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Abstract

Background: Studies have documented how levels and change in depression correspond to ART 

non-adherence. However, few studies have examined how levels of and change in adherence may 

relate to levels of and change in depression, although one might expect mental health to be related 

to physical health and how successful one is in managing disease. To assess the bidirectional 

nature of the association between these two constructs, we examined data from a prospective trial 

of an ART adherence intervention in Uganda that followed 143 participants over 20 months.

Methods: Adherence was measured using electronic monitoring caps; non-adherence was 

defined as missing > 10% of prescribed doses; self-reported depression was measured using the 

Patient Health Questionnaire (PHQ-9), and PHQ-9 > 4 defined the presence of at least minor 

depression. Adjusted linear and logistic regression models were used to examine the longitudinal 

relationships between depression and non-adherence.

Results: At baseline, 40.6% had at least minor depression and 37.1% were non-adherent. Time 

varying change in the classification of depression (e.g., becoming depressed) predicted change in 

non-adherence status (e.g., becoming non-adherent), and this association remained when 

examining continuous measures of the constructs. Similarly, time varying measures of increases in 

non-adherence predicted increases in depression, regardless of whether continuous or binary 

classification measures were used. A temporal trend of increased non-adherence over time was 

observed, and this was accelerated by an increase in depression. Furthermore, those who had at 

least minor depression at baseline were more likely to be non-adherent at follow-up.

Conclusions: These findings support the potential benefits of depression care and adherence 

support for improving adherence and mental health, respectively, and call for further research to 

examine such benefits.

Corresponding author name: Glenn Wagner, PhD; RAND Corporation, 1776 Main Street, Santa Monica, CA 90401-3201; Telephone: 
(310)393-0411, x7698; Fax: (310) 393-4818; gwagner@rand.org;. 

Conflicts of interest: The authors declare that they have no conflict of interest.

Compliance with Ethical Standards
All procedures performed involving human participants were in accordance with the ethical standards of the institutional and/or 
national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.

HHS Public Access
Author manuscript
AIDS Behav. Author manuscript; available in PMC 2021 June 01.

Published in final edited form as:
AIDS Behav. 2020 June ; 24(6): 1816–1824. doi:10.1007/s10461-019-02754-8.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



The trial has been registered with ClinicalTrials.gov (NCT02503072).

Keywords

depression; adherence; ART; HIV; Uganda

INTRODUCTION

Rates of clinical depression in people living with HIV/AIDS (PLHA) in sub-Saharan Africa 

(SSA) range from 10–20% (1–3), and an additional 20–40% have elevated depressive 

symptoms (1,2). Research in both high resource settings and SSA, has found depression to 

have ramifications for HIV disease management as it has been associated with lower 

immune function or CD4 count (4,5), higher HIV viral load (6), greater likelihood of 

mortality (7,8), and worse immunologic and virologic response to antiretroviral therapy 

(ART) (9). This negative impact of depression is thought to be in part related to its 

association with nonadherence to antiretroviral therapy (ART) (10–12) and disengagement 

from HIV care (12,13).

Drawing on Social Cognitive Theory (14) and the Information, Motivation and Behavioral 

skills (IMB) model of health behavior (15), depression may influence HIV care adherence 

through its effects on self-efficacy and motivation to adhere well and attend clinic visits. 

Common symptoms of depression such as loss of interest, hopelessness, poor concentration, 

and fatigue may diminish self-efficacy and motivation to engage in healthy behaviors 

including taking medication every day and travelling to attend clinic visits. Depression 

alleviation, via improvements in motivation and self-efficacy, may translate into increased 

self-care behaviors including taking medication as directed and attending clinic visits. 

Depression treatment has been associated not only with improved mental health (16), but 

also ART utilization and adherence as demonstrated in our prior research in Uganda (17) as 

well as research elsewhere (18). Furthermore, a longitudinal analysis involving 

electronically measured ART adherence in a study that combined data from several 

longitudinal samples of HIV-infected participants in the U.S. found that change in 

depression over 12 months was associated with corresponding changes in adherence (19).

