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Abstract
Benzodiazepine use is linked to neurocognitive impairment (NCI) in the general population and people with HIV (PWH); 
however, this relationship may depend on age-related factors such as medical comorbidities, which occur at an elevated 
rate and manifest earlier in PWH. We retrospectively examined whether chronological age or medical burden, a clinical 
marker for aging, moderated the relationship between benzodiazepine use and NCI in PWH. Participants were 435 PWH on 
antiretroviral therapy who underwent neurocognitive and medical evaluations, including self-reported current benzodiaz-
epine use. A medical burden index score (proportion of accumulated multisystem deficits) was calculated from 28 medical 
deficits. Demographically corrected cognitive deficit scores from 15 neuropsychological tests were used to calculate global 
and domain-specific NCI based on established cut-offs. Logistic regressions separately modeled global and domain-specific 
NCI as a function of benzodiazepine x age and benzodiazepine x medical burden interactions, adjusting for current affective 
symptoms and HIV disease characteristics. A statistically significant benzodiazepine x medical burden interaction (p = .006) 
revealed that current benzodiazepine use increased odds of global NCI only among those who had a high medical burden 
(index score > 0.3 as indicated by the Johnson–Neyman analysis), which was driven by the domains of processing speed, 
motor, and verbal fluency. No age x benzodiazepine interactive effects on NCI were present. Findings suggest that the rela-
tionship between BZD use and NCI among PWH is specific to those with greater medical burden, which may be a greater 
risk factor for BZD-related NCI than chronological age.
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Introduction

Despite advances in effective antiretroviral therapies (ART), 
45% of people with HIV (PWH) continue to experience 
neurocognitive impairment (NCI) (Heaton et al. 2010; Wei 
et al. 2020). These deficits among PWH are associated with 

complications in everyday function (e.g., unemployment, and 
poor medication adherence) (Woods et al. 2008; Laverick  
et al. 2017; Marquine et al. 2018) making it important to 
identify factors that render PWH vulnerable to NCI. One 
factor may be elevated rates of medical and psychiatric 
conditions among PWH and the extensive use of non-ART 
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medications to treat these conditions. Benzodiazepines, the 
most frequently prescribed medication for anxiety and sleep 
disorders, have been implicated in cognitive deficits in the 
general population. Although not consistently (Fastbom 
et al. 1998; Verdoux et al. 2005; Zhang et al. 2016; Nader 
and Gowing 2020), epidemiological studies suggest that 
benzodiazepine use is a risk factor for NCI and/or cogni-
tive decline (Barker et al. 2004; Stewart 2005; Wright et al. 
2009; Dell’Osso et al. 2015; Picton et al. 2018). Benzodiaz-
epine use, particularly long-term use (at-least 6 months), is 
also associated with elevated dementia risk (Lagnaoui et al. 
2002; Wu et al. 2009, 2011; Boeuf-Cazou et al. 2011; Billioti  
de Gage et al. 2012, 2014; Gallacher et al. 2012).

These adverse effects of benzodiazepines may be particu-
larly concerning among individuals with health conditions 
characterized by neurobehavioral dysfunction such as HIV. 
Our group previously found that, among PWH, benzodiaz-
epine users had a higher risk for NCI than benzodiazepine 
non-users even with adjustment for demographics, symp-
toms of affective distress, clinical comorbidities (e.g., hyper-
tension and diabetes), and HIV-related disease factors (e.g., 
nadir CD4) (Saloner et al. 2019b). These adverse effects of 
benzodiazepine use were driven by the domains of process-
ing speed, motor function, executive function, and memory 
suggesting effects of benzodiazepines on neurocognitive 
slowing and deficits in memory and higher-order cognitive 
capacities. These findings hold great public health signifi-
cance given higher rates of benzodiazepine use among PWH 
(24%) compared to the general population (~ 13%) (Wixson 
and Brouwer 2014), likely due to the higher prevalence of 
anxiety and sleep disorders in PWH (Taibi 2013; Brandt 
et al. 2017).

However, an association between benzodiazepine use and 
NCI has not been found consistently in the general population  
(Fastbom et al. 1998; Billioti de Gage et al. 2014; Zhang et al. 
2016; Nader and Gowing 2020). Discrepancies may be due 
to sample and methodological differences across studies and/
or the potential moderating role of demographic or clinical  
characteristics. In our prior study, the benzodiazepine use 
and NCI link among PWH was not ubiquitous with 25% of 
benzodiazepine users not demonstrating NCI (Saloner et al. 
2019b). Age potentially moderates the benzodiazepines and 
NCI relationship given that age-related changes in pharma-
cokinetics and pharmacodynamics can increase sensitivity 
to drug effects on the central nervous system (Kruse 1990; 
Hämmerlein et al. 1998; Turnheim 2003). Considering the 
aging demographic of PWH (Centers of Disease Control 
and Prevention 2020) and the elevated rates (Schouten et al. 
2014) and earlier onset (De Francesco et al. 2020) of age-
related comorbidities among PWH, a moderating role of 
age may be particularly important in the context of HIV. 
However, aging is a highly heterogeneous process, espe-
cially among PWH where different aging phenotypes are 

influenced by sociocultural, genetic, medication, comor-
bidities and inflammation factors (Stoff et al. 2017). Thus, 
clinical (e.g., medical burden and frailty index) and biologi-
cal (e.g., telomere length and epigenetic clock) markers of 
aging are likely better indicators of the aging process than 
chronological age.

We explored the association between benzodiazepine 
and NCI among PWH by examining the moderating role 
of chronological age and medical burden, as an index of 
biological age, in a community-based sample of ART-
treated, virally suppressed PWH. Medical burden was 
operationalized as an index representing the accumulation 
of multisystem health deficits that are both HIV-related and 
non-HIV-related (e.g., diabetes, anemia, and renal dysfunc-
tion). This medical burden index, in different adaptations, 
has been associated with cognition, everyday function, and 
mortality among PWH (Guaraldi et al. 2015; Oppenheim 
et al. 2018; Paolillo et al. 2019). We hypothesized that older 
chronological age and greater medical burden would sepa-
rately exacerbate the adverse effect of benzodiazepine use 
on NCI, but medical burden would have a stronger moderat-
ing role than chronological age. In secondary analysis, we 
examined whether the moderating role of chronological age 
and/or medical burden on the benzodiazepine and NCI link 
was domain specific.

Methods

Participants

Participants included 435 PWH enrolled in various NIH-
funded observational studies within the HIV Neurobehavio-
ral Research Program (HNRP, https:// hnrp. hivre search. ucsd. 
edu/) at the University of California San Diego (UCSD). 
Study details have been published elsewhere (Heaton et al. 
1995, 2010; Morgello et al. 2001). Our deidentified data are 
available to qualified external investigators upon requests 
submitted to hnrpresource@ucsd.edu. Exclusion criteria for 
the parent studies included history of non-HIV-related neu-
rological, medical or psychiatric disorders that affect brain 
function (e.g., diabetes), learning disabilities, dementia 
diagnosis, and English not a primary language. Our inclu-
sion criteria were on ART with successful viral suppression 
(HIV-1 RNA < 50 copies/ml) and availability of variables 
of interest and covariates. Our exclusion criteria were posi-
tive urine toxicology for illicit drugs (except marijuana) or 
Breathalyzer test for alcohol during study visits. Medication 
use including benzodiazepines and estimated duration of use 
(missing in n = 15) were assessed via structured, clinician-
administered questionnaires. Self-report of medication use 
was confirmed via review of medical regimen records if 
available. Eighty-one participants reported active use of 

https://hnrp.hivresearch.ucsd.edu/
https://hnrp.hivresearch.ucsd.edu/
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prescribed benzodiazepines (benzodiazepine +), and 354 
participants reported no use of prescribed benzodiazepines 
(benzodiazepine-). The following agents were reported by 
participants in the benzodiazepine + group: alprazolam 
(n = 19), clonazepam (n = 23), diazepam (n = 6), lorazepam 
(n = 29), temazepam (n = 8), estazolam (n = 1). Benzodiaz-
epine use was further categorized as long-acting (N = 30) if 
reported clonazepam, diazepam, or estazolam use or short-
acting (N = 51) if reported alprazolam, lorazepam, temaz-
epam use. If both short-acting and long-acting medication 
types were reported, the participant was categorized as a 
long-acting benzodiazepine user. If a participant reported 
use of multiple benzodiazepines (regardless of type), the 
longest duration was used in analyses.

As a covariate, we calculated the total number of cur-
rently prescribed medications excluding ART and benzo-
diazepines. Due to evidence of an effect of opioid, antip-
sychotic and anticholinergic medication use on cognition 
(Coupland et  al.  2019; Cuesta et  al.  2001; Dufort and 
Samaan 2021), we also specifically assessed use of these 
medication types and considered as covariates.

