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Abstract

Background: Self-reported antiretroviral therapy (ART) adherence measures that are associated with plasma viral
load (VL) are valuable to clinicians and researchers, but are rarely examined among groups vulnerable to dropping
out of care. One-seventh of all those living with HIV pass through incarceration annually and criminal-justice (CJ)
involved people living with HIV (PLH) are vulnerable to falling out of care. We examined the association of self-
reported ART adherence with VL in a criminal-justice sample compared to a routine-care sample.

Methods: Samples: We examined data from a multisite collaboration of studies addressing the continuum of HIV
care among CjJ involved persons in the Seek, Test, Treat, and Retain cohort. Data pooled from seven CJ- studies (n
= 414) were examined and compared with the routine-care sample from the Centers for AIDS Research Network of
Integrated Clinical Systems’ seven sites (n = 11,698).
Measures: In both samples, data on self-reported percent ART doses taken were collected via the visual analogue
scale adherence measure. Viral load data were obtained by blood-draw.
Analysis: We examined the associations of adherence with VL in both cohorts using mixed effects linear regression
of log-VL, and mixed effects logistic regression of binary VL (≥ 200 copies/mL) outcomes. Interactions by CD4 count
and self-reported health status were also tested.

Results: Among the CJ sample, the coefficient for log-VL was − 0.31 (95% CI = − 0.43, − 0.18; P < 0.01) and that in
the routine-care sample was − 0.42 (95% CI = − 0.45, − 0.38; P < 0.01). For the logistic regression of binary detectable
VL on 10% increments of adherence we found the coefficient was − 0.26 (95% CI = − 0.37, − 0.14; P < 0.01) and in
the routine-care sample it was − 0.38 (95% CI = − 0.41, − 0.35; P < 0.01). There was no significant interaction by CD4
count level in the CJ sample, but there was in the routine-care sample. Conversely, there was a significant
interaction by self-reported health status level in the criminal-justice sample, but not in the routine-care sample.

Conclusions: The visual analogue scale is valid and useful to measure ART adherence, supporting treatment for CJ-
involved PLH vulnerable to falling out of care. Research should examine adherence and VL in additional
populations.
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Background
A high level of adherence to antiretroviral treatment
(ART) is essential for achieving viral suppression among
people living with HIV, and is critical for both maintain-
ing their health and preventing HIV transmission to
others. Valid, yet practical measures of adherence to
ART are needed for studies of intervention efficacy and
effectiveness in low-resource settings, and are useful for
the clinical care of hard-to-reach populations who have
extensive barriers to achieving viral suppression. Real-
world, self-reported ART adherence measures that are
reliably associated with viral load (VL) measures provide
many advantages over medication event monitoring
system (MEMS) or pill count, namely increased feasibil-
ity of use in busy clinical care settings where pill counts
and MEMS have numerous logistical hurdles for rou-
tine use, as well as lower costs and more complete
data [1, 2]. Self-report data, however, often underesti-
mate real-world adherence and are susceptible to
recall and social desirability bias [3, 4]. These weak-
nesses may be particularly problematic among those
with substance use disorders, mental illness, low in-
come or lower education/literacy levels, and/or un-
stable housing, which are common among criminal
justice-involved persons [5–9].
As 1 in 7 people living with HIV cycle through crim-

inal justice settings each year [10], clinicians may benefit
from self-reported ART adherence measures that correl-
ate well with viral suppression among the criminal
justice-involved persons they may treat. In this popula-
tion, frequent measurement of VL is challenging, espe-
cially among those recently released from criminal
justice settings who often are out of clinical care [5, 7, 8,
11]. Self-reported adherence is an important and prac-
tical tool to use in HIV care or interventions that help
patients to attain VS. It can be used to identify adher-
ence challenges early, before virologic failure is detected
using VL testing. Few, if any, previous studies have ex-
amined the association of self-reported adherence with
plasma VL among criminal justice-involved persons in
multiple U.S. sites.
One of the most widely used measures of self-reported

adherence is a single-item, 0–100% rating scale, gener-
ally called the visual analogue scale (VAS) [12, 13]. It
has the advantages of brevity, ease of administration
even among low literacy populations, and ease of inter-
pretation. In usual care settings, evidence supports the
validity of VAS for measuring ART adherence, and its
practicality compared with longer self-report measures
or with more objective measures – such as MEMS Caps
or unannounced pill counts (UPC) [14–16]. This single-
item assessment is also easier and briefer than other
self-report measures [13]. The VAS adherence measure
has been shown to be associated with MEMS Caps,

UPC, and viral suppression in some studies [4, 17], but
has not been examined across studies of criminal
justice-involved populations in need of HIV care.
Although several factors besides ART adherence can

affect viral suppression including persistence on ART
[18], genotypic resistance to ART [19, 20], and pharma-
cokinetics of ART medications [21–23], self-reported ad-
herence should be closely associated with VL level, and
very high adherence (> 95%) should predict VS. [20]
Also, the degree of correspondence between the adher-
ence measure and VL might vary, depending on clinical
factors, such as level of immunosuppression measured
by CD4 count and level of self-reported general health
status [24]. Little is known, however, about how well
self-reported ART adherence measures perform in terms
of its association with VL and levels of viral suppression
in criminal justice-involved populations.
This study had two main goals. First, we sought to

examine rates of ART adherence and viral suppression
among criminal justice-involved people living with HIV
across seven sites in the U.S. Second; we aimed to exam-
ine the association between self-reported ART adher-
ence and VL. Additionally, we explored whether the
relationship between adherence and VL was modified by
level of CD4 count or self-reported general health status.
We hypothesized that higher levels of self-reported ART
adherence would be associated with lower levels of VL
or with viral suppression (VL < 200 copies/mL) [25]. In
addition, we hypothesized that the association between
adherence and VL would be stronger among those
reporting worse health or having later stage disease
(lower CD4 count) because patients with more advanced
disease or who have symptomatic HIV are more likely to
both non-adhere to ART and have high plasma HIV
RNA levels [26, 27]. To address these goals, we exam-
ined associations between ART adherence as measured
by the VAS and plasma VL level, using harmonized data
from multiple criminal justice-involved studies across
the U.S. [28]. To provide a normative comparison group,
we examined corresponding measures and associations
among people living with HIV in the Centers for AIDS
Research Network of Integrated Clinical Systems
(CNICS) cohort of people living with HIV in routine,
ambulatory clinical care across multiple sites in the US.

