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Abstract

Objective—With the advent of highly active anti-retroviral therapy, HIV disease has become a
chronic condition, but with a number of metabolic complications including insulin resistance and
diabetes mellitus, dyslipidemia and hypertension and an increased incidence of atherosclerosis.
The aim of the current study was to test the safety and efficacy of chromium picolinate for HIV-
associated insulin resistance.

Materials/Methods—The study was a randomized, double-blind, placebo-controlled trial with
subjects receiving 500pg of chromium picolinate or placebo twice daily for two months. HIV-
infected subjects were selected based on a fasting concentration of plasma glucose greater than
5.5mmol/L or a plasma glucose concentration of greater than 7.7mmol/L (but less than 11mmol/L)
2h after oral ingestion of 75¢g of glucose. Insulin sensitivity was assessed with a hyper-
insulinemic-euglycemic clamp and glucose tolerance was assessed with the oral glucose tolerance
test. Subjects were monitored closely for alterations in viral load, CD4+ cells, hemoglobin and
hematocrit, kidney and liver function, and fasting lipid profiles.

Results—Forty-three subjects were enrolled and 39 completed the protocol (20 in the chromium-
supplemented and 19 in the placebo arm). Following chromium-supplementation, there were no
significant changes in either insulin sensitivity or glucose tolerance. There was a significant

improvement in serum HDL cholesterol concentration in the group supplemented with chromium.
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Conclusions—Chromium picolinate supplementation at this level was well-tolerated, but
overall was not an effective therapy for insulin resistance in these HIV-infected subjects.

Keywords
Chromium picolinate; Glucose intolerance; Prediabetes

Introduction

Multi-drug regimens called highly active antiretroviral therapy (HAART) have changed
HIV disease from a life-threatening, terminal illness to a chronic disease. Unfortunately,
prolonged survival is accompanied by metabolic abnormalities in carbohydrate metabolism,
including an increased incidence of insulin resistance, dyslipidemia, hypertension, and
increased waist-to-hip ratio [1,2], a compilation of abnormalities now known as the
metabolic syndrome [3] and overt diabetes mellitus. The prevalence of insulin resistance
among HIV-infected individuals is high, with estimates of up to 46% reported by Behrens et
al. with 13% classified as diabetic based on an oral glucose tolerance test [4]. In the
Multicenter AIDS Cohort Study, Brown et al found the prevalence of overt diabetes mellitus
to be 14% representing a fourfold elevation in HIV-infected men compared to sero-negative
men [5]. Since insulin resistance and diabetes are independent risk factors for cardiovascular
disease [6-8], HAART results in a decline in HIVV-associated deaths, but increased mortality
and morbidity due to heart disease [9-11] with an increased relative risk of acute myocardial
infarction of 1.75-fold in subjects with HIV-disease compared to subjects without HIV
disease [11].

While there are medications which can delay the progression of insulin resistance to overt
diabetes, co-morbidities in the HIV-infected population may make the use of such
medications problematic; co-morbidities including HIV medications, history of drug abuse,
alcoholism, hepatitis, and sexually transmitted diseases [12,13]. In addition, some of the
available insulin sensitizers are also problematic in this population, as evidenced by the
elevated risk of cardiovascular disease associated with rosiglitazone use and the very rare
potential for metabolic acidosis associated with metformin administration [14-16]. Thus
both the increased risk of diabetes and the potential for adverse side-effects with current
medications in individuals with HIV-infection contribute to the need for new treatments for
this population.

