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Abstract

Background: Although effective psychotherapies for posttraumatic

stress disorder (PTSD) exist, high percentages of Veterans in need of

services are unable to access them. One particular challenge to

providing cost-effective psychological treatments to Veterans with

PTSD involves the difficulty and high cost of delivering in-person,

specialized psychotherapy to Veterans residing in geographically

remote locations. The delivery of these services via clinical video-

teleconferencing (CVT) has been presented as a potential solution to

this access to care problem. Materials and Methods: This study is a

retrospective cost analysis of a randomized controlled trial investi-

gating telemedicine service delivery of an anger management therapy

for Veterans with PTSD. The parent trial found that the CVT con-

dition provided clinical results that were comparable to the in-

person condition. Several cost outcomes were calculated in order to

investigate the clinical and cost outcomes associated with the CVT

delivery modality relative to in-person delivery. Results: The CVT

condition was significantly associated with lower total costs com-

pared with the in-person delivery condition. The delivery of mental

health services via CVT enables Veterans who would not normally

receive these services access to empirically based treatments. Addi-

tional studies addressing long-term healthcare system costs, indirect

cost factors at the patient and societal levels, and the use of CVT in

other geographic regions of the United States are needed. Conclu-

sions: The results of this study provide evidence that CVT is a cost-

reducing mode of service delivery to Veterans with PTSD relative to

in-person delivery.
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Introduction

