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Abstract

Background: In Cambodia, HIV prevalence is concentrated in key populations including among female
entertainment workers (FEWs) who may engage in direct or indirect sex work. Reaching FEWs with sexual and
reproductive health (SRH) services has been difficult because of their hidden and stigmatized nature. Mobile-phone-
based interventions may be an effective way to reach this population and connect them with the existing services. This
article describes study design and implementation of a randomized controlled trial (RCT) of a mobile health
intervention (the Mobile Link) aiming to improve SRH and related outcomes among FEWs in Cambodia.

Methods: A two-arm RCT will be used to determine the effectiveness of a mobile-phone-based text/voice
messaging intervention. The intervention will be developed through a participatory process. Focus group discussions
and in-depth interviews have been conducted to inform and tailor behavior change theory-based text and voice
messages. During the implementation phase, 600 FEWs will be recruited and randomly assigned into one of
the two arms: (1) a control group and (2) a mobile phone message group (either text messages [SMS] or voice
messages [VM], a delivery method chosen by participants). Participants in the control group will also receive a weekly
monitoring survey, which will provide real-time information to implementing partners to streamline outreach efforts
and be able to quickly identify geographic trends. The primary outcome measures will include self-reported HIV and
sexually transmitted infections (STI) testing and treatment, condom use, contraceptive use, and gender-based violence (GBV).

Discussion: If the Mobile Link trial is successful, participants will report an increase in condom use, linkages to
screening and treatment for HIV and STI, and contraception use as well as a reduction in GBV. This trial is unique in
a number of ways. First, the option of participation mode (SMS or VM) allows participants to choose the message
medium that best links them to services. Second, this is the first RCT of a mobile-phone-based behavior change
intervention using SMS/VMs to support linkage to SRH services in Cambodia. Lastly, we are working with a hidden,
hard-to-reach, and dynamic population with which existing methods of outreach have not been fully successful.

Trial registration: Clinical trials.gov, NCT03117842. Registered on 31 March 2017.
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Background
Mobile phones are increasingly being used to enhance
the effectiveness of health programs by engaging individ-
uals in discreet and ongoing ways. Mobile phone health
interventions, called mHealth, can also improve the
availability and quality of operational research data.
mHealth interventions have been used successfully in
developing countries to collect health data [1, 2], in-
crease access to health knowledge [3–7], and increase
medication/appointment adherence [8–11]. But, few
mHealth interventions have been rigorously evaluated
[6, 12]. There is strong evidence that mobile phone mes-
sages can be successfully used to support preventative
healthcare [3, 5, 8, 12–15], such as maternal postpartum
visit attendance and prevention of maternal-to-child
transmission (PMTCT) of HIV in Kenya [16] and HIV
prevention in India [17]. There is also evidence that self-
report of risk behaviors through a mobile phone is a
method of data collection that is as reliable and valid as
in-person surveys [18]. Especially for mobile or hidden
populations in developing countries, mobile phones may
become our most important tool for gathering real-time
health information and then linking people to health ser-
vices [4, 5, 9, 17].
In Cambodia, several successful mobile-phone-based

health programs have been introduced in the areas of
post-abortion contraceptive use [19], pharmacovigilence
[20], diabetes self-management [21], tuberculosis case
detection/notification [22], and HIV education [23]. The
current evidence base for mobile phones used for health
assessment and encouragement of the uptake of services,
especially for hard-to-reach populations that face stigma
and discrimination in developing countries, is promising,
but stronger impact evaluations are needed to under-
stand the full benefits of such interventions.
One important hard-to-reach key population in

Cambodia is the growing population of female entertain-
ment workers (FEWs). FEWs are women working in
entertainment venues such as karaoke bars, massage
parlors, restaurants (as hostesses or singers), or beer gar-
dens [24, 25]. FEWs frequently sell sex, directly or
indirectly, to male patrons to supplement their income
[24, 25]. By 2013, there were approximately 40,000
FEWs in Cambodia, 24,000 of whom resided in the
capital city of Phnom Penh [26]. This group has been in-
creasing since the 2008 passage and implementation of
the “Law on Suppression of Human Trafficking and
Sexual Exploitation,” which banned brothel-based sex
work, more women have moved into indirect sex work
based out of entertainment venues.
The influx in the number of FEWs also follows the in-

crease in garment factory jobs that attract young women
from poor rural families to migrate to urban areas to
earn and remit income to their families in their home

villages [24, 27]. Today, the garment factories in Cambodia
employ over 700,000 young women [28]. Garment workers
endure unsafe work environments [29] and claiming
worker rights is fraught with dangers. As a result, more and
more young migrant women become involved in alternative
work opportunities in the entertainment industry. In
addition, urban youth may also be at risk of engaging in sex
work. A recent study from Cambodia found that 48%
of at-risk female youth across the country reported
having been paid for sex in the past year [30].
FEWs in Cambodia are considered at high risk for

