Supplementary Table 1: Variable description and bivariate test showing the association between model predictors and the outcome.
	Variable label
	Variable type
	Description 
	Chisquare/ ttest
	p-value

	Gender
	Categorical
	Two categories coded as 1= male and 2= female
	0.06
	0.801

	Age
	Continuous
	Participant's age in years ranging from 10 to 17
	3.77
	<0.001

	Orphanhood status
	Categorical
	Two categories coded as 0= double-orphan, 1= Single-orphan, and 2= non-orphan
	5.26
	0.022

	Family cohesion
	Continuous
	Family cohesion was measured by a 7-item scale adapted from the Family Environment Scale1 and the Family Assessment Measure.2 The scale assesses family members’ commitment and support for each other with items were rated on a 5-point Likert scale (1=never occurs to 5=always occurs). The theoretical scores range from 7 to 35 with high scores indicating high levels of family cohesion. Actual scores range from 8 to 35 with, Cronbach’s alpha of 0.73.
	4.94
	<0.001

	Child-caregiver communication
	Continuous
	Respondents were asked to indicate how often they discussed 11 specific topics with their caregiver. Responses were rated on a 5-point Likert scale, with 1=never, 2=sometimes, 3=about half of the time, 4=most of the time, and always. The theoretical range for this scale is 11-55, with higher scores indicating high communication frequency levels. The actual scores ranged from 11 to 55, with Cronbach’s alpha of 0.81
	2.51
	0.012

	Perceived Child-Caregiver Support 
	Continuous
	Respondents were asked to rate the adults they live with, on a 17-item scale. Responses were rated on a 5-point Likert scale, with 1= never, 2 = sometimes, 3=about half of the time, 4=most of the time, and 5= always. Items were adapted from the social support scale which demonstrated excellent internal consistency (cronbach’s alpha: 0.82-0.90).3 Items in the inverse direction were reverse-coded to create summated scores. The theoretical range for this scale is 17 to 85, with high summated scores indicating high levels of perceived support from caregivers. The actual scores ranged from 17 to 81, with Cronbach’s alpha of 0.81
	7.08
	<0.001

	Social support from guardian
	Continuous (6 items)
	Social support was measured using 30-items (Cronbach’s alpha=0.84) from the Friendship Qualities Scale.4 The scale assesses the impressions of the quality of children’s friendships and relationships with their guardians, classmates, teachers and peers. Respondents were asked to rate how each statement applied to them.4 All subscales manifested acceptable reliability with Cronbach’s alpha coefficinets between 0.71 and 0.86.4 The scale also exhibited good validity and reliability among adolescents in Turkey (Cronbach’s alpha coeefient between 0.66 to 0.86).5 Responses were rated on a 5- point Likert scale, with 1=never, 2=sometimes, 3=about half of the time, 4=most of the time, and 5= always. Each source of social support (that is guardians), classmates, teachers and peers) was included as a sub-scale in the analysis. 
	7.45
	<0.001

	Social support from classmate
	Continuous (5 items)
	
	5.46
	<0.001

	Social support from teachers
	Continuous (6 items)
	
	7.72
	<0.001

	Social support from peers
	Continuous (13 items)
	
	7.03
	<0.001

	School satisfaction
	Continuous
	School satisfaction items were adapted from the Multidimensional Students Life Satisfaction Scale (MSLSS).6 The school sub-scale of the MSLSS has demonstrated good reliability and validity in other contexts.7,8 Respondents were asked to rate 8 items on a 5- point scale, with 1=never, 2=almost never, 3=sometimes, 4=often and 5=almost always. The theoretical range for this scale is 8-40, with higher scores indicating higher levels of school satisfaction. The actual range was 17-40, with Cronbach’s alpha of 0.69
	6.49
	<0.001

	Total family assets
	Continuous
	Family asset ownership was measured by a 21-item index that assessed ownership of tangible household assets. This index has been adapted from the demographic health surveys and has been tested globally.9,10Participants were asked, “Does the family you live in own the following: house, rentals, land, banana plantation, coffee plantation, car, bicycle, or television? The actual range for the sample in this study was 0-21, with Cronbach’s alpha of 0.72
	1.55
	0.121

	Primary care giver
	Categorical
	This indicates biological parents, grandparents, and other relatives 
	5.58
	0.061

