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Abstract

In utero/peripartum antiretroviral therapy (IPA) exposure type was examined in
relationship to mental health symptoms among 577 children with perinatally
acquired HIV (CPHIV), children perinatally HIV exposed but uninfected (CHEU), and
children HIV unexposed uninfected (CHUU). IPA exposure was categorized for
CPHIV and CHEU as none, single-dose nevirapine with or without zidovudine
(sdNVP£AZT), sdNVP+AZT+lamivudine (3TC), or combination antiretroviral therapy
(cART). Anxiety and depressive symptoms were reported at baseline, 6-, and 12-
month follow-up per behavioral assessment system for children. Multivariable linear
mixed models were used to estimate differences (b) with 95% confidence intervals
(95% CI) for IPA exposure types versus CHEU without IPA exposure. Depressive and
anxiety symptoms were lower in CHUU relative to CHEU and CPHIV but did not
differ between CPHIV and CHEU. CHEU with sdNVP+AZT exposure had greater
anxiety (b=0.51, 95% CI: [0.06, 0.96]) and depressive symptoms (b = 0.48, 95% Cl:
[0.07, 0.89]) than CHEU without IPA exposure. CHEU with sdNVP+AZT+3TC
exposure had higher anxiety (b=0.0.45, 95% Cl: [0.03, 0.86]) and depressive
symptoms (b=0.72, 95% Cl: [0.27, 1.17]) versus CHEU without IPA exposure.
Depressive and anxiety symptoms were not different for CHEU and CPHIV exposed
to cART (b=0.12-0.60, 95% Cl: [-0.41, 1.30]) and CHEU and CHUU (b = -0.04 to
0.08, 95% Cl: [-0.24, 0.29]) without IPA exposure. Among CHEU, peripartum
sdNVP£AZT and sdNVP+AZT+3TC but not cART compared to no IPA exposure was
associated with clinically important elevations in anxiety and depressive symptoms.
Monitoring of mental health trajectory of HIV-affected children considering IPA is
needed to inform mental health interventions. Patient Contribution: Caregivers and
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1 | INTRODUCTION

The millions of HIV-affected children who either have perinatally
acquired HIV (CPHIV) or are HIV-exposed but uninfected (CHEU)
constitute a subgroup of highly vulnerable youth whose mental
health outcomes require understanding to inform interventions. The
relationship between HIV and mental health is often described as
bidirectional; effects of living with HIV can increase risk of poor
mental health outcomes, while poor mental health outcomes can
affect neural pathways and predispose individuals to behaviors that
increase risk of acquiring HIV (Betancourt et al., 2013; Mellins et al.,
2011). Despite this complex interconnection, there is evidence that
CPHIV experience poor mental health outcomes at higher rates than
children who are perinatally HIV-exposed but uninfected (CHEU, i.e.,
mother-to-child transmission did not occur) or children who are HIV
unexposed and uninfected (CHUU) (Buckley et al., 2020; Hoare et al.,
2019; Mellins & Malee, 2013). Mental health morbidity is also
magnified in CPHIV and CHEU as they may experience HIV-related
stigma (Cluver et al., 2008) and higher rates of premature parental
loss (Penner et al., 2020). Additionally, mental health symptoms
adversely impact adherence to HIV treatment (Kacanek et al., 2015).

HIV may exacerbate psychiatric illness by infecting the central
nervous system (Donenberg & Pao, 2005). HIV may also contribute
to psychiatric illness through HIV-associated encephalopathy, which
can occur even among immunocompetent CPHIV (Cooper et al.,
1998; Tardieu et al., 2000). The increased use of in utero-peripartum
antiretroviral therapy (IPA) has decreased the rate of vertical
transmission of HIV from mothers with HIV and resulted in an
expanding population of concomitantly HIV and ART-exposed infants
(UNAIDS, n.d). Despite this decreased transmission, peripartum ART
is associated with low birthweight (Goldstein et al., 2000; Schulte
et al., 2007; Traore et al., 2013), metabolic dysregulations (Williams
et al., 2016), mitochondrial toxicity (Fernandez Ibieta et al., 2010;
Garcia-Otero et al.,, 2019; Hernandez et al., 2017; Jao et al., 2017;
Noguera-Julian et al., 2015; Poirier et al., 2015; Watts et al., 2004),
and neurotoxicity (Gill et al., 2015; Underwood et al., 2015), which
are all factors that may induce or worsen psychiatric morbidity in
HIV-affected children.

