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Abstract
Objectives: Metabolic complications have been associated with HIV-1 infection and with long-term
use of antiretroviral (ARV) medications. In some studies, such complications have been linked to
cardiovascular events, yet limited data exist concerning metabolic complications and dementia. The
objective of this study was to examine the relationship between HIV-associated dementia (HAD)
and diabetes among patients with HIV-1 infection.

Design: Cross-sectional analysis of entry data for a longitudinal cohort study.

Methods: A total of 203 participants who were enrolled in the Hawaii Aging with HIV Cohort
between October 2001 and November 2003 served as the study population. Research case definitions
of HAD were determined in consensus conferences by a panel that included neurologists,
neuropsychologists, and a geriatrician. Diabetes was determined by self-report or a fasting glucose
level >125 mg/dL.

Results: Participants' ages ranged between 20–76 years at enrollment with approximately one-half
aged ≥50 years. After adjustment for important covariates including age, education, ethnicity, CD4
lymphocyte count, duration of HIV infection, and protease inhibitor–based ARV therapy, we found
a statistically significant association of diabetes with HAD (odds ratio 5.43, 1.66–17.70). A
significant association remained after adjustment for other vascular risk factors. Among participants
without diabetes, fasting glucose levels were higher with increasing impairment category.

Conclusions: Within the Hawaii Aging with HIV Cohort, a longitudinal study enriched with older
HIV-1–infected individuals, diabetes is associated with prevalent dementia. This finding is not fully
explained by age or coexisting vascular risk factors. Evaluation of underlying mechanisms is
warranted.
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Among HIV-1–infected individuals, both HIV infection itself and the use of antiretroviral
(ARV) medications contribute to a greater incidence of metabolic abnormalities known to be
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risk factors for cardiovascular events. Studies conducted before the widespread use of ARVs
suggest that, while glucose homeostasis is not markedly affected, HIV-1 infection is associated
with a proatherogenic lipid profile characterized by an increase in triglyceride levels, a decrease
in HDL cholesterol levels, and the presence of small, dense low-density lipoprotein (LDL)
particles.1-3 The addition of ARV medications, particularly the use of protease inhibitors (PIs),
has had further deleterious effects on metabolic risk factors in this already vulnerable
population. Specifically, among HIV-1–seropositive patients, the initiation of PI-based ARV
therapy is associated with the development of insulin resistance in 25–62% and the
development of overt new-onset diabetes mellitus in 6–7%.4-6 Increases in LDL cholesterol
and triglyceride levels following ARV therapy have also been observed.7,8

The presence of such metabolic complications correlates with both increased risk of
cerebrovascular disease and an increased rate of dementia among seronegative populations.9
This raises concerns that the increased prevalence of metabolic abnormalities currently
observed in the HIV-1–infected population may not only increase the risk for future vascular
complications but may also contribute to a greater risk for the development of neurocognitive
abnormalities. While still controversial, a corresponding increase in cardiovascular events has
been described in some studies; however, our understanding of a potential correlation to
cerebrovascular events and dementia among HIV-1–infected patients is incomplete.10-13

We have recently reported findings from the Hawaii Aging with HIV Cohort suggesting that
older age is associated with a higher risk of dementia among HIV-1–infected individuals.14
The mean duration of infection among our older participants is nearly twice that of our younger
participants; however, neither duration of infection itself nor age alone appears to be sufficient
to explain our findings. We hypothesize that prolonged infection, extended exposure to ARV,
and thus, greater likelihood of metabolic abnormalities may contribute to the observed increase
in cognitive abnormalities. Thus, a cohort of older HIV-1–infected individuals may be at
greatest risk for these clinically significant cognitive complications. In such a model, younger
individuals may have early or subclinical disease that is too mild to result in a measurable
cognitive effect. To test this hypothesis, we examined whether diabetes, fasting glucose, and
insulin resistance contribute to the relative risk of HIV-associated dementia (HAD) among
HIV-1–infected participants in the Hawaii Aging with HIV Cohort.