P
osttraumatic stress disorder (PTSD) is one of the most costly

psychiatric conditions to society.1 PTSD is a common

mental health disorder experienced by combat Veterans and

is associated with high levels of depression,2 substance

abuse,3 medical comorbidity,4 mortality,5 healthcare service use,6,7

and impaired functioning.8–10 Apart from the distress and reduced

quality of life associated with this disorder, military Veterans with

PTSD and their families are often confronted with job loss,11 poor

family functioning,12 homelessness,13 anger, violence,14,15 and in-

carceration.16 Approximately 11% of patients served by the De-

partment of Veterans Affairs (VA) healthcare system have been

diagnosed with PTSD.17 Despite this, estimates suggest that up to

40–50% of the Veterans who need and are eligible for mental health

services in the United States do not access these services, and many of

those who initiate mental healthcare drop out of treatment prema-

turely.18,19 Currently, 3.3 million of the 8 million Veterans who use

the VA in the United States reside in rural areas and are geographi-

cally remote.20 Thus, access to healthcare services is a significant

challenge for many Veterans, including many returning Operation

Enduring Freedom/Operation Iraqi Freedom/Operation New Dawn

Veterans.21,22

To solve this access to care problem, the VA system has dramati-

cally expanded its use of telemedicine to deliver treatment services.23

Clinical videoteleconferencing (CVT), which allows for synchronous

face-to-face communication between patient and provider, is one

example of a telemedicine modality that has become increasingly

754 TELEMEDICINE and e-HEALTH OCTOBER 2013 DOI : 10.1089/tmj .2012.0298



available in a wide variety of institutions and service systems. Re-

search supports the acceptability,24 general feasibility, and clinical

efficacy relative to traditional in-person mental health services of

CVT applications for several underserved and difficult-to-access

populations,25–29 including combat Veterans with PTSD.30–33

One aspect of the promise of telemedicine is that it represents not

only a clinically effective way to surmount access to care challenges,

but also a cost-reducing means of doing so. That is, the telemedicine

modality should allow for the treatment to be delivered at a lower

cost than in-person delivery without sacrificing quality of care.27,34

However, despite the common assumption that telemedicine is cost

reducing, at this point the accumulation of data on cost lags well

behind that of data supporting clinical efficacy.28,35,36 There is cur-

rently a lack of coherent methodology for the cost evaluation of

services delivered via telemedicine. Researchers have noted the need

for studies that measure quantifiable clinical and cost outcomes,

including measures of efficacy, efficiency, and opportunity cost,37

when conducting studies to determine if the potential benefits out-

weigh the costs of providing services via telemedicine. Investigators

further recommend that studies on the cost-effectiveness of tele-

medicine take into account the total investment for the equipment,

including the software, maintenance, repairs, and depreciation when

conducting cost-benefit analyses.38

The few studies that have been conducted have generally sup-

ported the cost-effectiveness of telemedicine. Research on the costs

of conducting neuropsychological assessments via CVT has indicated

that the cost of telemedicine is significantly lower than the cost of

delivering these interviews in-person.39 In Veteran populations, the

cost-effectiveness of telemedicine has been demonstrated for the

delivery of a care coordination/home telehealth program for Veter-

ans with diabetes40 and structured clinical interviews with American

Indian Veterans in rural locations.41 However, evidence that tele-

medicine may reduce costs of mental healthcare is not a uniform

finding. A study investigating telehealth mental health screening

with military populations post-deployment found that using tele-

health to screen large numbers of Veterans was more expensive than

in-person screening.42 Given the current lack of studies addressing

the cost-effectiveness of telemedicine and discrepancies in the

findings in this area of research, future investigations of the cost of

this delivery modality are warranted.

The use of telemedicine improves access to care by allowing the

VA to reach Veterans who would not otherwise receive treatment

(e.g., rural residents) or screening for mental health disorders.

However, there are important considerations to take into account

when conducting services via a telemedicine modality. Providers of

mental health treatment via telemedicine must establish specific

plans for dealing with patients who are at risk.42 Another prominent

concern is the lack of reliable, long-term reimbursement mecha-

nisms,37 which can be especially problematic if the provider is de-

livering the treatment remotely from a location outside of a

hospital.38 The cost-effectiveness of telemedicine may also be de-

pendent on the providers’ workload.43 Furthermore, providing ser-

vices via telemedicine requires additional training, administrative

support, and technological expenses beyond those necessary for

traditional clinical care.42 In the future, payers, providers, and policy

makers need to work together in order for telehealth to be adopted by

a larger number of health service providers.44

The current study represents a retrospective analysis of data from a

randomized controlled trial that demonstrated non-inferiority of

clinical effectiveness and comparable process outcomes for a group-

administered cognitive behavioral treatment for anger management

delivered via CVT compared with in-person delivery.31,45 We ex-

amined the direct cost of the evidence-based psychotherapy deliv-

ered via CVT relative to traditional in-person care in a setting where

the specially trained therapist would otherwise have to fly to a rural

VA satellite clinic to deliver treatment.

Materials and Methods
PARTICIPANTS

Participants were 74 male Veterans with PTSD and moderate to

severe anger problems recruited across three VA clinical sites and

three Veterans Centers on the Hawaiian Islands of Maui and the Big

Island of Hawaii. In the parent study (n = 125), participants were re-

cruited in 10 cohorts and then randomized into either in-person

(control) or CVT (experimental) anger management treatment46

groups. The current study uses post-treatment data from the six co-

horts that were conducted on the remote islands of Maui and the Big

Island of Hawaii; therefore, the data from the cohorts conducted on

Oahu were excluded. Statistical analysis was completed at the cohort

level and revealed that participants in the two treatment conditions

did not differ (were non-inferior) on any of the baseline character-

istics or treatment outcomes31; therefore, Veterans were collapsed

across cohorts for the current analysis. Ethnoracial demographics for

this study were as follows: Native Hawaiian/Pacific Islander, 31.1%;

white, 39.2%; Asian American, 21.6%; and other ethnicity, 6.8%.

Most Veterans were married (66%) and the average age was 56.4

years (standard deviation, 8.21 years). The Veterans included in this

study did not differ significantly on ethnicity, marital status, com-

pleter status, or clinical outcomes from Veterans in the parent study.

Significant differences were found on age at treatment and war era

between Veterans in the current study and those in the parent study.

Participants had a diagnosis of lifetime PTSD as assessed by the

Clinician-Administered PTSD Scale.47 Veterans were required to

have been on a stable medication regimen for at least 2 months prior

to study entry. Veterans with active psychosis, active homicidal or

suicidal ideation, significant cognitive impairment, a history of or-

ganic mental disorder, current substance dependence, or unwilling-

ness to refrain from substance abuse during treatment were excluded.