UCSD’s Human Research Protections Program approved 
all study procedures, and all participants provided written 
informed consent. Participants completed comprehensive 
neuromedical and neurobehavioral assessments and blood 
draw during study visits.

Neuromedical evaluation

HIV infection was diagnosed by enzyme-linked immuno-
sorbent assay (ELISA) with confirmation by Western blot or 
real time-polymerase chain reaction (RT-PCR). HIV disease 
characteristics were determined via a combination of self-
report (e.g., estimated duration of HIV disease) and labo-
ratory tests (e.g., CD4 + T-cell count). Nadir CD4 + T-cell 
count was the lowest lifetime value by self-report, study-
obtained CD4 + T-cell count, or released medical records. 
CD4 + T-cell count was measured with flow cytometry. 
Plasma HIV-1 RNA level was measured by ultra-sensitive 
RT-PCR (Amplicor, Roche Diagnostic System) in a CLIA-
certified clinical laboratory. HIV-1 RNA was considered 
undetectable below the lower limit of quantitation of 50 cop-
ies/mL. Hepatitis C serostatus was measured via MedMira 
Multiplo rapid test (MedMira Inc.).

Medical burden index

Medical burden was quantified based on previously estab-
lished methods for constructing a frailty index in PWH 
(Guaraldi et al. 2015; Oppenheim et al. 2018). Here, the 
medical burden index was calculated as the proportion of 

health deficits from a group of 28 health variables, includ-
ing clinical laboratory assays, medical comorbidities, and 
HIV-specific characteristics. Each variable was coded as 
“1,” when a deficit was present and “0,” when absent (see 
Table 1, Supplemental Digital Content, which displays the 
medical burden index components and their criteria). Thus, 
medical burden scores ranged from 0 (no deficits) to 1 (all 
deficits). The 28 selected variables were chosen based on 
all available neuromedical data from the parent studies that 
were consistent with variables included in prior indices 
(Guaraldi et al. 2015; Oppenheim et al. 2018). Consistent 
with published guidelines for creating a frailty index (Searle 
et al. 2008), we excluded factors that (1) had greater than 
5% missing data (i.e., unintentional weight loss, LDL cho-
lesterol) and (2) had less than 1% of participants meeting 
criteria for the deficit (i.e., abnormal sodium and peripheral 
vascular disease).

Neuropsychological evaluation

Participants completed a standardized neurocognitive test 
battery of verbal fluency, working memory, speed of infor-
mation processing, learning and delayed recall, executive 
function, and complex motor function. Specific tests are 
described elsewhere (Cysique et al. 2011). Raw test scores 
were transformed into demographically adjusted (i.e., age, 
education, sex, and race/ethnicity) T-scores based on nor-
mative samples of HIV participants (Heaton et al. 2004; 
Norman et al. 2011). T-scores for each test were also con-
verted into deficit scores that ranged from 0 (T-score ≥ 40, 
no impairment) to 5 (T-score < 20, severe impairment) and 
then averaged across all tests to obtain a global deficit score 
(GDS) and within domains to obtain domain deficit scores 
(DDS) (Heaton et al. 1995; Carey et al. 2004; Blackstone 
et al. 2012). Based on pre-established cut-points, global NCI 
was defined as GDS ≥ 0.50 and domain-specific NCI was 
defined as DDS > 0.50 (Carey et al. 2004).

Neuropsychiatric evaluation

DSM-IV diagnoses of current and lifetime alcohol, canna-
bis, and illicit (amphetamine, cocaine, hallucinogens, inhal-
ant, sedatives, opioids, and PCP) substance use disorders, 
major depressive disorder (MDD), and generalized anxiety 
disorder (GAD) were determined based on the fully struc-
tured computer-based Composite International Diagnostic 
Interview version 2.1 (World Health Organization 1997). 
The Beck Depression Inventory-version 2 (BDI-II) (Beck 
et al. 1996) was used to assess depressive symptoms within 
the past two weeks with higher scores reflecting greater 
affective symptoms. The 9-item tension/anxiety subscale 
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of the Profile of Mood States (POMS; n = 367) (McNair 
et al. 1981) was administered to a subset of participants as 
a measure of anxious and nervous feeling in the past week. 
Given that BDI-II data were available on more participants 
and strongly correlated with the POMS tension/anxiety 
subscale (R = 0.71, p < 0.001), BDI-II was chosen to model 
affective distress in the primary statistical models; however, 
scores on the POMS tension/anxiety subscale were adjusted 
for in sensitivity analyses to see if results changed.

Statistical analyses

Differences in sample characteristics between benzodiaz-
epine groups were examined using Chi-square tests for cate-
gorical variables, t-tests for normally distributed continuous 
variables, and Kruskal–Wallis one-way analyses of variance 
(ANOVA) for non-normally distributed continuous variables 
as determined by the Shapiro–Wilk test. In order to dem-
onstrate the utility of separately examining the moderating 

Table 1  Sample characteristics 
by benzodiazepine use group

MDD major depressive disorder, NCI neurocognitive impairment ART  antiretroviral therapy
a Data missing in 68 participants
b Data missing in 17 participants
c Data missing in 8 participants

Benzodiazepine- 
(n = 354)

Benzodiazepine  
+ (n = 81)

p-value

Demographic factors
Age, M (SD) 51.7 (12.4) 56.6 (9.4) .001
Years of education, M (SD) 13.9 (2.8) 14.4 (2.5) .14
Race/ethnicity .05
  Non-Hispanic White, n (%) 189 (53.3%) 58 (71.6%)
  Hispanic, n (%) 102 (28.8%) 15 (18.5%)
  Black/African-American, n (%) 50 (14.1%) 5 (6.2%)
  Asian, n (%) 4 (1.1%) 1 (1.2%)
  Other, n (%) 9 (2.5%) 2 (2.5%)

Male sex, n (%) 308 (87.0%) 71 (87.6%) .88
Clinical factors
Beck Depression Inventory-II score, M (SD) 9.7 (9.9) 14.1 (10.7) .001
POMS Tension/Anxiety Subscale score, M (SD)a 9.1 (6.9) 11.6 (8.0) .007
Current major depressive disorder, n (%) 24 (7.0%) 11 (14.3%) .04
History of major depressive disorder, n (%) 184 (53.0%) 55 (67.9%) .01
History of generalized anxiety disorder, n (%) 10 (2.8%) 4 (5.0%) .57
Current antidepressant use, n (%) 136 (38.4%) 57 (74.0%)  < .001
Current illicit substance  diagnosisb, n (%) 14 (4.1%) 2 (2.6%) .53
History of illicit substance  diagnosisc, n (%) 142 (40.9%) 39 (48.7%) .20
Current alcohol use  disorderb, n (%) 9 (2.6%) 2 (2.6%) .87
History of alcohol use  disorderc, n (%) 183 (52.7%) 37 (46.2%) .52
Current cannabis use  disorderb, n (%) 6 (1.7%) 3 (3.8%) .44
History of cannabis use  disorderc, n (%) 100 (28.8%) 20 (25.0%) .71
Number of current medications (excluding ART and 

benzodiazepines), M (SD)
6.6 (6.2) 10.5 (7.7)  < .001

Current opioid medication use 29 (8.2%) 6 (18.2%) .03
Current anticholinergic medication use 0 (0%) 0 (0%) -
Current antipsychotic medication use 9 (2.5%) 3 (3.8%) .02
NCI, n (%) 121 (35.5%) 37 (48.0%) .04
Medical burden, M (SD) 0.25 (0.10) 0.28 (0.09) .01
HIV Disease Characteristics
Nadir CD4 + T-cells (/μl), M (SD) 218.4 (208.4) 173.5 (178.1) .07
CD4 + T-cells (/μl), M (SD) 617.1 (285.9) 664.2 (316.2) .19
Estimated duration of HIV disease (years), M (SD) 17.3 (9.6) 21.8 (9.3)  < .001
AIDS diagnosis, n (%) 216 (61.0%) 57 (70.4%) .22
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roles of chronological age and medical burden, we examined 
the relationship between chronological age and medical bur-
den index. Then, using multivariable logistic regression, we 
examined the benzodiazepine use X age and benzodiazepine 
use X medical burden interaction terms on odds of NCI. 
Significant interactions were probed by a Johnson–Neyman 
analysis (Johnson and Neyman 1936; Preacher et al. 2006) 
to empirically identify the specific range of values of the 
moderator (i.e., age, medical burden, or both) for which the 
difference in odds of NCI between benzodiazepine groups 
was statistically significant. Interaction terms that were not 
significant were removed from the model in order to exam-
ine the main effects. Demographics and relevant clinical 
factors that were not included in the medical burden index 
were considered as covariates, i.e., BDI-II score, history of 
MDD, history of GAD, current use of antidepressant, opiate, 
antipsychotic and anticholinergic medications, number of 
current medications (excluding benzodiazepines and ART), 
and current and past substance use disorders including alco-
hol, cannabis, cocaine, hallucinogens, inhalants, metham-
phetamine, opioids, PCP, sedatives, and others. Covariates 
that related to NCI at p ≤ 0.10 in univariate analyses were 
included in statistical models and were retained if significant 
in the multivariable model at p ≤ 0.10.

