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Abstract

Introduction: Adherence to antiretroviral treatment (ART) is critical to maintaining health and good clinical outcomes in people
living with HIV/AIDS. To address poor treatment adherence, low-cost interventions using mobile communication technology are
being studied. While there are some studies that show an effect of mobile phone reminders on adherence to ART, none has
reported on the costs of such reminders for national AIDS programmes. This paper aims to study the costs of mobile phone
reminder strategies (mHealth interventions) to support adherence in the context of India’s National AIDS Control Program
(NACP).

Methods: The study was undertaken at two tertiary level teaching hospitals that implement the NACP in Karnataka state,
South India. Costs for a mobile phone reminder application to support adherence, implemented at these sites (i.e. weekly calls,
messages or both) were studied. Costs were collected based on the concept of avoidable costs specific to the application. The
costs that were assessed were one-time costs and recurrent costs that included fixed and variable costs. A sequential procedure
for costing was used. Costs were calculated at national-programme level, individual ART-centre level and individual patient level
from the NACP’s perspective. The assessed costs were pooled to obtain an annual cost per patient. The type of application,
number of ART centres and number of patients on ART were varied in a sensitivity analysis of costs.

Results: The Indian NACP would incur a cost of between 79 and 110 INR (USD 1.27—1.77) per patient per year, based on the type
of reminder, the number of patients on ART and the number of functioning ART centres. The total programme costs for a scale-
up of the mHealth intervention to reach the one million patients expected to be on treatment by 2017 is estimated to be 0.36%
of the total five-year national-programme budget.

Conclusions: The cost of the mHealth intervention for ART-adherence support in the context of the Indian NACP is low and is
facilitated by the low cost of mobile communication in the country. Extending the use of mobile communication applications
beyond adherence support under the national programme could be done relatively inexpensively.
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ART centres across the country. Each centre has a team that
includes a medical officer, a nurse, a counsellor, a pharmacist, a

Introduction
Adherence to antiretroviral treatment (ART) is critical for

ensuring good clinical outcomes in people living with HIV/AIDS
(PLHIV) [1,2]. This is of importance to patients and health
systems alike. To improve treatment adherence in PLHIV
receiving treatment, healthcare systems have attempted to
invest in low-cost interventions that could improve ART
adherence. Given the ubiquity of mobile phones (6.8 billion
estimated mobile phone subscriptions globally [3]), mobile
phone reminders for the improvement of treatment adher-
ence in chronic disease, especially HIV infection, have been
increasingly explored [4—6].

India is home to 2 million of the 33 million PLHIV globally
with a national HIV-infection prevalence of 0.3% [7,8].
To provide treatment and follow-up services to these indivi-
duals, the government of India implements the National AIDS
Control Program (NACP). The NACP provides care, treatment
and support to PLHIV (free of cost to the patient) through

data-entry operator and an outreach worker. Counsellors at
ART centres identify barriers to adherence and provide adher-
ence counselling to patients on treatment. As of December
2012, 570,620 infected individuals had been started on ART at
380 ART centres in the country. Second-line ART for those
failing first-line ART is provided only to those who have been
on first-line ART for at least six months at a public ARTcentre or
public—private partnership facility [7]. Providing second-line
ART is six times more expensive than first-line ART [9]. This
stresses the need to ensure optimal adherence to first-line ART
from an individual and health-system perspective [10].
Mobile phone applications that support treatment adher-
ence address forgetfulness; an important barrier to treatment
adherence, even in the Indian context [7,8,11]. Further,
mobile phone reminders that target forgetfulness to improve
ART adherence have shown mixed results globally [6,12,13].
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Improved ART adherence with weekly short messaging-service
(SMS) reminders has been reported in two studies from Kenya
[1,5,14]. A similar outcome was seen in a pilot study using
an mHealth intervention that included both SMS reminders
and interactive voice-response (IVR) calls in our setting [15],
following which, we began to test this mHealth intervention
in a randomised controlled trial in South India [16]. In
contrast, SMS reminders had no effect on ART adherence
in Cameroon [17]. However, a pooled analysis of the results
from the Kenyan and Cameroon studies suggests the overall
effectiveness of SMS reminders on ART adherence [18].

While most published studies focus on the effects of the
intervention, few have obtained and analysed primary cost
data and estimated mHealth intervention costs at scale
[19,20]. In this paper, we present the costs that the NACP in
India would incur to deploy mHealth interventions on a
national scale for ART-adherence support.

Methodology
Study setting
The study setting included two tertiary level hospitals that
implement the NACP through ART centres on their premises.
St. John’s Medical College Hospital, a private non-profit
teaching hospital, in Bangalore, Karnataka, implements the
NACP through a public—private partnership model. The ART
centre at this hospital is responsible for the treatment and
follow-up of approximately 1,500 PLHIV enrolled under the
NACP. The other was a public tertiary care teaching hospital
in Mysore, also in Karnataka. This hospital manages the
treatment and follow-up of 2,500 PLHIV under the NACP.
Karnataka with a population of 61 million and an HIV-
prevalence rate of 0.63% is one of four HIV high-prevalence
States in India [21]. As of December 2012, the State had
90,000 PLHIV on treatment at 44 ART centres [7].

The mHealth intervention for adherence support

The mHealth intervention that has been costed in this paper
was developed for use in the HIVIND trial. The HIVIND trial
[16] is a randomised controlled trial to test the effect of an
mHealth intervention on adherence to antiretroviral therapy
in PLHIV in South India. The intervention, prior to deployment
in the trial, was pilot tested in a cohort of PLHIV on treatment
and showed an improvement in adherence [15].

