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Abstract

Depressive symptoms may differ in severity and change over time in people living with HIV 

(PLWH). Describing depression trajectories and associated clinical characteristics of PLWH in an 

interventional study may help in developing a more personalized medicine approach. Using latent 

class growth analysis four, 15-month self-reported depression trajectories were identified in 416 

PLWH participating in a collaborative care program. The four subgroups were characterized by 

improving (58.4% [of participants]), worsening (9.4%), highly responsive (19.5%) and persistently 

severe (12.7%) depressive symptoms. A high proportion of individuals were in trajectories marked 

by improvement. Further, the highly responsive group had on average, over 50% reduction of self-

reported depressive symptoms. Self-reported trauma, posttraumatic stress disorder (PTSD), lower 

education and fewer HIV and psychiatry clinic visits were associated with worsening or 

persistently severe depressive symptom trajectories. Members of the persistently severe group 

were less likely to be virally suppressed after 12-months. Identifying subgroups of PLWH based 

on changes in self-reported depressive symptoms may further inform intervention approaches that 

can advance care.
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Introduction

People living with HIV (PLWH) commonly experience depressive symptoms, with a 

prevalence rate between 28% and 44%(1–4). Many of these individuals have long term 

symptoms such as recurrent depressive episodes (2) and/or chronic major depressive 

disorder (3).

Depression is associated with poor HIV health outcomes. PLWH with major depression 

(compared with no major depression) are more likely to have poor adherence to 

antiretroviral therapy (4, 5), detectable viral loads (6), worse long-term survival (6, 7), and 

lower quality of life (8). In PLWH, depression severity is associated with increased risk 

behaviors and decreased immune functioning (9). Depression is also frequently under-

treated in PLWH (2, 3).

The clinical manifestation of depression is often complex in PLWH (10). Depression may 

change over time and be a heterogenous condition (10–12). PLWH exhibit different long-

term trajectories based in part on HIV clinical factors and the severity of depressive 

symptoms (10–12).

Due to the number of PLWH who experience depressive symptoms, many individuals utilize 

antidepressant treatment or psychotherapy (10). These interventions help PLWH manage the 

symptoms of HIV and depression (13). In order to guide clinical management and further 

personalize these interventions, there is a growing need to understand how depression 

changes over time, or the trajectories of depression, in PLWH in an intervention program.

Our objective was to describe the depression trajectories for PLWH who were participating 

in an intervention. We implemented the collaborative care model (CCM) in a busy urban 

HIV primary care clinic. The CCM is an evidence-based integrated care model for treating 

depression in primary care settings. The CCM includes routine screening for depression, 

measurement-based care, proactive disease management utilizing a registry, behavioral 

health coordination, and case consultation by the behavioral health care manager with a 

psychiatrist. The consulting psychiatrist makes treatment recommendations to the primary 

provider through the behavioral health care manager but does not directly evaluate the 

patient. The CCM is relatively new to HIV settings (14, 15).

After identifying homogeneous subgroups of PLWH based on depression trajectories, 

clinicians may begin to monitor potential nonresponders characterized by intractable or 

volatile depression trajectories. We study both individual-level clinical factors and 

neighborhood-level indicators of education and income that potentially associate with these 

depression trajectories.

Neighborhood-level indicators capture essential information regarding the physical and 

social environment within neighborhoods that influence health outcomes in people living 

with HIV (16). Disadvantaged neighborhoods have a higher prevalence of HIV, due in part 

to intersecting social conditions such as poverty, discrimination and inequality (17). 

Neighborhood-level poverty has been associated with lower CD4 cell counts and more 

racially segregated neighborhoods have been found to be associated with more depressive 
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symptoms in PLWH (18). Further, both increased poverty and lower education have been 

associated with lower probability of survival after an HIV diagnosis (19, 20). In general, 

neighborhood disadvantage has been found to be associated with higher rates of major 

depression and substance use disorders (21). In PLWH, social-economic position and 

individual-level characteristics have been hypothesized to influence each other as well as 

moderate the relationship between environmental resources and constraints, such as social 

capital, minority stress and stigma, and psychological influences including depression and 

trauma (17).