poor sexual and reproductive health (SRH) outcomes be-
cause of their involvement in direct or indirect sex work
and limited access to SRH services [24, 30]. Recent stud-
ies indicate that HIV prevalence among women working
in other entertainment establishments (9.8%) is lower
than street-based sex workers (37.3%) and brothel-based
sex workers (17.4%), but is still considered a national
concern [31]. Recent data showed HIV incidence among
FEWs was 9.2% in 2009 [32]. In addition, incidences of
C. trachomatis, HPV, and N. gonorrhea among FEWs are
11.5%, 41.1%, and 7.8%, respectively [33, 34].
Recent surveys on HIV testing rates indicate that 81.7%

of FEWs reported ever having had an HIV test, and 52.3%
reported having had an HIV test in the past six months
[35]. While there have been increases in reported condom
use in commercial sex work over the past decade, there
may be misreporting of condom use as well as condom
failure. Consistent condom use is highly variable depend-
ing on the nature of relationship and several other factors
[36, 37]. In 2014, our study of 667 FEWs showed that, in
the past three months, 63.9% were able to find condoms
when needed, and 38.2% used condoms at last sex with
non-commercial partners [35]. Consistent condom use
among FEWs and non-commercial partners, such as boy-
friends or other romantic relationships, in the past three
months is estimated to be 20.6–34.1% [33, 35, 38].
Moreover, recent studies have shown that 21.4% of FEWs
reported having induced abortions since working in enter-
tainment [31]. Sexually transmitted infections (STIs) are
also common among FEWs [32–34].
In Cambodia, government and NGO providers cur-

rently offer free and widely available SRH services to
FEWs. However, some FEWs experience barriers to
using these services such as discrimination by providers.
FEWs report a preference for private providers as a re-
sult [39]. KHANA, the largest national HIV organization
in Cambodia, is currently offering specialized services
for FEWs including free distribution of condoms, a “safe
space” drop-in center, community-based finger-prick
HIV and syphilis testing, accompanied referrals to en-
rolment of HIV-positive FEWs to pre-antiretroviral
therapy (ART) and ART services, the integration of
SRH services with HIV services, partner tracing, and
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PMTCT programming. Increasing utilization of these
services by FEWs is a high priority.
The Mobile Link intervention is an operational mHealth

research project that aims to engage FEWs and link them
to the existing high-quality prevention, care, and treat-
ment services in the country. This intervention will con-
sist of theory-based text, i.e. short message service (SMS),
or voice messages (VM), that aim to reduce risk behaviors
and increase the linkage to and utilization of SRH and
other related services among FEWs in Cambodia. In
addition, this intervention may help to determine if SMS/
VM messaging can be a reliable source of monitoring and
evaluation data with this population. The initial oper-
ational research project will focus on FEWs as a proof of
concept and, if effective, the Mobile Link intervention
program will be tailored for other key populations.

Cellphone use in Cambodia
Cambodia is the first country in the world where the
number of mobile phone users has surpassed the num-
ber of fixed landlines [40]. The number of mobile sub-
scribers in Cambodia reached 20 million at the end of
2013, surpassing the country’s population by about five
million [41]. In a survey of 2597 youth aged 15–24 years
drawn from all 24 provinces in Cambodia, 96% declared
that they had access to a phone, with 68% reporting that
they owned a personal mobile phone, and 72% had a mo-
bile in their home [42]. The percentage of Cambodian
people who own at least one smartphone was 39.5% in
2015, almost doubling the 2013 figure [43]. Controlling
for location and gender, 51.3% of people aged 15–65 years
in 2015 had at least one phone through which it was
possible to send and receive messages in Khmer
script (a 65% increase from last year) [44].
In a recent report from the United Nations Development

Program (UNDP), of 2597 Cambodian people aged 15–24
years, 98% reported that they used their mobile phones
mostly for making and receiving calls, 43% for listening to
the radio or music, and 32% for sending and receiving mes-
sages, followed relatively closely by playing and download-
ing games (27%) and taking photos (22%) [42]. Of those
youth who used SMS, the majority used English-language
messages (81%) [42]. In the Asian-Pacific countries, the
number of mobile social media users was set to reach one
billion by the fourth quarter of 2015; and in Cambodia, in-
creasing 108% from the previous year [45]. According to
our recent observation study, FEWs have both smart and
basic mobile phones, use them daily to text and engage in
social media, and have expressed interest in receiving
health information through their phones [46].

Goal and objectives
The overall goal of the study is to deploy and rigorously
evaluate the efficacy of the Mobile Link, an innovative

intervention to engage young FEWs in Cambodia
through frequent SMS/VMs that link them to existing
high-quality HIV, SRH, and other related services.
Specific objectives include: (1) developing the Mobile
Link, a 12-month, two-arm randomized controlled trial
(RCT), by conducting participant observation, focus
group discussions (FGDs), in-depth interviews (IDIs),
and revision workshops to produce a bank of theory-
informed SMS/VMs as well as pilot testing the feasibility
of collecting data from FEWs through SMS and VMs;
(2) evaluating the efficacy of the Mobile Link at the indi-
vidual and venue level in improving HIV and SRH behav-
iors and increasing the uptake of comprehensive HIV,
SRH, and other related care services among sexually active
FEWs; and (3) determining the cost-effectiveness of the
Mobile Link for FEWs as compared to KHANA’s standard
outreach, care, and treatment services.

Methods
This manuscript is in accordance with the Standard
Protocol Items: Recommended items to address in a
clinical trial protocol and related documents (SPIRIT)
guidelines (see Additional file 1 for SPIRIT checklist).

