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A B S T R A C T

Background: Drug use (DU) represents a significant barrier to maintaining physical health among people living
with HIV (PLWH). Few studies, however, have examined the relationship between DU over time and HIV
treatment outcomes. Such studies are needed because an individual’s risk of poor health outcomes may vary with
their DU behaviors. We examined associations between DU patterns over time and unsuppressed viral load (VL).
Methods: The sample included 7896 PLWH in New York City who completed ≥3 substance use assessments over
a 24-month period. DU was defined as crystal methamphetamine, crack/cocaine, heroin, and/or recreational
prescription medication use in the last three months. Four behavior patterns were constructed: (1) persistent use
(DU reported on each assessment); (2) intermittent use-active (DU reported on the third, but not all previous
assessments); (3) intermittent use-inactive (DU reported previously with no DU reported on the third assess-
ment); (4) persistent non-use (no DU reported on any assessment). Unsuppressed VL (> 200 copies/mL) was
assessed based on the last VL value in the New York City HIV Surveillance Registry in the 12 months following an
individual’s third DU assessment.
Results: Compared with persistent non-users, individuals with intermittent use-inactive (aOR=1.24, 95%
CI=1.03–1.49), intermittent use-active (aOR=1.68, 95% CI=1.36–2.06), and persistent use (aOR=2.21,
95% CI= 1.69–2.89) were significantly more likely to have unsuppressed VL.
Conclusions: While providers may be more likely to intervene with persistent or active drug users, our findings
suggest the importance of addressing the risk of poor HIV treatment outcomes among those with any DU be-
havior.

1. Introduction

High rates of drug use (DU; e.g., crack, cocaine, heroin, metham-
phetamine, recreational prescription medication use) persist among
people living with HIV (PLWH). In a sample of 3410 HIV-positive pa-
tients enrolled in the Veterans Aging Cohort Study, 22% reported the
use of stimulants, opioids or injection drugs in the past year (Korthuis
et al., 2012). There is also evidence that HIV-positive individuals are
significantly more likely than HIV-negative individuals to use crack/
cocaine (Cofrancesco et al., 2008; Pence et al., 2006; Shiau et al., 2017),
heroin (Cofrancesco et al., 2008; Shiau et al., 2017), and amphetamines
(Cofrancesco et al., 2008).

DU may present significant challenges to maintaining physical
health among PLWH. Studies have consistently found that crystal meth
(Ellis et al., 2003; Fairbairn et al., 2011; Feldman et al., 2015; King
et al., 2009), crack/cocaine (Arnsten et al., 2002; Cofrancesco et al.,
2008; Ladak et al., 2018), prescription opioid (Flores et al., 2018), and

heroin use (Cofrancesco et al., 2008) are associated with unsuppressed
viral load, a critical indicator of the clinical progression of HIV (HIV
Surrogate Marker Collaborative Group, 2000) and the risk of onward
transmission (Cohen et al., 2011). Substance use is also associated with
antiretroviral therapy (ART) non-adherence, which is the primary cause
of unsuppressed viral load (Lucas et al., 2002; Rosen et al., 2013). There
is evidence that the effect of DU on indicators of HIV disease progres-
sion persists after controlling for non-adherence to ART, thus suggesting
this association may be explained by an underlying bio-behavioral
mechanism (Carrico, 2011).

A limited number of studies, however, have examined associations
between DU patterns over time and HIV treatment outcomes. Lucas
et al. (2006) found that the risk of developing new opportunistic in-
fections during periods of abstinence among PLWH who used heroin or
cocaine intermittently over time was similar to those who never used
drugs. The risk of developing an opportunistic infection was sig-
nificantly higher for persistent drug users and intermittent drug users
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during periods of active use compared to non-users. In a study of 1686
HIV-positive women in 6 US metropolitan areas, persistent and inter-
mittent users in both active and abstinent phases had higher viral load
levels compared to HIV-positive non-users (Cook et al., 2008).

