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Abstract

The aim was to identify latent class trajectories of depression symptoms among HIV+ women in Uganda. Depression was
assessed at four time points using the Hopkins Symptom Checklist among 288 women caring for a child 2-5 years old. Mix-
ture modeling was used to estimate the number and nature of classes defined by trajectories of depressive symptoms over
time. Maternal and child characteristics were explored as predictors of class. Three trajectories of symptoms of depression
were identified; (1) stable-low, (2) moderate-subclinical, and (3) chronic-high. About 8% of women reported moderately
or highly elevated symptoms at the first assessment and consistently onward (i.e. chronically). Higher anxiety levels, less
social support, more functionality problems, and more executive behavior problems in children predicted membership in the
moderate-subclinical and chronic-high classes. Identifying patterns of depression trajectories can help target intervention
efforts for women who are likely to experience the most chronic and impairing symptomatology.
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Resumen

El objetivo de este estudio fue identificar trayectorias de sintomas depresivos en mujeres HIV+ en Uganda. Evaluamos sin-
tomas de depresion en 288 mujeres usando el Hopkins Symptom Checklist en cuatro ocasiones. Utilizando modelaje mixto,
describimos el nimero y tipo de clases definidas por las trayectorias de sintomas depresivos a través del tiempo, asi como
las caracteristicas de la mujer y un hijo indice asociadas con cada clase. Se identificaron tres trayectorias: (1) estable-leve,
(2) moderada-sub clinica y (3) cronica-elevada. Aproximadamente 8% de las mujeres reportaron sintomas depresivos mod-
erados o elevados en todas las evaluaciones (sintomas crénicos). Mayores niveles de ansiedad, menor apoyo social, mayores
problemas de funcionamiento y mayores problemas de conducta ejecutiva en nifios se asociaron con las clases moderada-
sub clinica o crénica-elevada. Identificar patrones y trayectorias de sintomas depresivos sirve para enfocar intervenciones a
individuos con mayor probabilidad de experimentar sintomas crénicos e incapacitantes.
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Introduction

Depression is the most common psychiatric disorder among
people living with HIV (PLHIV); a meta-analysis of studies
in western countries reported that the frequency of depres-
sive symptoms was nearly two times higher among HIV-
infected compared non-HIV infected adults (OR =1.99,
95% CI10.28-1.1, p<0.05) [1]. Pooled estimates of depres-
sion prevalence among PLHIV reported in a meta-analysis
ranged between 9 and 32% [2] with substantial variability
given by low socio-economic factors, antiretroviral treatment
(ART) and female sex, among others.

Women make up most of PLHIV in Sub-Saharan Africa
(SSA) with 71% of the estimated prevalence reported in
2014 [3]. Studies from women in high income countries
describe the course of depressive symptoms with differ-
ent levels (i.e. severity) and chronicity (i.e. stability) pat-
terns over time, with some women showing both stable and
severe symptoms, others mild but persistent symptoms,
and still others declining or episodic symptoms over time
[4-6]. A systematic review of depression symptoms among
women in the perinatal period using latent variable mod-
eling methods found that eight of 11 studies reported three
types of trajectories: a stable, a moderate-high and a high
symptom trajectory [7]. A review of 25 studies examining
depressive symptoms over time among non-HIV infected
individuals found that chronic depressive symptoms were
more likely to occur in females, minorities, and individuals
of low socioeconomic and educational status [8], as well
as among women who are diagnosed earlier in life and
with more severe depressive symptoms [9].

Understanding the trajectories of depression symptoms
in women living with HIV is essential to understanding
interruptible pathways that can disadvantage child devel-
opment in HIV-affected families. Negative developmental
and behavioral outcomes in children have been linked to the
presence of depressive symptoms in their mothers, espe-
cially in relationship with symptom severity and chronicity
[10]. Among women living with HIV, anxiety and stress
have been negatively associated with compromised parent-
ing that in turn are negatively associated with child devel-
opment and behavior, suggesting a possible mechanism of
action [11]. Chronic depression in women has been found to
double the likelihood of child behavioral and emotional dis-
orders in high-income countries [12]. Cents et al. assessed
4167 mother—child dyads in The Netherlands and found
that besides severity and chronicity of maternal depression,
symptom trajectories (i.e. mothers reporting similar patterns
of depressive symptoms over time) were an independent pre-
dictor of child executive functioning [13].

