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ABSTRACT
Background

Despite the scale-up of antiretroviral therapy (ART) in South Africa, there is limited evidence
on how this expansion has benefited male and female adolescents and young adults aged 15 to
24 years (AYAs) at the beginning of the universal test and treat (UTT) era in 2016. This study
aims to evaluate sex-specific drivers of HIV treatment outcomes among AY As 12 months after

ART initiation at the start of the UTT era.

Methodology

A retrospective cohort study was conducted using routine patients’ data from the Therapy Edge
database. Descriptive statistics were performed to compare baseline socio-demographic and
clinical characteristics between male and female AYAs. Fisher’s exact test was conducted to
assess the association between the baseline characteristics and the study outcome variables:
viral load (VL) suppression and retention in care. A generalized mixed-effects model (GLMM)

was used to identify sex-specific drivers of ART outcomes.

Results

The analysis revealed a higher VL suppression rate among females (74.5%) than males
(60.0%). Along with an impressive retention to care rate of 99.1%, there was only one female
participant who was deceased 12 months post-ART initiation. Baseline education level was
identified as a predictor of VL suppression for both male (RR:1.43, CI:1.07-1.91, P=0.02) and
female (RR:0.72, CI:0.61-0.86, p<0.01) AY As. Additionally, the ART regimen was a predictor
specifically for females (aRR:0.01, CI:0.10 - 0.20, p<0.01).

Conclusion

The results highlighted sex disparities in VL suppression among AYAs and demonstrated
strong retention in care at the beginning of the UTT era. The findings indicate that baseline
education level, and ART regimen should be considered for improved HIV treatment
outcomes. Future research should explore sex-inclusive interventions to support sustained VL

suppression AY As.
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CHAPTER 1 - INTRODUCTION

1.1. Background

Human Immunodeficiency Virus (HIV) remains a significant global health challenge, with an
estimated 39 million people living with HIV (PLHIV) worldwide!. In 2022 alone,
approximately 1.3 million new HIV cases were reported”. South Africa bears the highest
burden of HIV, with 8.2 million PLHIV and 210,000 new HIV cases were recorded in 2021'3.
The country has implemented the world’s largest antiretroviral therapy (ART) program, with
over 5.5 million people initiated on ART, a testament to the progress that can be achieved with
concerted efforts.'. Notably, since the launch of the South African National ART Program in
2003, the number of HIV/AIDS-related deaths has declined by 58% between 2007 and 2018%.
This shift has transformed HIV from a fatal illness into a manageable chronic disease,

significantly extending the lifespan of PLHIV '3,

In 2015, South Africa adopted the United Nations Programme on HIV/AIDS (UNAIDS) 90-
90-9 targets, which were later changed to 95-95-95 in 2020. The 95-95-95 target aims to
diagnose 95% of all PLHIV, ensure that 95% of diagnosed individuals begin sustained ART,
and achieve VL suppression in 95% of those undergoing treatment by 2025°. This is to assist
the country in reaching the Sustainable Development Goal (SDG) of ending AIDS by 2030°.
To complement this, South Africa implemented the World Health Organization (WHO)
recommended Universal Test and Treat (UTT) strategy to accelerate progress toward these
targets. The UTT strategy is aimed at ensuring that all PLHIV are offered ART on the same
day of diagnosis, regardless of CD4 count, to achieve viral suppression and improve treatment

outcomes’.

The introduction of UTT assisted the country in reaching the first 95 in 2023%. Despite UTT's
success in enhancing early diagnosis, linkage to care, and improving ART outcomes, disparities
in ART outcomes across populations persist’. Adolescents and young adults (AYAs) aged 15
to 24 years still face treatment-related challenges, including poor retention in care due to loss
to follow-up (LTFU)!®!!. This occurs when a patient misses a scheduled clinic visit or ART
refill and fails to return within 60 or 90 days'2. A study conducted in eight clinics in KwaZulu-

Natal, South Africa, reported that AYAs had a 1.65 times higher risk of attrition compared to



the older age group'>. Factors contributing to the sex disparities in ART outcomes include the
effectiveness of ART regimens and the social, demographic, and clinical characteristics of

patients, such as age, sex, education, income, geographical location, CD4 count, and BMI 415,

It is essential to note that the UTT strategy is a vital component of case finding, linkage to care,
and improved ART outcomes. However, sex-related barriers may contribute to disparities in
ART outcomes between adolescent girls and young women aged 15 to 24 years (AGYW) and
adolescent boys and young men aged 15 to 24 years (ABYM). Given that AGYW have the
highest risk of HIV incidence and are three times more likely to acquire HIV than their male
counterparts'®!”. Understanding sex differences in ART outcomes at the start of the UTT era,
is important for determining whether both male and female AY As benefited from the UTT.
Additionally, this will enable the tailoring of interventions aimed at improving ART outcomes

for this vulnerable population, thereby helping the country reach the 95-95-95 target.

1.2. Problem statement

South Africa remains off track in achieving the UNAIDS 95-95-95 targets to end AIDS by
2030, with AYAs, and children continuing to lag behind'. While significant efforts have been
invested in expanding case finding, treatment, and care services, AY As show poorer retention
in care and lower rates of viral load suppression’!8. Notably, ART coverage among AGYW
remains suboptimal, with only 56.9% of AGYW receiving ART in 2021, compared to 70%
coverage in the general population'®. Although AYAs account for 6.8% of the total population
of PLHIV, they represent 80% of the annual HIV incidence, which impacts the country’s
achievement of the 95-95-95 target'-’. Despite the introduction of various strategies aimed at
improving ART outcomes, there remains a critical gap in understanding whether the challenges
faced by AY As are similar across sexes, and whether these interventions sufficiently account

for sex-specific differences linked to social, demographic, and clinical characteristics.

To implement responsive and equitable interventions, it is necessary to revisit the early
implementation of the UTT strategy and assess how AYAs, especially AGY Ws, performed

during this critical period. Without a clear understanding of the initial barriers and accelerators



to treatment retention and viral suppression, efforts to strengthen ART programs risk

overlooking this vulnerable population and sex-specific needs.

1.3. Justification

This study aimed to examine the association between sex and treatment outcomes among
AYAs and explore the key factors contributing to the relationship at the start of UTT era. By
identifying the drivers of sex-specific disparities in ART retention and viral suppression, the
findings provide insights into potential barriers and facilitators of successful treatment
outcomes during the early implementation of the UTT era. Understanding the factors that
contributed to positive or suboptimal outcomes at the onset of UTT is essential as the country
approaches the final year of achieving the 95-95-95 targets. These insights will help guide
targeted interventions to optimize ART programs and ensure that both AGYW and ABYM
receive effective HIV care. The study's findings will contribute to strengthening HI'V treatment
strategies and informing policies aimed at improving retention and viral suppression for AY As

in high-burden settings, thereby supporting efforts of ending AIDS by 2030.

1.4. Aims and objectives

1.4.1. Research Question

Do HIV treatment outcomes differ between male and female AYAs (AGYW and ABYM), who
initiated ART at the onset of the UTT era in Johannesburg, South Africa, 12 months after

treatment initiation?

1.4.2. Aim

To determine sex differences in HIV treatment outcomes defined as VL retention in care and
VL suppression among AYAs who were initiated on ART at the onset of the UTT era in
Johannesburg, South Africa, 2016-2017.

1.4.3. Objectives



1.

