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Abstract
The efficacy of fenofibrate (FEN), rosiglitazone (RSG), or a calorie-restricted diet (CRD) to reduce
cardiovascular disease risk was compared in 37 overweight/obese, insulin resistant, nondiabetic
individuals. Measurements were made of insulin sensitivity, fasting lipid and lipoprotein
concentrations, and postprandial plasma glucose, insulin, free fatty acid, and triglyceride
concentrations, before and after three months of treatment with FEN, RSG, or the CRD. Weight fell
in the CRD group, but did not change significantly following treatment with either drug. Insulin
sensitivity improved significantly in the CRD and RSG-treated groups, but to a greater extent in those
given RSG, without a significant difference when comparing FEN treatment to the CRD. Total
cholesterol concentrations were significantly lower following FEN and CRD. Fasting plasma
triglyceride concentrations decreased significantly in FEN-treated and CRD groups, but postprandial
concentrations decreased only in the FEN-treated subjects. Significant decreases in postprandial
glucose and insulin concentrations were only seen in the RSG-treated and CRD groups. FEN
administration improved the dyslipidemia in these subjects, without changing insulin sensitivity,
whereas insulin sensitivity was enhanced in RSG-treated patients, without improvement in the
dyslipidemia. Weight loss in the CRD group led to improvements in both insulin sensitivity and
dyslipidemia, but the change in the former was less than in RSG-treated individuals, and the
improvement in lipid metabolism not as great as with administration of FEN. In conclusion, there
does not appear to be one therapeutic intervention that effectively treats all the metabolic
abnormalities present in these patients at greatly increased risk of cardiovascular disease.
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Introduction
The report to be presented involved quantifying the effect on multiple cardiovascular disease
(CVD) risk factors in overweight/obese, insulin resistant, dyslipidemic individuals, without
known heart disease, randomized to treatment with either fenofibrate (FEN); a peroxisome
proliferator-activated receptor (PPAR)-alpha agonist; rosiglitazone (RSG); a PPAR-gamma
agonist, or a calorie-restricted diet (CRD).

Methods
The study sample consisted of 37 volunteers (17 women and 20 men), selected from 74
individuals who responded to newspaper advertisements describing our interest in evaluation
of treatment approaches to prevent CVD risk in overweight, nondiabetic, insulin resistant
individuals. In order to be eligible for this study volunteers had to be overweight, but in
apparently good health, without known heart disease, and taking no medication known to affect
carbohydrate or lipid metabolism.

Stanford University’s Human Subjects committee approved the study protocol, and all subjects
gave written informed consent for participation in the study. Potential participants were
screened at Stanford General Clinical Research Center (GCRC). Individuals with fasting
glucose concentrations >125 mg/dL, hematocrit <32%, and abnormal alanine amino
transferase concentrations were excluded from the study. Subjects with a body mass index
(BMI) ≥ 25.0 and ≤ 38.0 kg/m2, a normal physical examination, and a plasma triglyceride/
high-density lipoprotein cholesterol concentration ratio ≥3.0, a screening test for the presence
of insulin resistance1, were admitted to the GCRC to undergo an insulin suppression test to
see if they were sufficiently insulin resistant to enter the treatment portion of the study. For
this purpose, insulin-mediated glucose uptake was quantified by a modified version2 of the
insulin suppression test as described and validated by our research group3,4. Following an
overnight fast, an intravenous catheter was placed in each arm, one for the simultaneous 3-
hour infusion of octreotide (0.27 µg/m2/minute), insulin (32 mU/m2/minute), and glucose (267
mg/m2/minute), and the other for drawing blood. Plasma glucose and insulin concentrations
were measured every 10 minutes during the 150 to 180-minute time period, and averaged to
determine the steady-state plasma glucose (SSPG) and insulin (SSPI) concentrations. Since
SSPI concentrations are comparable in all individuals, and glucose infusion is identical, the
SSPG concentration is a direct measure of insulin-mediated glucose uptake i.e., the higher the
SSPG concentration, the more insulin resistant the individual. Measurements of insulin-
mediated glucose uptake with the insulin suppression test have been shown to be highly
correlated (r-value >0.9) to those obtained via the hyperinsulinemic, euglycemic clamp
method4. Insulin suppression test was performed on 74 volunteers. Of these volunteers, 52 had
SSPG concentrations in the upper 50% of a previously studied group of 490 normal
individuals5; therefore, they were operationally defined as being insulin resistant. Of the 52
insulin resistant individuals, 5 declined to participate further, and the remaining 47 were
randomized.

