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Abstract

Insulin sensitivity varies in cigarette smokers, and there is evidence that cardiovascular disease (CVD) risk is greatest in those smokers
who are also insulin resistant. To extend these observations, we sought to (1) compare CVD risk factors in smokers who do not plan to stop
smoking, divided into insulin-resistant (IR) and insulin-sensitive (IS) subgroups, and (2) evaluate the ability of drug-induced changes in
insulin sensitivity to decrease CVD risk. Thirty-six cigarette smokers were divided into IR (n =19) and IS (n = 17) subgroups by determining
their steady-state plasma glucose (SSPG) concentrations during the insulin suppression test (the higher the SSPG, the more insulin resistant
the individual). In addition, baseline measurements were made of fasting lipid and lipoprotein concentrations; inflammatory markers; and
daylong glucose, insulin, and free fatty acid responses to test meals. All subjects were treated with pioglitazone for 12 weeks, after which all
baseline measurements were repeated. Baseline triglyceride and high-density lipoprotein cholesterol concentrations were significantly
different in IR as compared with IS smokers (P <.05) both before and after adjustment for differences in sex and body mass index. After
pioglitazone treatment, SSPG concentration significantly fell in the IR smokers (P <.001), associated with a significant improvement in the
atherogenic lipoprotein profile seen at baseline (P < .03) and a decrease in soluble intercellular adhesion molecule 1 and C-reactive protein
concentrations (P = .01 and .02, respectively), whereas the IS smokers only had a significant increase in high-density lipoprotein cholesterol
(P =.004) and a decrease in soluble intercellular adhesion molecule 1 (P =.02) and CRP (P = .07) levels. In conclusion, cigarette smokers
have profound differences in CVD risk factors related to their degree of insulin sensitivity. It is suggested that, in addition to smoking
cessation efforts, attention should be given to identifying the subgroup of smokers most at risk for CVD, but unwilling or unable to stop
smoking, and to initiating appropriate therapeutic interventions to decrease CVD in this high-risk group.
© 2008 Elsevier Inc. All rights reserved.

1. Introduction

Smoking is a major risk factor for atherosclerosis and
cardiovascular disease (CVD), with a dose-response correla-
tion between CVD morbidity and mortality and the number
of cigarettes smoked [1]. Despite the fact that this relation-
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ship is well recognized, the recent report [2] from
investigators of the INTERHEART study indicates that the
overall population-attributable risk for current smoking was
38% in this worldwide study of the relationship between
tobacco use and myocardial infarction. In a comment
accompanying the INTERHEART study, Rosner and
Stampfer [3] state that these results “should stimulate a
redoubling of our efforts to rid the planet of the scourge
of smoking.”

The INTERHEART study [2] also pointed out that much
of the excess CVD risk decreased after a year or so in those
individuals who stopped smoking, emphasizing that smok-
ing cessation is the ideal solution to this problem. However,
despite widespread awareness of the adverse effects of
smoking, large numbers of individuals continue to smoke;
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Table 1

Baseline characteristics of the 2 study groups

Characteristic IR (n=19) IS(mn=17) P value
SSPG (mmol/L) 10.99 £2.13 3.99+0.93 <.001
Age (y) 50+9 49 +7 .85
Sex (male/female) 13/6 6/11 .09
BMI (kg/m?) 298 +3.4 247+ 4.1 <.001
Pack-years of smoking * 32+ 14 33+23 .82

Data are expressed as mean + SD or number of subjects.

* Pack-years of smoking was calculated by multiplying the number of
packs of cigarettes smoked per day by the number of years the person
had smoked.

and the problem is compounded by the fact that the greatest
health burden of smoking is borne by those individuals with
lower socioeconomic status [4]. Given the obvious difficul-
ties in relying entirely on smoking cessation to decrease
CVD risk in tobacco users, it seems reasonable to ask if there
are alternative approaches that might be of clinical utility
in those individuals who either cannot, or will not, stop
smoking. The present study was initiated to address this
issue, and the results to be presented demonstrate that it is
the insulin-resistant subgroup of smokers that is at greatest
CVD risk and that administration of a thiazolidinedione
compound significantly decreases the CVD risk factors in
these individuals.