Study design
The Mobile Link is a multisite, single-blind, 12-month
RCT with two arms of 300 FEWs each (see Fig. 1). The
trial will be conducted in the capital city of Phnom Penh
and three provinces with high burden of HIV and a large
proportion of FEWs including Battambang, Banteay
Meanchey, and Siem Reap. The intervention would be
developed following a review of the literature, formative
research including surveys, interviews, and observations
of FEWs, with inputs from public health professionals
and technology partners in Cambodia. The Mobile Link
conceptual framework (see Fig. 2) is based on the exist-
ing literature of the determinants of risk behaviors (i.e.
unprotected sex) and utilization rates of prevention and
treatment services (i.e. HIV and STI testing and treat-
ment, contraceptive use).

Participant selection criteria
All participants must: (1) work at an entertainment
venue in the selected study sites; (2) be currently sexu-
ally active defined as having engaged in oral, vaginal, or
anal sex in the past three months; (3) own a mobile
phone; (4) know how to retrieve VM or retrieve and read
SMS on a mobile phone (Khmer or Romanized Khmer);
(5) self-identify as a FEW; (6) be willing to receive two
SMS/VM per week for one year; (7) provide a written in-
formed consent; and (8) agree to a follow-up visit after
six months and 12 months. Figure 1 depicts participant
flow diagram for the study.
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Theory of change
The logic model (Fig. 2) illustrates how the Mobile Link
seeks to meet the goal of reducing the incidences of
HIV, STIs, unintended pregnancies, and gender-based
violence (GBV) among FEWs in Cambodia. It presents
the flow of inputs and activities that are expected to lead
to the stated short-, medium-, and long-term outcomes
for the FEWs served. The first column of the logic
model describes the inputs, including KHANA staff,
faculty from Touro University California, funders, tech-
nology partnerships, skills, KHANA’s implementing part-
ners, and HIV information sources that support
program delivery. The activities include ethical approval,
staff hiring, participant surveys, staff training, FGDs/

IDIs, qualitative data analyses, message creation, mes-
sage pre-testing, platform creation, questionnaire admin-
istration and data analyses (at baseline, midline, and
endline), and message service delivery. Collectively, these
make up the outputs. This output translates into short-,
medium-, and long-term outcomes/impacts. Outputs
offer knowledge. Ideally, this knowledge is of the
services, existing resources, SRH, and risks within rela-
tionships. The positive attitudes toward SRH, SRH re-
sources, risks within relationships and condom use, and
negotiation, along with the knowledge will promote skill
acquisition and positive behavior change including in-
creased HIV and STI screening and treatment, consistent
condom use with clients and/or boyfriends, contraception

Fig. 1 Study flow diagram
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use, abortion, and experiences with GBV. In addition,
lower experiences of STI symptoms, received STI diagno-
sis, self-reported HIV status should occur with higher
utilization of peer counselors and utilization of any other
services of KHANA's implementing partners. All of the
knowledge, attitudes, skills, and behaviors will culminate
in the impact/long-term outcomes of the program.

Sampling and participant recruitment
We will use a stratified random sampling method to re-
cruit survey participants. Venues will be selected from a list
of all entertainment venues in the study sites based on a
recent report on geographic information system (GIS)
mapping of HIV key populations in Cambodia [47]. They
are matched with 30 similar venues and then randomized
for size and type of the venues. We will continue to sample
from our list of all entertainment venues until we have a
total of 600 FEWs recruited. All enrolled participants will
complete an informed consent and a baseline question-
naire survey. Next, one venue from each venue pair will be
randomly assigned to the intervention group: VM or SMS
(1) and the other to the control group (0) with standard of
care (no additional mobile phone-based SRH support) with

a 1:1 venue allocation ratio. Both groups will be followed
for one year, and a six-month and 12-month questionnaire
will be administered by trained data collectors (see Fig. 3).
When approaching participants, recruiters will explain

the details of the study and ask them for their informed
consent to participate and enroll them in the study. If they
agree, they will be asked questions regarding the inclu-
sion/exclusion criteria. The community health workers
will provide a list of all participants recruited, together
with a unique trial identification number, to the program
coordinator delivering the intervention. The community
health workers will send only the ID number together with
type of the entertainment venue of enrolled participants to
the project statistician via email. Allocation will therefore
be concealed from the researchers working on the trial.
The enrollment procedures will also require them to give
mobile numbers for all of their SIM cards, as many people
in Cambodia have multiple SIM cards. We will also ask
them which phone number is their most used one.