The relationship between early ART and mental health may vary
according to perinatal HIV status. For example, among CPHIV, IPA is
likely an exposure that improves long-term cognitive functioning and
mental development (Mekmullica et al., 2009; Shanbhag et al., 2005;
Smith et al.,, 2012). Not all IPA exposures are equal, however; the
availability, quantity, and quality of peripartum ART have evolved
substantially from their early use in 1996 (Ford et al, 2011). In
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resource-limited settings, there were large variations in the program-
matic scale-up of IPA. As a result, millions of HIV-exposed children
were either never exposed to ART or were subjected to varied
qualities of peripartum ART exposures depending on their year of
birth (Katabira et al., 2008). To date, the potential relevance of IPA
exposure for long-term mental health outcomes in HIV-affected
children has not been specifically studied. Thus, the purpose of this
study is to determine the implications of these varied exposures for
mental health in late childhood and adolescence. We hypothesize
that IPA exposure type is associated with mental health outcomes,
particularly that lack of exposure to cART will be associated with
worse mental health outcomes among CPHIV and CHEU. We further
hypothesize that the relationship of IPA exposure type to mental
health outcomes may vary between CPHIV and CHEU as a result of
factors that differ between individuals with HIV and individuals
without HIV, such as HIV-related stigma. This study adds crucial data
to understand possible variations in mental health outcomes by
school-age and adolescence according to IPA exposure history and

children's experience of HIV-related stigma.

2 | METHODS
2.1 | Study context and participants

We implemented a prospective cohort study among Ugandan
school-aged (8-10 years old) and adolescent (11-18 years old)
children (n=577) and their adult caregivers (n =405). The sample
included CPHIV (n=198), CHEU (n=191), and CHUU (n=187)
recruited in Kampala district of Uganda between March 16, 2017,
and August 18, 2021. Enrolled children are a subset of individuals
enrolled in two larger prospective cohort studies of 750 school-
aged and adolescent children for whom self-reported mental health
measures could be defined. CPHIV and their adult caregivers were
enrolled from active families connected to HIV care at Kawaala
Health Center in Kampala, Uganda. CHEU were identified from the
Early Infant Diagnosis registers and the outpatient department of
the same hospitals as CPHIV. CHUU were enrolled from two
sources: Kawaala Health Center outpatient department and social
networks of the CPHIV and CHEU child-caregiver dyads already
enrolled. Current HIV status for both CHEU and CHUU was
ascertained using an HIV-rapid diagnosis test.

Each child-caregiver pair was followed at least 12 months or until
loss to follow-up with study-related assessments implemented at

enrollment, 6, and 12 months. The last enrolled participant in the
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already completed parent study of 6-10-year-old children was
evaluated on October 26, 2018. The follow-up interval for the
ongoing second cohort of 11-18 years old adolescents was the same
as in the completed study with exception of an additional assessment
at 18 months. Data included from the adolescent cohort for this
secondary analysis were restricted to evaluations on or before
August 18, 2021.

2.2 | Eligibility/exclusion criteria

School-aged and adolescent children were eligible for the study if
they were at least 8 years old so that self-reported mental health
measures could be defined, and cared for by a primary caregiver
living with HIV or living with perinatally acquired HIV themselves.
Additional inclusion criteria included availability of data on HIV
disclosure status from HIV-positive caregiver to coenrolled depen-
dent child and/or the CPHIV's knowledge of personal HIV status.
Children not born in a clinical setting and child-caregiver dyads
without antenatal, delivery, or care records were ineligible because
peripartum ART exposure and HIV status their pregnancy could not

be ascertained.

2.3 | Ethical approval

Protocols for respective cohort studies were reviewed by the
research ethics review boards of Kawaala Health Center. All
caregivers gave written informed consent, and children provided

assent or consent for study participation.

