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BEHAVIORAL AND PSYCHOSOCIAL RESEARCH

Longitudinal Associations of Syndemic Conditions
with Antiretroviral Therapy Adherence and HIV Viral

Suppression Among HIV-Infected Patients in Primary Care

Satyanand Satyanarayana, JD, MS,1,* Brooke G. Rogers, PhD, MPH,1,2,{ Sierra A. Bainter, PhD,1

Katerina A. Christopoulos, MD, MPH,3 Rob J. Fredericksen, PhD, MPH,4 William C. Mathews, MD,5

Richard D. Moore, MD,6 Michael J. Mugavero, MD, MHSc,2,7 Sonia Napravnik, PhD,8 Adam W. Carrico, PhD,9

Matthew J. Mimiaga, ScD, MPH,10–13 Kenneth H. Mayer, MD,13–15

Heidi M. Crane, MD, MPH,4 and Steven A. Safren, PhD1,13

Abstract

Psychosocial syndemic conditions have received more attention regarding their deleterious effects on HIV
acquisition risk than for their potential impact on HIV treatment and viral suppression. To examine syndemic
conditions’ impact on the HIV care continuum, we analyzed data collected from people living with HIV
(N = 14,261) receiving care through The Centers for AIDS Research Network of Integrated Clinical Systems at
seven sites from 2007 to 2017 who provided patient-reported outcomes *4–6 months apart. Syndemic con-
dition count (depression, anxiety, substance use, and hazardous drinking), sexual risk group, and time in care
were modeled to predict antiretroviral therapy (ART) adherence and viral suppression (HIV RNA <400 cop-
ies/mL) using multilevel logistic regression. Comparing patients with each other, odds of ART adherence were
61.6% lower per between-patient syndemic condition [adjusted odds ratio (AOR) = 0.384; 95% confidence
interval (CI), 0.362–0.408]; comparing patients with themselves, odds of ART adherence were 36.4% lower per
within-patient syndemic condition (AOR = 0.636 95% CI, 0.606–0.667). Odds of viral suppression were 29.3%
lower per between-patient syndemic condition (AOR = 0.707; 95% CI, 0.644–0.778) and 27.7% lower per
within-patient syndemic condition (AOR = 0.723; 95% CI, 0.671–0.780). Controlling for the effects of adher-
ence (AOR = 5.522; 95% CI, 4.67–6.53), each additional clinic visit was associated with 1.296 times higher
odds of viral suppression (AOR = 1.296; 95% CI, 1.22–1.38), but syndemic conditions were not significant.
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Deploying effective interventions within clinics to identify and treat syndemic conditions and bolster ART
adherence and continued engagement in care can help control the HIV epidemic, even within academic medical
settings in the era of increasingly potent ART.

Keywords: HIV, syndemic conditions, treatment as prevention, patient-reported outcomes, adherence

Introduction

Syndemic theory has often concerned itself with co-
occurring psychosocial and structural variables’ influ-

ence on physical health, and physical health’s influence on
psychosocial outcomes, among people living with HIV
(PLWH) and those at risk of contracting HIV.1 Much of the
syndemic literature focused on the measurement of psycho-
social variables and their co-occurrence has enabled better
understanding of how additive syndemic conditions predict
increased risk of HIV acquisition or seropositivity in pre-
dominantly seronegative samples.2–22 By comparison, fewer
studies have examined additive syndemic conditions’ asso-
ciation with HIV care continuum outcomes. This growing
literature has focused on antiretroviral therapy (ART) non-
adherence, uncontrolled viral load, and biobehavioral trans-
mission risk behavior (i.e., condomless sex while virally
unsuppressed) as primary outcomes of interest, mostly in
samples of men who have sex with men (MSM).23–31 Other
studies have linked psychological predictors and substance
use, although not their additive effects, to viral nonsupression
and worse HIV clinical outcomes.32–41

In the treatment as prevention (TasP) era, consistent ad-
herence to ART effectively suppresses HIV RNA, minimiz-
ing transmission to seronegative partners.42–44 Connecting
PLWH to care and achieving ART adherence are key to the
UNAIDS 95-95-95 treatment target and the US government’s
Ending the HIV Epidemic strategy.45,46 If co-occurring
syndemic conditions significantly predict ART adherence
and viral suppression among PLWH in care, measuring and
addressing syndemic conditions in clinics could aid greatly in
identifying patients most in need of intervention to improve
their physical and mental health and potentially avert new
HIV transmissions. Moreover, whether syndemic conditions
are differentially associated with ART adherence and viral
suppression across HIV sexual risk groups bears examination
given most studies’ focus on MSM.

The current study explored whether additive syndemic
conditions among PLWH in care predicted ART adherence
and viral suppression across diverse HIV sexual risk groups
using the Centers for AIDS Research Network of Integrated
Clinical Systems (CNICS) cohort, a large, longitudinal sample
of PLWH in care in urban centers across the United States.
While previous CNICS studies have examined the effects of
depression and substance use on ART adherence and viral
suppression,47–49 none to date has examined the additive ef-
fects of syndemic conditions on the HIV care continuum.

Methods

Participants

Participants were 14,261 PLWH receiving care at seven
CNICS sites between June 2007 and April 2017. Patients 18
years or older were approached at routine HIV care ap-

pointments to participate in CNICS.50,51 No reimbursement
was offered for patients’ participation.50,51 Informed consent
was obtained from all individuals during the initial enroll-
ment. All procedures were in accordance with Institutional
Review Boards at the CNICS-affiliate universities, and with
the 1964 Helsinki Declaration and its later amendments or
comparable ethical standards.

