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HIV majorly contributes to the disease burden in South Africa. Depressive symptoms are common

in people living with HIV (PLHIV). Few studies compared depressive symptoms between PLHIV and
those without HIV. The aim of the study was to examine the association of HIV status and depressive
symptoms. Moreover, the study aimed to explore the comparison between HIV-negative participants
and the different HIV-positive sub-groups regarding their depressive symptoms. A cross-sectional
analysis was conducted among PLHIV and HIV-negative participants in rural South Africa, using the
baseline data of the Ndlovu Cohort study. Data was collected on demographics, socioeconomic status,
and depressive symptoms using the PHQ-9 questionnaire. A score of 10 and above indicated depressive
symptoms. Logistic regression analysis on the relationship between HIV status and depressive
symptoms was used while adjusting for age, sex, level of education, employment status, income, and
ever smoking. The study included 1,927 participants; 46% were PLHIV and 239 (12.5%) had depressive
symptoms. PLHIV were more likely to have depressive symptoms than HIV-negative participants

(OR 1.34, 95% CI 1.01-1.77). This association was not statistically significant after adjusting for
confounders (OR 1.22, 95% Cl 0.92-1.63). Compared to HIV-negative participants, ART (antiretroviral
treatment) naive participants had statistically significant higher odds of depressive symptoms (OR
1.84, 95% Cl1.20-2.78). This association remained after adjusting for confounders (OR 1.72, 95% CI
1.11-2.61). There was no statistically significant difference in depressive symptoms between HIV-
negative participants and those on ART, regardless of treatment regimen. In general, higher odds

of depressive symptoms in ART-naive PLHIV could reflect poor coping with diagnosis of HIV. Future
research to investigate the relation between ART regimen and depressive symptomes, to establish
causality and to identify changes over time, is warranted.
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In South Africa, HIV/AIDS (human immunodeficiency virus/acquired immunodeficiency syndrome) largely
contributes to the burden of disease!. In 2022, there are approximately 8.45 million people living with HIV
(PLHIV) in South Africa (13.9% of the population)!. The number of HIV/AIDS-related deaths has declined
significantly in South Africa, with a reduction of 70% between 2010 (150,000) and 2022 (45,000)2, largely
attributed to the increased use of antiretroviral therapy (ART)>. In South Africa, approximately 5.6 million
PLHIV are on ART?. The increase in life expectancy of PLHIV leads to an increasing number of PLHIV with
comorbidities, such as cardiovascular disease and neuropsychiatric diseases®. Depression is among the most
common psychiatric comorbidities in PLHIV>-8. The estimated prevalence of depressive symptoms in PLHIV
in South Africa was found to vary from 30 to 62%°!2. The occurrence of depressive symptoms is based on a
screening instrument that uses a certain threshold score (e.g., Center for Epidemiologic Studies Depression Scale
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[CES-D], Patient Health Questionnaire-9 [PHQ-9]), whereas the diagnosis of a depressive disorder is based on
the Diagnosis and Statistical Manual of Mental Disorders (DSM)'2.

A meta-analysis, that investigated the relationship between depressive disorders and HIV, concluded that
PLHIV are approximately two times more likely to have a depressive disorder compared to HIV-negative
people!®. However, this meta-analysis only included studies that were conducted in high income countries,
which primarily included specific populations such as injecting drug users and men having sex with men!?.
A cross-sectional study in regional hospitals in KwaZulu Natal (South Africa), observed that the majority of
women with significant depressive symptoms were PLHIV'“. However, the prevalence of depressive symptoms
did not differ significantly between PLHIV and HIV-negative participants'*. Other factors could also influence
the relationship between HIV status and depressive symptoms. Women, and those with a low level of education
have been found to be more likely to have depressive symptoms'®. A lower socioeconomic status (SES) has also
been associated with an increased risk of having depressive symptoms and acquiring an HIV-infection®'¢.

Although multiple studies have been conducted in sub-Saharan Africa, and particularly South Africa, to
establish the prevalence of depressive symptoms in PLHIV, few studies included an HIV-negative comparison
group. Most of the studies that included HIV-negative participants were conducted in specific populations, such
as pregnant women, adolescents, or elderly. Moreover, many of these studies had a small sample size, which
might have led to insufficient statistical power to make an adequate comparison between PLHIV and HIV-
negative individuals.