Upon detection of a significant relationship between ben-
zodiazepine use and odds of NCI, either independently or 
through interactions with medical burden and/or age, we 
further probed the relationship by examining the following: 
(a) whether it was driven by long-acting versus short-acting 
benzodiazepines, (b) whether it was driven by specific cog-
nitive domains, and (c) the relationship between duration 
of benzodiazepine use and odds of NCI among benzodiaz-
epine users in order to test for a potential dose-dependent 
relationship.

Analyses were performed using SPSS 24 (SPSS Inc., Chi-
cago, IL). Significance was defined as p ≤ 0.05 (two-sided) 
unless otherwise noted.

Results

Sample characteristics

The sample of 435 PWH was 87% male and 50% non-
Hispanic White, 27% Hispanic with a mean age of 52.6 
(SD = 12.0; age range: 18–87) and mean years of education 
of 14.0 (SD = 2.7). Among benzodiazepine users, estimated 
duration of use ranged from 2–212 months with a median 
of 47 months. Sample characteristics by benzodiazepine 
status are displayed in Table 1. Compared to benzodiaz-
epine non-users, benzodiazepine users were older and had 
a higher proportion of non-Hispanic Whites. As expected, 
benzodiazepine users had more depressive and tension/

anxiety symptoms, a higher prevalence of current and past 
MDD diagnoses, a higher prevalence of opioid and antip-
sychotic medication use and higher medical burden index 
scores compared to benzodiazepine non-users. In contrast, 
benzodiazepine groups were comparable in rates of current 
and past substance use disorders and in HIV disease char-
acteristics with the exception of a longer duration of HIV 
disease in benzodiazepine users versus non-users. Consist-
ent with our previous results in a sample of PWH with and 
without viral suppression (Saloner et al. 2019b), we found 
higher rates of NCI in benzodiazepine users (49.3%) versus 
non-users (36.1%) (X2 = 4.86, p = 0.03) among ART-treated, 
virally suppressed PWH. Among considered covariates, 
BDI-II scores, lifetime MDD diagnosis, number of medica-
tions, antidepressant and antipsychotic medication use and 
current alcohol use disorder were associated with NCI at 
p ≤ 0.10 and, thus, were included in all statistical models. 
When examining the relationship between chronological age 
and medical burden index, we found a significant quadratic 
relationship (p = 0.004) whereby age positively related to 
medical burden index until age 63, as determined by the 
Johnson–Neyman analysis, at which point this relationship 
is nonsignificant (Fig. 1).

Moderating role of chronological age and medical 
burden in the benzodiazepine and NCI link

Among included covariates (BDI-II scores, history of MDD, 
history of GAD, current alcohol use disorder, number of 
medications), BDI-II scores and antipsychotic medications 
were retained in final statistical models due to its significance 
in the multivariable models (p ≤ 0.10). The benzodiazepine 
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Fig. 1  Region of significance analysis for the quadratic effect of age 
on medical burden index. Age exhibits a significant positive associa-
tion with medical burden index until age 63, at which point the slope 
flattens and the relationship between age and medical burden is no 
longer significant
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use X age interaction was not significant indicating no mod-
erating role of age in the adverse effect of benzodiazepine 
use. There was also no main effect of age on NCI. In con-
trast, we detected significant benzodiazepine use X medical 
burden interactive effects on NCI (Table 2). In probing this 
interaction, the Johnson–Neyman analysis revealed that the 
adverse effect of benzodiazepine use on the odds of NCI 
is only observed when the medical burden index is greater 
than 0.3 reflecting presence of at-least 30% of the consid-
ered health deficits (Fig. 2). Among those with medical bur-
den ≥ 0.3, benzodiazepine use related to an almost threefold 
increased likelihood of NCI (OR = 2.76, 95%CI = 1.23–6.19, 
p = 0.01; Fig. 2). However, benzodiazepine use did not relate 
to NCI among those with medical burden ≤ 0.3 (OR = 0.90, 

95%CI = 0.45–1.80, p = 0.76). When adjusting for POMS 
tension/anxiety scores in sensitivity analysis in a participant 
subset (N = 367), results did not change except that the asso-
ciation between benzodiazepine use and higher odds of NCI 
was slightly attenuated in the higher medical burden group 
(OR = 2.51, 95%CI = 1.08–5.83, p = 0.03).

We next examined whether our findings were driven by 
long-acting versus short-acting benzodiazepines. Although 
the interaction of medical burden with either long-acting 
(OR:2.64, 95%CI:0.83–8.39, p = 0.10) or short-acting 
(OR:1.66, 95%CI:0.86–3.22, p = 0.13) benzodiazepines 
was not significant, both use of both types of benzodiaz-
epines (compared to no benzodiazepine use) related to a 
higher odds of NCI only within those with a medical bur-
den index ≥ 0.3 (long-acting: OR:2.83, 95%CI:0.84–9.48, 
p = 0.09; short-acting: 2.86, 95%CI:1.15–7.15, p = 0.02). 
Although this relationship was the same magnitude for 
short-acting and long-acting benzodiazepines, it was only 
significant for the short-acting type likely due to the larger 
sample and, thus, greater statistical power. When exam-
ining duration of benzodiazepine use among benzodiaz-
epine users, we found no relationship between the benzo-
diazepine X medical burden interaction and odds of NCI 
(OR = 1.10, 95%CI = 0.95–1.26, p = 0.19). There was also 
no relationship between duration of benzodiazepine use 
and odds of NCI among those with high medical burden 
(index ≤ 0.3) (OR = 1.00, 95%CI = 0.92–1.09, p = 0.97); 
however, although benzodiazepine duration ranged from 2 
to 212 months, variability was limited in that the majority 
of users (70%) reported a duration within about 3–5 years.

Cognitive domain‑specific analyses

Significant medical burden X benzodiazepine interactions 
were observed for speed of information processing, verbal flu-
ency and motor impairment (Table 3). The Johnson–Neyman 
analysis revealed that the adverse effect of benzodiazepine use 
on the odds of NCI is only observed when the medical burden 
index is greater than or equal to 0.32 for speed of information 
processing, 0.34 for motor and 0.27 for verbal fluency. These 
interactions revealed a significantly higher likelihood of speed 
of information processing (OR = 3.79, 95%CI = 1.06–13.53, 
p = 0.04), motor (OR = 3.34, 95%CI = 1.24–8.99, p = 0.02) 
and verbal fluency (OR = 2.58, 95%CI = 1.28–5.22, p = 0.008) 
impairment in benzodiazepine users versus non-users only 
among those above the respective Johnson–Neyman-derived 
cut-point of the medical burden index. Benzodiazepine use 
independently related to a higher likelihood of learning and 
recall impairment and working memory/attention impairment. 
When adjusting for POMS tension/anxiety scores in sensitiv-
ity analysis in a participant subset (N = 367), the relationships 
between benzodiazepine use and higher odds of processing 
speed (OR:2.52, 95%CI:0.63–10.1, p = 0.19), motor (OR:3.09, 

Table 2  The multivariable logistic regression model predicting global 
NCI

Analyses adjusted for BDI-II scores and antipsychotic medications. 
The age X benzodiazepine use interaction terms was not significant 
(B = 0.02, SE = 0.03, p = .50), so was removed from the model
a Due to the interaction effect, this lower-order term represents the 
effect of medical burden index on NCI in the no benzodiazepine use 
reference group
b Due to the interaction effect, this lower-order term represents the 
effect of benzodiazepine use on NCI when medical burden index is 
average

Predictor B (SE) p-value OR 95% CI

Medical burden X  
benzodiazepine use

0.90 (0.34) .009 2.45 1.25–4.81

Age 0.007 (0.01) .42 1.01 0.99–1.03
Medical burden  indexa 0.09 (0.12) .46 1.09 0.87–1.37
benzodiazepine use (vs. 

no benzodiazepine 
use)b

-2.13 (1.00) .03 0.12 0.02–0.84
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Fig. 2  Johnson–Neyman region of significance analysis indicating an 
adverse effect of benzodiazepine use on NCI only when medical bur-
den index is ≥ 0.3. NCI = neurocognitive impairment. BZD- = benzo-
diazepine non-user. BZD +  = benzodiazepine user
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95%CI:1.10–8.65, p = 0.03), and verbal fluency (OR:2.38, 
95%CI:1.12–5.03, p = 0.02) impairment were attenuated 
although remained significant except for processing speed. 
Results for all cognitive domains did not change substantively 
when adjusting for POMS tension/anxiety scores.