Data sources

The CNICS data repository integrates data from electronic
health records, institutional data sources, and data collected
upon study enrollment with self-administered patient-
reported outcomes and measures (PROs) collected at least 4–
6 months apart as part of clinical care.50,51

Procedures and measures

Measures. PROs include the following: (i) depressive
symptoms over the last 2 weeks measured by the Patient Health
Questionnaire-9 (PHQ-9);52 (ii) anxiety symptoms over the past
month measured by five items from the Brief Patient Health
Questionnaire (PHQ-5);53 (iii) use of methamphetamines, illicit
opioids, marijuana, and crack/cocaine over the past 3 months
measured by the Alcohol, Smoking, and Substance Involve-
ment Screening Test (ASSIST);54 (iv) alcohol consumption
over the past year measured using versions of the Alcohol Use
Disorders Identification Test (AUDIT) or the first three ques-
tions of the AUDIT (AUDIT-C);55 (v) a yes/no question asking
whether the patient was taking ART; (vi) past-month ART
adherence measured by the visual analog scale (VAS) with
scores ranging from 0 to 100;56 and (vii) past-month ART ad-
herence measured by the self-rating scale item (SRSI).57

HIV risk group classification

Patients were classified into HIV sexual risk groups—
cisgender MSM, cisgender women, cisgender heterosexual
men, and transgender women—based on sex, self-identified
gender identity, and self-identified sexual orientation where
available. In addition, cisgender men with a lifetime history
of anal sex, no lifetime history of vaginal sex, and no self-
reported sexual orientation were classified as cisgender
MSM. This yielded 2239 cisgender women (15.7%), 163
transgender women (1.1%), 1183 cisgender heterosexual
men (8.3%), 7727 cisgender MSM (54.2%), and 2949 cis-
gender men of undisclosed sexual orientation (20.7%).

Imputation of missing PROs

Multilevel multiple imputation using the fully conditional
specification algorithm in Blimp version 2.2 generated 20
imputed data sets with complete scores for the PHQ-9, the
PHQ-5, the ASSIST, and the AUDIT/AUDIT-C, and com-
plete responses on whether ART was being received.58–60 All
subsequent preparation and data analyses were completed
across all 20 imputed data sets.
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Creation of adherence and viral suppression variables

Patients were classified as ART-adherent based either on
scores of ‡95 on the VAS61 or ‘‘Excellent’’ on the SRSI.62 To
account for changing viral load thresholds over time and across
sites, viral suppression was set at HIV RNA <400 copies/mL.

Syndemic conditions

PROs were used to identify four syndemic conditions: (i)
clinically significant depressive symptoms (‡5 on the PHQ-9)52;
(ii) clinically significant anxiety (an anxiety attack in the pre-
vious 4 weeks as rated on the PHQ-5); (iii) screening positive for
a substance use disorder (‡4 on the ASSIST for the use of co-
caine/crack, illicit opioids, methamphetamines, or marijuana)54;
and (iv) screening positive for hazardous drinking (‡4 for cis-
gender men and transgender women or ‡3 for cisgender women
on the AUDIT-C or the first three questions of the AUDIT).55

Between-patient comparisons were facilitated through the
calculation of between-person syndemic scores for each partic-
ipant (i.e., patient’s average number of syndemic conditions over
the period of observation), which were centered for analyses.
Within-person syndemic scores were calculated for each obser-
vation by subtracting patients’ between-person syndemic scores
from their observed number of syndemic conditions to model the
effect of variations in patients’ syndemic conditions over time.

Time in care

Time in care was measured by the number of visits a pa-
tient completed since PRO collection began in the respective
clinics, which were centered for analyses.

Data analysis

Hierarchical generalized linear modeling was used for lon-
gitudinal analyses across 20 imputed data sets using R version
4.0.2 and the lme4, lmerTest, and mitml packages.63–66 Standard
errors were computed using Satterthwaite’s approximation.

The same series of five models were run for two outcome
variables—ART adherence and viral suppression—to deter-
mine the effects of syndemic conditions, time in care, and
HIV sexual risk group. First, an intercept-only model was
run. Next, an unconditional longitudinal model added fixed
and random effects of time in care. The third model added
fixed effects for within-person syndemic scores. The fourth
model added fixed effects for between-person syndemic
scores. The fifth model added fixed effects of HIV sexual risk
group. (Only patients taking ART were included in the ART
adherence analyses.)

Because of the potential association of syndemic condi-
tions with adherence, and because adherence is needed to
effectively suppress viral load, a final model was fitted to
determine syndemic conditions’ effects on viral suppression,
controlling for ART adherence, time in care, and HIV sexual
risk group. (Only patients taking ART were included in this
final model.)

To account for increasingly potent ART medications and
the advent of universal TasP during the observation period,
sensitivity analyses were conducted using data from 2012 to
2017 to assess the effects of syndemic conditions on ART
adherence and viral suppression (both before and after con-
trolling for ART adherence).

Table 1. Sample Characteristics at First PRO Visit

Variable

Risk group

All
(N = 14,261)

Cisgender
heterosexual

men (n = 1183)

Cisgender
MSM

(n = 7727)

Cisgender men,
undisclosed sexual

orientation (n = 2949)

Cisgender
women

(n = 2239)

Transgender
women

(n = 163)

Age: M (SD) 43.7 (11.0) 48.5 (10.5) 42.1 (10.8) 45.0 (10.9) 45.4 (10.8) 41.2 (10.6)

Race (%)
White 8234 (57.7) 437 (36.9) 5268 (68.2) 1723 (58.4) 743 (33.2) 63 (38.6)
Black 4696 (32.9) 682 (57.7) 1621 (21.0) 970 (32.9) 1355 (60.5) 68 (41.7)
Native American 125(0.9) 8 (0.7) 60 (0.8) 28 (0.9) 26 (1.2) 3 (1.8)
Asian/Pacific Islander 359 (2.5) 14 (1.2) 260 (3.3) 49 (1.7) 29 (1.3) 7 (4.3)
Multiracial 87 (0.6) 0 (0.0) 66 (0.9) 16 (0.5) 3 (0.1) 2 (1.2)
Other/unknown 760 (5.3) 42 (3.6) 452 (5.8) 163 (5.5) 83 (3.7) 20 (12.3)
Hispanic/Latinx (%) 2018 (14.2) 135 (11.4) 1221 (15.8) 399 (13.5) 212 (9.5) 51 (31.3)

Syndemic condition (%)a

Depressive symptoms 7236 (50.7) 506 (42.8) 3886 (50.3) 1540 (52.2) 1200 (53.6) 103 (63.2)
Anxiety symptoms 4104 (28.8) 206 (17.4) 2301 (29.8) 878 (29.8) 645 (28.8) 75 (46.0)
Illicit drug use 5183 (36.3) 381 (32.2) 2853 (36.9) 1285 (43.6) 599 (26.8) 66 (40.5)
Hazardous drinking 3964 (27.8) 267 (22.6) 2331 (30.2) 843 (28.6) 489 (21.8) 34 (20.8)