Research on the relationship between DU patterns and viral load
suppression is particularly critical because these patterns may change
over time (Lucas et al., 2002, 2006). The risk of unsuppressed viral load
may, therefore, differ based on an individual’s pattern of DU. The re-
sults of such studies could be useful in tailoring outreach and engage-
ment strategies for PLWH with different patterns of DU. Further, prior
studies on the association between DU patterns and unsuppressed viral
load have been limited to heroin or crack/cocaine use. The aims for this
study were: (1) to examine the prevalence of DU patterns in a sample of
PLWH receiving support services in New York City; (2) to examine
sociodemographic and clinical differences between PLWH by patterns
of DU; and (3) to examine associations between DU patterns (both
overall and by specific drug type) and unsuppressed viral load.

2. Methods

2.1. Data sources

The New York City Department of Health and Mental Hygiene (NYC
DOHMH) collects data on PLWH who are receiving support services
funded by Ryan White Part A (RWPA), which provides grant funding for
medical and support services in areas throughout the U.S. that are most
severely affected by HIV (Health Resources and Services
Administration, n.d.). Client-level programmatic, demographic, psy-
chosocial, clinical, and service utilization data were collected through
the Electronic System for HIV/AIDS Reporting and Evaluation
(eSHARE), a secure, web-based data system for contractually required
reporting by organizations that are funded by the NYC DOHMH, in-
cluding those funded by RWPA. The data in eSHARE are collected from
clients when they enroll in any RWPA service (Intake Assessment), and
then approximately every six months throughout their participation in
that service (Reassessment), allowing for the analysis of client char-
acteristics, behaviors, and outcomes over time.

The NYC HIV Surveillance Registry (the “Registry”) was used as the
data source for viral load lab values and the date of HIV diagnosis. New
York State requires named reporting of all diagnoses of HIV and AIDS,
all HIV-related illness, all positive HIV diagnostic tests, all viral load
and CD4 cell count values, and all HIV genotypes (State of New York
Laws Chapter 308, 2010). The collection of fully identified data (in-
cluding client names) from NYC DOHMH-funded HIV care and treat-
ment programs via eSHARE permits matching and de-duplication of
programmatic data with the Registry. eSHARE data were merged with
viral load and HIV diagnosis date data that were reported to the Reg-
istry as of 9/30/2016. This study was reviewed and approved by the
NYC DOHMH Institutional Review Board.

2.2. Client population

The client population included 7896 PLWH who matched to the
Registry and completed three or more eSHARE substance use assess-
ments that met the following criteria: (1) the first assessment was an
Intake from any RWPA service category (to ensure that all covariates
were measured at the time of enrollment); (2) the assessments were at
least 90 days apart from each other (to account for the 90-day recall
period used to assess substance use); (3) the first assessment was dated
no earlier than 1/2012 and the third assessment was dated no later than
9/2015 (to account for data availability and completeness in eSHARE
and the Registry); and (4) the first and third assessments were no more
than 24 months apart from each other (to allow for comparable DU
observation periods across clients). For clients who had more than one
qualifying set of three assessments, we prioritized sets that included an
assessment from RWPA mental health or harm reduction programs

because of the high level of substance use data completeness in re-
porting by these programs. Otherwise, the earliest qualifying assess-
ment set was used.

2.3. Measures

Drug use patterns. Recent DU was defined as reporting crack/co-
caine, heroin, crystal methamphetamine, and/or recreational pre-
scription medication use in the past 3 months. Based on prior studies
(Cook et al., 2008; Lucas et al., 2002), four patterns of use were con-
structed and a category was assigned based on a client’s responses on
three substance use assessments. These categories included: (1) persis-
tent use (DU reported on each assessment); (2) intermittent use-active
(DU reported on third assessment but not all previous ones); (3) in-
termittent use-inactive (DU reported previously with no DU reported on
the third assessment; (4) persistent non-use (no DU reported on any
assessment).

Unsuppressed viral load. Unsuppressed viral load was defined as an
HIV-1 RNA >200 copies/mL), which is the threshold for virologic
failure (CDC, 2011; Panel on Antiretroviral Guidelines for Adults and
Adolescents, 2018). Viral suppression status was based on the last viral
load value in the 12-month period following an individual’s third
qualifying substance use assessment. Individuals with no viral loads
during the 12-month period were classified as virally unsuppressed.