However, current evidence is mainly restricted to the
assessment of depressive symptomatology among women
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in the post-partum period, or living in high-income coun-
tries [7]. Given that risk factors for the persistence of
depressive symptoms, such as lower educational attain-
ment, poverty, and social support may vary substantially
in prevalence and nature in and between low and middle-
income countries (LMIC) and among populations affected
by HIV, research from more diverse samples that include
women living with HIV in SSA are needed to inform ser-
vices on how and when to identify subgroups of women
at high risk for depression [7].

To address the gap in literature, the aim of this study
was to model the longitudinal patterns of depressive symp-
toms among HIV-infected women in rural Uganda. Using
mixture modeling, the objectives of analyses were to (1)
describe the number and nature of distinct classes defined
by the trajectories of depressive symptoms over time, and
(2) explore maternal and child characteristics that predicted
class membership.

Methods

This is a secondary analysis using data from 288 HIV-
infected women participating in a randomized controlled
trial (RCT) that tested the Meditational Intervention for
Sensitizing Caregivers (MISC), a 1-year program aimed at
enhancing child physical and neuropsychological develop-
ment [14]. Details of the parent study are described in Bass
et al. [15]. Briefly, the RCT was conducted between 2011
and 2014 with women attending health clinics in Tororo Dis-
trict and recruited as caregiver-child dyads into two cohorts:
one where the child was living with HIV (n=118), and one
where the child was perinatally-exposed to HIV but was
uninfected (n=221). Women’s inclusion criteria included
being aged 18 or older, the principal caregiver of a child
aged 2-5 years, and willing and able to participate in a year
of MISC training. For analyses reported here, only HIV-
infected women were included (n=228).

The original parent study randomized women to one of
two arms: MISC or a treatment-as-usual (TAU) control con-
dition that consisted of basic hygiene, health, and prevention
education for PLHIV. As no differences were found by arm
for depression in either cohort at baseline, we pooled the two
study arms for the present analysis.

After informed consent, participants responded to a ques-
tionnaire administered by trained Ugandan research assis-
tants in one of three local languages (Dhopadhola, Ateso,
or Luganda) in a private setting. The Institutional Review
Board of Michigan State University and the School of Med-
icine Research Ethics Committee at Makerere University
approved this study.

Women and children were assessed at study intake,
month 6 (mid-intervention), month 12 (immediate
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post-intervention), and month 24 (one-year post-intervention
follow-up). Women provided information on the following
characteristics: age, education level (e.g. highest level of
schooling completed), marital status, occupation, and rela-
tion to the child. Women’s HIV status was established based
on clinical data extracted from medical records. Child HIV
status was confirmed during the RCT with an ELISA test.

Women'’s depressive and anxiety symptoms were assessed
by self-report with the Hopkins Symptom Checklist-25
(HSCL-25) [16, 17], where each symptom is reported for
the prior 2 weeks using a 4-point Likert scale ranging from
1 (not at all) to 4 (all the time). The HSCL-15 has previously
been adapted and validated among adults in HIV-affected
Ugandan communities [18, 19]. Average scores were gen-
erated for depression (15 item) and anxiety (10 item) sub-
scales, with higher scores indicating more frequent and/or
severe symptoms. A cut-off score > 1.75 was used to define
clinically relevant depression [20]. Internal consistency
(Cronbach’s alpha) was 0.73 and 0.84 for the depression
and anxiety subscales, respectively, which is consistent with
previous reports [21].