Number of syndemic conditions
M (SD)a 1.44 (1.15) 1.15 (1.10) 1.47 (1.14) 1.54 (1.18) 1.31 (1.14) 1.71 (1.15)
Mdn (IQR)a 1 (0–2) 1 (0–2) 1 (1–2) 1 (1–2) 1 (0–2) 2 (1–3)
Prescribed ART (%)a 11,524 (80.8) 1023 (86.5) 6254 (80.9) 2338 (79.3) 1770 (79.1) 139 (85.7)
ART adherence (%)b 8238 (78.3) 771 (81.1) 4697 (79.7) 1454 (73.9) 1230 (77.0) 86(71.7)
Virally suppressed (%)c 10,760 (75.5) 944 (79.8) 5868 (75.9) 2148 (72.8) 1675 (74.8) 125 (76.7)

aValues from imputed data sets.
bPercentage of ART adherence calculated based on available responses for ART adherence.
cViral suppression defined as <400 RNA/mL.
ART, antiretroviral therapy; IQR, interquartile range; M, mean; Mdn, median; MSM, men who have sex with men; PRO, patient-reported

outcomes and measures; SD, standard deviation.
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Results

Mean age at first PRO visit was 43.7 years [standard
deviation (SD) = 11.0] (Table 1), compared with 46.1 years
(SD = 10.8) across all visits (Table 2). A majority of pa-
tients were White (60.0%), followed by patients who were
Black (33.5%), although this order was reversed among
cisgender heterosexual men (52.7% Black, 42.5% White)
and cisgender women (61.3% Black, 33.9% White); 14.2%
of visits were with Latinx patients (Table 2). Among syn-
demic conditions, clinically significant depressive symp-
toms were most prevalent (50.7% first PRO visit, 46.4% all
visits) followed by substance use (36.4% first PRO visit,
31.5% all visits), clinically significant anxiety symptoms
(28.8% first PRO visit, 27.0% all visits), and hazardous
drinking (27.8% first PRO visit, 23.9% all visits) (Tables 1
and 2). The mean number of syndemic conditions was
lower for all PRO visits (1.29, SD = 1.13) than for first
visit (1.44, SD = 1.15), a trend that was true for all risk
groups except for cisgender MSM (Tables 1 and 2). Overall
rates of ART adherence were similar when comparing first
PRO visit (78.3%) with all PRO visits (78.6%) (Tables 1
and 2). Overall rates of viral suppression were lower at
first PRO visit (75.5%) than for all visits (85.1%) (Tables 1
and 2).

ART adherence

Results of ART adherence models are displayed in Table 3,
with odds ratios for the final adherence model displayed in
Fig. 1. The final adherence model showed significant effects
for within- and between-person syndemic conditions. Spe-
cifically, each within-person syndemic condition had 36.4%
lower odds of adherence [adjusted odds ratio (AOR) = 0.636;
95% confidence interval (CI), 0.606–0.667], while each ad-
ditional between-person syndemic condition had 61.6%
lower odds of adherence (AOR = 0.384; 95% CI, 0.362–
0.408) (Fig. 1). The sensitivity analysis revealed comparable
effects of syndemic conditions during 2012–2017 (Supple-
mentary Tables S1 and S2).

Significant differences emerged in the final ART adher-
ence model between cisgender MSM (referent group), and,
respectively, cisgender heterosexual men and cisgender men
of undisclosed sexual orientation. Relative to cisgender
MSM, cisgender heterosexual men had 32.2% lower odds of
being ART adherent (AOR = 0.678; 95% CI, 0.541–0.849),
while cisgender men of undisclosed sexual orientation had
35.4% lower odds of being ART adherent (AOR = 0.646;
95% CI, 0.515–0.810), with no other significant group dif-
ferences from cisgender MSM (Fig. 1). Data from 2012 to
2017 similarly revealed significant differences in ART

Table 2. Sample Characteristics for All PRO Visits

Variable

Risk group

All
(N = 61,198)

Cisgender
heterosexual

men (n = 5983)

Cisgender
MSM

(n = 37,019)

Cisgender men,
undisclosed sexual

orientation (n = 7782)

Cisgender
women

(n = 9814)

Transgender
women

(n = 600)

Age: M (SD) 46.1 (10.8) 49.6 (10.1) 45.1 (10.8) 46.4 (10.7) 47.3 (10.5) 43.4 (9.8)

Race (%)
White 36,444 (60.0) 2541 (42.5) 25,697 (69.4) 4593 (59.0) 3326 (33.9) 287 (47.8)
Black 20,504 (33.5) 3153 (52.7) 8442 (22.8) 2658 (34.2) 6017 (61.3) 234 (39.0)
Native American 463 (0.8) 36 (0.6) 257 (0.7) 52 (0.7) 105 (1.1) 13 (2.2)
Asian/Pacific Islander 1287 (2.1) 69 (1.2) 979 (2.6) 103 (1.3) 117 (1.2) 19 (3.2)
Multiracial 300 (0.5) 0 (0.0) 231 (0.6) 40 (0.5) 26 (0.3) 3 (0.5)
Other/unknown 2200 (3.6) 184 (3.1) 1413 (3.8) 336 (4.3) 223 (2.3) 44 (7.3)
Hispanic/Latinx (%) 8699 (14.2) 850 (14.2) 5753 (15.5) 1008 (13.0) 907 (9.2) 181 (30.2)

Number of clinic visits
M (SD) 4.29 (3.82) 5.06 (4.29) 4.79 (3.93) 2.64 (2.35) 4.38 (4.15) 3.68 (3.32)
Mdn (IQR) 3 (2–6) 4 (2–7) 3 (2–6) 2 (1–4) 3 (2–7) 3 (1–5)
Syndemic condition (%)a

Depressive symptoms 28,389 (46.4) 2382 (39.8) 16,916 (45.7) 3917 (50.3) 4813 (49.0) 361 (60.2)
Anxiety symptoms 16,496 (27.0) 1144 (19.1) 9993 (27.0) 2306 (29.6) 2799 (28.5) 254 (42.3)
Illicit drug use 19,283 (31.5) 1742 (29.1) 11,884 (32.1) 3212 (41.3) 2210 (22.5) 235 (39.2)
Hazardous drinking 14,652 (23.9) 1191 (19.9) 9376 (25.3) 2033 (26.1) 1922 (19.6) 131 (21.8)

