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Abstract 

Objective: To assess the intervention fidelity and explore contextual factors affecting the process 

of a mobile phone text messaging intervention in improving adherence to and retention in care 

among adolescents living with HIV, their families, and their healthcare providers in southern 

Ethiopia.

Design: A convergent mixed-methods design guided by the process evaluation theoretical 

framework and the RE-AIM framework was used alongside a randomised controlled trial to 

examine the fidelity and explore the experiences of participants in the intervention.

Setting: Six hospitals and five health centres providing HIV treatment and care to adolescents in 

five zones in southern Ethiopia. 

Participants: Adolescents (aged 10–19), their families and their healthcare providers. 

Intervention: Mobile phone text messages daily for 6 months or standard care (control).

Results: 306 participants were enrolled in the process evaluation. Among the intervention 

participants (N =153), 171 (55.9%) of whom were men, most resided in an urban area 225 (73.5%), 

and participants had a mean age of 15 (2.62). The overall experiences of implementing the text 

messages reminder intervention were described as helpful in terms of treatment support for 

adherence but had room for improvement. During the study, 30,700 text messages were sent, and 

fidelity was high, with 99.4% successfully receiving text messages during the intervention. Barriers 

such as failed text messages delivery, limitations in phone ownership, and technical limitations 

affected fidelity. Technical challenges can hinder maintenance, but a belief in the future of digital 

communication permeates the experiences of the text messages reminders. 
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Conclusions: Overall fidelity was high, and participants’ overall experiences of mobile phone text 

messages were expressed as helpful. Contextual factors, such as local telecommunications 

networks and local electric power, as well as technical and individual factors must be considered 

when planning future interventions. 

Trial registration: Pan African Clinical Trials PACTR202107638293593, first registration 

20/07/2021.

Strengths and limitations with this study

 Secure and confidential delivery of high-volume messages through a 4-digit short code.

 The use of a mixed methods design and the inclusion of family members and healthcare 

providers is a strength of this process evaluation study.

 There was a limited number of adolescents´ family and healthcare providers included in the 

interviews.
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INTRODUCTION

Globally, 38.4 million people were living with HIV in 2021. Of these, 1.71 million were 

adolescents aged 10–19, 88% of whom live in Sub-Saharan Africa (1, 2). To control the epidemic, 

the Joint United Nations Programme on HIV/AIDS (UNAIDS) launched the 95%–95%–95% 

targets aimed at HIV testing, treatment, and viral suppression by 2030 (3). However, by 2021, 75% 

percent of the 38.4 million people living with HIV (PLHIV) were receiving antiretroviral therapy 

(ART), a treatment gap of 5.9 million people (4). Moreover, achieving the recommended optimal 

adherence level of >95% which is required for ART to be effective, remains a challenge within the 

HIV care continuum (5). This poses a significant threat to HIV interventions in resource-limited 

settings (6). 

Poor adherence to ART has several consequences, including increased risk of viral drug resistance 

and reduced treatment effectiveness toward viral suppression, leading to disease progression, 

greater risk of death, and increased risk of viral transmission (7). Some of the major barriers to 

ART adherence include socioeconomic status,(8, 9) fear of being stigmatised or discriminated 

against as a result of one’s HIV status,(10) forgetting to take medication on time,(11) treatment 

fatigue,(12) and patient–provider communication (13). Several interventions to overcome these 

barriers have been studied in a variety of settings (14). The use of digital health strategies to 

enhance HIV treatment is one of the priority interventions in Sub-Saharan Africa (15). Targeted 

digital client communication using mobile phone-based short text messaging has been 

recommended for adherence support for a range of health issues and adherence to antiretroviral 

treatment (16). The success and effectiveness of an mHealth intervention in achieving desired 

health outcomes is dependent on the context in which they are implemented (15, 16). Context plays 

a crucial role in either the success or failure of an intervention. The same intervention may have 
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different effects in different contexts, due to weaknesses in its design or improper implementation 

(17). Observing what is delivered in practice with close reference to the theory of the intervention 

can help evaluators in distinguishing the intervention fit in different contexts and changes that 

undermine intervention fidelity (15, 17). Trials should continue to rigorously assess outcomes, but 

also include integral process evaluations that use qualitative and quantitative data to develop and 

test hypotheses about how interventions work (18). In a multi-centre trial, a process evaluation is 

necessary to understand whether the intervention was implemented and received similarly across 

all sites (9). However, trials assessing mHealth adherence interventions for HIV often do not 

include process evaluations to examine the fidelity and quality of the intervention delivery, causal 

mechanisms for the health outcomes, contextual factors affecting the delivery, and costs of 

implementation (16, 19). Understanding the entire implementation process of an mHealth 

intervention allows practitioners to interpret the results and replicate the intervention in other 

contexts (20, 21). Therefore, this study aimed to evaluate the process of a mobile text messaging 

intervention conducted among adolescents living with HIV in Ethiopia. This information can be 

used to explain the outcomes of the trial and can guide the development and evaluation of similar 

interventions. 
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METHODS
Study design

A convergent mixed-methods design (17) combining quantitative and qualitative techniques was 

used. The design was guided by the process evaluation theoretical framework (22) and structured 

by the RE-AIM dimensions (Reach, Effectiveness, Adoption, Implementation and Maintenance) 

(18) to evaluate intervention effectiveness alongside a randomised controlled trial (RCT) to 

examine the study’s fidelity and to explore the experiences of the participants in the intervention. 

The trial was registered in Pan African Clinical Trials Registry with the registration number 

PACTR202107638293593 on 17/07/2021. 

Study setting and participants

Six hospitals and five health centres that provide HIV treatment and care to adolescents in the 

Gamo, Gofa, Konso, South Omo, and Wolayita zones in Southern Ethiopia were included in the 

study. These zones are home to over 25 distinct ethnic groups, each with its own culture and 

context. Between July 5, 2022, and February 28, 2023, 306 adolescents living with HIV were 

included in the study, in either the intervention or in the control group. The quantitative data 

included process indicators, while the qualitative interviews included ten adolescents from the main 

trial, four adolescents’ families, and two healthcare providers who were involved in the process 

evaluation. 
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Theoretical Framework of Process Evaluation

The RE-AIM framework (18) was used for the process evaluation to comprehensively examine the 

level of implementation. This involves understanding the implementation of interventions in terms 

of (1) fidelity, defined as to what extent the intervention was implemented consistently with the 

underlying theory as planned; (2) delivery, defined as to what extent all of the intended activities, 

training, and materials were provided to program participants; (3) reach, defined as the absolute 

number, proportion, and representativeness of individuals who are willing to participate in a given 

initiative, intervention, or program; (4) receipt, defined as how participants reacted to specific 

aspects of the intervention; and (5) context, defined as what contextual factors influence 

implementation or the intervention outcome.

Description of the intervention

The MRC framework,(22) a systematic literature review,(23) interviews with adolescents,(24) and 

the theoretical health belief model (HBM) (25) were used to develop the intervention. Adolescents 

living with HIV, healthcare providers, and research project technical advisory team members 

participated in the design (26) under the guidance of a research advisory committee. The HBM is 

a theoretical model that has been constructed from six domains: susceptibility, severity, barriers, 

benefit, cues to action, and self-efficacy. After the intervention’s development, text messages were 

uploaded to the server and an automated message-pushing software was used to push tailored daily 

text messages through a four-digit code obtained from Ethiopia Telecom company. Other various 

configurations such as wide-area network (WAN) internet protocol (IP), local area network (LAN) 

IP, Ethio telecom central server IP, a virtual private network (VPN) line, and office servers were 

used as infrastructure, as required to support the study. The text messages were categorised and 
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delivered based on each adolescent's customised medication schedule and time. The software sent 

the message 15 minutes before each participant’s medication time. The server was checked daily 

to troubleshoot network/cell phone issues. Based on the server information, the first author 

contacted the facility level care provider to contact the adolescent with corrective actions; for 

example, subscriber identity module card (SIM card) replacement, damaged mobile phones, and 

network troubleshooting for maintenance and replacement.

Sample and data collection

Related to the intervention, activity logs (checked by researchers and the advisory committee), 

adverse events related to the study (monitored by care providers at each facility through an adverse 

event monitoring form), and routine records of sent and failed messages from the server were 

assessed by researchers. Each facility representative assessed any adverse event related to study, 

filled in the form, and sent it to researchers every week, and the researcher tracks the related server 

information related with sent/failed messages daily.

A purposive sampling of 10 adolescents with HIV (aged 12–19), four family members/relatives 

(aged 36–45), and two healthcare providers (aged 31–36) from different healthcare facilities were 

asked to be interviewed about their experiences in the intervention between June and July 2022 at 

healthcare facilities by the first author (AT), and one colleague in the research advisory committee. 

An interview guide was used to gain a rich, in-depth understanding, and to allow the participants 

to concretise their experiences of their use of text messages, communication, and technical aspects 

of the intervention. The interview guide included subsections adapted to the participants; i.e., 

adolescents, families, and healthcare providers. Hence, the questions were different, depending on 

to whom they were addressed. The introductory question to the adolescents was: “Are you 

receiving the mobile text-message reminder from the hospital?”, followed by follow-up questions 
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such as, “What do you think about the messages?” The families were initially asked “How do 

family/social related factors affect ART adherence among adolescents?” Healthcare providers were 

asked “How did you experience communication with the adolescents with regard to the 

intervention?” Follow-up questions and prompts were used throughout the whole interview. The 

interviews were audiotaped, transcribed verbatim, and translated from Amharic to English by the 

first author, and checked for accuracy by one independent language expert. 

Data analysis 

The number of SMS messages sent and delivered to participants were tracked as a measure of 

intervention fidelity. When SMS messages did not arrive on the phone, the project advisory team 

investigated the external network and other infrastructure issues. If the message could not be 

delivered during this period, the computer automatically recorded it as a delivery failure and sent 

the message again. Data captured on the delivery status of the SMS messages were recorded as: 

delivered (the phone had reception marked as green); undelivered (the phone was switched off or 

marked as red in the server). The program could not record whether messages delivered to the 

phones were opened.

Interviews were analysed by using the principles for content analysis described by Graneheim and 

Lundman (19, 27). First, the transcripts were read several times to gain a sense of the whole by the 

first and the last author. Thereafter, meaning units were identified and condensed to reduce the text 

while maintaining the core meaning. Condensed meaning units were then labelled with a code, 

which were kept close to the text on a manifest level. Next, sub-themes were created from the code 

frame by the first and last authors. The sub-themes were then abstracted into themes. Finally, the 

underlying meaning—the latent content—was described into a main theme. Thereafter one of the 
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authors (HÅP) read the transcripts, extracted meaning units, codes, and themes. The content was 

discussed and reflected upon together with all authors and lasted until an agreement was reached.

RESULTS

The results are structured using the Reach, Effectiveness, Adoption, Implementation and 

Maintenance dimensions of the RE-AIM framework (18) and corresponding themes (Table 1). 

Table 1. Overview of the qualitative themes related to the dimensions in the RE-AIM framework.

RE-AIM 
dimension (18)

Definition (18) Qualitative theme

Reach The number, proportion, and 
representativeness of eligible 
individuals who participate in 
each initiative.

Text message reminders were helpful 
for adherence but there was room for 
improvement
Text messages reminders increase 
medication adherence.

Feeling comfortable receiving text 
messages reminders

Effectiveness The impact of an intervention on
the relevant outcomes, including 
potential adverse effects, quality 
of life, and economic outcomes.

The code delivered with text messages 
reminders minimises the risk of stigma.

Adoption The reach and 
effectiveness/efficacy of an 
intervention at the setting level.

Treatment support

Failing text messages delivery 
influences medication intake

Limitations in phone ownership

Implementation The intervention agents’ fidelity 
to the various elements of an 
intervention’s protocol, including 
consistency of intended delivery.

Technical limitations

Maintenance Connects with both setting-level 
indicators (the extent to which a 
program or a policy becomes part 

Seeing potential in SMS services
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of organisational practices and 
policies), and individual-level
indicators (monitoring of
effectiveness of an intervention or 
program six months or more after 
the most recent contact).

Possibilities of text messages reminders

Reach: 

The total number of individuals that were assessed for eligibility was 435, of which 306 (70.34 %) 

meet eligibility criteria. Thus, 306 participants were enrolled and randomised: n =153 in the 

intervention, and n =153 in the control group. Among the 306 enrolled participants, 171 (55.88%) 

were men, and 135 (44.12%) were women, respectively. The mean and standard deviation age of 

the participants is 15 (2.62). Of these, 225 (73.53%) resided in an urban area, 190 (62.3%) had 

primary school level education, and only 31(9.9 %) had owned mobile phones during recruitment. 

Effectiveness: 

The number of participants retained in the 6-month follow-up of the intervention group was 

higher than the control group in this study.

Text messages reminders were helpful for adherence but there was room for improvement

The overall experiences of the intervention among adolescents living with HIV was that text 

messages reminders were helpful when it came to their adherence to medication, but direct access 

to phones and better timing of messages should be assured to increase their functioning and 

usability. The retention rate was improved, and was the best achieved since the intervention was 

introduced. Despite this, more effort was requested concerning technical issues to make the 
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reminders even more helpful. The participants described facilitating aspects like increased 

medication intake and communication. Also, the well-being of the adolescents and the support 

function was highlighted. However, technical problems like lost telephones or text messages 

reminders arriving after medication time were emphasised as barriers. 

Text messages reminders increase medication adherence.

The adolescents felt that the text messages reminders had helped them to increase adherence to 

their medication so that it was taken at the right time. The adolescents described that before the 

intervention, their medication was often forgotten, which resulted in it being taken later than it 

should have been due to forgetfulness. Sometimes the adolescent realised that they had forgotten 

to take their medication but then waited until dinner to take it. The adolescents described that text 

messages reminders were associated with taking their medicine and delays were avoided. Also, 

family members described situations when the adolescent’s medication routines were interrupted, 

and where text messages reminders played a big role.

“…Yes, it supports treatment adherence, because most of time we follow the television 

program but sometimes the power goes off, we missed the exact time to see medication 

time. Currently this text message comes 10 to 15 minutes before our medication time.” 

(Father, aged 45)

Feeling comfortable receiving text message reminders

The text messages reminders contributed to positive attitudes and to decreased stigmatisation for 

adolescents, even when HIV/AIDS stigma is deeply rooted in the culture. Thus, the perception of 
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the adolescents was that the text messages reminders played an important role for their overall 

well-being, because sometimes they had low moods. The text messages reminders were described 

as offering hope and supported the adolescents in achieving consistency in their medication 

adherence which helped them avoid, for example, fatigue. 

“…The benefit of this message is it comes always and reminds me to take the drug on 

time. The other benefit is when I receive the message, I feel good.” (Adolescent, aged 

13)

The code-delivered text messages reminders minimises the risk of stigma

The adolescent felt safe regarding privacy in the text messages reminders due to a code sent out 

to their telephone. The healthcare provider noticed a change in the views of both adolescents and 

family regarding increased trust and improved engagement with healthcare facilities during the 

intervention. Family expressed receiving coded text messages reminders could enable adolescents 

to live like other HIV-free adolescents. However, the adolescents experienced that far from 

everyone talked openly about their HIV disclosure, which was also reflected in the interviews. 

Some members of the families were open with their HIV disclosure while others were not. 

“My status has already been made public, and everybody knows about my family as 
well ... However, my husband lives in another area because of work, and knows his 

HIV status and makes things secret. He did not even take his medication when he come 
back home.” (Mother, aged 45)

Adoption: 

In this study, eleven health facilities with 153 participants received an intervention across 5 

different geographic areas. The healthcare workers expressed that the intervention’s retention rate 
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was the best that had been achieved since the introduction of this study to the hospital, which is 

listed under a sub-theme in the qualitative findings.

Treatment support

The healthcare providers emphasised that text messages reminders were an important support for 

adolescents in their medication intake to avoid poor adherence. In addition to this, families 

indicated that they had a mission to support the adolescents in avoiding ART treatment fatigue. 

