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Abstract

Adherence to antiretroviral therapy is a global problem among adolescents living with
human immunodeficiency viruses (HIV), and it is associated with treatment failure and
the development of viral resistance. One of the most significant barriers to treatment
adherence among adolescents is forgetting to take drugs as prescribed. One of the key
strategies recommended to improve this problem is the use of mobile phone text
message. However, it is not yet shown how effective these interventions are and how
new technologies will be integrated into the routine care system. Therefore, the aim of
this thesis was to develop, test the feasibility, and evaluate the effectiveness of mobile
phone text messaging interventions in improving adherence to, and retention in, care
among adolescents living with HIV in Southern Ethiopia. This thesis includes a
systematic review and meta-analysis (Paper I), one qualitative study (Paper II), one
convergent mixed-method study (PaperIII), and a randomized controlled trial
(Paper IV). In Paper I, there was inconclusive evidence that mobile text message
reminders improved antiretroviral therapy (ART) adherence in adolescents. In Paper 1I,
treatment adherence and retention in HIV care experiences, and the needs of
adolescents living with HIV, were explored among 18 adolescents living with HIV in
Southern Ethiopia. Among the identified barriers to adherence were forgetting
medication or medication time, a lack of privacy, perceived stigma, and lack of support.
In Paper III, a process evaluation was conducted among 153 adolescents assigned to
the intervention arm, and the result showed that 99.4% of the 30,700 reminder
messages sent were successfully delivered. The problems of the 0.6% failed messages
were identified. A five-dimensions evaluation approach was used. In Paper IV, 306
adolescents randomly assigned to intervention and control arms were followed for six
months. The result revealed that the average effect of proportion of adherence increased
in the intervention arm, while viral load decreased. Therefore, the findings of this thesis
provide promising evidence that automated mobile text message reminders improve
adherence among patients living with HIV in resource-constrained settings.
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Introduction

Since the first cases were reported in 1981, nearly 86 million people have been infected
with human immunodeficiency viruses (HIV), making it one of the world's most
pressing health and development challenges (UNAIDS, 2023). Adolescents account for
about 4% of all people living with HIV in the world. Although the last decade has seen
a reduction in acquired immunodeficiency syndrome (AIDS)-related mortality
worldwide, largely due to improved access to effective ART, AIDS remains a significant
contributor to adolescent mortality in sub-Saharan Africa (Adejumo, Malee, Ryscavage,
Hunter, & Taiwo, 2015). In addition, adolescents not receiving lifesaving ART can
easily transmit a new infection to others. Globally, 140,000 adolescents aged 10 to 19
were newly infected with HIV in 2022 (UNICEF, 2023b).

Expansion and strengthening the provision of ART care and treatment across various
levels, combined with focused social mobilization and engaged community
involvement, aim to establish favorable conditions for curbing the epidemic's
transmission. Currently, different partners are working together to meet the United
Nations Sustainable Development Goal 3.3 (SDG 3.3) for ending the global AIDS
epidemic as a public health issue by 2030, as well as to meet the UNAIDS 95-95-95
fast-track target (UNAIDS_Update, 2023).

Ethiopia is among the countries receiving external funding support to strengthen
laboratory systems, supply chain management, and strategic information collecting,
particularly health management information systems (HMIS) (PEPFAR, 2023). The
Ethiopian government launched the Health Sector Transformation Plan (HSTP I-1I),
which was well designed to link to the National HIV Prevention Road Map, and to
development partners' and non-governmental organizations' work (FMOH, 2018).

However, Ethiopia is unlikely to meet the first fast-track targets (UNAIDS, 2017). The
mobilization of political leadership and identification of strategic and programmatic
gaps in adolescent health and HIV responses have resulted in significant contributions
to strategic information, national and district work planning, and the development and
implementation of national policies.

Several factors influence the implementation of national policies to improve HIV
treatment success among adolescents. Adolescents are more likely to experience



multiple and multifaceted challenges associated with physical, psychosocial, and
cognitive development, and a contextual environment that is often stigmatizing

(Adejumo et al., 2015).

As a result, other intervention packages are recommended in the national
comprehensive HIV care implementation guideline to support treatment and care.
Mobile phone text messages are considered to be one of the reminder tools for
promoting adherence to ART as part of a package of adherence interventions
(FMOH, 2018).

Closing the existing disparities in HIV diagnosis, treatment, and viral suppression is
imperative to achieve epidemic control. Enhancing adherence among adolescents is
crucial. Mobile text messaging has provided an opportunity for more structured,
documented, and targeted interventions to be delivered for patient support and
monitoring. Therefore, the purpose of this thesis was to develop, test the feasibility,
and evaluate the effectiveness of mobile phone text messaging interventions in
improving adherence to and retention in HIV care in specific facility among adolescents
living with HIV in the south of Ethiopia.
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Background

Epidemiology of HIV

HIV affects all regardless of skin color, gender, or socioeconomic status. An estimated
85.6 million people have been infected with the HIV since the epidemic, with 40.4
million deaths. However, differences in the number of new HIV infections between
gender are more pronounced at younger ages, where new infection among young
women was higher than they were among men in the same age group, with the burden
of the pandemic varying greatly between countries and regions. In 2022, 39.0 million
people were living with HIV worldwide. This comprises 37.5 million adults, 1.5
million children (under 15 years old) and 1.7 million adolescents. Among these, 1.3
million were new infections, and 630,000 died from AIDS globally. Women and girls
(of all ages) accounted for 53% of all people living with HIV and 46% of all new HIV
infections (WHO, 2022).

Many of the adolescents living with HIV today were infected with HIV as infants, and
in the next decade millions of children living with HIV will transition into adolescence
and adults. Adolescents account for about 4% of all people living with HIV and about
10% of new adult HIV infections. Of these, about 85% of adolescents live in
sub-Saharan Africa (UNICEF, 2023a).

HIV has a disproportionate impact in certain regions of the world. The WHO African
region is the most affected, with 25.6 million people living with HIV by 2022. This
comprises 20.8 million people in eastern and southern Africa and 4.8 million in western
and central Africa, while 3.9 million in South-East Asia, 3.8 million in the Americas,
3 million in Europe, 2.2 million in the Western Pacific, and 490 000 in the Eastern
Mediterranean (UNAIDS/WHO, 2023) are also affected. Countries in East Africa
have shown remarkable progress over the years in preventing and controlling the
HIV/AIDS epidemic, yet still, they carry a high burden of HIV/AIDS in the world.
According to the 2018 UNAIDS update, the burden of HIV/AIDS in the region has
shown steady decline for the past 10 years (HIV/AIDS, 2018).

Ethiopia is one of the HIV high-burden countries, with an estimated 610,335 people
living with HIV in 2018 (EPHI, March 2018). HIV or AIDS is said to have
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started spreading rapidly in Ethiopia in the 1980s and 1990s along major
transportation routes, primarily among commercial sex workers, truck drivers, and

soldiers (Kibret et al., 2019).

The prevalence of HIV in adults (aged 15-49) reduced significantly from 1.8% in 1990
to 0.76% in 2022 (UNAIDS, 2022). However, the prevalence of HIV rose among
adolescents and youth in Ethiopia, particularly in the younger age group (15-19). The
prevalence is seven times higher in urban- than in rural areas (CSA, 2016; EPHI,
August 2018b) and varies among regions, ranging from less than 0.17% in the Somali
region to 4.8% in Gambella (FHAPCO, 2018).

Epidemiological research indicates that the majority of HIV cases in adolescents were
acquired through mother-to-child transmission (during pregnancy, childbirth, or
breastfeeding) and were sustained due to access to ART, enabling the adolescents’
survival (Ferrand et al., 2010; Lowenthal et al., 2014).

However, the prospects and long-term journey for adolescents who contracted HIV at
birth or through horizontal transmission are accompanied by specific disadvantages.
These include the lifelong necessity for medication, the possible enduring negative
impacts of antiretroviral drugs, and the stigma and discrimination associated with HIV
infection. Equally, adolescents infected through horizontal transmission face similar
challenges arising from exposure to HIV-contaminated blood products, unsterilized
needles or medical equipment, and ingestion of HIV through breastmilk
(Glaser, 2016).

Transmission

Research indicates that HIV is categorized into two types: HIV-1 and HIV-2, both
believed to have originated from primate species like chimpanzees, gorillas, and sooty
mangabeys (Hahn, Shaw, De, Cock, & Sharp, 2000). These are separate viruses with
distinct genetic characteristics, both capable of causing AIDS and utilizing identical

receptors and coreceptors to infect similar groups of cells (Motomura, Chen, &
Hu, 2008).

The transmission of the virus from chimp to human is most likely to have occurred in
humans in south-eastern Cameroon as a result of exposure to infected blood and other
fluids while hunting and slaughtering for food (Hahn etal., 2000). Although both
cause AIDS through the same route of transmission, the viruses differ significantly in
terms of epidemiology, natural history, diagnosis, and management (Campbell-Yesufu
& Gandhi, 2011).
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HIV-1 infection is widespread throughout the world, with an estimated 40 million
people infected (Wiktor et al., 1999). However, HIV-2 infection is most common in
West African countries such as Guinea-Bissau, Gambia, Senegal, Cape Verde,
Cote d'Ivoire, Mali, Sierra Leone, and Nigeria (CDC, 1988; Geoffrey S Gottlieb,
Raugi, & Smith, 2018) (CDC, 1988). Although uncommon, HIV-2 infection is
reported in many countries with cultural and socioeconomic ties to West Africa,
including Europe, South America, Asia, and the United States.

Although HIV-1 and HIV-2 have similar basic gene arrangement, modes of trans-
mission, intracellular replication pathways, and clinical outcomes, and both cause
AIDS (Nyamweya etal., 2013), it is important to understand the transmission
characteristics of each type (CDC, 2011). HIV-1 is transmitted through sexual
intercourse, vertical transmission from mother to child, (Powers, Poole, Pettifor, &
Cohen, 2008; Selik, Chu, & Ward, 1995), and horizontal transmission from the
concomitant high frequency of genital ulcer diseases (such as syphilis), as well as the
widespread use of unsterile injections (Cameron etal., 1989; Marx, Alcabes, &
Drucker, 2001). People with HIV-infected sexual partners, children born to HIV-
infected mothers and breast milk, intravenous drug users who share HIV-contaminated
needles, and recipients of insufficiently screened blood products are the most vulnerable

(Selik, Karon, & Ward, 1997).