Chromium is a nutrient that potentiates the action of insulin and may be an essential element
for glucose metabolism [17]. Improved insulin sensitivity in response to chromium
supplementation in subjects with insulin resistance associated with diabetes, ageing, and
other conditions has been reported by numerous investigators (e.g. [18-29]). Moreover,
chromium supplementation appears to be safe. An estimated 10 million Americans use
chromium daily [30], with only a few scattered case reports of serious side effects [31,32].
The ability of chromium to improve insulin sensitivity with apparently few serious side
effects suggested a possible role for chromium supplementation in subjects with insulin
resistance associated with HIV disease. A preliminary, open-label study of 6 subjects given
1000ug chromium picolinate for 8 weeks demonstrated an improvement of 25% in insulin
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sensitivity [33]. Based on these encouraging preliminary results, the current study was
designed as a randomized, double- blind, placebo-controlled, 2-month trial of daily oral
1000pg of chromium picolinate in subjects with HIV disease and impaired glucose
tolerance. The primary outcome was to assess quantitative improvements in insulin-
mediated glucose disposal using the hyerinsulinemic-euglycemic clamp and the secondary
outcome was to assess changes in AKT (a measure of insulin signaling) after chromium.

Subjects for this study were recruited from the patient population at Stony Brook University
Medical Center and surrounding areas. Subjects had clinically stable HIV disease (CD4+
cells above 300/ml and viral burden less than 35,000 copies/ml), included both genders over
the age of 18 years, and had been on stable antiretroviral regimens for at least 3 months prior
to study. All subjects were on highly active anti-retroviral therapy (HAART). Subjects were
screened with an oral glucose tolerance test and were deemed eligible if their fasting glucose
was between 5.56 and 7mmol/L and/or their two hour post-glucose load was between 7.78
and 11.11mmol/L. Subjects with overt diabetes were excluded. Because of the potential for
chromium picolinate to cause oxidative damage, subjects were also monitored for plasma
concentration of selenium and zinc (fluorometric analysis and flame atomic absorption,
respectively by Associated Regional and University Pathologists, Inc. Salt Lake City, UT)
and were excluded if deficient (i.e., less than 85 pg selenium /ml or less than 0.35 pg zinc/
ml), thus ensuring that enrolled subjects would not have a deficit in anti-oxidant capacity.
Over 100 subjects were screened and forty-three subjects were randomized.

Study design

The study was a single-center, randomized, double-blind, placebo-controlled trial. Subjects
with glucose intolerance based on the oral glucose tolerance test were randomized with a
permuted block design stratified by gender and age (above and below 45y) to receive either
500 pg of chromium picolinate (Nutrition 21 Company, Purchase, NY with independent
analysis confirming 541 pg chromium per tablet) twice daily or matching placebo
(dicalcium phosphate with independent analysis confirming no detectable chromium) for a
period of 8 weeks. All study personnel and participants were blinded to treatment
assignment until data collection and laboratory analyses were complete. Measurements of
insulin sensitivity by oral glucose tolerance and hyperinsulinemiceuglycemic clamp were
performed in the fasting from 22:00 h of the previous day) state. Samples of adipose tissue
for /n vitro analysis of the insulin signaling pathway through AKT (protein kinase B) at
baseline and following 8 weeks of chromium supplementation were taken under local
anesthesia from the lateral thigh.

Subjects returned for monitoring of safety parameters at 2 weeks, 1 m and 2 m. Safety
monitoring included assessment of serum creatinine, liver function (assessed by total
bilirubin, direct bilirubin, alanine aminotransferase, aspartate aminotransferase, alkaline
phosphatase, albumin and total protein), CD4+ cells and viral burden. This study was
approved by the Committee on Research Involving Human Subjects, the Stony Brook
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University IRB. All subjects gave their informed written consent and this trial was registered
at ClinicalTrials.gov reference number NCT00109746.

Measurements and assays

Insulin sensitivity—Sensitivity to insulin was assessed from fasting glucose and insulin
values; i.e. (fasting glucose in mmol/L x fasting insulin in uU/ml)/22 based on the
Homeostasis Model Assessment (HOMA) described by Matthews et al. [34] and from an
oral glucose tolerance test (OGTT) where plasma glucose concentrations were measured at
30 minute intervals up to 180 minutes following ingestion of 75g of glucose (Glucola, Ames
Co., Elkhart, IN) after an overnight fast. Insulin sensitivity from the OGTT was assessed as
the area under the plasma glucose concentration x time curve. Insulin sensitivity was also
assessed as glucose disposal (Rd) during an hyperinsulinemic euglycemic clamp, determined
from the rate of glucose infusion necessary to maintain plasma glucose at 5 mmol/L during
intravenous infusion of 1.2 mU insulin (Humulin, Eli Lily, Indianapolis, IN) /kg/ min as
previously described [35-39]. Glucose disposal is expressed per kg lean body mass to
correct for differences in body composition among the subjects.

