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Agete Tadewos Hirigo: Ph.D. Candidate in Clinical Nutrition
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ABSTRACT

Background: Antiretroviral therapy (ART) has significantly improved survival among people
living with HIV (PLWH). With increased life expectancy, cardiometabolic risks like obesity,
elevated blood pressure, hyperglycemia, dyslipidemia and metabolic syndrome (MetS) are rising
in this population. Since the World Health Organization recommended test-and-treat strategy and
dolutegravir (DTG) based regimens, they have been widely adopted across sub-Saharan Africa.
Ethiopia implemented test-and-treat in 2017 and distribution of DTG-based regimens in 2019.

However, their cardiometabolic effects in this population remain unclear.

Objective: The objective of this study was to: (1) to assess the prevalence and risk factors of high
blood pressure (HBP), hyperglycemia, dyslipidemia, and metabolic syndrome (MetS); (2)
evaluate trends in body weight among adults receiving first-line ART over a 24-month period; and
(3) evaluate the effect of lifestyle counselling on weight and body composition among adults with

overweight and obesity in Hawassa city, Sidama Region.

Methods: A mixed-methods design was employed, consisting of a retrospective cohort study (n =
524; February 2017—October 2022), a cross-sectional study (n = 465; January 5, 2023-May 30,
2024) using systematic random sampling, and a randomized controlled trial (RCT; n = 126;
January 5, 2023-May 30, 2024). RCT participants were randomly assigned to intervention (n =
63) or control (n = 63) groups. Participants were selected via systematic sampling, and data were
collected through semi-structured questionnaires and face-to-face interviews. Blood samples
obtained from participants after an overnight fast were used to evaluate glucose and lipid profiles.
High blood pressure, hyperglycemia, dyslipidemia, and metabolic syndrome (MetS) were defined

v



according to established guidelines. Data were entered using EPI-Data version 3.1 and analyzed
with IBM SPSS version 27.0 and STATA 17.0. Statistical analyses included descriptive statistics,
linear mixed-effects models, and binary logistic regression. Adjusted odds ratios (AORSs) with 95%
confidence intervals (Cls) were calculated, with p-values < 0.05 considered statistically

significant.

Results: Over 24 months, adults initiated DTG-based regimens gained significantly more weight
than those on non-nucleoside reverse transcriptase inhibitors (NNRTIs) (8.6 kg vs. 4.95 kg,
p<0.0001), with DTG initiation associated with >10% weight gain (AOR=1.9; 95% CI: 1.19-
3.04). HBP prevalence was 57.9%, including 40.5% prehypertension and 17.3% hypertension;
84.4% of hypertensive cases were newly diagnosed. DTG initiation (AOR=5.9; p=0.01) and
switching to DTG (AOR=3.8; p=0.03) were significantly associated with HBP. Hyperglycemia
prevalence was 24.4% (16.7% prediabetes, 7.7% diabetes), with 82.3% of diabetes cases newly
diagnosed; age >50 (AOR=2.1; p=0.02), alcohol use (AOR=2.1; p=0.04), obesity (AOR=3.2;
p=0.01), high waist-hip ratio (AOR=2.6; p=0.002), and elevated LDL-cholesterol (AOR=2.2;
p=0.04) were significant associated with hyperglycemia. Dyslipidemia prevalence was 74.0%,
most commonly low HDL-cholesterol (66.4%), and dyslipidemia associated with DTG initiation
(AOR=4.8; p=0.02) and high waist circumference (AOR=1.06; p=0.01). MetS was present in
36.4% and associated with age >50 (AOR=3.2; p=0.003), alcohol use (AOR=2.7; p=0.02), body
mass index >25 kg/m? (AOR=2.2; p=0.03), and high waist-height ratio (AOR=3.9; p=0.01). At six
months, lifestyle counselling significantly reduced body weight (A=1.4 kg, p=0.002), visceral fat
(A=0.53, p=0.006), fat mass (A=2.16 kg, p<0.001), and body fat percentage (A=—2.02%,
p<0.001), and increased skeletal muscle (A=+1.27%, p<0.001). Counselling was associated with
achieving >3% weight loss (f=0.158, p=0.048).

Conclusion: The findings highlight the need to strengthen routine screening, risk stratification,
and targeted lifestyle interventions within HIV care to facilitate early identification and

management of the growing burden of noncommunicable diseases among PLWH on ART.

Keywords: HIV, Antiretroviral therapy, Cardiometabolic risks, Dolutegravir, Dyslipidemia,
Blood pressure, Metabolic syndrome, Obesity, Lifestyle counselling, Sidama Region, Ethiopia
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Organization of the Dissertation

This dissertation is structured into six chapters:
Chapter One introduces the study, presenting the study objectives and highlighting the research
gaps that this study seeks to address.

Chapter Two offers a detailed literature review on cardiometabolic risks, including clinical weight
gain, blood pressure, hyperglycemia, dyslipidemia and metabolic syndrome, alongside their
determinant factors. It also examines the impact of lifestyle modification counselling on body
weight and composition and provides a conceptual framework for understanding the determinants

of cardiometabolic risks.

Chapter Three reveals the materials and methods used in the study. It describes the study area,
design, and period, as well as the source and study populations. This chapter also includes details

on sample size calculation, sampling procedures, and the statistical analysis techniques applied.

Chapter Four presents the study's results, which are organized as published articles and submitted
manuscripts. The sections are as follows:

e Section 4.1 (the article published in Annals of Medicine, Taylor & Francis Group)
describes the impact of Dolutegravir-Based first-line ART on weight and body mass index
in adults living with HIV Attending Healthcare Facilities. The section covers socio-
demographic characteristics, health-related factors and treatment-related factors, presented
through text, tables and figures.

e Section 4.2 (the article published in Therapeutic Advances in Infectious Diseases, Sage
Journals Group) examines the prevalence and determinants of high blood pressure among
adults with HIV on antiretroviral therapy.

e Section 4.3 (the article published in Endocrinology, Diabetes & Metabolism, Wiley
Journals Group) presents the prevalence and determinants of hyperglycemia among adults
with HIV on antiretroviral therapy.

e Section 4.4 (the manuscript submitted and accepted for publication in the journal of
Atherosclerosis plus, Elsevier Journals Group) investigates the prevalence and
determinants of dyslipidemia among adults with HIV on antiretroviral therapy.

e Section 4.5 (the article published in Therapeutic Advances in Chronic Diseases, Sage

Journals Group) examines the prevalence of metabolic syndrome and its contributing
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factors in adults living with HIV who initiated first-line antiretroviral therapy after the

adoption of the test-and-treat strategy.

e Section 4.6 (the article published in Obesity Pillars, Elsevier Journals Group), evaluates
the impact of lifestyle modification counselling on body weight and body composition
among overweight/obese adults living with HIV on antiretroviral therapy through a
randomized controlled trial, detailing the effects of the intervention on body weight and

composition.

Chapter Five provides a comprehensive discussion of the study's findings, contextualizing the

findings within existing literature and interpreting their implications.

Chapter Six concludes the dissertation by summarizing the key findings and offering

recommendations based on the study results.
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Chapter 1- Introduction




Chapter 1-Introduction

1.1. Background

Human immunodeficiency virus (HIV) is a infectious virus that weakens the immune system by
targeting CD4+ T lymphocytes, which play a vital role in cell-mediated immunity. The virus binds
to the CD4 surface marker, leading to excessive activation, rapid proliferation, and eventual death
of these cells (Hunt et al., 2003). Since HIV suppresses the physiologic functions of immunity and
destroys CD4+T cells, people living with HIV (PLWH) gradually become immunodeficient. This
progressive weakening of immunity also favors the emergence of opportunistic infections as well
as a variety of malignant diseases in these people (Hunt et al., 2003; WHO, 2021). Untreated
PLWH may develop acquired immunodeficiency syndrome (AIDS) after several years, which is
the worse-to-worst stage in which people become sensitive to various types of infections and

display various clinical symptoms (Cancer.Net Editorial Board, 2019; WHO, 2021).

Since the beginning of the HIV epidemic, approximately 88.4 million (71.3-112.6 million) people
have been infected with the pandemic HIV; of these, 42.3million (35.7million — 51.1 million)
people have died from AIDS-related illnesses (UNAIDS, 2024). In addition, 39.9 million (36.1
million—44.6 million) are living with HIV globally and 1.3million (1.0 million-1.7 million)
became newly infected in 2023 (UNAIDS, 2024). Sub-Saharan Africa (SSA) has been severely
affected by the HIV epidemic, with an approximate adult infection rate of 4.2% and account for
more than two-thirds of all PLWH globally (J. Unaids, 2017). Ethiopia is the second-most
populous country in Africa (Worldometer, 2021) and according to the Ethiopian Public Health
Institute (EPHI), had an estimated 605,238 PLWH in 2023 and 598,888 in 2024. EPHI estimates
also indicated 7428 new HIV infections in 2023 and 7255 in 2024 (EPHI, 2024).

Until the mid-1990s, PLWH were expected to live for a maximum of two years after the onset of
the initial AIDS-defining disease. However, in 1995, a novel form of antiretroviral therapy (ART)
was introduced, significantly improving the life expectancy of PLWH. In addition, the infection
has transformed from a fatal to a chronic condition, particularly in those who have been undergoing
ART (Bavinton et al., 2018; Rodger et al., 2019). ART not only extends life expectancy but also
significantly reduces the risk of HIV transmission by substantially suppressing viral loads in
PLWH (David, Lima, Zhu, & Brauer, 2020).



Approximately 30.7 million (27 million — 31.9 million), which means 77% [61-89%] of PLWH
globally were receiving highly active ART (HAART) in 2023, representing a coverage rate of 73%
(UNAIDS, 2024). In addition, Ethiopia’s national government has committed to achieving the
global 95-95-95 targets by 2025, aiming for at least 95% of PLWH to know their status, 95% of
those diagnosed to receive ART, and 95% of those on ART to achieve viral suppression. As of a
2019 report, 79% of PLWH were aware of their status, 90% of those were receiving ART, and
91% of individuals on treatment had achieved viral suppression (FHAPCO, 2021).

There are seven classes of ART drugs: nucleoside/nucleotide reverse transcriptase inhibitors or
non-nucleoside reverse transcriptase inhibitors(N(t)RTIs or NNRTISs)), protease inhibitors (PIs),
fusion inhibitors, chemokine receptor type 5 (CCR5) antagonists, integrase strand transfer
inhibitors (INSTIs) and post-attachment inhibitors (NIH, 2021). Currently, at least three
antiretroviral drugs from various classes are recommended to achieve adequate viral suppression
(FMoH, 2018). These combinations involve two N(t)RTI drugs and one NNRTI or Pl drug (FMoH,
2018; Piacenti, 2006).

However, the World Health Organization (WHO) now recommended dolutegravir (DTG)-based
ART as the preferred treatment for PLWH in SSA (WHO, 2016). This is due to DTG's high efficacy,
rapid viral suppression, low incidence of adverse events and a high genetic barrier to resistance
compared with NNRTIs. Consequently, the WHO has recommended transitioning from NNRTI-
based regimens to DTG-containing ART regimens. DTG combined with Tenofovir disoproxil
fumarate (TDF) or Abacavir (ABC) plus lamivudine (3TC) is used as a first-line ART for people
whose viral load is less than 1000 copies per mL (WHO, 2018). Moreover, in 2018, Ethiopia's
Ministry of Health revised its HIV treatment guidelines to include DTG-based regimens as the
preferred ART regimen for individuals aged 10 years and above and weighing >30kg, with the
exception of pregnant women (FMoH, 2018).

1.2. Statement of the Problem

The widespread implementation of combination ART has significantly increased life expectancy
among individuals living with HIV, however, cardiovascular and metabolic dysregulation are
becoming serious challenges among PLWH (Lacson, Barnes, & Bahrami, 2017; Nsagha et al.,

2015). PLWH on ART often experience an increased prevalence of cardiovascular disease (CVD)
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risk factors including type 2 diabetes mellitus (T2DM), overweight/obesity, hypertension (HTN)
and dyslipidemia (Hemkens & Bucher, 2014; Lacson et al., 2017). Despite the reduction in
HIV/AIDS morbidity and mortality because of easy access to ART, SSA countries are currently
confronted with a wide range of noncommunicable diseases (NCDs) (Girum, Wasie, & Worku,
2018; Semu et al., 2016). PLWH on ART may face a 26% increased risk of T2DM (Njuguna et
al., 2018), a 21.5% higher risk of metabolic syndrome (MetS) (Todowede, Mianda, & Sartorius,
2019), a 70% increased risk of dyslipidemia (one of the CVD risk factors) (Calza et al., 2017) and
a 26% greater likelihood of experiencing myocardial infarction (Friis-Mgller et al., 2003).

In line with the WHO recommendations, older ART regimens, which had lower efficacy and
higher toxicity, have been replaced with DTG-based regimens (Organization, 2020). In addition,
the majority of PLWH on first-line ART have shifted to DTG-based ART in Ethiopia following
the WHO approval. However, both the national and the WHO consolidated ART guidelines do not
provide a clear recommendation that addressing clinical weight gain, body composition and
cardiometabolic abnormalities be considered essential components of healthcare for PLWH
receiving DTG-based ART regimens (FMoH, 2018; WHO, 2016). In addition to the
pathophysiology of HIV, emerging studies suggest that DTG-containing ART regimens are
associated with clinical weight gain and other cardiometabolic issues in SSA (Kouanfack et al.,
2019; Lamorde et al., 2020).

There have been contradictory reports in previous studies, and various potential variables that may
influence the cardiometabolic health of PLWH have not been evaluated in this population. For
example, studies reported no significant change in body weight among PLWH on ART
medications (Giacomelli et al., 2021; Guaraldi et al., 2021). Conersly, other studies have reported
significant weight gain (Bourgi, Rebeiro, et al., 2020; Eckard & McComsey, 2020), including
increases in both lean and fat mass, among individuals treated with DTG-based regimens
compared to individuls on other regimens (Venter et al., 2019). Several studies also revealed that
females who received DTG based regimens had a higher risk of weight gain (Alcorn K, 2020;
Thivalapill et al., 2021), whereas another study revealed that males who received DTG based
regimens were at a greater risk of weight gain (Taramasso et al., 2020). In addition, some studies
have shown no association between the occurrence of diabetes and DTG based regimens ART

regimens (Ursenbach et al., 2020), whereas others have reported a significant association between
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hyperglycemia and DTG based treatments (Lamorde et al., 2020). Moreover, studies have revealed
inconsistent findings on dyslipidemia. For instance, PLWH on DTG based regimens have an
increased occurrence of lipid alteration than individuls receiving the NNRTI based regimens
(Amutuhaire et al., 2023; Kigongo et al., 2024). In addition, reports indicated a higher risk of
dyslipidemia-related complications in individuals received DTG-based ART (Benson M
Hamooya, Patrick Musonda, et al., 2021; Jemal, Shibabaw Molla, Tiruneh G. Medhin, Chekol
Abebe, & Asmamaw Dejenie, 2023; Kigongo et al., 2024) with a high incidence of low HDL-c
(Benson M Hamooya, Patrick Musonda, et al., 2021) and elevated TGs (S. Liu et al., 2023). While
several other studies suggest that dyslipidaemia is less prevalent or improved with DTG-based
regimens compared to other regimens (Bagella et al., 2019b; Byonanebye et al., 2021; Quercia,
Roberts, Martin-Carpenter, & Zala, 2015). In support, DTG has been reported as a significant
treatment option for older people who may have additional risk factors for metabolic syndrome or
CVD (Querciaet al., 2015).

Several studies have revealed that PLWH who received DTG based regimens are more prone to
developing psychological issues such as depression and anxiety, compared to individuals on other
ART regimen (Povar-Echeverria et al., 2021; Reeves et al., 2021). The associations of depression
with weight gain/obesity (Provias, 2018; Sharafi et al., 2020), anxiety with abdominal fat in
females (Heidari-Beni et al., 2021) and psychiatric problems with hyperlipidemia and HTN (Jia et
al., 2020; Santos-Veloso et al., 2019) are well-known. Previous researches, however, have not
examined the influence of psychiatric conditions on cardiometabolic problems in PLWH receiving
DTG based ART by including them as independent variables.

Additionally, consuming fruits and vegetables has been linked to a reduced risk of cardiovascular
diseases (Miller et al., 2017), whereas inadequate intake has been associated with an increased risk
of cardiometabolic diseases (P. Verma, Srivastava, & Jain, 2018). However, the impact of FAV
consumption patterns on weight, body composition and other cardiometabolic conditions has not
been investigated in previous DTG based studies, despite evidence that DTG-based regimens
contribute to weight gain and metabolic complications.

Thus, investigating burden and determinants of cardiometabolic risks in adult PLWH receiving
ART, particularly after the adoption of the test-and-treat strategy and new ART regimens, is

essential for identifying underlying factors and implementing targeted strategies to mitigate
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cardiovascular risks. Additionally, assessing the impact of lifestyle interventions on weight and body

composition is essential for understanding the intervention role in reducing cardiometabolic health

challenges in this population.

1.3.

1.3.1.

Research objectives

General objective

The general objective of this study was to investigate cardiometabolic risks in adult PLWH

receiving first-line regimens after the implementation of the universal test-and-treat strategy in

Hawassa City, Sidama Region with a focus on disease burden, determinants and effects of lifestyle
interventions, conducted from November 01, 2022 to May 30, 2024.

1.3.2.

>

1.4.

Specific objectives

To determine the trends of weight gain and associated factors among adult PLWH on first-
line ART regimens.

To determine magnitude and associated factors of high blood pressure among adult PLWH
on first-line ART regimens.

To determine prevalence of hyperglycemia and its determinants among adult PLWH on
first-line ART regimens.

To determine prevalence and associated factors of of dyslipidemia among adult PLWH on
first-line ART regimens.

To determine the burden and associated factors of MetS among adult PLWH receiving
first-line regimens.

To assess the effects of lifestyle counseling on body weight and composition in adults with

a body mass index (BMI) of >25 kg/m? who were receiving first-line ART regimens.

Research questions

What is the trend of weight after 24 months of ART initiation?

What are the determinants of clinical obesity among adult PLWH who are first-line
regimens in Hawassa City?

What is the prevalence of hyperglycemia among adult PLWH receiving first-line

regimens in Hawassa City adminstration?



4. What factors contribute to hyperglycemia in adult PLWH receiving first-line regimens in
Hawassa City adminstration?

5. What is prevalence of dyslipidemia among adult PLWH receiving first-line regimens in
Hawassa City adminstration?

6. What factors contribute to the alterations of lipid metabolism in adult PLWH receiving
first-line regimens in Hawassa City adminstration?

7. What is the prevalence of elevated blood pressure among adult PLWH receiving first-line
regimens in Hawassa City adminstration?

8. What are the factors associated with elevated blood pressure in adult PLWH receiving
first-line regimens in Hawassa City adminstration?

9. What is the prevalence of MetS among adult PLWH receiving first-line ART regimens in
Hawassa City Administration adminstration?

10. What are the determinants of metabolic syndrome in adult PLWH receiving first-line
regimens in Hawassa City adminstration?

11. Does lifestyle modification counseling have an effect on weight and body composition
among adults with overweight and obesity receiving first-line ART?

1.5. Significance of the study

SSA faces the dual challenge of managing the persistent HIV epidemic alongside a growing burden
of NCDs, which now compete with infectious diseases for limited healthcare resources (Bigna &
Noubiap, 2019; Costa et al., 2020). The successful rollout of ART has contributed to a rise in life
expectancy for PLWH. However, the metabolic disorders associated with ART including
cardiovascular diseases, chronic renal diseases and osteoporotic fractures, make PLWH more
vulnerable to NCDs relative to the general population (Althoff et al., 2015; Rasmussen et al.,
2015).

In Ethiopia, the increasing burden of both infectious diseases and NCDs poses significant health
challenges, particularly for PLWH. Among the emerging health risks, cardiometabolic conditions
have become a growing concern. The rising incidence of CVD among PLWH has shifted the age
distribution, now affecting a younger population that was traditionally less susceptible to these
conditions. This demographic shift not only increases health risks for individuals but also places
additional strain on the active workforce, a vital segment of the population for the country’s
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economic productivity. In light of these challenges, there is a lack of data on cardiometabolic
conditions among individuals who initiated ART, after the implementation of the test-and-treat
strategy. Besides, there is limited data on cardiometabolic outcomes associated with DTG-based
regimens in Ethiopia. Moreover, previous studies from other regions have reported inconsistent

findings regarding cardiometabolic risks among individuals receiving DTG-based treatments.

Therefore, addressing the gaps in understanding cardiometabolic risks among PLWH is essential
for developing targeted health policies and interventions in Ethiopia. Effectively reducing the
rising cardiometabolic risks in PLWH needs assessing the burden of key conditions such obesity,
dyslipidemia, hypertension, hyperglycemia, and MetS, as well as the factors that contribute to
them. This approach could not only improve the health outcomes of PLWH but also help reduce
the comprehensive socio-economic burden on the active workforce. Such an assessment will be
also critical for developing strategies for early screening, prevention and controlling of these
situations in these people. Moreover, the findings of this study could provide valuable insights for
designing targeted public health policies and interventions, ultimately enhancing the effectiveness

of care for PLWH and improving overall health outcomes in Ethiopia.
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2.1. HIV Biology, pathogenesis and the Role of ART

HIV belongs to the Lentivirus genus, which belongs to the Retroviridae family, subfamily
Orthoretrovirinae (Luciw, 1996). The virus is divided into categories 1 and 2 (HIV-1, HIV-
2) based on genetic features and variations in viral antigens (Gao et al., 1999). The virus is
transmitted through the exchange of certain body fluids from PLWH, including blood, breast milk,
semen, and vaginal fluids, and it can also be passed from mother to child during pregnancy or
childbirth (WHO, 2024). However, HIV is not spread through casual contact such as hugging,
kissing, shaking hands, or sharing personal items, food, or water (WHO, 2024).

Viral ribonucleic acid (vRNA) and reverse transcriptase (RT) are responsible for the synthesis of
viral DNA (vDNA), while integrase (IN) facilitates the integration of vDNA into the host genome,
which are key components of the HIV-1 ribonucleoprotein (RNP) complex. The RNP is
surrounded by a protective shell composed of 1600 capsid protein (CA) molecules organized in
hexameric and pentameric rings (Zhao et al., 2013) that make up the viral core. The core of HIV-
1 enters the cytoplasm after it fuses with the cell membrane, where it interacts with several host
components, including those that aid in viral transit to the nucleus and nuclear import (Campbell
& Hope, 2015; Matreyek & Engelman, 2013). Then, trimers of noncovalently connected
heterodimers composed of the surface glycoprotein gp120 and the transmembrane glycoprotein
gp41 make up the HIV-1 envelope spikes (J. Liu, Bartesaghi, Borgnia, Sapiro, & Subramaniam,
2008; Zanetti, Briggs, Grunewald, Sattentau, & Fuller, 2006). When these spikes are activated,
they set off a chain of conformational changes that lead to the fusion of the viral and host cell
membranes and the release of the viral core into the cytoplasm. CD4+ T cells and macrophages
are the principal targets of HIV-1 infection (Rizzuto et al., 1998). The pathogenesis of HIV
infection is driven by widespread immunological activation caused by HIV replication and the
immune response to the virus. Increased T-cell turnover (production and destruction), increased
T-cell death, a decrease in the size of the CD4+ T-cell pool, and activation-induced
immunodeficiency are consequences of HIVV-induced immunological activation (Younas, Psomas,
Reynes, & Corbeau, 2016). In addition, the replication of HIV in lymph node and changes the
node shape, resulting in a further decrease in CD4+ T cells (Deeks, Tracy, & Douek, 2013). A
significant decrease in CD4+ cell counts, as well as increased B-cell proliferation and



hypergammaglobulinemia, are all symptoms of this AIDS. Immune activation, which has recently
been re-appreciated as a primary source of the pathogenic pathway, is most likely to blame for the

latter discovery (Barré-Sinoussi et al., 1983; Gallo et al., 1984).

The HIV life cycle has seven stages, each involving specific viral enzymes that enable the virus to
infect CD4 cells and replicate. It begins with binding to CD4 receptors, followed by fusion with
the cell membrane. Once inside, HIV uses reverse transcriptase to convert its RNA into DNA
(reverse transcription). This DNA is then inserted into the host genome using integrase
(integration). The virus hijacks the cell machinery to replicate HIV RNA and proteins. These
components are assembled at the cell surface, and budding occurs as immature virus particles exit.

Finally, protease processes these particles into mature, infectious HIV (NIH, 2025).
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Figure 1 Understanding the HIV Life Cycle

HIV initiates infection when its gp120 envelope protein binds the CD4 receptor together with a chemokine co-receptor
(CCR5 or CXCR4) on the target cell. This interaction triggers a conformational change in gp41 that fuses viral and
cell membranes, releasing the viral core into the cytoplasm. Reverse transcriptase then converts the viral RNA genome
into double-stranded DNA as the pre-integration complex migrates to the nucleus. There, HIV integrase permanently
inserts this DNA into the host chromosome, creating a provirus. The integrated provirus is transcribed into RNA
(sometimes spliced), exported to the cytoplasm, and translated into viral proteins that assemble with genomic RNA at
the plasma membrane. Budding produces immature virions that undergo protease-mediated cleavage of Gag and
Gag-Pol polyproteins, yielding mature, infectious particles (Chou, Maggirwar, & Marsden, 2024).
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Combination ART is employed both for the prevention of HIV transmission and the treatment of HIV
infection (Council, 2021). These therapies target multiple stages of the viral life cycle to effectively inhibit
replication and reduce viral load. Several classes of ART drugs are currently in clinical use, each targeting
distinct stages of the HIV life cycle. Pre- and post-attachment inhibitors prevent the virus from binding to
host cell receptors, while fusion inhibitors block the fusion of the viral envelope with the host cell
membrane, thereby preventing viral entry. Capsid inhibitors disrupt the formation and stability of the viral
core. NNRTIs and N(t)RTIs interfere with the reverse transcription process by inhibiting the reverse
transcriptase enzyme, preventing the conversion of viral RNA into DNA. INSTIs block the integration of
viral DNA into the host genome by inhibiting the integrase enzyme, and HIV Pls inhibit the protease
enzyme, thereby preventing the maturation of new viral particles (Chou et al., 2024; NIH, 2021).
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Figure 2 HIV Life Cycle Steps Targeted by Current Antiretroviral Drug Classes

Currently approved classes of antiretroviral drugs are shown in blue boxes. HIV latency occurs when the provirus
pauses after integration, during which time it expresses little or no RNA and no viral proteins. As there are no
currently approved antiretroviral drugs that target an integrated HIV provirus, latently infected cells can persist
despite ART (red box) (Chou et al., 2024).
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The introduction of combination antiretroviral medications has changed HIV from a lethal disease
into a manageable chronic condition, and greatly enhancing longevity in PLWH (Lohse & Obel,
2016). However, chronic inflammation linked with prolonged HIV infection has emerged as a key
factor in developing comorbidities like cancer, CVD, diabetes, obesity, hypertension and
dyslipidemia (Barré-Sinoussi et al., 1983; Gallo et al., 1984). Studies have also highlighted the
adverse effects of ART, particularly its association with cardiovascular risks such as diabetes
mellitus, obesity, HTN, and dyslipidemia, among individuals on different ART regimens (Ekun,
Fasela, Oladele, Liboro, & Raheem, 2021; Nsagha et al., 2015). This co-occurrence of HIV and
CVD poses a dual health burden, reducing quality of life and leading to higher healthcare costs,

including medication expenses (Girum et al., 2018; Semu et al., 2016).

2.2. HIV infection and Cardiometabolic risks

Every year, approximately 41 million people die because of NCDs, accounting for 71% of all
deaths worldwide, with a disproportionate impact on people living in low-and-middle income
countries (LMICs), which means approximately 31.4 million deaths each year. Of these, 15 million
people die between the ages of 30 and 69 due to NCDs, accounting for 85% of premature mortality
in LMICs (NCDs, 2021). In addition, each year nearly18 million people die because of CVDs and
1.5 million people die due to diabetes mellitus (NCDs, 2021).

From 2000 to 2020, new HIV infections and related deaths declined by 49% and 55%, respectively.
During this period, the widespread implementation of ART saved 15.3 million lives and
contributed to improved life expectancy for those PLWH (WHO, 2020b). However, more than
half of PLWH have died from non-infectious comorbidities, particularly CVDs and cancers
(Croxford et al., 2017; Demir et al., 2018). HIV-NCD comorbidity has emerged as a main public
health concern for PLWH (Narayan et al., 2014). HIV itself contributes to a threefold greater risk
of developing CVDs due to a combination of chronic inflammation and the infectious nature of
the virus, compounded by the side effects of ART and the natural aging process (Narayan et al.,
2014).

With improved survival rates due to increased access to ART in SSA, PLWH are now facing a
growing burden of NCDs. Cardiovascular risks, in particular, are becoming more prevalent, with

changes in body weight, blood pressure, lipid profile, glucose metabolism, and other key metabolic
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biomarkers emerging as significant concerns for these people (Alexander Kintu, 2020; Semu et
al., 2016). Moreover, HIV-NCD comorbidity has a detrimental impact on individuals receiving
ART (Gonah, Moodley, & Hlongwana, 2020), impairing their health conditions. In resource
limited settings, high costs for NCD treatment, which is often prolonged and expensive, quickly
deplete household income. These financial strains, along with the loss of earnings, drive millions
of people into poverty annually, hindering economic development. Globally, NCDs account for
around 75.3% of all deaths, further exacerbating the burden on individuals and healthcare systems
(Y. Wang & Wang, 2020).

2.2.1. Clinical Obesity, Altered body composition and Associated Factors

Since the introduction of ART, HIV-associated wasting and weight loss have significantly
decreased, but these have been replaced by a rising incidence of weight gain (Crum-Cianflone et
al., 2010). Obesity now complicates the clinical course of PLWH, increasing the risk of metabolic
diseases (Bailin, Gabriel, Wanjalla, & Koethe, 2020). Abdominal and trunk lipohypertrophy have
become prevalent in the ART era (de Waal, Cohen, & Maartens, 2013), with approximately 70%
of PLWH on ART revealing increased abdominal fat, the most common form of fat redistribution
(Dubé et al., 2007).

Cross-sectional studies conducted across Africa have revealed varying rates of obesity and
overweight among PLWH on ART. In Cameroon, obesity prevalence was reported as14.5% (95%
Cl: 11.1-19.3) (Ngu, Choukem, Dimala, Ngu, & Monekosso, 2018) and 19.5% (Noumegni et al.,
2017), while in Tanzania, it was 10% (A. Kintu et al., 2018) and 7% (Semu et al., 2016).
Overweight prevalence was 28.5% in Cameroon (Noumegni et al., 2017), while it was 25% (A.
Kintu etal., 2018) and 18% (Semu et al., 2016) in Tanzania. In Southeast Malawi, 17.5% of PLWH
on ART were overweight or obese, and 27.8% had an increased waist-hip ratio (WHR) (Amberbir
et al., 2018). A study from Cameroon further found that 40.5% of PLWH on ART had obesity
defined by BMI, 33.5% had central adiposity defined by waist circumference (WC), 44.5% had
central obesity determined by WHR, and 36.5% had a waist-to-height ratio (WHtR) >0.50
(Dimala, Ngu, Kadia, Tianyi, & Choukem, 2018). These findings underscore the high prevalence
of obesity and visceral adiposity among PLWH on ART, which contributes to an increasing burden

of cardiovascular-related health issues (Lake, 2017).
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In addition, people who received NNRTI-based regimens experienced altered adipocyte function
and increased inflammation, despite nevirapine's (NVP) benefits (Katlama et al., 2019). In
contrast, randomized clinical trials in SSA revealed that DTG treatment led to unexpected weight
gain compared to efavirenz (EFV), with increased trunk fat and a higher risk of obesity after 24
months (Bedimo, Adams-Huet, Taylor, Lake, & Luque, 2018). Moreover, initial weight gain was
noted in individuals who switched from non-INSTI to INSTI-based ART regimens, as reported in
observational studies (Bedimo et al., 2018; Norwood et al., 2017). In Brazil, individuals on INSTI
regimens experienced significantly higher weight gain and obesity rates compared to those on
NNRTI or PI regimens (Bakal et al., 2018). About 17.3% of people living with HIV (PLWH) on
INSTI-based regimens gained >10% of their baseline weight. Among those who gained >10%, a
higher rates were Black females (19.7%) compared to non-Black females (12.4%) (Sax et al.,
2020).

The findings on body weight are inconsistent, with some studies found no significant weight
changes (Guaraldi et al., 2021; Martinez-Sanz et al., 2021), while others reported substantial
weight gain (Bourgi, Rebeiro, et al., 2020; Taramasso et al., 2020) including significant increases
in both lean and fat mass (Venter et al., 2019) among individuals on DTG-based regimens
compared to those on non-DTG regimens. A study from Cameroon reported a strong linear
association of obesity with gender and ART medication use (Lake & Trevillyan, 2021). Insulin
resistance is also correlated with abdominal adiposity (Lagathu et al., 2019), and concurrent
increases in WC and weight gain are associated with an increase in fat mass (Lake et al., 2020).
Total cholesterol (TC) and the ratio of TC/HDL-c were associated with obesity defined by the
WHR (Noumegni et al., 2017). Moreover, PLWH on TAF plus emtricitabine (FTC) and DTG (
TDF+FTC+DTG) regimens are at a higher risk of weight gain (Taramasso et al., 2020). Among
those on DTG-based regimens who gained >10% of their body weight, a higher proportion were
females (Sax et al., 2020), had lower baseline body weight or BMI, low baseline CD4+ cell, and/or
an increased baseline HIV-1/2 RNA level (Sax et al., 2020). In contrast, other studies indicated
that males on DTG regimens also experienced a higher risk of weight gain (Taramasso et al., 2020).
The ADVANCE study reported an association of Tenofovir alafenamide (TAF)+FTC+DTG
treatment with a substantial weight gain (>10%) from baseline (Eckard & McComsey, 2020).
Additionally, weight gain is influenced by genetic factors and gender (Lake & Trevillyan, 2021),
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and anxiety also has been linked to an increased abdominal fat, particularly in women (Heidari-
Beni et al., 2021).

2.2.2. Elevated blood pressure and contributing factors

HTN is a persistent elevation in blood pressure that significantly heightens the CVD risks, leading
to high morbidity and mortality (Feinstein et al., 2016; Smith et al., 2014). Individuals with HIV
are particularly vulnerable, experiencing CVD more frequently and at an earlier age than those
without HIV, largely due to the combined effects of the viral infection and ART (Saveés et al.,
2003).

Global data report indicated that approximately 35% of adults PLWH have HTN, compared to
30% in the HIV-negative population (Xu, Chen, & Wang, 2017). This rate varies widely, ranging
from 4% to 67%, depending on the study population, location, and time frame (Parikh et al., 2015),
with an estimated prevalence of 42% among older individuals living with HIV (95% CI: 29.6—
55.4) (Dakum et al., 2019). HTN was most prevalent among PLWH in North America, with a rate
of 50.2% (95% CI: 29.2-71.2), followed by Europe with 37.8% (95% CI: 30.7-45.7), SSA with
31.9% (95% CI: 18.5-49.2), and Asia with 31.0% (95% CI: 26.1-36.3) (Dakum et al., 2019).
Studies have consistently reported that HTN is more prevalent among individuals receiving ART
compared to those who are treatment-naive. For instance, a study conducted by Costa et al. from
Brazil reported that 34.7% of HTN among PLWH who were receiving treatment compared to
12.7% in those who were treatment naive (Costa et al., 2020). In addition, studies across various
regions reported differing HTN rates among people on ART, including 35.9% in Brazil (Costa et
al., 2020) and 29% in Uganda, with 19.5% of cases classified as stage-1 HTN and 9.5% as stage-
2 HTN (Lubega et al., 2021). A study conducted in Kenya found that males receiving ART had a
higher prevalence of HTN (25.3%) than females (16.9%) (Mbuthia, Magutah, & McGarvey,
2021). In Ethiopia, studies have reported HTN prevalence among PLWH at 14.0% (95% CI: 10.6-
17.4) (Gebrie, 2020) and 29.7% (95% CI: 25.3-35.0) (Fiseha, Belete, Dereje, & Dires, 2019).

Factors significantly contributing to HTN were age, overweight or obesity (Fiseha et al., 2019;
Mbuthia et al., 2021), male sex (Fiseha et al., 2019; Mbuthia et al., 2021) and the duration of ART
(Fiseha et al., 2019; Gebrie, 2020). Increased WC and WHtR were also identified as strong
predictors of HTN (Adegoke et al., 2021). Additionally, factors such as a historyof alcohol use
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(Mbuthia et al., 2021), educational level, monthly income, concurrent use of other medications,
and central adiposity were all associated with HTN in PLWH on ART (Gebrie, 2020). Conversely,
a study revealed that the duration of ART exposure is not associated with the development of HTN
(Mbuthia et al., 2021). The EFV and Pl-based regimens were less likely to contribute to HTN
compared to NVP combined regimens (Lubega et al., 2021; Tesfay, Ziersch, Mwanri, &
Javanparast, 2021). Moreover, several studies have indicated that PLWH receiving DTG-based
therapy might be at a greater risk for developing psychiatric conditions such as depression (Povar-
Echeverria et al., 2021; Reeves et al., 2021) and anxiety (Hsu et al., 2018; Povar-Echeverria et al.,
2021). Both of these mental health issues are correlated with a higher risk of HTN (Jia et al., 2020).

2.2.3. Hyperglycemia/diabetes mellitus and associated factors

T2DM, HTN and CVDs are among the most common NCDs that coexist with HIV (Niesch et al.,
2013). While ART provides notable benefits, long-term use may lead to severe dysglycemia and
impaired insulin sensitivity (Gelpi et al., 2018). Reviews from SSA indicated that T2DM and
prediabetes prevalence were ranged from 11-26% and 19-47% among PLWH, respectively
(Njuguna et al., 2018), while in Ethiopia, the T2DM was ranged from 6.4% to 11.4% among
PLWH (Ataro, Ashenafi, Fayera, & Abdosh, 2018; Duguma & Gebisa, 2020; Gebrie et al., 2020).
The rate was higher among individuals on ART medications (13.2%; 95% CI: 8-18.3) when
compared to pre-ART cases (5.1%; 95% CI: 2.6-7.6) (Abebe et al., 2016). DTG-based ART
regimens, on the other hand, may influence glucose metabolism (Lamorde et al., 2020). However,
the mechanism underlying hyperglycemia in individuals on DTG-based regimens requires further

investigation.

Studies have found an association between HIV and NCDs, which may be driven directly by the
HIV infection itself or indirectly by ART medications (Hadigan & Kattakuzhy, 2014). The
findings indicated the association of T2DM with central obesity and excessive alcohol intake
among PLWH (Ngu et al., 2018). In addition, obesity is the primary risk factor for insulin
resistance (Noumegni et al., 2017) and dysglycemia (Njuguna et al., 2018). When compared to
ART navies, people who received ART medications are nearly four times more likely to develop
T2DM (Dos Santos et al., 2018). Specifically, first-line regimens that contain zidovudine (AZT)
were associated with a higher risk of diabetes compared to TDF-based regimens (Riyaten et al.,

2015). Another studies found an association between T2DM and NNRTI regimens, older age,
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ethnicity, family history and male sex (Hadigan & Kattakuzhy, 2014; Rasmussen et al., 2012).
Moreover, a study reported an association between the use of DTG based regimens and the
incidence of hyperglycemia (Lamorde et al., 2020). In support, the WHO database on ART
medications also indicated an association between hyperglycemia and DTG based regimens at a
significantly higher rate compared to other regimens (WHO, 2020a). While the other found no
association between DTG and the incidence of diabetes (Ursenbach et al., 2020). Further, an
association was found between a high incidence of diabetes and elevated lipid levels, particularly
hypertriglyceridemia (Duguma & Gebisa, 2020; Gebrie et al., 2020).

2.2.4. Dyslipidemia and associated factors

Due to their impact on lipid profiles, several ART drugs have been linked to a greater risk of CVDs
(Ryom et al., 2018). Dyslipidemia is defined by elevated levels of serum TC, TG and LDL-c, along
with reduced levels of HDL-c (NCEP, 2001). Lipid derangement among PLWH is complex,
involving immunological, hormonal, and genetic factors, as well as the type of ART regimen used
(Fisher, Miller, & Lipshultz, 2006).

The prevalence of dyslipidemia among PLWH on ART varied according to the treatment regimen,
individual lifestyle, genetic predisposition, treatment duration and other factors. According to
studies, the prevalence of dyslipidemia was 10.8% in Saudi Arabia (Farahat et al., 2020), and
67.3% in Thailand with the most frequently occurring dyslipidemia of low HDL-c (46.9%) and
high TGs (27.4%) (Aurpibul, Namwongprom, Sudjaritruk, & Ounjaijean, 2020), 47% in Kenya
(Tilahun et al., 2021), 70.2% in Cameroon (Bekolo, Nguena, Ewane, Bekoule, & Kollo, 2014) and
74.7% in Peru (Rondan et al., 2017). An inconsistent prevalence of dyslipidemia has been reported
among people on ART in Ethiopia, with a rate of 74.8% in Addis Ababa (Kemal, Teshome, &
Ahmed, 2020), 77.8% in Addis Ababa (Yazie, 2020), 82.3% in Hawassa (Tadewos, Addis,
Ambachew, & Banerjee, 2012), 59.9% in North-Shewa (Fiseha, Alemu, Dereje, Tamir, &
Gebreweld, 2021). Hypercholesterolemia was found in approximately 29% of ART individuals in
Ghana (Appiah, Sarfo, Huffman, Nguah, & Stiles, 2019), while 15.5% in Malawi (Amberbir et al.,
2018), while 15.5% in Malawi (Amberbir et al., 2018), and 29.8% in Cameroon (Bekolo et al.,
2014). In Ethiopia, however, the rate was greater, with 43.4% in Hawassa (Tadewos et al., 2012),
42.9% in Addis Ababa (Yazie, 2020), and 47.3% in North Shewa (Fiseha et al., 2021). Moreover,
the prevalence of dyslipidemia was reported as 30.9% for TG, 19.4% for HDL-c, and 29.6% for
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LDL-c (Fiseha et al., 2021). In another study, the corresponding rates were 55.5%, 43.4% and
33.6%, respectively (Tadewos et al., 2012), 31.7%, 41.3% and 22.2% (Yazie, 2020), and 51.8%,
18.4% and 33.3% (Bekolo et al., 2014), respectively. Conversely, several other studies have
reported lower rates of dyslipidemia in individuals DTG-based combinations, suggesting its
potential as a treatment option for older adults with comorbid health risks (Martinez-Sanz et al.,
2021; Quercia et al., 2015).

Combinations of certain NRTIs with EFV have been associated with dyslipidemia, but Pl-based
regimens are more likely to cause significant disruptions in lipid metabolism (Molla Abebe et al.,
2014). On the contrary, a Chinese research found that PLWH receiving TDF+3TC+EFV had a
lesser rate of dyslipidemia than those on other first-line ART regimens (L. Q. Sun et al., 2020).
Despite contradictory results, studies have demonstrated that the length of HIV infection, the type
of ART regimen utilized and the extent of immunosuppression are all associated with an elevated
risk of dyslipidemia (Kazooba et al., 2017). In addition, older age (Rondan et al., 2017) and BMI
were significantly associated with dyslipidemia in those who were receiving ART medications
(Rondan et al., 2017). PLWH who switched to DTG combined regimens, particularly those who
previously received boosted Pl-based regimens (Bagella et al., 2019a) had a lower lipid profile
and DTG indicated as a safer drug regarding dyslipidemia (Quercia et al., 2015). Moreover, a
report indicated that depression and anxiety have been associated with hyperlipidemia (Jia et al.,
2020). To be clear, the situation has not been adequately explored to conclude DTG and its overall
influence on lipid profile.

2.2.5. Metabolic syndrome and associated factors

Central obesity, high blood sugar, lipid alterations and elevated blood pressure are all indicators
of cardiometabolic risk, commonly referred to as MetS (Husain et al., 2017; Nguyen, Peer, Mills,
& Kengne, 2016). Morbidity and mortality from CVDs are more common in those people with
MetS (Alberti et al., 2009). The pathogenesis of MetS is complex and multifactorial, and it may
be related to aging, HIV and inflammatory conditions, the side effects of ART medications, and

the activation of immune system (Non, Escota, & Powderly, 2017).

Several cross-sectional studies conducted in different regions have found varying rates of MetS
among PLWH, such as 10.6% in Thailand (Aurpibul et al., 2020), 34% in the United States (Sears
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etal., 2019), 40.1% in India (Sneha Deepak Mallya, Reddy T, Kamath, Pandey, & Saravu, 2020),
19.2% in Kenya (Kiama et al., 2018), 22% in Poland (Rogalska-Ptonska, Grzeszczuk, Rogalski,
Lucejko, & Flisiak, 2018), 20.9% in (Calza et al., 2017) and 27% in the Democratic Republic of
the Congo (Katoto et al., 2018). In addition, systematic review of cross-sectional studies revealed
the prevalence of MetS as 34.89% (95% CI: 26.77-43.01) by NCEP criteria and 27.92% (95% CI:
21.32-34.51) using IDF criteria among people receiving ART. Moreover, the rate was higher in
females (36.74% by IDF and 34.09% by NCEP) compared to males (22.22% by IDF and 24.82%
by NCEP) (Ambachew et al., 2020).

HIV infection itself (Calza et al., 2017), low baseline CD4+ cell count (Rogalska-Ptonska et al.,
2018), overweight or obesity (Calza et al., 2017; Vargas-Pacherrez et al., 2020), female sex
(\Vargas-Pacherrez et al., 2020), aging (Vargas-Pacherrez et al., 2020), taking Pl-based regimens
and duration since ART experience (Calza et al., 2017) were all found to be strongly associated
with high-risk factors of MetS. Sedentary behavior (Macias et al., 2021) and a family history of

HTN (Vargas-Pacherrez et al., 2020) were also associated MetS and its components.

ADVANCE trial study conducted in South Africa revealed that people treated with TAF+ FTC +
DTG had a higher risk of MetS and obesity than those who received other ART regimens (Alcorn,
2019). In contrast, a single dose of an INSTI had a reduced risk of developing MetS (Calza et al.,
2017). Additional investigations are needed to clarify the relationship between MetS and DTG-
based regimens and the effect of MetS on ART outcomes in this population (B. M. Hamooya et
al., 2021).

2.3. Effects of lifestyle interventions

According to the reports of recent studies, various ART regimens has been associated with weight
gain in varied levels (Bourgi, Rebeiro, et al., 2020; Venter et al., 2019). However, modest weight
losses could provide significant long-term health benefits for adults with obesity in the general
population (Members et al., 2014; Swift, Houmard, Slentz, & Kraus, 2018). In addition, behavioral
interventions that focused on dietary intake as well as and physical exercise can be considered as
the first-line strategy for individuals who seeking to lose weight and tackle the effects of obesity
(Heymsfield & Wadden, 2017; Jensen et al., 2014). In support, a weight loss of at least 3% from

baseline can improve clinically significant cardiometabolic risks (Ahmad Zamri et al., 2020;
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Jensen et al., 2014). This reduction in weight enhances insulin sensitivity and leads to better
outcomes in both traditional (TGs) and non-traditional (non-HDL-c and HDL/LDL particle size)
cardiovascular risk factors (Swift et al., 2018). Dietary interventions (Curry et al., 2018; Durrer
Schutz et al., 2019), such as modifying eating habits, implementing caloric restriction (reducing
energy intake by at least 500 kcal/day), and limiting carbohydrate intake can support weight loss
and metabolic risks among overweight or obese individuals (J. Sun et al., 2023). In addition,
evidence indicates early interventions on dietary intake and physical exercise can significantly
improve health outcomes and reduce HIV and its treatments adverse effects on cardiometabolic
health and psychological well-being (Botros, Somarriba, Neri, & Miller, 2012). Nutritional
counselling coupled with aerobic exercise resulted in notable enhancements in cardiovascular

fitness, body composition, and overall quality of life among PLWH (John et al., 2018).

2.4. Summary of the Literature Review: what is known and what are the
gaps?

With improved survival rate due to an increased access to ART in SSA, PLWH are now facing a
growing burden of NCDs. Cardiovascular risks, in particular make up a significant proportion of
these conditions are clinical obesity, increased blood pressure, lipid alterations, dysglycemia and
others (Girum et al., 2018; A. Kintu et al., 2018; Semu et al., 2016). Due to their efficacy, DTG
based regimens are widely adopted in SSA, including Ethiopia (WHO, 2019). However, studies on
cardiometabolic risks following the initiation of, or switch to, these regimens remain limited. Existing
observational and clinical trial data yield inconsistent findings regarding their impact on metabolic and

cardiovascular health, as outlined below.

1. Previous studies showed inconsistent results regarding body weight changes in relation to
DTG-based regimens. Some reported insignificant changes (Guaraldi et al., 2021; Hickey et
al., 2023), while others indicated substantial weight gain, including increases in both lean and
fat mass (Bourgi, Rebeiro, et al., 2020; Martinez-Sanz et al., 2021; Sax et al., 2020; Taramasso
et al., 2020). Additionally, gender-specific differences were observed, with some studies
suggesting a higher risk of weight gain in females (Lake et al., 2020; Thivalapill et al., 2021),
while others reported a greater risk in males (Taramasso et al., 2020). These inconsistencies

highlight the need for further investigations to clarify the variations and the underlying factors.
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2. Controversial reports have emerged regarding the association between DTG-based regimens
and cardiometabolic risks, including hyperglycemia. A study revealed that people who started
or switched to DTG-based treatments had a higher risk of developing hyperglycemia (Lamorde
et al., 2020), while other reported no correlation between DTG based regimens and these
conditions (Ursenbach et al., 2020). In order to realise the relationship between DTG-based

regimens and cardiovascular outcomes, further investigations is required.

3. Additionally, reports indicated inconsistent findings concerning the impact DTG-based
regimens on lipid metabolism. Some reported a higher incidence of dyslipidemia and related
complications (Amutuhaire et al., 2023; Kigongo et al., 2024) such as low HDL-c (Benson M
Hamooya, Patrick Musonda, et al., 2021; Musekwa, Hamooya, Koethe, Nzala, & Masenga,
2021) and elevated TGs (S. Liuetal., 2023) among people who received DTG-based regimens
compared to those treated with other regimens (Amutuhaire et al., 2023; Kigongo et al., 2024).
However, several other studies reported less frequent or improved dyslipidemia with the use
DTG-based regimens (Bagella et al., 2019a; Byonanebye et al., 2021; Quercia et al., 2015).
These discrepancies also highlighted the need for further studies to explain the impact of DTG
on lipid profiles and related health outcomes.

4. Most of the previous studies conducted on cardiovascular risks were among individuals who
initiated their ART based on low CD4+ count and or advanced clinical stage. However, this
study aimed to explore metabolic and cardiovascular risks following adoption of the WHO
test-and-treat strategy (HIV, 2016), which focuses treatment initiation based solely on HIV
positive result, irrespective of CD4+ cells or the WHO clinical staging. This shift in treatment
approach may have led to different metabolic and cardiovascular risks outcomes, emphasizing
the need for further investigation to better understand its impact.

5. Ethiopia has implemented integrated HIV and NCDs care in ART clinics, but lifestyle
interventions like counselling on dietary habit, energy restriction and physical activity
promotion are not consistently offered to overweight and obese people on ART. The increasing
obesity, partly due to newer ART medications coupled with sedentary behaviors highlight the
importance of controlled studies to assess the impact of these interventions and to address their

evidence-based relevance.
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Therefore, the purpose of this study was to assess the burden of cardiometabolic risks in Ethiopia
among adults who began ART following the adoption of universal test-and-treat, with particular
focus on the impact of DTG-based regimens. Despite emerging evidence, the impact of these
regimens on cardiometabolic health remained underexplored in SSA (Benson M Hamooya, Lloyd
B Mulenga, et al., 2021a), especially in Ethiopia. Therefore, this study aimed to assess clinical
weight gain, high blood pressure, hyperglycemia, dyslipidemia and MetS among adults on ART
in in Sidama Region. Additionally, it aimed to investigate the impact of lifestyle modifications
counselling on weight and body composition in overweight and obese individuals on first-line
ART.

2.5. Conceptual framework

This proposed conceptual framework was developed through a review of previously published
literature that highlights the complex interplay among HIV-related factors, biological and
behavioral determinants, ART medications, and socio-environmental influences on the
cardiometabolic health of PLWH. A comprehensive understanding of these risk factors is essential
for designing targeted strategies to reduce the burden of cardiometabolic diseases in this population
(figure 3).
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Chapter 3- Materials and Methods

This dissertation included three major parts. The first part examined trends of weight among
individuals who initiated on first-line ART following the adoption of the test-and-treat strategy in
Sidama Region, using a retrospective cohort study design. The second part consisted of cross-
sectional studies that assessed the prevalence of elevated blood pressure, hyperglycemia,
dyslipidemia, and metabolic syndrome in this population. The third presented an interventional
study that employed a randomized controlled trial to evaluate the effects of lifestyle counselling

on weight and body composition among adults with a BMI of >25 kg/m?.