Methods
Design
The current study uses baseline data from seven sites
within the Seek, Test, Treat, and Retain (STTR) cohort
[29], a large, previously described, multi-study collabor-
ation addressing the continuum of HIV care among
criminal justice samples (Table 1). Harmonized data on
people living with HIV pooled from seven individual and
pooled criminal justice-focused studies in the criminal
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justice STTR cohort (n = 414) were compared with data
on people living with HIV pooled from seven CNICS
sites (n = 11,698) [30]. CNICS is a continuously enrolling
cohort study of people living with HIV in routine clinical
care for HIV at multiple sites across the US from 1995
to present. Patient-reported outcomes and laboratory
measures including VL values were collected prior to
visits, directly via tablets or blood draws, respectively, as
part of routine clinical care in CNICS [30]. The data
evaluated in this manuscript was collected from 2011 to
2015 for the STTR cohort and from 2007 to 2017 for
the CNICS cohort as displayed in Table 2.

Study samples
At each study site, baseline interviews and laboratory
measures were collected and processed by individual
studies and the STTR Coordinating Center harmonized
the data. We analyzed and compared cross-sectional,
baseline data from criminal justice-involved people living
with HIV in the STTR studies, and with people living
with HIV in routine care in CNICS. Criminal justice-

involved participants included those in custody or re-
leased but under community supervision. Of 1189 crim-
inal justice-involved (STTR) participants, 414 individuals
had complete data on adherence and VL within 30 days
of the adherence reference period. Of 15,740 possible
people living with HIV in routine clinical care, 11,698
participants had complete data on adherence, or a VL
within 30 days of the adherence reference period.

Measures
In both groups, self-reported adherence data were mea-
sured using the VAS, on a scale of 0–100% of ART doses
taken in the preceding 30 days. Self-reported general
health status was measured using the first item of the
SF-12 instrument (“In general, would you say your
health is: …” ) on a 5-point Likert-type scale with re-
sponse options that ranged from “poor” to “excellent.”
Study sites also collected self-reported data on age and
gender for use in adjusted analyses. We also collected
data on ART regimens – Non-nucleoside Reverse Tran-
scriptase (NNRTI), Protease Inhibitors (PI), integrase

Table 1 Description of Criminal Justice-involved Studies from STTR Cohort [10]

Studies Study Design & Location Targeted Participants

CARE + RCT RCT of CARE+ Corrections intervention;
Washington, DC

Aged 18+; HIV-infected; released from the correctional facility or
half-way house ≤6 months ago and living in Washington, DC
metropolitan community (not a restricted setting, e.g. half-way
house) or currently detained in jail with anticipated release to
community (not a restricted setting); reading at 8th grade level
and English-speaking.

IMPACT RCT of imPACT intervention vs. standard of care;
NC and TX prisons

Aged 18+; HIV-infected with HIV RNA < 400 copies/mL receiving
ART who were incarcerated in NC or TX and 3 months prior to
release and not convicted of sexual assault, death or serious injury;
English-speaking.

LINK LA RCT of intervention; Los Angeles County Jails, CA Men and transgender women, aged 18+; HIV-infected; eligible for
ART, or on ART; jailed for 5+ days, being released to community;
residing in Los Angeles County, CA upon release; English or bilingual
Spanish speaking.

NEW HOPE Double Blind Placebo-controlled RCT of
extended-release naltrexone; New Haven,
Hartford, Waterbury, CT or Springfield, MA

Aged 18+, HIV-infected, meeting DSM-IV criteria for opioid dependence,
within CT & Springfield, MA corrections system and not pending trial for
a felony, within 30 days of being released to greater New Haven, Hartford,
Waterbury or Springfield areas or 30 days after release; English- or
Spanish-speaking, no liver failure or grade IV hepatitis, no active opioid
withdrawal, no receipt of methadone or buprenorphine/naloxone for
treatment of opioid dependency, no participation in pharmacotherapy
trial in the previous 30 days

STRIDE1 RCT of buprenorphine vs. placebo; Washington, DC Aged 18+; HIV-infected; meeting DSM-IV criteria for opioid dependence;
resident of Washington, DC with eligibility for medical entitlements;
English- or Spanish-speaking; no current opiate medications for chronic
pain conditions or need to be placed on such medications; no current
methadone doses over 30 mg/day, no AST and ALT >5x the ULN; no
pregnancy or breast-feeding; no liver dysfunction; no suicidal ideation;
no participation in pharmacotherapy trial in the previous 30 days.

STRIDE2 Longitudinal cohort study comparing treatment
using opioid substitution therapy to no treatment;
Washington, DC

Aged 18+; HIV-infected; meeting DSM-IV criteria for opioid dependence;
resident of Washington DC with eligibility for medical entitlements;
English-speaking.

SUCCESS Non-randomized pilot study of Strengths-Based
case management; Atlanta, GA Jails

Aged 18+; HIV-infected; detained or sentenced in jail or detention center
and likely to leave within 6 weeks; no recent participation in randomized
trial to improve retention in HIV care; English-speaking.
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strand transfer inhibitor (INSTI) [31], and combination
or other ART regimens. Plasma VL and CD4 cell count
data were obtained by each STTR study, thus, there was
not a uniform assay used to measure them. We analyzed
HIV VL as a log transformed (log-VL) continuous meas-
ure, or dichotomized as detectable (≥200 copies/mL) vs.
undetectable (VL < 200 copies/mL) in accordance with
DHHS guidelines [32].

Analysis
Association of VL and ART adherence
We first examined descriptive characteristics of ART ad-
herence and VL, and then assessed the associations of
adherence with VL in each individual criminal justice-
involved study, and the combined criminal justice

sample, which were then compared to the overall,
CNICS, routine HIV care dataset. Next, we constructed
linear and logistic mixed effects regression models with
random intercepts and slopes, adjusted for age using the
criminal justice sample data. To determine the robust-
ness of the associations of adherence with VL, we used
three distinct approaches often used in adherence re-
search [2, 33, 34]. These models examined in criminal
justice-involved persons living with HIV the study-
specific and overall associations of: (A) continuous ad-
herence (10% increments) with continuous log-VL; (B)
continuous adherence (10% increments) in a logistic re-
gression with binary detectable VL; and (C) optimal ad-
herence levels using the VAS (≥95%) predictor in a
logistic regression with binary detectable VL. Because
the separate study sites had relatively small sample sizes,
we used mixed effects models clustered by site to appro-
priately pool study samples, while still allowing for the
possibility that the adherence coefficient had a different
mean value in each study sub-sample. Linear and logistic
regressions adjusted for age, which were also conducted
separately in the routine care sample for comparison. In
both the criminal justice and routine care samples, we
tested for possible non-linearity of the association be-
tween adherence and VL over the range of adherence
scores, using generalized additive models (GAMs) ad-
justed for age, sex, and study sample. To test whether
ART adherence differs by type of regimen used, we ex-
amined linear regression of Log VL on adherence, ad-
justed for age, sex, and study indicator, with main
independent variable the ART regimen type in the crim-
inal justice and routine care samples. Interaction P-
values were computed for the test of whether the regres-
sion coefficient for the given ART type is different than
that for NNRTI. Again, the routine care sample was ana-
lyzed to provide a normative comparison for the size
and direction of effects estimated in the criminal justice
sample for all analyses.

