
Mbotwa et al. BMC Health Services Research          (2022) 22:859  
https://doi.org/10.1186/s12913-022-08245-2

RESEARCH

Predictors of mHealth use in promoting 
adherence to pre-exposure prophylaxis 
among female sex workers: an evaluation 
of the Jichunge intervention in Dar es Salaam, 
Tanzania
Christopher Mbotwa1,2*  , Method Kazaura1  , Kåre Moen3  , Melkizedeck Leshabari4  , Emmy Metta4  , 
Germana Leyna1,5   and Elia J. Mmbaga1,3   

Abstract 

Background: There is evidence that pre-exposure prophylaxis (PrEP) is effective in preventing HIV transmission, and 
PrEP is recommended by the World Health organization (WHO) for use by individuals at high risk of HIV infection. 
However, low adherence has been reported to hamper its effectiveness. Some evidence indicates that mHealth inter-
ventions may be a promising way of promoting PrEP adherence. Nevertheless, evaluations of mHealth interventions 
in Africa, the region most affected by HIV, are scarce. This study aimed at identifying the extent of and predictors for 
use of a smartphone based mHealth application among female sex workers in Dar es Salaam, Tanzania.

Methods: As part of a quasi-experimental study in Tanzania, 470 female sex workers who were eligible for PrEP and 
who owned a smartphone were recruited using respondent driven sampling. All participants were provided with an 
mHealth application called Jichunge, a smartphone-based app designed to promote adherence to PrEP by offering 
users information, advise and support during start-up and use of PrEP. We collected data through structured inter-
views at baseline and extracted user data from the app for a period of 30 days. Modified Poisson regression model 
with robust standard errors was used to identify predictors for the optimal use of the Jichunge app.

Results: Overall, the optimal use of the Jichunge app was 46.4%. Optimal use was significantly higher among women 
who were older (aPR = 1.3, 95% CI: 1.10-1.65, p = 0.004 for age 25-34 years, and aPR = 1.6, 95% CI: 1.19-2.07, p = 0.001 
for age at least 35 years), who had secondary education or higher (aPR = 1.8, 95% CI: 1.08-2.94, p = 0.023), who had 
suboptimal social support (aPR = 1.2, 95% CI: 1.02-1.48, p = 0.030), who had high awareness of PrEP (aPR = 1.3, 95% CI: 
1.08-1.55, p = 0.005), and who had experience using common mainstream social media applications (aPR = 1.4, 95% 
CI: 1.08-1.71, p = 0.009).

Conclusion: Optimal use of the Jichunge app was substantially higher among women with higher age, higher edu-
cation, higher PrEP awareness, less social support, and experience using common social media applications. Individual 
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Background
Female sex workers, like members of other ‘key popu-
lations’, are disproportionally affected by HIV globally 
[1, 2]. In Tanzania, the HIV prevalence among female 
sex workers is more than two times higher than that of 
women in the general population [3–5]. Pre-exposure 
prophylaxis (PrEP) has recently been recommended by 
the World Health Organization (WHO) to be part of 
efforts to slow the rate of new HIV infection in groups 
at high risk of HIV, including female sex workers [6, 7]. 
Evidence indicates that the effectiveness of PrEP largely 
depends on users’ adherence to the medication regimen, 
which in Tanzania is a daily dose of a combination pill 
containing tenofovir and emtricitabine [8–10]. However, 
experience from antiretroviral therapy (ART) program-
ming and a limited number of demonstration trials of 
PrEP suggests that low adherence to treatment may be a 
main challenge and that this could negatively affect PrEP 
effectiveness [11, 12]. This challenge calls for innovative 
interventions to promote adherence to PrEP.

The integration of mobile technology in the health 
sector (mHealth) has emerged as an effective way of 
promoting and delivering health care to different popu-
lation groups [13–16]. mHealth applications have been 
shown to improve adherence to ART, and compliance 
with scheduled ART follow-up appointments, in many 
countries [17–19]. The use of mHealth can improve 
access to healthcare services for different groups irre-
spective of time and geographical location. Furthermore, 
mHealth applications appear to be a promising solution 
for promoting access to healthcare services especially 
in underserved populations, such as some HIV at-risk 
populations.

