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Abstract

Depression and cognitive impairment are prevalent conditions among people with HIV (PWH), likely attrib-
utable to shared causes and common risk factors. Identifying subtypes of PWH with similar patterns of
neurocognitive impairment (NCI) and depressive symptoms may inform development of patient-centered in-
terventions that target-specific profiles. This study aimed to (1) classify PWH based on patterns of domain-
specific NCI and depression; and (2) determine the relationship between latent class membership and pertinent
clinical characteristics. PWH (N = 580, 86.2% male, 57.1% non-Hispanic White, 69.2% unemployed) com-
pleted a comprehensive neuropsychological test battery assessing global and domain-specific cognition.
Domain-specific NCI was classified as deficit score >0.5. Participants completed the Beck Depression
Inventory-II (BDI-II), and domain-specific BDI-II scores reflecting cognitive, affective, and somatic symptoms
were computed. Latent profile analysis (LPA) was used to determine latent subgroups of NCI and depression.
The optimal LPA solution consisted of five classes: minimal NCI and minimal depression (Class 1), amnestic
and minimal depression (Class 2), severe multi-domain NCI and moderate depression (somatic and affective;
Class 3), mild NCI and mild depression (Class 4), and moderate multi-domain NCI and severe depression (Class
5). Despite similar levels of functional impairment, Class 5 had a significant psychiatric profile, whereas Class 3
had a complex medical profile (i.e., higher frailty index, higher medications, greater proportion of AIDS
diagnosis). In contrast, Class 1 had the lowest medication use and frailty index, with similar HIV disease
characteristics to Classes 3 and 5. Our results suggest there are multiple pathways to cognitive and functional
impairment among PWH with co-occurring depression and cognitive impairment, and these groups may re-
spond differently to interventions. Of note, our sample was majority non-Hispanic White and male, which is
nonrepresentative of the US population of PWH. Future interventions should consider a more integrated,
person-centered approach that addresses cognitive and emotional health to optimize health outcomes in PWH.
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Introduction

Following the introduction of antiretroviral therapy
(ART), HIV is now considered a chronic medical con-

dition when treated with ART, and people with HIV (PWH)

are living longer.1,2 With prolonged life span, PWH are at an
increased risk for age-related comorbidities [e.g., neurocog-
nitive impairment (NCI), frailty] compared to the general
population, despite virologic suppression, which have been
associated with poor HIV disease outcomes, including
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medication adherence.3–5 It is hypothesized that HIV is as-
sociated with accelerated aging phenotypes; therefore, these
complex comorbidities may be accruing early in life and
PWH will live with greater multi-morbidity throughout the
life span.2,6 While many different combinations of co-
morbidities are possible, evidence suggests that certain co-
morbidities are more likely to co-occur within an individual
due to shared causes or common risk factors.7,8

Depression and NCI are a prevalent pair of comorbidities
among PWH, likely attributable to several common factors,
including (1) common neurobiological pathways (e.g., do-
paminergic changes, neuroinflammation); (2) common psy-
chosocial determinants (e.g., poverty, stress, discrimination,
childhood trauma); and (3) common behavioral symptoms
(e.g., substance use, ART nonadherence, sleep disturbance,
poor nutrition).9,10 Depression remains a common and seri-
ous comorbidity in PWH.10,11 The prevalence of depression
among PWH is twofold to fourfold higher compared to the
general population.10–13 Studies estimating the national
prevalence of depression in PWH indicate that approximately
one-quarter of PWH have symptoms of current depres-
sion10,12,14–18 and 42% have a diagnosis of lifetime depres-
sion,9 with higher rates among men who have sex with men
living with HIV19 and women with HIV.18

Several factors may contribute to the elevated burden of
depression among PWH, including socioenvironmental (e.g.,
limited access to care, social isolation), neurobiological (e.g.,
impaired neurogenesis, dopamine dysregulation), positive
and negative psychological factors (e.g., resilience, stigma,
grief, stress), and psychosocial factors (e.g., financial insta-
bility, underemployment, substance use).10,12,13,20,21 Beha-
vioral risk factors such as limited physical activity, poor
nutrition, and substance use are also highly prevalent and
confer an increased risk of poor health outcomes and ART
nonadherence.12,22–25 With regard to HIV clinical outcomes,
PWH who report high levels of depressive symptoms are less
likely to engage in clinical care, initiate and adhere to ART
treatment, and achieve viral suppression.14,26–30

In a large, multi-site clinical cohort study, greater chro-
nicity of depression increased the likelihood of negative
health outcomes (i.e., missed HIV primary care appoint-
ments, detectable viral load, higher mortality rates) at mul-
tiple points on the HIV care continuum.28 An observational
study examined four depression trajectory groups over 6
years and found that patients in the ‘‘low-chronic’’ depres-
sion group had higher odds of low CD4 count over time
compared to the ‘‘high-chronic’’ group.27 These studies
highlight that the longitudinal pattern of depression, rather
than depression at any single time point, may be more highly
associated with poor HIV clinical outcomes.