	Food insecurity
	Continuous
	The Household Food Insecurity Access Scale (HFIAS) assessed respondents’ experiences of anxiety, uncertainty, insufficient quality, and insufficient food in their home in the last 12 months. The HFIAS has demonstrated strong psychometric properties in sub-Saharan Africa, including Tanzania. A validation study in rural Tanzania have confirmed its construct validity through factor analysis identifying domains of insufficient food quality and insufficient food intake, and have shown good internal consistency, with Cronbach’s alpha coefficients ranging from 0.83 to 0.90.11 The scale included 9 statements with 1-yes or 0-no responses. The actual range was 0-9, with a Cronbach’s alpha of 0.84
	-4.88
	<0.001

	Participants' personal savings
	Continuous
	Amount of monetary saving by the participant
	1.08
	0.282

	Overall satisfaction with life
	Ordinal
	Participants were asked to rate on how they are satisfied with their life overall. Responses were rated on a 5- point Likert scale, with 1=not satisfied, 2=not very satisfied, 3= somewhat satisfied, 4=very satisfied, and 5= extremely satisfied. 
	4.64
	<0.001

	Physical health
	Ordinal
	Participants were asked to rate their physical health is . Responses were rated on a 5- point Likert scale, with 1=very poor, 2=poor, 3= fair, 4=good, and 5= Excellent. 
	-3.37
	<0.001

	Low energy
	Ordinal
	Participants were asked to rate whether they have low energy. Responses were rated on a 5- point Likert scale, with 1=very poor, 2=poor, 3= fair, 4=good, and 5= Excellent. 
	3.57
	<0.001

	Other medications taken by the participant
	Categorical
	Participants were asked whether they take any other medications, apart from the HIV medications prescribed to them (1= Yes, 0= No)
	0.24
	0.626

	Number of different HIV medicines
	Continuous
	Participants were asked the number of different HIV medicines they normally have to take per day excluding Septrin
	-2.06
	0.04

	Self-efficacy in HIV treatment Adherence
	Continuous 
	Self-efficacy in HIV treatment Adherence was assessed using a 12-item HIV Treatment Adherence Self-Efficacy Scale (HIV-ASES) which measured participants' levels of confidence to adhere to their HIV medicines in the past month.12 Responses were rated on 10-point Likert scale from 1=Cannot do it at all to 10= Certain I can do it. The theoretical ranged from 12-120 and the actual range was from 15 to 120. The HIV-ASES has demonstrated strong psychometric properties, including robust internal consistency (composite reliability coefficients = 0.90).12 In our sample, the scale demonstrated good internal reliability (Cronbach’s alpha =0.85).
	-1.01
	0.312

	intensive adherence counselling
	Categorical
	Participants were asked whether they have undergone intensive adherence counselling (1= yes or 0= No)
	7.67
	0.006

	Barriers to Medical care 
	Continuous
	Barriers to medical care were assessed by 10-items scale, participants were asked to agree =1 or disagree=0 on the different reasons why they did not get the HIV-related care they needed as recommended to them.13 Sample items included "I was unable to pay for medical care", "I did not have transportation to medical care", "I was treated poorly at a clinic in the past". The actual score ranged from 0 to 9 with higher scores indicating higher barriers to medical care. Similar adherence-barrier instruments have demonstrated acceptable internal consistency (Cronbach’s alpha ranging from 0.70 to 0.72)14. In the present study, the scale demonstrated acceptable internal reliability (Cronbach’s alpha = 0.75)
	-4.95
	<0.001

	HIV shame
	Continuous
	HIV shame was measure by a 8-item Questionnaire adapted and validated among Ugandan youth living with HIV.15 Participants rated how true each statement was on a 3-point scale, with 0 =not true, 1 = somewhat true, and 2 =very true. The scale has demonstrated strong psychometric properties in Ugandan adolescents living with HIV, including good internal consistency (Cronbach’s alpha = 0.84) and criterion validity.15 The theoretical range is 0-16. The actual scores ranged from 0 to 16 with higher scores indicating higher levels of shame. In our sample, internal consistency was good (Cronbach’s alpha= 0.85).
	-8.59
	<0.001

	Stigma by association at school
	Continuous
	Stigma by association at school was measured using 10-items adapted from the Brief Stigma-by Association Scale (BSAS).16 The scale measures experiences and consequences of associated stigma at the school environment, on a 3-point scale with 0= Not at all, 1= Sometimes and 2= All the time. The theoretical range for the scale is 0-20. Actual scores ranged from 0 to 20 with higher scores indicating higher levels of stigma by association at school. The BSAS demonstrated good internal consistency reliability (Cronbach’s alpha = 0.87) among African American urban adolescents.16 In our sample, the scale demonstrated good internal consistency (Cronbach’s alpha = 0.88).
	-8.2
	<0.001