2.4 | Measures

IPA exposure type: Child IPA exposure was established from medical
records, including birth mother's ART treatment card, antenatal or early
infant diagnosis registers for CPHIV and CHEU at Kawaala Health
Center. CHEU and CPHIV were exposed to one of four IPA types: (1)
none, (2) intrapartum prophylactic single-dose nevirapine (sdNVP)+
zidovudine (AZT), (3) intrapartum prophylactic sdNVP+AZT+lamivudine
(3TC)—that is, sdNVP+AZT+3TC, and (4) combination ART (cART,
including at least two ART drug classes). These children were compared
to CHUU.

Child perinatal HIV status: Study participants were enrolled based
on known HIV status verified for CPHIV via DNA PCR results
documented in their medical record. Current HIV status of CHEU and
CHUU was ascertained at enrollment using HIV-rapid diagnostic
testing (Ezeamama et al., 2016).

Dependent child's knowledge of their caregiver's HIV-positive status
(HIV disclosure): HIV disclosure was reported by HIV+ adult caregivers
in response to two questions: “Have you ever shared your HIV status
with anyone outside this study?” If affirmative, caregivers are then

asked individual follow-up “yes or no” questions about the relational

contexts in which disclosure has occurred: current sexual partner,
mother, father, sister, brother, coenrolled child, other female/female
relative, friend, or another person. HIV disclosure was indicated when
caregivers affirmed that their coenrolled dependent child was among
those aware of their positive HIV status.

Cumulative HIV-associated stigma burden: Two additional measures
in adolescents were defined as summed indices of HIV-associated
adverse social experiences that were present or absent. The first index
is a sum of items: someone found out about the adolescent's HIV
status against their wish, the adolescent experienced social isolation/
discrimination or financial problems due to knowing their HIV status,
and whether the adolescent shared their HIV status with someone.
The second index included the experience of inter-personal social
problems, conflict, or worry due to HIV-positive status such as: conflict
with partner, break-up or separation from friends/partner, beating or
other forms of physical violence, persistent worry about accidental
HIV status disclosure leading to problems, being a burden on others,
and isolation or lack of support from family or friends. Cumulative
stigma was defined as the sum of respective indices. For analytic
purposes, comparisons were made for 0, 1 compared to 22 cumulative
HIV-associated stigma items.

Child-reported depression and anxiety symptoms: Self-reported
symptoms of depression (feelings of loneliness, unhappiness, sadness,
dejection, and overall feeling that nothing is going well or inability to
enjoy life) and anxiety (feelings of nervousness, worry and fear,
including the tendency to be overwhelmed by problems) were
measured using 14 and 13 items from the Behavioral Assessment
System for Children, Third Edition (BASC-3), respectively. Each item
was scored using a four-point Likert scale (never, sometimes, often,
and always) per manufacturer instructions (Dombrowski et al., 2004;
Garcia-Barrera et al., 2011; Harrell-Williams et al., 2015; Kamphaus
et al., 1999). In the absence of local norms for depression and anxiety
metrics as defined by the BASC in Uganda, these measures were
internally age and sex standardized to values obtained from
demographically matched CHUUs as follows: (raw score—sample
mean)/standard deviation (Ezeamama et al., 2016). Respective
measures were then analyzed as continuous outcomes without
further adjustment for age and sex.

Other covariates. Biological sex (male vs. female) and chrono-
logic age (in years) were determined for caregivers and dependent
children. For dependent children, age-based developmental stage
was defined as school-aged (<10 years) versus adolescent (210
years). Caregiver demographics measured include age, sex, socio-
economic status, and caregiver HIV disclosure status. Caregiver
functioning was measured as continuous variable per the Barkin
Index of Maternal Function (Barkin et al., 2010).

2.5 | Statistical analyses
Means, standard deviations (SD), frequencies, and percentages were

estimated within IPA exposure categories. Comparisons of child and
caregiver sociodemographic, mental health, and well-being measures
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were performed using analyses of variance for continuous variables
and chi-square (X?) tests for categorical variables. Hypothesis tests
were two-sided, and statistical significance was achieved if
p-value < 0.05. Multivariable linear mixed-effects models were
performed by developmental stage, HIV exposure status, and
caregiver HIV status to quantify associations between perinatal HIV
status, IPA exposure type, and three repeated measures of depres-
sion and anxiety symptoms over 12 months. Random effects
corresponded to nesting of repeated measures within the participant
and nesting of participants within households (caregivers).