NCI is another major complication of HIV and is associ-
ated with depressive symptoms, decreased daily functioning,
and poorer quality of life.3,31–33 A recent literature review
shows that PWH with depressive symptoms or major de-
pressive disorder (MDD) have a 1.5-fold to 3-fold increased
odds of cognitive impairment compared to nondepressed
PWH.34,35 Moreover, PWH with MDD report more subjec-
tive cognitive complaints and exhibit worse neuropsycholo-
gical performance compared to PWH without MDD.3,36

Across recent cross-sectional studies examining specific
cognitive phenotypes in PWH with depression, processing
speed, executive function, learning and memory, and motor

function are the most common domains associated with de-
pressive symptoms.9,36

Higher rates and severity of depression have been linked
to severity of cognitive impairment, including HIV-
associated dementia and major neurocognitive disorder,
even among virally suppressed PWH on ART.9 A recent
longitudinal study of 448 PWH showed that a high cu-
mulative burden of depression related to declining global
neurocognition compared to low depression burden, driven
by declines in executive functioning, delayed recall, and
verbal fluency.37 Considering an individual may experi-
ence recurrent depressive episodes in the long-term course
of HIV infection, one study examined whether the chro-
nicity, recurrence, and treatment stability of depression
impacted neurocognitive functioning.38 Among their
sample of middle-aged (<45 years old) and virally sup-
pressed PWH, lack of full depression remission, recur-
rence of depressive episodes, instability on treatment in
chronic MDD, and severe symptoms of current MDD in-
creased the likelihood of poor neurocognitive perfor-
mance. HIV-related stigma has been linked to both
depression and poor neurocognitive functioning and may
be a potential intervention target to promote healthy brain
aging in PWH.39 These studies suggest that the severity
and chronicity of depression, as well as internalized stig-
ma, may be key moderators in the relationship between
depression and neurocognition in PWH because they relate
to lifetime neuropsychiatric burden.

Considering the prevalence of depression and NCI among
aging PWH, a detailed latent profile analysis (LPA) of sub-
groups of PWH with similar patterns of NCI and symptoms of
depression is warranted. Further understanding risk and
protective factors (e.g., demographic and clinical factors) of
the combined presentation of depression and NCI in PWH
may inform the development of appropriate interventions and
clinical practice guidelines for the management of these two
comorbid conditions in HIV. Therefore, the aims of this study
are to (1) perform an LPA to determine latent class mem-
bership based on NCI status and symptoms of depression and
(2) determine the relationship between latent class member-
ship and relevant demographic and clinical factors.

Methods

Participants

Participants were 580 PWH enrolled in NIH-funded re-
search studies at the UCSD HIV Neurobehavioral Research
Program. Participants provided written, informed consent to
undergo study procedures, which were approved by the
UCSD Institutional Review Board. Participants were in-
cluded in this analysis if they were on ART with an HIV RNA
viral load below 200 copies/mL and had complete neu-
ropsychological testing and Beck Depression Inventory-II
(BDI-II) data. Consistent with Frascati research criteria for
HIV-associated neurocognitive disorders (HAND),40 partic-
ipants were excluded from analysis if they presented with
severe comorbidity factors that confounded the interpretation
of neuropsychological test results.4,41 These exclusionary
factors included diagnosis of a psychotic or mood disorder
with psychotic features, severe learning disability, major
neurological condition (e.g., epilepsy), current substance use
disorder (SUD) diagnosis, or positive urine toxicology screen
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for nonprescribed substance use (except marijuana), or
Breathalyzer test for alcohol on the day of testing.

Neuropsychological assessment

All participants completed a comprehensive and validated
neuropsychological test battery (Table 1) covering seven
neurocognitive domains impacted by HIV: verbal fluency,
executive function, processing speed, learning, delayed re-
call, working memory, and motor skills.4,42,43 Raw test scores
were converted to T-scores that adjusted for known demo-
graphic influences (i.e., age, sex, education, and race/
ethnicity) on neurocognitive performance.44–46 T-scores were
converted to deficit scores that give differential weight to
impaired over normal performance and ranged as follows: 0
(T-scores ‡40; no impairment), 1 (T-score: 39–35; mild im-
pairment), 2 (T-score: 34–30; mild-to-moderate impairment),
3 (T-score: 29–25; moderate impairment), 4 (T-score: 24–20;
moderate-to-severe impairment), and 5 (T < 19; severe
impairment).47