	HIV stigma
	Continuous
	Stigma was measured by the HIV Stigma Scale (HSS), a 40-item measure of stigma and psychosocial aspects of having HIV.17  Responses were captured using a 4-point scale with 1= strongly agree, 2= agree, 3=disagree and 4=strongly disagree. Items in the inverse direction were reverse coded to create summated scores, with higher scores indicating high levels of HIV-related stigma. The theoretical range for this scale is 40-160. Actual scores ranged from 43 to 154 with higher scores indicating higher levels of stigma. The HSS has demonstrated strong psychometric properties across diverse populations and settings. A recent systematic review reported that internal consistency estimates were acceptable to excellent (Cronbach’s alpha ≥ 0.70) in over 93% of studies, with many reporting alpha coefficients above 0.90.18 In our sample, the HSS demonstrated excellent internal consistency (Cronbach’s alpha = 0.93), indicating high reliability.
	-4.34
	<0.001

	Hopelessness
	Continuous
	Hopelessness was measured using the Beck Hopelessness Scale. The 20-item scale measures children’s hopelessness and pessimistic attitudes toward the future. Items have a “true” or “false” response coded as “1” or “0” respectively.19 Items in the opposite direction were reversed-coded, with higher scores indicating higher levels of hopelessness. The actual scores ranged from 0 to 17 with higher scores indicating higher levels of hopelessness. The BHS has demonstrated strong psychometric properties across diverse populations. Standardization studies in general population samples have reported good internal consistency (Cronbach’s alpha ≈ 0.81).20 n our sample, the BHS demonstrated acceptable internal consistency (Cronbach’s alpha = 0.74).
	-12.58
	<0.001

	Self-esteem
	Continuous
	Respondents’ self-esteem was measured using the Rosenberg Self-Esteem Scale.21 The 10-item scale measures individual self-esteem on a 4-point Likert- scale, with 4=strongly agree, 3=agree, 2=disagree, 1=strongly disagree. The theoretical range for the RSES is 10-40, with high scores indicating high self-esteem. Actual scores ranged from 11-40 with higher scores indicating higher levels of self-esteem. The RSES has demonstrated strong psychometric properties across diverse cultural contexts, including African populations. Validation studies have reported good internal consistency (Cronbach’s alpha typically ranging from 0.73 to 0.86).22  In the present sample, the RSES demonstrated good internal consistency (Cronbach’s alpha = 0.81)
	8.92
	<0.001

	Self-Concept
	Continuous
	Self-concept was measured using the Tennessee Self-Concept Scale (TSCS).23 The 20-item scale measures children’s perception of identity and self-satisfaction. Each of the 20 items was rated on a 5-point scale: 1= always false, 2=usually false, 3=sometimes true/sometimes false, 4=usually true and 5= always true. Ten (10) items in the opposite direction were reverse-coded to create summated scores. The theoretical range for the Tennessee Self-Concept Scale is 20-100. The actual scores ranged from 50 to 100 with higher scores indicating higher levels of self-concept. Validation studies of translated versions have reported good internal consistency (Cronbach’s alpha coefficients of 0.80).24 In the present sample, the TSCS demonstrated good internal consistency (Cronbach’s alpha = 0.81)
	11.04
	<0.001

	Viral loads suppression
	Categorical
	Study participants gave a blood sample to determine their HIV RNA viral loads. The collected blood was run for viral loads tests. We categorized viral loads into two categories that is HIV viral suppression and non-suppression. HIV viral suppression, defined as participants having HIV RNA viral loads of less than 1000 copies/ml based the World Health Organization guideline.25 
	0.025
	0.874

	Poor antiretroviral therapy (ART) adherence
	Continuous
	Poor antiretroviral therapy (ART) adherence was assessed using six measures, including: the last time medication was missed, days medication was missed in the past 30 days, frequency of taking medication as prescribed, difficulty in adhering to medication, arguments with caregivers about medication, and frequency of missed doses in the past six months. The theoretical scores ranged from 0 to 6. Actual scores ranged from 0 to 6.
	-4.53
	<0.001





