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Objective: The aging HIV population has increased comorbidity
burden and consequently non-antiretroviral medication utilization.
Many non-antiretroviral medications have known neurocognitiveadverse effects (“NC-AE medications”). We assessed the cognitive
effects of NC-AE medications in HIV+ and HIV2 women.

Methods: One thousand ﬁve hundred ﬁfty-eight participants (1037
HIV+; mean age 46) from the Women’s Interagency HIV Study
completed a neuropsychological test battery between 2009 and 2011.
The total number of NC-AE medications and subgroups (eg, anticholinergics) were calculated based on self-report. Generalized linear
models for non-normal data were used to examine the cognitive burden
of medications and factors that exacerbate these effects.
Results: HIV+ women reported taking more NC-AE medications vs.
HIV2 women (P , 0.05). NC-AE medication use altogether was not
associated with cognitive performance. However, among NC-AE
medication subgroups, anticholinergic-acting medications, but not

opioids or anxiolytics/anticonvulsants, were negatively associated with
performance. HIV status moderated the association between these NCAE medication subgroups and performance (P’s , 0.05). HIV-serostatus
differences (HIV2 , HIV+) in global, learning, ﬂuency, and motor
function were greatest among women taking .1 anticholinergic
medications. HIV-serostatus differences in performance on learning
and psychomotor speed were also greatest among women taking 1 or
more anxiolytics/anticonvulsants and 1 or more opioids, respectively.

Conclusions: HIV+ women have increased cognitive vulnerabilities
to anticholinergic, anxiolytic/anticonvulsant, and opioid medications.
Potential synergy between these medications and HIV may explain
some HIV-related cognitive impairments. It may be important clinically
to consider these speciﬁc types of medications as a contributor to
impaired cognitive performance in HIV+ women and assess the cost/
beneﬁt of treatment dosage for underlying conditions.
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INTRODUCTION
Increasing effectiveness and adherence to antiretroviral
(ARV) therapies has led to an aging of the HIV population.
To date, approximately 50% of all individuals with HIV are
50 years or older1,2 and about 90% of individuals older than
50 years have been living with HIV for the majority of their
life.3 Two consequences of aging in the HIV-infected
population are increases in: (1) prevalence of HIVassociated non-AIDS comorbidities; and (2) prescription
and utilization of non-ARV medications to treat these
comorbidities. Both consequences may cause detrimental
effects on brain structure and function.
One common HIV-associated non-AIDS comorbidity is
cognitive impairment, which is reported to occur in approximately 30%–60% of people with HIV at some point during their
lifetime.4 The clinical features of HIV-associated cognitive
impairment commonly include alterations in executive function,
complex attention, processing speed, learning, and memory5–9
and these deﬁcits are associated with dysfunction of frontostriatal networks10 and altered integrity of hippocampal and
prefrontal brain regions.11–13 Interestingly, the utilization of nonARV medications with known cognitive adverse effects may in
part explain some of the cognitive complications among HIVinfected (HIV+) individuals, particularly among those individuals aged 50 years and older. Many of the non-ARV
medications used among HIV+ individuals have known cognitive adverse effects (termed “NC-AE medications”), especially
agents with anticholinergic properties14–18 as well as opioids,19
anxiolytics,20 and anticonvulsants.21 This is particularly concerning because older adults in general have an increased
vulnerability to medication side effects due to the pharmacokinetic and pharmacodynamic changes that occur with aging.22
For example, with age, metabolism and drug elimination slows,
the blood–brain barrier changes, and there are age-related
deﬁcits in neurotransmission.23 As a result, many medications
with higher side effect burden are not routinely recommended in
older patients.24–26
The primary aim of the present analysis was to examine
the potential cognitive burden of NC-AE medications (total
number) and to determine whether HIV exacerbates potentially negative effects. We were interested in both the more
general, diffuse effects of NC-AE medications27 as well as the
effects of commonly used non-ARV medications with known
pharmacodynamic mechanisms including those with anticholinergic properties, opioids, anticonvulsants, and anxiolytics.
Our overarching hypothesis was that the effects of NC-AE
medications would be broad, negative inﬂuences on cognitive
performance, and that HIV would exacerbate these effects.
Furthermore, consistent with previous studies in older
adults,16,18 we expected more speciﬁc associations with
medications with known anticholinergic properties on measures of learning, memory, and attention.

(Chicago, Bronx, Brooklyn, Washington DC, San Francisco,
and Los Angeles) between the period of 1994 and 2011
(enrollment varied by site). Study methodology, data collection, interviewer training, and retention have been previously
reported.28–30
Participants in this cross-sectional analysis completed
a cognitive assessment during the ﬁrst wave (April 2009–
April 2011) of a comprehensive neuropsychological test
battery administered every 2 years in combination with the
WIHS semiannual study visits, which includes a physical
examination, blood draw, and medical and psychosocial interviews. Brieﬂy, all active English-speaking WIHS participants completing any of the 4 semiannual WIHS visits (n =
1908) were asked to undergo neuropsychological testing and
1595 consented to participate.31 Of the 1595, we included
1558 (98%) in our analyses. Thirty-seven women were
excluded because they were missing non-ARV NC-AE
medication data.

