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Abstract

Cognitive impairment (CI) remains common despite access to cART; it has been linked to HIV-

specific, HIV-related and HIV-unrelated factors. Insulin resistance (IR) was associated with CI in 

the early cART era, when antiretroviral medications had greater mitochondrial and metabolic 

toxicity. We sought to examine these relationships in the current cART era of reduced 

antiretroviral toxicities. This study examined IR among non-diabetics in relation to a one-hour 

neuropsychological test battery among 994 women (659 HIV-infected and 335 HIV-uninfected 

controls) assessed between 2009 and 2011. The mean (Standard Deviation, SD) age of the sample 
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was 45.1 (9.3) years. The HIV-infected sample had a median interquartile range (IQR) Cluster of 

Differentiation 4 (CD4) T-lymphocyte count of 502 (310-727) cells/μL and 54% had undetectable 

plasma HIV RNA levels. Among all, the Homeostasis Model Assessment (HOMA) of IR ranged 

from 0.25 to 37.14. In adjusted models, increasing HOMA was significantly associated with 

reduced performance on Letter Number Sequencing (LNS) attention task (β=-0.10, p<0.01) and on 

Hopkins Verbal Learning Test (HVLT) recognition (β=-0.10, p<0.01) with weaker but statistically 

significant associations on phonemic fluency (β=-0.09, p=0.01). An HIV*HOMA interaction 

effect was identified on the LNS attention task and Stroop trials 1 and 2, with worse performance 

in HIV-infected vs. HIV-uninfected women. In separate analyses, cohort members who had 

diabetes mellitus (DM) performed worse on the grooved pegboard test of psychomotor speed and 

manual dexterity. These findings confirm associations between both IR and DM on some 

neuropsychological tests and identify an interaction between HIV status and IR.
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INTRODUCTION

Substantial gaps remain in our understanding of the causes of cognitive impairment (CI) 

among treated HIV-infected patients in the era of combination antiretroviral therapies 

(cART). The frequency of HIV-associated Neurocognitive Impairment (HAND) remains 

unexpectedly high among patients receiving cART (Tozzi et al. 2007). A study conducted 

with over 1500 community dwelling HIV-infected subjects attending academic centers 

found that about one-half performed below expectations on cognitive tests; although a 

substantial proportion of these individuals did not have suppression of virus in plasma 

(Heaton et al. 2010). HIV-specific factors remain important, given findings that the 

quantitative burden of HIV DNA in CD14+ cells and, separately, levels of plasma CD163, 

are associated with HAND among individuals with undetectable plasma HIV RNA (Burdo 

et al. 2013; Valcour et al. 2013). Increasingly, HIV-associated factors, such as medication 

toxicities, are under consideration, particularly in the setting of an aging population (Clifford 

and Ances 2013).

Despite availability of newer antiretroviral medications, metabolic dysfunction remains, 

perhaps owing to multiple factors including chronic inflammation and the long-term 

exposure to antiretroviral medications (Srinivasa and Grinspoon 2014). Previous analyses 

using data from the early cART era identified associations between metabolic derangements, 

principally insulin resistance (IR) and diabetes mellitus (DM), and cognition, but more 

recent work has brought this association into question (McCutchan et al. 2012; Valcour et al. 

2012). Because the strongest evidence was based on cohorts enrolled during the early cART 

era, when antiretroviral medications were more closely linked to mitochondrial dysfunction, 

it is possible that previous associations represented epiphenomenon rather than links 

between metabolic disorders and cognition (Valcour et al. 2006). Inconsistencies from more 

recent work could be clarified with assessments completed in a larger cohort during the 

proximal cART era.
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The Women’s Interagency HIV Study (WIHS) is a longitudinal cohort of HIV-infected and 

uninfected women and has a multiracial constitution, generally lower levels of education 

than other cohorts and more individuals with high body mass index (BMI) (Bacon et al. 

2005; Barkan et al. 1998; Boodram et al. 2009). In a previous retrospective analysis using a 

brief neuropsychological testing battery limited to three tests; we identified worse 

performance associated with higher HOMA on the Stroop Color Naming task, a test of 

psychomotor speed (Valcour et al. 2012). In 2009, a more comprehensive one-hour battery 

was added to the core WIHS visits where concurrent fasting blood sampling occurred. This 

afforded an opportunity for a more comprehensive assessment of cognitive subdomains in 

relation to IR and an assessment of whether these associations remained in the proximal 

cART era.

