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Abstract

Background: Depression is common among people living with HIV. Multiple studies 

demonstrate a link between depression and cognitive dysfunction in adults with HIV, but the 

association has been minimally investigated in children and adolescents with HIV in Africa.

Methods: We conducted a cross-sectional analysis as part of the HIV-associated Neurocognitive 

Disorders in Zambia (HANDZ) study, a prospective cohort study in Lusaka, Zambia. We 

included 208 perinatally-infected children with HIV ages 8-17 taking antiretroviral therapy and 

208 HIV-exposed uninfected (HEU) controls. Cognition was assessed with a comprehensive 

neuropsychological battery. Depressive symptoms were evaluated using self-report and parent

report versions of the NIH Toolbox Sadness module and the Patient Health Questionnaire-9 
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(PHQ-9). Risk factors for depression and associations between depressive symptoms and 

cognition were evaluated in bivariable and multivariable regression models.

Results: Participants with HIV demonstrated higher levels of depressive symptoms than controls 

(mean NIH Toolbox Sadness T-Score 50 vs. 44, p<0.01; mean PHQ-9 score 2.0 vs. 1.5, p=0.03), 

and were more likely to have cognitive impairment (30% vs. 13%, p<0.001). Risk factors for 

depressed mood included self-reported poor health (OR 7.8, p<0.001) and negative life events 

(OR 1.3, p=0.004) Depressed mood was associated with cognitive impairment in participants with 

HIV (OR=2.9, 95% CI 1.2-7.2, p=0.02) but not in HEU participants (OR 1.7, 95% CI 0.18-15.7, 

p=0.6).

Conclusion: Depressed mood is common among youth with HIV in Zambia, and is associated 

with cognitive impairment. Depression may be a result of HIV-related stress and stigma, or 

may be part of the spectrum of HIV-associated neurocognitive disorders. The causal relationship 

between depressed mood and cognitive impairment is unclear and should be evaluated in future 

longitudinal studies.
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Introduction

Antiretroviral therapy (ART) has transformed Human Immunodeficiency Virus (HIV) 

infection from a nearly universally fatal disease into a potentially manageable chronic 

condition.1-6 As fewer patients with HIV die from opportunistic infections, concern has 

increased regarding chronic complications and comorbidities associated with HIV.1,6 People 

with HIV are two to three times more likely to have depression compared to the general 

population7,8. Depression is one of the most common comorbidities in people with HIV, 

and is one of the largest contributors to decreased quality of life.7,8 Depression may 

negatively affect cognitive function both through direct effects and indirect effects mediated 

through poor adherence9-12. Neurobiological effects of HIV on the brain could contribute to 

depression and cognitive impairment through chronic neuroinflammation and alterations in 

dopamine and other neurotransmitters.11-19

Children and adolescents with perinatally-acquired HIV are at particularly high risk of 

depression.20 Factors potentially contributing to depression in this population include effects 

of chronic illness, worries about the future, and HIV-related stigma.21-23 In addition, 

adverse childhood experiences and negative life events such as illness and death in family 

members, and exposure to violence may be more common in children with HIV and may 

contribute to depressed mood.24-25 As children with HIV age into adulthood, potential 

effects of both depression and cognitive impairment on quality of life, adherence, and sexual 

decision-making are a major concern.6-8,11,12 However, there is little data on the relationship 

between depressive symptoms and cognition specifically among children and adolescents. 

In addition, there is even less data on this relationship within Sub-Saharan Africa, which 

is where more than 90% of children with HIV reside.1 Our current project was designed 

to address these knowledge gaps and was conducted as a sub-study of the HIV-associated 

Molinaro et al. Page 2

AIDS Behav. Author manuscript; available in PMC 2022 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Neurocognitive Disorders in Zambia (HANDZ) study26. Zambia is a Sub-Saharan nation 

with 1.1 million people living with HIV, including more than 72,000 children. The majority 

of HIV-infected youth in Zambia are treated with ART.27-28

The goal of this study is to evaluate the relationship between HIV status, depressed mood, 

and cognition in children and adolescents with HIV in Zambia, and to identify risk factors 

for depressed mood in this population. We hypothesized that depressed mood would be 

more common in children with HIV than in HIV-exposed uninfected (HEU) controls, 

and that depressive symptoms would be associated with cognitive impairment. We further 

hypothesized that risk factors for depression in children with HIV would include health 

related factors, HIV-specific factors (e.g. CD4 count and WHO Stage), and negative life 

events.