While depression is commonly thought of as an antecedent to nonadherence, and it is this 

direction that has been most studied, the relationship between depression and adherence may 

be bidirectional (20). Depression seems to impede health behaviors such as treatment 

adherence, but does adherence and associated effects on physical health relate to 

corresponding changes in depression? Our research in Uganda has shown that initiation of 

ART is associated with improvement in mental health over time as measured by a reduction 

in depression (21), presumably as a result of improved or stabilized physical health and 

increased optimism for one’s future; however, we did not evaluate whether ART adherence 

mediated this relationship. Few longitudinal studies have examined whether adherence 

interventions or improved adherence is associated with corresponding improvement in 

depression. A small number of studies have used cognitive-behavioral interventions to target 

both depression and ART adherence because of common cognitive mechanisms that 
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influence both; results have been mixed, with some finding improvement in both adherence 

and mood (22) and others finding only mood effects (23).

In a prospective study that examined effects of an adherence intervention for HIV patients in 

Uganda who had been on ART for at least two years and exhibiting some evidence of 

adherence problems, we examined whether changes in adherence were associated with 

changes in depression, as well as whether changes in depression were related to changes in 

adherence, in an attempt to evaluate the bidirectionality of the relationship between these 

two constructs.

METHODS

Study Design

This randomized controlled trial was designed to evaluate the Rewarding Adherence 

Program (RAP), an intervention that uses variable rewards based on behavioral economic 

principles to improve ART adherence and retention in care (see a prior publication from this 

study for further details; 24). The program attempts to reduce present bias and increase 

information salience by providing small prizes allocated by a drawing at each clinic visit 

conditional on keeping scheduled clinic appointments (treatment group 1) and high ART 

adherence measured by MEMS caps (treatment group 2). Randomization used a ratio of 

1:1:1 to assign participants to one of the two intervention arms or the usual care control. The 

study was implemented at Mildmay Uganda, an NGO in the capital Kampala that provides 

HIV primary care to over 11,000 patients. Recruitment took place between March and 

August 2013; participants completed a baseline survey before being informed of their 

randomized treatment assignment and before they were exposed to the intervention. Follow-

up assessments were conducted at months 4, 8, 14 and 20, with participants paid 10,000 

Uganda Shillings ($3 USD) after each assessment to cover costs of transportation.

Eligible participants included those who were 18 years of age or older, on ART for at least 

the past two years, and had adherence problems (either self-reported or otherwise indicated 

in the medical records data) in the last six months. Informed, written consent was obtained 

from all participants in the study. The study was approved by the HSPC Board at RAND, the 

IRB review board at Mildmay, and the Uganda National Science Council (UNCST). The 

trial has been registered with ClinicalTrials.gov (NCT02503072).

Measures

All measures were translated into Luganda using standard translation and back-translation 

methods, and were interviewer-administered by trained study coordinators.

Demographic and background characteristics included age, gender, and education level 

(classified as primary school or less vs. at least some secondary education). CD4 count at 

baseline and ART status were abstracted from the client’s medical chart.

Self-Reported Depression.—The 9-item Patient Health Questionnaire (PHQ-9) was 

used to measure the presence of depressive symptoms over the past 2 weeks (25), and it has 

established validity and reliability when used with PLHA in sub-Saharan Africa (26). The 9 
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items correspond to the symptoms used to diagnose depression according to the Diagnostic 

and Statistics Manual (27); responses to each item range from 0 ‘not at all’ to 3 ‘nearly 

every day’. Item scores are summed and scores of 5–9 reflect minor depression, while a 

score of 10 or greater has been found to correspond highly to major depression (25). In 

analyses, we used the PHQ-9 total score, a continuous measure, and a binary variable to 

represent the presence of at least minor depression (PHQ-9 > 4). One of the symptoms 

assessed by the PHQ-9 is suicidal ideation. Participants who reported suicidal ideation were 

assessed for suicidal risk (presence of a plan and means of carrying out the plan) by the 

study coordinator, and those determined to be at risk were immediately connected with a 

mental health counselor at the clinic for further evaluation, treatment, and referral as needed.

ART adherence.—Electronic data monitoring caps were used to measure adherence. 