METHODS

Subject selection

The WIHS is a multicenter longitudinal observational cohort of HIV-infected and uninfected 

women who, during the time of this study, were enrolled from one of six U.S. sites: New 

York (Bronx and Brooklyn), California (Los Angeles and San Francisco), Washington DC, 

and Chicago. Women initially enrolled in the WIHS had to be able to attend an outpatient 

study visit. All subjects signed Institutional Review Board-approved consent forms.

An extended neuropsychological testing battery was added to the WIHS exam beginning in 

April 2009 and continuing through the first wave of testing which ended in April 2011. Of 

the active English-speaking WIHS participants (n=1908), 1594 (84%) completed the test 

battery of whom 1273 had concurrent fasting blood work within the prior 6 months. Subjects 

were excluded from this analysis for: a) presence of conditions that limit test validity (e.g., 

hearing loss, impaired vision, immediate influence of illicit substances, n=5); b) history of 

stroke (n=11); and c) self-reported use of antipsychotic medication in the past 6 months 

(n=40). Individuals with diabetes, defined as having a self-reported diagnosis, a fasting 

glucose of over 125 mg/dL, or being on diabetic medications, were analyzed separately 

(n=237). Thus, we evaluated 994 (659 HIV-infected; 62% of the active cohort) for the 

insulin resistance analyses.

Cognitive characterization

The neuropsychological battery was designed by neuroAIDS experts to allow future 

diagnostic characterization using HAND criteria; HAND diagnoses have not been applied to 

the cohort to date and were therefore not available for these analyses. Our battery included 

the Hopkins Verbal Learning Test (HVLT); Stroop Test; Trail Making Test Parts A and B; 

Symbol Digit Modalities Test (SDMT); Letter Fluency (F, A, S); Semantic Fluency 

(animals); Grooved Pegboard; and Letter-Number Sequencing Test (LNS). The LNS 

measures verbal working memory from the Wechsler Adult Intelligence Scale IV (WAIS 

IV). For the control condition (attention), the test requires the participants to listen to a list 

of letters and numbers and then repeat back the string of letters and numbers exactly in the 

order in which they were stated. For the experimental condition (working memory), the test 

requires the participant to listen to a list of letters and numbers and then repeat back the 
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numbers in ascending order and the letters in alphabetical order. All testers were internally 

certified through structured training and quality assurance.

Metabolic and clinical variables

Fasting specimens for glucose determination were collected in tubes with glycolytic 

inhibitors. Serum for insulin was obtained at the same time and was 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, 

Baltimore, MD). Insulin resistance was estimated using the homeostasis model assessment 

(HOMA), defined as (insulin × glucose)/405 with insulin measured in μU/mL and glucose 

measured in mg/dL (Matthews et al. 1985). We confirmed HIV status by FDA-approved 

enzyme-linked immunosorbent assay with western blot when positive. Plasma HIV RNA 

levels and CD4 T-lymphocyte counts were completed using standard techniques. 

Hypertension was defined as having a systolic blood pressure >140 mmHg, diastolic blood 

pressure > 90 mmHg, and/or self-reported use of anti-hypertensive medications. Heavy 

alcohol use was defined as reporting >7 drinks per week or more than 4 drinks in one sitting. 

Hepatitis C was defined using both HCV Ab and HCV RNA levels. Negative for HCV was 

operationalized as being HCV Ab negative or having absent HCV RNA in those with HCV 

AB+. Subjects who were HCV AB+ with detectable or untested HCV RNA were coded as 

HCV positive.