Relationships between depression trajectories and subsequent viral suppression rates also 

should be evaluated in order to understand the impact of certain trajectories on HIV viral 

load. Those subgroups characterized by a favorable depression trajectory may provide 

insight into the type of subject likely to respond to the intervention. Our study will help 

clinicians understand better the progression of depression in PLWH to aid in patient care 

decisions.

Methods

Design and Measures

Beginning in June 2015, we implemented the CCM at a public health care system located in 

Cleveland, OH. The purpose of this program was to improve the identification and 

management of patients with depressive symptoms. A combination of manual data 

collection and electronic data extraction was used to collect clinical and sociodemographic 

characteristics on all patients screening positive for depression.

The Patient Health Questionnaire (PHQ)-2 asks about the presence of depression or 

anhedonia during the prior two weeks. Patients with an affirmative response to either 

question are prompted to complete the PHQ-9. On the PHQ-9, patients specify frequency in 

the past 2 weeks (0 = not at all to 3 = every day) of nine symptoms, yielding a total score 

(range: 0–27). Scores on this self-reported instrument provide information regarding severity 

of symptom and treatment response; thus the PHQ-9 is often used to guide treatment 

decisions (22). In particular, a PHQ-9 ≥ 10 has been previously established as a screening 

cutoff for depressive disorder given high sensitivity and specificity at this score (22, 23). The 

PHQ-9 has been validated using multiple modes for administration, clinical populations, and 

diverse racial and ethnic groups (24).

To implement the CCM, all patients presenting for HIV care were screened for depressive 

symptoms using the PHQ-2/9; a behavioral health care manager (BHM) met with patients 

scoring 10 or higher in clinic and at the time of the visit. The CCM was implemented clinic-

wide regardless of insurance status. The BHMs reviewed current and prior symptoms, 

reviewed and encouraged self-management strategies for depression and often completed a 

full mental health assessment. Once weekly, the BHMs met with the consulting psychiatrist 

to review each case. The consulting psychiatrist makes recommendations for medications, 

counseling and/or additional evaluations. Measurement-based care involves remeasuring 

symptoms every three months until symptoms remit as well as augmenting therapy when 

Gunzler et al. Page 3

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



there is insufficient reduction of symptoms. The CCM was implemented clinic-wide 

regardless of insurance status.

Total PHQ-9 scores, age, gender, race, health insurance, smoking status, CD4 count, viral 

load, and HIV and psychiatry clinic and ED visits were extracted from an electronic health 

records (EHR) and entered into a database.

Baseline HIV viral load and CD4 counts were the last values recorded prior to the initial 

PHQ-9 assessment. The 12-month measurements for HIV viral load and CD4 count were the 

last values recorded within one year post the initial PHQ-9 assessment. Viral loads ≤200 

copies/ml were categorized as not detectable and viral loads > 200 copies/ml were 

categorized as detectable. We used 2011–2015 American Community Survey 5-year data 

(25) at the zip-code level (ZCTA) to obtain neighborhood median household income level 

and high school education attainment based on geocoding percentage.

Manual chart reviews were used to collect data on substance use history, prior diagnosis of 

posttraumatic stress disorder (PTSD), prior diagnosis of bipolar disorder and reported abuse 

or trauma. Prior diagnoses were collected from the patient’s past medical history and current 

problem list. Reports of abuse or trauma were based on detailed notes from BHMs, medical 

case managers and physician notes. Reports of trauma or abuse are standard in a full mental 

health assessment as well as medical case management assessments. We also recorded if the 

subject was prescribed psychiatric medications prior to their initial PHQ-9.

Ethical Considerations

All study procedures were approved by the local IRB (IRB # - 15–00252) and adhered to the 

principles outlined in the Declaration of Helsinki. Data reported here were collected 

retrospectively under a waiver of consent.

Statistical Analysis

Latent Class Growth Analysis (LCGA) allows us to identify meaningful subgroups within a 

larger study population to examine growth trajectories over time (26). LCGA approaches are 

flexible modeling strategies (27). In our study, LCGA accounts for the challenges of an EHR 

database (i.e. individually varying follow-up appointments, irregular follow up, missingness 

and systematic error of patient reported scales). The latent variable mixture model for 

performing LCGA for our study corresponds to the path diagram in Figure 1.