Perceived social support was assessed using the Multi-
dimensional Scale for Perceived Social Support (MSPSS)
[22, 23], previously validated for use in Uganda among HIV-
infected and uninfected adults [24] [25]. We adapted 8 items
from the original family and friends subscales to ask partici-
pants about people in their community, instead of referring
specifically to friends. Exploratory factor analysis yielded
two factors jointly explaining 55% of the variance: (1) “Fam-
ily Support” (4 items), and (2) “Community Support”, (3
items). One item (Do you quarrel with members of your
family) did not load on either factor and had high unique-
ness (0.79). This item was excluded from further analyses.
Each item is scored with a 4-point Likert scale ranging from
0 (never) to 3 (often). Separate scores for family and com-
munity support were constructed as averages of the items
within the scales, with higher scores indicating better social
support. Cronbach’s o for the family and community support
subscales were 0.77 and 0.63, respectively.

Women’s functional impairment was measured using a
self-report of 16 daily tasks identified during a brief qualita-
tive study that local women regularly do to care for them-
selves, their family, their community and their young child
[26]. Caregivers indicated how much difficulty they had
completing each task, with response options ranging from
0 (no difficulty at all) to 4 (cannot complete it). Cronbach’s
o alpha was 0.73.

We used the Behavior Rating Inventory of Executive
Function—Preschool version (BRIEF-P) [27] to evaluate
child behavior, attention, and cognitive disorders related to
disruption of executive function as reported by the princi-
pal caregiver. The combined Global Executive Composite
(GEC) score was used in analyses.

An economic wealth index was constructed from a check-
list of 8 material possessions (shoes, radio, mattress, blan-
ket, bicycle, motorcycle, cows, goats) and 6 housing quality
items (type of roof, availability of water supply, type of fuel
used, frequency of meat in diet and food security). Respond-
ents reported presence/absence of each asset at their homes.
Top 20th, middle 60th, and bottom 20th percentiles were
defined based on factor scores derived from exploratory fac-
tor analysis of the 14 items.

Descriptive statistics were calculated for the outcome of
maternal depression, and potential predictors of depression
identified in the literature: women’s age, education, socio-
economic status, anxiety, women’s functioning, and child’s
executive behaviors.

Finite mixture modeling was used to analyze women’s
depression symptoms assessed at intake, and months 6,
12, and 24 after intake. This semi-parametric group-based
modeling strategy assumes that a population is comprised
of several unobserved subpopulations (i.e. classes). Class
membership probabilities are estimated based on pattern of
change over time. The following covariates were included
in the model: maternal age, education level, and wealth
index percentile group; child’s HIV status; and, trial arm to
reflect the design of the parent study. Additional predictors
of class membership entered into the model were women’s
baseline anxiety and functional measures, and child’s execu-
tive behaviors at study intake. A censored normal (CNORM)
model was used [28] based on the observed distribution of
women’s depression symptoms. A series of mixture models
with varying numbers of classes were fit in order to assess:
a) the optimal number of classes over time, and b) key pre-
dictors of class membership. We used the Bayesian Infor-
mation Criterion (BIC), calculated as the log-likelihood
evaluated at the maximum likelihood estimate less one-half
the number of parameters in the model times the log of the
sample size, to determine the optimal number of classes. The
highest BIC was indicative of the best fitting model. Note
that in other software such as Mplus, the BIC is calculated
as above with a factor of — 2, then the lowest BIC indicates
the best fit [29]. BIC was also used to select the best fitting
model [30] based on the optimal number of classes. Prob-
abilities of class membership were estimated, and women
were assigned to a latent class based on the highest posterior
probability of class membership [31]. The analyses were
performed in SAS 9.4 using the TRAJ procedure [32].

Results

Demographic characteristics and average depression and
anxiety scores reported at baseline are presented in Table 1.
Women in this sample were on average 33.5 years old
(range 18-54 years), majority were married (69%), had a
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Table 1 Socio-demographic characteristics, depression and anxiety scores among mothers living with HIV in Tororo, Uganda (n=288)