HIV-2 is also transmitted by sexual, mother-to-child, and blood-borne pathways
(G.S. Gottlieb, 2018). However, the pathogenic potential of HIV-2 is thought to be
lower than that of HIV-1 (Kanki et al., 1994). Globally, an estimated 1-2 million
people are infected with HIV-2. HIV-2 is less common due to a lowered plasma viral
load, which is often undetectable (van der Loeff etal., 2010), resulting in a lower
probability of horizontal and vertical transmission (Berry etal., 2002). In natural
history perinatal studies conducted in West Africa, the rate of perinatal transmission of
HIV-2 was significantly lower than for HIV-1, typically less than 5% versus
approximately 25% (Adjorlolo-Johnson et al., 1994).

Pathogenesis

HIV pathogenesis has been shown to be complicated and dynamic. HIV replication
occurs at a high level throughout infection and there is a highly dynamic interplay
between the host immune response, attempts by the host to replace cells that are
destroyed, and virus and viral evolution that appear to differ among various tissue
compartments. The replication process is divided into stages. HIV must first contact a
CD4 cell before infecting it. The proteins on the surface of HIV (gp41 and gp120)
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then bind to receptors on the surface of CD4+ T cells (typically the CD4 receptor and
the CCR5 coreceptor).

When HIV binds to a CD4 cell, the capsid is released into the cell's main body (called
the cytoplasm). The capsid then reaches the nucleus of the cell, where it releases three
important enzymes. These proteins are the proteins that HIV uses to replicate. The first
enzyme is reverse transcriptase (RT), which converts HIV's single strand (called RNA)
into a double strand compatible with human DNA. The new double-stranded HIV is
now capable of being integrated into human DNA.

The CD4 nucleus then starts producing raw material for new HIV replication. These
new HIV particle strands must be split and reassembled to form a new virus. Protease
is an enzyme that helps in cutting and assembly processes. After that, the newly
produced virus must leave the cell. The newly released viruses (known as virions) then
infect more CD4 cells, and this process is repeated. Eventually, the old CD4+ T cells
died. This continuous procedure occurs millions of times each day when not on ART
(see Figure 1).
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www.niaid.nih.gov/diseases-conditions/hiv-replication-cycle

Figure 1. HIV virus replication cycle.

HIV infection has three phases. When HIV enters the body, it infects a significant
number of CD4+ T cells and rapidly replicates. Infection with HIV occurs in three
stages. During the acute phase of infection, the blood contains a large number of HIV
copies (viral load), which spread throughout the body, seeding multiple organs,
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particularly lymphoid organs such as the thymus, spleen, and lymph nodes. The virus
may integrate and hide within the cell's genetic material at this stage.

Most people who become HIV infected experience an illness characterized often by
fever, sore throat, lymphadenopathy, and rash (Schacker, Collier, Hughes, Shea, &
Corey, 1996). These symptoms are frequently severe enough that people seek medical
attention. However, during the first few weeks of infection, serum antibodies to HIV
proteins are often insufficient to identify infection by enzyme-linked immunosorbent
assay (ELISA) and immunoblotting, yet considerable amounts of HIV RNA can be
found in plasma (Veazey et al., 1998). When symptoms go away, most people will
remain symptom-free until a progressive depletion of CD4+ T cells from circulation
and lymph nodes occurs, and their circulating CD4 T-cell count drops to 200 cells/L
or lower (Mellors et al., 1996).

Acute infection has been identified as a risk factor for HIV transmission due to the high
viral load associated with any risk behaviors. As a result, early detection and treatment
will have a significant impact on HIV prevention and individual health outcomes
(Brenner et al., 2007; Lundgren et al., 2015; Wawer et al., 2005).

After these symptoms disappear, the virus continues to spread, but at a low rate. This
is the second phase of HIV infection, often known as chronic HIV infection. Patients
at this phase may not have symptoms, but they can transmit the infection
to others. AIDS is the most severe and last phase of HIV infection, and it is
characterized by a high incidence of opportunistic infections (Lackner, Lederman, &
Rodriguez, 2012). Figure 2.
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Figure 2. HIV copies and CD4 counts in a human over the course of a treatment-naive HIV infection.

Treatment

Medical treatment

Antiretroviral treatment (ART) is treatment of people infected with HIV using anti-
HIV drugs. In individuals with advanced HIV disease, the use of certain antimicrobials
for prevention and treatment of common opportunistic infections is also an essential

part of the care package.

Researchers discovered that Zidovudine, a cancer medicine that failed in the 1960s, was
used for HIV treatment in 1987 and was commercialized under the trade name
Retrovir and azidothymidine (AZT), which has transformed HIV into a manageable
chronic condition. This medicine, however, did not work well when used alone, and
survival among infected patients who received this treatment was measured in weeks
and months (Watson, 2022). Then, scientists subsequently discovered two new
antiretroviral drugs, non-nucleoside reverse transcriptase inhibitors (NNRTTs) and
protease inhibitors (PIs), suggesting that combination antiretroviral treatment could
stop the virus (Ho, 1995).
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A combination of three or more antiretroviral medicines (cART) is more effective than
using just one medicine (monotherapy) to treat HIV. However, these drugs do not
kill or eliminate the virus when taken in combination; they can prevent multiplication
of the virus, eliminate the virus circulating in the blood, and slow the progression

of HIV (Table 1).

Table 1. Summary of sequencing options for preferred first, second and third line ART
regimens in adolescents.

1% line regimens 2" line regimens 3 line regimens

AZT+3TC + EFV/INVP TDF+3TC + ATV/r or LPV/r DRV/ra+ DTG + AZT+3TC
TDF+3TC+EFV/NVP AZT+3TC + ATV/r or LPV/r DRV/r + DTG + TDF+3TC
ABC+3TC+EFV/NVP AZT+3TC + ATV/r or LPV/r DRV/r+ABC+3TC+EFV or NVP

AZT-= Zidovudine, 3TC= Lamivudine, EFZ= Efavirenz, NVP= Nevirapine, TDF= Tenofovir
ABC= Abacavir, ATV/r= Atazanavir/ritonavir, Lopinavir/Ritonavir, DRV/r= Darunavir,
DTGs= Dolutegravir

According to the WHO recommendations, CD4+ threshold levels for starting ART
evolved significantly over the last two decades. In 2006, all patients with CD4 counts
less than 200 cells/mm3 and those in advanced clinical stages were eligible for ART.
Then, the threshold increased to 350 cells/mm3 or less in 2010, then to 500 cells/mm3
or less in 2013. Since 2015, everyone infected with the virus has started ART
immediately, regardless of their CD4 count or clinical stage (WHO, 2006, 2010,
2013, 2015).

In Ethiopia, the ART began as a fee-based program in 2003, and free ART was
launched in 2005. Recognizing the need for ART, the government of Ethiopia
developed the first antiretroviral (ARV) guidelines in 2003 to encourage the early
implementation of ART. The guideline was revised in 2005, 2008, 2014, and 2018 in
accordance with WHO guideline changes (FMOH, 2018).

Following a WHO recommendation for treatment start and its protocol, the Ethiopian
national ART program has included DTG-based combination treatment as the
preferred first- and second-line treatment for all people undergoing treatment
(FMOH, 2018). The eligibility criteria for starting HIV medication were also revised
on a regular basis in accordance with WHO recommendations (Table 2).

18



Table 2. ART initiation guidelines.

Year of guidelines WHO clinical stage CD4 criteria
Until 2012 Stage 4 <= 200 cells/mm3
2012-2013 Stages 3 or 4 <= 350 cells/mm3
Since 2014 All <500 cells/mm3

Despite these incredible advances in HIV treatment, ART has limitations, most
notably, successful HIV treatment requires daily doses of antiretroviral drugs for the
remainder of the patient's life. However, forgetfulness, fatigue, hopelessness, stigma and
discrimination, and beliefs are patient-level factors that influence ART success. These
factors reduce the immunological benefits of ARVs, exposing clients to opportunistic
infections and increasing the risk of treatment resistance and HIV transmission
(Wasti et al., 2012).

Care and support

Care and support are comprehensive sets of services, including medical, psychosocial,
physical, socioeconomic, nutritional, and legal support. These services are needed from
the point of diagnosis throughout the course of HIV-related illness, regardless of the
ability to access ART (UNAIDS, 2016). In addition to medical care, the well-being
and survival of HIV patients relies heavily on psychological, economic, nutritional, and
legal support. Continuous care and support services are imperative, starting from
diagnosis and throughout the progression of HIV-related illness, irrespective of one's
access to ART (UNAIDS, 2016). Dietary assessment, nutritional counseling, and food
safety education are key components of medical management for maintaining weight
and muscle mass.

Psychosocial support

Supporting individuals psychologically is a crucial aspect of treatment across all
treatment stages. Examples of this support include counseling, spiritual support,
measures to reduce risks, reminder devices for medication adherence, and establishing
peer support groups (Adejumo, Malee, Ryscavage, Hunter, & Taiwo, 2015; Vreeman,
McCoy, & Lee, 2017). Providing HIV treatment and support requires the involvement
of a wide variety of people, including family members, nurses, doctors, community
workers, and psychologists (WHO, 2016). Home-based care refers to the caregiving
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responsibilities that individuals living with HIV/AIDS might undertake independently
or that their family members or friends might undertake on their behalf, allowing them
to remain in their residences.

Management of HIV-related diseases

HIV weakens the immune system, making individuals more susceptible to various
infections and diseases. Some common HIV-related diseases and conditions include
tuberculosis, pneumonia, diarrhea, and Candida infection of the mouth and throat
(UNAIDS, 1998). Adequate nutritional advice should be provided to people living
with HIV. In addition to treating physical symptoms including pain, cough, skin
rashes, fever, and diarrhea, palliative care also deals with psychological problems like
hopelessness and suicidal thoughts. There are affordable and effective drugs available to
prevent many of the most common HIV-related diseases. Isoniazid is effective in
preventing reactivation of latent TB, and cotrimoxazole is effective in protecting against
many of the common pathogens (such as pneumococcus and salmonella) responsible
for pneumonia and diarrhea and their complications (WHO, 1999, 2000).

Adherence to ART

Adherence is defined as a patient's ability to follow a treatment plan, take medications
at the prescribed times and frequencies, and adhere to food and other prescription
restrictions (Sahay, Reddy, & Dhayarkar, 2011). Successful long-term treatment of
HIV requires near-perfect adherence to ART to prevent the emergence of drug-resistant
HIV, which can lead to treatment failure (Kangethe, Polson, Lord, Evangelatos, &
Oglesby, 2019). Adherence to HIV treatment is a challenge, especially for adolescents,
because the course of illness in these individuals occurs during the perinatal period, and
some adolescents do not know their HIV status (Hornschuh, Dietrich, Tshabalala, &
Laher, 2017). HIV/AIDS in adolescents is mostly transmitted from the mothers
(Namuli, Nalugya, Bangirana, & Nakimuli-Mpungu, 2021).