Deficit scores were averaged within domains and across
the entire battery to derive domain-specific scores (DDS) and
a global deficit score (GDS). Consistent with prior studies,
global NCI was classified using a validated GDS cut point of
‡0.5 and domain-specific NCI was classified as DDS
>0.5.42,47 Similar to prior work,43 the seven, dichotomous
domain-specific NCI classifications (impaired vs. unim-
paired) were included as indicator variables in the LPA
model. Pre-morbid verbal intelligence was estimated using
standardized scores from the Reading subtest of the Wide
Range Achievement Test, version 4 (WRAT4).48

Neuropsychiatric assessment

To measure the frequency and severity of current depres-
sive symptoms, participants completed the BDI-II.49 The

BDI-II consists of 21 items, each rated on a 4-point scale
increasing in severity from 0 to 3 (possible total score range:
0–63). Based on a previous factor analysis of the BDI-II in
1583 PWH,50 we computed domain-specific BDI-II scores
reflecting cognitive (possible range: 0–27), affective (possi-
ble range: 0–12), and somatic (possible range: 0–24) symp-
toms of depression. These three domain-specific BDI-II
scores were included as indicator variables in the LPA.

In addition, participants were evaluated for lifetime and
current (past 30 days) MDD and SUD using the DSM-IV-
based Composite International Diagnostic Interview.51 For
individuals meeting lifetime criteria for MDD, we deter-
mined the age at first depressive episode and whether this first
episode occurred before HIV disease.

Neuromedical evaluation

Participants underwent a comprehensive neuromedical as-
sessment and blood draw. Detailed history of HIV-specific
disease and treatment factors, as well as indicators of non-HIV
health status was ascertained. Self-reported HIV disease was
corroborated by enzyme-linked immunosorbent assay with
Western blot confirmation. Routine clinical chemistry panels,
complete blood counts, rapid plasma reagin, hepatitis C virus
antibody, and CD4+ T cell count (flow cytometry) were also
performed. HIV viral load in plasma was measured using re-
verse transcriptase-polymerase chain reaction (Amplicor,
Roche Diagnostics, Indianapolis, IN). Of the 580 study par-
ticipants, 515 completed the AIDS Clinical Trials Group 4-day
adherence self-report questionnaire to assess for nonadherence
to ART medications over the last 4 days.52 Report of any missed
dose over the last 4 days was classified as nonadherence.

Established methods for constructing a frailty index53–55

were followed to generate a cumulative metric for non-HIV
medical disease burden. Based on available health deficit
data, a frailty index variable was composed of 32 non-HIV
health variables encompassing a range of physiologic sys-
tems, including routine clinical laboratory measures (e.g.,
glucose, lipids) and medical comorbidities (e.g., hepatitis C
co-infection, diabetes).

Each health variable was dichotomized as normal or de-
ficient (normal = ‘‘0’’ and deficit = ‘‘1’’) based on criteria
from previous studies56–58 and frailty index scores were
constructed by dividing the total sum of health deficits by the
total number of available variables, with a possible range of 0
(no deficits) to 1 (all 32 deficits). For a full list of health deficit
variables and cutoff values, see Table 2. In addition to
medical disease burden, participants underwent a detailed
interview of current medication use to determine total num-
ber of current medications.

Daily functioning

The 33-item self-report Patient’s Assessment of Own
Functioning Inventory (PAOFI) was used to measure per-
ceived neurocognitive symptoms in everyday life.59 Items
endorsed as fairly often or greater are considered clinically
significant neurocognitive symptoms and the PAOFI total
score is the cumulative sum of these clinically significant
neurocognitive symptoms. The PAOFI also includes a single
item assessing employment status (employed vs. unem-
ployed). Additional information regarding reason for unem-
ployment (e.g., disability, retired) was not captured.

Table 1. Neuropsychological Battery

Verbal fluency
Controlled oral word fluency test
Category fluency (animals)
Action (verb) fluency

Executive function
Trail making test, part B
Stroop color and word test
Wisconsin card sorting test (64 item)
Category test (halstead)

Working memory
WAIS-III letter-number sequencing
Paced auditory serial addition test (channel 1)
WMS-III spatial span

Processing speed
Trail making test, part A
WAIS-III digit symbol
WAIS-III symbol search

Learning and memory
Hopkins verbal learning test-revised
Brief visuospatial memory test-revised

Motor skills
Grooved pegboard test

WAIS-III, Weschler Adult Intelligence Scale, Third Edition;
WMS-III, Weschler Memory Scale, Third Edition.
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Dependence in instrumental activities of daily living
(IADL) was assessed using a revised version of the Lawton
and Brody (1969) self-report measure of everyday function-
ing,60,61 in which participants rated current abilities com-
pared to previous abilities across 13 everyday functioning
domains. The dichotomous classification for IADL depen-
dence was defined as ‡2 declines at least partially attributable
to cognitive problems.