To describe the baseline socio-demographic and clinical characteristics of AGYWs and
ABYMs 12 months after ART initiation in Johannesburg, between September 1, 2016,
and September 30, 2017.

To compare 12-month treatment outcomes (i.e., retention in care and VL suppression)
between AGYWs and ABYMs 12 months after ART initiation in Johannesburg
between September 1, 2016, and September 30, 2017.

To assess predictors of 12-month retention in care and VL suppression for AGYWs and
ABYMs 12 months after ART initiation in Johannesburg between September 1, 2016,
and September 30, 2017.



CHAPTER 2 — LITERATURE REVIEW

2.1. Epidemiology of HIV among Adolescents and Young Adults

South Africa has the largest ART program globally, which contributed to a 51% reduction in
HIV incidence in the general population between 2017 and 2019'%%°. However, AY As remain
at high risk, with an HIV incidence of 0.7% compared to 0.6% in the general population?!.
Among AGYW, the incidence is even higher, at 1.2%, nearly four times that of their male

counterparts (0.3%) %2022,

Despite significant progress in HIV prevention and treatment, AYAs in South Africa continue
to experience disproportionately high HIV incidence and suboptimal ART outcomes®>2*. In
2020, more than 1,000 new HIV incidence occurred among AGYW each week, exceeding the
National Strategic Plan (NSP) target of fewer than 800 per week??. The NSP is a multi-year
policy and implementation framework that guides the country’s response to HIV, tuberculosis
(TB), and sexually transmitted infections (STIs)’. The NSP and studies report that factors such
as age-disparate relationships, sex-based violence, and socio-economic disparities contribute

to the sustained high HIV burden among AGY W?1625,

Multiple studies have identified key drivers of HIV transmission among AGYW, including
early sexual debut, multiple sexual partners, transactional sex, and limited access to prevention
services?® 2. In response, South Africa has implemented several HIV prevention programs,
including the Determined, Resilient, Empowered, AIDS-Free, Mentored, and Safe (DREAMS)
initiative, which integrates biomedical, behavioural, and socio-economic interventions®.
However, despite these comprehensive prevention efforts, AGYW remain at high risk. A study
conducted in KwaZulu-Natal reported an HIV incidence of 4.1% among AGYW exposed to
the DREAMS program, compared to 1.5% in the general population®’.

This ongoing high risk of HIV among AGYW highlights the need to examine ART outcomes

in this high-burden context. While significant strides have been made in increasing ART



coverage, the effectiveness of these interventions for AGYW and ABYM remains
insufficiently explored, particularly at the onset of UTT era. The UTT strategy, launched in
South Africa in 2016, aims to expand access to ART, improve retention in care, and achieve
VL suppression across all populations®'. While evidence suggests that UTT has led to increased
ART coverage®®*, there is limited research assessing whether this expansion has improved
treatment outcomes among AGYW, particularly compared to ABYM. Understanding the
association between sex and ART outcomes in HIV-burdened settings is critical for optimizing

intervention strategies and ensuring equitable treatment success.

2.2. The Universal Test and Treat strategy and ART outcomes

The UTT strategy, a significant development in South Africa's public health landscape in 2016,
eliminated CD4 count thresholds for treatment initiation®'. Thereby, expanding ART access to
all PLHIV regardless of clinical stage’. A study reported that early ART initiation under UTT
significantly reduced HIV transmission, as demonstrated in the HPTN 052 trial, which reported
a 96% reduction in transmission among sero-discordant couples when ART was initiated

early>?.

A study conducted in Gauteng reported that only 36.4 % of the population who were aware of
their HIV status were on ART between 2010 and 2012'%. However, most PLHIV were not
treated early, increasing their risk of morbidity and mortality**. Before the implementation of
the UTT strategy, AY As were less likely to qualify for ART initiation due to the National HIV
treatment guidelines which required a CD4 count below 500 cells/mm? for eligibility*. Newly
infected, sexually active AY As are often asymptomatic with higher CD4 counts at diagnosis,
a phase known as clinical latency, during which the virus replicates without showing clinical

signs’¢.

While the UTT strategy has increased ART coverage nationwide, research indicates significant
disparities in retention and viral suppression rates between AY As and the older populations'®.
Studies suggest that while UTT has improved ART access, young people, particularly AGYW,

37-39

continue to face significant barriers to effective care’’”. For example, before UTT

6



implementation, only 36.4% of HIV-positive AY As in Gauteng were on ART, highlighting the
structural challenges in accessing treatment®®. Following the introduction of UTT, ART

coverage improved, but retention challenges, particularly among AYAs, persisted®®*.

Retention in care remains a crucial factor for achieving and maintaining sustained viral
suppression and preventing drug resistance. A study at the Themba Lethu Clinic in
Johannesburg demonstrated that AYAs retained in care were more likely to achieve viral
suppression and immune restoration than those who were LTFU?®. However, a multi-site study
in KwaZulu-Natal revealed that AYAs had a 1.65 times higher risk of attrition compared to
older age groups, with stigma, long clinic waiting times, and lack of youth-friendly services

identified as key barriers'®.

The implementation of UTT has had a transformative effect on ART coverage. Yet, the
continued challenges in retention and viral suppression for AY As necessitate a more in-depth

understanding of the barriers specific to this age group.

2.3. Predictors of Treatment Outcomes

The association between sex and ART outcomes is a critical yet underexplored area of research
in the UTT era. Emerging studies suggest that biological, social, and structural factors
contribute to disparities in ART outcomes between AGYW and ABYM**4!, Although some
studies have shown that AGYW may have better ART adherence compared to ABYM, they
still face significant socio-economic and structural barriers that impact their treatment

success>3.

Studies indicate that AGYW tend to have better retention rates compared to ABYM, though

both groups face challenges such as stigma, negative healthcare provider attitudes, and socio-

10,38

economic hardships'"”°. Sex-specific barriers to ART adherence, including the fear of

disclosure and intimate partner violence, are critical in understanding ART outcomes in this

population?®-7.



Socioeconomic factors such as low levels of education, unemployment, and geographic
location profoundly impact ART adherence and retention among AY As*?. Evidence indicates
that individuals with primary education or no education often display reduced health literacy,
which can lead to misunderstanding about HIV and ART*. A lack of understanding of the
importance of ART adherence and management can ultimately hinder treatment

effectiveness!®.

Related studies reported that unemployed patients are more likely to struggle with consistent
ART adherence due to financial difficulties. These challenges included the cost of
transportation to healthcare facilities and purchasing nutritious food, vital for maintaining
adherence to ART regimens and good health outcomes*’. While patients in urban areas have
access to health care facilities with advanced resources, the population in rural areas often faces
barriers associated with transportation and access to adequate healthcare services**. This is
particularly pronounced among AGYW, who may also have limited autonomy in accessing

healthcare services without the support of caregivers or partners®.

AYAs, especially AGYW, often report that the healthcare system does not provide youth-
friendly services, which include long waiting times, a lack of privacy, and healthcare providers
who are not adequately trained to handle adolescent-specific issues*®. These factors exacerbate
the challenge of improving retention and viral suppression rates in this vulnerable group.
Furthermore, Adolescents transitioning to adult HIV care face disruptions in treatment due to
several factors, including inadequate status disclosure, fear of navigating the healthcare facility,
limited self-advocacy for adherence, and poor health literacy?***’. These disruptions often result

in a loss of continuity in treatment, leading to higher rates of attrition and treatment failure®>.