Time averaged least square means (LSMs) and standard errors
(SE) were output from the models and were used to calculate
standardized mean difference (SMD) values with 95% confidence
interval (Cl) using CHEU as a reference group to compare by perinatal
HIV status and using CHEU with no IPA exposure as a reference
group to compare by perinatal HIV status x IPA exposure (Tibshirani,
2011). |SMDJ|<0.33, 0.33<|SMD|<0.50, [SMD|=20.50 signified
small, moderate, and large clinical importance following the existing
precedent for measuring quality of life (QoL) outcomes (Haim Erder
et al., 2003). Among CPHIV, associations between IPA exposure type
and respective outcomes were investigated via multivariable mixed
models adjusted for immune parameters and HIV-treatment-related
factors, that is, ART regimen, age at ART initiation, and virologic
suppression status.

Confounders such as child's age, sex, relationship with caregiver,
and caregivers' age, sex, and socioeconomic status were adjusted for
given subject matter knowledge. All analyses were implemented in

Statistical Analysis Software version 9.4.

3 | RESULTS

A total of 577 children 8-18 years old including 320 girls and 266
boys with a mean age of 12.7 (standard deviation [SD] = 3.0) years
were enrolled. Mean years of caregiver education differed across
perinatal HIV status and IPA exposure groups with CHUU
caregivers having the highest average level of education (mean
[SD]: 7.3 [4.0]) and caregivers of children exposed to sANVP+AZT+
3TC having the lowest (mean [SD]: 7.3 [4.0] versus 5.7 [3.1]]. Age
and sex standardized baseline depressive and anxiety symptoms
differed according to IPA exposure groups with highest levels of
both symptoms among children exposed to sdNVP+AZT and
sdNVP+AZT+3TC. No other baseline variables differed across IPA

exposure groups (Table 1).

3.1 | Perinatal HIV status in relation to
time-averaged depressive and anxiety symptoms

Regardless of IPA exposure type, time-averaged depressive symptoms
were similar for CPHIV (LSM = -0.05 £ 0.08) and CHEU (LSM =-0.07
+0.09) whereas anxiety symptoms were significantly higher among
CHEU (LSM =0.14 +0.08) compared to CPHIV (LSM=-0.01+0.07)

(Figure 1). Time-averaged depressive (SMD =-0.20 [0.41, 0.00]) and
anxiety (SMD =-0.24 [-0.42, -0.05]) symptoms were significantly
lower for CHUU in comparison with CHEU. However, time-averaged
depression (SMD=0.02 [-0.21, 0.24]) and anxiety (SMD=-0.15
[-0.34, 0.05]) symptoms did not differ for CPHIV in comparison to
CHEU (Tables 2 and 3). Respective associations were generally
strengthened in analyses restricted to adolescents (210 years old),
HIV-exposed children, and dependent children of HIV+ caregivers
(Tables 2 and 3).

3.2 | IPA exposure type and perinatal HIV status in
relation to depressive and anxiety symptoms

Regardless of IPA exposure type, self-reported depressive symptoms
were similar in CPHIV compared to CHEU with no IPA exposure.
Depressive symptoms were significantly higher among CPHIV with
no IPA exposure (SMD =0.31 [0.05, 0.58]) than CHEU with no IPA
exposure. Depressive symptoms among CPHIV exposed to cART
(SMD =0.60 [-0.10, 1.30]) were clinically significantly higher than
CHEU with no IPA exposure (Table 2).

Relative to CHEU with no IPA exposure, self-reported anxiety
symptoms were similar for CHEU exposed to cART (SMD=0.18
[-0.14, 0.51]). However, CHEU exposed to sdNVP+AZT (SMD =0.51
[0.06, 0.96]) and CHEU exposed to sdNVP+AZT+3TC (SMD =0.45
[0.03, 0.86]) self-reported significantly higher anxiety at 6-18 years
than CHEU with no IPA exposure, both clinically and statistically
(Table 3). Both depressive (SMD =0.08 [-0.12, 0.29]) and anxiety
(SMD = -0.04 [0.24, 0.16]) symptoms were similar for CHUU versus
CHEU with no IPA exposure (Tables 2 and 3).