3.1. Overview of the Study Area

We conducted this study in Hawassa City administration in Sidama region, located approximately
275 kilometers south of Addis Ababa, the capital of Ethiopia. The city administration spans an
area of 157.2 km?, and is divided into 8 sub-cities and 32 kebeles (figure 4). The 2022 population
estimate from the City Health Department indicated 402,903 people, with 201,371 females and
201,532 males. Currently, over 80 healthcare facilities are serving the population of the city,
including 5 public hospitals, 8 private hospitals, 1 military hospital, 11 public health centers, 17
health posts and more than 50 private clinics. ART is being provided to PLWH in the city in three
public and one private hospitals, two public health centers and two non-governmental health
institutions. The health facilities include Adare General Hospital, Alatyon Hospital, Hawassa
University Comprehensive Specialized Hospital, Hawela-Tulla General Hospital, Bushulo Health
Center, the Family Guidance Association of Ethiopia (Hawassa branch), Millennium Health
Center and Tulla Health Center.
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Figure 4 Map of the Hawassa city administration (study area) in Sidama region, Ethiopia

3.2.  Population

3.2.1. Source population

PLWH receiving ART and follow-up care at healthcare facilities within the Hawassa City
Administration, Sidama Region, were the source population for all objectives of this study. During
the study period, over 6,300 PLWH were actively receiving ART and follow-up care at healthcare
facilities in the City Administration. However, because of their private decisions, individuals from

two health care facilities were excluded from participating in the study.
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3.3.  Description of Methods for Evaluation of Clinical Weight Gain

3.3.1. Study design and time frame

This study involved a retrospective cohort study design based on the medical records of adult
PLWH who were undergoing first-line ART from February 20, 2017, to October 2022. The review

of these medical records took place from November 1 to December 15, 2022.

3.3.2. Study population

Adult PLWH, aged at least 18 years, who were on first-line antiretrovirals and follow-up care at

healthcare facilities within the Hawassa City Administration were the study population.

3.3.3. Sampling size determination

The study was conducted at seven health institutions within the Hawassa City Administration that
provide ART services such as Adare General Hospital, Hawassa University Comprehensive
Specialized Hospital (HUCSH), Hawella Tula General Hospital, Tula Health Center, Alatyon
Hospital, Millennium Health Center and Bushulo Health Center. This retrospective study involved
reviewing the medical records of adult PLWH who started ART between February 20, 2017, and
October 30, 2022, and had been receiving first-line ART for a minimum of 24 months at the
selected health facilities. Each medical record underwent a thorough screening process to

determine eligibility based on pre-established inclusion and exclusion criteria.

3.3.4. Inclusion and exclusion criteria
3.3.4.1. Inclusion criteria

All people with HIV who were 18 years or older, have been on first-line regimens for no less than
two years and commenced treatment after the launch of the universal test-and-treat initiative in
Ethiopia (February 2017) (FMoH, 2017) were included in the study. We only included adult
PLWH with HIVribonucic acid (HIV-RNA) <1000 copies/mL after 12 months of ART initiation.
For analysis of weight and BMI, the following ART regimen groups were included: (1) Those who
were treated with two (N(t)RTIs) plus DTG for a period of 24 months, and who had at least five
consecutive weight measurements starting from the baseline (DTG-based arm). (2) Individuals
who received two N(t)RTIs plus one NNRTI at baseline and later switched to a DTG-based
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regimen within 24 months were included if they had been on the initial NNRTI-based regimen for
a minimum of six months before switching and/or had at least one weight measurement after
switching during the 24-month follow-up (switched arm). (3) Individuals in the comparison group
initiated treatment with two N(t)RTIs plus one NNRTI at the baseline, adhered to the same
treatment plan for the entire 24 months follow-up, and had a minimum of five weight

measurements from the baseline during this period (NNRTI-based arm).

3.3.4.2. Exclusion criteria

People who had low adherence to ART(missing 6 or more doses from a 30-dose or over 9 doses
from a 60-dose as per the guidelines) were excluded (FMoH, 2018). Participants who transferred
from other health facilities, switched to DTG-based regimens before completing six months of
their initial treatment, or were pregnant at any time during the 24 months follow-up were not part
of the study. In addition, individuals without baseline and follow-up weight data for a minimum
of 24 months, as well as those lost to follow-up before completing 24 months were excluded from

the analysis.

As a result, 524 records of adults on first-line ART regimens were analyzed from ART clinics

across the study’s health facilities (Figure 5).
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Figure 5 Flow chart indicating the study subjects’ enrolment procedure at Hawassa city

administration, Sidama region
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PLWH, people living with HIV
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3.3.5. Study variables

3.3.5.1. Outcomes

The outcome (dependent) variables were body weight and BMI. Weight gain from baseline was
calculated for each individual by determining absolute change and the percentage change using
the formula: [(Weight at x-month — Weight at baseline) / Weight at baseline] x 100 (Van Leth et
al., 2004). Moderate weight gain was defined as a 5% to <10% increase, while excess weight gain
was considered as either a >10% increase in weight or a BMI increase of >1 kg/m? after 12 or 24
months of treatment (Bourgi, Rebeiro, et al., 2020; Eckard & McComsey, 2020; Pérez, Chow,
Kania, Goldberg, & Badowski, 2020; Sax et al., 2020; Taramasso et al., 2020). For individuals
with recorded height, BMI was calculated using the formula: BMI = Weight (kg) / Height (m)?2
and categorized as underweight (<18.5 kg/m?), normal weight (18.5-24.9 kg/m?), overweight
(25.0-29.9 kg/m?), or obese (>30 kg/m?) (Garrow & Webster, 1985).

3.3.5.2.  Independent variables

Socioeconomic and clinical factors were the explanatory variables in this study. Socio-
demographic characteristics included age, sex, and marital status, place of residence, occupation,
and education level. Clinical factors included tuberculosis (TB) co-infection and treatment,
functional status (working, ambulatory, or bedridden), WHO clinical stage (I-1V), and baseline
ART regimens. Baseline regimens included TDF, AZT, or ABC combined with 3TC and either
NVP or EFV, or TDF or ABC combined with 3TC and DTG. Additional clinical variables included
TPT, CPT, comorbid conditions (e.g., DM, cancer, HTN), and ART regimen modifications (e.g.,
switching from NNRTI-based to other NNRTI-based or DTG-based first-line regimens).

3.3.6. Checklist and Data collection

A checklist derived from the treatment initiation and monitoring forms used in ART clinics was
employed to collect data from each participant’s medical records. Prior to data collection, the
alignment between the checklist and the recording system was verified by reviewing a randomly
selected sample of ART case charts, and adjustments were made as needed. Achecklists included
the following information: socio-demographic factors, clinical information, HIV infection and its
treatment information, weight values over a 24-month period and height values for each individual.
All required information of the study participants was gathered from their medical records by
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trained health professionals (nurses) at the respective health facilities under the strict observation

of the principal investigator.

3.3.7. Data Processing and Statistical Analysis

Continuous variables were summarized using means with 95% confidence intervals (CIs) or
medians with interquartile ranges (IQRs). Depending on the data type, baseline demographic and
clinical characteristics were compared across treatment groups using Pearson’s y? test, independent
t-test, or one-way ANOVA. Our target was to evaluate the interaction between time and DTG on
BMI and weight (W) adjusting for age, sex and TB co-infection. A linear mixed-effects model
with an autoregressive error structure of order 1 (AR1) was constructed to analyze changes in BMI
and W (ABMI/W = BMI/W_exam — BMI/W _base) over time. The model included time, DTG use,
age, sex, TB co-infection at baseline, and the time interval (Atime) as fixed effects. The general
model structure was ABMI/W = Btime + DTG + P*other covariates + intercept (where P
represents the regression coefficient for each variable). Each individual was treated as a random
effect to account for individual variability. The interaction term between time and DTG was
specifically assessed to evaluate its effect on changes in BMI and weight. The primary outcome of
interest was a >10% weight gain over two years of treatment. DTG-based first-line regimens on
>10% weight gain was further examined by multivariable logistic regression model, adjusting for
covariates. Multicollinearity within independent factors was assessed by the variance inflation
factor (VIF) before multivariable analysis, with a VIF <10 considered acceptable. Then all
covariates with a p value <0.25 in bivariable analysis were included in the multivariable model
except for sex. The model’s goodness of fit was tested using the Hosmer and Lemeshow test and
a p value >0.05 indicating good fit. A p-value <0.05 was established for statistical significance.
The linear mixed-effects analysis was performed using STATA version 17.0, while data entry and
other statistical analyses were done using IBM SPSS 26.0.

3.4. Description of Methods for Evaluating Blood pressure, Blood glucose, Lipid
profiles and metabolic syndrome
3.4.1. Study Design and Study period

Cross-sectional studies were conducted in health facilities in Hawassa city between January 5,
2023, and May 30, 2024 as indicated in the Table 1.
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Table 1 Study title of the cross-sectional studies conducted on adults with HIV on first-line

antiretroviral treatment from January 05, 2023— May 30, 2024

Manuscript | Study Title Study design Population details | Study period

01 The association between Cross-sectional | Adult PLWH January 05,
dolutegravir based antiretrovirals 2023 May 30,
and high blood pressure among 2024
adult PLWH in Sidama Region

02 Prevalence of hyperglycemiaand | Cross-sectional | Adult PLWH January 05,
associated factors in adult PLWH 2023 May 30,
receiving first-line regimens in 2024
Sidama Region

03 The association between Cross-sectional | Adult PLWH January 05,
dolutegravir-based regimens and 2023 May 30,
altered lipid metabolism among 2024
adult PLWH in Sidama Region

04 Prevalence of MetS and associated | Cross-sectional | Adult PLWH January 05,
factors among Adult PLWH on 2023- May 30,
First-Line regimens in Sidama 2024

Region

3.4.2. Study population

Adults aged 18 to 65 years living with HIV who were on first-line treatment regimens and had a

follow-up care at healthcare facilities within the Hawassa City Administration were the study

population.

3.4.3. Sampling size and sampling technique

The sample size estimation was done using Epi Info Version 7.0 software, considering a single

population proportion formula. To estimate the sample size for this study, a 95%CI and a margin

of error (d) of 0.05% were considered. The prevalence rates from previous studies in PLWH on

ART were used to estimate the sample size for outcome variables such as 16.04% for diabetes
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(Belay et al., 2021), 15% for prediabetes (Fiseha & Belete, 2019), 23.9% for MetS (Moyo-Chilufya
et al., 2023) and 18.5% for HTN (Badacho & Mahomed, 2023).

n = [(Zw2)? *p*(1-p)/d?] x DEFF

where: n = required sample size; Za/2 =1.96 (95%CI); p = proportion of dependent variables; d =
margin of error=0.05); DEFF = design effect: [DEFF = 1 + (n-1), where §, intraclass correlation
coefficient=0.0647 ]= (1+(8-1)x 0.0647) (Barnhart et al., 2016) = 1.5.

In addition, the factors associated with each outcome variables were also used to calculate and
address the maximum representative sample size: assuming a proportion of HTN, dyslipidemia,
MetS, and diabetes among PLWH who were not exposed to risk factors, exposed to unexposed
ratio of 1:1, a power of 80%, odds ratios and 95% CI. The first calculated maximum sample size
was 279, based on a 23.9% prevalence rate of MetS (Moyo-Chilufya et al., 2023) (Table 2). After
considering a 10% non-response rate and a DEFF of 1.5, the final sample size required for
representation was found to be 465. Data for the study was collected from six health facilities that
provide ART services in the Hawassa city area. A sample size of 465 was allocated proportionally,
based on the number of PLWH on first-line regimens at each facility. The sampling intervals (K™-
value) were calculated by dividing the number of PLWH on first-line treatments by the sample
size assigned to each health center (N/n) (figure 6). After that, a systematic random sampling
method was used to choose participants from each facility. If the participant selected by the

sampling procedure met the exclusion criteria, then the next individual was included in the study.
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Table 2 Determination of Representative Sample Size for Blood Pressure, Hyperglycemia,

Dyslipidemia and Metabolic Syndrome Based on Study Objectives.

(5]
Variables in PLWH & § 8
No = = o
> 8 £ ‘S
FE |9 |C
1. | HTN among PLWH on ART in 18.4% 231 | (Musekwa et al., 2021)
Zambia
2. | MetS among PLWH on ART in SSA | 23.9% 279 | (Moyo-Chilufya et al., 2023)
3. | Dyslipidemia among PLWH on ART 15.1% 197 | (M. Abebe et al., 2014)
in Ethiopia
4. | Diabetes among PLWH on ART in 16.0% 206 | (Belay etal., 2021)
Ethiopia
5. | Prediabetes among PLWH on ART in | 15% 196 | (Fiseha & Belete, 2019)
Ethiopia
6. |HTN among PLWH on ART in | 18.5% 232 | (Badacho & Mahomed, 2023)
Ethiopia
7. | Dyslipidemia among PLWH on ART in | 86.6% 178 | (Achilaetal., 2022)
Eritrea
Factors associated with the study objectives
@ E =3 | 2 IERE:
No | 2 s% |58 | ;%825
Ll - @ - 5 @) @Xuw s|wmw o
1. | DTG vs. NNRTI 46.9% 39.1% | 24 1:1 18 | (Musekwa et al., 2021)
(for HTN) 6
2. | ART vs. pre-ART 25% 22.5% 3.8 1:1 94 | (Tesfaye etal., 2014)
(for MetS)
3. Insulin resistance for 31.7% 9.8% 2.74 1:1 27 | (Shidhaye, Ghate, Gurav,
MetS 8 | Gupte, & Panda, 2023)
4. | ART vs. pre-ART 23% 7.1% 3.89 1.1 18 | (M. Abebe et al., 2014)
(for dyslipidemia) 4
5. | ART vs. pre-ART 52.5 45.7 12 1:1 40 | (Sarfoetal., 2021)
(for new onset of DM)

Sample size was calculated at 95%Cl
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The total number of people living with HIV on
antiretroviral treatment at health facilities in

Hawassa City Administration:

6300

Adare G/hospital | | Millennium HC Bushulo HC || Tulla hospital Tulla HC HUCSH
On ART: 2238 On ART: 499 On ART: 500 || On ART: 4l On ART: 64 | | OnART: 2786
On first-line ART || On first-line ART || On first-line ART On first-line ART On first-line ART On first-line ART
2143 483 463 41 64 2620
Allocation: Allocation: Allocation: Allocation: Allocation: Allocation:
2143%(465/5814) 483*(465/5814) 463%(465/5814) 41*{465/5814) 64*(465/5814) 2620*(465/5814)
171 adults 39 adults 37 adults 03 adults 05 adults 210 adults
v
\ 4
Study participants:
463 Adults on first-line ART
— /

Figure 6 Schematic presentation of the sampling procedure for cross-sectional studies
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3.4.4. Inclusion and exclusion criteria
3.4.4.1. Inclusion criteria

All PLWH aged 18 to 65 years, who initiated first-line ART after the adoption of test-and-treat in
Ethiopia in February 2017 (FMoH, 2017; WHO, 2015) were considered for inclusion in the study.
In addition, participants were required to have been on first-line ART for at least 12 months and
to have achieved viral suppression (HIV-RNA <1,000 copies/mL) at 12 months of therapy to be
included in the study. The inclusion criteria also encompassed individuals who initiated and
remained on first-line DTG-based regimens, those who switched from NNRTI-based to DTG-
based first-line regimens, and those who initiated and remained on NNRTI-based first-line ART

regimens.

3.44.2. Exclusion criteria

The study excluded the following individuals: (1) those on ART with communication barriers,
such as severe hearing impairments or deafness, to ensure reliable data collection; (2) individuals
on lipid-altering medications, as documented in their medical records; (3) pregnant or lactating
women; (4) individuals with documented psychiatric disorders or those receiving antipsychotic
treatment prior to ART initiation; (5) individuals with physical disabilities that could affect
accurate anthropometric and body composition assessments; and (6) those with confirmed liver or

renal impairments.
3.4.5. Study variables

3.4.5.1. Outcome (dependent) variables

The outcome variables were blood pressure (systolic and diastolic), fasting blood glucose (FBG)
concentration, lipid profile (TC, HDL-c, LDL-c and TGs level) and MetS.

3.4.5.1.1. Blood pressure and its assessment

Before measuring their blood pressure, participants were advised to rest comfortably for 10
minutes. During this time, participants sat in a quiet, private data collection room, uncrossing their
legs and ankles. Then, a digital blood pressure monitor (Heuer, model 16-200) was used to measure

systolic blood pressure (SBP), diastolic blood pressure (DBP), and pulse rate. This instrument
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measures blood pressure from 0 to 300 mmHg and pulse rates from 30 to 180 beats per minute. It
provides diagnostic accuracy of £3 mmHg for blood pressure and 5% for pulse rate. Two readings
were taken with a five-minute gap, and their average was recorded. If the difference between the
readings was greater than 5 mmHg, a third reading was taken and the average of the last two
readings was used to calculate the participants' blood pressure (Ozkan et al., 2024; Paini et al.,
2022).

Ethiopia has adopted the Joint National Committee's seventh report (JNC7) definition of high
blood pressure (HBP) (Chobanian et al., 2003) into its National Clinical and Programmatic
Management of Major NCDs Guideline (Walelgne, Yadeta, Feleke, & Kebede, 2016). Participants'
BP was categorized as SBP and/or DBP >120/80 mmHg, covering both pre-hypertension and
HTN. HTN is defined as SBP/DBP of >140/90 mmHg, confirmed by a physician or if the
individual is taking antihypertensive medication. Pre-hypertension is characterized by a SBP of
120-139 mmHg and/or a DBP of 80-89 mmHg (Chobanian et al., 2003. Newly diagnosed HTN
refers to participants with a SBP/DBP of >140/90 mmHg and who were unaware of their condition

prior to this study.

3.4.5.1.2. Fasting Blood Glucose, Glycated Hemoglobin, and Their Assessment

At the ART clinic, individulas were enquired concerning their food consumption, excluding water,
for the 8 to 12 hours before their arrival. Those who had fasted were then asked to provide a blood
sample for the measurement of their blood biochemical biomarkers. Participants who had eaten
breakfast were advised to fast overnight (8—12 hours) and return either the following day or during
their next scheduled ART clinic visit to provide their blood samples. A gel-based serum separator
tube (SST) and ethylene-diamine-tetra-acetic acid (EDTA) test tubes were used to collect 4 to 5
milliliter (mL) of blood from each study participant. The blood collected in SST tubes was kept at
room temperature (17-25°C) for a maximum of 20 minutes to allow for adequate clot formation
and to prevent glycolysis (Al-Kharusi, Al-Lawati, Al-Kindi, & Mula-Abed, 2014; Bhargava,
Singh, & Gupta, 2019; Dibbasey, Umukoro, & Bojang, 2024; Fernandez et al., 2013). It was then
promptly centrifuged at 3000 rpm for 8-10 minutes and the serum was separated from the clots
using a gel barrier. Each participant's serum was analyzed immediately to determine FBG. If there
was a delay of one week or less before analysis, the samples were stored at -20°C in Nunc tubes

labelling with participant's unique code. EDTA-anticoagulated blood samples were analyzed for

38



HbA1lc. Due to limited reagent availability, HbAlc testing was prioritized for newly diagnosed
T2DM cases (FBG >126 mg/dL), with a focus on case management. HbAlc blood samples from
participants with FBG <126 mg/dL were biobanked at -70°C in the lab. Additionally, FBG was
determined by hexokinase method, while the HbAlc was determined by turbidimetric inhibition
immunoassay (TINIA) method. FBG and HbALc reagents were obtained from Roche Diagnostics,
Germany and laboratory analysis were done using the Cobas 6000 series biochemistry analyzer

(Roche, Germany).

Hyperglycemia was classified according to guidelines from the American Diabetes Association
(ADA), which have been adopted in clinical management protocols for major NCDs (Care, 2023;
Committee & Committee:, 2022; Walelgne et al., 2016). Hyperglycemia was defined as FBG >100
mg/dL. T2DM was diagnosed based on FBG >126 mg/dL, self-reported history, current use of
antidiabetic medication, or confirmation from medical records. Newly diagnosed T2DM cases
identified during this study were defined as individuals with FBG >126 mg/dL, confirmed by
repeat testing and HbAlc measurement for case management. Prediabetes or IFG was defined as
FBG between 100 and 125 mg/dL.

3.4.5.1.3. Lipid Profile and its Assessment

Overnight fasting blood samples of the study participants was analyzed immediately to determine
lipid profiles. If there was a delay of one week or less before analysis, the samples were stored at
-20°C in Nunc tubes labeled with participant's unique code. TC was measured using the cholesterol
oxidase phenol 4-amino-antipyrine-peroxidase (CHOD-PAP) method; TGs were measured by
glycerol phosphate oxidase-p-aminophenazone (GPO-PAP) method. HDL-c and LDL-c were
measured using direct homogeneous enzymatic assay method. All necessary reagents for these
lipid profile analyses were obtained from Roche Diagnostics, Germany and laboratory analysis
were performed using the Cobas 6000 series biochemistry analyzer (Roche, Germany).

Then dyslipidemia was defined as per the revised National Cholesterol Education Adult Treatment
Panel (NCEP ATP) Il guidelines as TC >200 mg/dl, HDL-c <40 mg/dl, LDL-c >130 mg/dl, TG
>150 mg/dl and a TC/HDL-c ratio >5.0 (Detection & Adults, 2002).
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3.4.5.1.4. Metabolic syndrome and its Assessment

MetS was defined according to the 2009 harmonized criteria by the JIS (Alberti et al., 2009).
Diagnosis required at least three of the following: TGs >150 mg/dL or treatment for elevated TGs;
HDL-c <40 mg/dL in males or <50 mg/dL in females, or treatment for low HDL-c; BP >130/85
mmHg, history of HTN, or use of antihypertensives; FBG >100 mg/dL, history of DM, or

treatment for elevated glucose; and WC >94 c¢cm in males or >80 c¢m in females.

3.4.5.2. Independent variables

This study explored a range of independent variables across multiple domains: (1) Socio-
demographic and economic factors: sex, age, marital status, education level, place of residence,
occupation, religion, and income; (2) Behavioral factors: history of alcoholism, smoking, and
substance abuse; (3) Anthropometrics and body composition measures: body weight, BMI, fat
mass, fat free mass, visceral fat, WC, HC, WHR, WHItR, and neck circumference (NC);
(4) Clinical and other factors: history of opportunistic infections, TB infection and use of anti-TB
medications, adherence rates, duration of ART use, types of first-line ART regimens prescribed,
presence of comorbidities, family history of hypertension and diabetes, psychiatric conditions
(e.g., anxiety, depression, and memory issues), dietary intake (FAV intake), physical activity

levels, and any changes in ART regimens (e.g., switching).

3.4.5.2.1. Anthropometrics and body composition variables and their assessment

Anthropometric data, including Wt, Ht, NC, and WC, were measured using a non-stretchable
measuring tape following the WHO STEPS approach (Consultation, 2008). Height was measured
using a stadiometer (Seca, Germany) while participants stood barefoot, wearing light clothing. For
accurate measurement, participants were positioned with their heels, buttocks, shoulder blades,
and the back of the head in contact with the stadiometer. Participants' WC was measured at the
level of the umbilicus while they were standing in a relaxed posture, wearing light clothing.
Measurements were obtained at the end of a normal exhalation to ensure consistency. HC
measurement was taken at the maximal circumference over the buttocks, with the measuring tape
positioned horizontally. A non-stretchable measuring tape was used to measure both the WC and
HC, which were taken in accordance with the WHO stepwise method and recorded to the closest
0.1 cm. In addition, WC was divided by HC to determine WHR, and WC by height to determine
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WHItR (Organization, 2011). NC was measured while participants stood upright with their arms
relaxed at their sides. The head was positioned in the Frankfort horizontal plane, and the
measurement was taken at the midpoint of the cervical spine and the mid-anterior neck,
perpendicular to the neck’s long axis, just below the Adam’s apple for males (M. Verma, Rajput,
Sahoo, & Kaur, 2017).

Bioelectrical impedance analysis (BIA) was employed via an Omron analyzer (Omron HBF-514C:
OMRON Healthcare Inc.,) (Omron, 2014 ) to measure or estimate body weight, fat mass (FM, in
kg), body fat percentage (BFP), fat-free mass (FFM, in kg), visceral fat level (VFL), and
percentage skeletal muscle mass. The Omron BIA has been demonstrated to have a high to a very
high level of reliability (intraclass correlation coefficient = 0.874 for females and = 0.966 for
males). Based on the correlation with Air Displacement Plethysmography (ADP), its validity has
also been proven to be high (r = 0.897 for women and r = 0.942 for men) (\Vasold, Parks, Phelan,
Pontifex, & Pivarnik, 2019). In addition, the Omron BIA device showed high agreement with dual
X-ray absorptiometry (DXA) for FM (r=0.94) and moderate agreement for total percent fat (r=0.8)
and FFM ( r=0.91) (Cruz Rivera et al., 2022). Prior to stepping barefoot onto the scale with their
feet shoulder-width apart, participants' age, and height (in centimeters [cm]), and sex were entered
into the device. Participants were asked whether they had engaged in any of the following
activities: intense exercise, taking a bath or sauna, consuming alcohol, drinking large amounts of
water, or eating. If they had not engaged in any of these activities within 2 hours, measurements
were taken directly. If they had, the measurements were taken after a 2-hour waiting period, as
these factors might interfere with the accuracy of the BIA measurement (Omron, 2014 ).
Participants stood barefoot on the foot electrodes, ensuring their weight were evenly distributed
on the measuring platform. While holding a pair of electrodes connected to the display unit, the
analyzer transmit a very mild electrical current of 50 kHz and less than 500pA through the tissues.
Participants were then asked to extend their arms in front of their chest and remain until all
measurements were completed. Body fat and skeletal muscle mass were estimated by
manufacturer's valid and reliable formulas (Vasold et al., 2019). BIA provides measurement of
body weight, BFP, visceral fat levels and percentage skeletal mass, while BMI was calculated from
weight and height of each individual. FM, FFM and skeletal mass were then computed via BMI
and BFP as follows: FM = weight x (BFP/100) and FFM = weight — [weight x (BFP/100)]. The
BMI was subsequently determined and classified as underweight, normal, overweight, or obese
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based on the WHO classification (Organization, 2022). Abdominal obesity was defined as a WC
>94 cm for males and >80 cm for females (Organization, 2011). Moreover,
abdominal obesity is indicated by a WHtR >0.5 and a WHR >0.90 in males and >0.85 in women

(Organization, 2011). The visceral fat values were classified as "normal” (1-9) or "high" (10-30)
for simplicity. Additionally, BFP and percentage skeletal mass were categorized based on age and
sex: BFP was categorized as "normal™ or "high," and percentage skeletal mass was categorized as

"low" or "normal to high” as per the Omron manufacturer’s guideline (Omron, 2014 ).

3.4.5.2.2. Alcohol intake, smoking and khat use

Participants who used khat, alcohol or smoke at least once in the month before the study are
considered current users. While respondents who have ever used alcohol, tobacco or khat are
indicated by their lifetime usage of these drugs (Meressa, Mossie, & Gelaw, 2009). The
participants' mental health problems were evaluated using a validated Amharic version of the
Hospital Anxiety and Depression Scale (HADS), which includes anxiety, depression, and

corresponding severity categories (Reda, 2011).

3.4.5.2.3. Fruits and vegetables consumption and Physical activity performance

Regarding FAV intake, participants were asked on the frequency and portion amounts of their
FAV intake. The WHO recommends eating 5 servings of FAV per day, each weighing 80 grams.
The WHO recommends 5 portions of FAV daily, with each portion weighing 80 grams (WHO,
2004).

The International Physical Activity Questionnaire short form (IPAQ-SF) was used to evaluate the
participants' physical activity levels (Craig et al., 2003; Forde, 2018), which describes high to low
physical activity performance levels. In order to categorize their responses, respondents were
asked to indicate the days and times throughout the period of the previous seven days that they had
exercised at three distinct intensities: low, moderate, and vigorous. Heavy lifting or digging are
examples of strong intensity activities while carrying modest burdens or riding a bicycle at a steady
pace are examples of moderate effort activities. Walking is an example of low-intensity activity.
The total weekly physical activity was calculated by dividing the time spent when doing each type
of exercise by the metabolic equivalent of task (MET) for energy expenditure. The METs for

vigorous, moderate and low-intensity activities, respectively, are 8.0, 4.0, and 3.3 (Forde, 2018).

42



Then MET-minutes/week was calculated as METs x minutes of physical activity performed x
number of days of activity performed. Finally, the physical activity status of the participants was
classified into the following groups based on the total METSs score calculation: low active (<600
METs-minutes/week), moderate-active (>600 to <3000 METs-minutes/week), and high active
(>3000 METs-minutes/week).

3.4.5.2.4. Psychiatric conditions

To screen participants' anxiety and depression status, a validated Hospital Anxiety and Depression
Scale (HADS) questionnaire was employed, and HADS was assessed using a validated Amharic
language questionnaire (Ambaw, 2011; Reda, 2011). The HADS comprises a 7-item depression
subscale (HADS-D) and a 7-item anxiety subscale (HADS-A), all of which are self-reported
(Noguchi, Kamada, & Shrira, 2014; Sangalang & Gee, 2012). All questions were scored on a 4-
point Likert scale to determine how frequently participants experience anxiety and depression. A
score of >11 on either subscale were considered severe depression or anxiety, a score of 8-10
borderlines, and a score of 0-7 normal (Ambaw, 2011; Reda, 2011).

3.4.6. Data collection tools and procedures

The questionnaire for data collection was initially created by adapting the WHO stepwise
approach (Riley et al., 2016; WHO, 2008) and a thorough review of existing published literature.
This comprehensive questionnaire addressed various aspects, including sociodemographic,
economic, anthropometric, lifestyle, behavioral and clinical variables. To ensure accuracy and
consistency, the questionnaire was initially developed in English and then translated into Amharic
by a qualified bilingual expert. An interviewers (trained nurses working in the ART clinics) used
a pretested Amharic version of the questionnaire to collect all the necessary information from the
study participants through face-to-face interviews. In addition, information regarding the length of
HIV infection, the baseline WHO clinical stage, the functional status of participants at the baseline,
the presence of TB infection or use of TB prophylaxis treatment and use opportunistic infections
prophylaxis treatment were explored from participants’ medical records. Along with these, details
on HIV and ART medications, presence of any comorbid conditions and other pertinent

information also were obtained from each participant medical chart.
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3.4.7. Statistical analysis

After the data was cleaned and coded, it was entered into Epi Data version 3.1 and later exported
to SPSS version 27.0 for the purpose of statistical analysis. Categorical variables were summarized
by frequency, while continuous variables were described using means with standard deviations
(SDs) or medians with interquartile ranges (IQRs) as appropriate. In cases where continuous
variables were skewed, a transformation was performed, employing either a logarithmic or square
root approach. To assess multicollinearity among the independent variables, the variance inflation
factor (VIF) was calculated using multiple linear regression analysis. A VIF value lower than 10
was considered acceptable, and this criterion was utilized to select the candidate variables for the
final model (Chennamaneni, Echambadi, Hess, & Syam, 2016). The model's fit was evaluated with
the Hosmer—Lemeshow test, where a p-value higher than 0.05 indicates a good fit. The differences
among health facilities were minimal, reflected by an intraclass correlation coefficient (ICC) of
less than 5%, suggesting a minor impact at the facility level (Koo & Li, 2016). As a result, a binary
logistic regression model was employed for the analysis. Independent variables that had a p-value
of 0.25 or lower from the bivariable analysis, along with other relevant variables identified in the
literature were included into the multivariable analysis (Bursac, Gauss, Williams, & Hosmer,
2008a, 2008b). AORs with 95% Cls were used to assess the presence and strength of significant

associations, with statistical significance set at p < 0.05.

3.5. Description of Methods for Evaluating the Influence of Lifestyle Modification
Counselling on Body Weight and its Composition

This randomized controlled trial was conducted between January 5, 2023, and May 30, 2024, and
was retrospectively registered in the Thai Clinical Trials Registry (TCTR20240905007) on
September 5, 2024.

3.5.1. Study population

The study population were adult PLWH, aged between 18 and 65 years, who were classified as
overweight and obese (BMI >25kg/m?) and were receiving first-line ART at healthcare facilities
in Hawassa City Administration.
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3.5.2. Sampling size determination

The sample size calculation for this trial was conducted via OpenEpi software version 3.01

(https://www.openepi.com/Menu/OE_Menu.htm), which considering the outcome variable of

body weight change following lifestyle counselling. The calculation was performed using a 95%ClI
and a power of 80%. At the three-month evaluation, the intervention group had an average body
weight of 85.6 kg (£15.96), which represented a mean weight loss of 4.09 kg from the baseline.
On the other hand, the control group had an average weight of 94.02 kg (x14.96), showing a mean
weight gain of 0.65 kg from baseline (Kucharska et al., 2018) (Table 3). The initial sample size
was determined to be 106 but was adjusted to 132 with considering a 20% attrition rate. As a result,
66 participants were assigned to each study group with randomization based on their arrival

according to the ART clinic follow-up schedule.

Table 3 Sample size calculation for intervention study by using OpenEpi software

Sample Size For Comparing Two Means

Input Data
Confidence Interval (2-sided) 95%
Power 80%
Ratio of sample size (Group 2/Group 1) 1

Group 1 Group 2 Difference*

Mean 85.6 94.02 -8.42
Standard deviation 15.96 14.96
Variance 254.722 223.802
Sample size of Group 1 53
Sample size of Group 2 53
Total sample size 106 20% attrition
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3.5.3. Inclusion and exclusion criteria

3.5.3.1. Inclusion criteria

The study enrolled PLWH who were overweight and obese (BMI >25kg/m?), aged 18 to 65 years
and had been on ART at least for 12 months after the adoption of the test-and-treat in Ethiopia.
Eligible participants included those with a baseline physical activity level of less than 600
metabolic equivalents of task in minutes per week (METs-min/wk), who had been on first-line
ART, maintained viral suppression and were free of opportunistic infections during the
intervention. They were receiving a first-line regimens consisting of two N(t)RTIs in combination
with either EFVor DTG.

3.5.3.2. Exclusion criteria

Participants who had received formal dietary or physical activity counselling or had participated
in organized nutrition and physical activity programs within the 6 months prior to this study were
excluded. In addition, individuals with a history of pulmonary or cardiac complications,
neurological problems, musculoskeletal disorders, confirmed thyroid disease, uncontrolled
hypertension and physical conditions that restricts the ability to engage in physical activity,
pregnancy at any point during the study and those with chronic liver and/or renal diseases. In
addition, the study excluded individuals practicing religious fasting during the study period such
as the Great Ethiopian Orthodox Fast or Muslim Ramadan, along with those who did not meet

eligibility criteria.

3.5.4. Study variables
3.5.4.1. Outcome variables

Weight and body composition variables [weight, BMI, WC, HC, body fat percentage (BFP), fat
mass (FM), fat free mass (FFM), skeletal muscle percentage and visceral fat level]. According to
protocol, trained data collecors did variables measurement at the beginning of the intervention
and at six months later. A stadiometer (Seca, Germany) was used to measure the body height of
each participant. During the measurement, participants were instructed to remove their shoes and
hairpins. The WC of participants was measured at the level of the umbilicus using a non-elastic

measuring tape, with participants standing in a relaxed posture and ensuring no pressure was
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applied to the body surface. The measurement was recorded to the nearest 0.1cm. The HC was
taken at the maximum circumference of the buttocks, typically to the nearest 0.1cm. BIA analyzer
(Omron HBF-514C) was used to measure body weight (in kg), FM (in kg), BFP, FFM (in Kkg),
VFL (1-30 range), and percentage skeletal muscle (Omron, 2014 ). The study primarily focused
on change in body weight and its composition, which were measured six months after the
provision of lifestyle modifications counselling. Weight change was evaluated as both the
absolute loss (in kg) from baseline and the percentage change from baseline. Percentage change
from baseline for each individual was computed with the following formula: [((variable value
at 6 months minus variable value at baseline)/variable at baseline) x 100]. Also we anticipated
that the intervention group would achieve a minimum of 3% reduction in overall body weight

after six months, relative to their baseline measurements.

3.5.4.2. Independent variables

The primary independent factor is lifestyle modification counselling (on dietary and physical
activity). Other independent factors include sex, treatment regimens and baseline characteristics

such as total energy intake, protein energy, and fat energy and lipid profiles.

The 24-hour recall dietary intake data were estimated via the standard measuring tools, common-
size containers and pictorial displays that depicted food items and their portion sizes based on
participants’ responses. These estimates were computed using Ethiopian Food Composition Tables
and Food-Based Dietary Guideline of Ethiopia (Gebru et al., 2023; Health & Institute, 1998;
Institute, 1981). In addition, the dietary diversity score was assessed using the Individual Dietary
Diversity Score (IDDS), while the frequency of food consumption was also evaluated (FAO,
2007). The IDDS is determined by adding up the number of food groups consumed within a 24-
hour period. The resulting total score is then classified into three categories: a low IDDS indicates
consumption of 1-3 food groups, a medium IDDS represents 4-5 food groups, and a high IDDS
corresponds to 6 or more food groups (FAO, 2007). To achieve dietary adequacy, a diversified
diet containing at least five food categories is required (Kennedy, Ballard, & Dop, 2010;
Woldemariam, Yusuf, Beyen, & Yenit, 2015).
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3.5.5. Randomization

A parallel-group, individual randomized controlled trial (RCT) with two groups was conducted to
assess the effect of a 6-month lifestyle intervention (counselling) on weight and body composition
among PLWH and a BMI of >25 kg/m?. Participants were randomly assigned to one of two groups
(intervention or control) ina 1:1 allocation ratio (Lee & Lee, 2021; Mohd Zaki et al., 2018; Vissers
et al., 2008). Totally 132 participants with a BMI of >25 kg/m? were included with 66 in the
intervention group (IG) and 66 in the control group (CG). The overall study has one intervention
group and one control group. The allocation of participants to the 1G or CG was done through
simple randomization with both groups assessed over a 6-month period. Then the IG, which
received personalized lifestyle modification counselling such as dietary, physical exercise and
behavioural changes, while the CG, which continued with their usual routine care without
additional counselling. Participants being randomized as they arrived to the ART clinics based on
their follow up appointment. Participants were enrolled in the study between January 05, 2023 and
May 30, 2024.
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Figure 7 Schematic illustration of participants’ enrolment in Randomized controlled trial

3.5.6. Intervention and Follow-up Procedures

The lifestyle modification intervention aimed to achieve and sustain a minimum 3% reduction
from baseline weight, a threshold shown to vyield clinically significant improvements in
cardiometabolic risk factors (Ahmad Zamri et al., 2020; Jensen et al., 2014). The intervention
included individualized counseling, beginning with an initial face-to-face session, followed by a
minimum of two supportive counseling sessions conducted by phone. It included specific
strategies such as modifying dietary intake habit, caloric restriction (reducing intake by

approximately 500 kcal/day) and increasing physical exercise (doing at least moderate-intensity
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physical activity). Nurse from the ART clinic who received counselling training for the study
conducted the counselling sessions. The training materials for counsellor were developed by
adapting guidelines and literature on managing bodyweight highlighting the benefits of healthy
weight loss (Jensen et al., 2014; Yumuk et al., 2015). An initial 50-60 minute face-to-face
counselling session focused on lifestyle changes was conducted for 1G after all baseline study
measurements were completed. Each participant in the IG received nutrition counselling from a
counsellor who utilized motivational interviewing techniques under the oversight of the principal
investigator. All intervention components were explained through counselling in Amharic
language supported by pictures and photographs during face-to-face interviews and discussions.
During the counseling sessions, participants were encouraged to implement lifestyle changes
aimed at reducing their daily caloric intake by approximately 500 kcal. This energy deficit is
typically achieved through a combination of dietary modifications, such as portion control,
reducing consumption of high-calorie foods and beverages, and increasing the intake of nutrient-
dense, lower-calorie options. Sustaining a daily caloric deficit of 500 kcal can create a negative
energy balance, which over time leads to gradual weight loss by promoting the utilization of stored
fat as an energy source. They advised incorporating whole grains, lean proteins, legumes and low-
fat foods into their daily diets. Additionally, participants were encouraged to include locally
available, fiber-rich foods, green vegetables (including Moringa oleifera leaves), and fruits in their
diets. They also recommended avoiding overeating and limiting the consumption of refined grains,
saturated fats, added sugars, high-calorie foods, fast foods and sugary or processed items.

Participants were also advised to increase physical activity and energy expenditure by engaging in
150-300 minutes of moderate-intensity exercise per week such as brisk walking, swimming,
dancing, gardening, aerobics or biking; or 75-150 minutes of vigorous-intensity exercise, including
running, aerobic dancing, cycling at speeds of 15km/h or faster or other similar activities.
Alternatively, participants were also encouraged to engage in a combination of both moderate- and
vigorous-intensity exercises. Additionally, they were strongly advised to minimize sedentary
behaviors, such as prolonged sitting, television watching, computer use, or playing video games
(Association; WHO, 2022 ). A brochure also developed in Amharic by adapting various guidelines
and literature on weight management was provided to each participant in the IG (Jensen et al.,
2014; Yumuk et al., 2015). The brochure included both narrative text and pictorial illustrations
offering guidance on definition of obesity, side effects of obesity and benefits of weight loss
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through dietary modifications, behavioural changes and the promotion of physical activity to
support healthy weight loss. Furthermore, participants received a minimum of two remote
supportive counseling sessions via phone calls, each lasting 20-30 minutes, during the first two
months after randomization. These sessions were designed to support and encourage adherence to
the recommended lifestyle changes. In contrast, the control group did not receive lifestyle
counselling during the study but was instructed to attend the final assessment. Apart from the
counselling, participants in the control group received the routine care from the ART clinics.
Following the final assessment, they were provided with lifestyle counselling to enable them to

achieve the anticipated benefits.

3.5.7. Data collection tools and procedures

The data collection questionnaire was developed by adapting various published literatures on
weight management. It included sections on sociodemographic and socioeconomic factors,
behavioural characteristics, clinical details, food frequency and 24-hour dietary recall. These data
were collected through face-to-face interviews using a semi-structured questionnaire written in
Ambharic and administered by an interviewer. The 24-hour dietary recall was used to capture
participants' food intake, assess dietary diversity, and calculate their average daily intake of total
energy, macronutrients (carbohydrates, protein, and fat), and fiber. Baseline physical activity
levels were assessed using the International Physical Activity Questionnaire short form (Craig et
al., 2003; Matsudo et al., 2001). The study's outcome variables, such as body weight and body
composition parameters, were assessed for both study groups at baseline and at the completion of
the follow-up period. Moreover, participants’ medical charts were reviewed to obtain
supplementary information relevant to the study, including medical history, medications,

diagnoses and other clinical data.

3.5.8. Statistical analysis

To minimize biases from non-completers, we conducted a per-protocol analysis, comparing study
groups based solely on those who accomplished the study as planned. Categorical variables are
presented as frequencies (percentages), while numerical variables are reported as means with
standard deviations (SD) or medians with interquartile ranges (IQRs). The chi-square test was

applied to assess the socio-demographic features of the participants and the independent t-test was
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used to compare baseline characteristics between the study groups. Within-group changes in
quantitative variables from baseline were analyzed using a paired t-test. While, o evaluate the
differences in scores from pre-test to post-test, an independent t-test was employed for both the
intervention and control groups. The weight loss was expressed as a percentage decrease from the
baseline, calculated for each participant using the formula: [((value at 6 months - value at baseline)
/ value at baseline) x 100]. Dummy variables for demographic variables and weight loss were
created and a comparison with the control group was performed. A linear mixed-effects model was
also employed to assess the effect of counselling on body weight and body composition variables
over time with an autoregressive error structure of order 1 (AR [1]). The model included time,
intervention (counselling), DTG use, age, sex, duration since initiation of ART, and the time
interval (Atime) as fixed effects. The general model structure was Aweight/composition = ftime +
pintervention + B*other covariates + intercept (where B represents the regression coefficient for
each variable). Each participant was treated as a random effect to account for individual variability.
Multicollinearity was assessed using the variance inflation factor (VIF), with values <10 indicating
no significant issue. Multiple linear regression, adjusted for baseline values was applied to assess
changes in weight and body composition, as well as to determine a weight loss of at least 3% from
baseline. Statistical significance was set at p value <0.05 with a 95%CI. Statistical analyses were
performed using STATA version 17.0 (StataCorp LLC, College Station, Texas) and IBM SPSS
Statistics version 27.0 (IBM Corp., Armonk, NY, USA).

3.6. Data and quality control

Before data collection, a proficient bilingual expert translated the English version questionnaire
into Amharic. The Amharic version was then pretested on 46 cases outside the study site (Leku
general Hospital) to assess clarity and make necessary revisions. A two-day training was
conducted for six data collectors (nurses working in the respective health facilities) on data
collection questionnaires, study ethics and participant consent, while two laboratory technologists
were trained on blood collection procedures. The body weight instrument was calibrated daily
using standard calibration tools, and the blood pressure apparatus was checked against a mercury-
based sphygmomanometer. The principal investigator was responsible for supervising the data

collection process, resolving any issues that emerged, and ensuring the questionnaires were
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complete every day. Lastly, the data that was collected underwent a visual inspection and cleaning

to assurance accuracy, consistency, and reliability in the data entry.

3.7.  Ethical approval

The Institutional Review Board (IRB) of Addis Ababa University’s College of Natural and
Computational Sciences (CNS-IRB) approved the study on September 19, 2022, with the reference
number: IRB/07/14/2022. Prior to the study's initiation, a support letter from the Hawassa City
Administration Health Department was obtained and submitted to the medical directors’ or heads
of each participating health facility, and permission was secured. Participants were informed on
the study's objectives, potential effects, and the significance of the data study. Written informed
consent was obtained from all participants and they were informed about the right to withdraw or
decline participation at any stage. To ensure data confidentiality, participant information was
anonymous using codes, securely stored, and protected by password access. Participants with
undiagnosed T2DM (FBG >126 mg/dL and HbA l¢ >6.5%) or hypertension (BP >140/90 mmHg)
were promptly referred to clinicians/physicians at the respective ART clinics for appropriate

management and follow-up care.
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Chapter 4- Results

4.1. Effects of dolutegravir-based first-line ART on weight and BMI of

adult PLWH in Hawassa city administration, Sidama Region

PAPER |

The paper was published in the journal of Annals of Medicine: Tylors and Francis Journals
group: https://doi.org/10.1080/07853890.2023.2242250

This section (Chapter 4.1) presents the results of an investigation conducted on the impact of
DTG-based first-line ART on weight and BMI among 524 adult PLWH who received follow-
up care at health facilities in the Hawassa City Administration, Sidama Region. The study
assessed changes in weight and BMI over 24 months among PLWH on first-line DTG-based
therapy compared to those on first-line NNRTI-based therapies. The results highlighted the
rate of >10% weight gain from baseline and its association with ART regimens and other
contributing factors. The linear mixed effects analysis was conducted using STATA version
17.0 (StataCorp LLC, College Station, Texas), whereas other analyses were performed with
IBM SPSS Statistics version 26.0 (IBM Corp., Armonk, NY, USA). The odds ratios for binary
logistic regression, along with 95%CI were computed to identify factors associated with >10%

weight gain.

The group that initiated first-line DTG-based regimens experienced significantly greater
weight gain (8.6 kg vs. 4.95 kg, p<0.0001) and BMI increase (3.11 kg/m? vs. 1.84 kg/m?,
p<0.0001) over two years compared to the NNRTI-based regimen group. In contrast, the group
that switched to DTG-based regimens showed no significant difference in weight (5.6 kg) or
BMI (2.13 kg/m2) compared to the NNRTI-based arm (p>0.05). A significant interaction effect
was observed between the DTG-based regimen and time in predicting changes in weight and
BMI (B =0.71; 95% CI: 0.34-1.07; p < 0.0001) and (B = 0.244; 95% CI: 0.10-0.39; p = 0.001),
respectively. Initiation of ART with DTG-based regimens has been associated with at least a
10% body weight gain at two years (AOR = 1.9; 95% CI: 1.19-3.04). Age >40 years (AOR:
2.02; 95% ClI: 1.35-3.02) and baseline factors such as weight <50 kg (AOR: 3.0; 95% CI: 1.86—
4.84), advanced disease stages (AOR: 1.78; 95% CI: 1.1-2.86), and ambulatory or bedridden
functional status (AOR: 2.0; 95% CI: 1.05-3.8) were also significantly associated with >10%

weight increase.


https://doi.org/10.1080/07853890.2023.2242250

4.2. The association between dolutegravir-based antiretrovirals and high

blood pressure among adult PLWH on ART in Sidama Region

PAPER I

The paper was published in the journal of Therapeutic Advances in Infectious Diseases: Sage

Journals group: https://doi.org/10.1177/20499361241306942

This section (Chapter 4.2) presents the results of a health facility-based cross-sectional study
that examined the association between DTG-based first-line ART regimens and other factors
contributing to elevated blood pressure among 444 adult PLWH who received follow-up care
at health facilities in the Hawassa City Administration. The study focused on individuals who
initiated first-line ART regimen after the adoption of the test-and-treat strategy and who had
been on treatment for at least 12 months. The association between the outcome and explanatory
variables was determined using binary logistic regression, with AOR and a 95%CI. Data entry
done using EpiData 3.1, while IBM SPSS 27.0 (IBM Corp., Armonk, NY, USA) was used to

perform statistical analysis.

The prevalence of HBP was 57.9% (95%CI: 52.5-62.4), with 40.5% classified as
prehypertension and 17.3% as hypertension. Among participants with hypertension, 84.4%
were newly diagnosed. Initiating ART with DTG-based regimens was associated with higher
odds of HBP (AOR 5.9; 95% ClI: 1.5-22.7) and switching to DTG-based regimens increased
the odds of HBP (AOR 3.8; 95% CI: 1.1-13.9). Other significant factors associated with HBP
included being male (AOR 2.6; 95% CI: 1.4-4.9), age >45 years (AOR 2.0; 95% ClI: 1.2-3.4),
high waist-to-height ratio (AOR 2.4; 95% ClI: 1.1-4.9), inadequate vegetable intake (AOR 1.7
95% CI: 1.0-2.7), inadequate physical activity (AOR 2.4; 95% CI: 1.1-5.4) and LDL-
cholesterol (AOR 1.1; 95% CI: 1.0-1.2). Moreover, statistically significant interaction effects
were observed between DTG based regimens and independent variables such as male sex,

adequate physical activity, and BMlin predicting HBP and HTN.
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4.3. Prevalence of hyperglycemia and its risk factors among adult PLWH on

follow-up at the Hawassa city administration, Sidama Region

PAPER 11

The paper was published in the journal of Endocrinology, Diabetes & Metabolism: Wiley
Journals group: https://doi.org/10.1002/edm2.70054

In this section (chapter 4.3), the prevalence and predictors of hyperglycemia was investigated
and identified among 443 adult PLWH who received follow-up care at health facilities in the
Hawassa City Administration. The study focused on individuals who initiated first-line ART
regimen after the utilization of the test-and-treat strategy and who had been on treatment for at
least 12 months. AOR and 95% Cls were used to measure the strength of associations between
risk factors and outcome. Data was entered in to EpiData 3.1 and and statistical analysis was
done by IBM SPSS 27.0 (IBM Corp., Armonk, NY, USA).

Overall prevalence of hyperglycemia was 24.4% (16.7% prediabetes and 7.7% type 2 DM). Of
the participants with DM, 82.3% were newly diagnosed. Age >50years (AOR 2.1; 95%CI 1.1-
3.9), alcohol intake (AOR 2.1; 95%CI 1.02-4.2), obesity (AOR 3.2; 95%CI 1.3-7.9), high
waist hip ratio (AOR 2.6; 95%CI 1.4-5.05), and LDL-cholesterol (AOR 2.2; 95%CI 1.02-4.6)
were significant associated with hyperglycemia. While, factors significant associated with DM
were alcohol intake (AOR 3.0; 95%CI 1.1-8.4), comorbidity (AOR 2.6; 95%CI 1.1-6.05), high
waist circumference (AOR 7.5; 95%Cl 1.3—43.3), high waist—hip ratio (AOR 4.1; 95%CI 1.02—
16.2) and high-triglycerides (AOR 3.2; 95%CI 1.3-7.7). Dolutegravir based regimen did not
show significant association with hyperglycemia. However, statistically significant interaction
effects were observed between DTG-based regimens and both age >50 years and BMI in
predicting hyperglycaemia. In addition, sex-stratified analyses revealed significant interactions
between DTG-based regimens and age > 50 years, overweight status, and elevated triglyceride

levels in predicting hyperglycaemia.
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44. The association between dolutegravir-based regimens and
dyslipidemia among adult PLWH on follow-up at health facilities in
Hawassa city administration, Sidama Region

PAPER IV

The paper has been submitted and accepted for publication in the journal of Atherosclerosis

Plus: Elsevier Journals group

In this part (chapter 4.4), the prevalence and predictors of dyslipidemia were investigated
among 450 PLWH who received follow-up care at health facilities within the Hawassa City
Administration, Sidama Region. The study focused on individuals who had initiated a first-line
ART regimen following the implementation of the universal test-and-treat strategy and who
had been on treatment for at least 12 months. AOR and 95%CI were used to assess the strength
of associations between risk factors and dyslipidemia. EpiData 3.1 was used for data entry, and
subsequent statistical analysis was executed with IBM SPSS 27.0 (IBM Corp., Armonk, NY,
USA).