Number of syndemic conditions
M (SD)a 1.29 (1.13) 1.08 (1.11) 1.30 (1.11) 1.47 (1.17) 1.20 (1.12) 1.63 (1.14)
Mdn (IQR)a 1 (0–2) 1 (0–2) 1 (0–2) 1 (1–2) 1 (0–2) 2 (1–2)
Prescribed ART (%)a 54,830 (89.6) 5488 (91.7) 33,563 (90.1) 6707 (86.2) 8529 (86.9) 544 (90.7)
ART adherence (%)b 38,549 (78.6) 3995 (81.7) 24,338 (79.5) 4123 (73.5) 5752 (76.8) 341 (75.3)
Virally suppressed (%)c 52,077 (85.1) 5275 (88.2) 31,983 (86.4) 6219 (79.9) 8084 (82.4) 516 (86.0)

aValues from imputed data sets.
bPercentage of ART adherence calculated based on available responses for ART adherence.
cViral suppression defined as <400 RNA/mL.
ART, antiretroviral therapy; IQR, interquartile range; M, mean; Mdn, median; MSM, men who have sex with men; PRO, patient-reported

outcomes and measures; SD, standard deviation.
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adherence between cisgender MSM and, respectively, cis-
gender heterosexual men (AOR = 0.608; 95% CI, 0.465–
0.795) and cisgender men of undisclosed sexual orientation
(AOR = 0.662; 95% CI, 0.512–0.857), and no other signifi-
cant group differences relative to cisgender MSM (Supple-
mentary Tables S1 and S2).

Viral suppression

Results of the first five viral suppression models are dis-
played in Table 4, with odds ratios for the fifth viral suppres-
sion model displayed in Fig. 2. Significant effects emerged for
time in care and for both within- and between-person syndemic
conditions. Each additional within-person syndemic condition
had 27.7% lower odds of viral suppression (AOR = 0.723; 95%
CI, 0.671–0.780), while each additional between-person syn-
demic condition had 29.3% lower odds of viral suppression
(AOR = 0.707; 95% CI, 0.644–0.778); each additional care
visit had 1.57 times the odds of viral suppression (AOR =
1.570; 95% CI, 1.48–1.67) (Fig. 2). Data from 2012 to 2017
revealed significant effects for time in care and within- and
between-person syndemic conditions: each additional within-
person syndemic condition had 33.0% lower odds of viral
suppression (AOR = 0.670; 95% CI, 0.593–0.756), while each
additional between-person syndemic condition had 28.1%
lower odds of viral suppression (AOR = 0.719; 95%CI, 0.633–
0.816); each additional care visit associated with 1.577 times
the odds of viral suppression (AOR = 1.577; 95% CI, 1.47–
1.70) (Supplementary Tables S3 and S4).

Significant differences in viral suppression emerged in the
fifth model between cisgender MSM (referent group) and,
respectively, cisgender heterosexual men and cisgender men
of undisclosed sexual orientation. Relative to cisgender
MSM, cisgender heterosexual men had 34.8% lower odds of
being virally suppressed (AOR = 0.652; 95% CI, 0.440–
0.966), while cisgender men of undisclosed sexual orienta-
tion had 42.0% lower odds of being virally suppressed
(AOR = 0.580; 95% CI, 0.388–0.866); no other significant
group differences emerged relative to cisgender MSM
(Fig. 2). Notably, results of the sensitivity analysis revealed
no significant differences between cisgender MSM and other
HIV sexual risk group with respect to viral suppression
(Supplementary Tables S3 and S4).

Viral suppression after accounting for adherence

Results of adding ART adherence to the viral suppression
model are displayed in Table 5 and Fig. 3. Controlling for
ART adherence and time in care, no significant differences in
viral suppression emerged with respect to within- or between-
person syndemic conditions or between risk groups relative
to cisgender MSM; significant effects emerged for ART ad-
herence and time in care (Fig. 3). Specifically, ART-adherent
patients had 5.522 times the odds of being virally suppressed
(AOR = 5.522; 95% CI, 4.67–6.53), while each additional
clinic visit had 1.296 times the odds of viral suppression
(AOR = 1.296; 95% CI, 1.22–1.38) (Fig. 3). The sensitivity
analysis using data from 2012 to 2017 revealed even stronger

Table 3. Models of ART Adherence Over Time

Model 1a Model 2a Model 3a Model 4a Model 5a

Fixed effects
Intercept: b00 (SE) 2.247 (0.039)*** 2.315 (0.043)*** 2.338 (0.043)*** 2.323 (0.040)*** 2.451 (0.097)***

95% CI 2.170–2.323 2.232–2.399 2.253–2.423 2.244 - 2.402 2.260–2.642
Time in care: b10 (SE) 0.027 (0.010)* 0.021 (0.010)* 0.005 (0.009) 0.003 (0.009)

95% CI 0.007–0.047 0.0004–0.041 -0.014 to 0.023 -0.016 to 0.021
Within-person syndemic

conditions: b20 (SE)
-0.462 (0.025)*** -0.453 (0.024)*** -0.453 (0.024)***

95% CI -0.510 to -0.414 -0.500 to -0.405 -0.501 to -0.406
Between-person syndemic

conditions: b30 (SE)
-0.959 (0.031)*** -0.956 (0.031)***

95% CI -1.020 to -0.899 -1.017 to -0.895
Risk groupa

Cisgender heterosexual
men: b41 (SE)

-0.389 (0.115)**

95% CI -0.614 to -0.164
Cisgender men,

undisclosed sexual
orientation: b42 (SE)

-0.437 (0.116)***

95% CI -0.664 to -0.211
Cisgender women:

b43 (SE)
-0.008 (0.099)

95% CI -0.202 to 0.187
Transgender women:

b44 (SE)
-0.317 (0.272)

95% CI -0.850 to 0.215

Random effects
Intercept: r2

u0 5.141 5.438 5.681 4.745 4.697
Time: r2

u1 0.035 0.033 0.031 0.031

aCisgender MSM as referent group.
*p < 0.05; **p < 0.005; ***p < 0.0005.
ART, antiretroviral therapy; CI, confidence interval; SE, standard error.
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effects of ART adherence on viral suppression, with ART-
adherent patients having 7.68 times the odds of being virally
suppressed (AOR = 7.68; 95% CI, 5.98–9.85) and each ad-
ditional clinic visit having 1.28 times the odds of viral sup-
pression (AOR = 1.28; 95% CI, 1.19–1.37) (Supplementary
Table S5 and S6).