Non-adherence to ART continues to be the leading cause of treatment failure
(Heestermans, T., J. L. Browne, S. C. Aitken, S. C. Vervoort, & K. Klipstein-
Grobusch, 2016), and increases the risk of drug resistance and spreading of the virus to
others (Ssewamala et al., 2020). A study conducted in the United States found that the
prevalence of non-adherence increased with age. Among 381 perinatally acquired HIV-
positive children and adolescents during pre-adolescence and late adolescence/young
adulthood, non-adherence increased from 31% to 50%, while the prevalence of
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unsuppressed viral loads increased from 16% to 40% (Kacanek et al., 2019). Similarly,
in a South African cohort of 933 adolescents aged 10 to 19 years who were followed
for 3 to 4 years, adherence was assessed at baseline and two additional times. Adherence
to ART is lower among adolescents living with HIV (ALHIV) than among adults and
children (Zhou, Cluver, Shenderovich, & Toska, 2021). A study conducted in Addis
Abeba, Ethiopia, among HIV-infected adolescents at three hospitals revealed that the
magnitude of ART adherence was 79.1%, which was lower than the recommended
threshold level (Firdu, Enquselassie, & Jerene, 2017).

Poor ART adherence is empirically proven to be associated with negative outcomes
such as medication failure, viral mutations, and the development of drug resistance
(Murphy et al., 2010), which further complicate the already limited second- and third-
line treatment options available for patients (Johnston etal., 2012). Adolescents on
HIV treatment have lower rates of viral load suppression and adherence than adults
and children (van Wyk & Davids, 2019). Poor ART adherence is also associated with
virological failure (Boyd etal., 2015). According to World Health Organization
(WHO) guidelines, virological failure is usually defined as two consecutive viral load
(VL) determinations above 1000 copies/mL after at least six months of ART and with
adherence support between the two measurements (Labhardt etal., 2016). The
threshold of 1000 copies/mL is used, since the risk of resistance development and
disease progression is low below this level (Ford etal., 2015; Mocroft, Reiss, &
Kirk, 2010).

The consequences of a virologically-failing first-line regimen include immunological
and clinical stage progression (Nicastri etal., 2005). Immunological failure was
currently defined as a CD4 count that was consistently less than 100 cells/mm3 or less
than 250 cells/mm3 following clinical failure. This allows for increased viral replication,
which leads to an increase in the infection of new CD4+ T cells and, eventually,
immune cell depletion (Tessa Heestermans, Joyce L Browne, Susan C Aitken,
Sigrid C Vervoort, & Kerstin Klipstein-Grobusch, 2016).

A study conducted in northern Ethiopia showed that immunological failure was
3.8 times more likely in TB-coinfected patients than in TB-free people (Assefa, Gelaw,
Getnet, & Yitayew, 2014; Zeleke, 2016), in Nigeria (Musa, Musa, Muhammed,
Ibrahim, & Musa, 2015).

Therefore, the basic goals of ART are to prevent virus transmission, restore or maintain
immune function, and reduce viral reproduction. High levels of HIV treatment
adherence have been linked to better viral suppression outcomes. However, long-term
adherence to ART remains difficult for a variety of reasons, including physical and
psychosocial changes (Okawa et al., 2018). According to studies from sub-Saharan
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Africa, patients’ adherence to life-saving treatment regimens is likely to be influenced
by a complex set of economic and social factors that challenge families while increasing
health problems (Bermudez et al., 2016). In addition, treatment side effects such as
dizziness, fatigue, nausea, vomiting, stomach burning, and lack of awareness of the
indications for ARV treatment, such as missed doses of ARVs included in a single dose,
also lead to adherence problems (Galea et al., 2018).

A systematic review revealed that fear of disclosure, forgetfulness, a lack of
understanding of treatment benefits, complicated regimens, falling asleep, and being
away from their medications were identified as barriers to patients’ adherence in both
developed and developing countries (Mills et al., 2006). Among these, forgetting to
take drugs has been widely described as a major barrier to treatment adherence in people
on ART (Dzansi, Tornu, & Chipps, 2020; Freeman, Gwadz, Francis, & Hoffeld,
2021a; Okuku & Dan-Jumbo, 2021; Sanjobo, Frich, & Fretheim, 2008).

Adolescents with HIV

Adolescence is a unique stage of life characterized by distinct health and developmental
needs and rights. It is also time to learn knowledge and skills, develop capacities to
manage emotions and relationships, and acquire the characteristics and talents that will
be required for enjoying adolescence (10-19) and undertaking adult roles (WHO,
2020). It is characterized by rapid physical, psychosocial, cognitive, and emotional
development, and sexual and reproductive maturation. It is a stage of increasing
independence, social skill development, and learned behavior influenced by peer
groups, and familial, cultural, and religious conventions (Lehtimaki, Schwalbe, &

Solis, 2019; WHO, 2019).

In many countries, adolescent girls face inequality due to cultural and social norms,
and many face gender-based violence, a lack of power to say no to child marriage, and
sexual assault, which can be problematic when HIV is not disclosed. Despite
continuing to engage in sexual activity, many adolescents choose not to disclose their
sexual orientation (Grainger, 2017).

Adolescent HIV status disclosure is an important part of the care and treatment process
and includes ongoing discussions about the disease as the child or adolescent grows
intellectually, socially, emotionally, and sexually. Caregivers of vertically-infected
children who are diagnosed at an early age are usually aware of the child's HIV status
and may choose to delay or postpone disclosure for fear of stigma and being identified
as a source of HIV transmission, and thus feel guilty, blamed, or rejected (Madiba &
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Mokgatle, 2017). This may be because disclosure of HIV status increases risks of peer
isolation, and the risk may outweigh any apparent benefits or overall gains (Hogwood,
Campbell, & Butler, 2013).

Many of the adolescents’ characteristics are related to one another and to adult
population concerns. This shows that the high HIV incidence among adolescent
females cannot be explained only by their biology and culture, but must be considered
in the context of the general epidemic (Dellar, Dlamini, & Karim, 2015; Fleischman
& Peck, 2015; Idele et al., 2014).

Furthermore, the age of sexual partners is a key factor that contributes to increased
prevalence of HIV among adolescent girls and young women compared with that
among similar-aged males. Most females are in age-diverse relationships with men who
are one to ten years older than men (Maughan-Brown, Kenyon, & Lurie, 2014). As a
result, different strategies are needed for adolescent girls aged 10-14 and 15-19 years.

mHealth

mHealth is a mobile communication technology in medical care that have been
suggested as a method to improve the delivery of health services (van der Kop
etal., 2018). There are different mHealth interventions, and they include short
messaging service (SMS) reminders, gaming applications (apps), and interactive mobile
apps (Cele & Archary, 2019). The WHO recommends peer-based interventions,
community-based services, support groups, mobile technology, social media, or call
centers to support healthcare services (WHO, 2016). Thus, based on this
recommendation, different studies have been conducted in many areas using mobile
technology to improve HIV treatment adherence among people living with HIV. Some
of the mHealth tools used in research include alarms and phone calls, while diaries and
calendars can be used to send brief reminders about the timing of ARV drugs, drug
dosage, and appointments.

Text messages for HIV treatment support

Mobile phone text messaging is a unique mHealth variant because it allows researchers
to personalize message content, promote bidirectional communication, and pair
message timing to ART dosage schedules (Finitsis, Pellowski, & Johnson, 2014). Text
messaging can generally be used to overcome geographic barriers, improve
communication, and easily reaches marginalized rural areas where health services are
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often difficult to access, or people who do not have time to access health services to get
their health information.

A systematic review study evaluating the effectiveness of interventions designed to
improve adherence in sub-Saharan Africa showed that some interventions, such as
treatment supporters and cell phone short message services, were effective in increasing
adherence in some settings but not in others, emphasizing the need for additional
research (Birnighausen et al., 2011). Similarly, a review of mobile phone text messaging
interventions to enhance ART adherence in HIV-infected infants and children
identified evidence from two trials supporting weekly text messages. It recommended
conducting large RCTs for this intervention among adolescents and caregivers of
children and infants with HIV (Horvath, Azman, Kennedy, & Rutherford, 2012).
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Theoretical framework

Health Belief Model

The health belief model (HBM) is a social psychology model developed to explain and
predict individual health behaviors. Rosenstock developed it in the 1950s with the
intention of predicting which people would or would not take specific measures to
avoid disease (Kozier, 2008). The model assumes that an individual took a health-
related action if that person perceives susceptibility, severity of the condition, and
benefits in taking action to reduce risk, and believes in his or her ability to successfully
execute the action required to produce the desired outcome without barriers.

This adherence model defines adherence as a favorable health behavior shaped by an
individual's perceptions, beliefs, and cues to action. Neglecting or not addressing these
perspectives may lead to non-adherence. This study offers crucial insights into the
psychological factors influencing drug adherence. This model effectively supports the
development of mobile health interventions, utilizing constructs such as perceived
susceptibility, severity, benefits, barriers, cues to action, and self-efficacy, which are
known for predicting various health behaviors (Shariful, 2018).

Perceived susceptibility refers to how one perceives one’s vulnerability to HIV, while
perceived severity reflects the seriousness of AIDS. Overall, perceptions of the risk of
HIV or AIDS are shaped by these views of susceptibility and severity. Perceived benefit
reflects beliefs about the effectiveness of protective actions, while perceived barriers
involve perceptions of drawbacks in such behaviors. Cues to action cover both internal
and external influences that encourage a specific behavior, such as obtaining an HIV-
antibody. Finally, self-efficacy refers to an individual's confidence in his or her ability
to undergo a HIV-antibody test (Rosenstock, Strecher, & Becker, 1994).
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Aim

Overall aim

The overall aim of this study was to develop, test the feasibility, and evaluate the
effectiveness of mobile phone text messaging interventions in improving adherence to,
and retention in, care among adolescents living with HIV in the south Ethiopia.

Specific aims:

e to investigate the effectiveness of mobile phone text message reminders in improving
ART adherence among adolescents,

e o explore the experiences and needs of adolescents living with HIV regarding their
ART adherence and retention in care in southern Ethiopia,

e 1o assess the intervention fidelity and factors affecting the process of implementing
a mobile phone text messaging intervention among adolescents living with HIV and

e to evaluate the effectiveness of mobile phone text message reminders in improving

ART adherence among adolescents living with HIV in Ethiopia.
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Methods

Design

This thesis contains four studies described in four papers based on the UK Medical
Research Council’s (MRC) methodological framework for the development, testing,
and evaluation of complex interventions (Craig et al., 2008). The first two studies are
included in the development phase, the third and the fourth studies in the evaluation
phase. In Paper I, available evidence on the effectiveness of mobile phone messaging in
improving adherence and retention in care was reviewed. In Paper 1I, a qualitative study
with an inductive descriptive approach was conducted to identify adolescents’ needs
and wishes. In Paper III, the study processes involved prospectively monitoring and
testing the intervention was tested for fidelity and feasibility. Paper IV was designed as
an individual randomized controlled trial (RCT) that compared standard care with
intervention care and followed the CONSORT recommendations for RCTs
(Schultz et al., 2010). Table 3 provides an overview of the four studies.

