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Abstract

Cognitive impairment remains prevalent in the era of combination antiretroviral therapy (cART) and may be
partially due to comorbidities. We postulated that insulin resistance (IR) is negatively associated with cognitive
performance. We completed a cross-sectional analysis among 1547 (1201 HIV ") women enrolled in the Women’s
Interagency HIV Study (WIHS). We evaluated the association of IR with cognitive measures among all WIHS
women with concurrent fasting bloods and cognitive testing [Trails A, Trails B, and Symbol Digit Modalities Test
(SDMT)] using multiple linear regression models. A smaller subgroup also completed the Stroop test (1 =1036).
IR was estimated using the Homeostasis Model Assessment (HOMA). Higher HOMA was associated with
poorer performance on the SDMT, Stroop Color-Naming (SCN) trial, and Stroop interference trial, but remained
statistically significant only for the SCN in models adjusting for important factors [f=3.78s (95% CI: 0.48-7.08),
p=0.025, for highest vs. lowest quartile of HOMA]. HIV status did not appear to substantially impact the
relationship of HOMA with SCN. There was a small but statistically significant association of HOMA and

reduced neuropsychological performance on the SCN test in this cohort of women.

Introduction

INSULIN RESISTANCE (IR) REPRESENTS the syndrome
whereby body tissue becomes increasingly unresponsive to
insulin in a setting of increased glucose loads, a process that is
generally considered to be a precursor to diabetes mellitus
(DM). Both IR and DM are linked to obesity, which has become
a major health issue, affecting 36% of women in the United
States.! HIV-specific factors such as immune activation and
specific antiretroviral drugs have been associated with TR.*"

A recent meta-analysis demonstrated that DM is associated
with a 54% increased risk of Alzheimer’s disease and abnor-
mal glucose or insulin levels with a 63% increased risk.® In
several large studies of HIV-uninfected patients, IR itself has

been linked to poorer cognition, with some suggestion that
this relationship was more evident in women.””* In a separate
study of postmenopausal women on hormone replacement
therapy and at risk for Alzheimer’s disease (AD), IR was as-
sociated with smaller hippocampal volumes.”** Together,
these studies identify potential risk for cognitive impairment
associated with IR and hint to a potential vulnerability in
women. Examining associations between IR and cognitive
function in HIV-infected women could be substantially in-
formative.

We have previously theorized that comorbidity contrib-
utes to cognitive impairment in the era of combination anti-
retroviral therapy (cART) and could partially account for
some of the impaired neuropsychological testing performance
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seen despite suppression of HIV RNA."! In the Hawaii Aging
with HIV Cohort study (HAHC), DM was more frequent in
patients with HIV-associated dementia (HAD) and a pattern
of higher fasting glucose levels was noted with worsening
cognition in participants without DM."* A second analysis
in this cohort confirmed an association between IR estimated
by the Homeostasis Model Assessment of IR (HOMA) and
global neuropsychological performance with emphasis noted
on tests of psychomotor speed but not memory.'*'* Others
have noted a relationship between components of the meta-
bolic syndrome and stroke in HIV, a condition likely to impact
neuropsychological perforrnance,15 and a recent analysis in
the Multicenter AIDS Cohort Study (MACS) identified a re-
lationship between carotid intima media thickness and cog-
nitive performance, raising concerns that the mechanism of
injury may relate to cerebrovascular damage rather than di-
rect effects of IR as postulated in HIV-uninfected popula-
tions.'®!7

In this study, we sought to determine if IR was associated
with impaired neuropsychological performance in the Wo-
men’s Interagency HIV Study (WIHS). We also sought to
determine if HIV status influenced this relationship.

Materials and Methods

The WIHS is a multicenter longitudinal observational
study of HIV-infected and HIV-uninfected women. Subjects
were enrolled at six sites in New York (Bronx and Brooklyn),
California (Los Angeles and San Francisco), Washington,
D.C., and Chicago. Details of the design are described else-
where.'® Between October 2004 and March 2007 most women
completed a brief neuropsychological testing battery con-
sisting of the Trail Making Test (Parts A and B), a mea-
sure of processing speed and cognitive flexibility, and the
Symbol Digit Modalities Test (SDMT), a measure of speed of
information processing and perceptual motor ability (Analy-
sis 1).""?! Trail Making and SDMT were examined in relation
to concurrent fasting insulin and glucose measures for 503
HIV-uninfected and 1201 HIV-infected subjects with those
cognitive measures. Separately, the Comalli version of the
Stroop task was completed between October 2006 and Sep-
tember 2008.%* Stroop performance was examined with con-
current fasting insulin and glucose levels available for 347
HIV-negative and 689 HIV-positive participants (Analysis 2).

