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Abstract

Background: Frailty disproportionally affects people with HIV (PWH) and increased frailty in
this already vulnerable population is associated with worse neurocognitive functioning. Whether
frailty interacts with current and modifiable markers of HIV disease severity to synergistically
increase risk for HIV-associated neurocognitive disorders (HAND), however, is unknown and
important for informing the clinical care of aging PWH.

Setting: UC San Diego’s HIV Neurobehavioral Research Program.

Methods: Participants were 178 PWH evaluated between 2014 and 2019. HIV disease severity
was measured by current CD4 count and plasma HIVV RNA. HAND diagnoses were made
according to the Frascati criteria using a 7-domain neuropsychological battery, and the Fried
phenotype criteria were used to assess frailty syndrome (0-5 symptoms). The independent and
interactive effects of frailty and current HIV disease severity (ie, CD4 count and plasma HIVV
RNA) on HAND were examined using multiple logistic regressions.

Results: There was an interaction between CD4 count and frailty on HAND. Simple slopes
showed that CD4 count and the likelihood of HAND were negatively associated at >1.25
symptoms of frailty, and conversely, frailty and HAND were negatively associated at 642 or less
cells/mm3. There were no significant independent or interactive effects of plasma HIV RNA and
frailty on the likelihood of HAND.

Conclusions: In addition to monitoring CD4 count, assessing for frailty may be critical in older
adults with HIV to potentially mitigate poor neurobehavioral outcomes. Longitudinal follow-up
studies are needed to determine the directionality of these findings.
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INTRODUCTION

As of 2018, almost 50% of people with HIV (PWH) in the United States were aged 50
years or older.1 Although incredible advancements in antiretroviral treatment have allowed
PWH to achieve lifespans comparable with those without HIV, PWH are still more likely
to have decreased healthspan.2:3 For example, older PWH are more likely to acquire age-
related comorbidities at younger ages and have more non-HIV conditions, polypharmacy,
and greater overall disease burden than their seronegative counterparts.*-8 HIV-associated
neurocognitive disorders (HAND) are also highly prevalent among PWH and are associated
with multifactorial detriments to quality of life.”

PWH also have higher rates of frailty and at younger ages, which further increases
vulnerability to poor health-related outcomes.8-12 In fact, greater frailty seems to be linearly
associated with worse neurocognitive functioning among PWH.13 Whether frailty confers
even greater risk of HAND in the presence of other risk factors, however, is unknown. For
example, among individuals with Alzheimer disease, frailty has been shown to moderate

the relationship between neuropathological disease burden and clinical manifestation of
dementia.1* Among PWH, examining a possible interaction between frailty and HIV disease
severity on HAND is important for informing the clinical care of aging PWH because these
are modifiable risk factors that, if intervened on, could improve the quality of life and
prolong healthspan.

Thus, the current study examined the interaction between frailty and markers of current HIV
disease severity on likelihood of HAND. We hypothesized that worse HIV disease severity
(ie, low CD4 and/or high HIV RNA viral load) would be associated with greater risk of
HAND only at higher levels of frailty and vice versa. Importantly, our aims and hypotheses
are only concerned with markers of current disease severity (ie, CD4 cell count and HIV
RNA viral load) because they are intervenable. Notably, we did not examine antiretroviral
therapy (ART) use as a predictor because our sample consisted of very few individuals

who were off ART (n = 5). Although low nadir CD4 has been previously established as

a predictor of HAND,® this measure is not modifiable. In addition, we examined frailty
symptoms in a continuous fashion because prefrailty (1-2 symptoms) has been shown to
predict poor health outcomes among PWH; thus, considering the full range of symptoms
may be more sensitive in detecting a cumulative effect of frailty on HAND. In sum,
examination of the independent and interactive effects of important modifiable risk factors
(eg, frailty and HIV disease severity) on the risk of HAND is needed to further elucidate
possible mechanisms for the development of HAND and inform multimodal comprehensive
clinical interventions.

METHODS

Participants

Participants were 178 PWH (n = 84 no HAND; n = 94 HAND) enrolled in National
Institutes of Health—funded research studies at the UC San Diego’s HIV Neurobehavioral
Research Program from 2014 to 2019. The exclusion criteria were as follows: (1) presence
of a neurological condition known to impact neurocognitive functioning (eg, non-HIV
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neurological disorder such as Parkinson disease or stroke); (2) history of head injury with
loss of consciousness for longer than 30 minutes, seizure disorder, or central nervous system
neoplasm; (3) diagnosis of a psychotic disorder or severe learning disorder (eg, Wide Range
Achievement Test-Fourth Edition reading score <70); and (4) positive urine toxicology for
illicit substances (excluding marijuana) on the day of testing. All procedures performed

in studies involving human participants were in accordance with the ethical standards of

the institutional and/or national research committee (UCSD Human Research Protections
Program IRB00000355) and with the Helsinki Declaration of 1975 and its later amendments
or comparable ethical standards.