Insulin signaling—The ability of chromium supplementation to affect insulin signaling
through the AKT or protein kinase B pathway in adipose tissue was assessed in biopsy
specimens (50-75mg) incubated in 10nM insulin in Hanks buffered saline solution for 30
min at 37°C, blotted and frozen in liquid nitrogen until analysis. Determination of total and
phosphor AKT was made following homogenization in RIPA (radio-immunoprecipitation
assay) buffer with protease and phosphatase inhibitors and centrifugation. The lysate was
assessed for total and phospho AKT with PathScan Total AKT1 and PathScan
PhosphoAKT1 (Ser473) assay kits from Cell Signaling Technology (Danvers, MA). Data
were normalized to protein content with a bicinchoninic acid (BCA) kit also from Cell
Signaling Technology.

Chromium status and compliance—Chromium status at study entry and compliance
with the regimen of chromium supplementation was assessed from 24 hour collections of
urine analyzed for chromium by inductively coupled plasma mass spectrometry (reference
interval 0.5-5.0 pg/liter (Associated Regional and University Pathologists, Inc. Salt Lake
City, UT) and corrected for completeness of collection by expression as the chromium to
creatinine ratio. The ability of 24-hour urinary chromium excretion to indicate recent
chromium intake is supported by the study of Anderson et al. [20]. Compliance was
determined from urinary chromium excretion and from the number of pills returned at 2
weeks, 1 month and 2 months. Subjects were taken to be compliant if they returned less than
20% of their pills.

Lipodystrophy score—A lipodystrophy score (scale 0-18) was based on clinical
assessment of loss of fat from the face, limbs, and buttock, the presence of, prominent
superficial veins, increased fat on back of neck (buffalo hump), lipomas, increased
abdominal fat, and breast hypertrophy
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Body composition—Lean body mass and distribution of body fat were determined by
Dual Energy X-ray absorptiometry (DEXA) with a whole-body scanner (Hologic Inc.,
Bedford, MA).

Viral load—Plasma samples for the quantification of HIV RNA were frozen and sent to the
Department of Pathology at Stony Brook for analysis (NY State approved) RT-PCR. The
assay has a lower limit of detection of 50 copies/ml.

CD4+ cells—Measurements of CD4+ cells in HIV-infected individuals were made by the
Flow Cytometry Core Facility, Stony Brook Medical Center. The laboratory is an AIDS
Clinical Trials Group certified and monitored laboratory.

Plasma proteins and metabolites—Glucose was measured by a glucose oxidase
method with a Beckman Glucose Analyzer 2 (Fullerton, CA). Insulin was measured by
radioimmunoassay (Diagnostic Products Corporation, Los Angeles, CA). C-reactive protein
(CRP) and hemoglobin A;c were measured in the clinical laboratory of the University
Hospital Medical Center by nephelometry and HPLC respectively.

Oxidative stress (8-hydroxydeoxyguanosine and total alkenals)—Early morning
urine samples were assessed for 8-hydroxydeoxguanosine, a measure of oxidative damage
of DNA [40] and total alkenals, a measure of the potential for lipid peroxidation [41,42]. 8-
hydroxydeoxyguanosine was determined with an ELISA assay and total alkenals by
spectrophotometric assay (Genox, Baltimore, MD); both values were normalized to urinary
creatinine.