The parent WIHS selection criteria exclude subjects with
clinical dementia at the time of enrollment. All subjects were
ambulatory, able to attend an outpatient study visit, and
signed Institutional Review Board-approved consent forms.
Subjects selected for these analyses met the following addi-
tional criteria: no history of diabetes, use of diabetes medi-
cation or current fasting glucose over 125mg/dl, and
education level greater than 6 years. Since some subjects had
concurrent neuropsychological and fasting insulin/glucose
testing done on more than one occasion, we used the first visit
in this longitudinal study in which a subject had concurrent
fasting insulin levels and cognitive testing. For many subjects,
a different visit had to be used for Analysis 2 (Stroop mea-
surements).

Standard detailed medication and medical history were
obtained to capture information related to HIV disease stage
and metabolic risk factors. Concurrent fasting lipid panels
and blood pressures were obtained.
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In Part A of the Trail Making Test, subjects were shown a
paper displaying individual encircled numbers in a visual
array, and they were instructed to rapidly connect the num-
bers in numerical order. In Part B, the paper displays an array
of encircled numbers and letters. Subjects were instructed
to draw a line alternating between numbers and letters in
alphabetical and numerical order as quickly as possible (e.g.,
connect “1” to “A” to “2” to “B”). For both Parts, the outcome
measure was the number of seconds necessary to complete the
test. For the SDMT, subjects were shown a piece of paper
displaying a key of nine symbols each paired with a number
and below, a rows of numbers on top of empty boxes. Subjects
were instructed to fill in the empty boxes with the symbols
that correspond to the numbers. The outcome measure was
the number of correctly transcribed symbol/number pairs in
90 s (maximum=110).

Trials 1 and 2 of the Stroop served as measures of psy-
chomotor speed and attention. Subjects were instructed to
name the color that matches the color within a displayed
rectangle (trial 1) and to name the word that matches the
displayed word (trial 2). The outcome measure was the
number of seconds it takes to complete each trial. Trial 3 of
the Stroop served as a measure of executive function,
specifically inhibition. Subjects were instructed to name the
print color of a series of color names while inhibiting the
tendency to read the word (e.g., to say “red” when the
word “blue” is shown in red-colored print). The outcome
measure was the number of seconds needed to complete
the trial.

All neuropsychological test measures were completed in
English or Spanish, based on primary language of the subject
(95% completed in English). Educational attainment was
measured in years of formal education and further estimated
IQ by the Wide Range Achievement Test (WRAT).*> The
WRAT involves reading recognition, spelling, and arithme-
tic computation. The WRAT was included as a measure of
educational attainment based on evidence that the WRAT
and other literacy measures are a more valid index of edu-
cational experience than years of school among African
Americans.** HIV status was confirmed by FDA-approved
enzyme-linked immunosorbent assay and confirmed with
Western blot. Plasma HIV RNA levels and CD4 counts were
completed using standard techniques. Insulin resistance was
estimated using HOMA, which is defined as (insulin x glu-
cose)/405 with insulin measured in pU/ml and glucose
measured in mg/dl."® Fasting specimens for glucose deter-
mination were collected in tubes with glycolytic inhibitors.
Serum for insulin determination was obtained at the same
time and all specimens were stored (—70°C) until the day of
assay. Plasma glucose was measured using the hexokinase
method and insulin was measured using the IMMULITE
2000 assay at a central laboratory (Quest Diagnostics, Balti-
more, MD).

Statistical approach

We used Chi-squared and Mann-Whitney tests to com-
pare variables among participants categorized by HOMA
quartiles. For the primary analyses, we utilized raw neu-
ropsychological data without z-transformation, with quar-
tile of HOMA-IR as the primary independent variable of
interest. We used quartiles rather than modeling HOMA as a
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continuous variable because of concerns about nonlinearity
and because results would be more easily understandable
than using HOMA-IR or a transformation of it as a contin-
uous predictor. Because different visits were used for Ana-
lysis 1 and 2, we used different HOMA quartile categories for
those analyses in order to keep group sizes approximately
equal. Potential confounding variables were analyzed to
determine the independent contribution of HOMA to each
neuropsychological testing outcome in multivariate linear
regression models. We included HOMA in all models
and selected additional covariates forward step-wise with
p<0.10 required for entry, and then evaluated each re-
maining unselected covariate as a single addition to the re-
sulting multivariate models. Candidate variables included
HIV status, suppression of plasma virus (<1000 copies/ml),
hypertension and mean arterial blood pressure, smoking
(both current and total pack-years), education, risk for ac-
quiring HIV, current use of cocaine or heroin, language,
study site, AIDS diagnosis, hepatitis C RNA positive, on