The mHealth intervention deployed in the HIVIND trial
had two components; the first was an automated IVR call and
the second was a passive, neutral, picture message (SMS).
Every patient in the intervention arm of the trial received
each component of the mHealth intervention once a week.
Details of the intervention are reported in the HIVIND trial
protocol [16].

Assumptions

The mHealth intervention that has been costed in this paper
is from the HIVIND trial. Hence, costs that were not con-
sidered included the additional costs incurred to follow
the trial protocol and maintain the research quality in the
trial context. These costs would not be incurred in a routine
programme setting. In view of the relatively limited time
period used for estimating costs, discounting was not applied
on costs or benefits.

We considered the mobile-solutions agency that devel-
oped and managed the mHealth intervention for the trial to
be the most economical as they offered the lowest price
through a competitive bidding process for developing and
deploying the intervention. In the HIVIND trial with 631
patients, 316 received the mHealth intervention. Further,
each 30-second IVR call was priced at 1.50 Indian Rupees
(INR), while the SMS was priced at 0.20 INR. If the same
intervention were implemented at scale, the prices would
decrease to 0.24 INR per 30-second IVR call and 0.19 INR per
SMS if the number of calls and SMSs were to exceed 500,000,
that is, when patient numbers exceed 10,000.

Costs for the mHealth intervention were studied from the
perspective of the Indian NACP. Costs were collected based
on the concept of avoidable costs specific to the mHealth
intervention. The concept of avoidable costs refers only to
the inclusion of costs that are contingent on the mHealth
intervention, and all other costs were considered as sunk
costs; that is, costs incurred even if the intervention was not
undertaken. Sunk costs (e.g. costs of buildings) were not
included in the study. The costs that were assessed were one-
time costs as well as recurrent costs (the latter included fixed
and variable costs). In addition, Appendix A describes the
actual cost calculations for the HIVIND trial.

A sequential costing procedure was used. It involved first
identifying the resource used in natural units (minutes of
staff time and/or other relevant units), measuring the
resource used and subsequently pricing the resource using
standardized prices.

Costs considered

One-time costs

Costs that are incurred only once during the entire pro-
gramme (i.e. one cycle of the programme =5 vyears),
primarily mHealth intervention—development costs.

Recurrent costs
These are costs incurred every year. They include fixed costs
and variable costs. Fixed costs do not vary with a change in
the amount or quantity of an output or service (e.g. salaries
of staff that are not dependent on the number of patients
seen). Variable costs are costs that are dependent on the
quantity of output (e.g. the number of beneficiaries of a
service).

The costs studied were stratified at three different levels in
the deployment of the mHealth intervention: (1) national-
programme level (2) ART-centre level and (3) patient level.

National-programme level

One-time costs

These were costs incurred for the development of the
mHealth intervention, costs for recording the mHealth
intervention in different languages (each language in which
the reminder was recorded incurred a cost of 2,000 INR) and
costs for the development of the web interface (this is the
portal that captured reports of the mHealth intervention
delivery and receipt). The web interface facilitated the
technical monitoring of the mHealth intervention. The above
costs were those paid to the mobile-solution agency in the
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HIVIND trial. Costs for equipment consisting of a laptop and a
mobile phone used for monitoring the mHealth intervention
and communicating with other ART centres deploying them
were also considered under one-time costs.

Recurrent fixed costs

These included the costs for the maintenance of the
hardware and the development and maintenance of the
web interface. A proportion of the salary for the programme
officer responsible for the nationwide deployment of the
mHealth intervention through the NACP was also included.
Overheads at the programme level were calculated as a
proportion of fixed costs.

ART-centre level

One-time costs

These included the costs of equipment (i.e. one mobile
phone and one laptop used for demonstrating the mHealth
intervention to the patient). These one-time costs were
calculated based on costs incurred at the ART centre, St.
John’s Medical College Hospital.

Recurrent fixed costs

These were the fixed costs incurred by the ART centre, St.
John’s Medical College Hospital and included the staff costs:
(1) 10% annual time of a centre functionary, that is, an ART
medical officer responsible for the overall monitoring of the
mHealth interventions; (2) 10% annual time of the data
manager responsible for updating patient information, the
follow-up of patient responses captured by the web interface
and identifying and reporting issues that arose with the
functioning of the mHealth intervention; and (3) overheads
that were a proportion of fixed costs incurred at the ART-
centre level.

It should be noted that fixed costs are dependent on the
scale of the intervention. When the intervention is scaled up
to the national level, the recurrent fixed costs at ART-centre
level will increase step-wise and will gradually change into
recurrent variable costs.

Patient level

Recurrent variable costs

These included costs per patient for the mHealth interven-
tion (IVR calls and SMSs). These variable costs change based
on the number of patients when the application is scaled up.
The time spent by the ART-centre counsellor (i.e. one hour
per patient per year) on the following activities was
considered: (1) training patients to receive and respond to
the mHealth intervention, (2) follow-up of mHealth inter-
vention receipt with the patient, and (3) routine patient
counselling for adherence at monthly follow-up visits at the
ART centre. To obtain these costs, the counsellors in the
HIVIND trial maintained diaries for the time spent with each
patient on these tasks.

Sensitivity analysis

Sensitivity analysis was carried out by varying (1) the number
of patients and the number of ART centres (i.e. the costs for
scale-up); and (2) the type of mHealth intervention deployed,

that is, (1) only IVR, (2) only SMS or (3) both SMS and IVR
used in combination.