METHODS
Subject Population Studied

The Hawaii Aging with HIV Cohort is a longitudinal prospective cohort study designed to
investigate the fundamental neuroepidemiology of HIV infection in older individuals. Briefly,
ongoing enrollment of the cohort began in October 2001 to compare older (≥50 years) and
younger (20–40 years) HIV-1–infected individuals. Participants are recruited from all islands
of Hawaii using broad community-based methods to maximize representation of the HIV-1–
seropositive population living in Hawaii. To date, the basic demographic parameters, including
the distribution of participants by island, are roughly similar to those reported to the Hawaii
State Department of Health for the HIV-1–infected population.

Exclusion criteria include major neurologic or psychiatric illness, learning disability, major
head injury, brain opportunistic infection, and primary language other than English. Several
individuals with transient ischemic attack or minor stroke with near full resolution of findings
have been allowed to enroll in the cohort; however, these participants were excluded from the
current analysis (n = 3 older and 1 younger). While all participants must be living in Hawaii
at the time of enrollment, 62% reported being born and raised on the continental United States
and, on average, each participant has spent only 41% of their lives in Hawaii. This current
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analysis was based on available cases for entry assessments of participants enrolled through
November 2003.

Neurocognitive Assessments
Baseline evaluations included an 80-minute neuropsychological test battery assessing visual
and verbal memory, visuospatial and executive functioning, motor/psychomotor speed,
working memory, attention/concentration, and information processing. This battery closely
matches that used in the Northeast AIDS Dementia (NEAD) cohort.15 Published age and
education-adjusted normative data were used to calculate z-scores used in clinical
characterization. A neurologic examination (macroneurologic examination as used in the Adult
AIDS Clinical Trials Group) with emphasis on motor speed and extrapyramidal signs was also
completed. Individual cases were discussed weekly in collaboration with colleagues at Johns
Hopkins University in a consensus conference involving 2 neurologists, 2 neuropsychologists,
and a geriatrician. Research case definitions of cognitive status—HAD, Minor Cognitive Motor
Disorder (MCMD), neuropsychological (NP) testing abnormality not meeting MCMD or HAD
criteria—were assigned based on American Academy of Neurology criteria and using all
clinical data obtained during the study visit. Panel members were not blinded to any clinical
data including diabetes status.16 A full description of this diagnostic process is provided
elsewhere.14

In general, a diagnosis of HAD required the following: an abnormality in at least 2 cognitive
domains including attention/concentration, speed of information processing, abstraction/
reasoning, visuospatial skills, memory/learning, or speech/language, and either an abnormality
in motor function or decline in motivation/emotional control. For a diagnosis of MCMD,
requirements included at least 2 of the following symptoms: impaired attention/concentration,
mental slowing, impaired memory, slowed movements, incoordination, or personality change;
and a cognitive or motor abnormality on examination or testing.

Metabolic Parameters
Trained personnel obtained medical history information using a structured interview to identify
metabolic risk factors. Participants were classified as diabetic if they reported such a diagnosis.
The remaining individuals were classified as diabetic based on published standards of having
either a fasting glucose level >125 mg/dL (when available) or a nonfasting glucose level >200
mg/dL.17 Consequently, 2 participants were classified as having diabetes due to laboratory
findings alone; each had a fasting glucose level >125 mg/dL while no participants met diabetes
criteria based solely on nonfasting glucose evaluations. There were 7 individuals (4%) in the
non-diabetic group who had nonfasting glucose levels between 125–200 mg/dL. Hypertension
and hypercholesterolemia were defined as reporting a current diagnosis of either, identified
from the medical history and medication intake.