Statistical analyses

Results

Subject demographic characteristics between the chromium-supplemented and placebo
groups were compared with the Chi Square test of association for categorical variables and
the independent samples t-test for continuous variables. Within the groups, a paired samples
T-test was used to assess the change in mean values for the clinical measures from baseline
to week 8, with one exception; HOMAIR is presented as the median value at the two time
points and change over time (within groups) was evaluated with the non-parametric
Wilcoxon test. Because the baseline measures of all clinical values for the treatment and
placebo groups were statistically similar (p > 0.05), the independent samples T-test was used
to compare the absolute change (post supplement — baseline measures) except for the change
in HOMA-IR which was evaluated with the Mann Whitney U test. Data were analyzed as 2-
sided tests the SPSS statistical package (version 19.0, SPSS® Inc., Chicago, IL) and
differences were considered significance if P < 0.05.

Forty-three subjects with HIV disease were randomized and 39 completed the study; 19 in
the placebo arm and 20 in the chromium-supplemented group. Two subjects were withdrawn
for safety concerns and three subjects were not able to complete their study visits.

JAIDS Clin Res. Author manuscript; available in PMC 2014 October 23.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Stein et al.

Page 6

Subject characteristics at baseline

The demographics of the two subject groups are shown in Table 1. The mean age for the
study was 47 years and the subjects were predominantly African American and male. There
were no significant differences between the placebo and chromium-supplemented groups.
The subjects were mostly smokers (35/39) and had HIV disease for an average of 16 years
but were stable with CD4+ cells of >600/ml and viral burden of about 200 copies/mL No
subject had a change in antiretroviral regimen in the three months prior to study. At baseline,
the plasma glucose concentration was 5.7mmol/L + 0.7 in the placebo group and 5.8 + 0.1 in
the chromium-supplemented group with hemoglobin A;¢ of 5.6% = 0.7 (placebo group) and
5.5 £ 0.5 (chromium-supplemented group). In the chromium-supplemented group, 20% of
the patients had baseline glucose of = 6.1 mmol/L, compared to 16% in the placebo group.
There were no differences in insulin sensitivity at baseline between the groups assigned to
the placebo group or the chromium-supplemented group. At baseline the mean HOMA
values were 1.55 + 0.46 in the placebo group and 1.24 + 0.29 in the group supplemented
with chromium. The mean area under the curve for glucose concentration (mmoles/L) x
time (min) for the interval 0-180min during the OGTT was 1490 in the placebo group and
1495 in the group receiving chromium. The mean Rd in the placebo group was 8.19 + 0.58
mg glucose/kg/min and 7.44 + 0.69 in the chromium-supplemented group. Fasting serum
LDL-cholesterol levels were 2.3nmol/L + 0.24 in the placebo group and 2.41nmol/L + 0.18
in the chromium-supplemented group and HDL-cholesterol was 1.14nmol/L + 0.11 in group
receiving placebo and 1.01nmol/L + 0.05 in the group receiving chromium. Serum
triglycerides were also similar in the two groups; 1.57nmol/L £ 0.23 in the group receiving
placebo and 1.68nmol/L + 0.17 in the group receiving chromium. Subjects were in the
overweight category with body mass index of 28kg/m2 + 1 in the placebo group and 28 + 1
in the chromium-supplemented group. Clinical assessment of body habitus indicated a
similar degree of lipodystrophy, with a lipodystrophy rating. 2.2 + 0.41 in the group
receiving chromium and 2.10 + 0.41 in the placebo group on a scale (0 to 18) based on
assessment of fat loss from the face, arms, legs and buttocks, the presence of prominent
superficial veins, a Buffalo hump, lipomas, and increased abdominal fat, and breast
hypertrophy. DEXA assessment confirmed similar proportion of body fat in the limbs in
both groups at baseline; placebo 48.9% + 1.7 and chromium-supplemented group 45.8% =+
1.

Subjects were on a variety of anti-retroviral regimens including nucleoside reverse
transcriptase inhibitors, non-nucleoside reverse transcriptase inhibitors and protease
inhibitors, but the spectrum of medications was not different between the groups (Table 1).
Typical of this population, study subjects were also on medications for medical problems,
but again these were not different between the groups.