HAND Classification

All participants completed a comprehensive neurocognitive assessment that evaluated 7
domains consistent with large-scale studies of HAND.16 Raw neurocognitive test scores
were converted to T scores that adjusted for demographics based on established normative
standards (age, education, sex, and race/ethnicity where available). Participants also
completed a modified version of an activities of daily living self-report questionnaire
(Lawton & Brody, 1969) and were classified as having a functional deficit if they reported
decreased ability to independently perform 2 or more instrumental activities of daily (eg,
managing finances and cooking). HAND diagnoses were made using Frascati criteria,’
which require cognitive impairment (>1 SD below the mean) in at least 2 neurocognitive
domains. HAND classification includes 3 subtypes, as follows, in order of most severe to
least severe: HIV-associated dementia (HAD, n = 5, 5%), mild neurocognitive disorder (n =
21, 22%), and asymptomatic neurocognitive impairment (n = 68, 72%). Because of the small
numbers of individuals in some of the diagnostic levels, HAND diagnoses were evaluated
dichotomously (HAND vs. no HAND).

Frailty Assessment

Frailty was assessed using the Fried Frailty Index,8 which consists of 5 domains of physical
functioning: (1) unintentional weight loss (self-reported =210 pounds lost in the past year),
(2) weakness (<20th percentile of normative sample for grip strength, stratified by sex

and body mass index), (3) exhaustion (self-reported through elevations on items 7 and

9 of the Center for Epidemiologic Studies—Depression scale), (4) slow walking speed
(<20th percentile of normative sample for total seconds to walk 15 feet, stratified by sex

and height), and (5) low physical activity (<383 kcal/wk for men and <270 kcal/wk for
women, self-reported through the International Physical Activity Questionnaire). Frailty was
examined as a count of the presence of deficits in each of the 5 domains (possible range =
0-5).

Psychiatric Assessment

The Beck Depression Inventory Second Edition (BDI-11) was used to assess current
depressive symptoms. The WHO Composite International Diagnostic Interview was
administered to diagnose participants for current and lifetime major depressive disorder, as
defined by the Fourth edition of the Diagnostic and Statistical Manual of Mental Disorders
(DSM-1V).
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Neuromedical Assessment

All participants underwent a standardized medical history interview, neuromedical
examination, and blood and urine collection. The HIV serological status was confirmed
using enzyme-linked immunosorbent assay and Western blot test, and HIV RNA levels
were measured in plasma by reverse transcription polymerase chain reaction (Amplicor;
Roche Diagnostics, Indianapolis, IN; lower limit of quantitation of 50 copies/mL). The
current CD4 count was measured in plasma using flow cytometry. Self-reported HIV
disease and treatment variables included nadir CD4, AIDS status, estimated duration of
HIV disease, and current ART regimen. Comorbid medical conditions (ie, hepatitis C,
diabetes, hypertension, and hyperlipidemia) were determined by self-report and/or medical
chart review when available.

Statistical Analyses

RESULTS

Demographics, psychiatric and neuromedical characteristics, and frailty symptoms were
compared by HAND status using independent #test, Wilcoxon test, or XZ test as appropriate.
Nominal logistic regressions were conducted to examine the odds of having a HAND
diagnosis as a function of number of frailty symptoms, markers of current HIV disease
severity (CD4 and plasma HIV RNA viral load), and their interaction. Covariates were
chosen based on univariable differences by HAND status. These included age, premorbid
verbal 1Q estimate, hypertension, hyperlipidemia, and diabetes. Pairwise and regression
analyses were performed using JMP Pro, version 14.0.0 (JMP, Version <14.0.0>; SAS
Institute Inc, Cary, NC, 1989-2007). The CAHOST Microsoft Excel 2013 workbook
was used to determine regions of moderation significance using the Johnson-Neyman
procedure.19

Participant characteristics are displayed in Table 1. HAND subtypes included 5% HAD (n
=5), 22% mild neurocognitive disorder (n = 21), and 72% asymptomatic neurocognitive
impairment (n = 68). Participants with HAND were older (= 0.01) and had lower
estimated premorbid verbal 1Qs (P < 0.001) than those without HAND. HAND groups
were comparable on all other demographic, psychiatric, and HIV disease characteristics (s
> 0.10). HAND groups did not differ on the Fried frailty status or the average number of
Fried frailty symptoms; however, participants with HAND were more likely to meet the
criteria for slow walking speed compared to those without HAND (£ = 0.001). Participants
with HAND also had higher rates of diabetes (= 0.04), hypertension (P < 0.001), and
hyperlipidemia (£ = 0.04) than those without HAND.