These caps house an electronic chip that records the exact time that the cap is unscrewed 

from the bottle. Participants were instructed to remove the cap from the bottle at the time 

that they planned to ingest the medication and to only remove one dose at a time. Since the 

caps measure when the cap is unscrewed, and not when or how much medication is actually 

ingested, data from the caps can both underestimate (e.g., patient may take medication from 

a source other than the bottle with the electronic cap, resulting in a taken dose not being 

recorded by the cap) and overestimate adherence (e.g., patient unscrews cap but doesn’t 

actually ingest the medication, or takes two doses from the bottle at the same time with the 

plan of taking the second dose later [which will not be recorded by the cap]). To reduce 

measurement error associated with improper use of the electronic cap, participants were 

asked to report the number of occasions that they were unable to follow the cap instructions 

(e.g., removing multiple doses at once; opening the bottle without removing a dose; taking 

medication from another source); these data were then used to adjust the adherence 

summary scores. This strategy has been previously shown to strengthen the relationship 

between electronically monitored adherence and virologic treatment outcomes (28).

The continuous measure of non-adherence was operationalized as the percentage of 

prescribed doses not taken (continuous variable), and the binary classification of non-

adherence was defined as less than 90% of prescribed doses taken—a cutoff that is 

commonly used in research and that represents a level of adherence needed to achieve 

sustained virologic response and prevent drug resistance (29, 30).

Adherence variables were calculated at each clinic visit, with data representing adherence in 

the prior month. We excluded the first month of adherence data, because we observed 

significantly higher adherence for the sample as a whole in this time period, which we 

believe is likely due to the novelty of being monitored by the cap and a resulting Hawthorne 

effect, as supported in other research (31, 32). Therefore, adherence in the second month of 

follow-up was used in analysis as the initial measure of adherence, and is henceforth 

referred to as “baseline” adherence in this paper.

Statistical Analysis

Our analytic sample includes all study participants with a baseline value for both depression 

and adherence. The analytic strategy employed mixed-effects regression modeling (also 
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known as longitudinal hierarchical modeling) that allows each subject to serve as his or her 

own control (33–35). Using repeated measures of time-varying predictors and outcomes, we 

were able to examine within-individual covariance of these variables over time. Longitudinal 

analyses were conducted with data from five assessments at baseline and months 4, 8, 14 

and 20. During modeling, we included time in months as a continuous variable, so that its 

coefficient estimates the effect corresponding to one-unit or monthly change in time. (In a 

separate specification, we included time as a series of binary indicators. However, a joint test 

indicated that the coefficients were not significantly different from each other). The 

outcomes for these analyses are continuous or binary measures of depression or non-

adherence, and the primary predictors are non-adherence or depression, respectively.

In this hierarchical modeling, we decomposed the time-varying predictor into between-

individual and within-individual components, with the coefficient of the within-individual 

component providing an estimate of the longitudinal relationship between predictor and 

outcome (35–36). For each participant, we calculated the deviation between the predictor’s 

continuous value observed at a follow-up measurement period and the participant’s baseline 

value. Similarly, we calculated the deviation between the binary classification of these 

variables at a follow-up measurement period from their baseline value. Thus, the binary 

deviation score is a 3-level variable such that if the participant’s classification as depressed 

or non-adherent was unchanged from baseline to the follow-up time period a code of “0” 

was assigned, whereas “1” indicated their classification improved from depressed or non-

adherent at baseline to not depressed or adherent at follow-up, and “−1” indicated their 

status worsened from not depressed or adherent at baseline to depressed or non-adherent at 

follow-up. Such a deviation score estimates the effect of change (in either direction captured 

as +1 or –1) from no change (value of 0).

We used two different linear model specifications to estimate the simultaneous, longitudinal 

relationship between change in depression and change in non-adherence measured 

continuously (33). First, in two separate analyses, we modeled the longitudinal trends in 

change (from baseline) in continuous measures of non-adherence (depression) as the 

outcome with a longitudinal linear regression model including linear time (in months), 

baseline depression (non-adherence) and change in depression (change in non-adherence) 

from baseline measured continuously, as the independent variables. The coefficient of the 

baseline predictor indicates the degree to which between-individual differences in baseline 

level is related to the change in the outcome. The coefficient of the deviation score reflects 

the degree to which within-person change in the predictor is associated with change in the 

outcome, providing an estimate of the longitudinal relationship between the two.

In the second specification, we used a longitudinal logistic regression model to examine 

trends in binary non-adherence and depression classification. Again, change in the predictor 

variable was coded as the difference between binary classifications at the follow-up period 

and baseline. Each model included linear time (coded as months), baseline value of the 

binary predictor, and time-varying change from baseline value. The interpretation of these 

coefficients is similar to what was described above in the first model specification, with 

results presented as odds ratios.
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In both model specifications described above, we also estimated an additional model for the 

continuous and binary measure of depression or non-adherence with an interaction term 

between the change score and month. A significant interaction term indicates that the 

longitudinal relationship between the predictor and the outcome varies across the months 

enrolled in the study. In the binary outcomes modeling, interaction terms were non-

significant. Therefore, we only present the simplified model without interaction terms.

