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Health disparities between ru-
ral residents and urban or
suburban residents in this

country reflect substantial socioeco-
nomic differences, poorer lifestyle
practices, and decreased access to
care (1). This is especially true of ru-
rally dwelling American Indians and
Alaska Natives, who are in greater

jeopardy than other populations be-
cause of the geographic isolation and
racial inequities in their daily lives (2).
For example, there are measurably
higher rates of morbidity and mortal-
ity among American Indian and Alas-
ka Native reservations compared with
other rural white and minority com-
munities (3,4). However, the ability to

monitor these trends, to obtain a
deeper understanding of the root
causes of specific disparities, and to
investigate possible solutions is con-
strained by the challenges of conduct-
ing research in rural settings. Lack of
infrastructure and the high cost of im-
porting the resources necessary to
conduct appropriate work impede the
acquisition of this knowledge. One
promising solution lies in telecommu-
nication technologies—especially live
interactive videoconferencing com-
monly known as telehealth—to ad-
dress barriers to accessing health care
and to ascertaining individual health
status, function, and need.

With respect to patient care and
health-related research, cost-related
studies in telehealth are limited in
empirical specificity and generaliz-
ability (5–7). The available studies
fail to provide adequate detail for
cost-analytic purposes (5,6); still,
there remains a general sense among
advocates that telepsychiatry is cost-
effective, at least for providing re-
motely based care (8,9). Studies
demonstrate savings to patients by
eliminating travel to distant pro-
viders (10,11). Institutions save by
eliminating provider travel (12,13)
once they reach a critical level of
teleconference activity within speci-
fied periods (14–17). Yet no studies
have examined the direct cost of
conducting research using telehealth
nor have they explored how research
via telehealth compares with in-per-
son interviews. One of the difficul-
ties in examining costs in telehealth
and other such clinical modalities is
that fixed and variable costs vary
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greatly among sites, making the gen-
eralizability of study results difficult.

This investigation compared the
costs of telehealth and in-person
structured clinical interviews through
a study mounted in a rural American
Indian tribal community some 600
miles from our facility. The purpose
of this study was to compare direct
costs of conducting structured clinical
interviews with respondents in rural
locations via real-time interactive
videoconferencing (that is, tele-
health) versus standard in-person
methods. Previous work has demon-
strated that psychiatric interviews can
be administered in a reliable and
valid manner by live, interactive tele-
conferencing (18). We hypothesized
that telehealth would be less expen-
sive than in-person interviews by
eliminating travel time and reducing
interviewer costs associated with
missed appointments. We used a
prospective test-retest design to eval-
uate our hypothesis.

Methods
Study description
This study is one component of a
larger investigation that evaluated
the use of the Structured Clinical In-
terview for DSM-III-R (SCID) to
conduct psychiatric assessments by
telehealth. Participants were admin-
istered a version of the SCID for
DSM-III-R that was modified for use
with American Indian populations
for the American Indian Vietnam
Veterans Project and further adapted
in the American Indian Services Uti-
lization, Psychiatric Epidemiology,
Risk and Protective Factors Project
(19,20). Results of the parent investi-
gation were broken down to evaluate
reliability, process, and economic
outcomes.

The parent study used a prospec-
tive test-retest design. The re-
searchers administered the SCID to
American Indian veterans both face
to face and via telehealth on two oc-
casions within a two-week period.
The study was conducted at the
American Indian and Alaska Native
Programs (AIANP) of the University
of Colorado at Denver and Health
Sciences Center in collaboration with
a rural Northern Plains American In-
dian reservation. Participants were

recruited from the local veteran pop-
ulation because they represented the
best sample available on the reserva-
tion with a known prevalence of life-
time psychiatric disorders (19).

Colorado Multiple Institutional
Review Board and tribal approvals
were obtained before the study’s initi-
ation, and written informed consent
was obtained from all participants. A
power analysis indicated that 50 par-
ticipants were needed for the purpos-
es of the parent study. Seventy per-
sons were approached; 60 (86%)
agreed to participate, of whom 53
(76%) completed both interviews. All
participants were men, with a mean

(and median) age of 54 (range
46–71). Participants were adminis-
tered a modified version of the SCID
adapted for previous AIANP studies
(20). Two psychiatrists, each experi-
enced in working with American In-
dians and posttraumatic stress disor-
der (PTSD) in cross-cultural settings,
were trained to administer the SCID.

Once participants enrolled, they
were randomly assigned to one of two
interview sequences: telehealth, de-
fined as real-time, interactive video-
conferencing followed by face-to-face

interview, or in person, defined as a
face-to-face interview followed by
real-time interactive videoconferenc-
ing. Both assessments occurred with-
in two weeks of the other. The in-per-
son interview occurred at a private of-
fice in the community. The telehealth
interview was conducted with the
participant located at the tribal veter-
ans’ center and interviewers 600
miles distant at the AIANP in Den-
ver. Interviews lasted between 80 and
90 minutes.