The sdNVP+AZT+3TC-associated higher depression among
CHEU remained consistent when the study size was constrained
by child age, HIV exposure status, and caregiver HIV status. This
similar association with regard to anxiety, however, only
remained statistically significant when constrained by child age,
despite the other constraints maintaining moderate clinical
importance (Tables 2 and 3).

3.3 | Other variables in relation to depressive and
anxiety symptoms among CPHIV

Among CPHIV, there were no differences in depressive or anxiety
symptoms across IPA exposure types relative to CPHIV with no IPA
exposure. Further adjustment for current ART regimen and socio-
demographic confounders did not change this relationship. The use
of protease inhibitor (Pl) v. to nonnucleoside reverse transcriptase
inhibitor-based cART, however, was associated with lower anxiety
symptoms (SMD =-0.32 [0.59, -0.04]). The comparison of CPHIV
without cART exposure at baseline (n = 5) with CPHIV with Pl-based
cART exposure at baseline suggests nontreatment with cART was
associated with elevated risk of depressive symptoms (SMD =0.91
[-0.58, 2.90]).
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TABLE 1 Baseline description of study base of 577 Ugandan children 8-18 years and 405 caregivers according to in utero/peripartum
antiretroviral therapy (IPA) exposure.
sdNVP+AZT+
sdNVP+AZT N =81 3TC N=62 cART N=52  No IPA exposure N=195 CHUU N =187
Mean SD Mean SD Mean SD Mean SD Mean SD p-Value
Child demographic and psychosocial factors
Female sex (n, %) 52.00 62.3 33 56.6 30 56.6 104 53.1 100 52.9 0.6080
Adolescent (n,%) 61.00 75.3 53 85.5 41 78.9 51 73.9 143 76.5 0.4368
Age (years) 13.00 3.11 12.9 2.7 12.3 2.9 12.6 3.1 12.8 29 0.6134
Acute stress (Perceived 15.00 54 15.0 5.9 14.5 4.6 14.4 5.7 14.1 6.2 0.6779
stress scale)
Lifetime adversity score 3.60 3.6 3.1 4.0 3.5 2.9 3.4 3.8 3.5 4.0 0.9421
Anxiety 0.34 1.18 0.48 1.47 014 112 0.02 0.97 0.07 0.98 0.0219
Depression 0.25 1.33 0.43 1.63 0.19 141 0.06 1.18 -0.04 0.98 0.0783
sdNVP+AZT+
sdNV+AZT N=72 3TC N=50 cART N=31 No IPA exposure N = 133 CHUU N=119 p-Value
Caregiver socio-demographic factors
Female sex (n, %) 58.00 86.60 42.0 857 280 933 118.0 89.4 106.0 89.9 0.8080
Ever alcohol use (n, %) 33.00 45.80 25.0 50.0 11.0 355 66.0 49.6 40.0 33.6 0.0720
Age (years) 38.8 11.00 40.5 11.7  40.7 13.3 40.5 11.7 38.1 11.2 0.4830
Years of education 6.90 3.30 5.7 3.1 6.2 4.5 6.1 3.8 7.3 4.0 0.0588
completed
Currently lives with HIV ~ 57.00 79.20 39.0 780 260 867 98.0 75.4 33.0 27.7 <0.0001
Years lived with 13.40 4.00 12.8 4.7 13.0 5.0 13.0 5.8 9.3 5.3 0.0046
HIVIHIV+
Subjective social standing  3.20 1.30 3.3 1.2 3.6 17 34 1.5 3.6 14 0.1497
(McArthur scale)
Acute stress (Perceived 19.40 5.90 20.8 43  20.6 5.0 20.3 6.5 20.5 6.2 0.7520
stress scale)
Recent life stress (Recent  7.90 4.30 8.4 3.2 7.8 3.0 7.3 3.7 8.2 3.9 0.2860
life events
questionnaire)
Lifetime adversity score 2.00 2.30 2.5 2.7 2.3 2.0 2.0 2.1 2.0 2.0 0.6470
BMAT caregiving quality  58.60 9.72 61.2 9.0 59.7 7.7 58.0 8.51 58.5 10.5 0.1680
Depressed (Hopkins 13.00 18.80 8.0 16.0 70 226 23.0 17.3 20.0 16.8 0.9450

checklist) (n,%)

Note: Values are expressed as mean (standard deviation) unless stated otherwise.