Sociodemographic and clinical characteristics. Covariates for this study
included gender (male vs. female or transgender), race/ethnicity (white
vs. black or Hispanic/Latino or other), age (< 30 vs. 30–49 or 50+),
education level (< vs. ≥ high school diploma/GED), country of birth
(USA/US territory vs. other country), primary language (English vs.
other), income (≥ vs. < 100% of the federal poverty level), housing
status (stable vs. unstable), year diagnosed with HIV (1996 and earlier
vs. 1997–2005 or 2006 and later), ART prescription status, viral sup-
pression status (> vs. ≤200 copies/mL) prior to the first substance use
assessment, recent injection drug use (reporting injection as a method
of administration for crack/cocaine, heroin, crystal methamphetamine,
or recreational prescription drug use in the last three months on any of
the three substance use assessments), and substance use service utili-
zation (receiving ≥1 RWPA-funded alcohol or drug related counseling
or health education service between the date of the first assessment and
the date of the last viral load in the 12-month follow-up period or the
third assessment if no viral load was available).

2.4. Data analysis

Chi-square and Fisher’s exact tests were used to examine how so-
ciodemographic and clinical characteristics differed between clients by
patterns of DU. Bivariate analyses of the relationship between each of
the variables and unsuppressed viral load were conducted using logistic
regression to estimate odds ratios. A multivariate logistic regression
model was used to identify the variables independently associated with
unsuppressed viral load. A separate multivariate analysis was con-
ducted for overall DU and then for each specific drug type (cocaine/
crack, heroin, crystal meth, recreational prescription medications). For
drug-specific models, covariates also included any use (reported on any
of the assessments) of any of the other drugs. Variables statistically
significant (p<0.05) in the bivariate analyses were included in the
multivariate models. These results are shown as adjusted odds ratios
(aOR) with their corresponding 95% confidence intervals (CIs). Data
were analyzed using SAS statistical software version 9.3 (SAS Institute
Inc., Cary, NC, USA).

3. Results

Most individuals in the sample were male (61%), non-Hispanic
black (57%), 30–49 years old (46%), and born in the United States or a
US territory (76%). The majority of individuals were living below 100%
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of the federal poverty level (83%), and 28% were unstably housed. Of
the specific drug types, crack/cocaine was most frequently reported for
both lifetime (46%) and recent use (20%; Table 1).

Compared to persistent non-users, drug users were more likely to be
transgender, between 30 and 49 years old, educated at less than the
high school level, born in the US or a US territory, primarily English
speaking, living below the federal poverty level, unstably housed, and
receiving RWPA harm reduction services. Higher proportions of inter-
mittent drug users who were not using drugs at the third assessment
were non-Hispanic black, whereas a higher proportion of intermittent
drug users who were actively using at the last assessment were non-
Hispanic white (Table 2).

In the sample, 75% were persistent non-users. Among those who
reported any DU, the most common pattern was intermittent use-in-
active (12%, n=919). In a multivariate model controlling for socio-
demographic and clinical characteristics, individuals with intermittent
use-inactive (aOR=1.24, 95% CI=1.03–1.49), intermittent use-ac-
tive (aOR=1.68, 95% CI=1.36–2.06), and persistent use
(aOR=2.21, 95% CI= 1.69–2.89) were significantly more likely than
persistent non-users to have unsuppressed viral load (Table 3).

In the drug-specific multivariate model for cocaine/crack
(n= 2252), individuals with intermittent use-active (aOR=1.73, 95%
CI= 1.37–2.18) and persistent use (aOR=1.92, 95% CI= 1.40–2.64)
were significantly more likely than persistent non-users to have un-
suppressed viral load. There were no significant relationships between
unsuppressed viral load and crystal meth, heroin or recreational pre-
scription DU patterns (Table 3).