Baseline data collection
All data collectors and field supervisors will attend a
training session for two days covering necessary skills

Fig. 2 Mobile Link intervention logic model
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including interview techniques, confidentiality, and priv-
acy assurance. The study protocol and tools will also be
reviewed during the training sessions in order for the
team members to be thoroughly familiar with it. We will

also include quality control skills such as rechecking and
reviewing the questionnaires after administration as well
as resolving issues that might arise during the fieldwork.
Team leaders will be encouraged to perform regular re-
view sessions with interviewers during the survey period
to review progress and communicate any issues occur-
ring during the data collection.
Given the high rates of illiteracy in this community,

the data collectors will verbally explain the study by
reading the participant information provided as part of
the informed consent process before starting FGDs and
interviews. If a FEW wishes to participate, she would ex-
press her verbal consent (see Additional files 2 and 3).
In addition, a witness that is not associated with the
study will be present and will sign the informed con-
sent form.
Data collectors, who will be blinded to the trial arm

assignment, will collect baseline data from participants
recruited, as well as survey them at six and 12 months.
All participants will receive SMS/VM appointment re-
minders for the surveys and peer data collectors will
meet participants in a convenient and private location
to conduct the surveys. If a participant misses a
scheduled study visit, data collectors will send SMS/
VMs and make voice calls to re-schedule the missed
visits. If unsuccessful in contacting the participant
through those modes, they will arrive in person at the
workplace in an attempt to follow-up with the
participant.

Intervention
Phase I: Iterative, participatory intervention development
In phase 1, a total of 27 FGDs were conducted across all
four implementation sites and among all four entertain-
ment venue types, including street-based and on-call sex
workers (for FGD guides see Additional file 4). IDIs were
held with program staff as well as with FEWs living with
HIV. The FGD guides were semi-structured and ex-
plored a range of topics related to HIV, SRH, GBV, and
substance use. Conversation and storytelling were en-
couraged. Recognizing potential variable experiences and
needs across entertainment venue types and geographic
areas, FGDs were conducted across venue types among
all four sites to achieve saturation.
Following initial data analyses, messages have been

created with a local NGO, Women’s Media Center, and
presented to a selected group of FGD participants and
outreach workers to revise and refine messaging. The
findings from the FGDs and revision workshops
highlighted that for many FEWs, health priorities such
as adverse effects of high alcohol use (gastrointestinal is-
sues) and gynecologic issues (STIs and vaginal infection/
irritation) outweigh concerns around HIV and family
planning. In fact, during the revision workshops, HIV

Fig. 3 SPIRIT figure for Mobile Link protocol
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was most often cited as an area that women did feel they
had a good knowledge base and linkage to testing and
treatment. Participants also reinforced through discus-
sions a number of misconceptions related to contracep-
tion – particularly oral contraceptives and intrauterine
devices (IUDs) – as well as HIV and STI transmission.
Many of those misconceptions will be directly addressed
through the Mobile Link messaging. Lastly, many partici-
pants spoke to the importance of outreach workers and
the linkages that Smart Girl provides, further confirming
the emphasis on Link within the Mobile Link program.
Based on the formative research, messages tagged

within the following topic areas (acknowledging some
crossover) will be sent to intervention participants: gyne-
cologic health; condom use; HIV; STIs; contraception;
substance use; violence; infertility; cancer; and preg-
nancy. Further and more detailed findings from the for-
mative phase are in the process of being synthesized for
dissemination. Using the message bank, the SMS/VM
platform and tracking will be developed and optimized
for program use in collaboration with local programmers
at the InSTEDD iLab in Phnom Penh.

Phase II: Intervention
The Mobile Link intervention comprises a series of auto-
mated SMS/VMs to participants’ mobile phones over
the 12-month period. Participants will receive the first
message within the first day of the intervention. The
messages will be designed to enhance and increase
utilization of existing HIV and SRH services by remind-
ing clients about safe sex methods available to them and
providing a conduit for additional support. Upon enroll-
ment into the study, participants in all groups will re-
ceive a face-to-face baseline behavioral survey conducted
by a data collection team who remained masked to
intervention allocation at enrollment.
The baseline questionnaire (see Additional file 5) was

designed by the study team using sections from standard
questionnaires currently in use at KHANA for assessing
similar measures in populations of high-risk women in
Cambodia. The questionnaire was created in English,
translated to Khmer, and back-translated to English. The
questionnaire will be pilot tested with 15 FEWs similar
in eligibility to future study participants using cognitive
interviewing techniques [48]. Next, participants will be
randomized into intervention and control groups: Group
0 is the control group and Group 1.1 and 1.2 are the
intervention group (1.1 = SMS [1.1a Khmer characters or
1.1b Romanized Khmer] or 1.2 = VM in Khmer).
Those in the control group will get one “check-in”

SMS or VM between baseline and midline and another
between midline and endline. Participants will be asked
to confirm receipt of this message. These messages will
contain no health information and will be used as a way

to stay in touch with participants and to compare “re-
ceipt confirmation” rates to the intervention group. All
participants will be asked to choose whether they would
prefer to receive SMS or VM and their reason for their
choice. If they choose SMS, they will be asked if they
prefer Khmer characters or Romanized Khmer. Recent
studies on choosing the method for receiving interven-
tions during an RCT have demonstrated that it may in-
crease participation and retention [49].
A message schema was developed in which each par-

ticipant will receive a message from a different topic
group each week for 10 weeks. The messages will tend
to follow a flow of rights-based health information and
then linkage (though there is some variance depending
on topic). However, after each message, participants will
also have the option to be linked to an outreach worker.
After the tenth week, the topic areas will cycle through
again, but the messages within the topic areas will be
unique. After weeks 30, 40, and 50 (+ 2), messages will
be repeated to reinforce particular concepts and ideas.
Participants who indicate they would like to talk to a
counselor will receive a call from a Mobile Link staff.
The counselor will provide individualized information
via telephone or face-to-face on that particular topic
and, if needed, can escort the participant to receive the
required services.
Participants will also receive a weekly 5–7-question