A limited number of studies, mostly from high-
income countries, have demonstrated that mHealth 
may be a promising way of promoting uptake of, adher-
ence to, and retention in PrEP services in groups of 
persons at elevated risk of HIV [13, 20–23]. For exam-
ple, different text messaging interventions have been 
shown to significantly increase retention in PrEP care 
and adherence to PrEP among men who have sex with 
men in the United States [13, 20, 21]. Improving access 
to health services is especially important in popula-
tions experiencing discrimination and criminalization 
[24]. While mHealth seems to be promising, there is 

limited evidence on the use and evaluation of mHealth 
in the context of PrEP programming in at-risk popu-
lations for HIV in Africa, the continent hardest hit by 
the HIV epidemic. Some studies have shown that age 
[25–27], online behaviours [28], depression [29], edu-
cation, income, social influence, and experience with 
mobile phone applications [27, 30] are predictors of 
the use of mHealth tools in connection with different 
health conditions in different populations and settings. 
However, little is known about what may predict use of 
mHealth solutions among members of HIV at-risk pop-
ulations in sub-Saharan Africa. Identifying predictors 
for such use is important in understanding character-
istics of individuals most likely to benefit from mHealth 
interventions.

The Pragmatic Trial for PrEP Roll-Out in Tanzania 
(PREPTA) is a research project being jointly imple-
mented by Muhimbili University of Health and Allied 
Sciences (MUHAS) and University of Oslo (UiO). As 
part of the project, a smartphone-based application 
called Jichunge (a Swahili word that means ‘protect 
yourself ’) was developed with the aim of supporting 
adherence to PrEP in two groups at higher risk of HIV 
infection in the Tanzanian HIV epidemic: female sex 
workers and men who have sex with other men. The 
app offers users information about PrEP, reminds them 
to take their daily pill, allows them to contact a doctor 
and/or a peer educator for online consultation services, 
and includes an online forum where they may engage 
in discussions with other PrEP users. In this paper, we 
evaluate the extent of and predictors for early optimal 
use (first 30 days of use) of the Jichunge app.

Methods
Study design and setting
This paper is part of a pragmatic quasi-experimental 
trial for PrEP roll-out in Tanzania (PREPTA) designed 
to assess the effectiveness of an mHealth intervention 
that aims to support adherence to PrEP among popula-
tions at higher risk of HIV in Dar es Salaam, Tanzania. 
Dar es Salaam is the main commercial city of Tanzania 
and has an estimated population of more than 4 million 
[31, 32]. Recent studies have estimated HIV prevalence 
in Dar es Salaam to be 6.3% among adult women [5] 
and as high as 15.3% among female sex workers [3].

and interpersonal factors should be considered in planning mHealth interventions. Further studies to determine 
predictors of longer-term mHealth engagement are needed.

Trial registration: International Clinical Trials Registry Platform PACTR 20200 38232 26570; 04.03.2020.
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Description of the intervention
The Jichunge app is a smartphone application offer-
ing PrEP users information, advise, and support dur-
ing start-up and use of PrEP, and its ultimate objective 
is to improve adherence to PrEP. A participatory design 
approach was adopted in the development of the app 
whereby members of the target population (potential 
end-users) were involved at different stages of the devel-
opment process, details of which have been described 
elsewhere [33]. In the development phase, it was thought 
that the app had to fulfil several criteria, notably that it 
should provide access to quality information about PrEP, 
help users remember to take their daily medication, pro-
vide quick personalised feedback in case PrEP users had 
questions or concerns, and be perceived as attractive 
enough to make users maintain their use of the app over 
time. With the hope of fulfilling these criteria, an app was 
developed that offers the following functionalities:

1. The ability to set a recurrent alarm at one’s preferred 
PrEP-taking time every day.

2. The ability to register and keep track of one’s own pill 
taking, associated with a gamification element that 
awards users points, level upgrades and graphical 
rewards the longer they keep taking their PrEP regu-
larly.

3. An editorial section providing rich information about 
PrEP and PrEP use.

4. An online consultation service where users can com-
municate with a doctor and/or a peer educator via 
messaging, voice call or video consultation.

5. A discussion forum where users can chat anony-
mously with other PrEP users.

In addition to these functions, app users can also be 
contacted via short message service (SMS). Some SMS 
communications are automated (e.g. users who have not 
registered pill taking for a certain number of days receive 
an automated text message reminder), but messages can 
also be sent manually (e.g. to promote new published edi-
torial contents).

The participants do not necessarily have to have the 
internet access to use the Jichunge app. Some of the func-
tions, such as the recurrent alarm that remind the user to 
take the daily pill, medicine registration, and normal text 
messages, are accessible also when the user is offline.