4. Discussion

We found that three patterns of DU (intermittent use-inactive, in-
termittent use-active, and persistent use) were independently asso-
ciated with unsuppressed viral load in a sample of PLWH receiving
RWPA-funded support services. Of these patterns, persistent use was the
most strongly associated with unsuppressed viral load. Importantly, we
also found that both categories of intermittent use were associated with
unsuppressed viral load, which underscores that even occasional DU
may be associated with negative health outcomes. These findings are
consistent with prior research that has examined associations between
longitudinal patterns of DU and HIV treatment outcomes among PLWH
(Cook et al., 2008; Lucas et al., 2006).

When we restricted our analysis of DU patterns by drug type, we
found that some cocaine/crack use patterns were associated with un-
suppressed viral load. Previous studies have found longitudinal re-
lationships between cocaine/crack use and clinical indicators of disease
progression (Baum et al., 2009; Cook et al., 2008). The binge con-
sumption pattern is common among cocaine/crack users and can lead
to the suspension of taking medication during periods of seeking, using,
and recovery from using (Harzke and Williams, 2009). Indeed, studies
have found that cocaine/crack use is associated with poor ART ad-
herence (Hinkin et al., 2007; Rosen et al., 2013). There is also evidence
that the use of crack/cocaine may influence HIV disease progression,
independent of ART adherence (Carrico, 2011). More research is
needed to better understand how the use of different types of drugs over
time impacts HIV treatment outcomes. These studies should focus on
prescription opioid use, which represents a growing epidemic both in
the general population (Han et al., 2017) and among PLWH (Robinson-
Papp et al., 2012; Turner et al., 2016).

The findings of this study have implications for substance use ser-
vices for PLWH, particularly for individuals who have more inter-
mittent DU patterns. There is evidence that engaging occasional or

Table 1
Client sociodemographic, behavioral, and clinical characteristics.

n (%)

Gender
Male 4825 (61.1%)
Female 2838 (35.9%)
Transgender 233 (3.0%)

Race/ethnicity
White 538 (6.8%)
Black 4520 (57.3%)
Hispanic 2601 (33.0%)
Other 224 (2.8%)

Age
<30 911 (11.5%)
30–49 3615 (45.8%)
50+ 3370 (42.7%)

Education levela

<High school/GED 3230 (43.1%)
≥High school/GED 4271 (56.9%)

Country of birtha

USA/US territory 5983 (76.0%)
Other country 1885 (24.0%)

Primary languagea

English 6217 (79.0%)
Other 1652 (21.0%)

Incomea

≥100% FPL 1205 (17.4%)
< 100% FPL 5710 (82.6%)

Housing statusa,b

Stable 5535 (71.9%)
Unstable 2159 (28.1%)

Year of HIV diagnosisc

1996 and earlier 2308 (29.2%)
1997–2005 3260 (41.3%)
2006 or later 2328 (29.5%)

ART prescription statusa

Prescribed ART 6374 (81.7%)
Not prescribed ART 1425 (18.3%)

Viral suppression statusc,d

Suppressed (≤200 copies/mL) 3922 (49.7%)
Unsuppressed (> 200 copies/mL) 3974 (50.3%)

Substance use service utilization
None 5221 (66.1%)
One or more service 2675 (33.9%)

Crystal meth use
Recent 222 (2.8%)
Lifetime 651 (8.3%)

Heroin use
Recent 522 (6.7%)
Lifetime 1751 (22.3%)

Crack/cocaine use
Recent 1594 (20.2%)
Lifetime 3614 (45.8%)

Recreational prescription drug use
Recent 279 (3.57%)
Lifetime 717 (9.2%)

Polysubstance use
Recent 529 (6.8%)
Lifetime 1937 (24.7%)

Injection drug use
Recente 295 (3.7%)
Lifetimef 1513 (20.1%)

GED, general equivalency diploma; FPL, federal poverty level; ART, anti-
retroviral therapy.

a Based on data from the first of the three assessments.
b Unstable housing was defined as being incarcerated or homeless or

living in an emergency shelter, single room occupancy hotel or other hotel/
motel, transitional supportive housing program, someone else's home with
an expected stay of less than 6 months, or an institution (i.e., jail, in-patient
facility) for 90 days or less if the client was homeless immediately prior to
institutionalization.