We (1) performed LCGA using the mixture model in Figure 1 to determine the optimal 

solution for the number of subgroups and classify individuals into subgroups of PLWH in 

the collaborative care program based on longitudinal depression screening trajectories (2) 

described these subgroups (within-class trajectories) using local regression techniques under 

no assumption of linearity (3) evaluated potential predictors of subgroup membership (4) 

evaluated if subgroup membership associated with viral suppression rates at 12-months.

The subgroups (also termed latent classes) identified by LCGA are not known a priori, but 

rather are determined empirically. A trajectory shape for each class is estimated from the 

data, and individuals are assigned to latent classes based on their posterior probabilities (28). 
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To identify the optimal number of classes for our data structure, statistical indices and 

parameter estimates are evaluated, including entropy, Akaike information criterion (AIC), 

Bayesian information criterion (BIC), sample-size adjusted BIC (aBIC), corrected AIC for 

small sample sizes (AICC) and assessment of class cell sizes (29). The one-class solution is 

first specified, which is then used as a comparison for solutions of increasing class size until 

the best solution is identified. A graphical display of the mean trajectory for the PHQ-9 scale 

within each subgroup helped us assign meaning to each latent class.

We used the MLR option in MPlus to perform model estimation (30, 31). The MLR 

approach uses maximum likelihood to estimate the parameters, but uses a robust sandwich 

type estimator (Huber-White sandwich estimator) to calculate standard errors (31). Robust 

approaches are resistant to errors under small violations of parametric assumptions.

Our model effectively handled ignorable missing data dependent on the data in hand (i.e., 

following a “missing at random” assumption) via full information maximum likelihood 

(FIML). As a result, respondents with missing data could still be included in the trajectory 

analysis for unbiased inference.

Multinomial regression is used to regress a nominal outcome on an explanatory variable. 

Subgroup membership across individuals in the study population can be summarized in a 

latent class nominal variable. Therefore, multinomial regression was used to determine if 

age, sex, race, insurance status, neighborhood income, neighborhood rates of high school 

graduation, HIV viral load at baseline, CD4 count at baseline, HIV clinic, psychiatry clinic 

and Emergency Department visits in the 12 months prior to initial visit, smoking status, 

reported trauma, PTSD, history of substance abuse, bipolar disorder and mental health 

medication use influenced subgroup membership. Due to our sample size, we first analyzed 

one explanatory variable at a time in a series of models. We then included all statistically 

significant explanatory variables in a multiple regression model. We found only a small 

point biserial correlation (rpb) between PTSD (rpb = 0.15) and reported trauma (rpb = 0.17) 

and PHQ-9 at baseline, confirming that these items are not collinear.

We used logistic regression to evaluate if subgroup membership associated with a binary 

indicator of HIV viral load (not detected vs. detected) at 12-months. Visits over 15-months 

post-baseline occurred irregularly and 12-month HIV viral load was collected with variation 

in timeframe. However, due to the variation in timing, we evaluated the association between 

subgroup trajectories and HIV viral load; we did not assume the results would provide 

information regarding the extent to which these trajectories influenced viral suppression.

Additionally, we used bias-corrected three step procedures (32, 33) in performing 

multinomial and logistic regression. These procedures account for measurement error in the 

assignment of latent classes (since assignment is not exact and is based on posterior 

probabilities).

We defined α = 0.05 for our level of significance in all statistical tests. All statistical tests 

were two-tailed. R program 3.5.2 and R Studio were used for data cleaning and graphics 

(34). LCGA was carried out using Mplus Version 8.2 (30).
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Results

Study Population

The HIV clinic is part of a public health care system in Ohio. Between June 29, 2015 and 

December 31, 2017, the HIV clinic served 1824 total patients. Overall, 1384 (76%) were 

male. In self-reported racial-ethnic categories, 985 (54%) identified as Black/African 

American, 736 (40%) identified as White, and 258 (14%) identified as Hispanic. Patients 

ranged from 16–81 years of age, with 65% between 40–70 years old.