Laboratory parameters were obtained on all participants who were encouraged (but not
required) to arrive after an 8-hour fast (52% compliant with fasting at baseline). Blood
specimens for glucose and insulin levels were drawn in serum separator tubes, allowed to clot,
and then spun within 1 hour to separate serum. The separated serum was sent to a local reference
laboratory where glucose levels were determined in real time. Serum specimens were frozen
to −70°C and sent in batches to Quest Diagnostic Laboratory (Baltimore, MD) for quantitative
insulin levels. Estimates of insulin resistance were calculated using the homeostasis model
assessment (HOMA).18

Statistical Analysis
All participants signed institutional review board–approved consent forms. While participants
in the parent cohort were either <40 or >50 years of age at entry by design, the cohort was
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examined as one group for the purpose of this set of analyses, using age in the statistical models
as a continuous covariate. We estimated the independent (type III) risk of HAD associated with
each glucoregulatory predictor after controlling for other known risk factors using logistic
regression models. All analyses were carried out on the SAS v.8.2 (Cary, NC) platform.
Inferential statistical analyses were carried out using Proc LOGISTIC and Proc GENMOD.
Basic descriptive statistical analyses were carried out using Proc FREQ and Proc MEANS.

RESULTS
Baseline Demographics of the Cohort

After excluding individuals with transient ischemic attack or minor stroke, data from 96
younger and 103 older HIV-1–infected participants were analyzed. Diabetes criteria were met
in 17/199 individuals (8.6%) in the cohort. The average age among patients with diabetes was
53.3 years, reflecting an age-associated risk for diabetes. Only 1 participant in our younger
group met diabetes criteria. Diabetic and nondiabetic participants were similar in most
parameters; however, diabetic participants were more likely to have hypertension after
adjustment for age (Table 1). There were no differences in major HIV parameters including
viral load, CD4 lymphocyte counts, and self-reported duration of infection between diabetic
and non-diabetic participants. There were no differences in the percentages of participants on
a potent ARV regimen or currently taking PIs.

Diabetes and Dementia
A diagnosis of diabetes significantly correlated to our research case definition of HAD when
compared with all other diagnostic categories combined; OR = 4.33 (1.55–12.10), P < 0.01
(Fig. 1). After adjustment for important covariates including age, education, ethnicity, CD4
lymphocyte count, self-reported duration of HIV, and PI-based ARV, the significance
remained; OR = 5.43 (1.66–17.70), P < 0.01 (Table 2). This association remained significant
after further adjustment for important cardiovascular variables including hypertension,
hypercholesterolemia, and pack-years of smoking; OR = 5.73 (1.52–21.62), P < 0.01. To
maximize specificity of our non-diabetic group, we reevaluated the ORs excluding participants
who had denied a diagnosis of diabetes but had a nonfasting glucose level >125 mg/dL. We
found little change in the results.

Since a correlation between diabetes and HAD existed independently of other cardiovascular
risk factors, we investigated a possible association between glucose metabolism and HAD
among diabetic and non-diabetic participants in the cohort. This was completed only among
participants who had been fasting at the time of specimen collection. To maximize the number
of participants available for this analysis, we used entry specimens whenever the participant
was fasting at entry (n = 84) and, for participants who did not have fasting specimens at entry
but did have a fasting specimen at the year 1 follow-up visit, the latter was used and correlated
to the participant's year 1 follow-up diagnosis (n = 32). There were no significant differences
in key variables between participants who were fasting compared with nonfasting, including
age, education, ARV status, CD4 count, and percent with detectable viral load.

We found a stepwise pattern whereby fasting glucose levels were higher with increasing
cognitive compromise; normal and NP abnormal combined: 88.35 ± 12.86 mg/dL, MCMD:
93.00 ± 10.78 mg/dL, and HAD: 95.19 ± 10.80 mg/dL (P < 0.05). However, a univariate
analysis of the association between glucose and an outcome of HAD vs. any other diagnosis
was not significant; OR = 1.04 (0.99–1.08) P = 0.14 (Table 2).