Despite the expansion of ART access under the UTT strategy, evidence regarding its impact
on ART outcomes among AGYW and ABYM remains limited. This is a critical gap in our
understanding, as much of the existing literature has focused on overall ART uptake rather than
sex-specific differences in treatment success*. Our study aims to fill this gap by analyzing the
association between sex and ART outcomes, as well as identifying the factors that contribute

8



to these differences in a high HIV-burden setting. Understanding the drivers of sex-specific
differences in ART outcomes will provide valuable insights into developing targeted
interventions to improve ART retention and viral suppression among AY As. The findings of
this research have the potential to significantly impact the field by contributing to the
refinement of existing intervention strategies and optimizing care models for AGYW and
ABYM. This potential impact should instill a sense of hope and anticipation in the audience,
as it ultimately supports the achievement of South Africa’s goals for controlling the HIV

epidemic.



CHAPTER 3 - METHODS

3.1. Study setting and design
3.1.1. Study design

The study employed a retrospective cohort design, utilizing routine secondary data from the
medical records of patients who initiated ART between 01 September 2016 and 30 September
2017 at Themba Lethu Clinic, an HIV clinic situated within a tertiary hospital in Johannesburg,
South Africa.

3.1.2 Study population and setting

The study population included AYAs living with HIV who had initiated ART between 1
September 2016 and 30 September 2017 at Themba Lethu Clinic in Johannesburg, Gauteng
province, South Africa. Data from 2016 to 2017 remain valuable in HIV research as a historical
baseline for UTT implementation, enabling the assessment of progress and shifts in key
indicators such as viral suppression, and retention in care. While HIV treatment and prevention
evolve quickly, comparing these older data with current figures allows us to evaluate the impact
of recent interventions, detect persistent disparities in vulnerable populations, and assess

whether prior barriers still affect ART outcomes.

Themba Lethu Clinic is an urban government clinic located inside a provincial hospital called
Helen Joseph in the Johannesburg Metropolitan Health District in the Gauteng Province, South
Africa®>. Gauteng has the largest population in South Africa and the highest number of local
and international migrants compared to other provinces.’. In 2016, most (37%) of Gauteng
residents lived in the City of Johannesburg, and 14% of the city’s population were adolescents
and young adults aged 15-24°. In 2017, 81% of people knew their HIV status, 67% initiated
ART, and 88% were virally suppressed among the population of the City of Johannesburg'®.

Themba Lethu Clinic was initially established to provide ART to PLHIV as a valuable resource
for research on ART roll-out, which is necessary for a resource-limited setting such as South
Africa 45%. The clinic follows the South African National Department of Health's policies and

Guidelines for providing HIV treatment and care, which were utilized during the study period,
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between September 1, 2016, and September 2017. Patients’ medical records at this clinic were
maintained electronically in a database system called Therapy-Edge-HIVTM. The electronic
medical record system is an electronic database that captures all routinely collected patient
information, including demographic and clinical characteristics, clinic visit details, ART
regimen, laboratory test results, and co-infections. Data from the Therapy-Edge-HIVTM
system has been instrumental in-patient management and has significantly contributed to
epidemiological and health economics evidence aimed at optimizing HIV care and treatment

outcomes.

3.2. Sampling

The study initially planned to include all AY As from the Therapy-Edge-HIVTM database who
initiated ART between 01 September 2016 and 30 September 2017 at Themba Lethu Clinic.
While the intention was to include the whole eligible cohort to minimize selection bias and
allow comprehensive analysis, many patients were excluded from the final analysis due to
missing outcome data. As a result, the final sample was a subset of the initial eligible cohort
which might have affected the generalizability and introduced selection bias. These limitations

were considered in the analysis and interpretation of the results.

3.2.1. Inclusion criteria
The study included AY As who had never received ART, were not pregnant at the time of ART
initiation, started ART between 1 September 2016 and 30 September 2017, and had

information for their 12-month visit if retained in care

3.2.2. Exclusion criteria

Patients excluded from the study were those transferred to the Themba Lethu clinic from other
healthcare facilities and those who were initiated on ART at the Themba Lethu clinic outside
the study period. Eligible patients with missing information on ART initiation date and sex

were also excluded.

3.3. Data management

3.3.1. Data extraction and cleaning

11



Data was obtained from Therapy-Edge-HIV™ database in password protected comma-
separated values (CVS) file. The data abstraction process began with submitting a data request
to the gatekeeper of the Therapy-Edge-HIV™ database. The gatekeeper extracted the required
data elements listed in table 3.1. Patients' identifiers such as names, identity number and home
address were removed to ensure anonymization. Extracted data were saved as a password
protected CVS file. The data was exported, and all data cleaning and statistical analyses were

conducted using STATA 15TM (STATA-Corp, 2017, College Station, TX, USA).

As shown in appendix 1, the dataset was assessed for completeness, and Little’s Missing
Completely at Random (MCAR) test was performed to evaluate the nature of the missing
values. The null hypothesis was not rejected with a p-value greater than 0.05 (p-value =0.11),
indicating that the missing data were missing completely at random (MCAR). The missingness
was unrelated to any patterns in the data and was likely random; this could be due challenges
with clinic scheduling, inconsistent documentation, and lack of adherence to scheduled VL
monitoring visits. Observations with excessive missing values (greater than 50%) were
excluded from the analysis. Duplicate entries were identified and removed to prevent
overrepresentation. Inconsistencies in variable formats, such as date and categorical entries,
were standardized to maintain uniformity. During the analysis, outliers were excluded.
Explanatory and outcome variables were coded into fewer categories for better comparability,

as shown in Table 3.1.

3.3.2. Variables

3.3.2.1. Outcome variables

This retrospective cohort study assessed treatment outcomes 12 months after ART initiation,
regardless of whether the 12-month visit occurred within the period from 1 September 2016 to
30 September 2017, as the analysis considered a 12-month follow-up window from the date of

ART initiation

1. VL suppression was the outcome variable in the study: A VL suppression cut-off value
recommended by the South African National Department of Health of less than 50

copies/ml, also referred to as undetectable VL, was used in the study'?. VL test results

12



dated nine to 15 months after ART initiation, considered as 12-month VL, were

included in the study.

2. Retention in care: Defined as being alive and in care versus no longer in care (i.e., lost

to follow-up (LTFU), deceased, or transferred out). LTFU was defined as having

missed a clinic appointment in the form of a clinic assessment, ART pick-up, or

counsellor visit by 90 days or more after the scheduled date.

3.3.2.2. Explanatory variables

During analysis, socio-demographic and clinical variables were transformed into categorical

variables as shown in Table 3.1.