CCM subjects (N = 416) included in this study had screened positive for depressive 

symptoms during a first visit between June 29, 2015 and June 30, 2017 (at least six months 

prior to the end of the study period). All subjects had at least one follow up PHQ-9 measure 

after the first visit to be considered in the data. The second visit in the study was scheduled 

to occur three months after the first visit. Given variation in timing, these second visits 

occurred anywhere between 1.2 and 4.8 months with a mean of 3.3 months (standard 

deviation = 0.85 months). Thus, subjects had a sufficient amount of follow-up time as well 

as available data to evaluate depression screening changes. Baseline was the first visit in our 

database during our study period.

We used data on these subjects up to 15-months post baseline. We describe this population 

in Table I. Of note, out of the 61 of participants who were prescribed a psychiatric 

medication prior to initial PHQ-9 ≥10, the majority (83.5%) reported the medication was 

either a selective serotonin reuptake inhibitor (SSRI) or a serotonin norepinephrine reuptake 

inhibitor (SNRI).

CCM participants had a depression screening assessment an average of 2.78 times (SD = 

0.80) over the 15-month period under study. By inclusion criteria, all patients had at least 

two depression screening assessments. Most (57%) of those patients made a third, and 18% 

had at least four depression screening assessments over the study timeframe. Only 3% had 

five depression screening assessments over the study timeframe (with none more than five).

Number of Subgroups

Using LCGA, we identified four latent classes. The minimized BIC value (Table II) and 

interpretability of the classes support the four class solution. None of the other potential 

solutions had a meaningful improvement across model fit indices or interpretability as 

compared to the four class solution. We could also rule out the six class solution since one of 

the classes had zero members.

In terms of classification of individuals based on their most likely latent class, the four class 

solution did not have any low cell sizes; the smallest subgroup still had 9.4% of the cases in 

the sample.

Description of Subgroups

Overall, the average trajectory of self-reported depression in this sample started at moderate 

and decreased over the 15 months, while still above the threshold for major depression (see 

Figure 2A). We performed mixed-effects cubic regression analysis to estimate this overall 
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trend [Estimate (95% bias-corrected bootstrapped confidence interval); Intercept = 15.886 

(15.332,16.440); Linear Slope = −1.646 (−2.114,−1.168); Quadratic Slope = 0.178 

(0.072,0.280); Cubic Slope = −0.006 (−0.012,−0.001)].

Displayed in Figure 2B are the average self-reported depression trajectories for each 

subgroup in the four class solution.

We labeled the four subgroups as improving (58.4% [of participants]), worsening (9.4%), 

highly responsive (19.5%) and persistent severe (12.7%) according to self-reported 

depression score trajectories (see Figure 2B).

We calculated, within each subgroup, the mean (standard deviation) baseline PHQ-9 total 

score: persistently severe = 23 (2.55), highly responsive = 21 (2.43), worsening = 15 (2.36), 

improving = 13 (2.25). Similarly, we calculated the within-group mean (standard deviation) 

of the final recorded PHQ-9 total scores for each subject within the timeframe under study: 

persistently severe = 20 (4.30), highly responsive = 10 (5.56), worsening = 19 (3.43), 

improving = 8 (4.72).

Members of the improving group had moderate symptoms at baseline that decreased over 

time. Members of the worsening group also had moderate symptoms at baseline, but these 

symptoms increased over time. Members of the highly responsive group had severe 

symptoms at baseline prior to an over 50 percent reduction in the mean PHQ-9 score over 

the timeframe under study. Members of persistently severe group had severe depression at 

baseline that appeared to decrease over time with some fluctuations. However, overall, their 

depressive symptoms remained high.

Factors Associated with Subgroup Membership

Subgroup membership was significantly associated with neighborhood rate of high school 

graduation, HIV and psychiatry clinic visits, PTSD, substance abuse and reported trauma 

(see Table III).

