
UC San Diego
UC San Diego Previously Published Works

Title
Impaired insulin sensitivity is associated with worsening cognition in HIV-infected 
patients.

Permalink
https://escholarship.org/uc/item/8r0551ch

Journal
Neurology, 92(12)

ISSN
0028-3878

Authors
Khuder, Saja S
Chen, Suming
Letendre, Scott
et al.

Publication Date
2019-03-19

DOI
10.1212/wnl.0000000000007125
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/8r0551ch
https://escholarship.org/uc/item/8r0551ch#author
https://escholarship.org
http://www.cdlib.org/


ARTICLE

Impaired insulin sensitivity is associated with
worsening cognition in HIV-infected patients
Saja S. Khuder, PhD, Suming Chen, PhD, Scott Letendre, MD, Thomas Marcotte, PhD, Igor Grant, MD,

Donald Franklin, Leah H. Rubin, PhD, Joseph B. Margolick, MD, PhD, Lisa P. Jacobson, ScD, Ned Sacktor, MD,

Gypsyamber D’Souza, PhD, Valentina Stosor, MD, Jordan E. Lake, MD, Giovanna Rapocciolo, PhD,

Justin C. McArthur, MBBS, Alex M. Dickens, PhD, and Norman J. Haughey, PhD

Neurology® 2019;92:e1344-e1353. doi:10.1212/WNL.0000000000007125

Correspondence

Dr. Haughey

nhaughe1@jhmi.edu

or Dr. Dickens

alex.dickens@utu.fi

Abstract
Objective
To determine the association of insulin sensitivity andmetabolic status with declining cognition
in HIV-infected individuals.

Methods
We conducted targeted clinical and metabolic measures in longitudinal plasma samples
obtained from HIV-infected patients enrolled in the Central Nervous System HIV Anti-
Retroviral Therapy Effects Research Study (CHARTER). Findings were validated with plasma
samples from the Multicenter AIDS Cohort Study (MACS). Patients were grouped according
to longitudinally and serially assessed cognitive performance as having stably normal or de-
clining cognition.

Results
Patients with declining cognition exhibited baseline hyperinsulinemia and elevated plasma
c-peptide levels with normal c-peptide/insulin ratios, suggesting that insulin production was
increased, but insulin clearance was normal. The association of hyperinsulinemia with wors-
ening cognition was further supported by low high-density lipoprotein (HDL), high low-
density lipoprotein/HDL ratio, and elevated cholesterol/HDL ratio compared to patients with
stably normal cognition.

Conclusions
These findings suggest that hyperinsulinemia and impaired insulin sensitivity are associated
with cognitive decline in antiretroviral therapy–treated HIV-infected patients.
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HIV-associated neurocognitive disorder (HAND) encom-
passes 3 stages of neurocognitive impairments: asymp-
tomatic neurocognitive impairment, mild neurocognitive
disorder, and HIV-associated dementia, which reflect in-
creasingly severe cognitive, motor, functional, and behav-
ioral abnormalities.1,2 HAND frequently manifests as
impairments in the domains of memory and executive
function and is associated with progressive neurologic
damage, including persistent glial and innate immune ac-
tivation, brain volume loss, inflammation, synaptodendritic
damage, and disruptions in white matter integrity.3–6 Al-
though the underlying pathophysiologic mechanisms of
antiretroviral therapy (ART)–insensitive HAND are not
well understood, the neuropathologic changes coincide
with shifts in brain energy use that appear early in the
course of HAND and become progressively dysregulated
with aging.7–9

Brain insulin signaling regulates energy metabolism, neuronal
survival, cognition, memory, and learning.10,11 Impairments
of insulin signaling are associated with cognitive decline and
a more rapid onset and progression of neurodegenerative
diseases.12,13 Both HIV infection and ART have been in-
dependently associated with an increased risk for developing
metabolic abnormalities, including insulin resistance,14–16

which has been associated with increased risk for cognitive
impairment.17,18 Insulin resistance is an impaired cellular
response to insulin that results in increased insulin secretion
from the pancreas and hyperinsulinemia. Insulin resistance is
accompanied by reductions in insulin sensitivity, which is
manifested by lipolysis of adipose tissue, release of fatty
acids into the circulation, and subsequent storage in ectopic
tissues. In this study, we sought to determine whether
hyperinsulinemia and markers of insulin sensitivity were
associated with changes of cognition in HIV-infected
patients.