Costs for the scale-up

For the scale-up of the intervention, the presence of 22
official regional languages recognised by the 7th Schedule of
the Indian Constitution, and English were considered.
Different estimates for the numbers of ART centres and
PLHIV on treatment were considered. The numbers of ART
centres were arrived at from NACP reports of the existing
number of ART centres and projected estimates of the
number of ART centres for 2017 [7,22].

Three different estimates of expected PLHIV numbers
under India’s NACP in 2017 were also considered: (1) a
published mathematical model, which estimated that there
would be 500,000 patients on ART in 2017 [23]; (2) the
Planning Commission, government of India estimate of
800,000 patients on ART by 2017 [24]; and (3) the National
AIDS Control Organisation (NACO) estimates for 1,000,000
patients on ART by 2017 [7,22].

Total costs per year for deployment of the mHealth
intervention (total intervention cost)

These were calculated as a function of fixed and variable
costs using the formula: total cost for deployment of the
IVR call plus SMS = programme-level cost+ number of cen-
tres x centre-level cost+n X patient-level cost; where n =
the number of patients.

The total costs for each component of the intervention
were calculated using the same formula; however, the costs
that were contributed by only that component of the
intervention were considered (i.e. IVR or SMS).

Costs per patient per year

These were calculated by dividing the total costs per year for
deployment of the mHealth intervention by the number of
patients expected to receive the intervention during that
year.

Ethics statement

The study was part of the HIVIND trial. Ethical clearance for
the study was obtained from the Institutional Ethics Com-
mittee, St. John’s Medical College.

Results

Overall costs for co-ordination and implementation of the
intervention at each level

A cost of 371,690 INR/year was estimated at national-
programme level for the overall co-ordination and monitor-
ing of the intervention, as can be seen in the first section of
Table 1. Similarly, a total cost of 54,450 INR/year was
estimated at ART-centre level (per ART centre), as can be
seen in the second section of Table 1.

Table 2 describes the costs for the mHealth intervention
per patient per year in the trial and the costs if the
intervention was to be implemented at scale. A variable
cost of 126.40 INR (per patient per year) was estimated at
patient level for the mHealth intervention comprising of the
weekly IVR call and the SMS reminder, as seen in Table 2. The
variable cost per patient per year for IVR calls only was
116.40 INR and the variable cost for the SMS only was 48.40
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Table 1.

Costs for coordinating the overall implementation and monitoring of the mHealth intervention to support adherence to
first-line ART at (a) national-programme level (b) ART-centre level

At national-programme level Actual cost Cost/year (INR)
Annualised one-time costs
Equipment (one laptop and one mobile phone)(total cost approximately 40,000 INR)? 40,000 INR 8,000.00
Recording the IVR call (cost/language =2,000 INR x 23 languages)® 46,000 INR 9,200.00
Development of the web interface to follow up functioning and capture 10,000 INR 2,000.00
patient responses (cost = 10,000 INR, as quoted by the mobile-solution agency)®
Equipment maintenance (cost =1,400 INR for 2 years) 1,400 INR for 2 years 700.00
Recurrent fixed costs
mHealth intervention service maintenance 1,500/month 18,000.00
(based on costs provided by the mobile-solution agency)
Project manager to oversee functioning and co-ordinate the mHealth 25,000/month salary 300,000.00
intervention (100% annual time)
Overheads 10% of fixed costs Based on overheads 33,790.00
Total health-system (programme-level) cost 371,690.00

ART-centre level
One-time costs

Equipment (one laptop and one mobile phone)(total cost approximately 40,000 INR)?

(5999.83 USD)

for managing patient information and demonstration of the mHealth intervention to the patient

Fixed costs

Equipment maintenance (cost = 1,400 INR for 2 years based on the HIVIND trial)

ART medical officer (10% of 312,000 INR/year, i.e. annual salary)
Data manager (10% of 96,000 INR/year, i.e. annual salary)
Overheads 10% of fixed costs

Total costs per centre

40,000 INR 8,000.00
1,400 INR for 2 years 700.00
10% of 312,000 31,200.00
96,000 INR/year 9,600.00
4,950.00
54,450.00
(878.93 USD)

*The NACP runs on a five-year cycle; hence, actual costs have been divided by 5 to obtain annualised costs; bhttp://Iawmin.nic.in/coi/EIGHTH—

SCHEDULE.pdf.
1 USD =61.95 INR as of 26 December 2013.

INR/patient/year. At scale, if total patient numbers exceed
10,000, the variable costs for the mHealth intervention (both
elements) at the level of the patient decrease to 60.36 INR/
patient/year, the variable costs for only the IVR decrease to
50.48 INR/patient/year and the variable costs for the SMS
decrease to 47.88 INR/patient/year.

Sensitivity analysis

The estimates shown in Tables 1 and 2 were then used in the
sensitivity analysis, where the costs per patient for varying
numbers of enrolled patients, the number of ART centres and
the type of intervention were estimated (Table 3). The costs
for deploying the mHealth intervention vary because of the
assumptions regarding the number of patients; the costs of
services are lower with increasing patient numbers as the
fixed costs are divided by a larger number of patients.

