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Abstract

Background: Mobile Link is a mobile phone–based intervention to increase access to, and use of, health care services among
female entertainment workers in Cambodia who face higher risks for specific diseases and gender-based violence. A multisite
randomized controlled trial showed that Mobile Link connected female entertainment workers with outreach workers for information
and escorted referrals after 6 months but did not lead to statistically significant improvements in HIV and sexually transmitted
infection testing, contraceptive use, and condom use.

Objective: This study aims to conduct a 3-part economic evaluation of Mobile Link to understand its costs, value, and
affordability.

Methods: We conducted cost, cost-effectiveness, and budget impact analyses of Mobile Link using cost and outcomes data
from the Mobile Link trial and other sources. For the cost analysis, we estimated the total, per-person, and incremental costs of
Mobile Link compared with usual care. Using probabilistic decision-analytic models, we estimated the 1-year cost-effectiveness
of Mobile Link from payer and combined payer and patient perspectives by converting selected primary and secondary outcomes
from the trial to disability-adjusted life years (DALYs) averted. Finally, we estimated the financial costs of scaling up Mobile
Link’s messaging and outreach services to 70% of female entertainment workers in 5 years.

Results: The incremental costs of Mobile Link were US $199 from a payer perspective and US $195 per person from a combined
payer and patient perspective. With an average of 0.018 (95% predicted interval –0.088 to 0.126) DALYs averted, Mobile Link’s
cost-effectiveness was US $10,955 per DALY from a payer perspective (US $10,755 per DALY averted from a payer and patient
perspective). The costs of Mobile Link would have to decrease by 85%, or its effectiveness would have to be 5.56 times higher,
for the intervention to meet the upper limit of recommended cost-effectiveness thresholds in Cambodia (US $1671 per DALY
averted). The 5-year cost of scaling Mobile Link to 34,790 female entertainment workers was estimated at US $1.64 million or
US $46 per person per year.
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Conclusions: This study provided a comprehensive economic evaluation of Mobile Link. We found that Mobile Link is not
likely to be cost-effective unless its costs decrease or its effectiveness increases. Scaling up Mobile Link to more female
entertainment workers is estimated to cost less than the costs of the trial. Given the importance of linking female entertainment
workers to essential services, future research should focus on enhancing the effectiveness of Mobile Link or developing new
mobile health interventions for this population.

Trial Registration: ClinicalTrials.gov NCT03117842; https://clinicaltrials.gov/study/NCT03117842

(JMIR Form Res 2024;8:e52734) doi: 10.2196/52734
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Introduction

Female entertainment workers in Cambodia face many structural
barriers to accessing and using health services such as stigma
and criminalization of sex work [1]. As a result, despite facing
higher risks of HIV and other sexually transmitted infections
(STIs), gender-based violence (GBV), and being forced to drink
while working, female entertainment workers infrequently use
health services and can be hard to reach by health care workers
[2]. To improve the health of female entertainment workers,
achieve broader public health goals (eg, reduction of HIV
burden), and advance health equity, new tools that effectively
and efficiently engage female entertainment workers in health
services are critical and necessary.

Mobile phone–based health interventions, often referred to as
mobile health (mHealth) interventions, have been developed
and tested in several settings globally to better reach stigmatized
populations such as female entertainment workers. However,
results from those studies have been mixed [3-6]. In Cambodia,
an mHealth intervention called Mobile Link was developed,
following formative participatory research [7], to engage with
and connect female entertainment workers to essential
prevention, care, and treatment services using automated SMS
text messaging and voice messages. Its effectiveness in reducing
risk behaviors and increasing the use of health care services
was evaluated in a randomized controlled trial (RCT) conducted
from March 2018 to June 2019 at 5 sites [8]. The trial found
that Mobile Link helped connect female entertainment workers
with outreach workers for information and escorted referrals
but did not lead to statistically significant improvements in HIV
and STI testing, contraceptive use, and condom use in adjusted
models [9].

The adoption and scale-up of Mobile Link and other mHealth
interventions will depend on their effectiveness, value, and
financial costs [10]. This study conducted a 3-part economic
evaluation of Mobile Link to understand its costs,
cost-effectiveness, and budget impact. We aim to estimate the
costs of Mobile Link, the financial requirements and
affordability of a potential scale-up, and the short-term value
of the intervention using disability-adjusted life years (DALYs)
averted as a measure of health benefit. Findings from this study
can be used by decision makers considering the rollout of
Mobile Link in other Cambodian jurisdictions, as well as to

inform future economic evaluations of other mHealth
interventions [11].

Methods

Study Design
This study involves 3 distinct empirical and model-based
evaluations. The cost analysis determines the total, per-person,
and incremental costs of Mobile Link using expenditure data
from the trial and other data sources. The model-based
cost-effectiveness analysis (CEA) evaluates whether Mobile
Link offers “value for money” based on the efficacy results of
the trial and the results of the cost analysis. Finally, the budget
impact analysis estimates the financial or monetary cost of
scaling up Mobile Link to more female entertainment workers
in Cambodia. We followed guidelines in the economic
evaluation including the ISPOR principles of good practice for
budget impact analysis, Consolidated Health Economic
Evaluation Reporting Standards, and specific guidance for
evaluating mHealth and digital health technologies [10-13]. We
used payer and combined payer and patient perspectives in this
study. The Impact Inventory [14] (Multimedia Appendix 1) lists
the costs and benefits included in each perspective. Patient-level
data were analyzed using Stata/SE 15.1 (StataCorp LLC), and
economic analyses were done in Microsoft Excel (Microsoft
Corp).

Mobile Link Trial

Overview
Details on the Mobile Link RCT are available in a previously
published protocol [8] (trial registration NCT03117842 in
ClinicalTrials.gov), and the trial results are presented in separate
publications [9,15]. In summary, female entertainment workers
were recruited by community health workers in Phnom Penh,
Battambang, Banteay Meanchey, and Siem Reap and randomly
assigned to the treatment and control arms of the trial.
Participants in the treatment arm received health information,
reminders, and referral resources in Khmer through SMS text
messaging or voice messages. Female entertainment workers
in the control arm received usual care, which included in-person
counseling, HIV and STI testing, condoms, and access to a
toll-free hotline with trained counselors. Health messages were
developed after a series of formative participatory research and
a review of behavior change theories [7]. Themes covered in
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messages included cervical cancer; contraception; HIV and STI
prevention; miscarriage, pregnancy, and pregnancy termination;
alcohol use at work; vaginal health and hygiene; GBV; and
general health information. Messages were delivered twice a
week for 10 weeks, and messages about each theme were
repeated every 10 weeks for 60 weeks. Each health message
was followed by another message giving female entertainment
workers the option to be linked to an outreach worker.
Participants who chose this option were contacted by a Mobile
Link staff who provided individualized information via phone
or in person and escorted participants to services when
requested.

After losing 730 participants in the follow-up, the final analytic
sample included 388 participants: 218 in the treatment group
and 170 in the control group (Multimedia Appendix 2). The
dropout rate is notable although not unexpected in research
involving hard-to-reach and stigmatized populations [16].
Statistical analyses found no significant differences between
the participants who dropped out of the study and those who
stayed in the trial. In crude tests of association, statistically
significant differences by province and entertainment venue
were identified between the treatment and control groups.

Outcomes and Measures
The primary outcome measures were (1) HIV testing, (2) STI
testing when experiencing symptoms, (3) modern contraceptive
use, (4) condom use with nonpaying partners, and (5) condom
use with paying partners. Secondary outcome measures were
(1) contact with outreach workers; (2) use of referrals while
being escorted by outreach workers (ie, escorted referrals); (3)
forced drinking at work; and (4) experience with GBV (full
descriptions of these outcomes are available in the trial protocol
and report [8,9]). Outcomes were measured using self-reported
data collected using questionnaires administered via a tablet.