Methods
Patient selection and cognitive assessment
Plasma samples for the discovery phase of this study were
obtained from the Central Nervous System HIV Anti-
Retroviral Therapy Effects Research (CHARTER) case-
control study after a systematic case review of 430 study
participants. Patients with psychiatric comorbid conditions,
current recreational drug use, and diabetic and cholesterol-
lowering medications were excluded from this study. Changes
in ART were permitted if only a single drug was changed

within the same drug class.19 A neuropsychological testing
battery covering 7 cognitive domains—executive function,
learning, delayed recall, working memory, verbal fluency,
speed of information processing, and motor skills3—was
conducted at each of study visit interspersed by ≈6 months.
The best available normative standards were used to convert
the scores to demographically corrected standard scores (T
scores), which correct for effects of age, education, sex, and
ethnicity. The presence and severity of cognitive impairment
were determined with the Global Deficit Score approach. A
Global Deficit Score ≥0.5 was considered impaired.20 All
follow-up visits were corrected for practice effects.21 Neuro-
cognitive change was determined with a multivariable change
score approach, as previously described.19,21 The z scores
were generated for each of 15 neuropsychological test varia-
bles and then summed to provide a summary regression score.
A summary regression change score from visit 1 to visit 2 was
generated for each patient. Patients with a summary re-
gression change distribution in the central 80% were defined
as stable; the top 10% were defined as improving; and the
bottom 10% were defined as declining.19 Patients were then
selected on the basis of matching clinical and demographic
characteristics, including age, education, sex, ethnicity, AIDS
status, hepatitis C (HCV) serostatus, ART use, and duration
of current ART regimen, as previously described.19,22 The
discovery cohort included patients with stably normal (n =
24) and declining (n = 23) cognitive function with a first study
visit between June 2006 and September 2007. Plasma samples
from the validation phase of this study were obtained from 72
HIV-infected men (stably normal n = 39, declining cognition
n = 33) enrolled in the Multicenter AIDS Cohort Study
(MACS), who were selected from a systematic review of 600
individuals who participated in a case-control longitudinal
neuropsychological test battery to assess the effects of HIV
on the brain and nervous system between November 2002
and October 2007.23 Inclusion criteria were similar to those
for CHARTER. MACS patients were matched to CHAR-
TER patients on age, duration of HIV infection, HCV in-
fection status, nadir CD4+ T-cell count, and plasma HIV-1
viral load (table 1). Fasting blood samples were collected
from all participants in this study. Baseline plasma samples
for the discovery and validation phases of this study were
analyzed as prognostic indicators for longitudinal changes
in cognition.

Standard protocol approvals, registration, and
patient consents
An institutional review board/ethical standards committee
approved the use of human participants for this study at each

Glossary
ART = antiretroviral therapy; BMI = body mass index; CHARTER = Central Nervous System HIV Anti-Retroviral Therapy
Effects Research; CI = confidence interval;GLUT = glucose transporter;HAND = HIV-Associated Neurocognitive Disorders;
HCV = hepatitis C virus; HDL = high-density lipoprotein; HOMA-IR = homeostatic model assessment of insulin resistance;
LDL = low-density lipoprotein; MACS = Multicenter AIDS Cohort Study; PI = protease inhibitor; TC = total cholesterol.
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performance site. Written informed consent was obtained
from all study participants.19

Laboratory assessments
Clinical laboratory assessments of blood counts, metabolic
and chemistry panels, HCV antibody, and flow cytometry for
CD4+ T-cell count were performed at CHARTER and
MACS sites.