Table 3. Overview of the papers in this thesis.

Study Design Sample Data collection Analysis
I Systematic 987 adolescents Articles searched from ~ Meta-analysis
review and PubMed, Embase, web
meta-analysis of science, Cochrane
library, and CABI
I Inductive 18 adolescents Qualitative interviews Inductive
descriptive content analysis
I Convergent 10 adolescents Qualitative interviews ~ Content analysis
mixed method 4 family members
2 healthcare providers
153 adolescents Process indicators and ~ Descriptive
records statistics
v Individual 306 adolescents Self-report, pill count,  Intention to treat
randomized and viral load analysis

control trial
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The methodological framework

This thesis followed the methodological framework of the UK’s MRC (see
Figure 3) for the development, testing, and evaluation of complex interventions
(Craig et al., 2008). The framework is flexible and allows different stakeholders to be
involved in identifying key issues concerning study problems and interventions, as well
as in designing and conducting research applying a variety of perspectives and
approaches. In this thesis, a framework was used to develop an intervention that
systematically promoted health behaviors and adherence to ART among adolescents
using research evidence and appropriate theory to inspire adolescents to improve
adherence to ART. When the research started, the latest available complex intervention
framework was the 2008 version. The framework was revised in September 2021 to
describe and also consider the core elements (context, developing and refining program
theory, engaging stakeholders, identifying key uncertainties, refining the intervention,
and economic considerations) that are important in all phases (Skivington et al., 2021).

Phase 1: Development

1. Identify the evidence base

2. ldentifying theory

3. Modeling process and outcomes
4. Working with stakeholders

Phase 4: Implementation Phase 2 : Feasibility/Piloting
1. Dissemination 1. Testing procedures

2. Surveillance and monitoring 2. Estimating recruitment

3. Long-term follow-up 3. Determining sample size

4. Amending protocol

Phase 3: Evaluation

1. Conduct process evaluation

2. Assess intervention effectiveness
3. Assess cost-effectiveness

Figure 3. The MRC framework (Craig et al., 2008).

In the developmental phase, the effectiveness of mobile text messages in improving
adherence was established through a systematic review (Paper I), while barriers to good
ART adherence were explored in Paper II, shaping the message design using these
findings. To address all the core elements, participants from various study sites were
involved. A HBM was integrated as a theory to address both individual and contextual
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barriers. Stakeholders including adolescents were engaged to offer insights and
suggestions on the intervention identified during the project’s development phase. The
feasibility phase was important for understanding the context in which the intervention
occurred, as well as for identifying facilitators and barriers to future implementation of
the intervention in real-life contexts (Craig et al., 2008; Skivington et al., 2021). Prior
to the full-scale study, key uncertainties in determining sample size, recruitment,
intervention configuration, and timing of intervention delivery were identified
and refined.

The process evaluation phase was dynamic and involved both quantitative and
qualitative research methods (O'Cathain et al., 2019). This phase allowed for the
evaluation of the intervention’s effectiveness as well as for participant perspectives on
the intervention, how it was evaluated, and the context in which it occurred (Oakley,
Strange, Bonell, Allen, & Stephenson, 2006). An additional researcher who was not
involved in the main evaluation of the trial effectiveness contributed to the process
evaluation to ensure an independent observation. In the qualitative methods section of
Paper I1I, interviews, helped to capture emerging changes in intervention, experiences
of the intervention recipients, and unanticipated outcomes to explain the quantitative
findings. The effectiveness of the intervention phase (Paper IV) was evaluated to
compare the outcomes between the intervention and control arms. Therefore, the flow
of the thesis was described using the three phases of the MRC framework
(see Figure 4).

Systematic
review and
meta-analysis

(Paper)

Qualitative
study
(Paper ll)

Intervention
development

Figure 4. The flow of study from intervention development to evaluation of result.

Feasibility
testing of
intervention

Effectiveness
evaluation
(Paper IV)

Process
evaluation
(Paper lIl)
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Study setting

The study was conducted in health facilities that provide ART services at the Gamo,

Gofa, Wolayita, Konso, and South Omo zones in the southern regions of Ethiopia.

These zones are home to approximately 25 distinct ethnic groups and attract many

foreign and domestic tourists. The hospitals and health centers included in this area

were based on the existence of ART services and provide services for adolescents.

Accordingly, Arba Minch General Hospital, Sawla General Hospital, Jinka General
Hospital, Wolayita Specialized Hospital, Chencha Primary Hospital, Dilfana Primary
Hospital, Sawula Health Center, Konso Health Center, Sodo Health Center, Areka
Health Center, and Boditi Health Center. The total number of people living with HIV
in the selected facilities was 8,259. Of these, more than 465 were adolescents living

with HIV (see Figure 5).
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Figure 5. Map of study sites developed by using the coordinates of GPS.
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Study participants

Paper I comprised studies relevant to the review topic, focusing on adolescents within
a particular age range. It incorporated randomized controlled trials and non-
randomized studies that employed mobile phone text messaging reminders as an
intervention. In total, Paper I involved 987 participants, with individual study sample
sizes varying from 14 to 332 individuals. Interventions such as phone calls, smartphone
apps, and internet-based methods were not included in the studies.

Paper II involved 18 adolescents affected by HIV, covering a spectrum from early to
late adolescence, comprising both genders from rural and urban areas. Moreover,
Paper III included ten adolescents who participated in the intervention, four family
members/relatives and two healthcare professionals from various ART clinics. For
Paper IV, inclusion criteria involved 306 adolescents living with HIV receiving
treatment at specific ART clinics, who provided consent, had the ability to read text
messages, and resided in the study area for at least six months.

Intervention

A mobile phone text message reminder served as the intervention method in this thesis.
Each participant received a mobile phone device and was instructed on how to use it
for texting and deleting messages. They were provided with a unique four-digit code
from Ethiopia Telecom, informing them of its importance to maintaining confiden-
tiality, reducing any stigma associated with the message source, and easily
distinguishing intervention text messages from other texts. Moreover, the mobile phone
numbers of all participants were included in the messaging server, and their medication
times were categorized according to their prescribed schedules. Tailored daily texts were
then sent through automated software, 15 minutes before each person's medication
time. Individual participant codes from the server were also used to track and cross-
check sent or failed messages.

Standard of Care

All adolescents involved in the study received standard care services following Ethiopia's
comprehensive HIV  treatment and care guidelines for pediatric HIV/AIDS
(FMOH, 2017). The standard care provided encompassed counseling, mental health
support, nutritional assessment, and social and emotional support given by family,
friends, and healthcare providers to adolescents diagnosed with HIV.
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Counseling is vital at treatment initiation and throughout. Education on remembering
ARV prescription details and fostering honest reporting of adherence, along with
addressing mental health, performing dietary assessments, treating HIV-related and
microbial infections, and providing support, were key in standard care. (see Figure 6).

(n=153) (n=153)

Intervention arm ‘ Control arm

Recived Standard Care Recived no
reminding text . Counseling reminding text
message message

« Adolescents mental
health services
« Opportunistic
Recived infection treatment
reminding text Nutritional care and
message support
+ Psychosocial support

Figure 6. The procedure for assignment of study participants and messaging time category in

.

intervention arm.

Data collection

Systematic Review

In Paper I, the search for primary articles was performed using a combination of
keywords and truncated terms via a Boolean search strategy, and the authors connected
synonymous terms with OR and different terms with AND (Table 4). Moreover, hand
searching in the reference list of the screened articles, grey literature, and conference
abstracts were reviewed. After removing the duplicates from the search hits, the first
titles and abstracts were screened based on the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA), and the full texts were read and assessed based
on the exclusion criteria by authors of this thesis and other co-authors.
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Table 4. Article search strategy to evaluate the effectiveness of mobile text messaging to improve
adherence to ART until 18 August 2020.

No  Search terms and complete search Data bases Number of Restriction
strategy articles found
in the title

1 (Mobile phone* OR cell phone* OR MEDLINE 2160 No language
text reminder® OR text messages* OR (PUBMED) and document
phone based*) AND (HIV OR AIDS restriction
OR ART OR Antiretroviral therap*)

2 (Mobile phone* OR cell phone* OR EMBASE 72

text reminder® OR text messages® OR
phone based*) AND (HIV OR AIDS
OR ART OR Antiretroviral therap*)

3 HIV mobile phone reminders WEB OF 202
SCIENCE

4 mobile phone reminders HIV COCHRANE 102
LIBRARY

5 mobile phone reminders HIV CABI 65

Qualitative data collection

Based on the findings of Paper I, the author of this thesis developed a semi-structured
interview guide (Appendix I) for Paper II, using constructs from HBM theoretical
frameworks (Shariful, 2018), and discussed it with the research advisory committee and
supervisors. Purposive sampling was applied to include adolescents from different
contexts, as well as those who participated in and did not participate in other treatment-
supporting interventions, such as a psycho-social peer support program. The interviews
were conducted by the thesis author in a quiet and confidential setting at the respective
health facilities, using audio-recording with consent.

In Paper III, adolescents assigned to the intervention arm were interviewed using a
semi-structured interview guide (Appendix II) about their experience receiving text
messages and the benefits of it, while family or guardians of those who did not receive
the message, as well as healthcare providers, were interviewed about any changes in
adherence and retention in care.
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Quantitative data collection

In Paper III, occurrences such as adolescents transferring out, mobile device-related
incidents, and any other adverse events were documented using an observational check
list in each health facility, and the success and failure of messages sent from server
records indicative of intervention fidelity were quantified.

In Paper IV, adherence, viral load, and retention in care data were collected at baseline,
three, and six months. Self-reported adherence and retention in care data were collected
on the same day using the REDCap app. However, blood sample collection and
subsequent procedures were done by lab technician at each facility and sent to regional
laboratory for viral load test. Then, viral load results data were collected post-blood
sample analysis, using the patient's unique ART identification number from the
participant cards and the trial participant code in the REDCap app.

Before collecting clinical data from participant cards and self-reported interviews, the
thesis author provided one-day of training for the data collectors on how to use the
mobile application, as well as on issues concerning confidentiality and security measures
for the information being collected.

Data analysis

Qualitative data analysis

Inductive qualitative content analysis (IQCA) is a type of qualitative analysis in which
text-based data, such as written transcripts of verbal or written documents, are used to
understand the meaning(s) of the data set's content (Vears & Gillam, 2022). Paper 11
was based on an inductive analysis of the data, meaning that critical themes emerge out
of the data (Patton, 1990).