Discussion

In a virally suppressed sample of PWH, we extend previous 
finding of a relationship between benzodiazepine use and 
a higher likelihood of NCI by showing that this relation-
ship depends on medical burden. Only among PWH with a 
medical burden index greater than 0.3 did benzodiazepine 
use relate to a higher likelihood of NCI. Conversely, the 

association between benzodiazepine use and cognitive func-
tion was not modified by chronological age. In domain-
specific analyses, these results appeared to be driven by 
executive function, speed of information processing, motor 
and verbal fluency.

Medical burden, an indicator of biological age, but not 
chronological age moderated the relationship between ben-
zodiazepine use and NCI in PWH. Although medical bur-
den is often age-related, it is characteristically distinct from 
chronological age (Buchner and Wagner 1992; Fried et al. 
2004). Similar to Oppenheim et al (2018) (Oppenheim et al. 
2018), we found a quadratic relationship whereby age posi-
tively related to medical burden only before age 63. Medical 
burden is postulated to reflect physiological or biological 
reserve more than chronological age in PWH given that 

Table 3  Results from 
multivariable logistic regression 
models examining the separate 
and interactive associations of 
benzodiazepine use and medical 
burden index with domain-
specific NCI

Analyses adjusted for BDI-II scores and antipsychotic medications. When the medical burden X benzodi-
azepine use interaction term was not significant, it was removed from the final model when assessing main 
effects.
NCI neurocognitive impairment, SPI speed of information processing
a Due to the interaction effect, this lower-order term represents the effect of medical burden index on 
domain-specific impairment in the no benzodiazepine use reference group
b Due to the interaction effect, this lower-order term represents the effect of benzodiazepine use on domain-
specific impairment when medical burden index is average

Domain/predictor B (SE) p-value OR 95% CI

Verbal fluency
Medical burden X benzodiazepine use 0.73 (0.33) .03 2.07 1.08–3.94
Benzodiazepine use (vs. no benzodiazepine use)b -1.07 (0.92) .24 0.34 0.06–2.08
Medical burden  indexa 0.04 (0.12) .72 1.04 0.82–1.33
Executive function
Medical burden X benzodiazepine use - - - -
Benzodiazepine use (vs. no benzodiazepine use) 0.30 (0.27) .26 1.35 0.80–2.27
Medical burden index 0.09 (0.11) .40 1.10 0.88–1.37
SIP
Medical burden X benzodiazepine use 0.93 (0.38) .01 2.54 1.21–5.33
benzodiazepine use (vs. no benzodiazepine use)b -2.51 (1.15) .03 0.08 0.01–0.77
Medical burden  indexa 0.06 (0.13) .68 1.06 0.81–1.37
Learning
Medical burden X benzodiazepine use - - - -
Benzodiazepine use (vs. no benzodiazepine use) 0.49 (0.26) .05 1.64 0.99–2.70
Medical burden index -0.01 (0.11) .91 0.99 0.80–1.22
Recall
Medical burden X benzodiazepine use - - - -
Benzodiazepine use (vs. no benzodiazepine use) 0.83 (0.26) .001 2.30 1.39–3.82
Medical burden index 0.05 (0.11) .62 1.06 0.85–1.31
Working memory/attention
Medical burden X benzodiazepine use - - - -
Benzodiazepine use (vs. no benzodiazepine use) 0.53 (0.27) .046 1.70 1.01–2.87
Medical burden index 0.02 (0.12) .89 1.02 0.81–1.28
Motor
Medical burden X benzodiazepine use 0.76 (0.37) .04 2.14 1.04–4.40
Benzodiazepine use (vs. no benzodiazepine use)b -2.03 (1.12) .07 0.13 0.01–1.17
Medical burden  indexa 0.18 (0.13) .17 1.20 0.92–1.55
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age-related conditions and geriatric syndromes (e.g., frailty 
and dementia) are found in relatively young PWH (Brew 
et al. 2005; Soontornniyomkij et al. 2012; So-Armah et al. 
2014; Greene et al. 2017), whereas a sizable proportion of 
older PWH experience no declines in cognitive or physical 
functioning (Saloner et al. 2019a; Fazeli et al. 2020). There-
fore, the profile of health captured by the medical burden 
index may optimally represent biological age. Supporting this 
notion were findings from a study by Levine et al. (Levine  
et  al. 2016) that created a measure of age acceleration 
based on the difference between biological aging, defined 
by DNA methylation levels, and chronological age in post-
mortem brain tissue of PWH. Greater age acceleration, but 
not chronological age, related to a higher likelihood of pre-
mortem NCI. In the multisite CHARTER cohort, chrono-
logical age was strongly associated with poorer white mat-
ter integrity and less subcortical gray matter in PWH with 
severe comorbidity burden, yet this association was attenu-
ated in PWH with minimal-to-moderate comorbidity burden 
(Saloner et al. 2019c).

When probing and benzodiazepine and NCI relationship, 
we found that both short- and long-acting BZDs related 
showed a relationship with higher odds of NCI that was of a 
similar magnitude although this relationship was only signifi-
cant for short-acting benzodiazepines likely due to the larger 
cell size (n = 51 vs. 30). The consistency in findings between 
short- and long-acting benzodiazepines is similar to other 
studies reporting a relationship between benzodiazepine use 
and higher risk of dementia in the general population that did 
not differ between short- and long-acting substances (Gomm 
et al. 2016; Billioti de Gage et al. 2014); however, others have 
reported a stronger links between long-acting versus short-
acting benzodiazepine use and cognitive impairment (Picton 
et al. 2018; Aldaz et al. 2021). Discrepancies are likely due 
to sample and methodological differences across studies and/
or the potential confounding effects of other benzodiazepine 
use characteristics or clinical characteristics. Due to evi-
dence in the literature of a stronger effect of benzodiazepine 
use on cognition with longer durations of use (Picton et al. 
2018; Barker et al. 2004), it was unexpected that we did not 
observe a relationship between longer durations and odds 
of NCI among benzodiazepine users. However, this may be 
due to the limited variability in benzodiazepine use duration 
in our sample in that 70% of our sample reported a dura-
tion of 3–5 years. Given evidence that it is particularly long-
term BZD use (at-least 1 year) that has adverse cognitive 
consequences (Nader and Gowing 2020; Barker et al. 2004; 
Crowe and Stranks 2018; Stewart 2005), the large proportion 
of long-term benzodiazepine use in our sample likely drove 
our findings.

Domain-specific analyses showed that the benzodiazepine 
use X medical burden interaction was evident in speed of 
information processing, verbal fluency and motor function. 

This is consistent with our prior study that also found an 
adverse effect of benzodiazepine use on speed of informa-
tion processing and motor domains among PWH (Saloner 
et al. 2019b). A commonality among speed of information 
processing, motor function, and verbal fluency is that they 
are all speed-dependent and regulated by frontostriatal neu-
ral circuitry (Ances et al. 2012; Hakkers et al. 2017), which 
aligns with the theory that benzodiazepine causes psycho-
motor slowing (Rollings et al. 1994; Stewart 2005; Lader 
2011). Frontostriatal circuity is also known to be disrupted 
in HIV (Du Plessis et al. 2014), which poses the question of 
potential compounding effects of benzodiazepine use and 
HIV infection on frontostriatal processing. In contrast, ben-
zodiazepine use was independently associated with a higher 
likelihood of impairments in learning, recall and working 
memory/attention regardless of medical burden. This find-
ing is also consistent with our prior findings that PWH who 
report benzodiazepine use and are positive for benzodiaz-
epine in a toxicology test show working memory/attention 
and delayed recall impairments compared to PWH without 
evidence of benzodiazepine use (Saloner et al. 2019b). Simi-
larly, a recent study from the Women’s Interagency HIV 
Study that reported an interaction between anxiolytic use 
(primarily benzodiazepines) and HIV serostatus on learning 
performance, whereby HIV-related learning deficits were 
only observed among those reporting anxiolytic use (Rubin 
et al. 2018). Our findings suggest that the adverse effects of 
benzodiazepine use on cognition may be more robust for 
the learning and memory domains given that it is observed 
consistently across studies and, in the current study, regard-
less of medical burden.