Effect modification
CD4 cell count and self-reported general health status
were assessed as possible effect modifiers of the
adherence-VL association in both the criminal justice
and routine care samples. CD4 count was dichotomized
as ≤ 500 vs. > 500+ cells/mm3, and self-reported general
health status was categorized as high (excellent, very
good, good) vs. low (fair, poor). To test whether the as-
sociations between adherence and VL differed signifi-
cantly by CD4 or health status strata, we conducted
linear mixed effect regressions of log-VL outcomes on
10% increments of adherence, age, sex, study site, the ef-
fect modifier variable of interest (either CD4 or self-
reported general health status, depending on the model)
and the interaction of adherence*effect modifier variable.

Table 2 Sociodemographic and Clinical Characteristics of
People Living with HIV in Criminal Justice Settings (STTR) and in
Routine Clinical Care (CNICS) Study Samplesa

Sample Characteristics STTR (%) (Range)b CNICS (%)

N 414 11,698

Mean age [SD] 44 [10] 46 [11]

Male 71 (45–100) 84

Race/Ethnicity

White 13 (0–22)*** 48

Black 73 (39–100)*** 34

Hispanic 9 (0–60) 14

Completed High School 62 (50–72) NA

Homeless 36 (0–66) NA

Drug Usec 74 (48–100)*** 37

Binge Alcohol Use 35 (13–56) 32

HIV VL ≥200d 26 (15–56)*** 11

Log (VL + 1) (mean [SD]) 4.3 [2.7] *** 3.6 [2.0]

VAS Adherence ≥95%e 59 (39–88)*** 71

VAS Adherence (mean % [SD]) 88 [20] *** 92 [16]

NNRTI-based regimen 31 (29–41) 29

Protease inhibitor
(PI)-based regimen

53 (24–60)*** 25

Integrase inhibitor-based
(INSTI) regimen

5 (3–15)*** 22

Combination/Other regimen 11 (9–20)*** 23

Included study timeframe 2011–2015f 2007–2017

Significant differences in mean values (e.g., age) and proportions between
STTR and CNICS characteristics indicated by: * P < 0.05, **P < 0.01, ***P < 0.001
aExcept IMPACT, where the week 2 VL and VAS adherence values were used
bRange of values across 7 included criminal justice-involved studies
cIncludes Cocaine/crack, opiates, methamphetamines, and marijuana
d VL = viral load
eVAS = visual analogue scale of adherence - % of ART medications taken in
prior 30 days
fDate range of baseline data collection
SD = standard deviation
STTR – Seek Test, Treat, Retain NIDA-funded criminal justice-involved
harmonized sample
CNICS - Centers for AIDS Research Network of Integrated Clinical Systems
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A sensitivity analysis using different cut points to define
the health status strata (excellent/very good vs. good/
fair/poor) was also performed, and because the results
did not differ greatly, we present results using the ori-
ginal cut-point.

Results
Descriptive characteristics
Comparing 414 criminal justice-involved people living
with HIV from STTR with 11,698 persons in routine
HIV care from CNICS (Table 2), the criminal justice-
involved persons were significantly (all comparisons sig-
nificant with P < 0.001) more likely to have a detectable
VL (26% vs. 12%), greater mean log-VL, smaller propor-
tion with ART adherence scores ≥ 95% (59% vs. 70%),
and smaller proportions of ART regimens containing
either PI (28% vs. 41%) or NNRTI (23% vs. 42%), or
INSTI regimens (5% vs. 22%; Table 2). Furthermore, the
criminal justice sample was comprised of a greater pro-
portion of Blacks (73% vs. 30%) and a greater proportion
of participants with substance use disorders (73% vs.
50%) than the persons in routine HIV care.

Associations of VAS adherence with viral load
We examined the association between VL (both con-
tinuous and binary) and adherence (in 10% increments)

using mixed effects regression analyses and found,
among the criminal justice sample the relative VL was
0.73 (95% CI = 0.65, 0.83; p < 0.01; Fig. 1a) indicating that
each 10% increment in adherence was associated with a
reduction in VL of 27% (1-relative VL%). Similarly in
the routine care sample, the relative VL was 0.66
(95% CI = 0.64, 0.68; p < 0.01), so each 10% increment
in adherence was associated with a reduction in VL
of 34%.
The interaction analysis indicated that the coefficients

in the two samples were not significantly different from
one another (P = 0.087). Similarly in the criminal justice
sample, for the logistic regression of binary detectable
VL on 10% increments of adherence we found an odds
ratio (OR) of 0.77 (95% CI = 0.69, 0.87; P < 0.01 Fig. 1b),
and in the routine care sample it was 0.69 (95% CI =
0.67, 0.71; P < 0.01). In this case, however, there was a
significant interaction, indicating that the coefficients in
the two samples were significantly different from one
another (P = 0.049). Moreover, we examined the associa-
tions of optimal adherence (≥95%) with binary detectable
VL, and in the criminal justice sample we found that the
OR was 0.56 (95% CI = 0.34, 0.92; P = 0.02; Fig. 1c), while
in the routine care sample the corresponding OR was
0.26 (95% CI = 0.23, 0.29; P = 0.01; P-value for the inter-
action = 0.0034; Fig. 1c). In the criminal justice sample,

Fig. 1 Associations of Adherence* with Viral Load Using Different Parameterizations,& among Criminal Justice-Involved (STTR)@ and Routine
Clinical Care (CNICS) Study Samples. Footnotes: *Adherence measured in 10% increments of the VAS in a and b. & Linear and logistic mixed
effects models adjusted for age in the criminal justice samples and linear and logistic models in the routine clinical care sample of continuous
adherence with: a log-transformed viral load and b. binary detectable viral load and c. binary detectable viral load with adherence dichotomized
at ≥95% vs. <95% adherence. Relative VL is the ratio of the VL of those with 10% higher adherence compared to the VL of those with 10% lower
adherence. @ Except New Hope, because the sample size with values (n=8) was too small for an estimate in b and c
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we further examined the associations of adherence with
both continuous log-VL and binary detectable VL using
generalized additive models ([GAM]; Fig. 2a & b) and
found that the relationship was fairly linear over the
range of adherence scores. The GAM analysis also ap-
peared to be approximately linear and with similar slope
over the range of adherence scores among people living
with HIV in routine clinical care (Fig. 2c & d).