Discussion

This study showed the negative additive effects of syn-
demic conditions on the HIV care continuum in a large,
longitudinal sample of PLWH in care and strongly suggests

the negative effects of syndemic conditions on viral sup-
pression via deleterious effects on ART adherence. Com-
paring patients with one another based on the average number
of syndemic conditions revealed that each between-patient
syndemic condition was associated with 61.6% lower odds of
ART adherence, while each additional within-patient syn-
demic condition a patient experienced from visit to visit was
associated with 36.4% lower odds of ART adherence.
Moreover, we found that each between-patient syndemic
condition was associated with 29.3% lower odds of viral
suppression, while each within-patient syndemic condition
was associated with 27.7% lower odds of viral suppression.

FIG. 1. Adjusted odds ra-
tios, Model 5A: ART adher-
ence. **p < 0.005; ***p <
0.0005. Cisgender MSM
were the referent group for
HIV sexual risk group com-
parisons. ART, antiretroviral
therapy; B-P, between-person;
cis., cisgender; hetero., hetero-
sexual; MSM, men who have
sex with men; synd. conds.,
syndemic conditions; trans.,
transgender; und. sex. orient.,
undisclosed sexual orientation;
W-P, within-person.

Table 4. Models of Viral Suppression Over Time

Model 1b Model 2b Model 3b Model 4b Model 5b

Fixed effects
Intercept: b00 (SE) 3.096 (0.055)*** 8.431 (0.130)*** 8.440 (0.129)*** 8.355 (0.130)*** 8.516 (0.206)***

95% CI 2.987–3.204 8.177–8.685 8.188–8.692 8.100–8.609 8.112–8.919
Time in care: b10 (SE) 0.477 (0.032)*** 0.475 (0.032)*** 0.462 (0.032)*** 0.451 (0.031)***

95% CI 0.415–0.539 0.413–0.537 0.400–0.524 0.390–0.513
Within-person syndemic

conditions: b20 (SE)
-0.326 (0.039)*** -0.322 (0.038)*** -0.324 (0.038)***

95% CI -0.402 to -0.249 -0.398 to -0.247 -0.399 to -0.248
Between-person syndemic

conditions: b30 (SE)
-0.347 (0.048)*** -0.346 (0.048)***

95% CI -0.441 to -0.253 -0.441 to -0.251
Risk groupa

Cisgender heterosexual
men: b41 (SE)

-0.428 (0.201)*

95% CI -0.821 to -0.035
Cisgender men,

undisclosed sexual
orientation:
b42 (SE) (SE)

-0.545 (0.205) *

95% CI -0.946 to -0.144
Cisgender women:

b43 (SE)
-0.077 (0.181)

95% CI -0.431 to 0.277
Transgender women:

b44 (SE)
0.175 (0.494)

95% CI -0.794 to 1.143

Random effects
Intercept: r2

u0 6.568 50.316 50.251 47.952 47.102
Time: r2

u1 7.407 7.305 6.900 6.764

aCisgender MSM as referent group.
*p < 0.05; ***p < 0.0005.
CI, confidence interval; MSM, men who have sex with men; SE, standard error.
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Controlling for ART adherence, the effects of syndemic
conditions on viral suppression were no longer significant,
while ART adherence was associated with 5.52 times the
odds of viral suppression. Moreover, our sensitivity analyses,
which focused on data from 2012 to 2017, confirmed the
significant effects of syndemic conditions on ART adherence
and viral suppression during the universal TasP era.

Results regarding the effects of syndemic conditions on
ART adherence and viral suppression are consistent with
previous findings.24–28,31 With a longitudinal sample of over
14,000 patients and over 60,000 care visits spread across
seven CNICS sites, this study’s findings elucidate the asso-
ciations of syndemic conditions with ART adherence and
viral suppression in one of the largest and most geographically
diverse national samples of patients and patient visits to date.
They further suggest how measuring PROs at routine patient
visits to identify syndemic conditions could facilitate referrals
to psychosocial intervention for patients to alleviate their
distress and avert worse HIV clinical outcomes. This is par-
ticularly true given our significant findings regarding the ef-
fects of within-person syndemic conditions: when a patient’s
number of syndemic conditions increased over time, their odds
of both ART adherence and viral suppression decreased, and
the negative effects of within-person syndemic conditions on
viral suppression were even more pronounced in later years
(2012–2017). The within-patient findings suggest that moni-
toring an individual patient’s trajectory of syndemic conditions
from visit to visit, with appropriate psychosocial intervention
as syndemic conditions increase, could potentially avert non-
adherence to ART and uncontrolled viral load.

Time in care was associated with increased odds of viral
suppression, even after controlling for ART adherence. Our
model showed that each additional clinic visit was associated
with 1.57 times the odds of being virally suppressed. Con-
trolling for ART adherence, each additional clinic was still
significantly associated with 1.30 times the odds of viral
suppression. The effects of time in care on viral suppression
are most likely explained by increasingly potent ART regi-
mens available to CNICS patients and the resultant positive
health benefits. Prior analyses of the CNICS cohort demon-
strated how increases in viral suppression over time are likely
attributable to the emergence of more potent, flexible regimens
with respect to adherence, specifically the advent of integrase
strand transfer inhibitor use in treating patients.67 Those
findings are consistent with increased effects of ART adher-
ence on viral suppression observed within this study’s sensi-
tivity analysis examining data from 2012 to 2017. Overall, this
study suggests that, given the benefits of time in care and ART
adherence on viral suppression, redoubled efforts at ART ad-
herence counseling and retention-in-care efforts are needed,
even for patients with multiple syndemic conditions.

FIG. 2. Adjusted odds ratios,
Model 5B: Viral suppression.
*p < 0.05; ***p < 0.0005. Viral
suppression status was set at
HIV RNA <400 copies/mL.
Cisgender MSM were the ref-
erent group for HIV sexual risk
group comparisons. ART, anti-
retroviral therapy; B-P,
between-person; cis., cisgender;
hetero., heterosexual; MSM,
men who have sex with men;
synd. conds., syndemic condi-
tions; trans., transgender; und.
sex. orient., undisclosed sexual
orientation; W-P, within-person.