The underlying mechanisms and the temporal pattern 
of the benzodiazepine and NCI relationship are unclear. 
Insomnia and anxiety, the most common health conditions 
in which benzodiazepine are prescribed, can occur in the 
Alzheimer’s disease (AD) prodrome and, thus, the asso-
ciation may be an artifact of the use of benzodiazepines to  
treat early AD symptoms (Picton et al. 2018); however, sus-
pected AD is currently rare among PWH (Morgello et al. 
2018) given their shorter lifespan historically. Additionally, 
findings from longitudinal studies suggest a causative role 
of BZD on NCI including AD risk relating more strongly 
to long-term versus short-term benzodiazepine exposure  
(Billioti de Gage et al. 2014), and small improvements in mem-
ory performance among nursing home residents 4 weeks after 
benzodiazepine use was discontinued compared to residents  
that continued using benzodiazepines (Salzman et al. 1992).

There are potential reasons why benzodiazepine use is 
associated with NCI only in the context of high medical 
burden. It could suggest that the association between ben-
zodiazepine use and NCI is more due to the cognitive effects 
of the underlying comorbidities rather than benzodiazepines 
themselves. However, we do not think this is likely because 
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medical burden did not relate to NCI in benzodiazepine non-
users as indicated by the nonsignificant medical burden term 
in our model including the medical burden X benzodiaz-
epine interaction term. Another possibility is that multiple 
comorbidities could have cumulative effects on common 
underlying pathologies like chronic inflammation, hyper-
lipidemia and insulin resistance that weaken physiological 
reserve and heighten susceptibility to the effects of stressors; 
benzodiazepine in this case. HIV-related biological mecha-
nisms and ART medications are associated with these com-
mon pathologies potentially making the cumulative effects 
of multimorbidity even more salient in HIV (D’Aversa et al. 
2005; Deeks and Phillips 2009; Deeks 2011). Other meas-
ures of medical burden or physiological reserve including 
the Veterans Aging Cohort Study Index have been directly 
associated with NCI among PWH (Marquine et al. 2014, 
2016; Zamudio-Rodríguez et al. 2018; Paolillo et al. 2020) 
suggesting that medical burden and benzodiazepine use may 
have compounding effects on NCI. Additionally, multimor-
bidity is typically coupled with polypharmacy, defined as 
more than 5 concurrent medications, which leads to higher 
risks of drug-drug and drug-disease interactions along with 
potentially cumulative toxicity. Although we covaried for 
antidepressant use and total number of medications, benzo-
diazepine may interact with specific medications resulting 
in compounding effects on brain health.

The clinical relevance of our findings is significant given 
the greater burden of comorbidities in PWH (Justice et al. 
2012; Hosaka et al. 2019) and the higher rates of benzodi-
azepine use (Wixson and Brouwer 2014) versus the general 
population. Importantly, our sample of PWH were all on 
ART and virally suppressed indicating that the deleterious 
effects of combined benzodiazepine use and higher medi-
cal burden on NCI occur regardless of successfully treated 
HIV. Additionally, benzodiazepine use represents a modifi-
able risk factor. By identifying individuals at higher risk 
of benzodiazepine-related cognitive deficits, clinicians can 
prioritize alternative pharmaceutical or behavioral strategies 
to treating anxiety and insomnia in these patients. Lastly, our 
results suggest that medication use and medical burden may 
help explain some of the variability in cognitive function 
among PWH and more accurately characterize brain health 
than chronological age.

Our study has limitations. Assessment of benzodiazepine 
and some of the medical deficits were self-reported and thus 
subject to recall biases. Given that benzodiazepines are com-
monly prescribed for anxiety and sleep disorders, we would 
ideally adjust for these conditions. While were are able to 
adjust for GAD and anxiety/tension symptoms, we did not 
have data on sleep-related conditions. Our cross-sectional 
design precludes investigation of the temporal relationship 
between benzodiazepine use and NCI. Longitudinal studies 

are needed. Although it would be informative to compare 
individual types of benzodiazepine use in their relationship 
with NCI, we examined a combined group of all current 
benzodiazepine users in order to sustain adequate statisti-
cal power to test the interactive effects of benzodiazepine 
use, age, and medical burden. Given evidence in the gen-
eral population that benzodiazepine effects on cognition are 
related to dose and duration (Barker et al. 2004; Crowe and 
Stranks 2018), the availability of these characteristics would 
have allowed us to more definitively test and characterize 
the benzodiazepine and NCI relationship. The absence of 
an HIV-uninfected comparison precluded us from determin-
ing whether our results are specific to the context of HIV. 
Study strengths include a large and neuropsychologically 
well-characterized sample of PWH and calculation of a 
comprehensive medical burden index of 28 health condi-
tions that span multiple organ systems and show adverse 
health effects. Also, whereas studies typically contend with 
the confounding presence of comorbidities when assessing 
effects of medications on NCI, we directly modeled medical 
burden as a predictor/moderator.

Conclusions

Our findings suggest that the negative impact of benzodiaz-
epine use on cognitive function among PWH may be specific 
to or particularly worrisome for those with greater medical 
burden. The moderating role of medical burden in the benzo-
diazepine use and NCI link seems to be specific to domains 
associated with psychomotor slowing. Our findings of the 
unique moderating role of medical burden in the benzodi-
azepine and NCI relationship may potentially extend to the 
general population and help explain inconsistencies in the 
broader literature.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s13365- 022- 01076-1.

Acknowledgements The views expressed in this article are those of 
the authors and do not reflect the official policy or position of the 
Department of the Navy, Department of Defense, nor the United States 
Government. The authors graciously thank the participants and staff 
of the HNRP as their time and efforts allowed this research to be done. 
This study was supported by multiple funding sources including NIH/
NIMH through the Sustained Training in Aging and HIV Research pro-
gram [STAHR; R25MH108389], CNS HIV Anti-Retroviral Therapy 
Effects Research [CHARTER; N01MH22005], California NeuroAIDS 
Tissue Network [CNTN; U24MH100928], HIV Neurobehavioral 
Research Center [HNRC; mP30MH62512], and K23MH105297 to 
M.M; NIH/NIDA through the Translational Methamphetamine AIDS 
Research Center [TMARC; P50DA026306], and NIH/NIA through 
P30AG059299 to M.M, K01AG064986 to A.N, F31AG064989 to R.S, 
and R01AG063659 to Q.M and S.L.L. Dr. Moore’s efforts were sup-
ported by NIA R01 AG062387 and NIA R01 AG061066.

https://doi.org/10.1007/s13365-022-01076-1


419Journal of NeuroVirology (2022) 28:410–421 

1 3

Declarations 

Conflict of interest E. Sundermann reports no disclosures relevant to 
the manuscript. R. Saloner reports no disclosures relevant to the manu-
script. A. Rubtsova reports no disclosures relevant to the manuscript. A. 
Nguyen reports no disclosures relevant to the manuscript. S. Letendre 
reports no disclosures relevant to the manuscript. M. Cherner reports 
no disclosures relevant to the manuscript. Q. Ma reports no disclosures 
relevant to the manuscript. M. Marquine reports no disclosures relevant 
to the manuscript. R. Moore is a co-founder of KeyWise AI, Inc. and 
a consultant for NeuroUX. The terms of this arrangement have been 
reviewed and approved by the University of California, San Diego, in 
accordance with its conflict of interest policies.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

Aldaz P, Garjón J, Beitia G (2021) Association between benzodiaz-
epine use and development of dementia. Med Clin (barc). https:// 
doi. org/ 10. 1016/j. medcli. 2020. 02. 006

Ances BM, Ortega M, Vaida F et al (2012) Independent effects of HIV, 
aging, and HAART on brain volumetric measures. J Acquir Immune 
Defic Syndr. https:// doi. org/ 10. 1097/ QAI. 0b013 e3182 49db17

Barker MJ, Greenwood KM, Jackson M, Crowe SF (2004) Cognitive 
Effects of Long-Term Benzodiazepine Use: A Meta-Analysis. 
CNS Drugs. https:// doi. org/ 10. 2165/ 00023 210- 20041 8010- 00004

Beck AT, Steer RA, Brown GK (1996) Manual for the Beck depressed 
mood inventory-II, vol 1. Psychological Corporation, San Antonio

Billioti de Gage S, Bégaud B, Bazin F, Verdoux H, Dartigues JF, Pérès 
K, Kurth T, Pariente A. (2012) Benzodiazepine use and risk of 
dementia: prospective population based study. BMJ 345:e6231–
e6231. https:// doi. org/ 10. 1136/ bmj. e6231 

Billioti de Gage S, Moride Y, Ducruet T et al (2014) Benzodiazepine 
use and risk of Alzheimer’s disease: case-control study. BMJ. 
https:// doi. org/ 10. 1136/ bmj. g5205

Blackstone K, Moore DJ, Franklin DR et al (2012) Defining neurocogni-
tive impairment in HIV: Deficit scores versus clinical ratings. Clin 
Neuropsychol. https:// doi. org/ 10. 1080/ 13854 046. 2012. 694479