449

HAART, fasting cholesterol, waist-hip ratio, weight, body
mass index, and estimated IQ.

Results

One thousand five hundred and forty-seven subjects met
inclusion criteria for Analysis 1 (Trails A, Trails B, SDMT).
The mean age of the HIV-infected group was higher than
that of the HIV-uninfected group (42+8.9 vs. 37+9.8 years,
p<0.0001). As expected, increasing severity of IR correlated
with higher frequency of other metabolic abnormalities
(Table 1). cART use was more highly prevalent and mean
CD4 lymphocyte counts were higher with increasing IR
severity. Insulin resistance was also associated with hepa-
titis C. The sample size for Analysis 2 (Stroop) was smaller
than that of Analysis 1; however, demographic and clinical
variables were similar with women approximately 2 years
older, as expected based on timing of these tests (data not
shown).

TABLE 1. BASELINE DEMOGRAPHIC AND CLINICAL CONSTITUTION OF THE WOMEN FROM ANALYSIS 1 BY HOMA-IR QUARTILE

Lowest quartile  Second quartile  Third quartile  Highest quartile  p-value
HOMA-IR range 0.29-1.29 1.30-2.12 2.13-3.61 4.30-49.70
Sample size 388 386 390 383
Age, mean+SD 40.1£9.7 39.6+9.4 41.1+£8.5 42.3+9.9 0.0003*
Education 0.0007°
Grades 7-11 34% 35% 33% 37%
Completed high school 30% 30% 31% 37%
Some college 25% 30% 26% 23%
Completed 4 years of college 8% 4% 9% 3%
Attended/completed graduate 4% 1% 2% 1%
Race
White (non-Hispanic) 51 (13.1%) 41 (10.6%) 52 (13.3%) 29 (7.6%) 0.011%
White (Hispanic) 29 (7.5%) 45 (11.7%) 38 (9.7%) 36 (9.4%)
African-American (non-Hispanic) 248 (63.9%) 227 (58.8%) 235 (60.3%) 223 (58.2%)
African-American (Hispanic) 16 (4.1%) 11 (2.8%) 8 (2.1%) 16 (4.2%)
Other (Hispanic) 35 (9.0%) 47 (12.2%) 48 (12.3%) 66 (17.2%)
API 5 (1.3%) 4 (1.0%) 0 (0.0%) 2 (0.5%)
Native American/Alaskan 1 (0.3%) 2 (0.5%) 2 (0.5%) 5 (1.3%)
Other 3 (0.8%) 9 (2.3%) 7 (1.8%) 6 (1.6%)
Primary language, % English 98% 93% 94% 94% 0.016%
HIV status, % HIV* 67% 70% 73% 74% 0.00252
Primary HIV risk factor 0.097*
Intravenous drug use 18% 17% 23% 25%
Heterosexual risk 36% 40% 37% 37%
Transfusion risk 2% 2% 2% 2%
No identified risk 44% 41% 39% 35%
Current use of heroin or cocaine 15% 11% 8% 9% 0.00742
Metabolic parameters
BMI, mean+SD 25.0+£5.42 27.4+6.1 30.8+7.4 32.5+8.81 <0.0001!
Hypertension 33% 33% 39% 54% <0.0001?
Current smoker 51% 49% 39% 43% 0.029%
Fasting cholesterol (mg/dl), mean+SD 173+40 173+38 176 +£42 178+42 0.020!
HIV parameters
On antiretroviral therapy 59% 61% 64% 70% 0.049%
CD4 count, mean+SD 467 £309 500+325 526 +322 554+332 0.0074!
Plasma HIV RNA, mean+SD 28,300+155,000 18,600+65,900 17,800+61,400 22,500+136,000 0.0075!
Hepatitis C positive RNA 14% 16% 18% 24% 0.00112

p-values for differences among groups by "Mann-Whitney test or Chi-square test.