Data were collected at 3 time points: baseline, midline (6 months
after the baseline), and endline (12 months after the baseline).

Multimedia Appendices 3 and 4, respectively, show the primary
and secondary outcomes from the trial analyzed per protocol.
No statistically significant differences between intervention and
control groups were observed for any primary outcome in fully
adjusted multilevel logistic regression models with mixed effects
controlling for venue type, province, cohabitation, age,
education, and outreach worker contact [9]. Among the
secondary outcomes (Multimedia Appendix 4), contact with an
outreach worker in the last 6 months, escorted referrals in the
last 6 months, and no forced drinking at work in the last 3
months were all found to be associated with the intervention in
crude analyses. After adjusting for venue type, province,
cohabitation, age, and education in logistic regression, only 2
secondary outcomes—escorted referral and forced drinking at
work—were associated with Mobile Link.

Cost Analysis
Using a top-down or gross approach [10,17], we estimated costs
from the perspective of payers and patients. Payer costs,
including startup (ie, fixed) costs and other variable costs, were
estimated using expenditure data collected during the trial (Table
1). The Global Fund to Fight AIDS, Tuberculosis, and Malaria
(Global Fund), which supports several programs for female
entertainment workers in Cambodia, assumed most of the costs
including activities and services associated with usual care
available to participants in the control and treatment groups.
Additional costs associated with the implementation of the
Mobile Link intervention were borne by L’Initiative/Expertise
France, the trial funder. We evenly divided the Global Fund
costs among all participants in the control and intervention
groups, while Mobile Link costs were apportioned to participants
in the treatment group only.

Table 1. Payer costs (in US $) from Mobile Link trial. Costs have been roughly classified by activity (diagnosis and treatment; information, education,
and communication; and program management) and type of input (consumables and personnel). Global Fund costs were spent on both control and
intervention groups, while Expertise France costs were only spent on the intervention arm.

Global Fund (US $)L’Initiative/Expertise France (US $)Cost category

Diagnosis and treatment

70,871N/AaConsumables

3800N/APersonnel

74,671N/ASubtotal

Information, education, and communication

64,754125,767Consumables

254,43334,314Personnel

319,186160,081Subtotal

Program management

2500N/AConsumables

N/A3099Personnel

25003099Subtotal

396,357163,180Total

aN/A: not applicable.
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The primary patient cost we considered was time costs
associated with seeking health services [18], which were reduced
by contacting an outreach worker. Based on interviews with
trial participants, the average time to access health services after
contact with an outreach worker was 36 minutes (0.6 h); without
outreach workers, the time to access health services was 2.2
hours. Therefore, the net time benefit to female entertainment
workers was 1.6 hours per contact with an outreach worker.
Based on baseline data from the trial [15], we assumed that
participants engaged with female entertainment workers at least
twice during the trial, for a total of 3.2 hours in net time benefits.

Following best practices [18], we used earnings data among
female entertainment workers to value their time costs. With
average weekly earnings of US $270 (Multimedia Appendix 1)
and assuming an average of 40 work hours per week, the
estimated savings from care-seeking after contact with an
outreach worker is US $21.60 (US $6.75 earnings per hour ×
3.2 hours). We multiplied this cost by the proportion of female
entertainment workers who contacted an outreach worker in
each trial arm to get the total patient cost savings and then
subtracted the result from the total payer costs. Since basic
health care services, such as sexual and reproductive health
services, are available for free to female entertainment workers
through government- and grant-funded programs, we did not
include out-of-pocket spending. Due to data limitations, we
excluded transportation costs and other costs associated with
particular illnesses such as STIs.

We present total costs, cost per participant, and incremental
costs between usual care and the Mobile Link intervention. All
costs are reported in 2019 US $, the year the RCT concluded.

CEA Methods

Overview
An overview of the CEA is shown in Figure 1. Costs (CM and
CU in Figure 1) were based on the cost analysis described
previously. The health effects of Mobile Link (EM and EU in
Figure 1) were estimated using the efficacy results from the
trial, which we translated into DALYs averted. Because the
Mobile Link trial found no statistically significant differences
in primary outcomes between the control and intervention
groups, we used a probabilistic model that incorporates the
uncertainty around the treatment effects. Several factors, such
as sample size and the types or anticipated incidence of
outcomes, affect whether studies are sufficiently powered to
estimate treatment effects [19,20]. In the Mobile Link trial
specifically, the high (784/1118, 65%) dropout rate among
female entertainment workers may have affected the results.
Thus, null results from hypothesis testing do not automatically
denote zero treatment effects [20,21]. Our probabilistic
economic evaluation is designed to determine the probability
that Mobile Link is cost-effective compared with usual care,
given the uncertainty in the available evidence [22-24].

Figure 1. CEA overview. This graphic provides an overview of the analytical approach used in the CEA. Costs and benefits were estimated and valued
for Mobile Link and usual care separately using data from the trial and other sources. The ICER was then calculated by dividing the incremental costs
by the incremental benefit. C: cost; CEA: cost-effectiveness analysis; DALY: disability-adjusted life year; E: effect; ICER: incremental cost-effectiveness
ratio; M: Mobile Link; U: usual care.

Estimating Health Effects
We included 5 outcomes from the trial in the CEA: HIV testing,
STI testing, modern contraceptive use, forced drinking at work,
and experience with GBV. These outcomes were selected
because they could be translated into DALYs, a commonly used

measure of health and disease in low- and middle-income
countries (Multimedia Appendix 5 [1,25-41]) [42]. DALYs
measure mortality and morbidity in 1 metric and are calculated
by adding years of life lost and years of life with disability.
Because the time horizon of the analysis is 1 year, no years of
life lost were included, and the DALYs associated with each
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outcome were equal to the disability weights used to estimate
years of life with disability.

Disability weights range from 0 (perfect quality of life) to 1
(disease burden equivalent to being dead). We took disability
weights from the 2019 Global Burden of Diseases study [25]
and the Marie Stopes International Impact 2 Model (version 5)
[26,27], a simulation model that estimates the effect of

contraceptive use on maternal and child health outcomes (Table
2). For HIV and STI testing, we made further adjustments to
the disability weights to reflect the prevalence of the disease
and the probability of being treated after a positive test (full
details are in Multimedia Appendix 6). For the probabilistic
analysis, we assigned β distributions to each disability weight
and used the mean values and SDs to estimate the α and β
parameters.

Table 2. Disability weights assigned to the Mobile Link outcomes.

SourceDisability weight, mean
(SD)

DescriptionOutcome of Mobile Link
trial

GBDa 20190.147 (0.085)Disability associated with undiagnosed and untreated early HIV
infection

HIV testing

GBD 20190.006 (0.002)Disability associated with a mild and acute STI episodeSTIb testing

Impact 20.014 (0.008)Maternal disability associated with nonuse of modern contracep-
tives

Modern contraceptive use

GBD 20190.123 (0.063)Disability associated with very mild alcohol use disorderForced drinking at work

GBD 20190.211 (0.109)Disability associated with physical and mental harms and injuriesGender-based violence

aGBD: Global Burden of Diseases study.
bSTI: sexually transmitted infection.

To estimate the total DALYs averted by Mobile Link, we
summed the product of the absolute risk difference (ARD) and
the DALYs for each of the 5 outcomes, represented by the index
i in Equation 1. When interpreting and applying nonsignificant
results, the ARD (also called absolute risk reduction) is
recommended to communicate the potential magnitude of the
effect of an intervention [43]. We calculated ARDs by
subtracting the risk (or probability) of each outcome in the usual
care group (RU)from the risk of each outcome in the Mobile

Link group (RM) at endline (Table 3) [44]. It is worth noting
that for HIV testing and modern contraceptive use, Mobile Link
is associated with a negative ARD, which means it performs
worse on these outcomes than usual care on average (Table 3).