Measures
Medication Assessments
At each WIHS visit, participants were asked to recall
ARV and non-ARV medications taken currently and since the
last visit (;6 months). Medication data were reviewed with
speciﬁc drugs categorized as NC-AE if there were known
adverse cognitive effects.27 Medication categories27 were
modiﬁed to include those medications or drug categories
known to adversely impact performance on neuropsychological tests (for drug list, see Table 1, Supplemental Digital
Content, http://links.lww.com/QAI/B173). In addition, medications reported by participants were categorized by whether they
possessed anticholinergic properties according to the Anticholinergic Risk Scale.32 Our primary exposures of interest were: (1)
the total number of NC-AE medications (0, 1, or .1), (2)
anticholinergic burden, deﬁned here as the total number of nonARV medications with anticholinergic properties (0, 1, or .1),
(3) taking opioid medications (yes vs. no), and (4) taking
anticonvulsant/anxiolytics (yes vs. no) (see Table 1, Supplemental Digital Content, http://links.lww.com/QAI/B173). Categorization of each of the primary exposures was based on the data
distributions. The focus on anticholinergic, opioid, and anticonvulsant/anxiolytic medications was based on the known adverse
effects of these medication categories on cognitive performance
and relative high-frequency use of these medications in this
cohort allowing for subgroup analyses.

Neuropsychological Performance

All participants were enrolled in the Women’s Interagency HIV Study (WIHS), a longitudinal, multisite study

Participants completed a test battery that comprised 8
tests: Hopkins Verbal Learning Test-Revised (HVLT-R),
Letter-Number Sequencing, Trail Making (TMT), Stroop
Test, Symbol Digit Modalities Test (SDMT), Controlled Oral
Word Association Test (COWAT), Category Fluency Test
(Animals), and Grooved Pegboard (GPEG). Performance on
these tests were used to assess 7 domains: learning (total
learning across HVLT-R trials), memory (delayed free recall
on HVLT-R), attention/working memory (total correct on
Letter-Number Sequencing control and experimental
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conditions), psychomotor speed (total correct on SDMT and
time to completion on Stroop Trial 2), executive function
(time to completion on TMT Part B and Stroop Trial 3),
ﬂuency (total correct on COWAT and category ﬂuency), and
motor skills (total time to completion for each hand on
GPEG). Timed outcome was log-transformed to normalize
distributions and reverse-scored, so that higher values equated
to better performance.
Demographically adjusted T-scores were derived for
each outcome and these T-scores were used to create domain
scores consistent with previous large-scale HIV cohorts
including the WIHS.9,31,33–36 For each domain, a composite
T-score was derived by averaging the T-scores for domains
with $2 outcomes. If only one test in a domain was
completed, the T-score for that test was used. A global
neuropsychological score was derived for individuals who
had T-scores for at least 4 of 7 cognitive domains.
T-scores were converted into clinical ratings, which
ranged from 1 to 9 with 1 = reﬂecting above average
performance (T-score $55), 2 = average performance (T-score
$45 and ,55), 3 = low average (T-score $40 and ,45), 4 =
borderline (used for only domain and global summary ratings
not individual test scores), 5 = deﬁnite mild impairment
(T-score $35 and ,40), 6 = mild to moderate impairment
(T-score $30 and ,35), 7 = moderate impairment (T-score
$25 and ,30), 8 = moderate to severe impairment (T-score
$20 and ,25), and 9 = severe impairment (T-score ,20).37
For each domain rating, a rating was derived based on the test
(s) in the domain. If a single test was completed, we used the
rating for the domain. If 2 or more tests in the domain were
completed and all test ratings are (1-3) or (5-9), we averaged
the ratings. If one or more test were scored 1–3 and one or
more of the tests was 5 or greater, the domain was scored as the
worst test score minus 1 (higher is worse, eg, a test score of 6
would result in a domain score of 5).

Statistical Analyses
Generalized linear models for non-normal data (PROC
GENMOD, distribution = Poisson) were performed using SAS
version 9.4 (Cary, NC) to examine associations between nonARV NC-AE medications and cognitive performance. Similar
generalized linear models were used to assess whether the
association between medication burden and cognitive performance was modulated by HIV-serostatus. In the ﬁrst set of
models, non-ARV NC-AE medication use (0, 1, and .1) was
the primary predictor. Models controlled for HIV status, WIHS
site, current employment status (employed vs. unemployed),
a clinically relevant depressive symptom burden (CES-D $ 16),
current smoking status (yes vs. no), heavy drinking ($4 drinks
in 1 sitting or $7 drinks/wk vs. not), marijuana use in the past 6
months (yes vs. no), recent crack, cocaine, and/or heroin use in
the past 6 months (yes vs. no), and hepatitis C (HCV) RNA.
Subsequent models included the interaction between NC-AE
medications and HIV-serostatus. Similar sets of models were
conducted to include non-ARV medications with anticholinergic
properties, opioids, and anxiolytics/anticonvulsants. Results
were considered signiﬁcant at P , 0.05 (2-sided). The
Benjamini–Hochberg procedure was used to control for the
Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.
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false discovery rate, which was set at 0.10 for each set
of analyses.