Overall, 74.0% (95%CI: 69.8-78%) of participants had at least one lipid profile abnormality
consistent with a diagnosis of dyslipidemia. The prevalence was 79.8% in males and 69.8% in
females. The most common lipid abnormality was HDL hypocholesterolemia (66.4%),
followed by high triglycerides (34.2%) and an elevated total cholesterol/HDL-cholesterol ratio
(34.2%). Treatment initiating with DTG-based regimen (aOR: 4.8; 95%CI: 1.2-18.5),
increased waist circumference (aOR: 1.06; 95%CI: 1.01-1.11) and neck circumference (aOR:
1.2; 95%CI: 1.06-1.5) were significantly associated with dyslipidemia.
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4,5. Prevalence and Factors associated with Metabolic Syndrome among
Adult PLWH on First-Line ART in Sidama Region

PAPER V

The paper was published in the Journal of Therapeutic Advances in Chronic Diseases: Sage
Journals group: https://doi.org/10.1177/20406223251346289

In tis section (chapter 4.5), the prevalence of MetS and its associated factors were investigated
among adult PLWH who had initiated first-line ART later the implementation of the test-and-
treat strategy. The study focused on individuals who had been on treatment for at least 12
months. The strength of associations between risk factors and MetS was evaluated using AOR
and 95% CI. Data were entered into EpiData 3.1, and statistical analysis was conducted using
IBM SPSS 27.0 (IBM Corp., Armonk, NY, USA).

The prevalence of MetS was 36.4% (95%ClI: 32.2—41.6), with low HDL cholesterol as the most
frequent component observed in 368 (81.8%) participants. MetS was significantly associated
with age >50 years (aOR: 2.9; 95%Cl: 1.4-6.2), alcohol use (aOR: 2.7; 95% ClI: 1.2-6.4), body
mass index >25kg/m? (aOR: 3.7; 95%CI: 1.9-7.1), triglyceride/HDL-cholesterol ratio (aOR:
1.5; 95%Cl: 1.3-1.7), family history of hypertension (aOR: 2.1; 95%CI: 1.1-3.8) and high
waist-height ratio (aOR: 5.4; 95%CI: 1.8-15.9). DTG-based regimens did not show significant
association with MetS (p > 0.05).
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4.6. Effects of lifestyle modification counselling on body weight and body

composition in overweight/obese adults On ART

PAPER VI

The paper was published in the journal of Obesity Pillars: Elsevier journals group:
https://doi.org/10.1016/j.0bpill.2025.100184
In this section (chapter 4.6), the effect of counseling on lifestyle modification was evaluated in

terms of its impact on body weight measures and body composition among 116 (53 intervention
group and 63 controls) overweight/obese adults living with HIV on ART at health facilities in
Hawassa city, Sidama Region. Body weight and composition variables were assessed at
baseline and at the end of the intervention using the Omron Full Body Sensor Body
Composition Monitor and Scale (Model HBF-514C). Primary outcomes were analyzed based
on the per-protocol analysis principle. In this study, a primary outcome of at least a 3%
reduction in overall body weight after six months, compared to baseline measurements, was
used. This was calculated for each individual using the formula: [((weight at 6 months — weight
at baseline) / weight at baseline) x 100]. The impact of lifestyle modification counselling on
body weight and composition parameters was evaluated through linear mixed effects model

and multiple linear regression analysis.

Over the six-month trial, the lifestyle modification counselling resulted in significant
improvements in body weight (A = -1.4 kg, p=0.002), visceral fat (A = -0.53, p=0.006), fat
mass (A =-2.16 kg, p < 0.001), and body fat percentage (A = -2.02%, p < 0.001) compared to
the control group after the intervention period. In comparison to the control group, the
intervention group experienced increases in lean mass (A = +0.673 kg, p = 0.068) and skeletal
muscle percentage (A = +1.27%, p < 0.001). Additionally, lifestyle modification counselling
significantly contributed to achieving at least a 3% weight loss from baseline (B = 0.158, p =

0.048).
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Chapter 5- General discussion

5.1. Discussion

The widespread implementation of combination ART has significantly increased life
expectancy among individuals living with HIV, however, cardiovascular and metabolic
dysregulation are becoming serious challenges among PLWH (Lacson et al., 2017; Nsagha et
al., 2015). PLWH on ART often experience an increased prevalence of cardiovascular disease
(CVD) risk factors including type 2 diabetes mellitus (T2DM), overweight/obesity,
hypertension (HTN) and dyslipidemia (Hemkens & Bucher, 2014; Lacson et al., 2017).

Compared to the NNRTI-based regimens, people on DTG-based first-line regimens gained
significantly more weight. This result is in line with a number of observational studies and
clinical studies that investigated at the same issue in various populations (Bourgi, Jenkins, et
al., 2020; Sax et al., 2020; Venter et al., 2019). Weight increase after ART starting is frequently
observed as an indicator of successful treatment and immunological restoration, which
improves survival. However, significant weight gain might increase the risk of metabolic and

cardiovascular complications (Kumar & Samaras, 2018).

The findings revealed an association between DTG-based first-line therapy and excessive
weight gain, as a higher proportion of individuals on DTG regimens experienced weight gain
compared to those on NNRTI-based therapy. This finding is similar with the reports of several
clinical trials and cohort studies (Bourgi, Jenkins, et al., 2020; Sax et al., 2020; Venter et al.,
2019). The mechanism behind integrase inhibitors-induced weight gain remains unclear, but it
may be linked with the influence of melanocortin-4 receptor (MC4R), which regulates appetite
and energy balance (Hill, Waters, & Pozniak, 2019). Moreover, the significant interaction
between DTG-based regimens and time in predicting weight and BMI changes suggests a
progressive increase in both parameters among individuals receiving DTG. The observed
trends indicate that DTG use may be associated with sustained weight gain over time, raising
concerns about potential long-term metabolic effects (Shamu et al., 2024; Tovar Sanchez et al.,
2023).

Based on the WHO obesity criterion (BMI > 30 kg/m?), 10.2% of participants on DTG-based
regimens and 5.3% on NNRTI-based regimens developed treatment-emergent obesity.
However, this may underestimate the actual prevalence among Ethiopians, as applying the
recently proposed population-specific BMI thresholds (BMI >22.2 kg/m? for males and
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>24.5 kg/m? for females) would likely result in higher estimates (Makeda Sinaga et al., 2018;
M. Sinaga, Yemane, Tegene, Lidstrom, & Belachew, 2019).

The findings revealed that more than half of the participants had HBP, which aligns with results
from a study conducted in Ghana (Iddrisu, Besing Karadaar, Gurah Junior, Ansu, & Ernest,
2023). However, the finding of this study was significantly higher than the 35% prevalence of
HBP reported in Zambia (Hines et al., 2023). The higher rate in our study participants may be

due to their prolonged engagement with newer regimens compared to the depicted study.

The prevalence of HTN in this study was 17.3%, which is consistent with several other studies
conducted in Ethiopia and other African settings (Badacho & Mahomed, 2023; Brennan et al.,
2023; Denu, Revoori, Buadu, Oladele, & Berko, 2024; Harimenshi, Niyongabo, Preux,
Aboyans, & Desormais, 2022; Hines et al., 2023). DTG-based regimens were significantly
association with HBP. This finding is consistent with previous studies, which found a
significant association between DTG and HBP compared to NNRTI or Pl-based regimens
(Brennan et al., 2023; Kasoma Mutebi et al., 2023; Shamu et al., 2024). This might be attributed
to increased weight gain in individuals on DTG-based regimens, which could contribute to rise
in blood pressure (Brennan et al., 2023; Sax et al., 2020; Shamu et al., 2024).

In addition, men showed a higher rate of elevated blood pressure compared to women in this
study, with indicating greater odds of developing HBP. These findings are consistent with
studies showing a significant association between sex and increased blood pressure
(Byonanebye et al., 2023; Kasoma Mutebi et al., 2023; Mbuthia et al., 2021). This may be due
to estrogen, the primary female sex hormone, which helps protect against hypertension in
females by promoting vasodilation, reducing inflammation, and modulating the RAAS, in

contrast to males (Omotola, Legan, Slade, Adekunle, & Pendergast, 2019).

We found a significant association between low physical activity and HBP. This aligns with
other studies reported similar findings (Badacho & Mahomed, 2023; Haile, Degelo, Adilo,
Adem, & Gidisa, 2024). In addition, a significant association was observed between HBP and
factors such as lipid profile, low vegetable intake and high WHtR. The findings are consistent
with previous studies highlighting the association between elevated blood pressure and
inadequate vegetable intake (Akpa et al., 2022), lipid profiles (Denu et al., 2024), and high
WHIR (Choi JungRan, Koh SangBaek, & Choi EunHee, 2018).

The statistically significant interaction effects between DTG-based regimens and independent
variables such as male sex, inadequate physical activity, and BMI in predicting HBP and HTN
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suggest that the effect of DTG on blood pressure outcomes may be modified by these factors.
Prior studies have similarly reported sex-specific and BMlI-related variations in the
cardiometabolic impacts of INSTIs, particularly DTG (Lake & Trevillyan, 2021; Sax et al.,
2020; Venter et al., 2019). Additionally, physical inactivity may be linked to decreased insulin
sensitivity, potentially worsening insulin resistance already observed in patients receiving
DTG-based ART(Matkowska, 2024; Yaribeygi, Maleki, Sathyapalan, Jamialahmadi, &
Sahebkar, 2021). Moreover, insufficient physical activity can impair vascular function by
reducing endothelial responsiveness and increasing arterial stiffness, thus elevating systolic
and diastolic blood pressure (Booth, Roberts, & Laye, 2012).

We found that the prevalence of hyperglycemia was 24.4%. This finding is higher than the
rates reported in other studies, such as those conducted in Zambia (Shankalala et al., 2017) and
Georgia (Borkowska et al., 2022). These inconsistencies may arise from variations in treatment
duration, cut offs used for hyperglycemia (100 mg/dL vs. 110 mg/dL) and the differing effects
of older versus newer ART regimens on glucose metabolism. We found substantial rate of
T2DM, which was 7.7%. This is higher than the rate estimate reported for the general adult
population in Ethiopia, which was 3.3% according to the IDF in 2021 (H. Sun et al., 2022) and
3.8% according to the WHO in 2016 (Roglic & Organization, 2018). The differences in
diabetes prevalence between our study participants and the general population may be
influenced by factors such as increased vulnerability to health complications, a compromised
immune system and ART use, all of which may contribute to higher rates of prediabetes and
T2DM.

This study did not identify a significant association between the use of DTG-based regimens
and hyperglycemia. Conversely, other report suggested a potential association between the use
of DTG-based regimens and an increased risk of hyperglycemia, possibly due to its impact on
insulin sensitivity and glucose metabolism (Byereta et al., 2024). This inconsistency may result

from variations in participants' demographics and potential interactions with lifestyle factors.

Obesity is identified as an independent factor associated with hyperglycemia in this study. The
result corroborates existing literature, which has demonstrated a robust association between
altered glucose metabolism and increased weight (Duguma & Gebisa, 2020; M. Jemal et al.,
2023). In addition, dyslipidemia was associated with hyperglycemia. Similarly, several

investigations have revealed a significant association of blood glucose levels with lipid
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derangements (Ndagijimana, Nshimiyimana, Habyarimana, lzere, & Niyonzima, 2024; L.
Wang et al., 2022).

The observed interaction effects between DTG-based regimens and BMI in predicting
hyperglycaemia suggest that individuals with higher BMI may be more susceptible to DTG-
associated glucose dysregulation. Sex-stratified analyses further indicate that these risks are
amplified in subgroups with overweight status and elevated triglyceride levels. These findings
align with previous studies showing that DTG may contribute to insulin resistance and
metabolic disturbances, particularly in vulnerable populations (Erlandson et al., 2021; Lake et
al., 2020; Sax et al., 2020).

Concerning dyslipidemia, almost three-fourth of adults with HIV had at least one dyslipidemia.
This finding aligns closely with previous studies among PLWH in various African countries
including Ethiopia (Ambisa Lamesa et al., 2023; Kigongo et al., 2024; Ombeni & Kamuhabwa,
2016). However, it was higher than the 23.6% pooled rate reported for the general adult people
across Africa (Noubiap et al., 2018). The variations could be explained by several factors:
differences in how various ART regimens affect lipid metabolism, the length of time
individuals had been on ART and its influence on lipid metabolism. Low HDL was the most
frequently observed lipid abnormality, present in 66.4% of participants or almost 7 out of 10
individuals. However, the rate was lower than that reported in several studies that ranged from
71.3% to 72.1% (Ambisa Lamesa et al., 2023; Asiki et al., 2015). These studies used <40
mg/dL for men and <50 mg/dL for women as cut-off points to define low HDL-c levels (Alberti
et al., 2009), with the female cut-off being higher than the threshold recommended by the
NCEP-ATP Il guidelines for both sex (<40mg/dL) (Detection & Adults, 2002), which we used
in our study. This difference in classification criteria may account for the higher prevalence
rates observed in these studies compared to ours. Initiating treatment with DTG-based regimens
increased the odds of dyslipidemia, with a risk nearly five times higher than NNRTI-based
regimens. This finding corroborated by different studies (Byonanebye et al., 2021; Rebeiro et
al., 2023). This may be attributed to the metabolic effects of DTG, which can alter lipid
metabolism and potentially raise lipid profile compared to NNRTIs.

The overall prevalence of MetS in the study was 36.4%. This finding is higher than the rates
reported in systematic reviews and cross-sectional studies conducted globally and in Africa,
which ranged from 18.0% to 29.91% using IDF criteria (Ambachew et al., 2020; Girma et al.,
2023; Nguyen et al., 2016; Tesfaye et al., 2014), 18.1 to 34.89% using ATP IlI criteria
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(Ambachew et al., 2020; Girma et al., 2023; Nguyen et al., 2016; Tesfaye et al., 2014) and
from13.9-33.1% using JIS (Amutuhaire et al., 2023; Bosho et al., 2018; Bowo-Ngandji et al.,
2023; Kiama et al., 2018; Shidhaye et al., 2023). These discrepancies may be due to variations
in diagnostic criteria, study periods, ART regimens and population characteristics. Low HDL-
¢ was the most frequent component of MetS in this study, with a prevalence of 81.8%.
However, our finding was higher than those of previous studies, which reported a low HDL-c
prevalence rate of 64.1% in north-central Ethiopia (M. Jemal et al., 2023), and 72.1% in
Uganda (Kigongo et al., 2024). Differences in treatment duration (Kigongo et al., 2024) and
the varying effects of ART medications may also explain the observed variations in HDL-c

level across studies.

Sex was not associated with MetS in this study, which is consistent with the reports from
Nigeria (Muhammad et al., 2017) and Ethiopia (Jarso, Aman, & Megerso, 2024). In contrast,
several similar studies conducted in PLWH (Benson M Hamooya, Lloyd B Mulenga, et al.,
2021b; Tesfaye et al., 2014; Vargas-Pacherrez et al., 2020) indicated significant association
between female sex and MetS. This might be due to hormonal differences, abdominal fat level,
physical activity status and cultural factors, all of which may influence metabolic risk
differently between sexs across studies. TG/HDL-c showed a significant association with
MetS. The finding is consistent with results from other studies that reported similar associations
between TG/HDL-c and MetS (Chen et al., 2015), highlighting a stronger association between
TG/HDL-c and the occurrence of CVD (Flores-Guerrero et al., 2024). In addition, BMI and
WHItR were significantly associated with MetS. Similar findings have been reported in other
studies conducted in Ethiopia and elsewhere (Calza et al., 2017; Chen et al., 2015;
Gebreegziabiher, Belachew, Mehari, & Tamiru, 2021; A. Jemal et al., 2023; Kiama et al., 2018;
S. D. Mallya & Reddy, 2020; Tesfaye et al., 2014; Vargas-Pacherrez et al., 2020).

Concerning policies and strategies: Ethiopia has developed national strategies such as the
National Food and Nutrition Strategy (FDRE, 2021), the Food-Based Dietary Guidelines
(FDRE, 2022), the National major NCD Strategic Plan for 2020-2025 (FMoH, 2020) and the
review on Sustainable Development Strategy (SDS) (FDRE, 2017). These policies emphasize
comprehensive public health strategies such as the promotion of healthy dietary practices,
enhancement of physical activity, and systematic screening and management of NCDs to
proactively tackle malnutrition and the escalating burden of NCDs. However, the emerging

cardiometabolic risks associated with newer first-line ART in PLWH require great attention,
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as findings from this study reveal significant associations with a heightened cardiometabolic
risks such as incidence of obesity, high blood pressure, hyperglycemia, dyslipidemia, and
metabolic syndrome. In addition, the conditions strongly associated with modifiable risk
factors such as physical inactivity, low vegetable intake, central obesity, elevated LDL
cholesterol, and alcohol consumption. While current policy documents promote healthy diets
and physical activity at the population level, more targeted guidance is needed to address these
specific risks within HIV care settings. Furthermore, continued reliance on the WHO obesity
threshold (BMI>30 kg/m?) may underestimate obesity-related risks in the Ethiopian population
including PLWH. Recent evidence suggests that lower obesity threshold than those
recommended by the WHO may be more appropriate for the Ethiopian population (Makeda
Sinagaetal., 2018; M. Sinaga et al., 2019), highlighting the need to develop nationally relevant
thresholds to enhance early risk identification and intervention.

Regarding intervention study, participants in the counselling group experienced a significant
weight reduction over six months compared to the control group. This finding aligns with
previous studies demonstrating similar effects of face-to-face, remote, or combined counselling
interventions (Groeneveld, Proper, Van der Beek, & VVan Mechelen, 2010; Lutes, Cummings,
Littlewood, Dinatale, & Hambidge, 2017; Moncrieft et al., 2016; Van Wier et al., 2009). The
intervention group demonstrated a significant decrease in body fat percentage, visceral fat, and
fat mass compared to the control group. These results are consistent with previous research
highlighting similar improvements in body composition following lifestyle interventions
(Afifi, Hassan, Abdelrahman, El Sayed, & Salem, 2023; Batsis et al., 2022; Mendonca et al.,
2022) and also align with studies conducted in PLWH (John et al., 2018; Ogalha et al., 2011).
In addition, studies have shown improvements in skeletal muscle mass, with a significant
increase in the intervention group compared to the controls (Fazliana et al., 2018; Mohd Zaki
et al., 2018; Nishiguchi et al., 2014). Consistent with these findings, we observed a notable
increase in skeletal muscle and fat free mass in the counselling group from baseline and
compared to controls. The improved exercise and dietary modifications may support the
development of skeletal muscle and FFM (Rejeski et al., 2019). The intervention significantly
associated with a weight reduction of at least 3% from baseline. Similar studies have reported
comparable effects on body weight (Group, 2013; Virtanen, Penttinen, Kautiainen, &
Korhonen, 2021).
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5.2. Strengths and limitations of the study

The present study has several strengths and limitations. As strengths, the study aimed to include
participants from multiple ART-providing health facilities, offering valuable insights into
cardiometabolic outcomes among PLWH. This study focused on adults who started ART
following Ethiopia’s adoption of test-and-treat strategy. This focus ensures that the findings
are relevant to current treatment practices. The study included only PLWH who were on ART
for at least 12 months, could be sufficient time to investigate the effects of ART on
cardiometabolic health. Excluding individuals who had switched regimens multiple times
could minimized the potential confounding effect of regimen changes. However, the study has
some limits. Its cross-sectional design limits conclusions to associations, not causality.
Relatively small number of participants receiving the NNRTI-based regimens due to the
national roll out to DTG-based treatments made a little bit challenge to compare outcomes
between these two groups. The reliance on self-reported datamay introduce the possibility of
recall bias and the single-phase twice blood pressure measurement may not have captured
fluctuations throughout the day or in different environments. The baseline data on food
frequency, 24-hour dietary recall and physical exercise were self-reported, which may have
introduced inaccuracies and response bias. Moreover, nearly one-fourth of participants in the
intervention group reported economic constraints, which may have limited their access to a
variety of healthy, diversified and fiber-enriched foods essential for supporting weight loss and
management. The relatively short duration of the lifestyle counselling intervention also limited

the ability to fully explore its long-term effects on body weight and composition.
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Chapter-6 Conclusion and Recommendations

6.1. Conclusion

We aimed to to assess the burden and identify factors associated with cardiometabolic risks
among adult PLWH receiving follow-up care at health facilities in southern Ethiopia. The
findings indicated that excess weight gain is significantly higher among individuals on first-
line ART regimens. Additionally, elevated blood pressure, hyperglycemia, dyslipidemia and
MetS were prevalent among adult PLWH, most of whom were receiving first-line DTG-based

regimens.

First-line DTG-based regimens led to greater increases in weight and BMI compared to the
NNRTI-based regimen. Treatment initiation with first-line DTG-based regimens was
significantly associated with a >10% increase in body weight from baseline. Other factors such
as age and baseline factors like low weight, advanced disease stages and functional status were

also associated with with >10% weight gain.

The prevalence of high blood pressure was significant with a substantial proportion classified
as prehypertension and a notable portion as hypertension. Among those with hypertension,
most were newly diagnosed. Starting ART with first-line DTG-based regimens and switching
to these regimens were associated with high blood pressure. Non-modifiable risk factors
included being male and older age, while modifiable factors such as a high WHR, low
vegetable intake, low physical activity and elevated LDL-cholesterol were also associated high

blood pressure.

The prevalence of hyperglycemia was markedly high, with a significant proportion of
participants being newly diagnosed with diabetes. Factors such as older age, alcohol
consumption, obesity, WHR and elevated LDL-cholesterol were significantly associated with
hyperglycemia. While, alcohol use, comorbidities, and high WC, WHR, and elevated

triglycerides were associated with diabetes.

A significant proportion of participants had dyslipidemia, with higher prevalence in males. The
most frequent abnormality was low HDL cholesterol. Treatment initiation with DTG-based

regimens, along with high WC and NC were significantly associated dyslipidemia.
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The prevalence of MetS was high among adult PLWH, with higher rates observed in females.
The most common component was low HDL cholesterol. Factors associated with MetS were
older age, alcohol use, higher BMI, high TG/HDL cholesterol ratio, family history of
hypertension and high WHtR.

The six-month lifestyle modification counselling for individuals with a BMI>25 kg/m? resulted
in significant improvements in body weight, visceral fat, fat mass, and BFP in the intervention
group compared to the control group. In addition, the intervention group demonstrated
increases in FFM and skeletal muscle percentage. Counselling was also significantly associated

with a reduction in weight of at least 3% from baseline.

6.2. Recommendations

Based on the findings, the following recommendations are proposed to enhance metabolic
health outcomes in adults living with HIV, optimize ART practices, inform policy

development and guide future research.

Recommendations for PLWH on ART

> Engage in at least 150 minutes of moderate-intensity physical activity per week (e.g., brisk
walking, cycling, or household activities).

> Incorporate locally available, fiber-rich foods (such as whole grains, legumes, fruits, and
vegetables) into their daily diet.

> Maintain regular meal patterns and adopt self-initiated screening practices for

cardiometabolic risks such as blood pressure, blood glucose, lipid profile and others.

For programme implementers/ service providers

> Targeted training and refresher programs for healthcare workers in ART clinics are
required

» Ensure nationwide implementation and quality assurance of the integrated services

» Ensure routine monitoring and accurate documentation of anthropometric and

cardiometabolic parameters during ART visits to support clinical decision-making

» Consistent delivery of structured lifestyle counselling for PLWH within HIV care service

is required
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For policy makers

>

Strengthen health education and awareness programs focused on HIV transmission, and
strengthen early HIV diagnosis and treatment services to effectively reduce HIV
transmission rates.

Strengthen sustainable health information dissemination systems to promote healthy
lifestyles and improve cardiometabolic awareness among PLWH.

Allocate adequate resources to ensure the effective delivery of cardiometabolic health
services within ART clinics.

For Future Research:

>

Conducting long-term studies is essential to better understand the cardiometabolic effects
of DTG-based regimens and to assess the progression of cardiometabolic complications

over time.

Exploring the interplay between genetic predispositions, and environmental factors
affecting metabolic health in diverse PLWH in sex stratification. This would provide

valuable insights for personalized treatments and improved health outcomes.
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Background: The nature and burden of weight gain associated with antiretroviral treatment Received 30 March 2023
combination of Tenofovir disoproxil fumarate, lamivudine and dolutegravir (TLD) Revised 20 My 2023

ong people living with HIV (PLWH) has not been thoroughly Investigated in Ethiopia. Therefore, ~ Accepted 24 July 2023

this study aimed to evaluate changes in body weight and body mass index (BMI) in adults who KEYWORDS
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Methods: A retrospective cohort study was conducted among adult PLWH who had been therapy; dolutegravir;

recelving ART between February 2017 and October 2022 in Hawassa city administration, Sidama  Ethvopla

region. Linear mixed-effects model was used to examine BMI and body weight trends over time,

while a binary logistic regression was performed to identify factors associated with a= 10%

gain.
Results: A total of 524 adult PLWH with a median age of 35 (interquartile range: 30-41) years
were included. TLD-initiated arm experienced significantly greater mean weight (8.6kg vs. 4.950(9.
p<0.0001) and BMI (3.11kg/m? vs. 1.84kg/m?, p<0.0001) loaase than the NNATI-based arm
two years. However, the switched arm showed no significant difference in weight (5.6kg) and
BMI (213 kg/m’) compared to the NNRTI-based arm (p>0.05), There was a Interaction
effect between ART regimens and time in predicting weight and BMI gain (p<0.01). Initiating ART
with TLD had higher odds of =10% body weight gain at two years (adjusted odds ratio [AOR]:
1.9; 95% Cl: 1.19-3.04). Other baseline factors as age =40years (AOR: 2.02; 95% Cl: 1.35-
3.02), weight <50kg (AOR: 3.0; 95% CI: 1.86-4.84), advanced disease stages (AOR: 1.78; 95% Cl:
1.1-2.86) and ambulatory-bedridden functional status {AOR: 2.0; 95% CI: 1.05-3.8) were also
associated with =10% weight gain.
Conclusion: Initiating ART with TLD was significantly associated with greater weight and BMI gain
than the NNRT-based regimens. Therefore, the cardio-metabolic implications of weight gain after
the TLD initiation in this population should be monitored and thoroughly investigated.
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» A significant interaction effect was observed between ART regimens and time In predicting
weight and BMI gain.

= Starting ART with TLD was associated with a significant weight gain and treatment-emergent
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= ART initiating with TLD had 1.9 times higher odds of >10% body weight gain than the
NNRTI-based therapies
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Introduction

Weight gain after starting antiretroviral treatment
(ART) is common, specifically in people with very low
CD4+ count or lower pre-ART body mass index (BMI)
[1]. Weight gain following ART initiation is frequently
interpreted as evidence of treatment success and
nutritional rehabilitation and it is associated with
increased survival [2] and immunologic reconstitution
[1]. A substantial weight gain which is associated with
ART, on the other hand, may increase the risk of
comorbidity with metabolic and cardiovascular dis-
eases [3]. In particular, obesity is a significant risk fac-
tor for cardiovascular disease [4], type 2 diabetes [S],
sleep apnea, psychiatric problems, several musculo-
skeletal diseases, and some malignancies [6].

In terms of ART regimens, integrase strand transfer
inhibitors (INSTIs) are now recommended as preferred
first- and second-line ART modalities for people liv-
ing with HIV (PLWH) [7], due to their strong barrier to
resistance and higher tolerability [7,8]. However, recent
studies showed that excess weight gain or cdlinical
obesity was more frequent among individuals taking
INSTI-based ART classes, particularly dolutegravir (DTG)
compared to individuals in other antiretroviral classes
[9). In addition, factors like African descent, female
gender, and high pre-treatment HIV viral load or low
baseline CD4+ count were also associated with mod-
erate to excess weight gain [10]. Ethiopia changed its
guideline to use INSTI-based combinations as preferred
first- and second-line ART regimens in 2018 [11] follow-
ing the World Health Organization (WHO) recommen-
dation [12]. However, only limited data are available
concerning the effect of INSTIs-based ART regimens
on body weight and BMI in the Ethiopian popula-
tion. As a result, we investigated whether initiating or
switching to INSTI-based first-line therapy is associated
with weight gain compared to non-nucleoside reverse
transcriptase inhibitor (NNRTI)-based first-line thera-
pies among adult PLWH after 24 months of treatment
follow-up.

Materials and methods

A retrospective cohort study was conducted among
adult PLWH who had been receiving antiretroviral
medications between February 20, 2017 and October
30, 2022. We collected data from seven public and pri-
vate health facilities that provide ART service for PLWH
in Hawassa city administration, Sidama regional state,
These health facilities were Adare General Hospital,
Alatyon Hospital, Hawassa University Comprehensive
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Specialized Hospital (HUCSH), Hawela-Tulla Hospital,
Bushulo Health Center, Millennium Health Center, and
Tulla Health Center. The medical records of the study
participants were accessed from November 01 to
December 15, 2022,

Inclusion criteria

All PLWH who were at least 18years of age, had been
on first-line ART for at least two years and had started
ART for the first time after Ethiopia implemented the
WHO test-and-treat strategy (February 2017) [12,13]
were included. Only adult PLWH who had suppressed
HIV-Tribonuclic acid or (HIV-1 RNA <1000 copies/mL
after twelve months of ART initiation) were eligible for
the study. Regarding ART regimens, the following
treatment arms were considered for weight and BMI
analysis: [1]. Patients who had started treatment with
Tenofovir disoproxil fumarate (TDF) plus lamivudine
(3TC) and DTG (TLD) at the baseline and stayed on the
same regimen for 24months and had at least five of
the consecutive weight data starting from the baseline
(TLD arm) [2]. Those who started treatment with two
nucleos(t)ide reverse transcriptase inhibitors (N(t)RTIs)
plus either efavirenz (EFV) or Nevirapine (NVP) at the
baseline and then switched to the TLD regimen within
24months, and had received the initial EFV/NVP-based
regimens for at least six months prior to switching
and/or at least one post-switch weight data during the
24-month follow-up (switch arm) [3]. While the com-
parison group included individuals who initiated treat-
ment with two N(t)RTIs plus either EFV or NVP at the
baseline, remained on the same regimens and had at
least five weight data from the baseline throughout
the 24-month follow-up (NNRTI-based arm).

Exclusion criteria

Adults who initiated ART before the start of the
test-and-treat strategy, which means those who initi-
ated ART before February 2017, those with poor adher-
ence to ART therapy, those transferred in from other
health facilities, those who switched to TLD before six
months of therapy, and women who were pregnant at
any point during 24-month follow up were all excluded
from the study. In addition, participants whose
follow-up records did not include the baseline and
follow-up weight data for at least 24 months and those
who were lost to follow-up or died before 24 months
were also excluded. For more information, the inclu-
sion and exclusion of the study participants are indi-
cated in the flow chart (Figure S1).



Data collection tools and procedures

A standard checklist was used to collect the informa-
tion from participants’ medical records. This checklist
was developed using the ART initiation and follow-up
form used in the ART clinics. The following data were
collected using this checklist: socio-demographic fac-
tors such as age, gender, marital status, religion, resi-
dence, occupation, and educational levels; clinical
information such as duration since HIV diagnosis, dura-
tion of ART experience, baseline WHO disease stage,
functional status, history of tuberculosis (TB) infection,
type of TB infection, presence of opportunistic infec-
tions (Ols) other than TB, treatment with anti-TB, use
of TB prophylaxis treatment (TPT), opportunistic infec-
tions prophylaxis treatment (OPT), comorbid health
problems, baseline ART regimens, modification on ART
regimens (switching); anthropometric measurements
such as weight over 24months and height values of
the individuals. All compulsory data were collected by
health professionals with the critical review of each
participant’s medical chart under the supervision of
the principal investigator.

Outcome assessment

Percentage weight gain from baseline was calculated
for each individual and adapted to (weights at
x-month minus weight at baseline/weight at baseline)
x100 [14]. In addition, moderate weight gain was
defined as a 5 to <10% increase in weight from base-
line, whereas excess weight gain was defined as
a=10% increase in body weight or BMI by =1kilo-
gram/square meter (kg/m?) at 12 or 24months of
treatment follow up [9,10,15-17]. For individuals who
had recorded height values, BMI was calculated as
weight (kg) divided by the square of height in meters
(m? and then divided into four categories as follows:
underweight (<18.5kg/m?), normal weight (185~
24 9kg/m?), overweight (25.0-29.9kg/m?), and obese
(=30kg/m?) [18,19].

Ethical approval

The Institutional Review Board at the College of
Natural and Computational Sciences (CNS-IRB) at
Addis Ababa University granted ethical approval for
the study (approval No: IRB/07/14/2022) and waived
the requirement to obtain informed consent as this
study used de-identified secondary data from medical
records. A letter of approval received from Addis
Ababa University was submitted to the Hawassa city
administration’s health department office for
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evaluation and writing of support letters for each
study health facility. Then, an official letter of support,
received from the Hawassa city health department
office, was submitted to the Medical director’s office
of the seven health facilities to obtain an official
approval for data collection. In addition, the study
complied with the standards of the Helsinki Declaration
and its subsequent amendments. The confidentiality
of study participants’ personal information was highly
preserved.

Statistical analysis

Means with 95% confidence intervals (Cl) or medi-
ans with interquartile ranges (IQRs) were utilized as
summary measures for continuous variables. Baseline
demographic and clinical characteristics across the
ART treatment arms were evaluated using the Pearson
X2 test, student t-test, or one-way ANOVA as appropri-
ate. The effect of treatment with a DTG-based first-line
regimen on weight/BMI over time was analyzed using
linear mixed-effects model with autoregressive error
structure of order 1 treating each participant as a ran-
dom effect and adjusting for age, sex, TB coinfection
and time. The main outcome of interest in the present
study was weight gain of 210% over the 24-month ART
follow-up. The effect of DTG-based first-line regimens
on =10% body weight gain was investigated using
multivariable binary logistic regression with adjusting
for the effects of age at ART commencement, sex,
duration since HIV diagnosis, baseline weight, TB infec-
tion, baseline WHO clinical stage, baseline functional
status, TPT, and OPT. All covariates with a p-value of
< 0.25 in bivariate analysis were included in the mul-
tivariable analysis except for sex. An alpha threshold
of 5% was set for statistical significance. Stata version
17.0 (StataCorp LLC, College Station, Texas) was used
for the linear mixed effects analysis, while other anal-
yses were done using IBM SPSS Statistics version 26.0
(IBM Corp., Armonk, NY, USA).

Results
Baseline characteristics of the study participants

A total of 6,300 adults were receiving ART at seven
health facilities during the time of data collection. Of
these, 524 adults met the inclusion criteria for body
weight analysis. Also, only 482 (92%) of the 524 adults
had recorded height values and BMI was calculated for
them, The study participants had a median age of 35
(IQR: 30-41) years at baseline and 56.7% (297/524)
were females (Table 1).
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Table 1. Baseline socio-demographic features of the study population.

ART regiments at baseline

Total NNRTI-based arm TLD arm
Variable n=524 n=367 n=157 Pvalue
Gender
Female 297(56.7) 213{58.0} BA{53.5) 0337
Male 227(433) 154{42.0) 73146.5)
Age in years, median(IQR) 35(30-41) 35(29-42) 35(30-40) 0617
Marital status (n=485) (n= 350} {n=135)
Single 76(15.7) 55(15.7) 21(15.5) 088
Married 262(54) 189(54) 73(54.1)
Divorced 83(17.1) 62{(17.7) 21{155)
Widow/widower 64{13.2) 44(12.6) 20{14.8)
Residence {n=509) (n=359) (n=150)
Rural 78(15.3) 51(142) 27(18.0) 0279
Urban 431(84.7) 308{85.8) 123(82.0)
Religion (n=493) (n=357) (n=136)
Orthodox 185(37.5) 132(37.0) 53{39.0) 0.899
Protestant 256(51.9) 186{52.1) 70{51.5)
Muslim 44(8.9) 34{95) 10(7.3)
Catholic 5(1.0) 3(0.8) 2(1.5)
Others 3{0.6) 2(0.6) 10.7)
Occupation (n=321) (n=228) (n=93)
Employed* 202(62.9) 140(61.4) 62{66.7) 0.087
No job 18(5.6) 14{6.1) 44.3)
Daily laborers 16(5.0) 9%3.9) 7(7.5)
Housewife 68(21.2) 54(23.7) 14{15.0)
Farmers 10(3.1) 7(3.7) 33.2)
Students 6{1.9) ALY 2{2.1)
Commercial sex workers 1o3) 0(0.0} 1{1.1)
Education (n=489) (n=2351) (n=138)
Unable to read and write 51(104) 39(11.0) 12(8.7) 0.061
Primary level (grade 1-8) 143(29.2) 12(31.9) 31225)
Secondary (grade 9-12) 185(37.8) 130(37.0) 55{39.8)
College and above 110(22.5) 70{15.9) 40{29.0)

Values presented in number (%) unless otherwue mdiated. , (inchude government, private and self-employed); 1QR: interquartile range;

sirad th

ART: antire

py: TLD: Tenof P

Baseline anthropometric and clinical
characteristics of the study population

Ninety-seven (18.5%) PLWH had a history of tubercu-
losis infection, 72 (74.2%) of them had pulmonary
tuberculosis, and 25 (25.8%) had extra-pulmonary
tuberculosis. Likewise, 47(8.9%) subjects had opportu-
nistic infections other than tuberculosis (Herpes zoster
(n=29), pneumocystis pneumonia (n=4), toxoplasmo-
sis (n=4), and candidiasis infection (n=10)). Of the
524 adults, 70% (367/524) initiated ART with the
NNRTI-based regimens, while 30% (157/524) initiated
the TLD regimen. Of those who initiated the
NNRTI-based regimens, 98.4% received TDF +
3TC+EFV, while 1.1%, 03%, and 03% received
Zidovudine (ZDV) + 3TC+EFV, TDF + 3TC+NVP and
abacavir (ABC)+3TC+EFV, respectively (Table 2). One
hundred seventy-nine (34.1%) participants continued
receiving the NNRTI-based regimens for 24 months;
while 35.9% (188/524) adults were switched from the
NNRTI-based regimens to TLD regimen before
24months of treatment as per the WHO guidelines.
Forty-two out of 524 (8.0%) adults had no
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| fumarate plus lamivudine and dolutegravir; NNRTI-based: nucleos(thide reverse tran-
scriptase inhibitors plus non-nucieoside wvme transcriptase inhibitor.

documented height values to calculate the BMI and
only 482 adults were considered for the BMI analysis.
Of the 482 participants, 69.5% (335/482) initiated ART
with the NNRTI-based regimens, while the remaining
30.5% (147/482) initiated the TLD regimen. About
33.8% (163/482) participants continued receiving the
NNRTI-based regimens; while 35.7% (172/482) were
switched from NNRTI-based regimens to the TLD reg-
imen as per the WHO directions.

Body weight and BM! increase after ART initiation
Overall, body weight increased by 4.6kg (95% Cl: 4.06-
5.15kg) at 12months, and 6.3 kg (95% Cl: 5.65-6.94kg) at
24months. At 24dmonths, participants who started TLD
gained a mean of 8.6kg (95% ClI: 7.35-9.92kg) compared
to 4.95kg (95% CI: 3.87-6.02kg) gain in the NNRTI-based
arm (p<0.0001). Weight gain in the switched arm (5.6kg;
95% Cl: 4.65-6.61kg) was greater than weight gain in the
NNRTI-based arm, but the difference was not statistically
significant (p>0.05) (Figure 1A).

Similarly, the BMI increased by 1.7kg/m? (95% CI
1.47-1.89kg/m?) at month 12, and 2.3kg/m? (95% ClI:
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Table 2. Baseline anthropometric and clinical features of the study population.

ART regiments at baseline

Total NNRTI-based arm TLD arm
Parameter n=524 n=367 n=157 p value
Duration since HIV diagnosisimonths)* 48(37-56) 53(47-60) 34(28-37) <0.0001
Duration since ART start (months) * 46(36-54.7) 51(45-58) 34(28-37) <0.0001
Weight (kg)# 58.6(57 4-59.6) 58.8(57 5-60) 58.4(56.4-60.3) 074
BMNkg/m?)# 21.5(21.1-21.8) FARIVIREDZA ] 21.1{205-21.7) 0.161
BMI (kg/m?) n=482 n=335 n=147
Underweight (<18ka/m?) 109(22.6) 72(21.5) 3725.2) 0289
Normal weight (18-24.9kg/m?) 279(57.9) 193(57.6) B6(58.5)
Overweight (=25 ka/m?) 82(17.0) 59(17.6) 23(15.6
Obese 12(2.5) 1103.3) 100.7)
WHO chinical stage
Stage-1 215(41.0) 165(45.0) 50(31.8) 0.022
Stage-ll 132(25.2) 88(24.0) 44(28.0)
Stage-1ll 19(22.7) 730199 46(29.3)
Stage-1IV se(1Ly) 4a1M2) 17(10.8)
Functional status
Working 447(85.3) 315(85.8) 132(84.1) 0776
Ambulatory 69(13.2) 46(125) 23(14.6)
Bedndden B(1.5) 6(1.6) 2(1.3)
History of Tuberculosis infection
No 427(81.5) 303(82.6) 124(79.0) 0334
Yes 97(18.5) 64(17.4) 33(21.0)
Ofs other than Tuberculosis
No 477(91.0) 327(89.1) 150(95.5) 0.018
Yes 47(9.0) 40(10.9) 7(4.5)
Receipt of TPT
No 139(26.5) 93(253) 46(29.3) 0314
Yes 385(73.5) 274(74.5) 111(40.7)
Other known chronic diseases
No 520(99.2) 364(99.2) 156(99.4) 0.81
Yes 4(0.8) 3{0.8) 10.6)
ART regimens
ZLE(ZDV + ITC+EFV) 4{0.8) 401.0) 0(0.0)
TLE(TDF + 3TC4EFV) 361(68.9) 361(98.4) 0(0.0)
TUN(TDF + 3TC+ NVP) 110.2) 1{0.3) 0(0.0)
TLD(TDF + 37C + DTG) 157(30.0) 0(0.0) 157(100)
ALE(ABC + 3TC+EFV) 10.2) 10.3) 0(0.0) -
Receipt of OPT
No 139(26.5) 109(29.7} 30019.7) 0.012
Yes 385(73.5) 258(70.3) 127(80.9)

Values presented in number (%} unless otherwise indicated; *
ABC: Abacavir; Ci: confidence interval; DTG: dol

volutsnrmdmmdinmwwknmi values in means and 95% confidence interval;

EFV"_.JTC

dine; Ols; opportunistic infections; OPT: opportunistic infections pro-

reatment (cotrimoxazole) TPT: l‘ubet:ulorsb prophylaxis uutmef;l (honlmd (INH) or isoniazid-rifapentine (3HP)); Kg: kilogramy m: meter;
NNRTEbased: non-nudeoside reverse transcriptase inhibitor plus backbone nucleositiide reverse transcriptase Inhibitors; TLD: Tenofovir disoproxil fumarate

plus lamivudine and dolutegravir; ZOV: zidovudine,

2.08-2.58kg/m?) at month 24. Participants who initi-
ated the TLD regimen gained a mean of 3.11kg/m?
(95%Cl: 2.62-3.60kg/m?) compared to 1.84kg/m? (95%
Ck 1 .44-2.25kg/m?) gain in the NNRTI-based arm at
24months, (p<0.0001) (Figure 1B).

Females who started the TLD regimen gained signifi-
cantly more weight than females in the NNRTl-based
arm (5.8kg vs. 3.3kg, p=0.009) at 12months, and (8.6kg
vs. 3.6kg, p<0.0001) at 24months, respectively (Figure
2A). However, females In the switch arm gained insig-
nificantly greater weight than females in the NNRTI-based
arm (Figure 2B). In addition, males who started the TLD
regimen gained more weight at 18 months compared to
males in the NNRTI-based arm (8.3 kg vs.5.5kg, p=0.024),
respectively (Figure 2C). However, weight gain among
males in the switch arm was not significantly different
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from those males in the NNRTI-based arm (Figure 2D).
Moreover, the BMI gain also revealed similar trends like
body weight (Figure S2),

Regarding intra-regimen comparison, only males in
the NNRTI-based arm gained significantly greater weight
than females in the NNRTl-based arm at month 18
(5.5kg vs3.9kg, p=0.047), and at month 24 (7.1kg vs.
3.6kg, p=0.001).

In the linear mixed-effects model, the mean weight
of individuals who started ART with a TLD regimen
was 0.23kg lower than that of those who started ART
with an NNRTl-based regimen (B = -0.23; 95% Ck
—2.43-1.96; p=0.84). After controlling for time, age, TB
co-infection, and gender, the mean weight of the
switched arm was 1.82kg greater than the NNRTI-based
arm (B=1.82; 95% CI: 0.35-3.30; p=0.015). Individuals
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Figure 1. Body weight and BMI increase across treatment arms dum\g ART follow-up (weight increase: A and BMI increase: B),

Abbreviations: BME body mass index;
reverse transcriptase inhibitors; TLD: T
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disoprox
TLD initiated vs, NNRTE-based arm: 0,001 at month-12; <0,0001 at month-18 and month-24); (p-value for difference in

reverse transcriptase inhibitor plus backbone nucleos(thide

plus lamnmdme and dolutegravir; (p-value for difference in weight gain between the

B8MI gain between the TLD initiated

vs. NNRT)-based arm: 0.003 at month-12; <0.0001 at month-18 and month-24).

infected with TB at the start of ART had a 3.77kg
lower mean weight than those who were not infected
with T8 (B =-3.77; 95% Cl: =631 to —1.24; p=0.004). In
addition, the mean weight of male individuals was
5.75kg greater than that of female participants
(B=5.75; 95% ClI: 3.73-7.77, p<0.0001). Time was also
found to be a significant predictor of weight gain. The
weight increased by 144kg as the treatment time
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increased by six months (B=144; 95% CI: 1.23-1.66,
p<0.0001). Statistically significant interaction effects
between time and ART regimens have been observed,
with treatment starting with a TLD regimen having
0.71kg higher weight (B=0.71; 95% CI: 034-1.07;
p<0.0001) and 0.244kg/m? higher BMI (B=0.244; 95%
Cl: 0.10-0.39; p=0.001) than the NNRTI-based regi-
mens (Table S1).
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Figure 2. Body weight increase across treatment arms after ART initiation.
Abbreviations: Kg: kilogram; NNRTI: non-nudecside reverse transcriptase Inhibitor plus backbone nucleositiide reverse transcriptase inhibitor; TLD: Tenofovir

disoproxil fumarate plus lamivedine and dolutegravir; switch, transitioned from

Incidence of excess weight and BM! gain at
24 months of ART follow up
In total, 262 (50%) of PLWH had gained 210% weight
after 24 months of ART, of these, 50.2% of them were
females. The proportion of PLWH who gained 210%
weight was 44.1%, 59.2%, and 47.9% for the
NNRTI-based arm, TLD arm and the switched arm,
respectively. A weight gain =10% occurred more fre-
quently in the TLD-initiated arm (59.2%) than in the
NNRTI-based arm (44.1%), p=0.01 (Table S2). In addi-
tion, 40.4%, 61.9%, and 51% of females experienced
=10% weight gain in the NNRTI-based arm, TLD arm,
and the switched arm compared to 50%, 56.2% and
44% of males, respectively.

The rate of participants who gained BMI =1kg/m?
was 66.2% (319/482); of them, 56.4% (180/319) were
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NNRTH-based regimen to TLD.

females (Table $3). About 18.2% of participants became
newly overweight to obese (BMI =25kg/m?), with
11.8% overweight and 6.4% obese. In addition, 17.4%
of males became overweight (Figure 3A), while 5.3%
of males and 2.2% of females became newly obese
(Figure 3B). Treatment-emergent overweight and obe-
sity were greater in the TLD-started arm compared to
the NNRTl-based arm (Figure 3C,D). A BMI gain of
=21kg/m? was considerably higher in individuals with a
baseline BMI of <25kg/m* than those with a baseline
BMI of =25kg/m? (83.4% vs. 16.6%; p=0.037), respec-
tively (Table S4). Moreover, 184% and 10.2% of
BMI-normal adults who started the TLD regimen
became overweight and obese, respectively, compared
to 11.8% and 53% of those who received the
NNRTI-based therapies.
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nudleosit)ide reverse transcriptase inhibitors; TLD: Tenofovir disoproxil fumarate plus lamivudine and dolutegravir; switch arm, transitioned from NNRTI-based

regimens to TLD.

Factors associated with =10% weight gain after
24 months of ART follow up

To determine factors associated with body weight
gain, we used =10% weight gain as an outcome vari-
able after 24months of treatment follow-up.
Treatment initiation with TLD regimen resulted in
higher odds of =10% weight gain than treatment ini-
tiation with NNRTI-based regimens. Adults who initi-
ated the TLD regimen had 1.9 times greater odds to
gain =10% of their initial weight than those who
started the NNRTI-based regimens (adjusted odds
ratio [AOR]: 1.9; 95% CI: 1.19-3.04) (Table 3).

Discussion

The study subjects who initiated ART with the TLD
regimen gained significantly more weight and had
greater BMI than the NNRTI-based regimens. Compared
to NNRTI-based regimens, starting treatment with the

100

TLD regimen was significantly associated with =10%
weight gain. In addition, older age and other baseline
factors such as the WHO disease stages, functional sta-
tus and body weight were associated with =10%
weight gain.

In this study, participants who started ART with the
TLD regimen gained significantly more weight than
those who started the NNRTI-based regimens after 12-
and 24 months. This finding is consistent with several
clinical trials and observational studies that examined
the same problem in other populations, such as a
recent 48-week open-label randomized trial in South
Africa [20], an 18-month cohort study in South-eastern
US [9], a 2 and 5-year cohort study in the Northern
US and Canada [9], a meta-analysis of eight clinical
trials [10], and a 48-week open-label, multicentre, ran-
domized study in Cameroon [21]. In support, the use
of INSTI medications has been associated with more
weight gain than Pls or NNRTIs; however, elvitegravir/
cobicistat was associated with lesser weight gain than
DTG and bictegravir. Among NNRTIs, rilpivirine was



Table 3. Factors associated with =10% of weight gain at 24 months after ART initiation,
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Weight gain after ART initlation

Total <10% =10% COR AOR

Variable category 524(%) 262 (%) 262 (%) 95%CI 95%C
Gender

Females 297(56.7} 148(56.5) 149(56.9) 1.02(0.72-1.4) 1.06{0.72-1.58)

Male 227(43.3) 114{43.5) 113(43.1) 100 1.00

<40 years old 346(66) 190{72.5) 156(59.5) 1.00 1.00

240 years old 178(34) 72(27.5) 106(40.5) 1.79(1.24-2.59)** 2.02{1.35-3.02)**
Baseline body weight

<50kg 124(23.7) 35(13.4) 89(34.0) 3.34(2.1-5.2* 3.0().86-4.84)*

=50kg 400(76.3) 227(86.6) 173(66.0) 100 1.00
ART regimen arms

NNRTI-based arm 179(34.2) 100{38.2) 79(30.2) 1.00 1.00

TLD arm 157(30.0} 64(24.4) 93(35.5) 1.84(1,19-2.84)** 1.9(1L19-3.04)*

Switch arm 188(35.9) 98(37.4) 20(34.4) 1.16(0.77-1.75) 1.2(0.76-1.88)
History of tuberculosis infection

No A427(81.5) 232(88.6) 195(74.4) 1.00 1.00

Yes 97(185) 11.5) 67(25.6) 2.66(1.66-4,25)** 1.36{0.62-2.96)
Baseline WHO clinical stage

land 1l 347(66.2) 204(77.9) 143(54.6) 100 1.00

i and IV 177(33.8) 58(22.1) 119(45.4) 293(2.0-4.28)* 1.78(1.1-2.86)*
Baseline functional status

Working 447(85.3) 244(93.7) 203(77.5) 1.00 1.00

Ambulatory and bedridden 770147) 18(6.9) 59(22.5) 3.94(2.25-6,89)** 20(1.05-3.8)*
TPT received

No 138(26.3) 54(20.6) 84(32.1) 1.82(1.22-2.7)* 1.0{0.54-1.9)

Yes 386(73.7) 208(79.4) 178(67.9) 1.00 1.00
OPT received

No 139(26.5) 88(33.6) 51(19.5) 1.00 1.00

Yes 385(73.5) 174(66.4) 211(80.5) 200(1.4-3.12)* 1.35(0.87-2.12)

AOR: adjusted odds ratio; Ct: Confidence interval; COR: crude odds ratio; NNRTI-based: non-nudleoside reverse transcriptase inhibitor plus backbone nucle-

os{t)ide reverse transcriptase inhibitors; OPT:

opportunistic infections prophylaxis treatment{cotrimoxazole); TPT: Tuberculosis prophylaxis treatment (isoni-

azid (INM) or isoniazid-rifapentine (3MP)); TLD: Ienofwr asopmxll fumarate plus lamivudine and dolutegravir; switch, transitioned from NNRTH-based

regimen to TLD; WHO: World Health Organizati Il

{ fit control statistics for the final model was as follows: (X*(df = 8) =12.841, p<0.001,

u.oq probability = 640.404, Nagalkerke R? -0202. toul percent predicted 67.4%, and Hosmer and Lemeshow's test of significance, p = 0,117); *, p<0.05;

. p<00l.

associated with higher weight gain than efavirenz.
Among N(t)RTIs backbone, Tenofovir alafenamide
(TAF) is also associated with higher weight gain than
TDF, ABC, or ZDV [10]. In addition, weight gain asso-
ciated with INSTI drugs has also been reported in low-
and middle-income countries [21] and also
resource-rich settings [10]. The exact mechanism of
drug-induced weight gain by INSTIs is unknown, but
some clinical studies suggest that INSTIs may impair
appetite regulation in the central nervous system
(CNS), particularly melanocortin-4 receptor (MCA4R),
which is a key receptor in the CNS that regulates
caloric intake through modulating leptin signaling
and is involving in energy homeostasis and appetite
regulation [22]. Supportively, studies in vitro animal
models have shown that MC4R knockout mice suffer
from severe obesity [23,24] and the MC4R gene is
shared by both mice and humans.