Table 3. Absolute risk differences for primary and secondary outcomes. Only participants with data at the midline and endline periods were included
in calculating risks. Means and SDs in parentheses are provided.

Absolute risk difference in percent-
age points

Risk in intervention group (%),
mean (SD)

Risk in control group (%),

mean (SD)a
Outcome

Primary outcomes

–1.32b68.93 (5.82)70.25 (5.93)Tested for HIV, last 6 months

9.9339.1 (3.3)29.17 (2.46)Tested for STIsc, most recent symp-
toms

–1.42b40.05 (3.38)41.47 (3.5)Use of modern contraceptives to pre-
vent pregnancy

Secondary outcomes

1.4967.85 (5.73)66.36 (5.6)No forced drinking at work, last 3
months

8.1448.23 (4.07)40.09 (3.39)Low or no gender-based violence

aThe incidence of the outcome in the control or unexposed group is also called baseline risk.
bIn the base case, Mobile Link performed more poorly than the standard of care for these outcomes, though the differences were not statistically
significant.
cSTI: sexually transmitted infection.

To characterize the uncertainty in ARDs, we assigned normal
(base-case assumption), β, and uniform distributions to each
group’s endline risk and generated 10,000 estimates of the ARD

for each outcome. Following recommended procedures [43,45],
we derived the lower and upper values of each risk using the
confidence intervals of odds ratios reported in the trial
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(Multimedia Appendices 2 and 3). We assumed that the risks
reported in the trial were the mean values, and the SD was equal
to the difference between the mean value and upper limit divided
by 1.96.

Incremental and Sensitivity Analyses
We summarized the cost-effectiveness results in incremental
cost-effectiveness ratios (ICERs). The ICER is calculated by
dividing the net costs of intervention by its net effectiveness
(Figure 1) and represents the cost of each DALY averted. ICERs
expressed in cost per DALY averted can be compared with
context-specific cost-effectiveness threshold to determine
whether an intervention is efficient. From a supply-side
perspective, the threshold is a measure of opportunity cost or
the amount of health displaced by additional spending in the
health sector [46]. Alternatively, from a demand-side
perspective, the threshold represents a decision maker’s
willingness to pay for an additional unit of benefit. While a
cost-effectiveness threshold has not been empirically measured
for Cambodia, several ranges based on the country’s per-capita
gross domestic product have been proposed [47-49]. This study
used 50% to 100% of Cambodia’s 2019 per-capita gross
domestic product as the cost-effectiveness threshold range (US
$835-US $1671 per DALY averted) [50].

We calculated average ICERs across 10,000 model simulations
and the associated 95% predicted interval, which represents the
5th and 95th percentiles of the simulated results. We also
constructed a cost-effectiveness acceptability frontier, which
plots the intervention that is most likely to be cost-effective
over a range of cost-effectiveness thresholds.

Budget Impact Analysis
We conducted a budget impact analysis to estimate the
undiscounted financial cost and affordability of delivering
Mobile Link to female entertainment workers in Cambodia [13].
We focused on the costs of scaling up Mobile Link’s messaging
and outreach services and excluded the costs of health care
services used by female entertainment workers or any potential
long-term savings from improved health care service use among
female entertainment workers. We assumed a 5-year time
horizon where an additional 14% (n=6958) of the 50,000
estimated female entertainment workers in Cambodia [51] are
provided access to Mobile Link annually, culminating in a 70%
overall coverage rate. The analysis was conducted from a payer
perspective.

We used capital costs (eg, mobile platform development and
beta testing) from Table 1 in the budget impact analysis. We
only applied these fixed costs in the first year since they can be
leveraged to scale up Mobile Link across Cambodia without
additional investments in the short- to medium-term. We also
used 2 variable costs to reflect the expected economies of scale
with expanding Mobile Link. The cost of providing messaging
services to each additional female entertainment worker was
estimated to be US $2.66, which included all costs associated
with weekly SMS text messaging to female entertainment
workers (Mobile Link trial team and personal communication).
Assuming 280 female entertainment workers per outreach
worker, we assumed a per-person annual cost of US $9.54 for
outreach workers, which included salaries and costs for training,
communication, and travel.

Ethical Considerations
This study used secondary data and did not involve human
participants; therefore, it is exempt from ethical review. The
Mobile Link trial was approved by the National Ethics
Committee for Health Research (NECHR; 142NECHR) of the
Ministry of Health in Cambodia and the Touro College
Institutional Review Board (PH-0117).

Results

Cost Analysis Results
The cost of the Mobile Link intervention from a payer
perspective was US $352,382 or US $429 per person
(Multimedia Appendix 7). After subtracting the costs of usual
care (US $207,155 or US $230 per person), the incremental cost
of Mobile Link was US $145,226 or US $199 per person. From
a combined payer and patient perspective, the incremental cost
per person of Mobile Link was reduced to US $195.

CEA Results
Table 4 presents the average DALYs averted from the
probabilistic models. A total of 2 outcomes—HIV testing and
modern contraceptive use—were associated with negative mean
DALYs averted, which implies that usual care produced with
fewer DALYs than Mobile Link across 10,000 simulations. The
remaining 3 outcomes—STI testing, modern contraceptive use,
and forced drinking at work—were associated with positive
mean DALYs averted, although 95% predicted intervals in all
3 models included negative values.
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Table 4. Average DALYsa averted by the outcome and assumed distribution of risks. DALYs averted were calculated by comparing Mobile Link with
usual care. Means and 95% predicted intervals in parentheses from 10,000 model simulations are presented under different assumptions around the
distribution of endline risks among control and intervention groups (normal, β, and uniform).

Mean DALYs averted, 95% predicted intervalOutcome

Uniform distributionβ distributionNormal distributionb

–0.0004 (–0.042 to 0.04)–0.002 (–0.023 to 0.018)–0.002 (–0.022 to 0.019)HIV testing

0.0003 (–0.0021 to 0.0027)0.0006 (–0.0014 to 0.0027)0.0006 (–0.0014 to 0.0027)STIc testing

–0.0001 (–0.004 to 0.0039)–0.0002 (–0.0024 to 0.002)–0.0002 (–0.0024 to 0.0019)Modern contraceptive use

0.0004 (–0.042 to 0.043)0.002 (–0.018 to 0.022)0.002 (–0.018 to 0.022)Forced drinking at work

0.003 (–0.117 to 0.121)0.018 (–0.087 to 0.118)0.017 (–0.084 to 0.121)Gender-based violence

0.003 (–0.131 to 0.135)0.018 (–0.092 to 0.122)0.018 (–0.088 to 0.126)Total

aDALY: disability-adjusted life year.
bBase-case assumption.
cSTI: sexually transmitted infection.

Using the per-person incremental costs (US $199; Multimedia
Appendix 7) and the base-case DALYs averted (0.018; Table
4), the ICER of Mobile Link was US $10,955 per DALY averted
from a payer perspective and US $10,755 per DALY averted
from a payer and patient perspective. These ICERs are more
than 600% of the per-capita GDP of Cambodia in 2019.

The model estimated that the incremental cost of Mobile Link
would have to be reduced by 85% (from US $199 to US $30
per person) for the ICER of Mobile Link to meet the US $1671
per DALY averted cost-effectiveness threshold without any
corresponding changes in its effectiveness. Alternatively, the
DALYs averted of Mobile Link would have to be 5.56 times

higher (from 0.018 to 0.119) for Mobile Link to meet the same
cost-effectiveness threshold without changes in its cost.

The results of the sensitivity analysis are shown in Figures 2-4.
At a threshold of US $1671 per DALY averted, the model found
that usual care has a 100% probability of being the cost-effective
option. Assuming normal and β distributions for risks, the
probability that Mobile Link was the cost-effective intervention
(vs usual care) increased as the threshold increased. However,
assuming a uniform distribution for risks, usual care was most
likely to be the cost-effective intervention event at higher
threshold values (ie, ≤US $50,000 per DALY gained).