To protect participants’ data privacy, only consenting 
preregistered study participants have access to use the 
app, which does not store, transfer, or expose sensitive 
data. The app and admin portal communicates with the 
server using TLS, a symmetric-key encrypted commu-
nication protocol. The app allows participants to engage 
in chat with other app users via a function which assigns 

random nicknames to users and encourages them not to 
share person identifying information in free text. No text 
in the app makes explicit reference to any specific infor-
mation about the project, including the populations it is 
targeting and the nature of the intervention. Access to the 
app data is limited to a few entrusted employees, requires 
dual factor authentication, and is continuously logged.

Study population
The study population comprised of women aged at least 
18 years who had sold sex during the 3 months immedi-
ately preceding the survey, had lived in Dar es Salaam for 
the past 6 months, had started PrEP treatment, and who 
owned a smartphone.

Sample size estimation
The sample size was estimated using the statistical for-
mula for cohort studies [34, 35]. Estimation assumed 
50% adherence to PrEP, precision of 5%, statistical power 
of 80%, and a design effect of 2. After adjusting for 20% 
potential loss to follow-up, the minimum sample size was 
estimated to be 423 female sex workers.

Sampling and recruitment
Participants were recruited between 23.03.2021 and 
30.06.2021 using respondent driven sampling (RDS). 
RDS is a special network sampling technique that can be 
used to make statistical inferences about populations for 
which there is no existing sampling frame, such as female 
sex workers [35, 36]. The technique utilizes a mathemati-
cal model that weights the sample based on individual 
network size to mitigate the biases associated with over 
or under-sampling of certain groups, and thus approxi-
mates random sampling [37]. We started by recruiting 
three initial participants (“seeds”) who were identified 
during formative assessment and interviews conducted 
prior to the intervention. A maximum of three invitation 
coupons were given to each of the study participants, 
who were asked to use these to recruit other study par-
ticipant upon completion of the interview. All partici-
pants were screened for PrEP eligibility and those who 
qualified were provided with PrEP pills and thereafter 
invited to take part in the study. Those who consented to 
participate received the Jichunge app and attended an app 
onboarding session before sitting for a face-to face base-
line interview with a trained interviewer.

Data collection tools and procedures
Baseline interview data were collected by trained 
research assistants via face-to-face interviews. While 
interviewing, they used a handheld tablet linked to a 
secure server for the storage of sensitive data (“Services 
for sensitive data”, or “TSD)”. TSD is highly secure server 



Page 4 of 12Mbotwa et al. BMC Health Services Research          (2022) 22:859 

for storing and processing data with highly controlled 
data access and transfer [38]. The questionnaire included 
questions on socio-demographic characteristics, sex 
work, PrEP awareness, stigma, social support, alcohol use 
and experience with smartphones. It took about 60 min-
utes to complete all procedures for the study, which 
included screening, onboarding onto the app, and the 
interview. Participants were given a total of Tsh. 8000 
(about USD 3.5) as compensation for transport and the 
time spent in the interviews and Tsh. 4000 (about USD 
1.7) for each recruitee they referred to the study.

Data on the use of the Jichunge app
Data on the extent of use of different Jichunge app func-
tionalities (such as opening the app, registering medicine, 
visiting editorial contents pages, and using the online 
consultation services or the discussion forum) were 
extracted from the app administration portal.

Variables
Outcome variable
The outcome variable for this analysis is optimal use of 
the Jichunge app. We define optimal users as individuals 
who opened the app and utilized at least three app func-
tionalities during the first 30 days after enrolment into 
the study. These were users that, following a hands-on 
introduction to the app by a trained promoter, not only 
chose to open the app on their own, but also explored 
the app’s functionalities in a certain depth. The services 
of the app explored included pill registration (online or 
offline), visiting editorial contents, visiting the Jichunge 
app discussion forum, and consulting a peer educator or 
doctor via the app.

Independent variables
Independent variables included age, current marital sta-
tus, highest education level attained, having own chil-
dren, age at sex debut, age at first selling sex, steady and 
paying partners, condom use, income from sex work, 
self-reported sexually transmitted diseases, experience of 
physical violence, self-perceived HIV risk, self-reported 
health status, experience with smartphones, experi-
ence with health-related mobile phone applications, and 
use of common social media applications. In this study 
common social media applications refer to WhatsApp, 
Facebook, Instagram, and Twitter. We also collected 
information on stigma, alcohol use, PrEP awareness, and 
social support using the following scales:

Social support was measured using a Likert scale 
of 8-items, adapted from the Duke–UNC Functional 

Social Support Questionnaire (FSSQ) [39]. For each 
item, participants were asked to choose one of five 
responses (1 = Much less than I would like; 2 = Less 
than I would like; 3 = Some, but would like more; 
4 = Almost as much as I like; 5 = As much as I like). We 
computed the total score for all items and a total score 
below 32 was considered as ‘inadequate social support’. 
The scale gave a Cronbach’s alpha of 0.88.