In Table 3, the co-ordination cost (20,691,000 INR), based
on the number of ART centres, was arrived at, by multiplying
the number of ART centres (380) with the co-ordination cost
per centre (54,450 INR, as shown in Table 1). The total
intervention cost (57,278,690 INR) was arrived at by adding
the total programme-level cost (371,690 INR, as shown in
Table 1), the co-ordination costs based on the ART centers

(20,691,000 INR) and the total variable cost per patient
(116.40 INR, as shown in Table 1), multiplied by the number
of patients (i.e. 600,000 in 2012). The total intervention cost
per patient per year (96.46 INR) was arrived at by dividing
the total intervention cost (57,278,690 INR in 2012) by the
number of patients (600,000 in 2012). Similar calculations
were made with different assumptions for the number of
patients and the number of ART centres (columns 2—4 in
Table 3). Separate costs based on the type of intervention
(i.e. IVR alone or SMS alone) are shown in the last four rows
of Table 3. The intervention cost per patient per year ranges
from 91.45-110.11 INR for the IVR and SMS combined,
81.57—-100.33 INR for the IVR alone and 78.97—97.63 INR for
the SMS alone based on the number of patients and ART
centres deploying the intervention.

Discussion

Our estimates for the deployment of the mHealth on a
national scale range from 79 to 110 INR/patient/year (i.e.
approximately 1.27—1.77 USD) based on the type of inter-
vention; that is, SMS only, IVR call only, IVR call plus SMS, the
number of patients and the number of ART centres considered
at scale. The low costs incurred in our study were due to the
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Table 2. Variable costs for the mHealth intervention per patient per year in the trial and at scale

Costs per patient in the trial

IVR call/patient (cost/30 sec call =1.50 INR, as quoted by the mobile-solution

agency for the trial)

SMS reminder/patient (cost of 1 SMS reminder =0.2 INR, as quoted

by the mobile-solution agency for the trial)
Counsellor® (1 hour/patient/year, salary =96,000 INR/year)

Variable cost per patient for the (IVR call+SMS reminder)/year in the trial

Variable cost per patient for the IVR call only/year in the trial
Variable cost per patient for the SMS reminder only/year in the trial
Costs per patient if total patients > 10,000

IVR call/patient (cost/30 sec call =0.24 INR, as quoted by the

mobile-solution agency)

SMS reminder/patient (cost of 1 SMS reminder =0.19 INR, as

quoted by the mobile-solution agency)

Counsellor® (1 hour/patient/year, Salary =96,000 INR/year)
Variable cost per patient for the (IVR call+SMS reminder)/year
Variable cost per patient for the IVR call only/year
Variable cost per patient for the SMS reminder only/year

1.50 INR/week x 52 weeks 78.00
0.20 INR/week x 52 weeks 10.40
96,000 INR/year 38.00

126.4 (2.04 USD)
116.00 (1.87 USD)
48.40 (0.78 USD)

0.24 INR/week x 52 weeks 12.48
0.19 INR/week x 52 weeks 9.88
96,000 INR/year 38.00

60.36 (0.97 USD)
50.48 (0.81 USD)
47.88 (0.77 USD)

?Counsellor diaries indicated that the counsellors spent about 5 minutes/patient/every month to discuss the application. The counsellors’ time
for the mHealth intervention therefore amounted to 60 min/patient/year (Salary: 8,000 INR/month); 1 USD =61.95 INR as of 26 December

2013.

Asterisk telephony software and Linux operating system used
for the deployment of the mHealth intervention, both of
which did not require licences to be purchased. In addition,
the low cost of mobile telephone services in our setting in
South India made the mobile phone application in our study
less expensive, a situation that may be similar in other low-
and middle-income (LMIC) settings, but which might differ
from high-income settings. At 0.01 USD/minute, the Indian
telecom industry provides the lowest mobile phone calling
rates globally [25].

Differing estimates suggest that between 500,000 to
1,000,000 patients are expected to receive first-line antire-
troviral therapy during the NACP phase IV (2012-2017) [7].
While this number varies significantly based on the source
of information used, it is likely that the numbers will be close
to a million, given the recent WHO recommendations to start
ART at higher CD4 cell levels than currently used in the
programme [26]. The NACP is likely to adopt the new WHO
recommendations, significantly increasing the number of
patients eligible for first-line ART.

The proposed budget for the NACP IV is approximately
128,240 million INR for five years [27]. Based on our assess-
ment of cost, the total programme costs for a scale-up of
the mHealth intervention application for 1,000,000 patients
expected to be on treatment by 2017 is estimated to be
0.36% of the total five-year NACP IV budget.

First-line ART costs the Indian NACP approximately 5,000
INR/patient/year, while second-line ART costs 30,000 INR/
patient/year [7]. Approximately 600,000 PLHIV are currently
on first-line ART [7]. The NACP expects 2—3% of those on ART
to fail treatment [7]; that is, approximately 30,000 infected
individuals are likely to require second-line ART in 2017. This
expenditure could increase in the future with a growing

number of PLHIV starting first-line ART and with an increasing
cumulative number of ART failures requiring second-line
ART. Studies in low- and middle-income settings indicate that
good adherence could provide substantial economic benefits
to healthcare systems by limiting the necessity for second-
line ART regimens [28—30]. Further, good adherence to ART
has the potential to reduce hospital admissions, shorten hos-
pital stays and lower hospitalisation costs [31]. An interven-
tion involving peer health workers in Uganda that included
an mHealth component was considered to be cost saving
if it prevented an average of 1.5 patients per year from
switching to second-line ART [19]. Low-cost applications
targeting adherence could improve adherence and minimise
hospitalisation costs for the NACP.