Figure 2. Cost-effectiveness acceptability frontier assuming a normal distribution for endline risks. The red dashed line denotes the cost-effectiveness
threshold where the optimal strategy changes.
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Figure 3. Cost-effectiveness acceptability frontier assuming a β distribution for endline risks. The red dashed line denotes the cost-effectiveness
threshold where the optimal strategy changes.

Figure 4. Cost-effectiveness acceptability frontier assuming a uniform distribution for endline risks.

Budget Impact Analysis Results
The results of the budget impact analysis are shown in Figure
5. The 5-year budget impact of scaling up Mobile Link to 70%
(34,790/50,000) of female entertainment workers was

approximately US $1.59 million. In total, 62% of the total costs
were associated with increasing the number of outreach workers,
and 17% were from the messaging service. The average annual
cost was approximately US $318,000 or US $46 per person.
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Figure 5. Five-year budget impact of scaling up Mobile Link in Cambodia. This graph has 2 axes; the left axis shows the cumulative number of FEWs
receiving the Mobile Link intervention. The right axis plots the total annual cost (in US $) of the scale-up disaggregated by the type of cost (start-up,
messaging, and outreach workers). FEW: female entertainment worker.

Discussion

Principal Findings
This economic evaluation estimated the costs, cost-effectiveness,
and budget impact of Mobile Link, a mHealth intervention
designed to increase access to health care services among female
entertainment workers in Cambodia. We translated 5 trial
outcomes to DALYs averted and found that Mobile Link is
likely to avert more DALYs than usual care in our probabilistic
model. However, we also found that Mobile Link has a low
probability of being a cost-effective intervention in Cambodia.

Using cost data from the trial, we found that the ICER of Mobile
Link—from both payer and combined patient and payer
perspectives—was higher than the commonly used
cost-effectiveness thresholds in Cambodia. Our model suggests
that Mobile Link’s costs would need to decrease, or its
effectiveness would need to increase, for the intervention to be
considered cost-effective. With sufficient economies of scale,
Mobile Link may reach the cost thresholds needed to lower its
ICER. For example, our budget impact analysis suggests that
the financial cost of scaling up Mobile Link is US $46 per
female entertainment worker, only 23% of the trial-based cost
estimate. This figure is likely overestimated because we did not
account for possible cost savings to the health care system. A
microcosting study that identifies the essential inputs in scaling
up Mobile Link can be conducted to determine the total financial
costs outside of a trial setting.

Limitations
Several limitations in this study must be noted to guide the
interpretation of the results. First, our cost analysis and CEA

used a 1-year time horizon, and many of Mobile Link’s
longer-term benefits may have been underestimated or excluded.
For example, STI testing leads to higher rates of treatment,
which may reduce STI rates among female entertainment
workers and their clients. A follow-up study among the trial
participants can evaluate whether Mobile Link has lasting
benefits beyond 1 year that should be valued and included in
an economic evaluation. Second, the use of trial costs may bias
our estimates. Protocol-driven costs often overestimate the
actual costs of intervention because significant resources are
allocated to ensure adherence to trial design such as blinding,
conducting multiple follow-ups, and sampling procedures
[22,24]. In practice, economies of scale may reduce the cost of
scaling up Mobile Link to larger numbers of female
entertainment workers, and we partially addressed this issue by
using the expected marginal cost of Mobile Link in the budget
impact analysis. Third, many of the trial’s outcomes were
intermediate measures of health (eg, STI testing, contact with
an outreach worker), which we translated into DALYs averted
using commonly used methods. As a result, we may have
underestimated the total health effects of Mobile Link, which
future studies should explore. Fourth, the trial experienced a
high dropout rate from participants, which is often expected
when working with stigmatized populations such as female
entertainment workers [16]; however, this may have affected
the ability of the study to identify statistically significant
differences between the control and intervention groups. We
addressed this limitation in our CEA by conducting a
probabilistic analysis that accounted for the uncertainty in trial
outcomes. Additional research efforts that use effective retention
strategies can re-evaluate the effect of Mobile Link and other
mHealth interventions on care-seeking among female
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entertainment workers. Finally, we used a limited perspective
in our economic evaluations, which may have undervalued the
nonhealth benefits of Mobile Link. Future studies may include
other health care sectors and societal costs [10].

Comparison With Prior Work
Prior economic evaluations have shown that mHealth
interventions can be cost-effective in various low-resource
settings [52,53]. For example, a CEA of a mHealth intervention
designed to increase postabortion family planning in Cambodia
found that it had a high probability of being cost-effective when
the highest thresholds were used [28]. A recent systematic
review also found that mHealth interventions for pregnant
women are low-cost or cost-effective [54]. In India, a few
mHealth interventions for maternal, child, and infant health
have been shown to provide high value [55-57].

The high ICERs reported in this study may reflect several factors
including our use of trial costs and the difficulties associated
with reaching and serving a highly stigmatized population such
as female entertainment workers in Cambodia. The
criminalization of sex work has driven female entertainment
workers into riskier environments and arrangements, and the
informal nature of their work prevents them from organizing
and demanding better work conditions [1,8,29]. Without changes
to the structural barriers to care, interventions targeted to female

entertainment workers may continue to be costlier and less
effective than interventions for less stigmatized populations.

Finally, Mobile Link may still offer good value if it achieves
other health care goals such as equal access to services and
equity [58]. Previous qualitative research on Mobile Link has
demonstrated that female entertainment workers appreciate the
convenience, benefits, and resources offered by the intervention
[59]. These aspects are difficult to include in an economic
evaluation but should be included in deliberative
decision-making.

Conclusions
This economic evaluation provided estimates of the cost,
cost-effectiveness, and budget impact of Mobile Link, an
mHealth intervention that engages and connects female
entertainment workers in Cambodia to essential health care
services. Using cost and outcomes data from the Mobile Link
trial and other sources, this study found that Mobile Link may
improve the health and health care access of female
entertainment workers in Cambodia, but it is unlikely to offer
sufficient economic value. Given the importance of linking
female entertainment workers to essential services, future
research should focus on enhancing the effectiveness of Mobile
Link or developing new mHealth interventions for this
population.

Acknowledgments
The authors received support (5%) from L’Initiative/Expertise France to conduct this study. The funders had no role in the design,
analysis, or write-up of this study.

Authors' Contributions
ALVA conceived and planned the study, wrote the first draft of the manuscript, built and collected data for the model, performed
the simulations, and is the guarantor of the study. PC, ST, and SY collected and analyzed data for the model, contributed to the
writing of the manuscript, and secured funding for the study. CB conceived, planned, supervised, and secured funding for the
study and contributed to the writing of the manuscript. All authors contributed to the interpretation of the results of the analysis,
provided comments on the manuscript, and approved the final version. The guarantor attests that all listed authors meet authorship
criteria and that no other meeting the criteria has been omitted.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Impact Inventory.
[DOCX File , 22 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Baseline characteristics of the final analytical sample (n=388) in the Mobile Link trial.
[DOCX File , 26 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Primary outcomes among the analytic sample from Mobile Link randomized controlled trial.
[DOCX File , 21 KB-Multimedia Appendix 3]

Multimedia Appendix 4
Secondary outcomes among the analytic sample from Mobile Link randomized controlled trial.