Table 3.1: A list of baseline socio-demographic and clinical variables used in this study

Variables
Age groups (years)

e
= Sex .
o Ethnicity
& Nationality
_qi; % Marital Status
s :§ Education Level
O
S =
@ >  Employment status
Baseline WHO staging:
Baseline Body mass index (BMI)
(kg/m’)
2 Baseline CD4 (cells/mm?)
=
=
P
s
>
S Baseline  Haemoglobin  (Hgb)
E  (gd
O Baseline Aspartate transaminase

(AST) (1U/L)

Baseline Alanine aminotransferase
(ALT) (1U/L)

Baseline Lactate levels (mmol/L)

Categories
1=15-18 (in secondary school), 2=19-21 (in further
training institutions), 3=22-24 (employed or Job seeking)
0=Female, 1=Male
0=Black African, 1=Other
1=South African, 2=Non-South African
0=Not married, 1=married
1=Primary school or less, 2=Secondary school, 3=Post-
matric
0=Employed, I=Unemployed
1= I-1I (asymptomatic to mild symptoms)
2=1II-IV (advanced to severe symptoms)
0= under-weight (<18.5 kg/m?)
1=normal (18.5 to 25.0 kg/m?)
2= over-weight (25.0 to 30.0 kg/m?)
3= obese (>30 kg/m?)
1 <250.0
2 =250.0-349.9
3 =350.0-499.9
4>500.0
1=<8.0
2=2>8.0
1=<40.0
2=2>40.0
1=<40
2=2>40.0
1=0.0-2.4
2=2.5-4.0
3=>4.0
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ART regimen 1 = first-line ART regimens for adolescents and adults in

2016 and 2017 [Tenofovir Diproxil Fumarate (TDF) +
Lamivudine/ Emtricitabine (3TC/FTC) +
Efavirenz/Nevirapine (EFV/NVP)]
2= Other (include: d4T+3TC+EFV/LPVr,
3TC+LPVr+ABC, AZT+3TC+EFV,
3TC+RTV/TDF+ABC+ATV, AZT+3TC+LPVr,
AZT+3TCHRTV+ATV, RTV+TDF+ATV+EMT, or
LPVr+TDF+EMT)

3.3.2.3. Confounders

Baseline variables considered as confounders in this study included: I. HIV WHO staging: This

variable determines the patient’s prognosis and affects treatment options’->.

I.  1.CD4 count and age: They are predictors of disease progression and treatment
response.
II.  Education level: This variable is related to understanding treatment instructions, which
impact adherence.
III.  Marital status: This serves as a proxy for social support, which can impact treatment

adherence.

3.4. Data analysis

3.4.1. Descriptive analysis

Patients’ clinical and socio-demographic characteristics at baseline, i.e., at ART initiation, were
stratified by sex to examine the distributional differences in these characteristics. Continuous
variables were summarized using means and standard deviation (SD), while frequencies and
proportions were used to summarize categorical variables. Marital status, AST levels, and
WHO HIV stage were not recorded for over 50% of our study participants. Consequently, these

variables were excluded from the final analysis.

3.4.2. Association of socio-demographic and clinical characteristics with treatment

outcomes 12 months after ART initiation, stratified by sex
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Fisher’s Exact test was conducted to assess the association between sex and VL suppression
for each explanatory variable, 12 months after ART initiation. Fisher’s exact test was used
because the observed frequencies in most contingency table cells were less than five. The
comparison was not made for the retention in care outcome variable as all except one patient
were retained; therefore, the data were skewed. The characteristics of the one patient not

retained 12 months after ART initiation are described in the text.

3.4.3. Baseline explanatory variables that are predictors for treatment outcomes

A generalized linear mixed model (GLMM) was used to evaluate the effects of clinical and
socio-demographic variables on VL suppression for each sex. The GLMM was chosen because
it accommodates non-normal outcome distributions and accounts for correlations within groups
and variability across groups’!. The validity of the GLMM relies on the data being MCAR,
which was assessed using Little’s MCAR test in this study (appendix 1). The Little’s MCAR
test is performed by applying a Chi? test to the missing data to determine whether they are
unrelated to the observed or unobserved data. This assumption ensured that the chosen model
provided robust and reliable estimates while effectively handling missing data without

introducing bias. Crude risk ratios (cRRs) with 95% confidence intervals were reported.

A regression model was not fitted for retention in care because it was a binary variable with
one group containing only a single observation. The sample size for one category was too small;
therefore, the model could not be run properly, making it impossible to determine the statistical

significance of the predictor variables.

A backward stepwise regression model was employed to select variables for the final model,
using a cut-off p-value of <0.2. The variables selected by the stepwise regression included
regimen category, education level, and ALT. However, since stepwise regression can select
variables based on chance, we also included additional variables essential for ART treatment
outcomes from other related studies: employment status, age group, CD4 count, and BMI. All

these variables were included in both the univariable and multivariable models.

The variance inflation factor (VIF) was calculated by regressing each chosen explanatory

variable on all others to assess multicollinearity among them. Sex exhibited a VIF greater than
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10, indicating a high level of collinearity with other predictor variables, as shown in Appendix
2. However, we could not remove it from the final model since it was the most important

variable in the study.

Interaction between sex, age groups, education level, and employment status was also assessed
by comparing models with and without interaction terms to determine if interactions
significantly improved model fit. The likelihood ratio test was used to evaluate the statistical

significance of each interaction term, and none were found to be significant (p-value < 0.05).

The final GLMM for VL suppression included the following variables: sex, education level,
regimen category, CD4 count, ALT, and BMI. We performed a likelihood ratio test to assess
our final model's goodness of fit. The final model was compared to a null model using the

likelihood ratio test and examining pseudo R? values.

3.5. Ethical considerations

Permission to collect data at Themba Lethu Clinic was obtained from the Gauteng Department
of Health, where the study was registered on the National Health Research Database (NHRD)
(NDoH_202005_001). Ethical clearance was obtained from the Human Research Ethics
Committee (Medical) of the University of the Witwatersrand, with clearance certificate number
M200365 (Appendix 3). Confidentiality was ensured during data curation, and personal

identifiers were removed before analysis. The collected data was used solely for this study.
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CHAPTER 4 - RESULTS

4.1. Descriptive analysis

4.1.1. Study population

A flow diagram in Figure 4.1 shows that 42,320 patients were recorded on the Therapy-Edge-
HIV™ database, with 10434 of them initiated within the study period. There were 42,203
patients who were not eligible to participate in the study and were excluded. Patients excluded
in the study included individuals who had no documented ART start date, those initiated on
ART outside of the study period, those transferred to Themba Lethu from another clinic during
the study, patients who had received ART previously, patients younger than 15 years of age or
older than 24 years, and patients who were found to be pregnant at the time of ART initiation.
A total of 117 patients met the study eligibility criteria and were all included in the final

analysis.
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42 320 patient records ]
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8 993 (21.3%) missing ART

start date
.

A
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>
2 (<0.01%) pregnant patients
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Figure 4.1: A flow chart for the selection of patients eligible for the study between 01
September 2016 and 30 September 2017 (N=117)
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4.1.2. Baseline socio-demographic characteristics