The regression models were covariate-adjusted with the inclusion of socio-demographic 

characteristics (age, sex, income, education, marital status), baseline CD4 count and study 

arm (intervention vs. usual care control) assignment. All analyses accounted for clustering of 

repeated assessments on each participant. The number of individuals with initial baseline 

assessments (PHQ-9 and adherence) is 143; of those, 132 (92.3%) completed an assessment 

at month 20. There was also a small amount (<1%) of item nonresponse. To maximize 

sample size and avoid bias stemming from omission of observations with any variables 

missing a value, we also imputed missing values using the fully conditional specification in 

PROC MI in SAS. Regression models were estimated using PROC GENMOD in SAS vs. 

9.4 (37).

RESULTS

Sample Description

A sample of 153 participants enrolled in the study, of whom 143 had electronically 

monitored adherence data at month 2 (which served as the adherence baseline data) and 

composed the analytic sample. The longitudinal modeling was conducted with four waves of 

change scores, or 572 observations on 143 study participants. Just over a third (n=51; 

35.7%) of these 143 participants were male, mean age was 39.1 years (SD=10.2), half 

(n=72; 50.3%) were married, 16 (11.2%) had any secondary education, mean monthly 

disposable income was ~ $67 USD (SD= 67), and mean baseline CD4 count was 442 

cells/mm3 (SD=227). Two-thirds were assigned to one of the two intervention arms (n=96; 

67.1%) with the remaining assigned to the usual care arm, and 132 (92.3%) completed the 

month-20 follow-up assessment. The 11 participants without month-20 follow up data did 

not significantly differ from the others on any of the above described characteristics.

Mean PHQ-9 score at baseline was 4.38 (SD = 3.86), with 44 (30.8%) having scores of 5–9 

(minor depression) and another 14 (9.8%) having scores greater than 9 (clinical depression). 

Therefore, a total of 58 individuals (40.6%) were classified as having at least minor 

depression at baseline. Mean of the continuous non-adherence variable at baseline was 

12.3% (SD = 19.6%), with just over one-third (n=53; 37.1%) classified as non-adherent 

(using a binary classification of non-adherence > 10%). Figure 1 displays time trends in 

sample means for continuous PHQ-9 and non-adherence between baseline and month 20. At 

month 20, we see that average PHQ-9 score is 3.18 (SD = 4.17) while mean non-adherence 

is 18.0% (SD = 20.4%). While average PHQ-9 decreased over time, average non-adherence 

increased over time in this sample.

Figure 2 shows the time trend in the prevalence rates of the binary classifications of 

depression and non-adherence in this sample. At month 20, 25.9% had at least minor 
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depression, while just over half (51.7%) were non-adherent. The slopes are consistent with 

that seen for the mean trends of the continuous measures of depression and non-adherence 

(figure 1). The average (within-person) change in PHQ-9 between baseline and month 20 

was −1.19 (SD = 4.90). The average (within-person) change in non-adherence between 

baseline and month 20 was 7.8% (SD = 20.1%).

Longitudinal Relationship Between Change in Continuous Measures of Depression and 
Non-adherence

Table-I presents the longitudinal relationship between continuous measures of depression 

and ART non-adherence. The first column provides results for change in non-adherence 

(percentage of prescribed doses not taken). In the main effects model (top panel), non-

adherence increased over time (2.4% over 12 months) among those with zero change in 

PHQ-9, as reflected by the significant coefficient of time. Also, an increase in PHQ-9 was 

associated with increase in non-adherence. For example, if a hypothetical person had a 5-

point increase in PHQ-9, then this would contribute to an additional 2.5% increase in non-

adherence (effect size = .135). Combining the coefficients of the main effects and interaction 

terms, this would result in a net increase of 4.9% in non-adherence over 12 months.