We found that members of the persistently severe group were more likely to live in a 

neighborhood with low high school graduation rates than members of the improving and 

highly responsive subgroups. Members of the persistently severe and worsening symptom 

groups were more likely to have reported trauma and PTSD compared to members of the 

improving group. Members of the persistently severe group were less likely to have HIV 

clinic visits compared to members of the improving group. Members of the highly 

responsive group were more likely to have psychiatry clinic visits and a history of substance 

abuse compared to members of the improving group. Members of the highly responsive 

group were also more likely to have a history of substance abuse compared to members of 

the worsening group.

In multiple regression analysis, we found that members of the persistently severe group were 

less likely to have HIV clinic visits (OR = 0.26, 95% CI = 0.09, 0.79) compared to the 

improving group. Members of the highly responsive group were more likely to have visits in 

the psychiatry clinic (OR=2.55, 95% CI = 1.04, 6.21) and history of substance abuse (OR = 
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3.02, 95% CI = 1.06, 8.58) compared to members of the improving group. All other pairwise 

subgroup comparisons had 95% confidence intervals that contained one.

We also performed analysis to determine if subgroup membership was associated with HIV 

viral load at 12-months. We found that members of the persistently severe group were less 

likely to be virally suppressed compared to members of the improving group (see Table III). 

All other pairwise subgroup comparisons in analyzing viral suppression had 95% confidence 

intervals that contained one.

Discussion

Depression has been found to be a heterogeneous condition in PLWH (10, 11). 

Interventional studies analyzing data in aggregate in PLWH fail to observe intrinsic variation 

in subgroup response for depressive symptoms. Thus, analysis of subgroup depression 

trajectories in PLWH is essential for understanding (i) the progression of depression and (ii) 

for whom the intervention may be effective or ineffective.

We evaluated self-reported depression trajectories of participants in a collaborative care 

program using LCGA (35). Four subgroupings were a better fit for the data than one 

homogenous group based on LCGA model fit and interpretation.

Interestingly, previous LCGA non-interventional studies of PLWH also found four 

subgroups (10–12). These studies included PLWH both screening positive and negative for 

depressive symptoms.

Bengtson et al. (2018) studied 1493 HIV-infected men and 292 HIV-infected women of 

which 26% of men and 29% of women had depressive symptoms at baseline (10). In our 

urban clinic, overall 30.6% of men and 33.9% of women had depressive symptoms upon 

first visit. They found, over an average of 30 months of follow-up for both men and women, 

four similar trajectories (low, mild to moderate, improving and severe). A small additional 

trajectory (5% of cases) was found in men characterized by “rebounding” from moderate 

symptoms to improvement back to moderate symptoms.

Owora (2018) studied a baseline sample of 2260 patient records abstracted from EMR 

database of PLWH (11). In his study 79% of subjects were male; depressive symptoms were 

found in 23% of men and 29% of women at baseline. He performed LCGA on 1494 PLWH 

with at least one clinic visit each year during their first four years of follow-up. He also 

found four trajectories (low-chronic, moderate-ascending, high-episodic and high-chronic).

Kelso-Chichetto et al. (2018) (12) studied patterns of depressive symptoms across 10-years 

by HIV status using the Center for Epidemiologic Studies Depression (CES-D) Scale (36) 

from the Multicenter AIDS Cohort Study (MACS; N = 980) and Women’s Interagency HIV 

Study (WIHS; N = 1744). The MACS sample is a cohort of men who have sex with men and 

included 594 HIV positive subjects while the WIHS sample is a cohort of women, living 

with or at risk for HIV-infection and included 1192 HIV positive subjects. Four trajectories 

were found in HIV positive males (low, moderate, high and severe). A small additional 
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trajectory (7% of cases) was found in HIV positive females characterized by severe 

depressive symptoms “decreasing” over time.