Statistical analysis

LPA was used to empirically derive homogenous sub-
groups of PWH with similar patterns of NCI across the seven
neurocognitive domains coupled with symptoms of depres-
sion across the three BDI-II domains. To determine the op-
timal number of latent classes, we iteratively compared
indices of model fit for solutions ranging from 1 to 5 classes.
For each solution, the best log-likelihood was replicated to
avoid convergence at a local maximum.

The best-fitting solution was determined based on a com-
bination of (1) statistical fit indices, specifically Akaike in-
formation criterion (AIC), Bayesian information Criterion
(BIC), entropy, and the bootstrapped likelihood ratio test

(BLRT); (2) adequate class size, with recommendations of at
least 25 individuals per class and each class representing at least
5% of the total sample;62 and (3) theoretical interpretability of
classes. After the optimal class-solution was identified, classes
were substantively interpreted based on their pattern of domain-
specific NCI and depression. To determine the relationship
between latent class membership and relevant clinical factors, a
series of omnibus analysis of variance (ANOVAs) and chi-
square tests with follow-up pairwise comparisons examined
group differences on demographic, medical, neuropsychiatric,
and daily functioning variables. LPA was conducted in Mplus
Version 8.6.63 Descriptive and group comparison analyses were
conducted in JMP Pro version 16.0.0 (JMP�, Version <16.0.0>;
SAS Institute, Inc., Cary, NC).

Results

Participant characteristics

The full sample of 580 PWH on suppressive ART was 86%
male with a mean baseline age of 52.5 years (age range, 18–
87) and mean education of 13.9 years. The overall sample
was 57.1% non-Hispanic White, 25.3% Hispanic, 14.5%

Table 2. Frailty Index Criteria

Variable Deficit criteria

Clinical measurements
(1) Abnormal BMI >25 or <18 kg/m2

(2) Low white blood cell count <4000 cells/lL
(3) Abnormal MCHC Male: <27.8 or >33.8; Female: <26.9 or >33.3
(4) Abnormal BUN <8 or >23 mg/dL
(5) Abnormal creatinine <0.6 or >1.2 mg/dL
(6) Abnormal calcium <9.2 or >10.8 mg/dL
(7) Abnormal chloride <96 or >106 mEq/L
(8) Abnormal total protein (serum) <6 or >7.8 mg
(9) Low albumin (serum) <3.5 mg
(10) Elevated fibrinogen >3.25
(11) Low eGFR <60
(12) Low hemoglobin Male: <12 lmol/L; Female: <10 lmol/L
(13) Elevated AST >31 U/L
(14) Elevated ALT >31 U/L
(15) Abnormal ALP <38 U/L or >126 U/L
(16) Abnormal potassium <3.5 or >5.3 mEq/L
(17) Elevated total bilirubin >1.1 mg/dL
(18) Elevated triglycerides ‡150 mg/dL
(19) Elevated total cholesterol >200 mg/dL
(20) Low HDL cholesterol Male: <40 mg/dL; Female: <50 mg/dL
(21) Elevated glucose >200 mg/dL
(22) Abnormal phosphorus <2.5 or >5.1 mg/dL
(23) Low platelets <150 billion/L

Comorbidities
(24) HCV Positive
(25) Diabetes mellitus Positive
(26) COPD Positive
(27) Malignancy Positive
(28) Myocardial infarction Positive
(29) Renal disease Positive
(30) Hypertension Positive or >130 mmHg systolic or >85 mmHg diastolic
(31) Hyperlipidemia Positive
(32) Cerebrovascular accident Positive

ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate transaminase; BMI, body mass index; BUN, blood urea nitrogen;
COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; HCV, hepatitis C virus; HDL, high-density
lipoprotein; MCHC, mean corpuscular hemoglobin concentration.
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non-Hispanic Black, and 3.1% other. The average estimated
duration of HIV disease was 18 years and most participants
exhibited evidence of ART-induced immune reconstitution,
indicated by higher current CD4 counts (median = 596
cells/mm3) compared to nadir CD4 counts (median = 175
cells/mm3).

With respect to NCI, 41.6% of participants met criteria for
global NCI and rates of domain-specific NCI ranged from
38.6% (learning) to 25.0% (processing speed). With respect to
depression, 56.6% met criteria for lifetime MDD, 8.1% met
criteria for current MDD, and the median BDI-II score in the
total cohort was 8 (interquartile range = 3–16). Of those with a
lifetime MDD diagnosis, 19.1% had their first depressive
episode before their estimated acquisition of HIV. Approxi-
mately 69.2% of participants identified as unemployed.

Optimal latent class solution

Table 3 presents the AIC, BIC, entropy, BLRT, and class
sizes for 1- to 5-class LPA models. All models exhibited
strong class separation based on entropy (i.e., ‡0.80). The
AIC and BIC metrics progressively decreased with higher
class solutions and the BLRT value was significant for each
iterative comparison, suggesting the 5-class solution
improved model fit based on log-likelihood compared to the
4-class solution.