Table 5. Model of Viral Suppression Controlling

for ART Adherence Over Time

Model
6

Fixed effects
Intercept: b00 (SE) 7.575 (0.242)***

95% CI 7.100–8.049
Time in care: b10 (SE) 0.259 (0.032)***

95% CI 0.196–0.322
Within-person syndemic

conditions: b20 (SE)
-0.085 (0.056)

95% CI -0.194 to 0.024
Between-person syndemic

conditions: b30 (SE)
-0.047 (0.064)

95% CI -0.172 to 0.078
Risk groupa

Cisgender heterosexual
men: b41 (SE)

-0.296 (0.256)

95% CI -0.797 to 0.206
Cisgender men,

undisclosed sexual
orientation: b42 (SE)

-0.368 (0.256)

95% CI -0.869 to 0.134
Cisgender women: b43 (SE) 0.085 (0.225)

95% CI -0.357 to 0.527
Transgender women: b44 (SE) -0.080 (0.615)

95% CI -1.285 to 1.124
ART adherence: b50 (SE) 1.709 (0.086)***

95% CI 1.541–1.877

Random effects
Intercept: r2

u0 51.163
Time: r2

u1 4.890

aCisgender MSM as referent group.
***p < 0.0005.
ART, antiretroviral therapy; CI, confidence interval; SE, standard

error.
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Lastly, although the study found significant differences
between cisgender MSM and, respectively, cisgender het-
erosexual men and cisgender men of undisclosed sexual
orientation regarding ART adherence and viral suppression
after controlling for syndemic conditions, a sensitivity anal-
ysis revealed that, in later years, there were no significant
effects of HIV sexual risk group on viral suppression after
controlling for syndemic conditions, whether or not con-
trolling for ART adherence.

This study comes with several limitations. First, although
our study is based upon a longitudinal sample, causality
cannot be inferred due to its observational nature. Second,
certain syndemic conditions discussed in the HIV syndemic
literature—including intimate partner violence, childhood
sexual abuse, and violence exposure generally—were not
measured via PRO during the study period and therefore not
modeled (they have since been added to PRO assessments in
CNICS clinics). Measurement of structural syndemic con-
ditions would also have permitted an understanding of how
variables at multiple levels potentially exacerbate HIV health
outcomes. Third, and relatedly, syndemic conditions were
analyzed as count variables, and interactions between the
syndemic conditions were not analyzed due to the complexity
of doing so; measurement of structural variables would have
made a stronger case for testing interaction effects among the
syndemic conditions and creates opportunities for future
study.68,69 Fourth, a viral suppression threshold of HIV RNA
<400 copies/mL is higher than the typical threshold of HIV
RNA <200 copies/mL, suggesting that our estimates for the
effects of syndemic conditions on viral suppression may be
conservative.

This study establishes the significant, enduring effects of
syndemic conditions on ART adherence and viral suppres-
sion over and above the HIV sexual risk group among PLWH
in a large, longitudinal, and geographically diverse sample
receiving care at well-resourced US HIV clinics. This strongly
suggests that using PROs in clinic settings to identify syn-
demic conditions could help target psychosocial interventions
for patients at potentially greater risk of ART nonadherence
and uncontrolled viral load. It further highlights the critical
need for counseling on adherence and ‘‘Undetectable =
Untransmittable,’’70 and retention-in-care and stigma reduc-
tion71,72 efforts, directed toward these same patients. Our study
also demonstrated that increased time in care was associated

with significant increases in viral suppression, even after
controlling for ART adherence, a testament to the increasing
effectiveness and potency of newer ART regimens.
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6. Muñoz-Laboy M, Martinez O, Levine EC, et al. Syndemic
conditions reinforcing disparities in HIV and other STIs in
an urban sample of behaviorally bisexual Latino men.
J Immigr Minor Health 2018;20:497–501.

7. Starks TJ, Tuck AN, Millar BM, Parsons JT. Linking
syndemic stress and behavioral indicators of main partner
HIV transmission risk in gay male couples. AIDS Behav
2016;20:439–448.

8. Tulloch TG, Rotondi NK, Ing S, et al. Retrospective reports
of developmental stressors, syndemics, and their associa-
tion with sexual risk outcomes among gay men. Arch Sex
Behav 2015;44:1879–1889.

9. Williams JK, Wilton L, Magnus M, et al. Relation of child-
hood sexual abuse, intimate partner violence, and depression
to risk factors for HIV among Black men who have sex with
men in 6 US cities. Am J Public Health 2015;105:2473–2481.

10. Mimiaga MJ, O’Cleirigh C, Biello KB, et al. The effect of
psychosocial syndemic production on 4-year HIV incidence and
risk behavior in a large cohort of sexually active men who have
sex with men. J Acquir Immune Defic Syndr 2015;68:329–336.

11. Mustanski B, Garofalo R, Herrick A, Donenberg G. Psy-
chosocial health problems increase risk for HIV among
urban young men who have sex with men: Preliminary
evidence of a syndemic in need of attention. Ann Behav
Med 2007;34:37–45.

12. Parsons JT, Grov C, Golub SA. Sexual compulsivity, co-
occurring psychosocial health problems, and HIV risk
among gay and bisexual men: Further evidence of a syn-
demic. Am J Public Health 2011;102:156–162.

13. Guadamuz TE, McCarthy K, Wimonsate W, et al. Psy-
chosocial health conditions and HIV prevalence and inci-
dence in a cohort of men who have sex with men in
Bangkok, Thailand: Evidence of a syndemic effect. AIDS
Behav 2014;18:2089–2096.

14. Jiang H, Li J, Chen X, et al. Syndemic factors associated with
sexual HIV risk behaviors among men who have sex with men
in Guangzhou, China. Int J Infect Dis 2018;73:246–247.

15. Jie W, Ciyong L, Xueqing D, et al. A syndemic of psy-
chosocial problems places the MSM (men who have sex
with men) population at greater risk of HIV infection. PLoS
One 2012;7:e32312.

16. Mimiaga MJ, Biello KB, Robertson AM, et al. High prev-
alence of multiple syndemic conditions associated with
sexual risk behavior and HIV infection among a large sample
of Spanish- and Portuguese-speaking men who have sex with
men in Latin America. Arch Sex Behav 2015;44:1869–1878.