While mHealth interventions are attractive for adherence
support, they hold the potential for disclosure of HIV status if
the mHealth intervention is intercepted by others [12]. In
addition, the popularity of the IVR call over the SMS in our
context [15,32] needs consideration. The costs of the
mHealth intervention that is designed will vary based on
these considerations.

A previous study in our setting in the year 2009 reported a
mobile phone ownership of 73%; ownership was associated
with being male, literate and employed [32]. This merits
consideration, as the lack of mobile phones would be an
obstacle to delivering the reminder to approximately 25% of
PLHIV without a mobile phone, a significant proportion of
whom are likely to be female. However, given that mobile
phone ownership has been increasing rapidly since that time,
especially due to the decreasing costs of handsets and the
low cost of mobile communication in the Indian context, it is
likely that most PLHIV will have access to a mobile phone.
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Table 3. Sensitivity analysis of costs of the mHealth intervention for ART adherence support based on the number of patients and type of mHealth intervention

All costs in INR

Cost/year, 2012 (INR)

Cost/year (INR) 2017

Number of ART centres

Number of languages®

Number of patients (n)

Costs for intervention development based on languages included,
i.e. (23 languages x 2,000 INR per language/5) where 5 is the
number of years one NACP cycle lasts

Co-ordination cost based on the number of ART centres® (i.e. ART
center level cost from Tables 1 x number of ART centres)

Total intervention cost (national programme-level cost+ number
of centres x centre-level cost+n x patient-level cost)

Intervention cost/patient/year = cost of (IVR+SMS reminder)/n

Total cost of only the IVR call (national programme-level
cost+number of centres x centre-level cost+ n x patient-level
cost for IVR only)

Cost of IVR call/patient/year = cost of IVR only/n

Total cost of only the SMS reminder (national programme-level
cost+number of centres x centre-level cost+ n x patient-level
cost for SMS reminder only)

Cost of the SMS reminder/person/year = cost of SMS reminder
only/n

380 [7]

23
600,000 [7]°
9,200
20,691,000
57,278,690
96.46 (1.55 USD)

51,350,690

85.58 (1.38 USD)
49,790,690

82.98 (1.33 USD)

450°
23
500,000 [23]
9,200
24,502,500
55,054,190
110.11 (1.77 USD)

50,114,190

100.23 (1.61 USD)
48,814,190

97.63 (1.57 USD)

450 [24]

23
800,000 [24]
9,200
24,502,500
73,162,190
91.45 (1.47 USD)

65,258,190

81.57 (1.31 USD)
63,178,190

78.97 (1.27 USD)

600 [7,22]
23
1,000,000 [7,22]
9,200
32,670,000
93,401,690
93.40 (1.50 USD)

83,521,690

83.52 (1.34 USD)
80,921,690

80.92 (1.30 USD)

“Based on the existing 380 centres currently in existence and that one of the estimates by NACO indicates an expansion to 450 centres in 2017, we therefore assumed 450 ART centers for 500,000 patients
in 2017; bhttp://Iawmin.nic.in/coi/EIGHTH-SCHEDULE.pdf, the 23 languages include 22 Indian languages and English; “The actual number of patients on ART in December 2012 was 570,620, for the
purpose of cost calculations this figure has been rounded up to 600,000 in 2012; 1 USD =61.95 INR as of 26 December 2013; The reference years for costing were 2012 and 2017. “Centre-level costs were
multiplied by the number of ART centres (1) existing in 2012 and (2) expected in 2017. The number of ART centres used in the scale-up was based on the National AIDS Control Organisation estimates

[7,22]. NACO estimates that 450 ART centres are required for 800,000 patients and 600 ART centres are required for 1,000,000 patients.
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Other potential uses of mobile phone technology in
healthcare

A vast, rapidly growing body of literature, describes the use of
mHealth technology to support various facets of prevention
and management of HIV infection in LMIC settings. While the
most popular application of mHealth is for adherence support,
the technology has also been successfully used to schedule
hospital appointments and obtain diagnostic reports [33—35].
mHealth is also being explored to ensure the retention of HIV
patients in healthcare [36]. Further, behaviour-change educa-
tion for preventing HIV infection [37] and partner testing
to reduce the risk of HIV transmission have been promoted
with mobile phones [38,39]. More recent innovations involve
performing laboratory investigations using mobile devices
[40]. Our cost data could also be projected to the expected
expenditures for some of these mHealth services if these are
taken up for implementation in the country.

Methodological issues

Costs for the application could change based on the changes
in currency exchange rates. Costs may differ depending on
the provider of the technology (i.e. the technical-solution
agency hired to develop and deploy the mHealth interven-
tion). Additionally, the costs of IVR calls and SMSs may
change over time.

Costs to other national programmes will vary based on the
costs of mobile phone services in those settings, as well as
programme costs, staff costs and so on; therefore, the
findings from our study are relevant only in the context of
the Indian national programme.

Conclusions

The ubiquity and low cost of mobile phones in India make
mobile phone technology a potential tool to support treat-
ment adherence and other aspects of HIV-related care in
the Indian context. Previous studies in our setting indicated
a preference for IVR calls for ART-adherence support and
showed an improvement in ART adherence in PLHIV on
treatment. Estimating the costs of the mHealth interven-
tion was considered essential prior to deploying it at scale,
especially as no prior estimates of such costs exist in the
Indian context. The costs estimated in our study indicated
that the cost of mHealth interventions for ART-adherence
support in the context of the Indian NACP is low, regardless
of whether calls, messages or both modalities are used. The
study also provides some indication of programme costs for
other HIV healthcare-related functions that the mobile phone
could potentially be used to support. Given that there have
been a number of pilot projects and trials in the area of
mHealth and HIV/AIDS for some years now, there are increas-
ing calls to scale up and integrate these projects into national
HIV programmes.