Alcohol use was measured using the Alcohol Use 
Disorders Identification Test (AUDIT), a questionnaire 
which comprises of 10 questions assessing hazardous, 
harmful and potentially dependency alcohol use [40, 
41]. A score below 7 was defined as low risk, scores 
between 8 and 14 were categorised as ‘harmful’ or ‘haz-
ardous’ use of alcohol, and above 14 was considered 
indicative of alcohol dependence.

PrEP awareness was measured using 8 true or false 
questions about PrEP. Participants who answered more 
than 6 questions correctly were categorized as being 
highly aware of PrEP.

Sex work stigma and perceived PrEP stigma were 
measured using 13 and 10 scale items, respectively, 
each with five response options (1 = Strongly disagree, 
2 = Disagree, 3 = Neither disagree nor agree, 4 = Agree, 
5 = Strongly agree), and gave a Cronbach alpha of 
0.84 and 0.88 respectively; signifying high reliability. 
Sex work stigma was thereafter categorized into three 
groups (‘low’ for scores <=26, “moderate” for scores 
between 27 and 38, “high” for scores > = 39). For PrEP 
stigma, a score above 30 was considered “high”.

Data analysis
Data were weighted using the individualized weight 
computed as the inverse proportion to the respondent’s 
network size. Categorical variables were summarized 
by using proportions, and chi-square test was used 
to examine the association between the outcome and 
independent variables. Continuous variables were sum-
marized using median and inter-quartile range (IQR). 
Given that the outcome variable for this study is com-
mon (p = 46.4%), a modified Poisson regression model 
with robust standard errors (SE) was used to estimate 
independent predictors of optimal use of the Jichunge 
app instead of logistic regression analysis that could 
have over-estimated the measure of associations [42]. 
We first regressed each of the potential predictors with 
the optimal use of the app. All variables with p ≤ 0.2 
in bivariate analysis were selected for inclusion in the 
multivariable Poisson regression model. Crude and 
adjusted prevalence ratios with corresponding 95% 
confidence intervals (CI) are presented. Significance 
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value was set at 5% for all analyses. All data were ana-
lysed using STATA version 16.

Results
Socio‑demographic characteristics and structural factors 
by optimal use of the Jichunge app
A total of 470 female sex workers were recruited, and 
the age of participants ranged from 18 to 50 years, with 
a median of 26 (IQR: 22-30) years. Weighted distribu-
tions of socio-demographics and structural factors by 
optimal use of the Jichunge app are presented in Table 1. 
The results show that three-quarters, 356 (75.7%) of the 
participants reported to have never been married, that 
more than half, 251 (53.4%) had attained some secondary 
education, and that almost two thirds, 306 (65.1%) had 
children.

Almost half, 218 (46.4%) of the participants were opti-
mal users of the Jichunge app. Optimal use was signifi-
cantly associated with higher age (p <   0.001), reported 
financial difficulties due to spending on health (p = 0.018) 
and high PrEP awareness (p <  0.001) (Table 1).

Sex work characteristics by optimal use of the Jichunge app
The median age at sex debut and at first selling of sex was 
17 (IQR: 15-18) years and 20 (IQR: 18-22) years, respec-
tively. About half, 232 (49.4%) of the participants had 
used a condom during the most recent sexual encoun-
ter with a paying partner, and 220 (46.8%) said that they 
sometimes accepted condom-less sex for increased pay-
ment. Optimal use of the Jichunge app was associated 
with age at sex debut (p = 0.033) and marginally associ-
ated with income from sex work (p = 0.055) (Table 2).

Smartphone experiences by optimal use of the Jichunge 
app
While more than half, 275 (58.5%) of the participants 
reported to be familiar with the use of smartphones, 
almost all, 465 (98.9%) reported to never have used a 
health-related mobile phone application in the past. A 
large proportion of the participants, 335 (71.3%) reported 
to have used three or more of the common, mainstream 
social media applications. More specifically, 442 (94%) 
reported having used WhatsApp, 450 (95.7%) Face-
book, and 352 (74.9%) Instagram, whereas only 20 (4.3%) 
reported having used Twitter. The findings further show 
that optimal use of the Jichunge app was significantly 
associated with using several (at least three) of the com-
mon social media apps (p = 0.003) (Table 3).