JMIR Form Res 2024 | vol. 8 | e52734 | p. 10https://formative.jmir.org/2024/1/e52734
(page number not for citation purposes)

Avanceña et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=formative_v8i1e52734_app1.docx&filename=f4498cdb0edaae7d2d1acb9fde064f02.docx
https://jmir.org/api/download?alt_name=formative_v8i1e52734_app1.docx&filename=f4498cdb0edaae7d2d1acb9fde064f02.docx
https://jmir.org/api/download?alt_name=formative_v8i1e52734_app2.docx&filename=5f707ea1e747ab8b05d6a03b25aa88c6.docx
https://jmir.org/api/download?alt_name=formative_v8i1e52734_app2.docx&filename=5f707ea1e747ab8b05d6a03b25aa88c6.docx
https://jmir.org/api/download?alt_name=formative_v8i1e52734_app3.docx&filename=5a8839c4ed4c198fd26de721ec3bf60f.docx
https://jmir.org/api/download?alt_name=formative_v8i1e52734_app3.docx&filename=5a8839c4ed4c198fd26de721ec3bf60f.docx
http://www.w3.org/Style/XSL
http://www.renderx.com/


[DOCX File , 20 KB-Multimedia Appendix 4]

Multimedia Appendix 5
Calculating disability weights for each Mobile Link trial outcome.
[DOCX File , 26 KB-Multimedia Appendix 5]

Multimedia Appendix 6
Disability weights from the Global Burden of Diseases study used in the cost-effectiveness analysis.
[DOCX File , 21 KB-Multimedia Appendix 6]

Multimedia Appendix 7
Total cost of Mobile Link and average cost per participant from payer and combined payer and patient perspectives.
[DOCX File , 17 KB-Multimedia Appendix 7]

References

1. Brody C, Chhoun P, Tuot S, Swendeman D, Yi S. Childhood conditions, pathways to entertainment work and current
practices of female entertainment workers in Cambodia: baseline findings from the mobile link trial. PLoS One.
2019;14(10):e0216578. [FREE Full text] [doi: 10.1371/journal.pone.0216578] [Medline: 31613881]

2. Busza J, Chiyaka T, Musemburi S, Fearon E, Davey C, Chabata S, et al. Enhancing national prevention and treatment
services for sex workers in Zimbabwe: a process evaluation of the SAPPH-IRe trial. Health Policy Plan. 01,
2019;34(5):337-345. [doi: 10.1093/heapol/czz037] [Medline: 31157368]

3. Agarwal S, Perry H, Long L, Labrique A. Evidence on feasibility and effective use of mHealth strategies by frontline health
workers in developing countries: systematic review. Trop Med Int Health. 2015;20(8):1003-1014. [FREE Full text] [doi:
10.1111/tmi.12525] [Medline: 25881735]

4. Ampt FH, Lim MSC, Agius PA, L'Engle K, Manguro G, Gichuki C, et al. Effect of a mobile phone intervention for female
sex workers on unintended pregnancy in Kenya (WHISPER or SHOUT): a cluster-randomised controlled trial. Lancet Glob
Health. 2020;8(12):e1534-e1545. [FREE Full text] [doi: 10.1016/S2214-109X(20)30389-2] [Medline: 33220217]

5. L'Engle KL, Vahdat HL, Ndakidemi E, Lasway C, Zan T. Evaluating feasibility, reach and potential impact of a text message
family planning information service in Tanzania. Contraception. 2013;87(2):251-256. [doi:
10.1016/j.contraception.2012.07.009] [Medline: 22935322]

6. Palmer MJ, Henschke N, Villanueva G, Maayan N, Bergman H, Glenton C, et al. Targeted client communication via mobile
devices for improving sexual and reproductive health. Cochrane Database Syst Rev. 2020;8(8):CD013680. [FREE Full
text] [doi: 10.1002/14651858.CD013680] [Medline: 32779730]

7. Chhoun P, Kaplan KC, Wieten C, Jelveh I, Lienemann M, Tuot S, et al. Using participatory methods to build an mHealth
intervention for female entertainment workers in Cambodia: the development of the mobile link project. Mhealth. 2019;5:24.
[FREE Full text] [doi: 10.21037/mhealth.2019.07.02] [Medline: 31559269]

8. Brody C, Tuot S, Chhoun P, Swendeman D, Kaplan KC, Yi S. Mobile link - a theory-based messaging intervention for
improving sexual and reproductive health of female entertainment workers in Cambodia: study protocol of a randomized
controlled trial. Trials. 2018;19(1):235. [FREE Full text] [doi: 10.1186/s13063-018-2614-7] [Medline: 29673381]

9. Brody C, Chhoun P, Sovannary T, Fehrenbacher AE, Moran A, Swendeman D, et al. Improving access to health services
for female entertainment workers in Cambodia: findings from the mobile link randomised controlled trial. The Lancet
Global Health. 2021;9:S15. [doi: 10.1016/s2214-109x(21)00123-6]

10. Babigumira JB, Dolan S, Shade S, Puttkammer N, Bale J, Tolentino H, et al. Applied economic evaluation of digital health
interventions. International Training and Education Center for Health (I-TECH). 2021. URL: https://www.go2itech.org/
wp-content/uploads/2021/02/I-TECH_HIS_Economic_Evaluation.pdf [accessed 2023-03-24]

11. LeFevre AE, Shillcutt SD, Broomhead S, Labrique AB, Jones T. Defining a staged-based process for economic and financial
evaluations of mHealth programs. Cost Eff Resour Alloc. 2017;15:5. [FREE Full text] [doi: 10.1186/s12962-017-0067-6]
[Medline: 28428734]

12. Husereau D, Drummond M, Augustovski F, de Bekker-Grob E, Briggs AH, Carswell C, et al. Consolidated health economic
evaluation reporting standards (CHEERS) 2022 explanation and elaboration: a report of the ISPOR CHEERS II good
practices task force. Value Health. 2022;25(1):10-31. [FREE Full text] [doi: 10.1016/j.jval.2021.10.008] [Medline: 35031088]

13. Mauskopf JA, Sullivan SD, Annemans L, Caro J, Mullins CD, Nuijten M, et al. Principles of good practice for budget
impact analysis: report of the ISPOR task force on good research practices--budget impact analysis. Value Health.
2007;10(5):336-347. [FREE Full text] [doi: 10.1111/j.1524-4733.2007.00187.x] [Medline: 17888098]

14. Neumann PJ, Sanders GD, Russell LB, Siegel JE, Ganiats TG, editors. Cost-Effectiveness in Health and Medicine. 2nd ed.
New York. Oxford University Press; 2017.

JMIR Form Res 2024 | vol. 8 | e52734 | p. 11https://formative.jmir.org/2024/1/e52734
(page number not for citation purposes)