The analysis began with a verbatim transcription of the data, which was then sent to all
authors for independent familiarization with the data. The author of this thesis then
reviewed the transcribed text multiple times to gain insight into the content and overall
picture of the data. After that, the author of this thesis identified meaning units by
reading each paragraph of the data based on each verbatim transcription of an interview
answer. These meaning units were then combined into a condensed meaning unit and
coding frame for analysis using NVivo software. The analysis was then discussed by all
authors. Then, similar codes were identified and organized into one sub-theme, which
was then evaluated, confirmed for accuracy with the transcripts, and discussed with all
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three authors until agreement was reached. Finally, all sub-themes were re-categorized
to overall themes as barriers and facilitators of HIV treatment adherence.

Quantitative data analysis

In Paperl, the Cochrane handbook for systematic reviews of interventions
(Higgins, J. P., 2008) and the risk assessment tool for randomized and non-randomized
trial designs (Sterne et al., 2016) were used to extract the data and assess quality. After
evaluating the bias present in the studies included, each article was summarized with
details about their general characteristics, the elements of the intervention, and the
resulting conclusions or outcomes of the intervention.

Most of the articles assessed reported adherence to ART as a continuous outcome
(mean adherence). As a result, the analysis relied on data such as the mean adherence
rates and standard deviation. Where the standard deviation was not available, other
effect measures, such as confidence intervals were converted to fit the model. Despite
the small number of articles included in the review, the author of this thesis was
interested in doing a meta-analysis in which pooled mean differences in adherence in
one-way and two-way reminding message interventions versus standard of care were
computed.

The study used a random effects model in Review Manager (version 5.4) to evaluate
the overall mean difference between intervention arms, considering expected
differences. For trials with the same interventions, a fixed effects model was used for
subgroup analysis. In Paper IV, various statistical measures such as means, standard
deviations, medians, interquartile ranges, frequencies, and percentages were employed
to assess variable distributions and guide subsequent stages of analysis.

Following that, a bivariate analysis examined the relationship between factors and the
primary outcome. Variables with p-values up to 25% were chosen for inclusion in the
ordinal logistic regression model using a cumulative logit link function. Given the
ordinal nature of ART adherence, generalized estimating equation (GEE) linear
regression models were utilized to assess outcomes proportionately over time. GEE was
also used to measure the intervention effect on VL data at two time periods in a single
model using an exchangeable working correlation matrix that accounted for potential
correlation due to within-participant dependencies over time.

Finally, the interaction effect of baseline and follow-up data, and model fitness were
checked by comparing Naive and Robust standard errors. The model with the smallest
values of information criteria was selected as the final model using STATA and R
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statistical software for analysis. Finally, a p-value of less than or equal to 0.05 was used
to declare statistical level of significance.

Mixed-method data analysis

In PaperIII, a convergent mixed methods approach was employed to analyze
quantitative and qualitative data concurrently, merging the findings to
comprehensively address research questions within a corresponding timeframe (Demir
& Pismek, 2018). Descriptive quantitative analysis was used to describe the number
and percentage of messages sent, received, or failed, as well as the factors contributing
to the failure of sent messages within the intervention group.

The IQCA was used to gain a holistic understanding of the perspectives shared by
adolescents, parents, and healthcare providers. This method aimed to encompass
insights into multiple facets such as how adolescents experienced receiving text
messages, the technical elements of the intervention, family-related factors influencing
adolescents' adherence, and the communication dynamics between healthcare
providers and adolescents.

In this analysis, the raw data were divided into meaning units, condensed meaning
units, codes, subthemes, and themes. The author of this thesis transcribed all the data,
and all co-authors read the transcribed interviews and discussed codes. The author of
this thesis and the second author in Paper III developed the sub-themes and themes
and discussed them with all authors until consensus was reached.

The success or failure of the message, as well as its effectiveness, was evaluated using the
reach, effectiveness, adoption, implementation, and maintenance (RE-AIM) approach,
which was used as a process evaluation indicator and helped in the integration of
quantitative and qualitative data.

36



Pre-understanding

Pre-understanding represents the initial perceptions and knowledge researchers have
regarding a specific subject and its social context. This approach implies the proactive
and systematic integration of this initial understanding by academics, presenting it
publicly as a valuable addition alongside formal data and established theories in their
studies (Gummesson, 2000). However, prior knowledge can influence the validity of
the study. Bracketing is a method of proving the validity of the data collection and
analysis process in qualitative research to minimize the possible negative effect of
predictions that may contaminate the research process (Ahern, 1999).

The author of this thesis has a background in public health, has worked in academia,
and has no clinical set-up experience. He has years of experience in both qualitative and
quantitative research on infectious and non-infectious problems at the clinical and
community levels. This prior experience of the topic was regularly reflected on and
discussed during the research process.
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Ethical consideration

This thesis was conducted in accordance with the ethical principles of the 1964
Declaration of Helsinki and its later amendments and approved by the Swedish
Regional Ethical Review Board (Dnr 2019-03433), the National Research Ethics
Review Committee in Ethiopia (MoSHE/RD/142/2869/20), and the Institutional
Research Ethics Review Board at Arba Minch University (IRB-113/11). Permission to
conduct the studies was obtained from the head or medical director at all health centers
and hospitals.

Ethics concerns were raised at each level of the research procedure. The principle of a
favorable risk-benefit ratio requires that risks to individual study participants be
identified, justified, and minimized (Emanuel, Wendler, & Grady, 2008). Research
with people living with HIV/AIDS requires special care in delineating and minimizing
research-related risks such as attack on privacy or violations of confidentiality.
Protecting the rights and welfare of those who volunteer to participate in research is a
critical component of ethical research. The four pillars of medical ethics are autonomy,
nonmaleficence, beneficence, and justice (DeVita, Hellman, & Rosenberg, 1985).

Autonomy is defined as the capacity to think, decide, and act freely and independently
based on such thought and decisions (Gillon, 1985). In medical practice, autonomy is
usually expressed as the right of competent adults to make informed decisions about
their own medical care. The principle underlies the requirement to seek the consent or
informed agreement of the patient before any investigation or treatment takes place.
The principle of respect for people affirms the primary importance of allowing
individuals to exercise their moral right of self-determination. However, this principle
also implies that people who are not capable of self-determination should be protected,
if necessary, by requiring permission from an individual authorized to consent on their
behalf. Parents or legal guardians serve this important function for children who are
younger than the age of maturity (Kauffman & Banner, 1995).

Permission refers to the agreement of a child’s parent(s) or guardian with the
participation of their child or ward in a clinical investigation (Roth-Cline &
Nelson, 2013). Parental permission is held to the same standards as informed consent
and is required (absent a waiver) for research involving children. The disclosure of

38



information required for voluntary and informed parental permission is the same as
that required for informed consent and includes a discussion of the potential risks,
benefits, and alternatives to research participation. In papers II-IV, both informed
consent from age above 18 years and parental consent and adolescents’ assent for
adolescents aged 10-17 years in the local language according to the national and
international guiding principles for research involving minors were required. In
addition, all participants were provided with written and verbal information about the
study, as well as offered the right to withdraw at any point without additional
explanation in their native language. All participants were guaranteed confidentiality.

The provision of a high-value mobile phone device may expose participants to physical
theft if the technology is considerably beyond what is common among their peers. To
minimize this risk, the mobile phone was as cheap as possible. Furthermore, the content
of text messages is essentially unmanageable because texts may be seen by someone
other than the intended recipient of the information. Text messages that include the
type of treatment specified may result in the unintended disclosure of the presence of a
medical condition, even if no details of the type of therapy are described.

The thesis did not contain any disease or virus-related information or details about
specific medications in the text messages. Instead, it focused on delivering general
motivational messages. In Paper III, we discussed the collective use of mobile phones
among family members and their potential influence. During participant recruitment,
the author of the thesis pre-assigned unique codes to the participants, which were also
utilized in the data collection app. Throughout the intervention process, except for the
intervention arm, blinding was maintained, and messages were transmitted through
coded systems provided by an independent telecommunication company. This
approach aimed to prevent any potential stigma associated with the messaging source.

Codes, field observations, and tape recordings were securely stored in locked cabinets
at Arba Minch University. Electronically collected data was managed and stored in
LUSEC at Lund University, a high-security platform compliant with general data
protection regulation (GDPR) and the Swedish Data Protection Law, ensuring safe
handling, storage, and analysis of the data.
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Results

The findings of this thesis provide promising evidence that automated text message
reminders improve treatment adherence among patients living with HIV in resource-
constrained settings. In Paper I, only seven of the 2517 study titles assessed met the full
text review criteria. Of those, two cohort studies were excluded due to significant bias
concerns. Among the five randomized controlled trials analyzed, text messaging
significantly improved treatment adherence in three studies, whereas in the remaining
two, no significant differences were observed between the intervention and
control groups. A meta-analysis revealed considerable heterogeneity among the studies
(I2 = 78%). Then, a subgroup analysis was conducted aimed at deciding between
implementing a one-way or two-way text message intervention for the
subsequent Paper IV.

In Paper I, among 2517 titles assessed, only seven fulfilled the criteria for a thorough
review of the full text. Two cohort studies were eliminated due to substantial bias. Out
of the five randomized controlled trials examined, three articles demonstrated a
significant improvement in treatment adherence through text messaging, while the
remaining two exhibited no significant differences between the intervention and
control groups. A meta-analysis revealed substantial heterogeneity among the
studies (I2 =78%). As a result, a subgroup analysis was performed to determine
whether to implement a one-way or two-way text message intervention in the
subsequent Paper IV.

In the subgroup analysis, fixed effects analyses were used to compare the effect of
intervention in a similar group (one-way text message or two-way text message only),
while random effects analyses allowed for inferences to a wider range of studies (Hedges
& Vevea, 1998). However, the pooled evidence of the one-way text
message, 0.05, and two-way text message, for improving ART adherence, was
inconclusive. We decided on a one-way text message intervention rather than a two-
way text message intervention because sending a message to confirm reception required
adolescents to recharge their cell phone's mobile card.

Paper 1I identified barriers to adherence that could be addressed by the intervention
specified in Paper I. In Paper 1I, 15 of 18 adolescents were vertically infected with HIV
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from their mother at birth, and as the adolescents grew older, disclosing their status
proved problematic for both healthcare staff and families. When HIV sero-status was
reported to adolescents for the first time, whether by a healthcare provider or a family
member, it was identified as having a detrimental influence on the adolescent's mental
well-being, and they became emotionally distressed. The main barrier to adherence that
needed to be addressed by adolescents was forgetting medication or medication time, a
lack of privacy, perceived stigma, and a lack of support.