Statistical analyses

We examined demographic characteristics by quartiles of HOMA using ANOVAs for 

continuous variables and Chi-square tests for categorical variables. We used a regression-

based approach to create demographically-corrected normative standards (T-scores) for 

individual neuropsychological tests, as previously published (Maki Currently Under Review 

by Journal of Neurology; Rubin et al. 2014). The regression equations were based on the 

larger sample of WIHS women (N=1521). The Trail Making tests, Stroop, Grooved 

Pegboard scores and HOMA were skewed and thus log-transformed before inclusion in our 

models. We took the average of dominant and non-dominant hands for our composite 

Grooved pegboard measure. In the overall sample, we used multivariable regression 

analyses to examine the separate and interactive associations of HOMA and HIV status on 

cognitive performance. The models adjusted for confounders including body mass index; 

waist-to-hip ratio; fasting cholesterol; marijuana use; crack, cocaine, and/or heroin use; 

alcohol use; antidepressant medication use; depressive symptoms; HCV infection; income; 

and study site. We also adjusted for number of prior exposures to the Stroop (range 1-4), 

HVLT (range 1-2), SDMT (range 1-5), and the Trail Making Test (range 1-5). Interactions 

between HOMA and HIV status were retained in the final model if p<0.10; stratum-specific 

estimates within HIV status are reported for interactions. For significant interactions 

(p<0.05), the final model was re-run for the HIV-infected women only including the 

additional covariates of recent CD4 count and viral load, nadir CD4 count, and cART use 

and adherence. Planned exploratory analyses in HIV-infected women were also conducted 

to examine interactions between HOMA and HIV clinical characteristics (HIV viral load, 

recent and nadir CD4 count, cART use and adherence. Due to multiple comparisons, we 
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defined significance at the p<0.01 level and trends for p<0.05. Analyses were performed 

using SAS PROC GENMOD (version 9.4, SAS Institute Inc., Cary, NC).

RESULTS

About two thirds of the women were HIV-infected; mean age ranged from 43 to 46 years 

and women reported completing about 12 years of education (Table 1). Women in the higher 

quartiles of HOMA were more often HIV-uninfected women (p=0.003). Metabolic 

parameters also differed by group with the highest HOMA quartile having a higher BMI 

(33.5 Kg/m2), more hypertension (44%) and a greater waist-hip ratio (0.93). Depression and 

hepatitis C co-infection were also more common among those in the highest HOMA 

quartile. Substantial differences in former or current crack, cocaine, heroin, or marijuana use 

were not identified (data not shown) but those in the highest quartile of HOMA were more 

likely to report abstaining from alcohol (61%, p=0.01). The women were largely on cART 

and most were adherent with only 10-20% having plasma HIV RNA levels > 10,000 

copies/ml.

In unadjusted models, increasing HOMA was significantly associated with poorer cognitive 

test performance on Stroop trials 1 and 2, phonemic fluency, Grooved Pegboard, and LNS 

attention (p’s<0.01; Table 2). Trend level associations were noted on HVLT recognition, 

Stroop trial 3, and SDMT (p’s<0.05). After adjustment, increasing HOMA remained 

significantly inversely associated with performance on LNS attention (β= -0.10, p<0.01) and 

HVLT recognition (β=-0.10, p<0.01) with weaker but statistically significant level 

associations remaining on phonemic fluency (β=-0.09, p=0.02).

We investigated the possibility that HIV status modified the association of HOMA on 

cognitive test performance. In these analyses, we found a HOMA and HIV status interaction 

effect on LNS attention (p=0.01) and on Stroop Trial 1 and 2 (p=0.04)(Figure 1). 

Specifically, among women with HOMA of 2.81 or greater, HIV-infected women performed 

significantly worse than uninfected women on LNS attention and Stroop Trial 1 and 2. In 

multivariable analyses of HIV-infected women only, increasing HOMA was significantly 

associated with poorer performance on LNS attention (β=-0.15, p=0.001) and Stroop trial 1 

and 2 (β=-0.10, p=0.02) even after controlling for disease characteristics such as CD4 count, 

viral load, cART medication use, and duration of ART.

Exploratory analyses examined whether HOMA interacted with any HIV clinical 

characteristics on LNS attention and Stroop Trial 1 and 2. There was a significant interaction 

between HOMA and nadir CD4 count on Stroop Trial 1 and 2 (p=0.04) after adjusting for 

other clinical characteristics. In follow-up analyses HOMA was negatively associated with 

Stroop Trial 1 and 2 performance in HIV-infected women with nadir CD4 counts >200 

cells/μl (p<0.01). No other significant interactions were noted on either Stroop Trial 1 and 2 

or LNS attention

We completed a separate analysis to determine if having diabetes was associated with worse 

performance on individual tests (Table 3). Here, isolated effects were identified on one test 
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of manual dexterity/psychomotor speed (grooved pegboard test), noting that diabetes was 

associated with worse performance on this timed measure.