Using nondiabetic participants for whom we had fasting glucose levels, we calculated a
probability curve by scoring a clinically relevant range of glucose values using the parameter
estimate for glucose obtained in a univariate logistic regression with HAD as the outcome. We
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then converted the resulting logits (log of the odds) into probabilities (Fig. 2). The exclusion
of diabetes mellitus participants makes this a conservative picture of the association of glucose
with HAD because it excludes the upper end of the range of glucose values.

To explore the association between insulin resistance and HAD, we obtained insulin levels for
participants who had stored fasting serum samples at year 1 (n = 15). Here, the mean insulin
levels by diagnostic category were 9.45 μU/mL (n = 11) for normal and NP abnormal combined,
16.0 μU/mL (n = 1) for MCMD, and 13.7 μU/mL (n = 3) for HAD. Since only one participant
met MCMD criteria, we combined this participant with the normal group and calculated the
insulin resistance using the HOMA to determine risk for HAD. The mean insulin resistance
level was 2.8 for participants with HAD compared with 2.2 for participants without HAD (P
= 0.34, Table 2). The small number of specimens available for this preliminary analysis limits
our clear understanding of this intriguing finding.

DISCUSSION
Our findings suggest that dysregulation of glucose homeostasis may be a risk factor for
cognitive impairment among HIV-1–infected individuals. Specifically, in the Hawaii Aging
with HIV Cohort, having a diagnosis of diabetes is a risk factor for HAD. This finding appears
to be principally related to diabetes occurring among older participants. Since early diabetes
is often unrecognized in adults, it is likely that we have under-identified the disorder in our
group, which would tend to decrease our ability to identify relationships. However, when this
correlation is assessed further by analyzing subclinical disease (fasting glucose levels), our
findings indicate an association between glucose homeostasis and cognitive dysfunction
among older and younger patients combined. Our test of association between fasting glucose
and HAD was especially strict in that it excluded participants with diabetes. Thus, the risk
associated with increasing fasting glucose reported here excludes participants with levels
sufficient to meet diabetes criteria and should be considered a conservative estimate of risk.
Our exploratory investigation of insulin resistance resulted in an interesting pattern; however,
a larger sample size is required to determine differences. Based on these preliminary data, we
should have 80% power to detect a difference once data are available on 82 participants.

To our knowledge, this is the first published report indicating a correlation between cognition
and abnormalities of glucoregulation among HIV-1–infected patients. Since our findings are
based on a relatively small number of cases, particularly among younger HIV patients, this
work deserves confirmation in larger cohorts. Other limitations to this work include the post
hoc aspect to the analysis, the modest neuro-psychological battery used to diagnose
impairment, and the use of self-report and fasting glucose levels rather than true measures of
diabetes and insulin resistance. Evaluation of the longitudinal data in our cohort will further
clarify these relationships as the current data are based solely on cross-sectional data.
Nevertheless, this work should encourage others to consider glucose homeostasis in a model
for cognitive dysfunction in HIV patients, particularly patients in their 6th decade of life or
older.

The underlying mechanisms associated with our finding remain to be clarified. Comigration
of risk factors, including elevated lipid levels and hypertension, suggest that the effect of
hyperglycemia or hyperinsulinemia may be partially mediated by their combined atherogenic
effect. Proatherogenic lipid profiles occur with HIV-1 infection and other chronic infections
such as Chlamydia pneumoniae and cytomegaloviral infections and are likely to represent a
cytokine-mediated, acute-phase response to chronic infection.19 Such proatherogenic
tendencies may be further compounded by metabolic abnormalities of insulin resistance,
elevated LDL cholesterol, and triglyceride levels commonly induced by various potent ARV
medications.
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Additional findings that are relevant to the metabolic syndrome have also been reported in the
HIV-infected population. Elevated blood pressure has been reported in association with
lipodystrophy.20 Elevation of blood pressure may occur in the context of either PI-based or
nonnucleoside reverse transcriptase inhibitor–based ARV regimens.21