The psychiatrists conducted equal
numbers of in-person and telehealth
interviews during calendar year 2003,
spanning 11 months, in four groups of
approximately ten to 15 participants.
The interviewing process began with
the psychiatrists’ interviewing be-
tween four and eight participants via
telehealth from Denver. The psychia-
trists then traveled to the community,
stayed for a week, and conducted in-
person SCIDs with the same respon-
dents (telehealth interview before in-
person interview). During this time
the interviewers conducted between
four and eight new respondent inter-
views in person; upon returning to
Denver, they completed the remain-
ing interviews via telehealth (in per-
son before telehealth).

Cost data
In this article we detail the costs ac-
crued in our study so that others
might use it as a guide or comparative
source. This goal can be difficult to
achieve, however, because organiza-
tions undoubtedly vary regarding the
length of time that their telehealth
clinics have operated and the types of
costs that they accrue. For example,
when this study was conducted, our
program was already running an es-
tablished tele–mental health clinic;
thus the need to purchase and install
videoconferencing equipment was
unnecessary.

In order to address the expected
cost differences between established
and new telehealth clinics, we created
two models. Model 1 (established
telehealth clinics) was based on the
costs that we accrued in this study
and reflected the type of expenses
that established telehealth programs
might expect to pay. Model 2 (new
telehealth clinics) detailed the ex-
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penses that developers of a startup
telehealth clinic are likely to experi-
ence. We collected data during the
course of the study. For cost data not
acquired during our investigation
(that is, equipment and installation
charges), we used pricing information
from a recent purchase for similar
goods and services.

Models for established telehealth
clinics and new telehealth clinics
were further subdivided to examine
the actual configuration costs ac-
crued during the study (2003 design)
as well as the telehealth costs under
our current telecommunications
configuration (2005 design). Since
the conclusion of the study in 2003,
AIANP videoconferencing transmis-
sion rates have decreased consider-
ably because of internal and market
forces. We installed a direct integrat-
ed services digital network (ISDN)
connection that resulted in the elim-
ination of port fees; port fees were,
to some extent, an artifact of the ac-
ademic setting in which the tele-
health base operated, and more
competitive long distance carriers
made it possible to contract for a
drastically reduced long-distance
rate. The 2005 design enables more
direct comparison with clinics that
do not incur port fees (11,14,16).

In summary, we used two models to
compare telehealth and in-person in-
terviews. Each model considered two
systems—designed in 2003 and 2005.
Model 1 looked at costs for estab-
lished clinics, and model 2 looked at
costs for new clinics.

Model 1: established telehealth
clinic variable costs
Transmission. The transmission costs
of the 2003 design included long-dis-
tance charges, port fees, and ISDN
line fees for one site. These costs to-
taled $12,888 (.28–.32 cents per
minute per line), $7,889 ($60 per
hour charge) and $2,761 total ($250
per month), respectively. The trans-
mission costs of the 2005 design con-
sisted of reduced long-distance
charges and ISDN monthly line fees
for two sites. The total of these
charges equaled $4,098 and $5,521,
respectively.

Personnel. Personnel charges con-
sisted of the psychiatrists’ time for
conducting interviews, calculated in
hours, and included travel time (for
in-person interviews). Salary figures
were gathered from two public
sources for medical labor costs: the
American Medical Group Association
and the U.S. Department of Labor
(21). Annual salaries for psychiatrists
from these sources were averaged
(mean±SD equal to $153,338±
$19,852) and converted to an hourly
wage rate ($73.72 per hour). To cre-
ate a range of costs based on salary
variations, we computed high and low
estimates of personnel costs that were
based on the figures from these
sources (ranging from $167,375 to
$139,300).

Salaries. Salary estimates also were
generated for other mental health
professionals capable of conducting
the SCID, such as psychologists and
social workers. For doctorate- and

master’s-level psychologists, salary es-
timates were obtained from Ameri-
can Psychological Association data
and averaged over the incomes pro-
vided for entry-level and non–entry-
level workers (22). We generated esti-
mates of $25.53 per hour for doctor-
ate-level psychologists and $17.50 per
hour for master’s-level psychologists.
Salary estimates for social workers
were obtained from the U.S. Depart-
ment of Labor and the Human Re-
sources Consulting Company figures
(23,24), and analysis yielded an esti-
mate of $16.83 per hour.

Travel. Travel costs included car
rental, fuel, lodging, and meals for
two psychiatrists.