Targeted plasma metabolite measurement
Measurements of plasma insulin, c-peptide, and adiponectin were
conducted with commercial ELISA kits according to the manu-
facturer’s instructions (EMD Millipore Corp, Billerica, MA).

Statistical analysis
Student t tests for continuous variables and χ2 tests for cate-
gorical variables were used to examine group differences.

Table 1 Baseline demographics of discovery (CHARTER) and validation (MACS) cohorts

CHARTER Stably normal (n = 24) Declining (n = 23) p Value

Age, y 44.0 ± 10.5 45.0 ± 6.9 0.77

Male, n (%) 23 (92) 21 (81) 0.91

BMI, kg/m2 25.9 ± 3.96 26.3 ± 4.0 0.66

Education , mean ± SD, y 13.3 ± 2.0 12.6 ± 2.3 0.25

White, % 54 56 0.87

Black, % 29 22 0.55

Hispanic, % 13 13 0.53

Other, % 4 9 0.06

HCV seropositive, % 16 16 0.86

Duration of ART regimen, median (IQR), mo 9.2 (4.6–31.2) 10.9 (4.3–21.4) 0.91

Current CD4, cell count, median (IQR), n/mm3 462 (312–667) 339 (193.5–536) 0.04

Nadir CD4, cell count, median (IQR), n/mm3 195 (87–342.5) 85 (18–265) 0.02

Viral load <50 copies/mL, % 52 42 0.48

Protease inhibitors, % 41.6 56.5 0.31

MACS Stably normal (n = 39) Declining (n = 33) p Value

Age, mean ± SD, y 40.6 ± 8.2 43.8 ± 8.5 0.11

Male, n (%) 39 (100) 33 (100)

BMI, kg/m2 24.1 ± 2.4 23.0 ± 1.9 0.07

Education, mean ± SD, y 15.4 ± 3.0 15.1 ± 3.5 0.71

White, % 54 3 0.22

Black, % 30 43 0.25

Hispanic 10 9 0.87

Other, % 6 9 0.50

HCV seropositive, % 15 23 0.40

Duration of ART regimen, median (IQR), mo 156.1 (144,192) 152.6 (126,192) 0.63

Current CD4 cell count, median (IQR), n/mm3 485 (372,705) 472 (276.5, 603.5) 0.35

Nadir CD4 cell count, median (IQR), n/mm3 379.2 ± 263.9 384.3 ± 275.8 0.93

Viral load <50 copies/mL, % 58 52 0.67

Protease inhibitors, % 28.2 21.2 0.49

Abbreviations: ART = antiretroviral therapy; BMI = body mass index; CHARTER = Central Nervous System HIV Anti-Retroviral Therapy Effects Research Study;
HCV = hepatitis C virus; IQR = interquartile range; MACS = Multicenter AIDS Cohort Study.
Data are represented as mean ± SD and number (percent) or median (IQR). Student t test, χ2 test.
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Logistic regression analysis was performed with SAS version
9.4 (SAS Institute, Cary, NC).

Data availability
All data for the analyses in this report are available through the
CHARTER and MACS websites at charternntc.org/and
statepi.jhsph.edu/macs/macs.html.

Results
Patient characteristics in the discovery and
validation cohorts
Patients with stably normal and declining cognition within the
discovery cohort (CHARTER) were similar in age, education,
ethnicity, HCV infection status, duration of ART regimen,
and body mass index (BMI). Current and nadir CD4+ T-cell
counts were lower in patients with declining cognition com-
pared to patients with stably normal cognition (table 1).
Patients with stably normal and declining cognitive in the
validation (MACS) cohort were demographically and clini-
cally similar (table 1) and were similar to the discovery cohort
with the exceptions of higher education and higher current
and nadir CD4+ T-cell counts compared to patients in the
discovery cohort (table 1).