Our data suggest that the risk of cognitive impairment associated with diabetes may not be
fully mediated through an atherogenic mechanism. We adjusted for key vascular risk factors
including pack-years of smoking, hypertension, and hypercholesterolemia in our model and
an increased risk was identified independently of these markers. However, our adjustment
variables were also limited by self-report and may have underestimated the frequency of
disease states. A correlation with fasting glucose level and a suggestion for a possible
association with insulin resistance were noted, further indicating that glucoregulatory-specific
mechanisms may be involved.

Population-based studies among HIV-negative patients indicate a correlation between diabetes
and cognition,22,23 including relationships for Alzheimer dementia22-24 and the cognitive
impairment associated with vascular disease.22 While some discrepant reports suggest that
other factors may be involved and controversy remains as to whether their role is independent
and causative,25,26 these associations appear firmly established.27 While diabetes is
associated with atherosclerosis of cerebral arteries, lacunar infarcts, and decreased cerebral
blood flow and the frequency of insulin resistance and diabetes is associated with other
cardiovascular risk factors, adjusted models typically evidence an independent relative risk for
cognitive abnormalities associated with diabetes and insulin resistance themselves.22 Further,
early investigations using positron emission tomography (PET) support a causative role
whereby changes in brain glucose metabolism are identified early in Alzheimer disease
patients,28,29 with PET changes often preceding detectable cognitive abnormalities.30 A
decreased brain glucose metabolism has also been reported in biopsy specimens of Alzheimer
patients.31

In seronegative populations, several possible pathogenic mechanisms have been hypothesized
to explain the relationship between changes in cognition and glucoregulation. These pathways
include harmful interactions with amyloid beta leading to greater deposition of aggregate
insoluble proteins; competitive inhibition of insulin degradation enzyme contributing to an
increased amyloid burden; blood-brain barrier insulin resistance leading to decreased available
insulin in the brain, subsequently attenuating protective insulin mechanisms; and increased
production of detrimental advanced glycation end products associated with impaired
neurosignaling.22,32,33 These potential contributing factors have not been explored in HIV-1–
infected populations. Further evaluation of these mechanisms could identify modifiable
pathways and factors, which might ultimately improve the burden of cognitive impairment in
this vulnerable population.

Current PI use did not correlate with a diagnosis of diabetes in our cohort. However, our data
did not allow us to fully identify the duration of past exposure. Our findings are also limited
by the absence of data for individuals in their 5th decade of life (due to the design of the parent
cohort). This cohort is enriched with participants who are ≥50 years of age, in whom
applicability of these risk factors may be greatest.

In summary, our results suggest that diabetes is independently associated with HAD in the
Hawaii Aging with HIV Cohort. Further, we contend that dysregulation of glucose may pose
a risk for cognitive impairment among HIV-1–infected nondiabetic individuals regardless of
age. These findings are based on a relatively small number of cases; if confirmed, they could
have important implications for clinical care of HIV-infected individuals, particularly older
patients. A vigilant and aggressive approach to the management of metabolic abnormalities
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may be important to the long-term morbidity for HIV-1–infected adults. Further work to
identify underlying mechanisms and subsequent modifiable pathways is warranted.
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FIGURE 1.
Diabetes was associated with HAD vs. any other category (P < 0.01); however, glucose was
not (P = 0.14). However, the effect of glucose was significant across all diagnostic categories
in an ordinal logistic regression (P < 0.05).
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FIGURE 2.
Probability curve for HAD by fasting glucose level. (MD/MD participants excluded.)
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TABLE 1
Baseline Demographic Variables by Diabetes Status and Age Group