Model 2: new 
telehealth clinic costs
Fixed costs. We included equipment
and installation charges for organiza-
tions establishing a new telehealth
clinic. These costs included two Poly-
com Viewstation videoconferencing
units and two television monitors and
carts. For the 2003 design, we includ-
ed the price of installing three ISDN
lines (384 kbps) at one site, whereas
for the 2005 design we included the
price of installing three ISDN lines at
two sites. Depreciation was calculat-
ed against both the equipment and
installation charges over four years
according to a straight-line method at
a market rate of 25%.

Variable costs. We anticipated that
the variable costs for a new telehealth
service (transmission, personnel, and
travel expenses) would remain the
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Fixed and variable costs of conducting telehealth and in-person interviews in established clinics or new telehealth clinics

Model and interview type Costs accrued Detailed costs

Model 1: established clinic
Telehealth Transmission Monthly fees for long distance and integrated services digital network; port feesa

Personnel Salaries
In person Personnel Salaries

Travel Meals, accommodations, car rental, and fuel
Model 2: new clinic

Telehealth Transmission Monthly fees for long distance and integrated services digital network; port feesa

Personnel Salaries
Equipment Videoconferencing unit, television, and television cart
Installation Internet service digital network

In person Personnel Salaries
Travel Meals, accommodations, car rental, and fuel

a Detailed costs were identical for 2003 and 2005 designs, except port fees were eliminated effective with the 2005 design.
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same. Variable costs were computed
as described in model 1. Table 1 de-
tails the costs used for both models in
our study.

Results
Model 1: established 
telehealth clinic
Table 2 presents direct costs for tele-
health and in-person interviews un-
der the 2003 design and variations on
the 2005 design. The top section of
Table 2 shows costs for an established
telehealth clinic. Personnel costs re-
vealed that telehealth interviews took
131.5 personnel hours. In-person in-
terviews, including travel time, re-
quired 352.0 personnel hours. Total
costs for telehealth interviews were
$33,230. For in-person interviews,
the bottom section of Table 2, al-
though three times as many clinician
hours were expended, total costs
were slightly lower, at $31,465.

The 2005 design cost scenarios fa-
vored an established telehealth over
in-person interviews at a range of
personnel costs, with savings rang-
ing from $10,000 to $13,000. Trans-
mission charges were constant
across each scenario and reflected
the reduced long-distance rates, di-
rect ISDN lines, and the absence of
port fees.

Model 2: start-up telehealth clinic
Table 2 presents direct costs for tele-
health and in-person interviews un-
der the 2003 design and variations on
the 2005 design; the midsection of
this table shows costs for new tele-
health clinics (model 2). The variable
costs (personnel, transmission, and
travel) remained the same as in mod-
el 1, with the addition of the fixed
costs of equipment and installation,
which were depreciated over four
years (depreciation would occur only
for ongoing telehealth activity).

The 2003 design costs for telehealth
interviews totaled $37,438. Of this,
$4,208 accounted for equipment and
installation charges. With these addi-
tional videoconferencing charges, the
difference in overall costs between
telehealth and in-person interviews
rose to $5,973, favoring in-person in-
terviews. The 2005 design cost scenar-
ios favored telehealth over in-person
interviews. On the basis of high, aver-

age, and low salary ranges, telehealth
was less expensive than in-person in-
terviewing, with savings ranging from
about $6,400 to about $9,400.

Personnel cost differences
Table 3 extends the 2005 design sce-
nario for established clinics by vary-
ing direct costs by interview modality
with personnel training and associat-
ed wages. As previously discussed,
telehealth interviews using psychia-
trists as interviewers were cheaper
than in-person interviews; this pat-
tern also held for doctorate-level psy-
chologists. For lower wage-earning
occupations (such as master’s-level
psychologists and social workers), in-
person interviews were less expensive
to conduct, although we saw a savings
of less than $500. Because we held
the cost of transmission and travel
constant among all scenarios, the dif-
ference in savings in Table 3 is entire-
ly attributable to salary variations.

Discussion
This is the first empirical study to
measure and compare the costs of
conducting research using telehealth
with reservation-based American In-
dians. For actual costs incurred in
2003, the telehealth interviews cost
approximately $1,700 more to con-

duct than in-person interviews. One
of the major contributing factors to
this difference was the port fees,
which were, to our knowledge,
unique to the University of Colorado
and have not been calculated or cited
in previous economic studies in tele-
health (13,14,16,25). When our video-
conferencing configuration changed
and port fees were eliminated, tele-
health interviews generated a savings
of $12,153 over in-person interviews.