Several adolescents expressed that they had received support from their family concerning 

medication intake. Thus, the text messages reminders were perceived as helpful, as they made 

participants feel happy and hopeful, even if they felt angered or were in a depressed mood that 

day. 

“…The messages may help people pass good days, despite days that do not carry good 
fortune. It therefore helps people have good days and reminds them of medication 

times. One day, for example, being consumed with some ideas, I did not recall that I 
have medication to take; it is this text message that triggered me take my medicine.” 

(Adolescent, aged 19)

Implementation: 

There were 306 mobile phones provided to adolescents during assignments into intervention and 

control groups. The advisory committee was involved in the implementation of the intervention 

using standard operational procedure (SOP). During the study, 30,700 SMS text messages were 

sent to 153 study participants in the intervention group (Figure 1). 

Overall, intervention fidelity was high with (30,510/30,700) or 99.38% successfully received SMS 

text messages during the intervention.
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The non-receiving participants in the intervention group were tracked and cross-checked using 

individual participant codes from the server, and then approached by each health facility to confirm 

whether they were to be followed-up. 

Changing phone numbers/SIM cards, phones being damaged, lost, or shared with others were 

identified as participant-related reasons for not receiving the messages, and were registered in the 

logbooks, and corrective measures were used either to replace phones with new devices or 

repair/maintain the phones as soon as was feasible.

Failing text message delivery influences medication intake

The adolescents identified several reasons for not receiving messages. In connection with the 

technical aspect, the adolescents highlighted problems such as not having a charged phone 

battery, or having lost their phone. They described that sometimes the text messages reminders 

arrived after their medication time. Another issue observed by both healthcare providers and 

family members was a missing SIM card. Furthermore, the continuity in the text messages 

reminders was requested by the adolescents to continue the benefits.

“… the receiving time varies; sometimes I receive it 10 minutes before medication 
time, which is 3p.m. local time in the evening, and sometimes it arrives after I take the 

drug.” (Adolescent, aged 13)

Limitations in phone ownership

Sometimes adolescents were not permitted to use the telephone by themselves, due to restrictions 

from their family, as they thought that the adolescents were too young to use the telephone. 

Instead, the family used the telephone, which resulted in text messages reminders never reaching 

the adolescent. The absence of SIM cards may be because adolescents did not receive a SIM 
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card, or because someone else in the family was using them. The family reported that they passed 

information from healthcare providers to the adolescents. Some of the families lacked 

information about the intervention and did not know what to do when the telephone arrived. The 

healthcare providers emphasised that some families denied the adolescents use of the telephone, 

which could cause problems, and text messages reminders were not received. Furthermore, the 

importance of informing families about the intervention was stressed, as several adolescents were 

restricted from using the telephone.

“…I think families should be communicated with regarding why their children are 

provided with mobile phones from the hospital, so as to avoid denial to access or 

adults using the phones for themselves.” (Healthcare provider, aged 36)

Technical limitations

One major issue stressed by adolescents, families, and healthcare providers, was that the electric 

power system went off quite often in their communities, which caused problems with receiving 

text messages reminders if the battery in the telephone was not charged. The adolescents usually 

did not experience problems with delays in text messages reminders, but they had observed that 

the text messages reminders did not always arrive on time. The messages could come long before 

their scheduled medication time or sometimes very close to or after their scheduled medication 

time. Sometimes the text message reminder was absent for entire days. 

“…The message helped me a lot to remember my medication time. However, the skips 
in message delivery dates and untimely arrivals should be corrected so that it is more 

helpful.” (Adolescent, aged 18)

Maintenance: 

After initial configuration, a single server can send text messages to thousands of participants 

across a large geographic area. In this study, a server sent text messages to 153 participants across 
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5 different geographic areas. The technical challenges experienced in delivering the intervention 

were related to navigating the messaging server and feedback responses from the participants. The 

non-receiving participants in the intervention group were tracked and cross-checked using a four-

digit individual participant codes from the server and were then approached by each facility to 

confirm whether they were indeed in that group or lost. Despite technical barriers, and adverse 

conditions, and a belief in the future of text messages reminders emerged, which was also expressed 

in the qualitative interviews.

Seeing potential in SMS services

The benefits of SMS reminders were perceived as valuable; especially when adolescents missed 

appointments for medication refills and virus load tests. Before the intervention, there were 

difficulties getting in touch with the adolescents, because they lived in rural areas and did not 

have a telephone. The healthcare providers thought about how to incorporate text messages 

reminders into routine health care. A wish among the adolescents was expressed that more text 

messages reminders could be helpful in raising awareness about their condition. Both the 

adolescents and the healthcare providers raised a need to continue the text message reminders.

“I think this must continue. The mobile provision has played significant roles in 

adherence and retention, as many of the adolescents do not have phones…because of 

this provision, adolescents can be reached directly with health messages and receive 

important lessons just from their phones.” (Adolescent, aged 19)

Possibilities with text messages reminders

The healthcare provider described that possibilities to communicate with the adolescents had 

increased after the intervention, and the adolescents’ attitudes towards healthcare facilities had 

become more positive. The adolescents found the improved digital communication to be an 
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advantage, because the healthcare provider no longer needed to call their family but could call 

them directly.

“Previously, healthcare providers from hospital reached me through neighbourhood 
phone numbers. She now uses this number to reach me directly through the phone 

provided by the hospital. This is a benefit for my privacy and for the information we 
discuss over the phone.” (Adolescent, aged 18)

DISCUSSION

Our process evaluation which was based on the RE-AIM framework (18)  showed that intervention 

fidelity was high with only about 0.6% of the SMS messages not delivered as intended. Both 

providers and patients described the SMS reminders as being helpful. A few barriers were noted 

including glitches at telecommunication networks, electric power disruptions, issues with phone 

ownership at household levels. Our results highlight that SMS message reminders can be delivered 

with high coverage if proper processes are followed. The 4-digit short code messaging system was 

a key enabler in ensuring confidentiality and security of the messages. Further scale-up of such 

interventions will depend on addressing broader systems issues including phone ownership, fixing 

network interruptions and reliable power sources. However, a study conducted in Philippines 

showed that intervention fidelity was low (77.9%) in the message group. The identified reason for 

low intervention fidelity was poor reliability of local telecommunication networks, and frequency 

of messages received (28). The local context for cellular phone infrastructure and operational 

challenges, such as multiple users on a single cell phone, has an impact on text messaging 

interventions (29). It is important to assess the setting before using the SMS intervention as a 

strategy to improve adherence. There is emerging evidence that mobile phones can play an 

important role in healthcare delivery, especially in resource-limited settings (30). SMS text 

messaging is a particularly useful application that can be used to collect or share information and 
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to enhance communication between healthcare personnel and patients in a low-cost manner (31). 

Treatment support was highlighted as an important factor for adolescents to avoid poor adherence. 

Text messages could be a facilitator for adolescents to remain hopeful and avoid unwanted side 

effects given that previous research (32, 33) has shown that a lack of support systems was perceived 

to negatively affect adherence among young people. Our findings provide additional evidence in 

support of research to identify effective interventions to improve adherence and retention in care 

for adolescents with HIV and enhance their engagement in these services. Thus, findings of this 

process evaluation can guide further research towards interventions concerning readiness among 

healthcare facilities, because settings can impact implementation. Giving importance to the voice 

of adolescents living with HIV can offer hope to many more in the same situation. This study 

thereby has a potential clinical impact and contributes to UN Sustainability Goal (34).

There are both strengths and limitations identified in this process evaluation. First, the intervention 

has several strengths, and a key strength is the use of a 4-digit short code for text messages that 

enables rapid, high-volume outbound messaging, is easy to read and remember, and assists text 

recipients in identifying the sender based on their preferences for message delivery time, message 

content, and messaging language. The use of the unique code can contribute to maintaining security 

and confidentiality among participants.

Secondly, the messaging server is adaptable and user-friendly, as the researcher or local IT provider 

can add and remove new data fields to navigate dropped or missed individuals and update SMS 

text message content to avoid message-related fatigue. 

In addition, the process evaluation also has several strengths that were identified. The first strength 

is the use of mixed methods, where different forms of data—both quantitative and qualitative 

methods—are combined to capture the multi-dimensionality of the intervention. The data 
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supplement one another and aid in obtaining a comprehensive picture of the study results, which 

can contribute to a deeper understanding of the participants’ experiences.(35) If the participants are 

given the opportunity to highlight their own individual priorities, it might be possible for us to 

improve our understanding of the impact of the intervention.

Finally, three different perspectives (adolescents, families, and healthcare providers) were included 

in the qualitative interviews, which allowed different voices to be heard. However, limited numbers 

of included participants from adolescents’ families and healthcare providers can limit the study’s 

transferability.(36) 

Conclusion 

The mobile phone text messaging intervention to support ART adherence and retention in care was 

well-received by participants, and overall intervention fidelity was high. However, the 

intervention's feasibility was dependent on the reliability of local telecommunication networks, 

local electric power, and monitoring of adolescents' families, all of which had a significant impact 

on the intervention's usability, fidelity, and doses received. The participants experienced the text 

messaging function as helpful, therefore the development of different aspects, such as addressing 

technical problems, would be desirable to further improve impact. Further research needs to be 

directed toward readiness within the healthcare facilities to capture an increased understanding of 

barriers and facilitators in implementation.
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Figure 1. The flow diagram of mobile phone text messaging reminder in the intervention group 

Total number of reminding messages sent 
from server =30,226 

52(0.19%) were not successfully 
delivered  

190(0.6%) were not received by the 
adolescents  

Reason for not receiving sent message

Phones 
damaged= 6

Phone 
lost= 7

Phone shared 
with others= 

11

Changed the 
phone 

number= 23
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28 Abstract 

29 Objective: To assess the intervention fidelity and explore contextual factors affecting the process 

30 of implementing a mobile phone text messaging intervention in improving adherence to and 

31 retention in care among adolescents living with HIV, their families, and their healthcare providers 

32 in southern Ethiopia.

33 Design: A convergent mixed-methods design guided by the process evaluation theoretical 

34 framework and the RE-AIM framework was used alongside a randomised controlled trial to 

35 examine the fidelity and explore the experiences of participants in the intervention.

36 Setting: Six hospitals and five health centres providing HIV treatment and care to adolescents in 

37 five zones in southern Ethiopia. 

38 Participants: Adolescents (aged 10–19), their families and their healthcare providers. 

39 Intervention: Mobile phone text messages daily for 6 months or standard care (control).

40 Results: 306 participants were enrolled in the process evaluation. Among the intervention 

41 participants (N =153), 171 (55.9%) of whom were men, most resided in an urban area 225 (73.5%), 

42 and participants had a mean age of 15 (2.62). The overall experiences of implementing the text 

43 messages reminder intervention were described as helpful in terms of treatment support for 

44 adherence but had room for improvement. During the study, 30,700 text messages were sent, and 

45 fidelity was high, with 99.4% successfully receiving text messages during the intervention. Barriers 

46 such as failed text messages delivery, limitations in phone ownership, and technical limitations 

47 affected fidelity. Technical challenges can hinder maintenance, but a belief in the future of digital 

48 communication permeates the experiences of the text messages reminders. 

Page 3 of 30

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 13, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
3 Ju

ly 2024. 
10.1136/b

m
jo

p
en

-2023-077128 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

3

49 Conclusions: Overall fidelity was high, and participants’ overall experiences of mobile phone text 

50 messages were expressed as helpful. Contextual factors, such as local telecommunications 

51 networks and local electric power, as well as technical and individual factors must be considered 

52 when planning future interventions. 

53 Trial registration: Pan African Clinical Trials PACTR202107638293593, first registration 

54 20/07/2021.

55 Strengths and limitations with this study

56  Secure and confidential delivery of high-volume messages through a 4-digit short code.

57  The use of a mixed methods design and the inclusion of family members and healthcare 

58 providers is a strength of this process evaluation study.

59  There was a limited number of adolescents´ family and healthcare providers included in the 

60 interviews.
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71 INTRODUCTION

72 Globally, 38.4 million people were living with HIV in 2021. Of these, 1.71 million were 

73 adolescents aged 10–19, 88% of whom live in Sub-Saharan Africa (1, 2). To control the epidemic, 

74 the Joint United Nations Programme on HIV/AIDS (UNAIDS) launched the 95%–95%–95% 

75 targets aimed at HIV testing, treatment, and viral suppression by 2030 (3). However, by 2021, 75% 

76 percent of the 38.4 million people living with HIV (PLHIV) were receiving antiretroviral therapy 

77 (ART), a treatment gap of 5.9 million people (4). Moreover, achieving the recommended optimal 

78 adherence level of >95% which is required for ART to be effective, remains a challenge within the 

79 HIV care continuum (5). This poses a significant threat to HIV interventions in resource-limited 

80 settings (6). 

81 Poor adherence to ART has several consequences, including increased risk of viral drug resistance 

82 and reduced treatment effectiveness toward viral suppression, leading to disease progression, 

83 greater risk of death, and increased risk of viral transmission (7). Some of the major barriers to 

84 ART adherence include socioeconomic status,(8, 9) fear of being stigmatised or discriminated 

85 against as a result of one’s HIV status,(10) forgetting to take medication on time,(11) treatment 

86 fatigue,(12) and patient–provider communication (13). Several interventions to overcome these 

87 barriers have been studied in a variety of settings (14). The use of digital health strategies to 

88 enhance HIV treatment is one of the priority interventions in Sub-Saharan Africa (15). Targeted 

89 digital client communication using mobile phone-based short text messaging has been 

90 recommended for adherence support for a range of health issues and adherence to antiretroviral 

91 treatment (16). The success and effectiveness of an mHealth intervention in achieving desired 

92 health outcomes is dependent on the context in which they are implemented (15, 16). Context plays 

93 a crucial role in either the success or failure of an intervention. 
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94 In addition to design and implementation, the success of interventions is diverse and may be 

95 influenced by factors such as sociodemographic and culture (17). Observing what is delivered in 

96 practice with close reference to the theory of the intervention can help evaluators in distinguishing 

97 the intervention fit in different contexts and changes that undermine intervention fidelity (15, 17). 

98 Trials should continue to rigorously assess outcomes, but also include integral process evaluations 

99 that use qualitative and quantitative data to develop and test hypotheses about how interventions 

100 work (18). In a multi-centre trial, a process evaluation is necessary to understand whether the 

101 intervention was implemented and received similarly across all sites (9). However, trials assessing 

102 mHealth adherence interventions for HIV often do not include process evaluations to examine the 

103 fidelity and quality of the intervention delivery, causal mechanisms for the health outcomes, 

104 contextual factors affecting the delivery, and costs of implementation (16, 19). Understanding the 

105 entire implementation process of an mHealth intervention allows practitioners to interpret the 

106 results and replicate the intervention in other contexts (20, 21). Therefore, this study aimed to 

107 evaluate the process of a mobile text messaging intervention conducted among adolescents living 

108 with HIV in Ethiopia. 

109

110

111

112

113

114

115
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116 METHODS
117 Study design

118 A convergent mixed-methods design (17) combining quantitative and qualitative techniques was 

119 used. The design was guided by the process evaluation theoretical framework (22) and structured 

120 by the RE-AIM dimensions (Reach, Effectiveness, Adoption, Implementation and Maintenance) 

121 (18) to evaluate intervention effectiveness alongside a randomised controlled trial (RCT) to 

122 examine the study’s fidelity and to explore the experiences of the participants in the intervention. 