Potential effect modification of associations of VAS
adherence with VL
In the analysis of the association between adherence and
VL in the criminal justice sample stratified by CD4
count, we found that the linear coefficients for the re-
gression of Log-VL on 10% VAS adherence, stratified by
CD4 count, was − 0.51 (95% CI -0.73, − 0.29; P = < 0.001)
for those with CD4 < 500; it was − 0.25 (95% CI -0.51,
0.02; P = 0.07) for those with CD4 ≥ 500 (Table 3). How-
ever, these coefficients were not significantly different
from one another in the interaction analysis for the
criminal justice sample (P = 0.14; Table 3). The corre-
sponding CNICS sample coefficient point estimates,
stratified by CD4, were similar to those in the criminal
justice sample, but with the much larger sample size in
routine care the interaction by CD4 level was significant
(P < 0.001; Table 3). In the stratified analysis by self-re-
ported general health status in the criminal justice sample,

we found that the coefficient for log-VL regressed on ad-
herence was much larger for low health status (− 0.44;
95% CI -0.70, − 0.18; P = 0.001) than it was for high health
status (0.01; 95% CI -0.25, 0.27; P = 0.90) and that the
interaction was significant (P = 0.01; Table 4). In the rou-
tine care sample, the corresponding linear coefficients for
the regression of Log-VL on 10% increments of adherence,
stratified by self-reported general health status showed no
significant interaction by health status (Table 4).

Association of ART regimens with viral suppression
Although there were no significant differences by regi-
men in the association of adherence with viral sup-
pression every other regimen compared with NNRTI
showed a significantly stronger association with viral
suppression (Table 5). Moreover, the interaction analysis
shows that both PIs (P < .004) and combination/other
ART regimens showed significantly stronger associations
than with NNRTI regimens.

Discussion
Among criminal justice-involved persons living with
HIV from seven criminal justice-focused studies in
STTR, we found consistent associations between higher
self-reported ART adherence, using a variety of ap-
proaches, with lower VL levels. We compared these

Fig. 2 Linearity of Associations between Adherence and Viral Load over the range of Adherence Scores in Criminal Justice-Involved (STTR)
Compared with Routine Clinical Care Samples (CNICS)@. Footnotes: @ Generalized Additive Model (GAM), adjusted for age and sex, of the
Association of Adherence with: a Centered Log-VL in the criminal justice sample; b Centered Log Odds of Binary VL in the criminal
justice sample; c Centered log-VL in the routine care sample; and d Centered Log Odds of Binary VL in the routine care sample. P-values
for A=0.4, B=0.8, C<0.001, D<0.001
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findings to people living with HIV in routine clinical
care from seven CNICS sites across the US and found
similar patterns of association. In addition, the coeffi-
cients reflecting the strength of the association were
generally in the same direction and of similar magnitude
to those among people living with HIV in the routine
clinical care sample. These findings have important im-
plications for the care of people living with HIV who
cycle through criminal justice settings, and the study of
ART adherence in the continuum of HIV care among
criminal justice-involved populations. Because criminal
justice-involved populations, particularly those recently
released from incarceration, are highly transient and
hard-to-reach because of frequent unstable housing,

substance use, and mental health problems they face
greater challenges to ART adherence as well as to acces-
sing HIV care [35–37]. Suitably, the findings support the
use of a simple, VAS measure to assess self-reported
ART adherence in criminal justice-involved populations.
Its brevity, ease of administration, and interpretation make
it attractive for use with low literacy populations such as
the criminal justice-involved people living with HIV [13].
Of particular note, in the criminal justice sample we

found that the associations of self-reported adherence
with VL were robust in that there was a significant asso-
ciation of high levels of adherence with lower levels of
VL, measured in a variety of ways – continuous (log-VL)
and dichotomous. It is clinically useful to know that
every 10-point increment on the 0–100% adherence
scale is associated with approximately a 25–30% decre-
ment in log-VL. The GAM analysis suggests that this as-
sociation was not significantly different in magnitude at
the low or high end of the VAS adherence scale. To-
gether these findings mean that assessing self-reported
ART adherence could be useful in detecting patients
who are most likely to have uncontrolled viremia at the
low end, as well as in detecting those who are likely well
controlled at the high end of adherence reports. Com-
parisons of these associations with the routine care sam-
ple provided strong confirmation of the findings in the
smaller criminal justice sample because in almost every
analysis, the coefficients were of very similar direction
and magnitude as those in routine care.
The examination of potential effect modification by

CD4 cell count and general health status also enhanced
the clinical relevance of our findings. In the criminal
justice sample, the regression coefficients relating high
levels of ART adherence with lower levels of VL were
significant in both strata of CD4 count, and the inter-
action testing difference in the association by CD4 level
was not significant, suggesting that the relationship held

Table 3 Associations of Adherenced with Log- viral load, Stratified by CD4 Count Level among Criminal Justice-Involved (STTR) and
Routine Clinical Care (CNICS) Study Samplesa

Coeff 95% CI P-value Interaction P-value1

STTR N = 208b

STTR Overall − 0.42 − 0.62,-0.22 < 0.001 NA

CD4 < 500 (n = 129) − 0.51 − 0.73, − 0.29 < 0.001 0.14

CD4≥ 500 (n = 79) − 0.25 − 0.51, 0.02 0.07 Ref

CNICS N = 9487c

CNICS Overall − 0.43 − 0.47, − 0.39 < 0.001 NA

CD4 < 500 (n = 4229) − 0.57 − 0.62, − 0.51 < 0.001 < 0.001

CD4≥ 500 (n = 5258) − 0.18 − 0.21, − 0.14 < 0.001 Ref
1Interaction P-value for the test of whether the regression coefficient for CD4 < 500 is different than that for CD4 ≥ 500
aLinear regression of Log VL on adherence, adjusted for age, sex, and study indicator, stratified by CD4 count level in the criminal justice and routine care samples
bn = 206 had missing CD4 values
cn = 2211 had missing CD4 values
dAdherence measured in 10% increments of the VAS