Variable N %
Marital status
Married 199 69
Single/divorced 40 14
Widowed 49 17
Education level
None 56 19
Primary 190 66
Secondary 39 13
Technical 3 1
Employment status
Farmer 235 82
Trades/small business/employee 28 10
Professional 12 4
Unemployed/house wife 13 4
Relationship to the child
Biological mother 281 98
Other 7 2
Wealth group
Lowest 20% 41 14
Middle 60% 193 67
Top 20% 53 18
Probable depression or anxiety 176 61
On ARV 232 81
Variable Mean SD Range
Age 335 5.8 18-54
Perceived social support
Family support 2.1 0.7 0-3
Community support 1.8 0.7 0-3
Depression score 2.0 0.5 1-3.4
Anxiety score 1.8 0.6 14
primary-level education (69%), and were subsistence farm- o e Class 1 Class 2 Class 3
ers (82%). Using the standard cut-off score > 1.75 on the § '
average HSCL-depression score, more than half (61%) of % 2
women could be classified as having clinically significant 2
depression at baseline. This is consistent with the overall £ 19
mean of 2.0 (standard deviation 0.5) for the depressive % .
symptoms at baseline (Table 1). =
In the analysis of the trajectories of depressive symptoms E 05
over time, the BIC was best for a 3-class (—750.91) model, 3
as compared with the 2- (—774.18), 4- (—754.33) and 5- =0 0 6 12 2

(—763.80) class solutions. This 3-class solution resulted
in three distinct trajectories of depression symptoms over
time (Fig. 1). The two largest classes were characterized by
low or moderate subclinical (i.e. mean HSCL score < 1.75)
symptoms of depression. Class 1 represented the largest per-
centage of women (53%, n=152). In this class, depression
symptoms were low and stable across the 24-month period
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ASSESSMENT TIME POINTS (MONTHS AFTER INTAKE)

Fig.1 Mean adjusted depression scores over 4 assessment time
points, by latent class
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of the study. Class 2 (39%, n=113) was characterized by
moderate subclinical symptoms with varying degrees of
intensity over time. Specifically, mean depression scores
dropped at the 12-month assessment (when the MISC and
TAU interventions stopped), and then rose again to a moder-
ate level at 24 months. A small percentage of women (8%,
n=23) were classified in Class 3 given their reported high
levels of depression symptoms across the entire 24-month
period of the study. Mean depression score among women
in this class increased at the 12-month assessment, and
returned to the high level reported at baseline, suggesting
that their symptoms were relatively chronic and severe.
Overall, about 8% of women reported symptoms that were
moderately or highly elevated from the first assessment and
consistently onward (i.e. chronically).

Regarding the significance of predictors in the trajec-
tory modeling, the probability of being in a particular

trajectory class was not associated with baseline socio-
demographic or child characteristics (Table 2). In the
multivariable mixture model, compared to women with
low or moderate subclinical depression (Class 1), women
who reported moderate (e.g. Class 2) and consistently high
symptoms of depression (e.g. Class 3) were both more
likely to report greater symptoms of anxiety at baseline
(2.49, SE=0.47, p<0.01; 3.09, SE=0.61, p<0.01,
respectively). Women with moderate symptoms (Class 2)
were more likely to report greater functional impairment
(1.39, SE=0.65, p=0.03), less family support (—0.76,
SE=0.31, p=0.02), and more child behavioral problems
(0.05, SE=0.02, p<0.01) compared to women in the low
or moderate subclinical class. The unadjusted comparisons
of the three classes yielded similar conclusions (Table 3),
with the exception of a significant association of wealth
with class membership when not controlling for other
factors.