Table 4.1 shows the baseline socio-demographic characteristics of patients included in the
study. Of the 117 patients included in the analysis, 81 (69.2%) were female, with a mean age
of 20.1 years (SD =+ 2.0), and 36 (30.8%) males, with a mean age of 20.2 years (SD £2.4).
There were 107 (91.5%) black Africans, the majority were of South African nationality (n=110;
94.0%). The majority of patients (8; 70.9%) had secondary education, and a similar proportion
of males and females had post-matric education (21.0% vs 22.2%). A larger proportion of
patients (90; 76.9%) were employed, with a larger proportion of males (88.9%) compared to
females (71.6). Conversely, unemployment was higher among females (n=18; 22.2%)

compared to males (n=3; 8.3%),

4.1.3. Baseline clinical characteristics

Baseline clinical characteristics are shown in Table 4.1. At baseline, the mean Hemoglobin
(Hgb) level was 13.1 g/dl (SD, 0.2 g/dl); none of the male patients had a Hgb below 8.0 g/dl,
while one female patient (n=1; 1.2%) had a Hgb level less than 8.0 g/dl. The mean baseline
BMI was 24.3 g/dl (SD, £0.8 g/dl). Most female patients (n=34; 42.0%) had a normal weight
at the time of ART initiation, with the second largest proportion being obese (n=13; 16.1%).
Among male patients, a majority (n=17; 47.2%) also had normal weight, while the second
largest proportion was underweight (n=8; 22.2%). The mean baseline CD4 count was 438.3
cells/mm? (SD +29.5 cells/mm?). A larger proportion (n=34, 29.1%) of patients had a CD4
count exceeding 500.0 cells/mm?* at the time of ART initiation. Approximately 52.8% (n=42)
of females had a CD4 count below 500.0 cells/mm?, including 13 (16.1%) who had a CD4
count below 250.0 cells/mm?. At baseline, the mean ALT was 30.8 mmol/L (SD 1.7), with 78
(66.7%) of patients having an ALT above 40 mmol/L. Most (88; 75.2%) patients were initiated
on ‘TDF+EMT+EFV’ first-line ART regimens.
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Table 4.1: Baseline socio-demographic characteristics of study participants attending

Themba Lethu clinic, stratified by sex (2016-2017; n=117)

Variable

Total

Age (years)

Nationality

Education level

Race

Employment

status

Haemoglobin

(mmol/L)

BMI (kg/m2)

Category Females
n (%)
81 (69.2)
Socio-demographic characteristics
15-18 6 (7.4)
19-21 33 (40.7)
22-24 42 (51.8)
Mean age (SD) 20.9 (2.0)
South African 77 (95.1)
Non-South African 4(4.9)
Primary school or less 33.7)
Secondary school 58 (71.1)
Post-matric 17 (21)
Missing 3(3.7)
Black African 74 (91.4)
Other 2 (2.5)
Missing 5(6.2)
Unemployed 18 (22.2)
Employed 58 (71.6)
Missing 5(6.2)
Clinical characteristics
<38,00 1(1.2)
> 8,00 65 (80.3)
Missing 15 (18.5)
Mean Hgb (SD) 12.5(0.2)
Under-weight 5(6.2)
Normal 34 (42)
Over-weight 17 (21)
Obese 13 (16.1)
Missing 12 (14.8)

Males
n (%)
36 (30.8)

6 (16.7)
17 (47.2)
13 (36.1)
20.2 (2.4)
33 (91.7)
3 (8.3)

3 (8.3)
25 (69.4)
8(22.2)
-()

33 (91.7)
1(2.8)

2 (5.6)

3 (8.3)
32 (88.9)
1(2.8)

-0

29 (80.6)
7(19.4)
14.5 (0.4)
8(22.2)
17 (47.2)
1(2.8)
1(2.8)

9 (25)

Total
n (%)
117 (100)

12 (10.3)
50 (42.7)
55 (47)
20.6 (0.2)
110 (94)
7 (6)
6(5.1)

83 (70.9)
25 (21.4)
3(2.6)
107 (91.5)
3(2.6)

7 (6)

21 (18)
90 (76.9)
6(5.1)

1(0.9)
94 (80.3)
22 (18.8)
13.1(0.2)
13 (11.1)
51 (43.6)
18 (15.4)
14 (12)
21 (18)
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CD4 count

(cells/mm?)

ALT (mmol/L)

First-line ART

regimen

Mean BMI (SD)
<250,00
250,10-349,90
350,00-499,90
> 500,00
Missing

Mean CD4 (SD)
<40,00

>40,00

Missing

Mean ALT (SD)
TDF+EMT+EFV
Other

25.8 (1.0)
13 (16.1)
13 (16.1)
16 (19.8)
22 (27.2)
17 (21)
459.9 (35.0)
53 (65.4)
13 (16)
15 (18.5)
30.7 (2.1)
64 (79.0)
17 (21.0)

20.5 (0.7)
9 (25)
4(11.1)
3(8.3)

12 (33.3)
8 (22.2)
388.9 (54.8)
25 (69.4)
4 (11.1)
7 (19.4)
31.1(3.2)
24 (66.7)
12 (33.3)

24.3 (0.8)
22 (18.8)
17 (14.5)
19 (16.2)
34 (29.1)
25 (21.4)
438.3 (29.5)
78 (66.7)
17 (14.5)
22 (18.8)
30.8 (1.7)
88 (75.2)
29 (24.8)

4.2. Association of explanatory variables with treatment outcomes 12 months after ART

initiation, stratified by sex

4.2.1. Retention in care at 12-month follow-up

At 12 months after ART initiation, only one patient was no longer in care (deceased), while the

remaining 116 patients were still alive and in care. The deceased patient was a South African

black female aged between 15 and 18 years. She was employed and had secondary education

as the highest level of education. At ART initiation, she was underweight, had an Hgb level
above 8 g/dL, an ALT level below 40 mmol/L, and a baseline CD4 count between 250 and 350

cells/mm?, and was initiated on a TDF+EMT+EFV first-line regimen.

The distribution of baseline characteristics for patients who were alive and in care 12 months

after initiating ART remained similar to that described in the baseline analysis presented in

Table 4.1.
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4.2.2. VL suppression at 12-month follow-up

Table 4.2 presents the socio-demographic and clinical characteristics of the study participants
stratified by VL suppression. Of the 117 patients in our study, 71 (60.7%) had VL results
measured 12 months after ART initiation. Of those missing VL results 12 months after ART
initiation, 44.4% (n=16) were males and 37.0% (n=30) were females. Over a third (38.0%) had
normal BMI, 54.0% had ALT more than 40 mmol/L, 66.0% were initiated on TDF+EMT+EFV
ART regimen, and over a quarter (26.0%) had CD4 count, less than 250.0 cells/mm?>.

At 12 months after ART initiation, patients exhibited sex differences in VL suppression based
on socio-demographic and clinical characteristics. However, these differences were
insignificant for all variables except the regimen category. VL suppression was more prevalent
in females (n=38; 74.5%) than in males (n=12; 60.0%) during the first 12 months of initiating
ART. For both males and females, VL suppression was highly prevalent among individuals
with a secondary school education level, those who were employed, those with a normal BMI,
a CD4 count greater than 500 cells/mm3, ALT below 40 mmol/L, and Hgb above 8 mmol/l.
Nevertheless, the association between these explanatory variables and VL suppression was not
statistically significant. At 12 months post-ART initiation, there was a statistically significant
association between VL suppression and the type of regimen on which ABYM were initiated
(p-value < 0.01). Most (6; 75.0%) of the males who did not achieve VL suppression were

initiated on other ART regimens that were not first-line.
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Table 4.2: Association of socio-demographic and clinical characteristics with VL

suppression 12 months after ART initiation, stratified by sex, for study participants

attending Themba Lethu clinic, 2016-2017 (n=71)

Variable Category Suppressed Unsuppressed

n=12

N (%)
Age-group 1510 18 2(16.7)
(years) 19to 21 4 (33.3)
22 to 24 6 (50.0)

Education Primary 0(0.0)

level school or less
Secondary 8 (66.7)
school
Post-matric 4 (33.3)
Missing -
Employment Unemployed -
status Employed 12 (100.0)
Missing 0(0.0)
Haemoglobin <38,00 -