survey that asks about more common and/or time-
sensitive issues such as STI symptoms, vaginal infection/
irritation, support for GBV, or psychological issues. Once
a month, participants will be asked if they are using
contraception and/or want to be linked to family plan-
ning counseling. Participants who endorse any of the
survey questions will be asked if they want to be linked
to an outreach worker. Therefore, it is important to
note that, while the topics in the messages will
change each week—as well as the topical prompts for
linkages to outreach workers—the weekly monitoring
survey provides another consistent and constant plat-
form for mobile linkage.
Trained data collectors and community health workers

in the selected sites will deliver the Mobile Link inter-
vention. SMS/VM are scheduled and sent using the
open-source software program developed by InSTEDD
(instedd.org). InSTEDD and the Project Coordinator will
retain data on the SMS/VM messages sent, responses to
messages, and outcomes of follow-up phone calls.

Phase III: Cost-effectiveness analyses
All relevant costs related to developing and implement-
ing the intervention, minus the cost caused by the study,
will be collected. This will include the cost of developing
the SMS/VM platform as well as all the fixed and vari-
able costs of running the intervention for one year.
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We will look at the cost of engaging and linking par-
ticipants but will not include the cost of the health
services that participants use as a result of the pro-
gram. In that way, we are looking at the cost-
effectiveness of adding the SMS/VM component to
SRH services. We will use five measures of effect that
will be self-reported by participants during baseline
and follow-up surveys: uptake of first HIV test (0 to1); up-
take of regular HIV test (at every six months for those en-
gaging in unprotected sex with sweethearts or engaged in
sex work); uptake of first visit to a SRH care provider for
any testing services or counselling; uptake of any visits to
a SRH care provider for any testing, services, or counsel-
ling; and uptake of condom use at last sex.
An average cost-effectiveness ratio (CER) will be calcu-

lated by dividing the total cost of each arm by the
change in outcomes of each arm. In addition, the incre-
mental CER (ICER) will be calculated, which will meas-
ure the cost per additional HIV test/visit/protected sex
under the Mobile Link as compared to no SMS/VM
intervention.

Control group
Participants in the control group will receive the current
existing standard of care, but not the health-related
SMS/VMs or associated follow-up phone calls. Standard
of care consists of access to existing HIV and SRH ser-
vices which includes: face-to-face counseling; free HIV
and STI testing and condoms; and clinic phone numbers
and hotline phone numbers with a toll-free help line for
clients staffed by trained counselors. Control group
members will receive “check-in” reminder calls before
questionnaire appointments (midline and endpoint).

Primary outcomes
All outcomes will be self-reported and collected through
surveys. The primary outcome measures will include: (1)
HIV testing; (2) condom use at last sex; (3) frequency of
condom use (always, sometime, rarely, never) with cli-
ents; (4) frequency of condom use (always, sometime,
rarely, never) with boyfriends; (5) STI screening when
experiencing symptoms; (6) STI treatment when diag-
nosed; (7) contraceptive use; (8) unwanted pregnancy
and unsafe abortion; and (9) experiences with GBV.

Secondary outcomes
The secondary outcome measures will include: (1)
knowledge of SRH; (2) knowledge and attitudes toward
existing SRH resources; (3) knowledge and attitudes to-
ward abortion laws and services; (4) knowledge and atti-
tudes regarding risk within relationships; (5) attitudes
toward condom use and condom negotiation; (6) experi-
ences of STI symptoms; (7) received STI diagnosis; (8)

self-reported HIV status; (9) utilization of peer counselor;
and (10) utilization of any other SRH services.

Data collection
Data collection tools will include baseline and follow-up
questionnaires administered by a data collection team.
The baseline questionnaire will contain questions to col-
lect information on contact details; demographics; path-
ways to entertainment work; information about their
current workplace; SRH knowledge, attitudes, and be-
haviors; sexual relationships; condom use self-efficacy;
and experiences with GBV. All questions will be asked
in both written and oral forms because literacy rates are
not 100% in this community. In addition, all data col-
lected via weekly monitoring surveys will be analyzed on
a routine basis.

Data management
Data coding, quality control, and data entry will be
done following established procedures at KHANA.
Pre-coded questionnaire will be used to minimize
data coding errors. All data forms and questionnaires
will be checked for errors by a second data collector;
errors and necessary corrections will be made before
data entry. A database will be developed for data
entry in MS Access, which will include built-in range
and within- and between-variable consistency checks.
The program will also run error-checking applications
and produce reports of inconsistencies to be checked
daily.

Analysis plan
Analyses of participant characteristics
Participant characteristics and survey responses will be
analyzed using descriptive statistics including Chi-square
test of homogeneity and paired Student’s t-tests to com-
pare characteristics between the participants to ensure
balance among the study arms.