123 The trial was registered in Pan African Clinical Trials Registry with the registration number 

124 PACTR202107638293593 on 17/07/2021. 

125 Study setting and participants

126 Six hospitals and five health centres that provide HIV treatment and care to adolescents in the 

127 Gamo, Gofa, Konso, South Omo, and Wolayita zones in Southern Ethiopia were included in the 

128 main study. These zones are home to over 25 distinct ethnic groups, each with its own culture and 

129 context. Between July 5, 2022, and February 28, 2023, 306 adolescents living with HIV were 

130 included in the study, in either the intervention or in the control group. The quantitative data 

131 included process indicators, while the qualitative interviews included ten adolescents from the main 

132 trial, four adolescents’ families, and two healthcare providers who were involved in the process 

133 evaluation. We used the following technique to identify eligible adolescents: first, we identified the 

134 number of adolescents of eligible age in each facility. Then, using their address, we called each 

135 adolescent and their parents or caregivers directly via phone numbers, care providers, or adherence 

136 supports. Then, data collectors approached adolescents and posed literacy questions about their 

137 ability to read text by displaying sample texts. Then, eligible participants in the study were asked 

138 to give consent and assent. Thus, adolescents aged 10 to 19 years, diagnosed with HIV, currently 
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139 participating in ART care, and planning to stay in the designated facility for at least six months 

140 following study enrolment were eligible. Participants who were above the age limit, did not 

141 disclose their HIV status, were unable to read text, or had a disability were all excluded. Finally, 

142 the data collector showed each eligible adolescent how to use their mobile device, including text 

143 saving and deletion.     

144 Theoretical Framework of Process Evaluation

145 The RE-AIM framework (18) was used for the process evaluation to comprehensively examine the 

146 level of implementation. This involves understanding the implementation of interventions in terms 

147 of (1) fidelity, defined as to what extent the intervention was implemented consistently with the 

148 underlying theory as planned; (2) delivery, defined as to what extent all of the intended activities, 

149 training, and materials were provided to program participants; (3) reach, defined as the absolute 

150 number, proportion, and representativeness of individuals who are willing to participate in a given 

151 initiative, intervention, or program; (4) receipt, defined as how participants reacted to specific 

152 aspects of the intervention; and (5) context, defined as what contextual factors influence 

153 implementation or the intervention outcome.

154 Description of the intervention

155 The MRC framework,(22) a systematic literature review,(23) interviews with adolescents,(24) and 

156 the theoretical health belief model (HBM) (25) were used to develop the intervention. Adolescents 

157 living with HIV, healthcare providers, and research project technical advisory team members 

158 participated in the design (26) under the guidance of a research advisory committee. The HBM is 

159 a theoretical model that has been constructed from six domains: susceptibility, severity, barriers, 

160 benefit, cues to action, and self-efficacy. After the intervention’s development, text messages were 

161 uploaded to the server, and an automated message-pushing software was used to send tailored daily 
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162 text messages using a four-digit code from Ethiopia Telecom. This code helps adolescents in 

163 avoiding messaging source-related stigma and distinguishing intervention messages from other 

164 messages.

165 Other various configurations such as wide-area network (WAN) internet protocol (IP), local area 

166 network (LAN) IP, Ethio telecom central server IP, a virtual private network (VPN) line, and office 

167 servers were used as infrastructure, as required to support the study. The text messages were 

168 categorised and delivered based on each adolescent's customised medication schedule and time. 

169 The software sent the message 15 minutes before each participant’s medication time. The type of 

170 message was short and mainly focused on advice about the benefits of taking on time, the 

171 risk/consequences of missing/not taking on time, encouragement, and without mentioning anything 

172 about HIV or the name of the drug. For example, “Those who use it properly know its benefits”, 

173 “I’m taking it properly and on time”. For example, these messages in Amharic are “በትክክል 

174 የሚጠቀሙት ጥቅሞቹን ያውቃሉ) and በትክክል እና በሰዓት እወስዳለሁ respectively.  The server was checked 

175 daily to troubleshoot network/cell phone issues. Based on the server information, the first author 

176 contacted the facility level care provider to contact the adolescent with corrective actions; for 

177 example, subscriber identity module card (SIM card) replacement, damaged mobile phones, and 

178 network troubleshooting for maintenance and replacement. 

179

180

181

182

183
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184 Sample and data collection

185 The quantitative data was collected from the server, activity logs, an adverse event monitoring 

186 form, and an interview with adolescents. The researcher collects data on intervention fidelity by 

187 tracking the number of text messages sent, received, and failed from the server daily. Furthermore, 

188 each facility representative documented any adverse event related to the trial, filled the form, and 

189 sent it to researchers every week. Furthermore, during the follow-up data collection phase, 

190 adolescents asked if they received text messages on a regular schedule. 

191 A purposive sampling of 10 adolescents with HIV (aged 12–19), four family members/relatives 

192 (aged 36–45), and two healthcare providers (aged 31–36) from five different healthcare facilities 

193 were asked to be interviewed about their experiences in the intervention between June and July 

194 2022 at healthcare facilities by the first author. The interviews were conducted in all respondent 

195 languages, such as Amharic, Wolaytigna, Gamogna, Gofigna, Arigna, and Konsegna in a quiet and 

196 confidential area at the respective health facilities by the first author and one research assistant and 

197 lasted on average 30 minutes.

198 An interview guide was used to gain a rich, in-depth understanding, and to allow the participants 

199 to concretise their experiences of their use of text messages, communication, and technical aspects 

200 of the intervention. The interview guide included subsections adapted to the participants, i.e., 

201 adolescents, families, and healthcare providers. Hence, the questions were different, depending on 

202 to whom they were addressed. The introductory question to the adolescents was: “Are you 

203 receiving the mobile text-message reminder from the hospital?”, followed by follow-up questions 

204 such as, “What do you think about the messages?” The families were initially asked “How do 

205 family/social related factors affect ART adherence among adolescents?” Healthcare providers were 
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206 asked “How did you experience communication with the adolescents with regard to the 

207 intervention?” Follow-up questions and prompts were used throughout the whole interview.

208  The interviews were audiotaped, transcribed verbatim, and translated from Amharic to English by 

209 the first author, and checked for accuracy by one independent language expert. 

210 Data analysis 

211 The number of SMS messages sent and delivered to participants were tracked as a measure of 

212 intervention fidelity. When SMS messages did not arrive on the phone, the project advisory team 

213 investigated the external network and other infrastructure issues. If the message could not be 

214 delivered during this period, the computer automatically recorded it as a delivery failure and sent 

215 the message again. Data captured on the delivery status of the SMS messages were recorded as: 

216 delivered (the phone had reception marked as green); undelivered (the phone was switched off or 

217 marked as red in the server). The program could not record whether messages delivered to the 

218 phones were opened. The descriptive statistical analysis was used to summarize data in frequency, 

219 percentages, mean and standard deviation. The quantitative effectiveness data is analyzed 

220 separately and not included in the process evaluation. The RE-AIM outcomes framework 

221 components of Reach, Effectiveness, Adoption, Implementation, and Maintenance were used to 

222 present mixed method findings about the delivery of a reminder message, success, and intervention 

223 barriers for the intervention implementation process (18). 

224 Interviews were analysed by using the principles for content analysis described by Graneheim and 

225 Lundman (19, 27). First, the transcripts were read several times to gain a sense of the whole by the 

226 first and the last author. Thereafter, meaning units were identified and condensed to reduce the text 

227 while maintaining the core meaning. The first author developed a coding frame for the analysis by 

228 using NVivo software, which were discussed by all authors. Condensed meaning units were then 
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229 labelled with a code, which were kept close to the text on a manifest level. Next, sub-themes were 

230 created from the code frame by the first and last authors. The sub-themes were then abstracted into 

231 themes. Finally, the underlying meaning—the latent content—was described into a main theme. 

232 Thereafter one of the authors (HÅP) read the transcripts, extracted meaning units, codes, and 

233 themes. The content was discussed and reflected upon together with all authors and lasted until an 

234 agreement was reached. 

235 Patient and Public Involvement 

236 Representatives of adolescents were involved in the development of messages for the SMS 

237 reminders and interview guides. Their feedback was used to adapt its contents and to set strategies 

238 to promote inclusivity in study participation during participant recruitment. In addition, 

239 participants, healthcare providers, and the participants’ families were involved in reporting any 

240 incidence related to mobile devices and other issues.

241

242

243

244

245

246

247

248
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249 RESULTS

250 The characteristics of adolescents assigned in the intervention arm are shown in table 1. 

251 Table 1. Participant characteristics

                               Characteristics of adolescents assigned in the intervention
                                           Characteristics Frequency /Mean (SD)/

Percent
                         Adolescent age, Mean (standard deviation (SD))   15(0.21) years

10-14   60 (39.22)Adolescents age category
15-19   93 (60.78)
Male   78 (49.02)Adolescents gender
Female   75 (43.8)
Amharic   62 (40.52)
Wolaytigna   27 (17.65)
Gamogna   39 (25.49)
Gofigna   13 (8.5)
Arigna     6 (3.3)

Languages of adolescent during 
interview 

Konsegna     6 (3.3)
Grade 1-8   97 (63.40)Educational status of adolescent 
Grade 9 and above   56 (36.60)
Urban 111(72.55)Residence of adolescent 
rural   42 (27.45) 
Live alone   10 (6.54)Living arrangement
Live with family 143 (93.46)
Participate   47 (30.72)Psycho-social peer-support 
Do not Participate 106 (69.28)

Interviewee characteristics
Male (10-14 years) 2Adolescents (Sex/age) 
Female (10-14 years) 3
Male (15-19 years) 2Adolescents (Sex/age)
Female (15-19 years) 3
Grade 1-8 5Adolescents level of education  
Grade 9 and above 5
Male 1 (36 years)healthcare providers (Sex/Age)
Female 1 (31 years)
Non-biological care 
giver

2 (1 male and 1 female, 
36 and 45 years 
respectively

Biological  2 (1 mother and 1 
father, 39 and 45 years 
respectively)

Parent/care giver (Sex/Age)
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252 The results are structured using the RE-AIM framework (18) and corresponding themes (Table 2). 

253 Table 2. Overview of the qualitative themes related to the dimensions in the RE-AIM framework.

RE-AIM 
dimension (18)

Definition (18) Qualitative theme

Reach The number, proportion, and 
representativeness of eligible 
individuals who participate in 
each initiative.

Text message reminders were helpful 
for adherence but there was room for 
improvement
Text messages reminders support 
adherence

Feeling comfortable receiving text 
messages reminders

Effectiveness The impact of an intervention on
the relevant outcomes, including 
potential adverse effects, quality 
of life, and economic outcomes.

The code delivered with text messages 
reminders minimises the risk of stigma.

Adoption The reach and 
effectiveness/efficacy of an 
intervention at the setting level.

Supporting the text messages reminders

Failing text messages delivery 
influences medication intake

Limitations in phone ownership

Implementation The intervention agents’ fidelity 
to the various elements of an 
intervention’s protocol, including 
consistency of intended delivery.

Technical limitations

Seeing potential in SMS servicesMaintenance Connects with both setting-level 
indicators (the extent to which a 
program or a policy becomes part 
of organisational practices and 
policies), and individual-level
indicators (monitoring of
effectiveness of an intervention or 
program six months or more after 
the most recent contact).

Possibilities of text messages reminders

254

255
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256 Reach: 

257 The total number of individuals that were assessed for eligibility was 435, of which 306 (70.34 %) 

258 meet eligibility criteria. The remaining 129 participants excluded for the following reasons: 27 

259 (20.9%) were unable to stay in the study area for the duration of the study, 39 (30.2%) were unable 

260 to read, 24 (18.6%) were did not know their status, 21 (16.3%) were could not reached, 13 (10.1%) 

261 refused to participate, and 5 (3.9%) had an impairment. Thus, 306 participants were enrolled and 

262 randomised: n =153 in the intervention, and n =153 in the control group. Among the 153 enrolled 

263 in intervention arm, 78 (49.02%) were male, and 75 (43.8%) were female, respectively. The mean 

264 and standard deviation age of the participants is 15 (0.21). Of these, 111 (72.55%) resided in an 

265 urban area, 97 (63.40%) had primary school level education, and 10(6.54%) live alone(orphan).  

266 Effectiveness: 

267 The number of participants retained in the 6-month follow-up of the intervention group was 

268 higher than the control group in this study.

269 Text messages reminders were helpful for adherence but there was room for improvement

270 The overall experiences of the intervention among adolescents living with HIV was that text 

271 messages reminders were helpful when it came to their adherence to medication, but direct access 

272 to phones and better timing of messages should be assured to increase their functioning and 

273 usability. The retention rate was improved, and was the best achieved since the intervention was 

274 introduced. Despite this, more effort was requested concerning technical issues to make the 

275 reminders even more helpful. The participants described facilitating aspects like increased 

276 medication intake and communication. Also, the well-being of the adolescents and the support 

Page 15 of 30

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 13, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
3 Ju

ly 2024. 
10.1136/b

m
jo

p
en

-2023-077128 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

15

277 function was highlighted. However, technical problems like lost telephones or text messages 

278 reminders arriving after medication time were emphasised as barriers. 

279 Text messages reminders support adherence

280 They described that before the intervention, their medication was often forgotten, which resulted 

281 in it being taken later than it should have been due to forgetfulness. Sometimes the adolescent 

282 realised that they had forgotten to take their medication but then waited until dinner to take it. 

283 The adolescents described that text messages reminders were associated with taking their 

284 medicine and delays were avoided. Also, family members described situations when the 

285 adolescent’s medication routines were interrupted, and where text messages reminders played a 

286 big role.

287 “…Yes, it supports treatment adherence, because most of time we follow the television 

288 program but sometimes the power goes off, we missed the exact time to see medication 

289 time. Currently this text message comes 10 to 15 minutes before our medication time.” 

290 (Father, aged 45)

291 Feeling positive about the text messages reminder

292 The text messages reminders contributed to positive attitudes and to decreased stigmatisation for 

293 adolescents, even when HIV/AIDS stigma is deeply rooted in the culture. Thus, the perception of 

294 the adolescents was that the text messages reminders played an important role for their overall 

295 well-being, because sometimes they had low moods. The text messages reminders were described 

296 as offering hope and supported the adolescents in achieving consistency in their medication 

297 adherence which helped them avoid, for example, fatigue. 

298 “…The benefit of this message is it comes always and reminds me to take the drug on 

299 time. The other benefit is when I receive the message, I feel good.” (Adolescent, aged 

300 13)
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301 The code-delivered text messages reminders minimise the risk of stigma

302 The adolescent felt safe regarding privacy in the text messages reminders due to a code sent out 

303 to their telephone. The healthcare provider noticed a change in the views of both adolescents and 

304 family regarding increased trust and improved engagement with healthcare facilities during the 

305 intervention. Family expressed receiving coded text messages reminders could enable adolescents 

306 to live like other HIV-free adolescents. However, the adolescents indicated that after their 

307 family's HIV status was made public, they were subjected to stigma, which was reflected in the 

308 interview. Some members of the families were open with their HIV disclosure while others were 

309 not. 

310 “My status has already been made public, and everybody knows about my family as 
311 well ... However, my husband lives in another area because of work, and knows his 
312 HIV status and makes things secret. He did not even take his medication when he come 
313 back home.” (Mother, aged 45)

314 Adoption: 

315 In this study, eleven health facilities with 153 participants received an intervention across 5 

316 different geographic areas. According to healthcare providers, the rate of retention among 

317 adolescents has increased since the study began in the hospital, as described in the qualitative 

318 findings under a sub-theme. 

319 “…. By the way, in terms of retention, we have observed the best retention rate ever in this year 

320 since ART started in this hospital. Of course, our follow-up is there and there are other partners 

321 like CDC and ICAP. But this messaging has augmented the service we provide, and it increased 

322 our communication with them and helped them remind their medication irrespective of 

323 inconsistencies in messaging and medication time; the message delivery reminds them something 

324 targeted.” (healthcare provider, aged 36)
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325  Supporting the text messages reminders 

326 The healthcare providers emphasised that text messages reminders were an important support for 

327 adolescents in their medication intake to avoid poor adherence. In addition to this, families 

328 indicated that they had a mission to support the adolescents in avoiding ART treatment fatigue. 

329 Several adolescents expressed that they had received support from their family concerning 

330 medication intake during the intervention. Thus, the text messages reminders were perceived as 

331 helpful, as they made participants feel happy and hopeful, even if they felt angered or were in a 

332 depressed mood that day. 