Prior to the intervention, there was no difference in chromium excretion between subjects
allocated to placebo (0.05ug Cr/g creatinine £ 0.01) or chromium-supplementation (0.03ug
Cr/g creatinine £ 0.004).
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Changes in metabolic parameters with intervention

Following 8 weeks of treatment with either placebo or 1000 pg chromium (as chromium
picolinate) /d supplementation, urinary chromium excretion was unchanged in the placebo
group but increased significantly in the group receiving chromium supplements (0.03ugCr/g
creatinine £ 0.004 vs 0.52 £ 0.058, P<0.001 with paired t). However, there were no
statistically significant differences in response of fasting glucose levels, HOMA-IR, area
under the glucose concentration x time curve for 180min following ingestion of 75g of
glucose, or glucose disposal measured during the hyperinsulinemic-euglycemic clamp
between the group receiving placebo and the group receiving chromium supplementation
(assessed by independent t test, Table 2). Since the action of chromium has been linked to
enhanced intracellular signaling in response to insulin (e.g. [43-45]), an assessment was
made of the phosphorylation of AKT (protein kinase B) in biopsy specimens incubated in
high-dose insulin as an index of the capacity of insulin signaling to be altered by chromium
supplementation. There were also no changes in the degree of phosphorylation of AKT in
biopsy specimens of adipose tissue incubated with 10mM insulin (data not shown). The
serum levels HDL cholesterol was significantly increased in the chromium treated patients
compared to the placebo and serum levels of triglycerides and C- reactive protein were
unchanged in both groups (Table 2).

Body composition, measured with DEXA, including (head fat, left arm fat, right arm fat,
trunk fat, left leg fat and right leg fat) did not change with chromium supplementation. The
distribution of body fat in the periphery, i.e. body fat present in the limbs expressed as a
proportion of total body fat (% limb fat), was not altered by supplementation with
chromium. Similarly there was no change in % trunk fat or BMI. Systolic and diastolic
blood pressure also remained unchanged in both groups during the intervention period.

Safety parameters

The subjects were followed very closely during this 8 week therapy trial. Two subjects from
the chromium-supplemented group were withdrawn from the trial; one because of hives and
one for elevated liver function tests. Both the hives and the liver function abnormalities
resolved after discontinuation of the therapy. There were no significant changes in any other
parameters, viral load, CD4 count, hemoglobin or hematocrit, electrolytes, or renal function.
As a measure of oxidative DNA damage, urinary excretion of 8-hydroxydeoxyguanosine
(8,0HdG) was assessed at baseline, and at 1 month and 2 months of study. To correct for
incomplete urine collections, the data are expressed as ng per mg of urinary creatinine.
There was a significant difference in baseline excretion of 8, OHdG between the individual
allocated to receive placebo (10.9 = 0.3 ng/mg creatinine) and those allocated to receive
chromium (7.21 = 0.29). In both groups, 8,0HdG excretion was higher at 1 month compared
to excretion at baseline, but returned to baseline values by 2 months. The change within
groups with time is significant (P<0.001, repeated measures test), but there was no
significant time x drug interaction (P=0.95). Since the urinary excretion of 8, OHdG was
higher in individuals receiving placebo as well as chromium, it is unlikely that this excretion
was related to chromium supplementation per se. Urine at baseline and 2 months was
collected in the controlled hospital setting which may have differed from home
environments in important aspects such as smoking, which is known to affect 8, OHdG [46].
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Urinary excretion of total alkenals adjusted for urinary creatinine excretion was not different
between the groups at baseline and did not change over time.

Compliance was assessed by pill counts performed at 2 week, 1 month and 2 month follow
up appointments via a questionnaire. Subjects were deemed compliant if they consumed
80% of their allotted pills. Based on this criterion, in the placebo group, 15 of the 19
subjects were compliant and in the group allocated to chromium supplementation, 18 of the
20 were compliant.