The distribution of class size in the 5-class solution was
also favorable compared to the 4-class solution, given that the
smallest subgroup of the 4-class solution comprised less than
5% of the total sample (n = 25) and was smaller than the
smallest subgroup of the 5-class solution (n = 35). Further
examination investigated a 6-class solution, which did not
improve class separation and the smallest subgroup of the
6-class solution included less than 4% of the overall total
sample. Thus, the 5-class solution was selected as the best
fitting model.

Neurocognitive impairment and depression profiles
by latent class

Table 4 presents latent class differences on indicator var-
iables from the LPA model, specifically rates of impairment

across the seven neurocognitive domains and BDI-II domain
scores. The five latent classes exhibited differential patterns
of domain-specific NCI and BDI-II scores (Fig. 1): Minimal
NCI and minimal depression (Class 1), amnestic and minimal
depression (Class 2), severe multi-domain NCI and moderate
depression (somatic and affective; Class 3), mild NCI and
mild depression (Class 4), and moderate multi-domain NCI
and severe depression (Class 5).

Clinical correlates of latent classes

A series of omnibus ANOVAs and chi-square tests with
follow-up pairwise comparisons was conducted to determine
the association between latent class membership and demo-
graphic, medical, neuropsychiatric, and daily functioning
factors (Table 5).

Demographics. Significant group differences were ob-
served for age, with Class 3 (mean age = 56.5 years) and Class
5 (mean age = 50.0 years) representing the oldest and youn-
gest groups, respectively. Significant differences were also
noted for years of education and estimated pre-morbid verbal
intelligence (WRAT4). Most notably, Class 1 and Class 4, the
two classes with the lowest rates of NCI, exhibited higher
WRAT4 scores relative to other classes. Latent classes did
not significantly differ by sex or race/ethnicity.

Medical burden. Although differences in estimated years
of HIV disease and CD4 counts (both current and nadir) did
not reach statistical significance, Class 3 had a markedly
higher proportion of AIDS diagnoses (86%) compared to the
other classes (59% to 62%). Although all participants were on
prescribed ART, Class 5 exhibited a significantly elevated
rate of self-reported ART nonadherence (26%), whereas rates
of non-adherence were less than 10% in the other classes.
Significant differences were also observed for cumulative
non-HIV comorbidity and medication burden (Fig. 2A, B),
with Class 3 having the highest frailty index scores (28%
health deficit rate) and number of medications (mean = 11.0)
and Class 1 having the lowest frailty index scores (23%
health deficit rate) and number of medications (mean = 5.7).

Table 3. Latent Profile Analysis Fit Statistics

Number of classes Log-likelihood AIC BIC Entropy Number (%) per class BLRT

1 -7169 14364 14421 1.00 580 (100)
2 -6741 13530 13634 0.91 456 (79)

124 (21)
<0.001

3 -6568 13206 13359 0.80 281 (48)
186 (32)
113 (19)

<0.001

4 -6425 12942 13143 0.85 247 (43)
174 (30)
134 (23)

25 (4)

<0.001

5 -6350 12814 13063 0.84 204 (35)
152 (26)

35 (6)
144 (25)

45 (8)

<0.001

AIC, Akaike information criterion; BIC, Bayesian information criterion; BLRT, bootstrapped likelihood ratio test.
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Neuropsychiatric. The proportion of participants meet-
ing criteria for current MDD mirrored the pattern of BDI-II
scores observed across latent classes. Specifically, rates of
current MDD were highest in Class 5 (35%) and Class 3
(23%), followed by Class 4 (9%), and then Class 1 (3%) and
Class 2 (3%). Class 5 also exhibited the highest rates of
lifetime MDD (78%), whereas Classes 3 (69%) and Class 4
(68%) had comparable rates of lifetime MDD. Age of MDD
onset and the proportion of individuals meeting MDD criteria

before HIV disease did not significantly differ across latent
classes. Similarly, rates of lifetime alcohol and SUDs did not
differ across latent classes.

Daily functioning. A stair-step pattern was observed for
self-reported neurocognitive symptoms (total PAOFI scores;
Fig. 2C) such that Class 5 reported the highest number of
neurocognitive symptoms, followed by Class 3, then Class 4,
then Class 2, and then Class 1. Rates of unemployment were

Table 4. 5-Class Solution Differences on Latent Profile Indicators

1 Minimal
NCI/minimal
depression
(n = 204)

2 Amnestic/
minimal

depression
(n = 152)

3 Severe
multi-domain
NCI/moderate

depression
(n = 35)