Table 4 Associations of Adherence with Log- Viral Load,
Stratified by Self-Reported Health Status (HS) in Criminal Justice-
Involved (STTR) and Routine Clinical Care (CNICS) Samplesa

Coeff 95% CI P-value Interaction
P-value1

STTR N = 196b

STTR Overall −0.28 − 0.50,-0.07 0.008 NA

Low HS (n = 78) −0.44 −0.70, − 0.18 0.001 0.01

High HS (n = 118) 0.01 −0.25, 0.27 0.935 Ref

CNICS N = 291c

CNICS Overall −0.31 −0.51, − 0.11 0.002 NA

Low HS (n = 68) −0.37 −0.62, − 0.11 0.005 0.59

High HS (n = 223) −0.26 −0.56, 0.04 0.084 Ref
1Interaction P-value tests whether the regression coefficient for CD4 < 500 is
different than CD4 ≥ 500
aLinear regression of Log-VL on 10% increments of VAS adherence, adjusted
for age, sex, and study indicator, stratified by self-reported general health
status in STTR and CNICS study samples
bMissing n = 218 because some studies didn’t use the self-reported general
health status item
cMissing n = 11,407 because some studies didn’t use the self-reported general
health status item
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regardless of stage of illness. However, the point-
estimate of this regression coefficient among those with
CD4 level < 500 was twice as large as that among those
with CD4 level ≥ 500. Furthermore in the routine care
sample, the point-estimate of this regression coefficient
among those with CD4 level < 500 was more than three
times as large as that among those with CD4 level ≥ 500.
Thus, with the large sample size the interaction test-
ing differences in the association by CD4 level was
highly significant. It is important that the association
was strongest among those with the most advanced
disease, and for whom clinicians would be most con-
cerned. Nonetheless, the regression coefficients relat-
ing high levels of ART adherence with lower levels of
VL were significant in both strata of CD4 count in
the routine clinical care sample, supporting the ro-
bustness of the association.
Examination of the associations by self-reported gen-

eral health status, however, did reveal more variation.
Among the criminal justice sample, we found that the
regression coefficients relating high levels of ART adher-
ence with lower levels of VL was strong and highly sig-
nificant among those with low self-reported general
health status levels. However, the corresponding coeffi-
cient was quite weak (nearly zero) and non-significant
among those with high self-reported health status levels.
Thus, the interaction testing of the difference in the as-
sociation by self-reported general health status level was
highly significant. This finding supports the association
among the most symptomatic, but not among those in
best self-perceived health. Interestingly, the same pattern
was not observed in the routine care sample. There we

found the association of VAS adherence with VL was
significant and of similar magnitude regardless of self-
reported general health status levels, so the interaction
was not significant. Moreover, we found that adherence
was associated with viral suppression, especially for com-
bination ART medications.
As with all studies, these analyses had several limita-

tions. First, this study was cross-sectional and hence we
can only report associations and cannot demonstrate
causality. We restricted the criminal justice and routine
clinical care samples to only those whose 30-day adher-
ence report window covered the VL test date. While this
restriction reduced the sample size substantially,
whether the VL overlapped with the adherence time-
frame would most likely impart random error, rather
than systematic bias in one consistent direction. Inher-
ent to smaller sample size is the reduced power of some
analyses, especially the interaction or moderation ana-
lyses, such as those we conducted by CD4 and self-
reported general health status. As often occurs with sec-
ondary data analyses, the data were collected for other
purposes and hence did not always align with the design
needs of this analysis. The smaller sample size resulting
from our attempts to eliminate error reduced our power
to detect associations and interactions, widening confi-
dence intervals around the coefficients of associations.
The sample size was also smaller for analysis by CD4
count and general health status than that for other vari-
ables, so we had limited power for these moderation
analyses. We lacked data on barriers to adherence, or
objective measures such as MEMs, pill count or number
of pills in each ART regimen to make comparisons with

Table 5 Associations of Adherenced with Log- viral load, Stratified by ART Type among Criminal Justice-Involved (STTR) and Routine
Clinical Care (CNICS) Study Samplesa

Mean VASc Coeff 95% CI P-value Interaction P-value1

STTR N = 234b

STTR Overall 87 −0.17 − 0.37,0.03 0.09 NA

NNRTI (n = 72) 86 −0.16 −0.47, 0.14 0.30 Ref

PI (n = 125) 89 −0.21 −0.52, 0.10 0.18 0.82

INSTI (n = 12) 87 0.55 −0.43, 1.53 0.27 0.17

Other/Combo (n = 25) 78 −0.31 −0.77, 0.14 0.18 0.60

CNICS N = 11,698

CNICS Overall 92 −0.42 −0.45, − 0.38 < 0.001 NA

NNRTI (n = 3347) 94 − 0.28 − 0.35, − 0.21 < 0.001 Ref

PI (n = 2979) 90 − 0.42 −0.49, − 0.35 < 0.001 0.004

INSTI (n = 2626) 93 − 0.35 − 0.42, − 0.27 < 0.001 0.20

Combination/Other (n = 2746) 91 − 0.51 −0.58, − 0.43 < 0.001 < 0.001
1Interaction P-value for the test of whether the regression coefficient for the given ART type is different than that for NNRTI
aLinear regressions of Log VL on adherence, adjusted for age, sex, and study indicator, stratified by ART type in the criminal justice and routine care samples
bn = 180 had missing ART type
cMean VAS was not significantly different by regimen in STTR (p = 0.08), and was significantly different by regimen in CNICS (p < 0.001)
dAdherence measured in 10% increments of the VAS
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the VAS. Despite these limitations in the data we do
have viral load data that a strong anchor for adherence
for this analysis. Last, although this study includes sev-
eral major HIV epicenters around the US, and both jail
and prison settings, the findings may not generalize to
all criminal justice settings, nor to all major metropol-
itan or smaller areas. It also may not generalize to cases
where the time frames of the VAS adherence and VL
measures do not match.

