.5 (SD=37.9) 55.8 (SD=35.7) 51.4 (SD=40.2) 0.32, 0.57

Note: N's may differ across variables due to variable specific missing data. ± sd or %. Statistics are F-test for continuous variables (means) and chi-
square for categorical (%) variables. PE-HBT: Prolonged Exposure-Home Based Telehealth; PE-IP: Prolonged Exposure-In Person; Sep: 
Separated; PCL: Post-traumatic Stress Disorder Checklist; BDI: Beck Depression Inventory; OEF: Operation Enduring Freedom; OIF: Operation 
Iraqi Freedom.
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