Boeuf-Cazou O, Bongue B, Ansiau D et al (2011) Impact of long-
term benzodiazepine use on cognitive functioning in young adults: 
The VISAT cohort. Eur J Clin Pharmacol. https:// doi. org/ 10. 1007/ 
s00228- 011- 1047-y

Brandt C, Zvolensky MJ, Woods SP et al (2017) Anxiety symptoms 
and disorders among adults living with HIV and AIDS: A critical 
review and integrative synthesis of the empirical literature. Clin 
Psychol Rev. https:// doi. org/ 10. 1016/j. cpr. 2016. 11. 005

Brew BJ, Pemberton L, Blennow K et al (2005) CSF amyloid β42 
and tau levels correlate with AIDS dementia complex. Neurology. 
https:// doi. org/ 10. 1212/ 01. wnl. 00001 83293. 95787. b7

Buchner DM, Wagner EH (1992) Preventing frail health. Clin Geriatr 
Med 8(1):1–17

Carey CL, Woods SP, Gonzalez R et al (2004) Predictive validity of 
global deficit scores in detecting neuropsychological impairment 
in HIV infection. J Clin Exp Neuropsychol. https:// doi. org/ 10. 
1080/ 13803 39049 05100 31

Centers of Disease Control and Prevention (2020) HIV Surveillance 
Report, 2018 (updated); Vol. 31

Coupland C, Hill T, Dening T et al (2019) Anticholinergic Drug 
Exposure and the Risk of Dementia: A Nested Case-Control 
Study. JAMA Intern Med. https:// doi. org/ 10. 1001/ jamai ntern 
med. 2019. 0677

Crowe SF, Stranks EK (2018) The Residual Medium and Long-term 
Cognitive Effects of Benzodiazepine Use: An Updated Meta-
analysis. Arch Clin Neuropsychol. https:// doi. org/ 10. 1093/ arclin/ 
acx120

Cuesta MJ, Peralta V, Zarzuela A (2001) Effects of olanzapine and 
other antipsychotics on cognitive function in chronic schizo-
phrenia: a longitudinal study. Schizophr Res. https:// doi. org/ 
10. 1016/ s0920- 9964(00) 00112-2

Cysique LA, Franklin D, Abramson I et al (2011) Normative data and 
validation of a regression based summary score for assessing 
meaningful neuropsychological change. J Clin Exp Neuropsy-
chol. https:// doi. org/ 10. 1080/ 13803 395. 2010. 535504

D’Aversa TG, Eugenin EA, Berman JW (2005) NeuroAIDS: Con-
tributions of the human immunodeficiency virus-1 proteins Tat 
and gp120 as well as CD40 to microglial activation. J Neurosci 
Res. https:// doi. org/ 10. 1002/ jnr. 20486

De Francesco D, Sabin CA, Reiss P (2020) Multimorbidity patterns 
in people with HIV. Curr Opin HIV AIDS. https:// doi. org/ 10. 
1097/ COH. 00000 00000 000595

Deeks SG (2011) HIV Infection, Inflammation, Immunosenescence, 
and Aging. Annu Rev Med. https:// doi. org/ 10. 1146/ annur ev- med-  
042909- 093756

Deeks SG, Phillips AN (2009) HIV infection, antiretroviral treat-
ment, ageing, and non-AIDS related morbidity. BMJ. https:// 
doi. org/ 10. 1136/ bmj. a3172

Dell’Osso B, Albert U, Atti AR et  al (2015) Bridging the gap 
between education and appropriate use of benzodiazepines in 
psychiatric clinical practice. Neuropsychiatr Dis Treat. https:// 
doi. org/ 10. 2147/ NDT. S83130

Du Plessis S, Vink M, Joska JA et al (2014) HIV infection and the fronto-
striatal system: A systematic review and meta-analysis of fMRI 
studies. AIDS. https:// doi. org/ 10. 1097/ QAD. 00000 00000 000151

Dufort A, Samaan Z (2021) Problematic Opioid Use Among Older 
Adults: Epidemiology, Adverse Outcomes and Treatment Consid-
erations. Drugs Aging. https:// doi. org/ 10. 1007/ s40266- 021- 00893-z

Fastbom J, Forsell Y, Winblad B (1998) Benzodiazepines may have 
protective effects against Alzheimer disease. Alzheimer Dis Assoc 
Disord. https:// doi. org/ 10. 1097/ 00002 093- 19980 3000- 00002

Fazeli PL, Woods SP, Vance DE (2020) Successful Functional Aging 
in Middle-Aged and Older Adults with HIV. AIDS Behav. https:// 
doi. org/ 10. 1007/ s10461- 019- 02635-0

Fried LP, Ferrucci L, Darer J et al (2004) Untangling the Concepts of 
Disability, Frailty, and Comorbidity: Implications for Improved 
Targeting and Care. J Gerontol - Ser A Biol Sci Med Sci. https:// 
doi. org/ 10. 1093/ gerona/ 59.3. m255

Gallacher J, Elwood P, Pickering J et al (2012) Benzodiazepine use 
and risk of dementia: Evidence from the Caerphilly Prospective 
Study (caps). J Epidemiol Community Health. https:// doi. org/ 10. 
1136/ jech- 2011- 200314

Gomm W, von Holt K, Thomé F et al (2016) Regular Benzodiazepine and 
Z-Substance Use and Risk of Dementia: An Analysis of German 
Claims Data. J Alzheimers Dis. https:// doi. org/ 10. 3233/ JAD- 151006

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.medcli.2020.02.006
https://doi.org/10.1016/j.medcli.2020.02.006
https://doi.org/10.1097/QAI.0b013e318249db17
https://doi.org/10.2165/00023210-200418010-00004
https://doi.org/10.1136/bmj.e6231
https://doi.org/10.1136/bmj.g5205
https://doi.org/10.1080/13854046.2012.694479
https://doi.org/10.1007/s00228-011-1047-y
https://doi.org/10.1007/s00228-011-1047-y
https://doi.org/10.1016/j.cpr.2016.11.005
https://doi.org/10.1212/01.wnl.0000183293.95787.b7
https://doi.org/10.1080/13803390490510031
https://doi.org/10.1080/13803390490510031
https://doi.org/10.1001/jamainternmed.2019.0677
https://doi.org/10.1001/jamainternmed.2019.0677
https://doi.org/10.1093/arclin/acx120
https://doi.org/10.1093/arclin/acx120
https://doi.org/10.1016/s0920-9964(00)00112-2
https://doi.org/10.1016/s0920-9964(00)00112-2
https://doi.org/10.1080/13803395.2010.535504
https://doi.org/10.1002/jnr.20486
https://doi.org/10.1097/COH.0000000000000595
https://doi.org/10.1097/COH.0000000000000595
https://doi.org/10.1146/annurev-med-042909-093756
https://doi.org/10.1146/annurev-med-042909-093756
https://doi.org/10.1136/bmj.a3172
https://doi.org/10.1136/bmj.a3172
https://doi.org/10.2147/NDT.S83130
https://doi.org/10.2147/NDT.S83130
https://doi.org/10.1097/QAD.0000000000000151
https://doi.org/10.1007/s40266-021-00893-z
https://doi.org/10.1097/00002093-199803000-00002
https://doi.org/10.1007/s10461-019-02635-0
https://doi.org/10.1007/s10461-019-02635-0
https://doi.org/10.1093/gerona/59.3.m255
https://doi.org/10.1093/gerona/59.3.m255
https://doi.org/10.1136/jech-2011-200314
https://doi.org/10.1136/jech-2011-200314
https://doi.org/10.3233/JAD-151006


420 Journal of NeuroVirology (2022) 28:410–421

1 3

Greene M, Justice AC, Covinsky KE (2017) Assessment of geriatric 
syndromes and physical function in people living with HIV. Viru-
lence. https:// doi. org/ 10. 1080/ 21505 594. 2016. 12452 69

Guaraldi G, Brothers TD, Zona S et al (2015) A frailty index predicts 
survival and incident multimorbidity independent of markers 
of HIV disease severity. AIDS. https:// doi. org/ 10. 1097/ QAD. 
00000 00000 000753

Hakkers CS, Arends JE, Barth RE et al (2017) Review of functional 
MRI in HIV: effects of aging and medication. J Neurovirol. 
https:// doi. org/ 10. 1007/ s13365- 016- 0483-y

Hämmerlein A, Derendorf H, Lowenthal DT (1998) Pharmacokinetic 
and pharmacodynamic changes in the elderly. Clinical implica-
tions. Clin Pharmacokinet. https:// doi. org/ 10. 2165/ 00003 088- 
19983 5010- 00004

Heaton RK, Miller S, Taylor MG, Grant I (2004) Revised Com-
prehensive Norms for an Expanded Halstead-Reitan Battery: 
Demographically Adjusted Neuropsychological Norms for Afri-
can American and Caucasian Adults. Psychological Assessment 
Resources, Lutz, FL.