RESULTS
Table 1 includes demographic, behavioral, clinical, and
cognitive characteristics of the HIV+ (n = 1037) and HIV2
women (n = 521) included in the present analysis. Compared
with HIV2 women, HIV+ women were signiﬁcantly older (47
vs. 43 years), were less likely to be Hispanic, were more likely
to have positive HCV serology, and were less likely to be
employed and engaged in smoking, heavy alcohol, marijuana,
or crack, cocaine, and/or heroin use (P’s , 0.05). Eighty-three
percent of HIV+ women reported combination ARV therapy
use with greater than or equal to 95% adherence, 62% were
taking low Central Nervous System (CNS)-penetrating ARV
medications (CNS penetration effectiveness score ,838), and
52% of women had an undetectable plasma HIV RNA (below
the limits of detection at ,48 cp/mL).
HIV+ women reported using more antidepressants, and
more non-ARV NC-AE medications including anxiolytics,
and medications with known anticholinergic properties vs.
HIV2 women (P’s , 0.05). Reported opioid and anticonvulsant use was the same among HIV+ and HIV2 women.
Among HIV+ women using non-ARV NC-AE medications
(n = 405), the most common NC-AE medication reported by
drug class were: anxiolytics alone (n = 46, 11%), opioids
alone (n = 45, 11%), antihistamines alone (n = 31, 8%),
antidepressants alone (n = 31, 8%), beta-blockers alone (n =
23, 6%), and antipsychotics alone (n = 21, 5%). In HIV2
women who reported using NC-AE medications (n = 144),
the most common drug classes used were: opioids alone (n =
22, 15%), antipsychotics alone (n = 14, 10%), antihistamines
alone (n = 9, 6%), beta-blockers alone (n = 8, 5%), and
antidepressants alone (n = 8, 5%). With respect to cognitive
performance, HIV+ women performed lower than HIV2
women on global function, memory, attention/working memory, and executive function.

Total Non-ARV NC-AE Medication Burden on
Cognitive Performance
Table 2 presents cognitive performance by NC-AE
medication use in the overall sample.
Non-ARV NC-AE medication use was not associated
with cognitive performance (P’s . 0.07) and non-ARV NCAE medication use did not moderate the association of HIV
and performance (P . 0.10, Fig. 1).

Total Anticholinergic Burden on
Cognitive Performance
Table 3 presents cognitive performance by non-ARV
medications with anticholinergic properties in the overall
sample. Total anticholinergic burden was negatively associated with learning and executive function. Regarding executive function, women taking at least 2 medications with
anticholinergic properties demonstrated lower performance
than women taking no medications, potentially indicating
www.jaids.com |
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TABLE 1. Demographic, Behavioral, Clinical, and Cognitive
Characteristics as a Function of HIV-Serostatus
Variable
Age, M (SD)
Years of education
WRAT-3 reading subtest
Race/ethnicity
Black, non-Hispanic
White, non-Hispanic
Hispanic
Other
Annual household income
#12,000/yr
Currently
employed
Clinically relevant
depressive symptoms†
Currently smoking
Recent use
Heavy alcohol
Marijuana
Crack, cocaine, and/or
heroin use
Opioids
Antianxiety
Anticonvulsants
Either antianxiety or
anticonvulsants
NC-AE medications
0
1
.1
Anticholinergic-acting
medications
0
1
.1
Hepatitis C RNA
positive
HIV RNA
Undetectable (,48 cp/
mL)
Detectable, median
(IQR)
$10,000 cp/mL
CD4 count, median (IQR)
Current
Nadir
cART and $95%
adherence
ART duration (yrs),
median (IQR)
CPE exposure
Low (,8)
Medium (8–9)
High (.9)
Previous AIDS diagnosis

86
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HIV+
HIV2
(n = 1037), n (%) (n = 521), n (%)
46.99 (8.76)
12.45 (2.99)
92.23 (18.33)
664
142
192
39
452

(64)
(14)
(18)
(4)
(44)

42.83 (9.97)
12.50 (2.93)
91.50 (17.50)
323
50
126
22
232

(62)
(10)
(24)
(4)
(44)

P
,0.001
0.75
0.45
0.01

0.93

370 (36)

228 (44)

0.002

322 (31)

163 (31)

0.94

425 (41)

243 (47)

0.03

145 (14)
161 (15)
60 (6)

114 (22)
117 (22)
44 (8)

,0.001
,0.001
0.04

121
136
59
173

(12)
(13)
(6)
(17)

49
38
20
52

(9)
(7)
(4)
(10)

0.18
,0.001
0.12
,0.001
,0.001

632 (61)
223 (22)
182 (18)

377 (72)
78 (15)
66 (13)
0.01

792
171
74
238

(76)
(17)
(7)
(23)

542 (52)
1207 (14,793)

431
66
24
66

(83)
(13)
(4)
(13)

—
—

141 (14)
—
505 (407)
189 (201)
667 (83)

—

13.05 (5.40)

—

648
224
165
459

(62)
(22)
(16)
(44)

—

,0.001

TABLE 1. (Continued ) Demographic, Behavioral, Clinical, and
Cognitive Characteristics as a Function of HIV-Serostatus
Variable
NP test performance
Clinical rating score,
mean (SE)*
Global
Learning
Memory
Attention/working
memory
Executive function
Speed
Fluency
Motor

HIV+
HIV2
(n = 1037), n (%) (n = 521), n (%)

P

3.62
2.85
2.71
2.34

(0.13)
(0.11)
(0.11)
(0.11)

3.39
2.69
2.53
2.17

(0.14)
(0.12)
(0.12)
(0.11)

0.01
0.07
0.04
0.02

3.10
2.89
2.67
2.62

(0.13)
(0.12)
(0.11)
(0.12)

2.88
2.72
2.61
2.62

(0.13)
(0.12)
(0.11)
(0.13)

0.02
0.05
0.45
0.97

Variables reported as n (%) were analyzed with x2 tests. Variables reported as M
(SD) were analyzed with independent t tests. Variables reported as median/IQR were
analyzed with Wilcoxon–Mann–Whitney test.
*Higher is worse, and scores are from models adjusting for anticholinergic-acting
medications, HCV status, depressive symptoms, heavy drinking, smoking, marijuana,
crack, cocaine, and/or heroin use.
†CES-D, Center for Epidemiological Studies Depression scale $16 cutoff; current,
refers to within the past week; recent, refers to within 6 months of the most recent WIHS
visit; heavy alcohol use reﬂects .7 drinks/wk or $4 drinks in one sitting.
ART, antiretroviral therapy; cART, combination antiretroviral therapy; CPE, CNS
penetration effectiveness; IQR, interquartile range; NP, neuropsychological; WRAT-3,
wide range achievement test standard score.