Baseline measurements were made of daylong plasma glucose, insulin, free fatty acid (FFA),
and triglyceride (TG) concentrations before and after test breakfast and lunch meals6,7. Each
meal contained (as percent of daily calories) 15% protein, 42% carbohydrate, and 43% fat.
Breakfast was given at 8:00 AM (20% of estimated daily caloric intake), and lunch was given
at noon (40% of estimated daily caloric intake). Blood was drawn at hourly intervals before
and after the test meals from 8 AM to 4 PM. In addition, on the mornings of the insulin
suppression test and the daylong meal profile, fasting blood was drawn for measurement of
plasma lipid and lipoprotein concentrations by the core clinical laboratory of Stanford Medical
Center. After baseline studies were completed, subjects were randomized to treatment with

Abbasi et al. Page 2

Am J Cardiol. Author manuscript; available in PMC 2009 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



FEN, RSG, or the CRD. FEN was given at a dose of 160 mg once daily for 12 weeks, while
RSG was given at a dose of 4 mg once daily for 4 weeks, followed by 4 mg twice daily for 8
weeks. Subjects in the FEN and RSG groups were instructed to maintain their usual diet and
were seen bimonthly. On each visit, a member of the research team interviewed the participants
and checked medication compliance. Alanine aminotransferase levels were checked every 4
weeks during the study. After 3 months of treatment, all baseline measurements were repeated.
Individuals randomized to the CRD arm were seen by a registered dietitian and were instructed
on a calorie-restricted diet to lead to a weight loss of 0.5 kg per week. The period of weight
loss was 3 months, during which subjects were seen weekly to be weighed and receive dietary
advice. At the completion of the weight loss phase, subjects were instructed on a weight
maintenance diet. After 2 weeks of stable weight, all baseline measurements were repeated.
International Physical Activity Questionnaire8 was used to quantify the amount of habitual
physical activity. All study participants were instructed to maintain their baseline physical
activity level for 12 weeks. At the completion of the study, the reported physical activity level
of the subjects was not significantly different from the baseline.

SPSS version 15.0 (SPSS Point Richmond, CA, USA) was used for data analyses. Summary
data are expressed as mean ± SD or number of subjects. Plasma insulin and TG concentrations
were log-transformed to improve normality for statistical analyses. Among the three treatment
groups, differences in gender and race distribution were compared by Fisher’s exact test, and
means of baseline variables were compared by one-way analysis of variance (ANOVA).
Daylong glucose, insulin, FFA, and TG responses to meals were evaluated by calculating their
area-under-the-curve (AUC) using the trapezoidal method. Within each group, before and after
metabolic variables were compared by Student’s paired t test. Treatment-associated changes
(post minus baseline) among the three groups were compared by one-way ANOVA and
Tukey’s pairwise comparison test.

Results
Ten of the 47 patients randomized did not finish the study; 7 dropped-out within a few weeks
for unclear reasons (4 assigned to FEN and 3 to weight loss), whereas the 3 patients in the FEN
group who developed alanine aminotransferase levels >1.5-times the upper limit of normal
were withdrawn. Baseline demographic and metabolic characteristics of the 37 subjects who
completed the study are shown in Table 1. There were no significant differences in the age and
gender distribution of the three groups, and the majority of subjects were Caucasian. The BMI
values were elevated, but there were no significant differences between the three groups in
either BMI or waist circumference. Finally, there were no differences in fasting plasma glucose
or insulin concentrations.

Weight did not change significantly in either the FEN- or RSG-treated groups, whereas it fell
by a mean of 5.3 kg in the CRD group (p<0.001). There was no change in the SSPG
concentration in the FEN-treated group, whereas SSPG concentrations fell significantly in the
RSG-treated (p<0.001) and CRD (p<0.01) groups. The changes in these three groups are
compared in Figure 1A and 1B, where box-and-whisker plots depict treatment-associated
changes in weight and SSPG concentration among the three treatment groups. In each plot, the
box extends from the 25th to the 75th percentile, and the solid horizontal line represents the
50th percentile (median). The whiskers extend from the ends of the box to the smallest and the
largest values within 1.5-times interquartile range distance, and values falling outside the
whiskers (outliers) are shown by open circles. More weight was lost in the CRD group than in
those treated with FEN (p<0.001) or RSG (p<0.001). The change in weight in the RSG-treated
group was not statistically different from that in the FEN-treated group (p=0.79). Although
SSPG concentrations fell in all three groups, the decrease in the RSG-treated group was
significantly greater as compared to the other two groups (p≤0.02), and there was no significant
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difference in the improvement in SSPG concentration between the FEN-treated and CRD
groups (p=0.76).