Avanceña et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=formative_v8i1e52734_app4.docx&filename=9d3d88d28e033a15d1f64ef63cb65369.docx
https://jmir.org/api/download?alt_name=formative_v8i1e52734_app4.docx&filename=9d3d88d28e033a15d1f64ef63cb65369.docx
https://jmir.org/api/download?alt_name=formative_v8i1e52734_app5.docx&filename=836fc67ddb7d7013cd351a878358ca88.docx
https://jmir.org/api/download?alt_name=formative_v8i1e52734_app5.docx&filename=836fc67ddb7d7013cd351a878358ca88.docx
https://jmir.org/api/download?alt_name=formative_v8i1e52734_app6.docx&filename=2ffcd80b353003ff83a242aa2652fc71.docx
https://jmir.org/api/download?alt_name=formative_v8i1e52734_app6.docx&filename=2ffcd80b353003ff83a242aa2652fc71.docx
https://jmir.org/api/download?alt_name=formative_v8i1e52734_app7.docx&filename=c5a24403bf2b6baf29959ed7fa7a54aa.docx
https://jmir.org/api/download?alt_name=formative_v8i1e52734_app7.docx&filename=c5a24403bf2b6baf29959ed7fa7a54aa.docx
https://dx.plos.org/10.1371/journal.pone.0216578
http://dx.doi.org/10.1371/journal.pone.0216578
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31613881&dopt=Abstract
http://dx.doi.org/10.1093/heapol/czz037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31157368&dopt=Abstract
https://europepmc.org/abstract/MED/25881735
http://dx.doi.org/10.1111/tmi.12525
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25881735&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2214-109X(20)30389-2
http://dx.doi.org/10.1016/S2214-109X(20)30389-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33220217&dopt=Abstract
http://dx.doi.org/10.1016/j.contraception.2012.07.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22935322&dopt=Abstract
https://europepmc.org/abstract/MED/32779730
https://europepmc.org/abstract/MED/32779730
http://dx.doi.org/10.1002/14651858.CD013680
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32779730&dopt=Abstract
https://europepmc.org/abstract/MED/31559269
http://dx.doi.org/10.21037/mhealth.2019.07.02
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31559269&dopt=Abstract
https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-018-2614-7
http://dx.doi.org/10.1186/s13063-018-2614-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29673381&dopt=Abstract
http://dx.doi.org/10.1016/s2214-109x(21)00123-6
https://www.go2itech.org/wp-content/uploads/2021/02/I-TECH_HIS_Economic_Evaluation.pdf
https://www.go2itech.org/wp-content/uploads/2021/02/I-TECH_HIS_Economic_Evaluation.pdf
https://resource-allocation.biomedcentral.com/articles/10.1186/s12962-017-0067-6
http://dx.doi.org/10.1186/s12962-017-0067-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28428734&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1098-3015(21)01795-2
http://dx.doi.org/10.1016/j.jval.2021.10.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35031088&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1098-3015(10)60471-8
http://dx.doi.org/10.1111/j.1524-4733.2007.00187.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17888098&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


15. Brody C, Chhoun P, Tuot S, Fehrenbacher AE, Moran A, Swendeman D, et al. A mobile intervention to link young female
entertainment workers in Cambodia to health and gender-based violence services: randomized controlled trial. J Med
Internet Res. 2022;24(1):e27696. [FREE Full text] [doi: 10.2196/27696] [Medline: 34982716]

16. Western B, Braga A, Hureau D, Sirois C. Study retention as bias reduction in a hard-to-reach population. Proc Natl Acad
Sci USA. 2016;113(20):5477-5485. [FREE Full text] [doi: 10.1073/pnas.1604138113] [Medline: 27162332]

17. Špacírová Z, Epstein D, García-Mochón L, Rovira J, Olry de Labry Lima A, Espín J. A general framework for classifying
costing methods for economic evaluation of health care. Eur J Health Econ. 2020;21(4):529-542. [FREE Full text] [doi:
10.1007/s10198-019-01157-9] [Medline: 31960181]

18. Russell LB. Completing costs: patients' time. Med Care. 2009;47(7 Suppl 1):S89-S93. [doi:
10.1097/MLR.0b013e31819bc077] [Medline: 19536025]

19. Jones SR, Carley S, Harrison M. An introduction to power and sample size estimation. Emerg Med J. 2003;20(5):453-458.
[FREE Full text] [doi: 10.1136/emj.20.5.453] [Medline: 12954688]

20. Gates S, Ealing E. Reporting and interpretation of results from clinical trials that did not claim a treatment difference:
survey of four general medical journals. BMJ Open. 2019;9(9):e024785. [FREE Full text] [doi:
10.1136/bmjopen-2018-024785] [Medline: 31501094]

21. McShane BB, Gal D, Gelman A, Robert C, Tackett JL. Abandon statistical significance. Am Stat. 2019;73(sup1):235-245.
[doi: 10.1080/00031305.2018.1527253]

22. Ramsey SD, Willke RJ, Glick H, Reed SD, Augustovski F, Jonsson B, et al. Cost-effectiveness analysis alongside clinical
trials II-an ISPOR good research practices task force report. Value Health. 2015;18(2):161-172. [FREE Full text] [doi:
10.1016/j.jval.2015.02.001] [Medline: 25773551]

23. Glick HA, Doshi JA, Sonnad SS, Polsky D. Economic Evaluation in Clinical Trials. Oxford. Oxford University Press;
2014. URL: http://ebookcentral.proquest.com/lib/umichigan/detail.action?docID=1811851 [accessed 2020-10-27]

24. Drummond MF, Sculpher MJ, Claxton K, Stoddart GL, Torrance GW. Methods for the Economic Evaluation of Health
Care Programmes. 4th ed. Oxford. Oxford University Press; 2015.

25. Global Burden of Disease Study 2019 (GBD 2019) disability weights. Institute for Health Metrics and Evaluation. 2020.
URL: http://ghdx.healthdata.org/record/ihme-data/gbd-2019-disability-weights [accessed 2020-12-21]

26. Weinberger MB, Fry K, Boler T, Hopkins K. Estimating the contribution of a service delivery organisation to the national
modern contraceptive prevalence rate: marie stopes international's impact 2 model. BMC Public Health. 2013;13(Suppl
2):S5. [FREE Full text] [doi: 10.1186/1471-2458-13-S2-S5] [Medline: 23902699]

27. Weinberger M, Berdellima A, Stephens R, Hayes G, Munroe E. Impact 2 version 5: an innovative tool for estimating the
impact of reproductive health programmes - methodology paper. MSI Reproductive Choices. 2018. URL: https://www.
scribd.com/document/520675696/Methodology-Paper-July-2018 [accessed 2024-07-08]

28. Hill J, McGinn J, Cairns J, Free C, Smith C. A mobile phone-based support intervention to increase use of postabortion
family planning in cambodia: cost-effectiveness evaluation. JMIR Mhealth Uhealth. 2020;8(2):e16276. [FREE Full text]
[doi: 10.2196/16276] [Medline: 32130166]

29. Maher L, Mooney-Somers J, Phlong P, Couture M, Stein E, Evans J, et al. Young Women's Health Study Collaborative.
Selling sex in unsafe spaces: sex work risk environments in Phnom Penh, Cambodia. Harm Reduct J. 2011;8:30. [FREE
Full text] [doi: 10.1186/1477-7517-8-30] [Medline: 22099449]

30. Brody C, Chhoun P, Tuot S, Pal K, Chhim K, Yi S. HIV risk and psychological distress among female entertainment
workers in Cambodia: a cross-sectional study. BMC Public Health. Mar 09, 2016;16:133. [FREE Full text] [doi:
10.1186/s12889-016-2814-6] [Medline: 26861542]

31. Tuot S, Teo AKJ, Chhoun P, Mun P, Prem K, Yi S. Risk factors of HIV infection among female entertainment workers in
Cambodia: findings of a national survey. PLoS One. 2020;15(12):e0244357. [FREE Full text] [doi:
10.1371/journal.pone.0244357] [Medline: 33347494]

32. Muth S, Len A, Evans JL, Phou M, Chhit S, Neak Y, et al. HIV treatment cascade among female entertainment and sex
workers in Cambodia: impact of amphetamine use and an HIV prevention program. Addict Sci Clin Pract. Sep 05,
2017;12(1):20. [FREE Full text] [doi: 10.1186/s13722-017-0085-x] [Medline: 28870232]

33. Duff P, Evans JL, Stein ES, Page K, Maher L, Young Women’s Health Study Collaborative. High pregnancy incidence
and low contraceptive use among a prospective cohort of female entertainment and sex workers in Phnom Penh, Cambodia.
BMC Pregnancy Childbirth. May 03, 2018;18(1):128. [FREE Full text] [doi: 10.1186/s12884-018-1768-3] [Medline:
29724181]

34. Brody C, Kaplan KC, Tuot S, Chhoun P, Farr C, Swendeman D, et al. "We Cannot Avoid Drinking": alcohol use among
female entertainment workers in Cambodia. Subst Use Misuse. 2020;55(4):602-612. [FREE Full text] [doi:
10.1080/10826084.2019.1691596] [Medline: 31762369]