Table 2 Predictors of latent
class membership: coefficients

Predictor

Class 2 versus Class 1 Class 3 versus Class 1

from the multivariable finite Coefficient (SE)  P-value  Coefficient (SE)  P-value
mixture model, their standard
errors (SEs), and p-values Caregiver age 0.00 (0.04) 0.99 —0.04 (0.05) 0.44
Exposed child HIV status v. infected 0.76 (0.50) 0.13 1.53 (0.93) 0.10
MISC trial arm v. TAU trial arm 1.25 (0.44) 0.57 1.62 (0.78) 0.04
Wealth group 0.15 (0.36) 0.66 —0.50 (0.56) 0.38
Caregiver functional impairment 1.40 (0.65) 0.03 1.40 (0.95) 0.14
Caregiver anxiety 2.49 (0.46) <0.01 3.09 (0.61) <0.01
Family support —0.76 (0.31) 0.02 —0.32 (0.45) 0.49
Global executive composite score (BRIEF) 0.05 (0.02) <0.01 0.02 (0.02) 0.37
Table 3 Caregiver and child characteristics by caregiver depression class: unadjusted means and frequencies
Caregiver depression class P-value*
Low stable Moderate intermittent High chronic
N (%) or mean (SD) N (%) or mean (SD) N (%) or mean (SD)
Caregiver age 33.(59) 33.61 (5.91) 32.17 (5.65) 0.53
HIV infected child 50 (33%) 39 (35%) 3 (13%) 0.12
HIV exposed child 102 (67%) 74 (66%) 20 (87%)
TAU trial arm 86 (57%) 58 (51%) 5 (22%) 0.01
MISC trial arm 66 (43%) 55 (49%) 18 (78%)
Wealth group 1 22 (14%) 28 (25%) 9 (39%) 0.01
Wealth group 2 89 (59%) 67 (59%) 12 (52%)
Wealth group 3 41 27%) 18 (16%) 2 (9%)
Functional impairment score 0.23 (0.29) 0.47 (0.42) 0.35 (0.28) <0.01
Anxiety score 0.54 (0.41) 1.22 (0.58) 1.61 (0.69) <0.01
Family support 2.25(0.67) 1.89 (0.79) 2.25(0.40) <0.01
Global executive composite score 62.61 (13.61) 71.19 (12.99) 66.09 (13.96) <0.01

(BRIEF)

*P-value for the difference in means
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Discussion

Using latent variable methods, we identified three distinct
trajectories of depressive symptoms over a two-year period
in a group of women living with HIV in rural Uganda;
(1) stable-low, (2) moderate-subclinical, and (3) chronic-
high. Results suggest that depression symptoms in this
population are heterogeneous, in line with previous studies
describing depressive symptom trajectories that vary in
terms of severity (low, medium, high) and stability (stable
or unstable) [35, 36]. To the best of our knowledge, this is
the first study to examine depressive symptom trajectories
among a sample of women living with HIV in sub-Saharan
Africa. Results from this analysis show that high symptom
burden trajectories were associated with less family sup-
port and more functional impairment.

The instability of depression symptoms over time was
more frequent than stability, especially in the moderate and
high symptom classes. Transient trajectories (e.g. increas-
ing, decreasing or episodic) seem to be frequent patterns;
a systematic review of studies of depression symptom tra-
jectories in the general population found that six out of
11 studies included reported these type of trajectories [7].
However, the proportion of individuals falling in unsta-
ble trajectories is highly variable, with reviews reporting
ranges between 2.4 and 37% for increasing symptoms and
from 2.1 to 71% for decreasing symptoms [8].

The majority of women in this sample had minimal or
low depressive symptoms over time (Classes 1 and 2).
Only a small proportion of the sample (< 10%) had a tra-
jectory characterized by moderate or chronic depressive
symptoms. Women following this type of trajectory had
more anxiety symptoms, less functionality, and less fam-
ily support. None of the demographic or socio-economic
characteristics investigated differentiated groups of women
with different depression trajectories. This finding under-
scores the importance of family support in this context and
the need to increase the availability of social and tangi-
ble resources that may improve self-esteem and women’s
sense of well-being. This might prove to be a potential
strategy for mental health promotion and prevention of
depression among women living with HIV, as even infor-
mal social networks can be an important resource for cop-
ing [33].

More than half (61%) of the sample had a depression
score considered clinically meaningful symptomatology,
which is higher than the pooled prevalence of depressive
symptoms using the HSCL among PLWH on ART sum-
marized in a meta-analysis of studies from Sub-Saharan
Africa (13%, 95% CI 11-15) [2]. As depression symp-
toms can have deleterious consequences on women’s life
and child development, this high prevalence of depressive
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symptoms should prompt local stakeholders into revis-
ing and expanding efficient screening and management
programs that can be integrated into services for this
population. For example, integrated programs combining
early childhood development curriculums with maternal
psychological well-being support have been successful in
reducing depression symptoms and bolstering child neu-
rodevelopment in LMIC [34, 35].