Methods

Overview

Full details of the methods for the parent HIV-associated Neurocognitive Disorders in 

Zambia (HANDZ) study have previously been described.26 Briefly, the HANDZ study is a 

prospective, longitudinal study of neurocognition and psychiatric comorbidities in children 

and adolescents with HIV living in Zambia. In this paper, we present cross-sectional results 

on depression and cognition collected at the baseline visit of the HANDZ study.

Study Site and Participants

All research activities were conducted at the Pediatric HIV/AIDS Center of Excellence 

(PCOE) at the University Teaching Hospital (UTH) in Lusaka, the capital city of Zambia. 

Recruitment was conducted from November 2017 to November 2018. HIV-infected youth 

were recruited at routine outpatient medication refill visits to PCOE. Youth in the 

HIV-exposed uninfected (HEU) group were recruited from the Lusaka community by a 

community health worker from the same neighborhoods in which participants with HIV 

resided. Stratified sampling was used to ensure comparable between-group distribution of 

the participants according to age, sex, and neighborhood of residence in Lusaka.

Inclusion and Exclusion Criteria

Eligible participants were 8-17 years old at time of enrollment with at least one living 

biological parent available to give consent and participate in the study with their child. 

Inclusion criteria for participants with HIV included perinatally acquired HIV with infection 

status confirmed by Western blot or DNA PCR, current treatment with ART, and treatment 

with ART initiated at least one year prior to enrollment. For the HEU control group, 

inclusion criteria included prenatal HIV exposure documented through maternal or child 

medical records, and current HIV-negative status confirmed by immunoassay. Exclusion 

criteria for both groups included: history of central nervous system infection with an 

organism other than HIV; HIV infection known to be secondary to sexual contact or blood 

transfusion; and inability of child to understand and communicate basic concepts in English.
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Sample Size Estimation

A sample size of 200 HIV-infected participants and 200 HEU controls was planned based on 

simulation studies for each aim of the parent study, with the goal of ensuring model stability 

and avoiding overfitting for regression models. Assuming rates of depressed mood of at least 

20% in the population of children with HIV, the study had 80% power to detect odds ratios 

of 1.5 or greater in the logistic regression analysis. Participants were over-enrolled by 4% in 

order to guarantee appropriate power remained despite potential losses to follow up.

Data Collected:

Data were collected using a combination of standardized participant and parent interviews, 

chart review, and standardized neuropsychological testing. General physical health was 

evaluated by self-report using a 5-point scale ranging from very good to very bad. 

Participants were considered to have poor health if they answered that their general physical 

health was either “somewhat bad” or “very bad.” Socioeconomic status (SES) was evaluated 

using an adapted version of the Multiple Indicator Cluster Survey-5 (MICS5).29 The 

questionnaire evaluates access to running water and electricity, toilet facilities, food security, 

and review of household items that are markers of wealth (e.g., radio, mobile phone, 

television, etc.). Measures of socioeconomic status are combined into a socioeconomic 

status index (SESI). History of malnutrition was determined using growth curves abstracted 

from medical records and comparing them against the WHO definition of malnutrition and 

severe malnutrition.30

HIV History: HIV-related history was obtained via participant and parent interview and 

through chart review. Information collected included age at ART initiation, current and past 

ART, current and lowest recorded CD4 count, current and worst recorded Word Health 

Organization (WHO) Clinical Stage, past hospitalizations, and history of opportunistic 

infections. Measures of current and historical HIV disease severity (current and lowest 

recorded CD4 counts; current and worst recorded WHO Stage; and number of previous 

hospitalizations) were combined into a disease severity index.

Negative Life Events: A ten question survey developed in Zambia regarding negative life 

events over the prior 12 months was administered to each participant.26 The survey includes 

questions related to illness, hospitalization and death of family members, change in family 

structure, change of residence, violence and abuse, and other negative life events. The survey 

generates a negative life events score of 0-10, with higher scores indicating a greater number 

of negative life events.