2. Subjects and methods

The study sample consisted of 36 apparently healthy
cigarette smokers, selected from a total number of 85 smokers
who responded to print advertisements describing our
research interest in the relationship between smoking and
CVD. General eligibility criteria included being between 30
and 70 years of age; in apparent good health; a history of
smoking a minimum of 10 cigarettes per day for at least
S years; without a desire to stop smoking; taking no medi-
cations known to affect glucose, insulin, or lipoprotein
metabolism; and the stated willingness to participate in a
3-month intervention trial. Potential participants meeting
these criteria were further evaluated by medical history,
physical examination, and routine clinical laboratory
measurements to exclude individuals with apparent disease
and laboratory evidence of type 2 diabetes mellitus, anemia,
or abnormal liver and kidney function. Individuals continu-
ing to meet the eligibility criteria and still willing to
volunteer for this study were scheduled for admission to the
General Clinical Research Center of the Stanford University
Medical Center. This study was approved by the Stanford
Human Subjects Committee, and each subject gave written
informed consent.

Insulin-mediated glucose disposal was quantified by a
modified version [5] of the insulin suppression test as
described and validated by our research group [6,7]. After an
overnight fast, an intravenous catheter was placed in each

arm of the subject, one for the simultaneous 180-minute
infusion of octreotide (0.27 pg/m2 per minute), insulin
(32 mU/m? per minute), and glucose (267 mg/m? per minute)
and the other for the collection of blood samples every
10 minutes during the 150- to 180-minute period to measure
plasma glucose and insulin concentrations. Values obtained
during the last 30 minutes were averaged to determine the
steady-state plasma glucose (SSPG) and insulin concentra-
tions. Because steady-state plasma insulin concentrations are
comparable in all individuals and the glucose infusion rate is
the same, the resultant SSPG concentration provides a direct
measure of the ability of insulin to mediate the disposal of a
given glucose load, that is, the higher the SSPG concentra-
tion, the more insulin resistant the individual. For the purpose
of this study, individuals with an SSPG concentration
>8.5 mmol/L were defined as insulin resistant (IR), whereas
those with an SSPG concentration <5.5 mmol/L were
classified as insulin sensitive (IS). Of the 85 volunteers,
30 (35%) met the IR criteria and 35 (41%) were classified as
IS; and 19 and 17 of these individuals, respectively, were
willing to enter the treatment phase.

The clinical and demographic characteristics of the 2 ex-
perimental groups are seen in Table 1. By selection, the mean
SSPG concentrations were approximately 3 times higher in
the IR individuals. In addition, the average body mass index
(BMI) and the proportion of male volunteers were also
greater in the IR group. However, the 2 groups were not
different in terms of age and duration of smoking.

After creation of the 2 study groups, the following
additional CVD risk factors were determined before starting
the drug intervention part of the study.

2.1. Daylong metabolic meal profile

Plasma glucose, insulin, and free fatty acid (FFA) concen-
trations were measured as previously described [8] at hourly
intervals for 8 hours after standard test meals containing, as
percentage of daily calories, 15% protein, 42% carbohydrate,
and 43% fat. Meals were given at 8:00 AM and 12:00 pwm,
containing 20% and 40%, respectively, of the estimated daily
caloric intake.