Discussion

In this study to determine the effect of chromium supplementation on insulin sensitivity in
subjects with HIV disease, multiple measurements of insulin sensitivity were employed.
Although the hyperinsulinemiceuglycemic clamp has the greatest sensitivity for assessing
changes in insulin sensitivity, it is not a practical measurement in a clinical setting.
Therefore, more clinically relevant measures including fasting glucose, fasting glucose with
a measurement of fasting insulin (HOMA-IR), and plasma glucose concentration after an
oral glucose load, OGTT were also employed. Insulin sensitivity assessed with the
hyperinsulinemiceuglycemic clamp (expressed as glucose disposal rate per kg lean body
mass or Rd) was significantly related to the concentration of plasma glucose during fasting
(r=-0.468, P=0.004, Figure 1 and HOMA-IR (r=0.474, P=0.007). Baseline assessment of
insulin sensitivity by OGTT (i.e. the area under the curve of plasma glucose concentrations
and time for 0-180min following ingestion of 75g of glucose) also correlated with fasting
glucose concentration (r=0.33, P=0.04). In previously published work, we found a
relationship between insulin sensitivity measured by the hyperinsulinemic-euglycemic
clamp and the level of inflammation as determined by the type 2 soluble receptor for tumor
necrosis factor a [39]. In the present study, inflammation was assessed by the more clinical
measure of C-reactive protein (CRP) which did not correlate with insulin sensitivity
(expressed as Rd, R-0.22, P=0.2).

The current study did not show any effect of chromium-supplementation on the any
measures of insulin sensitivity. There were no changes in Rd, HOMA-IR or glucose AUC
following ingestion of 759 glucose in either the chromium-supplement or placebo groups.
This finding is very different from our pilot study which demonstrated a 25% increase in
insulin sensitivity with the same time period and same treatment of 1000ug of chromium as
chromium picolinate per day in subjects with HIV disease-associated insulin resistance [33].
The discrepancy between the initial study and the current one may arise from the greater
number of subjects in the present study, but it is also possible that the result is due to the
greater insulin resistance in the subjects of the pilot study (average Rd = 4.5) and the present
study (average Rd=7.9).

Studies with chromium supplementation of subjects with type 2 diabetes have also found
some inconsistency in response with some studies showing a clear benefit (e.g. review by
Balk et al. [47]) while others have not (e.g. [48-50]. In subjects with type 2 diabetes, a
clinical response to chromium supplementation may be greater in subjects with marginal or
subclinical deficiency of chromium at baseline [51]. In our subject population, there was no
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demonstrable relationship between baseline chromium status assessed from urinary
chromium excretion and the improvement in insulin sensitivity.

In studies examining the role of chromium supplementation in improving glucose
metabolism in subjects with type 2 diabetes, it has been proposed that those with greater
insulin resistance, i.e., higher proportion of hemoglobin as hemoglobin A;¢, have a better
response to chromium for improvement in glucose metabolism [21,52]. In a large study of
137 patients with type 2 diabetes, who were treated with 1000 micrograms of chromium
picolinate daily for twenty-four weeks, the subjects who were more insulin resistant, with
higher fasting plasma glucose concentrations and higher levels of hemoglobin A;¢, had the
greatest improvement in insulin sensitivity on chromium as assessed by the
hyperinsulinemic-euglycemic clamp [21]. In earlier studies by others, baseline insulin
sensitivity as measured by the clamp technique was the only variable which correlated
significantly with the response to chromium, i.e., the lower the insulin sensitivity, the better
the clinical response to chromium [52,53]. Therefore, differing sensitivity to insulin in the
study populations may contribute to the divergent conclusions on the effect of chromium
supplementation in subjects with HIV disease-associated insulin resistance between our pilot
study and the current randomized, placebo- controlled trial.

In contrast, Aghdassi et al. reported that daily supplementation of HIV-infected individuals
with 400mcg of chromium as chromium picolinate for 16 weeks with insulin resistance
determined by HOMAIR > 2.5 showed a significant improvement in HOMA-IR, insulin
levels, triglycerides, and total and trunk body fat in comparison to subjects receiving a
placebo [54]. In that study there was no improvement in the plasma concentrations of fasting
glucose, C-peptide, hemoglobin A or serum cholesterol, HDL and LDL [54]. While
compliance is always an issue in human studies, the number of pills returned and from the
urinary excretion of chromium at 8 weeks in the current study would suggest that most
subjects were taking the chromium supplements. Although it is possible that an 8-week trial
compared with the 16-week trial reported by Aghdassi et al. [54] was not sufficiently long to
demonstrate improved insulin sensitivity. This too seems unlikely since our pilot study
employed an 8-week supplementation period and demonstrated significant improvement in
insulin sensitivity [33].