Neuropsychological Assessment

Cognitive testing: Details on cognitive testing have previously been described.26 Briefly, 

cognition across eight cognitive domains was tested, including attention, set shifting, 

inhibition, immediate recall, processing speed, motor speed, verbal fluency, and nonverbal 

reasoning. An age-and-sex-adjusted Z-score was calculated for each cognitive domain. 

Individual domain Z-scores were then added together and a Z-score taken of this total 

score, referred to as an NPZ8 score, was calculated as a summary measure of cognition. 

For our primary analysis of cognitive impairment, we defined cognitive impairment as an 
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NPZ8 score more than 1 standard deviation below the mean for HEU controls. We also 

performed sensitivity analyses using alternate definitions of cognitive impairment including 

a global deficit score approach30-31 and using Frascati criteria32, to determine whether 

different conceptualizations of cognitive impairment would be more or less sensitive to the 

effects of depression. For our definition of cognitive impairment by global deficit score 

criteria we used the standard cutoff with a global deficit score of 0.5 or greater indicating 

impairment.30-31

Mood Assessment: For our primary measurement of depressive symptoms we utilized 

the NIH Toolbox Sadness self-report module, as this was noted to be the instrument with 

the best performance characteristics in a simultaneously performed mixed-methods study 

used for adapting and validating the instruments (unpublished data). Depressed mood was 

also assessed using the NIH Toolbox Sadness parent-report modules33-36, and the parent

proxy and child self-report Patient Health Questionnaire, nine item (PHQ-9) Modified 

form for Adolescents.37 In a secondary analysis, we combined information from each of 

the assessment instruments for depressed mood into an index. Semi-structured qualitative 

interviews were conducted with each participant expressing depressive symptoms to assess 

whether symptoms were clinically significant and to assess participants’s interpretation of 

the cause of their depressive symptoms. We defined depressed mood as an NIH Toolbox 

Sadness score greater than the 90th percentile in the HEU control population (Sadness 

T-score>60), while “Clinically significant depressed mood” was defined as depressed mood 

resulting in self-reported functional impairment. Participants identified by any of the study 

assessments to be at-risk for harm due to suicidality, violence or abuse, or with clinically 

significant depressed mood were referred to a psychiatrist for evaluation and treatment.

Statistical Methods:

All statistical analyses were performed using Stata 16.1 (StataCorp 2020, College Station, 

Tx, USA). Dichotomous variables were compared between groups using a Chi-Squared test, 

while continuous variables were compared using the Kruskall-Wallis test for non-normally 

distributed variables and T-tests for normally distributed continuous variables. Risk factors 

for dichotomous outcomes were evaluated using multivariable logistic regression models. 

The linearity of the relationship between NPZ8 score and level of depressive symptoms was 

explored using bivariable and multivariable regression splines using the “mvrs” package 

in Stata.38 All initial regression models included the prespecified variables age, sex, 

socioeconomic status index, self-reported poor health, growth stunting, and negative life 

event index. Models for participants with HIV also included disease severity index as an 

exposure variable. Final models were generated using a manual stepwise backward selection 

procedure. Missing data were handled by pairwise deletion.

Ethics Statement:

This study was approved by the institutional review boards of the University of Rochester 

(protocol #00068985), the University of Zambia (reference #004-08-17), and the National 

Health Research Association of Zambia. Verbal and written informed consent was sought 

from the parents of all participants for participation in the study, and verbal and written 

assent was sought from all participants over the age of 12.
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Results

Demographics:

A total of 416 participants were enrolled, including 208 with HIV and 208 HEU controls. 3 

participants with HIV and 17 participants without HIV could not be assessed due to missing 

data. Due to stratified sampling, age, sex, and neighborhood of residence were similar 

between participants with HIV and HEU controls (see Table 1). HIV-infected participants 

had higher socioeconomic status than controls, were more likely to attend school, and 

were less likely to report difficulty accessing enough food. Participants with HIV were 

more likely to have a history of malnutrition, and more likely to have a deceased mother. 

All participants with HIV were treated with ART, with the most common regimen being 

tenofovir, lamivudine, and efavirenz, a common first line regimen in this age group in 

Zambia. The majority were adherent to ART by both self-report and provider report, and 

most had undetectable viral loads at the time of enrollment (see Table 2). The mean duration 

of time on ART was 7.5 years. Most participants with HIV had relatively high CD4 counts, 

and almost all participants were asymptomatic according to WHO Staging11.