Heaton RK, Clifford DB, Franklin DR et al (2010) HIV-associated 
neurocognitive disorders persist in the era of potent antiretrovi-
ral therapy: Charter Study. Neurology. https:// doi. org/ 10. 1212/ 
WNL. 0b013 e3182 00d727

Heaton RK, Grant I, Butters N et al (1995) The HNRC 500--neu-
ropsychology of HIV infection at different disease stages. HIV 
Neurobehavioral Research Center. J Int Neuropsychol Soc. doi: 
https:// doi. org/ 10. 1017/ s1355 61770 000023

Hosaka KRJ, Greene M, Premeaux TA et al (2019) Geriatric Syn-
dromes in Older Adults Living with HIV and Cognitive Impair-
ment. J Am Geriatr Soc. https:// doi. org/ 10. 1111/ jgs. 16034

Johnson PO, Neyman J (1936) Tests of certain linear hypotheses 
and their application to some educational problems. Stat Res 
Mem 1:57–93

Justice AC, Freiberg MS, Tracy R et al (2012) Does an index com-
posed of clinical data reflect effects of inflammation, coagula-
tion, and monocyte activation on mortality among those aging 
with HIV? Clin Infect Dis. https:// doi. org/ 10. 1093/ cid/ cir989

Kruse WHH (1990) Problems and Pitfalls in the Use of Benzodiazepines in 
the Elderly. Drug Saf. https:// doi. org/ 10. 2165/ 00002 018- 19900 5050- 
 00003

Lader M (2011) Benzodiazepines revisited-will we ever learn? 
Addiction. https:// doi. org/ 10. 1111/j. 1360- 0443. 2011. 03563.x

Lagnaoui R, Bégaud B, Moore N et al (2002) Benzodiazepine use 
and risk of dementia: A nested case-control study. J Clin Epide-
miol. https:// doi. org/ 10. 1016/ S0895- 4356(01) 00453-X

Laverick R, Haddow L, Daskalopoulou M et al (2017) Self-Reported 
Decline in Everyday Function, Cognitive Symptoms, and Cog-
nitive Function in People with HIV. In: Journal of Acquired 
Immune Deficiency Syndromes. https:// doi. org/ 10. 1097/ QAI. 
00000 00000 001468

Levine AJ, Quach A, Moore DJ et al (2016) Accelerated epigenetic 
aging in brain is associated with pre-mortem HIV-associated 
neurocognitive disorders. J Neurovirol. https:// doi. org/ 10. 1007/ 
s13365- 015- 0406-3

Marquine MJ, Flores I, Kamat R et al (2018) A composite of multi-
system injury and neurocognitive impairment in HIV infection: 
association with everyday functioning. J Neurovirol. https:// doi. 
org/ 10. 1007/ s13365- 018- 0643-3

Marquine MJ, Montoya JL, Umlauf A et al (2016) The Veterans 
Aging Cohort Study (VACS) Index and Neurocognitive Change: 
A Longitudinal Study. Clin Infect Dis. https:// doi. org/ 10. 1093/ 
cid/ ciw328

Marquine MJ, Umlauf A, Rooney AS et al (2014) The veterans aging 
cohort study index is associated with concurrent risk for neu-
rocognitive impairment. J Acquir Immune Defic Syndr. https:// 
doi. org/ 10. 1097/ QAI. 00000 00000 000008

McNair DM, Lorr M, Droppleman LF (1981) Manual for the profile 
of mood states. Educational and Industrial Testing Service, San 
Diego, CA.

Morgello S, Gelman BB, Kozlowski PB et al (2001) The National 
NeuroAIDS Tissue Consortium: A new paradigm in brain banking 
with an emphasis on infectious disease. Neuropathol Appl Neuro-
biol. https:// doi. org/ 10. 1046/j. 0305- 1846. 2001. 00334.x

Morgello S, Jacobs M, Murray J et al (2018) Alzheimer’s disease 
neuropathology may not predict functional impairment in HIV: 
a report of two individuals. J Neurovirol. https:// doi. org/ 10. 1007/ 
s13365- 018- 0663-z

Nader D, Gowing L (2020) Is Long-Term Benzodiazepine Use a Risk 
Factor for Cognitive Decline? Results of a Systematic Review. J 
Addict. https:// doi. org/ 10. 1155/ 2020/ 15694 56

Norman MA, Moore DJ, Taylor M et al (2011) Demographically 
corrected norms for African Americans and caucasians on the 
hopkins verbal learning test-revised, Brief visuospatial memory 
test-revised, stroop color and word test, and wisconsin card sorting 
test 64-card version. J Clin Exp Neuropsychol. https:// doi. org/ 10. 
1080/ 13803 395. 2011. 559157

Oppenheim H, Paolillo EW, Moore RC et al (2018) Neurocognitive 
functioning predicts frailty index in HIV. Neurology. https:// doi. 
org/ 10. 1212/ WNL. 00000 00000 005761

Paolillo EW, Saloner R, Montoya JL et al (2019) Frailty in comorbid 
HIV and lifetime methamphetamine use disorder: Associations 
with neurocognitive and everyday functioning. AIDS Res Hum 
Retroviruses. https:// doi. org/ 10. 1089/ aid. 2019. 0062

Paolillo EW, Sun-Suslow N, Pasipanodya EC et  al (2020) Pre-
frailty predicts cognitive decline at 2-year follow-up in per-
sons living with HIV. J Neurovirol. https:// doi. org/ 10. 1007/ 
s13365- 019- 00814-2

Picton JD, Brackett Marino A, Lovin Nealy K (2018) Benzodiazepine 
use and cognitive decline in the elderly. Am. J. Heal. Pharm. 
https:// doi. org/ 10. 2146/ ajhp1 60381

Preacher KJ, Curran PJ, Bauer DJ (2006) Computational tools for prob-
ing interactions in multiple linear regression, multilevel modeling, 
and latent curve analysis. J Educ Behav Stat. https:// doi. org/ 10. 
3102/ 10769 98603 10044 37

Rollings J, Collins M, Pickering A, Jacobson RR (1994) Lack of 
Cognitive Recovery Following Withdrawal from Long-Term 
Benzodiazepine Use. Psychol Med. https:// doi. org/ 10. 1017/ 
S0033 29170 00269 69

Rubin LH, Radtke KK, Eum S et al (2018) Cognitive burden of com-
mon non-antiretroviral medications in HIV-infected women. J 
Acquir Immune Defic Syndr. https:// doi. org/ 10. 1097/ QAI. 
00000 00000 001755

Saloner R, Campbell LM, Serrano V et al (2019a) Neurocognitive 
SuperAging in Older Adults Living with HIV: Demographic, 
Neuromedical and Everyday Functioning Correlates. J Int Neu-
ropsychol Soc. https:// doi. org/ 10. 1017/ S1355 61771 90000 18

Saloner R, Grelotti DJ, Tyree G et al (2019b) Benzodiazepine Use Is 
Associated with an Increased Risk of Neurocognitive Impairment 
in People Living with HIV. J Acquir Immune Defic Syndr. https:// 
doi. org/ 10. 1097/ QAI. 00000 00000 002183

Saloner R, Heaton RK, Campbell LM et al (2019c) Effects of comor-
bidity burden and age on brain integrity in HIV. AIDS. https:// doi. 
org/ 10. 1097/ QAD. 00000 00000 002192

Salzman C, Fisher J, Nobel K et al (1992) Cognitive improvement fol-
lowing benzodiazepine discontinuation in elderly nursing home 
residents. Int J Geriatr Psychiatry. https:// doi. org/ 10. 1002/ gps. 
93007 0205