Abbreviations: cART, combination antiretroviral therapy; CHUU, children HIV unexposed uninfected. sdnvp+AZT, single-dose nevirapine with/without
zidovudine; sdnvp+AZT+3TC, single-dose nevirapine with zidovudine with lamivudine.

No measure of CD4+ cell count (including CD4 nadir), predicted
change in depressive or anxiety symptoms over 1 year (data not
shown). However, experiencing <2 CD4+ cell count drops below 500
cells/uL was a clinically and statistically significant predictor of low
depressive (SMD =-0.56 [-0.99, -0.14]) and low anxiety (SMD =
-0.38 [-0.70, -0.06]) symptoms. Virologically suppressed CPHIV
experienced statistically significant and clinically moderate reduction
in depressive symptoms over 12 months relative to CPHIV with
detectable viremia (SMD =-0.35 [-0.67, -0.04]). There was no

association between virological suppression and anxiety symptoms
(Table 4).

Among the 137 CPHIV adolescents with analyzable data, only 11
children reported experience of social stigma. This variable was not
associated with either mental health outcome (Table 4). Similarly,
CPHIV's knowledge of their caregivers' HIV-positive status was not
clinically nor statistically associated with depressive (SMD =0.27
[-0.12, 0.66]) and anxiety (SMD =-0.13 [-0.45, 0.20]) symptoms
(data not shown).
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FIGURE 1 Time-averaged® depressive and anxiety symptoms according to perinatal HIV status in 8-18-year-old Ugandan children.
“Depressive and anxiety symptoms were assessed at three time points over 12 months: baseline, 6 months, and 12 months. *indicates
p < 0.05. CHEU, children HIV exposed but uninfected; CHUU, children HIV unexposed uninfected; CPHIV, children with perinatally

acquired HIV; LSM, least square means; SE, standard error.

4 | DISCUSSION

We demonstrated important differences in anxiety and depressive
symptoms by perinatal HIV status in 8-18-year-old Ugandan
children. In line with observations in the Pediatric HIV/AIDS Cohorts
Study (PHACS) (Malee et al, 2011; Smith et al., 2019) and
adolescents from Kenya (Abubakar et al., 2017), we found that
depression and anxiety symptoms were similar among CPHIV and
CHEU. Compared to CHUU, HIV-exposed children had higher anxiety
and depressive symptoms. Consistent with previously reported
higher prevalence rates of emotional health problems among CHEU
compared to CPHIV in the PHACS (Malee et al., 2011), we found
anxiety symptoms were highest among CHEU. Our study suggests,
however, that once adjusted for time and caregiver demographic
factors, and further disaggregating outcomes according to IPA
exposure type, depression and anxiety symptoms were similar for
CPHIV with various IPA exposures relative to CHEU without IPA
exposure.

Mental health outcomes were similar for CHUU compared to
CHEU without IPA exposure. These group differences underscore
the high vulnerability of HIV-exposed children to mental health
challenges due to shared structural, environmental, and psychosocial
risk factors (Betancourt et al., 2017; Nduwimana et al., 2017; Sherr
et al., 2020). These differences also highlight the need to enhance risk
stratification in this population by delineating predisposing risk
factors for adverse mental health outcomes beyond perinatal HIV

status. In contrast to other studies, except for caregiver educational
level, no baseline sociodemographic, psychosocial, and caregiver
stress/mental health variables differed across IPA exposure groups at
baseline. This similar distribution of baseline characteristics among
IPA exposure groups allowed us to confidently compare them
without additional bias.