Risk factors for depression:

Participants with HIV had higher levels of depressive symptoms on all instruments utilized 

except for the parent-report module of the NIH Toolbox (see Figure 1; mean NIH Toolbox 

Sadness T-Score 50 vs. 44, p<0.01; mean PHQ-9 score 2.0 vs. 1.5, p=0.03). The association 

between HIV and depressive symptoms remained significant when all instruments were 

combined into a depression index (Depression index Z-score −0.23 vs. 0.21, p<0.001). 

A significantly greater proportion of participants with HIV demonstrated depressed mood 

(22% vs. 9%, p=0.03) and clinically significant depressed mood (10% vs. 2%, p=0.003.) 

HIV status remained significantly associated with NIH Toolbox Sadness T-Score in a 

multivariable linear regression model after adjusting for age, sex, socioeconomic status, 

negative life events, and self-reported poor health (ß=5.6; p<0.001). In the bivariable 

analysis evaluating risk factors for clinically significant depression including both HIV

Infected and HEU participants, risk factors included HIV status, self-reported poor health, 

and negative life event index (see Table 3). Neither age, sex, nor socioeconomic status was 

associated with depression. In a multivariable model including all prespecified variables, 

variables noted to be significant in the bivariable analysis (HIV status, poor health, and 

negative life events) remained significant in the multivariable model, with odds ratios 

similar to the univariate analysis. Removing age, sex, and socioeconomic status from the 

model in the backwards selection procedure did not significantly affect the odds ratios 

for the remaining variables, or the pseudo-R2 of the model (pseudo R2 for both full 

and reduced model=0.14). When separate models were fit for HIV-infected and HEU 

participants, odds ratios for each risk factor remained similar to those seen in the combined 

model with the exception of self-reported poor health, which was much more strongly 

associated with depression among HEU participants (OR 19.2; p<0.001) than among HIV

infected participants (OR 2.9; p=0.03). We did not identify any other significant differences 

between participants with and without depression (see Table 2). Participants with HIV most 

commonly attributed their depressive symptoms to fears of illness or death from HIV (in 

27%), and to HIV-related stigma (in 25%). HEU participants most commonly attributed 
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depressive symptoms to negative life events (in 35%) and to family stress related to poverty 

(in 35%).

Risk factors for cognitive impairment:

Participants with HIV had significantly lower mean NPZ8 scores (−0.2 in HIV+ vs. 0.2 in 

HEU, p<0.001) and significantly higher global deficit scores (median 0.25 in HIV+ vs 0.0 

in HEU; p<0.001) than HEU controls, indicating poorer cognitive function. A significantly 

greater proportion of participants with HIV met criteria for cognitive impairment no matter 

which definition of cognitive impairment (NPZ8, Frascati Criteria, or GDS) was utilized. 

By NPZ8 criteria, 30% of participants with HIV vs. 13% of HEU controls had cognitive 

impairment (p<0.001). Risk factors for cognitive impairment included HIV status, self

reported poor health, socioeconomic status index, and history of growth stunting (see Table 

3).

Association between depressed mood and cognitive function:

In the bivariable analysis, clinically significant depressed mood was strongly associated 

with cognitive impairment (Unadjusted OR=3.3, 95% CI 1.5-7.5, p=0.004) in the combined 

HIV-infected and HEU population. However, this was driven by a strong relationship in the 

participants with HIV (OR 2.9, 95% CI 1.2-7.2, p=0.02) with a nonsignificant relationship 

in the HEU group (OR 1.7, 95% CI 0.2-15.7, p=0.6). In a multivariable model controlling 

for age, sex, HIV status, poor health, and socioeconomic status, the relationship between 

depressed mood and cognitive impairment remained significant (Adjusted OR 2.8, 95% CI 

1.04-7.3, p=0.04). Using multivariable adaptive regression splines we identified a nonlinear 

association between depression and cognition in participants with HIV but not HEU controls 

(see Figure 2). In participants with HIV, there was a threshold effect, or “knot,” in which 

participants with NIH Toolbox Sadness T-Scores ≥59 had a stronger relationship between 

sadness scores and lower NPZ8 scores (ß for values >=59=−0.21, p; p=0.002; ß for values 

<59 =−0.007, p=0.9). The cognitive domains with the strongest association with depression 

were immediate recall, attention, processing speed and motor speed, with nonsignificant 

effects on set shifting, inhibition, nonverbal reasoning and verbal fluency (see Figure 3). 