333 “…The messages may help people pass good days, despite days that do not carry good 
334 fortune. It therefore helps people have good days and reminds them of medication 
335 times. One day, for example, being consumed with some ideas, I did not recall that I 
336 have medication to take; it is this text message that triggered me take my medicine.” 
337 (Adolescent, aged 19)

338 Implementation: 

339 There were 306 mobile phones provided to adolescents during assignments into intervention and 

340 control groups. The advisory committee was involved in the implementation of the intervention 

341 using standard operational procedure (SOP). During the study, 30,700 SMS text messages were 

342 sent to 153 study participants in the intervention group (Figure 1). 

343 Overall, intervention fidelity was high with (30,510/30,700) or 99.38% successfully received SMS 

344 text messages during the intervention.

345 The non-receiving participants in the intervention group were tracked and cross-checked using 

346 individual participant codes from the server, and then approached by each health facility to confirm 

347 whether they were to be followed-up. 
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348 Changing phone numbers/SIM cards, phones being damaged, lost, or shared with others were 

349 identified as participant-related reasons for not receiving the messages, and were registered in the 

350 logbooks, and corrective measures were used either to replace phones with new devices or 

351 repair/maintain the phones as soon as was feasible.

352 Failing text message delivery influences medication intake

353 The adolescents identified several reasons for not receiving messages. In connection with the 

354 technical aspect, the adolescents highlighted problems such as not having a charged phone 

355 battery or having lost their phone. During the feasibility study period, there was fluctuation in 

356 messaging time, and the text message reminders arrived after their medication time.  Another 

357 issue observed by both healthcare providers and family members was a missing SIM card. 

358 Furthermore, the continuity in the text messages reminders was requested by the adolescents to 

359 continue the benefits.

360 “… the receiving time varies; sometimes I receive it 10 minutes before medication 
361 time, which is 3p.m. local time in the evening, and sometimes it arrives after I take the 
362 drug.” (Adolescent, aged 13)

363 Limitations in phone ownership

364 Sometimes adolescents were not permitted to use the telephone by themselves, due to restrictions 

365 from their family, as they thought that the adolescents were too young to use the telephone. 

366 Instead, the family used the telephone, which resulted in text messages reminders never reaching 

367 the adolescent. The absence of SIM cards may be because adolescents did not receive a SIM 

368 card, or because someone else in the family was using them. The family reported that they passed 

369 information from healthcare providers to the adolescents. Some of the families lacked 

370 information about the intervention and did not know what to do when the telephone arrived. The 

371 healthcare providers emphasised that some families denied the adolescents use of the telephone, 
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372 which could cause problems, and text messages reminders were not received. Furthermore, the 

373 importance of informing families about the intervention was stressed, as several adolescents were 

374 restricted from using the telephone.

375 “…I think families should be communicated with regarding why their children are 

376 provided with mobile phones from the hospital, so as to avoid denial to access or 

377 adults using the phones for themselves.” (Healthcare provider, aged 36)

378 Technical limitations

379 One major issue stressed by adolescents, families, and healthcare providers, was that the electric 

380 power system went off quite often in their communities, which caused problems with receiving 

381 text messages reminders if the battery in the telephone was not charged. The adolescents usually 

382 did not experience problems with delays in text messages reminders, but they had observed that 

383 the text messages reminders did not always arrive on time. The messages could come long before 

384 their scheduled medication time or sometimes very close to or after their scheduled medication 

385 time. Sometimes the text message reminder was absent for entire days. 

386 “…The message helped me a lot to remember my medication time. However, the skips 
387 in message delivery dates and untimely arrivals should be corrected so that it is more 
388 helpful.” (Adolescent, aged 18)

389 Maintenance: 

390 After initial configuration, a single server can send text messages to thousands of participants 

391 across a large geographic area. In this study, a server sent text messages to 153 participants across 

392 five different geographic areas. The technical challenges experienced in delivering the intervention 

393 were related to navigating the messaging server and feedback responses from the participants. The 

394 non-receiving participants in the intervention group were tracked and cross-checked using a four-

395 digit individual participant codes from the server and were then approached by each facility to 
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396 confirm whether they were indeed in that group or lost. Despite technical barriers, and adverse 

397 conditions, and a belief in the future of text messages reminders emerged, which was also expressed 

398 in the qualitative interviews.

399 Seeing potential in SMS services

400 The benefits of SMS reminders were perceived as valuable; especially when adolescents missed 

401 appointments for medication refills and virus load tests. Before the intervention, there were 

402 difficulties getting in touch with the adolescents, because they lived in rural areas and did not 

403 have a telephone. The healthcare providers thought about how to incorporate text messages 

404 reminders into routine health care. A wish among the adolescents was expressed that more text 

405 messages reminders could be helpful in raising awareness about their condition. Both the 

406 adolescents and the healthcare providers raised a need to continue the text message reminders.

407 “I think this must continue. The mobile provision has played significant roles in 

408 adherence and retention, as many of the adolescents do not have phones…because of 

409 this provision, adolescents can be reached directly with health messages and receive 

410 important lessons just from their phones.” (Adolescent, aged 19)

411 Possibilities with text messages reminders

412 The healthcare provider described that possibilities to communicate with the adolescents had 

413 increased after the intervention, and the adolescents’ attitudes towards healthcare facilities had 

414 become more positive. The adolescents found the improved digital communication to be an 

415 advantage because the healthcare provider no longer needed to call their family but could call 

416 them directly.

417 “Previously, healthcare providers from hospital reached me through neighbourhood 
418 phone numbers. She now uses this number to reach me directly through the phone 
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419 provided by the hospital. This is a benefit for my privacy and for the information we 
420 discuss over the phone.” (Adolescent, aged 18)

421 DISCUSSION

422 Our process evaluation which was based on the RE-AIM framework (18)  showed that intervention 

423 fidelity was high with only about 0.6% of the SMS messages not delivered as intended. Both 

424 providers and patients described the SMS reminders as being helpful. A few barriers were noted 

425 including glitches at telecommunication networks, electric power disruptions, issues with phone 

426 ownership at household levels. Our results highlight that SMS message reminders can be delivered 

427 with high coverage if proper processes are followed. The 4-digit short code messaging system was 

428 a key enabler in ensuring confidentiality and security of the messages. Further scale-up of such 

429 interventions will depend on addressing broader systems issues including phone ownership, fixing 

430 network interruptions and reliable power sources. However, a study conducted in Philippines 

431 showed that intervention fidelity was low (77.9%) in the message group. The identified reason for 

432 low intervention fidelity was poor reliability of local telecommunication networks, and frequency 

433 of messages received (28). The local context for cellular phone infrastructure and operational 

434 challenges, such as multiple users on a single cell phone, has an impact on text messaging 

435 interventions (29). It is important to assess the setting before using the SMS intervention as a 

436 strategy to improve adherence. There is emerging evidence that mobile phones can play an 

437 important role in healthcare delivery, especially in resource-limited settings (30). SMS text 

438 messaging is a particularly useful application that can be used to collect or share information and 

439 to enhance communication between healthcare personnel and patients in a low-cost manner (31). 

440 Treatment support was highlighted as an important factor for adolescents to avoid poor adherence. 

441 Text messages could be a facilitator for adolescents to remain hopeful and avoid unwanted side 

442 effects given that previous research (32, 33) has shown that a lack of support systems was perceived 
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443 to negatively affect adherence among young people. Our findings provide additional evidence in 

444 support of research to identify effective interventions to improve adherence and retention in care 

445 for adolescents with HIV and enhance their engagement in these services. Thus, findings of this 

446 process evaluation can guide further research towards interventions concerning readiness among 

447 healthcare facilities, because settings can impact implementation. Giving importance to the voice 

448 of adolescents living with HIV can offer hope to many more in the same situation. This study 

449 thereby has a potential clinical impact and contributes to UN Sustainability Goal (34).

450 Methodological concerns/ limitations

451 There are both strengths and limitations identified in this process evaluation. First, the intervention 

452 has several strengths, and a key strength is the use of a 4-digit short code for text messages that 

453 enables rapid, high-volume outbound messaging, is easy to read and remember, and assists text 

454 recipients in identifying the sender based on their preferences for message delivery time, message 

455 content, and messaging language. The use of the unique code can contribute to maintaining security 

456 and confidentiality among participants.

457 Secondly, the messaging server is adaptable and user-friendly, as the researcher or local IT provider 

458 can add and remove new data fields to navigate dropped or missed individuals and update SMS 

459 text message content to avoid message-related fatigue. 

460 In addition, the process evaluation also has several strengths that were identified. The first strength 

461 is the use of mixed methods, where different forms of data—both quantitative and qualitative 

462 methods—are combined to capture the multi-dimensionality of the intervention. The data 

463 supplement one another and aid in obtaining a comprehensive picture of the study results, which 

464 can contribute to a deeper understanding of the participants’ experiences (35). If the participants 
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465 are given the opportunity to highlight their own individual priorities, it might be possible for us to 

466 improve our understanding of the impact of the intervention.

467 Finally, three different perspectives (adolescents, families, and healthcare providers) were included 

468 in the qualitative interviews, which allowed different voices to be heard. However, limited numbers 

469 of included participants from adolescents’ families and healthcare providers can limit the study’s 

470 transferability (36). 

471 Conclusion 

472 The mobile phone text messaging intervention to support ART adherence and retention in care was 

473 well-received by participants, and overall intervention fidelity was high. However, the 

474 intervention's feasibility was dependent on the reliability of local telecommunication networks, 

475 local electric power, and monitoring of adolescents' families, all of which had a significant impact 

476 on the intervention's usability, fidelity, and doses received. The participants experienced the text 

477 messaging function as helpful, therefore the development of different aspects, such as addressing 

478 technical problems, would be desirable to further improve impact. Further research needs to be 

479 directed toward readiness within the healthcare facilities to capture an increased understanding of 

480 barriers and facilitators in implementation.
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                        Figure 1. The flow diagram of mobile phone text messaging reminder in the intervention group  
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20 Abstract 

21 Objective: To assess the intervention fidelity and explore contextual factors affecting the process 

22 of implementing a mobile phone text messaging intervention in improving adherence to and 

23 retention in care among adolescents living with HIV, their families, and their healthcare providers 

24 in southern Ethiopia.
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2

25 Design: A convergent mixed-methods design guided by the process evaluation theoretical 

26 framework and the RE-AIM framework was used alongside a randomised controlled trial to 

27 examine the fidelity and explore the experiences of participants in the intervention.

28 Setting: Six hospitals and five health centres providing HIV treatment and care to adolescents in 

29 five zones in southern Ethiopia. 

30 Participants: Adolescents (aged 10–19), their families and their healthcare providers. 

31 Intervention: Mobile phone text messages daily for 6 months or standard care (control).

32 Results: 153 participants were enrolled in the process evaluation. Among the 153 enrolled in 

33 intervention arm, 78 (49.02%) were male, and 75 (43.8%) were female, respectively. The mean 

34 and standard deviation age of the participants is 15 (0.21). The overall experiences of implementing 

35 the text messages reminder intervention were described as helpful in terms of treatment support for 

36 adherence but had room for improvement. During the study, 30,700 text messages were sent, and 

37 fidelity was high, with 99.4% successfully delivered text messages during the intervention. Barriers 

38 such as failed text messages delivery, limitations in phone ownership, and technical limitations 

39 affected fidelity. Technical challenges can hinder maintenance, but a belief in the future of digital 

40 communication permeates the experiences of the text messages reminders. 

41 Conclusions: Overall fidelity was high, and participants’ overall experiences of mobile phone text 

42 messages were expressed as helpful. Contextual factors, such as local telecommunications 

43 networks and local electric power, as well as technical and individual factors must be considered 

44 when planning future interventions. 

45 Trial registration: Pan African Clinical Trials PACTR202107638293593, first registration 

46 20/07/2021.

47 Strengths and limitations with this study
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48  Secure and confidential delivery of high-volume messages through a 4-digit short code.

49  The use of a mixed methods design and the inclusion of family members and healthcare 

50 providers is a strength of this process evaluation study.

51  There was a limited number of adolescents´ family and healthcare providers included in the 

52 interviews.

53 INTRODUCTION

54 Globally, 38.4 million people were living with HIV in 2021. Of these, 1.71 million were 

55 adolescents aged 10–19, 88% of whom live in Sub-Saharan Africa (1, 2). To control the epidemic, 

56 the Joint United Nations Programme on HIV/AIDS (UNAIDS) launched the 95%–95%–95% 

57 targets aimed at HIV testing, treatment, and viral suppression by 2030 (3). However, by 2021, 75% 

58 percent of the 38.4 million people living with HIV (PLHIV) were receiving antiretroviral therapy 

59 (ART), a treatment gap of 5.9 million people (4). Moreover, achieving the recommended optimal 

60 adherence level of >95% which is required for ART to be effective, remains a challenge within the 

61 HIV care continuum (5). This poses a significant threat to HIV interventions in resource-limited 

62 settings (6). 

63 Poor adherence to ART has several consequences, including increased risk of viral drug resistance 

64 and reduced treatment effectiveness toward viral suppression, leading to disease progression, 

65 greater risk of death, and increased risk of viral transmission (7). Some of the major barriers to 

66 ART adherence include socioeconomic status,(8, 9) fear of being stigmatised or discriminated 

67 against as a result of one’s HIV status,(10) forgetting to take medication on time,(11) treatment 

68 fatigue,(12) and patient–provider communication (13). Several interventions to overcome these 

69 barriers have been studied in a variety of settings (14). The use of digital health strategies to 

70 enhance HIV treatment is one of the priority interventions in Sub-Saharan Africa (15). Targeted 
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71 digital client communication using mobile phone-based short text messaging has been 

72 recommended for adherence support for a range of health issues and adherence to antiretroviral 

73 treatment (16). The success and effectiveness of an mHealth intervention in achieving desired 

74 health outcomes is dependent on the context in which they are implemented (15, 16). Context plays 

75 a crucial role in either the success or failure of an intervention. 

76 In addition to design and implementation, the success of interventions is diverse and may be 

77 influenced by factors such as sociodemographic and culture (17). Observing what is delivered in 

78 practice with close reference to the theory of the intervention can help evaluators in distinguishing 

79 the intervention fit in different contexts and changes that undermine intervention fidelity (15, 17). 

80 Trials should continue to rigorously assess outcomes, but also include integral process evaluations 

81 that use qualitative and quantitative data to develop and test hypotheses about how interventions 

82 work (18). In a multi-centre trial, a process evaluation is necessary to understand whether the 

83 intervention was implemented and received similarly across all sites (9). However, trials assessing 

84 mHealth adherence interventions for HIV often do not include process evaluations to examine the 

85 fidelity and quality of the intervention delivery, causal mechanisms for the health outcomes, 

86 contextual factors affecting the delivery, and costs of implementation (16, 19). Understanding the 

87 entire implementation process of an mHealth intervention allows practitioners to interpret the 

88 results and replicate the intervention in other contexts (20, 21). Therefore, this study aimed to 

89 evaluate the process of a mobile text messaging intervention conducted among adolescents living 

90 with HIV in Ethiopia. 

91 METHODS
92 Study design
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93 A convergent mixed-methods design (17) combining quantitative and qualitative techniques was 

94 used. The design was guided by the process evaluation theoretical framework (22) and structured 

95 by the RE-AIM dimensions (Reach, Effectiveness, Adoption, Implementation and Maintenance) 

96 (18) to evaluate intervention effectiveness alongside a randomised controlled trial (RCT) to 

97 examine the study’s fidelity and to explore the experiences of the participants in the intervention. 