Conclusions
Overall, we found that relationships between adherence
and VL, using a variety of approaches among criminal
justice-involved PLWH, were robust and similar to those
in routine clinical care. Consequently, the VAS adherence
measure is a convenient, valid and useful adherence meas-
ure to support treatment for criminal justice-involved
people living with HIV who are vulnerable to falling out of
care. While we recognize that obtaining VL is essential to
assessing the outcomes of care, the VAS adherence meas-
ure is useful to clinicians in this situation, where it is often
difficult to measure VL regularly. It can provide results
more quickly and efficiently for clinical decision-making
than more complex adherence measures, or VL tests
which often take days to produce results. Findings from
this assessment when adherence is suboptimal (<=95%)
can direct clinical care in two important ways: 1) providers
can quickly intervene to optimize adherence and possibly
avoid virologic failure sooner than they could if they
waited for VL test results and 2) proactively order HIV-1
genotyping to assess for virologic resistance to current
medications. The latter is indicated because the risk of re-
sistance is greater with poor or intermittent adherence
that often attends criminal justice-involved people living
with HIV who have prevalent substance use disorders and
cycles of incarceration and release. This study also pro-
vides further evidence of the validity of the VAS adher-
ence measure for use in other survey research. This is,
particularly the case in post-release criminal justice-
involved populations or other situations where more ob-
jective forms of adherence measurement and more fre-
quent VL testing are not feasible. While some research
has supported the notion that criminal justice-involved
populations can achieve HIV continuum of care mile-
stones as well as those of non-criminal justice-involved
populations [38], it is generally recognized that criminal
justice-involved populations are at particular risk of lack-
ing HIV care and adherence to ART [7, 39–41]. Gaps in
care and loss of viral control often occur after release,
when it would be impractical and cost-prohibitive to
measure VL frequently or to monitor adherence with
resource-intensive approaches, such as MEMS-caps [42,
43]. Thus, our finding that the magnitude of association
between adherence to ART and VL was quite comparable

to that in a sample of people living with HIV in routine
clinical care was reassuring of the usefulness and robust-
ness of the VAS adherence measure for use in other low
resource settings. Future research should further examine
the performance of adherence measures in additional
hard-to-reach, disadvantaged populations.

Abbreviations
ART: Anti-retroviral treatment; CD4: Cluster of differentiation 4; CI: confidence
interval; CNICS: Centers for AIDS Research Network of Integrated Clinical
Systems; DHHS: US Department of Health and Human Services;
GAMs: generalized additive models; HIV: human Immunodeficiency virus;
IRB: Institutional review board; MEMS: medication event monitoring system;
MSM: Men who have sex with men; NNRTIs: non-nucleoside reverse
transcriptase inhibitors; OR: odds ratio; RCT: Randomized controlled trial;
SD: Standard deviation; STTR: Seek, test, treat and retain; UCLA: University of
California, Los Angeles; UPC: unannounced pill counts; VAS: visual analogue
scale; VL: Viral load

Acknowledgements
We would like to thank Jimmy Ngo at UCLA and Cynthia Frank at Yale
School of Medicine for assisting in submission of the manuscript.

Authors’ contributions
All authors have read and approved the manuscript and the authorship
order and we ensure this is the case. WC conceived of the paper,
participated in the design, participated in data acquisition, led the
interpretation of the analysis, edited the drafts based on co-author input, fi-
nalized and submitted manuscript. RN participated in the paper
conceptualization, participated in the design, led the analysis, edited drafts,
gave final approval. CG participated in the paper conceptualization, partici-
pated in the design, participated in data acquisition, participated in interpret-
ing the analysis, edited drafts, gave final approval. PF participated in the
paper conceptualization, participated in data acquisition, approved drafts,
gave final approval. KK participated in the paper conceptualization, partici-
pated in data acquisition, approved drafts, gave final approval. CB partici-
pated in the paper conceptualization, participated in the design, participated
in data acquisition, edited drafts, gave final approval. IK participated in the
paper conceptualization, participated in the design, participated in data ac-
quisition, edited drafts, gave final approval. AS participated in the paper
conceptualization, participated in the design, participated in data acquisition,
edited drafts, gave final approval. FT participated in the paper
conceptualization, participated in the design, participated in data acquisition,
edited drafts, gave final approval. FA participated in the paper
conceptualization, participated in the design, participated in data acquisition,
edited drafts, gave final approval. JD participated in the paper
conceptualization, participated in the design, participated in data acquisition,
edited drafts, gave final approval. HC participated in the paper
conceptualization, participated in the design, participated in data acquisition,
edited drafts, gave final approval. SS participated in the paper
conceptualization, participated in the design, participated in data acquisition,
participated in interpreting the analysis, edited drafts, gave final approval,
and edited the revised submission manuscript, requested authorship signa-
tures for revised final manuscript and submitted the revised manuscript.

Funding
Primary Support for this research was provided by grants from NIH/NIDA:
R01-DA030781 (PI, Cunningham); R01-DA030762 and K02DA032322 (PI,
Springer); R01-DA030747 (PIs: Beckwith, Kuo); R34-DA035728-01A1 (PI,
Spaulding); R01DA030793 (MPI; Wohl, Golin, Knight, Flynn) and 5 U01-
DA037702 (PIs: Delaney, Crane); R0I DA030768 (PI, Altice). Additional support
for Dr. Cunningham’s time on this analysis was provided by NIMH grants
P30-MH58107 and R01-MH103076; NIDA R01-DA039934; NIA P30-AG021684;
NINR grants R01-NR017334, and R01-NR4014789; and the UCLA Clinical and
Translational Science Institute (CTSI) NIH/NCATS UL1-TR001881.
The content is solely the responsibility of the authors and does not
necessarily represent the official views of the National Institutes of Health.
The funders for all of the authors had no bearing on design of study, data
collection, analysis and interpretation of data or in the writing of the
manuscript.

Cunningham et al. BMC Infectious Diseases          (2019) 19:913 Page 9 of 11



Availability of data and materials
The data are available through the data-coordinating center for the STTR
project (https://www.uwchscc.org/ and https://sttr-hiv.org/cms). All data re-
quests must be approved by the STTR publications and presentations com-
mittee due to the sensitive nature of the project involving participants with
substance use, HIV infection, and/or criminal justice involvement.

Ethics approval and consent to participate

BMC ID: Compliance with Ethical Standards Requirements for Manuscripts

Sub-
study

Competing
interests

IRB approval Informed
consent

CARE +
RCT

None Approved by The Miriam
Hospital and George
Washington University IRBs.

Written

IMPACT None Approved by Texas Christian
University and University of
North Carolina IRBs.

Written

LINK LA None Approved by UCLA and
LA County Dept of Public
Health IRBs

Written

NEW
HOPE

None Approved by the IRBs at all four
study sites (Yale School of
Medicine for New Haven and
Hartford, Baystate Medical
Center for Springfield, Waterbury
Hospital for Waterbury), the
Hampden County Correctional
Centers and the Connecticut
Department of Corrections.