For anyone to get support from healthcare professionals, family, friends, religious
organizations, and other organizations, one must disclose his or her HIV status.
However, in Paper II, adolescents felt ashamed to disclose their HIV status, and as a
result, many of them received inadequate support (financial, material, moral, and
emotional care) and paid unnecessary money for transportation by attending care-
facilities that were further away to avoid stigma. When their HIV status was not
disclosed, the adolescents experienced self-stigma and fear when collecting treatment
pills from hospitals, forgot to take medication on time, or purposefully failed to take
the prescription.

In Paper 111, the process evaluation findings revealed that 99.4% of the 30700 reminder
messages sent were successfully delivered. However, the causes of 0.6% of unsuccessful
messages were identified qualitatively, such as an electric power system, an uncharged
phone battery, and caregiver influence on phone usage, all of which contributed to the
intervention's failure. Interruptions to the local telecommunications networks and local
electric power were key structural barriers. Moreover, technical issues in server
management and individual factors such as lack of phone ownership among early
adolescents at household-level were described as additional barriers.

In Paper IV, the mobile phone text message increased adherence by 34% in six months.
At baseline, there was no significant difference in ART adherence between the
intervention and control groups. Over a six-month period, high adherence increased
while low and moderate adherence decreased proportionally in the intervention arm
compared to the control arm (see Figure 7).
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Figure 7. Comparing the level of adherence in an intervention- and control arm in a 6-monthperiod.

Similarly, the odds of having a high VL decreased by 30%, whereas the odds of having
an undetectable VL increased as visit time changed from baseline to six months (see
Figure 8).
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Figure 8. Comparing viral load status for six months among adolescents living with HIV.
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Discussion

General discussion of the findings

We found that automated text reminders led to a 34% improvement in adherence to
ART at 6 months of treatment. It was feasible to deliver this service through locally
configured automated text message delivery systems designed by locally trained staff.
Intervention fidelity was high, with >99% of the messages delivered to the intended
audience. The availability of mobile phones was a prerequisite for delivering the study
interventions, which needs to be taken into consideration when planning such
interventions. Findings from each phase of the MRC model service served as critical
inputs to the subsequent phase. Key results from each phase are discussed in the
following paragraphs. In the developmental phase of text message intervention, the
available evidence from different databases was searched and systematically reviewed
(Paper I). Thus, the pooled evidence of the effectiveness of text reminders in improving
adherence to ART remains inconclusive due to small studies that enrolled non-adherent
treatment initiators, and the fact that few interventional studies have been conducted
among the adolescents age group. The reviewed papers had considerable heterogeneity.
Variations in clinical, methodological, or statistical features could be the source of the
heterogeneity. Clinical heterogeneity is described as differences in participant
characteristics (e.g., age, baseline conditions, ethnicity, comorbidities), types or timing
of outcome assessments, and intervention parameters (e.g., dose, frequency of dose,
interventionist training) (Jpt, 2008). Methodological heterogeneity refers to differences
in study design and the potential of bias. Statistical heterogeneity is indicated by a
variation in the intervention effects reviewed across studies and is caused by either
clinical or methodological heterogeneity, or both (J. Higgins & Green, 2011).

In the meta-analysis, statistical heterogeneity was evaluated using tools such as the
I-squared statistic (I?). Higher statistical heterogeneity signals significant differences
among individual research findings, while lower heterogeneity suggests greater
similarity. In Paper I of this thesis, we observed elevated statistical heterogeneity due to
the limited number of studies in those areas.
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In the meta-analysis, statistical heterogeneity was assessed using measures such as the I-
squared statistic (I2). Higher statistical heterogeneity shows considerable variation in
individual research findings, whereas lower heterogeneity indicates higher similarity.
Therefore, in Paper I of this thesis, we found high statistical heterogeneity due to the
small number of studies in these areas.

Similarly, a more recent review on the use of text message intervention for improving
adherence to ART in patients with HIV was inconclusive (Sun et al., 2023). A study
by Ugandan showed that reminder text message intervention fails to improve
adherence in adolescents and young adults (Sebastian Linnemayr et al., 2017). In
Kenya, however, patients who received reminder text messages had significantly higher
rates of ART adherence and viral suppression when compared to controls
(Lester et al., 2010).

Adolescents living with HIV/AIDS might experience stigma, discrimination, or
emotional distress related to their condition. This psychological burden can affect their
motivation to adhere to treatment, impacting their mental well-being and adhering to
their treatment schedule due to forgetfulness or a lack of routine in their daily lives.
Thus, in Paper II of the thesis, the experiences of adolescents in treatment and care
were explored, and medication adherence challenges such as forgetting to take
medication on time, privacy concerns, and stigma were identified. Similarly, another
study revealed forgetfulness as the primary reason for missed ART doses among PLWH.
Factors like stable housing and support reduce forgetfulness, whereas depression,
poverty, stigma, and substance misuse elevate its likelihood (Freeman, Gwadz, Francis,
& Hoffeld, 2021b). Another study identified several barriers to ART adherence,
including forgetfulness, a lack of familial and social support, a poor diet, a low
socioeconomic status, feelings of hopelessness and depression, doubt in treatment
efficacy, rejection, and stigma (Farhoudi et al., 2018).

Text message reminders aid in maintaining medication routines, reducing missed doses,
improving adherence, and result in better health outcomes. The design of Paper IV was
based on a systematic review (Paper I) and a qualitative study (Paper II) that utilized
mobile phone text reminders to address both intentional and unintentional medication
non-adherence. Thus, in this thesis, the automated daily text message reminders sent
to adolescents’ mobile phones improved adherence by 34% when compared to the
control arm. In Paper IV of the thesis, the average effect of proportion of adherence
increased, while VL decreased across the 6-month intervention period. A study
conducted in Kenya, on the other hand, revealed that daily reminder text messages had
no effect (Pop-Eleches etal., 2011). The sending of reminder text messages was not
scheduled in accordance with an individual's actual medication time; this could be
the reason for no improvement in adherence in the Kenya study. Similarly,
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text reminder messages sent to HIV-positive adolescent and young adult patients in
two Ugandan clinics showed little effect on ART adherence. Furthermore, there
was no difference in adherence between one-way and two-way messages
(S. Linnemayr et al., 2017).

Apart from evaluating the effectiveness of the mobile phone text message intervention,
we identified factors associated with poor treatment outcomes. These factors included
the number of pills returned during refills, instances of missed medication, and lack of
adolescent participation in hospital-based psychosocial peer support, indicating poor
adherence. On the other hand, adolescents who were unaware of their daily pill dosages,
changed their ARV regimens, or who missed scheduled appointments showed
significant association with high viral loads.

All these factors are important for adolescents’ treatment adherence because they are
linked to medication perceptions, patient-physician relationships, and communication
or counseling in the clinic setting. Missed appointments cause problems in all
healthcare systems and have a substantial impact on how hospitals manage cases,
because patients who fail to follow up must be tracked down and reintegrated into
the system.

Evaluating the process of intervention implementation was essential for gauging how
closely the intervention adhered to its intended procedures and protocols, ensuring
fidelity and proper execution. However, factors related to individuals, families, and the
broader structural context can influence the implementation process of an
interventional study. In Paper Il of the thesis, a few participants reported
lost/damaged/stolen phones, local telecommunication networks, local electric power
disruptions, and multiple users on a single cell phone were barriers to proper
intervention. Similarly, a study conducted in Metro Manila, Philippines, showed that
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
(O'Connor et al., 2022). However, intervention fidelity in the Philippines was low
(77.9%), compared to 99.4% in Paper III. The difference could be due to customizing
reminder text messages based on adolescent’s own preferences and using four-digit
coded communications for confidentiality and security. This approach also helps in
differentiating the message source without having to read it.

Structural barriers such as local networks and electric power disruptions were identified
as barriers to intervention implementation (Paper III). A systematic review study on
mHealth in Africa showed that unreliable internet, network, and electrical power are
significant barriers to text message intervention delivery (Aranda-Jan, Mohutsiwa-
Dibe, & Loukanova, 2014). For mHealth to be successful, the implementation area
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must have infrastructure such as a consistent internet connection, electricity, and a
network (Haberer, Kiwanuka, Nansera, Wilson, & Bangsberg, 2010; Siedner, Haberer,
Bwana, Ware, & Bangsberg, 2012). Furthermore, technical, or expert knowledge for
configuring and maintaining of the intervention platform, may be unavailable locally,
and even if available, a lack of experience in configuring it might hinder
implementation, because technical training is normally necessary.

Therefore, the level of collaboration and engagement of government authorities is
crucial for the success of mHealth implementation (Lester et al., 2010). Furthermore,
healthcare providers need to build the necessary skills and organizational capabilities to
manage digital health data (Leon, Schneider, & Daviaud, 2012). Reminding text
message interventions may fail due to high illiteracy rates and user preferences
(Hoffman etal., 2010). However, modifying message types and cooperating with
mobile technology companies to address illiteracy may increase scalability (Mahmud,
Rodriguez, & Nesbit, 2010).

Methodological considerations

Conceptual and theoretical frameworks

The methodological considerations of the thesis were based on the MRC framework
involving various factors crucial for designing, implementing, and evaluating mobile
phone text messages. In the developmental phase of this framework, the HBM
theoretical basis and evidence for designing interventions should be understood,
considering the context, target population, and potential mechanisms of change
Kozier, 2008). In Paper I, the evidence for the effectiveness of text message intervention
was reviewed in many studies. Due to the small number of studies done in adolescent
populations, the evidence obtained from these studies was inconclusive. Based on the
findings of Paper I, and Paper II was planned and designed to explore adolescents'
experiences with treatment and care. It aimed to gather their input regarding text
message reminders for incorporation into the intervention, about all aspects of the
HBM theoretical framework.

The HBM provides insights into the cognitive and perceptual influences on health
behaviors. It highlights an individual's beliefs about HIV/AIDS, treatment benefits,
barriers to treatment, and self-efficacy. Improving ART adherence involves
emphasizing treatment benefits, providing barrier support, boosting self-efficacy, and
using reminders. Following intervention development, feasibility testing was performed
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at Arba Minch General Hospital to assess practicality and acceptability before full
implementation, employing both quantitative and qualitative methods.

After starting the full study, process evaluation was conducted for Paper I1I to evaluate
the intervention's implementation process, including barriers and the mechanisms of
change, to understand how and why the intervention works. Thus, we followed the
RE-AIM framework to assess whether the intervention was delivered as intended and
monitored fidelity to assess adherence to protocols and procedures. The RE-AIM
framework enables a comprehensive assessment of interventions, going beyond efficacy
evaluation. It helps us understand delivery practicalities, and reached populations,
adoption rates, and long-term sustainability, enhancing research translation into
practice for improved public health impact.