98 The trial was registered in Pan African Clinical Trials Registry with the registration number 

99 PACTR202107638293593 on 17/07/2021. 

100 Study setting and participants

101 Six hospitals and five health centres that provide HIV treatment and care to adolescents in the 

102 Gamo, Gofa, Konso, South Omo, and Wolayita zones in Southern Ethiopia were included in the 

103 main study. These zones are home to over 25 distinct ethnic groups, each with its own culture and 

104 context. Between July 5, 2022, and February 28, 2023, 306 adolescents living with HIV were 

105 included in the study, in either the intervention or in the control group. The quantitative data 

106 included process indicators, while the qualitative interviews included ten adolescents from the main 

107 trial, four adolescents’ families, and two healthcare providers who were involved in the process 

108 evaluation. We used the following technique to identify eligible adolescents: first, we identified the 

109 number of adolescents of eligible age in each facility. Then, using their address, we called each 

110 adolescent and their parents or caregivers directly via phone numbers, care providers, or adherence 

111 supports. Then, data collectors approached adolescents and posed literacy questions about their 

112 ability to read text by displaying sample texts. Then, eligible participants in the study were asked 

113 to give consent and assent. Thus, adolescents aged 10 to 19 years, diagnosed with HIV, currently 

114 participating in ART care, and planning to stay in the designated facility for at least six months 

115 following study enrolment were eligible. Participants who were above the age limit, did not 
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116 disclose their HIV status, were unable to read text, or had a disability were all excluded. Finally, 

117 the data collector showed each eligible adolescent how to use their mobile device, including text 

118 saving and deletion.     

119 Theoretical Framework of Process Evaluation

120 The RE-AIM framework (18) was used for the process evaluation to comprehensively examine the 

121 level of implementation. This involves understanding the implementation of interventions in terms 

122 of (1) fidelity, defined as to what extent the intervention was implemented consistently with the 

123 underlying theory as planned; (2) delivery, defined as to what extent all of the intended activities, 

124 training, and materials were provided to program participants; (3) reach, defined as the absolute 

125 number, proportion, and representativeness of individuals who are willing to participate in a given 

126 initiative, intervention, or program; (4) receipt, defined as how participants reacted to specific 

127 aspects of the intervention; and (5) context, defined as what contextual factors influence 

128 implementation or the intervention outcome.

129 Description of the intervention

130 The MRC framework,(22) a systematic literature review,(23) interviews with adolescents,(24) and 

131 the theoretical health belief model (HBM) (25) were used to develop the intervention. Adolescents 

132 living with HIV, healthcare providers, and research project technical advisory team members 

133 participated in the design (26) under the guidance of a research advisory committee. The HBM is 

134 a theoretical model that has been constructed from six domains: susceptibility, severity, barriers, 

135 benefit, cues to action, and self-efficacy. After the intervention’s development, text messages were 

136 uploaded to the server, and an automated message-pushing software was used to send tailored daily 

137 text messages using a four-digit code from Ethiopia Telecom. This code helps adolescents in 
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138 avoiding messaging source-related stigma and distinguishing intervention messages from other 

139 messages.

140 Other various configurations such as wide-area network (WAN) internet protocol (IP), local area 

141 network (LAN) IP, Ethio telecom central server IP, a virtual private network (VPN) line, and office 

142 servers were used as infrastructure, as required to support the study. The text messages were 

143 categorised and delivered based on each adolescent's customised medication schedule and time. 

144 The software sent the message 15 minutes before each participant’s medication time. The type of 

145 message was short and mainly focused on advice about the benefits of taking on time, the 

146 risk/consequences of missing/not taking on time, encouragement, and without mentioning anything 

147 about HIV or the name of the drug. For example, “Those who use it properly know its benefits”, 

148 “I’m taking it properly and on time”. For example, these messages in Amharic are “በትክክል 

149 የሚጠቀሙት ጥቅሞቹን ያውቃሉ) and በትክክል እና በሰዓት እወስዳለሁ respectively.  The server was checked 

150 daily to troubleshoot network/cell phone issues. Based on the server information, the first author 

151 contacted the facility level care provider to contact the adolescent with corrective actions; for 

152 example, subscriber identity module card (SIM card) replacement, damaged mobile phones, and 

153 network troubleshooting for maintenance and replacement. 

154 Sample and data collection

155 The quantitative data was collected from the server, activity logs, an adverse event monitoring 

156 form, and an interview with adolescents. The researcher collects data on intervention fidelity by 

157 tracking the number of text messages sent, delivered, and failed from the server daily. 

158 Furthermore, each facility representative documented any adverse event related to the trial, filled 

159 the form, and sent it to researchers every week. Furthermore, during the follow-up data collection 

160 phase, adolescents asked if they received text messages on a regular schedule. 
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161 A purposive sampling of 10 adolescents with HIV (aged 12–19), four family members/relatives 

162 (aged 36–45), and two healthcare providers (aged 31–36) from five different healthcare facilities 

163 were asked to be interviewed about their experiences in the intervention between July 5, 2022, and 

164 February 28, 2023, at healthcare facilities by the first author. The interviews were conducted in all 

165 respondent languages, such as Amharic, Wolaytigna, Gamogna, Gofigna, Arigna, and Konsegna 

166 in a quiet and confidential area at the respective health facilities by the first author and one research 

167 assistant and lasted on average 30 minutes. All interviews were audio-recorded with the permission 

168 of the participants. 

169 An interview guide was used to gain a rich, in-depth understanding, and to allow the participants 

170 to concretise their experiences of their use of text messages, communication, and technical aspects 

171 of the intervention. The interview guide included subsections adapted to the participants, i.e., 

172 adolescents, families, and healthcare providers. Hence, the questions were different, depending on 

173 to whom they were addressed. The introductory question to the adolescents was: “Are you 

174 receiving the mobile text-message reminder from the hospital?”, followed by follow-up questions 

175 such as, “What do you think about the messages?” The families were initially asked “How do 

176 family/social related factors affect ART adherence among adolescents?” Healthcare providers were 

177 asked “How did you experience communication with the adolescents with regard to the 

178 intervention?” Follow-up questions and prompts were used throughout the whole interview.

179  The interviews were audiotaped, transcribed verbatim, and translated from Amharic to English by 

180 the first author, and checked for accuracy by one independent language expert. 

181 Data analysis 

182 The number of SMS messages sent and delivered to participants were tracked as a measure of 

183 intervention fidelity. When SMS messages did not arrive on the phone, the project advisory team 
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184 investigated the external network and other infrastructure issues. If the message could not be 

185 delivered during this period, the computer automatically recorded it as a delivery failure and sent 

186 the message again. Data captured on the delivery status of the SMS messages were recorded as: 

187 delivered (the phone had reception marked as green); undelivered (the phone was switched off or 

188 marked as red in the server). The program could not record whether messages delivered to the 

189 phones were opened. 

190 The descriptive statistical analysis was used to summarize data in frequency, percentages, mean 

191 and standard deviation. The quantitative effectiveness data is analyzed separately and not included 

192 in the process evaluation. The RE-AIM outcomes framework components of Reach, Effectiveness, 

193 Adoption, Implementation, and Maintenance were used to present mixed method findings about 

194 the delivery of a reminder message, success, and intervention barriers for the intervention 

195 implementation process (18). 

196 Interviews were analysed by using the principles for content analysis described by Graneheim and 

197 Lundman (19, 27). First, the transcripts were read several times to gain a sense of the whole by the 

198 first and the last author. Thereafter, meaning units were identified and condensed to reduce the text 

199 while maintaining the core meaning. The first author developed a coding frame for the analysis by 

200 using NVivo software, which were discussed by all authors. Condensed meaning units were then 

201 labelled with a code, which were kept close to the text on a manifest level. Next, sub-themes were 

202 created from the code frame by the first and last authors. The sub-themes were then abstracted into 

203 themes. Finally, the underlying meaning—the latent content—was described into a main theme. 

204 Thereafter one of the authors (HÅP) read the transcripts, extracted meaning units, codes, and 

205 themes. The content was discussed and reflected upon together with all authors and lasted until an 

206 agreement was reached. 
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207 Patient and Public Involvement 

208 Representatives of adolescents were involved in the development of messages for the SMS 

209 reminders and interview guides. Their feedback was used to adapt its contents and to set strategies 

210 to promote inclusivity in study participation during participant recruitment. In addition, 

211 participants, healthcare providers, and the participants’ families were involved in reporting any 

212 incidence related to mobile devices and other issues.

213 RESULTS

214 The characteristics of adolescents assigned in the intervention arm are shown in table 1. 

215 Table 1. Participant characteristics

                               Characteristics of adolescents assigned in the intervention
                                           Characteristics Frequency /Mean (SD)/

Percent
                         Adolescent age, Mean (standard deviation (SD))   15(0.21) years

10-14   60 (39.22)Adolescents age category
15-19   93 (60.78)
Male   78 (49.02)Adolescents gender
Female   75 (43.8)
Amharic   62 (40.52)
Wolaytigna   27 (17.65)
Gamogna   39 (25.49)
Gofigna   13 (8.5)
Arigna     6 (3.3)

Languages of adolescent during 
interview 

Konsegna     6 (3.3)
Grade 1-8   97 (63.40)Educational status of adolescent 
Grade 9 and above   56 (36.60)
Urban 111(72.55)Residence of adolescent 
rural   42 (27.45) 
Live alone   10 (6.54)Living arrangement
Live with family 143 (93.46)
Participate   47 (30.72)Psycho-social peer-support 
Do not Participate 106 (69.28)

Interviewee characteristics
Male (10-14 years) 2

Adolescents (Sex/age) Female (10-14 years) 3
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216 The results are structured using the RE-AIM framework (18) and corresponding themes (Table 2). 

217 Table 2. Overview of the qualitative themes related to the dimensions in the RE-AIM framework.

RE-AIM 
dimension (18)

Definition (18) Qualitative theme

Reach The number, proportion, and 
representativeness of eligible 
individuals who participate in 
each initiative.

Text message reminders were helpful 
for adherence but there was room for 
improvement
Text messages reminders support 
adherence

Feeling comfortable receiving text 
messages reminders

Effectiveness The impact of an intervention on
the relevant outcomes, including 
potential adverse effects, quality 
of life, and economic outcomes.

The code delivered with text messages 
reminders minimises the risk of stigma.

Adoption The reach and 
effectiveness/efficacy of an 
intervention at the setting level.

Supporting the text messages reminders

Failing text messages delivery 
influences medication intake

Limitations in phone ownership

Implementation The intervention agents’ fidelity 
to the various elements of an 
intervention’s protocol, including 
consistency of intended delivery.

Technical limitations

Male (15-19 years) 2
Female (15-19 years) 3
Grade 1-8 5Adolescents level of education  
Grade 9 and above 5
Male 1 healthcare providers (Sex)
Female 1 
Non-biological care 
giver

2 (1 male and 1 female)

Biological  2 (1 mother and 1 
father)

Parent/care giver (Sex)
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Seeing potential in SMS servicesMaintenance Connects with both setting-level 
indicators (the extent to which a 
program or a policy becomes part 
of organisational practices and 
policies), and individual-level
indicators (monitoring of
effectiveness of an intervention or 
program six months or more after 
the most recent contact).

Possibilities of text messages reminders

218 Reach: 

219 The total number of individuals that were assessed for eligibility was 435, of which 306 (70.34 %) 

220 meet eligibility criteria. The remaining 129 participants excluded for the following reasons: 27 

221 (20.9%) were unable to stay in the study area for the duration of the study, 39 (30.2%) were unable 

222 to read, 24 (18.6%) were did not know their status, 21 (16.3%) were could not reached, 13 (10.1%) 

223 refused to participate, and 5 (3.9%) had an impairment. Thus, 306 participants were enrolled and 

224 randomised: n =153 in the intervention, and n =153 in the control group. Among the 153 enrolled 

225 in intervention arm, 78 (49.02%) were male, and 75 (43.8%) were female, respectively. The mean 

226 and standard deviation age of the participants is 15 (0.21). Of these, 111 (72.55%) resided in an 

227 urban area, 97 (63.40%) had primary school level education, and 10(6.54%) live alone(orphan).  

228 Effectiveness: 

229 The number of participants retained in the 6-month follow-up of the intervention group was 

230 higher than the control group in this study.

231 Text messages reminders were helpful for adherence but there was room for improvement

232 The overall experiences of the intervention among adolescents living with HIV was that text 

233 messages reminders were helpful when it came to their adherence to medication, but direct access 

234 to phones and better timing of messages should be assured to increase their functioning and 
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235 usability. The retention rate was improved, and was the best achieved since the intervention was 

236 introduced. Despite this, more effort was requested concerning technical issues to make the 

237 reminders even more helpful. The participants described facilitating aspects like increased 

238 medication intake and communication. Also, the well-being of the adolescents and the support 

239 function was highlighted. However, technical problems like lost telephones or text messages 

240 reminders arriving after medication time were emphasised as barriers. 

241 Text messages reminders support adherence

242 They described that before the intervention, their medication was often forgotten, which resulted 

243 in it being taken later than it should have been due to forgetfulness. Sometimes the adolescent 

244 realised that they had forgotten to take their medication but then waited until dinner to take it. 

245 The adolescents described that text messages reminders were associated with taking their 

246 medicine and delays were avoided. Also, family members described situations when the 

247 adolescent’s medication routines were interrupted, and where text messages reminders played a 

248 big role.

249 “…Yes, it supports treatment adherence, because most of time we follow the television 

250 program but sometimes the power goes off, we missed the exact time to see medication 

251 time. Currently this text message comes 10 to 15 minutes before our medication time.” 

252 (Father, aged 45)

253 Feeling positive about the text messages reminder

254 The text messages reminders contributed to positive attitudes and to decreased stigmatisation for 

255 adolescents, even when HIV/AIDS stigma is deeply rooted in the culture. Thus, the perception of 

256 the adolescents was that the text messages reminders played an important role for their overall 

257 well-being, because sometimes they had low moods. The text messages reminders were described 
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258 as offering hope and supported the adolescents in achieving consistency in their medication 

259 adherence which helped them avoid, for example, fatigue. 

260 “…The benefit of this message is it comes always and reminds me to take the drug on 

261 time. The other benefit is when I receive the message, I feel good.” (Adolescent, aged 

262 13)

263 The code-delivered text messages reminders minimise the risk of stigma

264 The adolescent felt safe regarding privacy in the text messages reminders due to a code sent out 

265 to their telephone. The healthcare provider noticed a change in the views of both adolescents and 

266 family regarding increased trust and improved engagement with healthcare facilities during the 

267 intervention. Family expressed receiving coded text messages reminders could enable adolescents 

268 to live like other HIV-free adolescents. However, the adolescents indicated that after their 

269 family's HIV status was made public, they were subjected to stigma, which was reflected in the 

270 interview. Some members of the families were open with their HIV disclosure while others were 

271 not. 

272 “My status has already been made public, and everybody knows about my family as 
273 well ... However, my husband lives in another area because of work, and knows his 
274 HIV status and makes things secret. He did not even take his medication when he come 
275 back home.” (Mother, aged 45)

276 Adoption: 

277 In this study, eleven health facilities with 153 participants received an intervention across 5 

278 different geographic areas. According to healthcare providers, the rate of retention among 

279 adolescents has increased since the study began in the hospital, as described in the qualitative 

280 findings under a sub-theme. 
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281 “…. By the way, in terms of retention, we have observed the best retention rate ever in this year 

282 since ART started in this hospital. Of course, our follow-up is there and there are other partners 

283 like CDC and ICAP. But this messaging has augmented the service we provide, and it increased 

284 our communication with them and helped them remind their medication irrespective of 

285 inconsistencies in messaging and medication time; the message delivery reminds them something 

286 targeted.” (healthcare provider, aged 36)

287  Supporting the text messages reminders 

288 The healthcare providers emphasised that text messages reminders were an important support for 

289 adolescents in their medication intake to avoid poor adherence. In addition to this, families 

290 indicated that they had a mission to support the adolescents in avoiding ART treatment fatigue. 

291 Several adolescents expressed that they had received support from their family concerning 

292 medication intake during the intervention. Thus, the text messages reminders were perceived as 

293 helpful, as they made participants feel happy and hopeful, even if they felt angered or were in a 

294 depressed mood that day. 