What seems more likely is that there are only a sub-set of subjects with insulin resistance
who respond to chromium supplementation. In this group of 20 subjects taking supplemental
chromium, 5 subjects responded with an increase in insulin sensitivity (in this group Rd was
6.84 + 0.99 at baseline and 9.37 + 1.7 after supplementation, P=0.03 by paired T test).
Although there are good correlations of the multiple measures of insulin sensitivity
employed in this study (i.e. fasting plasma glucose concentrations, HOMA-IR, OGTT-
AUC), the only measure which identified a subgroup of responders was the
hyperinsulinemiceuglycemic clamp, indicating greater sensitivity with the clamp technique
compared to other measures as has been previously reported [55]. Distinction between
responders and non-responders has also been reported in a study of diabetic subjects treated
with chromium [52]. In that study, higher fasting plasma glucose concentrations and higher
levels hemoglobin A1 at baseline were associated with better clinical outcome; with
baseline insulin sensitivity accounting for about 40% of the variance in clinical response to
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chromium supplementation [52]. In the present study we did not see an overall relationship
between baseline assessment of insulin sensitivity and response to chromium, but it is
possible that the sample was too small or that there are other variables which contribute to a
clinical response to chromium supplementation in individuals with HIV disease. Although it
was not possible to identify these variables, the demonstrated safety of chromium
supplementation suggests that chromium supplementation may be an appropriate treatment
for some individuals.

The present study is limited by the small number of subjects [39] and the relatively short
duration of the trial (8 weeks); although, in our pilot study, 8 weeks was sufficient to
observe significant improvement in insulin sensitivity [33]. In human studies, compliance is
always a concern, however the data on pill counts suggests that the most of the study
subjects were at least 80% compliant in taking the study drug. In addition, the subjects in
this study were mostly African American, so the findings may be limited to this racial group.
Given these limitations, this randomized, double-blind, placebo-controlled trial assessing the
safety and efficacy of chromium picolinate at 1000g daily for 8 weeks in subjects with HIV
disease did not demonstrate a significant improvement in insulin sensitivity measured by the
hyperinulinemiceuglycemic clamp, HOMA-IR, or oral glucose tolerance test, though there
were also no safety concerns. In addition, there were no changes in body composition or
other metabolic parameters such as triglycerides or total cholesterol, but there was a
significant increase in HDL cholesterol levels in the chromium-treated group. The results
suggest that chromium treatment may be beneficial in only some subjects with HIV disease,
possibly those who are more insulin resistant as demonstrated in our original pilot study and
a subset of subjects in the current trial.
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AKT Protein kinase B
BMI Body Mass Index
AUC Area Under The Curve
Cr Chromium
CRP C-reactive protein
DEXA Dual energy X-ray absorptiometry
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HAART Highly Active Anti-Retroviral Therapy

HOMA and Homeostasis Model Assessment and Homeostasis Model

HOMA-IR Assessment of insulin resistance, 8, OHdG, 8,
hydroxydeoxyguansoine

OGTT Oral Glucose Tolerance Test

Rd The rate of glucose disposal during a hyperinsulinemiceuglycemic
clamp
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Figure 1.
Correlation of fasting plasma glucose concentration with insulin sensitivity assessed with a

hyperinsulinemic-euglycemic clamp.
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Table 1