c Data are based on information reported to the New York City HIV
Surveillance Registry as of 9/2016.

d Based on the most recent viral load value in the 6 months prior to the
first assessment.

e Reporting injection as a method of administration for crack/cocaine,

heroin, crystal methamphetamine, or recreational prescription drug use in
the last three months on any of the three substance use assessments.

f Reporting injection as the method of administration for any lifetime
drug use.
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“recreational” drug users in substance use treatment is challenging
because they are less likely to believe that there is a serious problem
that needs to be addressed. For example, a study of drug users in Los
Angeles County found that higher levels of DU severity and motivation/
readiness were associated with acceptance of referrals to drug treat-
ment (Boyle et al., 2000). There is also evidence that high levels of DU
severity are associated with starting treatment (Weisner et al., 2001).
Harm reduction services, therefore, represent a critical service for
PLWH (Campbell et al., 2013). Future studies should examine the im-
pact of strategies to effectively engage and provide support to PLWH
who are intermittent drug users, particularly on maintaining ART ad-
herence and viral suppression.

The findings of this study should be considered in the context of
several limitations. The HIV-positive individuals in the analysis in-
cluded only those who received services funded through a RWPA fed-
eral grant to the New York eligible metropolitan area. The results are,
therefore, not necessarily generalizable to other PLWH in NYC or other
areas. There were also limitations related to the data used in the

analysis. First, these data were cross-sectional, so observed associations
should not be inferred as evidence of causality. Second, DU data were
self-reported, and thus subject to social desirability bias, which would
result in the under-ascertainment of DU. While biological tests could
offer valuable information to validate self-reported DU, the windows of
detection can be limited to very recent use (i.e., within a few days;
Dolan et al., 2004). Further, RWPA-funded substance use services, as
defined by the HIV Health and Human Services Planning Council of
New York, primarily use a harm reduction approach, which does not
generally include drug testing and rather focuses on developing a
therapeutic alliance that allows the client to be open about their DU
(Vakharia and Little, 2017). Finally, there were important covariates
for which we were not able to control, including the presence of a
mental health and/or substance use diagnosis and ART adherence,
which is an important factor in evaluating whether there is an asso-
ciation between substance use and HIV disease progression that is in-
dependent of non-adherence. Also, while we were able to assess the
utilization of substance use services, we were only able to include those

Table 2
Comparison of client sociodemographic, behavioral, and clinical characteristics by drug use pattern.

Persistent non-use Intermittent use with abstinence at third
assessment

Intermittent with active use at third
assessment

Persistent use pa

Total 5920 (75.0%) 919 (11.6%) 684 (8.7%) 373 (4.7%)
Gender
Male 3534 (59.7%) 617 (67.1%) 450 (65.8%) 224 (60.1%) < .0001
Female 2245 (37.9%) 259 (28.2%) 205 (28.2%) 129 (34.6%)
Transgender 141 (2.4%) 43 (4.7%) 29 (4.2%) 20 (5.5%)

Race/ethnicity
White 380 (6.4%) 63 (6.9%) 70 (10.2%) 25 (6.7%) < .0001
Black 3318 (56.2%) 559 (60.9%) 411 (60.1%) 232 (62.2%)
Hispanic 2018 (34.2%) 284 (30.9%) 192 (28.1%) 107 (28.7%)
Other 192 (3.3%) 12 (1.3%) 11 (1.6%) 9 (2.4%)

Age
<30 759 (12.8%) 60 (6.5%) 67 (9.8%) 25 (6.7%) < .0001
30–49 2587 (43.7%) 458 (49.8%) 359 (52.5%) 211 (56.6%)
50+ 2574 (43.5%) 401 (43.6%) 258 (37.7%) 137 (36.7%)

Education levelb

<High school/GED 2362 (42.1%) 399 (45.4%) 305 (46.6%) 164 (46.5%) 0.028
Country of birthb

USA/US territory 4176 (70.8%) 835 (91.2%) 634 (92.8%) 338 (92.1%) < .0001
Primary languageb