In line with our study hypothesis, we provided novel data
showing that variations in anxiety and depression symptoms in 8-18-
year-old Ugandan children over a 12-month follow-up period were
related to IPA exposure type, especially among CHEU. Specifically,
anxiety and depression symptoms were higher in CHEU exposed to
sdNVP+AZT and sdNVP+AZT+3TC in comparison to CHEU without
IPA exposure. While CHEU with sdNVP+AZT and sdNVP+AZT+3TC
exposures had consistently higher clinically moderate to severe
anxiety and depression symptoms, CHEU without IPA exposure
reported similar mental health symptomatology as CHUU. Given
the absence of HIV transmission in both groups, this finding suggests
that HIV exposure without concomitant IPA exposure has little
impact on mental health outcomes. Additionally, CHEU with cART
exposure had similar mental health outcomes to CHEU without IPA
exposure. These results suggest that among IPA-exposed children,
different regimens may have disparate effects on mental health that
remain poorly understood in HIV and IPA-exposed children.

The relative differences in association of various IPA regimens
with mental health outcomes among CHEU were robust to sample

restriction by age, HIV exposure status, and knowledge of HIV+
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TABLE 4 Correlates of depressive and anxiety symptoms among 8-18-year-old Ugandan children with perinatally acquired HIV (CPHIV).

Depressive symptoms in

CPHIV? (n = 195)

Anxiety symptoms in
CPHIV? (n =195)

N SMD®
IPAP exposure status
sdnvp=AZT? 48 0.07
sdnvp+AZT+3TC® 21 -0.13
cART' 16 0.26
None 110

IPA exposure status adjusted for current ART regimen

sdnvp=AZT 48 -0.12
sdnvp+AZT+3TC 21 -0.16
cART 16 0.20
None 110

Current cART exposure status

NNRTIE (EFV"/NVP' inclusive) 90

NRTI (Abacavir or TDF* inclusive) 50 0.21
pI' 43 -0.15
None/unknown 5 0.91

CD4+ history™ (n=187)

0 68 -0.35
1 64 -0.56
2+ 55

Virologically suppressed (n = 160)

Yes 63 -0.35
No 97

Experienced stigma (n = 137)

Yes 11 -0.49
No 126

Note: Bolded values indicate statistically significant differences.

95% (Cl)

-0.26, 0.40
-0.43,0.35
-0.47, 0.80
Ref

-0.42, 0.19
-0.60, 0.28
-0.51, 0.91

Ref

Ref

-0.21, 0.63
-0.71, 0.17
-0.58, 2.90

-0.73, 0.04
-0.99, -0.14
Ref

-0.67, -0.04

Ref

-1.20, 0.22

Ref

SMD 95% CI
0.13 -0.11, 0.35
0.31 -0.18, 0.81
0.12 -0.34, 0.58
Ref
-0.02 -0.25, 0.22
0.32 -0.20, 0.84
0.11 -0.41, 0.62
Ref
Ref
0.15 -0.15, 0.44
-0.32 -0.59, -0.04
-0.01 -0.86, 0.83
-0.20 -0.52,0.13
-0.38 -0.70, -0.06
Ref
-0.17 -0.42, 0.08
Ref
0.20 -0.20, 0.58
Ref

#Multivariable model adjusted for time, caregiver demographics (age, sex, and socioeconomic status), and HIV factors (ART regimen, age at ART initiation,

and virologic suppression status);

BIPA: in utero/peripartum antiretroviral therapy.

°SMD: standardized mean difference.

dsdnvpxAZT: Single-dose nevirapine with/without zidovudine.
®sdnvp+AZT+3TC: Single-dose nevirapine with zidovudine with lamivudine.
fcART: combination antiretroviral therapy.

&Nonnucleoside reverse transcriptase inhibitor.

PEfavirenz.

iNevirapine.

INucleoside reverse transcriptase inhibitor.

“Tenofovir disoproxil fumarate.

'Protease inhibitor.