Authors’ affiliations

!Division of Global Health, Department of Public Health Sciences, 17177
Karolinska Institutet, Stockholm, Sweden; 2St. John’s National Academy of
Health Sciences, Bangalore, India; 3School of Health, Care and Social Welfare,
Malardalen University, Vasteras, Sweden; “National AIDS Control Organisation,
New Delhi, India; °Karnataka AIDS Prevention Society, Bangalore, India

Competing interests
The authors declare that they have no competing interest.

Authors’ contributions

Concept and design: RR, AS, LB, SK, ADC; Data collection: RR, AS; Analysis: RR, LB,
ADC; Drafting the Manuscript: RR, LB, ADC; Critical review: AS, SK. All authors
have read and approved the final version.

Acknowledgements

The authors thank the ART centre and HIVIND project staff at St. John’s Medical
College and Hospital, Bangalore, and KR Hospital, Mysore, for their support
towards the study, netCORE Solutions Pvt. Ltd.,, Mumbai, for technical
assistance with the intervention and European Commission FP7 for funding
the HIVIND study. The authors also thank Dr. BB Rivari, National AIDS Control
Organisation, India, for the support extended towards this study.

Funding

The study received funding support from the European Commission, Framework
program 7 (EU FP7), http://ec.europa.eu/research/health/infectious-diseases/
poverty-diseases/projects/190_en.htm, Project website: http://hivind.eu/

References

1. Powderly W. The three ages of antiretroviral therapy — its evolution and the
emergence of long-term safety concerns. Eur Infect Dis. 2007;1:19-25.

2. Obel N, Omland HL, Kronborg G, Larsen CS, Pedersen C, Pedersen G, et al.
Impact of non-HIV and HIV risk factors on survival in HIV-infected patients on
HAART: a population-based nationwide cohort study. PLoS One. 2011;6:
€22698. doi: 10.1371/journal.pone.0022698.

3. International Telecommunication Union. The world in 2013: ICT facts and
figures. Geneva, Switzerland: International Telecommunication Union; 2013.
4. World Health Organisation. Mhealth: new horizons for health through
mobile technologies: second global survey on ehealth, in global observatory for
ehealth. [cited 2013 Oct 29]. Available from: http://www.who.int/goe/
publications/goe_mbhealth_web.pdf

5. Pop-Eleches C, Thirumurthy H, Habyarimana JP, Zivin JG, Goldstein MP, de
Walque D, et al. Mobile phone technologies improve adherence to antire-
troviral treatment in a resource-limited setting: a randomized controlled trial
of text message reminders. AIDS. 2011;25:825—34. doi: 10.1097/QAD.0b013
€32834380c1.

6. Lester RT, Ritvo P, Mills EJ, Kariri A, Karanja S, Chung MH, et al. Effects of a
mobile phone short message service on antiretroviral treatment adherence in
Kenya (WelTel Kenyal): a randomised trial. Lancet. 2010;376:1838-45. doi:
10.1016/50140-6736(10)61997-6.

7. NACO. Annual report 2012—13. Department of AIDS Control, Ministry of
Health and Family Welfare, Government of India; 2013. [cited 2013 Oct 5].
Available from: http://www.naco.gov.in/upload/Publication/Annual Report/
Annual report 2012-13_English.pdf

8. UNAIDS. Global report: UNAIDS report on the global AIDS epidemic 2012.
[cited 2013 Oct 5]. Available from: http://www.unaids.org/en/media/unaids/
contentassets/documents/epidemiology/2012/gr2012/20121120_UNAIDS_
Global_Report_2012_en.pdf

9. NACO. Care support and treatment. National AIDS Control Programme,
Phase-lll, India. Department of AIDS Control, Ministry of Health & Family
Welfare, Government of India; 2011. [cited 2013 Oct 29]. Available from:
http://www.naco.gov.in/upload/IEC Division/NACO monographs for Vienna/
ART Monograph.pdf

10. World Health Organisation. Adherence to long-term therapies: evidence
for action. Geneva, Switzerland: World Health Organization; 2003.

11. Vallabhaneni S, Chandy S, Heylen E, Ekstrand M. Reasons for and correlates
of antiretroviral treatment interruptions in a cohort of patients from public and
private clinics in southern India. AIDS Care. 2012;24:687—94. doi: 10.1080/095
40121.2011.630370.

12. Garnett WR, McKenney JM, Steiner KC. Effect of telephone follow-up on
medication compliance. Am J Hosp Pharm. 1981;38:676—9.

13. Kaplan WA. Can the ubiquitous power of mobile phones be used to
improve health outcomes in developing countries? Global Health. 2006;2:9.
14. Horvath T, Azman H, Kennedy GE, Rutherford GW. Mobile phone text
messaging for promoting adherence to antiretroviral therapy in patients with
HIV infection. Cochrane Database Syst Rev. 2012;3:CD009756. doi: 10.1002/
14651858.CD009756.