a threshold effect of anticholinergic burden on these domains.
There were incremental increases on learning impairment
with anticholinergic burden (0 . 1 medication . more than
1 medication).
In models including the 2-way interaction between total
anticholinergic burden and HIV status, the interaction was
signiﬁcant for global function, learning, attention/working
memory, ﬂuency, and motor function (P’s , 0.05), and trend
for speed (P = 0.05) (Fig. 1). Follow-up analyses indicated
that the magnitude of performance differences between HIV+
and HIV2 women on global function, learning, ﬂuency, and
speed depended on the reported number of medications with
anticholinergic properties. For these 4 domains, the greatest
performance differences between HIV+ and HIV2 women
were among women taking 2 or more medications with
anticholinergic properties (P , 0.05). Differences in performance on attention and working memory tasks were only
observed between HIV+ and HIV2 women who were not
taking medications with anticholinergic properties (P =
0.002). Motor function performance differed between HIV+
and HIV2 women among women taking one or more
medications. Among women taking one medication, HIV2
women demonstrated lower performance than HIV+ women
(P = 0.002). However, among women taking more than 1
medication, HIV+ women demonstrated lower performance
than HIV2 women (P = 0.04).
To ensure that the pattern of medication effects on
cognitive outcomes was not driven by uncontrolled viremia in
a subset of HIV+ women, we reconducted the analyses only
among HIV+ women with suppressed plasma HIV RNA

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Cognitive Performance by NC-AE Medication Use in the Women’s Interagency HIV Study
Total NC-AE Medications

Outcome

Obs

Global NP
Memory
Learning
Attention/WM
Executive function
Speed
Fluency
Motor

1556
1553
1553
1398
1540
1555
1550
1531

Generalized Linear Model*

0

1

.1

(n = 1009)

(n = 301)

(n = 248)

M (SE)
3.2
2.4
2.5
2.3
2.8
2.6
2.6
2.4

(0.10)
(0.09)
(0.08)
(0.09)
(0.10)
(0.09)
(0.09)
(0.09)

M (SE)
3.4
2.4
2.6
2.4
2.9
2.7
2.6
2.6

(0.13)
(0.11)
(0.11)
(0.11)
(0.13)
(0.11)
(0.11)
(0.12)

M (SE)
3.5
2.6
2.6
2.2
3.0
2.8
2.6
2.6

(0.14)
(0.12)
(0.12)
(0.11)
(0.13)
(0.13)
(0.12)
(0.13)

Overall

1 vs. 0

.1 vs. 0

.1 vs. 1

P

P

P

P

0.08
0.23
0.16
0.24
0.07
0.58
0.90
0.19

0.07
0.86
0.11
0.58
0.04
0.46
0.85
0.13

0.07
0.09
0.13
0.16
0.11
0.36
0.97
0.16

0.86
0.18
0.95
0.10
0.59
0.82
0.75
0.98

*Controlling for HIV status and HCV status, site, current employment status, depressive symptoms, heavy drinking, smoking, marijuana, crack, cocaine, and/or heroin use.
M, estimated mean T-score; NP, neuropsychological; WM, working memory.

(n = 542) and HIV2 women. The same results were observed for
global function, learning, attention/working memory, speed, and
motor function. We also examined whether there were any
differences in other HIV-related clinical characteristics, including
the prevalence of different ARV regimens (see Table 2,
Supplemental Digital Content, http://links.lww.com/QAI/B173)
that could account for the pattern of associations. The only
measured HIV-associated factor that differed among HIV+
women taking none, one, or more than one medication with
anticholinergic properties was having a previous AIDS diagnosis.
Reanalysis of these data indicated incremental increases in
impairment for global, learning, and motor function speciﬁcally
among women taking 2 or more medications with anticholinergic
activity (HIV+ with previous AIDS diagnosis . HIV+ without
previous AIDS diagnosis . HIV2, P’s , 0.05).

Opioid and/or Anxiolytic/Anticonvulsant Use
on Cognitive Performance
Overall, neither opioid nor anxiolytic/anticonvulsant use
was signiﬁcantly associated with cognitive performance (P .
0.05 after controlling for the false discovery rate) (see Table 3,
Supplemental Digital Content, http://links.lww.com/QAI/B173).
However, both opioid and anxiolytic/anticonvulsants use moderated the association between HIV status and cognitive
functioning. Opioid use moderated the association between
HIV status and processing speed (P = 0.03), whereas anxiolytic/anticonvulsants moderated the association between HIV
status and learning performance (P = 0.04; Fig. 1). Speciﬁcally,
among women taking anxiolytic/anticonvulsants, HIV+ women
performed worse on learning compared with HIV2 women (P =
0.01). Similarly, among women taking opioids, HIV+ women
performed worse on psychomotor speed compared with HIV2
women (P = 0.01). There were no differences between HIV+ and
HIV2 women not taking these medications for either
outcome (P . 0.27). To test whether these interactions were
driven by uncontrolled viremia, we reconducted these
analyses among the subset of HIV+ women with suppressed
Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

plasma HIV RNA and HIV2 women. Among the latter group
of women, the interaction between anxiolytic/anticonvulsants
medications and HIV-serostatus on learning and between
opioid use and HIV-serostatus on psychomotor speed was not
signiﬁcant (P . 0.46).