4 Mild NCI/mild
depression
(n = 144)

5 Moderate
multi-domain
NCI/severe
depression

(n = 45)
Pairwise

differencesa

Neurocognitive impairment, N (%)
Globalb 13 (6.4) 123 (80.9) 35 (100.0) 45 (31.2) 25 (55.6) 3 > 2 > 5 > 4 > 1
Verbal Fluency 21 (10.3) 87 (57.2) 26 (74.3) 30 (20.8) 20 (44.4) 3 > 2, 5 > 4 > 1
Executive Function 34 (16.7) 77 (50.7) 29 (82.9) 30 (20.8) 18 (40.0) 3 > 2, 5 > 4, 1
Processing Speed 3 (1.5) 71 (46.7) 27 (77.1) 28 (19.4) 16 (35.6) 3 > 2, 5 > 4 > 1
Learning 11 (5.4) 114 (75.0) 33 (94.3) 48 (33.3) 18 (40.0) 3 > 2 > 5, 4 > 1
Recall 16 (7.8) 98 (64.5) 33 (94.3) 40 (27.8) 15 (33.3) 3 > 2 > 5, 4 > 1
Working Memory 21 (10.3) 66 (43.4) 27 (77.1) 28 (19.4) 15 (33.3) 3 > 2, 5 > 4 > 1
Motor 17 (8.3) 74 (48.7) 24 (68.6) 24 (16.7) 17 (37.8) 3 > 2, 5 > 4 > 1

Beck depression inventory-II, mean (SD)
Totalc 4.4 (3.7) 4.6 (3.9) 19.8 (4.7) 16.4 (4.9) 34.4 (7.5) 5 > 3 > 4 > 2, 1
Cognitive (max. 27) 1.1 (1.8) 0.9 (1.5) 5.3 (3.0) 5.2 (3.7) 13.0 (4.9) 5 > 3, 4 > 2, 1
Somatic (max. 24) 2.8 (2.4) 3.2 (2.8) 9.8 (3.5) 8.0 (2.8) 13.9 (3.1) 5 > 3 > 4 > 2, 1
Affective (max. 12) 0.6 (0.8) 0.6 (0.8) 4.7 (1.3) 3.2 (1.0) 7.4 (1.7) 5 > 3 > 4 > 2, 1

aPairwise differences are significant at p < 0.05. Significance tested with ANOVA for BDI-II variables and chi-square analysis for NCI
classifications.

bGlobal NCI and total BDI-II score were not included as indicator variables.
cBDI-II ranges: 0–12 (minimal), 14–19 (mild), 20–28 (moderate), 29–63 (severe).
ANOVA, analysis of variance; BDI-II, Beck Depression Inventory-II; NCI, neurocognitive impairment.

FIG. 1. Depressive symptoms and NCI
domains by latent class. Latent classes de-
rived from the LPA were defined based on
patterns of BDI-II domain scores (see violin
plots, A–C) and rates of domain-specific
NCI (D). Class 1 (blue) was characterized by
minimal BDI-II scores and negligible rates
of NCI. Class 2 (red) was characterized by
minimal BDI-II scores and the second
highest rates of NCI, with a particular vul-
nerability in learning and recall. Class 3
(green) was characterized by overall mild-to-
moderate BDI-II scores with relative eleva-
tions in somatic and affective symptoms, and
the highest rates of NCI across all domains.
Class 4 (purple) was characterized by overall
mild-to-moderate BDI-II scores without a
domain-specific pattern and the second
lowest rates of NCI. Class (5) was charac-
terized by severe elevations across all BDI-II
domains and exhibited intermediate levels of
NCI across all domains. For BDI-II violin
plots, dashed lines represent median and
dotted lines represent 25th and 75th percen-
tile. BDI-II, Beck Depression Inventory-II;
LPA, latent profile analysis; NCI, neuro-
cognitive impairment.
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significantly higher in Class 5 (93%) and 3 (91%) relative to
other classes. Similarly, rates of IADL dependence were
highest in Class 5 (61%), 3 (56%), and 4 (45%), followed by
Class 2 (21%) and then Class 1 (8%).

Discussion

Our study successfully identified five distinct classes of
PWH on suppressive ART, varying on the basis of NCI and
depression symptomatology. These classes ranged from those
exhibiting minimal NCI and depression to those experiencing
severe multi-domain NCI coupled with significant depressive
symptoms. Clinical and demographic correlates of these
classes suggested that those with moderate-to-severe NCI and
depressive symptoms tended to be older, report nonadherence
to ART, carry a higher burden of comorbidity, and display
more significant everyday functional impairment.

Despite similar levels of functional impairment (i.e.,
IADLs and employment), Class 5 had a stronger psychiatric
profile (i.e., higher BDI scores, current MDD), whereas Class
3 has a stronger medical profile (i.e., higher frailty index,
higher medications, greater proportion of AIDS diagnosis).
In contrast, Class 1 had the lowest medication use and frailty
index, with similar HIV disease characteristics to Classes 3
and 5. These findings underscore there are multiple pathways
to cognitive and functional impairment among PWH with co-
occurring depression and cognitive impairment, and these
groups may respond to different interventions.