Changes in fasting plasma lipid and lipoprotein concentrations are shown in Table 2. Plasma
TG concentrations decreased significantly in both the FEN- and CRD-treated groups. High-
density lipoprotein cholesterol (HDL-C) concentrations were somewhat higher on average in
the FEN and CRD-treated groups, but these increases were not statistically significant. Total
cholesterol was significantly lower following both FEN and the CRD. Low-density lipoprotein
cholesterol (LDL-C) concentration was also lower in the FEN-treated and CRD groups, but
the decrease was only significant in the CRD group. In contrast, it should be noted that both
total and LDL-C concentrations increased somewhat, albeit not significantly, in RSG-treated
individuals.

Box-and-whisker plots, similar to those shown in Figure 1, compare the effect of the three
treatments in Figure 2. These data indicate that fasting TG (2A) concentrations improved the
most in the FEN-treated group and were significantly lower as compared to the RSG-treated
group (p=0.01), whereas the triglyceride levels in the CRD group did not significantly differ
from those treated with FEN (p=0.26) or RSG (p=0.29). HDL-C concentrations (2B) were not
significantly different among the three groups after treatment. Total cholesterol levels (2C)
actually significantly increased in the RSG-treated individuals as compared to the other two
groups (p≤0.03), and the fall in cholesterol levels in the FEN-treated group was not significantly
different from that in the CRD group (p=0.93). The only significant difference in the treatment-
associated change in LDL-C concentrations (2D) among the three groups was a decrease in
the CRD group as compared to those treated with RSG (p=0.03).

The effects of the three experimental interventions on daylong total integrated plasma glucose,
insulin, FFA, and TG responses to the test meals are given in Table 3 and depicted in Figure
3. Daylong glucose and insulin responses decreased significantly in the RSG-treated (p<0.001)
and CRD (p=0.02) groups, but did not significantly change in the FEN-treated subjects.
Daylong FFA concentrations significantly decreased after RSG treatment (p=0.001), but did
not significantly change in those treated with FEN or CRD. Postprandial TG concentrations
decreased in both the FEN-treated and CRD groups, but the improvement in TG concentrations
was statistically significant only in the FEN-treated subjects (p=0.01). Finally, despite lower
daylong glucose, insulin, and FFA levels, postprandial TG concentrations did not significantly
change in the RSG-treated subjects.

Discussion
The results of this study do not identify one simple approach to most effectively reduce CVD
risk in a high risk group of overweight, insulin resistant, dyslipidemic individuals; a dangerous,
and not uncommon, phenotype. However, the manuscript contains useful clinical information
as to the pros and cons of the individual approaches evaluated. Given the current controversy
concerning the relationship between RSG treatment and CVD risk9,10, perhaps the most
interesting comparison is between the RSG-treated and the other two interventions. The
differences between RSG and FEN are quite clear: RSG-treated subjects became more insulin
sensitive, with lower daylong glucose and insulin concentrations. However, plasma lipid and
lipoprotein concentrations, if anything worsened following treatment with RSG, whereas the
atherogenic lipoprotein profile improved considerably in FEN-treated patients. The changes
in overweight, insulin resistant, dyslipidemic patients treated with FEN that we observed are
similar to what has been described in studies in which gemfibrozil treatment has been shown
to reduce CVD11–13, with evidence that the benefits were particularly significant in patients
similar to those enrolled in this study: insulin resistant and dyslipidemic13. The relevance of
our finding that total and LDL-C concentrations did not improve, but tended to increase in
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RSG-treated individuals, to the suggestion that RSG may increase CVD risk9,10, can only be
speculated upon.

Comparison of the clinical benefits of a CRD with FEN treatment is more complicated. When
considered by itself, the CRD seemed to address every CVD risk in these patients, with the
group demonstrating significant weight loss, enhanced insulin sensitivity, lower daylong
glucose and insulin levels, and lower fasting TG and LDL-C concentrations, whereas metabolic
improvement in subjects receiving FEN was limited to significantly lower fasting cholesterol
and TG concentrations, as well as a decrease in daylong TG concentrations. However, in view
of recent reports of the atherogenicity of nonfasting TG concentrations14,15, it is of clinical
interest that an improvement in this variable was only seen in FEN-treated patients.