(mmol/L) > 8,00 11 (917)
Missing 1(8.3)

BMI (kg/m?) Under- 1(8.3)
weight

Normal 7 (58.3)
Over-weight 1(8.3)
Obese -
Missing 3 (25.0)
CD4 count <250,00 0 (0.0)
(cells/mm?) 250,10- 1(8.3)
349,90

Male

n=8
N (%)
1(12.5)
5(62.5)
2 (25.0)
1(12.5)

5(62.5)

2 (25.0)

7 (87.5)
1 (12.5)
7 (87.5)
1 (12.5)
2 (25.0)

4 (50.0)
0 (0.0)
2 (25.0)
2 (25.0)
2 (25.0)

P-value

0.58

0.59

0.40

1.00

0.89

0.27

n=38

N (%)
3(7.9)
19 (50.0)
16 (42.1)
2(5.3)

25 (65.8)

11 (28.9)
0 (0)

6 (15.8)
31 (81.6)
1 (2.6)
32 (84.2)
6 (15.8)
3(7.9)

15 (39.5)
10 (26.3)
5(13.2)
5(13.2)
7 (18.4)
7 (18.4)

Female

Suppressed Unsuppressed
P-value

n=13

N (%)
1(7.7)
7 (53.9)
5 (38.5)
0 (0.0)

11 (84.6)

1(7.7)
1(7.7)
2 (15.4)
9 (69.2)
2 (15.4)
12 (92.3)
1(7.7)
0 (0.0)

8 (61.5)
2 (15.4)
2 (15.4)
1(7.7)
2 (15.4)
3(23.1)
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350,00- 3 (25.0) 0 (0.0) 5(13.2) 4 (30.8)

499,90
>500,00  6(50.0) 3(37.5) 13(34.2)  2(15.4)
Missing 2 (16.7) 1(12.5 6 (15.8) 2 (15.4)
ALT mmol/L  <40,00  9(75.0) 7 (87.5) 0.75 28(73.7)  10(76.9)
>40,00  2(16.7) 0(0.0) 5(13.2) 2 (15.4)
Missing 1(8.3) 1 (12.5) 5(13.2) 1(7.7)

First-line TDF+EMT+ 11 (91.7) 2 (25.0) >0.00  35(92.1) 9(69.2)
ART regimen EFV
Other 1(8.3) 6 (75.0) 3(7.9) 4 (30.8)

4.2.3. Baseline explanatory variables that are predictors for treatment outcomes

4.2.3.1. Univariable analysis of predictors of VL suppression

Table 4.3 presents the GLMM analysis evaluating the association between clinical and socio-
demographic factors and VL in both AGYWs and ABYMs. Male participants with secondary
education face a 1.43 times more likely to reach viral suppression than those with post-matric
qualifications (RR=1.43; CI: 1.07-1.91; p=0.017). Female participants with a secondary level
of education are 28% less likely to achieve VL suppression than those with a post-matric level
of education (RR=0.72, 95%CI: 0.61-0.86, p<0.001). These results were statistically

significant.

The data also indicated a higher likelihood of achieving VL suppression in overweight males,
obese and overweight females, AYAs aged 19-21 years, males with a secondary education
level, and AYAs with CD4 counts greater than 350 cells/'mm3. Additionally, the risk of
achieving VL suppression was lower among those with ALT levels exceeding 40 mmol/L and
those initiated on other ART regimens. However, these results were not statistically significant

atp <0.01.
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Table 4.3: Univariate analysis of socio-demographic and clinical factors associated with

VL suppression 12 months after ART initiation for study participants in attending

Themba Lethu clinic, (201

6-2017; n=71)

Variable Male (n=20) Female (n=51)
RR (95% CI) p-value RR (95% CI) p-value

Age (years)

1510 18 Reference

19 to 21 1.43(0.67-1.23) 0.223 | 1.32(0.88-1.41) 0.329

22to 24 1.93(0.71-1.78) 0.452 | 1.12(0.44-1.52) 0.412
Education

Post-metric Reference

Secondary 1.43(1.07-1.91) 0.02" | 0.72(0.61-0.86) <0.01*

Primary or less - 0.92(0.79-1.08) 0.321
BMI (kg/m?)

Under weight Reference

Normal 1(0.51-1.96) 1]1.09(0.47-2.51) 0.85

Overweight 1.33(0.74-2.39) 0.33 | 1.35(0.59-3.11) 0.48

Obese 1.33(0.74-2.39) 0.33 | 1.13(0.47-2.69) 0.79
Baseline CD4 count (cell/mm?)

<250 Reference

250.1-349.9 1.88(0.54-6.51) 0.32 | 1.05(0.55-2.01) 0.89

350-499.9 2.5(0.83-7.52) 0.10 | 1.14(0.64-2.04) 0.65

>500 1.94(0.61-6.19) 0.26 | 1.48(0.93-2.36) 0.10
ALT (mmol/L)

<40 Reference

>40 0.92(0.39-2.21) 0.86 | 0.96(0.66-1.41) 0.84
ART regimen

TDF + 3TC/FTC | Reference

+ EFV/NVP

Other 0.38(0.12-1.22) 0.10 | 0.46(0.18-1.13) 0.09

# - p value <0.01
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4.2.3.2. Multivariable analysis of predictors of VL suppression

Table 4.3.2 presents the factors associated with VL suppression after controlling other
variables. The analysis reveals that age was not a statistically significant predictor for either
male or female AY As. The results also show no evidence of association between BMI, baseline
CD4, and ALT and viral suppression. Among males, young adults (19-21 years) are 1.8 times
more likely to achieve VL suppression than adolescents, whereas among females, the
probability is 15% lower, although neither association was significant. Education does not
appear to have a notable effect, with males who completed secondary education having a 1%
higher probability of VL suppression compared to those with post-matric education.
Conversely, among females, secondary education is associated with a 10% lower likelihood of
VL suppression compared to those with post-matric education, indicating a sex difference vy

education level. However, this analysis was not statistically significant.

Among females, those on other regimens were 99% less likely to achieve viral suppression,
and the result is statistically significant (aRR=0.01, 95% CI: 0.1-0.2). The ART regimen was
not associated with viral suppression in male patients. In addition to the significant role of the
ART regimen in both AGYW, no other variables showed a strong, statistically significant

association.

Table 4.4: Multivariable (GLMM) results showing socio-demographic and clinical factors
associated with VL suppression in patients attending Themba Lethu clinic, (2016-2017;
n=71)

Multivariate (GLMM, n=71)
Variable
Male (n=20) Female (n=51)
aRR (95% CI) P-value aRR (95% CI) P-value
Age (years)
15to 18 Reference
19 to 21 1.61 (0.47 - 4.16) 0.348 0.56 (0.85 - 1.42) 0.327
22 to 24 1.11(0.45 -2.76) 0.375 0.45(0.85 —1.55) 0.643
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Highest Level of Education

Post-matric Reference

Secondary school 1.01 (0.45 - 2.26) 0.98 0.90 (0.66 - 1.23) 0.51

Primary school or 1 - 1.47 (0.73 - 2.94) 0.28

less
BMI (kg/m?)

Under-weight Reference

Normal 1.12 (0.23 - 5.47) 0.89 1.02 (0.70 - 1.48) 0.92

Over-weight 0.83 (0.17 - 4.08) 0.82 0.98 (0.60 - 1.61) 0.95

Obese 0.39 (0.04 - 3.45) 0.40 0.74 (0.44 - 1.27) 0.27
Baseline CD4 count (cell/mm?)