MCDA4+ history is the number of times an individual's CD4+ cell count <500 cells/uL.
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caregivers' status. We found that associations between certain IPA
exposures and increased severity of mental health symptoms were
not explained by active HIV infection, differences in caregiving
environment, or sociodemographic factors already controlled for in
this study. In support of the potentially disparate mental health effect
of various IPA regimens, preclinical in vitro and animal studies
(McHenry et al., 2019; Schnoll et al., 2021) have linked exposure to
antiretroviral drugs with lower maturation, survival, and worse
myelination in oligodendrocytes (Jensen et al, 2015). Further,
evidence from mouse studies has indicated the associations of in
utero AZT+3TC exposure to atypical behaviors in adolescent period
of mouse life (Calamandrei et al., 1999; Venerosi et al., 2000, 2001,
2003). These preclinical observations align with the premise that any
IPA exposure may modulate social, emotional, and mental well-being
in humans across the life course, and certain IPA exposures may
exacerbate these modulations (Calamandrei et al., 1999; Venerosi
et al., 2000, 2001, 2003).

In analyses restricted to HIV-exposed children (CPHIV and
CHEU), we observed that regardless of IPA exposure type, CPHIV on
average had elevated depressive symptoms of modest to large clinical
significance compared to CHEU without IPA exposure. Across IPA
exposure groups, this association was statistically significant only for
CPHIV without IPA exposure compared to CHEU without IPA
exposure. Since both groups were HIV exposed, this prevailing
difference suggests that HIV infection itself or unique experiences
associated with CPHIV status were driving the observed adverse
mental health trajectory. Further adjustment of this association for
HIV disclosure status weakened association to nonsignificance,
suggesting that children's knowledge about the HIV status of
themselves or their caregiver may modify mental health outcomes
among HIV-exposed children.

Among CPHIV, the most vulnerable demographic in this study,
we found no difference in anxiety or depression symptoms according
to IPA exposure. However, CPHIV currently on protease inhibitor-
based cART had significantly lower anxiety relative to CPHIV
currently on NNRTI-based cART. Further, depression and anxiety
symptoms were inversely correlated with CD4+ cell count and lack of
virologic suppression, underscoring the importance of effective HIV
treatment for improvement of mental health outcomes in persons
living with HIV (Nachman et al., 2012; de Vega et al., 2019).

The observational design of this study limits our ability to remove
residual confounding by unmeasured covariates. Further, the sample
includes children born between 2000 and 2009, and the associations
described apply to IPA regimen in use at time of birth. Therefore,
results obtained here are generalizable to surviving children born
from that era of the global HIV pandemic. Hence, the novel IPA-
related variations in depression and anxiety reported remain
associative in nature. Further interrogation of this relationship in
carefully designed future studies will be important to confirm these
observations in perinatally HIV and ART-exposed children of HIV-
positive women. In addition, the effects of peripartum exposure to
modern ART regimens on mental health outcomes of contemporary

CPHIV and CHEU remains an open question. Finally, although we

included many socioeconomic variables for both children and
caregivers, there are limitless additional variables that could have
been explored such as income level, food or housing insecurity,
employment, literacy, and many others. Future research is needed for
comprehensive assessment of the role of these variables to inform
differences between CHEU and CPHIV.

The strengths of the present investigation include its large
sample size, the longitudinal design including multiple assessments of
mental health, the use of validated self-report measures of depres-
sion and anxiety (Riley, 2004), the application of a rigorous analytic
strategy that controlled for important confounders, and inclusion
of sensitivity analyses to examine stability of associations across
defined samples. Further strengths that increase confidence in the
reported findings include objective determination of IPA and HIV
exposure/transmission status via medical records and specific testing
upon enrollment, and the presence of robust comparative groups that
permit isolation of mental health associations due to IPA type, HIV
exposure/transmission status, and HIV-affected environment.

In conclusion, we provided novel data indicating important
differences in mental health outcomes of CHEU at 8-18 years of age
associated with peripartum sdNVP+AZT and sdNVP+AZT+3TC.
Equally important, peripartum cART exposure was not adversely
associated with depression or distress, and CHEU without IPA
exposure reported mental health symptomatology similar to CHUU.
This data lays the foundation for understanding the long-term
emotional and mental health effects of IPA exposure. Further,
findings underscore the importance of monitoring the mental health
trajectory of HIV-exposed children to glean information that could be
leveraged to ensure that these vulnerable children not only survive
but thrive throughout childhood and into adulthood.
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