Sensitivity analysis showed that the relationship between depression and cognition was 

relatively consistent no matter which definition of cognitive impairment was utilized (Odds 

ratio for impairment by Frascati criteria 3.1, 95% CI 1.3-7.5, p=0.01; Odds ratio for 

impairment by global deficit score criteria 2.9, 95% CI 1.2-6.9, p=0.01).

Discussion

In this study we evaluated the relationship between depressed mood and cognitive function 

among children and adolescents with and without HIV in Lusaka, Zambia. Similar to 

prior studies in adults, we found higher rates of depressive symptoms among participants 

with HIV compared to a demographically similar HIV-exposed uninfected population. This 

difference in depressive symptoms was found on three of the four instruments used, with 

the notable exception of the parent report of the NIH Toolbox sadness module. Overall, 

parents scored their child lower on the sadness and/or depression scale than the children 

scored themselves. Our qualitative interviews suggested that parents may tend to downplay 
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depressive symptoms in their children, and that this was more pronounced on the parent 

report version of the NIH Toolbox Sadness module compared to the PHQ-9 as the questions 

reference more subjective assessments of mood as compared to objective descriptors of 

behaviors. Differences between HIV-infected and HEU groups on depressive symptoms 

were not driven by any measured variables in the study such as socioeconomic status, 

and in fact, socioeconomic status was significantly higher in the HIV-infected group. This 

difference in socioeconomic status was likely due to two factors. First, wealthier and more 

educated people with HIV might choose to bring their children to PCOE due to its reputation 

for high-quality care, and might be more likely to participate in a study of cognition. 

Second, wealthier and more educated people in Zambia without HIV may have been less 

likely to be out in the communities from which participants were recruited, and may have 

been less likely to participate in a longitudinal study with a significant time commitment. 

Despite the fact that the HIV+ group was wealthier and had better food security, it was 

notable that malnutrition, stunting, and wasting, were all more common in the HIV+ 

population, with chart review and growth curves suggesting that this was likely due to 

cachexia and wasting that occurred prior to starting ART.

Risk factors for depressed mood were generally similar in the HIV-infected and HEU 

groups, and as we had hypothesized included both health-related factors and negative life 

events. Contrary to our hypothesis, measures of HIV-specific disease severity (e.g. CD4 

count, viral load, WHO stage) had no correlation with depressed mood either alone or 

in combination. This may be because most participants with HIV were relatively healthy 

at the time of enrollment and thus mood was not strongly affected by their HIV history. 

However, qualitative interviews suggested that some of the increase in depressive symptoms 

in participants with HIV were likely due to fears of illness and death from HIV and to 

HIV-related stigma.

Strengths of the study include the relatively large sample size, well-defined population, and 

use of a multi-informant and multi-method assessment of depressive symptoms. This study 

complements prior work on depression and cognition in adults and extends these findings 

into adolescents and younger children. In a recent review by Rubin and colleagues7, 85% 

of cross-sectional studies also found a link between depression and cognitive impairment in 

participants with HIV. However, the majority of these investigations focused on adults, with 

only a single study of adolescents ages 15-18, and none of these studies included children 

younger than 15. Our data suggest that the relationship between depressive symptoms and 

cognition is non-linear in participants with HIV. That is, depressive symptoms above a 

certain threshold are associated with worse cognition, while below that threshold there is 

little to no relationship. This makes intuitive sense, in that there is little reason to believe 

that being relatively happier or sadder within the spectrum of normal mood would effect 

cognitive performance, while having a severely depressed mood might be expected to affect 

a range of cognitive processes such as memory, attention, and processing speed, and motor 

speed, which were, in fact, the cognitive processes most affected in this study. In addition, 

the fact that this nonlinear relationship was seen in participants with HIV but not in HEU 

controls is suggestive of the possibility that depression may be part of the spectrum of 

HIV-associated cognitive impairment.
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In this cross-sectional study, we were not able to evaluate the causal relationship between 

risk factors, depression, and cognitive function. Depression may impair cognition, but 

it is possible that this relationship is reversed, and in fact poorer cognitive function 

causes depressive symptoms, or that both depression and poor cognition are explained 

by another factor. For example, both depression and cognitive impairment may be part 

of the spectrum of HIV-associated Neurocognitive Disorders (HAND). There is extensive 

published literature on the relationship between chronic inflammation and depression39-51, 

and chronic inflammation from HIV may contribute to both HAND and depression17-21. 