A logistic regression model was used to examine the independent and interactive effects

of plasma CD4 count and the number of frailty symptoms on the likelihood of a HAND
diagnosis, covarying for factors that differed between HAND groups (ie, age, estimated
premorbid verbal 1Q, hypertension, hyperlipidemia, and diabetes). The interaction between
CD4 and number of frailty symptoms was significant (b = —0.001, SE = 0.001, and P=
0.037). Independent main effects of CD4 (b = —0.0004, SE = 0.0006, and A= 0.510) and
number of frailty symptoms (b = 0.014, SE = 0.190, and P = 0.942) were not significant.
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Higher estimated premorbid verbal 1Q significantly related to lower likelihood of HAND
(b =-0.047, SE = 0.013, and A= 0.001), but the other covariates did not significantly
explain the variance in the likelihood of HAND (age: b = 0.037, SE = 0.19, and £ = 0.050;
hypertension: b = 0.315, SE = 0.196, and A= 0.107; hyperlipidemia: b = -0.040, SE =
0.200, and £=0.843; and diabetes: b = 0.131, SE = 0.252, and P = 0.603).

The critical level in which the interaction between CD4 and number of frailty symptoms was
significant was probed using the Johnson—Neyman technique. When examining frailty as the
moderator, results revealed that the negative relationship between CD4 and the likelihood

of HAND was significant only among participants with frailty greater than 1.25 symptoms
(Fig. 1A). That is, among participants with more than 1.25 frailty symptoms, lower CD4
related to higher likelihood of HAND. For clinical interpretability, Figure 1B illustrates
simple slopes of the interaction effect at higher (2 or more symptoms) and lower levels of
frailty (0 or 1 symptoms). When examining CD4 as the moderator, results showed that the
positive relationship between frailty symptoms and the likelihood of HAND was significant
only among participants with less than or equal to 642 CD4 cells/mm3 (Fig. 1C). That is,
among participants with <642 CD4 cells/mm3, a higher number of frailty symptoms related
to higher likelihood of HAND (Fig. 1D).

The next logistic regression revealed no significant independent or interactive effects of
plasma HIV RNA viral load and number of frailty symptoms on the likelihood of HAND
(s > 0.05). Notably, the distribution of plasma HIVV RNA viral load values was non-normal
(right skewed) and restricted in range because most participants were virally suppressed (n =
168, 94% of the entire sample). When we removed those who were virally unsuppressed (n
= 21), the moderation between CD4 and frailty still held (b = —-0.002, SE = 0.001, and P=
0.015).

DISCUSSION

This study investigated the independent and interactive effects of current HIV disease
severity (ie, CD4 cell count, plasma HIV RNA viral load) and the number of frailty
symptoms on the likelihood of HAND. We found a significant interaction between CD4 and
frailty on HAND. When frailty was examined as the moderating variable, the relationship
between CD4 and HAND became significant at 1.25 or more symptoms (2 symptoms for
clinical relevance), such that lower CD4 was associated with increased likelihood of HAND.
Inversely, when CD4 was examined as the moderator, the relationship between frailty and
HAND became significant at 642 or less cells/mm3, such that higher number of frailty
symptoms was associated with increased likelihood of HAND. The plasma HIV RNA viral
load did not associate with HAND or interact with frailty.

Results highlight the importance of considering both frailty and CD4 in PWH at risk

of neurocognitive impairment. We found that frailty is critical even at low levels. This

is consistent with previous research showing that 1 to 2 symptoms of frailty (prefrailty)
is associated with neurocognitive impairments among community-dwelling adults?® and
is predictive of neurocognitive decline over 2 years among PWH.21 Furthermore, rates
of frailty and prefrailty in our sample were consistent with other samples of PWH.22
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Our results additionally suggest that frailty, in conjunction with low CD4, can be
especially problematic for cognition to the extent of a diagnosable neurocognitive disorder.
Interestingly and unexpectedly, CD4 was shown to be important even up to 642 cells/
mm3, which is at a level traditionally accepted as within the normal range (500-1500 cells/
mm?3). Although nadir CD4 has been demonstrated to predict HAND,® this study uniquely
establishes a relationship between current CD4 (interacting with frailty) and HAND, which
has significant clinical implications because unlike nadir, current cell count is modifiable.

To the best of our knowledge, this is the first study to investigate the interaction of frailty
and markers of current HIV disease severity on HAND. Several limitations of this study
should be noted to guide future studies. First, the sample of relatively healthy individuals
with few having plasma HIV RNA viral load less than 50 copies/mL. This restricted range
decreases our confidence in concluding that HIVV RNA viral load does not have the same
interactive effect with frailty on HAND as CD4 at this time. Cerebrospinal fluid HIV RNA
viral load was considered because its levels (at least as high as plasma HIVV RNA levels viral
load) have been shown to correlate with HAND.23 However, because of the small sample
size of participants with CSF data (n = 48), analyses on CSF values were not done at this
time but would be important to investigate in future studies. Another limitation is that the
number of frailty symptoms in our sample only ranged from 0 to 4 (5 possible), which
may have impacted the magnitude of its interactive effect with CD4. Finally, our sample
consisted of few females (12%), which limits our ability to generalize our findings to these
individuals.