Variable
All Participants

Without DM Participants With DM

All DM vs. All
Non-DM P

Value

P Value After
Additional

Adjustment for Age

n 182 17
Age 44.97 (11.55) 53.26 (6.18) P < 0.01
Sex (% male) 82.42% 88.24% P = 0.55   P = 0.82
BMI 25.12 (4.82) 27.64 (6.32) P < 0.05   P = 0.03
Ethnicity P = 0.39   P = 0.27
 % White 55.49% 47.06%
 % API 30.22% 41.18%
 % Other 14.29% 11.76%
Education (y) 14.43 (2.50) 14.24 (2.73) P = 0.89   P = 0.25
Years in Hawaii 17.87 (14.21) 21.94 (16.50) P = 0.27   P = 0.55
On ARV 72.93% 76.47% P = 0.75   P = 0.78
On ARV containing PI 43.96% 52.94% P = 0.48   P = 0.68
% Undetectable VL 56.59% 52.94% P = 0.77   P < 0.99
Duration of infection (y) 9.8 (5.7) 10.1 (5.1) P = 0.82   P = 0.24
Mean CD4 444.15 (244.11) 543.82 (342.44) P = 0.12   P = 0.16
% with CD4 >200 85.16% 82.35% P = 0.76   P = 0.72
Smoking status P = 0.50   P = 0.82
 Current 31.32% 35.29%
 Past 38.46% 29.41%
Plasma glucose* 88.86 (12.74) 154.30 (55.18) P < 0.01   P < 0.001
Total cholesterol* 191.02 (48.70) 204.80 (81.27) P = 0.59   P = 0.72
Hypertension 9.34% 64.71% P < 0.0001   P < 0.0001
SBP 123.36 (16.06) 145.00 (16.07) P < 0.0001   P < 0.0001
DBP 78.50 (9.39) 86.88 (7.94) P < 0.001   P < 0.01
Estimated IQ (NAART) 108.77 (8.91) 107.20 (9.64) P = 0.49   P = 0.08
Current substance dependence
at baseline

9.89% 0.00% P = 0.07   P = 0.08

API, Asian-Pacific Islander; BMI, body mass index; DBP, diastolic blood pressure; NAART, North American Adult Reading Test; SBP, systolic blood
pressure.

*
Fasting only.
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TABLE 2
Prediction of HAD by Markers of Glucose Metabolism

Marker of
Glucose

Metabolism

Research Diagnosis Unadjusted
Odds Ratio
(95% CI) P

Value

Adjusted* Odds
Ratio (95% CI)

P Value

Further
Adjusted† Odds
Ratio (95% CI)

P ValueNormal MCMD HAD

Diabetes
mellitus, n
(%)

4/8 (4.55%) 5/72 (6.94%) 8/39 (20.51%)  4.33 (1.55–
12.10)

5.43 (1.66–
17.70)

5.73 (1.52–
21.62)

<0.01 <0.01 <0.01
‡Glucose
(mg/dL),
mean ± SD

88.35 ± 12.86 93.00 ± 10.74 95.19 ± 10.80  1.04 (0.99–
1.08)

1.03 (0.98–1.08) 1.03 (0.98–1.08)

 n 55 45 16 =0.14 =0.22 =0.29
§Insulin
resistance,
mean ± SD

2.24 ± 1.40 2.80 ± 1.45 1.541 (0.63–
4.06)

 n 12 3 =0.34

The outcome tested was HAD vs. any other diagnostic category. Normal category includes participants categorized as NP abnormal. For insulin resistance,
exact logistic regression was used due to the small sample size.

*
Adjusted for demographic and disease severity variables: age, education, ethnicity, on ARV with PI, duration of infection, and CD4 count.

†
Additionally adjusted for the following cardiovascular risk variables: hypercholesterolemia, hypertension, and pack-years of smoking.

‡
Participants without diabetes mellitus for whom fasting glucose levels were available.

§
Participants without diabetes mellitus for whom insulin resistance could be estimated via HOMA. Normal and MCMD grouped together.
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