Both
verbal
and
written

STRIDE1 None Approved by IRBs at
Yale University, George
Mason University and
Howard University

Written

STRIDE2 None Approved by IRBs at Yale
University, George Mason
University and Howard University

Written

SUCCESS Gilead—grant
through Emory
University

Approved by Emory
University IRB.

Written

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Medicine, Div GIM & HSR, Geffen School of Medicine, UCLA,
911 Broxton Ave, Los Angeles, CA 90024, USA. 2Department of Health Policy
and Management, Fielding School of Public Health, UCLA, 911 Broxton Ave,
Los Angeles, CA 90024, USA. 3Department of Medicine, University of
Washington, Seattle, WA, USA. 4Department of Biostatistics, University of
Washington, Box 357232, Seattle, WA 98195-7232, USA. 5Division of General
Medicine and Epidemiology, University of North Carolina at Chapel Hill
School of Medicine, Gillings School of Global Public Health, 310 Rosenau
Hall, CB #7440, Chapel Hill, NC 27599, USA. 6Institute of Behavioral Research,
Texas Christian University, TCU Box 298740, Fort Worth, TX 76129, USA.
7Department of Medicine, Alpert Medical School of Brown University and
The Miriam Hospital, 1125 North Main St, Providence, RI 02904, USA.
8Department of Epidemiology and Biostatistics, George Washington
University Milken Institute School of Public Health, 950 New Hampshire Ave,
NW, 7th Floor, Washington, DC 20052, USA. 9Rollins School of Public Health,
Emory University, 1518 Clifton Road, Atlanta, GA 30322, USA. 10Department

of Criminology, Law & Society, George Mason University, 4087 University
Drive 4100 MSN 6D3, Fairfax, VA 22030, USA. 11Section of Infectious Diseases,
AIDS Program, Yale University School of Medicine, 135 College Street, Suite
323, New Haven, CT 06510-2283, USA. 12Department of Epidemiology,
University of Washington, Seattle, WA, USA. 13Collaborative Health Studies
Coordinating Center, Box 354922, Building 29, Suite 210, Seattle, WA 98115,
USA. 14Faculty of Medicine, University of Washington, Seattle, WA, USA.
15Harborview Medical Center, 325 9th Ave, Seattle, WA 98104, USA.
16Department of Internal Medicine, Section of Infectious Disease, Yale AIDS
Program, Yale New Haven Hospital, Yale University School of Medicine, 135
College street, Suite 323, 20 York Street, New Haven, CT 06510, USA.

Received: 7 August 2018 Accepted: 6 September 2019

References
1. Stirratt MJ, Dunbar-Jacob J, Crane HM, et al. Self-report measures of

medication adherence behavior: recommendations on optimal use. Transl
Behav Med. 2015;5(4):470–82.

2. Simoni JM, Kurth AE, Pearson CR, Pantalone DW, Merrill JO, Frick PA. Self-
report measures of antiretroviral therapy adherence: a review with
recommendations for HIV research and clinical management. AIDS Behav.
2006;10(3):227–45.

3. Kalichman SC, Amaral CM, Swetzes C, et al. A simple single-item rating scale
to measure medication adherence: further evidence for convergent validity.
J Int Assoc Physicians AIDS Care (Chic). 2009;8(6):367–74.

4. Nieuwkerk PT, Oort FJ. Self-reported adherence to antiretroviral therapy for
HIV-1 infection and virologic treatment response: a meta-analysis. J Acquir
Immune Defic Syndr. 2005;38(4):445–8.

5. Baillargeon J, Giordano TP, Harzke AJ, et al. Predictors of reincarceration and
disease progression among released HIV-infected inmates. AIDS Patient
Care STDs. 2010;24(6):389–94.

6. Gonzalez A, Barinas J, O'Cleirigh C. Substance use: impact on adherence and
HIV medical treatment. Curr HIV/AIDS Rep. 2011;8(4):223–34.

7. Baillargeon J, Giordano TP, Rich JD, et al. Accessing antiretroviral therapy
following release from prison. JAMA. 2009;301(8):848–57.

8. Springer SA, Pesanti E, Hodges J, Macura T, Doros G, Altice FL. Effectiveness
of antiretroviral therapy among HIV-infected prisoners: reincarceration and
the lack of sustained benefit after release to the community. Clin Infect Dis.
2004;38(12):1754–60.

9. Cunningham WE, Weiss RE, Nakazono T, et al. Effectiveness of a peer
navigation intervention to sustain viral suppression among HIV-positive
men and transgender women released from jail: the LINK LA randomized
clinical trial. JAMA Intern Med. 2018;178(4):542–53.

10. Spaulding AC, Seals RM, Page MJ, Brzozowski AK, Rhodes W, Hammett TM.
HIV/AIDS among inmates of and releasees from US correctional facilities,
2006: declining share of epidemic but persistent public health opportunity.
PLoS One. 2009;4(11):e7558.

11. Loeliger KB, Altice FL, Desai MM, Ciarleglio MM, Gallagher C, Meyer JP.
Predictors of linkage to HIV care and viral suppression after release from jails
and prisons: a retrospective cohort study. Lancet HIV. 2018;5(2):e96–e106.

12. Amico KR, Fisher WA, Cornman DH, et al. Visual analog scale of ART
adherence: association with 3-day self-report and adherence barriers. J
Acquir Immune Defic Syndr. 2006;42(4):455–9.

13. Giordano TP, Guzman D, Clark R, Charlebois ED, Bangsberg DR. Measuring
adherence to antiretroviral therapy in a diverse population using a visual
analogue scale. HIV Clin Trials. 2004;5(2):74–9.

14. Chesney MA. The elusive gold standard. Future perspectives for HIV
adherence assessment and intervention. J Acquir Immune Defic Syndr.
2006;43(Suppl 1):S149–55.

15. Shi L, Liu J, Koleva Y, Fonseca V, Kalsekar A, Pawaskar M. Concordance of
adherence measurement using self-reported adherence questionnaires and
medication monitoring devices. Pharmacoeconomics. 2010;28(12):1097–107.

16. Shi L, Liu J, Fonseca V, Walker P, Kalsekar A, Pawaskar M. Correlation
between adherence rates measured by MEMS and self-reported
questionnaires: a meta-analysis. Health Qual Life Outcomes. 2010;8:99.

17. Finitsis DJ, Pellowski JA, Huedo-Medina TB, Fox MC, Kalichman SC.
Visual analogue scale (VAS) measurement of antiretroviral adherence in
people living with HIV (PLWH): a meta-analysis. J Behav Med. 2016;39
(6):1043–55.