These previous studies all found a persistently mild group (10–12). Since, we only included 

subjects with self-reported depressive symptoms, this group is absent from our study. We 

thus focus our attention on the trajectories in PLWH from these studies that included 

moderate to severely depressed individuals. We also found persistently severe and worsening 

groups. Owora did not find steady improvement in any group with depressive 

symptoms(11). Bengtson et al. found a group similar to our improving group (10). Kelso-

Chichetto et al. found a moderate group showing some improvement in females, but was 

persistently moderate in males (12). Our study differed from Bengtson et al.(10) in that the 

majority of our subjects were members of the improving symptom group. Our study also 

identified a highly responsive group, characterized by severely depressed individuals who 

steadily improved with, on average, over a 50% reduction in self-reported depression over 

15 months. A similar group (described as “decreasing”) was found in females, but not males, 

in Kelso-Chichetto et al. (12). However, reduction in depression in the “decreasing” group in 

Kelso-Chichetto et al. (12) happened at a slower rate per year and included only 7% of HIV 

positive female subjects.

Symptoms of severe depression (i.e. anhedonia, fatigue, concentration problems and low 

self-efficacy) can lead to poor engagement with the HIV team. The collaborative care 

program was designed to help patients with depressive symptoms and increase engagement 

with the HIV team. Highly responsive and improving group members showed a positive 

trajectory over the course of the study. Further, the majority of subjects were in these groups 

with positive trajectories.

We found predictors that influenced subgroup membership. Higher neighborhood education 

attainment and prior HIV clinic visits made an individual more likely for membership in the 

improving group compared to the persistently severe group. In lieu of these findings, future 

studies may evaluate if the supportive care of HIV primary care services (i.e. therapeutic 

relationships with provider, nursing, and social work support during HIV clinical visits) have 

a beneficial effect for depressive symptoms.

No reported trauma or PTSD made an individual more likely for membership in the 

improving group compared to both the persistently severe and worsening groups. This 

finding is consistent with prior studies that have indicated that trauma, especially childhood 

trauma, is associated with treatment resistant depression (37, 38). Increased patient 

monitoring and intervention for such traumatic experiences could also have an impact on 

subsequent depressive symptoms. For example, in treating women with reported trauma in 

this study population, clinicians might follow practical guidelines as described by the 

national strategy group to develop a model of trauma-informed primary care for women 

living with HIV (39).

The highly responsive group was more likely to have history of substance abuse than the 

improving and the worsening groups. This finding may suggest perhaps substance induced 

depression may be a transient mood state that may improve with cessation/”washout” of the 
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substance. Further, we found that the highly responsive group were more likely to have prior 

psychiatry clinic visits compared to the improving group. CCM facilitates and coordinates 

care with psychiatric clinic providers rather than replacing care with a psychiatric provider.

Subjects living in a neighborhood with higher education attainment were more likely to be 

members of the highly responsive group compared to the persistently severe group. 

Neighborhood-level education could be a very important factor that determines trajectories 

for depressive symptoms among those with severe self-reported depressive symptoms.

Research is necessary to understand adherence to the intervention program as well as 

associations between the intervention program and depressive symptoms before being able 

to draw more formal conclusions regarding these relationships described above. Our results 

regarding the influence of neighborhood-level education, PTSD, history of substance abuse, 

reported trauma and prior HIV and psychiatry clinic visits on depression trajectories are 

novel and promising.

We did not find that HIV viral load at baseline influenced subgroup membership. However, 

we found an association between HIV viral load at 12 months and subgroup membership; 

the persistently severe group was less likely to be virally suppressed at 12-months compared 

to the improving group. Thus, having a depression trajectory that remains severely high over 

15-months may negatively correlate with effective management of HIV infection.

The study may have limited external validity outside the study population. In future work, 

our models will require further validation using other populations and perhaps data from 

alternate measures and scales.

Potential sources of measurement error for measures (e.g. prior diagnosis of PTSD, bipolar 

disorder, reported trauma) abstracted from patient’s past medical history and problem list 

and/or chart review include (1) individuals in care for a shorter period of time have less 

opportunity for conditions to be detected and (2) the presence of these measures in the chart 

will depend heavily on care practices. However, we aimed to limit these sources of 

measurement error in the data collection and modeling strategy. LCGA uses latent variables 

to account for measurement error in the growth in depression and assignment of latent class 

membership. All members of our sample had to have at least two recorded visits and at least 

six months of follow-up time. Thus, all subjects had at least some reasonable opportunity for 

these conditions to be detected. There was also an effort for systematic screening and 

assessment for these conditions in the collaborative care program.