In the interaction model (bottom panel), the coefficient of time was higher than before (0.3% 

per month). Also, a significant interaction term suggested that the effect of PHQ-9 depends 

on time (0.1% per month). For example, a 5-point change in PHQ-9 would contribute to an 

additional 4% increase in non-adherence over 12 months, and an 8% increase in non-

adherence over 20 months because of this interaction term, and not accounting for the 

constant slope of the time trend. Now combining the coefficients of the main effects and 

interaction terms, a hypothetical 5-point increase in PHQ-9 would result in an increase in 

non-adherence of 7.6% at 12 months and 14% at 20 months. Baseline depression score did 

not predict change in non-adherence in either model.

The models in the second column predict change in the continuous measure of depression 

(PHQ-9). In the first model (top panel), baseline non-adherence was an independent 

predictor. An increase of 10% in non-adherence between two study participants contributed 

to a difference of 0.3 units in PHQ-9, at baseline. Change in non-adherence was also 

significantly associated with depression – for example, a hypothetical 10% change in non-

adherence corresponded to 0.4 unit increase in depression (effect size = .148). Looking at 

the coefficient of time, those with perfect adherence (or, zero value of non-adherence) saw a 

slight, albeit non-significant reduction in depression over time. When we tested for an 

interaction between change in non-adherence and time (bottom panel), we found that the 

interaction term was non-significant. Therefore, we decided to drop the interaction term in 

favor of the simpler main effects model in the top panel.

Longitudinal Relationship Between Change in Binary Depression and Non-adherence

Table-II presents the results of longitudinal logistic regression models examining the 

relationship between binary classifications of depression and non-adherence. In the model 

predicting non-adherence classification, rates of non-adherence were stable over time (that 

is, coefficient of linear time was not significant), and significantly associated with both 
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baseline classification of having at least minor depression and change in classification of 

depression, suggesting that becoming depressed corresponded to 1.65 times higher odds of 

non-adherent status. The second model predicting change in classification of depression 

showed that classification of depression increased over time, overall, and was significantly 

associated with both baseline classification of non-adherence and change in non-adherence 

status. We estimated that becoming non-adherent was associated with a 2.35 times higher 

odds of having at least minor depression. We do not present the additional models that 

include the interaction of time and the predictor, because the interaction terms in the models 

for both dependent variables were not significant.

DISCUSSION

While most studies have focused on how depression is related to and may influence ART 

adherence, this is one of the few studies to examine the potential bidirectional nature of this 

relationship. This was accomplished by assessing how change in each of these constructs 

relates to the baseline level and change in the other, estimated at the same time point, using 

longitudinal assessments over 20 months of follow-up. Our data from ART experienced 

patients in Uganda provide empirical support for the bidirectional nature of the relationship 

between depression and ART non-adherence. A temporal trend of increased non-adherence 

was accelerated by greater change in depression, and measures of change in non-adherence 

and depression were predictive of each other.

When looking at our data from a within-person change perspective, our data did not reveal a 

temporal trend for measures of change in depression over time when controlling for 

measures of change in non-adherence. However, we did observe a temporal trend towards 

increased change in the continuous measure of non-adherence over time when controlling 

for change in the continuous measure of depression, which reflected a trend towards 

worsening adherence. This trend was accelerated with greater change (or increase) in 

depression; our data indicated that the effect of change in depression on non-adherence 

depends on time, as the effect is minimal at first, but increases with time.

Furthermore, like other studies that have shown increased depression over time to be 

associated with increased ART non-adherence (38–42), our data revealed that time varying 

change in the classification of having at least minor depression (e.g., becoming depressed) 

was an independent predictor of change in the classification of non-adherence (e.g., 

becoming non-adherent), and this association remained when examining continuous 

measures of the constructs as well (when the interaction with time was not included in the 

model). Similarly, looking at the flip side of this association, time varying measures of 

change in non-adherence were independently predictive of change in depression, such that 

increased non-adherence was predictive of increased depression. This finding was evident 

regardless of whether continuous or binary classification measures of both depression and 

non-adherence were used.

We also examined between-person variation with the inclusion of the baseline measure of 

our predictors. Baseline classification of depression was significantly associated with 

average change in classification of non-adherence across the follow-up time points, 

Wagner et al. Page 8

AIDS Behav. Author manuscript; available in PMC 2021 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



indicating that those who had at least minor depression at baseline were more likely to be 

classified as non-adherent. However, higher non-adherence levels at baseline was associated 

with higher levels of depression, averaged across follow-up time points, only when the 

interaction with time was included in the model; non-adherent status at baseline was not 

predictive of depression classification at follow-up.