Market change affected these cost
calculations as well. Because the re-
search project spanned almost a year,
the market price of long-distance
communication over ISDN lines
dropped twice and then once again
after the conclusion of the study.
Such rate decreases for ISDN lines
are considerable; had the study been
conducted a year later, we would have
saved nearly $9,000 in long-distance
costs alone. Transmission costs are ex-
pected to decrease further as compe-
tition between ISDN and Internet
protocol–based videoconferencing
compete for market share (26). As
equipment and ISDN installation are
figured into the equation (a situation
most new clinics will face), telehealth
costs increase. However, because
these purchases represent fixed costs,
the increased use of the videoconfer-
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Estimated costs of telehealth and in-person interviews at established and new
clinics, by year of system design

2003 2005 design costs (salary)a

design
Type of interview costs High Average Low

Telehealth at established clinic
Personnel $9,693 $10,580 $9,693 $8,805
Transmission $23,537 $9,619 $9,619 $9,619
Total $33,230 $20,199 $19,312 $18,424

Telehealth at new clinic
Personnel $9,693 $10,580 $9,693 $8,805
Transmission $23,537 $9,619 $9,619 $9,619
Equipment and installation $4,208 $4,275 $4,275 $4,275
Total $37,438 $24,474 $23,587 $22,699

In-person clinic
Personnel $25,949 $28,325 $25,949 $23,574
Travel $5,516 $5,516 $5,516 $5,516
Total $31,465 $33,841 $31,465 $29,089

Established clinic versus 
in-person cost difference $1,765 –$13,642 –$12,153 –$10,666

New clinic versus in-person cost 
difference $5,973 –$9,367 –$7,878 –$6,391

a Assumes a range of psychiatrists’ salaries
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encing minimizes the total price bur-
den of these expenditures over time.

The SCID is also designed for
nonphysician interviewers; Table 3
shows scenarios with interviewers of
different professional training. In
these scenarios, telehealth was more
expensive for salaried professionals
earning less than $39,000 under an
established clinic. This has obvious
implications for researchers who are
able to circumvent equipment and
installation costs by pooling re-
sources. Possible ways to reduce or
avoid such costs include conducting
research over shared networks, part-
nering with existing networks, or re-
ducing unit interview costs by con-
ducting multiple studies over the
same telehealth connection. In addi-
tion, research projects with a greater
volume of telehealth activity, higher
travel costs, and higher budgets
could realize economies of scale. Ev-
idence of economies of scale in tele-
health interviews has been docu-
mented in the few existing studies
and shows that higher volume in-
creases the cost savings for tele-
health networks (16,17,25).

Besides the potential benefits to
direct costs, telehealth research has
other, less tangible benefits that are
more difficult to value in monetary
terms. Telehealth reduces the need
for travel and increases the ease and
convenience for study personnel. In
this investigation, the interviewers
spent a total of one month in the
field completing in-person inter-
views. This complicated scheduling

and created significant inconven-
ience for the interviewers. It is diffi-
cult to recruit trained health profes-
sionals to rural communities (27),
which may provide one explanation
of why less research is conducted in
rural areas. Also, study personnel
found the telehealth interviews
were logistically easier to arrange,
with reduced costs of failure. If a
participant missed a telehealth in-
terview, it could easily be resched-
uled for a future date, whereas
missed in-person interviews not
rescheduled while the interviewer
visited the remote location could not
be completed, and personnel time in
the field was lost. Finally, in addition
to the logistical and personnel bene-
fits of telehealth research, videocon-
ferencing provides and facilitates
greater contact, communication,
and collaboration between the end
site and the research organization.
For example, the AIANP uses video-
conferencing to provide supervision
of field research from Denver to its
remote and rural sites. So even if the
actual costs of telehealth and in-per-
son interviews are equivalent, tele-
health interviews may be more cost-
beneficial.

There are limitations to this eco-
nomic evaluation. First, because this
is the first study of its type, the gener-
alizability of the results beyond the
field of tele–mental health and the
study population (male Northern
Plains American Indian veterans) is
unknown. Second, this study focused
only on the telehealth modality of live

interactive videoconferencing and is
only suggestive for other telehealth
applications, such as via e-mail, tele-
phone, and Web-based research.
Third, the argument for using cost as
the basis for using telehealth over in-
person interviews assumed that the
scientific validity, reliability, and par-
ticipant satisfaction was not negative-
ly impacted (18). In order for tele-
health research to be successfully
conducted, the impact of videocon-
ferencing on the administration, the
performance of the measures used,
and the impact on the process with
the study population must be under-
stood. This last point is an ongoing as-
pect of our work.

Conclusions
Despite its limitations, this study rep-
resents a critical first step in begin-
ning to understand the economic im-
plications of conducting telehealth-
facilitated research. Future studies
should replicate this one to increase
empirical evidence on the relative
costs of telehealth research, the feasi-
bility of extending tele–psychiatric re-
search to other medical applications
for telehealth, and economic evalua-
tions of the use of other telehealth
modalities (such as via e-mail or Web)
for research. Research, as well as
medical practice, using videoconfer-
encing holds the potential to increase
efficiency and decrease the cost of
contact with rural, remote, and un-
derserved populations. Telehealth-fa-
cilitated research promises to help re-
duce health disparities with rural and
underserved populations.
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