295 “…The messages may help people pass good days, despite days that do not carry good 
296 fortune. It therefore helps people have good days and reminds them of medication 
297 times. One day, for example, being consumed with some ideas, I did not recall that I 
298 have medication to take; it is this text message that triggered me take my medicine.” 
299 (Adolescent, aged 19)

300 Implementation: 

301 There were 306 mobile phones provided to adolescents during assignments into intervention and 

302 control groups. The advisory committee was involved in the implementation of the intervention 

303 using standard operational procedure (SOP). During the study, 30,700 SMS text messages were 

304 sent to 153 study participants in the intervention group (Figure 1).  
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305 Overall, intervention fidelity was high with (30,510/30,700) or 99.38% successfully delivered SMS 

306 text messages during the intervention.

307 The non-receiving participants in the intervention group were tracked and cross-checked using 

308 individual participant codes from the server, and then approached by each health facility to confirm 

309 whether they were to be followed-up. 

310 Changing phone numbers/SIM cards, phones being damaged, lost, or shared with others were 

311 identified as participant-related reasons for not receiving the messages, and were registered in the 

312 logbooks, and corrective measures were used either to replace phones with new devices or 

313 repair/maintain the phones as soon as was feasible.

314 Failing text message delivery influences medication intake

315 The adolescents identified several reasons for not receiving messages. In connection with the 

316 technical aspect, the adolescents highlighted problems such as not having a charged phone 

317 battery or having lost their phone. During the feasibility study period, there was fluctuation in 

318 messaging time, and the text message reminders arrived after their medication time.  Another 

319 issue observed by both healthcare providers and family members was a missing SIM card. 

320 Furthermore, the continuity in the text messages reminders was requested by the adolescents to 

321 continue the benefits.

322 “… the receiving time varies; sometimes I receive it 10 minutes before medication 
323 time, which is 3p.m. local time in the evening, and sometimes it arrives after I take the 
324 drug.” (Adolescent, aged 13)

325 Limitations in phone ownership

326 Sometimes adolescents were not permitted to use the telephone by themselves, due to restrictions 

327 from their family, as they thought that the adolescents were too young to use the telephone. 
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328 Instead, the family used the telephone, which resulted in text messages reminders never reaching 

329 the adolescent. The absence of SIM cards may be because adolescents did not receive a SIM 

330 card, or because someone else in the family was using them. The family reported that they passed 

331 information from healthcare providers to the adolescents. Some of the families lacked 

332 information about the intervention and did not know what to do when the telephone arrived. The 

333 healthcare providers emphasised that some families denied the adolescents use of the telephone, 

334 which could cause problems, and text messages reminders were not received. Furthermore, the 

335 importance of informing families about the intervention was stressed, as several adolescents were 

336 restricted from using the telephone.

337 “…I think families should be communicated with regarding why their children are 

338 provided with mobile phones from the hospital, so as to avoid denial to access or 

339 adults using the phones for themselves.” (Healthcare provider, aged 36)

340 Technical limitations

341 One major issue stressed by adolescents, families, and healthcare providers, was that the electric 

342 power system went off quite often in their communities, which caused problems with receiving 

343 text messages reminders if the battery in the telephone was not charged. The adolescents usually 

344 did not experience problems with delays in text messages reminders, but they had observed that 

345 the text messages reminders did not always arrive on time. The messages could come long before 

346 their scheduled medication time or sometimes very close to or after their scheduled medication 

347 time. Sometimes the text message reminder was absent for entire days. 

348 “…The message helped me a lot to remember my medication time. However, the skips 
349 in message delivery dates and untimely arrivals should be corrected so that it is more 
350 helpful.” (Adolescent, aged 18)

351 Maintenance: 
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352 After initial configuration, a single server can send text messages to thousands of participants 

353 across a large geographic area. In this study, a server sent text messages to 153 participants across 

354 five different geographic areas. The technical challenges experienced in delivering the intervention 

355 were related to navigating the messaging server and feedback responses from the participants. The 

356 non-receiving participants in the intervention group were tracked and cross-checked using a four-

357 digit individual participant codes from the server and were then approached by each facility to 

358 confirm whether they were indeed in that group or lost. Despite technical barriers, and adverse 

359 conditions, and a belief in the future of text messages reminders emerged, which was also expressed 

360 in the qualitative interviews.

361 Seeing potential in SMS services

362 The benefits of SMS reminders were perceived as valuable; especially when adolescents missed 

363 appointments for medication refills and virus load tests. Before the intervention, there were 

364 difficulties getting in touch with the adolescents, because they lived in rural areas and did not 

365 have a telephone. The healthcare providers thought about how to incorporate text messages 

366 reminders into routine health care. A wish among the adolescents was expressed that more text 

367 messages reminders could be helpful in raising awareness about their condition. Both the 

368 adolescents and the healthcare providers raised a need to continue the text message reminders.

369 “I think this must continue. The mobile provision has played significant roles in 

370 adherence and retention, as many of the adolescents do not have phones…because of 

371 this provision, adolescents can be reached directly with health messages and receive 

372 important lessons just from their phones.” (Adolescent, aged 19)

373 Possibilities with text messages reminders
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374 The healthcare provider described that possibilities to communicate with the adolescents had 

375 increased after the intervention, and the adolescents’ attitudes towards healthcare facilities had 

376 become more positive. The adolescents found the improved digital communication to be an 

377 advantage because the healthcare provider no longer needed to call their family but could call 

378 them directly.

379 “Previously, healthcare providers from hospital reached me through neighbourhood 
380 phone numbers. She now uses this number to reach me directly through the phone 
381 provided by the hospital. This is a benefit for my privacy and for the information we 
382 discuss over the phone.” (Adolescent, aged 18)

383 DISCUSSION

384 Our process evaluation which was based on the RE-AIM framework (18)  showed that intervention 

385 fidelity was high with only about 0.6% of the SMS messages not delivered as intended. Both 

386 providers and patients described the SMS reminders as being helpful. A few barriers were noted 

387 including glitches at telecommunication networks, electric power disruptions, issues with phone 

388 ownership at household levels. Our results highlight that SMS message reminders can be delivered 

389 with high coverage if proper processes are followed. The 4-digit short code messaging system was 

390 a key enabler in ensuring confidentiality and security of the messages. Further scale-up of such 

391 interventions will depend on addressing broader systems issues including phone ownership, fixing 

392 network interruptions and reliable power sources. However, a study conducted in Philippines 

393 showed that intervention fidelity was low (77.9%) in the message group. The identified reason for 

394 low intervention fidelity was poor reliability of local telecommunication networks, and frequency 

395 of messages received (28). The local context for cellular phone infrastructure and operational 

396 challenges, such as multiple users on a single cell phone, has an impact on text messaging 

397 interventions (29). It is important to assess the setting before using the SMS intervention as a 

398 strategy to improve adherence. There is emerging evidence that mobile phones can play an 
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399 important role in healthcare delivery, especially in resource-limited settings (30). SMS text 

400 messaging is a particularly useful application that can be used to collect or share information and 

401 to enhance communication between healthcare personnel and patients in a low-cost manner (31). 

402 Treatment support was highlighted as an important factor for adolescents to avoid poor adherence. 

403 Text messages could be a facilitator for adolescents to remain hopeful and avoid unwanted side 

404 effects given that previous research (32, 33) has shown that a lack of support systems was perceived 

405 to negatively affect adherence among young people. Our findings provide additional evidence in 

406 support of research to identify effective interventions to improve adherence and retention in care 

407 for adolescents with HIV and enhance their engagement in these services. Thus, findings of this 

408 process evaluation can guide further research towards interventions concerning readiness among 

409 healthcare facilities, because settings can impact implementation. Giving importance to the voice 

410 of adolescents living with HIV can offer hope to many more in the same situation. This study 

411 thereby has a potential clinical impact and contributes to UN Sustainability Goal (34).

412 Methodological concerns/ limitations

413 There are both strengths and limitations identified in this process evaluation. First, the intervention 

414 has several strengths, and a key strength is the use of a 4-digit short code for text messages that 

415 enables rapid, high-volume outbound messaging, is easy to read and remember, and assists text 

416 recipients in identifying the sender based on their preferences for message delivery time, message 

417 content, and messaging language. The use of the unique code can contribute to maintaining security 

418 and confidentiality among participants.

419 Secondly, the messaging server is adaptable and user-friendly, as the researcher or local IT provider 

420 can add and remove new data fields to navigate dropped or missed individuals and update SMS 

421 text message content to avoid message-related fatigue. 
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422 In addition, the process evaluation also has several strengths that were identified. The first strength 

423 is the use of mixed methods, where different forms of data—both quantitative and qualitative 

424 methods—are combined to capture the multi-dimensionality of the intervention. The data 

425 supplement one another and aid in obtaining a comprehensive picture of the study results, which 

426 can contribute to a deeper understanding of the participants’ experiences (35). If the participants 

427 are given the opportunity to highlight their own individual priorities, it might be possible for us to 

428 improve our understanding of the impact of the intervention.

429 Finally, three different perspectives (adolescents, families, and healthcare providers) were included 

430 in the qualitative interviews, which allowed different voices to be heard. However, limited numbers 

431 of included participants from adolescents’ families and healthcare providers can limit the study’s 

432 transferability (36). The way research results are presented can be influenced by their nature and 

433 outcome, leading to what is known as reporting bias. To minimize outcome reporting bias, the 

434 study protocol was pre-registered in the pan-African clinical trials registry. A composite adherence 

435 measurement was used, and CONSORT recommendations were followed (37). The fact that 

436 adherence data was self-reported by healthcare professionals within the same facilities through 

437 interviews may have a significant impact on the study's validity and make it prone to social 

438 desirability bias. However, in this study, the primary author conducted the interviews in a separate, 

439 private room. Furthermore, providing cell phones to adolescents during recruitment may reduce 

440 the likelihood of interview refusal in the intervention phase, causing acquiescence bias. 

441 Trustworthiness is the most commonly used criterion for evaluating qualitative content analysis, 

442 and it is often expressed using terms such as credibility, conformability, dependability, and 

443 transferability (36). To ensure the credibility of the study, an appropriate data collection method 

444 needs to be used(38). This study used separate interview questions for adolescents, family, and 
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445 professional interviews to explore their experiences and issues with mobile text messaging 

446 interventions. In this study, the five-dimension components of the RE-AIM framework were used 

447 to collect information about the intervention setting, implementation, personnel and circumstances, 

448 and findings by considering individual level and external context challenges(18). To ensure the 

449 dependability of the study, an interview guide adapted to the participants, and audio-recorded was 

450 used. For the confirmability of this study, the first author transcribed the audio data to verbatim 

451 text and translated from Amharic to English by considering both manifest and latent content. Then, 

452 all authors involved in reading the transcripts, extracted meaning units, codes, and data analysis.

453  Finally, the authors previous qualitative research experiences and knowledge, as well as a 

454 bracketing technique were used to increase the trustworthiness of their findings. Accordingly, the 

455 primary author maintained a positive relationship with participants during intervention follow-ups 

456 and established independence from caregiving facilities to minimize social desirability bias and 

457 boss views. To reduce bias and subjective interpretation, interviews were audio recorded, 

458 transcribed, and thoroughly evaluated, with participant quotes used to support the authors' findings. 

459 Conclusion 

460 The mobile phone text messaging intervention to support ART adherence and retention in care was 

461 well-received by participants, and overall intervention fidelity was high. However, the 

462 intervention's feasibility was dependent on the reliability of local telecommunication networks, 

463 local electric power, and monitoring of adolescents' families, all of which had a significant impact 

464 on the intervention's usability, fidelity, and doses received. The participants experienced the text 

465 messaging function as helpful, therefore the development of different aspects, such as addressing 

466 technical problems, would be desirable to further improve impact. Further research needs to be 
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467 directed toward readiness within the healthcare facilities to capture an increased understanding of 

468 barriers and facilitators in implementation.
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625 Figure 1 Flow Chart Diagram

626 Caption: The flowchart shows the flow diagram of mobile phone text messaging reminder in the 

627 intervention group.
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Figure 1. The flow diagram of mobile phone text messaging reminder in the intervention group 
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21 Objective: To assess the intervention fidelity and explore contextual factors affecting the process 

22 of implementing a mobile phone text messaging intervention in improving adherence to and 

23 retention in care among adolescents living with HIV, their families, and their healthcare providers 

24 in southern Ethiopia.
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2

25 Design: A convergent mixed-methods design guided by the process evaluation theoretical 

26 framework and the RE-AIM framework was used alongside a randomised controlled trial to 

27 examine the fidelity and explore the experiences of participants in the intervention.

28 Setting: Six hospitals and five health centres providing HIV treatment and care to adolescents in 

29 five zones in southern Ethiopia. 

30 Participants: Adolescents (aged 10–19), their families and their healthcare providers. 

31 Intervention: Mobile phone text messages daily for 6 months or standard care (control).

32 Results: 153 participants were enrolled in the process evaluation. Among the 153 enrolled in 

33 intervention arm, 78 (49.02%) were male, and 75 (43.8%) were female, respectively. The mean 

34 and standard deviation age of the participants is 15 (0.21). The overall experiences of implementing 

35 the text messages reminder intervention were described as helpful in terms of treatment support for 

36 adherence but had room for improvement. During the study, 30,700 text messages were sent, and 

37 fidelity was high, with 99.4% successfully delivered text messages during the intervention. Barriers 

38 such as failed text messages delivery, limitations in phone ownership, and technical limitations 

39 affected fidelity. Technical challenges can hinder maintenance, but a belief in the future of digital 

40 communication permeates the experiences of the text messages reminders. 

41 Conclusions: Overall fidelity was high, and participants’ overall experiences of mobile phone text 

42 messages were expressed as helpful. Contextual factors, such as local telecommunications 

43 networks and local electric power, as well as technical and individual factors must be considered 

44 when planning future interventions. 

45 Trial registration: Pan African Clinical Trials PACTR202107638293593, first registration 

46 20/07/2021.

47 Strengths and limitations with this study
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48 • Secure and confidential delivery of high-volume messages through a 4-digit short code.

49 • The use of a mixed methods design and the inclusion of family members and healthcare 

50 providers is a strength of this process evaluation study.

51 • There was a limited number of adolescents´ family and healthcare providers included in the 

52 interviews.

53 INTRODUCTION

54 Globally, 38.4 million people were living with HIV in 2021. Of these, 1.71 million were 

55 adolescents aged 10–19, 88% of whom live in Sub-Saharan Africa (1, 2). To control the epidemic, 

56 the Joint United Nations Programme on HIV/AIDS (UNAIDS) launched the 95%–95%–95% 

57 targets aimed at HIV testing, treatment, and viral suppression by 2030 (3). However, by 2021, 75% 

58 percent of the 38.4 million people living with HIV (PLHIV) were receiving antiretroviral therapy 

59 (ART), a treatment gap of 5.9 million people (4). Moreover, achieving the recommended optimal 

60 adherence level of >95% which is required for ART to be effective, remains a challenge within the 

61 HIV care continuum (5). This poses a significant threat to HIV interventions in resource-limited 

62 settings (6). 

63 Poor adherence to ART has several consequences, including increased risk of viral drug resistance 

64 and reduced treatment effectiveness toward viral suppression, leading to disease progression, 

65 greater risk of death, and increased risk of viral transmission (7). Some of the major barriers to 

66 ART adherence include socioeconomic status,(8, 9) fear of being stigmatised or discriminated 

67 against as a result of one’s HIV status,(10) forgetting to take medication on time,(11) treatment 

68 fatigue,(12) and patient–provider communication (13). Several interventions to overcome these 

69 barriers have been studied in a variety of settings (14). The use of digital health strategies to 

70 enhance HIV treatment is one of the priority interventions in Sub-Saharan Africa (15). Targeted 
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71 digital client communication using mobile phone-based short text messaging has been 

72 recommended for adherence support for a range of health issues and adherence to antiretroviral 

73 treatment (16). The success and effectiveness of an mHealth intervention in achieving desired 

74 health outcomes is dependent on the context in which they are implemented (15, 16). Context plays 

75 a crucial role in either the success or failure of an intervention. 