15. Rodrigues R, Shet A, Antony J, Sidney K, Arumugam K, Krishnamurthy S,
et al. Supporting adherence to antiretroviral therapy with mobile phone


http://ec.europa.eu/research/health/infectious-diseases/poverty-diseases/projects/190_en.htm
http://ec.europa.eu/research/health/infectious-diseases/poverty-diseases/projects/190_en.htm
http://hivind.eu/
http://www.who.int/goe/publications/goe_mhealth_web.pdf
http://www.who.int/goe/publications/goe_mhealth_web.pdf
http://www.naco.gov.in/upload/Publication/Annual Report/Annual report 2012-13_English.pdf
http://www.naco.gov.in/upload/Publication/Annual Report/Annual report 2012-13_English.pdf
http://www.unaids.org/en/media/unaids/contentassets/documents/epidemiology/2012/gr2012/20121120_UNAIDS_Global_Report_2012_en.pdf
http://www.unaids.org/en/media/unaids/contentassets/documents/epidemiology/2012/gr2012/20121120_UNAIDS_Global_Report_2012_en.pdf
http://www.unaids.org/en/media/unaids/contentassets/documents/epidemiology/2012/gr2012/20121120_UNAIDS_Global_Report_2012_en.pdf
http://www.naco.gov.in/upload/IEC Division/NACO monographs for Vienna/ART Monograph.pdf
http://www.naco.gov.in/upload/IEC Division/NACO monographs for Vienna/ART Monograph.pdf
http://www.jiasociety.org/index.php/jias/article/view/19036
http://dx.doi.org/10.7448/IAS.17.1.19036

Rodrigues R et al. Journal of the International AIDS Society 2014, 17:19036

http://www.jiasociety.org/index.php/jias/article/view/19036 | http://dx.doi.org/10.7448/1AS.17.1.19036

reminders: results from a cohort in south India. PLoS One. 2012;7:e40723. doi:
10.1371/journal.pone.0040723.

16. De Costa A, Shet A, Kumarasamy N, Ashorn P, Eriksson B, Bogg L, et al.
Design of a randomized trial to evaluate the influence of mobile phone
reminders on adherence to first line antiretroviral treatment in South India—
the HIVIND study protocol. BMC Med Res Methodol. 2010;26:25.

17. Mbuagbaw L, Thabane L, Ongolo-Zogo P, Lester RT, Mills EJ, Smieja M,
et al. The Cameroon mobile phone sms (camps) trial: a randomized trial of text
messaging versus usual care for adherence to antiretroviral therapy. PLoS One.
2012;7:€46909. doi: 10.1371/journal.pone.0046909.

18. Mbuagbaw L, van der Kop ML, Lester RT, Thirumurthy H, Pop-Eleches C, Ye
C, et al. Mobile phone text messages for improving adherence to antiretroviral
therapy (ART): an individual patient data meta-analysis of randomised trials.
BMJ Open. 2013;3:€003950. doi: 10.1136/bmjopen-2013-003950.

19. Chang LW, Kagaayi J, Nakigoza G, Serwada D, Quinn TC, Gray RH, et al. Cost
analyses of peer health worker and mhealth support interventions for
improving AIDS care in Rakai, Uganda. AIDS Care. 2013;25:652—6.

20. Zurovac D, Larson BA, Sudoi RK, Snow RW. Costs and cost-effectiveness of
a mobile phone text-message reminder programme to improve health workers
adherence to malaria guidelines in Kenya. PLOS One. 2012;7:E52045.

21. NACO. HIV sentinel surveillance. A technical brief. Department of AIDS
Control, Ministry of Health and Family Welfare, Government of India; 2012.
[cited 2012 Apr 27]. Available from: http://www.nacoonline.org/upload/
Surveillance/Reports & Publication/HSS 2010-11_Technical Brief_30 Nov
12.pdf

22. Rivari BB. Indian experience with treatment as prevention key approaches
& challenges. Kuala Lumpur, Malaysia: International AIDS Society; 2013.

23. Rao ASRS, Thomas K, Kurapati S, Bhat R. Improvement in survival of people
living with HIV/AIDS and requirement for 1st- and 2nd-line art in India: a
mathematical model. Not AIMS. 2012;59:560—2.

24. Planning Commission. Report of the working group on AIDS control for the
12th five year plan. New Delhi: Government of India; 2010.

25. Chiehyu LC, Ninan-Moses B. An international comparison of cell phone
plans and prices. New America Foundation; 2010. [cited 2013 Oct 5]. Avail-
able from: http://newamerica.net/sites/newamerica.net/files/policydocs/Intl_
Comparison_Cell_Phone_Plans_0.pdf

26. WHO. Consolidated guidelines on the use of antiretroviral drugs for
treating and preventing HIV infection: recommendations for a public health
approach. 2013. [cited 2013 Aug 1]. Available from: http://apps.who.int/iris/
bitstream/10665/85321/1/9789241505727_eng.pdf

27. Planning Commission. Report of the working group on AIDS control for the
12th five year plan. Wg 6: AIDS control. National AIDS Control Program phase
iv (2012—-1017). Government of India; 2011. [cited 2013 Sep 2]. Available from:
http://planningcommission.gov.in/aboutus/committee/wrkgrp12/health/WG_
6_aids_control.pdf

28. Koenig SP, Léandre F, Farmer PE. Scaling-up HIV treatment programmes in
resource-limited settings: the rural Haiti experience. AIDS Care. 2004;18:21-5.

Appendix A

Costs in the trial:

The total cost per patient was calculated as TC/n =(TFC+
n x VC)/n, where TC =total cost, n =number of participants,
TFC =total fixed costs and VC =variable cost per patient.
TFC=371,690+ 54,450=426,140,TC=426,1404 316 x126.4 =
466,082.40.