Subject characteristics and medications.
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Chromium (n =20) | Placebo (n =19)
Age (y) 476+17 47317
Gender (male/female) 13/7 13/6
Race (Caucasian/African American) 7/13 6/13
BMI (kg/m?) 282408 269+1
CD4 (count/mm3) 676 + 78 686 + 61
Duration of HIV Infection (y) 168+14 16.3+1.0
LipodystrophyScorea 22+041 21+041
Smokers (%) 17/20 (85%) 18/19 (94.7%)
Viral Load (copies/mL) 188 + 67 268 +210
Subjects with fasting glucose = 6.1 mmol/L (%) 4/20 (20%) 3/19 (15.8%)
Subjects with triglycerides = 2 mmol/L (%) 6/20 (30%) 7/18 (38.9%)
Subjects with total cholesterol = 5.5 mmol/L (%) 2/20 (10%) 1/18 (5.6%)
Subjects with HDL-cholesterol < 0.9 mmol/L (%) 7/20 (35%) 6/18 (33.3%)
Medications Chromium (n =20) | Placebo (n =19)

Lipid Lowering

5/20 (25%)

1/19 (5.3%)

Cardiovascular

5/20 (25%)

3/19 (15.8%)

Antidepressant 5/20 (25%) 6/19 (31.6%)
Nucleoside Reverse Transcriptase Inhibitors 15/20 (75%) 13/19 (68.4%)
Non- Nucleoside Reverse Transcriptase Inhibitors 4/20 (20%) 2/19 (10.5%)
Protease Inhibitors 11/20 (55%) 12/19 (63.2%)
Fusion Inhibitors 1/20 (5%) 0/19 (0%)

Atripla (NNRTI + NRTI + NRTI)

4120 (20%)

3/19 (15.8%)

Results are reported as Mean + SEM or % of subjects. Chi-square and un-paired Student t-test were used to compare the two groups and there were
no significant differences between the groups. NNRTI is non-nucleoside reverse transcriptase inhibitors; NRT! is nucleoside reverse transcriptase

inhibitors.

aLipodystrophyscore based physician assessment (scale 0-18)
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Metabolic changes with chromium supplementation for 2 months compared to placebo.

Table 2

Chromium (N = 20)

Placebo (N = 19)

P-value changea

Variable Baseline Week 8 Baseline Week 8

HOMA — IRb(units) 0.96 (1.35) | 1.25(2.09) 0.64 (3.24) 0.64 (2.04) NS©
Glucose AUC 577+0.11 | 6.07+0.13 5.78 £0.07 5.87+0.15 NS
Triglycerides (mmol/L) 168+0.17 | 1.64+0.17 | 1.65+0.23 1.30+0.21 NS
Total Cholesterol (mmol/L) | 4.18+0.20 | 4.21+0.18 438+0.21 4.04+0.18 0.013
LDL Cholesterol (mmol/L) | 241+0.18 | 2.61+0.28 | 2.43+0.21 2.24+0.20 NS
HDL Cholesterol (mmol/L) | 1.01+0.05 | 1.12+0.06 1.20 £ 0.09 1.21£0.09 0.043
CD4 Count 676 £ 78 762 + 104 686 + 60.67 | 674.5+63.21 NS
CRP (mg/dL) 29+03 55+05 32+02 31+02 NS
Systolic BP (mm/Hg) 128 +2 130+3 1243 +3.29 | 124.3+2.86 NS
Diastolic BP (mm/Hg) 772 743 77.3+2.03 74+1.94 NS
BMI (kg/m?) 28.2+0.8 27.3+0.7 26811 27.0+0.83 NS
Limb Fat % 459+18 456+2.4 49.2+1.81 485+7.84 NS
Trunk Fat % 542+18 527+18 50.9+1.81 50.7 + 1.65 NS

Page 17

Glucose AUC is the area under the curve of the glucose x time curve for 0-180min following oral ingestion of 75g of glucose; CRP is C-reactive

protein; limb and trunk fat % are the proportion of fat present in limbs or trunk as a proportion of total body fat, expressed as a %. Data are
expressed as mean = SEM. NS is non-significant, i.e. P>0.05.

afrom an independent t —test comparing the change in the chromium group and the change in the placebo group

HOMA - IR is represented as the median (range), this variable only

cfrom a Mann Whitney U test for this variable only
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