17. Santos GM, Do T, Beck J, et al. Syndemic conditions as-
sociated with increased HIV risk in a global sample of men
who have sex with men. Sex Transm Infect 2014;90:250–
253.

18. Wim VB, Christiana N, Marie L. Syndemic and other risk
factors for unprotected anal intercourse among an online
sample of Belgian HIV negative men who have sex with
men. AIDS Behav 2014;18:50–58.

19. Brennan J, Kuhns LM, Johnson AK, et al. Syndemic theory
and HIV-related risk among young transgender women:
The role of multiple, co-occurring health problems and
social marginalization. Am J Public Health 2012;102:
1751–1757.

20. Parsons JT, Antebi-Gruszka N, Millar BM, et al. Syndemic
conditions, HIV transmission risk behavior, and transac-
tional sex among transgender women. AIDS Behav 2018;
22:2056–2067.

21. Oldenburg CE, Perez-Brumer AG, Reisner SL. Poverty
matters: Contextualizing the syndemic condition of psy-
chological factors and newly diagnosed HIV infection in
the United States. AIDS 2014;28:2763–2769.

22. Stall R, Mills TC, Williamson J, et al. Association of co-
occurring psychosocial health problems and increased
vulnerability to HIV/AIDS among urban men who have sex
with men. Am J Public Health 2003;93:939–942.

23. Kuhns LM, Hotton AL, Garofalo R, et al. An index of
multiple psychosocial, syndemic conditions is associated
with antiretroviral medication adherence among HIV-
positive youth. AIDS Patient Care STDS 2016;30:185–192.

24. Blashill AJ, Bedoya CA, Mayer KH, et al. Psychosocial
syndemics are additively associated with worse ART ad-
herence in HIV-infected individuals. AIDS Behav 2015;19:
981–986.

25. Harkness A, Bainter SA, O’Cleirigh C, et al. Longitudinal
effects of syndemics on ART non-adherence among sexual
minority men. AIDS Behav 2018;22:2564–2574.

26. Friedman MR, Stall R, Silvestre AJ, et al. Effects of syn-
demics on HIV viral load and medication adherence in the
multicentre AIDS cohort study. AIDS 2015;29:1087–1096.

27. Biello KB, Oldenburg CE, Safren SA, et al. Multiple syn-
demic psychosocial factors are associated with reduced
engagement in HIV care among a multinational, online
sample of HIV-infected MSM in Latin America. AIDS
Care 2016;28(Suppl 1):84–91.

28. Mizuno Y, Purcell DW, Knowlton AR, et al. Syndemic
vulnerability, sexual and injection risk behaviors, and HIV
continuum of care outcomes in HIV-positive injection drug
users. AIDS Behav 2015;19:684–693.

29. Halkitis PN, Kupprat SA, Hampton MB, et al. Evidence for
a syndemic in aging HIV-positive gay, bisexual, and other
MSM: Implications for a holistic approach to prevention
and healthcare. Ann Anthropol Pract 2012;36:365–386.

228 SATYANARAYANA ET AL.



30. Harkness A, Bainter SA, O’Cleirigh C, et al. Longitudinal
effects of syndemics on HIV-positive sexual minority
men’s sexual health behaviors. Arch Sex Behav 2019;48:
1159–1170.

31. Glynn TR, Safren SA, Carrico AW, et al. High levels of
syndemics and their association with adherence, viral non-
suppression, and biobehavioral transmission risk in Miami,
a U.S. city with an HIV/AIDS epidemic. AIDS Behav
2019;23:2956–2965.

32. Safren SA, Hughes JP, Mimiaga MJ, et al. Frequency and
predictors of estimated HIV transmissions and bacterial STI
acquisition among HIV-positive patients in HIV care across
three continents. J Int AIDS Soc 2016;19:21096.

33. Carrico AW, Johnson MO, Colfax GN, Moskowitz JT.
Affective correlates of stimulant use and adherence to anti-
retroviral therapy among HIV-positive methamphetamine
users. AIDS Behav 2010;14:769–777.

34. Carrico AW, Johnson MO, Moskowitz JT, et al. Affect
regulation, stimulant use, and viral load among HIV-
positive persons on anti-retroviral therapy. Psychosom Med
2007;69:785–792.

35. Carrico AW, Riley ED, Johnson MO, et al. Psychiatric risk
factors for HIV disease progression: The role of inconsis-
tent patterns of antiretroviral therapy utilization. J Acquir
Immune Defic Syndr 2011;56:146–150.

36. Horvath KJ, Carrico AW, Simoni J, et al. Engagement in
HIV medical care and technology use among stimulant-
using and nonstimulant-using men who have sex with men.
AIDS Res Treat 2013;2013:121352.

37. Mayer KH, Skeer MR, O’Cleirigh C, et al. Factors asso-
ciated with amplified HIV transmission behavior among
American men who have sex with men engaged in care:
Implications for clinical providers. Ann Behav Med 2014;
47:165–171.

38. Morin SF, Steward WT, Charlebois ED, et al. Predicting
HIV transmission risk among HIV-infected men who have
sex with men: Findings from the Healthy Living Project.
J Acquir Immune Defic Syndr 2005;40:226–235.

39. Okafor CN, Cook RL, Chen X, et al. Trajectories of mar-
ijuana use among HIV-seropositive and HIV-seronegative
MSM in the Multicenter AIDS Cohort Study (MACS),
1984–2013. AIDS Behav 2017;21:1091–1104.

40. Tsuyuki K, Shoptaw SJ, Ransome Y, et al. The longitudinal
effects of non-injection substance use on sustained HIV
viral load undetectability among MSM and heterosexual
men in Brazil and Thailand: The role of ART adherence
and depressive symptoms (HPTN 063). AIDS Behav 2019;
23:649–660.

41. White JM, Gordon JR, Mimiaga MJ. The role of substance
use and mental health problems in medication adherence
among HIV-infected MSM. LGBT Health 2014;1:319–322.

42. Bavinton BR, Pinto AN, Phanuphak N, et al. Viral sup-
pression and HIV transmission in serodiscordant male
couples: An international, prospective, observational, co-
hort study. Lancet HIV 2018;5:e438–e447.

43. Cohen MS, Chen YQ, McCauley M, et al. Antiretroviral
therapy for the prevention of HIV-1 transmission. N Engl J
Med 2016;375:830–839.