Evidence for impaired insulin sensitivity inHIV-
infected patients with declining cognition
At baseline, there were no group differences in glucose levels.
Insulin levels were elevated in patients with declining cogni-
tion compared to patients with stably normal cognition
(95.5 ± 34.6 vs 60.3 ± 25.2 pmol/L) (figure 1, A and B).
C-peptide levels were higher in patients with declining cog-
nition compared to patients with stably normal cognition
(2.8 ± 1.6 vs 1.5 ± 0.74 ng/mL) (figure 1C). C-peptide/
insulin ratios were similar in patients with declining cognition
and stably normal cognition (figure 1D), suggesting normal
liver clearance of insulin in both groups. Indeed, metabolic
measures of kidney and liver function (creatinine, albumin,
bilirubin, alkaline phosphatase, and electrolytes) were within
normal ranges in both groups (table 2). The homeostatic
model assessment of insulin resistance (HOMA-IR) revealed
higher HOMA-IR levels in patients with declining cognition
compared to patients with stably normal cognition (3.0 ± 1.1
vs 2.0 ± 0.9) (figure 1E). A clinical lipoprotein panel showed
no significant differences in total cholesterol (TC) and low-
density lipoprotein (LDL) cholesterol between patients with
declining cognition and stably normal cognition (figure 1, F
and H). High-density lipoprotein (HDL) cholesterol levels
were lower in patients with declining cognition compared to
patients with stably normal cognition (figure 1G). Choles-
terol ratios of LDL/HDL and TC/HDL were elevated at
baseline in patients with declining compared to stably normal
cognition (figure 1, J and I). Adiponectin levels were similar
(figure 1L). In aggregate, these results provide evidence that
impaired insulin sensitivity precedes cognitive decline in HIV-
infected patients. A multivariable logistic regression model
showed that BMI and protease inhibitor (PI) use were not

predictors of cognition. Insulin was the only predictor of
cognitive status (p = 0.003). A 10-point increase in insulin
levels was associated with 1.44 greater odds of having de-
clining vs normal cognition (95% confidence interval [CI]
1.14–1.83). Insulin explained 31% of the variance. A stepwise
logistic regression model showed that current CD4+ cells but
not nadir CD4+ T cells were a significant predictor of cog-
nitive status (0.80, 95% CI 0.65–0.99, p = 0.04 per 50-unit
increase) and explained 14% of the variance. We performed
a multivariable logistic regression analysis including both
current CD4+ T cells and insulin as predictor variables and
cognitive status as the outcome measure. In this model, insulin
was the only significant predictor of cognitive status (1.43, 95%
CI 1.13–1.8, p= 0.003 per 10-unit increase) compared to current
CD4+ T cells (p = 0.14). This model explained 41% of the
variance. Specifically, insulin explained 27% of the variance.
When nadir and current CD4+ T cells were forced into the
model, neither was significant, and insulin remained a sig-
nificant predictor of cognitive status (p = 0.003).