DISCUSSION

To the best of our knowledge, this is the ﬁrst study to
examine the general effects of non-ARV NC-AE medications
as well as the effects of commonly used non-ARV classes of
medications such as anticholinergics, opiates, anticonvulsants, and anxiolytics with known neurocognitive effects on
cognitive performance in a sample of HIV+ and HIV2
women. Although we demonstrated that non-ARV NC-AE
medications are more commonly used among HIV+ compared with HIV2 women, differential usage of these nonARV medications does not seem to explain greater cognitive
impairment among HIV+ compared with HIV2 women.
However, greater use of non-ARV medications with anticholinergic properties as well as anxiolytics/anticonvulsants and
opioids among HIV+ vs. HIV2 women may in part explain
some of the greater cognitive impairment among HIV+
compared with HIV2 women, particularly on global function, learning, ﬂuency, psychomotor speed, and
motor function.
In this study, there were no overall inﬂuences of nonARV NC-AE drugs on cognitive performance in women
irrespective of HIV-serostatus. Typically, there are generalized latency effects, as well as sedative effects, of many
medications39 that can result from inﬂuences on a number of
neurotransmitter systems. The accumulated inﬂuence of these
latency and sedative properties are likely reasons for the
lower global cognitive function. However, non-ARV NC-AE
burden was not associated with any cognitive outcome across
all women.
Of the drug categories further examined,
anticholinergic-acting medications may in part explain our
www.jaids.com |

Copyright Ó 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

87

Rubin et al

J Acquir Immune Defic Syndr  Volume 79, Number 1, September 1, 2018

FIGURE 1. Association of (A) NC-AE burden, (B) anticholinergic burden, (C) anxiolytic/anticonvulsant, and (D) opioid use and cognitive performance as a function of HIV-serostatus. Higher clinical rating scale score = worse performance. WM, working memory. P is
the P-value for the interaction between HIV status and total number of medications. Numbers in the bars represent the sample size. NCAE, non-ARV medication with known general adverse cognitive effects. Executive function and memory were not included in the Figure
as there were no interactions between total medications and HIV-serostatus on these 2 domains. **P , 0.01; *P , 0.05; †P = 0.05.
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TABLE 3. Cognitive Performance by Anticholinergic Burden
Total Anticholinergic Burden

Outcome

Obs

Global NP
Memory
Learning
Attention/WM
Executive function
Speed
Fluency
Motor

1556
1553
1553
1398
1540
1555
1550
1531

Generalized Linear Model*

0

1

.1

(n = 1223)

(n = 237)

(n = 98)

M (SE)
3.3
2.4
2.4
2.4
2.8
2.7
2.6
2.4

(0.10)
(0.08)
(0.08)
(0.09)
(0.09)
(0.09)
(0.09)
(0.09)

M (SE)
3.4
2.6
2.7
2.2
2.8
2.8
2.7
2.5

(0.14)
(0.12)
(0.12)
(0.11)
(0.13)
(0.12)
(0.12)
(0.13)

M (SE)
3.6
2.6
3.0
2.3
3.3
2.8
2.7
2.7

(0.20)
(0.17)
(0.18)
(0.17)
(0.20)
(0.17)
(0.16)
(0.18)

Overall

1 vs. 0

.1 vs. 0

.1 vs. 1

P

P

P

P

0.07
0.22
,0.001†
0.40
0.02
0.78
0.84
0.34

0.21
0.18
0.03
0.21
0.69
0.63
0.57
0.57

0.03
0.17
0.0003
0.50
0.0003
0.56
0.84
0.15

0.26
0.69
0.06
0.86
0.02
0.83
0.87
0.35

Bold, signiﬁcant at P , 0.05.
*Controlling for HIV status and HCV status, site, current employment status, depressive symptoms, heavy drinking, smoking, marijuana, crack, cocaine, and/or heroin use.
†After controlling the false discovery rate using the Benjamini–Hochberg procedure, the overall association remained signiﬁcant.
M, estimated mean T-score; NP, neuropsychological; WM, working memory.

previous ﬁndings of a greater persistence of impairment
observed in the learning domain and the gradual decline in
motor function over time in HIV+ compared with HIV2
women.8 Among women taking one anticholinergic-acting
drug, HIV2 women showed lower performance on motor
function than HIV+ women. Detailed medication review in
the each group revealed that the percentage of individuals
taking antidopaminergic medications (ie, antipsychotics) was
higher in HIV2 women than in HIV+ women (36% vs. 25%)
within women taking one anticholinergic-acting medication.
Because motor performance is also robustly inﬂuenced by
medications with antidopaminergic properties,16 similar anticholinergic exposure but higher antidopaminergic exposure in
HIV2 women compared with HIV+ women may in part
explain these ﬁndings on motor function. In addition, on
domains where we have not previously seen an HIVserostatus difference over time such as ﬂuency and psychomotor speed,8 anticholinergic-acting medications may have
synergistic effects with HIV to yield performance differences.
The general15–17 and more speciﬁc adverse cognitive effects16,18 of medications with anticholinergic properties are
thought to result from suppression of cholinergic system by
direct blockade of muscarinic acetylcholine receptors in the
brain. Speciﬁc cognitive effects seem to depend on selectivity
of the medication for 1 of the 5 muscarinic receptor subtypes
(M1-M5).40 Transgenic mouse models lacking the M1
receptor have impairments in learning, memory, and attention. Similarly, in humans, M1-selective antagonism decreases similar cognitive abilities.41
One possible explanation for medications with anticholinergic properties exacerbating HIV-serostatus differences on
cognitive performance globally is that neurotoxic viral proteins
may have additive or interactive effects with these medications.
Effects on memory may be due to the neurotoxic effects of HIV
viral proteins on brain regions important for learning such as the
hippocampus.42,43 Envelope glycoprotein, gp120, is one example that may be important in HIV-induced cognitive impairment.44 It has been suggested that gp120-mediated cognitive
Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