PLWH who initiated treatment with the TLD regi-
men gained an average BMI of 3.1kg/m? while the
switch arm also gained 2.1 kg/m? at 24months of ART
follow-up. This may increase the risk of metabolic and
cardiovascular disease with long-term treatment in this
population. For instance, a study report revealed that
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a 1kg/m? increase in BMI after starting ART could have
a 12% increased risk of developing diabetes and an
18-20% increased risk of developing cardiovascular
disease, irrespective of the pre-ART BMI [4]. In addi-
tion, the study findings from Veterans Affairs showed
that PLWH had a 14% increased risk of developing dia-
betes mellitus when their weight increased by 5%
compared to veterans without HIV infection [5].
Several studies reported a greater weight gain after
subjects switched from protease inhibitors (Pis)- or
NNRTI-based regimens to INSTis-based regimens com-
pared to those who received the NNRTI-based regi-
mens; however, the difference was not statistically
significant [25-28). This is consistent with the findings
of the present study, which indicate greater weight
gain in the switch arm compared to the NNRTI-based
arm after 2dmonths of ART. Contrary to our findings,
several studies showed that virologically suppressed
people who received the NNRTI-based therapies and
then switched to the INSTI-based drugs, particularly a
combination of DTG, gained significantly more weight
than those who continued the NNRTI-based regimens
[10,27,29,30]. Treatment experience with non-INSTI-
based regimens before switching, length of time with
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INSTIs-based drugs after switching, and practice of
switching prior to INSTIs may have contributed to the
differences.

In this study, ART initiation with TLD regimen pre-
dicted significantly greater weight and BMI gain over
time, and ART initiation with TLD resulted in 1.9 times
higher odds of 210% weight gain than the NNRTI-based
regimens. Similarly, 3 meta-analysis of eight clinical tri-
als conducted by Sax et al. [10] and other observa-
tional studies [9,27,31] have shown a significant
association between weight gain and INSTI-based reg-
imens in general and the DTG-based regimens in par-
ticular, with greater weight gain compared to the
NNRTI- or Pl-based therapies. The finding of this study
indicated that subjects with ambulatory and bedrid-
den functional status had 2.0 times higher odds to
gain 210% of their initial weight than those with
working functional status. This finding is consistent
with other studies conducted elsewhere [32-34]. In
addition, the present study indicated that people with
advanced WHO clinical stages (stages |l and IV) during
ART initiation had 1.78 times higher odds to gain
=10% of their initial weight than those with mild clin-
ical stages (stages | and Il). The finding is In line with
the studies conducted elsewhere [10,35,36], and this
may reflect the severity of HIV disease prior to ART ini-
tiation and return to health after the start of ART par-
ticularly in individuals with more advanced clinical
stages. However, other studies have reported similar
effects with baseline low CD4+ count [10,31,37,38] and
baseline high HIV-1 RNA copies [10,36,39]. The inclu-
sion criteria in our study was targeted at the WHO's
test-and-treat strategy [12,13], which focuses only on a
positive laboratory diagnosis of HIV result for ART ini-
tiation, regardiess of CD4+ cells level or the WHO clin-
ical stages of the individuals. Moreover, those
individuals who weighed less than 50kg at baseline
and were = 40years old had 3.0 times and 2.0 times
greater odds to gain =10% of their initial weight,
respectively than their counterparts. Similarly, a study
report from Tanzania [40] and other studies showed a
significant association between baseline body weight
and older age with excess weight gain [3941].
Large-scale studies also revealed people who were
underweight at the baseline of ART and had evidence
of more advanced untreated HIV infection gained
210% of their body weight during ART follow-up [42].

Moreover, linear mixed-effects model analysis
revealed that individuals infected with TB at the start
of ART had a 3.77kg lower mean weight than those
who were not infected with TB. Similarly, the study
indicated that people with advanced disease stages
may have poor weight gain because of Ols,
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particularly TB, or increased energy expenditure from
higher metabolic demands [35].

Furthermore, this study showed a significant differ-
ence in weight and BMI increase across treatment groups
within female participants, however; females did not
show a significant association with =10% weight gain
compared to males. Consistent with our findings, a recent
large multi-cohort study showed a non-significant associ-
ation between gender and weight gain [43]. In contrast
to the present study, previous studies reported an asso-
ciation between weight gain and female sex, particularly
among those who initiated treatment with INSTIs-based
regimens [10,31,3941]. This could be attributed to the
ethnic effect on weight gain, which contributes to the
differences between the studies.

Strengths and limitations of the study

As strengths, this study compared the effects of start-
ing ART with TLD or switching to TLD therapy com-
pared to NNRTI-based regimens on weight and BMI
increase and potential predictors of excess weight gain
in seven ART-providing healthcare facilities. In addi-
tion, we included all adults who started first-line ART
after Ethiopia adopted the WHO test-and-treat strategy
[12,13]. This test-and-treat strategy only focuses on a
positive HIV diagnosis for ART initiation, regardless of
the CD4+ count, WHO clinical stage, or other criteria.
As a result, this may be useful in limiting the partici-
pation of people with a low CD4+ count, advanced
disease stages, or wasting syndrome to minimize their
confounding effect on weight gaining pattern analysis.

However, this study has certain limitations associated
with the design of retrospective studies. As a retrospec-
tive investigation, the results might vary from a prospec-
tively conducted cohort study. In addition, we only
included participants who had complete data on out-
come variables, which could result in ascertainment bias.
Confounding factors such as socioeconomic status, calo-
rie intake, physical activity, smoking, and alcohol con-
sumption were absent from participants’ medical records
but could impact weight gain. In addition, potential fac-
tors that can contribute to weight gain such as the onset
of diabetes; hypertension, dyslipidemia and use of con-
comitant medications were not documented in the med-
ical charts in most health facilities and have not been
evaluated.

Conclusion

We found that DTG-based therapy (TLD) was associ-
ated with greater weight and BMI and also excess



weight gain compared to NNRTI-based therapies
after two years of ART initiation. A significant inter-
action effect was observed between ART regimens
and time in predicting weight and BMI gain. In addi-
tion, older age and other baseline factors such as
the WHO clinical stages, functional status, and body
weight were also associated with a weight gain of
=10%. Irrespective of the improved tolerability and
efficacy of INSTI-based ART regimens, post-treatment
excess weight gain however needs attention as it
may increase the risk of non-HIV/AIDS comorbidities
such as metabolic and cardiovascular diseases.
Therefore, the cardio-metabolic implications of
weight gain after the Initiation of DTG-based regi-
mens in this population should be monitored and
thoroughly investigated.
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Abstract
Background: Dolutegravir [DTG), a novel antiretroviral therapy [ART) for HIV, is increasingly
adopted across sub-Saharan Africa. However, its impact on blood pressure in Ethiopia
remains unclear, highlighting a need for further studies.
Objective: This study aimed to investigate the association between DTG-based first-line
regimens and other covariates of high blood pressure [HBP) among adults living with HIV
recelving care at health facilities in Hawassa City, southern Ethiopia.
Design: A cross-sectional study.
Methods: Data were collected between January 2023 and May 2024 among 444 systematically
selected adults, complemented with a review of their medical records. HBP was defined according
to the seventh report of the Joint National Committee [JNC7) guidelines, with a threshold of
systolic or diastolic blood pressure of =120/80 mmHg. Multivariable logistic regression analysis 2:'.":"‘"2::‘:""‘:‘”
was performed to identify predictors of HBP. Adjusted odds ratios [AORs) with 95% confidence School of Medicat
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40.5% classified as prehypertension and 17.3% as hypertension. Among participants
with hypertension, 84.4% were newly diagnosed in this study. ART initiating or switching
to DTG-based first-line regimens was significantly associated with HBP compared

to efavirenz-based regimens. Additionally, factors such as male sex, advanced age,
waist-height ratio, low vegetable intake, inadequate physical activity, and low density
lipoprotein cholesterol levels were significantly associated with the prevalence of HBP.
Therefore, addressing post-treatment HBP in individuals on DTG based regimens is
essential for enhancing cardiovascular health. In addition timely identification and
management of modifiable risk factors, supported by comprehensive strategies and
routine screenings are vital for this population.

Keywords: antiretroviral therapy, blood pressure, dolutegravir, Ethiopia, HIV, hypertension
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Introduction

The improved accessibility of and adherence to
combination antiretroviral treatment (cART)
have resulted in a remarkable increase in the life
expectancy of people living with HIV (PLWH).!
However, the increased burden of noncommuni-
cable diseases (NCDs) in this population, partic-
ularly in low- and middle-income countries
(LMICs), has posed new challenges.2 NCDs such
as cardiovascular diseases (CVDs), diabetes,
hypertension (HTN), and certain cancers? are
becoming increasingly prevalent among PLWH
in LMICs.>* Globally, an estimated 1.28 billion
adults aged 30-79 have HTN, with two-thirds
residing in LMICs. Notably, approximately 46%
of adults with HTN are unaware of their condi-
ton.3 This issue is particularly concerning as it
affects not only the general population but also
PLWH. Compared to individuals without HIV,
PLWH are more susceptible to CVD risk factors
and experience higher rates of cardiovascular
morbidity and mortality.® In addition, a signifi-
cant proportion (35%) of adult PLWH who
receive cART globally have HTN.7

The rise in HTN is largely attributed to factors
such as long-term exposure to cART and under-
lying inflammation related to HIV infection
itself.3:* In additon khat (Catha edulis) chewing,®
age, male sex, obesity, history of alcohol con-
sumption,®!? smoking,!! family history of hyper-
tension and a sedentary lifestyle!? were risk factors
of elevated blood pressure. Studies have also

shown an association between anxiety and/or
depression!? and central adiposity!* with HTN.
Moreover, various mechanisms such as adipogen-
esis and lipodystrophy, activation of the adipo-
cyte, the renin—angiotensin system (RAAS),
immune reconstitution, dyslipidemia, chronic
systemic and vascular inflammation and renal
insufficiency!® can potentially impact the devel-
opment of HTN among PLWH.

The adoption of integrase strand transfer inhibi-
tors (INSTIs), especially regimens based on
dolutegravir (DTG), has become increasingly
preferred as first- and second-line treatment
options in LMICs, particularly following approval
by the World Health Organization (WHQ).!®
This is because the effectiveness and low risk of
drug resistance make them ideal for treating HIV.
In addition, the safety profile, with fewer interac-
dons and side effects than older medications also
enhanced their approval.!®

Despite their efficacy, DT G-based regimens have
been associated with cardiometabolic risks,!”
including a possible association with higher rates
of HTN compared to non-nucleoside reverse
transcriptase inhibitors (NNRTIs) regimens.!'®
The mechanisms behind the association between
DTG and weight gain are not fully understood,
but increased adipose tissue activation and RAAS
modulation may play a role, potentially raising
the risk of blood pressure.!® In addition, studies
indicated that individuals starting or switching to
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DTG-based regimens often experienced excess
weight gain?®2! and the association between obe-
sity and HTN is well established.?223

DTG-based cART is now widely used across
Africa, including in countries like Ethiopia fol-
lowing endorsement by the WHO.!* However,
despite the growing adoprtion of DTG, there is
still a lack of data on its association with NCDs,
particularly in East African settings.!®?3 To the
best of our knowledge, there is currently no pub-
lished data on the association between high blood
pressure (HBP) and DTG-based regimens, espe-
cially in the context of treatment initiation follow-
ing the implementation of a universal test-and-treat
strategy in Ethiopia. Consequently, this study
aimed to determine DTG-based first-line regi-
mens and other covariates of HBP among adults
living with HIV in southern Ethiopia.

Methods

Study design, setting, and period

This institution-based cross-sectional study was
conducted between January 2023 and May 2024,
at health facilities in the Hawassa City adminis-
tration. Hawassa is the capital city of Sidama
Regional State and is located approximately
275km to the south of Addis Ababa, the capital
city of Ethiopia. The city administration encom-
passes 157.2sq km and is divided into eight sub-
cities and 32 kebeles. According to the 2022
population profile report from the Hawassa City
Health Department office, the city administration
has a total population of 402,903 with a nearly
equal distributon of 201,371 females and
201,532 males.

Population

The study included adult PLWH aged 18-
65 years who were receiving cART. Currently,
eight health faciliies offer ART services in
Hawassa City administration for more than 6300
PLWH. However, the study did not include par-
ticipants from two health facilities based on their
personal preferences.

Inclusion and exclusion criteria

The study enrolled individuals who regularly
attended the health facilities of the city adminis-
tration and commenced their CART after

Ethiopia adopted the test-and-treat strategy in
February 2017. In addition, those who met the
following specific criteria were included: they had
been on first-line cART for at least 12months,
had HIV ribonucleic acid (HIV-1 RNA) viral
load of <1000 copies/mL. and demonstrated
adequate adherence to cART as per National
consolidated guidelines for comprehensive HIV
prevention, care, and treatment.?* Concerning
ART regimens, individuals who initally started
ART with two nucleos(t)ide reverse transcriptase
inhibitors (N(z)RTIs) and one NNRTI, either
remained on this regimen or subsequently
switched to DTG-based first-line therapies. In
addition, individuals who initiated treatment with
a DTG-based first-line regimens and remained on
these regimens throughout the study were included
in the study. However, participants who had
switched to other first line regimens more than
once, had severe illnesses or physical disabilities or
were pregnant were excluded from the study.

Sample size and sampling technigues

The required sample size for this study was calcu-
lated using Centers for Disease control and
Prevention (CDC) Epi Info version 7.2 software
using a single population proportion formula,
assuming a 95% confidence interval (CI), a sig-
nificance level (o) of 0.05 and a margin of error of
0.05. Using an 18.5% prevalence rate of HTN
among PLWH on ART in Ethiopia,’? an inital
sample size of 258 was calculated accounting for
a 10% nonresponse rate. Again we determined
the sample size using risk factors for HTN ar a
95% CI, power of 80 and a 1:1 ratio of unexposed
to exposed participants. The HTN prevalence
among individuals who were not exposed to
DTG-based regimens was 39.1% and exposure
to DTG was associated with an increased risk of
HTN (adjusted odds ratio (AOR]=2.4).>
Considering a 10% nonresponse rate, the sample
size was calculated to be 207. However, this study
was conducted as part of a larger NCD project
with multiple objectives. The sample size of 279
was calculated based on a 23.9% prevalence rate
for one of the NCDs,2® which was larger than the
sample size calculated for blood pressure. To
maximize representativeness, a total sample size
of 279 was accepted for the evaluation of all
NCDs including blood pressure. Accounting for
a 10% nonresponse rate and a design effect of
1.5, the final sample size was adjusted to 465. A
sample size of 465 was then proportionally
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allocated to each health facility based on the
number of PLWH on first-line ART at each study
site. Sampling intervals were determined by divid-
ing the number of PLWH on first-line regimens
by the allocated sample size for each facility.
Following this, a systematic random sampling
technique was then applied to select participants
at each facility.

Data collection tools and procedures

The data collection questionnaire was first devel-
oped by adapting the WHO stepwise approach?’
and reviewing different literatures. This structured
questionnaire covered sociodemographic, eco-
nomic, anthropometric, lifestyle, and behavioral
and clinical variables. The questionnaire was then
translated into Ambharic by a proficient bilingual
language expert. After obtaining signed informed
consent, trained nurses administered data collection
questionnaires to participants at the ART clinics of
the study health facilides. In addition, patients’
medical records were reviewed to extract informa-
tion such as HIV-related factors, ART medications,
comorbid conditions, and other relevant data.

Variables and measurement

Variables such as physical measurements that
include systolic blood pressure (SBP) and dias-
tolic blood pressure (DBP); and anthropometric
measurements such as height, body weight, waist
circumference (WC), and hip circumference
(HC) were collected from study participants. The
data collectors followed the standard techniques
to measure each variable. Participants rested com-
fortably for 10min before measurement, seated
with uncrossed legs and ankles in the isolated data
collection room. A digital blood pressure monitor
(Heuer, model number: 16-200) was used to
measure SBP, DBP, and heart rate. This device
has a measurement range of 0-300mmHg for
blood pressure and 30-180 beats per minute for
pulse. It also offers a diagnostic accuracy of
*+3mmHg for blood pressure and 5% for pulse
rate. Two readings were taken within a 5-min
interval and the average of these two was recorded.
If the measurements differed by more than
5mmHg, a third reading was taken and the aver-
age of the last two readings was recorded to deter-
mine the participants’ blood pressure.?8:2¢

The primary outcome of this study was HBP
(prehypertension and HTN) defined according to

the seventh report of the Joint National Committee
(JNC7),* as Ethiopia has incorporated the JNC7
defintion of blood pressure into the National
Clinical and Programmatic Management of
Major NCDs Guideline.?! Based on this, HBP
was classified as SBP and/or DBP equal
=120/80mmHg, which includes both pre-hyper-
tension and HTN. HTN was defined as SBP/
DBP of =140/90 mmHg, or confirmed by a phy-
sician, or the individual was taking antihyperten-
sive medications. Pre-HTN was defined as a SBP
of 120-139mmHg and/or a DBP of 80-
89 mmHg.32 Newly diagnosed HTN refers to par-
ticipants who had a SBP/DBP of =140/90 mmHg
and were unaware of their condition prior to this
study.

Participants’ height was measured using a Seca
stadiometer (SECA GmbH and Co, Germany) to
the nearest 0.1 centimeter (cm). Body weight and
body mass index (BMI) were assessed with an
Omron Body Composition Monitor and Scale
(Omron HBF-514C: manufactured for Omron
Healthcare Co., Ltd, China), which uses bioelec-
trical impedance analysis (BIA)3? and measure-
ments were performed according to the
manufacturer’s protocol. For the assessment,
each participant’s age, height (in cm), and sex
were input into the device. Participants then
stood barefoot on the scale, dressed in light cloth-
ing, held the display unit with both hands and
kept their arms parallel to the floor. The device
measures body weight directly and calculates the
BMI based on the entered height value of each
participant. Then, the BMI was classified accord-
ing to the WHO category as underweight
(<18.5kg/m?), normal (18.5-24.9 kg/m?), over-
weight (25-29.9 kg/m?), or obese (=30 kg/m?).3*

WC was measured at the level of the umbilicus
while the participants were standing and wearing
light clothing with measurements taken after exha-
ladon. HC was measured around the widest part of
the buttocks. Both the WC and HC measurements
were performed using a non-stretchable tape
measure following the WHO stepwise approach
and recorded to the nearest 0.1cm. In addition,
the waist-to-hip rato (WHR) and waist-to-height
rato (WH1tR) were computed by dividing WC by
HC and WC by height, respectively. Abdominal
obesity was defined as aWC = 94 cm for males and
=80 cm for females.?5 Moreover, a WHR >0.90 in
men and >0.85 in women as well asaWHtR=0.5
indicate the presence of abdominal obesity.3%

108

journals_sagepub.com/home/tal



AT Hirigo, D Yilma et al.

Participants’ physical activity (PA) was measured
using the Inrernational Physical Actvity
Questionnaire Short Form (IPAQ-SF).3 To cal-
culare the merabolic equivalents of task in min-
utes per week (METs-min/wk) for each specific
acuvity, the METs value of the acuvity (3.3 for
walking (low intensity); 4.0 for moderate PA; and
8.0 for vigorous PA) was multiplied by the min-
utes spent engaging in that acuvity. Finally, PA
was classified as low acuvity (<600 METs-min/
week), moderate acuvity (600 to <3000 MET5s-
min/week), or high activity (=3000 METs-min/
week).3¢

Current alcohol consumpuon, smoking, and khat
use refer 1o individuals who used each of these at
least once in the month preceding the study. Ever
alcohol dninking, smoking, and khat use denote
respondents who have used each of these sub-
stances at any point in their lifetime.37 The par-
ncipants’ mental health conditions were evaluated
using a validated Ambharic version of the Hospiral
Anxiety and Depression Scale (HADS) that
includes anxiety and depression, as well as their
respective severity categories.®s

Regarding fruit and vegetable (FAV) consump-
ton, participants were asked about their weekly
FAV intake in terms of frequency and portion
sizes. The WHO recommends five portions of
FAV daily, with each portion weighing 80g.3°
However, none of the participants in this study
met the recommended frequency or portion sizes,
and the proportion of those consuming FAV daily
was also small. As a result, participants were clas-
sified based on the frequency of FAV intake per
week rather than the recommended portion sizes.

An overnight fastung blood sample was collecred
from each participant for lipid profile analysis. The
samples were then processed and analyzed follow-
ing standard operating procedures using the
Cobas ¢ 501, a module of the Cobas 6000 ana-
Iyzer series (Roche Diagnostics GmbH, Sandhofer
Strasse 116 D-68305 Mannhein, Germany).

Data quality management

Before actual dara collection, the Amharic ques-
tonnaire underwent pretesting and improve-
ments were made based on participants’ feedback.
Nurses working in the ART clinics received train-
ing on data collection, variable measurement, and
ethical principles. In addition, the precision of the

blood pressure and weight scale instruments was
checked daily using a mercury sphygmomanom-
eter and standard calibration equipment, respec-
uvely. Each participant underwent art least two
measurements and the average was considered to
ensure accuracy in physical, anthropometric, and
body composition assessments. The study infor-
mation was collected using the same equipment
and procedures under daily supervision by the
principal investigator.

Data processing and statistical analysis
Cartegorical variables were summarized using fre-
quency, whereas continuous variables were sum-
marized using means with standard deviations
(SDs) or medians with interquartile ranges
(IQRs) as appropriate. A skewed continuous vari-
able underwent logarithmic or square root trans-
formation prior to logistic regression analysis.
The variation between health facilities was mini-
mal, as indicated by an intraclass correlation coef-
ficient, which was 0.039 and reflecung an
insignificant facility-level effect. This finding led
us to use a standard logistic regression model for
analysis. To identfy predictors of HBP, we
applied a binary logistuc regression model.
Independent variables with a p-value <0.2 in
bivariable analysis were included in the muluvari-
able analysis. In addition, based on findings from
previous literature, factors such as fruit consump-
tion, TB infection, anxiety/depression, time since
ART initnaton, and treatment regimens were
included in the multivariable analysis, regardless
of their significance level. Moreover, we assessed
the inreraction effects between ART regimens
and selected variables such as sex, treatment
duraton, age, PA, and BMI on blood pressure.
Mulricollinearity was assessed through muluple
regression analysis by sequennally removing vari-
ables with high variance inflation factor (VIF).
Tolerance values >0.1 and VIF of <10 were used
as curoffs to determine the candidate variables for
the final model. Furthermore, the Hosmer—
Lemeshow test was used to derermine the mod-
el’'s goodness of fit, with a p-value>0.05
indicaring a well-fit model. The association
between outcome and explanarory vanables was
derermined using AORs with a 95% CL Finally,
variables with a p-value < 0.05 were considered to
have a significant association. Data entry and sta-
tistical analysis were managed using EpiData 3.1
and IBM SPSS 27.0 (IBM Corp., Armonk, NY,
USA), respectively.

109



THERAPEUTIC ADVANCES in

Infectious Disease

Volume 11

Results

Sociodemographic and economic features of

the study participants

Among the 465 eligible adult PLLWH, 444 partici-
pants were enrolled in the study, resulting in a
response rate of 95.5%. Table 1 summarizes the
sociodemographic and economic characteristics
of the study participants. Among the participants,
58.3% were women (n=259) and 41.7% were
men (n=185). The mean (=SD) age of the par-
ticipants was 38.4 (8.9) years, with the majority
(67.8%) falling within the 30-49 years age range.
Over 90% of the participants were living in urban
areas, half were married, 31.1% had completed
primary-level education, 43% were employed,
and 41.2% reported their monthly income of
=2000 Ethiopian birr (ETB).

Pattern of blood pressure among the study
participants

The median (IQR) SBP was 117 (107-128)
mmHg with a range of 77-249 mmFg, while the
median (IQR) DBP was 77 (70-84) mmHg with
a range of 45-148 mmHg. The prevalence of
HBP was 57.9% (95% CI: 52.5-62.4). The sex-
specific rate of HBP was 68.1% (95% CI: 60.5—
74.1) for men and 50.6% (95% CI: 44.4-56.8)
for women. The prevalence of pre-hypertension
was 40.5% (95% CI: 35.4-45) and HTN was
17.3% (95% CI: 13,7-20.9). Among participants
with HTN, 84.4% (65/77) were newly diagnosed
in this study and were previously unaware of
their condition. In addition, 48% (37/77) were
identified as having systolic—diastolic HTN
(SDH), and 29.9% (23/77) were diagnosed with
isolated diastolic HT'N (IDH) (Figure 1). The
sex-specific rate of pre-HT'N and HTN was
44.9% (95% CI: 37.8-51.9) and 23.2% (95%
Cl: 17.3-29.2) for men and 37.5% (95% CI:
31.7-43.6) and 13.1 (95% CI: 9.3-17.8) for
women, respectively.

Among participants with HTN, 20.8% (16/77)
were aged 30-49 years, 44.2% (34/77) were aged
40-49 years, and 45.5% (35/77) were married.
The rate of HT'N was significantly higher in men
(55.8%) compared to women (44.2%) (Table
S1). More than 44% of the participants were
overweight-obese, 37.6% had a history of khat
chewing, 5.2% had comorbid health problems,
and 32.7% were sedentary to less active in PA.
About 14.5% had a history of smoking and 57.8%

reported alcohol consumption, with 38.7% being
former drinkers and 19.1% current drinkers
(Table S2).

Behavioral, clinical, and nutritional

characteristics of the study participants

The median (IQR) time since HIV diagnosis was
4.2 (2.3-6.1) years. All participants received
cART following the implementation of the uni-
versal test-and-treat strategy in Ethiopia and had
been on cART for a mean (+=SD) of 3.8 (1.9)
years, with nearly half (48.9%) having been on
treatment for at least 4 years. Only 12 participants
(2.7%) and 14 participants (3.2%) reported con-
suming fruits and vegetables daily, respectively,
regardless of the recommended portion sizes.
Over 75% of the participants mentioned eco-
nomic constraints as the main reason for inade-
quate intake of FAV, while others described
factors such as access limitations, lack of desire,
the belief that their intake was sufficient, and dis-
comfort while eating (Table 2).

At the time of ART initiation, the majority of par-
ticipants (62.4%) were classified as having WHO
clinical stages I and II disease. In addition, most
participants (85.8%) began AR'I" while in a work-
ing functional status. Among them, 106 individu-
als (23.9%) had a history of tuberculosis (T'B)
infection, with 57.5% (61/106) diagnosed with
pulmonary T'B and 42.5% (45/106) with extra-
pulmonary TB.

Predictors of HBP among the study participants

In the bivariable regression model, several factors
were significantly associated with high HBP such
as sex, age, BMI, family history of HT'N, WC,
WHR, WHItR, occupational status, vegetable
intake, meat intake, alcohol consumption, physi-
cal activity, monthly income level, low density
lipoprotein cholesterol, and triglycerides.

After adjustment for potential confounding fac-
tors using multivariable logistic regression, ART
regimens and the other seven variables were
found to be significantly associated with HBP.
Initiating AR'T with DT'G-based first-line regi-
mens as well as switching to these regimens were
significantly associated with higher odds of HBP
compared to NNRTI-based first-line regimens.
Adults who initated and remained on DTG-
based first-line AR'T had 5.9 times higher odds of
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Table 1. Sociodemographic and economic characteristics of people with HIV on antiretroviral treatment.

Variables Category Overall n=444  Blood pressure status p Value
™ High n=257 (%) Normal n=187 (%)

Sex Female 259 (58.3) 131 (51) 128 (31.6) <0.001
Male 185 [41.7) 126 49) 59 131.9)

Age, years Mean [+5D) 38.4 (8.9 42.919.9] 38.4(8.8) <0.001*
20-29 51011.5) 2419.3) 27 114.4) <0.001
30-39 153 [34.5) 70 (27.2) 83 l44.4)
40-49 148 (33.3) 96 (37.4) 52 (27.8)
=50 921(20.7) 67 (26.1) 25(13.4)

Residence Rural 4£119.2) 2218.6) 19 110.2) 0.565
Urban 403 [90.8) 235 (91.4) 168 (89.8)

Marital status ~ Single 4710.8) 27(10.5) 20110.7) 0.99
Married 222 (50,0 129 [50.2] 93 [49.7)
Divorced 102 (23.0) 59 (23) 43 (23)
Widow/widower 73(16.4) 42(16.3) 31 16.8)

Education Unable to read 50(11.3) 27 110.5) 231123 0.727
and write
Informal 110.2) 110.4) 01(0.0]
Primary level 138 [31,1] 76 (29.6) 62133.2)
Secondary level 132 (29.9) 78 [30.4) 54128.9)
At least college 123 (27.7] 751(29.2) 48 125.7)

Occupation Students 811.8] 501.9] 301.4) 0.005
Employed 191 [43.0) 120 [46.7] 71(38)
Merchants 89 [20.01 58 [22.6) 31116.8)
No job 35(7.91 19 (7.4) 16 18.6]
Daily laborers 511011.5) 17(6.6) 34118.2)
Housewife 48 10.8) 25(9.7) 2312.3)
Farmers 10(2.3) 411.6) 613.2)
Retired and 12(2.7) 9(3.5) 3(1.8)
others

Income in ETB <2000 birr 183 [41.2) 87 (33.9) 96 (51.3) <0001
20014000 birr 89 (20.0) 52 (20.2) 37 (19.8)
4001-6000 birr 78 (17.6] 51 (19.8) 27 114.4)
4000+ birr 94(21.2) 67 (26.1] 27 [14.4)

ETB, Ethiopian birr |1 Ethiopian birr=0,0173 USD during the studyl; SD, standard deviation; significance level [by chi-

square test; *, by independent t-test].
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Figure 1. The pattern of blood pressure among the study participants.

developing HBP compared to those on NNRTI-
based regimens (AOR: 5.9; 95% CI: 1.5-22.7).
While those who switched from NNRTI-based
regimens o DTG-based regimens had 3.8 times
higher odds of developing HBP compared to
those who remained on NNRTI-based regimens
(AOR: 3.8; 95% CI: 1.1-13.9). Men had 2.6
umes greater odds of developing HBP compared
to women (AOR: 2,65 95% CI: 1.4-4.9). In addi-
tion, participants who were older than 45 years
had twofold higher odds of developing HBP com-
pared to their vounger counterparts (AOR: 2.0;
95% CI: 1.2-3.4). Morcover, participants who
consumed vegetables for less than 4days a week
had nearly twofold greater odds of developing
HBP compared to those who consumed ar least
4days a weck (AOR: 1.7; 95% CI: 1.01-2.7)
(Table 3).

Stansucally sigmificant interaction cffects were
found between treatment regimens and inde-
pendent variables such as male sex, adequate
physical activity, and BMI in the prediction of
HBP and HTN (Table 4). Sex-stratified analysis
indicated that switching to DTG-based regimens,
being over 45 years, and having a BMI = 25 kg/m*
were significantly influenced blood pressure with

remarkably significant effects observed in women
(Table S3).

Discussion

In this study, 57.9% of participants had HBP,
with 40.5% classified as pre-hypertensive and
17.3% as hypertensive. Among the 17.3% of par-
ticipants with HTN, 84.4% (14.6% of the total
participants) were newly diagnosed during this
study. In additon, initating wreatment with or
switching to DT'G-based first-line regimens had
higher odds of HBP compared to efavirenz-based
first-line regimens. Non-modifiable risk factors
such as older age and male sex were associated
with higher odds of HBP. In addition, inadequate
vegetable intake along with other modifiable nisk
factors such HC., WHIR, lipid profiles, and inad-
equate PA were also associated with increased
odds of HBP.

More than 96% of parucipants were on DTG-
based first-line regimens, cither initiated directly
or switched from NNRTI-based therapy and
57.9% of participants had HBP in this study.
This result is consistent with a study from Ghana,
which reported a prevalence of HBP of 54.6%.4
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Table 2. Behavioral, clinical, and nutritional characteristics of the study participants.

Variables Category Total [n=444) Blood pressure status
High n=257 (%) Normal n=187 (%]
Body mass index, kg/m? Mean [standard deviation| 24.814.8] 2614.7] 23.1(4.5]
Underweight =18.4kg/m? 27 16.1) 813.1) 19(10.2)
Normal weight 18.5-24 9kg/m? 220 (49.5) 105 (40.9) 115 (61.5]
Overweight 25-29.9 kg/m? 138 131.1) 100 (38.9) 38 (20.3]
Obese =30kg/m? 59 (13.3) 44 (17.1) 15 (8]
Duration of HIV, years Median linterquartile rangel 4.2 (2.3-6.1) 4.012.4-6.0] 4.312.3-6.2)
Duration on antiretrovirals, years Mean |standard deviation| 38019 381018 3.901.9]
Treatment AZT/TDF+3TC+EFV  Maintained 17 13.8) 813.1) 914.8]
regimens TDF/ABC+3TC+DTG  Switched 205 146.2) 118 [45.9) 87 146.5)
TDF/ABC+3TC+DTG  Maintained 222 (50.0) 131 (51) 91 148.7)
Smoking Never smoked 380 (85.6) 222 (86.4) 158 [84.5)
Former 5412.2) 30(11.7) 24112.8)
Current 10[2.3) 5019 512.7
Alcohol intake Never 187 142.1) 93 (38.2] 94 [50.3)
Former 172 138.7) 105 (40.9) 67 (35.8)
Current 85119.1) 59 [23) 26 (13.9)
Comeorbidity state No 421 (94.8) 240 (93.4) 181 (96.8)
Yes 2315.2) 17 16.6) 613.2]
Fruit intake/week =2days 322 172.5) 187 (72.8) 135 (72.2)
3-4Ldays 89 (20,0} 55 [21.4] 3418.2)
»5days 33(7.4) 15(5.8] 1819.6]
Vegetables intake/week =2days 197 144.4) 119 [46.3) 78 (41.7]
3-~-4days 160 (36.0) 90 (35) 70 (37.4)
=5days 87 19.6) 48 [48) 391209
Physical activity =l ess active 145 (32.7) 107 [41.8) 38(20.3]
Moderate 243 |54.) 131 (51) 112159.9)
Highly active 56 (12.6) 1917.4) 37 (19.8)
{Continued)
journals. sagepub.com/home/tal 9
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Table 2. [Continued)
Variables Category Total [n=444]  Blood pressure status
High n=257 (%) Normal n=187 (%)
Intake of meat =3days/month 296 166.7) 164 (63.8) 132 170.6]
1-3days/week 124 (27.9) 75 129.2] 49126.2)
=4 days/week 24 15.4) 181(7] 613.2)
Family history of hypertension No/don't know 294 166.2) 160 (62.3] 134 (71.7)
Yes 150 (33.8) 97 137.7) 53128.3)
Waist circumference, centimeter Median linterquartile rangel 85 [76-941 90 (81-98] 78 (72-88)
Hip circumference, centimeter Median linterquartile rangel 95 [89-102] 98 {91-103) 91 (85-100)
Waist-to-hip ratio Median linterquartile range] 0.9 (0.83-0.96) 0.92(0.86-0.98] 0.87 (0.81-0.92]
Waist-ta-height ratio Median linterquartile range] 052 (0.47-0.8]  0.54 (0.5-0.6} 0.48 (0.44-0.54)
Triglycerides, milligram/deciliter Median linterquartile range] 119 (87.9-102] 131 [95-197] 105 [81.9-150]
High density lipoprotein cholesterol,  Mean [standard deviation] 36.7(9.6) 36.81(9.8) 36.5(9.4)
milligram/deciliter
Low density lipoprotein cholesterol, Mean [standard deviation) 911(30.9) 96.1(31.9] B4 128.2)
milligram/deciliter
Waist to sitting height ratio Median [interquartile range] 1.07{0.96-12) 1.1(1.0-1.2) 0.99 (0.91-1.1)
ABC, abacavir: AZT, zidovudine: DTG, dolutegravir: EFV, efavirenz; 3TC. lamivudine; TOF, tenolovir disoproxil fumarate.
Table 3. Factors associated with high blood pressure among the study participants,
Variables Category Total 444 Blood pressure status
e High 257 Normal 187  COR (95% Cl) AOR [95% Cl)
%) %]
Sex Mate 185 [41.7) 126 149] 59 (31.6) 2.1 1.4-3.1)" 2.6 1.4-479]**
Age >45years 156 (35.1) 113 (44) 431(23) 2.6 11.7-60)" 2.0 (1.2-3.4)*"
Duration on =éyears 83(18.7] 48 118.7) 35018.7) 1.010.61-1.6} 1.110.56-2.1)
antiretrovirals
Body mass index =25kg/m? 197 144.4) 144 156] 53(28.3] 3.212.1-4.8)**" 0.95 (0.48-2.0]
Family history of Yas 150 [33.8) 97137.7) 53 (28.3) 1.5[1.02-2.3)* 1.2(0.75-2.0)
hypertension
High waist Yes 131129.5) 94 (36.6) 3719.8) 2.311.5-3.8]*** 0.93 (0.46-1.9)
circumference
[Cantinued]
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Table 3. [Continued)|

Variables Category Total 444 Blood pressure status
%
i High 257 Normal 187 COR [95% Cl) AOR [95% Cl)
(%) 1%

High waist-to-hip Yes 270 (60.8) 179 169.6) 91148.7) 2.411.6=3.6]**" 1.110.58-2.1]
ratio
High waist-ta-height Yes 287 (64.6) 200 (77.8) 87 (46.5) 4.0(2.7-6.1]*** 2.4(1.1-49]*
ratio
Occupation Working 280 (63.1) 178 [69.3) 102 [54.5] 1.9 (1.3-2.8)** 1.2 (0.69-2.0)
Fruits intake =2days/week 223 (50.2) 123 [47.9) 100 [53.5) 0.8 10.55-1.2] 1.0 10.62-1.7)
Vegetables intake <hdays/week 302 (48] 185(72) 117162.4) 1.51(1.02-2.3)* 1.7 11.01-2.71*
Tuberculosis Yes 106 [23.9) 66 [25.71 401(21.4) 1.310.81-2.0] 1.210.68-23]
infection
Intake of meat =2days/week 163135.71 115 144.7) 48 (25.7) 2.311.6-3.5)*** 1.410.81-23]
Alcohol use Ever consumed 257 [57.9) 164 [63.8) 93 147.9) 1.811.2-2.4)** 0.89 (0.53-1.5)
Woerld Health stage-ll 88 (19.8) 57 (22.2) 31 116.8) 1.6 10.97-2.7] 1.7 10.90-3.2)
Organization
Clinical stage stage-Ill 118 (26.6] 70(27.2) 48 125.7) 1.310.81-2.1] 0.99 (0.54-1.8)

stage-IV 49 (11.0] 30(11.7) 19 (10.2) 1.4 10.74-2.7] 0.94 (0.40-2.2)
Physical activity =Less active 145 (32.7) 107 [41.6) 38 (20.3) 4.5(2.8-10.7)*** 2.4 1.1-5.4)*

Moderate 243 (54.7) 131 (51) 112159.9] 2.3(1.2=4.2]*** 1.610.8-3.3]
Comorbidity Yes 2315.2) 17 16.6) 613.2) 2,110.83-5.5] 1.510.49-4.7
Treatment switched to TDF/ 205 146.2) 118 [45.9] 87 146.5) 1.510.57-4.1] 3.811.1-13.9]*
ABC +3TC + DTG
Regimens maintained on TOF/ 222 [50) 131 (51) 91148.7) 1.6 10.6~4.3) 5.9 11.5-22.7)*
ABC +3TC+ DTG
Manthly income =>3500ETB 198 [44.6) 135 [52.5) 63133.7) 2.211.5-3.2]** 0.931052-1.8)
Anxiety/depression Yes 18 (4.1) 913.5] 914.8) 0.72 10.28-1.8) 0.92 (0.30-2.8)
Hip circumference Mean [SD) 9.710.53) 9.9 (0.49) 9.6 (0.54) 2.911.9-4.3]** 2.4 11.2-4.8)*
(SqrtT), ma/dl
Triglycerides [LogTl,  Mean [SD| 2.1(0.22) 2.110.23) 210.2) 7.112.8-17.71*** 2.110.69-6.7)
mag/dl
Low density lipoprotein  Mean [SD) 91130.9) 96 (31.9) 84(28.2) 1.01(1.01-1.02)***  1.1(1.0-1.02)*

cholesterol, mg/dl

ABC, abacavir; ADR, adjusted odds ratio; COR, crude odds ratio; Cl, confidence interval; DTG, dolutegravir; ETB, Ethiopian birr [TETB=0.0173USD
during the study); EFV, efavirenz; 3TC, lamivudine: LogT, log10 transformed; SD, standard deviation; Sqrt, square rool transformed; TOF, tencfovir

disoproxil fumarate; Reference category: lemale-sex; age =45yoars; ART duration <éyears; BMI < 25kg/m?; tamily history of HTN no: WC normal;

WHR normal; WHIR normal; occupation-currently not working; fruit use =2 days/week; vegetable use =4 days/week; tuberculosis no; meat

use<2days/week; alcohol use-never; smoking-never; WHO clinical stage |; exercise moderate-high; comorbidity no; ART regimen arm: EFV-based;

monthly income <3500 ETB; anxiety/depression no; {significance level:*p <0.05; **p <0.01; ***p<0.001).
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Table 4. The interaction effect between antiretroviral regimens and other covariates on blood pressure using a
multivariable logistic regression model.

Interaction and Treatment High blood pressure Hypertension
variables category
AOR [95% CI) pValue AOR (95% CI) p Value

ART regimens X sex Efavirenz based Reference Reference
Switched to 211.1-4.2) 0.028 2.8(1.3-6.0 0.008
dolutegravir
Maintained on 2.001.1-35) 0.017 1.2 (0.59-2.5) 0.582
dolutegravir

ART regimens X Efavirenz based Reference Reference

treatment duration,

years
Switched to 0.67 (0.52- 0.002 0.751(055-1.02)] 0.70
dolutegravir 0.87)
Maintained on 0.84(0.65-1.1) 0217 1.3(0.9-1.8) 0.182
dolutegravir

ART regimens X age Efavirenz based Reference Reference

>4Syears
Switched to 2.611.3-5.0) 0.007 2.1 (0.98-4.6) 0.056
dolutegravir
Maintained on 1.8(0.95-3.6) 0.072 0.99 (0.45-2.2) 0.977
dolutegravir

ART regimens X low Efavirenz based Reference Reference

Physical activity Switched to 2.0(0.998-5.00 0.051 0.66 [0.30-1.5) 0,322

dolutegravir
Maintained on 2.3(1.1-4.4) 0.017 2.3(1.04-5.0) 0.039
dolutegravir

ART regimens X body Efavirenz based Reference Reference

mass

Index, ka/m? Switched to 1.111.06-1.2) =0.001 1.1101.03-1.16) 0.006

dolutegravir
Maintained on 1.06(1.01-1.1) 0.008 1.0110.95-1.06) 0787

dolutegravir

ADR, adjusted odds ratio; ART, antiretroviral therapy; COR, crude odds ratio; Cl, confidence interval; Reference category:

female sex, age =45years, moderate to high physical activity.

In addition, a longitudinal study from Zimbabwe
reported a significant increase in blood pressure
among PLWH on DTG-based regimens over
2years, while the rate remained stable for those
using NNRTIs and protease inhibitors (Pls)."
However, the findings of the present study were
remarkably higher than the 35% prevalence of

HBP reported in Zambia.?? The differences in
blood pressure rates within this population may be
factors such as genetic diversity, variatons in data
collecion methods (e.g., the use of national elec-
tronic records in Zambia versus direct participant
contact in our study), treatment initiation critenia,
and differences in participant selection criteria.
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The prevalence of HTN in this study was 17.3%,
which 1s consistent with several other studies con-
ducted in African setungs such as 17.4% in
Burundi,*’ 17.4% in Ghana,** 14.7% in Zamia,*
18.5% in south Ethiopia,’* 14.2% in South
Africa,”! and 18.4% in Zambia.?> However, the
rate observed in this study was lower than the
rates reported in several other srudies such as
24.7% in Rwanda,*s 27.2% in Uganda,'" and
23% in Europe and Australia.'® Variations in
HTN prevalence across these studies may be
atributed to differences in HIV clinical stages at
treatment initaton, the effects of different ART
regimens on cardiovascular health, ethnic factors,
and geographic factors.

Over 44% of participants in this study had a BMI
of =25kg/m* and 73.1% of those individuals had
HBP, representing 56% of all HBP cases. Similar
studies have reported high rates of HTN among
individuals who have a BMI = 25 kg/m?*.1%4* The
exact mechanisms behind weight gain associated
with DTG remain unclear; however, weight gain
may increase blood pressure through pathways
involving adipose tissue activation and the RAAS
system.!?

In this study, both treatment initiation with
DTG-based first-line regimens and switching to
these regimens were significantly associated with
HBP compared to NNRTI-based regimens.
These findings are consistent with prior studies
showing a significant association between
increased blood pressure and INSTI-based regi-
mens, particularly those containing DTG, lead-
ing to a higher rate of elevated blood pressure
compared to NNRTI or Pl-based regimens. 102144
This may be influenced by the fact that individu-
als who initiated or switched to DTG-based regi-
mens experienced greater weight gain®?-2hat,
which could contribute 1o increased blood pres-
sure compared to those on NNRTI-based regi-
mens.?'4! In addition, efavirenz is associated with
reduced body weight, which could explain the
people taking efavirenz based regimens tend 1o
have lower blood pressure compared to those tak-
ing DTG based regimens. '’ The mechanism of
DTG’s ability to bind and chelate magnesium
(Mg?+)%-%" may interfere with magnesium’s reg-
ulatory role in blood pressure, extending beyond
its primary role in integrase inhibition.

The NEATO022 trial found no difference in HTN
rates after 48wecks between individuals who

switched from boosted Pl-based to DTG-based
regimens compared to those who remained on
PI-based regimens, in contrast to our findings.**
A study has reported a strong association between
Pls and the pathophysiology of HTN through
mechanisms such as RAAS activation, endothe-
lial dysfuncuon, arterial stffness, lipodystrophy,
insulin resistance, and oxidative stress.*® This
supports the noton that DTG-based regimens
may not show significant variability in HTN out-
comes compared to Pl-based regimens, as both
have been found 1o porentate increased blood
pressure, The observed differences in blood pres-
sure in these studies may reflect variability
between study groups, as our participants
switched from NNRTI-based to DTG-based reg-
imens, compared to those who remained on
NNRTI-based regimens. Another factor that may
be attributed to the difference is that participants
in the NEATO022 study were on DTG for only
48 weceks after switching, while our participants
had been on DTG for a mean duration of
38 months (ranging from 12 1o 60 months).

Men showed a higher rate of elevated blood pres-
sure compared to women in this study, indicating
significantly greater odds of developing HBP. %1021
Various factors such as hormones and RAAS acu-
vation are suggested to contribute to sex-related
disparities in blood pressure levels.’ In support,
estrogen, the primary female sex hormone, has
been implicated in protecting females from HTN
by exerting cardiovascular effects such as vasodi-
lation, anti-inflammatory actions, and modula-
tion of the RAAS, which contmibute to blood
pressure regulation.”!

The proportion of HBP and HTN varied signifi-
cantly with age in this study, with those over
45 vears old showing significantly higher odds of
HBP compared to their younger counterparts.
This finding aligns with previous studies that
indicated the association between advanced age
and increased blood pressure.®!9.12:42 Physiological
factors such as changes in blood flow, arterial
stiffness, neurohormonal imbalances, autonomic
system changes, and age-related effects on kidney
function possibly contribute to the association
berween age and HTN among older individu-
als."? Furthermore, the aging process may lead to
various structural and functonal changes in the
arterial vasculature, contributing to the develop-
ment of HTN and other cardiovascular
conditions.**
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A significant association between PA and blood
pressure was observed in the present study,
revealing that individuals who engaged in low PA
had notably higher odds of developing HBP com-
pared to those who maintained moderate to high
levels of PA. This aligns with other studies con-
ducted in Ethiopia.!®5 In addition, PA contrib-
utes to maintaining a healthy weight, improving
endothelial function for better blood flow regula-
tion, reducing sympathetic nervous system activ-
ity, enhancing insulin sensitivity, and mitigating
inflammation and oxidative stress, which are all
central factors in lowering blood pressure and
promoting cardiovascular health.55

Several studies have shown a strong association
between HTN and factors such as increased
weight.!®1244 By contrast, our study found no
association between BMI and HBP; however, a
significant interaction effect between switching to
DTG-based first-line regimens and BMI was
observed in predicting increased odds of HBP and
H'TN in this study. This aligns with previous stud-
ies that indicated increased blood pressure among
those who switched to DT'G was associated with
weight gain, 21224156 Furthermore, we found a sig-
nificant association between HBP and factors
such as lipid profile, low vegetable intake, and
high WHtR. The findings are consistent with pre-
vious studies highlighting the association between
elevated blood pressure and inadequate vegetable
intake,57 lipid profiles,* and high WHtR.%®

This study has several limitations. As a cross-sec-
tional study, it 1s limited in its ability to establish
causality and can only identify associations. The
high odds ratio of HBP associated with DTG-
based regimens may reflect systematic differences
in participant characteristics between the com-
parison groups. In addition, the limited represen-
tation of individuals on efavirenz-based regimens
(the reference group), due to the national rollout
of D'T'G-based regimens, may introduce socioec-
onomic or clinical factors that influence blood
pressure. Furthermore, the use of single-phase
blood pressure measurements may not capture
the dynamic variability of blood pressure through-
out the day or in different environments.

Conclusion

The prevalence of HBP among adult PLLWH is
alarmingly high. HBP was significantly associated
with DTG-based first-line regimens compared to

NNRTI-based regimens. In addition, a signifi-
cant interaction effect was observed between
treatment regimens and several covariates in pre-
dicting increased blood pressure. The study also
identified associations between elevated blood
pressure and both non-modifiable and modifiable
risk factors,

Therefore, proactive blood pressure screening
and management are crucial for individuals on
DTG based regimens, especially considering the
increasing trends in post-treatment blood pres-
sure. In additon, identifying and addressing
modifiable risk factors early through comprehen-
sive strategies and regular screenings are also key
steps for enhancing cardiovascular health in this
population.
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ABSTRACT

Background: Ethiopia implemented the universal test and treat in 2017 and later adopted dolutegravir-based regimens for
people living with HIV (PLWH). However, the impact of these changes on glucose metabolism In Ethiopls remains unclear,
highlighting the need for further investigation,

Methods: A cross-sectional study was conducted in southern Ethiopia from S January 2023 to 30 May 2024. We included 443
adult PLWH using systematic random sampling. American Diabetes Association criteria was used to define hyperglycaemia.
To identify factors associated with hyperglycaemia, binary logistic regression was used with adjusted odds ratio (AOR) and 95%
confidence interval (C1).

Results: Overall prevalence of hyperglycaemia was 24 4% (16.7% prediabetes and 7.7% diabetes mellitus [DM]). Of the partic-
ipants with DM, 82.3% were newly diagnosed. Significant predictors of hyperglycaemia were age > 50years (AOR 2.1; 95% CI
1.1-3.9), alcohol intake (AOR 2.1; 95% C1 1.02-4.2), obesity (AOR 3.2; 95% CI 1.3-7.9), high waist=hip ratio (AOR 2.6; 95% CI
1.4-5.05) and LDL-cholesterol (AOR 2.2; 95% CI 1.02-4.6). While significant predictors of DM were alcohol intake (AOR 3.0; 95%
C1 1.1-8.4), co-morbidity (AOR 2.6: 95% CI 1.1-6.05), high waist circumference (AOR 7.5; 95% C1 1.3-43.3), high waist-hip ratio
(AOR 4.1; 95% C1 1.02-16.2) and high triglycerides (AOR 3.2; 95% CI 1.3-7.7). Dolutegravir-based regimen was not associated
with hyperglycacmia.

Conclusion: Hyperglycaemia prevalence among adult PLWH on antiretroviral therapy In southern Ethiopla is rising, with most
diabetes cases newly identified. This emphasises the critical need for routine screening to enable early detection, prevention and

management.

1 | Introduction living with HIV (PLWH) [1]. However, the rise in life expec-

tancy has been accompanied by an increasing burden of mor-
Advancements in combination antiretroviral therapy (ART) bidity and mortality from chronic non-communicable discases
have transformed HIV into a manageable chronic condition, (NCDs), particularly in low- and middle-income countries
significantly Increasing the life expectancy of adult people (LMICs) {2].