Analyses of primary and secondary outcomes
We will report the trial according to the Consolidated
Standards of Reporting Trials (CONSORT) standards for
reporting RCTs. This is a behavioral intervention un-
likely to produce adverse effects, so analysis will be
undertaken once the six-month follow-up has been
completed.
The effect of the intervention will be measured

through repeated measures generalized linear models es-
timated through generalized estimating equations (GEE)
linear/logistic regression (as appropriate) accounting for
potential correlation from taking repeated measures on
participants. Separate models will be conducted for each
of the outcomes. Predictors in the models will include
intervention group assignment, time, and group by time
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interaction terms. The intervention will be considered
effective if the group by time interaction has a significant
p value (p ≥ 0.05).
Intention-to-treat (ITT) principles will be used for pri-

mary outcome analyses; therefore, all participants will be
analyzed according to the arm to which they were ran-
domized. During ITT analyses, participants lost to
follow-up, resulting in missing outcome data at six
months, will be considered non-users.
For the primary and secondary outcomes, we will use

GEE with covariates to estimate effect. We will calculate
the sensitivity and specificity of self-reported contracep-
tion use as compared to objective measurement and
comment on any limitations of the respective methods
of data collection. We will undertake Kaplan–Meier sur-
vival analysis to compare contraceptive discontinuation
rates. Analyses will be conducted using STATA.

Sensitivity and per-protocol analyses
We will conduct an additional sensitivity analysis
including only participants who completed the six-
month follow-up. Per-protocol analysis will be under-
taken to assess the impact of the intervention among
those who actively participated in the intervention.
Participants who respond to > 50% of the six VM/
SMS over the intervention period will be considered
highly protocol-adherent. Participants who respond to
0.5–50% will be considered less protocol-adherent.
Those who never responded to a voice message will
be considered as never-responding and not included
in the sensitivity analysis.

Sub-group analyses
We will undertake exploratory sub-group analyses to as-
sess evidence for whether the effect of the intervention
varies according to age, entertainment venue, level of
education, and socioeconomic status. If statistically sig-
nificant, overall heterogeneity is identified, then relative
risks and 99% confidence intervals will be estimated.

Additional analyses
We will provide a descriptive analysis of information on
study-related mobile phone use among participants. The
aim will be to include number of voice message and
phone interactions, response to voice messages, response
to weekly surveys, time spent on phone calls, and
linkages to outreach workers to facilitate description
of process indicators and any issues. Additionally, at
the end of the trial, the costs of the intervention
(training, human resources, phone costs, and so on)
will be estimated.

Qualitative interviews
We will conduct around 15 to 20 qualitative interviews
(or until data saturation has been reached) with partici-
pants who received the intervention. Participants for in-
terviews will be selected purposively to include those
who did or did not appear to respond to the interven-
tion. The interviews will explore participants’ experience
of the intervention, aiming to identify active components
of the intervention, and seek recommendations for im-
provements. Interviews will be recorded and transcribed
and a simple thematic analysis will be undertaken. We
will use the findings to inform any adjustments to the
intervention after the trial. We will also conduct process
interviews with community health workers and outreach
workers to better understand the utility and effectiveness
of the weekly monitoring survey in their work and
explore feasibility of scaling.

Ethical consideration
The trial will be conducted in accordance with the princi-
ples of Good Clinical Practice. The study protocol has been
approved by the National Ethics Committee for Health
Research (NECHR, No. 142NECHR) of Ministry of Health
in Cambodia and Touro College Institutional Review Board
(No. PH-0117). The Mobile Link trial has been registered
with ClinicalTrials.gov (No. NCT03117842).
All participants will provide verbal informed consent

before enrolling in the trial or commencing the follow-
up interviews. All client records and data will be stored
securely. No names of participants (or others men-
tioned) or locations will be used in the analyses or report
writing. Confidentiality will be maintained by assigning
coded identifiers to participant names (with a master list
stored separately). Participants will be able to withdraw
from the study at any point. When withdrawing from
the study, the participant would let the research team
know that she wishes to withdraw. The participant may
provide the research team with the reason for leaving
the study, but this is not requirement.
Any participants with an adverse outcome arising from

other people listening to VM (for example, an argument
or violence) will be linked into appropriate existing ser-
vices at local organizations. Each survey will ask about
experiences with social harms as a result of the study.
Social harms experienced by participants and reported
to research staff during data collection will be docu-
mented and monitored by investigators. Participants
will be reimbursed to compensate for expenses related
to face-to-face clinic follow-up and for participation
in the surveys.

Application, dissemination, and transposition of results
This study is a proof of concept. If found to be both ef-
fective and cost-effective, replication and rapid scale-up
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of the intervention can be achieved. The nature of the
intervention, SMS/VM interactions, can be easily modi-
fied using the existing digital platform developed for this
trial to accommodate more users from the same popula-
tion after performing outreach and enrolment. In order
to serve users from a different population, we would
need to conduct qualitative work to develop new tailored
high-quality theory-informed messages and conduct the
initial outreach and enrolment activities. The results of
this study will be shared at local, regional, and inter-
national levels. We will collaborate with national institu-
tions, such as the National Center for HIV/AIDS,
Dermatology and STD (NCHADS), the National AIDS
Authority, and the National Institute of Public Health
(NIPH) in Cambodia, who will be aware of and involved
in this project, to disseminate the information about this
study locally. We would plan to host a regional meeting
with stakeholders from neighboring countries, such as
Laos, Thailand, and Vietnam, who have similar at-risk
populations in order to share our results. We plan to
share results at international conferences and through
peer-reviewed journal article publications.