<250 Reference

250.1-349.9 1.95(0.18 - 21.2) 0.58 1.03 (0.50 - 2.12) 0.93

350-499.9 0.67 (0.19 - 2.39) 0.54 1.34 (0.76 - 2.37) 0.31

>500 0.90 (0.24 - 3.42) 0.88 1.44 (0.76 - 2.72) 0.27
ALT (mmol/L)

<40 Reference

>40 1.34 (0.37 - 4.81) 0.65 1.08 (0.79 - 1.49) 0.62
ART regimen

TDF + 3TC/FTC + | Reference

EFV/NVP

Other 0.23 (0.05-1.13) 0.07 0.01 (0.10 - 0.20) <0.00"
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CHAPTER 5 - DISCUSSION

5.1. Introduction

This retrospective cohort study aimed to determine sex differences in HIV treatment outcomes,
specifically retention in care and VL suppression, among AY As. The study participants were
initiated on ART during the UTT era at Themba Lethu Clinic in Johannesburg (2016), South
Africa, and followed up after 12 months to assess treatment outcomes. This chapter discusses
the study findings, their scientific contribution, and their implications in the context of existing
literature, highlighting the potential impact of these findings on future research and healthcare

practices.

The key findings of this study were AY As who initiated ART at the onset of the UTT policy
exhibited better treatment outcomes at 12 months. Retention in care was generally high among
AYAs during this period, with AGYWs achieving higher rates of viral load suppression
compared to their male counterparts. Educational level was a significant predictor of VL
suppression for both AGYW and ABYM, highlighting the role of health literacy in supporting
adherence. Additionally, ART regimen type was an important driver of VL suppression

specifically among AGYW.

The study population predominantly consisted of AGY W, accounting for 69.2%, while ABYM
comprised only 31.8%. This sex disparity aligns with findings from the broader Themba Lethu
cohort and other South African studies, which consistently report higher healthcare
engagement among women than men'**’. Studies have attributed this to better health-seeking
behaviour among females and the disproportionately higher HIV prevalence in AGYW,
estimated at 10.4 per 1000 population compared to 3.5 per 1000 population in ABYM',
Additionally, HIV incidence remains markedly higher in AGYW (1.5 per 1000) than in ABYM

(0.5 per 1000), reinforcing the observed overrepresentation of AGYW in ART programs'®-3
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5.2. Health status

The overall health status of participants at the initiation of ART was relatively good, with most
having CD4 counts exceeding 400 cells/mm?, a standard BMI, and ALT levels below 40
mmol/L. These clinical parameters suggest a stable physiological profile and can be used to
assess baseline health status, monitor treatment readiness, and anticipate potential
complications during care!®. This is because CD4 counts above this threshold indicate
preserved immune function and are associated with a lower risk of opportunistic infections and
HIV disease progression’. A normal BMI is associated with a reduced risk of overall health
outcomes®. Additionally, ALT levels below 40 mmol/L suggest an absence of hepatic
inflammation or injury, which is critical in individuals receiving medications with potential

hepatotoxic effects such as ART”.

Notably, 29.1% had CD4 counts above 500.0 cells/mm?, indicating early ART initiation under
the UTT (Universal Test and Treat) policy, which recommends immediate initiation of ART
for all HIV-positive individuals, regardless of their CD4 count. However, 18.8% of patients
initiated ART with CD4 counts below 250 cells/mm?, signalling advanced HIV infection.
Before UTT implementation, a significantly higher proportion (24.8%) of patients at Themba
Lethu initiated ART at an advanced HIV disease stage (CD4 <50 cells/mm?)*. These findings
underscore the success of the UTT strategy in facilitating earlier initiation of ART, thereby
improving long-term treatment outcomes and instilling optimism for the future of HIV

treatment.

Despite these improvements, the UNAIDS target of initiating 95% of PLHIV on ART by 2025
remains a challenge. This acknowledgment underscores the need for continued effort and
innovation in HIV treatment>?!. Factors such as late diagnosis, poor linkage to care, and
delayed ART initiation contribute to this challenge. Enhancing case-finding approaches is
critical for early HIV diagnosis, linkage to care, and same-day ART initiation®'. Moreover,
understanding sex-specific clinical factors, such as CD4 and BMI, is crucial for informing and

implementing tailored interventions to optimize ART long-term retention.

5.3. Retention in care
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The study found a high overall retention rate, with 99.1% (116 patients) remaining engaged in
care at 12 months post-ART initiation. This retention rate is higher than the 89% two-year
retention reported in a previous Themba Lethu cohort study conducted during the UTT era'®,
Differentiated service delivery models, particularly multi-month dispensing (MMD), may have
contributed to improved retention by reducing clinic visit frequency and making ART
collection more convenient. This finding is supported by a multi-center randomized trial in
Southern Africa, which reported over 90% retention with MMD implementation, highlighting

patient demand for such approaches™.

Despite the overall high retention rate, our study successfully identified sex disparities in
treatment engagement as a significant concern. Consistent with existing research, we found
that males were less likely to initiate early in care than females**. This disparity has been linked
to lower health-seeking behaviour, employment-related barriers, and social stigma associated
with ART among males®®. In contrast, our study also highlighted the case of a female
participant who died within 12 months of ART initiation. The AGYW had a baseline CD4
count below 400 cells/mm?, a factor consistently associated with increased risk of virologic

failure and mortality within the first two years of ART!*-3,

5.4. Viral load suppression and ART outcomes

The findings demonstrate both expected and unexpected trends, revealing sex-based
differences in VL suppression that warrant further exploration in the context of socio-

demographic and clinical characteristics.

The overall VL suppression rates at 12 months were higher among females (74.5%) compared
to males (60.0%). This contrasts with some previous studies in which males have been shown
to experience poorer outcomes, often linked to delayed healthcare engagement and lower
adherence to ART?’. The current study found that females with tertiary education were more
likely to achieve VL suppression than their male counterparts®>. University and college

campuses often offer integrated health services, including youth-friendly clinics and adherence
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counseling, which may be particularly beneficial for young women in terms of both treatment

and psychosocial support*.

In contrast, young men tend to have fewer specialized services tailored to their needs, which
may explain their lower VL suppression rates in this cohort. Lack of male-focused SRH
services, including mental health support and tailored HIV care, may contribute to poorer
engagement with ART*. The absence of these sex-specific services could also partly explain
the trend in the current study, where females generally showed better treatment outcomes

compared to males.

The study also found a statistically significant association between VL suppression and the
ART regimen on which participants were initiated (p-value < 0.01). Most males (75.0%) who
did not achieve VL suppression were initiated on ART regimens other than the first-line
combination of TDF+FTC/3TC+EFV. These findings emphasize the importance of initiating
patients, particularly ABYM, on first-line ART regimens to optimize virologic outcomes, as
previous studies have shown that non-first-line regimens often have inferior virologic

suppression and higher rates of treatment failure!'2.