HOMA-IR, homeostasis model assessment-insulin resistance;
API, Asian and Pacific Islander; BMI, body mass index.
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TABLE 2. UNIVARIATE AND MULTIVARIATE MODELS FOR GROUP MEANS ON COGNITIVE TESTS ASSOCIATED
WITH QUARTILE OF HOMA COMPARED TO THE LOWEST QUARTILE
Estimated effect (95% confidence interval) p-value
Univariate model Multivariate model
Trails A

Second quartile
Third quartile
Highest quartile

Trails B
Second quartile
Third quartile
Highest quartile

Symbol-Digit Modalities Test
Second quartile
Third quartile
Highest quartile

Stroop Color-Naming
Second quartile**
Third quartile
Highest quartile

Stroop Interference
Second quartile**
Third quartile
Highest quartile

—-2.79 (-5.01 to —0.57), 0.014
-1.52 (-3.74 to0 0.70), 0.18
—-0.89 (-3.11 to 1.33), 0.43

0.90 (—5.96 to 7.76), 0.80
1.79 (~5.07 to 8.64), 0.61
4.19 (-2.69 to 11.07), 0.23

~1.73 (~3.48 to 0.03), 0.054
~0.53 (-2.28 to 1.23), 0.55
~2.56 (—4.32 to —0.80), 0.004

4.26 (1.33 to 7.19), 0.0045
6.04 (3.09 to 9.00), <0.0001
7.17 (4.22 to 10.11), <0.0001

7.67 (1.28 to 14.06), 0.019
14.43 (8.00 to 20.87), <0.0001
13.12 (6.70 to 19.54), <0.0001

~3.10 (-5.98 to —0.22), 0.035
— 1.77 (459 t01.04), 0.22
—0.72 (-3.30 to 1.86), 0.58

2.64 (—5.46 to 10.73), 0.52
0.88 (~7.19 to 8.94), 0.83
2.80 (—5.83 to 11.43), 0.52

—1.53 (-3.42 to 0.35), 0.11
0.60 (-1.20 to 2.41), 0.51
— 0.76 (-2.63 to 1.10), 0.42

2.34 (-0.73 to 5.42), 0.13
3.24 (0.05 to 6.44), 0.047
3.78 (0.48 to 7.08), 0.025

4.35 (-2.88 to 11.57), 0.24
498 (-2.49 to 12.45), 0.19
3.73 (—3.98 to 11.43), 0.34

**Quartile categories for Stroop differ from those of Trails A, B, and SDMT (see Materials and Methods).

Variables included in each model: Trails A [estimated IQ, age, mean arterial blood pressure, body mass index (BMI), current smoking
status], Trails B (estimated IQ, age, mean arterial blood pressure, weight, education, hepatitis C virus (HCV), research study site), Symbol
Digit Modalities Test (SDMT) (estimated IQ, age, education, HCV, current use of cocaine or heroin, HIV status, research study site), Stroop
color-naming (estimated IQ, age, waist-hip ratio, language of testing, HCV, research study site), Stroop interference (estimated IQ, age, pack-

years of smoking, waist-hip ratio, research site).

In univariate linear models, increasing HOMA quartiles
were statistically associated with poorer neuropsychological
test performance on the SDMT, Stroop color-naming, and
Stroop interference trials. In multivariate models, only the
Stroop color-naming trial met statistical significance for the
two highest quartiles of HOMA (72.0's for highest and 70.9 s
for the second highest compared to 64.8s for the lowest
quartile, Table 2). In secondary confirmatory analyses, we
examined HOMA as a continuous predictor in univariate
models. Here, the Stroop color-naming task [f=0.68 per
2-fold increase in HOMA (0.32 to 1.04, p=0.0002)] and the
Stroop interference trial [f=0.86 (0.08 to 1.65, p=0.031)]
reached statistical significance.

We investigated the possibility that the impact of IR dif-
fered by HIV status by adding an HIV'HOMA interaction
variable to the final multivariate models. HIV status did not
substantially modify the relationship for Stroop color-naming
in models that included an interaction variable, although
there was substantial uncertainty in the interaction estimates.
A statistically significant interaction (p=0.025) was noted for
the Stroop interference trial (compared to lowest quartile,
second quartile effect 0.6 among HIV-uninfected compared to
5.7 among HIV-infected women; third quartile: —2.0 in HIV-
uninfected compared to 7.6 among HIV-infected women;
highest quartile: 12.7 among HIV-uninfected compared to —
0.3 among HIV-infected women). On other models, no inter-
action effects were statistically significant, although confi-
dence intervals did include substantial values in all cases.
Examining unadjusted raw neuropsychological data, we no-

ted a pattern suggestive of poorer performance on most tests
with increasing quartile of HOMA among HIV-uninfected
women but only on the SDMT, Stroop color-naming, and in-
terference trial for HIV-infected women (Fig. 1).