The VA Pacific Islands Healthcare System’s Institutional Review

Board approved the study protocol.

MEASURES

Clinical measures. Post-treatment clinical data were used from

the total score for the Novaco Anger Scale (NAS-T)48 and Trait Anger

(T-ANG) and Anger Expression Index (AEI), which are two subscales
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of the State-Trait Anger Expression Inventory-249 that measure trait

anger and anger expression, respectively. The Cronbach’s alpha

values for these measures across the five assessment points in the

parent study were as follows: NAS-T, 0.89–0.94; T-ANG, 0.83–0.93;

and AEI, 0.73–0.83.

Cost measures. Various cost outcomes were calculated in order to

examine the association of CVT condition relative to in-person anger

management treatment with clinical and cost outcomes.50 Each co-

hort was assigned a cost depending on the year that the treatment of

the cohort occurred. The travel costs in 2007 were lower than 2005

and 2006 because there was a ticket-price competition among air-

lines in Hawaii during 2007. All costs were converted to 2012

dollars using the Consumer Price Index (www.bls.gov/data/inflation_

calculator.htm) as of November 2012. Connectivity costs were not

included in the cost measures as these expenses are a normal fixed

facility cost, which would not be affected by the intervention being

delivered via CVT.

The personnel per session costs were calculated using the

per-minute cost and activities associated with each condition. We

estimated the total employment costs per minute for a clerk, an in-

formation technician, and a psychologist. Per-minute costs were

estimated using the annual salary based on the Federal General

Schedule for salaries for the years 2005, 2006, and 2007 with the

addition of the cost-of-living adjustment for a person federally

employed in Honolulu (25% for 2005–2007) and the cost of benefits

(base salary + cost-of-living adjustment at 25% rate + 35% for

benefits). In order to obtain a therapy per session cost, the employ-

ment cost of the psychologist for a 90-min session was calculated

using the same formula as the personnel per session cost.

For the CVT condition, the cost of the telehealth equipment and

costs for the clinician to travel to the remote islands were also cal-

culated. Travel costs were calculated using the modal cost per trip to

represent the typical cost of travel for each year because using the

mean cost gave too much weight to outlier costs. These travel costs

included the price of the airline ticket, parking fees at the originating

airport, and taxi fees between the remote airport and the VA clinic.

The equipment costs were calculated by dividing the cost of the

equipment by the expected years it will be in use to derive a per-time

unit cost. We used the ‘‘straight-line method’’ to amortize, or allocate

the total sum of the costs to different time periods.51 For the two

Tandberg (Cisco, San Jose, CA) units, we used the purchase cost of the

units over 3 years52 to obtain a per-minute cost of the videoconfer-

ence equipment. To amortize the T1 line and based on the annual

maintenance costs of the line, we calculated per-minute cost for the

512 kilobytes of bandwidth we used per session.

Participant per session costs were calculated, using the number of

participants in each condition of each cohort, on the following var-

iables: (1) personnel per session, (2) travel, and (3) equipment costs.

The cost per person for the in-person condition included the total cost

of the salary for a supervisory-level licensed clinical psychologist for

the time spent traveling from the large medical center in Honolulu to

the satellite clinics on remote Hawaiian Islands, total travel expenses

(e.g., airfare, ground transportation) for those trips, and cost of the

psychologist for the time spent providing the anger management

therapy. The cost per person for the CVT condition was the cost of the

equipment used during the therapy session and cost of the psychol-

ogist for the time spent providing the anger management therapy.

The total cost per participant was the product of the per session cost

and the total number of treatment sessions that each participant

attended.

STATISTICAL ANALYSIS
Because of a non-negligible percentage of missing values in 14.9%

of the cases for the NAS-T variable, 12.2% of cases for the T-ANG

variable, and 12.2% of cases for the AEI variable, a missing data

analysis was conducted. A multiple imputation method using the

linear regression model was found to be appropriate and was sub-

sequently used for this analysis. All statistical analyses are based on

the pooled imputed values for missing post-treatment variable values

of the NAS-T and T-ANG and AEI subscales of the State-Trait Anger

Expression Inventory-2.