This study assumes that all LCGA model assumptions are met in this study population for 

valid inference (i.e. within-class multivariate normality) (40). We assumed linearity in the 

within-class trajectories over time in performing LCGA in identifying subgroup 

membership, which may not be appropriate (10, 11). Our series of models did not all 

converge to a global solution when including a nonlinear term (i.e. quadratic term). 

However, while we classified members to each of the subgroups using linear assumptions, 

we did not assume linearity when describing the within-class trajectories. A future study is 

necessary in a larger sample of PLWH in a collaborative care program to verify the four 

class solution while modeling potential nonlinear trends in the data structure.
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Further assessment for future time points (follow-up data to be collected in the future) would 

be valid and necessary to understand these trajectories over a longer time frame. Future steps 

include identifying patients with clinical characteristics that could potentially lead to 

depression trajectories characteristic of the persistently severe or worsening groups and 

target them for additional intervention. On the surface, clinicians might act readily to the 

initial high PHQ-9 of the highly responsive group. At the start of the study period these 

patients are flagged in EHR compared to the worsening group and may be more observably 

depressed. However, the results of this study indicate that the progression of depressive 

symptoms in these subjects may have helped alleviate mental health symptoms. Future 

studies are necessary to evaluate whether the trends found in this analysis (i.e. persistently 

severe group remains steadily high over time) is due to treatment resistant depression, poor 

quality of care, patient engagement, a combination of factors, or some other reasoning.

Conclusions

In our study, we described four depression trajectories for PLWH who are participating in an 

intervention at a public health system. A high proportion (77.9%) of individuals were in 

trajectories marked by improvement. Of special note was the highly responsive group; 

members of this group, on average, had over 50 percent reduction in self-reported depression 

over the study timeframe.

We found particular clinical factors, self-reported trauma, PTSD, lower neighborhood-level 

education and fewer HIV and psychiatry clinic visits, that were associated with worsening or 

persistently severe depressive symptom trajectories. Individuals with persistently severe 

depressive symptoms were also less likely to be virally suppressed. Consideration of all of 

these factors can personalize care for specific challenges and strengths among PLWH with 

depressive symptoms and may further inform intervention approaches that can advance care.
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Figure 1. Path diagram of latent variable mixture model used for a depression screening scale for 
people living with HIV in a collaborative care program over 15 months (N = 416)
I = level of PHQ-9 at baseline; S = linear rate at which PHQ-9 changes; C = categorical 

variable for latent class. P1-P5 are the individually time varying PHQ-9 total scores for each 

individual at each time point from baseline up to 5 possible time points over a 15-month 

period. We used the mixture model corresponding to this figure to (1) determine the optimal 

solution for the number of classes and (2) classify individuals into most likely latent class 

membership. Description of the within-class trajectories subgroups was subsequently done 

under no assumption of linearity.
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Figure 2. Overall sample (panel A) and average within-class trajectories for the four-class growth 
model based on most likely latent class membership clustering (panel B) using local regression 
smoothing.
A. Overall Trajectory (N = 416)

B. Within-Class Trajectories

Shaded region in each plot represents a 95% Confidence Interval. Individuals were classified 

into most likely class membership using the mixture model in Figure 1 under the assumption 

of linearity. Description of the within-class trajectories subgroups was done under no 

assumption of linearity.
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Table I:

Characteristics of people living with HIV with self-reported depression

Missing

Factor N = 416 % # %

Age (Years) (mean±SD) 42.7±11.93 0 0.0

Male 301 72.4 0 0.0

Race/ethnicity 2 0.5

African American/Black 199 48.1

Hispanic/Latino 36 8.7

Other 7 1.7

White (non-Hispanic) 172 41.5

Neighborhood median household income
a 16 3.8

$0–$30,000 140 35.0

$30,000–$50,000 202 50.5

>$50,000 58 14.5

Neighborhood high school graduation rates ≥ 80% 212 53.0 16 3.8

Primary insurance Class 2 0.5

Commercial or private 55 13.3

Medicaid 195 47.1

Medicare 107 25.8

Uninsured or self-Pay 32 7.7

Other Class 25 6.0

Smoking status 2 0.5

Never 76 18.4

Former smoker 103 24.9

Current 235 56.8

Documented history of substance use 254 62.4 9 2.2

PHQ-9 severity 0 0.0

Moderate (10–14) 197 47.4

Moderately severe (15–20) 119 28.6

Severe (21–27) 100 24.0

HIV viral load (copies/mL) 0 0.0

Not documented 11 2.6

Undetectable (< 200) 320 76.9

Detected (≥ 200) 85 20.4

CD4+ Count (cells/μL) 0 0.0

Not documented 31 7.5

0 – 200 31 7.5

201 – 350 55 13.2
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Missing

Factor N = 416 % # %

351 – 500 71 17.1

≥ 501 228 54.8

Attended at least 1 HIV clinic visit in 1 year period prior to baseline 364 87.5 0 0.0

Attended at least 1 psychiatry clinic visit in 1 year period prior to baseline 80 19.2 0 0.0

Visited emergency department once or more in 1 year period prior to baseline 142 34.1 0 0.0

PTSD 74 17.8 0 0.0

Bipolar 80 19.2 0 0.0

Self-report taking mental health medications prior to PHQ-9 screening 254 61.1 0 0.0

Self-report of trauma 141 46.4 112 26.9

a
$0–$30,000 = very low income $30,000–$50,000 = low income, >$50,000 medium income
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Table II.

Model fit indices for one through eight class solutions for latent class growth analysis in people living with 

HIV with self-reported depression.

Number of Classes Log-likelihood DF Scaling Correction for MLR AIC AICC BIC aBIC Entropy

1 −3670.94 7 0.85 7354.39 7354.66 7382.60 7360.39

2 −3580.96 10 1.15 7181.92 7182.46 7222.22 7190.49 0.720

3 −3567.71 13 1.33 7161.42 7162.33 7213.82 7172.57 0.770

4 −3549.17 16 1.14 7130.33 7131.69 7194.82 7144.05 0.707

5 −3545.66 19 1.11 7129.31 7131.23 7205.90 7145.61 0.608

6 −3542.55 22 0.98 7129.10 7131.68 7217.78 7147.97 0.754

7 −3528.58 25 1.07 7107.16 7110.49 7207.93 7128.60 0.677

8 −3528.58 28 0.95 7113.16 7117.36 7226.02 7137.17 0.697

DF = Degrees of Freedom; MLR = maximum likelihood with robust standard errors via Hubert-White sandwich estimator; AIC = Akaike 
Information Criteria; AICC = corrected AIC for small sample sizes; BIC = Bayesian Information Criteria; aBIC = sample-size adjusted BIC
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Table III.

Odds Ratios and 95% Confidence Intervals for Multinomial and Logistic Regression Analysis that Do Not 

Contain One

Subgroup Reference Covariate
Univariate Analysis

Odds Ratio Lower Upper

Persistently Severe Improving Education 0.44 0.21 0.95

Persistently Severe Improving Reported Trauma 2.41 1.14 5.07

Persistently Severe Improving HIV Clinic Visits 0.27 0.12 0.62

Worsening Improving Reported Trauma 3.20 1.13 9.04

Highly Responsive Improving Psychiatry Clinic Visits 2.57 1.11 5.98

Persistently Severe Improving PTSD 3.38 1.43 7.98

Worsening Improving PTSD 3.78 1.17 12.21

Highly Responsive Improving Substance Abuse 3.69 1.21 11.21

Persistently Severe Highly Responsive Education 0.32 0.10 1.00

Worsening Highly Responsive Substance Abuse 0.19 0.05 0.76

Outcome

Persistently Severe Improving Not Detected HIV Viral Load at 12-months 0.15 0.37 0.93

Education = Neighborhood High School Education Attainment Based on Geocoding (≥80 % or <80%); HIV clinic visits = attended ≥ 1 HIV clinic 
visit in 1-year period prior to baseline; psychiatry clinic visits = attended ≥ 1 psychiatry clinic visit in 1-year period prior to baseline; reported 
trauma = self-reported history of trauma under a patient chart review as described by sexual, physical or emotional abuse
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