Use of different Jichunge app services
Three quarters of participants (74.0%) had opened the 
app and 71.7% had registered their pill taking at least 
once in their first 30 days as Jichunge app users. Nearly 

half (47.0%) of the participants had visited the editorial 
contents, where different information about PrEP can be 
accessed. The discussion forum and the online consulta-
tion service with a doctor or a peer educator was used by 
34.3 and 20.6% of participants, respectively (Fig. 1).

Independent predictors of optimal use of the Jichunge app
In Table 4, we present results from the multivariable Pois-
son regression model for the predictors of optimal use of 
the Jichunge app. Participants aged 25-34 years (aPR = 1.3; 
95% CI: 1.10-1.65, p = 0.004) and those aged 35 years 
and above (aPR = 1.6; 95% CI: 1.19-2.07, p = 0.001) had 
30 and 60% higher prevalence of optimal use of the app 
than those aged 18-24 years. Moreover, participants hav-
ing at least secondary education had 80% higher preva-
lence of optimal use of the app when compared to those 
with no formal education (aPR = 1.8; 95% CI: 1.08-2.94, 
p = 0.023). Optimal use was also significantly associated 
with self-perceived inadequate social support (aPR = 1.2; 
95% CI: 1.02-1.48, p = 0.030), having high PrEP aware-
ness (aPR = 1.3; 95% CI: 1.08-1.55, p = 0.005), and using 
common social media apps (aPR = 1.4; 95% CI: 1.08-1.71, 
p = 0.009).

Discussion
mHealth has been shown to be a promising tool in pro-
moting adherence to PrEP [20]. In this study, we aimed 
to determine the extent of and the predictors for optimal 
use of a smartphone-based application aiming to sup-
port adherence to PrEP among female sex workers in 
Dar es Salaam, Tanzania. The findings we report might 
provide useful inputs during the implementation of the 
Tanzania Digital Health Strategy 2019-2024 [43] and the 
Health Sector Strategic Plan 2021-2026 [44] which out-
line strategies for leveraging digital health technology to 
facilitate the achievement of universal health coverage. 
The study may also be used to inform the implementa-
tion of the 2016 Tanzania National Policy Guidelines 
for Collaborative TB/HIV Activities [45] and Tanzania 
National Guideline for Comprehensive Package of HIV 
Interventions for Key and Vulnerable Populations [46], 
which stress on identifying and recommending specific 
interventions targeting people at increased risk of HIV 
transmission.

Overall, nearly half of the participants optimally used 
the Jichunge app. Being older (above 24 years), having at 
least secondary education, demonstrating high aware-
ness of PrEP, experiencing a relative lack of social sup-
port, and having experience with common mainstream 
social media apps, significantly predicted the optimal 
use of the app. That a large proportion of participants 
used different mHealth functionalities, such as pill regis-
tration, editorial contents, and online consultation with 
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Table 1 Distribution of socio-demographics and structural factors by use of the Jichunge app

Variable All
N (%)

Optimal users
n (%)

Non‑Optimal users
n (%)

p‑value1

Overall 470 218 (46.4) 252 (53.6)

Age <  0.001

 18-24 218 (46.4) 84 (38.5) 134 (61.5)

 25-34 204 (43.4) 103 (50.5) 101 (49.5)

 35+ 48 (10.2) 31 (64.6) 17 (35.4)

Marital status 0.091

 Never married 356 (75.7) 156 (43.8) 200 (56.2)

 Married or previously married 114 (24.3) 62 (54.4) 52 (45.6)

Education level 0.062

 No formal education 46 (9.8) 14 (30.4) 32 (69.6)

 Primary complete 173 (36.8) 77 (44.5) 96 (55.5)

 Secondary+ 251 (53.4) 127 (50.6) 124 (49.4)

Have children 0.446

 Yes 306 (65.1) 151 (49.3) 155 (50.7)

 No 164 (34.9) 67 (40.9) 97 (59.1)

Financial difficulties due to spending on health 0.018

 Yes 235 (50.0) 127 (54.0) 108 (46.0)

 No 235 (50.0) 91 (38.7) 144 (61.3)

Sex work stigma score 0.521

 Low 33 (7.0) 12 (36.4) 21 (63.6)

 Moderate 395 (84.1) 189 (47.8) 206 (52.2)

 High 42 (8.9) 17 (40.5) 25 (69.5)

Reported to have had sexually transmitted disease past 
6 months

0.340

 Yes 32 (6.8) 22 (68.7) 10 (31.3)

 No 437 (93.0) 196 (44.8) 241 (55.2)

Subjected to physical violence last 12 months 0.095

 Yes 139 (29.6) 73 (52.5) 66 (47.5)