In the outcome evaluation phase, adherence, retention in care, and VL were measured
to compare the effect of the intervention in relation to the two arms (Paper IV).
However, there is no gold standard for estimating ART adherence (Williams, Amico,
Bova, & Womack, 2013). Self-reporting is the most commonly used method of
measuring adherence in standard clinic settings (Morisky, Green, & Levine, 1986). It
is susceptible to recall, and the issue of underestimating and overestimating reported
adherence has been raised due to social desirability biases (Berg & Arnsten, 2006). In
Paper IV, to avoid overestimation or underestimating, composite adherence
measurements such as self-reporting, pill count, and VL were used.

Validity
The ability of a study to exactly measure what it intended to measure is referred to as
its research validity. When conducting experimental research, it is critical to consider

both internal and external validity since these aspects influence both the experimental
design and the generalizability of the findings.

Internal Validity

Internal validity addresses whether the study design, conduct, and analysis answer the
research questions. A study is internally valid if the study conclusions represent the
truth for the individuals studied, since the results were not likely due to chance, bias,
or confounding because the study design, execution, and analysis were correct. Bias is
defined as any deviation of outcomes from the truth (Buring, 1987). Randomized
controlled trials are considered the gold standard in research for evaluating the
effectiveness of interventions. However, just because a study is randomized does
not mean it is unbiased (Lewis & Warlow, 2004). Some of the biases in RCTs are
discussed below.
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Selection bias

Selection bias occurs when the characteristics of the study groups differ. This difference
can occur for a variety of reasons, including allocation concealment. The Cochrane
criteria defines selection bias as the systematic differences between baseline
characteristics of the groups that are compared (J. P. Higgins & Green, 2008).
In Paper IV, there was a good balance of baseline characteristics between the
intervention and control groups, showing that the randomization and allocation were
successful by taking place at a single institution and were not prone to selection bias.
To avoid unnecessary exclusion of adolescents without a mobile phone and to minimize
selection bias due to their economic position purchasing a mobile phone, all adolescents
were given a mobile phone.

Information bias

Information bias occurs during the data collection procedure from the various study
groups, including handling, recording, and reporting of information (Buring, 1987).
It can be categorized into different parts.

Social desirability bias

Social desirability bias is the tendency to under-report socially undesirable attitudes and
behaviors and to over-report more desirable attributes (Latkin, Edwards, Davey-
Rothwell, & Tobin, 2017). The setting in which self-reporting adherence data was
collected by health professionals working in the same facilities via an interview may
have a significant influence on the study's validity. However, in the thesis
(paper II-1V), health professionals at specific ART clinics facilitated data collection and
played no other roles. Furthermore, the data collectors who were independent of ART
clinics, and those that participated in the baseline and outcome data collection, were
different, conducting the interviews in a private and separate room.

Reporting Bias

The way research results are presented can be influenced by their nature and outcome,
leading to what is known as reporting bias. For instance, studies demonstrating
ineffective interventions might not get published, resulting in access to only a portion
of the relevant evidence on a subject. This bias comes in various forms, such as
publication bias and outcome reporting bias. Selective reporting of outcomes can occur

when only certain outcomes that show positive or significant results are reported, while
others are omitted (Dwan et al., 2008; Sterne, Egger, & Moher, 2008).

Publication bias occurs when studies with positive or statistically significant results are
more likely to be published than those with negative or inconclusive results (Thomas
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& Heneghan, 2021). In a systematic review, if unpublished or grey literature (studies
not published in peer-reviewed journals) with negative findings are not included, it can
skew the overall conclusions and favor the effectiveness of an intervention when it
might not be as effective. To reduce the impact of publication bias, we conducted a
comprehensive screening and review of published, unpublished, and conference articles
written in any language (Paper I). To minimize outcome reporting bias (Paper IV), the
study protocol was pre-registered in the pan-African clinical trials registry, a composite
adherence measurement was used, and CONSORT recommendations were followed
(Schultz et al., 2010).

Informational spillover

In the context of an interventional study, informational spillover refers to the
unintended dissemination or sharing of information between different groups or
individuals participating in the study. This sharing of information could potentially
influence outcomes or behaviors, affecting the integrity or effectiveness of the
intervention being studied. Spillovers were more common in cluster-randomization
than in individual-randomization (Hayes, Alexander, Bennett, & Cousens, 2000).

However, in an individual RCT where participants are randomly assigned to treatment
and control groups, information spillover could occur if individuals in the control
group gain access to information about the treatment. This could lead them to adopt
elements of the treatment, thereby hiding the difference between the groups and
affecting the study's outcomes. In the thesis (Paper IV), the intervention was
implemented at an individual level using a confidential four-digit code to prevent
spillover effects. Nevertheless, in the process of recruiting participants, computer-
generated random numbers were used, resulting in a situation where a small number of
adolescents from the same families were assigned to different intervention arms,
potentially leading to spillover effects on outcomes.

Confounding

A confounder is a factor associated with both an observed cause and the outcomes under
investigation (Bovbjerg, 2019). It may hide a true association or wrongly display an
apparent association between treatment and outcome when no such relationship exists
(Weiss, 20006). In this thesis, we tried to decrease unmeasured or residual confounding
variables by ensuring balanced baseline characteristics and using multivariable analysis
to account for those variables known to influence the outcomes presented in Paper IV.
Despite these efforts, there is a possibility of unmeasured or residual confounding
effects associated with treatment adherence and specific factors within the models.
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Chance

Statistical significance is not always indicative of causation. If selection, information,
or confounding bias cannot explain the outcome, chance may serve as an alternative
explanation. The emphasis on bias over chance lies in biases' ability to produce
significant but erroneous outcomes. One of the first practical procedures and statistical
principles to consider when planning a clinical trial to address a research question is
sample size (Kirby, Gebski, & Keech, 2002). A study using a small sample size might
fail to capture exact differences between groups, posing ethical concerns. As power
increases, so should the sample size. Once the study's effect has been determined, the
95% confidence interval (CI) should be utilized to describe the level of uncertainty
surrounding the effect estimate rather than power (Goodman & Berlin, 1994).
The greater the effect, the less likely it is to be overlooked (Penelope, Brasher, &
Brant, 2007). The power used in this thesis was 90, and the sample size was large,
making the effect differences between study arms due to chance more unlikely.

External validity

External validity refers to the extent to which the findings of a study can be generalized
or applied to settings, populations, or conditions beyond the specific context in which
the research was conducted. It is a measure of how well the results obtained from a
study can be validly and reliably applied to other people, places, or times (Egger, Smith,
& Altman, 2008; Rothwell, 2005). External validity, as defined in Rothman's modern
epidemiology, encompasses both scientific and statistical generalization. Scientific
generalization, inherent in epidemiological studies, enables the creation of a cohesive,
potentially causative biological hypothesis applicable across various clinical or
epidemiological contexts. In contrast, statistical generalization holds paramount
importance in sampling as it ensures the final sample accurately mirrors the statistical
makeup of the source or target population (Rothman, 2012). External validity can
occur only if the study is first internally valid (Gay, 2006).

In this thesis, both scientific and statistical generalizations pose no issues. There is a
likelihood of their applicability to analogous contexts owing to the participants sharing
similar experiences despite differences in age, gender, and culture. Furthermore, the
adolescents included in the study were drawn from geographically diverse areas with
varied cultural backgrounds, thus increasing the probability of their representation in
the recruited population. In papers II and III of the thesis, given the qualitative nature
of the research, contextual elements might impact the extent to which the study
findings can be generalized.
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Trustworthiness

Trustworthiness is the most commonly used criterion for evaluating qualitative content
analysis, and it is often expressed using terms such as credibility, conformability, and
transferability (Lincoln & Guba, 1985). In papers II and III, qualitative content

analysis was used to analyze qualitative data.

In Paper II, adolescents were carefully selected for inclusivity across genders, geographic
areas, and urban-rural contexts. The analysis involved directly transcribing the data and
identifying themes through an inductive approach. Paper III included adolescents,
along with their families or guardians, and healthcare professionals in the intervention
group. Like in Paper II, the analysis consisted of transcribing the data directly and
generating themes through an inductive process.

Credibility

To ensure the credibility of content analysis, an appropriate data collection
method needs to be used (Graneheim & Lundman, 2004). Credibility deals with the
focus of the research and refers to the confidence in how well the data addresses the
intended focus (Polit & Beck, 2004). The thesis focused on adolescents’ HIV treatment
and care experiences, as well as treatment barriers (Paper II), and adolescent, family,
and professional interviews were conducted to explore their experiences and issues with
mobile text messaging interventions (Paper III). There is no universally approved
sample size for qualitative studies because the appropriate sample size is determined by
the study's objective, research questions, and data richness.

Conformability

Conformability refers to the objectivity, that is, the potential for congruence, between
two or more independent people about the data’s accuracy, relevance, or meaning
(Lincoln & Guba, 1985). Conformability of findings means that the data accurately
represents the information that the participants provided, and that the interpretations
of that data are not invented by the inquirer (Polit & Beck, 2004). This is especially
important if the researcher decides to analyze the latent content (noticing silence, sighs,
laughter, posture, etc.) in addition to manifest content. This means the findings must
reflect the participants’ voice and conditions of the inquiry, and not the researcher’s
biases, motivations, or perspectives. In this thesis, the audio data was transcribed to
verbatim text and organized into sub-themes and themes using inductive content
analysis, and exemplary quotations were provided in papers II and III.
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Transferability

Transferability refers to the extent to which the findings can be transferred to other
settings or groups (Polit & Beck, 2004). In qualitative research, transferability is
synonymous with generalizability, or external validity, in quantitative research.
Transferability is established by showing readers how the research study's findings could
be applied to various contexts, situations, times, and populations. The context in which
public health programs operate can have a substantial impact on their success and
implementation.

An intervention that has been shown to be effective in one context may be ineffective
in another, even if it can be done there (Wang, Moss, & Hiller, 2006). In Paper III of
this thesis, the five-dimension components of the RE-AIM framework were used to
collect information about the intervention setting, implementation, personnel and
circumstances, and findings (Glasgow etal., 2019). Reach, effectiveness, and
maintenance—three of the five RE-AIM dimensions—all work at the individual level,
that is, for the people who are expected to benefit. Adoption, implementation, and
maintenance are focused on the staff and setting levels, which are typically different,
and address internal and external context challenges that have a significant impact on
the population's health.
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Conclusion and implications

The findings of this thesis provide promising evidence that automated mobile phone
text message reminders improve adherence among patients living with HIV in resource-
constrained settings. We found that adolescents living with HIV who received reminder
text messages on their phones during medication had higher adherence rates and better
viral suppression. Adherence to ART increased proportionally, which is associated with

a high undetectable VL in the blood.