35. Brody C, Reno R, Chhoun P, Kaplan K, Tuot S, Yi S. Female entertainment workers and condom use negotiation in
post-100% condom use era Cambodia. Arch Sex Behav. Nov 2020;49(8):3065-3074. [FREE Full text] [doi:
10.1007/s10508-020-01649-3] [Medline: 32211995]

JMIR Form Res 2024 | vol. 8 | e52734 | p. 12https://formative.jmir.org/2024/1/e52734
(page number not for citation purposes)

Avanceña et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://www.jmir.org/2022/1/e27696/
http://dx.doi.org/10.2196/27696
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34982716&dopt=Abstract
https://europepmc.org/abstract/MED/27162332
http://dx.doi.org/10.1073/pnas.1604138113
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27162332&dopt=Abstract
http://hdl.handle.net/10668/14972
http://dx.doi.org/10.1007/s10198-019-01157-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31960181&dopt=Abstract
http://dx.doi.org/10.1097/MLR.0b013e31819bc077
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19536025&dopt=Abstract
https://emj.bmj.com/lookup/pmidlookup?view=long&pmid=12954688
http://dx.doi.org/10.1136/emj.20.5.453
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12954688&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=31501094
http://dx.doi.org/10.1136/bmjopen-2018-024785
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31501094&dopt=Abstract
http://dx.doi.org/10.1080/00031305.2018.1527253
https://linkinghub.elsevier.com/retrieve/pii/S1098-3015(15)00016-9
http://dx.doi.org/10.1016/j.jval.2015.02.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25773551&dopt=Abstract
http://ebookcentral.proquest.com/lib/umichigan/detail.action?docID=1811851
http://ghdx.healthdata.org/record/ihme-data/gbd-2019-disability-weights
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-13-S2-S5
http://dx.doi.org/10.1186/1471-2458-13-S2-S5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23902699&dopt=Abstract
https://www.scribd.com/document/520675696/Methodology-Paper-July-2018
https://www.scribd.com/document/520675696/Methodology-Paper-July-2018
https://mhealth.jmir.org/2020/2/e16276/
http://dx.doi.org/10.2196/16276
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32130166&dopt=Abstract
https://harmreductionjournal.biomedcentral.com/articles/10.1186/1477-7517-8-30
https://harmreductionjournal.biomedcentral.com/articles/10.1186/1477-7517-8-30
http://dx.doi.org/10.1186/1477-7517-8-30
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22099449&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-016-2814-6
http://dx.doi.org/10.1186/s12889-016-2814-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26861542&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0244357
http://dx.doi.org/10.1371/journal.pone.0244357
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33347494&dopt=Abstract
https://ascpjournal.biomedcentral.com/articles/10.1186/s13722-017-0085-x
http://dx.doi.org/10.1186/s13722-017-0085-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28870232&dopt=Abstract
https://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/s12884-018-1768-3
http://dx.doi.org/10.1186/s12884-018-1768-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29724181&dopt=Abstract
https://europepmc.org/abstract/MED/31762369
http://dx.doi.org/10.1080/10826084.2019.1691596
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31762369&dopt=Abstract
https://europepmc.org/abstract/MED/32211995
http://dx.doi.org/10.1007/s10508-020-01649-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32211995&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


36. GBD 2019 Diseases and Injuries Collaborators. Global burden of 369 diseases and injuries in 204 countries and territories,
1990-2019: a systematic analysis for the Global Burden of Disease Study 2019. Lancet. Oct 17, 2020;396(10258):1204-1222.
[FREE Full text] [doi: 10.1016/S0140-6736(20)30925-9] [Medline: 33069326]

37. Hassan F, Sadowski LS, Bangdiwala SI, Vizcarra B, Ramiro L, de Paula CS, et al. Physical intimate partner violence in
Chile, Egypt, India and the Philippines. Inj Control Saf Promot. Jun 2004;11(2):111-116. [doi:
10.1080/15660970412331292333] [Medline: 15370347]

38. Saddki N, Suhaimi AA, Daud R. Maxillofacial injuries associated with intimate partner violence in women. BMC Public
Health. May 23, 2010;10:268. [FREE Full text] [doi: 10.1186/1471-2458-10-268] [Medline: 20492720]

39. Baumann R, Hamilton-Wright S, Riley D, Brown K, Hunt C, Michalak A, et al. Experiences of violence and head injury
among women and transgender women sex workers. Sex Res Soc Policy. May 12, 2018;16(3):278-288. [doi:
10.1007/s13178-018-0334-0]

40. Bhandari M, Dosanjh S, Tornetta P, Matthews D, Violence Against Women Health Research Collaborative. Musculoskeletal
manifestations of physical abuse after intimate partner violence. J Trauma. Dec 2006;61(6):1473-1479. [doi:
10.1097/01.ta.0000196419.36019.5a] [Medline: 17159694]

41. Wong JYH, Choi AWM, Fong DYT, Choi EPH, Wong JKS, So FL, et al. A comparison of intimate partner violence and
associated physical injuries between cohabitating and married women: a 5-year medical chart review. BMC Public Health.
Nov 29, 2016;16(1):1207. [FREE Full text] [doi: 10.1186/s12889-016-3879-y] [Medline: 27899112]

42. Neumann PJ, Thorat T, Zhong Y, Anderson J, Farquhar M, Salem M, et al. A systematic review of cost-effectiveness studies
reporting cost-per-DALY averted. PLoS One. 2016;11(12):e0168512. [FREE Full text] [doi: 10.1371/journal.pone.0168512]
[Medline: 28005986]

43. Tello M, Zaiem F, Tolcher MC, Murad MH. Do not throw the baby out with the bath water: a guide for using non-significant
results in practice. Evid Based Med. 2016;21(5):161-162. [doi: 10.1136/ebmed-2016-110510] [Medline: 27539208]

44. Darzi AJ, Busse JW, Phillips M, Wykoff CC, Guymer RH, Thabane L, et al. Interpreting results from randomized controlled
trials: what measures to focus on in clinical practice. Eye (Lond). 2023;37(15):3055-3058. [doi: 10.1038/s41433-023-02454-7]
[Medline: 36854816]

45. Murad MH, Montori VM, Walter SD, Guyatt GH. Estimating risk difference from relative association measures in
meta-analysis can infrequently pose interpretational challenges. J Clin Epidemiol. 2009;62(8):865-867. [doi:
10.1016/j.jclinepi.2008.11.005] [Medline: 19230610]

46. Thokala P, Ochalek J, Leech AA, Tong T. Cost-effectiveness thresholds: the past, the present and the future.
Pharmacoeconomics. 2018;36(5):509-522. [FREE Full text] [doi: 10.1007/s40273-017-0606-1] [Medline: 29427072]

47. Ochalek J, Lomas J, Claxton K. Estimating health opportunity costs in low-income and middle-income countries: a novel
approach and evidence from cross-country data. BMJ Glob Health. 2018;3(6):e000964. [FREE Full text] [doi:
10.1136/bmjgh-2018-000964] [Medline: 30483412]

48. Woods B, Revill P, Sculpher M, Claxton K. Country-level cost-effectiveness thresholds: initial estimates and the need for
further research. Value Health. 2016;19(8):929-935. [FREE Full text] [doi: 10.1016/j.jval.2016.02.017] [Medline: 27987642]

49. Chi Y, Blecher M, Chalkidou K, Culyer A, Claxton K, Edoka I, et al. What next after GDP-based cost-effectiveness
thresholds? Gates Open Res. 2020;4:176. [FREE Full text] [doi: 10.12688/gatesopenres.13201.1] [Medline: 33575544]

50. GDP per capita (current US$) - Cambodia. The World Bank. 2020. URL: https://data.worldbank.org/indicator/NY.GDP.
PCAP.CD?locations=KH [accessed 2020-12-14]