Potential risks and benefits
Human participants
This study will involve human participants and their
protection is in accordance with the NECHR and the
Touro College Institutional Review Board. NECHR
reviews research proposals involving human partici-
pants with a view to safeguard the dignity, rights,
safety, and wellbeing of all actual or potential
research participants. They state that the goals of re-
search, however important, should never be permitted
to override the health and wellbeing of the research
individuals. The Touro College Institutional Review
Board aims to protect the rights and welfare of hu-
man participants recruited to participate in research
activities conducted under the auspices of the Col-
lege. The Board is registered with the federal Office
of Human Research Protections (OHRP) and received
approval of its Federal Wide Assurance (FWA) on 30
April 2008.
All key personnel involved in this study will be re-

quired to complete the online National Institute of
Health (NIH) course on the protection of human re-
search participants and to show proof of course comple-
tion which will be kept on file. No research or
recruitment of individuals will begin without approval of
the two ethical review boards mentioned above.

Risks to human participants
Human participant involvement, characteristics, and design
The focus of this study is to increase the rates of HIV
testing and condom use in FEWs because they have

been identified as a group that is at-risk for HIV in-
fection. Female young adults who are classified as a
vulnerable population comprise most of the study
population. Because this study is testing an interven-
tion tailored specifically to females, men will not
be eligible to be participants. All recruitment activities
and study procedures involving study participants will
follow national guidelines. We anticipate involving a
minimum of 600 FEWs in the study, and our sam-
pling strategy will ensure that the group of partici-
pants is representative of the total population of
young FEWs in Cambodia. Assigning study arms will
be done at random, meaning that all participants have
an equal chance of being assigned into the two active
arms or the control arm. They will not be masked to
the intervention since the intervention involves re-
ceiving SMS/VMs on their mobile phones.

Sources of materials
As stated in the study protocol, research materials
will include interview digital audio files and tran-
scripts, field observation notes, survey responses, and
SMS/VM response data. All data obtained through
FGDs, in-person questionnaires, or SMS/VM data col-
lection will be de-identified and stored in password-
protected electronic files as well as in a hard copy
format in locked file cabinets at the KHANA’s office
in Cambodia and at Touro University California and
will only be accessible by the Principal Investigators
and Co-Investigators.

Potential risks
The risks to participation in this study include psy-
chological distress as a result of answering questions
about sensitive subjects and a breach of confidential-
ity as a result of receiving the SMS/VMs about sensi-
tive topics on their mobile phones. This may put
participants at risk of negatively affecting their occu-
pational, personal, or romantic relationships if some-
one else sees the messages. For those participating in
FGDs, there may be an infringement on privacy if
participants feel pressured or get caught up in the
moment and disclose personal information to people
they may know or see in their workplaces or commu-
nities. To address these risks, all study participants
will be informed about the voluntary nature of their
participation and their rights to end the participation
at any point during the study without any conse-
quences. They will have access to free youth-friendly
counseling services and will also be given information
about crisis centers and other relevant referrals, and
they will be offered escorted referrals.
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Adequacy of protection against risks
Recruitment and informed consent
Participants will be recruited by community health
workers. Before participation in any study activities, a
verbal consent will be sought from the study partici-
pants. Data collectors will sign the consent form to con-
firm that the study participant has been briefed about
the study, assured of their confidentiality, and have given
their informed consent to participate in the study. Study
participants will also be informed of the option for
escorted referrals to appropriate existing government
and non-government services in the province if they so
wished. Because this research topic is highly stigmatiz-
ing, verbal consent is the most appropriate form of
consent so that no other identifying information is col-
lected. For those study participants who cannot read, we
will identify individuals who work in the outreach pro-
grams but are not part of the research team to act as
witnesses and to sign the consent form.

Risk for vulnerable groups
We will be enrolling vulnerable populations and partici-
pants who may be pregnant or become pregnant during
the study. Pregnancy does not exclude participants from
the study but is not the target group of this research. All
activities with these groups meet the procedural guide-
lines of our institutional review board. There are no
known risks to the health of pregnant women or their
fetuses or neonates of participating in this study. In
addition, there may be benefits to them because FEW-
specific SRH services will be made available to them
throughout the study period, and trained community
health workers will offer them free escorted referrals to
SRH services.

Confidentiality and data monitoring
The records of this study will be kept confidential. The
research team will not include the name or personal
identifiers of any participants involved in the research in
our reports. The interview recordings, questionnaires,
and recordings obtained from the participants will be
safely locked away in a digital recorder with a passcode.
Electronic transcripts will be stored on a password-
protected laptop. Informed consent forms and demo-
graphic questionnaires with identifiable information will
be stored in a locked bag during transportation to and
from the study sites. These forms will be kept in a separ-
ate locked file away from digital recordings and tran-
scripts. The research coordinator is the only person who
will have access to these records.
Data monitoring and interim analyses at the six-

month and one-year follow-up will be conducted by the
lead investigators of the research team. At that time, the
team will determine if the trial should be continued as

planned, stopped early for hazard (including social
harms), or stopped early because efficacy is overwhelm-
ingly established or the trial is futile.