44. Rodger AJ, Cambiano V, Bruun T, et al. Sexual activity
without condoms and risk of HIV transmission in ser-
odifferent couples when the HIV-positive partner is using
suppressive antiretroviral therapy. JAMA 2016;316:171–
181.

45. Fauci AS, Redfield RR, Sigounas G, et al. Ending the HIV
epidemic: A plan for the United States. JAMA 2019;321:
844–845.

46. Joint United Nations Programme on HIV/AIDS. Fast-
Track: Ending the AIDS Epidemic by 2030. Geneva,
Switzerland: Joint United Nations Programme on HIV/-
AIDS, 2014.

47. Nance RM, Trejo MEP, Whitney BM, et al. Impact of
abstinence and of reducing illicit drug use without absti-
nence on human immunodeficiency virus viral load. Clin
Infect Dis 2020;70:867–874.

48. Mimiaga MJ, Reisner SL, Grasso C, et al. Substance use
among HIV-infected patients engaged in primary care in
the United States: Findings from the Centers for AIDS
Research Network of Integrated Clinical Systems cohort.
Am J Public Health 2013;103:1457–1467.

49. Fojo AT, Lesko CR, Calkins KL, et al. Do symptoms of
depression interact with substance use to affect HIV con-
tinuum of care outcomes? AIDS Behav 2019;23:580–591.

50. Mimiaga MJ, Biello K, Reisner SL, et al. Latent class
profiles of internalizing and externalizing psychosocial
health indicators are differentially associated with sexual
transmission risk: Findings from the CFAR Network of
Integrated Clinical Systems (CNICS) cohort study of HIV-
infected men engaged in primary care in the United States.
Health Psychol 2015;34:951–959.

51. Kitahata MM, Rodriguez B, Haubrich R, et al. Cohort
profile: The Centers for AIDS Research Network of In-
tegrated Clinical Systems. Int J Epidemiol 2008;37:948–
955.

52. Kroenke K, Spitzer RL, Williams JBW. The PHQ-9. J Gen
Intern Med 2001;16:606–613.

53. Spitzer RL, Kroenke K, Williams JBW, Patient Health
Questionnaire Primary Care Study Group. Validation and
utility of a self-report version of PRIME-MD: The PHQ
primary care study. JAMA 1999;282:1737–1744.

54. WHO ASSIST Working Group. The Alcohol, Smoking and
Substance Involvement Screening Test (ASSIST): Devel-
opment, reliability and feasibility. Addiction 2002;97:
1183–1194.

55. Bush K, Kivlahan DR, McDonell MB, et al. The AUDIT
alcohol consumption questions (AUDIT-C): An effective
brief screening test for problem drinking. Arch Intern Med
1998;158:1789–1795.

56. Simoni JM, Kurth AE, Pearson CR, et al. Self-report
measures of antiretroviral therapy adherence: A review
with recommendations for HIV research and clinical
management. AIDS Behav 2006;10:227–245.

57. Lu M, Safren SA, Skolnik PR, et al. Optimal recall period
and response task for self-reported HIV medication ad-
herence. AIDS Behav 2008;12:86–94.

58. Enders CK, Keller BT, Levy R. A fully conditional speci-
fication approach to multilevel imputation of categorical and
continuous variables. Psychol Methods 2018;23:298–317.

59. Enders CK, Du H, Keller BT. A model-based imputation
procedure for multilevel regression models with random
coefficients, interaction effects, and nonlinear terms. Psy-
chol Methods 2020;25:88–112.

60. Keller BT, Enders CK. Blimp User’s Manual (Version 2.2).
Los Angeles, CA, 2020.

61. Kabore L, Muntner P, Chamot E, et al. Self-report mea-
sures in the assessment of antiretroviral medication adher-
ence. J Int Assoc Provid AIDS Care 2015;14:156–162.

SYNDEMIC CONDITIONS AND PATIENT OUTCOMES 229



62. Feldman BJ, Fredericksen RJ, Crane PK, et al. Evaluation
of the single-item self-rating adherence scale for use in
routine clinical care of people living with HIV. AIDS Be-
hav 2013;17:307–318.

63. R Core Team. R: A Language and Environment for Sta-
tistical Computing. Vienna, Austria: R Foundation for
Statistical Computing, 2020.

64. Bates D, Maechler M, Bolker B, Walker S. Fitting linear
mixed-effects models using lme4. J Stat Soft 2015;67:1–48.

65. Kuznetsova A, Brockhoff PB, Christensen RHB. lmerTest
package: Tests in linear mixed effects models. J Stat Soft
2017;82:1–26.

66. Grund S, Robitzsch A, Luedtke O. mitml: Tools for Mul-
tiple Imputation in Multilevel Modeling. R Package Ver-
sion 0.3–7. 2019.

67. Nance RM, Delaney JAC, Simoni JM, et al. HIV viral
suppression trends over time among HIV-infected patients
receiving care in the United States, 1997 to 2015: A cohort
study. Ann Intern Med 2018;169:376–384.

68. Tsai AC, Burns BFO. Syndemics of psychosocial problems
and HIV risk: A systematic review of empirical tests of the
disease interaction concept. Soc Sci Med 2015;139:26–35.

69. Tsai AC, Mendenhall E, Trostle JA, Kawachi I. Co-
occurring epidemics, syndemics, and population health.
Lancet 2017;389:978–982.

70. Rendina HJ, Talan AJ, Cienfuegos-Szalay J, et al. Treat-
ment is more than prevention: Perceived personal and so-
cial benefits of undetectable = untransmittable messaging
among sexual minority men living with HIV. AIDS Patient
Care STDS 2020;34:444–451.

71. Yigit I, Bayramoglu Y, Weiser SD, et al. Changes in in-
ternalized stigma and HIV health outcomes in individuals
new to HIV care: The mediating roles of depression and
treatment self-efficacy. AIDS Patient Care STDS 2020;34:
491–497.

72. Algarin AB, Sheehan DM, Varas-Diaz N, et al. Health care-
specific enacted HIV-related stigma’s association with an-
tiretroviral therapy adherence and viral suppression among
people living with HIV in florida. AIDS Patient Care STDS
2020;34:316–326.

Address correspondence to:
Satyanand Satyanarayana, JD, MS

Department of Psychology
University of Miami

Coral Gables, FL 33124
USA

E-mail: ssatyanarayana@miami.edu

230 SATYANARAYANA ET AL.