This highlights a critical need for careful selection of ART regimens, especially for ABYM
who may have unique treatment challenges and adherence issues. The availability of a variety
of ART regimens should not overshadow the importance of adhering to the most effective and
recommended first-line ART regimen, which is more likely to lead to sustained VL
suppression. Furthermore, this highlights the importance of introducing optimized first-line
ART regimens, such as dolutegravir (DTG) based combinations, which have demonstrated
superior efficacy, improved tolerability, fewer side effects, and a higher genetic barrier to
resistance, ultimately improving the overall health outcomes of patients on ART!?. The DTG-
based regimens have shown significant promise in improving ART adherence among young

people due to their fewer side effects and higher genetic barrier to resistance?”.
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While socio-demographic factors such as education level, employment status, BMI, and
baseline CD4 count showed trends in favour of VL suppression, the associations were not
statistically significant. These findings are consistent with literature suggesting that adherence
to ART, while influenced by social and demographic factors, may be more directly impacted
by clinical and treatment-related factors, such as ART regimen choice and the quality of clinical
support received?®. Although not statistically significant, both male and female participants
with secondary education, normal BMI, and CD4 counts above 500 cells/mm? tended to have
higher rates of viral suppression. These patterns, while not conclusive, may still offer insight

into factors influencing ART outcomes.

Employment status was also not significantly associated with VL suppression in this study.
However, employed males were more likely to benefit from MMD, which helps reduce the
frequency of clinic visits and aligns with work schedules. MMD is a proven strategy to improve
ART retention and adherence, particularly among employed individuals**. However, the
absence of a strong statistical correlation between employment and VL suppression in this
study may suggest that other factors, such as ART regimen, have a greater influence on

treatment outcomes.

5.5. Strengths and limitations

Our study results should be interpreted considering several strengths and limitations,.

5.5.1. Strengths

The study included participants attending the Themba Lethu clinic, which provides healthcare
services according to the South African Department of Health guidelines. The analysis was
performed on routinely collected clinic data; hence, the study findings provide a profile of the
actual population. Additionally, the analysis was conducted using data extracted from the
electronic medical record system implemented at the facility for routine medical record
management over many years. The study is one of the few studies that assessed sex differences
in treatment outcomes among AYAs who initiated ART during the UTT era. The study

employed the standard definition of treatment outcomes as outlined in the ART guidelines.
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5.5.2. Limitations

5.5.2.1. Missing data

Some patients in our study did not have VL results, leading to their exclusion from the analysis.
We assumed the missing VL data were random, likely due to missed recording during their
clinic visit, 12 months post-ART initiation. We used 9-15 months window to capture 12-month
VL suppression, allowing for variability in clinic visit schedules and laboratory testing times

while still reflecting patients’ treatment status approximately one year after ART initiation.

The absence of VL results for some patients may have reduced the power of our study and
introduced sampling bias, as most patients with recorded VL results were employed and
initiated on the TDF+EMTHEFV first-line regimen. Factors potentially contributing to missing
VL data include challenges with clinic scheduling, inconsistent documentation, and variable
adherence to scheduled VL monitoring visits among patients, particularly those balancing
employment or other commitments. Strengthening systems for routine VL monitoring and
consistent data capturing would provide a more complete assessment of treatment outcomes

among all patients.
5.5.2.2. Selection bias

Selection bias may have been introduced due to the exclusion of AYAs who had missing
information on key baseline variables important for the inclusion criteria, such as ART
initiation date and sex. Additionally, while AY As account for 34% of the total South African
population®, the final study sample represented only 0.3% of the total patient population at
Themba Lethu Clinic during the study period. The exclusion of a large proportion of potentially
eligible clients may have resulted in a study population that is not fully representative of the
broader AY A cohort. This could bias the findings toward those who were more engaged in care
and had more complete records. As a result, the generalizability of the findings is limited. The
outcomes observed in this selected group may not be a true representation of what AYAs
initiated on ART experienced during the onset of UTT. These limitations are acknowledged

and have been carefully considered in the interpretation of the study results.

5.5.2.3. Measurement of outcomes
We included all patients, whether alive and in care or no longer in care, in the analysis,
effectively reducing survival bias. However, the study underestimated LTFU, as previous

studies have reported high LTFU rates among adolescents within the first six months after the
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initiation of ART. Additionally, this study likely overestimated ART outcomes, as it was
conducted in a clinic nested within a Tertiary hospital, which is not a typical setting for the

majority of ART sites in South Africa.

5.5.2.4. Generalizability

While the study focused exclusively on patients initiated on ART at Themba Lethu Clinic, an
urban facility supported by specialized staff and researchers, the findings cannot be broadly
generalized to other facilities or the general population of Gauteng. To ensure the applicability
of our results, further studies should be conducted in clinics with similar profiles that reflect
the primary care setting typical of South Africa’s public healthcare facilities. This would help
validate these findings and provide a more comprehensive understanding of ART outcomes

across diverse healthcare contexts.
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CHAPTER 6 - CONCLUSIONS AND RECOMMENDATIONS

The study revealed that AGYWs experienced better treatment outcomes compared to ABYM
12 months after initiating ART during the onset of UTT era. Although an overall VL
suppression of 70.0% is lower than the WHO target of 95%, it is slightly higher than the 2024
national suppression rate of 67%. While VL suppression rates at 12 months post-ART initiation
was relatively high, particularly among females, several factors influence treatment outcomes
among AY As. Sex-specific services, ART regimen selection, and social support structures play

a critical role in determining success.

The findings suggest that AGY Ws benefitted more from the UTT at its onset. The study also
emphasises the importance of initiating AYAs, especially ABYMs, on optimised ART
regimens to improve virologic outcomes. To improve progress toward the 95-95-95 targets,
particularly among AY As it is essential for the country to adopt strategies that promote equity
in HIV care. This includes initiating AYAs on optimized ART regimens and ensuring access
to comprehensive health literacy interventions, as education was shown to be a predictor of

viral load suppression.
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Appendix 1: Assessment of missing data using Little’s MCAR test

Table of missingness in the data
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Observed Missing % Missing
Age 116 2 1.7%
Sex 117 1 0.8%
Marital status 3 115 97.5%
Race 110 8 6.8%
Nationality 117 1 0.8%
Level of education 114 4 3.4%
Employment status 111 7 5.9%
Baseline WHO status 32 86 72.9%
BMI 97 21 17.8%
Baseline CD4 93 25 21.2%
Baseline Hg 96 22 18.6%
AST 8 110 93.2%
ALT 96 22 18.6%
Lactate 0 118 100.0%
Viral load 88 30 25.4%

Little’s missing completely at random (MCAR) Test

Little's test evaluates whether data are MCAR.

Ho: The missing data are Missing Completely At Random (MCAR)

Hi: The missing data are not Missing Completely At Random (MCAR)

Little's MCAR test

Number of obs
Chi-square distance
Degrees of freedom
Prob > chi-square

118
121.2338
183
0.1060

Since the p-value > 0.05, we fail to reject the null hypothesis and conclude that the data are

missing completely at random.
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Appendix 2: Variance inflation factor (VIF) to assess multicollinearity

Logistic model for VL_12months_Sup, goodness-of-fit test

number of observations = 113
number of covariate patterns = 100
Pearson chi2(77) = 120.52
Prob > chi2 = 0.0011
Variable VIF 1/VIF
Sex 10.62 0.094186
regcat 9.98 0.100176
age_cat 3.93 0.254540
baselineCD4 3.67 0.272260
educ 3.50 0.285966
ALT 2.69 0.371147
employed 2.69 0.371260
BMI 2.10 0.476045
race 1.65 0.605922
Mean VIF 4.54
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