impairment may, in part, result from impairing cholinergic
function.44 It was also shown that memory impairment induced
by gp120 could be reversed by hippocampal cholinergic
stimulation in mice.44 Another neurotoxic viral protein that
may contribute to adverse cognitive outcomes is Tat.45 Tat
protein selectively enhances acetylcholine release from human
and rodent cortical synaptosomes.46 The selectivity of Tat on the
release of acetylcholine but not other neurotransmitters (ie,
dopamine, glutamate, aspartate, GABA, serine, and norepinephrine) suggests that cholinergic neurons may be uniquely
sensitive to HIV Tat proteins. These ﬁndings, taken together
with this present work, suggest that there may be an additive
adverse consequence of HIV neurotoxicity and anticholinergic
medication burden. Although gp120 and Tat protein may be
factors that contribute to these effects, there could be drug–drug
interactions (eg, non-ARV drug by non-ARV drug; non-ARV
drug by ARV drugs; non-ARV drugs by illicit drug use such as
crack/cocaine47), as well as pharmacodynamic effects such
anticholinergic-induced inﬂammation (eg, increases interleukin-1b expression48) that have not been accounted for in this
study. Medication-induced inﬂammation compounded with
HIV-induced inﬂammation49 could adversely impact global
cognitive performance.
Although HIV+ women reported using more anticonvulsants than HIV2 women, unexpectedly, anticonvulsant medications were not negatively associated with cognitive
performance in women. Although using these medications was
associated with higher impairment among HIV+ vs. HIV2
women on learning, these medications were not differentially
related to cognitive performance by HIV-serostatus when
accounting for uncontrolled viremia among the HIV+ women.
Anticonvulsant medications (eg, phenytoin, carbamazepine,
valproate, etc.) are typically associated with cognitive side
effects.50,51 The adverse effects of anticonvulsant medications
on cognition are thought to be related to their inﬂuence on
glutamate transmission in the brain.52 Although the extent and
type of cognitive adverse effects may vary among anticonvulsants, many induce impairments in attention, memory, and
www.jaids.com |
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mental speed.50,51 The lack of association in our analyses after
accounting for uncontrolled viremia is likely due to the relatively
higher utilization of some newer anticonvulsant drugs (ie,
lamotrigine and pregabalin) that may not adversely inﬂuence
cognition to a similar degree as older medications.53,54
HIV+ and HIV2 women reported similar rates of opioid
use and, in our study sample, we did not identify associations
between these drugs and cognitive performance. We did ﬁnd
that opioid use was associated with worse psychomotor speed
among HIV+ vs. HIV2 women. However, after accounting for
uncontrolled viremia, this opioid use was not differentially
related to performance on psychomotor speed by HIVserostatus. These ﬁndings were also unexpected because opioid
receptors are involved with pain as well as other central
neuromodulatory systems including cognition, and are generally
considered to have cognitive impairing effects.55 Although there
is no consensus on differential effects of opioids by cognitive
domain, most previous studies have shown that opioid use is
associated with decreased psychomotor speed.55,56 Opioids are
commonly used for the short-term management of pain, often
prescribed to take “as needed.” The doses and long- vs. shortterm use of opioids in our study sample were not consistently
available. Thus, the lack of association observed in our study
may be partially related to inconsistent or “as-needed” use,
which may be less likely to induce notable cognitive adverse
effects than higher-dose or longer-term exposures.
Limitations of this study include the cross-sectional
study design. Longitudinal studies are underway to examine
the longer-term impact of non-ARV medications with adverse
cognitive effects on cognitive performance among HIV+ and
HIV2 women as they age. In addition, medication dose or
duration of use was not available and therefore could not be
examined or accounted for in this study. Medication history
interviews (eg, names, dose, times per day, route, and reason)
and adherence assessments, even when conducted by trained
research or medical professionals, are prone to recall bias in
the absence of objective pill counts or pharmacy reﬁll data.
This may result in observed attenuation of drug-outcome
relationships when there is inaccurate reporting of adherence,
omission of medications, or reporting medications not
actually taken.
In conclusion, HIV+ women seem to take a greater
number of non-ARV NC-AE medications as well as nonARVs with anticholinergic properties as well as anxiolytics
and anticonvulsants compared with HIV2 women. Despite
these differences, non-ARV NC-AE medications seem to
have no general effects on global or domain-speciﬁc
cognitive performance among HIV+ and HIV2 women.
However, HIV+ women may have increased cognitive
vulnerabilities to anticholinergic medications. Potential
synergy between anticholinergic medications and HIV
may explain some HIV-related cognitive impairments. It
may be important clinically to consider anticholinergic
medication use in HIV+ women.

REFERENCES

ACKNOWLEDGMENTS
The authors thank the WIHS participants and the
Neurocognitive Working Group of the WIHS.