This is an open access article under the termx of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is property cited,
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The global prevalence of type 2 diabetes mellitus (T2DM) is
projected to reach 11.3% by 2030 and 12.2% by 2040 [3]. In
2021, 464 million adults (9.1%) had impaired glucose tolerance
(IGT), and 298 million (5.8%) had impaired fasting glucose
(IFG) worldwide [4]. In Africa. a systematic review showed
4 diabetes prevalence of 5.1% and a prediabetes prevalence
of 15.2% in adult PLWH [5]. In sub-Saharan Africa (SSA), a
systematic review conducted between 2000 and 2021 among
PLWH reported a prediabetes prevalence of 13.7% (95% con-
fidence Interval {Cl}: 10,21-17.59) and a diabetes prevalence
of 4.8% (95% CI: 4,02-5.59) {5. 6]. In addition, recent cross-
sectional studies have shown a higher prevalence of hypergly-
caemia, ranging from 12.8% to 20% [7-10], with 10.3%-10.9%
classified as prediabetes and 2.5%-6.3% as diabetes among
PLW H receiving dolutegravir (DTG)-based first-line regimens
[7. 8]. However, compared to DTG-based regimens, the previ-
lence of hyperglycaemia was lower among those who received
non-nucleoside reverse transcriptase Inhibitor (NNRTI)-
based regimens, which was 9.4% (with 6.3% prediabetes and
3.1% diabetes) [7].

Older classes of ART drugs, such as protease inhibitors (PlIs)
and NNRTIs, were used for HIV treatment. However, Pls
are associated with metabolic disturbances, Including dys-
lipidemia and insulin resistance, which increase the risk of
developing T2DM [11]. Similarly, certain NNRTIs have been
implicated in metabolic complications, though to a lesser ex-
tent than Pls do [11]. In addition to ART medication effects
|12, 13], several other factors contribute to the increased prev-
alence of hyperglycaemis among PLWH. These include ad-
vanced age [12, 14], central obesity [13], hypertension [12, 13],
chronic inflammation associated with HIV [15], excessive
weight or obesity [16], dyslipidaemia [12, 16] and pulmonary
tuberculosis (TB), all of which are associated with insulin re-
sistance [17]. Additional risk factors for hyperglycaemia are
certain ethnlc backgrounds, s family history of diabetes and
male sex [8].

The introduction of newer ART agents, such as integrase strand
transfer inhibitors (INSTIs), marked a significant advancement
in HIV treatment. Among these, DTG is particularly notable
due to lss strong antlviral efficacy, high barrier to resistance and
better tolerability compared to older drug classes like NNRTIs
[18]. In Ethiopla, DTG-based regimens have been included in
HIV treatment protocols since 2018 [19], aligning with WHO
guidelines intended to optimise treatment efficacy and improve
outcomes for PLWH [18).

Despite its therapeutic advantages, DTG has been associated
with potential metabolic side effects including obesity, altered
glucose metabolism and insulin resistance [8]. However, the
literature on the Incldence of hyperglycaemia assoclated with
DTG-based regimens reveals inconsistent findings. Some stud-
les suggest a potential association between the use of DTG-based
regimens and an elevated risk of hyperglycaemia, possibly influ-
enced by their effects on insulin sensitivity and glucose metab-
olism [10, 20|. The exact mechanisms behind these effects are
not fully understood. as indicated by previous studies [8, 21]. In
contrast, other studies have reported comparable metabolic out-
comes or found no significant differences between DTG-based
and non-DTG-bhased antiretroviral regimens [22, 23).

Inconsistent findings across studies coupled with varying
screening services for PLWH [24] highlight the need for further
studies in diverse settings like Ethiopia. Genetic, nutritional and
socio-economic factors may also influence metabolic outcomes.
Understanding the burden of hyperglycaemia and identifying
modifiable risk factors are cruclal for effective prevention and
patient care [25]. With limited studies on the prevalence and
assoctation of hyperglycaemia with DTG-based regimens in
Ethiopian healthcare settings, conducting further studies to ex-
plore this phenomenon is imperative to enhance the quality of
care for this population. Thus, this study aimed to determine
the prevalence and predictors of hyperglycaemis among adult
PLWH on first-line ART for at least 12 months following the im-
plementation of the test-and-treat strategy in Ethiopia.

2 | Methods
2.1 | Study Design, Setting and Population

This cross-sectional study was conducted from 5 January 2023
to 30 May 2024 among adult PLWH receiving follow-up care at
health facilities in Hawassa City administration. The city ad-
ministration is located in the Sidama Reglonal State of southern
Ethiopia, located approximately 275km from Ethiopia’s capital,
Addis Ababa, During the period of this study, elght healthcare
facilities within the city administration offering ART services to
more than 6300 PLWH. However, participants from two facili-
ties were not included in the study due to personal preferences,

2.2 | Inclusion and Exclusion Criteria

This study included adults aged 18-65years who Initiated first-
line ART after Ethiopia implemented the test-and-treat strat-
egy in February 2017. Eligible participants were those who hacd
received first-line ART for at least 12months, achieved a viral
load (HIV-ribonucleic acid [RNA]) level of < 1000 copies/m! and
demonstrated at least fair adherence as described in the national
HIV management guidelines [19]. The study also included in-
dividuals who initiated first-line ART with two nucleos{tyide
reverse transcriptase inhibitors (N()RTIs) as the backbone,
combined with one NNRTI, and were either maintained on
NNRTI-based regimens or later switched to a DTG-based regi-
men with the same backbone, Moreover, the study also included
individuals who initiated and were maintained on two N(ORTIs
with a DTG-based regimen. However, we deliberately excluded
participants an ART who had communication difficulties, ex-
perienced multiple treatment switches, were pregnant or lactat-
ing, were using antipsychotics or had critical illness, physical
disabilities, liver disease or end-stage renal failure.

2.3 | Sample Size Determination and Sampling
Technique

The sample size was determined using the single population
proportion formulz and calculated with Epi Info version 7.2
software, assuming a 95% confidence interval (Cl1), a signifi-
cance level () of 5%, a margin of error of 0.05 and an anticipated
DM incidence of 16% among PLWH on ART in Ethiopia [26].
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The initial calculated sample size was 229, with a 10% adjust-
ment for non-response. This study was part of a broader NCDs
project with multiple objectives. The sample size of 279 deter-
mined based on a 23.9% prevalence rate for one of the NCDs [27]
was larger than that calculated for hyperglycaemia, ensuring
better representativeness for the overall evaluation of NCDs.
Accounting for a design effect of 1.5 and an anticipated 10%
non-response rate, we calculated the final sample size to be 465.
Allocation was then based on the number of PLWH on first-line
regimens at each facility. We calculated the sampling interval
for each facility by dividing the number of PLWH on first-line
ART by the allocated sample size. Participants were selected
using a systematic random sampling method within cach health
facility.

2.4 | Data Collection and Procedure

Socio-demographic, socio-economic, clinical and other relevant
data were collected using an interviewer-administered struc-
tured questionnaire. Trained nurses working in the respective
ART clinics conducted the interviews and measurements. They
also extracted relevant clinical data from participants’ medical
records.

2.5 | Variables and Measurement
2.5.1 | Dependent Variable

In this study, we defined hyperglycaemia among adults
with HIV as the primary outcome variable, using a fasting
blood glucose (FBG) level of >100mg/dL, which includes
both prediabetes and T2DM. We classified hyperglycaemia
according to the guldelines from the American Diabetes
Association (ADA), which have been adopted In the Clinlcal
and Programmatic Management guidelines of Major NCDs
in Ethiopia [28, 29]. Diabetes was diagnosed based on FBG
=126 mg/dL, self-reported history and antidiabetic medica-
tion use or confirmed from medical records. Undlagnosed di-
abetes or newly diagnosed DM during this study was defined
4s FBG = 126 mg/dL, confirmed by a repeat test of the same
sample. Prediabetes (1FG) was defined by FBG levels between
100 and 125 mg/dL.

2.5.2 | Independent Variables

This study examined various predictors across multiple do-
mains. Patient-related factors included sex, age, occupation,
economic status, marital status, residence and education, along
with anthropometric measurements such as weight, body mass
Index (BMI), walist and hip cireumference (HC), waist-hip
ratio (WHR), waist-height ratio (WH!R) and visceral fat level.
Clinical and HIV-related factors considered were co-morbid
conditions, baseline WHO discase stage, baseline functional
status, opportunistic infections, duration since HIV diagnosis
and mental health issues (anxiety, depression, insomnia, mem-
ory). Behavioural factors such as alcohol, cigarette and khat
use as well as diet and physical activity were also assessed.
Finally, treatment-related factors, including ART regimen type,

treatment switches and duration since ART Initiation, were
evaluated as potential predictors.

Height was determined to the nearest 0.lcm using a stadi-
ometer (Seca, Germuny) with participants standing in the
Frankfurt plane after removing shoes, hats and hair orna-
ments, The Omron Body Composition Monitor and Scale
(Omron HBF-514C: Omron Healthcare Co. Ltd.) was utilised
to assess participants’ body weight, BMI and visceral fat level.
This device employs bloelectrical impedance analysis (BIA)
[30]. To measure body composition, each participant's age,
height (in cm) and sex were entered into the device before
they were instructed to step barefoot onto the scale. Data col-
lectors instructed each participant to wear light clothes and
stand barefoot on the scale, holding the display unit with both
hands and extending their arms parallel to the floor while
maintaining an upright posture. The device measures body
composition by transmitting a painless, low-level electrical
current through various body tissues. It directly measures
weight and VF levels, whereas BMI1 was calculated via ini-
tially entered height information. The BMI of the participants
was subsequently categorised as underweight (< 18.5kg/m?),
normal (18.5-24.99kg/m?), overweight (25.0-29.99kg/m?) or
obese (= 30kg/m?) [31]. The visceral fat level was assessed in
accordance with the Omron Healthcare manual [30].

WC and HC were measured to the nearest 0.1cm. WC was
measured In o horizontal plane, midway between the [lac
crest and the costal margin, at the end of a normal expira-
tion. While the HC was measured at the level of the greater
trochanter via & non-stretchable tape measure [32], The WHR
and WHIR were then calculated by dividing WC by HC and
WC by height respectively. Abdominal obesity was classified
as a WC >94cm for males and >80cm for females ora WHR
>0.90 for men and = 0.85 for women. Additionally, 8 WHIR
=0.5 was considered Indicative of an Increased risk of meta-
bolic complications [33].

Participants” blood pressure (BP) and heart rate were as-
sessed via a digital blood pressure monitor (Heuer digital
sphygmomanometer) after 10min resting In the data collec-
tion room. Two BP readings were taken at a 5-min Interval.
If the difference was greater than SmmHg, a third reading
was obtained, and the average of the last two readings was
recorded to determine the participant’s BP status |34]. The
International Physical Activity Questionnaire short form
(IPAQ-SF) was employed 1o assess participants' physical ac-
tivity levels. Activity levels were classified based on metabolic
equivalents of task in minutes per week (MET-min/wk) as low
(<600 MET-min/wk), moderate (600 to <3000 MET-min/wk)
or high (= 3000 MET-min/wk) [35]. Participants were asked
about their weekly frequency of fruit and vegetable (FAV)
consumption, including the number of servings consumed on
a typical day. Adequate FAV intake is defined by the WHO
as the intake of 400-500g/day, or approximately 5 servings
(80g each) [36]. Moreover, substance use was categorised as
follows: participants who chewed khat, smoked clgarettes or
consumed alcohol within the 30days prior to the study were
considered current users. Those with a history of using khat,
cigarettes or aleohol at any point in their lifetime but who
had not engaged in these behaviours in the past 30days were

124

Jof 14



classified as former users [37]. Furthermore, anxiety and de-
pression were assessed via a validated questionnaire (HADS)
in the Amharic language for the Ethiopian population. It has
seven questions each, and the responses are rated on a 4-point
Likert scale, with a score of > 8 indicating the presence of anx-
iety or depression [38, 39].

2.6 | Blood Sample Collection and Laboratory
Analysis

Upon arrival at the ART clinic, all participants were asked
whether they had fasted overnight (8-12h), with the exception
of water. Participants who had fasted were asked to provide a
blood sample, while those who had eaten breakfast were ad-
vised to fast overnight (8=12h) and return either the next day
or at their next ART clinic visit to provide a sample. Then,
overnight fasting blood was drawn from each participant in
two separate test tubes: one in a gel-based serum separator
tube with a clot activator and the other in an ethylene-di-
amine-tetraacetic acid (EDTA) anticoagulant containing
tube. Both sample tubes were labelled with the participant’s
unique identification code. After collection, whole blood
samples were kept at room temperature for a maximum of
20min to allow clot formation and avoid glucose consump-
tion through glycolysis [40-43]. The samples were promptly
centrifuged at 3000rpm for 8-10min, allowing serum sepa-
ration through a gel barrier. Subsequently the samples were
analysed for FBG and lipid profiles, whereas EDTA blood was
used for determination of glycated haemoglobin (HbAlc). If
there was a delay in laboratory analysis, serum samples were
promptly transferred to Nunc tubes labelled with participants’
unique codes and stored at =20°C until analysis. Blood collec-
tion for HbAlc testing was prioritised for participants newly
diagnosed with diabetes (FBG 2 126 mg/dL) due to the lim-
ited avallability of reagents. The remaining HbAlc samples
were stored in the deep fridge at —=70°C. Lipid profiles were
analysed using enzymatic colorimetric methods, FBG was as-
sessed via the hexokinase UV method and HbA lc was mea-
sured using turbidimetric inhibition immunoassay (TINIA)
on a Cobas 6000 series analyser with Roche reagents (Roche,
Germany).

2.7 | Data Quality Management

The questionnaire was pretested on 46 similar adult partici-
pants at Leku General Hospital in the Sidama region and revised
based on the feedback received. The questionnaire was checked
daily to ensure consistency, completeness, clarity and accuracy
of data collection. Nurses in the ART clinics received training on
data collection and physical measurements. In additlon, weight
scales were calibrated daily against a standard calibrating tool
before data collection. The physical measurements Included at
least two readings per participant and were averaged for reli-
ability. Additionally, laboratory procedures were rigorously
managed by Lab technologists in accordance with standard
operating procedures (SOPs). Daily assessment of chemistry
analyser was done performed to ensure precision of technical
performance and reagent quality by running fyophilised quality
control (QC) samples before the study samples. Furthermore,

the principal investigator closely supervised the overall process
to ensure data quality.

2.8 | Statistical Analysis

The data were entered into EpiData version 3.1 and exported to
IBM SPSS version 27.0 for statistical analysis. Descriptive sta-
tistics, including means with standard deviation (SD), medians
with interquartile ranges (IQRs) and percentages were com-
puted to summarise participant characteristics, The normal-
ity of the data was assessed via histograms, Q-Q plots and the
Kolmogorov-Smirnov test (K-S). The facility-level effect was
insignificant, as indicated by an intra-class correlation coeffi-
cient (1CC) of 0.026, showing minimal variation between health
facilities. Therefore, we opted 1o use i binary logistic regression
model to examine the associations between hyperglycaemia and
predictors. Independent variables with a p<0.25 from the bivar-
iate analysis were considered for inclusion in the multivariate
analysis, along with variables identified in previous studies as
risk factors for hyperglycaemia, regardiess of their individual
significance level in the bivariate analysis. Multi-collinearity of
candidate variables was assessed, with those having a variance
inflation factor (VIF) <10 included in the final model. Model
fit was evaluated using the Hosmer-Lemeshow test, where a
p>0.05 indlcated a good fit. Adjusted odds ratio (AOR) and 95%
Cls were used to measure the strength of associations between
risk factors and outcomes.

3 | Results

3.1 | Socio-Demographic Features of the Study
Participants

Out 0f 465 eligible adults, 443 participated in the study, with a re-
sponse rate of 95.3%, More than half of the participants (n =259,
58.5%) were women, with a mean age of 40.9 (SD, 9.6) years. The
majority of the participants (68.4%) were 30-49 years old. Half of
the participants were married and more than 41% had a monthly
income of <2000 Ethiopian birr. In terms of education, 11.3% of
participants had no formal education, while 57.1% had at least a
secondary level education (Table 1).

3.2 | Physical Measurements, Behavioural
Characteristics, Physical Activity Levels and Dietary
Patterns of the Study Participants

The median time since HIV diagnosis was 4.2 (IQR, 2.3-6.1)
years, while the mean duration on ART was 3.8 (SD, 1.9) years.
The mean BMI of the study participants was 24.7 (SD, 4.8) kg/
m*. About 44.3% of participants had a BMI of > 25kg/m?, with
31.2% classified as overweight and 13.1% as obese, Regarding
self-reported substance use, 58.2% of participants reported
ever-consuming alcohol, 37.7% had chewed khat and 14.5% had
smoked cigarettes. In terms of physical activity, 32.3% of par-
ticipants had inadequate physical activity, while 55.1% engaged
in moderate physical activity. Only 10 (2.3%) and 135 (3.4%) re-
spondents reported daily consumption of frults and vegetables,
respectively, while 35.4% did not consume any fruits and 9.9%
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TABLE 1 | Socio-demographic features of the study population,

Variables Category Frequency %
Sex Female 259 58.5
Male 184 415
Age 20-30ycars 67 15.1
31-40years 172 38.8
41-50years 134 30.2
50* years 70 15.8
Residence Rural 41 9.3
Urban 402 90.7
Marital status Single 47 10.6
Married 222 50.1
Divorced 102 230
Widow/widower 72 16.3
Educational Not educated 50 11.3
iy Informal 1 0.2
Primary level 139 314
Secondary level 128 289
At least college 125 28.2
Occupation Employed 190 429
Farmers 10 2.3
Merchants 89 20.1
Uncemployed 154 34.8
Monthly < 5000 birr 276 62.3
income fa 5000-10,000 birr 139 314
Ethiopian birr
> 10,000 birr 28 6.3

did not consume any vegetables in the week prior to the study
(Table S1).

3.3 | Duration and Type of ART Regimens Used by
the Study Participants

Initially, 218 (49.2%) participants began treatment with NNRTI-
based first-line regimens; of these, 203 (93.1%) were subsequently
transitioned to DTG-based first-line regimens. In addition, 225
{50,8%) participants initiated therapy with a DTG-based regi-
men and maintained it. At the time of the study, over 95% of the
participants had been exposed to a DTG-based regimen, either
as their initial treatment or following a switch.

3.4 | Overall Prevalence of Hyperglycaemia
Among the Study Participants

The overall prevalence of hyperglycaemia was 24.4% (95% CL
20.3-28.7). In men, it was 27.2% (95% CIL: 21.2-33.7), while in

women, it was 22.4% (95% Cl: 17.0-27.4). Hyperglycaemic partic-
ipants were older than those with normoglycaemia, with a mean
age of 44.4 (SD, 9.3) years compared to 39.8 (SD, 9.5) years in
the normoglycaemic group (p <0.001). The prevalence of predi-
abetes and T2DM was 16.7% (95% CI: 13.1-20.3) and 7.7% (95%
CI: 5,2-10.4) respectively. The prevalence of prediabetes among
women was 18.5% (95% CI: 13.6-23.9), while 8.7% (95% Cl: 4.9~
13.0) had T2DM. In men, 15.4% (95% CI: 11.2-20.1) had predia-
betes and 6.9% (95% CI: 3.9-10.0) were diagnosed with T2DM.
Among the 34 participants diagnosed with T2DM, 28 (82.35%)
were newly identified during this study (Figures 1 and 2).

3.5 | Factors Associated With Overall
Hyperglycaemia and Diabetes Among the Study

Population

After adjusting for confounding factors, individuals over
S0years of age had twice the odds of hyperglycaemia compared
to those aged 50 or younger (AOR: 2.1; 95% CI: 1.1-3.9). The
odds of hyperglycaemia were also twice as high among individ-
uals who currently drink alcohol compared to those who do not
(AOR: 2.1; 95% CI: 1.02-4.2). Individuals with a high WHR had
2.6 times greater odds of hyperglycaemia than those with a nor-
mal WHR (AOR: 2.6; 95% CI: 1.4-5.05). Moreover, individuals
with a BMI = 30kg/m* had three times the odds of hyperglycae-
mia compared to those with a BMI <25kg/m* (AOR: 3.2; 95%
CI: 1.3-7.9) (Table 2).

The odds of developing T2DM was three times higher among
individuals who currently drink alcohol than those who do not
(AOR: 3.0, 95% CI: 1.1-8.4). Individuals with HIV and additional
co-morbidities had 2.6 times higher odds of developing T2DM
compared to those without co-morbidities (AOR: 2.6; 95% CL
1.1-6.03). Additionally, individuals with a high WC had nearly
eight times higher odds of DM compared to those with a normal
WC (AOR: 7.5; 95% CI: 1.3-43.3), The odds of DM were three
times greater among individuals with high triglycerides than
those with normal triglyceride levels (AOR: 3.2;95% CI: 1.3-7.7).
However, DTG-based ART regimens did not show a significant
assoclation with T2DM when compared to EFV-based regimens
(Table 3). Statistically significant interaction effects were ob-
served between treatment regimens and age > 50 years, as well
as between treatment regimens and BMI on hyperglycaemia
(Table S2). Furthermore, sex-stratified analyses revealed signif-
icant interaction effects between DTG-based regimens and age
> 50, overweight status and high triglyceride levels on hypergly-
caemia (Table S3).

4 | Discussion

With limited research on the prevalence of hyperglycaemia and
its association with first-line regimens, particularly those con-
taining DTG, coupled with inconsistent findings, further studies
are needed to address its extent and determinants in order to
improve care and outcomes among PLWH. This cross-sectional
study describes the prevalence and associated factors of hy-
perglycaemia among adult PLWH on first-line ART for at least
12months following the implementation of the test-and-treat
strategy in southern Ethiopia.
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FIGURE 1 | Diagnostic categorisation and prevalence of hyperglycaemia among the study population.
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FIGURE2 | Prevalence of overall hyperglycaemia, prediabetes and diabetes mellitus among the study population.
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P
0.105
0.947
0.864
0.581
0.390
0413

1.00
0.19 (0.02-1.4)
1.00
096 (0.3-3.2)
1.2(0.2-6.7)
0.94 (0.77-1.1)
1.00
2.1(0.38-12.1)
2(0.37-11.2)

AOR (95%CI)

P
0.014
0.018
0.119
0.013
0135
0.356

1.00
34(1.3-8.9)
1.00
2.6(1.2-5.6)
23(0.81-6.3)
11(1.02-1.2)
1.00
3.2(0.7-14.3)
2.0(0.45-9,0)

COR (95% CI)

No (n=409)
141 (36.9)
258(63.1)
235(57.5)
122(29.8)
52(12.7)

5.4(3-6.7)
54(13.2)
128 (31.3)
227(55.5)

2(59)
15(44.1)
17 (50)

Note: High walst circumference: 2 %4cm In men and 2 80cm In women; high walst-hip rats; 20.90 In men and 2 085 In women,

Diabetes mellitus, n (%)

Yes (n=34)
5147
29(85.3)
12(35.3)
16(47.1)
6(17.6)

8.34.7-13)

156 (35.2)
287 (64.8)
247 (35.8)
138 (31.2)

58(13.1)
4.2(23-6.2)
56 (12.6)
143 (32.3)
244(55.1)

Total (n =443)

<0.5
>0.5
<25kg/m?
25-29.9kg/m’?
>30kg/m?
Median (IQR)
High
Insufficient
Moderate

Category

Abbreviations: AOR. adjusted odds ratio; COR, crude odds ratio: dL, decilitre: MQR. bnterquartide range: kg, kilogram: m’. squaze meter: mg, milligram.

*Coexistence of hypertension, cancer and of other chronic diseaes with HIV,

Physical activity performance status

TABLE3 | (Continued)

Waist-height ratio
Body mass index
Visceral fat level

Variables

The prevalence of hyperglycaemia among adult PLWH on
ART in this study was 24.4%. This finding is aligned with the
previous studies that were conducted in Ethiopia and Africa,
showing hyperglycaemia prevalence rates between 18.5% and
28% |5, 8, 44]. However, the finding is higher than the hyper-
glycaemia rates reported in several studies among individuals
on INSTI based and other ART regimens across Ethiopia: 7.9%
In central Ethiopia [45], 14.7% in Tigray [46], 17.2% in Amhara
[7] and 17.2% in Eastern Ethiopia [47]. Similarly, it is higher
than the rates reported elsewhere, such as 15% in Zambia [48),
8.3% in Georgia [49] and 14.4% in the United States |50). These
Inconsistencies may arise from differences in treatment dura-
tion, hyperglycaemia cutoffs (100 mg/dL vs. 110mg/dL) and
the varying effects of older versus newer ART regimens on
glucose metabolism. Moreover, the finding is higher than the
12.4% prevalence reported in the 2015 National NCDs STEPS
Survey of the general population in Ethiopia using ADA cri-
teria and 7.1% using the WHO criteria [51). This suggests that
the factors contributing to hyperglycaemia in PLWH who are
receiving ART may differ from those in the general population
and may be influenced by factors such as HIV infection itself,
HIV duration, immunosuppression and the effects of antiret-
roviral medication [52].

We found substantial rates of prediabetes (16.7%) and T2DM
(7.7%) in this study. This is higher than the rate estimates re-
ported for the general adult population in Ethiopia, which is
3.3% according to the IDF in 2021 [53] and 3.8% according to
the WHO in 2016 [54]. Additionally, it is higher than the 2015
National NCDs STEPS Survey report, which revealed 9.1% for
prediabetes and 3.3% for diabetes among adults in Ethiopia
[51]. The differences in prediabetes and diabetes prevalence
between our study population and the general population may
be influenced by several factors, PLWH may be more vulner-
able to health complications due to a compromised immune
system, potentially leading to higher rates of prediabetes and
T2DM. Additionally, medications used in HIV treatments have
the potential to alter metabolism, Influencing glucose regulation
and increasing diabetes risk compared with the general popula-
tion. Our findings also revealed higher rates of prediabetes and
T2DM compared to previous studies conducted In PLWH: 14.2%
prediabetes and 5% T2DM in Kenya [13], 13% prediabetes and
1.4% T2DM in the United States [50], 5.1% DM across Africa [5]
and 10% prediabetes and 5% T2DM in Zambia [48). The higher
rates of prediabetes and T2DM observed in our study compared
ta the described studies may be attributable to several factors.
Factors include the longer duration of DTG use in participunts,
regional and demographic variations in healthcare access [8],
differences in diagnostic criteria [8] and disparities in health-
care Infrastructure and diabetes screening practices [50],

In our study, 82.35% of diabetes cases were newly diagnosed, rep-
resenting 6.3% of all participants. This rate surpasses the find-
ings from similar studies such as 3.4% in Kenya [13] and 4.8%
in rural South Africa [55], Variations in lifestyles, inconsistent
practices of HIV/NCD integrated services, diagnostic methods,
NCD screening habits in ART clinics and limited self-screening
habits could have contributed to disparities across studies and
settings. The high prevalence of T2DM may highlight signifi-
cant gaps in routine screening practices within ART clinics in
our study population.
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The use of DTG-based regimens was not associated with hyper-
glycaemia In this study. This finding Is in line with the reports
from previous studies that reported similar findings [22, 23]. In
contrast, other reports suggest a potential association between
the use of DTG-based regimens and an increased risk of hyper-
glycaemia, possibly due to its effects on insulin sensitivity and
glucose metabolism [8]. This inconsistency may result from
variations in participants’ demographics and potential interac-
tions with lifestyle factors.

In this study, obesity was significantly associated with hypergly-
cacmia. This finding is consistent with the literature, which has
demonstrated a robust association between altered glucose me-
tabolism and increased weight [7, 16]. The weight gains among
those who received the DTG-based regimens [8] may exacerbate
insulin resistance, compounded by synergistic metabolic effects
with other ART medications and the presence of cardiometa-
bolic problems, thereby contributing to dysglycacmia. Similarly,
Rebeiro et al. [11] reported that initiating ART regimens with
INSTIs rather than with NNRTIs may increase the risk of DM,
potentially due to weight gain associated with INSTT use. In sup-
port of this, the majority of participants with hyperglycaemia
(62.9%) and T2DM (64.7%) in our study had a BMI of > 25kg/m*.
Moreover, adjusted analyses in this study also revealed a signifi-
cant interaction between DTG-based regimens and BMI in rela-
tion to hyperglycaemia, which may further support the results,

Our findings revealed an association between high WHR and
hyperglycaemia, with the association of both elevated WHR and
WC with T2DM. This finding is consistent with the reports of
Njoroge et al., who highlighted the association between central
adiposity and hyperglycaemia [13]. In support, elevated WHR
and WC are indicative of central obesity that might impair in-
sulin sensitivity and glucose metabalism, thereby increasing the
risk of hyperglycaemia through inflammatory processes and
hormonal disruption [56].

This study found a significant association between advanced
age and hyperglycaemia. This is consistent with previous stud-
ies that have established an association between ageing and
hyperglycaemia in PLWH [8, 57, 58]. Morcover, ageing might
be linked to decreased insulin sensitivity due to physiological
changes such as reduced muscle mass, impaired pancreatic §-
cell function and increased chronic inflammation, which dis-
rupts insulin signalling and glucose metabolism [59).

In this study, we observed an association between hyperglycae-
mia and alcohol consumption. This finding aligns with previous
studies indicating that alcohol intake may increase the risk of
developing hyperglycaemia or diabetes [60, 61]. Additionally, a
correlation between alcohol consumption and the incidence of
T2DM has been reported in men [62]. The underlying mecha-
nisms are complex and may involve alcohol's impact on insulin
activity and glucose metabolism.

We found a significant association between LDL cholesterol and
hyperglycaemia, as well as between triglycerides and T2DM.
Similarly, several studles have shown a peositive association be-
tween blood glucose levels and both triglycerides [63] and LDL
cholesterol levels [63, 64). In addition, elderly individuals with
hypertriglyceridaemia, hypercholesterolaemia and low HDL

cholesterol are at an Increased risk of developing diabetes [65].
This may be attributed to the synergistic effects of insulin resis-
tance and ART-induced alterations in lipid metabolism, both of
which contribute to the development and progression of hyper-
glycaemia and diabetes.

4.1 | Limitations

This study has several limitations: primarily its cross-sectional
design, which restricts the ability to establish causal relation-
ships between hyperglycaemia and its risk factors. The study
focused on PLWH on ART without including HIV-negative indi-
viduals as a reference group. However, comparisons were made
with findings from prevously published studies in the general
adult population, highlighting higher rates of hyperglycaemia
among PLWH on ART. Additionally, most participants were
on DTG-based regimens, cither through initiation or switch-
ing. resulting in an insufficient number of participants in the
NNRTI-based arm for comparison during analysis. Despite
these limitations, this study may offer valuable insights into the
limited data setting of East Africa, particularly in Ethiopia.

5 | Conclusion

Our study found a higher prevalence of hyperglycaemia
among PLWH compared to the general Ethiopian adult popu-
lation, slong with a significant rate of newly diagnosed T2DM.
Modifiable risk factors contributing to hyperglycaemia included
abdominal adiposity, BMI, dyslipidemia and alcohol intake.
Non-modifiable risks included ageing and the presence of other
co-morbidities with HIV. A significant interaction effect was ob-
served between DTG-based regimens and age > 50years, as well
as between DTG-based regimens and BMI on hyperglycaemia.

The findings highlight potential gaps in routine screening and
carly detection of dysglycaemia in ART clinics, unless prompted
by clients. Therefore, to improve early diagnosis and manage-
ment, implementing routine screening protocols for all individ-
uals on ART, regardless of symptoms, is highly recommended.
Additionally, since most of the risk factors are modifiable, im-
plementing targeted interventions focused on lifestyle and be-
havioural moedifications for individuals with identified risk
factors would be beneficial.
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Abstract

Background: Inconsistent evidence on lipid alterations in adults living with HIV on dolutegravir
(DTG)-based antiretroviral therapy (ART) highlights the need for further study. This study aimed to
assess the association between DTG-based regimens and dyslipidemia among adults on ART after the
test-and-treat implementation in Ethiopia.

Methods: A cross-sectional study was conducted in the Hawassa City Administration, Sidama region,
Ethiopia from January 2023 to May 2024. Participants were selected using systematic random
sampling. Sociodemographic, clinical, and other relevant data were collected using a semi-structured
questionnaire, supplemented by a review of medical records. Dyslipidaemia was classified based on
the NCEP ATP III guidelines. A binary logistic regression model was fitted to identify factors
associated with dyslipidemia. An adjusted odds ratio (aORs) and 95% confidence intervals (CIs) were
computed to determine the strength of the association with statistical significance set at p<0.05.
Results: Of the 465 eligible adults, 450 participated in the study, yielding a response rate of 96.8%.
Of these, 262 (58.2%) were female. Overall, 74.0% (95% CI. 69.8%—78.0%) of participants had
dyslipidemia, with a higher prevalence in males (79.8%) than females (69.8%). Low HDL-cholesterol
(66.4%) was the most common lipid abnormality, followed by high TG and elevated total
cholesterol/HDL-cholesterol ratio (each 34.2%). ART initiation with DTG-based regimen (aOR: 4.8:
95%CI: 1.2-18.5), increased waist circumference (aOR: 1.06; 95%CI: 1.01-1.11) and neck
circumference (aOR: 1.2: 95%CI: 1.06-1.5) were significantly associated with dyslipidemia.
Conclusion: Initiating DTG-based first-line ART is significantly associated with dyslipidemia. It is
kindly recommended that routine lipid monitoring be included in the clinical care of PLWH on ART
to enable timely detection and management.

Keywords: Dyslipidemia, HIV, Antiretroviral therapy; Dolutegravir, Sidama region, Ethiopia
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1. INTRODUCTION

Cardiovascular diseases (CVDs) are the most frequent causes of noncommunicable disease (NCD)
deaths in Sub Sahara Africa (SSA), accounting for approximately 13% of all deaths and 37% of all
NCD deaths (1, 2). In Ethiopia, the pooled prevalence of CVD is estimated at 5% (3). Among people
living with HIV (PLWH), dyslipidemia represents the most prevalent CVD risk factor (4, 5),
contributing to nearly 50% of their overall risk of developing CVD (6).

Dyslipidemia is characterized by abnormalities in lipid levels, including elevated triglycerides
(TGs), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-c), and/or reduced high-
density lipoprotein cholesterol (HDL-c) (7). These lipid abnormalities are influenced by a combination
of immunological, hormonal, and genetic factors, as well as by specific antiretroviral therapy (ART)
regimens (4). Among ART regimens, combinations of nucleos(t)ide reverse transcriptase inhibitors
(N(t)RTIs) with efavirenz (EFV) have been linked to dyslipidemia, while protease inhibitor (PI)-based
therapies tend to exert a more pronounced effect on lipid metabolism (8. 9). Additionally, ART
regimens containing nevirapine have been associated with increased LDL-c levels, and long-term use
of EFV has been connected to elevated TC and TG levels (10).

Studies investigating the relationship between integrase strand transfer inhibitors (INSTIs) and
dyslipidemia have reported inconsistent findings. Some researches indicate that individuals on dolutegravir
(DTG)-based regimens experience a higher incidence of dyslipidemia compared to those receiving non-
nucleoside reverse transcriptase inhibitors (NNRTIs). Specifically, DTG-based ART has been associated
with an increased risk of dyslipidemia-related complications (5, 11, 12), including a high incidence of
low HDL-c (12) and elevated TGs (13). Furthermore, INSTIs are linked to increased TG levels and
greater gains in both lean and fat mass, particularly in the trunk region, relative to NNRTIs, factors
that contribute to an increased risk of obesity (14, 15). Notably, females on DTG-based regimens
exhibit higher body fat percentages (BFP) compared to males on DTG and females on non-DTG
regimens (16). Additional studies suggest that DTG-based regimens may elevate the risk of metabolic
and cardiovascular complications compared to non-INSTI therapies (17).

Conversely, several studies have reported that dyslipidemia is less prevalent or even improved

among individuals receiving INSTI-based regimens relative to those on non-INSTI regimens (18-20).
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In addition, DTG has been highlighted as a valuable treatment option for older adults who may present
with additional risk factors for metabolic syndrome or CVD (20).

DTG-based ART is widely utilized in HIV management; however, data on its effects on lipid
metabolism among PLWH in East Africa, particularly in Ethiopia remain limited and not well
explored. In addition, the impact of lipid profile changes following treatment initiation following the
test-and-treat strategy has not been well characterized or adequately explored in this setting. Therefore,
this study aimed to assess the association between DTG-based first-line regimens and dyslipidemia
among adult PLWH receiving follow-up care at health facilities in Hawassa City Administration,

Sidama region.

2. METHODS
2.1. Study population, setting and Design

This cross-sectional study was conducted between January 2023 and May 2024 in selected health
facilities within the Hawassa City Administration, located in southern Ethiopia. Hawassa, the capital
of the Sidama Region, is situated approximately 275 kilometers south of Addis Ababa, the capital city
of Ethiopia. The study targeted adult PLWH who were receiving ART and attending routine follow-
up visits at ART-providing health facilities in the city. At the time of the study, over 6,300 PLWH
were receiving follow-up care across these facilities. Data were collected from six sites: Adare General
Hospital, Hawassa University Comprehensive Specialized Hospital (HUCSH), Hawela-Tulla Hospital
and three health centers (HCs): Bushulo HC, Millennium HC, and Tulla HC as illustrated in Figure 1.
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The total number of people living with HIV on
antiretroviral treatment at health facilities in
Hawassa City Administration:

6300

Adare G/hospital Millennium HC Bushulo HC Tulla hospital Tulla HC HUCSH
On ART: 2238 On ART: 499 On ART: 500 On ART: 41 On ART: 64 On ART: 2786
On first-line ART || On first-line ART On first-line ART On first-line ART On first-line ART On first-line ART
2143 483 463 41 64 2620
Allocation: Allocation: Allocation: Allocation: Allocation: Allocation:
2143%(465/5814) 483%(465/5814) 463%(465/5814) 41%(465/5814) 64%(465/5814) 2620*(465/5814)
171 adults 39 adults 37 adults 03 adults 05 adults 210 adults
Study participants:
4635 Adults on first-line ART
=

Figure 1 Flowchart of the study population screening and enrolment

2.2. Sample size and sampling techniques

Sample size estimation was performed using Epi Info version 7.2 and the single population
proportion formula, with a 95% confidence interval (CI), 5% significance level (o), and 5% margin of
error. Based on a reported dyslipidemia prevalence of 79.7% among PLWH on DTG-based first-line
regimens in Ethiopia (5), an initial sample size of 277 was calculated, including a 10% allowance for
non-response. However, since this study was part of a broader investigation of multiple NCDs, the
sample size was recalculated using a lower prevalence estimate of 23.9% for one of the NCDs (21) to

ensure greater representation. After adjusting for a 10% non-response rate, the sample size increased
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to 310 and was further adjusted to 465 by applying a design effect of 1.5. The final sample size of 465
was proportionally allocated based on the number of individuals receiving first-line ART at each
health facility (Figure 1). Participants were then selected using a systematic random sampling

technique at each site.

2.3. Inclusion and exclusion criteria
This study included both males and females who met several criteria: they had to have started
first-line ART after February 2017(following the rollout of the "test and treat" strategy in Ethiopia)
and must have been on treatment for at least 12 months. Participants also had to be between 18 and 65
years old, actively involved in follow-up care and have achieved viral load suppression (HIV
ribonucleic acid [HIV-RNA] <1000 copies/milliliterfmL]). The study enrolled adults in the following
first-line regimen groups: those initiated on DTG-based therapy, those initiated and maintained on
NNRTI-based therapy, and those who transitioned from NNRTI- to DTG-based therapy, as detailed
in the previously published paper of this project (22).
However, participants were excluded if they had experienced more than one regimen switches,

were pregnant or breastfeeding or had severe illnesses, chronic liver disease or end-stage renal failure.

2.4. Data collection tools and assessments

The data collection instrument was developed by adapting the World Health Organization (WHO)
Stepwise Approach to NCD Surveillance questionnaire (23) and through a comprehensive review of
relevant literature. The English version of the questionnaire included sections on sociodemographic
characteristics, behavioral factors, physical measurements, dietary habits, laboratory tests, and both
baseline and current clinical information. This questionnaire was translated into Amharic for data
collection purposes. A pre-test was subsequently conducted on 46 adults living with HIV, and the
questionnaire was refined based on the feedback obtained. Data collectors (nurses from ART clinics
and laboratory technologists) received thorough training on data collection procedures, measurement
techniques and participant approach interactions.

Data collectors conducted face-to-face interviews to obtain the required information and performed
anthropometric and physical measurements. To ensure confidentiality, interviews were conducted in
a private room within the health facilities. Additionally, an in-depth review of each participant’s
medical records was carried out to extract relevant clinical data. The principal investigator supervised

data collection daily to ensure adherence to protocols and maintain data quality.
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2.5.Variables
2.5.1. Dependent variable

The dependent variable, dyslipidemia, was defined according to the revised NCEP-ATP III
guidelines, with the following criteria: TC > 200 mg/dL, HDL-c < 40 mg/dL, LDL-c > 130 mg/dL,
TG = 150 mg/dL, or a TC/HDL-c ratio > 5 (24). Mixed dyslipidemia was defined as the presence of
at least one abnormal lipoprotein along with one or more additional lipid abnormalities within an

individual.

2.5.2. Independent variables

The independent variables were socio-demographic and economic factors included sex, age,
occupation, monthly income, marital status, residence and education. Anthropometric and body
composition measurements included body weight, body mass index (BMI), hip circumference (HC),
neck circumference (NC), waist-to-hip ratio (WHR), waist-to-height ratio (WHtR), fat mass (FM),
BFP, fat free mass (FFM), fat mass index (FMI), skeletal muscle mass and visceral fat (VF) levels.
Clinical factors included blood pressure, fasting blood glucose (FBG) and self-reported recalling
condition. Behavioral factors included alcohol use, smoking history and the level of physical activity
performance. Dietary factors: fruits and vegetable consumption. HIV-related and treatment variables
included time since HIV infection, WHO clinical stages, ART regimen type, prophylaxis treatment
for opportunistic infections (OIs), treatment regimens switching and duration since ART initiation.
Biological age and other relevant information were also considered as independent factors.

2.6. Measurements and assessments

After resting for 10 minutes in the data collection room, participants’ blood pressure was
measured, and hypertension status was classified according to clinical practice guidelines(25).
Anthropometric data, including weight, height, NC and WC were measured according to the WHO
stepwise approach (26). Height was measured using a stadiometer (Seca, Germany) with participants
standing barefoot in the Frankfurt plane, wearing light clothing, and maintaining four contact points
such as heels, buttocks, upper back, and back of the head against the stadiometer. Measurements were
recorded to the nearest 0.1 cm. Omron HBF-514C bioelectrical impedance analysis (BIA) analyser
was employed to measure or estimate body weight, FM (in kg), BFP, FFM (in kg). VF. biological age
and percent skeletal muscle mass (27). The device reliability is high and correlates well with air
displacement plethysmography (ADP) (28). Participants’ age, height (in cm), and sex were entered
into the device before they stepped barefoot onto the scale with their feet shoulder-width apart. They

7
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were then instructed to hold the display unit with both hands extended parallel to the floor while
standing upright. The Omron HBF-514C BIA provides measurements of body weight, BFP, VF and
skeletal muscle, and calculates BMI using the recorded body weight and entered height. The
instrument was daily calibrated for weight using standard calibrating tools. FM and FFM were then
computed via BMI and BFP as follows: FM = weight x (BFP/100) and FFM = weight — [weight x
(BFP/100)]. While FMI is calculated by dividing FM by the square of height (m?), expressed as: FMI
=FM (kg)/squared height (m?). The VF level were classified as "Normal" (1-9; relative VF < 300m?)
or "High" (10-30; relative VF >300m?) (27). Moreover, BFP and skeletal muscle were categorized
based on age and sex of the participants and BFP categorized as "Normal" or "High," while percentage
skeletal muscle was categorized as "Low" or "Normal to High” based on the Omron BIA
manufacturer’s guidelines (27). BMI was categorized based on the WHO classification (29).
Participants’ physical activity levels were assessed using the International Physical Activity
Questionnaire—Short Form (IPAQ-SF) and categorized as low, moderate, or high based on their
responses (30). Due to practical limitations in accurately quantifying daily fruit and vegetable (FAV)
intake by portion size (31), the frequency of FAV consumption, measured as the number of days per

week was used as a proxy indicator of dietary intake.

2.7. Blood collection and laboratory analysis

Upon arrival at the ART clinic, participants were asked whether they had fasted overnight for 8—12
hours. Those who confirmed fasting provided a blood sample, while those who had eaten were
instructed to fast and return the following day or at their next scheduled visit for sample collection. A
4-5 mL venous blood sample was collected from each participant using a gel-based serum separator
tube (SST). The samples were kept at room temperature for no longer than 20 minutes to allow clot
formation, then centrifuged immediately at 3000 revolutions per minute (rpm) for 8—10 minutes to
separate the serum. Serum samples were analyzed for lipid profile and fasting blood glucose (FBG)
levels. In cases of delayed analysis, the serum was transferred into Nunc tubes labelled with
participants’ unique codes and stored at —20°C until testing. Laboratory analysis was performed using
the Cobas 6000 analyzer series, module c501 (Roche, Germany). The measurement of TC and TGs
was done using an enzymatic colorimetric method (32, 33), while FBG was measured by a hexokinase
UV method (34). Both HDL-c and LDL-c were measured using a direct homogeneous enzymatic assay
(35, 36). Blood samples were collected and analyzed by laboratory technologists. Technical
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performance and instrument accuracy were ensured by running quality control samples in accordance

with standard operating procedures.

2.8. Statistical analysis

Data were visually inspected, cleaned, and entered into EpiData version 3.1, and statistical
analyses were conducted using IBM SPSS Statistics version 27.0 (IBM Corp., Armonk, NY, USA).
Categorical variables were summarized using frequencies and percentages, while continuous variables
were described as means with standard deviations (SDs) for normally distributed data, or medians with
interquartile ranges (IQRs) for non-normally distributed data. Depending on the distribution and type
of variables, comparisons between groups were performed using the chi-square test, one-way
ANOVA, Kruskal-Wallis test, independent t-test or Mann—Whitney U test, as appropriate. Binary
logistic regression was employed to assess the association between DTG-based first-line regimens and
other predictors with dyslipidemia. Candidate variables with a p-value < 0.25 in the bivariable analysis
were assessed for multicollinearity using the variance inflation factor (VIF), with a VIF < 10
considered acceptable for inclusion in the multivariable logistic regression model. The model’s
goodness of fit was evaluated using the Hosmer-Lemeshow test, where a p-value > 0.05 indicated a
good fit. Strength of associations were reported as adjusted odds ratios (aORs) with 95% confidence

intervals (CIs), and variables with a p-value < 0.05 were considered statistically significant.

3. RESULTS
3.1. Sociodemographic and behavioral profiles of the study participants

Of the 465 eligible PLWH, 450 adults were included in the study, attaining a response rate of 96.8%.
Females accounted for 58.2% (n =262) of participants. The mean age of the participants was 41.1+9.7
years, ranges from 20-65 years (Table 1).
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Table 1 Sociodemographic and other features of the study population

Characteristics Category Frequency (%)
Sex female 262(58.2)
Male 188(41.8)
Age , years <50 years 375(83.3)
>50 years 75(16.7)
Residence Rural 42(9.3)
Urban 408(90.7)
Marital status Single 47(10.4)
Married 228(50.7)
Divorced/widow 175(38.9)
Education < primary level 191(42.4)
Secondary level 133(29.6)
College and above 126(28.0)
Occupation Employed 194(43.1)
Farmers 10(2.2)
Merchants 91(20.2)
Daily laborers 51(11.3)
Housewife 49(10.9)
No job and others 55(12.2)
Monthly income <4000 birr 253(56.2)
in Ethiopian birr ~ >4000 birr 197(43.8)
Religion Orthodox 207(46)
Protestant 191(42.4)
Muslim 48(10.7)
Catholic 4(0.9)
Alcohol intake Not at all 188(41.8)
Former 174(38.7)
Current 88(19.6)
Smoking Not at all 386(85.8)
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Former 54(12)

Current 10(2.2)
Khat chewing Not at all 280(62.2)
Former 134(29.8)
Current 36(8.0)
Physical exercise Less active(<600 MET min/week) 146(32.4)
Moderate active( 600-2999 MET min/week) 248(55.1)
High active(>3000 MET min/week) 56(12.4)
Fruit <4days 324(72)
intake/week 4-5days 110(24.4)
6-7 days 16(3.6)
Vegetable <4days 307(68.2)
intake/week 4-5days 116(27.8)
6-7 days 27(6.0)

MET, Metabolic equivalents of task

3.2.Anthropometric, clinical and HIV-related profiles of the study population

The mean (£SD) of BMI and WC were 24.8 4.9 kg/m?, and 85.9 £12.5cm, respectively.
Significant differences were observed between treatment groups in HC, WHIR, TC, percentage
skeletal muscle and BFP (Table 2).

Among the participants, 202 (44.9%) had a BMI >25kg/m?, 27 (6.0%) were classified as
underweight and 134 (29.8%) had high WC. A review of participants’ medical charts showed that 192
(42.7%) were in WHO clinical stage I at treatment initiation, while only 49 (10.9%) were in stage IV.
A total of 288 (64%) participants had been on ART for less than five years and 298 (66.2%) had
received prophylaxis for OIs. Additionally, 108 (24%) participants had a history of tuberculosis
infection. Nearly half of the participants initiated NNRTI-based first-line regimens, comprising either
zidovudine plus lamivudine (3TC) or tenofovir disoproxil fumarate (TDF) plus 3TC. More than half,
however, were initiated on DTG-based first-line regimens, which included abacavir plus 3TC or TDF
plus 3TC. Among those who started on NNRTI-based regimens, 92.3% (204/221) were subsequently
switched to DTG-based regimens, while 7.7% (17/221) remained on their original NNRTI-based

regimens.
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Table 2 Body composition and clinical features of the study population

Treatment groups

EFV- Switched to DTG-
Characteristics Category  Overall maintained DTG maintained
HIV duration, years * Mean (SD)  4.7(3.1) 6.8(3.7) 6.3(2.5) 3.0(2.8)
ART duration, years * Mean (SD)  3.8(1.9) 5.2(1.8) 5.4(1.0) 2.3(1.0)7"
BMI, kg/m2 : Mean(SD) 24.8(4.9) 23.9(4.1) 25.2(4.8) 24.6(5.0)
WC, cm*? Mean(SD) 85.9(12.5)  88.4(l14.1) 87.3(12.1)  84.5(12.6)
HC, cm? Mean(SD) 95.6(10.4)  95.7(10.3) 97(10.5) 94.4(10.3)°
Waist-hip ratio * Mean(SD) 0.89(0.1) 0.91(0.09) 0.9(0.1) 0.89(0.1)
Waist height ratio * Mean(SD) 0.53(0.08)  0.52(0.07) 0.54(0.08)  0.52(0.08)"
Neck circumference ? Mean(SD) 32.7(2.9) 33.4(3.5) 32.7(3.1) 32.7(3.0)
Fasting glucose, mg/dL? Mean(SD) 101.1(34.9) 98.9(11.2) 104.7(43.3) 98.1(26.4)
TC, mg/dL* Mean(SD) 159.7(37.8) 175.2(37.1) 164.1(35) 154.6(39.6)"
TG, mg/dL® Median(IQR) 119(88-176) 134(116-158) 119(86-173) 115(87-183)
LDL-c, mg/dL? Mean(SD) 91.3(31) 107.1(27.7) 94.7(31.6) 87.1(30.1)
HDL-c, mg/dL*® Mean(SD) 36.7(9.7) 37(9.6) 37.8(9.6) 35.6(9.9)
TG/HDL-c ratio® Median(IQR) 3.2(2.2-54) 4.1(28-49)  3.1(2.1-54) 3.2(2.2-5.7)
LDL/HDL-c ratio * Mean(SD) 2.6(1.2) 3.0(0.9) 2.6(1.0) 2.6(1.4)
TC/HDL-c ratio * Mean(SD) 4.6(1.7) 4.9(1.3) 4.6(1.4) 4.7(2.0)
Percentage skeletal muscle ? Mean(SD) 29.3(6.7) 30.4(6.0) 28.2(6.0) 30.2(7.1)"
Percentage body fat * Mean(SD) 31.6(11.7)  29.3(10.3) 33.4(109)  30.2(12.3)
Fat mass, kg ? Mean(SD) 21.4(10.7)  20.1(9.6) 22.6(10.2)  20.4(10.7)
Fat mass index, kg/m’® Median(IQR) 7.8(5.2-7.8) 7.6(4.5-9.5)  8.1(6-11) 7.6(4.2-10.7)
Lean mass, kg * Mean(SD) 43.9(9.1) 46.6(11.4) 43.3(9.1) 44.3(8.9)
Visceral fat level 2 Mean(SD) 7.1(3.8) 7.6(4.0) 7.2(3.2) 7.0(4.3)

ART, antiretroviral therapy; BMI, body mass index; cm, centimeter; kg, kilogram; m’, squared meter; LDL-c, LDL-cholesterol; HC, hip
circumference; HDL-c, HDL-cholesterol; IQR: interquartile range; mg/dL, milligram/deciliter; SD, standard deviation; TC, total
cholesterol; TG, triglyceride; WC, waist circumference; WHR, waist=hip ratio; WHtR, waist=height ratio; *, p<0.05; **, p<0.01; ***, p<0.001
(significance level: ?, one-way ANOVA; ®, Kruskal-Wallis test)

3.3. Patterns of dyslipidemia and body composition among the study population
Female participants had significantly higher mean levels of HDL-c, FM, and BFP (37.5 mg/dL,
25.1kg, and 38.4%, respectively) compared to male participants (35.5 mg/dL, 16.3 kg, and 22.2%).
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In contrast, males had higher mean values of FFM, VF, and median TGs compared to females.