29. Coetzee D, Hildebrand K, Boulle A, Maartens G, Louis F, Labatala V, et al.
Outcomes after two years of providing antiretroviral treatment in Khaye-Litsha,
South Africa. AIDS Care. 2004;18:887—95.

30. Wools-Kaloustian K, Kimaiyo S, Diero L, Siika A, Sidle J, Yiannoutsos CT,
et al. Viability and effectiveness of large-scale HIV treatment initiatives in sub-
Saharan Africa: experience from Western Kenya. AIDS. 2006;20:41-8.

31. Wang H, Zhou J, He G, Luo Y, Li X, Yang A, et al. Consistent art adherence is
associated with improved quality of life, cd4 counts, and reduced hospital costs
in central China. AIDS Res Hum Retroviruses. 2009;25:757—63. doi: 10.1089/
aid.2008.0173.

32. Shet A, Arumugam K, Rodrigues R, Rajagopalan N, Shubha K, Raj T, et al.
Designing a mobile phone-based intervention to promote adherence to anti-
retroviral therapy in south India. AIDS Behav. 2010;14:716—20. doi: 10.1007/
$10461-009-9658-3.

33. Perron NJ, Dao MD, Kossovsky MP, Miserez V, Chuard C, Calmy A, et al.
Reduction of missed appointments at an urban primary care clinic: a
randomised controlled study. BMC Fam Pract. 2011;11:79.

34. Kunutsor S, Walley J, Katabira E, Muchuro S, Balidawa H, Namagala E, et al.
Using mobile phones to improve clinic attendance amongst an antiretroviral
treatment cohort in rural Uganda: a cross-sectional and prospective study.
AIDS Behav. 2010;14:1347-52. doi: 10.1007/s10461-010-9780-2.

35. Siedner MJ, Haberer JE, Bwana MB, Ware NC, Bangsberg DR. High
acceptability for cell phone text messages to improve communication of
laboratory results with HIV-infected patients in rural uganda: A cross-sectional
survey study. BMC Med Inform Decis Mak. 2012;12:56. doi: 10.1186/1472-
6947-12-56.

36. van der Kop ML, Ojakaa DI, Patel A, Thabane L, Kinagwi K, Ekstrom AM,
et al. The effect of weekly short message service communication on patient
retention in care in the first year after HIV diagnosis: study protocol for a
randomised controlled trial (WelTel Retain). BMJ Open. 2013;3:e003155. doi:
10.1136/bmjopen-2013-003155.

37. Lester RT, Gelmon L, Plummer FA. Cell phones: Tightening the commu-
nication gap in resource-limited antiretroviral programmes? AIDS. 2006;20:
2242-2244. doi: 10.1097/QAD.0b013e3280108508.

38. Marcus JL, Bernstein KT, Klausner JD. Updated outcomes of partner
notification for human immunodeficiency virus, San Francisco, 2004—2008.
AIDS. 2009;23:1024-1026. doi: 10.1097/QAD.0b013e32832921a7.

39. Gotz HM, van Rooijen MS, Vriens P, Op de Coul E, Hamers M, Heijman T,
et al. Initial evaluation of use of an online partner notification tool for sti,
called ‘suggest a test’: A cross sectional pilot study. Sex Transm Infect. 2014;
90:195-200. doi: 10.1136/sextrans-2013-051254.

40. Chin CD, Cheung YK, Laksanasopin T, Modena MM, Chin SY, Sridhara AA,
et al. Mobile device for disease diagnosis and data tracking in resource-limited
settings. Clin Chem. 2013;59:629—640. doi: 10.1373/clinchem.2012.199596.

TC/n =466,082.40/316 =1474.94 INR (23.81 USD) per patient
per year

TC/n  IVR =(426,140+316 x 116.40)/316 =1464.94 INR
(23.65 USD) per patient per year

TC/n  SMS =(426,140+ 316 x 48.40)/316 =1396.94 INR
(22.54 USD) per patient per year


http://www.nacoonline.org/upload/Surveillance/Reports & Publication/HSS 2010-11_Technical Brief_30 Nov 12.pdf
http://www.nacoonline.org/upload/Surveillance/Reports & Publication/HSS 2010-11_Technical Brief_30 Nov 12.pdf
http://www.nacoonline.org/upload/Surveillance/Reports & Publication/HSS 2010-11_Technical Brief_30 Nov 12.pdf
http://newamerica.net/sites/newamerica.net/files/policydocs/Intl_Comparison_Cell_Phone_Plans_0.pdf
http://newamerica.net/sites/newamerica.net/files/policydocs/Intl_Comparison_Cell_Phone_Plans_0.pdf
http://apps.who.int/iris/bitstream/10665/85321/1/9789241505727_eng.pdf
http://apps.who.int/iris/bitstream/10665/85321/1/9789241505727_eng.pdf
http://planningcommission.gov.in/aboutus/committee/wrkgrp12/health/WG_6_aids_control.pdf
http://planningcommission.gov.in/aboutus/committee/wrkgrp12/health/WG_6_aids_control.pdf
http://www.jiasociety.org/index.php/jias/article/view/19036
http://dx.doi.org/10.7448/IAS.17.1.19036


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 30%)
  /CalRGBProfile (None)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed false
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF00530065007400740069006e0067007300200066006f00720020007400680065002000520061006d007000610067006500200077006f0072006b0066006c006f0077002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