Validation of impaired insulin sensitivity in
a second cohort of HIV-infected patients with
declining cognition
We next sought to confirm that hyperinsulinemia and impaired
insulin sensitivity were associated with worsening cognition in an
independent set of plasma samples obtained from the MACS
cohort. All metabolic results observed in the discovery cohort
were validated in the MACS cohort with the single exception
that triglyceride levels that were higher in patients with declining
cognition compared to stably normal patients in MACS (figure
2K; no difference was apparent in CHARTER). There were no
differences in glucose levels between stably normal and declining
patients. Insulin levels were elevated in patients with declining
cognition compared to those with stably normal cognition
(120.5 ± 82.3 vs 85.5 ± 40.0 pmol/L). C-peptide levels were
higher in patients with declining cognition compared to patients
with stably normal cognition (2.3 ± 1.0 vs 1.6 ± 1.0 ng/mL), and
c-peptide/insulin ratios were similar in patients with declining
cognition and stably normal cognition (figure 2, A–D). Kidney
function and liver function were within normal ranges in patients
with declining cognition and stably normal cognition (table 2).
HOMA-IR levels in patients with declining cognition were
higher compared to patients with stably normal cognition (3.4 ±
2.4 vs 2.2 ± 0.86) (figure 2E). HDL levels were lower in patients
with declining cognition compared to those with stably normal
cognition with no differences in TC and LDL (figure 2, G and
H). LDL/HDL and TC/HDL ratios were higher in patients
with declining cognition compared to patients with stably nor-
mal cognition (figure 2, J and I). Adiponectin levels were similar
among patients with declining cognition and stably normal
cognition (figure 2L). A multivariable logistic regression control-
ling for BMI and PI did not change the pattern of associations
between insulin levels and cognitive status (p = 0.04). Although
insulinwas a significant predictor of cognitive status inCHARTER,
it was not significant in MACS (p = 0.057). This could be due to
differences in sample size and clinical and demographic charac-
teristics of the 2 cohorts. A 10-point increase in insulin levels was

Neurology.org/N Neurology | Volume 92, Number 12 | March 19, 2019 e1347

Copyright © 2019 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

https://charternntc.org/
https://statepi.jhsph.edu/macs/macs.html
http://neurology.org/n


associated with 1.08 greater odds of having declining cognition vs
being stably normal (95%CI 0.99–1.17). Insulin explained≈8%of
the variance.

Discussion
Our data show that impaired insulin sensitivity in ART-using
HIV-infected individuals precedes declining cognitive func-
tion. As a group, HIV-infected individuals with declining
cognition exhibited an elevated HOMA-IR index, hyper-
insulinemia, and elevated levels of c-peptide and triglycerides
with decreased HDL at baseline. C-peptide/insulin ratios

were normal, suggesting that insulin production was in-
creased, but insulin clearance was not impaired. Although
differences in insulin levels were not significant in the vali-
dation cohort, other markers of insulin resistance were pres-
ent in both cohorts These validated observations suggest that
interventions targeting insulin signaling could be useful
therapeutic strategies, especially in individuals who exhibit
progressive decline in cognitive function.

Brain insulin regulates feeding behavior, body weight ho-
meostasis, mood, neuronal development, neuronal growth
and survival, synaptic stability, dendritic arborization, neural

Figure 1 Evidence for impaired insulin sensitivity in a discovery cohort of HIV-infected patients with declining cognition
(CHARTER cohort)

Plasma levels of (A) glucose, (B) insulin, (C) c-peptide, (D) c-peptide/insulin (C/I)molar ratio, (E) homeostaticmodel assessment (HOMA) of insulin resistance, (F)
total cholesterol (TC), (G) high-density lipoprotein (HDL), (H) low-density lipoprotein (LDL), (I) TC/HDL ratio, (J) LDL/HDL ratio, (K) triglycerides, and (L)
adiponectin. Individual data points from each patient and group means are shown. CHARTER = Central Nervous System HIV Anti-Retroviral Therapy Effects
Research Study. Student t test, *p < 0.05, **p < 0.01, ***p < 0.001.
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circuitry, learning, and memory.24–27 These diverse effects are
regulated through the insulin receptor, which is widely
expressed in brain with high expression in the hypothalamus,
hippocampus, and cerebral cortex.26,28 The insulin receptor
possesses intrinsic tyrosine kinase activity that is activated in
a dose-dependent manner by insulin binding. This tyrosine
kinase activity leads to the phosphorylation of the insulin
receptor substrate protein family, which in turn activates the
phosphoinositide 3-kinase/Akt and extracellular signal-
regulated kinase/mitogen-activated protein kinase signaling
cascades, which target multiple downstream effectors, in-
cluding the mammalian target of rapamycin complex 1, gly-
cogen synthase kinase-3β, and the FOXO family of
transcription factors.