Schouten J, Wit FW, Stolte IG et al (2014) Cross-sectional comparison 
of the prevalence of age-associated comorbidities and their risk 
factors between hiv-infected and uninfected individuals: The age 
H IV cohort study. Clin Infect Dis. https:// doi. org/ 10. 1093/ cid/ 
ciu701

https://doi.org/10.1080/21505594.2016.1245269
https://doi.org/10.1097/QAD.0000000000000753
https://doi.org/10.1097/QAD.0000000000000753
https://doi.org/10.1007/s13365-016-0483-y
https://doi.org/10.2165/00003088-199835010-00004
https://doi.org/10.2165/00003088-199835010-00004
https://doi.org/10.1212/WNL.0b013e318200d727
https://doi.org/10.1212/WNL.0b013e318200d727
https://doi.org/10.1017/s135561770000023
https://doi.org/10.1111/jgs.16034
https://doi.org/10.1093/cid/cir989
https://doi.org/10.2165/00002018-199005050-00003
https://doi.org/10.2165/00002018-199005050-00003
https://doi.org/10.1111/j.1360-0443.2011.03563.x
https://doi.org/10.1016/S0895-4356(01)00453-X
https://doi.org/10.1097/QAI.0000000000001468
https://doi.org/10.1097/QAI.0000000000001468
https://doi.org/10.1007/s13365-015-0406-3
https://doi.org/10.1007/s13365-015-0406-3
https://doi.org/10.1007/s13365-018-0643-3
https://doi.org/10.1007/s13365-018-0643-3
https://doi.org/10.1093/cid/ciw328
https://doi.org/10.1093/cid/ciw328
https://doi.org/10.1097/QAI.0000000000000008
https://doi.org/10.1097/QAI.0000000000000008
https://doi.org/10.1046/j.0305-1846.2001.00334.x
https://doi.org/10.1007/s13365-018-0663-z
https://doi.org/10.1007/s13365-018-0663-z
https://doi.org/10.1155/2020/1569456
https://doi.org/10.1080/13803395.2011.559157
https://doi.org/10.1080/13803395.2011.559157
https://doi.org/10.1212/WNL.0000000000005761
https://doi.org/10.1212/WNL.0000000000005761
https://doi.org/10.1089/aid.2019.0062
https://doi.org/10.1007/s13365-019-00814-2
https://doi.org/10.1007/s13365-019-00814-2
https://doi.org/10.2146/ajhp160381
https://doi.org/10.3102/10769986031004437
https://doi.org/10.3102/10769986031004437
https://doi.org/10.1017/S0033291700026969
https://doi.org/10.1017/S0033291700026969
https://doi.org/10.1097/QAI.0000000000001755
https://doi.org/10.1097/QAI.0000000000001755
https://doi.org/10.1017/S1355617719000018
https://doi.org/10.1097/QAI.0000000000002183
https://doi.org/10.1097/QAI.0000000000002183
https://doi.org/10.1097/QAD.0000000000002192
https://doi.org/10.1097/QAD.0000000000002192
https://doi.org/10.1002/gps.930070205
https://doi.org/10.1002/gps.930070205
https://doi.org/10.1093/cid/ciu701
https://doi.org/10.1093/cid/ciu701


421Journal of NeuroVirology (2022) 28:410–421 

1 3

Searle SD, Mitnitski A, Gahbauer EA et al (2008) A standard proce-
dure for creating a frailty index. BMC Geriatr. https:// doi. org/ 10. 
1186/ 1471- 2318-8- 24

So-Armah K, Chang J, Alcorn C et al (2014) HIV Infection, Antiret-
roviral Therapy Initiation and Longitudinal Changes in Biomark-
ers of Organ Function. Curr HIV Res. https:// doi. org/ 10. 2174/ 
15701 62x12 01140 71610 1512

Soontornniyomkij V, Soontornniyomkij B, Moore DJ et al (2012) Anti-
oxidant sestrin-2 redistribution to neuronal soma in human immu-
nodeficiency virus-associated neurocognitive disorders. J Neuro-
immune Pharmacol. https:// doi. org/ 10. 1007/ s11481- 012- 9357-0

Stewart SA (2005) The effects of benzodiazepines on cognition. J Clin 
Psychiatry 66(Suppl 2):9–13

Stoff DM, Goodkin K, Jeste D, Marquine M (2017) Redefining Aging 
in HIV Infection Using Phenotypes. Curr HIV/AIDS Rep. https:// 
doi. org/ 10. 1007/ s11904- 017- 0364-x

Taibi DM (2013) Sleep Disturbances in Persons Living With HIV. J Assoc 
Nurses AIDS Care. https:// doi. org/ 10. 1016/j. jana. 2012. 10. 006

Turnheim K (2003) When drug therapy gets old: Pharmacokinetics and 
pharmacodynamics in the elderly. Exp Gerontol. https:// doi. org/ 
10. 1016/ s0531- 5565(03) 00133-5

Verdoux H, Lagnaoui R, Begaud B (2005) Is benzodiazepine use a risk 
factor for cognitive decline and dementia? A literature review of 
epidemiological studies. Psychol. Med. https:// doi. org/ 10. 1017/ 
s0033 29170 40038 97

Wei J, Hou J, Su B, Jiang T, Guo C, Wang W, Zhang Y, Chang 
B, Wu H, Zhang T (2020) The prevalence of Frascati-criteria-
based HIV-associated neurocognitive disorder (HAND) in HIV-
infected adults: A systematic review and meta-analysis. Front 
Neurol 11:581346. https:// doi. org/ 10. 3389/ fneur. 2020. 581346. 
eColl ectio n2020

Wixson SE, Brouwer ES (2014) Sex differences in benzodiaz-
epine use in the HIV-infected population. AIDS Care - Psychol 

Socio-Medical Asp AIDS/HIV. https:// doi. org/ 10. 1080/ 09540 121. 
2014. 894615

Woods SP, Moran LM, Carey CL et al (2008) Prospective memory in 
HIV infection: Is “remembering to remember” a unique predictor 
of self-reported medication management? Arch Clin Neuropsy-
chol. https:// doi. org/ 10. 1016/j. acn. 2007. 12. 006

World Health Organization (1997) Composite International Diagnostic 
Interview (CIDI)

Wright RM, Roumani YF, Boudreau R et al (2009) Effect of central nerv-
ous system medication use on decline in cognition in community-
dwelling older adults: Findings from the health, aging and body 
composition study. J Am Geriatr Soc. https:// doi. org/ 10. 1111/j. 
1532- 5415. 2008. 02127.x

Wu CS, Ting TT, Wang SC et al (2011) Effect of benzodiazepine dis-
continuation on dementia risk. Am J Geriatr Psychiatry. https:// 
doi. org/ 10. 1097/ JGP. 0b013 e3181 e049ca

Wu CS, Wang SC, Chang IS, Lin KM (2009) The association between 
dementia and long-term use of benzodiazepine in the elderly: 
Nested case-control study using claims data. Am J Geriatr Psy-
chiatry. https:// doi. org/ 10. 1097/ JGP. 0b013 e3181 a65210

Zamudio-Rodríguez A, Belaunzarán-Zamudio PF, Sierra-Madero JG 
et al (2018) Association between Frailty and HIV-Associated 
Neurodegenerative Disorders among Older Adults Living with 
HIV. AIDS Res Hum Retroviruses. https:// doi. org/ 10. 1089/ aid. 
2017. 0100

Zhang Y, Zhou XH, Meranus DH et al (2016) Benzodiazepine Use 
and Cognitive Decline in Elderly with Normal Cognition. 
Alzheimer Dis Assoc Disord. https:// doi. org/ 10. 1097/ WAD. 
00000 00000 000099

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

https://doi.org/10.1186/1471-2318-8-24
https://doi.org/10.1186/1471-2318-8-24
https://doi.org/10.2174/1570162x1201140716101512
https://doi.org/10.2174/1570162x1201140716101512
https://doi.org/10.1007/s11481-012-9357-0
https://doi.org/10.1007/s11904-017-0364-x
https://doi.org/10.1007/s11904-017-0364-x
https://doi.org/10.1016/j.jana.2012.10.006
https://doi.org/10.1016/s0531-5565(03)00133-5
https://doi.org/10.1016/s0531-5565(03)00133-5
https://doi.org/10.1017/s0033291704003897
https://doi.org/10.1017/s0033291704003897
https://doi.org/10.3389/fneur.2020.581346.eCollection2020
https://doi.org/10.3389/fneur.2020.581346.eCollection2020
https://doi.org/10.1080/09540121.2014.894615
https://doi.org/10.1080/09540121.2014.894615
https://doi.org/10.1016/j.acn.2007.12.006
https://doi.org/10.1111/j.1532-5415.2008.02127.x
https://doi.org/10.1111/j.1532-5415.2008.02127.x
https://doi.org/10.1097/JGP.0b013e3181e049ca
https://doi.org/10.1097/JGP.0b013e3181e049ca
https://doi.org/10.1097/JGP.0b013e3181a65210
https://doi.org/10.1089/aid.2017.0100
https://doi.org/10.1089/aid.2017.0100
https://doi.org/10.1097/WAD.0000000000000099
https://doi.org/10.1097/WAD.0000000000000099

	The association between benzodiazepine use and greater risk of neurocognitive impairment is moderated by medical burden in people with HIV
	Abstract
	Introduction
	Methods
	Participants
	Neuromedical evaluation
	Medical burden index
	Neuropsychological evaluation
	Neuropsychiatric evaluation
	Statistical analyses

	Results
	Sample characteristics
	Moderating role of chronological age and medical burden in the benzodiazepine and NCI link
	Cognitive domain-specific analyses

	Discussion
	Conclusions
	Acknowledgements 
	References