Discussion

This cross-sectional analysis of a large group of women at
risk for IR identified an association between IR and neu-
ropsychological testing performance; however, the effects are
diminished substantially when controlling for other factors.
Only the color-naming trial of the Stroop test retained statis-
tical significance in adjusted models. While we limited our
number of comparisons and included measures of cognitive
domains shown in previous studies to be related to IR, we are
not aware of any a priori reason why the color-naming test
would be more influenced by HOMA than the other mea-
sures, so this could be a random occurrence despite having
p<0.05. Our analyses could not rule out HIV*HOMA inter-
action effects on the Stoop color-naming trial as there was
substantial uncertainty in the estimates. Interaction effects
were suggested in other models, particularly the Stroop in-
terference trial.

These effects are small; however, the study is limited in
scope of neuropsychological testing performed. The mecha-
nism by which peripheral IR may impact brain function is
unclear. Numerous mechanisms have been postulated in-
cluding the facilitative impact of insulin on memory perfor-
mance and hindrance in the face of IR, the influence of
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glycosylated end products, concurrent inflammation, and
competitive interactions with insulin degradation enzyme,
an enzyme also involved in brain amyloid processing.'” Our
study did not directly investigate the etiology of insulin re-
sistance in this population, a topic previously addressed in the
WIHS.

In HIV-uninfected individuals, involvement of frontal and
hippocampal circuits appears to be important. Peripheral IR
correlates to a decreased global metabolic rate measured by
['*F]fluorodeoxyglucose positron emission tomography with
more dramatic effects noted in the amygdala and hippocam-
pus.” Congruent with this finding, neuropsychological defi-
cits often note abnormalities in declarative memory tasks and
therapeutic interventions manipulating plasma insulin levels
result in enhanced memory performance.”® In women at risk
for AD, IR correlates to lower hippocampal volumes.!° Re-
gional atrophy of the medial temporal lobes has been de-
scribed in DM.”” Knowledge that hippocampal and limbic
structures are highly concentrated with insulin receptors
provides added basis for physiological-anatomical correla-
tions to these findings.”

In this retrospective analysis of mostly HIV-infected wo-
men, our limited battery did not include tests of memory. It is

somewhat unexpected that correlations between IR and ex-
ecutive functioning were not noted. Our battery included
several tests of psychomotor speed, an area of function pre-
viously thought to be associated with IR in HIV patients'?;
however, only the color-naming trial showed a statistically
significant relationship with IR. Although this test would be
expected to represent psychomotor speed capabilities, a lack
of a substantial relationship in other tests that would be more
specific to this domain (SDMT, Trails A) brings this finding
into question. A study within this cohort to examine IR with a
broader cognitive battery has been initiated. It is possible that
the impact of IR is modulated in HIV by coexisting morbidity.
The group with the worst IR also appeared to have higher
CD4 counts and was more commonly on cART; however,
supplemental evaluations of these factors did not substan-
tially alter our main findings concerning HOMA -IR.

In HIV, it remains possible that the relationship between IR
and cognitive performance is largely due to associated risk for
cerebrovascular injury. An evaluation from the MACS sup-
ports this assertion with correlations to cognition noted in
relation to carotid intima-media thickness.'® The tightly
bound relationship of cerebrovascular injury and aspects of
the metabolic syndrome has been noted in HIV-negative
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populations; however, statistically significant associations to
cognitive performance are generally identified only for hy-
pertension and IR.* Hypertension was introduced into
our analysis; however, it did not meet criteria for inclusion
in the final models, although mean arterial blood pressure
was included as a numeric predictor in final models for Trails
A and Trails B tests, with higher values associated with worse
scores. Given that these women are relatively younger, it
remains possible that more robust findings will be found in
populations of older women. The cooccurrence of IR and
other metabolic derangements in HIV raises added concerns
for this vulnerable population.'* A follow-up study within
this cohort that will examine these issues with an extended
battery is underway.
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