Overall, 333 (74.0%; 95% CI: 69.8-78.0) participants had at least one form of dyslipidemia according
to the NCEP-ATP III guidelines (Table 3). According to the NCEP-ATP III criteria, 2.4%, 18.9%,
2.0%, and 66.4% of participants were classified as having high or very high cardiovascular risk based
on TC, TGs, LDL-c, and HDL-c levels, respectively.

Table 3 Serum lipid profiles and body composition of the study population by sex

Total Male Female
Characteristics (n=450) (n=188) (n=262) p value
Overall dyslipidemia: No 117(26.0%) 38(20.2%) 79(30.2%) 0.018?
Yes 333(74.0%) 150(79.8%) 183(69.8%)
Total cholesterol, mean (£SD) 159.7(37.8) 159.2(42.5) 160(34.1) 0.835°
<200 mg/dl 391(86.9%) 154(81.9%) 237(90.5% ) 0.008 *
>200 mg/dl 59(13.1%) 34(18.1%) 25(9.5%)
HDL-cholesterol, mean (+SD) 36.7(9.7) 35.5(9.8) 37.5(9.6) 0.03°
<40 mg/dl 299(66.4%) 54(28.7%) 97(37.0%) 0.066*
>40 mg/dl 151(33.6%) 134(71.3%) 165(63.0%)
LDL-cholesterol, mean(+SD) 91.3(31) 88.7(34) 93.2(28.4) 0.128°
<130 mg/dl 409(90.9%) 169(89.9%) 240(91.6%) 0.534?
>130 mg/dl 41(9.1%) 19(10.1%) 22(8.4%)
Triglycerides, median (IQR) 119(88-176) 132(96-132) 113.5(84-153) <0.001°
<150 mg/dl 296(65.8%) 106(56.4%) 190(72.5%) <0.001%
>150 mg/dl 154(34.2%) 82(43.6%) 72(27.5%)
TC/HDL-cholesterol, mean (+SD) 4.6(1.7) 4.7(1.6) 4.5(1.7) 0.238°
<5 296(65.8%) 111(59.0%) 185(70.6%) 0.011%
>5 154(34.2%) 77(41.0%) 77(29.4%)
Visceral fat, mean (£SD) 7.1(3.8) 7.9(5.0) 6.5(2.5) <0.001°
Normal 344(76.4%) 117(62.2%) 227(86.6%) <0.001*
High 106(23.6%) 71(37.8%) 35(13.4%)
Total fat mass (kg), mean (+SD) 21.4(10.7) 16.3(8.7) 25.1(10.5) <0.001°
Fat free mass (kg), mean (+SD) 43.9(9.1) 52.5(6.2) 37.8(4.8) <0.001°
Total fat percent, mean (=SD) 31.6(11.7) 22.2(8.5) 38.4(8.6) <0.001°
13
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Normal 150(33.3%) 80(42.6%) 70(26.7%) <0.001°?

High 300(66.7%) 108(57.4%) 192(73.3%)

Percentage skeletal muscle, mean(+SD) 29.3(6.7) 35.5(5.1) 24.8(3.1) <0.001°
Low 180(40.0%) 66(35.1%) 114(43.5%) 0.0732
Normal to high 270(60.0%) 122(64.9%) 148(56.5%)

Age (biological), years, mean (+SD) 42.6(14.4) 39.7(16.3) 44.6(14.4) <0.001°

TC, total cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SD, standard deviation (significance level: ?, chi-
square test; °, independent t-test; ¢, Mann-Whitney U test)

The rate of dyslipidemia was higher among participants who initiated and remained on DTG-based
regimens (40%) compared to those who switched to DTG-based regimens (31.6%) or those who
remained on EFV-based regimens (2.4%) (Figure 2). Among participants with dyslipidemia, 38.6%
had a single lipid abnormality, while 35.3% presented with mixed lipid abnormalities. Additionally,
31.5% of participants had two or three lipid abnormalities and 3.8% had all four. Low HDL-c was the
predominant isolated dyslipidemia, observed in 34% of participants (Figure 3).
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Figure 2 Patterns of dyslipidemia among the study population in relation to treatment regimens
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= All (4 lipid components)
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W [solated TC >200mg/dl

B Isolated LDL-c >130mg/dl

m Isolated HDL-c <400mg/dl

m Mixed (2-3 lipid components)
2.4% abnormal

159 ™ All (4 lipid components)
0.7% abnormal

Figure 3 Proportions of isolated and mixed dyslipidemia within single individual among the study
population

3.4. Factors associated with dyslipidemia among the study population

In the crude analysis, dyslipidemia was associated with male sex, age over 50 years, low
physical activity, blood pressure >130/85 mmHg, baseline WHO clinical stage IV, BMI, NC, VF,
use of prophylaxis for OIs, WC, biological age, and FBG. After adjusting for covariates in the
multivariable analysis, treatment initiation with a DTG-based regimen, NC, and WC remained

significantly associated with dyslipidemia (Table 4).
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Table 4 Factors associated with dyslipidemia among the study population

Total Dyslipidemia

Characteristic Category n(%) Yes, n(%) cOR(95%CI) aOR(95%CI)
Sex Females 262(58.2)  183(40.7) 1.00 1.00

Male 188(41.8)  150(33.3) 1.7(1.1-2.6)° 0.44(0.17-1.2)
Age <50 years 375(83.3)  270(60.0) 1.00 1.00

>50 years 75(16.7) 63(14.0) 2.0(1.06-3.9) 1.6(0.71-3.7)
Monthly income in <4000 birr 253(56.2)  181(40.2) 1.00 1.00
Ethiopian birr > 4000 birr 197(43.8)  152(33.8) 1.3(0.87-2.1) 0.75(0.45-1.3)
Alcohol intake Never 188(41.8)  132(29.3) 1.00 1.00

Ever drunk 262(58.2)  201(44.7) 1.4(0.91-2.1) 0.97(0.58-1.6)
Recalling problem No 318(70.7)  241(53.6) 1.00 1.00

Yes 132(29.3)  92(20.4) 0.73(0.47-1.1) 0.62(0.37-1.02)
Physical activity Moderate-high 304(67.6)  120(26.7) 1.00 1.00

Low active 146(32.4)  213(47.3) 1.97(1.2-3.2)" 1.4(0.82-2.5)
Treatment duration <5 years 288(64.0)  221(49.1) 1.00 1.00

> 5 years 162(36.0)  112(24.9) 0.68(0.44-1.0) 1.1(0.87-1.4)
Regimens maintained on efavirenz 17(3.8) 11(2.4) 1.00 1.00

switched to dolutegravir 204(45.3) 142(31.6) 1.2(0.44-3.5) 1.8(0.57-5.9)
maintained on dolutegravir 229(50.9)  180(40.0) 2(0.71-5.7) 4.8(1.2-18.5)°

Blood pressure, mmHg <130/85 307(68.2)  217(48.2) 1.00 1.00

>130/85 143(31.8)  116(25.8) 1.78(1.1-2.9)° 1.2(0.72-2.1)
Baseline WHO clinical stage  Stage I 192(42.7) 133(29.6) 1.00 1.00

Stage I 89(19.8) 70(15.6) 1.6(0.9-2.9) 1.5(0.79-2.8)

Stage I1I 120(26.7)  88(19.6) 1.2(0.73-2.0) 0.93(0.51-1.7)

Stage IV 49(10.9) 42(9.3) 2.7(1.1-6.3)" 1.8(0.7-4.7)
Body mass index, kg/m’ Mean(SD) 24.8(49) 25.1(4.9) 1.05(1.01-1.1)"  0.9(0.79-1.03)
Waist circumference, cm Mean(SD) 85.9(12.5) 87.4(12.6) 1.8(1.1-3.0)° 1.06(1.01-1.11)"
Neck circumference, cm Mean(SD) 32.729)  33.1(3.2) 1.2(1.1-1.3)77  1.2(1.06-1.5)
Visceral fat level Normal 344(76.4)  243(54.0) 1.00 1.00

High 106(23.6)  90(20.0) 2.3(1.3-4.2)” 0.9(0.37-2.2)
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Body fat level Normal 150(33.3)  104(23.1) 1.00 1.00

High 300(66.7)  229(50.9) 1.4(0.92-2.2) 0.99(0.46-2.1)
Percentage skeletal muscle Normal-high 270(60.0)  192(42.7) 1.00 1.00

Low 180(40.0)  141(31.3) 1.5(0.94-2.3) 1.05(0.56-2.0)
Prophylaxis for OIs Not received 152(33.8)  103(22.9) 1.00 1.00

Received 298(66.2)  230(51.1) 1.6(1.04-2.5) 1.3(0.78-2.2)
Biological age Mean(SD) 42.6(14.4) 43.7(15.3) 1.02(1.01-1.03)"  0.99(0.94-1.03)
Fasting blood glucose Mean(SD) 101.1(34.9) 103.1(38.2) 1.01(1.0-1.02)"  1.00(0.99-1.01)

Biological age (biological age indicates the rate of physical ageing in the body); aOR, adjusted odds ratio; cOR, crude odds ratio; cm,
centimetre; Ols, opportunistic infections; mmHg, millimetre of mercury; SD, standard deviation; WHO, World Health Organization; *,
p<0.05; **, p<0.01; ***, p<0.001

4. DISCUSSION

The overall prevalence of dyslipidemia in this study was 74%. Low HDL-c was the most
frequently observed lipid abnormality, whereas TC and LDL-c abnormalities were less common.
Sex-specific analysis revealed a higher prevalence of dyslipidemia among males compared to
females. Additionally, initiation of treatment with DTG-based regimens, as well as increased WC
and NC, were significantly associated with dyslipidemia.

We found that 74% of adults on first-line ART had at least one dyslipidemia according to the
NCEP ATP III criteria. This finding is comparable to rates reported in previous studies conducted
in Ethiopia and other African countries, including a 72% prevalence in southwest Ethiopia (37),
77.34% in north Ethiopia (38), 74.8% in central Ethiopia (39), 78% in Uganda (11) and 77.5% in
Tanzania (40). In contrast, it is higher than rates reported in several other Ethiopian studies, such
as 59.9% in north Shewa, Ethiopia (41), 69.7% and 69.3% in systematic reviews from Ethiopia
(42, 43), 48.4% among individuals on DTG-based regimens in southwest Ethiopia (44), 55.2% in
central Ethiopia (45) and 63.9% in northwest Ethiopia (46). The observed variations may be
explained by factors including differences in the effects of ART regimens on lipid metabolism, the
duration of ART exposure, and the consequent alterations in lipid profiles.

The prevalence of TC dyslipidemia in this study was 13.1%, which is consistent with the 12%
reported in Uganda (11). However, this rate is notably lower than those reported in several other
studies conducted in similar populations, such as 47.3% in north Shewa, Ethiopia (41); 39.08%
and 39.78% in systematic reviews from Ethiopia (42, 43); 34.2% in northwest Ethiopia (46); and
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45.9% and 22.6% in central Ethiopia (39, 45). Evaluating the impact of ART on lipid profiles
remains challenging due to significant variability among different ART drug classes, differences
within the same class, and the complexity of multidrug HIV treatment regimens (37). DTG-based
regimens have demonstrated favourable effect on TC levels compared to earlier-generation ART
agents, such as NNRTIs and PIs(19). This may partly explain the comparatively lower prevalence
of TC dyslipidemia observed in the present study.

In this study, the prevalence of low HDL-c was 66.4%, indicating nearly 7 out of 10 individuals
had low HDL-c. This is consistent with prevalence rates reported in other studies, which ranged
from 63% to 68.5% (5, 12, 47, 48). However, the prevalence observed in our study was lower than
that reported in other studies, which ranged from 71.3% to 72.1% (37, 49). Notably, those studies
applied sex-specific thresholds for low HDL-c (<40 mg/dL for males and <50 mg/dL for females)
(50), which is more high for females than the uniform <40 mg/dL cut-off recommended by the
NCEP-ATP III guidelines (24) and used in our study. The higher prevalence in those studies is
likely attributable to these differing classification criteria.

In the present study, LDL-c dyslipidemia was observed in 9.1% of PLWH. which is comparable
to findings from Uganda (11) and China (51). However, this rate is markedly lower than those
documented in several African studies. including Ethiopia where LDL-c dyslipidemia prevalence
ranged from 20.3% to 59.8% (5, 39, 40, 43, 44, 46, 52). Variations in prior ART exposure and
regional factors such as diet, lifestyle, healthcare access, genetics and environment may underlie
differences in LDL-c levels. Despite the lower prevalence of LDL-c dyslipidemia in this study,
increased total and visceral fat, particularly in the trunk, may still elevate future cardiovascular
risk (53).

Several studies have reported elevated TG levels in PLWH on first-line ART, ranging from
13.1% to 50% (5, 11, 39-41, 44-46, 54). Similarly, our study found a prevalence of 34.2%.

We observed a 34.2% prevalence of elevated TC/HDL-c ratios. This marker has been strongly
associated with increased risk of stroke, acute myocardial infarction and arterial stiffness in prior
studies (55-57). Importantly, an elevated TC/HDL-c ratio may indicate heightened cardiovascular
risk even when LDL-c levels appear within normal or desirable ranges (56, 58).

Treatment initiation with DTG-based regimens was significantly associated with dyslipidemia
in this study. This association is consistent with evidence from cohort studies indicating that

INSTISs, including DTG, are more likely to cause lipid abnormalities compared to NNRTIs (13,
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19, 59). This positive association may be attributed to the combined effects of aging, HIV-related
pathophysiology. and ART-induced alterations in lipid metabolism (40). Even though DTG is
favoured for its high genetic barrier to resistance and better virological outcomes, its potential
metabolic side effects require careful consideration in clinical decision-making. In addition,
INSTIs are generally associated with a significantly lower risk of dyslipidemia than ritonavir-
boosted PIs (18-20, 60-63). their risk remains significantly higher compared to NNRTI-based
regimens. Prior PI exposure may have elevated baseline lipid levels, potentially confounding the
association between current DTG use and dyslipidemia. This highlights the importance of
distinguishing treatment-naive from treatment-experienced individuals when evaluating metabolic
outcomes related to ART. Additionally, variations in study design, population characteristics and
duration of DTG exposure likely contribute to the heterogeneity observed in lipid profile findings
across studies.

In this study, each 1 cm increase in WC was associated with a 6% increase in dyslipidemia,
which is consistent with previous reports identifying elevated abdominal obesity as a contributing
factor to dyslipidemia and other cardiometabolic disorders (15, 61). This association likely reflects
the impact of central adiposity, which may promote insulin resistance, systemic inflammation, and
altered lipid metabolism. Additionally. each 1 cm increase in NC was significantly associated with
a 20% increase in dyslipidemia risk. Similarly, other studies have identified NC as an important
cardiovascular risk factor for dyslipidemia (64, 65) and a robust predictor of atherogenic

dyslipidemia beyond traditional measures of central obesity (66).

5. Strengths and limitations of the study
This study has several notable strengths. By focusing on individuals who initiated first-line ART
under Ethiopia’s "test and treat" policy, it provides timely and relevant insights into current
treatment outcomes. The use of systematic sampling enhanced the representativeness of PLWH
across the selected health facilities. Restricting inclusion to participants on ART for at least 12
months ensured adequate exposure to assess effects on lipid profiles. Moreover, excluding
individuals with multiple regimen switches minimized potential confounding from treatment-
related dyslipidemia.

However, this study has some limitations. The use of face-to-face interviews may have

introduced social desirability bias, potentially affecting the accuracy of self-reported data. The
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cross-sectional design limits the ability to infer causal relationships between dyslipidemia and
associated factors. In addition, this study excluded pregnant women, severely ill patients and
individuals with multiple ART regimen switches to minimize clinical heterogeneity and
confounding factors. Consequently, these exclusions may limit the generalizability of our findings
to the broader population of people living with HIV. Moreover, baseline lipid profiles were
unavailable, as lipid measurements were not routinely performed or documented in medical

records, thereby constraining the assessment of changes from baseline lipid levels.

6. CONCLUSION

A substantial proportion of PLWH on first-line ART had dyslipidemia, with low HDL-c being
the most frequently observed lipid abnormality. Dyslipidemia was associated with DTG-based
regimens, along with increased WC and NC (markers of central and upper-body adiposity). The
significant associations between dyslipidemia, DTG-based regimens and altered body fat
distribution suggest an elevated risk of cardiometabolic complications in this population. These
findings highlight the importance of lipid profile assessments both at baseline and periodically
along with body fat distribution, to effectively manage metabolic risks in PLWH. Additionally,
important to balance post treatment metabolic risks of DTG-based regimens with their therapeutic
benefits. Future research is encouraged to employ well-controlled, longitudinal studies to
comprehensively investigate the long-term effects of DTG-based regimens on lipid metabolism.,
taking into account baseline lipid profiles, prior ART exposure and potential sex-specific
differences, in order to better understand their metabolic impact and associated cardiovascular

risks and to inform clinical decision-making.
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Abstract

Background: Antiretroviral therapy [ART) has significantly reduced morbidity and mortality
among people living with HIV [PLWH]. However, data on the burden of metabolic syndrome [MetS]
in sub-Saharan Africa remains limited, particularly following the implementation of universal
test-and-treat strategies and the widespread use of integrase inhibitor-based combinations.
Objective: This study aimed to determine the prevalence and associated factors of MetS
among adults receiving first-line ART in the Hawassa City Administration, southern Ethiopia.
Design: A cross-sectional study.

Methods: The study was conducted from January 2023 to May 2024, adapting the World Health
Organization [WHO] stepwise approach to collect data. All study-relevant data were collected
from participants using a pretested structured questionnaire. MetS was defined according to
the 2009 harmonized criteria. A binary logistic regression analysis was conducted to identify
predictors of MetS, with adjusted odds ratio [aOR) and 95% confidence intervals [Cls).
Results: A total of 450 adults participated in the study, of whom 262 [58.2%) were females.
The mean [standard deviation) age of the participants was 41.11=9,7)years, The prevalence
of MetS was 36.4% [95% Cl: 32.2-41.6), with low high-density lipoprotein [HDL] cholesterol as
the most frequent component observed in 368 [81.8%] participants. Age >=50years [aOR: 2.9;
95% Cl: 1.4-6.2], alcohol use [aOR: 2,7; 95% CI: 1.2-6.4], body mass index =25 kg/m? (aOR:
3.7; 95% CI: 1.9-7.1), triglyceride/HDL-cholesterol ratio [aOR: 1.5; 5% Ci: 1.3~1.7], family
history of hypertension [aOR: 2.1; 95% Cl: 1.1-3.8], and high waist-height ratio [aOR: 5.4; 95%
Cl: 1.8-15.9) were significantly associated with MetS. However, dolutegravir-based first-line
regimens were not significantly associated with MetS (p=0.482 for DTG initiation, and p=0.34
for switching to DTG).

Conclusion: The noticeable prevalence of MetS among PLWH highlights its potential to
increase cardiovascular risks. Therefore, routine screening of PLWH for components of MetS
is essential to reduce the health risks associated with metabolic disorders. As most of the
identified risk factors are modifiable, implementing lifestyle interventions is also imperative.

Plain language summary

Prevalence and determinants of metabolic syndrome among adults living with HIV on
first-line antiretroviral treatment in southern Ethiopia

In this study, we investigated the prevalence and determinants of metabolic syndrome
[MetS] in adults with HIV on antiretroviral therapy in southern Ethiopia. We presented the
prevalence of MetS and its keyrisk factorsin this population. We observed a high prevalence
of MetS, with low HDL cholesterol being the most frequently observed component. We also
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with antiretroviral therapy.

identified that older age, alcohol use, high body mass index, triglyceride/HDL cholesterol
ratio, family history of hypertension and increased waist-height ratio were significantly
associated with MetS. We found no significant association between dolutegravir-based
regimens and MetS. Therefore, we recommend routine screening for MetS components
and proactive management of related conditions. In addition, most of the identified
risk factors are modifiable, interventions focused on diet, weight management and
alcohol use could help reduce MetS in this population. Further studies are required to
investigate additional underlying factors and the long-term metabolic risks associated

Keywords: adults, first-line antiretroviral therapy, HIV, metabolic syndrome, southern

Ethiopia

Recewed; 25 November 2024, revised manuscnpl sccepted; 5 May 2025

Introduction

Merabolic syndrome (MetS) is characterized by a
cluster of risk factors for cardiovascular diseases
(CVDs) and metabolic disorders, which include
abdominal obesity, high triglycenides (TGs), low
high-density lipoprotein cholesterol (HDIL-¢),
raised blood pressure or hypertension, hypergly-
cemia or diabetes mellitus, and insulin resistance
(IR)."* Evidence indicates that individuals with
MertS are at significantly increased risk of cardio-
vascular-related morbidity and mortality. 4

Anuretroviral therapy (ART) has significantly
improved life expectancy and reduced HIV/
aquired immunodeficiency syndrome (AIDS)-
related morbidity and mortality among people liv-
ing with HIV (PLWH). However, along with this
succsess, the prevalence of MetS is also rising in
this population, posing individuals at significant
risk for non-communicable discases (NCDs).?
Recent reports have indicated a significant preva-
lence of MetS among PLLWH globally and in sub-
Saharan Africa (SSA)."" A global meta-analysis
estimated the pooled prevalence of MetS in
PLWH to be 25.3% (95% CI: 22.9-27.6), with a
higher rate of 25.6% (95% CI: 23.0-28.2) among
those who received ART compared to 18.5%
(95% CI: 15.5-21.4) in ART unrreated individu-
als.® In SSA, studies reported a prevalence of
MetS among PLWH of 23.3% (95% CI: 18.8-
27.8)% and 21.5% (95% CI: 15.1-26.8),® both of
which surpass the 12.0% (95% CI: 5.0-21.0)
prevalence rate reported in individuals without
HIV.*

In Ethiopia, studies have reported the preva-
lence of MetS as 21.7% (95% CI: 19.36-24.0)
using the National Cholesterol Education
Program Adult Treatment Pancl II1 (NCEP-
ATP III) criteria, and 29.91% (95% CI: 21.54-
38.28) wusing the Intermational Diabetes
Federation (IDF) criteria.” These rates were
higher than those reported among the working
adult populaton in Ethiopia, where the preva-
lence was 18.45% (95% CI: 13.89-23.01)"% and
20.1% (95% CI: 17.8-22.4)."' The develop-
ment of MetS is complex and multifactorial,
influenced by a range of contributing factors
such as obesity,'?"!3 female sex,'? the use of pro-
tease mhibitor (PI)-based ART regimens'? and
the duration of ART exposure. '?

In 2018, the integrase strand transfer inhibitors,
particularly dolutegravir (DTG), were endorsed
by the World Health Organization (WHO) as the
preferred treatment option for PLWH.'® Since
then, DT G-based regimens have been widely dis-
tributed across SSA, including Ethiopia, substi-
tuting non-nucleoside reverse transcriptase
inhibitors (NNRTIs) and Pl-based ART regi-
mens.'* However, evidence regarding the effect of
DTG-based regimens on MetS is inconsistent,
with some studies raising concerns about meta-
bolic issues associated with DTG, such as dys-
hipidemia,'*!" elevated blood pressure,?°2! clinical
weight gain?®® and hyperglycemia.2%?% In con-
trast, other studies have reported a protective
cffect or reduced risk of metabolic dysregulation
with the use of DTG-based regimens.*®

164

jeurnals. sagepub. comyhomedtay



AT Hirigo, D Yilma et al.

Early identification of cardiometabolic burden
and its modifiable risk factors is essential for the
prevention and management of cardiovascular
risks among PLWH on ART, as evidenced by
reliable epidemiological findings. However, there
s a scarcity of data regarding individuals who ini-
tiated ART after the adoption of the universal
test-and-treat strategy in Ethiopia, coupled with
the widespread use of first-line DTG- based regi-
mens that contain DTG. Therefore, this study
aimed to derermine the prevalence and associated
factors of MetS among adults who initiated first-
line ART and had been on treatment for at least
12months in southern Ethiopia following the
implementation of the test-and-treat strategy.

Materials and methods

Study setting, design, and study population

This cross-sectuonal study was conducted from
January 5, 2023 o May 30, 2024 at health facili-
ties in the Hawassa City Administration. Hawassa,
the capital of the Sidama Region in southemn
Ethiopia, is 275 km away from Addis Ababa, the
capital of Ethiopia. Eight health facilities in the
city administration are providing ART services 10
over 6300 PLLWH during the study period. The
eligible participants were adult PLWH aged 18-
65 years who had initiated ART and were acrively
receiving follow-up care at health facilives in the
city administraton.

Inclusion and exclusion criteria

This study included adults aged 18-65 years who
initiated first-line ART after the implementation
of the test-and-treat strategy in Ethiopia. In addi-
tion, participants had been on first-line ART for
at least 12months, achieved viral load suppres-
sion (HIV-nbonucleic acid (HIV-RNA)) below
1000 copies/milliliter, and demonstrated at least
fair adherence to ART, Regarding first-line ART
regimens, the study included individuals who ini-
tially started a regimen comprising two nucleos(t)
ide reverse transcriptase inhibitors (N(t)RTIs)
and one NNR'TT and continued on this regimen
(NNRTT-maintained group). It also included
those who began with two N(O)RTIs plus one
NNRTI and later switched to a regimen of two
NORTIs plus DTG (switched to the DTG
group). Moreover, individuals who initiated and
remained on a regimen of two N(t)RTIs plus
DTG (DTG-maintained group) were included in

the study. However, the study specifically
excluded participants on first-line ART with a
history of more than one treatment switch, as well
as those who were pregnant or breastfeeding
within the first 6 months of the study. In addition,
participants who were critically ill or physically
disabled, those with known liver or renal failure,
and individuals with active opportunistic or severe
infectious diseases were also excluded.

Sample size and sampling techniques

The sample size was calculated using Epi-Info
version 7.2 developed by Centers for Disease
Control and Prevention (CDC), based on a 23.9%
prevalence of MetS among PLWH in SSA,’ with
a 5% margin of error and a 1.96 z-value for a 95%
confidence interval (CI). In addition, risk factors
significantly associated with MetS were consid-
ered 1o compute a maximally representative sam-
ple size,'527 accounting for a 95% C1, 80% power,
a 1:1 exposed-to~-unexposed ratio, and odds rauo
(OR). A sample size of 279 was calculated based
on a prevalence of 23.9%. After adjusting for a
10% nonresponse rate and a design effect of 1.5,
the final sample size was determined to be 465.
This sample size was selected as it was considered
larger and more representative of the study objec-
tives than the sample size computed based on
MaetS risk factors. The sample size of 465 was pro-
portionally allocated across each health facility
based on the number of PLLWH receiving first-line
regimens at the respective  study  sites.
Subsequently, a systematic random sampling
technique was conducted to recruit study
partcipants,

Data collection questionnaire

The data collecion questionnaire was adapted
from the WHO Sicpwise Approach to Chronic
Disease Risk Factor Surveillance tool®® and
recently published literature on MetS. The ques-
tonnaire was first developed in English and then
ranslated into the Amharic language. It covers the
following sections: sociodemographic and eco-
nomic factors (such as sex, age, occupation,
monthly income, marital status, residence, and
education); anthropometric and related measure-
ments (body weight, body mass index (BMI),
waist circumference (WC), hip circumference
(HC), neck circumference (NC), waist-to-hip
ratio (WHR), waist-to-height rato (WH1R), fat
mass and visceral far levels); clinical factors
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(comorbid conditons, self-reported recalling
problem and family history of hypertwension and
diabetes); behavioral factors (alcohol use, smok-
ing history, and level of physical acuvity and
engagement); and HIV and its treatment-related
variables (ime since HIV infectuon, ART regimen
ype, treatment switches and the duraton since
ART initiation) and other relevant information.
All data were collected by trained and experienced
nurses and laboratory technologists working in the
ART clinics of the respective health facilities.

Assessments and measurements
Sociodemographic, economic, anthropometric,
body compositon, clinical, behavioral, and other
relevant data were collected through participant
interviews and the review of their medical records
using a pretested structured questionnaires. After
a minimum of 10 min of rest in the data collection
room, participants’ blood pressure was measured
using a digital blood pressure monitor. This blood
pressure apparatus has a diagnostic accuracy of
*3mm of mercury (mmHg) for blood pressure
and *5% for pulse rate. Two readings were taken
within & 5-min interval and the average was
recorded. If the difference between the initial two
readings exceeded 5mmHg, a third reading was
taken and the average of the last two readings was
then recorded to assess the blood pressure starus
of each participant.

The WHO Stepwise approach was applied to col-
lect data on body weight, height, and WC.*® Body
weight, visceral fat level (1-30 range), and body
far percentage (BFP) were measured using the
Omron Full Body Sensor Body Composition
Monitor with Scale (Omron HBF-514C; Omron
Healthcare Lid.). Measurements with this Omron
bioelectrical impedance analyzer (BIA) were con-
ducted in accordance with the manufacturer’s
guidelines.* Standing height of the partcipants
was measured with a Seca stadiomerter (Hamburg,
Germany) 1o the nearest 0.1cm. Participants’
weight and height were measured while they stood
barefoot and dressed in light clothing. BMI (in kg/
m?) was calculated using the BIA during weight
measurement by inputting each individual’s
respective height into the device. The BMI was
then categorized as underweight (<18.5kg/m?),
normal weight (18.5-24.9kg/m?), overweight
(25-29.9kg/m?), and obesity (=30kg/m?).¥
While fat mass was calculated from body weight
and BFP as ((weight ¥ BFP)/100).

WC and HC measurements were taken using a
non-stretchable measuring tape and recorded 1o
the nearest 0,1cm. The WHR and WHtR were
calculated by dividing WC by HC and WC by
height, respectively.®® Abdominal obesity was
defined as a WC =94 ¢m for males and =80cm
for females, a WHR =0.90 in men and >0.85 in
women. or a WHiR =0.5.7* NC was measured
while participants stood upright with their arms
relaxed at their sides. The head was positioned in
the Frankfort horizontal plane, and the measure-
ment was taken at the midpoint of the cervical
spine and the mid-anterior neck, perpendicular to
the neck’s long axis, just below the Adam’s apple
for males.»

Regarding substance use, current alcohol con-
sumption and smoking refer to individuals who
engaged in each behavior at least once during the
month prior to the study, Ever alcohol drinking,
smoking. and khat use denote respondents who
have used cach substance at any point in their
lifetime.* In addition, the short form of the
International Physical Activity Questionnaire
(IPAQ) was used to assess participants’ physical
activity levels. Total acuvity was measured in
metabolic equivalent of task (MET)-minutes per
week and categorized as low (<600 MET-min/
week), moderate (600 to <3000 MET-min/
week), or high (3000 MET-min/week).>?

Blood sample collection, processing,

and laboratary analysis

About 4-5mL of venous blood was collected
from each participant after an overnight fasting of
8-12h. The samples were drawn into gel-based
serum separator tubes, with each tube carefully
labeled using the participant’s unique identifica-
ton code. The blood samples were then left
undisturbed at room temperature for a maximum
of 20min 1o allow for clot formation. Following
this, they were promptly centrifuged at 3000 rota-
ton per min (rpm) for 8-10min. This process
enabled serum separation from cells via a gel bar-
rier, effectively creating a stable barrier between
the two layers. Then, the serum samples were
either analyzed promptly or transferred into Nunc
tubes labeled with participants’ unique code and
stored in the deep freczer at —20°C in the Hawassa
University Comprehensive Specialized Hospital
laboratory in case of a 1- or 2-week delay in labo-
ratory analysis. The fasting blood glucose (FBG)
and lipid profiles were analyzed uvsing the Cobas
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6000 series biochemistry analyzer (Roche diag-
nostcs, Germany). TGs were measured using an
enzymatic colorimetric method, FBG was meas-
ured with the hexokinase UV method, and HDL-¢
level was determined using a direct homogencous
cnzymatic assay. Both blood samples collection
and laboratory analysis were performed by trained
laboratory technologists.

Outcome variable of the study

The primary outcome variable in this study was
the prevalence of MetS among adults living with
HIV who were on first-line ART. It is defined
according to the 2009 harmonized criteria estab-
lished by the Joint Interim Statement (JIS). A
diagnosis of MetS in an individual requires the
presence of at least three of the following compo-
nents: (1) TGs =150mg/dL or treatment for high
TGs; (2) HDL~¢c <40 mg/dL. in males or <50 mg/
dL. in females, or treatment for low HDL-¢; (3)
BP =130/85mmHg or previously diagnosed
hypertension or treatment with antihypertensive
medication; (4) FBG =100mg/dL. or previously
diagnosed diabetes or wreatment for high glucose;
and (5) WC =80cm in females or =9%94icm in
males.*

Ensuring data quality

The questionnaire was initally developed in
English and then translated into Ambharic by a
bilingual translator. Prior to data collection, a
pretest was conducted on 46 the questionnaires,
and necessary amendments were made based on
the feedback obtained during the pretest. Data
collectors received training before the study com-
menced. Test tube labels were cross-checked
with participants’ unique identification numbers,
and blood samples collection was carefully per-
formed, including proper rourniquer application
to prevent hemolysis. All laboratory procedures
were executed in accordance with standard oper-
ating procedures. All data collection activities
were overseen by the principal investgator.

Statistical analysis

Descriptive statistics were used to summarize the
study participants across different variables. The
chi-square test was used o assess the significance
of categorical vanables, while the independent
r-test and Mann-Whitney U test were used to
compare continuous quantitative data between

study groups. In addition, binary logistic regres-
sion analysis was performed to evaluate the asso-
cianon between independent factors and the
study outcome. Variables with a p-value <.20 in
the bivariablete analysis were included in the
multivariable analysis. In addition, vanables such
as sex and ART regimens, which have been previ-
ously identified as risk factors for MetS were
included in the final model regardless of their sig-
nificance in the bivariate analysis. Prior to mulu-
variable analysis, multicollinearity was assessed
using a variance inflation factor (VIF) to idenufy
linear associations between predictors. variable
with a VIF threshold of less than 10 were consid-
ered acceptable for this analysis. Whereas model
fit was evaluated with the Hosmer-Lemeshow
test, where a p-value >0,05 indicates a good fit.
The strength of associations between the out-
come and explanatory variables was reported
using adjusted ORs (aORs) and 95% CI, with a
p-value of <0.05 considered stanstically signifi-
cant. Data were entered into EpiData 3.1 and sta-
tistical analysis was performed using IBM
Srtatistical Package for the Social Sciences (SPSS)
Statistics version 27.0 (IBM Corp., Armonk, NY,
USA).

Results

Sociodemographic and behavioral

characteristics of the study participants

Of 465 eligible adult PLWH, 450 participated in
the study (with a 96.8% response rate). Among
the participants, 262 (58.2%) were female, and
more than half were married. The majority of par-
tcipants were resided in urban areas, and 262
(58.2%) reported alcohol consumption.
Regarding nutriional status, nearly one-third
were classified as overweight, while 61(13.5%)
were catcgorized as obese (Table 1).

Anthropometric and clinical characteristics

of the study participants

The mean age of the participants was 41.1 (stand-
ard deviation: 9.7) years and females were signifi-
cantly younger than males. Females had
significantly higher mean BMI, HC, HDIL.-c, and
median fat mass compared to males. On the con-
rrary, males had significantly increased mean sys-
tolic and diastolic blood pressure, WHR, NC,
and median TG/HDL-¢, visceral fat, and TGs
than females. However, mean WC, FBG, and
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Table 1. Characteristics of adult people living with Table 1, [Continued)
HIV on antiretroviral treatment.
Parameters Total, Percent (%)
Parameters Total, Percent (%) frequency (n)
frequency (n)
Maonthly income in Ethiopian birr
Age
=2000 birr 184 409
20-29Years 51 113
2001-4000 birr 7 20.2
30-39 Years 153 34.2
4001-4000 birr 80 178
40-49 Years 147 34
=4001 birr 95 211
=50Years 86 211
Alcohol intake status
Body mass index [kg/m?]
Not at all 188 418
<185 27 6.0
Former 174 38.7
185-249 N 49
Current 88 195
25-29.9 141 313
Ever smoked cigarette
61 13.6
= Not at all 386 858
Residence Yes &% 162
Rural 4“2 9.3
Physical exercise
Urban 408 90.7
Low 146 324
Recnst sans Moderate active 248 55.1
Single a7 10.4 High active 56 12.4
i a2 03 Physical activity {low: <600 MET-min/week; moderate: 600
Divorced/Widow/ 175 38.9 to <3000 MET-min/week and high: 3000 MET-min/weekl.
widower
Education
Eoashtl G e ot 50 314 ART duration did not show significant variation
Write between sexes (Table 2).
Primary 141 N3 Two hundred twenty nine (50.6%) participants
Secondacy 133 296 lmt‘mted DTG-based 'ﬁfst-lme. .A‘RT regimens,
while 221 (49.4%) participants initiated treatment
Tertiary 126 28 with NNRTI-based first-line regimens, both with
Crciaitan a similar backbone of two N(t)RTIs. Among those
who ininally started with NNRTI-based regimens,
Farmers 10 22 204 of 221 (92.3%) were later switched to DTG-
based first-line regimens, while 17 of 221 (7.7%)
194 A P 2 N
Emplayes ? s continued with NNRTI-based regimens.
Merchants N 20.2
i s LS Prevalence of MetS and its components
Daily laborors 51 M4 According to the 2009 harmonized (JIS) critena,
422 (93.8%) participants had at least one compo-
o werk i o nent of MetS, with 81(18%) having three, 61
(Continved] (13.6%) having four, and 22 (4.9%) having five
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Table 2. Anthropometric and clinical characteristics of adult people living with HIV on antiretroviral treatment.

Parameters Total (n=450) Female [n=262) Male(n=188) p-Value
Age, years 41.1 (9.7 39.418.9) 43.4110.3) <0.001*
Weight, kg 5.4 113.9) 62.9013.7) 68.9 113.5 <0.001*
BMI, ka/m?* 24.814.8) 25.615.3) 23.713.91 <0.001*
Waist circumference, cm 85.9 [12.5) 85.3112.7) 86.8(12.1] 0.253*
Hip circumference, cm 95.7 (10.4) 98.2 (10.7) 92.318.9) <0.001*
Waist-hip ratio 0.9 0.1) 0.87 (0.09] 0.94 (0.09) <0.001*
Waist-height ratio 0.53 (0.08) 0.54 (0.08) 0.51(0.07} <0.001*
Systolic blood pressure, mmHg 118.6 117.9] 115 (16.6) 123.4118,5) <0.001*
Diastolic blood pressure, mmHg 77.5(12.5) 76.2111.5] 79.3113.8) 0.029*
Fasting blood glucose, mg/dL 101 (34.9] 99.2130.2) 104 (40.5) 0.115*
HDL-c, mg/dL 36.719.7 37.519.6 35.519.8) <0.001*
Triglycerides, mag/dL® 119 (88-175.7] 113 (84,2-153) 132 (96-218] <0.001**
HIV infection duration, yearss 4.212.3-6.1) 4.512.6-6.6) 3.512.0-5.6) <0.001**
ART duration, years 38119 4.001.9 36119 0.061*
Neck circumference, cm 32.713) 311122 35(2.4) <0.001*
Triglyceride/HDL-c ratio® 32(2.2-5.4) 312.0-4.9) 4(2.5-6.6) <0.001**
Fat mass, kg* 20.5 [13.7-27.9) 24117.3-31.3] 1619.1-22.3| <0.001**
Visceral fat level [1-30 rangel* 715-9) 6 (5-8] 7 l4-11) 0.011°*
“Values are presented as median linterquartile range), while all other variables are presented as mean [standand

deviation].
Significance: *independent t-test; **Mann-Whitney U test.
mmHg, millimeter of mercury.

components of MetS. The prevalence of two
components of MetS was 29.4% (77/262) among
female participants, accounting for 17.1% of all
participants, and 22.9% (43/188) among male
participants, representing 9.6% of all participants
(Figure 1). Overall, 164 participants had MetS
with a prevalence of 36.4% (95% CI: 32.2-41.6).
Of the 164 participants with MetS, 73 (44.5%)
were males and 91 (55.5%) were females. In
terms of age groups, 42.7% (95% CI: 35.3-51.3)
of parucipants aged 4049 years and 54.7% (95%
CI: 44.2-64.2) of those aged =50 years had MetS
(Figure 2). In addition, 62.4% (95% CI: 55-69.3)
of participants with a BMI =25kg/m? had MetS.
Among the 164 toral cases of MetS: 70 (48.25%)

were individuals who initiated and remained on a
DTG-based regimen, while 77 (47%) were tran-
sitioned from an NNRTI-based first-line regimen
to DTG, and 8 (4.9%) initiated and continued on
NNRTI (EFV)-based regimen (Figure 3).
Moreover, 15 (3.3%) participants on the ecfa-
virenz-based regimen, 165 (36.7%) who switched
to a DTG-based regimen, and 188 (41.8%) who
remained on the DTG-based regimen had low
HDL-c (Figure S1).

The prevalence of individual components of
MetS was as follows: 220 (44.4%) for high WC,
110 (24.4%) for raised FBG, 154 (34.2%) for
high TGs, 143 (31.8%) for elevated blood

journals sagepub.com/homedtay

169



THERAPEUTIC ADVANCES in

Chronic Disease

Volume 16

20.00 +

1500

10.00%%

0 -

0.0

Matabal

g4

18.00%

' » Total 6.2% 30, 7% 26.7% 13.6% 4.9%
% Females 3.4% 32.4% 26.4% 17.2% 13.4% 4.2%
= Malex 10.1% 28.2%, 2.9% 19.1% 13.8% 5.9%

Figure 1. Overview of the metabolic syndrome components in study participants stratified by sex.

pressure, and 368 (81.8%) for low HDL-c. In
addition, females had significantly higher rates
of abdominal obesity (51.5% vs 34.6%), low
HDI-c (89.3% vs 71.3%), and high WHiR
(70% vs 58%) compared to males, respectively.
In contrast, males had significantly higher rates
of elevated blood pressure (39.4% vs 26.3%),
high TGs (43.6% vs 27.5%), and high WHR
(69.1% vs 57.3%) compared to females, respec-
tively (Table 3).

Factors associated with MetS

We found that age =50 years, alcohol consump-
ton, BMI =25kg/m? TG/HDI.-c ratio, high
WHI1tR, and a family history of hypertension were
significantly associated with the prevalence of
MetS. In contrast, DTG-based first-line regi-
mens did not show a significant association with
MetS when compared to NNRTI (efavirenz)-
based regimens (Table 4).

Discussion
MetS was prevalent among adults on ART in
southern Ethiopia, with a rate of 36.4% (95%

CI: 32.2-41.6). Factors significantly associated
with MetS included older age, alcohol consump-
tion, BMI, high WHtR, a family history of hyper-
tension, and a high TG/HDI-c. The use of
DTG-based regimens did not show a significant
association with MetS compared to those on efa-
virenz-based regimens.

The overall prevalence of MetS in the study
was 36.4%, which is higher than the rates
reported in systematic reviews and cross-sec-
tional studies conducted in similar populations
both globally and in Africa, where the preva-
lence ranged from 18.0% to 29.91% using IDF
criteria,” 102637 18 1% to 34.89% using ATP III
criteria” 192637 gnd from 13.9% to 33.1% using
JIS. 19.15.27.35.3% The finding was also higher than
the prevalence reported among apparently
healthy working adults in Ethiopia'®'% as well
as in community-based and public servant stud-
ies, 142 which ranged from 11.9% to 27.6%
according to the IDF!4%4%3 and from 11.2% to
18.5% according tw ATP IL'9%%4 The
discrepancies may be attributed to variations
in diagnostic criteria, study timeframes, the
effects of ART regimens on metabolic and
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Figure 2. Patterns of metabolic syndrome among people with HIV on first-line treatment in relation to age
categories.
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Figure 3. Patterns of metabolic syndrome among people with HIV on first-line treatment in relation to
antiretroviral regimens.
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Table 3. Prevalence of metabolic syndrome and its components among adult peaple living with HIV on first-

line antiretroviral treatment.

Parameters Total, 450 (%] Females, 262 (%) Males, 188 (%) p-Value
Metabolic syndrome 164 (36.4) 91134.7] 73138.8) 0.373
Waist circumference [=80c¢m in women 200 (44.4) 135 (51.5) 65 (34.6) <0.001
and =%4cm in men)

Triglycerides [=150 mg/dL) 154 (34.2) 72 127.5) 82 143.6) <0.001
HDL-c [<50mg/dL in women and 348 [81.8) 234 189.3] 134 171.3) <0.001
<&0mg/dL in men]

Fasting blood glucose [=100mg/dL) 110 (24.4) 59 [22.5] 51127.1) 0.262
Systolic and or diastolic blood 143 {31.8) 69 126.3] 74 139.4) 0.003
pressure: [=130/85mmHg)

Body mass index [=25kg/m?| 202 (44.9) 131 (50) 71 (37.8) 0.01
Waist-hip ratio (=0.85 in females and 280 (62.2) 150 [57.3) 130 (69.1) 0.01
=0.9 in males)

Waist-height ratio (=0.5) 293 (65.1) 184 [70.2) 109 (58] 0.007

HDL-c, high-density lipoprotein cholesterol.

cardiovascular health, and differences in the
clinical and anthropometric characteristics of
the populations. ™

Low HDIL-c¢ was the most frequent component of
MaetS in this study, with a prevalence of 81.8%.
Similarly, several studices have identfied low
HDL-~c as the most frequently observed compo-
nent of MetS among PLWH.4% However, the
finding was higher than the rates reported in previ-
ous studies, such as 64.1% in north-central
Ethiopia,'” 75% in young adults and 58% in adults
in Zambia," and 72.1% in Uganda.'? Differences
in reatment duration!® and the varving effects of
ART medications may also explain the observed
variations in HDIL-c level across studies.

Sex was not associated with MetS in this study,
which is consistent with reports from Nigena®®
and Ethiopia.*! In contrast, findings from appar-
ently healthy general populations in Ethiopiat®?
and several similar studies conducted in
PLWH'4.*.52 have reported a significant associa-
tion between female sex and MetS. This might be
due to hormonal differences, abdominal fat distri-
bution, level of physical activity engagement, and
cultural factors, all of which differenunally influ-
ence metabolic risk between sexes across studies.

In this study, more than 50% of participants over
50years old had MetS, with older age being sig-
nificantly associated with an increased risk of
developing the condition. This finding was con-
sistent  with other studies conducted in
Ethiopia.*#2 In support, aging may contribute to
the loss of muscle mass and strength due w0
reduced physical actvity, leading to increased fat
accumulation and decrcased lean mass, which
likely contribute to the development of MetS.%?

A significant association berween TG/HDL-c
rato and MetS was observed in this study, with
each additional unit increase in TG/HDL-c cor-
responding 1o a 50% higher risk of developing
MertS. The finding was consistent with previous
studics that reported similar associations between
TG/HDIL-c and MetS,** further, highlighting its
stronger association with the incidence of CVD.5%

In this study, 62.4% of individuals with a BMI
=25kg/m* had MetS, and BMI was significantly
associated with MetS. Similar findings have been
reported in studies conducted both in Ethiopia
and elsewhere.!*153643 [n addition, this study
found a significant association between WHtR
and MetS, which is consistent with previous stud-
ies that reported similar findings 345
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Table 4. Factors associated with metabolic syndrome among adults on first-line antiretroviral treatment.

Variable Metabolic syndrome
Yes n=164) No [n=286] cOR(95% Cl) p-Value a0R (95% Cl) p-Value

Sex

Mates 73 115 1.00 1.00

Females 1 m 0.8(0.6-1.2) 0.373 1.8(0.86-3.8) 0.116
Age

=50 Years old 122 253 1.00 1.00

=50 Years old 42 33 2.6 11.6-4.4) <0.001 2.901.4-6.2] 0.005
Alcohol intake status

Never 49 139 1.00 1.00

Former 69 105 1.8(1.2-2.9) 0.006 1.410,73-2.8) 0.293

Current 46 42 3.1(1.8-5.3] <0.001 2.7{1.2-6.4) 0.019
Monthly income in ETB

<4000 birr 70 183 1.00 1.00

=4000 birr 94 103 2.411.6-35) =0.001 1.2(0.68-2.2) 0.507
Self-reported recalling problem

No 107 2n 1.00 1.00

Yes 57 75 1.510.99-2.3) 0.056 1.51(0.82-2.7) 0.189
Family history ol hypertension

No/don’t know 96 202 1.00 1.00

Yes 68 84 1.7(1.1-2.5) 0.009 2101.1-38) 0.023
Family history of diabetes

No/Don't know 126 236 1.00 1.00

Yes 38 50 1.410.9-2.3] 0.144 0.810.39-1.46] 0.523
Waist-hip ratio [>0.85 in women and 0.9 in men]

No 22 148 1.00 1.00

Yes 142 138 6914.2-11.5) <0.001 1.9 (0.95-3.9] 0.068
Waist-height ratio [=0.5]

No 10 147 1.00 1.00

Yes 154 139 16.318.2-32) <0.001 5.4(1.8-15.9) 0.002

[Continuod]
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Table 4. [Continued]
Variable Metabolic syndrome
Yes [n=164) No [n=286) cOR{95%Cl) p-Value aOR [95% C1) p-Value
Physical exercise performance
Moderate-high 88 216 1.00 1.00
Inadequate 76 70 2.7 11.8-4.0) <0.001 1.710.97-3.1) 0.063
Body mass index
<25kg/m? 38 210 1.00 1.00
=26 kg/m? 126 76 9.2 15.8-14.3) <0.001 3.7 01.9-711 <0.001
TG/HDL-c ratio® 5.51(3.5-8.7) 2.7 (2-3.6] 1.501.4-1.7) <0.001 1.501.3-1.7] <0.001
Treatment groups
Efavirenz-maintained 8 9 1.00 1.00
Switched te dolutegravir 77 127 07 (0.2-1.8] 0.45 0.62 [0.16-2.3) 0.482
Dolutegravir-maintained 79 150 0.6 10.2-1.6) 0.30 0.52(0.13-2.0) 0.340

“Continuous covariate.

a0R, adjusted odds ratic; ART, antiretroviral therapy; ¢OR, crude odds ratio; ETB, Ethiopian birr; HOL-c, High-density lipoprotein cholesterol;

TG, triglyceride

Our study also identified a significant association
of MetS with a family history of hypertension,
which is in line with previous research showing
that individuals with such a family history are
more likely to have obesity, central obesity, and
MetS.%" This may be due 1o inherited genetic
traits that predispose individuals to elevated
blood pressure and other metabolic abnormali-
ties, thus increasing the risk of MetS.

We observed a significant association between
alcohol consumption and MetS, which is consist-
ent with results from other studies. ¥ #4* Alcohol
may raise blood pressure and rigger metabolic
changes linked to inflammation and obesity. %%
In PL\WH, at-risk alcohol use exacerbates cardio-
metabolic and neurocognitive issues, which, com-
bined with chronic ART use, contribute to frailty
and age-related comorbidities.®® Overall, these
findings strongly support the link between alcohol
use and accelerated biological aging, as well as an
increased risk for comorbidites.*

Moreover, over 90% of participants with MetS
were on DTG-based regimens in this study;

however, no significant association was observed
between DTG-based regimens and MetS. This
finding i1s consistent with previous studies that
reported similar results among individuals treated
with DTG-based regimens. %92 In contrast, sev-
eral other studies have reported a significantly
higher incidence of treatment-emergent MetS
among individuals on DTG-based regimens com-
pared to those on non-DTG regimens,'”*? with
some also identfying a significant association
between DTG and MetS.** The limited number
of participants in the NNRTT group in our study,
due to the national rollout of DTG treatment,
may have contributed to the observed variation
and influenced the interpretation of the associa-
tion between DTG and MetS.

Strength and limitations of the study

A strength of our study is that it included all adults
who initated first-line ART across multiple health
facilites following Ethiopia’s adoption of a univer-
sal test-and-trear strategy. This strategy prioritizes
a positive HIV diagnosis for ART initiation,
regardless of CD4+ count or WHO clinical stage,
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thus minimizing the inclusion of individuals with
low CD4+ counts, advanced disease stages, or sig-
nificant wasting syndrome, which could contribute
to cardiometabolic complications. Additionally,
the study included individuals who had undergone
at most one switch within first-line regimens,
reducing the potential for cardiometabolic compli-
cations associated with the use of muluple regi-
mens or drugs. However, this study has several
limitations. First, the cross-sectional design pre-
vents establishing causal relauonships between risk
factors and MetS. Second, we did not conduct a
nutritional assessment, despite its known associa-
tion with MetS and cardiovascular risk. Third, the
small number of participants on an NNRTI-based
regimen may have limited our ability to fully inter-
pret the association between ART regimens with
MetS. Fourth, recall bias may have affected the
accuracy of family history data, partcularly regard-
ing hypertension and diabetes, while reliance on
self-reported data introduced potental bias and
limitations in accuracy. Lastly, we used only the
2009 harmonized (JIS) criteria to assess MetS
prevalence; different results may have been found
if other critena, such as WHO, NCEP-ATP II1, or
IDF, had been used.