Depressive symptoms are associated with medication non-adherence and sexual risk-taking in PLHIV'.
Medication non-adherence negatively influences HIV-infection, resulting in increased risk of disease progression
and mortality!”. At the same time, depressive symptoms might increase sexual risk behavior, increasing the
probability of contracting and transmitting HIV'”!8. Therefore, the aim of this study was to investigate the
association of HIV status and depressive symptoms in the Ndlovu Cohort study (NCS). Moreover, the study
aimed to explore the comparison between HIV- participants and the different HIV + sub-groups regarding their
depressive symptoms.

Methods

Study design and study population

The NCS was conducted in a rural township in the Moutse area, Elandsdoorn, Limpopo Province in South
Africa'®. The cohort was originally set up to investigate the risk of cardiovascular disease in PLHIV and HIV-
negative participants in low/middle income setting!”. The current study was a cross-sectional study, using the
baseline data of the NCS. A detailed description of the methods of the NCS is provided by Vos et al.'*.

A community liaison officer and a team of counsellors at the Ndlovu Medical Center (NMC) HIV clinic
were used to recruit participants at the NMC clinics, local events, in shopping areas and through community
campaigns'®. People eligible for inclusion were: (1) aged 18 years or older; (2) able to provide written, informed
consent; and (3) committed to a long-term follow-up. Individuals were excluded for the study if, for any reason,
they were unable to undergo the study procedures (e.g., not willing to undergo physical examination, HIV
testing or blood sampling)!®. The study included a total of 1,927 participants, of which 887 were PLHIV and
1,040 were HIV-negative, recruited between November 2014 and August 2017'%20.

Measurements/data collection

Sociodemographics

Information on age, sex, education, employment status and income was collected. The highest level of education
was measured by four different categories: no education, primary, secondary and matric (i.e., the final grade in
secondary school), and college and university. The group that had no education was used as the reference category.
Employment status and income position were measured by the National Income Dynamics Study (NIDS) Wave
32012 Adults Questionnaire?!. Employment status was divided into three categories: employed, unemployed,
and other (e.g., student, volunteer, elderly citizen). Participants that were unemployed or categorized as other
were compared to those that were employed. For income position three categories were distinguished: less than
648 ZAR (South African Rands), between 648 and 992 ZAR, and more than 992 ZAR per person per month.
This was based on the definitions for the lower and upper bound poverty lines in 2015, which were 648 and 992
ZAR per person per month???%, In 2015 the average exchange rate for 100 ZAR was equivalent to 7.88 United
States dollars (USD)?. The group with the lowest income was taken as the reference category.

Depressive symptoms (outcome)

Depressive symptoms were measured using the Patient Health Questionnaire-9 (PHQ-9), a validated screening
tool for depression?>~?’. The questionnaire was administered by one of the trained counsellors of the NCS.
The questionnaire consists of nine questions about how often the participant has been bothered by any of the
mentioned problems in the last two weeks, which could all be answered with the following categories: “not
at all” (0 points), “several days” (1 point), “more than half the days” (2 points), and “nearly every day” (3
points)?*?’. A participant with a score of 10 or higher out of 27 was classified as having clinically significant
depressive symptoms, while a participant with a score below 10 was classified as having no clinically significant
depressive symptoms, further referred to as having no depressive symptoms in this paper®®. This cut-off value
was chosen as it is frequently used in other publications, making it possible to compare results across studies'?.
Moreover, studies in primary health care clinics in South Africa determined that the optimal cut-off score lies
between 8 and 11?8, and this cut-off value has a moderately high sensitivity and specificity®. To estimate internal
consistency of the PHQ-9 questionnaire we estimated Cronbach’s alpha. Cronbach’s alpha was 0.82 for the study
population with minor differences between HIV+ (0.82) and HIV- (0.81) study participants, indicating good
internal consistency of PHQ9 items.
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HIV testing
To be eligible for enrollment as a PLHIV it was necessary that there was documentation of a positive HIV test
result or proof of being on ART. In all other cases, participants were tested upon enrollment in the study®.

An antibody-based point-of-care test (ADVANCED QUALITY™ Rapid HIV Test [InTec Products, China])
was used to determine HIV status®. This test has a 98.8% sensitivity and a 100% specificity*’. Participants with
a positive test were retested with a second point-of-care test (ABON™ HIV HIV 1/2/O Tri-Line HIV Rapid Test
Device [ABON Biopharm Hangzou, China]), which has a sensitivity of 100% and a specificity of 97.7%!. In
order to clarify indeterminate results and to confirm positive results, an enzyme-linked immunosorbent assay
was performed"’.