The persistence of high depression symptoms in 8% of
the sample is within the rate of < 10% reported in a meta-
analysis of studies from western countries in general popula-
tion samples [8]. To some extent, this finding is surprising
given that other studies have found greater symptom burden
among samples of PLWH [1] and increased risk in women
(OR=1.23;95% CI 1.56-1.93) [36]. One possibility is that
women in our sample benefited from their participation in
the home-based child-development intervention. This pro-
gram required 60-minute visits twice a month for 12 months,
creating a predictable and reliable bond between the partici-
pant and her program facilitator. Trial results showed that
women in both intervention and control arms experienced
improvements in mental health (lower anxiety and depres-
sion symptoms) and functionality over time [37]. However,
as Sherr and colleagues [38] recently reviewed in 90 studies
from mostly North America and Europe, depression prev-
alences among PLWH can range widely (from 0 to 80%)
depending on the instrument and cut-off used.

Results show that higher rates of behavior problems in
infants independently predicted more severe and chronic
depression trajectory in their mothers. Several mecha-
nisms could explain this association, including (1) an actual
increase in child behavior problems due to maternal depres-
sive symptomatology [39], (2) a negative perception bias in
the mother, leading to over-reporting of child adjustment
difficulties [40], or (3) the possibility that child behavior
problems worsen or precipitate depression symptoms in
the mother. These opposing models were extensively dis-
cussed in the seminal report by Richters [41] and the debate
was more recently picked up by Ordway [42] in an integral
review highlighting the methodological challenges of mater-
nal report of child behavior. Overall, these reports under-
score the need to incorporate multiple informants when
assessing child behavior, as well as contextual factors related
to depressive symptomatology in mothers that can guide our
understanding of maternal reports of child behavior.

One of the strengths of this manuscript is the use of latent
class analyses over traditional longitudinal assessment. This
type of methodology allows the identification of subgroups
of women with different depression profiles. Findings
can be used to tailor mental health screening, prevention,
and treatment strategies for women living with HIV. For
example, women in this sample reporting low family sup-
port and high anxiety symptoms were more likely to have
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high and sustained depression symptomatology throughout
the 24-months of follow-up (Class 3). This sub-group of
women would likely benefit the most from depression treat-
ment [43]. On the other hand, women with high functionality
(e.g. were employed) and less symptoms are likely candi-
dates for general supportive services that decrease social
isolation and buffer some of the effects of living with HIV.
Given the prevailing context of significant under-funding
of mental health services and research, integrating mental
health screening into existing infrastructure and programs
that allow targeting of services to sub-groups of women who
most need them is essential.

A few limitations should be considered. All data were
collected by self-report and thus social desirability bias may
have led to underreporting, or similarly worded items may
have influenced women to respond consistently regardless
of actual experience. However, this effect is likely to have
remained consistent over time and thus provided accept-
able assessment of symptom change. Although social and
economic factors were included as predictors of depression
symptom trajectories, other recognized risk factors such
as trauma, stigma, violence and abuse were not included.
In particular, bereavement, maternal role difficulties, HIV-
related social isolation, partner conflict, and stigma have all
been to be associated with changes over time in depression
symptoms among women living with HIV in high income
countries [44, 45]. While these issues were not explored in
this study, they remain important avenues for future research.
Finally, the use of secondary data limits the interpretation
of findings since data are constrained by the original study
design.

Despite limitations, information on depression symptom
trajectories can aid in targeting preventive and intervention
efforts that are specific to women living with HIV in low
resource settings such as Uganda, particularly those that may
experience chronic or recurring symptoms in the absence
of treatment. More prospective studies that extend through
points in development across life phases of women, delineate
the trajectory of depressive symptoms, and identify factors
that may be associated with increases in depressive symp-
toms in subgroups of women are needed.
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