These findings suggest that not only may depression treatment have indirect benefits on 

ART adherence, but efforts to support adherence and address barriers to adherence and 

retention may have mental health benefits as well. There is some empirical evidence that 

antidepressant treatment (43–45) and cognitive behavioral therapy for depression (22) 

improve adherence among depressed patients. Similarly, studies that evaluate the effects of 

interventions to improve adherence have the opportunity to examine whether the effects 

extend to mental health and psychological well-being among depressed individuals.

A key limitation of this analysis is that while our data is longitudinal, the inferences from 

our findings are confined to associations, and cannot infer causality or temporal precedence 

due to the observational design of this study. Our data support the bidirectional nature of the 

relationship between depression and non-adherence, and that change in one construct is 

associated with change in the other, but our data cannot evaluate whether change in one 

construct causes changes in the other. Another limitation is with regard to our measurement 

of depression. Although the self-report PHQ-9 has established scoring cutoffs that have been 

found to correspond with diagnostic levels of depression, our data would be strengthened if 

depression diagnoses had been derived from diagnostic interviews (46). Furthermore, the 

relatively low number of participants with clinical depression resulted in us including 

manifestations of minor depression in the analytic classification of depression. Therefore, 

our findings related to this classification cannot be considered reflective of patients 

diagnosed with clinical depression. Lastly, although our use of an objective measure of 

adherence is a strength, electronic monitoring caps nonetheless can either underestimate or 

overestimate actual adherence; we tried to limit measurement error with instructions on how 

to use the cap so that is provides accurate adherence data, as well as the collection of self-

reported instances of incorrect use of the cap, which was used to adjust the electronic 

monitoring data.

CONCLUSIONS

While other research has examined and supported the influence of depression and changes in 

depression on ART adherence, our data support the reciprocal relationship—that non-

adherence and changes in adherence are associated with levels and changes in depression. 

The findings support the potential benefits of depression care and adherence support for 

improving adherence and mental health, respectively, and argue for the value of integrating 

such services into HIV care programs.
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Figure 1: 
Mean trends for depression and non-adherence with 95% confidence intervals
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Figure 2: 
Trends in prevalence of binary classification of depression and non-adherence
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Table-I:

Longitudinal association between change in continuous measures of depression (PHQ-9) and non-adherence 

(proportion of prescribed doses not taken)

Outcome

Predictor Change in nonadherence 
a

Change in depression 
a

Main effects Model Beta (SE) p-value Beta (SE) p-value

Baseline depression .002 (.003) .596

Month .002 (.001) .025

Change in depression 
a .005 (.002) .027

Baseline non-adherence 3.04 (1.54) .049

Month -.03 (.02) .237

Change in non-adherence 
a 3.98 (1.45) .006

Interaction Model

Baseline depression .002 (.003) .652

Month .003 (.001) .005

Change in depression 
a -.004 (.003) .194

Change in depression * month .001 (.0002) .002

Baseline non-adherence 3.02 (1.54) .049

Month -.03 (.02) .149

Change in non-adherence 
a 1.53 (2.92) .600

Change in non-adherence * month .18 (.19) .354

a
Change is computed as follow-up minus baseline; values in bold indicate significant findings with p-value < .05. All mixed-effects regression 

models are covariate-adjusted with the inclusion of socio-demographic characteristics (age, gender, income, education level, marital status), 
baseline CD4 count and study arm (intervention vs. usual care control) assignment.
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Table-II:

Longitudinal association between change in depression and non-adherence status and binary classifications of 

these constructs at follow-up

Non-adherence

classification 
b

Depression

classification
 c

O.R. (295% C.I.) O.R. (95% C.I.)

Depression classification at baseline 1.02 (1.003, 1.05)

Month 1.90 (1.08, 3.36)

Change in depression classification
a 1.65 (1.19, 2.31)

Nonadherence classification at baseline 0.99 (0.97, 1.02)

Month 2.80 (1.56, 5.04)

Change in nonadherence classification
a 2.35 (1.51, 3.67)

a
Change is represented by the 3-level categorical variable (−1, 0 or 1);

b
Non-adherence > .10 is classified as non-adherent;

c
PHQ9 > 4 is classified as depressed. All mixed-effects regression models are covariate-adjusted with the inclusion of socio-demographic 

characteristics (age, gender, income, education level, marital status), baseline CD4 count and study arm (intervention vs. usual care control) 
assignment.
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