LPA identified NCI phenotypes that were broadly char-
acterized by severity of NCI rather than by cognitive domain,
except for the amnestic and minimal depression group (Class
2), which had higher levels of learning and recall deficits
relative to other domains. Although this group with high rates
of NCI (81%) and minimal depression was identified (Class
2), a group with the reverse pattern was not (i.e., moderate or
severe depression and minimal NCI). This finding suggests
that PWH with depression are more likely to exhibit im-
pairment on objective neuropsychological testing than PWH
with NCI are to experience depression.

There was also no marked impairment in domains of ex-
ecutive functioning, processing speed, and psychomotor
functioning for the classes with at least moderate NCI and
depression (Classes 5 and 3), which are commonly observed
in depressed PWH.9 These findings support some prior work
using data-driven approaches to identify cognitive profiles.

Although Molsberry and colleagues64 did not include de-
pressive symptoms in their LPA, they identified similar
cognitive profiles: One amnestic, in addition to other cogni-
tive profiles characterized by global cognitive performance
(e.g., average, below average). Paul and colleagues65 used
hierarchical clustering to identify cognitive profiles in PWH
and found four clusters with domain-specific effects (i.e.,
action fluency, verbal learning and memory, executive
functioning) and one cluster with global average perfor-
mance. Similarly, those in the cognitively impaired group
exhibited greater depressive symptoms.65

Although HIV has been predominately regarded as a
‘‘subcortical’’ phenotype in the pre-ART era, heterogeneous
cognitive profiles in the post-ART era (including learning and
memory deficits) have implicated both cortical and subcor-
tical involvement.66,67 Poor learning due to encoding deficits,
as opposed to frank memory impairment like in Alzheimer’s
disease,68 and unique biological disease features (i.e., bio-
types)69 are possible explanations for amnestic and hetero-
geneous cognitive profiles. In addition, PWH with HAND
may be at greater risk for amnestic mild cognitive impairment
(aMCI), a precursor to Alzheimer’s disease, due to syner-
gistic effects of HIV and aging.70 Differentiating HAND
from aMCI remains an ongoing area of research as the ma-
jority of PWH in the United States reach older adulthood.71,72

LPA also identified depression phenotypes varying from
minimal to severe levels using a self-report depression
questionnaire. These self-reported depressive symptoms
were corroborated by rates of current and lifetime history of
MDD, which were most prevalent in Class 5 (35% and 78%,
respectively). Depression is characterized by cognitive, af-
fective, and somatic domains; thus, depressive symptoms
were analyzed by domain in this study. Cognitive symptoms
characteristic of depression such as concentration difficulties
may manifest behaviorally as forgetting to take medication
and have greater effects on nonadherence than vegetative
symptoms such as fatigue.73

This study only found differentiation of depressive symp-
tom domain for Class 3, in which somatic and affective, and
less so cognitive symptoms of depression, characterized the
severe multi-domain NCI and moderate depression group
(Class 3). Across groups, Class 3 exhibited the highest ele-
vations in somatic symptoms of depression, highest frailty
score (i.e., non-HIV medical burden), and greatest number of
total medications. Due to the overlap between HIV,

FIG. 2. Medical Burden
and Daily Neurocognitive
Symptoms by Latent Class.
Violin plots depicting latent
class differences in frailty
index scores (A), medication
burden (B), and self-reported
neurocognitive symptoms in
everyday life (total PAOFI
score; C). Dashed lines rep-
resent median and dotted
lines represent 25th and 75th
percentile. PAOFI, Patient’s
Assessment of Own Func-
tioning Inventory.
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depression, and elevated prevalence of medical comorbidities
among PWH,74,75 self-reported somatic symptoms on the de-
pression questionnaire likely overlapped with somatic symp-
toms associated with medical disease burden.76

Consistent with prior research, this study supports that
PWH with moderate-to-severe NCI and depression are at
elevated risk for poorer disease outcomes.9,10,77 The severe
multi-domain NCI and moderate depression group (Class 3)
had the highest rate of AIDS (86%), and the moderate multi-
domain NCI and severe depression group (Class 5) had the
highest rate of ART nonadherence (26%). Psychosocial
barriers frequently experienced by PWH,78–80 including
mental health disorders (e.g., depression), stressful life
events, and stigma, are among the strongest predictors of
ART adherence.77,81,82 Indeed, the cumulative effect of
psychosocial burden has an incrementally negative impact on
ART adherence.83,84 Among these psychosocial barriers,
depression is strongly and consistently associated with ART
nonadherence30,85 and progression to AIDS.77,86

Moreover, PWH with greater NCI and depression dem-
onstrated poorer daily functioning outcomes. Substantial
evidence supports that NCI among PWH, an important
complication of HIV and/or depression, is associated with
unemployment and functional difficulties, particularly in
more complex tasks such as medication management and
driving.87 PWH in Classes 3 and 5 with at least moderate
depression had the highest self-reported cognitive symptoms,
functional declines, and unemployment rates.