Costs of participation
The Mobile Link will incur the cost of outgoing commu-
nication from providers to participants; participants
incur any costs calling or messaging into the program
and services. However, participants in the intervention
arm will receive $5 as a compensation after completion
of the intervention.

Compensation and incentives
Participants in the FGDs will be offered $5 for participa-
tion in each FGD. Participants in the questionnaire
surveys at baseline, midline, and endline will be offered
$5 for every survey they complete.

Assumptions, risks, and preconditions
Mobile phone projects in developing countries are not
without limitations; technical and operational challenges
must be addressed for our programs to work. In terms
of technical limitations, mobile users often own multiple
SIM cards in order to get cheaper in-network rates and
better reception from the five or six very competitive
networks in Cambodia who also offer deals that entice
users to use their SIM for a limited period of time. In
addition, many people share phones with family mem-
bers or even neighbors and therefore may not receive
health-related messages or phone calls or may not sign
up for programs out of concern that others would re-
ceive their private information, although this is more
common in rural areas. Level of literacy is another limit-
ing factor when trying to reach broad segments of the
population in developing country contexts with SMS/
VM, and many projects have turned to VM to circum-
vent this issue.
In Cambodia, there is the additional concern that

phones lack the ability to send SMS in Khmer script, al-
though the younger generation of tech-savvy Cambodians
is more familiar with a Romanized Khmer language used
for texting and social media. Other mHealth interventions
that have shown promise have faced operational chal-
lenges that limit the ability to take them to scale.
Common errors include using interventions that are at a
cost or complexity level that are too high for scale such as
relying on smartphones. Other issues include not design-
ing programs for their end users that can, for example,
give overburdened community health workers or peer
counselors more work instead of less.
We have addressed these concerns in the following

ways. First, we will use a technology (SMS/VM) that can
be used by both simple and smart phone users. Second,
we have collected preliminary data from our population
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of interest, which indicated that sending and receiving
SMS/VM in Khmer or Romanized Khmer is acceptable
to FEWs. Lastly, we have collected preliminary data
from our population of interest, which indicate that
FEWs are able to receive personal and private messages
from community health workers. We are planning to
collect phone numbers associated with all SIM cards in
use by each participant so as to increase the chances
that they will receive each message.

Discussion
Finding better strategies for linking hard-to-reach popula-
tions who are at risk for HIV to quality health services is a
global health priority. The World Health Organization
(WHO) has stated that a worldwide failure to provide ad-
equate HIV services for key populations such as men who
have sex with men, people in prison, people who inject
drugs, sex workers, and transgender people may be a bar-
rier to achieving progress toward reversing the HIV
epidemic [50]. Previous studies have highlighted the
unique challenges to linking key populations to HIV
services in Asia [32, 33, 37].
In Cambodia, the 2008 “brothel ban” and consequent

surge in indirect sex work has created additional barriers
to connecting vulnerable and high-risk FEWs with
health services. The Mobile Link trial aims to link FEWs
to services and increase risk-reducing behaviors using a
technology women use daily to connect with family and
friends [42, 44, 51]. Weekly messages tailored to their
specific needs may improve their knowledge and atti-
tudes toward connecting with services and promote
positive behavior change.
We anticipate several limitations associated with re-

cruitment, retention, and measurement in this study.
Our study population is a hidden, hard-to-reach group
that is mobile, at least across entertainment venues. As
such, we anticipate challenges in recruiting and
following-up with participants over the 12-month study
period. We will make efforts to address these limitations
by providing incentives for participation, making fre-
quent contact through mobile phones, collecting phone
numbers from all currently owned SIM cards at baseline
and midline, and asking for the contact information for
their next nearest contact.
Another concern is the broad range of literacy rates

within our study population which may affect the quality
of participation and length of retention. In our feasibility
studies, we tested small groups of FEWs for reading and
writing literacy [35]. Most women received the highest
literacy rating but several received the lowest rating. In
addition, KHANA staff have reported that they have en-
countered problems with reading comprehension within
this population. For this reason, the VM option within
the intervention arm of the study was added. Recent

evidence suggests that offering a choice of participation
mode within an RCT can improve both recruitment and
retention [50].
This trial is being conducting in an extremely dynamic

environment. Rapid changes in sex work practices, the
mobile phone industry, and the way youth and young
adults use technology may result in external validity is-
sues that may prove to limit the representativeness of
the data. In order to address this issue, our study period
will be only 12 months and include baseline, midline,
and endline data collection points that can alert us to
any large changes within that time.
Finally, as HIV testing is a primary outcome and HIV

status is a secondary outcome, it was decided the sec-
ondary outcome of HIV status would be self-reported as
incorporating into the trial an HIV test to conclusively
determine status may bias the primary outcome HIV
testing data. Understanding the factors surrounding the
decision to get tested for HIV is central to the core of
this research and therefore HIV status data will be lim-
ited to self-reported information.
The findings of this novel study will strengthen our

understanding of how mHealth interventions may be
used to link key populations to health services in
Cambodia and in other developing countries.

Trial status
In development stage, recruitment not started.
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