Conclusion

We identified a high prevalence of MetS among
adult PLWH in southern Ethiopia, with low
HDIL-¢ being the most frequently observed com-
ponent, MctS was associated with both non-
modifiable (age and family history of hypertension)
and modifiable (BMI, WHtR, alcohol intake, and
TG/HDL-¢) risk factors, indicating a considera-
ble cardiovascular risk. However, our study found
no association between DTG-based first-line reg-
imens and an increased risk of MerS.

Therefore, regular screening and monitoring
for MetS components are essential to mitigate
the health risks associated with metabolic
abnormalities. As most of the identified risk
factors are modifiable, effective lifestyle inter-
ventions are essential. In addition, implement-
ing a comprehensive approach is essenual for
carly diagnosis, preventing cardiovascular com-
plications and e¢nhancing incident management
in this population. Furthermore, studies are
required to investigate additional underlying
factors and the long-term metabolic risks asso-
ciated with ART.
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ARTICLE INFO ABSTRACT

il

Keywords: Background: we aimed to eval the i of lifestyle modification ling on ght and body compo-
Overweight/obesity sition among adults with overwolghl or obesity receiving antiretroviral treatment (ART).

Hiv Methods: This randomi label, controlled trial enrolled 126 adults aged 18-65 years, living with human
a":l‘;‘l'eo"m' therapy immunodeficiency virus (HIV) and clnniﬂed as overwclghl or obese. Of these, 116 participants (63 in the control
Counselling group and 53 in the interv group) completed the six- h follow-up. Weight and body composition

outcomes were analyzed among those who completed the study, with comparisons made between baseline and
post-intervention measurements, The effect of lifestyle modification counselling on welght and body composition
was eval d through linear mixed effects model and multiple linear regression analysis,

Results: Over the six-month trial, participants who received lifestyle modification counselling showed signifi-
cantly greater reductions in body weight (A = —1.4 kg, p = 0.002), visceral fat (A = =053, p = 0.006), fat masy
(A = =2.16 kg, p < 0.001), and body fat percentage (A = =2.02 %, p < 0.001) compared to the control group.
The intervention group experienced greater increases in fat«free mass (A = +0.673 kg, p = 0.068) and percentage
skeletal muscle (A = +1.27 %, p < 0.001) compared to the control group. Additionally, lifestyle modification
counselling significantly contributed to achieving at least a 3 % weight loss from baseline (ff = 0.158, p = 0.048).
Conclusion: Lifestyle dification ¢ Iling resulted In g Ising and favorable changes In welght and body
composition. Therefore, offering routine structured lling inter within ART clinics for individuals
with overweight or obesity may help reduce obesity-related health risks and improve clinical outcomes (Thai
Clinical Trials Registry TCTR20240905007),

1. Introduction [2]. Excess welght gain in people living with HIV (PLWH) is assoclated

with an elevated risk of noncommunicable diseases (NCDs), which occur

Individuals living with human immunodeficiency virus (HIV) who
are receiving antiretroviral treatment (ART) are more likely to experi-
ence obesity compared to the general population [1]. The weight gain
observed in this group might be influenced by a variety of factors, which
include the obesogenic situation, metabolic as well as iIimmune changes
associated with HIV, specific ART regimens and demographic variables

more frequently in this population compared to those without HIV [3,4].
Additionally, obesity in PLWH is considered as a risk factor for cardio-
vascular and metabolic disorders and certain cancers [5,0].

Recent studies have highlighted differential degrees of weight gain
associated with various ART medications [7,4]. Integrase strand transfer
inhibitors (INST1s), particularly dolutegravir (D1'G)-based regimens, are
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highly recommended by the World Health Organization (WHO) and
widely used in Sub-Saharan Africa (SSA) due to their effectiveness, low
resistance and safety [9]. Despite their established efficacy, DTG-based
regimens have been associated with undesirable effects, including po-
tential cardiometabolic risks [7,10]. In addition, emerging evidence
suggests an increased risk of weight gain with these regimens [11,12]
and prior findings from this study project showed that 50 % of partici-
pants initiating first-line ART gained >10 % of their baseline weight
within 24-months [13]. A significant proportion of those who gained
excess weight were on DTG-based therapies [13]. As a result, various
studies have recommended the implementation of weight-loss in-
terventions for PLWH on INSTIs-based regimens [14-16].

Studies have emphasized the importance of behavioral interventions,
particularly dietary changes and regular physical activity as primary and
non-pharmacological options for weight loss and managinig obesity-
related conditions [17,18]. Robust evidence suggests that in-
terventions combining caloric restriction with exercise can effectively
facilitate healthy weight loss, leading to decreases in both subcutaneous
and visceral fat among PLWH [19-21]. Importantly even modest re-
ductions in weight can yield substantial long-term health advantages for
adults with obesity in the general population [22,23], including car-
diometabolic risk profiles [17]. Consequently, implementing lifestyle
changes focused on weight reduction is crucial for individuals with
overweight and or obesity, considering the substantial health risks that
obesity poses to this group [24,25]. Regular lifestyle counselling rep-
resents an essential and cost-effective method to support healthy weight
loss, sustainable management management and cardiovascular risk risk
reduction in this population [71].

Although Ethiopia has began integrating NCD care into HIV services
but lifestyle modification counselling is not consistently provided to
PLWH who are overweight or obese and receiving ART. The increasing
prevalence of weight gain associated with newer ART treatments,
exacerbated by sedentary lifestyles and limited engagement in health-
promoting activities, underscores the urgent need for wellcontrolled
studies. This study aimed to assess the impact of lifestyle modification
counselling on weight and body composition among adult PLWH with a
body mass index (BMI) >25 k,g/m2 who were receiving first-line ART.
Using a randomized trial design, the study aimed to highlight the
effectiveness of these interventions and their relevance to HIV care.

2. Materials and methods

2.1. Study setting

This study was done in Hawassa city in Sidama Region, southern-
Ethiopia, located 275 km from Addis Ababa. Hawassa city covers an
area of 157.2 km?, is divided into 8 sub-cities and consists of 32 kebeles
(the smallest administrative unit or neighbourhood within a district or
sub-city). According to the 2022 report from the City Administration
Health Department, the city had an estimated population of 402,903,
comprising 201,532 males and 201,371 females. The city administration
was providing ART services to over 6300 PLWH through eight health
facilities during the study period.

2.2. Study design and participants

This randomized, open-label, controlled trial (Thai Clinical Trials
Registry TCTR20240905007) investigated the effects of behavioral
lifestyle interventions in adults with overweight or obesity receiving
ART. Randomization was performed using a simple lottery method
based on the participants’ arrival for routine ART follow-up visits.
Participants were sequentially assigned to either the intervention or the
control group, ensuring comparable age distribution across groups. The
intervention group received personalized face-to-face counselling on
behavioral lifestyle changes at baseline, followed by at least two phone-
counselling sessions within two months to encourage adherence. In
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contrast, the control group received routine care from the ART clinics.
Both study groups underwent baseline data collection prior to the
intervention and were followed up for six months after the initial face-
to-face counselling session.

To be eligible, PLWH had to have a BMI >25 kg/mz, be aged 18-65
years, and have been on first-line ART for at least 12 months following
Ethiopia’s test-and-treat strategy. Additionally, eligible participants had
a baseline physical activity level below 600 metabolic equivalents of
task per week (MET-min/week) and were free from opportunistic in-
fections during the study period. Importantly, none had previously
received formal dietary or physical activity counselling or participated
in structured nutrition or physical activity programs.

Additionally, participants were required to have achieved viral
suppression, defined as an HIV ribonucleic acid (RNA) viral load below
1000 copies/mL, and demonstrated at least fair adherence to ART
(missing no more than 3—4 doses out of 30 or 4-9 doses out of 60) [26].
All participants provided written informed consent prior to enrolment.
Their first-line ART regimen included two nucleoside/nucleotide
reverse transcriptase inhibitors plus either efavirenz- or
dolutegravir-based combinations.

Exclusion criteria included a history of pulmonary or cardiac com-
plications, neurological or musculoskeletal disorders, diagnosed thyroid
disease, uncontrolled hypertension, or any physical condition that
limited participation in physical activity. Pregnant women, those with
chronic liver or renal disease, and participants who had begun Ethiopian
Orthodox Christian Lent and Ramadan fasting practices during the study
period were also excluded. Study enrolment took place between January
5, 2023, and May 30, 2024.

2.3. Sample size determination

For this trial study, the OpenEpi 3.01 software was used to estimate
sample size, with the focus on changes in body weight following lifestyle
modification counselling. The calculation was based on a 95 % confi-
dence interval (CI) and 80 % power. At the three-month assessment, the
counselled group had a mean 85.6 kg (£15.96) weight, with mean 4.09
kg reduction from baseline [27]. While, the participants in control arm
had an average weight of 94.02 kg (£14.96), indicating a mean 0.65 kg
increase from baseline [27]. Initially, the sample size was calculated to
be 106, but it was adjusted to 132 to account for a 20 % attrition rate. As
a result, 66 participants were randomly assigned to each group, with
randomization based on their arrival according to the ART clinic’'s
follow-up schedule.

2.4. Intervention

The goal of the lifestyle modification intervention was to achieve and
maintain at least a 3 % reduction in weight from baseline through
individualized counselling, including an initial face-to-face session fol-
lowed by a minimum of two phone-based remote counselling sessions.
The intervention included specific strategies such as modifying dietary
intake habit, caloric restriction and increasing body exercise (perform-
ing at least moderate-intensity physical activity). Trained counsellor
(ART clinic nurse) conducted counselling. The training materials for
counsellor were developed by adapting guidelines and literature on
body weight management, emphasizing the importance of healthy
weight reduction [28-33]. The initial session was an individual based
face-to-face contact, lasting 50-60 min, with a focus on promoting
lifestyle changes. All intervention components were explained in
Ambharic language during counselling supported by pictures and pho-
tographs during face-to-face interviews and discussions. Each partici-
pant received nutrition counselling from a trained counsellor, who
utilized motivational interviewing techniques overseen by the principal
investigator. During the counselling sessions, counsellor encouraged
participants’ lifestyle modifications to reduce caloric intake of at least
500 kcal/day. To achieve this they were advised to use strategies such as
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reducing portion sizes, limiting high-calorie foods (e.g., fried foods,
sugary drinks), choosing low-energy-dense foods like vegetables and
whole grains, and promoting regular meal patterns, lean protein and low
fat and oils into their daily diets. In addition, they recommended
incorporating locally available fibre-rich foods, like whole grains, green
vegetables, Moringa oleifera leaves, and fruits into their diets. They also
advised avoiding overeating and to reduce or eliminate the intake of
refined grains, fats particularly saturated types, added sugars,
high-calorie foods, fast foods and sugary or processed foods.

Regarding exercise, all participants in the intervention group were
encouraged to engage in at least 150 min of moderate-intensity exercise
per week, primarily consisting of aerobic activities. In addition to this,
they were advised to perform physical exercises in line with the program
aired on Ethiopian television, either choosing morning or evening ses-
sions based on their preference. They were also highly advised to
minimize sedentary behaviours, including prolonged sitting, watching
television, using a computer, or playing video games [34,35]. Each
participant in the intervention group received a brochure, written in
Ambharic language, which was adapted from multiple guidelines and
previously published literature on body weight management [28-33].
This brochure included both narrative text and pictorial illustrations
offering guidance on dietary modifications, behavioural changes, and
the promotion of physical activity to support effective weight loss.
Furthermore, participants received at least two remote counselling
sessions via phone calls, each lasting 20-30 min within the first two
months following randomization, to support and encourage them to
adhere to the recommended lifestyle changes. In contrast, the control
group have not received lifestyle modification counselling throughout
the study but they were asked to visit and attend the final assessment.
Apart from the counselling, participants received the routine care from
the ART clinics service. Following the final assessment, they were pro-
vided with lifestyle modification counselling to enable them to achieve
the anticipated benefits.

2.5. Data collection

Data on sociodemographic and socioeconomic factors, behavioral
characteristics, clinical information, food frequency and 24-h dietary
recall (24HR) were collected through a questionnaire written in the
Ambharic language administered by an interviewer. All data were gath-
ered in isolated rooms according to the measurement protocol. To
capture detailed information on all foods and beverages consumed by
participants, a structured 24HR questionnaire was used. This covered
everything consumed within 24 h, typically from morning of the pre-
vious day to the morning of the next day.

To estimate food intake, standard measuring tools, common-size
containers and pictorial displays of food items were used. Photographs
illustrating different portion sizes was used to facilitate precise estima-
tion of the foods consumed and their respective portion sizes according
to the participants’ responses. This process enabled the calculation of
average daily use of total calorie, macronutrients (carbohydrates, pro-
teins and fats) and fibre amount. These estimates were computed using
Ethiopian Food Composition Tables and Ethiopian Food-Based Dietary
Guidelines [36-38]. A questionnaire on dietary diversity and food fre-
quency was used to evaluate the participants’ usual food intake. The
number of distinct food groups consumed by participants over the past
24 h was used to determine the Individual Dietary Diversity Score
(IDDS). For this assessment, food items were categorized into ten spe-
cific groups. A DDS of less than 5 indicated low dietary diversity, while a
score of 5 or more reflected diversified food consumption [39,40]. In
addition, the baseline physical exercise status of each individual was
evaluated using the short form of the International Physical Activity
Questionnaire [41,42].
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2.6. Outcome measurement and assessments

The outcome variables were measured at baseline, before the initi-
ation of counselling, and again at the end of the six-month intervention.
Measurements of body height done by a Seca stadiometer from Ger-
many, while waist circumference and hip circumference were measured
with non-elastic measuring tape and recorded in centimetres (cm). Body
weight in kilogram, BMI (kg/m?) and body composition including body
fat percentage (BFP), visceral fat (rated on a scale of 1-30) and per-
centage of skeletal muscle were obtained through bioelectrical imped-
ance analysis using the Omron Full Body Sensor Body Composition
Monitor and Scale (Omron HBF-514C: Omron Healthcare Ltd.) [43],
and measured as per manufacturers protocol. Fat mass (FM) was
calculated by multiplying body weight by the BFP divided by 100, while
fat-free mass (FFM) was determined by subtracting FM from total body
weight, using the formula: FFM = weight — [weight x (BFP/100)]. The
Fat Mass Index (FMI) is calculated by dividing FM by the square of
height (m?), expressed as: FMI = FM (kg)/height (m?). Similarly, the
Fat-Free Mass Index (FFMI) is determined by dividing FFM by the square
of height (m?), represented as: FFMI = FFM (kg)/height (m?).

To ensure data accuracy, each outcome variable was measured twice
for every participant at each phase and the mean of these values was
recorded and used for analysis. The same counsellor provided the
intervention consistently throughout the study to reduce interpersonal
bias and body weight measuring instrument was calibrated daily with
standard calibration tools.

The primary outcomes were changes in weight and body composi-
tion, measured at baseline and after six months. The the study also
aimed to achieve at least a 3 % reduction in weight from baseline after
six months of lifestyle modification counselling. This weight loss was
expressed as a percentage change from baseline for each participant,
using the formula: [(value at 6 months — value at baseline)/value at
baseline] x 100.

2.7. Statistical analysis

To minimize biases from non-completers, we conducted a per-
protocol analysis, comparing study groups based only on participants
who completed the study as planned. Descriptive statistics were
employed to summarize the study variables. Categorical variables are
presented as frequencies and percentages, while numerical variables are
reported as means with standard deviations (SD) or as medians with
interquartile ranges (IQRs). The y? test was applied to evaluate the de-
mographic characteristics of the participants and Independent t-test was
used to compare baseline characteristics between the study groups. A
paired t-test was used to calculate within-group changes in quantitative
variables from baseline. An independent t-test was used to evaluate the
differences in scores between the pre-test and post-test resuits for both
the intervention and control groups. Demographic variables and weight
loss were dummy coded before analysis. Multicollinearity was evaluated
using the variance inflation factor (VIF), with values < 10 considered
acceptable for this analysis. Linear regression, adjusted for baseline
values was employed to assess changes in weight and body composition,
as well as to determine a weight loss of at least 3 %. A linear mixed-
effects model was also employed to assess the effect of counselling on
weight and body composition variables over time. Statistical signifi-
cance was determined at a 5 % alpha level with a 95 % CI. Analyses were
performed using SPSS version 27.0 and STATA version 17.0.

3. Results
3.1. Participants’ baseline characteristics
Overall, 126 adults with overweight and obesity were randomly

allocated into two groups, each consisting of 63 individuals. Following
randomization, 10 participants were excluded from the intervention
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group due to failure to complete the study (Fig. 1). Table 1 indicates the
study completed participants’ baseline characteristics (n = 116). There
were no statistically significant differences between these groups in
baseline variables (all p > 0.05), except for dietary fibre consumption
level. For both study groups, the average age was 43.6 years (SD =+ 8.6),
and the average BMI was 29.7 kg/m? (SD + 4.8). The majority were
females (71/116, 61.2 %) and overweight (79/116, 68.1 %). Regarding
ART regimens, more than 95 % in each group were on DTG based first
line regimens.

3.2. Baseline dietary diversity score and food frequency patterns of the
study participants

Average DDS among the study participants was 4.1 (£0.97). A sub-
stantial proportion, 72.4 %, displayed low dietary diversity, with 4.3 %
consuming foods from only two groups, 19.8 % from three groups and
48.3 % from four groups. In contrast, 27.6 % of participants included
foods from five or more food groups in their diet. An adequate DDS is
characterized by the intake of >5 diverse food groups. It was achieved
by 26.4 % of participants in the intervention group and 28.6 % in the
control group.

In terms of food frequency, over 98 % of participants reported
consuming foods made from cereals, grains, and white roots or tubers

more than once a day. In comparison, only 3.4 % of participants ate
fruits daily, while 14.7 % consumed vegetables on a daily basis. Fish was
the least frequently consumed food, with only 0.9 % of participants
eating it once per week (Table 2).

3.3. Changes after six-month intervention

Table 3 presents the intragroup comparisons of variables after six
months. Intervention group showed average 0.6 kg (95 %CI-1.3,0.11; p
= 0.11) weight loss from their baseline, whereas control participants
gained 0.8 kg (95 %CI 0.27, 1.3; p = 0.004) weight from their baseline.
WC and HC in the intervention group showed significant reductions
from their baseline (p < 0.05). Significant change in BFP, FM and FMI
was observed in the counselled group: BFP decreased by 1.4 % (95 %ClI
-2.0, —0.86, p < 0.001), FM by 1.38 kg (95 %CI -2.1, —0.6, p = 0.001)
and FMI by 0.54 kg/m2 (95 %CI -0.85, —0.24, p = 0.001) from baseline.
In contrast, the controls showed significant increases in BFP (+0.6 %
[95 % CI 0.12, 1.1, p = 0.01]), FM (+0.78 kg [95 %CI 0.27, 1.3, p =
0.0031), EMI (+-0.3 kg/m? [95 %CI 0.1, 0.5, p = 0.004]) and visceral fat
(+0.28 [95 %CI 0.09, 0.48, p = 0.005]) from their baseline.

The intergroup comparison of differences over six months revealed
significant changes among participants in the intervention group
compared to the controls. Participants in the counselling group lost

Estimated sample size for
randomization:
132

= (6 individuals

\ 4

Refused:

Total randomized:
126 participants

v

Intervention group:
63 participants

Excluded: 10 participants due to
> missing last follow up= 5
» become pregnant after enrolment=1

.

» started Orthodox Christian lent=4

Completed follow up:
53 participants

Analyzed data:
53 participants

Control group:
63 participants

Excluded: none

Completed follow up:
63 participants

Analyzed data:
63 participants

Fig. 1. Flowchart depicting the study participants’ inclusion process.
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Table 1
Baseline general characteristics of the study participants.
Variables Category Total n = 116 Study groups p value
Intervention n = 53 Controls N = 63
Sex Females 71 (61.2) 32 (60.4) 39 (61.9) 0.866
Males 45 (38.8) 21 (39.6) 24 (38.1)
Age, years Mean (SD) 43.6 (8.7) 42.8 (7.0) 44.3 (9.9 0.347°
ART duration, years Mean (SD) 4(1.8) 3,78 (1.8) 4.1(1.8) 0.289 ®
Height, centimetre Mean (SD) 1.6 (0.1) 1.6 (0.09) 1.6(1.1) 0.373°
Weight Mean (SD) 76.8 (11.9) 79(11.49) 75 (12.1) 0.071 "
Body mass index, kg/m” Mean (SD) 29.4 (4.4) 29.7 (4.8) 29.0 (4.1) 0.397 ®
25-29.9 kg/m? 79 (68.1) 35 (66.0) 44 (69.8) 0.662*
>30 kg/m* 37 (31.9) 18 (34.0) 19 (30.2)
WC, centimetre Mean (SD) 97 (9.2) 97.7 (9.6) 96.4 (8.9) 0.462°
Hip circumference Mean (SD) 103.9 (8.8) 105.1 (10) 102.9 (7.5) 0.175°
Waist-hip ratio Mean (SD) 0.94 (0.097) 0.93 (0.098) 0.94 (0.096) 0.715"
HDL-cholesterol Mean (SD) 36.4 (8.3) 35.9 (7.5) 36.7 (9) 0.61°
Percent body fat Mean (SD) 39.7 (4.9) 40.6 (9.6) 39.1 (7.8) 0.364 °
Fat mass index, kg/m? Mean (SD) 11.8 (3.9) 12.39 (4.7) 11.29 (3.0) 0.130 ®
VF level (1-30 range) Mean (SD) 9.97 (2.96) 9.9 (2.5) 10 (3.3) 0.821°
Fat free mass, kg Mean (SD) 46.3 (10) 46.7 (8.8) 45.98 (11) 0.698 ©
Fat free mass index, kg/m* Mean (SD) 17.3 (2.0) 17.36 (1.9) 17.32 (2.1) 0.928 °
Percent skeletal muscle Mean (SD) 26.2 (4.9) 26 (5.3) 26.3 (4.6) 0.791 "
Total energy, Kilocalorie Mean (SD) 2034 (435.3) 2008.7 (398.6) 2056 (466) 0.563 °
Carbohydrate, Kilocalorie Mean (SD) 1417.3 (306.4) 1371.5 (259.2) 1456 (338.4) 0.14°
Protein, Kilocalorie Median (IQR) 211.5 (177-299) 194.6 (169-324) 211 (185-274) 0.673°
Fat, Kilocalorie Median (IQR) 336.4 (238-465) 342 (249.5-485) 323 (230-451) 0.576°
Fibres, grams Mean (SD) 32.8 (13.5) 29.4 12.7) 35.7 (13.7) 0.012°

Values are presented as numbers (%) unless otherwise indicated; ART, antiretroviral therapy; HDL, high density lipoprotein; WC, waist circumference; VF, visceral fat;
IQR: interquartile range; kg, kilogram; m?, square meter; SD, standard deviation; (%, significance by chi square test; ", significance by independent t-test; € significance
by Mann-Whitney U tests).

Table 2
Food frequency patterns of the study participants (n = 116).
Frequency of Grains, roots Pulses Seeds and Eggs Dairy Meat and meat Any Any Fats and Fishes Sweets and
food item intake and Tubers (%) nuts (%) (%) products products (%) vegetables fruits oils (%) (%) drinks (%)
(%) (%) (%) (%)
Never 0.0 0 48.3 52.6 49.1 48.3 86 19 0.0 99.1 69.8
Once/week 0.0 09 259 19.8 86 129 14.7 16.4 0.0 09 09
Two times/week 0.0 26 13.8 16.4 138 233 259 353 0.0 0.0 11.2
3-4 times/week 0.0 1.7 8.6 6.0 103 10.3 35.3 21.6 0.0 0.0 43
5-6 times/week 0.0 09 1.7 0.0 0.9 1.7 8.6 4.3 0.0 0.0 1.7
Once/day 1.7 6.9 0.9 5.2 129 3.4 147 34 0.0 0.0 10.3
>1 times/day 98.3 87.1 09 0.0 43 0.0 09 0.0 99.1 o 1.7
Total (%) 100 100 100 100 100 100 100 100 100 100 100
Table 3
Changes in body composition and blood pressure from baseline to six-month intervention.
Outcome variables Changes within group”
Intervention group (n = 53) Control group (n = 63)
At 6 month A from baseline p-value At 6 month A from baseline p-value
Mean (SD) Mean (95 %CI) Mean (SD) Mean (95 %CI)
Weight, kg 78.5(11.7) —0.6 (-1.3, 0.11) 0.10 75.98 (11.97) +0.8 (0.27, 1.3) 0.004
Body mass index, l(g/m2 29.53 (4.8) —0.23 (-0.49, 0.03) 0.078 29 (2.9) —0.048 (-0.09, 0.8) 0.94
Waist circumference, em 96.35 (9.6) —-1.3(-2.2, —-0.45) 0.004 95.87 (8.9) -0.53 (-1.2, 0.15) 0.13
Hip circumference, cm 103.46 (9.9) —-1.7 (-2.4, -0.9) <0.0001 102.11 (7.4) —0.79 (-1.5, -0.1) 0.02
%Body fat 39.02 (9.3) —1.4 (-2.0, -0.86) <0.0001 39.66 (7.6) +0.6 (0.12,1.1) 0.01
Fat mass, kg 30.95 (10) —1.38 (-2.1, —0.6) 0.001 29.83 (6.2) +0.78 (0.27, 1.3) 0.003
Fat mass index, kg/m* 11.8 (4.6) —0.54 (-0.85, —0.24) 0.001 11.59 (2.97) +0.3 (0.1, 0.5) 0.004
Visceral fat (1-30 range) 9.66 (2.5) —0.24 (-0.59, 0.1) 0.15 10.32(3.3) +0.28 (0.09, 0.48) 0.005
Fat free mass, kg 47.5 (8.5) +0.84 (0.18, 1.5) 0.014 46.15 (10.9) +0.17 (-0.2, 0.5) 0.37
Fat free mass index, kg/m” 17.69 (1.9) +0.34 (0.08, 0.6) 0.01 17.39 (2.0) +0.06 (-0.08, 0.2) 0.38
% Skeletal muscle 26.77 (5.1) +0.9 (0.51, 1.31) <0.0001 25.92(4.4) —0.34 (-0.8, 0.06) 0.096
Systolic BP(mmHg) 125 (17.7) -3.1(-6.3,0.2) 0.065 124.3(21.7) —-1.4(49,22) 0.44
Diastolic BP(mmHg) 81.2 (10.9) -3.7(-6.2,-1.2) 0.004 80.2(13.1) —-1.4(4.6,1.8) 0.39

BP,blood pressure; CI, confidence interval; cm, centimetre; mmHg, millimetre of mercury; SD, standard deviation.
* Changes in variables within group was assessed by paired t-test.
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substantial weight (—1.4 kg [95 %CI -2.2, —0.53]), BFP (—2.02 % [95 %
C1-2.7, —1.3]), FM (—2.16 kg [95 %CI -3.1, —1.3]), FMI (—0.847 kg/m?
[95 % CI -1.2, —0.495]), and VF (—0.53 [95 % CI -0.904, —0.157])
compared to controls at 6 months. In addition, the counselled group
showed greater improvement in percentage skeletal muscle mass than
controls (+1.27 % [95 %CI: 0.68, 1.8]). Cohen’'s d values for differences
were indicated as follows: for weight, d = —0.6 (medium effect); for BFP,

= —1.03 (large effect); for FM, d = —0.889 (large effect); for VF, d =
—0.525 (medium effect); and for percentage skeletal muscle mass, d =
0.8 (large effect) (Table 4).

3.4. Correlations between counselling and changes in weight and body
composition

Counselling was significantly correlated with reduction in weight,
resulting in a mean weight loss of 1.43 kg (p = —1.43, 95 % CL: 2.4,
—0.45). Counselling also was correlated with an average decrease of
1.76 % in BFP (f = — 1.76, 95 % CI: 2.5, — 0.97) and an increase of 1.28
% in percentage skeletal muscle mass (f = 1.28, 95 % CI: 0.67, 1.9),
suggesting a a favourable effect on muscle composition (Table 5).

After adjusting for covariates, significant interaction effects of
“group x time* was found for variables such as weight (§ = —1.1, 95 %CI
-1.9, —0.3, p = 0.006), BFP (p = —1.8, 95 %CI -2.5, —1.1, p < 0.0001),
FFM (p = 0.7, 95 %CI 0.18, 1.2, p = 0.009), and percentage skeletal
muscle mass (f = 1.2, 95 %CI 0.63, 1.8, p < 0.0001).

Overall, 33.6 % of participants showed a reduction of >1 % of their
baseline weight, with 43.4 % in the intervention group and 25.4 % in the
control group (p = 0.041). In addition, 18.1 % lost at least 3 % of their
body weight from baseline. Of these, 24.5 % participants were from the
intervention group and 12.7 % were from controls. Multiple linear
regression analysis showed that counselling had a significant effect on

Table 4
Effect size of intervention on anthropometrics, body composition and blood
pressure.

Between group difference (Intervention group Vs. Controls).”

Outcome variables A from Control Significance  Effect size
Mean (95 %CI) p-value Cohen's d (95 %
cn
Weight, kg —1.4(-2.2,-0.53) 0.002 —0.6 (-0.973,
—0.266)
Body mass index, kg/ —0.18 (-1.7, 0.80) 0.71 —0.068 (-0.43,
m? 0.297)
Waist circumference, —0.8 (-1.9, 0.29) 0.148 0.271 (-0.638,
cm 0.096)
Hip circumference, em  —0.876 (-1.9, 0.087 —0.322 (-0.689,
0.13) 0.047)
Body fat (%) -202(-27,-1.3)  <0.0001 —1.03 (-1.42,
—0.642)
Fat mass, kg -216(-3.1,-1.3)  <0.0001 —0.887 (-0.127,
—0.503)
Fat mass index, kg/m*  —0.847 (-1.2, <0.0001 —0.887 (-1.27,
—0.495) —0.502)
Visceral fat (1-30 —0.53 (-0.904, 0.006 —0.525 (-0.895,
range) —0.157) —0.152)
Fat free mass, kg +0.673 (-0.05, 0.068 0.34 (-0.025,
1.39) 0.711)
Fat free mass index, +0.27 (-0.007, 0.056 0.36 (-0.009,
kg/m? 0.55) 0.728)
Skeletal muscle (%) +1.27 (0.68,1.8)  <0.0001 0.80 (0.42, 1.18)
Systolic BP(mmHg) -1.7 (-6.5, 3.1) 0.49 —0.129 (-0.494,
0.237)
Diastolic BP(mmHg) -2.3(-6.5, 1.8) 0.267 —0.21 (-0.574,
0.159)

BP,blood pressure; CI, confidence interval; cm, centimetre; kg, kilogram; mmHg,
millimetre of mercury.

* Change score in variables between groups assessed by independent t-test;
Effects size based on Cohen’s d: <0.19 for insignificant; 0.20-0.49 for small;
0.50-0.79 moderate and >0.80 for large.
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achieving at least a 3 % reduction in weight from baseline (Table 6).
4. Discussion

This study assessed the impacts of counselling on weight and body
composition variables. The counselling included one in-person session at
randomization, followed by at least two telephone sessions within two
months of intervention. Over six months, participants in the counselling
group led to substantial decrease in weight (—1.4 kg), BFP (—2.0 %) and
FM (—2.16 kg) compared to the controls. Additionally, considerable
increase in percentage skeletal muscle (+1.27 %) and FFM (+0.67 kg)
were observed among participants in the counselling group when
compared to controls. Lifestyle modification counselling was also
showed significantly correlation with achieving a minimum weight loss
of 3 %.

Participants who received counselling experienced a significant
decrease in weight (—1.4 kg) over six months compared to the control
group. The finding is consistent with previous studies showing similar
results with face-to-face, remote or combined counselling interventions
[44-47]. Additionally, meta-analysis studies have demonstrated that
increased counselling intensity significantly improves weight loss out-
comes [48,49].

Studies have shown that lifestyle interventions combining dietary
modifications and regular physical activity are effective for weight loss
and obesity management [18,50]. However, the intragroup comparison
in our counselling group indicated small weight loss from baseline,
contrary to reports of other studies [51,52]. This may be attributed to
the considerable increase in FFM and percentage skeletal muscle in our
study, which may have replaced weight loss and influenced the weight
loss results.

We found significant reductions in BFP (—1.4 %) and FM (—1.38 kg)
in the counselled group from their baseline. Additionally, the inter-
vention group showed significant reductions in BFP (—-2.0 %), VF
(—0.53), and FM (—2.16 kg) compared to the control group. These re-
sults are consistent with findings from several studies conducted among
individuals with chronic health conditions, the general population
[53-55], and PLWH [56,57].

PLWH on ART may be at increased risk of subcutaneous and visceral
fat accumulation, contributing to central obesity and potentially
increasing the risk of certain cancers through metabolic and inflam-
matory pathways [58], as well as elevating metabolic and cardiovas-
cular risks [59]. Therefore, non-pharmacological treatments such as
lifestyle interventions are essential for promoting healthy weight loss
and reducing the impact of obesity among individuals with obesity [17,
18]. Additionally, we observed a significant increase in FM (+0.78 kg)
and VF levels (+0.28) in the control group from their baseline. This
finding aligns with previous studies that reported similar results [60].
Inadequate physical exercise in PLWH compared to those without HIV,
may contribute to alterations in body composition including the accu-
mulation of central fat [61].

Studies have shown improvements in skeletal muscle mass, with a
significant increase in the intervention group compared to the controls
[62-64]. Consistent with these findings, we observed a substantial in-
crease in percentage skeletal muscle in the counselled group from their
baseline (+0.91) and compared to the control group (+1.27). Dietary
modifications [65], along with increased exercise among participants in
the counselling group may have contributed to this improvement in
skeletal muscle [63,65].

In this study, participants in the counselling group showed a signif-
icant increase in FFM over six months from baseline; however, this in-
crease was not significantly different from that in the control group.
These findings are consistent with previous studies reporting increases
in FFM among individuals with overweight or obesity who received
lifestyle interventions [49,66]. Improvements in physical activity and
dietary habits following counselling may promote the progress of skel-
etal muscle and increases in FFM [67].
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Table 5
Linear regression model for associations of intervention with changes in weight and body composition.

Baseline variables Body weight (A) 9%body fat (A) %%skeletal muscle (A)

B(95 % CI) P-value (95 % CI) P-value (95 % CI) P-value
Constant 24(-4.3,91) 0.481 5.8(0.39,11.2) 0.036 —0.26 (-3.9,3.9) 0.887
Intervention —1.43 (-2.4, —0.45) 0.005 —1.76 (-2.5, —0.97) <0.0001 1.28 (0.67, 1.9) <0.0001
Baseline weight —0.006 (-0.05,0.03) 0.767 —0.02 (-0.05, 0.016) 0.703 —0.003 (-0.03, 0.02) 0.80
Age —0.01 (-0.07, 0.05) 0.725 —0.028 (-0.08, 0.02) 0.318 0.03 (-0.08, 0.07) 0.123
Alcohol intake 0.15 (-0.12, 0.93) 0.779 —0.06 (-0.93, 0.81) 0.757 —0.05 (-0.72, 0.63) 0.893
ART duration 0.07 (-0.19, 0.34) 0.578 0.03 (-0.19, 0.24) 0.80 —0.07 (-0.24, 0.09) 0.393
DTG-based regimen 1.1(-1.2,3.4) 0.338 —0.54 (-2.4, 1.36) 0.569 0.45 (-0.99, 1.9) 0.538
Baseline Carbs calorie —0.001 (-0.003, 0.00) 0.148 0.0 (-0.002, 0.001) 0.867 0.001 (-0.001, 0.002) 0.322
Baseline Protein calorie 0.00 (-0.003, 0.004) 0.780 —0.001 (-0.004, 0.002) 0.457 i -
Baseline Fat calorie 0.003 (0.0, 0.007) 0.086 0.2 (-0.69, 1.1) 0.659 0.001 (-0.001, 0.004) 0.222
Baseline fibers intake 0.018 (-0.03, 0.06) 0.418 0.01 (-0.02, 0.05) 0.539 —0.014 (-0.04, 0.01) 0.298
Baseline dietary diversity —0.5 (-1.6, 0.63) 0.393 0.18 (-0.70, 1.06) 0.686 0.24 (-0.44, 0.92) 0.484
Baseline %body fat —0.02 (-0.08, 0.04) 0.437 —0.05 (-0.1, —0.005) 0.031 * -
Baseline % skeletal muscle v - » - —0.08 (-0.24, —0.02) 0.013
Baseline systolic BP 0.006 (-0.03, 0.04) 0.731 0.03 (0.007, 0.06) 0.016 —0.02 (-0.04, —0.001) 0.044
Baseline diastolic BP —0.017 (-0.07, 0.03) 0513 —0.06 (-0.1, —0.017) 0.006 0.04 (0.008, 0.07) 0.014
Baseline triglyceride level 0.001 (-0.005, 0.007) 0.696 0.003 (-0.002, 0.008) 0.2183 —0.004 (-0.008, —0.001) 0.027

A, change from baseline; DTG, dolutegravir; variance inflation factor for body weight = 8.7; % body fat = 8.7 % skeletal mass = 8.6; * excluded variable with a variance

inflation factor of >10.

Table 6
Association of interventions with >3 % weight loss among the study

participants.

Variables 95 % Confidence interval for p
p Lower Upper >
limit limit value
(Constant) 00.711 —00.420 1.842 0.215
Intervention 00.158 00.002 00.314 0.048
Females —00.028 —-00.204 00.148 0.754
Age >40 years 00.041 —00.207 00.288 0.746
Receiving dolutegravir based —00.055  -00.435 00.324 0.773
regimen
High density lipoprotein 00.005  —00.005 00.014 0.309
cholesterol
Baseline protein intake (calorie) 00.000 —00.001 00.000 0.181
Baseline adequate diversified 00.033  —00.148 00.213 0.721
dietary intake
Baseline fat intake (calorie) 00.000 —00.001 00.000 0.426
Baseline fibre intake (gram) 00.001 —00.005 00.007 0.710
Waist circumference —00.006 —-00.017 00.005 0.266
(centimeter)
Body mass index (kilogram/ —00.001 —-00.022 00.021 0.949
metre?)

#, unstandardized coefficient.

In linear regression, the intervention was significantly correlated
with changes in weight, BFP and percentage skeletal muscle mass after
adjusting for baseline factors. Additionally, intervention was signifi-
cantly correlated with >3 % weight reduction from baseline. Similar
results have been reported in several studies, which demonstrating the
substantial influence of interventions on body weight reduction [68,69].
This may have clinically significant implications for improving car-
diometabolic risk markers [17,18,22]. Consequently, offering routine
and successful lifestyle counselling could ensure that at-risk individuals
receive timely and may help reduce obesity related health problems
[70].

5. Limitations

This study had several limitations. This study focused solely on
adults with overweight and obesity, which may have restricted the
applicability of the findings to the general population. We did not assess
cardiovascular disease indicators, such as lipid profiles, or metabolic
indicators like fasting blood sugar at the completion follow up, which
may limit our evaluation of metabolic and cardiovascular outcomes.

Nearly one-fourth of participants in the intervention group reported
economic constraints, which may have limited their access to a variety
of healthy, diversified, and fiber-enriched foods essential for supporting
weight loss and management. Additionally, the baseline data on food
frequency, 24-h dietary recall, and physical exercise were self-reported,
which could have introduced inaccuracies and response bias.

6. Conclusion

This study demonstrates that lifestyle counselling led to significant
changes in weight and body composition over six months in adults with
overweight or obesity receiving ART. Additionally, lifestyle modifica-
tion interventions were notably associated with changes in weight, BFP,
percentage skeletal muscle mass and a weight loss of >3 % from base-
line. Therefore, the routine provision of lifestyle counselling for in-
dividuals with overweight or obesity on ART could help mitigate
obesity-related health risks and enhance clinical outcomes. In addi-
tion, well-controlled trials with larger sample size and sex stratifications
are essential to assess the long-term effects of lifestyle interventions on
cardiometabolic risk factors in this population.

Clinical key take away messages

e Lifestylecounselling resulted in significant reductions in weight, FM,
VF, and BFP.

e The counselled group showed an increase in FFM and skeletal muscle
mass.

e Lifestyle counselling correlated with achieving >3 % weight loss.

Declaration of artificial intelligence (AI) and Al-assisted
technologies

The authors did not use Al tools during the preparation of this work.
Author contributions

Agete Tadewos Hirigo, Zelalem Debebe, Daniel Yilma and Ayalew
Astatkie conceptualized and designed the study. Agete Tadewos Hirigo
and Moges Derbe contributed to data collection. Agete Tadewos Hirigo,
Zelalem Debebe, Daniel Yilma and Ayalew Astatkie conducted data
analysis and drafted the initial manuscript. Zelalem Debebe, Daniel
Yilma and Ayalew Astatkie provided supervision, interpreted the data,
critically revised the manuscript and gave final approval for publication.

186



A.T. Hirigo et al.

All authors reviewed and approved the final manuscript

Ethics review

The study protocol was approved by the Institutional Review Board
of the College of Natural and Computational Sciences at Addis Ababa
University (Approval No: IRB/07/14/2022). All participants were pro-
vided with information regarding the research objectives and potential
benefits, and written informed consent was obtained.

Trial registration

This clinical trial was retrospectively registered with the Thai Clin-
ical Trials Registry on September 5, 2024 (TCTR20240905007) and can
be accessed at https://www.thaiclinicaltrials.org/show/TCTR2024090
5007.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

We would like to express our sincere gratitude to the case manager
and adherence supporters, nurses and laboratory staff at the ART clinics
in the health facilities within the Hawassa City administration. We also
deeply appreciate the dedicated participation of the study participants.
Furthermore, our thanks extend to Addis Ababa University, Hawassa
University and the NORAD project for their essential financial support,
which made this study possible.

References

1]

2]
3]

4]

5]

6}

8]

&)

101

[

n2

(131

Konishi K, Nakagawa H, Asaoka T, Kasamatsu Y, Goto T, Shirano M. Brief

¢ ication: body comg and hidden obesity in people living with HIV on
antiretroviral Lhcrapy AIDS Res Ther 2024;21(1):12.

Bailin SS, Gabriel CL, Wanjalla CN, Koethe JR. Obesity and weight gain in persons
with HIV, Curr HIV AIDS Rep 2020:17:138-50.

Herrin M, Tate JP, Akgiin KM, Butt AA, Crothers K, Freiberg MS, et al. Weight gain
and incidcnl diasbetes amung HIV infected-veterans initiating antiretroviral therapy

pared to uninfected individuals. J Acquir L Defic Syndr 2016:73(2):228.
Godfrey C Bremer A, Alba D, Apovian C, Koethe JR, Koliwad §, et al. Obesity and
fat 1 inh feficiency virus—infected individuals:
i path ic mech and clinical implications. J Infect Dis 2019;220
(3):420-31.

Zhang X, Zhang M, Zhao Z, Huang Z, Deng Q, Li Y, et al. Geographic variation in
prevalence of adult obesity in China: results from the 2013-2014 national chronic
disease and risk factor surveillance. Ann Intern Med 2020:172(4):291-3.

Lee CMY, Goode B, Nortoft E, Shaw JE, Magliano DJ, Colagiuri S. The cost of
diabetes and obesity in Australia. J Med Econ 2018;21(10):1001-5.

Bourgi K, Rebeiro PF, Tumcr M, Castilho JL, Hulg;m T, Raffanti SP, et al. Greater
weight gain in treat starting d ir-based antiretroviral
therapy. Clin Infect Dis 2020 70(7) 1267-74.

Venter WD, Moorhouse M, Sokhela S, Fairlie L, Mashabane N, Masenya M, et al.
Dolutegravir plus two different prodrugs of tenofovir to treat HIV. N Engl J Med
2019;381(9):803-15.

WHO. World Health Org ion. Updated rec fati on first-line and
second-line antiretroviral regimens and post-exposure prophylaxis and
recommendations on early infant diagnosis of HIV: interim guidelines: supplement
to the 2016 consolidated guidelines on the use of antiretroviral drugs for treating
and preventing HIV infection. World Health Organization; 2018,

Goldberg RN, Kania AT, Michienzi SM, Patel M, Badowski ME. Weight gain in
incarcerated individuals living with HIV after switching to integrase strand
inhibitor-based therapy. J Int Assoc Phys AIDS Care 2021:20:2325958221996860.
Sax PE, Erlandson KM, Lake JE, Mccomsey GA, Orkin C, Esser S, et al. Weight gain
following initiation of antiretroviral therapy: risk factors in randomized
comparative clinical trials. Clin Infect Dis 2020:71(6):1379-89.

Bailin SS, Gabriel CL, Wanjalla CN, Koethe JR. Obesity and weight gain in persons
with HIV. Current HIV/AIDS reports 2020;17(2):138-50.

Hirigo AT, Yilma D, Astatkie A, Debebe Z. Effect of dolutegravir-based first-line
antiretroviral therapy on weight and body mass index among adult pcoplc lwmg
with HIV on follow up at health facilities in H: city istration n
Ethiopia: a retrospective cohort study. Ann Med 2023;55(2):2242250,

187

[14]

[15]

[e]

7]

(18]

[19]

21]

[22

-]

23]

[26]

271

[31]

32]

[33]

[35]

g

371

g

[40]

Hill A, Waters L, Pozniak A. Are new antiretroviral treatments increasing the risks
of clinical obesity? J Virus Eradica 2019;5(1):41-3.

Wong C, Gange SJ, Moore RD, Justice AC, Buchacz K, Abraham AG, et al.
Multimorbidity among persons living with human immunodeficiency virus in the
United States. Clin Infect Dis 2018;66(8):1230-8.

Bakal DR, Coelho LE, Luz PM, Clark JL, De Boni RB, Cardoso SW, et al. Obesity
following ART initiation is ¢ and infl i by both traditional and HIV-/
ART-specific risk factors. J Antimicrob Chemother 2018;73(8):2177-85.

Jensen MD, Ryan DH, Apovian CM, Ard JD, Comuzzie AG, Donato KA, et al. 2013
AHA/ACC/TOS guideline for the of overweight and obesity in adults:
a report of the American college of cardiology/American heart association task
force on practice guidelines and the obesity society. Circulation (New York, N Y)
2014;129(25 suppl 2):5102-38.

Heymsfield SB, Wadden TA. Mechani pathophysiology, and management of
obesity. N Engl J Med 2017;376(3):254-66.

Sun J, Ruan Y, Xu N, Wu P, Lin N, Yuan K, et al. The effect of di¢tary carbohydrate
and calorie restriction on weight and metabalic health in overweight/obese
individuals: a multi-center randomized controlled trial. BMC Med 2023;21(1):192,
Curry SJ, Krist AH, Owens DK, Barry MJ, Caughey AB, Davidson KW, et al.
Behavioral weight loss interventions to prevent obesity-related morbidity and
mortality in adults: US Preventive Services Task Force recommendation statement.
JAMA 2018;320(11):1163-71.

Durrer Schutz D, Busetto L, Dicker D, Farpour-Lambert N, Pryke R, Toplak H, et al.
European practical and patient-centred guidelines for adult obesity management in
primary care. Obes Facts 2019;12(1):40-66.

Swift DL, Houmard JA, Slentz CA, Kraus WE. Effects of aerobic training with and
without weight loss on insulin sensitivity and lipids. PLoS One 2018;13(5):
e0196637.

Members EP, Jensen MD, Ryan DH, Donato KA, Apovian CM, Ard JD, et al.
Executive summary: guidelines (2013) for the management of overweight and
obesity in adults: a report of the American college of cardiology/American heart
association task force on practice guidelines and the obesity society published by
the obesity society and American college of cardiology/American heart association
task force on practice guidelines. Based on a systematic review from the the obesity
expert panel, 2013. Obesity (Silver Spring, Md) 2014;22(52):85-39.

Lake JE. The far of the matter: obesity and visceral adiposity in treated HIV
infection. Curr HIV AIDS Rep 2017;14:211-9.

Tateyama Y, Techasrivichien T, Musumari PM, Suguimoto SP, Zulu R,
Macwan'gi M, et al. Obesity matters bul is not perceived: a cross-sectional study on
cardiovascular disease risk factors among a population-based probability sample in
rural Zambia. PLaS One 2018;13(11):¢0208176.
FMoH. National guidelines for comprehensive HIV pi
Ethiopia. Addis Ababa: Federal Ministry of Health; 2017,

Kucharska A, Gajewska D, Kiedrowski M, Sinska B, Juszezyk G, Czerw A, et al. The
impact of individualised nutritional therapy according to DASH diet on blood
pressure, body mass, and sel d biochemical p in overweight/obese
patients with primary arterial hypertension: a prospective randomised study.
Kardiol Pol 2018;76(1):158-65.

Jensen MD, Ryan DH, Apovian CM, Ard JD, Comuzzie AG, Donato KA, et al. 2013
AHA/ACC/TOS guideline for the of overweight and obesity in adults:
a report of the American college of cardiology/American heart association task
force on practice guidelines and the obesity society. J Am Coll Cardiol 2014;63(25
Part B):2985-3023.

Garvey WT, Mechanick JI, Brett EM, Garber AJ, Hurley DL, Jastreboff AM, et al.
American association of clinical endocrinologists and American college of
endocrinology comprehensive clinical practice guidelines formedical care of
patients with obesity. Endocr Pract 2016;22:1-203,

Panel OE, Cardiology ACo, Guidelines AHATFoP. Expert panel report: guidelines
(2013) for the management of overweight and obesity in adults. Obesity (Silver
Spring, Md) 2014;22:541-410.

, care and tr

Castro-Barquero S, Ruiz-Leén AM, Sierra-Pérez M, Estruch R, Casas R. Dietary
ies for bolic synd: a comprehensive review. Nutrients 2020;12
(10):2983.

Raynor HA, Champagne CM. Position of the academy of nutrition and dietetics:
inter i for the tr of overweight and obesity in adults. J Acad Nutr
Diet 2016;116(1):129-47.

Yumuk V, Tsigos C, Pried M, Schindler K, Busetto L, Micic D, ¢t al. European
guldeums for obesily managcmcm in adults. Obcs I-acls 2015;8(6):402-24,
for physical y in adults and kids. hiips
://www_hn:art.orgll:n/heallL living/fi /fi basi s/aha-recs-for-physical-a
ctivity-in-adults, [Accessed 10 April 2024].

WHO. Physical activity. hitps://www.who.int/news-room/fact-sheets/detail/ph
ysical-activity; 2022,

Institute EN. Expanded food composition table for use in Ethiopia. Ethiopian
Nutrition Institute Addis Ababa 1981,

Ethiopia. FMoH, Ministry of Health, Ethiopian Public Health Institute. Ethiopia:
food-based dietary guidelines-2022. Addis Ababa, Ethiopia 2022:2022,

Health E, [ NR. Food position table for use in Ethiopia. Part IV, 1995-
1997. Ethiopia Health Nutri. Res. Unit/Food Agricul. 1998,

FAO. Food and Agriculture Organization of the United Nations. The right to food: a
window on the World. : nutrition and consumer protection division; 2007. 2007
[cited 2022 on June 12, 2022]. Available from Rome: http://www . fao.org/docrep/
010/21300e/a1300e00.htm.

Kennedy G, Ballard T, Dop M. Guideli: for ring h
dietary diversity, 2011,

hold and individual




A.T. Hirigo et al.

411 Craig CL, MarshnllAl..SjostmmM Bauman AE, Booth ML, Ainsworth BE, et al.
ire: 12-country reliability and validity.
Med Sci Spons Exeﬂ: 2003;35(8):1381—95.

[42) MalsudoSA.raﬂjoT do V, Andrade D, Andrade E, Oliveira L, et al.

ional physical activi i ire (IPAQ): study of validity and
reliability in Brazil. Rev Bms adv fis satide 2001;6(2):5-18.

[43] OMRON. HBF-514 Full body sensor body composition monitor and ScalFull body
mbodymmpoddmmodmrandsulr.OMRONmmm Ltd; 2024,

1, htps:// com, ge/pdfs/1665708-0L hbf-51
4c-z_e_m_web_alt_text_acc.pdi, Intemet.

[44) Van Wier MF, Ariéns GA, Dekkers JC, Hendriksen L), Smid T, Van Mechelen W.
Phone and e-mail counsdung are tffecﬁve for weight management in an
overweight working f a d lled trial. BMC Public Health
2009;9:1-12.

[45) Moncrieft AE, Llabre MM, McCalla JR, Gutt M, Mendez AJ, Gellman MD, et al.
Eﬂ'ecls ol a multicomponent life-style intervention on weight, glycemic control,

and renal function in low-inccmr, ndnorily pnﬂents with
type 2 diabeu:s raulls of the ity apg h to life difi for
diab d lled trial. Ps k Med 2016;78(7):85!—60.
[46] Lutes LD, C ings DM, Littl d K, Di le E, Hambidge B. A ¢ i

health worker—delivered intervention in African American Women with type 2
diabetes: a 12-Month randomized trial. Obesity (Silver Spring, Md) 2017:25(8):
1329-35.