ART regimen

ART use was self-reported?’ and complemented with data from TIER.net, which is a national online electronic
database that monitors treatment of HIV and tuberculosis®?. ART naive participants were defined as those who
were not (yet) on treatment or initiated treatment at a maximum of eight weeks before enrollment?. Moreover,
first- and second-line treatment regimens were distinguished. Participants on first-line ART primarily used
tenofovir, emtricitabine, and efavirenz2’. Most of the participants on second-line ART used ritonavir-boosted
lopinavir®.

Substance use

A modified version of the World Health Organization (WHO) STEPS instrument was used to collect data on
smoking and alcohol consumption!®*. In this study the information on ever and current smoking and alcohol
consumption were used.

Data analysis

In the responses to the PHQ-9 test 16 missing values (0.8% of participants) were recorded, which were distributed
over all nine questions. On income 103 values were missing (5.3% of the participants). One value was missing
for having ever smoked (0.05%). There were no missing values for the other variables. Data was assumed to be
missing at random.

The “mice” package of R was used to generate 20 imputed datasets for multiple imputation®*. The available
measurements on depressive symptoms, sex, and age were used for imputation. Furthermore, HIV status,
education, employment, ever/current smoking and alcohol consumption, and income position were used to
impute. Convergence of the MICE algorithm was confirmed with convergence plots. In each imputed dataset
the parameters of interest were estimated separately. Then they were combined for analysis using Rubin’s rules®”.
A complete case analysis was conducted as well.

The prevalence of depressive symptoms was described and compared between PLHIV and HIV-negative
participants. Continuous variables were summarized by means with standard deviations (sd) in normally
distributed data, or medians and interquartile ranges (IQR) in non-normally distributed data. Categorical
variables were expressed as frequency counts and percentages. These variables were compared between
participants with and without depressive symptoms.

To investigate the association between HIV status and depressive symptoms logistic regression was used
providing an odds ratio (OR) and 95% confidence interval (CI). Based on literature review, sex, age, level of
education, income position, employment status, current/ever smoking and alcohol use were considered for
statistical analysis. Univariable analysis was conducted and in case of a p-value <0.2, variables were included
in multivariable analysis. To explore the association between ART regimen and depressive symptoms the same
procedure was used. All analyses were performed with the statistical software R version 3.6.1%. Statistical
significance was considered at a two-sided p-value below 0.05.

Results

The characteristics of the study population are presented in Table 1. This study included a total of 1,927
participants, of which 46.0% (n=887) were PLHIV. Majority of participants were female (54.8%), had completed
secondary and matric education (67.5%), were unemployed (67.8%), and had a reported income below 648 ZAR
(62.7%). In the study population the median PHQ-9 score was 3 (IQR: 0-7). Most of the participants reported
having ever used alcohol (70.5%). More than a quarter of the population was a current smoker (27.9%) or used
alcohol in the past 30 days (33.8%).

Among participants with depressive symptoms, 53.6% were PLHIV, which were 45.0% among participants
with no depressive symptoms. Details on the distribution of the total PHQ-9 score stratified by HIV status are
presented in Supplementary Fig. 1. The prevalence of depressive symptoms was 14.5% among PLHIV and 10.8%
among HIV-negative participants. The median age was higher in the participants with depressive symptoms (42
years, IQR 32-50.5) than in those without depressive symptoms (38 years, IQR 27-48). Among participants with
depressive symptoms, 74.9% were unemployed, which was higher than among participants without depressive
symptoms (66.7%). Among the participants with depressive symptoms 45.2% ever smoked, while 40.5% of those
without depressive symptoms reported to have ever smoked. Current smoking was more common among those
without depressive symptoms (28.3%) than those with depressive symptoms (26.8%). Alcohol use, ever and in
the past 30 days, was also more frequent among the participants without depressive symptoms (70.5% and 34.2%
respectively) compared to those with depressive symptoms (69.9% and 31.8% respectively).

Table 2 shows the results of the analyses of HIV status and ART regimen in relation to depressive symptoms.
In univariable logistic regression analysis, the odds of having depressive symptoms were 1.34 times higher in
PLHIV compared to HIV-negative participants (95% CI: 1.01-1.77). Adjustment for age and sex attenuated
the association (OR=1.21, 95% CI 0.91-1.60), that was slightly altered after further adjustment for education,
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Total (n=1,927)

Depressive symptoms (n=239, 12.5%)

No depressive symptoms (1n=1,672, 87.5%)

Female (n, %)

1,056 (54.8)

145 (60.7)

897 (53.6)

Age in years (median, IQR)

38 (27.5-49.0)

42 (32.0-50.5)

38 (27.0-48.0)