The brain has a very high energy demand that requires rapid
regional shifts in glucose and lactate uptake to adapt metab-
olism to neural activity (see review29). This energy source is
provided primarily by glucose or lactate that is shuttled from
astrocytes to neurons to support glycolytic and oxidative
metabolism.30 Astrocyte uptake of peripheral glucose occurs
primarily through glucose transporter (GLUT) 1 and GLUT3
glucose transporter proteins in endothelial cells. Insulin is
transported from the periphery into the brain, although the
mechanisms for insulin transport into the brain are less clear
but appear to involve a saturable transport system31 that
requires insulin binding to insulin receptors in brain

endothelium.32,33 Abnormalities in insulin sensitivity down-
regulate both endothelial GLUT transporters and insulin
receptors34 with consequent reductions in brain uptake of
glucose and insulin.35,36 Reduced insulin sensitivity, hyper-
insulinemia, and downregulated endothelial expression of
GLUT and insulin receptors have been implicated as con-
tributing to the progression of neurodegenerative diseases
such as Alzheimer disease12,37 and Parkinson disease.38 Our
data suggest that hyperinsulinemia in HIV-infected patients is
associated with progressive cognitive impairment. Indeed,
several decades of research has shown that insulin has mul-
tiple actions in the brain that may regulate many of the same
neural pathways perturbed by HIV infection. Neuronal injury,
glial activation, persistent low levels of inflammation, and
perturbations in energy metabolism are pathologic hallmarks
of cognitive impairment that can persist in combination
ART–adherent, virologically controlled patients (see re-
view39). In the present study, we found that hyperinsulinemia
and reduced insulin sensitivity were prognostic indicators for
cognitive decline in 2 independent cohorts of HIV-infected
patients. HIV infection and ART are well known to cause
alterations in lipid distribution, glucose homeostasis, and
energy metabolism, which are associated with metabolic
syndrome and insulin resistance.40–42 HIV-infected individ-
uals are at greater risk for hyperinsulinemia, impaired insulin
sensitivity, and dyslipidemia compared to uninfected
individuals,43,44 and fluorodeoxyglucose-PET studies have