Unadjusted means of the cost differences and percentage change

in clinical outcomes (from baseline to last recorded outcome) by

delivery mode were tested using Student’s t tests. In order to examine

the cost of telemedicine delivery of treatment relative to in-person

delivery while not sacrificing quality of care or incurring inferior

clinical outcomes, we estimated three regression models to examine

the association of telemedicine delivery relative to in-person care

while adjusting for the percentage change from baseline to last re-

ported value for each of the three clinical outcomes; therefore, in

addition to adjusting the cost models for delivery modality, we ad-

justed for the change in the clinical outcome in each model. With the

non-normally distributed total cost per participant outcome, gener-

alized linear model regression with a gamma distribution and log link

was used for all three models. All analyses were performed using

STATA version 9.0 (StataCorp, College Station, TX).

Results
Means for treatment costs and the three clinical outcome measures

are reported in Table 1 by mode of delivery. For in-person delivery,

the percentage change from baseline to last reported value of out-

come was fairly stable, ranging from a decline of 5% for the NAS-T to

a decline of 4% for the T-ANG and a decline of 4% for the AEI. For the

CVT delivery, the percentage change from baseline to last reported

value of outcome was much higher relative to in-person delivery for

all three outcomes, with a 10% decline in the NAS-T, a 19% decline in

the T-ANG, and a 22% decline in the AEI. There were statistically

significant differences in percentage change from baseline to last

reported value by delivery mode for the T-ANG ( p = 0.03) and AEI

( p = 0.01). Unadjusted mean cost of CVT was significantly ( p = 0.00)

lower by $713 relative to the mean cost of in-person delivery.

Adjusted cost of CVT relative to in-person delivery for each clin-

ical outcome is reported in Table 2. We estimated similar models for

each change in clinical outcome in order to examine the sensitivity of

the estimate of CVT relative to in-person association with cost for
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different clinical outcomes. The significant ( p = 0.00) cost reduction

associated with CVT was found to be relatively stable across the three

clinical outcomes. Cost reduction was very stable, ranging from $703

(b = 25.17) for the T-ANG to $708 (b = 10.21) for the AEI and $710

(b = 17.98) for the NAS-T. We found that regardless of the clinical

outcome, the estimate on CVT was relatively stable, which indicates

that our estimate on CVT is robust to model specification, therefore

increasing our confidence that the estimate on CVT is reliable.

Discussion
In this retrospective analysis of cost data for a randomized con-

trolled trial of telemedicine service delivery for Veterans with

PTSD,31,45 we examined both the unadjusted and adjusted total cost

by delivery method based on the estimated direct costs to the VA

healthcare system (i.e., provider-level costs). Veterans in both the in-

person and CVT groups displayed reductions on anger outcomes after

treatment, with the CVT group showing statistically significant re-

ductions on two of the three clinical anger outcomes relative to the

in-person group. Results show that the mental health services pro-

vided via telemedicine were vastly less expensive than services

provided via the traditional in-person mode, which required thera-

pists to fly from the VA medical center to outlying VA satellite

clinics, with no drop-off in clinical efficacy.

The current study compared the cost of providing mental health

treatment via CVT delivery with that for in-person delivery. It should

be noted that, in many cases, the alternative to delivering specialized

mental health services via CVT is not in-person delivery, but for the

Veterans to receive no mental health services. Although providing

empirically based treatments to Veterans who would not normally

receive services because of limited access to healthcare is clearly

more expensive than providing no care in the short term, the benefits

produced at the systems level make CVT a cost-reducing mode of

mental health services delivery.

In this relatively simple study, the cost-reducing value of tele-

medicine for providing mental health services to Veterans with PTSD

was strongly supported. By estimating separate models for changes in

three different clinical outcomes, we were able to test the sensitivity

of our cost findings relative to clinical outcome and control for

changes in clinical outcome, thereby ensuring that cost reductions

were not obtained by reducing quality of care and clinical outcomes.