Further investigation of the causal relationship between variables will be evaluated in our 

longitudinal study in which methods better suited for assessment of causality such as 

structural equation modeling can be utilized.

Limitations, Bias, and Generalizability:

This study was conducted in a single center at a referral center in the capital city of Lusaka. 

Patients with HIV infection who are followed at referral centers tend to have greater medical 

needs than those who are randomly sampled from the community, and to the extent that 

poor health might contribute to both depression and poor cognitive function, sampling from 

a referral center might be more likely to identify a strong relationship between these factors. 

However, HIV-infected participants in our study were relatively healthy with high CD4 

counts and few had a history of opportunistic infections, suggesting that referral bias is 

unlikely to be a major driver of our results. Our study excluded patients with no living 

biological parents, and it is possible that depression is more common and more severe in 

children with HIV without living parents, although the data on this are mixed5,52-54 With 

these caveats, we would anticipate that the study would generalize well to other urban 

centers in Sub-Saharan Africa.

All participants in this study spoke English. However, some questions and concepts utilized 

in the study were beyond the English language skills of some participants, and standard 

translations into local languages were utilized. However, there is no word in Nyanja or 

other commonly spoken local languages that is exactly equivalent to the English word for 

“depression,” and it is not clear that the cultural construct we are measuring is identical 

to the western construct of depression.55-58 There is also no validated definition of major 

depressive disorder in Zambia, and so instead we used the term “Clinically significant 

depressed mood,” to refer to the construct of high levels of depressive symptoms associated 

with depression-related impairment in everyday function. This may not map completely onto 

the construct of major depressive disorder.59-62 We have attempted to address this limitation 

through qualitative interviews to identify similarities and potential differences in these 

constructs. One additional limitation is that we did not utilize instruments to quantitate HIV

related stigma, although this will be measured and analyzed in our longitudinal analysis.

Conclusion

Our study establishes that clinically significant depressive symptoms are common among 

children and adolescents with HIV in Zambia, and that depressed mood is associated with 

cognitive dysfunction in this population. The relationship between depressed mood and 
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cognitive impairment is stronger in children with HIV than in HEU controls. It remains 

unclear whether depressed mood causes cognitive impairment in children with HIV, or 

whether some other factor such as chronic immune activation leads to both depressed 

mood and cognitive impairment. Optimal treatment strategies for depression in children 

and adolescents with HIV remain to be determined, and the extent to which cognitive 

impairment is reversible with interventions to treat depression will need to be assessed in 

future studies.
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Figure 1: 
Depressive symptoms by HIV status as measured by the NIH Toolbox Sadness Module 

Self-report and Parent Report and the Patient Health Questionnaire 9 (PHQ-9). Depressive 

symptoms were significantly higher on all instruments utilized except for the Parent Report 

Version of the PHQ-9.
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Figure 2: 
Scatter plot with superimposed median spline plot of depressive symptoms on the NIH 

Toolbox Sadness Self-report module vs. NPZ8 score, demonstrating stronger relationship 

between depressive symptoms and poor cognitive performance in participants with HIV vs. 

HEU controls.
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Figure 3: 
Cognitive domain scores by depression status, ordered by difference between depressed and 

non-depressed participants. Immediate recall, processing speed, attention, and motor speed 

were all significantly worse in participants with HIV compared to HEU controls.
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Table 1:

Baseline Characteristics of Study Participants in the HANDZ Study, Stratified by HIV Status