1. HIV Among People Aged 50 and Over. In: Centers for Disease Control
and Prevention. 2015. Available at: https://www.cdc.gov/hiv/group/age/
olderamericans/index.html.
2. Brooks JT, Buchacz K, Gebo KA, et al. HIV infection and older
Americans: the public health perspective. Am J Public Health. 2012;102:
1516–1526.
3. Valcour VG. HIV, aging, and cognition: emerging issues. Top Antivir
Med. 2013;21:119–123.
4. Grant I. Neurocognitive disturbances in HIV. Int Rev Psychiatry. 2008;
20:33–47.
5. Heaton RK, Franklin DR, Ellis RJ, et al. HIV-associated neurocognitive
disorders before and during the era of combination antiretroviral therapy:
differences in rates, nature, and predictors. J Neurovirol. 2011;17:3–16.
6. Sacktor N, Skolasky RL, Cox C, et al. Longitudinal psychomotor speed
performance in human immunodeﬁciency virus-seropositive individuals:
impact of age and serostatus. J Neurovirol. 2010;16:335–341.
7. Behrman-Lay AM, Paul RH, Heaps-Woodruff J, et al. Human immunodeﬁciency virus has similar effects on brain volumetrics and cognition in
males and females. J Neurovirol. 2016;22:93–103.
8. Rubin LH, Maki PM, Springer G, et al. Cognitive trajectories over four
years among HIV-infected women with optimal viral suppression.
Neurology. 2017;89:1594–1603.
9. Cysique LA, Heaton RK, Kamminga J, et al. HIV-associated neurocognitive disorder in Australia: a case of a high-functioning and
optimally treated cohort and implications for international neuroHIV
research. J Neurovirol. 2014;20:258–268.
10. Plessis SD, Vink M, Joska JA, et al. HIV infection and the fronto-striatal
system: a systematic review and meta-analysis of fMRI studies. AIDS.
2014;28:803–811.
11. Castelo JM, Sherman SJ, Courtney MG, et al. Altered hippocampalprefrontal activation in HIV patients during episodic memory encoding.
Neurology. 2006;66:1688–1695.
12. Wang M, Wang Q, Ding H, et al. Association of hippocampal magnetic
resonance imaging with learning and memory deﬁcits in HIV-1seropositive patients. J Acquir Immune Deﬁc Syndr. 2015;70:436–443.
13. Maki PM, Cohen MH, Weber K, et al. Impairments in memory and
hippocampal function in HIV-positive vs HIV-negative women: a preliminary study. Neurology. 2009;72:1661–1668.
14. Campbell NL, Boustani MA, Lane KA, et al. Use of anticholinergics and
the risk of cognitive impairment in an African American population.
Neurology. 2010;75:152–159.
15. Salahudeen MS, Duffull SB, Nishtala PS. Anticholinergic burden
quantiﬁed by anticholinergic risk scales and adverse outcomes in older
people: a systematic review. BMC Geriatr. 2015;15:31.
16. Eum S, Hill SK, Rubin LH, et al. Cognitive burden of anticholinergic
medications in psychotic disorders. Schizophr Res. 2017;190:129–135.
17. Ruxton K, Woodman RJ, Mangoni AA. Drugs with anticholinergic
effects and cognitive impairment, falls and all-cause mortality in older
adults: a systematic review and meta-analysis. Br J Clin Pharmacol.
2015;80:209–220.
18. Papenberg G, Backman L, Fratiglioni L, et al. Anticholinergic drug use is
associated with episodic memory decline in older adults without
dementia. Neurobiol Aging. 2017;55:27–32.
19. Ersche KD, Clark L, London M, et al. Proﬁle of executive and memory
function associated with amphetamine and opiate dependence. Neuropsychopharmacology. 2006;31:1036–1047.
20. Hindmarch I. Cognitive toxicity of pharmacotherapeutic agents used in
social anxiety disorder. Int J Clin Pract. 2009;63:1085–1094.
21. Eddy CM, Rickards HE, Cavanna AE. The cognitive impact of
antiepileptic drugs. Ther Adv Neurol Disord. 2011;4:385–407.
22. Mangoni AA, Jackson SH. Age-related changes in pharmacokinetics and
pharmacodynamics: basic principles and practical applications. Br J Clin
Pharmacol. 2004;57:6–14.
23. Feinberg M. The problems of anticholinergic adverse effects in older
patients. Drugs Aging. 1993;3:335–348.
24. Griebling TL. Re: American Geriatrics Society 2015 Updated Beers
Criteria for potentially inappropriate medication use in older adults. J
Urol. 2016;195:667–668.
25. By the American Geriatrics Society Beers Criteria Update Expert Panel.
American Geriatrics Society 2015 updated beers criteria for potentially