Age groups (n, %)

18-24 339 (17.6) 32(13.4) 302 (18.1)
25-39 688 (35.7) 71 (29.7) 613 (36.7)
40-49 457 (23.7) 71(29.7) 384 (23.0)
50+ 443 (23.0) 65 (27.2) 373 (22.3)
PLHIV (n, %) 887 (46.0) 128 (53.6) 753 (45.0)
ART regimen (n, %)

HIV-negative 1040 (54.0) 111 (46.4) 919 (55.0)
ART naive 197 (10.2) 37 (15.5) 158 (9.4)
First-line ART 613 (31.8) 79 (33.1) 530 (31.7)
Second-line ART 77 (4.0) 12 (5.0) 65 (3.9)
PHQ-9 score (median, IQR) | 3 (0.0-7.0) 12 (10.0-15.0) 2 (0.0-5.0)

Severity depressive symptoms (n, %)

None (< 10) - 1,672 (100.0)
Moderate (10-14) 173 (72.4) -
Moderately severe (15-19) 47 (19.7)

Severe (>20) 19 (7.9) -

Highest level of education (n, %)

No education 82 (4.3) 16 (6.7) 63 (3.8)
Primary 378 (19.6) 58 (24.3) 318 (19.0)
Secondary & matric 1,300 (67.5) 148 (61.9) 1144 (68.4)
College & university 167 (8.7) 17 (7.1) 147 (8.8)
Employment status (n, %)

Employed 400 (20.8) 42 (17.6) 356 (21.3)
Unemployed 1,307 (67.8) 179 (74.9) 1115 (66.7)
Other 220 (11.4) 18 (7.5) 201 (12.0)
Student 152 8 143
Disabled 12 3 9

Retired 30 4 26
Volunteer 26 3 23

Income per person per month in South African Rand (n, %)%

<648 ZAR 1,143 (62.7) 162 (70.4) 974 (61.7)
648-992 ZAR 144 (7.9) 18 (7.8) 124 (7.9)
>992 ZAR 537 (29.4) 50 (21.7) 481 (30.5)
Smoker, ever (n, %) 786 (40.8) 108 (45.2) 676 (40.5)
Smoker, current (n, %) 538 (27.9) 64 (26.8) 474 (28.3)
Alcohol use, ever (n, %) 1358 (70.5) 167 (69.9) 1179 (70.5)
Alcohol use, past 30 d (n, %) | 652 (33.8) 76 (31.8) 572 (34.2)

Table 1. Characteristics of the study population by depressive symptoms. IQR, interquartile range; PLHIV,
person living with HIV; ZAR, South African Rand; d, days.

employment status, income position, ever smoking (OR=1.22, 95% CI: 0.92-1.63). Multivariable analysis for
model 3 after multiple imputation provided similar results (See Supplementary Information, Supplementary

Table 1).

Table 2 presents the association of ART regimen and depressive symptoms. Analysis showed that the odds
of depressive symptoms of PLHIV on first- and second-line ART compared to HIV-negative participants did
not differ significantly. For ART naive participants the odds of having depressive symptoms were 1.85 times
higher than for HIV-negative participants (95% CI: 1.20-2.78). The association between being ART naive and
depressive symptoms remained statistically significant after adjusting for age and sex (OR=1.81, 95% CI 1.17-
2.73), and further adjustment for education, employment status, income position, ever smoking (OR=1.72,95%
CI 1.11-2.61). Adding time since HIV diagnosis to the models did not change the findings of a higher score
in ART naive individuals compared to PLHIV on first- or second-line ART (See Supplementary Information,
Supplementary Table 2). The results for model 3 after multiple imputation were similar to those from the full case

analysis (See Supplementary Information, Supplementary Table 1).
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Model 1 Model 2 Model 3

OR (95% CI) p-value | OR (95% CI) p-value | OR (95% CI) p-value
HIV-negative | Ref Ref Ref Ref Ref Ref
HIV-positive | 1.34 (1.01-1.77) | 0.04* | 1.21 (0.91-1.60) | 0.19 1.22 (0.92-1.63) | 0.17
ART regimen
HIV-negative | Ref Ref Ref Ref Ref Ref
ART naive 1.85 (1.20-2.78) | <0.01* | 1.81 (1.17-2.73) | <0.01* |1.72 (1.11-2.61) | 0.01*

First-line ART | 1.18 (0.86-1.61) | 0.30 1.03 (0.75-1.42) | 0.84 1.06 (0.76-1.48) | 0.71

Second-line

ART 1.40 (0.68-2.64) | 0.32 1.22 (0.59-2.31) | 0.57 1.22 (0.58-2.32) | 0.58

Table 2. Association of HIV status and depressive symptoms, and ART regimen and depressive symptoms.
*Indicates statistical significance; OR, odds ratio; CI, confidence interval. Model 1 without adjustment. Model
2 adjusted for age and sex. Model 3 adjusted for age, sex, education, employment status, income position, ever
smoking.