76 In addition to design and implementation, the success of interventions is diverse and may be 

77 influenced by factors such as sociodemographic and culture (17). Observing what is delivered in 

78 practice with close reference to the theory of the intervention can help evaluators in distinguishing 

79 the intervention fit in different contexts and changes that undermine intervention fidelity (15, 17). 

80 Trials should continue to rigorously assess outcomes, but also include integral process evaluations 

81 that use qualitative and quantitative data to develop and test hypotheses about how interventions 

82 work (18). In a multi-centre trial, a process evaluation is necessary to understand whether the 

83 intervention was implemented and received similarly across all sites (9). However, trials assessing 

84 mHealth adherence interventions for HIV often do not include process evaluations to examine the 

85 fidelity and quality of the intervention delivery, causal mechanisms for the health outcomes, 

86 contextual factors affecting the delivery, and costs of implementation (16, 19). Understanding the 

87 entire implementation process of an mHealth intervention allows practitioners to interpret the 

88 results and replicate the intervention in other contexts (20, 21). Therefore, this study aimed to 

89 evaluate the process of a mobile text messaging intervention conducted among adolescents living 

90 with HIV in Ethiopia. 

91 METHODS
92 Study design
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93 A convergent mixed-methods design (17) combining quantitative and qualitative techniques was 

94 used. The design was guided by the process evaluation theoretical framework (22) and structured 

95 by the RE-AIM dimensions (Reach, Effectiveness, Adoption, Implementation and Maintenance) 

96 (18) to evaluate intervention effectiveness alongside a randomised controlled trial (RCT) to 

97 examine the study’s fidelity and to explore the experiences of the participants in the intervention. 

98 The trial was registered in Pan African Clinical Trials Registry with the registration number 

99 PACTR202107638293593 on 17/07/2021. 

100 Study setting and participants

101 Six hospitals and five health centres that provide HIV treatment and care to adolescents in the 

102 Gamo, Gofa, Konso, South Omo, and Wolayita zones in Southern Ethiopia were included in the 

103 main study. These zones are home to over 25 distinct ethnic groups, each with its own culture and 

104 context. Between July 5, 2022, and February 28, 2023, 306 adolescents living with HIV were 

105 included in the study, in either the intervention or in the control group. The quantitative data 

106 included process indicators, while the qualitative interviews included ten adolescents from the main 

107 trial, four adolescents’ families, and two healthcare providers who were involved in the process 

108 evaluation. We used the following technique to identify eligible adolescents: first, we identified the 

109 number of adolescents of eligible age in each facility. Then, using their address, we called each 

110 adolescent and their parents or caregivers directly via phone numbers, care providers, or adherence 

111 supports. Then, data collectors approached adolescents and posed literacy questions about their 

112 ability to read text by displaying sample texts. Then, eligible participants in the study were asked 

113 to give consent and assent. Thus, adolescents aged 10 to 19 years, diagnosed with HIV, currently 

114 participating in ART care, and planning to stay in the designated facility for at least six months 

115 following study enrolment were eligible. Participants who were above the age limit, did not 
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116 disclose their HIV status, were unable to read text, or had a disability were all excluded. Finally, 

117 the data collector showed each eligible adolescent how to use their mobile device, including text 

118 saving and deletion.     

119 Theoretical Framework of Process Evaluation

120 The RE-AIM framework (18) was used for the process evaluation to comprehensively examine the 

121 level of implementation. This involves understanding the implementation of interventions in terms 

122 of (1) fidelity, defined as to what extent the intervention was implemented consistently with the 

123 underlying theory as planned; (2) delivery, defined as to what extent all of the intended activities, 

124 training, and materials were provided to program participants; (3) reach, defined as the absolute 

125 number, proportion, and representativeness of individuals who are willing to participate in a given 

126 initiative, intervention, or program; (4) receipt, defined as how participants reacted to specific 

127 aspects of the intervention; and (5) context, defined as what contextual factors influence 

128 implementation or the intervention outcome.

129 Description of the intervention

130 The MRC framework,(22) a systematic literature review,(23) interviews with adolescents,(24) and 

131 the theoretical health belief model (HBM) (25) were used to develop the intervention. Adolescents 

132 living with HIV, healthcare providers, and research project technical advisory team members 

133 participated in the design (26) under the guidance of a research advisory committee. The HBM is 

134 a theoretical model that has been constructed from six domains: susceptibility, severity, barriers, 

135 benefit, cues to action, and self-efficacy. After the intervention’s development, text messages were 

136 uploaded to the server, and an automated message-pushing software was used to send tailored daily 

137 text messages using a four-digit code from Ethiopia Telecom. This code helps adolescents in 
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138 avoiding messaging source-related stigma and distinguishing intervention messages from other 

139 messages.

140 Other various configurations such as wide-area network (WAN) internet protocol (IP), local area 

141 network (LAN) IP, Ethio telecom central server IP, a virtual private network (VPN) line, and office 

142 servers were used as infrastructure, as required to support the study. The text messages were 

143 categorised and delivered based on each adolescent's customised medication schedule and time. 

144 The software sent the message 15 minutes before each participant’s medication time. The type of 

145 message was short and mainly focused on advice about the benefits of taking on time, the 

146 risk/consequences of missing/not taking on time, encouragement, and without mentioning anything 

147 about HIV or the name of the drug. For example, “Those who use it properly know its benefits”, 

148 “I’m taking it properly and on time”. For example, these messages in Amharic are “በትክክል 

149 የሚጠቀሙት ጥቅሞቹን ያውቃሉ) and በትክክል እና በሰዓት እወስዳለሁ respectively.  The server was checked 

150 daily to troubleshoot network/cell phone issues. Based on the server information, the first author 

151 contacted the facility level care provider to contact the adolescent with corrective actions; for 

152 example, subscriber identity module card (SIM card) replacement, damaged mobile phones, and 

153 network troubleshooting for maintenance and replacement. 

154 Sample and data collection

155 The quantitative data was collected from the server, activity logs, an adverse event monitoring 

156 form, and an interview with adolescents. The researcher collects data on intervention fidelity by 

157 tracking the number of text messages sent, delivered, and failed from the server daily. 

158 Furthermore, each facility representative documented any adverse event related to the trial, filled 

159 the form, and sent it to researchers every week. Furthermore, during the follow-up data collection 

160 phase, adolescents asked if they received text messages on a regular schedule. 
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161 A purposive sampling of 10 adolescents with HIV (aged 12–19), four family members/relatives 

162 (aged 36–45), and two healthcare providers (aged 31–36) from five different healthcare facilities 

163 were asked to be interviewed about their experiences in the intervention between July 5, 2022, and 

164 February 28, 2023, at healthcare facilities by the first author. The interviews were conducted in all 

165 respondent languages, such as Amharic, Wolaytigna, Gamogna, Gofigna, Arigna, and Konsegna 

166 in a quiet and confidential area at the respective health facilities by the first author and one research 

167 assistant and lasted on average 30 minutes. All interviews were audio-recorded with the permission 

168 of the participants. 

169 An interview guide was used to gain a rich, in-depth understanding, and to allow the participants 

170 to concretise their experiences of their use of text messages, communication, and technical aspects 

171 of the intervention. The interview guide included subsections adapted to the participants, i.e., 

172 adolescents, families, and healthcare providers (interview guide attached as supplement file). 

173 Hence, the questions were different, depending on to whom they were addressed. The introductory 

174 question to the adolescents was: “Are you receiving the mobile text-message reminder from the 

175 hospital?”, followed by follow-up questions such as, “What do you think about the messages?” 

176 The families were initially asked “How do family/social related factors affect ART adherence 

177 among adolescents?” Healthcare providers were asked “How did you experience communication 

178 with the adolescents with regard to the intervention?” Follow-up questions and prompts were used 

179 throughout the whole interview.

180  The interviews were audiotaped, transcribed verbatim, and translated from Amharic to English by 

181 the first author, and checked for accuracy by one independent language expert. 

182 Data analysis 
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183 The number of SMS messages sent and delivered to participants were tracked as a measure of 

184 intervention fidelity. When SMS messages did not arrive on the phone, the project advisory team 

185 investigated the external network and other infrastructure issues. If the message could not be 

186 delivered during this period, the computer automatically recorded it as a delivery failure and sent 

187 the message again. Data captured on the delivery status of the SMS messages were recorded as: 

188 delivered (the phone had reception marked as green); undelivered (the phone was switched off or 

189 marked as red in the server). The program could not record whether messages delivered to the 

190 phones were opened. 

191 The descriptive statistical analysis was used to summarize data in frequency, percentages, mean 

192 and standard deviation. The quantitative effectiveness data is analyzed separately and not included 

193 in the process evaluation. The RE-AIM outcomes framework components of Reach, Effectiveness, 

194 Adoption, Implementation, and Maintenance were used to present mixed method findings about 

195 the delivery of a reminder message, success, and intervention barriers for the intervention 

196 implementation process (18). 

197 Interviews were analysed by using the principles for content analysis described by Graneheim and 

198 Lundman (19, 27). First, the transcripts were read several times to gain a sense of the whole by the 

199 first and the last author. Thereafter, meaning units were identified and condensed to reduce the text 

200 while maintaining the core meaning. The first author developed a coding frame for the analysis by 

201 using NVivo software, which were discussed by all authors. Condensed meaning units were then 

202 labelled with a code, which were kept close to the text on a manifest level. Next, sub-themes were 

203 created from the code frame by the first and last authors. The sub-themes were then abstracted into 

204 themes. Finally, the underlying meaning—the latent content—was described into a main theme. 

205 Thereafter one of the authors (HÅP) read the transcripts, extracted meaning units, codes, and 
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206 themes. The content was discussed and reflected upon together with all authors and lasted until an 

207 agreement was reached. 

208 Patient and Public Involvement 

209 Representatives of adolescents were involved in the development of messages for the SMS 

210 reminders and interview guides. Their feedback was used to adapt its contents and to set strategies 

211 to promote inclusivity in study participation during participant recruitment. In addition, 

212 participants, healthcare providers, and the participants’ families were involved in reporting any 

213 incidence related to mobile devices and other issues.

214 RESULTS

215 The characteristics of adolescents assigned in the intervention arm are shown in table 1. 

216 Table 1. Participant characteristics

                               Characteristics of adolescents assigned in the intervention
                                           Characteristics Frequency /Mean (SD)/

Percent
                         Adolescent age, Mean (standard deviation (SD))   15(0.21) years

10-14   60 (39.22)Adolescents age category
15-19   93 (60.78)
Male   78 (49.02)Adolescents gender
Female   75 (43.8)
Amharic   62 (40.52)
Wolaytigna   27 (17.65)
Gamogna   39 (25.49)
Gofigna   13 (8.5)
Arigna     6 (3.3)

Languages of adolescent during 
interview 

Konsegna     6 (3.3)
Grade 1-8   97 (63.40)Educational status of adolescent 
Grade 9 and above   56 (36.60)
Urban 111(72.55)Residence of adolescent 
rural   42 (27.45) 
Live alone   10 (6.54)Living arrangement
Live with family 143 (93.46)

Psycho-social peer-support Participate   47 (30.72)
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217 The results are structured using the RE-AIM framework (18) and corresponding themes (Table 2). 

218 Table 2. Overview of the qualitative themes related to the dimensions in the RE-AIM framework.

RE-AIM 
dimension (18)

Definition (18) Qualitative theme

Reach The number, proportion, and 
representativeness of eligible 
individuals who participate in 
each initiative.

Text message reminders were helpful 
for adherence but there was room for 
improvement
Text messages reminders support 
adherence

Feeling comfortable receiving text 
messages reminders

Effectiveness The impact of an intervention on
the relevant outcomes, including 
potential adverse effects, quality 
of life, and economic outcomes.

The code delivered with text messages 
reminders minimises the risk of stigma.

Adoption The reach and 
effectiveness/efficacy of an 
intervention at the setting level.

Supporting the text messages reminders

Failing text messages delivery 
influences medication intake

Implementation The intervention agents’ fidelity 
to the various elements of an 
intervention’s protocol, including 
consistency of intended delivery. Limitations in phone ownership

Do not Participate 106 (69.28)
Interviewee characteristics

Male (10-14 years) 2
Female (10-14 years) 3
Male (15-19 years) 2

Adolescents (Sex/age) 

Female (15-19 years) 3
Grade 1-8 5Adolescents level of education  
Grade 9 and above 5
Male 1 healthcare providers (Sex)
Female 1 
Non-biological care 
giver

2 (1 male and 1 female)

Biological  2 (1 mother and 1 
father)

Parent/care giver (Sex)
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Technical limitations

Seeing potential in SMS servicesMaintenance Connects with both setting-level 
indicators (the extent to which a 
program or a policy becomes part 
of organisational practices and 
policies), and individual-level
indicators (monitoring of
effectiveness of an intervention or 
program six months or more after 
the most recent contact).

Possibilities of text messages reminders

219 Reach: 

220 The total number of individuals that were assessed for eligibility was 435, of which 306 (70.34 %) 

221 meet eligibility criteria. The remaining 129 participants excluded for the following reasons: 27 

222 (20.9%) were unable to stay in the study area for the duration of the study, 39 (30.2%) were unable 

223 to read, 24 (18.6%) were did not know their status, 21 (16.3%) were could not reached, 13 (10.1%) 

224 refused to participate, and 5 (3.9%) had an impairment. Thus, 306 participants were enrolled and 

225 randomised: n =153 in the intervention, and n =153 in the control group. Among the 153 enrolled 

226 in intervention arm, 78 (49.02%) were male, and 75 (43.8%) were female, respectively. The mean 

227 and standard deviation age of the participants is 15 (0.21). Of these, 111 (72.55%) resided in an 

228 urban area, 97 (63.40%) had primary school level education, and 10(6.54%) live alone(orphan).  

229 Effectiveness: 

230 The overall rate of retention at six months in the intervention group was 152/153 (99.4%), while 

231 in the control group was 151/153 (98.69%). 

232 Text messages reminders were helpful for adherence but there was room for improvement.

233 The overall experiences of the intervention among adolescents living with HIV was that text 

234 messages reminders were helpful when it came to their adherence to medication, but direct access 
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235 to phones and better timing of messages should be assured to increase their functioning and 

236 usability. The adherence was improved, and was the best achieved since the intervention was 

237 introduced. After six months of follow-up, the intervention group had a higher rate (114/152, 

238 75%) than the control group (77/151, 51%). Despite this, more effort was requested concerning 

239 technical issues to make the reminders even more helpful. The participants described facilitating 

240 aspects like increased medication intake and communication. Also, the well-being of the 

241 adolescents and the support function was highlighted. However, technical problems like lost 

242 telephones or text messages reminders arriving after medication time were emphasised as 

243 barriers. 

244 Text messages reminders support adherence

245 They described that before the intervention, their medication was often forgotten, which resulted 

246 in it being taken later than it should have been due to forgetfulness. Sometimes the adolescent 

247 realised that they had forgotten to take their medication but then waited until dinner to take it. 

248 The adolescents described that text messages reminders were associated with taking their 

249 medicine and delays were avoided. Also, family members described situations when the 

250 adolescent’s medication routines were interrupted, and where text messages reminders played a 

251 big role.

252 “…Yes, it supports treatment adherence, because most of time we follow the television 

253 program but sometimes the power goes off, we missed the exact time to see medication 

254 time. Currently this text message comes 10 to 15 minutes before our medication time.” 

255 (Father, aged 45)

256 Feeling positive about the text messages reminder
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257 The text messages reminders contributed to positive attitudes and to decreased stigmatisation for 

258 adolescents, even when HIV/AIDS stigma is deeply rooted in the culture. Thus, the perception of 

259 the adolescents was that the text messages reminders played an important role for their overall 

260 well-being, because sometimes they had low moods. The text messages reminders were described 

261 as offering hope and supported the adolescents in achieving consistency in their medication 

262 adherence which helped them avoid, for example, fatigue. 