90

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

| www.jaids.com

Copyright Ó 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

J Acquir Immune Defic Syndr  Volume 79, Number 1, September 1, 2018

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

inappropriate medication use in older adults. J Am Geriatr Soc. 2015;63:
2227–2246.
Chau DL, Walker V, Pai L, et al. Opiates and elderly: use and side
effects. Clin Interv Aging. 2008;3:273–278.
Radtke KK, Bacchetti P, Anastos K, et al. Use of nonantiretroviral
medications that may impact neurocognition: patterns and predictors in
a large, long-term HIV cohort study. J Acquir Immune Deﬁc Syndr. 2018;
78:202–208.
Bacon MC, von Wyl V, Alden C, et al. The Women’s Interagency HIV
Study: an observational cohort brings clinical sciences to the bench. Clin
Diagn Lab Immunol. 2005;12:1013–1019.
Barkan SE, Melnick SL, Preston-Martin S, et al. The Women’s
Interagency HIV Study. WIHS Collaborative Study Group. Epidemiology. 1998;9:117–125.
Hessol NA, Weber KM, Holman S, et al. Retention and attendance of
women enrolled in a large prospective study of HIV-1 in the United
States. J Womens Health (Larchmt). 2009;18:1627–1637.
Maki PM, Rubin LH, Valcour V, et al. Cognitive function in women with
HIV: ﬁndings from the Women’s Interagency HIV Study. Neurology.
2015;84:231–240.
Rudolph JL, Salow MJ, Angelini MC, et al. The anticholinergic risk scale
and anticholinergic adverse effects in older persons. Arch Intern Med.
2008;168:508–513.
Rubin LH, Pyra M, Cook JA, et al. Post-traumatic stress is associated
with verbal learning, memory, and psychomotor speed in HIV-infected
and HIV-uninfected women. J Neurovirol. 2016;22:159–169.
Rubin LH, Cook JA, Weber KM, et al. The association of perceived
stress and verbal memory is greater in HIV-infected versus HIVuninfected women. J Neurovirol. 2015;21:422–432.
Sacktor N, Skolasky RL, Seaberg E, et al. Prevalence of HIV-associated
neurocognitive disorders in the Multicenter AIDS Cohort Study.
Neurology. 2016;86:334–340.
Heaton RK, Marcotte TD, Mindt MR, et al. The impact of HIVassociated neuropsychological impairment on everyday functioning. J Int
Neuropsychol Soc. 2004;10:317–331.
Blackstone K, Moore DJ, Franklin DR, et al. Deﬁning neurocognitive
impairment in HIV: deﬁcit scores versus clinical ratings. Clin Neuropsychol. 2012;26:894–908.
Letendre S, Marquie-Beck J, Capparelli E, et al. Validation of the CNS
Penetration-Effectiveness rank for quantifying antiretroviral penetration
into the central nervous system. Arch Neurol. 2008;65:65–70.
Reilly JL, Lencer R, Bishop JR, et al. Pharmacological treatment effects
on eye movement control. Brain Cogn. 2008;68:415–435.
Wess J. Muscarinic acetylcholine receptor knockout mice: novel
phenotypes and clinical implications. Annu Rev Pharmacol Toxicol.
2004;44:423–450.

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

HIV, Non-ARV Medications, Cognition, Women

41. Katz IR, Sands LP, Bilker W, et al. Identiﬁcation of medications that
cause cognitive impairment in older people: the case of oxybutynin
chloride. J Am Geriatr Soc. 1998;46:8–13.
42. Maragos WF, Tillman P, Jones M, et al. Neuronal injury in hippocampus
with human immunodeﬁciency virus transactivating protein, Tat. Neuroscience. 2003;117:43–53.
43. Carey AN, Liu X, Mintzopoulos D, et al. Conditional Tat protein
expression in the GT-tg bigenic mouse brain induces gray matter density
reductions. Prog Neuropsychopharmacol Biol Psychiatry. 2013;43:49–
54.
44. Farr SA, Banks WA, Uezu K, et al. Mechanisms of HIV type 1-induced
cognitive impairment: evidence for hippocampal cholinergic involvement with overstimulation of the VIPergic system by the viral coat
protein core. AIDS Res Hum Retroviruses. 2002;18:1189–1195.
45. Li W, Li G, Steiner J, et al. Role of Tat protein in HIV neuropathogenesis. Neurotox Res. 2009;16:205–220.
46. Feligioni M, Raiteri L, Pattarini R, et al. The human immunodeﬁciency
virus-1 protein Tat and its discrete fragments evoke selective release of
acetylcholine from human and rat cerebrocortical terminals through
species-speciﬁc mechanisms. J Neurosci. 2003;23:6810–6818.
47. Wayman WN, Chen L, Persons AL, et al. Cortical consequences of HIV1 Tat exposure in rats are enhanced by chronic cocaine. Curr HIV Res.
2015;13:80–87.
48. Yoshiyama Y, Kojima A, Itoh K, et al. Anticholinergics boost the
pathological process of neurodegeneration with increased inﬂammation
in a tauopathy mouse model. Neurobiol Dis. 2012;45:329–336.
49. Walsh JG, Reinke SN, Mamik MK, et al. Rapid inﬂammasome activation
in microglia contributes to brain disease in HIV/AIDS. Retrovirology.
2014;11:35.
50. Aldenkamp AP. Effects of antiepileptic drugs on cognition. Epilepsia.
2001;42(suppl 1):46–49; discussion 50–51.
51. Mula M, Trimble MR. Antiepileptic drug-induced cognitive adverse
effects: potential mechanisms and contributing factors. CNS Drugs.
2009;23:121–137.
52. Ortinski P, Meador KJ. Cognitive side effects of antiepileptic drugs.
Epilepsy Behav. 2004;5(suppl 1):S60–S65.
53. Javed A, Cohen B, Detyniecki K, et al. Rates and predictors of patientreported cognitive side effects of antiepileptic drugs: an extended followup. Seizure. 2015;29:34–40.
54. Aldenkamp AP, Baker G. A systematic review of the effects of
lamotrigine on cognitive function and quality of life. Epilepsy Behav.
2001;2:85–91.
55. Chapman SL, Byas-Smith MG, Reed BA. Effects of intermediate- and
long-term use of opioids on cognition in patients with chronic pain. Clin
J Pain. 2002;18(suppl 4):S83–S90.
56. Ersek M, Cherrier MM, Overman SS, et al. The cognitive effects of
opioids. Pain Manag Nurs. 2004;5:75–93.

www.jaids.com |

Copyright Ó 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

91