Table 2 Clinical metabolic panel of discovery and validation cohorts

Stably normal, mean (SD) Declining, mean (SD) p Value

CHARTER

Alkaline phosphatase, U/L 103.2 ± 40.45 89.00 ± 33.45 0.18

Alanine amino transferase, U/L 44.16 ± 34.51 45.0 ± 50.25 0.95

Aspartate amino transferase, U/L 48.36 ± 53.90 40.72 ± 36.85 0.56

Bilirubin total, mg/dL 1.12 ± 1.22 0.80 ± 0.76 0.27

Blood urea nitrogen, mg/dL 15.96 ± 10.99 14.73 ± 6.40 0.63

Creatinine, mg/dL 1.17 ± 0.71 1.04 ± 0.29 0.39

Albumin, g/dL 4.13 ± 0.59 4.19 ± 0.43 0.70

MACS

Alkaline phosphatase, U/L 83.5 ± 20.7 84.6 ± 23.8 0.85

Alanine amino transferase, U/L 27.3 ± 11.3 34.4 ± 25.7 0.12

Aspartate amino transferase, U/L 27.5 ± 8.5 30.9 ± 19.7 0.33

Bilirubin total, mg/dL 0.66 ± 0.43 0.64 ± 0.29 0.83

Blood urea nitrogen, mg/dL 15.1 ± 3.9 15.7 ± 4.5 0.99

Creatinine, mg/dL 1.02 ± 0.15 1.05 ± 0.18 0.54

Albumin, g/dL 4.31 ± 0.39 4.14 ± 0.46 0.09

Abbreviations: CHARTER = Central Nervous System HIV Anti-Retroviral Therapy Effects Research Study; MACS = Multicenter AIDS Cohort Study.
Data are represented as mean ± SD. Student t test.
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demonstrated lower cerebral glucose consumption in HIV-
infected patients in the absence of structural abnormalities on
MRI.2 In the present study, we found that plasma levels of
insulin, c-peptide, HOMA-IR index, and HDL/LDL and TC/
HDL ratios were higher at baseline in HIV-infected patients
with declining cognition compared to patients with stably
normal cognition. The HOMA-IR is a strong index for the
assessment of insulin resistance that takes the relationship
between fasting glucose and insulin into account, making it
a more informative measure of insulin resistance than plasma
insulin and glucose levels alone.45 Although the BMIs of HIV-
infected patients were on the high end of the normal range,
diabetic patients were excluded from the study, and there
were no group differences in ART regimens. Thus, obesity,

frank diabetes, and differences in ART regimens were not
likely to be responsible for the observed interactions of im-
paired insulin sensitivity with worsening cognitive function.
From a clinical standpoint, this is arguably the most important
group to identify because individuals showing evidence of
neurologic worsening may be targeted for specific adjunctive
therapies or more regular neurologic follow-up.

When insulin resistance is defined in the general population,
the risk factors of increased BMI, visceral fat, and age are
considered. Several additional factors may contribute to the
risk of developing insulin resistance in HIV-infected patients
such as duration of HIV infection, combination ART regimen,
abnormalities in lipid metabolism, andHIV/HCV coinfection.43,46

Figure 2 Evidence for impaired insulin sensitivity in a validation cohort of HIV-infected patients with declining cognition
(MACS cohort)

Plasma levels of (A) glucose (B) insulin, (C) c-peptide, (D) c-peptide/insulin (C/I) molar ratio, (E) homeostaticmodel assessment (HOMA) of insulin resistance, (F)
total cholesterol (TC), (G) high-density lipoprotein (HDL), (H) low-density lipoprotein (LDL), (I) TC/HDL ratio, (J) LDL/HDL ratio, (K) triglycerides, and (L)
adiponectin. Individual data points fromeach patient and groupmeans are shown.MACS =Multicenter AIDS Cohort Study. Student t test, *p < 0.05, **p < 0.01.
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Before the advent of ART, low blood levels of TC, LDL, andHDL
with elevated levels of triglycerides were reported in HIV-infected
patients, suggesting that viral infection itself can produce abnor-
malities in lipid metabolism and insulin sensitivity.43 ART regi-
mens, notably PIs and nucleoside reverse transcriptase inhibitors,
are known to further increase the risk for insulin resistance inHIV-
infected individuals as a result of the mitochondrial toxicity of
nucleoside reverse transcriptase inhibitors– and PI-associated
blockade of glucose transport.47,48

Several potential shortcomings of the study should be noted.
Patients with declining cognition had lower CD4+ T-cell
counts compared to patients with stably normal cognition.
However, a multivariable logistic regression model demon-
strated that BMI, PI use, and CD4+ T-cell counts were not
predictors of cognitive decline. Elevated plasma insulin was
a significant predictor of cognitive decline. Although a thor-
ough and careful multidisciplinary selection process was ap-
plied to our study to increase confidence in the group
assignments, we believe that the generalizability of this data
may be restricted by the clinical and demographic character-
istics used to match patients in the current study. Individuals
assessed in the period from 2002 to 2007 may not generalize
to contemporary populations with HIV in the United States.
Although we validated primary results in a second cohort of
patients, the sample size was limited. The discovery cohort
(CHARTER) included very few women, and MACS is a co-
hort of all gay/bisexual men. Clinical data and plasma samples
were obtained between 2002 and 2007. As ART regimens
continue to evolve, newer therapies may have less of an impact
on insulin resistance. Socioeconomic status andWorld Health
Organization/Centers for Disease Control and Prevention
stage data were not controlled for in the present study.

Our data suggest that hyperinsulinemia and abnormalities in
lipid and cholesterol metabolism are important factors asso-
ciated with worsening cognition in HIV-infected patients.
Interventions that restore brain insulin sensitivity could be
useful therapies for HIV-associated impairments in cognition.
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