DISCUSSION

HIV-infection in the current treatment era has been linked to conditions that are HIV-

associated, but not necessarily directly due to infection itself (Justice and Braithwaite 2012). 

These conditions increase in frequency with age and have emerged to have a greater 

influence on mortality than HIV-associated events (Palella et al. 2006). Similarly, cognitive 

impairment among individuals with access to treatment is influenced by both HIV-related 

and unrelated factors. (Clifford and Ances 2013) In a recent multicenter study, the 

probability of cognitive impairment increased from less than 30% among cases without 

confounding or contributing factors to nearly 80% among those with such conditions, 

including head trauma or cerebrovascular events (Heaton et al. 2010).

In the present work, we confirm contributions to cognitive impairment from metabolic 

factors by identifying an influence of both IR and DM on neuropsychological test 

performance. Our work adds further support for HIV-unrelated factors contributing to 

cognitive abilities in the current treatment era. We extend our past work by identifying an 

HIV-related modulation in the effect of insulin resistance where effects are noted only 

among HIV-infected women. It is possible that this modulation is not specific to HIV, but 

instead represents an enhanced vulnerability when a second cognitive syndrome exists, in 

this case, that related to HIV infection; but, exploratory analyses suggest a stronger effect 

among patients without low CD4 nadir counts, somewhat contrary to this hypothesis. Past 

work in HIV-uninfected populations have predominantly isolated associations in those with 

Mild Cognitive Impairment or early Alzheimer’s disease (Craft and Watson 2004). This is 

supported by our findings of strongest effects in attention measures, known to be associated 

with HIV.

A number of factors were noted to differ in the group with the highest levels of HOMA, 

including metabolic factors (BMI, hypertension) and hepatitis C. This group was also more 

likely to abstain from alcohol use, a possible reflection of current or past hepatitis C, and 

thus counseling to reduce further injury to the liver, or past Alcohol use, although we noted 

no difference in rates for self-reported past treatment for alcoholism in those currently 

abstaining compared to non-abstainers among individuals where that information was 

available (p=0.20, n= 474). Although our models adjusted for these variables, this finding 

remains of interest. It may not be possible to completely adjust for these factors, raising 

suspicion that IR reflects a more global picture of metabolic and hepatic dysfunction being 

detrimental to cognition in the current HIV treatment era.

Our work utilized internal controls to develop t-scores, an approach that strengthens our 

ability to isolate HIV-specific effects, as WIHS HIV-uninfected women were enrolled 

because of similar risk behaviors. However, it limits our ability to interpret the magnitude of 

HOMA effects external to the WIHS, since our t-scores would not be expected to match 

those from published norms or be similar for the general population. This issue is 

highlighted in figure 3, where average performance appears to be greater than 50, due to 
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women contributing to this analysis having slightly higher performance than the full WIHS 

HIV-uninfected women (not that of the general population represented in published 

normative data tables).

In summary, we identify an association between insulin resistance and, separately, diabetes 

with neuropsychological testing performance in cohort of women who have access to cART 

and who, in large part, are adherent to treatment. These data confirm an influence of 

metabolic derangements in the current treatment era and provide further evidence that 

factors not specific to HIV continue to influence cognition.
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Fig. 1. Interaction effects by serostatus for Stroop 1 and 2 tasks combined and for Letter 
Number Sequencing attention task
There is a decreasing t-score with higher quartile of HOMA-IR in HIV-infected women 

(declining bar height) that is not seen in HIV-uninfected women. *p<0.05; **p<0.01
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Table 2

Univariate and multivariate models for cognitive outcomes associated with HOMA (log)

n

Estimated effect (95% Confidence Interval)

Univariate Model Multivariable Model

Hopkins Verbal Learning Test

 Total Trials 1-3 987 -0.29 (-0.96 to 0.38) -0.35 (-1.14 to 0.43)