 No 329 (70.0) 144 (43.8) 185 (56.2)

Self‑perceived HIV risk 0.788

 High 310 (65.9) 145 (46.8) 165 (63.2)

 Medium 37 (7.9) 15 (40.5) 22 (59.5)

 Low/no 73 (15.5) 32 (43.8) 41 (56.2)

 Don’t know 46 (9.9) 24 (52.2) 22 (47.8)

Self‑reported health status 0.122

 Very good 76 (16.2) 38 (50.0) 38 (50.0)

 Good 372 (79.1) 168 (45.2) 204 (54.8)

 Fair/poor 22 (4.7) 12 (54.5) 10 (45.5)

Perceived PrEP stigma 0.985

 Low 359 (76.4) 168 (46.8) 191 (53.2)

 High 111 (23.6) 50 (45.0) 61 (55.0)

Alcohol use (AUDIT) 0.799

 Low risk 148 (31.5) 69 (46.6) 79 (53.4)

 Harmful or hazardous 137 (29.1) 67 (48.9) 70 (51.1)

 Alcohol dependence 185 (39.4) 82 (44.3) 103 (55.7)

PrEP awareness <  0.001

 Low 254 (54.0) 96 (37.8) 158 (62.2)

 High 216 (46.0) 122 (56.5) 94 (43.5)

Social support 0.153

 Inadequate 290 (61.7) 133 (45.9) 157 (54.1)

 adequate 175 (37.2) 82 (46.9) 93 (53.1)

1 p-value is based on the chi-square test
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a doctor or a peer educator, is an indication of accept-
ability of the Jichunge app. The findings are in line with 
a study of the role of mHealth in promoting adherence 
to PrEP among young people at increased risk of HIV in 
United States, which demonstrated high acceptability of 
mHealth [21]. A recent systematic review on mHealth 
targeting behavioural change indicated that while many 
applications have been developed and in use, there is 
limited evaluation of their usability [47]. This paper 
therefore presents critical information that may inform 
future use and modification of Jichunge app to enhance 
its effectiveness.

While young people have been reported to be more 
likely to use mHealth due to their technological skills 
[27], our findings from this sex worker population 

indicate that persons of older age were more likely to 
use the app. This could be because older female sex 
workers may have better understood the HIV-related 
risks associated with the selling of sex and hence were 
more determined to protect themselves than their 
younger counterparts. More dedicated use among per-
son in older age groups have previously been observed 
in a study of an mHealth application for the assessment 
and prevention of heart disease [25], and higher age 
was also found to be a predictor for long-term use of 
an mHealth intervention for diabetes management [26]. 
These findings may highlight a need to provide more 
motivation for your people to use mHealth apps by tai-
loring their design and functionality to suit the needs 
and preferences of adolescents and young adults.

Table 2 Distribution of sex work characteristics by optimal use of the Jichunge app

1 p-value is based on the chi-square test; 2TZS stands for Tanzanian Shillings (1 USD =2318 TZS)

Variable All
N (%)

Optimal users
n (%)

p‑value1

Age at sex debut (years) 0.033

 Below 15 65 (13.8) 22 (33.8)

 15-17 193 (41.1) 105 (54.4)

 18+ 212 (45.1) 91 (42.9)

Age at first selling of sex (years) 0.389

 Below 18 88 (18.7) 34 (38.6)

 18-24 290 (61.7) 136 (46.9)

 25+ 92 (19.6) 48 (52.2)

Reported monthly earnings from sex work (TZS2) 0.055

 ≤ 150,000 124 (26.4) 53 (42.7)

 150,001-299,999 93 (19.8) 43 (46.2)

 300,000-444,999 149 (31.7) 85 (57.0)

 ≥ 450,000 89 (18.9) 29 (32.6)

Amount paid by last client (TZS2) 0.266

 ≤ 15,000 125 (26.6) 59 (47.2)

 15,001-25,000 118 (25.1) 50 (42.4)

 25,001-39,999 85 (18.1) 38 (44.7)

 ≥ 40,000 142 (30.2) 71 (50.0)

Having a steady partner 0.740

Yes 302 (64.3) 144 (47.7)

No 168 (35.7) 74 (44.0)

Number of sexual partners last months 0.380

  < 10 158 (33.6) 67 (42.4)

 10-29 165 (35.1) 74 (44.8)

 ≥ 30 147 (31.3) 77 (52.4)

Used condom during last sex with paying partner 0.433

 Yes 232 (49.4) 115 (49.6)

 No 238 (50.6) 103 (43.3)