The potential cost impact of CVT is likely to vary depending on

alternative modalities and methods of service delivery. In the present

study, conducted in the context of the unique geographic realities of

the state of Hawaii, the alternative to CVT involved the clinician

traveling to deliver care in-person; therefore, CVT was clearly more

cost reducing relative to the alternative in-person delivery modality.

The remoteness of rural clinics was not merely a result of distance

between VA clinics (which ranged up

to 220 miles), but also by the fact that

the Hawaiian Islands are separated by

the ocean, which means that air travel

is required to get from one island to

another in a reasonably efficient

manner. Despite the unique geogra-

phy of the Hawaiian Islands, the

current findings should still be rele-

vant to many rural areas of the United

States and other countries where vast

distances separate patients from tra-

ditional healthcare services.

These findings, while encouraging,

leave many important economic

questions unanswered. They provide

only an estimate of the potential cost-

reducing value of telemedicine at the

Table 1. Clinical and Cost Outcomes

CVTa IN-PERSONa

OUTCOMES MEAN 95% CI MEAN 95% CI

Total cost in 2012b $79 $73, $84 $792 $727, $856

Clinical variables

NAS-Tc,d - 0.10 - 0.16, - 0.05 - 0.05 - 0.13, 0.04

T-ANGc–e - 0.19 - 0.29, - 0.10 - 0.04 - 0.18, - 0.09

AEIc–e - 0.22 - 0.32, - 0.13 - 0.04 - 0.32, - 0.13

aThe sample size for both conditions was 37.
bUnadjusted mean cost.
cPercentage of change from pretreatment to post-treatment in clinical scale

scores.
dPooled data from multiple imputation for missing values used.
eSignificant difference by delivery mode based on Student’s t tests at p < 0.05.

AEI, Anger Expression Index subscale of State-Trait Anger Expression Inventory-

2; CI, confidence interval; CVT, clinical videoteleconferencing; NAS-T, Novaco

Anger Scale Total; T-ANG, Trait Anger subscale of State-Trait Anger Expression

Inventory-2.

Table 2. Adjusted Generalized Linear 2012 Cost Model

MODELS

OUTCOMES NAS-T 95% CI T-ANG 95% CI AEI 95% CI

COSTa - $710b - $773, - $648 - $703b - $765, - $641 - $708b - $772, - $644

NAS-Tc,d 17.98 - 42.65, 78.61

T-ANGc,d 25.17 -10.56, 60.91

AEIcd 10.21 - 27.24, 47.67

aTelemedicine (clinical videoteleconferencing) relative to in-person. The sample size for both conditions was 37.
bp = 0.00.
cb coefficient of the cost of 1% change in clinical outcomes and the confidence intervals of the b coefficients.
dPooled data from multiple imputation for missing values used.

AEI, Anger Expression Index subscale of State-Trait Anger Expression Inventory-2; CI, confidence interval; NAS-T,

Novaco Anger Scale Total; T-ANG, Trait Anger subscale of State-Trait Anger Expression Inventory-2.
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provider level relative to traditional in-person services. They do not

tell us anything about larger system costs, especially in the absence of

the in-person services provided in this study. At least in the short

term, providing greater access to mental health services should ac-

tually result in greater use of services as patients access care they had

previously been foregoing. On the other hand, in the longer term it is

conceivable that a comprehensive healthcare system like the U.S. VA

might realize significant cost savings if efficacious mental healthcare

successfully improves the overall health of patients and results in

lower use of other medical services and benefits. The current analyses

are also limited by not including the indirect cost factors at the pa-

tient (e.g., quality of life, travel costs, lost wages, time, family burden)

or societal (e.g., productivity, lost taxes, early mortality, out-of-

network service provider costs, insurance) levels. For all of these

reasons, the current study does not represent a full examination of

the cost-effectiveness of telemedicine. Additional prospective ran-

domized clinical trials, several of which several are currently under

way,53–55 are needed to address these limitations. Specific trials

would be useful to assess the cost differential of CVT versus in-person

psychotherapy in geographic regions where clinicians can drive ra-

ther than fly to outlying clinics.
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