[47) Groeneveld IF, Proper KI, Van der Beek AJ, Van Mechelen W. Sustained body
weight reduction by an individual-based Il!style intervention for workers in l.he

construction industry at risk for card di results of a domi;
controlled trial. Prev Med 2010;51(3-4):240-6.
[48] Shaw KA, O'Rourke P, Del Mar C, Kenardy J. Psychological interventions for

overweight or obesity. Cochrane Database Syst Rev 2005-(2)

[49] Memelink RG, Hijlkema A, Valentin B, Streppel MT, Pasman W.J, Wopereis S, et al.
Long-term preservation of lean mass and sustained loss of fat mass after completion
of an intensive lifestyle intervention in older adults with obesity and type 2

diak Lifestyle Medicine 2024;5(3):¢2103.
{50] da Silva LBG, Rosado EL, de Carvalho Padilha P, Dias JR, Moreira TM, de Paula TP,
et al. Food intake of with g i 1 diab mellitus, in accordance with

wo hods of dietary guid a randomised controlled clinical trial. Br J Nuir
2019;121(1):82-92,

{51] Salama II, Sami SM, Salama SI, Abdel-Latif GA, Aboulghate A, Raslan HM, et al.
Impact of lifestyle modification on glycemic control and cognitive function among
Type 1l diabetes mellitus patients. Future Sei OA 2023;9(1):FS0835.

[52] Amendezo E, Timothy DW, K ka V, Robi B, Kavabushi P, Ntirenganya C,
et al. Effects of a lifestyle ed ion program on gly i 1 among [
with disbetes at Kigali U ity Hospital, Rwanda: a randomized lied trial.

Diabetes Res Clin Pract 2017; 126:129-37,

[53] Mendonca FR, de Faria WE, dnSllvaJM Massuto RB, DosSanmsGC.CortcaRC
et al. Effects of bi bi wlth i ining on health-
related physical fitness in adol a d lled trial. J Exercise Sci
Fitness 2022:20(2):182-9.

{54] Affi Z, HnmnA.AhdelrahmanN El Sayed A, Salem M. Impact of nutrition
« i hrog y and dietary intake of multiple sclerosis patients at
Kasr Malny Mulllple Sclerosis Unit, Cairo, Egypt 2019-2020: randomized
controlled clinical trial. Arch Public Health 2023;81(1):11.

[55]) Batsis JA, Shirazi D, Petersen C, Roderka M, Lynch D, Jimenez D, et al. Changes in
body compesition in older adults after a technology-based weight loss intervention.
J Frailty Aging 2022;11(2):151-5,

188

[56]

571

(58]

591

601

61]

[62]

[63]

[64]

651

[66]

671

[68]

691

701

71]

Ogalha C, Luz E, Sampaio E, Souza R, Zarife A, Neto MG, et al. A randomized,
clinical trial to evaluate the impact of regular physical activity on the quality of
life, body phology and boli of pati with AIDS in Salvador,
Brazil. JAIDS J Acquired Immun Deficie Syndro 2011; 157:8179-85.
John DO, Tella BA, Olawale OA, John JN, Adeyemo TA, Okezue OC. Effects of a 6-
week aerobic exercise programme on the cardiovascular parameters, body
composition, and quality of life of people living with human immune virus. J Exer
Rehabilita 2018;14(5):891.
Lauby-Secretan B, Scoccianti C, Loomis D, Grosse Y, Bianchini F, Straif K. Body
fatness and cancer—viewpoint of the IARC Working Group. N Engl J Med 2016;
375(8):794-8,
Pérez-Bey A, Segura-Ji V, Fernandez-Santos JAR, Esteban-Cornejo 1, Gémez2-
Martinez S, Veiga OL, et al. The influence of cardiorespiratory fitness on clustered
cardiovascular disease risk factors and the mediator role of body mass index in
youth: the UP&DOWN Study. Pediatr Diabetes 2019;20(1):32-40.
Ghayomzadeh M, Etesami MS, Earnest CP, Rezaei S, Navalta JW, Taj L, et al. Effect
of a short-term lifestyle modification program on quality of life, anthropometric
dwmub(bandm‘rcellmumoﬂ-ﬂv infected patients in Tehran/Iran: a
lled trial. Expl 2019;15(4):308-15.

SZ, M. Goehler J, Bib. bah P, Kim J-H, Ruth S, Hemphill LC,
e al. Correlates of physical activity among people living with and without HIV in
rural Uganda. Front Reprod Health 2023;5:1093298,
Mohd Zaki NA, Appannah G, Mohamad Nor NS, Omar A, Fazliana M, Ambak R,
et al. Impact of community lifestyle intervention on anthroy ic par
and body compaesition among overweight and obese women: findings from the
MyBFF@home study. BMC Womens Health 2018;18(1):110.

Nishiguchi S, Yamada M, Kaji Y, Sonoda T, Yoshii K, Kayama H, et al.
Effect of physical activity at midlife on skeletal muscle mass in old age in
ity-dwelling older a ero: ional study. J Clini Gerontol

Geriatrics 2014;5(1):18-22,

Fazliana M, Liyana AZ, Omar A, Ambak R, Moh d Nor NS, Sh din UK, etal.
Effects of weight loss intervention on body composition and blood pressure among
overweight and obese women: findings from the MyBFF@ home study. BMC
Wamens Health 2018;18:25-32,

Zhang X, DeScenza VR, Chaplow ZL, Kilar M, Bowman J, Buga A, et al. Effect of a
telephone-based lifestyle intervention on weight, body composition, and bali
biomarkers in rural Ohio: results from a randomized pilot study. Nutrients 2023:15
(18):3998.

Lee HS, Lee J. Effects of exercise interventions on weight, body mass index, lean
body mass and accumulated visceral fat in ovcrwe.{ghl and obese individuals: a

systematic review and met, of randomized controlled trials. Int J Environ
Res Publ Health 2021; 18(5) 2635,
Rejeski WJ, Marsh AP, F g J, Ambrosius WT, Walkup MP, Nicklas BJ. Dietary

weight loss, exercise, and inflammation in older adults wil.h overweight or obesity
and cardiometabolic disease. Obesity (Silver Spring, Md) 2019;27(11):1805-11.
Virtanen J, Penttinen M, Kautiainen H, Korh P. The impact of lifestyle
counselling on weight management and quality of life among waorking-age females.
Seand J Prim Health Care 2021;39(3):382-8.

Group LAR. Cardiovascular effects of intensive lifestyle intervention in type 2
diabetes. N Engl J Med 2013;369(2):145-54.

Berhanu $hibru, Getachew Mirtie, Gebremichael Mussie, 1 T. Integration of
NCD care in PLHIV services in Ethiopia: : pilot impl ion results at 10
hospitals. 2024,

Forster M, Veerman J, Barendregt J, et al. Cost-effecti of diet and !

interventions to reduce overweight and obesity. Int J Obes 2011;35:10711078.
htps://doi.org/10.1038/ijo.2010.246.



Annexes

Annex-1: English version of the written information sheet and consent form

My name is , and | work for Agete Tadewos as a data collector. He is a clinical Nutrition
Ph.D. student at Addis Ababa University's Center for Food Science and Nutrition. With the financial
support of Addis Ababa University, he is undertaking a study on Cardiometabolic risks among adults
living with HIV on antiretroviral therapy in southern Ethiopia following test-and-treat implementation:
Disease Burden, Determinants and Effects of Lifestyle Counseling. | would very much appreciate your
participation in this study, as you were chosen at random to participate, and about 576 HIV-positive
people on first-line ART will be invited to participate. The information you provide us is incredibly
significant and very beneficial since it will serve as a baseline and it is critical to take early measures
before patients develop non-HIV-associated chronic diseases.

Procedures: If you agree to participate in this study, | would want to ask you questions regarding
socio-demographic, behavioral, clinical, psychiatric, and food desires. The interview will last about 15-
20 minutes. In addition, | would like to measure your blood pressure, weight, height, waist, hip and
neck circumferences. This data will allow us to assess the health status of HIV-positive people living in
the study area, and the measures will be repeated to ensure consistency and accuracy. Furthermore, if
you consent, a medical laboratory technologist will draw 4-5 milliliters of venous blood to
determine lipid profiles, fasting glucose and hemoglobin Alc (HbA1c) level.

Risks: Participating in this study, in my opinion, poses no risk to you. There should be no discomfort
at all for you. When the vein puncture is performed, you may feel some minor discomfort, but this is
momentary and will fade away within a few minutes.

Benefits: Participating in this research project may not benefit you personally, but it may be essential
to improve healthcare services for people receiving antiretroviral agents.

Compensation: You will not be paid for participating in this study. | appreciate your participation in
this study.

Confidentiality: | want to assure you that the information you offer us is confidential and will only be
used for this research. On the questionnaire, we will use a number instead of your name. Your name
and other identifying information will not be shown when we present this study to others or publish its
findings. The questionnaires will be kept in secured cabinets for up to four years, and the data will be

saved on password-protected computers.

Voluntary Participation and Withdraw: Participation in this study is voluntary, and you may opt-out
at any time throughout the interview. You have the option of refusing to speak with us or asking us to
leave, and if you do choose to participate, you can stop the interview at any point or skip any questions
that you do not wish to answer. Whether or not you choose to participate does not affect the services

you may receive from the health system.
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Contact Persons: In based upon the information, | believe you are aware that your involvement in the
research's success is critical, and | appreciate your contribution to the study. | will be happy to answer
any queries you may have. If you need additional information, call the research's principal investigator
(Agete Tadewos) at 0913175126. Do you have any other questions? Would you be willing to participate

in the study, please?

. Yes B. No

I understand the benefits of the research and the responsibilities | will play in it. | have consented to
participate in the research.

Signature (participant) Date

Name of data collector signature date
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Annex-l1: English version guestionnaires

Name of interviewer Date
ID No Card. No
Socio-demographic variables
Q: No | Questions Response & code Skip to Q...
101 How old are you? years
102 What is the sex of the respondent? Male
Female
103 What is your ethnic background? Amhara
Sidama
Oromo
Tigrie
Wolayita
Others(specific)
104 What is your marital status? Single
Married
Divorced
Widowed/widower
105 What is your residence? Urban
Rural
106 What is the highest level of education you | No formal education
have completed? Read and write
Primary education (1-8)
Secondary (9-10)
College and above
107 What is your occupation? Employed (GOV/NGO)
Self-employed
Farmer
Trader
Daily laborer
Pension
Housewife
Student
Other (specify)
108 What is your religion? Orthodox
Protestant
Muslim
Catholic
Others specify
109 Can you tell me the monthly income of the in ETH birr
household?
Behavioral variables
201 | Have you ever consumed any alcohol such | No If no skip to Q
beer, Tella, Bordie, Tej, Arake, wine, korofe, | Yes 212

borde spirits, beherawi, ye bale zaf?

202 | If yes for Q 201, have you consumed any | No
alcohol within the past 12 months? Yes

203 | If yes for Q 201, have you stopped drinking | No
due to health problems? Yes
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204

If yes for Q 201, how long ago did you stop
drinking?

years or months

205

If yes for Q 201, during in the past 12 months,
how frequently have you had at least one
standard alcoholic drink?

a standard drink equivalent to 1 bottle beer /1
glass wine /1 shot (‘malekia’)
Areki/1 birille’Tej/1 “tassa” Tella/ Korofe

Daily

5-6 days per week

3-4 days per week

1-2 days per week

1-3 days per month
Less than once a month
Never

206

If yes for Q 201, have you consumed any
alcohol within the past 30 days?

207

If yes for Q 201, during the past 30 days, on
how many occasions did you have
at least one standard alcoholic drink? (Use
Showcard)

occasions

208

If yes for Q 201, during the past 30 days, when
you drank alcohol, how many standard drinks
on average did you have during one drinking
occasion?

Number of times
Don’t know

209

If yes for Q 201, during each of the past 7 days,
how many standard drinks did you have each
day? (Use Showcard)

Number of times
Don’t know

210

If yes for Q 201, during the past 30 days, how
many times did you have six or more standard
drinks on a single drinking occasion? (Six for
males and 4 for females)

Number of times
Don’t know

211

If yes for Q 201, do you remember how long
ago it was, you have been started drinking
alcohol?

Weeks
Months
Years

212

Have you ever smoked tobacco products?

No
Yes

If no skip to Q
218

213

If yes for Q 212, do you currently smoke any
tobacco products, such as cigarettes, cigars,
Gaya or pipes?

No
Yes

214

If yes for Q 212, do you currently smoke
tobacco products daily?

No
Yes

215

If yes for Q 212, do you currently use any
smokeless tobacco products such as (snuff,
chewing tobacco or betel)?

No
Yes

216

If yes for Q 212, when did you completely quit
smoking tobacco products?

years months
weeks

Don’t know

217

If yes for Q 212, do you remember how long
ago it was, you have been started using
tobacco products?

years

218

Have you ever chewed Khat?

No
Yes

If no skip to Q
301

219

If yes for Q 218, are you currently chewing
Khat?

No
Yes

220

If yes for Q 218, during the last 30 days, on
average how many days did
you chew Khat?

Daily
Weekly
Less than a month
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Others specify

221

If yes for Q 218, how many Zurbas/”esire” do
you chew on one of those days?

Zurba/essire

222

If yes for Q 218, how long ago did you stop
chewing Khat?

years

months

223

If yes for Q 218, do you remember how long
ago it was, you have been started chewing
Khat?

Weeks
Months
Years

Physical activity variables

301

During the last 7 days, did you do vigorous
physical activities like heavy lifting, digging,
aerobics or fast bicycling?

No
Yes

If no skip to Q
303

302

If yes for Q 301, in a typical week, on how
many days do you do vigorous-intensity
activities as part of your work?

days

303

If yes for Q 301, how much time do you
spend doing vigorous-intensity
activities at work on a typical day?

min/day

304

Does your work involve moderate-intensity
activity that causes small increases in
breathing or heart rate such as brisk walking
[or carrying light loads] for at least 10
minutes continuously?

No
Yes

305

If yes for Q 304, in a typical week, how many
days do you do moderate-intensity activities
as part of your work?

day

306

If yes for Q 304, how much time do you
spend doing moderate-intensity
activities at work on a typical day?

hours

minutes

307

Travel to and from places

Do you walk or use a bicycle for at least 10
minutes continuously to get to and from
places?

No
Yes

308

If yes for Q 307, in a typical week, on how
many days do you walk or bicycle for at least
10 minutes continuously to get to and from
places?

days

309

If yes for Q 307, how much time do you
spend walking or bicycling for travel on a
typical day?

hours

minutes

310

Recreational activities

Do you do any vigorous-intensity sports,
fitness or recreational (leisure) activities that
cause large increases in breathing or heart
rate like [running or football, aerobics, fast
bicycling, fast swimming] for at least 10
minutes continuously?

No
Yes

311

If yes for Q 310, in a typical week, on how
many days do you do vigorous-intensity
sports, fitness or recreational (leisure)
activities?

days
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312

If yes for Q 310, how much time do you
spend doing vigorous-intensity sports, fitness
or recreational activities on a typical

day?

hours

minutes

313

If yes for Q 310, do you do any moderate-
intensity sports, fitness or recreational
(leisure) activities that cause a small increase
in breathing or heart rate such as brisk
walking, [cycling, swimming, and volleyball]
for at least 10 minutes continuously?

No
Yes

314

If yes for Q 310, in a typical week, on how
many days do you do moderate-intensity
sports, fitness or recreational (leisure)
activities?

days

315

If yes for Q 310, how much time do you
spend doing moderate-intensity sports, fitness
or recreational (leisure) activities in a typical
day?

hours

minutes

316

Sedentary behavior/ sitting time
How much time do you usually spend sitting
or reclining on a typical day?

hours

minutes

Diet-r

elated variables and Counseling on lifestyle and dietary management

401

Have you ever received counseling about
lifestyle modification and dietary
management from ART nurses?

No
Yes

If no skip to Q
403

402

If yes for Q 401, how many times?

Single time

Two times
Repeatedly

I don’t remember

403

How many days in a typical week do you eat
fruit?

days

404

How many servings of fruit do you eat on one
of those days? (serving, in this case, refers to
slice or one full fruit e.g. orange, banana,
mango, ...)

IV hwNEFR O

405

How many days in a typical week do you eat
vegetables?

days

406

How many servings of vegetables do you eat
on one of those days? (serving, in this case,
refers to cups or “Chilfa”) of vegetable stews)

V> WNEFR O

5

407

Is it the correct amount that you consumed
(servings of fruits and vegetables) on a typical
day?

No
Yes

408

If “No” why not use the appropriate amount of
FAV?

Due to economic issue

Lack of access to get shortly
Lack of desire to use them

Others specify

409

Are you aware of the daily recommended
number of servings of fruits and vegetables?

No
Yes
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410 | If yes for Q 409, how many? vegetables fruit
servings
411 | What type of oil or fat is most often used for | Liquid vegetable oils
meal preparation in your household? Solid vegetable oils (Viking,
Chief...)
Sesame/Nug oil/Sunflower
Sheno Lega, Shadi Lega
Natural butter
Other mention
I don’t know
412 | How often do you add salt or a salty sauce, | Always
such as soya sauce to your food right before | Often
you eat it or as | Sometimes
you are eating it Rarely
Never
Don’t know
413 | How often is salt, salty seasoning or a salty | Always
sauce added in cooking or preparing foods in | Often
your household? Sometimes
Rarely
Never
Don’t know
414 | How often do you eat processed food high in | Always
salt? By processed food high in salt, | mean | Often
foods that have been altered from their natural | Sometimes
states, such as packaged salty snacks, canned | Rarely
salty food including pickles and preserves, | Never
salty food prepared at a fast-food restaurant, | Don’t know
cheese, bacon, Mitmitta, and processed meat
like Quanta
415 | How much salt or salty sauce do you think you | Far too much
consume? Too much
Just the right amount
Too little
Far too little
Don’t know
416 | What is your consumption status of flesh and | Daily
dairy products? 4-6 days per week
2-3 per week
2-3 per month
<1 day per month
417 | Have you ever observed any change in your | No If no skip to Q
food desire, food frequency or feeling of | Yes 501
hungry after initiation/ switching to the
current ART regimens?
418 | If yes for Q 419, what about your food desire? | highly decreased
Decreased
Slightly increased
Moderately increased
Highly increased
419 | If yes for Q 419, have you ever observed any | No
change in your food intake frequency after the
initiation/ switching to these ART regimens? | Yes
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420

If yes for Q 419, how many meals do you eat
per day?

One meal a day

Two meals a day

Three meals a day

Four meals a day

More than four meals a day

421

If yes for Q 419, have you ever observed any
change in your food intake amount after the
initiation/ switching to the current ART
regimens?

highly decreased
Decreased
Moderately increased
Highly increased

422

If yes for Q 419, do you feel hungry
frequently?

No

Rarely

Some times
Most of the time
All of the time

Psych

iatric related variables (Anxiety and Depression questions)

501

| feel tense or 'wound up'

Most of the time

A lot of the time

From time to time, occasionally
Not at all

502

| get a sort of frightened feeling like
butterflies in the stomach:

Not at all
Occasionally
Quite often
Very often

503

| get a sort of frightened feeling as if
something awful is about to happen:

Very definitely and quite badly
Yes, but not too badly

A little, but it doesn't worry me
Not at all

504

| feel restless as | have to be on the move:

Very much indeed
Quite a lot

Not very much
Not at all

505

Worrying thoughts go through my mind:

A great deal of the time

A lot of the time

From time to time, but not too often
Only occasionally

506

| get sudden feelings of panic:

Very often indeed
Quite often

Not very often
Not at all

507

| can sit at ease and feel relaxed:

Definite
Usually
Not often
Not at all

Anxiety

508

I still enjoy the things I used to enjoy:

Definitely as much
Not quite so much
Only a little
Hardly at all

509

I have lost interest in my appearance:

Definitely

| don't take as much care as | should
I may not take quite as much care

| take just as much care as ever

510

I can laugh and see the funny side of things:

As much as | always could
Not quite so much now
Definitely not so much now

Depression
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Not at all

511 | I look forward with enjoyment to things: As much as | ever did
Rather less than | used to
Definitely less than | used to
Hardly at all
512 | I feel cheerful: Not at all
Not often
Sometimes
Most of the time
513 | I can enjoy a good book or radio or TV Often
program Sometimes
Not often
Very seldom
514 | | feel as if I am slowed down Nearly all time
Very often
Sometime
Not at all
515 | Do you have sleep disorder (insomnia) after 1. Nearly all time
the initiation of ART drugs? 2. Very often
3. Sometime
4. Not at all
516 | Do you have slowed thinking problem? 1. Nearly all time
2. Very often
3. Sometime
4. Not at all
Clinical related variables
601 | Duration since HIV diagnosis? years
602 | Duration since ART initiation? months
603 | A participant’s the most recent first-line ART | TDF/DTG based
regimen? *can be confirmed from the patient | TDF/EFV based
chart AZT/EFV based
604 | Do you have a history of ART treatment | No If no skip to
changes? Yes Q610
605 | If yes for Q 604, how many times changed? One time
*can be confirmed from the participants chart | Two times
Three times
606 | If yes for Q 604, the previous regimen? TDFEFV
*specify if more than one switch AZT/EFV
*can be confirmed from participants chart TDF/NVP
AZT?NVP
other
607 | If yes for Q 604, duration of ART treatment year
before switching? month
*can be confirmed from participants chart
608 | If yes for Q 604, duration of ART treatment year
after switching? month
*can be confirmed from participants chart
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609 | If yes for Q 604, what was the reason for the | Toxicity

regimen change? Virological failure
WHO recommendation

610 | Have you ever had your blood pressure No
measured by a doctor or other health worker? | Yes

611 | Have you ever been told by a doctor or other No
health worker that you have raised blood Yes
pressure or hypertension?

612 | Have you been told in the past 12 months? No

Yes

613 | In the past two weeks, have you taken any No
drugs (medication) for raised blood pressure Yes
prescribed by a doctor or other health worker?

614 | Has any of your family members (biological No
parents, siblings or Yes
children) ever had raised blood pressure or
hypertension?

615 | Have you ever had your blood sugar measured | No
by a doctor or other health worker? Yes

616 | Have you ever been told by a doctor or other No
health worker that you have raised blood sugar | Yes
or diabetes?

617 | Have you been told in the past 12 months? No

Yes

618 | In the past two weeks, have you taken any No
drugs (medication) Yes
for diabetes prescribed by a doctor or other
health worker?

619 | Has any of your family members (biological No
parents, siblings or Yes
children) ever had raised blood sugar or
Diabetes?

620 | Have you ever had your cholesterol (fat levels | No
in your blood) measured by a doctor or other Yes
health worker?

621 | Have you ever been told by a doctor or other No
health worker that Yes
you have raised cholesterol?

622 | Have you been told in the past 12 months? No

Yes

623 | In the past two weeks, have you taken any oral | No
treatment (medication) for raised total Yes
cholesterol prescribed by a doctor or other
health worker?

624 | Has any of your family members (biological No
parents, siblings or Yes
children) ever had raised Cholesterol?

625 | Have you ever had a heart attack or chest pain | No
from heart disease (angina) or a stroke Yes

(cerebrovascular accident or incident)?
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626 | Are you currently taking aspirin regularly to No
prevent or treat heart Yes
disease?
627 | Are you currently taking statins No
(Lovastatin/Simvastatin/Atorvastatin or any Yes
other statin) regularly to prevent or treat heart
disease?
628 | Have you ever been diagnosed with TB? No If no skip to
Yes Q631
629 | If say “yes” which TB? Pulmonary
Extra-pulmonary
630 | If say “yes” when? Before ART
After ART
631 | Have you ever been treated with INH | No
prophylactic treatment? Yes
632 | Have you taken cotrimoxazole prophylactic | No
treatment? Yes
633 | The functional status of the participant at ART | Working
initiation Ambulatory
Bedridden
634 | The WHO clinical stage of the participant at I
ART initiation? I
*Can be confirmed from a chart I
[\
635 | Other comorbidities or Ols
*Can be confirmed from a chart Mention
636 | Participant’s ART adherence rate? Good
*Can be confirmed from a chart Fair
poor

199




7. Patterns of dietary intake and diversity

7.1. A one-week food frequency Questionnaire: Write the day of week ID. No. date
Food group
® S S
c [<3] (<5 [72)
c . 2 2 2 X
> = [5)

£E |8 g g AN
S E S S E$ |8 |&
SE IS < 3 =% £ |8
== ®) To) 7] oS o P

/Any cereal crops? bread, wheat, Teff, or any other foods made from millet, sorghum,
maize, rice

Aroot and tuber crops? Potatoes, sweet potato, yams, beat root, cassava or Enset and
its products (kocho, Bulla....)

/Any vegetables? Spinach, carrot, cabbage, Pumpkin, kale, broccoli...

Any fruits? Orange, apple, papaya, mango, pineapple, avocado, banana, lemon,
strawberry.

Pulses and legumes or nuts: beans, peas, lentils, chickpea, grass pea,

Nuts and seeds: peanut, sesame, sunflower, flaxseeds

Meat, poultry, offal: Sheep and goat, chicken, or other organ meats?

/Any Any eggs?

Fish and sea foods?

Milk and milk products, cheese, yogurt, milk or other milk products

Oil, fat or butter?

Sugar, honey or sweets/soft drinks?

IAny other foods, such as condiments, coffee, tea?
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7.2.

24-hour Dietary Intake Questionnaire

I would like to ask you about some liquids, solid or semi-solid food that you may have had yesterday

during the day or at night. All food that you ate including drinks, snacks, sauces, spices, and others will

need to be recalled and listed. There is no right or wrong answer in this interview; you only need to tell

me what you actually ate. Do you have any questions? If not, let’s start.

Form for Recording the Interactive 24-hour Recall

Code

Interviewer name

day of food eaten

Sex

day of interview

age

Time

Place eaten:

home/out

Food or drink

Description and

cooking method

Amount

eaten

Weight
Equivalent (g)

Food code

Breakfast

Snacks

Lunch

Snacks

Dinner

Snacks
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7.3. Description of food and ingredients (Recipe form)

Food or
drink

Description and
cooking method

Amount
prepared (by

equipment)

Amount you ate
(by equipment)

Equivalent
weight (in

gram)

Ingredient and cooking
method

Ingredient and cooking
method

Ingredient and cooking
method

Ingredient and cooking
method

Ingredient and cooking
method

Ingredient and cooking

method
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Have you heard/ receive information about the

701. ] o OYes ONo
importance of diversified diet?
702. If Yes from where? mention
Have you got sufficient counseling on diversified
703. o OYes ONo
diet utilization?
704. Do you have any challenge to use diversified diet? | OYes ONo
O Economical OKnowledge and skill gap O
705. If yes, what type of challenge do you have? )
cultural O others mention
706. Family size
707. Probe for alcohol: OYes ONo
708. Probe for sickness OYes ONo
7009. Did sickness affect appetite? OYes CONo
710. If yes, how? Olncrease Odecrease
711. Was food intake unusual? OYes ONo
712. If yes, how was it unusual? Olncrease Odecrease
713. Was it a feast day? OYes ONo
714, Was it a market day? OYes CONo
715. Was it weakened? OYes ONo
716. Was it a fasting day? OYes CNo
717. Have you skipped meals? OYes ONo
) OBreak fast OSnacks
718. If yes which one? )
OLunch ODinner
719. Probe tablets OYes OONo
720. | Ifyes Mention
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English version of anthropometric, cardiovascular and laboratory-related measurements

Name

of interviewer

Date

ID No

Card. No

Anthropometric, blood pressure

First measure

Second measure

Remarks

801 | Current body weight [in Kg]?
802 | BMI (in kg/m?)

803 | Height [in meter]?

804 | Sitting height [in meter]?

805 | Waist circumference (in cm)?
806 | Hip circumference (in cm)?
807 | Neck circumference (in cm)?
808 | Current Systolic/diastolic BP (mmHg)? & &
809 | Current Heart rate (bit/minute)?
Bioimpedance Result

901 | Body fat (in %)?

902 | Skeletal muscle%

903 | Visceral fat level?

904 | Biological age (in years)?

Laboratory measurement

101 | Fasting blood glucose(in mg/dL)
102 | Glycated hemoglobin (%)

103 | Total cholesterol (in mg/dL)
104 | Triglyceride (in mg/dL)

105 | HDL-cholesterol (in mg/dL)
106 | LDL-cholesterol (in mg/dL)
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Annex-1V: English Version data collection checklist
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Annex-V: NAMCT €% P+HIE PGk /8 AOhem T PhIIRIT aoa-p Py
AATR! MG SAMATE MR oo LNAAL AL PHU mTH A28 ANAN AT eg+ NANT NALN
ANN RLAZAT PIRIN AL AT 1O FHZAT F/F NGA PAALNA 1O LAY T.AT. 8. 894 +T2 NP+t
AT ATM FEPH PTNYLL 1M PG+ FATIIR N899 NAA APA N+ AN+LLC AC N1 T 8Z-AT AL M
PUNTRT A7AIF NTLAM: PATHATT MT MNPPT POL-AT AL N RLALT NTMPI™ APLPT AL
P NA® POLEZT: PRIR 1&T: PANCS PAMLTT N 4213 T NCYH-LULTF TFoCTT M INAPTFFO ATID
PA7CFHR ATPNPNAT PAARITN FPNC ATANT NMPMM AP AL JRCIRC AL AUT MG+
P, L74.M NALN ANN RLAZA T 100 ACAP NNENL ARG+ NHARL M. 576 +AFLPT dPNNA ATS AL PF
NHU DTF AR NAFA+TE ATLTLAT: NhaTIZIR P AMT S MELT ATRLLLTF AAAT thtte
MEEF AL a0YR db/B NARPY M TR

PANGC ULT: NHU mTF ND ATHA+TE N+NTRA NgRgDy+Y dB/ 8% aaAaqaqtPTy 4,009 DAL
2INPFA: NHPIP NBA ABZE ANAND ADT+ INAT PPT CPMLSTT EMLEPFA: NTRPFT aBqC
RPNEATIPTIR: PAYAMF ABZE TP+ EMNPAITEMES NMEPAA h 15-20 B4 PUA 1HPFT
LAMAL AAM. PACNPT 9P 1&FE NNLFE €99F: MINT PBA HCP A®MT ATANATE 9°TANT AN4AL
ALT AQ.ME et ANET ATLA9° ATTFAAT: NHTZ ANDLE : A DANTCATT ATALNFLE LaR9 AN
gocans. 0aq Py h 3-4 (LA, 29° PANG-T4 NAT™-P NAB-PF 2MALA=

ANAE NATTFA AIFTF @RI PIRFT a0 LAF: NAL ATCANNE NHU DT NTATEP IOTIR A F+P
77 PAGR: I2TANT BI° ALMAE P+DAT LH LR PATRA FFF AR T A ATIPT BFAA: 11C 7T DL LM N bt
LeP MAM P ML N 10,

MeMF: NHU mGF AL NAATEP dm+d PLPY mPIR ALTTH EFANX: 1IC 9 A FINA TOACTT MO P 0¢-
AT AL RSN EALTT PUATRT ATFA ATLLLCTHT PMT ATATA+RT ATIARA NTR,LLTM. Nt EPT
AR PoHA::

PHATE MNLFFPFNLL: ATATEP AR APAPATTY NG+ NAPATLP PR AM 9oy9D gLyt
N FFING L PATD::

MABC NATMNP: ALIIDP PALAID. 11C NFC AHU BT PARANAN aoZB NMAMC NN
LMNPA: PRANAND. ®MEP PACAP AR AI° MEYR dDAP AeF/MI:: aB/EMm, AN hlF qaoh
Py m NPT NPTAQL +a0LMZM, 424 +L07 NRAG PP NPT NIOT+H49° NTA-OCE +AL
pagpaom NAD PR AA AGL A PTTO. AETFATD::

Neg+ PA+E LI LNT NG| PYIVAA NF: NHGT+ AATA+E NEATF NHU DTT PATRA+E
arip Nt AAPF: NAPMPR MAD Dt DPRPFT MLID NA>x PARARAf dPNFP P+MNP YM.E
Mgy NAMMANP NHY PMS +RID NTLLTFF PMT ATAT AAMM AR 9RI9° GL7F T4
AR LCIP::

At ao8: AL AT NHAMPF APLE ADAZTt AAMG+H P28 PAZA +ATE MAT dPrT N
ATHN PTF £APAAA ATT® NATATEP APLIPU MMIFMI® M PR NFLCPT aMPP LFAA: NAHU mTH
TS a8 NAATF NTIITMIR 1H PT+T NANF AZM F&PAT NHU AAh NT99 T+ T9101C 2FAN
(0913175126):: AA M PR AAPT?

PHU mTF SIATMYT mPa +28F AT PAL +ATE MG 7NPE NG+ ATRA+&E
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LT RN A el p—
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Annex-VII: Trial Design and Study protocol

Effects of lifestyle modification counselling on anthropometrics and body composition in
overweight/obese adults taking antiretroviral therapy: a randomized controlled trial

This study will be a two-arm randomized controlled trial (RCT) with equal allocation (1:1
ratio), to be conducted in ART clinics. The target population will include overweight and obese
adults receiving antiretroviral therapy (ART).

Objectives

The primary objective will be to achieve and sustain at least a 3% weight loss within six months
among overweight and obese ART clients. Participants in the intervention group will receive
structured, personalized counselling focused on dietary changes, physical activity, and
behavioral modifications. The control group will continue to receive routine ART care without
structured lifestyle counselling during the study period, with counselling provided only after
study completion.

Eligibility Criteria

Eligible participants will be adults aged 18 to 65 years on ART with a body mass index (BMI)
of 25 kg/mz2 or higher who will consent to participate. Exclusion criteria will include pregnancy
or breastfeeding, critical illness, severe mental disorders, or use of medications known to
significantly affect weight.

Randomization and Sample Size

Participants will be randomized through simple randomization using a computer-generated
sequence, with allocation concealed in simple random. Sample size calculations based on a
95% confidence level and 80% power, estimated 132 participants. This resulted in 66
participants per group.

Participant Flow and Contact Schedule

Participants in the intervention group will undergo an initial 50-60 minute face-to-face
counselling session at baseline, followed by two telephone counselling sessions at months one
and two, and a final weight and goal review at six months. After study completion, ongoing
support will be offered. Control group participants will receive routine ART care without
counselling during the study but will attend assessments at baseline and six months. They will
receive full counselling after the study.

Intervention Group Protocol

Counselling will focus on three domains: dietary guidance, physical activity, and behavioral
support. Dietary recommendations will emphasize a daily caloric deficit of 500 kcal, increased
intake of whole grains (e.g., teff, barley), fiber-rich vegetables, fruits, legumes, lean proteins,
and healthy fats, while limiting sugary drinks, processed grains, fried foods, and unhealthy fats.
Physical activity guidance will encourage at least 150 minutes per week of moderate-intensity
aerobic exercise such as walking or dancing, with the use of televised Ethiopian exercise
programs recommended. Behavioral support will involve motivational interviewing, SMART
goal setting, and use of food/activity logs. Counsellors will maintain a supportive tone, use
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culturally adapted visual aids in Amharic, and follow a structured script offering clear
actionable advice.

Control Group Protocol

The control group will continue routine ART services including clinical assessment and ART
monitoring but will not receive lifestyle counselling during the study. Participants will attend
baseline and six-month visits for weight and metabolic measurements. Full counselling will be
provided after study completion to ensure equitable care.

Outcome Measures

The primary outcome will be the proportion of participants achieving at least 3% weight loss
at six months. Secondary outcomes will include changes in waist circumference, BMI, physical
activity, dietary patterns, and metabolic markers such as HDL cholesterol.

Data Collection and Monitoring
Trained personnel using standardized tools will collect data at baseline and six months. The
principal investigator will oversee data quality and study monitoring.

Statistical Analysis

Analyses will follow the per protocol principle. Differences in means and proportions between
groups will be tested using t-tests and chi-square tests, with regression models adjusting for
relevant covariates as needed.

Counselling Tools and Resources

Counsellors in the intervention group will use Amharic-language brochures, visual cards
depicting diet and exercise, food and activity logs, SMART goal templates, and checklists for
remote counselling sessions.

Ethical Considerations

All participants will continue to receive standard HIV care. Informed consent will be obtained
from each participant, and the control group will receive the full counselling intervention after
six months to ensure fairness and ethical integrity.
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Annex-VIIl: Amharic version Brochure
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Annex-1X: Trial Design and Population protocol

Effects of lifestyle modification counselling on anthropometrics and body composition
in overweight/obese adults taking antiretroviral therapy: a randomized controlled trial

This study will be a two-arm randomized controlled trial (RCT) with equal allocation (1:1
ratio), to be conducted in ART clinics. The target population will include overweight and
obese adults receiving antiretroviral therapy (ART).

Objectives

The primary objective will be to achieve and sustain at least a 3% weight loss within six
months among overweight and obese ART clients. Participants in the intervention group will
receive structured, personalized counselling focused on dietary changes, physical activity,
and behavioral modifications. The control group will continue to receive routine ART care
without structured lifestyle counselling during the study period, with counselling provided
only after study completion.

Eligibility Criteria

Eligible participants will be adults aged 18 to 65 years on ART with a body mass index (BMI)
of 25 kg/m2 or higher who will consent to participate. Exclusion criteria will include
pregnancy or breastfeeding, critical illness, severe mental disorders, or use of medications
known to significantly affect weight.

Randomization and Sample Size

Participants will be randomized through simple randomization using a computer-generated
sequence, with allocation concealed in simple random. Sample size calculations based on a
95% confidence level and 80% power, estimated 132 participants. This resulted in 66
participants per group.

Participant Flow and Contact Schedule

Participants in the intervention group will undergo an initial 50-60 minute face-to-face
counselling session at baseline, followed by two telephone counselling sessions at months
one and two, and a final weight and goal review at six months. After study completion,
ongoing support will be offered. Control group participants will receive routine ART care
without counselling during the study but will attend assessments at baseline and six months.
They will receive full counselling after the study.

Intervention Group Protocol

Counselling will focus on three domains: dietary guidance, physical activity, and behavioral
support. Dietary recommendations will emphasize a daily caloric deficit of 500 kcal,
increased intake of whole grains (e.g., teff, barley), fiber-rich vegetables, fruits, legumes,
lean proteins, and healthy fats, while limiting sugary drinks, processed grains, fried foods,
and unhealthy fats. Physical activity guidance will encourage at least 150 minutes per week
of moderate-intensity aerobic exercise such as walking or dancing, with the use of televised
Ethiopian exercise programs recommended. Behavioral support will involve motivational
interviewing, SMART goal setting, and use of food/activity logs. Counsellors will maintain
a supportive tone, use culturally adapted visual aids in Amharic, and follow a structured script
offering clear actionable advice.
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Control Group Protocol

The control group will continue routine ART services including clinical assessment and ART
monitoring but will not receive lifestyle counselling during the study. Participants will attend
baseline and six-month visits for weight and metabolic measurements. Full counselling will
be provided after study completion to ensure equitable care.

Outcome Measures

The primary outcome will be the proportion of participants achieving at least 3% weight loss
at six months. Secondary outcomes will include changes in waist circumference, BMI,
physical activity, dietary patterns, and metabolic markers such as HDL cholesterol.

Data Collection and Monitoring
Trained personnel using standardized tools will collect data at baseline and six months. The
principal investigator will oversee data quality and study monitoring.

Statistical Analysis

Analyses will follow the per protocol principle. Differences in means and proportions
between groups will be tested using t-tests and chi-square tests, with regression models
adjusting for relevant covariates as needed.

Counselling Tools and Resources

Counsellors in the intervention group will use Amharic-language brochures, visual cards
depicting diet and exercise, food and activity logs, SMART goal templates, and checklists
for remote counselling sessions.

Ethical Considerations

All participants will continue to receive standard HIV care. Informed consent will be obtained
from each participant, and the control group will receive the full counselling intervention
after six months to ensure fairness and ethical integrity.
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Annex-X: Training Guide for Counsellors
Effects of lifestyle modification counselling on anthropometrics and body composition
in overweight/obese adults taking antiretroviral therapy: a randomized controlled trial

A. Training Guide for Counsellors: Lifestyle Modification Intervention

Objective: To train ART clinic counsellors to deliver a structured lifestyle counselling
intervention aimed at achieving a minimum 3% weight loss over 6 months through diet
modification, physical activity, and behavioural change.

*1. Intervention Overview
o Target: ART clients with elevated weight/BMI or metabolic risk.
» Goal: At least 3% reduction in baseline weight within 6 months.
« Method: One face-to-face counselling session (50-60 minutes) and at least two phone
follow-ups (20-30 minutes each).
« Language: Amharic, supported with brochures, pictures, and handouts.

*2. Counselling Protocol for Face-to-Face Session (50-60 minutes)

1. Welcome and Rapport Building

e Greet the client warmly.

« Explain that the session is meant to support their health.

« Emphasize confidentiality and a non-judgmental approach.

2. Assess Eating and Physical Activity Patterns
 Ask the client to describe what they usually eat for breakfast, lunch, and dinner.
» Ask how often they eat snacks and what types.
o Ask about current physical activity, including walking, housework, job-related
activities.
« Identify any barriers to healthy eating or exercising (e.g., time, money, energy).

3. Explain the Purpose and Goal of the Intervention
e Describe the health risks of overweight and the benefits of even modest weight loss.
o Clearly explain the goal: "We aim to help you lose at least 3% of your body weight
over 6 months.”
« Use charts or visuals to demonstrate what a 3% weight loss would look like.

4. At Baseline and 6-Month Visits:

¢ Describe information such weight, body composition, waist circumference, and dietary
habits measurement at baseline and at the end of six months to help us understand health
patterns in people living with HIV.

5. Diet and Nutrition counselling
« Explain caloric reduction target (~500 kcal/day).
« Emphasize balanced meals that include:
v Whole grains: barley, teff (injera), oats and others.
v'Vegetables: collard greens (gomen), spinach, cabbage, carrots, green beans, pumpkin
and others.
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Fruits: bananas, papaya, oranges, mangoes, guava, apples.
Fibre-rich local foods: Moringa oleifera leaves, lentils, chickpeas, beans, flaxseeds.
Lean proteins: boiled eggs, grilled chicken, legumes, lentils, low-fat milk.
Healthy fats: avocado, groundnut paste in moderation, flaxseed oil, sunflower oil.
v Advise avoiding sugary drinks, fried foods, processed snacks, refined grains, and
saturated fats.

v Recommend drinking clean water instead of sugary drinks.

« Avoid or reduce:

v' Sugary snacks and drinks.

v Fried or greasy foods.

v Processed foods (packaged biscuits, instant noodles).

v White bread, pasta, and refined grains.

« Demonstrate portion control using pictures or plates.

AN N NN

6. Physical Activity Guidance
e Recommend at least 150 minutes of moderate activity per week.
o Give examples: brisk walking, dancing, sweeping, or using the TV-based exercise
program.
« Help the client identify times in the week they could exercise.
« Encourage walking instead of transport when possible.
« Emphasize reducing sedentary time (e.g., TV watching, long sitting).

7. Behaviour Change and Motivation

o Ask the client what motivates them to lose weight (e.g.,nfeel better, avoid illness).

« Encourage small steps and celebrate existing good habits.

« Identify what has worked or failed in past weight-loss attempts.

o Build confidence: "You don’t have to change everything at once—small steps matter.

8. Goal setting
« Work with the client to set 2—-3 specific and realistic goals.
o Example goals:

. Replace sugary drinks with water.

. Walk 30 minutes three times this week and

. Increase 30 minutes walking to at least for 5 days (moderate to vigorous intensity).
. Add a vegetable and fruits to each mealtime as much as possible.

9. Provide Educational Materials
« Distribute the Amharic-language brochure with visuals.
« Explain how to use the food and activity log.

10. Plan for Follow-Up
« Schedule two phone calls in the coming two months.
« Remind the client that support is available and progress will be reviewed.

*3. Phone Follow-Up Protocol (20-30 minutes)
Key Steps:
« Greet and check in on well-being.
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 Ask about progress toward the goals.

« Reinforce healthy behaviours.

« Address any new or ongoing challenges.

« Help revise or set new goals if needed.

« Encourage continued effort and schedule next contact.

*4, Do’s and Don’ts for Counselling
Do:
« Speak in clear, respectful Amharic.
« Be patient and supportive.
o Celebrate small successes.
 Use visuals and examples.
« Personalize advice.
Don’t:
« Do not blame or criticize.
« Do not recommend extreme or unsafe practices.
« Do not ignore questions or concerns.

*5. Tool & Materials to Provide Participants
o Amharic-language brochure (with pictures).
o SMART goal-setting card.
« Food & activity log.
« Physical activity flyer (TV-based exercise guidance).

*6. Training for Counsellors (for Trainers)
« Practice delivering each counselling item.
« Use role-play scenarios to build confidence.
« Demonstrate portion visuals and exercise examples.
« Assess through mock sessions and group feedback.

B. Training Guide for Counsellors: Control Group

Although the control group does not receive structured lifestyle counselling during the
study period, counsellors must ensure consistency, ethical conduct, and clear
communication at all participant contacts.

1. Role of Counsellor in Control Group
« Provide standard ART services only (e.g., clinical check-ups, medication adherence
support).
« Maintain the same level of attention and respect as given to the intervention group.
« Refrain from offering any lifestyle modification advice related to diet, physical activity,
or weight loss until after the final assessment.

2. Key Instructions
At Baseline and 6-Month Visits:
o  We will collect information such as your weight, body composition, waist
circumference, and dietary habits at baseline and at the end of six months to help us
understand health patterns in people living with HIV. This data is used for research
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purposes only and will not be used to guide individual treatment at this stage. Some
participants may receive additional health guidance as part of the study.

o Avoid offering any lifestyle guidance that may influence behaviour.

o Maintain neutral tone and avoid bias toward intervention group messages.

o Reassure participants that full lifestyle counselling will be provided after study
completion.

o After Final Assessment:

o Offer full counselling intervention using the same tools and materials used for the
intervention group (e.g., face-to-face session, Amharic brochure, and diet and activity
guidance).

3. Ethical Considerations

« Obtain informed consent explaining the delayed counselling.

« Ensure confidentiality, dignity, and non-discrimination for all participants.

« Document all interactions and maintain clear communication with the study team.

4. Monitoring & Quality Control
« Supervisors will regularly check adherence to the control group protocol.
« Any deviation must be reported to the study coordinator.

Some examples of 500kcal reduction counselling

GOAL: Reduce ~500 kcal/day

+»Change
» Estimated Calories Saved’s less injera  ~130 kcal
= Use 1 tbsp less oil in shiro or cabbage ~120 kcal

= Serve % cup shiro instead of 1 cup~50 kcal

» Replace 1 medium potato with cabbage ~50-60 kcal
» Reduce sugar in coffee (by 1 tsp) ~16 kcal

» Avoid snacking on fried items (kolo, etc.) ~100-150 kcal
if skipped

« reduce 500kcal/day
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GOAL: Reduce ~500 kcal/day....

Food Item

= InjeraEat % of large injera instead of whole ~100 kcal

» Lentil stew Serve % cup instead of 1 cup ~50 kcal

Tikil gomen: Use 1 tsp less oil ~40 kcalCoffee (2 cups)

Use 1 tsp sugar per cup instead of 2 tsp ~16 kcalSkip
snack bread

= Avoid 1 small slice of white bread ~100 kcal
= Avocado Eat 2 instead of whole fruit (large) ~100 kcal
- Total ~522 kcal save

GOAL: Reduce ~500 kcal/day....

 Tibs (100g — 50g) Smaller portion ~150 keal

* Oil reduction 1 tbsp less during cooking ~120 kcal
* Injera (% instead of full) Portion cut ~100 kcal
» No bread or potato Skip 1 slice or half potato ~80-100 kcal
» Lesssugarintea 1tspless ~16 kcal

= Total ~500-530 kcal save

GOAL: Reduce ~500 kcal/day....

= Macaroni/pasta Serve 1 cup instead of 1%z cups~100 kcal

= Tibs Use 1 tbsp less oil during preparation ~120 kcal

= Sweet potato Eat 2 medium potato instead of full ~60 kcal

= Tea (2 cups) Skip sugar or use just 1 tsp total ~16 kcal

= No juice Skip 1 cup organic juice (unsweetened)~100-120 kcal
= Small injera use smaller size or cut portion ~100 kcal

= Total ~510-530 kcal save
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Annex-XI: food items and portions (Pictorial and photograph show)

‘ Portions of food for 24hr recall dietary Energy estimation ‘

&

Sambusa Pasta

D4

Gomen

>

Kiki

)

Potato with carrots
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1 medium-sized
sized banana =
150 g

1 medium-sized

orange =200 g

1 medium sized
avocado = 150 g

1 meaedium-sized

mango =250 g

%

1 medium-sized
lemon =35g

1 medium-sized
slice of papaya =

1 medium slice of
watermelon =150 g

1 medium slice of
pineapple =35 g

759

“y

A

1 bottie of beer =
225 g

1 binle tej = 300 g

1 glass of wine =
2209

1 glass of tela
230 g
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vig: Y mlﬂmnmmtuohtdm&mmmmw«aoflsm«hem
Al ly. a b of both types 15

latervantion Anm 2
Intervention name © coatrol group
Intervention Type  No Intervention
Intervention Classification . No treatisent

Intervention Description - ﬂuCOMnolmmr:mw«immednvwrﬂwmmﬂmg
from study. d P P in the CG d only d yeality
natiretroviral treatment care services

Outcame
Primary Outcome
1. Outcome Nume = Weight loss and clamge m body compostion
Metric / Method of measuwrement - by using previously validated bioel 1y d (BIA) BIA was emmployed via an Omron Body

Compmmmm&-h(mm 514C analyzer, Omron healthoare Ine . Japan)
Tune point ot baseline and after 6 nsonths
Secondory Outcome
1. Outcome Name  #f least 35 weight Joss
Metne / Method of measurement  percent wesght boas (Jwespht at 6 months nunns weight at baselise ) wesght st baseline)x 100
Tane pownt - at baselme and after 6 months

Location
Section A : Central Contact
Central Contact  First Name = Agete Tadewos Middle Name . Last Name ' Hmgo
Degrae - MSc. PhD candidate Phone - 0913175126 Ext. - 1o Data Email  agetetadewos(d yaboo com
Central Contact Backup Fust Name  Zelalem Middle Name Lastname - Debebe
Degree - MD, distotics Phone 0920032918 Ext 1o Dute Emal  Zelalem debebe@anu odu ot

Section B Facility Information and Contact
1. Site Name | Hawanss

Ciaty - Hawassa State/Province = Sidama Postal Code - 1560
Country : Ethuopea Recr Status - Completed
Facility Contact Fint Name Ayalew Middle Name : Last Name - Astatkae
Degres - FhD Phone ' 0911739694 Ext - 1o Dats Emml - ayalewastatkie@ gmal com
Facility Contact Backup First Name  Zelalem Middle Name - Last Name Debebe
Degree  MD, Dietetics Phone 0920032918 Ext. o Duts  Email  zelalem debebe@anu edu et
Investigator Name Feost Name  Agete Tadewos Middle Name Last Name = Hungo
Degres - MSc Role . Prnerpal Investigator
Section C : Contact for Public Queries (Responsible Ferson)
Fust Name  Agete Tadewos Middle Name Last Name  Hmgo
Degres | MSc, PRD candidate Phone | 0913175126 Ext. 1o Dats Emml - agetetadewosi yaboo.com
Postal Address  Hawsasaa
St Provinee  Hawasss Postal Code 1560
Country ' Efhaopsa Official Role  Study Primcipal Investigator

Organzation Affiliation - Hawassa University
Section D : Contact for Scientific Queries (Responsible Person)

Furst Name - Ayalew Maddie Name | Last Nane - Astatkae

Degree - PhD Phope ' 0911739694 Ext - o Datn Emml  ayalewnstatkiee @ yahoo com
Postal Address  Hawassa

Swute/Province - Sadama region Postal Code - 1560

Country - Ethiogiea Official Role  Study Prancipal Investigator

Organszanion Affilianon - Hawassa Universay

Summary Results
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Date of posnng of results v results not yet available
Date of first journal publication of results © Not yet published

Deidentificd Individual Participant-level Data Sharing
Plan to share IPD © Yes

Plan d Y after pleting the data analysas the results wall be presented for sutsretrovaml chinse workers, Addis Ababa

umversity and

Tipt will be

1.

d to reputable § | for publication

Publication from this study
MEDLINE Identif; 0ot published
URL link to full text publication = o Diats
Page 4/4
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COLLEGE OF NATURAL & COMPUTATIONALSCIENCES ChpthiDn, PALTET W LETTA 45N
f (%2
Addis Ababa University A0 ANO eRTTCOLL

OFFICE OF THE DEAN Ref.No. CNCSDO/153/15/2022
rA XM A

Date September 19, 2022
"y

To Whom It Mayv Concern

The College of Natural & Computational Sciences Institutional Review Board (CNS-IRB)
Committee in its meeting held on 10/09/22 Minute No. IRB/07/14/2022 has examined the project
proposal entitled “Changes in body weight, body composition and cardiometabolic risks and the
cffect of intensive counseling among HIV-positive adults receiving antiretroviral regimens at

Hawassa City administration, Sidama Regional State, Ethiopia’ by Agate Tadewos from the Addis

Ababa University.

The proposal is approved for implementation for one year, effective September 10, 2022.

With regards

Aﬁ;{mun. (PhD)

Dean, College of Natural & Computational Sciences
Addis Ababa University

M ah/Tel.+251-11-123-94-72 7724 +1/P.0.Box 1176 Addis Ababa, Ethiopia
) 11-123-94-69 A.TLA/Email: dean_cns@aauv.edy.et

4.hn/Fax: +251-11 = Quote our reference number in you correspondence )

“Examine all things; hold fast that which is good™ S
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