In summary, our findings support an interaction between frailty and CD4 count on the
likelihood of HAND. Clinically, providers may be impactful in mitigating HAND by
screening for frailty in the context of relatively lower CD4 counts or more closely follow
CD4 counts in the context of 2 or more symptoms of frailty. A CD4 count below 642 cells
mm3 should prompt clinicians to assess for frailty, and identification of 2 frailty symptoms
in PWH should prompt for closer monitoring of CD4 to identify or possibility mitigate
neurocognitive impairment. Future studies examining the moderating effect of frailty on
neurodegeneration and HAND would be an important next step to further investigate the role
of frailty on HIV disease and cognition.
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FIGURE 1.

A, Using the Johnson—Neyman technique, the simple slope of CD4 count is only significant
above 1.25 symptoms of frailty, such that the lower CD4 count relates to higher likelihood
of HAND among participants with >1.25 frailty symptoms. B, The negative relationship
between CD4 count and likelihood of HAND among participants with 2-5 frailty symptoms
is depicted by the solid line. By contrast, the CD4 count is not significantly related to

the likelihood of HAND among participants with 0-1 frailty symptoms, as depicted by

the dashed line. C, Using the Johnson—Neyman technique, the simple slope of frailty is
only significant at or below a CD4 count of 642, such that higher frailty relates to higher
likelihood of HAND among participants with <642 CD4 cells. D, The positive relationship
between frailty symptoms and the likelihood of HAND among participants with <642 CD4
cells, as depicted by the dashed line. By contrast, frailty symptoms are not significantly
related to the likelihood of HAND among participants with >642 CD4 cells, as depicted by
the solid line.
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Participant Demographics and Clinical Characteristics by HAND Diagnosis (N = 178)

TABLE 1.

NoHAND (N=84) HAND (N = 94) P
Demographics
Age 52.15 (11.15) 56.21 (10.63) 0.01
Sex (female) 14 (17%) 8 (9%) 0.10
Education (yr) 14.33 (2.48) 14.24 (2.68) 0.47
Race/ethnicity (non-Hispanic white) 34 (40%) 44 (47%) 0.40
Premorbid verbal 1Q estimate * 107.20 (14.41) 99.27 (12.69) <0.001
Unemployed 51 (57%) 67 (70%) 0.08
Psychiatric characteristics
BDI-II Score 8.24 (8.73) 8.68 (0.99) 0.39
Current MDD (yes) 8 (10%) 5 (6%) 0.26
Lifetime MDD (yes) 47 (56%) 59 (63%) 0.31
HIV disease characteristics
History of AIDS (yes) 46 (55%) 62 (66%) 0.10
logyo plasma HIV RNA 1.29 (0.66) 1.13 (0.68) 0.26
Plasma HIV RNA detectabilityf 4 (5%) 6 (6%) 0.74
Current CD4 count 641 [508-863] 576 [421-809] 0.26
Nadir CD4 count 197 [53-352] 174 [30-303] 0.29
Estimated years living with HIV 18.59 (9.11) 19.56 (9.15) 0.46
On ART (yes) 82 (98%) 91 (97%) 0.92
Fried Frailty
Average number of frailty symptoms 1.16 (1.14) 1.04 (0.98) 0.79
Frailty 5 (6%) 10 (11%) 0.26
Prefrailty 38 (46%) 43 (46%) 0.99
Weight loss (yes) 11 (13%) 14 (15%) 0.73
Weakness (yes) 11 (13%) 13 (14%) 0.89
Exhaustion (yes) 31 (37%) 26 (28%) 0.19
Slow walking speed (yes) 3 (4%) 18 (19%) 0.001
Low physical activity (yes) 17 (20%) 26 (28%) 0.25
Comorbid health conditions
Hepatitis C (yes) 21 (26%) 17 (18%) 0.22
Diabetes (yes) 9 (11%) 21 (23%) 0.04
Hypertension (yes) 31 (38%) 59 (64%) <0.001
Hyperlipidemia (yes) 34 (42%) 53 (58%) 0.04

All values presented as mean (SD), median [IQR], or n (%); groups were compared using independent #test, Wilcoxon test, or XZ test as

appropriate.

Values in bold indicate ~P-value <0.05.

*
WRAT-4 = Wide Range Achievement Test-Fourth Edition.

fs50 copies/mL.
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ART, antiretroviral therapy; BDI-11, Beck Depression Inventory—Second Edition; MDD, major depressive disorder.
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