English 4489 (76.0%) 804 (87.7%) 602 (88.4%) 322 (87.7%) < .0001
Incomeb

< 100% FPL 4166 (80.6%) 717 (86.8%) 534 (90.4%) 293 (88.5%) < .0001
Housing statusb,c

Unstable 1316 (22.8%) 379 (42.3%) 299 (45.3%) 165 (45.5%) < .0001
Year of HIV diagnosisd

1996 and earlier 1642 (27.7%) 278 (30.3%) 265 (38.7%) 123 (33.0%) < .0001
1997–2005 2414 (40.8%) 423 (46.0%) 261 (38.2%) 162 (43.4%)
2006 or later 1864 (31.5%) 218 (23.7%) 158 (23.1%) 88 (23.6%)

ART prescription statusb

Prescribed ART 4823 (82.6%) 724 (79.2%) 540 (80.00%) 287 (78.0%) 0.010
Viral suppression statusd,e

Unsuppressed (> 200 copies/mL) 2724 (46.0%) 574 (62.5%) 429 (62.7%) 247 (66.2%) < .0001
Recent injection drug usef

0 (0%) 99 (10.9%) 106 (15.7%) 90 (24.7%) < .001
Substance use service utilizationg

None 4364 (73.7%) 419 (45.6%) 279 (40.79%) 159 (42.6%) < .0001
One or more service 1556 (26.3%) 500 (54.4%) 405 (59.21%) 214 (57.4%)

GED, general equivalency diploma; FPL, federal poverty level; ART, antiretroviral therapy.
a p-value from chi-square test.
b Based on data from the first of the three assessments.
c Unstable housing was defined as being incarcerated or homeless or living in an emergency shelter, single room occupancy hotel or other hotel/motel, transitional

supportive housing program, someone else's home with an expected stay of less than 6 months, or an institution (i.e., jail, in-patient facility) for 90 days or less if the
client was homeless immediately prior to institutionalization.

d Data are based on information reported to the New York City HIV Surveillance Registry as of 9/2016.
e Based on the most recent viral load value in the 6 months prior to the first assessment.
f Reporting injection as a method of administration for crack/cocaine, heroin, crystal methamphetamine, or recreational prescription drug use in the last three

months on any of the three substance use assessments.
g Receiving ≥1 RWPA-funded alcohol or drug related counseling or health education service between the date of the first assessment and the date of the last viral

load in the 12-month follow-up period or the third assessment if no viral load was available.
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funded by RWPA (e.g., alcohol and drug counseling). RWPA is a payer
of last resort and does not fund services that are reimbursable by
Medicaid in New York State, such as medication assisted treatments,
which were, therefore, not accounted for in this analysis. It is important
to note that RWPA may pay for these treatments in states that have a
less robust Medicaid program than the New York State Medicaid pro-
gram.

There may have also been a limitation related to the use of different
time frames for observing DU patterns (6–24 months) and viral load
suppression (12 months). While we ask providers to complete re-
assessments with clients every six months throughout their participa-
tion in a RWPA service, they sometimes complete them after the due
date. It is, therefore, difficult to establish a standardized substance use
observation period without excluding a large number of clients from the
sample. Despite the lack of a standardized substance use observation
period, all clients had a 12-month viral load observation period. The
rationale for using this length is that all PLWH—including those who
are consistently virally suppressed—should receive at least one viral
load lab result each year, which, therefore, provides the opportunity for
nearly all clients in our sample to have at least one viral load value on
which their viral suppression status can be based. This study was fur-
ther strengthened by the use of the Registry, which is considered to be
the most comprehensive source of longitudinal HIV-related laboratory
data on individuals diagnosed with HIV and/or receiving HIV care in
NYC.

DU remains a significant barrier to the health of PLWH, and
therefore merits continued investigation, particularly to inform the
provision of effective substance use and harm reduction services. While
providers may be more likely to intervene with individuals who report
consistent DU, the results of this study suggest the importance of in-
creasing awareness of the risk for poor HIV treatment outcomes among
people who occasionally use drugs. Similarly, services that meet the
needs of both persistent and intermittent drug users living with HIV
should be available to support the achievement of optimal physical
health.
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