In light of these comparisons of the clinical benefits of a CRD or FEN treatment, an argument
can be made in support of both. The fundamental question related to use of a CRD is how
effectively patients assigned to this program would follow dietary instruction, actually lose
weight, and gain the expected clinical benefit. In this study, although all 13 patients lost some
weight, the amount varied from 1.2 to 11.1 kg, with 5 out of 13 of losing >7 % of initial body
weight. It was of interest that the SSPG concentration in these individuals decreased by a mean
of 59 mg/dl, as compared to a fall of 11 mg/dl in those that lost <7% of body weight. Thus, it
appears that the more weight that is lost, the greater the metabolic improvement, similar to the
recent results reported by Dixon, et al16 of the benefits of adjustable gastric banding in patients
with type 2 diabetes. In that context, 8 of the patients assigned to CRD in our study would have
met the inclusion criteria for gastric banding in the study of Dixon and associates16. Given the
dramatic clinical benefits they observed following gastric banding, and the apparent lack of
serious complications, it may not be unreasonable to think of using that approach in obese,
insulin resistant, dyslipidemic individuals, who are unable to lose weight effectively.

Since no single intervention effectively treated all of the CVD risk factors in overweight/obese,
insulin resistant, dyslipidemic individuals, the current results suggest that an attempt at weight
loss is a reasonable first approach. If weight loss is not managed and/or maintained, and if
dyslipidemia persists irrespective of dietary changes, the addition of FEN to the treatment
program seems to be a reasonable next step in light of evidence that the lipid phenotype of a
high TG and a low HDL-C concentration is closely linked to increased risk of CVD, and
treatment with compounds that improve these changes has been shown in prospective studies
to decrease CVD11–13. Finally, the possibility that gastric banding might eventually be the
treatment of choice for many individuals with this clinical syndrome cannot be excluded.
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Figure 1.
Comparison of treatment-associated changes (post minus baseline) in body weight and SSPG
concentrations among the fenofibrate (FEN), rosiglitazone (RSG), and calorie-restricted diet
(CRD) groups.
p value indicates significance of difference among the 3 groups by one-way ANOVA. *Tukey’s
pairwise comparisons: A) CRD vs. RSG (p<0.001) and CRD vs. FEN (p<0.001); and B) RSG
vs. FEN (p=0.004) and RSG vs. CRD (p=0.02).
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Figure 2.
Comparison of treatment-associated changes (post minus baseline) in fasting lipid and
lipoprotein concentrations among the fenofibrate (FEN), rosiglitazone (RSG), or a calorie-
restricted diet (CRD) groups.
p value indicates significance of difference among the 3 groups by one-way ANOVA. *Tukey’s
pairwise comparisons: A) FEN vs. RSG (p=0.01); C) RSG vs. FEN (p=0.003) and RSG vs.
CRD (p=0.001); and D) CRD vs. RSG (p=0.03).
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Figure 3.
Mean (SEM) daylong plasma glucose, insulin, free fatty acid, and triglyceride concentrations
before ( ) and after ( ) treatment.
Within each group, the effect of treatment was evaluated by comparing baseline and after-
treatment area-under-the-curves by Student’s paired t test.
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Table 1
Baseline Characteristics (mean ± SD and range) of the Experimental Groups

Variable Fenofibrate (n=12) Rosiglitazone (n=12) Calorie-Restricted Diet (n=13) p

Age (years) 55 ± 7
(38–62)

52 ± 6
(39–64)

53 ± 7
(39–61)

0.71

Men 9 (75%) 7 (58%) 7 (54%) 0.58
Caucasian 8 (67%) 8 (67%) 9 (69%) 1.0
Body mass index (kg/m2) 32.8 ± 3.6

(28.3–38.0)
30.4 ± 3.2

(26.1–36.1)
30.8 ± 3.2

(25.7–36.7)
0.19

Waist circumference (cm) 109 ± 9
(101–122)

105 ± 14
(85–134)

102 ± 10
(84–112)

0.41

Fasting glucose (mg/dl) 97 ± 7
(85–111)

99 ± 12
(75–119)

103 ± 10
(91–124)

0.27

Fasting insulin (µU/ml) 10.8 ± 4.7
(6.2–22.4)

9.6 ± 4.9
(3.8–18.7)

9.4 ± 2.3
(6.8–15.2)

0.58
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