 Delayed free recall 987 -0.19 (-0.86 to 0.47) -0.12 (-0.91 to 0.67)

 Recognition 986 -1.01 (-1.80 to -0.21)* -1.29 (-2.24 to -0.33)**

Stroopa

 Trial 1&2 979 -1.28 (-2.04 to -0.52)*** -0.82 (-1.70 to 0.07)†

 Trial 3 949 -1.00 (-1.88 to -0.12)* -0.66 (-1.70 to 0.38)

Trail Making Testa

 A 989 -0.26 (-0.96 to 0.44) -0.79 (-1.60 to 0.02)†

 B 964 -0.34 (-1.06 to 0.38) -0.72 (-1.56 to 0.12)†

Symbol Digit 984 -0.68 (-1.35 to -0.02)* -0.60 (-1.40 to 0.19)

Fluency

 Phonemic 983 -1.14 (-1.86 to -0.42)** -1.06 (-1.91 to -0.21)*

 Semantic 985 -0.34 (-1.01 to 0.32) -0.57 (-1.34 to 0.21)

Grooved Pegboarda 958 -1.21 (-1.90 to -0.52)*** -0.82 (-1.64 to 0.002)†

Letter Number Sequencing

 Attention 882 -1.08 (-1.84 to -0.31)** -1.22 (-2.09 to -0.35)**

 Working memory 852 -0.73 (-1.54 to 0.09)† -0.60 (-1.54 to 0.34)

†
0.05<p<0.10;

*
p<0.05;

**
p<0.01;

***
p<0.001.

a
Log-transformed scores were used. Variables included in the multivariable models included: site, HIV status, alcohol use, body mass index, 

hypertension, Waist-to-hip ratio, hepatitis C, CES-D, antidepressant medication, fasting cholesterol, marijuana and crack, cocaine, and/or heroin 
use. For the Hopkins Verbal Learning Test, Trail Making Test, Symbol Digit, and Stroop we also controlled for the number of times a woman was 
exposed to the test.
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Table 3

Univariate and multivariate models for cognitive outcomes associated with diabetes

n

Estimated effect (95% Confidence Interval)

Univariate Model Multivariable Model

Hopkins Verbal Learning Test

 Total Trials 1-3 1209 0.82 (-0.62 to 2.27) 0.77 (-0.77 to 2.31)

 Delayed free recall 1209 0.57 (-0.88 to 2.01) 0.51 (-1.03 to 2.06)

 Recognition 1208 0.14 (-1.58 to 1.86) 0.27 (-1.59 to 2.13)

Stroopa

 Trial 1&2 1197 -1.31 (-2.97 to 0.35) -0.11 (-1.87 to 1.65)

 Trial 3 1156 -1.99 (-3.87 to -0.10)* -0.82 (-2.85 to 1.21)

Trail Making Testa

 A 1209 -0.52 (-2.04 to 0.99) -0.80 (-2.41 to 0.81)

 B 1177 -0.22 (-1.78 to 1.35) -0.22 (-1.87 to 1.43)

Symbol Digit 1203 -0.39 (-1.82 to 1.04) -0.03 (-1.57 to 1.51)

Fluency

 Phonemic 1204 -0.85 (-2.37 to 0.68) -0.02 (-1.66 to 1.61)

 Semantic 1206 0.49 (-0.95 to 1.93) 0.11 (-1.41 to 1.63)

Grooved Pegboarda 1168 -2.71 (-4.26 to -1.16)*** -1.75 (-3.42 to -0.09)*

Letter Number Sequencing

 Attention 1071 -0.12 (-1.77 to 1.52) 0.07 (-1.66 to 1.80)

 Working memory 1038 0.10 (-1.64 to 1.84) -0.02 (-1.87 to 1.83)

Note.

*
p<0.05.

a
Log-transformed scores were used. Variables included in the adjusted models included: site, HIV status, alcohol use, body mass index, 

hypertension, Waist-to-hip ratio, hepatitis C, CES-D, antidepressant medication, fasting cholesterol, marijuana and crack, cocaine, and/or heroin 
use. For the Hopkins Verbal Learning Test, Trail Making Test, Symbol Digit, and Stroop we also controlled for the number of times a woman was 
exposed to the test.
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