Accepting condom‑less sex for more pay 0.340

 Yes 220 (46.8) 108 (49.1)

 No 250 (53.2) 110 (44.0)
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Use of the Jichunge app was independently associated 
with higher education level. This corroborate findings 
from other studies which have found high literacy to be 
associated with awareness and use of various mHealth 
tools [48–50]. The Jichunge app, like many other mHealth 
apps, may be more attractive to people who are good at 
reading, understanding and internalizing health informa-
tion. Our findings are also consistent with the study by 

Khatume et al. [27] in the United States which found that 
individuals with higher education were more likely to use 
mHealth apps of different types than those with a lower 
education level. Inclusion of features such as audios or 
videos that can attract people with lower reading skills 
may possibly help attract more users to mHealth apps.

Female sex workers who demonstrated high PrEP 
awareness were significantly more likely to optimally use 

Table 3 Smartphone experience by optimal use of Jichunge app

1 p-value is based on the chi-square test; 2TZS stands for Tanzanian Shillings (1 USD =2318 TZS)

Variable All
N (%)

Optimal users
n (%)

p‑value1

Familiarity with a smartphone 0.786

 Very familiar 190 (40.4) 96 (50.5)

 Familiar 275 (58.5) 119 (43.3)

 Unfamiliar 5 (1.1) 3 (60.0)

Frequency of opening data in the smartphone 0.905

 At least once per day 383 (81.5) 181 (47.3)

 Less than once per day 87 (53.0) 37 (42.5)

Amount spent on internet bundles in the past week (TZS2) 0.580

  < 5000 221 (47.5) 108 (48.9)

 5000-9999 166 (35.7) 76 (45.8)

 10,000+ 78 (16.8) 34 (43.6)

Ever having used health related mobile phone apps 0.079

 Yes 5 (1.1) 3 (60.0)

 No 465 (98.9) 215 (46.2)

Having used phone for health information in past month 0.355

 Yes 24 (51.4) 12 (50.0)

 No 443 (94.9) 203 (45.8)

Use of social media applications
 WhatsApp 442 (94.0) 212 (48.0) 0.052

 Facebook 450 (95.7) 206 (45.8) 0.413

 Instagram 352 (74.9) 181 (51.4) 0.001

 Twitter 20 (4.3) 11 (55.0) 0.078

 Several (3 or more apps) 335 (71.3) 171 (51.0) 0.003

Fig. 1 Distribution of participants use of different Jichunge app services during the first 30 days of app ownership
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the Jichunge app. A systematic review on PrEP aware-
ness and use in low and middle income countries have 
indicated that PrEP awareness and knowledge to be 

associated with PrEP acceptability and use [51]. Thus, 
people with prior exposure to PrEP information may 
have been more motivated to use PrEP and hence more 

Table 4 Modified Poisson regression modelling of independent predictors of optimal use of the Jichunge app

PR Prevalence ratio, aPR Adjusted prevalence ratio

Variable Crude estimates Adjusted estimates

PR (95% CI) p‑value aPR (95% CI) p‑value

Age
 18-24 Ref. Ref. Ref. Ref.

 25-34 1.4 (1.14-1.69) 0.001 1.3 (1.10-1.65) 0.004

 35+ 1.8 (1.38-2.24) < 0.001 1.6 (1.19-2.07) 0.001

Marital status
 Never married Ref. Ref. Ref. Ref.

 Married or previously married 1.2 (0.46-0.56) 0.076 1.1 (0.91-1.35) 0.311

Education level
 No formal education Ref. Ref. Ref. Ref.

 Primary 1.6 (0.92-2.80) 0.098 1.6 (0.98-2.69) 0.061

 Secondary+ 1.7 (0.99-2.98) 0.053 1.8 (1.08-2.94) 0.023

Income from sex work
 ≤ 150,000 Ref. Ref. Ref. Ref.

 150,001-299,999 1.1 (0.82-1.36) 0.678 1.0 (0.81-1.33) 0.763

 300,000-444,999 1.2 (0.98-1.53) 0.079 1.2 (0.95-1.47) 0.132

 ≥ 450,000 0.87 (0.64-0.60) 0.347 0.80 (0.67-1.20) 0.472

Financial difficulties due to spending on health
 Yes 1.2 (1.03-1.47) 0.020 1.1 (0.95-1.35) 0.173

 No Ref. Ref. Ref. Ref.