Variable HIV-exposed
uninfected

HIV-
infected

P-
value*

Mean age in years (SD) 12 (2.8) 11.6 (2.4) 0.16

Male Sex (%) 48% 55% 0.13

Mean Socioeconomic Status Index (SD) 4.8 (2.0) 6.0 (2.7) <0.001

Median Negative Life Event Index (IQR) 1 (0-3) 1 (0-3) 0.45

Poor health by self-report (%) 6% 10% 0.13

Deceased mother (%) 0.0% 9.5% <0.001

History of Malnutrition (%) 4% 31% <0.001

Difficulty accessing enough food (%) 69% 54% 0.003

Proportion currently attending school (%) 86% 92% 0.04

Mean NPZ8 Score (SD) 0.2 (1.0) −0.2 (1.0) <0.001

Median Global Deficit Score (IQR) 0 (0-0.38) 0.25 (0-.63) <0.001

*
All p-values calculated using a chi-squared test for dichotomous variables, and Kruskal-Wallis rank test or t-test for continuous variables. P-values 

<=0.05 are in bold. SD=standard deviation; IQR=interquartile range; NPZ8=Neuropsychological test summary Z-Score
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Table 2:

Baseline Characteristics of Participants with HIV in the HANDZ Study, Stratified by Presence of Depressed 

Mood

Variable No Depressed
Mood (n=159)

Depressed Mood
(n=46)

P-value*

Mean age (SD) 11.6(2.2) 12.0 (2.6) 0.34

Sex (% male ) 55% 55% 0.92

Poor health by self-report 8% 29% 0.004

Median Negative Life Event Index (IQR) 1 (0-2) 2 (1-3) <0.001

Socioeconomic Factors

Mean SESI (SD) 5.9 (2.7) 6.2(2.8) 0.55

Non-parental caretaker (%) 20% 15% 0.53

Living mother (%) 90% 96% 0.23

History of Malnutrition (%) 30% 33% 0.74

School Attendance (%) 93% 89% 0.37

Difficulty accessing enough food (%) 44% 57% 0.14

HIV-specific characteristics

Median disease severity index (IQR) 3 (2-4) 3 (2-4) 0.95

Viral Load Undetectable (%) 88% 80% 0.14

Adherence (%) 94% 91% 0.43

Mean age at starting ART, in years (SD) 5.1(1.2) 5.0(1.3) 0.57

Current CD4 (mean (SD)) 774(340) 769(386) 0.93

Nadir CD4 (mean (SD)) 589(323) 548(332) 0.48

Current WHO Stage, n in stage 1/2/3/4 147/2/5/0 46/0/0/0 0.16

Worst WHO Stage, n in stage 1/2/3/4 15/23/41/72 10/5/11/18 0.36

*
All p-values calculated using a chi-squared test for dichotomous variables, and Kruskall-Wallis rank test or t-test for continuous variables. SESI, 

socioeconomic status index; ART, antiretroviral therapy; WHO, World Health Organization.
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Table 3:

Bivariable Logistic Regression Analysis Identifying Risk Factors for Cognitive Impairment, Depressed Mood, 

and Both Cognitive Impairment and Depressed Mood.

Outcome Variable Exposure Variable Odds Ratio (95% CI) P-value

Depressed Mood

Age 1.0 (0.8-1.1) 0.69

Male Sex 0.7 (0.3-1.4) 0.33

HIV Status 4.0 (1.5-10.9) 0.006*

Socioeconomic Status Index 1.0 (0.8-1.2) 0.97

Self-reported poor health 7.8 (3.1-19.3) <0.001*

Negative Life Event Index 1.3 (1.1-1.7) 0.004*

Growth Stunting 1.3 (0.5-3.1) 0.55

Cognitive Impairment

Age 1.0 (1.0-1.1) 0.43

Male Sex 1.0 (0.6-1.7) 0.89

HIV Status 2.9 (1.7-4.8) <0.001*

Socioeconomic Status Index 0.8 (0.7-0.9) <0.001*

Self-reported poor health 3.6 (1.7-7.7) 0.001*

Negative Life Event Index 1.0 (0.9-1.2) 0.68

Growth Stunting 5.9 (3.5-9.9) <0.001*

Cognitive Impairment + Depressed Mood

Age 1.1 (0.9-1.3) 0.27

Male Sex 1.0 (0.4-2.6) 0.93

HIV Status 5.1 (1.4-17.6) 0.011*

Socioeconomic Status Index 0.8 (0.6-1.0) 0.046*

Self-reported poor health 10.4 (3.8-28.3) <0.001*

Negative Life Event Index 1.4 (1.1-1.9) 0.007*

Growth Stunting 2.8 (1.1-7.0) 0.033*

All odds ratios and p-values calculated using bivariable logistic regression.
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