Discussion

The aim of the study was to assess the association between HIV status and depressive symptoms. The univariable
analysis showed that PLHIV were more likely to have depressive symptoms than their HIV-negative peers, but
this association was attenuated after adjusting for confounding. The analyses also showed that there was no
significant difference between PLHIV on ART and HIV-negative controls, while ART naive PLHIV were more
likely to have depressive symptoms than the HIV-negative participants.

To date, few studies directly compared the risk of depressive symptoms or depression in PLHIV and HIV-
negative participants. Similar to the current study, a couple of studies did not find a statistical association
between HIV status and depressive symptoms. They attributed this lack of association to the importance of other
determinants than HIV status, such as psychosocial factors and the availability of ART?”%. However, a systematic
review concluded that PLHIV have more mental health problems than the HIV-negative population, which is
contrary to the results of the current study’. There are several possible explanations as to why PLHIV might be
more likely to suffer from depression. An important psychosocial factor is stigma regarding sexually transmitted
disease and risk-behavior®®. This might lead to isolation, lack of support, discrimination, and violence, which
are associated with depressive episodes®*~*!. A biological theory suggests that neurobiological changes might
occur due to persistent viral presence in the central nervous system®**2. It has also been hypothesized that
pro-inflammatory cytokines could decrease the bioavailability by activating a tryptophan-degrading enzyme
subsequently affecting the neurotransmission of serotonin, leading to depressive symptoms®>#>44,

We observed ART naive participants to have higher odds of depressive symptoms compared to HIV-negative
participants. However, this finding needs to be interpreted with caution as this is based on a small group size
that is ART naive with depressive symptoms (n=37, 1.9% of the total study population). To explore this finding,
we adjusted the models for time since HIV diagnosis, as the majority (75%) of the ART naive participants were
recently diagnosed with HIV, explaining why they were not yet started on treatment. However, no association
between time since HIV diagnosis and depressive symptoms was observed. Previous studies that examined the
relationship between ART and depression in sub-Saharan Africa observed an association between depression
and untreated HIV infection®*%>~%°. This association is considered to be bi-directional, i.e. being ART naive
being associated with having depressive symptoms and having depressive symptoms being associated with lower
uptake of ART treatment and adherence. Several longitudinal studies found that being on ART has a protective
effect on developing depression compared to being ART naive’*4>-%. A cohort study, conducted in rural Uganda,
concluded that ART is associated with a reduction of internalized stigma, specifically during the first two years
of treatment®. A biological mechanism that potentially explains the protective effect of ART is due a reduction
in immune cell activation and cytokine levels®.

A major strength of this study was the large size of the study population including PLHIV and HIV-negative
participants. Moreover, the general population was approached for inclusion, which adds to the literature that
focused on more specific subgroups, such as elderly or pregnant women. Limitations relate to the cross-sectional
analyses that do not allow to draw conclusions regarding causality. Another limitation is that part of the study
participants was recruited before 2016, when the test and treat policy was incorporated in the HIV treatment
guidelines in South Africa. Since then, there should be no groups of PLHIV but ART naive participants as all
needed to commence treatment as soon as possible.

Further studies are needed to conclude whether there is a difference in occurrence of depressive symptoms
due to different ART regimens, as the current study was based on a small group of participants on second-line
ART compared to those on first-line ART. Besides, the current first line ART includes integrase strand transfer
inhibitors, which was not yet the case when this study was conducted. Longitudinal studies will allow to establish
the causal relationship between HIV status and depressive symptoms and to identify changes in the prevalence
of depressive symptoms and total PHQ-9 scores over time/upon initiation with ART.

To conclude, PLHIV did not report depressive symptoms more often compared to their HIV-negative peers.
Higher odds of depressive symptoms in ART-naive PLHIV could reflect poor coping with a new diagnosis of
HIV. Following a new diagnosis of an HIV infection there should be awareness among healthcare providers that
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people might struggle with depressive symptoms. Future research is needed to further investigate the relation
between ART regimen and depressive symptoms, to establish causality and to identify changes over time.

Data availability

Data is available from the corresponding author on reasonable request.
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