263 “…The benefit of this message is it comes always and reminds me to take the drug on 

264 time. The other benefit is when I receive the message, I feel good.” (Adolescent, aged 

265 13)

266 The code-delivered text messages reminders minimise the risk of stigma

267 The adolescent felt safe regarding privacy in the text messages reminders due to a code sent out 

268 to their telephone. The healthcare provider noticed a change in the views of both adolescents and 

269 family regarding increased trust and improved engagement with healthcare facilities during the 

270 intervention. Family expressed receiving coded text messages reminders could enable adolescents 

271 to live like other HIV-free adolescents. However, the adolescents indicated that after their 

272 family's HIV status was made public, they were subjected to stigma, which was reflected in the 

273 interview. Some members of the families were open with their HIV disclosure while others were 

274 not. 

275 “My status has already been made public, and everybody knows about my family as 
276 well ... However, my husband lives in another area because of work, and knows his 
277 HIV status and makes things secret. He did not even take his medication when he come 
278 back home.” (Mother, aged 45)

279 Adoption: 

280 In this study, eleven health facilities with 153 participants received an intervention across 5 

281 different geographic areas. According to healthcare providers, the rate of retention among 
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282 adolescents has increased since the study began in the hospital, as described in the qualitative 

283 findings under a sub-theme. 

284 “…. By the way, in terms of retention, we have observed the best retention rate ever in this year 

285 since ART started in this hospital. Of course, our follow-up is there and there are other partners 

286 like CDC and ICAP. But this messaging has augmented the service we provide, and it increased 

287 our communication with them and helped them remind their medication irrespective of 

288 inconsistencies in messaging and medication time; the message delivery reminds them something 

289 targeted.” (healthcare provider, aged 36)

290  Supporting the text messages reminders 

291 The healthcare providers emphasised that text messages reminders were an important support for 

292 adolescents in their medication intake to avoid poor adherence. In addition to this, families 

293 indicated that they had a mission to support the adolescents in avoiding ART treatment fatigue. 

294 Several adolescents expressed that they had received support from their family concerning 

295 medication intake during the intervention. Thus, the text messages reminders were perceived as 

296 helpful, as they made participants feel happy and hopeful, even if they felt angered or were in a 

297 depressed mood that day. 

298 “…The messages may help people pass good days, despite days that do not carry good 
299 fortune. It therefore helps people have good days and reminds them of medication 
300 times. One day, for example, being consumed with some ideas, I did not recall that I 
301 have medication to take; it is this text message that triggered me take my medicine.” 
302 (Adolescent, aged 19)

303 Implementation: 

304 There were 306 mobile phones provided to adolescents during assignments into intervention and 

305 control groups. The advisory committee was involved in the implementation of the intervention 
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306 using standard operational procedure (SOP). During the study, 30,700 SMS text messages were 

307 sent to 153 study participants in the intervention group (Figure 1).  

308 Overall, intervention fidelity was high with (30,510/30,700) or 99.38% successfully delivered SMS 

309 text messages during the intervention.

310 The non-receiving participants in the intervention group were tracked and cross-checked using 

311 individual participant codes from the server, and then approached by each health facility to confirm 

312 whether they were to be followed-up. 

313 Changing phone numbers/SIM cards, phones being damaged, lost, or shared with others were 

314 identified as participant-related reasons for not receiving the messages, and were registered in the 

315 logbooks, and corrective measures were used either to replace phones with new devices or 

316 repair/maintain the phones as soon as was feasible.

317 Failing text message delivery influences medication intake

318 The adolescents identified several reasons for not receiving messages. In connection with the 

319 technical aspect, the adolescents highlighted problems such as not having a charged phone 

320 battery or having lost their phone. During the feasibility study period, there was fluctuation in 

321 messaging time, and the text message reminders arrived after their medication time.  Another 

322 issue observed by both healthcare providers and family members was a missing SIM card. 

323 Furthermore, the continuity in the text messages reminders was requested by the adolescents to 

324 continue the benefits.

325 “… the receiving time varies; sometimes I receive it 10 minutes before medication 
326 time, which is 3p.m. local time in the evening, and sometimes it arrives after I take the 
327 drug.” (Adolescent, aged 13)

328 Limitations in phone ownership
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329 Sometimes adolescents were not permitted to use the telephone by themselves, due to restrictions 

330 from their family, as they thought that the adolescents were too young to use the telephone. 

331 Instead, the family used the telephone, which resulted in text messages reminders never reaching 

332 the adolescent. The absence of SIM cards may be because adolescents did not receive a SIM 

333 card, or because someone else in the family was using them. The family reported that they passed 

334 information from healthcare providers to the adolescents. Some of the families lacked 

335 information about the intervention and did not know what to do when the telephone arrived. The 

336 healthcare providers emphasised that some families denied the adolescents use of the telephone, 

337 which could cause problems, and text messages reminders were not received. Furthermore, the 

338 importance of informing families about the intervention was stressed, as several adolescents were 

339 restricted from using the telephone.

340 “…I think families should be communicated with regarding why their children are 

341 provided with mobile phones from the hospital, so as to avoid denial to access or 

342 adults using the phones for themselves.” (Healthcare provider, aged 36)

343 Technical limitations

344 One major issue stressed by adolescents, families, and healthcare providers, was that the electric 

345 power system went off quite often in their communities, which caused problems with receiving 

346 text messages reminders if the battery in the telephone was not charged. The adolescents usually 

347 did not experience problems with delays in text messages reminders, but they had observed that 

348 the text messages reminders did not always arrive on time. The messages could come long before 

349 their scheduled medication time or sometimes very close to or after their scheduled medication 

350 time. Sometimes the text message reminder was absent for entire days. 
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351 “…The message helped me a lot to remember my medication time. However, the skips 
352 in message delivery dates and untimely arrivals should be corrected so that it is more 
353 helpful.” (Adolescent, aged 18)

354 Maintenance: 

355 After initial configuration, a single server can send text messages to thousands of participants 

356 across a large geographic area. In this study, a server sent text messages to 153 participants across 

357 five different geographic areas. The technical challenges experienced in delivering the intervention 

358 were related to navigating the messaging server and feedback responses from the participants. The 

359 non-receiving participants in the intervention group were tracked and cross-checked using a four-

360 digit individual participant codes from the server and were then approached by each facility to 

361 confirm whether they were indeed in that group or lost. Despite technical barriers, and adverse 

362 conditions, and a belief in the future of text messages reminders emerged, which was also expressed 

363 in the qualitative interviews.

364 Seeing potential in SMS services

365 The benefits of SMS reminders were perceived as valuable; especially when adolescents missed 

366 appointments for medication refills and virus load tests. Before the intervention, there were 

367 difficulties getting in touch with the adolescents, because they lived in rural areas and did not 

368 have a telephone. The healthcare providers thought about how to incorporate text messages 

369 reminders into routine health care. A wish among the adolescents was expressed that more text 

370 messages reminders could be helpful in raising awareness about their condition. Both the 

371 adolescents and the healthcare providers raised a need to continue the text message reminders.

372 “I think this must continue. The mobile provision has played significant roles in 

373 adherence and retention, as many of the adolescents do not have phones…because of 

374 this provision, adolescents can be reached directly with health messages and receive 

375 important lessons just from their phones.” (Adolescent, aged 19)
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376 Possibilities with text messages reminders

377 The healthcare provider described that possibilities to communicate with the adolescents had 

378 increased after the intervention, and the adolescents’ attitudes towards healthcare facilities had 

379 become more positive. The adolescents found the improved digital communication to be an 

380 advantage because the healthcare provider no longer needed to call their family but could call 

381 them directly.

382 “Previously, healthcare providers from hospital reached me through neighbourhood 
383 phone numbers. She now uses this number to reach me directly through the phone 
384 provided by the hospital. This is a benefit for my privacy and for the information we 
385 discuss over the phone.” (Adolescent, aged 18)

386 DISCUSSION

387 Our process evaluation which was based on the RE-AIM framework (18)  showed that intervention 

388 fidelity was high with only about 0.6% of the SMS messages not delivered as intended. Both 

389 providers and patients described the SMS reminders as being helpful. A few barriers were noted 

390 including glitches at telecommunication networks, electric power disruptions, issues with phone 

391 ownership at household levels. Our results highlight that SMS message reminders can be delivered 

392 with high coverage if proper processes are followed. The 4-digit short code messaging system was 

393 a key enabler in ensuring confidentiality and security of the messages. Further scale-up of such 

394 interventions will depend on addressing broader systems issues including phone ownership, fixing 

395 network interruptions and reliable power sources. However, a study conducted in Philippines 

396 showed that intervention fidelity was low (77.9%) in the message group. The identified reason for 

397 low intervention fidelity was poor reliability of local telecommunication networks, and frequency 

398 of messages received (28). The local context for cellular phone infrastructure and operational 

399 challenges, such as multiple users on a single cell phone, has an impact on text messaging 
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400 interventions (29). It is important to assess the setting before using the SMS intervention as a 

401 strategy to improve adherence. There is emerging evidence that mobile phones can play an 

402 important role in healthcare delivery, especially in resource-limited settings (30). SMS text 

403 messaging is a particularly useful application that can be used to collect or share information and 

404 to enhance communication between healthcare personnel and patients in a low-cost manner (31). 

405 Treatment support was highlighted as an important factor for adolescents to avoid poor adherence. 

406 Text messages could be a facilitator for adolescents to remain hopeful and avoid unwanted side 

407 effects given that previous research (32, 33) has shown that a lack of support systems was perceived 

408 to negatively affect adherence among young people. Our findings provide additional evidence in 

409 support of research to identify effective interventions to improve adherence and retention in care 

410 for adolescents with HIV and enhance their engagement in these services. Thus, findings of this 

411 process evaluation can guide further research towards interventions concerning readiness among 

412 healthcare facilities, because settings can impact implementation. Giving importance to the voice 

413 of adolescents living with HIV can offer hope to many more in the same situation. This study 

414 thereby has a potential clinical impact and contributes to UN Sustainability Goal (34).

415 Methodological concerns/ limitations

416 There are both strengths and limitations identified in this process evaluation. First, the intervention 

417 has several strengths, and a key strength is the use of a 4-digit short code for text messages that 

418 enables rapid, high-volume outbound messaging, is easy to read and remember, and assists text 

419 recipients in identifying the sender based on their preferences for message delivery time, message 

420 content, and messaging language. The use of the unique code can contribute to maintaining security 

421 and confidentiality among participants.
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422 Secondly, the messaging server is adaptable and user-friendly, as the researcher or local IT provider 

423 can add and remove new data fields to navigate dropped or missed individuals and update SMS 

424 text message content to avoid message-related fatigue. 

425 In addition, the process evaluation also has several strengths that were identified. The first strength 

426 is the use of mixed methods, where different forms of data—both quantitative and qualitative 

427 methods—are combined to capture the multi-dimensionality of the intervention. The data 

428 supplement one another and aid in obtaining a comprehensive picture of the study results, which 

429 can contribute to a deeper understanding of the participants’ experiences (35). If the participants 

430 are given the opportunity to highlight their own individual priorities, it might be possible for us to 

431 improve our understanding of the impact of the intervention.

432 Finally, three different perspectives (adolescents, families, and healthcare providers) were included 

433 in the qualitative interviews, which allowed different voices to be heard. However, limited numbers 

434 of included participants from adolescents’ families and healthcare providers can limit the study’s 

435 transferability (36). The way research results are presented can be influenced by their nature and 

436 outcome, leading to what is known as reporting bias. To minimize outcome reporting bias, the 

437 study protocol was pre-registered in the pan-African clinical trials registry. A composite adherence 

438 measurement was used, and CONSORT recommendations were followed (37). The fact that 

439 adherence data was self-reported by healthcare professionals within the same facilities through 

440 interviews may have a significant impact on the study's validity and make it prone to social 

441 desirability bias. However, in this study, the primary author conducted the interviews in a separate, 

442 private room. Furthermore, providing cell phones to adolescents during recruitment may reduce 

443 the likelihood of interview refusal in the intervention phase, causing acquiescence bias. 
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444 Trustworthiness is the most commonly used criterion for evaluating qualitative content analysis, 

445 and it is often expressed using terms such as credibility, conformability, dependability, and 

446 transferability (36). To ensure the credibility of the study, an appropriate data collection method 

447 needs to be used(38). This study used separate interview questions for adolescents, family, and 

448 professional interviews to explore their experiences and issues with mobile text messaging 

449 interventions. In this study, the five-dimension components of the RE-AIM framework were used 

450 to collect information about the intervention setting, implementation, personnel and circumstances, 

451 and findings by considering individual level and external context challenges(18). To ensure the 

452 dependability of the study, an interview guide adapted to the participants, and audio-recorded was 

453 used. For the confirmability of this study, the first author transcribed the audio data to verbatim 

454 text and translated from Amharic to English by considering both manifest and latent content. Then, 

455 all authors involved in reading the transcripts, extracted meaning units, codes, and data analysis.

456  Finally, the authors previous qualitative research experiences and knowledge, as well as a 

457 bracketing technique were used to increase the trustworthiness of their findings. Accordingly, the 

458 primary author maintained a positive relationship with participants during intervention follow-ups 

459 and established independence from caregiving facilities to minimize social desirability bias and 

460 boss views. To reduce bias and subjective interpretation, interviews were audio recorded, 

461 transcribed, and thoroughly evaluated, with participant quotes used to support the authors' findings. 

462 Conclusion 

463 The mobile phone text messaging intervention to support ART adherence and retention in care was 

464 well-received by participants, and overall intervention fidelity was high. However, the 

465 intervention's feasibility was dependent on the reliability of local telecommunication networks, 

466 local electric power, and monitoring of adolescents' families, all of which had a significant impact 
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467 on the intervention's usability, fidelity, and doses received. The participants experienced the text 

468 messaging function as helpful, therefore the development of different aspects, such as addressing 

469 technical problems, would be desirable to further improve impact. Further research needs to be 

470 directed toward readiness within the healthcare facilities to capture an increased understanding of 

471 barriers and facilitators in implementation.
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627 Figure 1 Flow Chart Diagram

628 Caption: The flowchart shows the flow diagram of mobile phone text messaging reminder in the 

629 intervention group.
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Figure 1. The flow diagram of mobile phone text messaging reminder in the intervention group 
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Semistructured interview guide 

Sociodemography of participants 

S.no. Age Sex Educational level Caregiver/adolescent/healthcare 

provider 

Hospital (site) 

      

      

      

      

      

      

      

      

      

      

      

 

Adolescents 

1. Are you receiving the mobile text-message reminder from the hospital? 

Probe on: 

• Do you remember the code through which you receive the text-message reminder? 

• What would you like about the message? 

• Is there any difficulty in the use of text terms for the time schedule or messaging 

frequency? 

2. How did you find the text message reminder? 

Probe: 

•Benefits 

•Challenges 

3. What would you like to change or improve regarding the mobile text-messaging 

intervention? 

4. For what other purposes do you use the mobile phone provided by the hospital? 

5. Was there any technical problems regarding receiving text messages? 

Probe: damage to devices, battery failure, text compatibility with phone, 
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6. How do you compare the text message reminder for medication against preintervention 

period? 

Parents/caregivers: 

1. How do family- and social-related factors affect ART adherence in adolescents? 

2.What is the role of parents/caregivers in preventing adolescent antiretroviral treatment 

fatigue? 

3.Have you heard about the text message intervention that your child receives? 

4. How happy are you of the text-message reminder intervention? 

5. Do you think that sending text-message reminders supports adherence? 

6. Are the adolescent properly using the mobile phone provided from hospital? (probe: 

damage, stolen, used by other than the adolescent) 

 

Health care providers 

1. How did you experience the communication with the adolescents regarding this 

intervention? 

2. Do you think this intervention improves the retention and adherence of adolescents? 

3. Reporting damaged equipment 

4. Benefits, challenges, and hope to integrate with the health care system? 
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