Although the amnestic and minimal depression group
(Class 2) exhibited a high rate of global NCI (81%), only
second to the most cognitively impaired class (Class 3), PWH
in Class 2 had modest self-reported cognitive symptoms and
functional declines. These findings suggest that the combined
effect of depression and NCI results in functional difficulties,
rather than NCI alone. It is noteworthy, however, that PWH
with NCI may have limited insight regarding their current
level of functioning and underreport functional difficulties,
while PWH with depression may overreport functional dif-
ficulties.88,89 This self-appraisal of one’s own functioning
may explain why PWH with the most severe depression
(Class 5) did not also exhibit the highest rate of NCI on
objective neuropsychological testing.

Several possible risk and protective factors were associ-
ated with depression and NCI in this study. Interestingly, the
youngest and oldest age groups were reflected by Classes 5
(mean age = 50) and 3 (mean age = 57), respectively, which
had the greatest levels of NCI and depression. Although the
age range represented in this sample was relatively limited,
PWH in these classes may experience accelerated and/or
accentuated aging with earlier and more severe onset of NCI
compared to the general population.90,91

Alternatively, cognitive reserve or individual differences
in cognitive processes or neural networks, which explain
discrepant resilience to brain pathology,92 suggest that PWH
with higher cognitive reserve may withstand greater neuro-
logical insult and maintain neurocognitive function relative
to PWH with lower cognitive reserve.88 In line with prior
research,93–95 proxies for cognitive reserve (i.e., higher pre-
morbid IQ and employment) were highest among Classes 1
and 4, which had minimal to mild levels of NCI and de-
pression. Further, substance use history in this sample was
common across groups: 47–64% for lifetime alcohol use

disorder and 63–82% for lifetime SUDs in this sample. Rates
of lifetime alcohol and SUDs, however, did not differentiate
cognitive profiles, as found in prior work.96 Nonetheless,
future research should account for current substance use as
there is significant overlap with depression in PWH.97

This study was not without limitations. The sample was
majority White, which is nonrepresentative of the US popu-
lation of PWH.2 Black/African American and Hispanic/
Latino populations remain disproportionately impacted by
HIV, but our limited sample size did not allow for analyses to
be conducted by individual racial/ethnic group. The sample
was also predominately male, which did not allow for exam-
ination of gender-specific effects. As disparity in depression
exists by race/ethnicity and gender among PWH, different
subgroups may be at elevated risk for NCI and depression than
others (e.g., Black men).98–101

Moreover, examination of functional difficulties was lim-
ited to self-report as opposed to performance-based or in-
formant report, which may be biased by depression.89 Future
studies may acquire functional status through alternate
methods to bolster the validity of self-report. Finally, longi-
tudinal study is warranted as PWH with high depression
burden may exhibit steeper neurocognitive decline compared
to those with low depression burden.37 Moreover, the cog-
nitive domains driving neurocognitive decline may vary
among individuals with varying levels of depression.37,102

Our results suggest that ART alone may not be sufficient to
address the health needs of all PWH, particularly in the
context of co-occurring NCI and depression. Future inter-
ventions should consider a more integrated, person-centered
approach that addresses both cognitive and emotional health,
in conjunction with ART adherence, to optimize overall
health outcomes in PWH. Moreover, our findings add to the
literature, underscoring the need for routine neuropsychiatric
assessment in HIV care settings to identify and address
mental health symptoms that may impede optimal daily
functioning and medication adherence. Tailoring interven-
tions according to the cognitive and mood profiles of indi-
viduals could potentially enhance their effectiveness and
acceptability.103

Our study paves the way for further research investigating
the pathophysiological mechanisms linking NCI, depression,
ART nonadherence, and everyday functioning in PWH.
Longitudinal studies would be particularly informative to
clarify the directionality and temporal patterns of these re-
lationships. For example, it remains unclear whether cogni-
tive impairment and depressive symptoms precede and
contribute to functional difficulties and medication non-
adherence, or conversely, whether these factors contribute to
worsening cognitive and mood symptoms over time.

Further, future studies should investigate the role of po-
tential moderating factors such as resilience, social support,
and lifestyle factors (e.g., physical activity, sleep quality,
nutrition) in the association between NCI, depressive symp-
toms, and health outcomes in PWH. Intervention studies are
also needed to evaluate the effectiveness of cognitive reme-
diation strategies and psychological therapies, individually or
in combination, in improving cognitive function, mood, and
health outcomes in PWH. Understanding the extent to which
these interventions can mitigate the impact of NCI and de-
pressive symptoms could be critical to enhancing the quality
of life and health outcomes of PWH.
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