Age at sex debut (years)
 Below 15 Ref. Ref Ref. Ref

 15-17 1.4 (1.01-1.88) 0.038 1.3 (0.98-1.77) 0.065

 18+ 1.2 (0.84-1.60) 0.372 0.99 (0.72-1.36) 0.957

Subjected to physical violence past 12 months
 Yes 1.2 (0.98-1.38) 0.091 1.0 (0.88-1.25) 0.591

 No Ref. Ref. Ref. Ref.

Social support
 Inadequate 1.1 (0.95-1.37) 0.161 1.2 (1.02-1.48) 0.030

 Adequate Ref. Ref. Ref. Ref.

Self‑reported health status
 Very good Ref. Ref. Ref. Ref.

 Good 0.86 (0.70-1.07) 0.177 0.96 (0.78-1.19) 0.705

 Fair/poor 1.1 (0.84-1.57) 0.386 1.0 (0.72-1.42) 0.944

PrEP awareness
 High 1.5 (1.24-1.77) < 0.001 1.3 (1.08-1.55) 0.005

 Low Ref. Ref. Ref. Ref.

Ever used health a related mobile phone application
 Yes 0.87 (0.73-1.04) 0.136 1.2 (0.92-1.68) 0.160

 No Ref. Ref. Ref. Ref.

Use of common social media apps
 Yes 1.4 (1.10-1.77) 0.006 1.4 (1.08-1.71) 0.009

 No Ref. Ref. Ref. Ref.
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interested in learning about PrEP through the Jichunge 
app. Similar findings have been reported from the PrE-
P4Love study, which examined the role of text messag-
ing in promoting PrEP uptake [52]. This suggests that 
interventions to raise health awareness, in our case PrEP 
awareness, may be key in facilitating the use of mHealth 
solutions. Combining mHealth interventions with dif-
ferent other types of programming (such as PrEP aware-
ness campaigns) may be more likely to be effective than 
mHealth solutions on their own.

This study found that participants with lower self-
perceived social support were more likely to be optimal 
users of the Jichunge app than persons who perceived 
their social support to be adequate. Digital technolo-
gies have increasingly affected human interaction and 
there may be an inclination to replace more direct 
human social interaction with digitally mediated inter-
action [53]. A relative lack of social support could per-
haps subconsciously have prompted users to embrace 
a digital solution more extensively such as the Jichunge 
app as a supplement to direct social interaction. Nota-
bly, research from elsewhere has found that some indi-
viduals consider mHealth tools as additional support 
for different behaviours and aspects of life [20, 21]. Par-
ticularly the more personally interactive elements of 
the Jichunge app (the discussion forum and the online 
consultation services) may perhaps have attracted users 
with inadequate social support. Our findings suggest 
that there may be a strong rationale for incorporating 
some types of social interaction and support services in 
mHealth tools.

Experience with use of mainstream social media apps 
was associated with optimal use of the Jichunge app. 
Having used social media applications may mean that 
a person is electronically savvy and spends more time 
online and this may increase the likelihood of using 
mHealth internet-based interventions as proposed in 
models for online behaviour interventions [54, 55]. This 
observation is in line with our earlier mentioned find-
ings that high literacy and PrEP awareness were asso-
ciated with optimal use of the Jichunge app. Finally, 
learning from mainstream social media apps, that have 
been developed with considerably more resources than 
most mHealth apps, may be critical in designing applica-
tions which attract users and promote effective use for 
intended behavioural change.

Limitations
This study has some limitations: First, participants 
needed to have a smartphone and they may hence not 
represent the female sex workers population in the study 
area since not all of them own a smartphone. Future 

studies should consider evaluating the mHealth apps 
which can work in any mobile device. Second, the defini-
tion of optimal use of the app did not take into consid-
eration the frequency of use of different features of the 
app. While this may perhaps have led to overestimation 
of optimal use of mHealth, it may have had little effect 
on the predictors for optimal use of the app, which is the 
central theme in this paper. Third, use was measured over 
a short period, and further studies should assess predic-
tors of more long-term engagement with mHealth inter-
ventions among Female sex workers. Fourth, the study 
had a cross-sectional design, which limits the ability to 
draw conclusions about causal relationships between 
variables. Thus, there is a need for longitudinal studies to 
establish casual relationships.

Conclusion
mHealth interventions aiming to support start-up and 
use of PrEP among female sex workers is feasible and 
promising. A substantial number of female sex workers 
in Dar es Salam, Tanzania demonstrated optimal use of 
the Jichunge app. Optimal use was associated with older 
age, higher education level, higher awareness of PrEP, 
lower social support, and more extensive experience with 
common mainstream social media applications. The find-
ings from this study may serve as the guide for mHealth 
development and public health interventions in under-
standing individuals most likely to benefit from mHealth 
services.
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