Cunningham et al. BMC Infectious Diseases          (2019) 19:913 Page 10 of 11

https://www.uwchscc.org/
https://sttr-hiv.org/cms


18. Bae JW, Guyer W, Grimm K, Altice FL. Medication persistence in the
treatment of HIV infection: a review of the literature and implications for
future clinical care and research. AIDS. 2011;25(3):279–90.

19. Miller LG, Golin CE, Liu H, et al. No evidence of an association between
transient HIV viremia (“blips”) and lower adherence to the antiretroviral
medication regimen. J Infect Dis. 2004;189(8):1487–96.

20. Bangsberg DR, Hecht FM, Charlebois ED, et al. Adherence to protease
inhibitors, HIV-1 viral load, and development of drug resistance in an
indigent population. AIDS. 2000;14(4):357–66.

21. Leth FV, Kappelhoff BS, Johnson D, et al. Pharmacokinetic parameters of
nevirapine and efavirenz in relation to antiretroviral efficacy. AIDS Res Hum
Retrovir. 2006;22(3):232–9.

22. Wateba MI, Billaud E, Dailly E, Jolliet P, Raffi F. Low initial trough plasma
concentrations of lopinavir are associated with an impairment of virological
response in an unselected cohort of HIV-1-infected patients. HIV Med. 2006;
7(3):197–9.

23. Stahle L, Moberg L, Svensson JO, Sonnerborg A. Efavirenz plasma
concentrations in HIV-infected patients: inter- and intraindividual variability
and clinical effects. Ther Drug Monit. 2004;26(3):267–70.

24. Gross R, Yip B, Lo Re V 3rd, et al. A simple, dynamic measure of
antiretroviral therapy adherence predicts failure to maintain HIV-1
suppression. J Infect Dis. 2006;194(8):1108–14.

25. Panel on Antiretroviral Guidelines for Adults and Adolescents. Guidelines for
the use of antiretroviral agents in HIV-1-infected adults and adolescents:
Department of Health and Human Services; 2011.

26. Mellors JW, Munoz A, Giorgi JV, et al. Plasma viral load and CD4+
lymphocytes as prognostic markers of HIV-1 infection. Ann Intern Med.
1997;126(12):946–54.

27. Howard AA, Arnsten JH, Lo Y, et al. A prospective study of adherence and
viral load in a large multi-center cohort of HIV-infected women. AIDS. 2002;
16(16):2175–82.

28. Chandler R, Gordon MS, Kruszka B, et al. Cohort profile: seek, test, treat and
retain United States criminal justice cohort. Subst Abuse Treat Prev Policy.
2017;12(1):24.

29. Chandler RK, Kahana SY, Fletcher B, et al. Data collection and
harmonization in HIV research: the seek, test, treat, and retain initiative
at the National Institute on Drug Abuse. Am J Public Health. 2015;105
(12):2416–22.

30. Kitahata MM, Rodriguez B, Haubrich R, et al. Cohort profile: the centers for
AIDS research network of integrated clinical systems. Int J Epidemiol. 2008;
37(5):948–55.

31. Raffi F, Esser S, Nunnari G, Perez-Valero I, Waters L. Switching regimens in
virologically suppressed HIV-1-infected patients: evidence base and rationale
for integrase strand transfer inhibitor (INSTI)-containing regimens. HIV Med.
2016;17(Suppl 5):3–16.

32. Gunthard HF, Saag MS, Benson CA, et al. Antiretroviral drugs for
treatment and prevention of HIV infection in adults: 2016
recommendations of the international antiviral society-USA panel. JAMA.
2016;316(2):191–210.

33. Simoni JM, Huh D, Wang Y, et al. The validity of self-reported
medication adherence as an outcome in clinical trials of adherence-
promotion interventions: findings from the MACH14 study. AIDS Behav.
2014;18(12):2285–90.

34. Kabore L, Muntner P, Chamot E, Zinski A, Burkholder G, Mugavero MJ.
Self-report measures in the assessment of antiretroviral medication
adherence: comparison with medication possession ratio and HIV viral
load. J Int Assoc Provid AIDS Care. 2015;14(2):156–62.

35. Krishnan A, Wickersham JA, Chitsaz E, et al. Post-release substance abuse
outcomes among HIV-infected jail detainees: results from a multisite study.
AIDS Behav. 2013;17(Suppl 2):S171–80.

36. Springer SA, Azar MM, Altice FL. HIV, alcohol dependence, and the criminal
justice system: a review and call for evidence-based treatment for released
prisoners. Am J Drug Alcohol Abuse. 2011;37(1):12–21.

37. Chitsaz E, Meyer JP, Krishnan A, et al. Contribution of substance use
disorders on HIV treatment outcomes and antiretroviral medication
adherence among HIV-infected persons entering jail. AIDS Behav. 2013;17
(Suppl 2):S118–27.

38. Schneider JA, Kozloski M, Michaels S, et al. Criminal justice
involvement history is associated with better HIV care continuum
metrics among a population-based sample of young black MSM.
AIDS. 2017;31(1):159–65.

39. Springer SA, Spaulding AC, Meyer JP, Altice FL. Public health implications for
adequate transitional care for HIV-infected prisoners: five essential
components. Clin Infect Dis. 2011;53(5):469–79.

40. Meyer JP, Cepeda J, Wu J, Trestman RL, Altice FL, Springer SA.
Optimization of human immunodeficiency virus treatment during
incarceration: viral suppression at the prison gate. JAMA Intern Med.
2014;174(5):721–9.

41. Iroh PA, Mayo H, Nijhawan AE. The HIV care Cascade before, during, and
after incarceration: a systematic review and data synthesis. Am J Public
Health. 2015;105(7):e5–16.

42. Gao X, Nau DP. Congruence of three self-report measures of
medication adherence among HIV patients. Ann Pharmacother. 2000;34
(10):1117–22.

43. Deschamps AE, Graeve VD, van Wijngaerden E, et al. Prevalence and
correlates of nonadherence to antiretroviral therapy in a population of HIV
patients using medication event monitoring system. AIDS Patient Care
STDs. 2004;18(11):644–57.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Cunningham et al. BMC Infectious Diseases          (2019) 19:913 Page 11 of 11


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Design
	Study samples
	Measures
	Analysis
	Association of VL and ART adherence
	Effect modification


	Results
	Descriptive characteristics
	Associations of VAS adherence with viral load
	Potential effect modification of associations of VAS adherence with VL
	Association of ART regimens with viral suppression

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