Supplementary Table 2: LASSO Coefficients
	 
	Feature
	Coefficient

	1
	Family care and relationships
	-0.016914

	2
	Social support by teacher
	-0.017246

	3
	Food insecurity
	0.009943

	4
	ART Adherence self-efficacy
	-0.00287

	5
	HIV shame
	0.031086

	6
	Stigma by association at school
	0.046694

	7
	HIV stigma
	0.004725

	8
	Hopelessness
	0.107214

	9
	Self esteem
	-0.022975

	10
	Self-concept
	-0.021438

	11
	Self-reported poor ART adherence
	0.01899

	12
	Orphanhood status
	-0.006406





Supplementary Table 3: Predictive performance of different ML models using Synthetic Minority Over-sampling Technique (SMOTE).
	Classifier
	AUROC (mean (SD))
	AUPRC (mean (SD))
	Accuracy (mean (SD))
	Precision (mean (SD))
	Sensitivity (mean (SD))
	Specificity (mean (SD))
	F1-score (mean (SD))

	Random Forest
	0.76 (0.02)
	0.55 (0.04)
	0.66 (0.04)
	0.48 (0.04)
	0.83 (0.03)
	0.59 (0.07)
	0.60 (0.03)

	Logistic Regression
	0.77 (0.05)
	0.59 (0.08)
	0.65 (0.08)
	0.47 (0.07)
	0.83 (0.02)
	0.57 (0.11)
	0.60 (0.06)

	SVM
	0.77 (0.05)
	0.61 (0.06)
	0.65 (0.06)
	0.47 (0.06)
	0.82 (0.02)
	0.58 (0.09)
	0.60 (0.04)

	Gradient Boosting
	0.76 (0.02)
	0.56 (0.05)
	0.66 (0.05)
	0.47 (0.04)
	0.83 (0.03)
	0.58 (0.08)
	0.60 (0.03)

	XGBoost
	0.74 (0.03)
	0.55 (0.04)
	0.64 (0.03)
	0.46 (0.03)
	0.82 (0.02)
	0.56 (0.05)
	0.59 (0.02)

	Decision Tree
	0.70 (0.04)
	0.49 (0.09)
	0.54 (0.09)
	0.39 (0.05)
	0.86 (0.05)
	0.40 (0.14)
	0.54 (0.05)

	LASSO
	0.77 (0.05)
	0.59 (0.08)
	0.67 (0.07)
	0.48 (0.07)
	0.83 (0.03)
	0.59 (0.09)
	0.61 (0.06)




Supplementary Table 4: Predictive performance of different ML models using Adaptive Synthetic Sampling (ADASYN)
	Classifier
	AUROC (mean (SD))
	AUPRC (mean (SD))
	Accuracy (mean (SD))
	Precision (mean (SD))
	Sensitivity (mean (SD))
	Specificity (mean (SD))
	F1-score (mean (SD))

	Random Forest 
	0.75 (0.03)
	0.54 (0.04)
	0.62 (0.06)
	0.45 (0.04)
	0.92 (0.00)
	0.46 (0.11)
	0.60 (0.04)

	Logistic Regression 
	0.77 (0.04)
	0.60 (0.07)
	0.59 (0.06)
	0.43 (0.04)
	0.92 (0.00)
	0.42 (0.16)
	0.58 (0.03)

	SVM 
	0.46 (0.22)
	0.38 (0.20)
	0.39 (0.13)
	0.34 (0.06)
	0.94 (0.03)
	0.38 (0.19)
	0.49 (0.06)

	Gradient Boosting 
	0.74 (0.04)
	0.55 (0.05)
	0.57 (0.09)
	0.42 (0.05)
	0.92 (0.01)
	0.39 (0.17)
	0.57 (0.05)

	XGBoost 
	0.74 (0.04)
	0.54 (0.06)
	0.53 (0.05)
	0.39 (0.02)
	0.94 (0.04)
	0.39 (0.16)
	0.55 (0.03)

	Decision Tree 
	0.58 (0.06)
	0.47 (0.05)
	0.31 (0.01)
	0.31 (0.01)
	1.00 (0.00)
	0.41 (0.17)
	0.47 (0.01)

	LASSO
	0.77 (0.04)
	0.60 (0.07)
	0.59 (0.05)
	0.42 (0.03)
	0.92 (0.00)
	0.43 (0.17)
	0.58 (0.03)





Supplementary Figure: Correlation matrix for model features.
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