51. Overcoming challenges for resilient communities for continuing progress toward universal health coverage. KHANA. 2020.
URL: https://khana.org.kh/wp-content/uploads/2022/07/KHANA-Annual-Report-2020-Final.pdf [accessed 2024-06-17]

52. Iribarren SJ, Cato K, Falzon L, Stone PW. What is the economic evidence for mHealth? a systematic review of economic
evaluations of mHealth solutions. PLoS One. 2017;12(2):e0170581. [FREE Full text] [doi: 10.1371/journal.pone.0170581]
[Medline: 28152012]

53. Rinaldi G, Hijazi A, Haghparast-Bidgoli H. Cost and cost-effectiveness of mHealth interventions for the prevention and
control of type 2 diabetes mellitus: a systematic review. Diabetes Res Clin Pract. 2020;162:108084. [doi:
10.1016/j.diabres.2020.108084] [Medline: 32061819]

54. Carrandi A, Hu Y, Karger S, Eddy KE, Vogel JP, Harrison CL, et al. Systematic review on the cost and cost-effectiveness
of mHealth interventions supporting women during pregnancy. Women Birth. 2023;36(1):3-10. [doi:
10.1016/j.wombi.2022.03.007] [Medline: 35339412]

55. Modi D, Saha S, Vaghela P, Dave K, Anand A, Desai S, et al. Costing and cost-effectiveness of a mobile health intervention
(ImTeCHO) in improving infant mortality in tribal areas of Gujarat, India: cluster randomized controlled trial. JMIR Mhealth
Uhealth. 2020;8(10):e17066. [FREE Full text] [doi: 10.2196/17066] [Medline: 33052122]

56. Saha S, Pandya A, Raval D, Saxena D. Cost-effectiveness of mHealth intervention (TeCHO+) for improving maternal and
child health indicators in Gujarat, India. Indian J Community Med. 2022;47(4):549-554. [FREE Full text] [doi:
10.4103/ijcm.ijcm_192_22] [Medline: 36742961]

57. Prinja S, Bahuguna P, Gupta A, Nimesh R, Gupta M, Thakur JS. Cost effectiveness of mHealth intervention by community
health workers for reducing maternal and newborn mortality in rural Uttar Pradesh, India. Cost Eff Resour Alloc. 2018;16:25.
[FREE Full text] [doi: 10.1186/s12962-018-0110-2] [Medline: 29983645]

JMIR Form Res 2024 | vol. 8 | e52734 | p. 13https://formative.jmir.org/2024/1/e52734
(page number not for citation purposes)

Avanceña et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(20)30925-9
http://dx.doi.org/10.1016/S0140-6736(20)30925-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33069326&dopt=Abstract
http://dx.doi.org/10.1080/15660970412331292333
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15370347&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-10-268
http://dx.doi.org/10.1186/1471-2458-10-268
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20492720&dopt=Abstract
http://dx.doi.org/10.1007/s13178-018-0334-0
http://dx.doi.org/10.1097/01.ta.0000196419.36019.5a
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17159694&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-016-3879-y
http://dx.doi.org/10.1186/s12889-016-3879-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27899112&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0168512
http://dx.doi.org/10.1371/journal.pone.0168512
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28005986&dopt=Abstract
http://dx.doi.org/10.1136/ebmed-2016-110510
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27539208&dopt=Abstract
http://dx.doi.org/10.1038/s41433-023-02454-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36854816&dopt=Abstract
http://dx.doi.org/10.1016/j.jclinepi.2008.11.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19230610&dopt=Abstract
https://eprints.whiterose.ac.uk/128438/
http://dx.doi.org/10.1007/s40273-017-0606-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29427072&dopt=Abstract
https://gh.bmj.com/lookup/pmidlookup?view=long&pmid=30483412
http://dx.doi.org/10.1136/bmjgh-2018-000964
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30483412&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1098-3015(16)00064-4
http://dx.doi.org/10.1016/j.jval.2016.02.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27987642&dopt=Abstract
https://europepmc.org/abstract/MED/33575544
http://dx.doi.org/10.12688/gatesopenres.13201.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33575544&dopt=Abstract
https://data.worldbank.org/indicator/NY.GDP.PCAP.CD?locations=KH
https://data.worldbank.org/indicator/NY.GDP.PCAP.CD?locations=KH
https://khana.org.kh/wp-content/uploads/2022/07/KHANA-Annual-Report-2020-Final.pdf
https://dx.plos.org/10.1371/journal.pone.0170581
http://dx.doi.org/10.1371/journal.pone.0170581
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28152012&dopt=Abstract
http://dx.doi.org/10.1016/j.diabres.2020.108084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32061819&dopt=Abstract
http://dx.doi.org/10.1016/j.wombi.2022.03.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35339412&dopt=Abstract
https://mhealth.jmir.org/2020/10/e17066/
http://dx.doi.org/10.2196/17066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33052122&dopt=Abstract
https://europepmc.org/abstract/MED/36742961
http://dx.doi.org/10.4103/ijcm.ijcm_192_22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36742961&dopt=Abstract
https://resource-allocation.biomedcentral.com/articles/10.1186/s12962-018-0110-2
http://dx.doi.org/10.1186/s12962-018-0110-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29983645&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


58. Avanceña ALV, Prosser LA. Innovations in cost-effectiveness analysis that advance equity can expand its use in health
policy. BMJ Glob Health. 2022;7(2):e008140. [FREE Full text] [doi: 10.1136/bmjgh-2021-008140] [Medline: 35173023]

59. Ong KKX, Ng JS, Om C, Chhoun P, Tuot S, Yi S. Perceived barriers and facilitators in using text and voice messaging for
improving HIV and sexual and reproductive health of female entertainment workers in Cambodia: a qualitative study.
Mhealth. 2020;6:38. [FREE Full text] [doi: 10.21037/mhealth.2020.04.01] [Medline: 33209915]

Abbreviations
ARD: absolute risk difference
CEA: cost-effectiveness analysis
DALY: disability-adjusted life year
GBV: gender-based violence
ICER: incremental cost-effectiveness ratio
mHealth: mobile health
NECHR: National Ethics Committee for Health Research
RCT: randomized controlled trial
STI: sexually transmitted infection

Edited by K Bond; submitted 13.09.23; peer-reviewed by M Zhou, C Smith; comments to author 20.02.24; revised version received
04.04.24; accepted 03.06.24; published 25.07.24

Please cite as:
Avanceña ALV, Brody C, Chhoun P, Tuot S, Yi S
Connecting Female Entertainment Workers in Cambodia to Health Care Services Using mHealth: Economic Evaluation of Mobile
Link
JMIR Form Res 2024;8:e52734
URL: https://formative.jmir.org/2024/1/e52734
doi: 10.2196/52734
PMID:

©Anton L V Avanceña, Carinne Brody, Pheak Chhoun, Sovannary Tuot, Siyan Yi. Originally published in JMIR Formative
Research (https://formative.jmir.org), 25.07.2024. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in JMIR Formative Research, is properly cited. The
complete bibliographic information, a link to the original publication on https://formative.jmir.org, as well as this copyright and
license information must be included.

JMIR Form Res 2024 | vol. 8 | e52734 | p. 14https://formative.jmir.org/2024/1/e52734
(page number not for citation purposes)

Avanceña et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://gh.bmj.com/lookup/pmidlookup?view=long&pmid=35173023
http://dx.doi.org/10.1136/bmjgh-2021-008140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35173023&dopt=Abstract
https://europepmc.org/abstract/MED/33209915
http://dx.doi.org/10.21037/mhealth.2020.04.01
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33209915&dopt=Abstract
https://formative.jmir.org/2024/1/e52734
http://dx.doi.org/10.2196/52734
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