Effective adherence to ART has significant benefits for individuals living with HIV,
and public health initiatives addressing HIV/AIDS control. It helps in suppressing the
HIV virus, decreasing the VL to undetectable levels, benefiting individual health, and
reducing the risk of viral transmission. Adhering to the prescribed medication regimen
also lowers the likelihood of drug-resistant HIV strains. Moreover, maintaining
adherence enables individuals to lead active lives, maintain employment, follow
education, and actively participate in society, promoting their overall well-being. On
the other hand, non-adherence or missed doses might result in the virus mutating and
developing resistance to medications, potentially compromising treatment efficacy.

The advantage of server-based text messaging is that it sends reminders to many study
participants over a wide geographical area, requiring minimal human resources
following the initial setting up process. It could be a key part of a comprehensive
strategy supporting ART adherence. The intervention, developed with input from
adolescents themselves, enabled tailored care for individuals living with HIV, and
integrated their preferences into the messages. As a result, the group receiving the
intervention had better adherence and viral suppression than the control group.
The adolescents’ involvement and shared decision-making in the intervention process
had added benefits, which may have implications for policy, practice, and future
research.

Policy and practice implications

In Ethiopia, HIV treatment and care are provided at all levels of the health system,
including primary, secondary, and tertiary care. At the primary level, ART is accessible
in health centers and primary hospitals. Digitalizing healthcare improves patient-
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centered care, quality, and efficiency. The success of mHealth requires strategic,
integrated national initiatives as well as the government's responsibility in arranging
infrastructure setups. This requires strategic and integrative policy decisions at the
national level to be realized as concrete action plans.

The National HIV/AIDS Strategic Plan (NSP) from 2021 to 2025 (FMOH, 2020)
developed various strategies for intervention and partnered with various government
sectors to mainstream and reduce the HIV burden. However, Ethio telecom, the main
telecommunication provider in the country, was not considered as to be a partner in
the NSP (FMOH, 2020). This may affect the implementation and integration of
mHealth within the routine care system.

Recent telecommunications improvements in the country offer a valuable opportunity
to expand mobile phone-supported HIV treatment for adolescents. With reduced
airtime fees and wider network coverage, using text messages on mobile phones
for healthcare has become more feasible and easier to integrate into the routine
healthcare system.
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Future research

We identified several topics for future research:

Feasibility and impact of scaling up the intervention to all ART sites. For the
success of mobile phone text message reminder implementation, and to integrate it
within the routine healthcare system, organizational collaboration and engagement
of government authorities is crucial. Future research could focus on facility readiness
to configure a mobile phone text message intervention platform in all ART-
providing clinics.

Reminders for illiterate and disabled people. Further implementation study is
needed to address the real-world impact of symbol and visual-based message
reminders among people who are unable to read the prescription, medication time,
and appointment date using mobile phone reminder text.

Facilitating adolescent transition to adult care. Adolescents who did not participate
in the hospital-based psychosocial peer support had poor adherence to ART and
were stigmatized. These adolescents, however, were transitioned to an adult clinic
because of their age being above 19 years. Future research could focus on adolescent
readiness for the transition from pediatric to adult care clinics, as well as on
organizational readiness for assessing adolescent transition.

Virological impact of the interventions. Despite strict adherence to the medication
schedule, some patients in the intervention group had high viral loads. As a result,
additional research on virological outcomes is needed.

Long-term impact and economic evaluation of the interventions. More research is
needed to evaluate the long-term impact of text message reminders sent via mobile
phones on improving treatment adherence. In addition, further research on cost-
utility, examining mobile health intervention costs and their impact on quality of
life, is crucial. This evidence will help policymakers, healthcare professionals, and
decision-makers compare and prioritize interventions, optimizing resource
allocation and enhancing healthcare spending for improved public health.
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AEReC PG+ TIMPAL/Summary/

NePNLd Ndh PAR A PEUF dAOh+ POL-AT.AL.MT ®@LYi+
ADANLT N4 A

PAPTT NAF PAPhANA A®9D Pa9,P8ARTD AL (ATHEMN) ATEEPLT MR
NAYS NFT NMIT PAELN Y14+ 81 OMTT AL h&+EF PMms Fac UF
$MA A= RUIR P+MTNZ PAPhANA M2t ATRT PNLAT PADARFA: NANIRS
P+HAA PMS Ui AT8.5C ATALN NETOL PO TENFA APT POL-AT.AL.N,
meyrty RN @MAL ANdAL 10 20T A%TE ATALN NETTM,
PARIENFAQ NPT NE £I& NAATR NPPR POZ-RT.AE.A PLYLFFMY
NASINM PAAL PAA AL P TIATFOLTD:

POL-AT.AE.A, ARLYLFY NAINMS N+HINE NARMAL ALZATY NN&E+E Ui
o)+ AT PNAF@T ALTF AP+ £ FAA: NAA N POZ-AT.AR.N AR LY1LT
NATINMS AAPOAL NFCIPNT 0L NAA ATRTTF OMPT YA AP4P FoIC
1@ LU AUNTRT M. M-2$F AG MRLY1F A+ATRL ARZN APhAT h&+E ATH
PRLIA: NAT. A, A, IC ANZM POYP4 NFCIPNST 0L AAA PRI T MMFT
PRZ-PATHE.N LYLEFY NAINMT ATSLONS. PMPLCT THUNLP AS
ANE PP FCF APLIMNMTFM EFAA: AEDAS. MLIR H)L+m PrRMmAST
Y+ MMPFT ANIRTMmY ML/ AT LM T ATLH I NHING aPM7Y
NFT hALIR NNLA CPM-AL NaH PAD LY F AMPPID APFLT ML PT §FO-:

NhT. A2, N P+PH NFCIPAT 0L HAA ATLTTF OMPT PAT.AR.M
O.MFFOT AART ATADS AELATIR: NHUIR P+94 @977+ PaqINFm-7
SIRTY (P1IHNT PRARNT PARLAST AT ANS) APLTH ALLAYD: hHUID
Nt NARLNLE PMRITF PUNIRT +£a9+F ddmebgn A PHNAT £FAQA
NAQ, PTRLANMNFT ARTIAA NAPELF & MBA PUATPT +2a9F NARY L ARANL AL
PaRaaH Mgk, £8ZI4= NHUT T°ATPT NAPLNLFO NTITF PMT +2MF
m ey $FY AMMAL C&ELF AT PHIRUCT NF AT PUNTFA $MEC LA
UnRTamy NANMT A18LhF+A AST NATANNN @AM AT8L8R ATd4T
ATRPINTF@D- MR
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Uh9IRTY aPh+AY hi8. PT PT PAThAT dhhA oo R+ NATRFA
gAY Pt NNA P& Pol-AT.AR.N REYLFTFT RMALT NALLN PP LTFMTY
MAMELRITT MNP AT NATALN PNTPT MABRT NTIMF Payaem N
PAUF PN+AN £J& TF@= hHU NAL NNH mTET AL +277 ARIAP
F3+6 AT NFCIPAT 029 AAA NTTTF OMPT IC P+HLLTF AP PA-TOMLST
OM$F NFHHET OALF DeY1$FY AM@AL AT N+INaQ. AR
AADDORAL OOAZ FP ATP4ST AOPTFMT PAPAR A

POL-AT.AR.ML ALY LT ADANLET ATIRAA NAATE MG SCET NTMONGT RAR
NATT A78. PAONFMA hepoC PG ARPAANT APMPIP Y- ATHU P9, LN F O
AseC PRUE MAANDT AORge+PT ey FFmT AT8MNS ATNFON
ADRCEFET NeMEC MRALT PAPMYT YLt ALZAN ATSONSMT AS
AAPPTFOY ATEeMmA ATNFON £48FPA= BT ATE M9+ AT ATHU
A6C NARENG ATANNN @NM ATLT ATLMPYE Paq PAL ANNUT AR
@B PAR: NF81 OMTT AL PHLAF PHAPLR MTRT AT PARTE
pane st mmAE A% AMAFDOAN NIPNLA PTAN Aehel AN
NAT8YE MT$T AL UNIRTY NTIAAA 18 B-MFT9 AUF NAAT 2790 gRygD
ADm RAARYR: NARPRGE NF817 OMET AL Paeerdid dm-AE AChTY
ATA+TNNA +NAD P+ME ALTAR MT$TT ANNNT N770R99R PaR ey
mm-AE NCATT hMmN+thhd  ATRC PAGYT @MFT97F 2U 10 NAe ARSI
PAFo1LA: £UTR 499 0FM N10 ANN 19 NA 81 OMETF HLP PHLLT MTRT
Mt NARPTFO P+ e MGt AL, PNEAT EMETHA:

N@Prge NN AFERP NF81 POLT NAA AL PMIT: OMEF AT
+INNNNPFFOT NFCIPAT 0LTR AL P OMPF Pel-hT.AL.N, hNIRTT
meY1tY N+H174F0 1H ARNZE AT8LMNS P00 FRATPRT NG+
+AL+PA: DAPIIR NGPNLA NAN PARAND- Askueno( PXU& RAONTT PBl-
AT AL YT AMAALT ATHARA AT MPT™ +AFLPT AL PATMY
MM FMI1HS LAVFFO NG+ +2IIMA: NPT AALTSTS ND- PAR L5+
mm-AE A%FY PPAFMAN PhIPTOHC HNPAEMT NAFE-HANIE IC
NT@A+ANC NTITDI ASF N+ TH PTLFHH PheC PRUG MDARRT dDAN P
NCST NARYLET ANENT Mt NtHFA N ™M+t +7909993 Ax
N+ @ND htAt4 306 NFCIPNT 0L AL NM7F F81PF AN IMAF
Pao e Yyt a@-AE AYFT P9 PAFMN Aol PEUG RARRT PORLCATM. ALY
QMAF 97 ALTFIR: N+AR hAAA AU NAL AONTT daohhd 99.4% Pun
AteNeTF LCAPA: Athd 2 NENT OC AskC PRUE ARAANT N+PNAT AL
ey ty NHINA AN OAL P+AA BT +95hA: ATLH U9 NLTFa-
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M-Am PSP PARTALNA, NLZN ANt MPMI® Aen(C P& MAARNT
N LCATFM PG+ MY P+HAA NLZAT PAREMME MMt +ARHOIN A

N@UPRR NFCIPAT 0L hAA PORIF F81PT MEYL$:FFMY NAINMT
AT8.MN8. ACPCET AR RNG hepl PR -6 APARRT MAFDA ATL+HINC £aPNEA
3 UTT ARE HINGP AT LT HEnTIE CINGRTY AP MPIR AT PARYOINF: DL P
MING *CMETTT EMLPA: NHMTILI® NAT AL N, IC PTG OMTT AT
+INNNNPFFO Y& +AFE L RANFO-
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