2.2. Lipid and lipoprotein concentrations

Plasma samples obtained after an overnight fast on the
morning of the insulin suppression test were stored frozen at
—80°C until lipoprotein analysis by the vertical auto profile I
method [9]. This method is a comprehensive lipoprotein
profile testing design that directly measures high-density
lipoprotein (HDL), cholesterol, HDL; cholesterol, inter-
mediate-density lipoprotein cholesterol, low-density lipo-
protein cholesterol (LDL-C), very low-density lipoprotein
cholesterol, and lipoprotein (a) in a single test. This method
also provides a specific measure of narrow-density LDL-C,
in contrast to the commonly measured LDL-C defined by the
National Cholesterol Education Program, which includes
both lipoprotein (a) and intermediate-density lipoprotein
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Fig. 1. Effect of pioglitazone treatment on mean + SD SSPG concentrations
in the IR and IS cigarette smokers. Within each group, the effect of
pioglitazone treatment was evaluated by Student paired 7 test.
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cholesterol. In vertical auto profile II, the narrow-density
LDL-C subclass pattern is further evaluated by determining
the LDL peak maximum time, that is, the relative position of
the LDL peak in the density gradient on a relative scale of 0
to 200 seconds, with 0 second corresponding to the
beginning of the HDL (the most dense lipoprotein) peak
and 200 seconds corresponding to the very low-density
lipoprotein (the least dense lipoprotein) peak maximum.
Therefore, a patient with predominantly small, dense LDL
has lower LDL peak maximum time compared with the LDL
peak maximum time of a patient with predominantly large,
buoyant LDL. Thus, the LDL pattern A (predominantly large
and buoyant LDL subclass) is defined by an LDL maximum
time >118 seconds, the LDL pattern B by an LDL maximum
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Fig. 2. Mean (SEM) daylong plasma glucose (upper panel), insulin (middle panel), and FFA (lower panel) levels before (m) and after (O) pioglitazone treatment
in the IR and IS smokers. Subjects ate breakfast at 8:00 am and lunch at 12:00 pm. Within each group, the effect of pioglitazone treatment was evaluated by
comparing the baseline and posttreatment AUCs by Student paired ¢ test.
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Table 2
Comparison of baseline lipid and lipoprotein, soluble adhesion molecule,
and CRP concentrations in IR and IS smokers

Variable IR IS P* pf

TC (mmol/L) 4.38 +£0.85 4.71 £0.51 18 31
LDL-C (mmol/L) 2.68 £ 0.66 2.93 +0.54 23 34
HDL-C (mmol/L) 1.01 £0.26 1.27 £0.29 .006 .03
HDL,-C (mmol/L) 022 +0.12 0.32+0.11 .02 .29
HDL;-C (mmol/L) 0.78 £0.16 0.96 +0.19 005 .01
Non-HDL-C (mmol/L) 3.38 +£0.68 343 +£0.59 .8 75
TC/HDL-C ratio 44+0.7 39+£1.0 .05 .10
TG (mmol/L) 2.51+2.10 097+0.26 <001  .007
TG/HDL-C ratio 6.5+7.1 1.9+0.8 <001  .002
LDL pattern (A/AB/B)*  8/2/9 13/3/1 .02 -
SICAM-1 (ng/mL) 273 £ 95 278 £ 143 .51 18
sVCAM-1 (ng/mL) 632 +414 625 + 271 52 .82
sE-selectin (ng/mL) 36+ 18 30+ 17 .37 49
CRP (mg/L) 230 +£2.42 203+ 1.7 .89 .33

Data are reported as mean + SD or number of subjects. LDL pattern A refers
to large buoyant; AB, intermediate density; and B, small dense LDL particles.
* P values are for the comparison of 2 groups by Student unpaired ¢ test.
T P values are for the comparison of the 2 groups by analysis of
covariance (adjusting for differences in sex distribution and baseline BMI).
! The LDL pattern distribution of the 2 groups was compared by Fisher
exact test and therefore not adjusted for sex and BMI.

time <115 seconds, and the intermediate pattern (AB) by an
LDL maximum time >115 to <118 seconds.

2.3. C-reactive protein and soluble adhesion
molecule measurements

C-reactive protein (CRP), soluble intercellular adhesion
molecule 1 (sSICAM-1), soluble vascular cell adhesion
molecule 1 (sVCAM-1), and soluble E-selectin (sE-selectin)
levels were measured by previously described assays [10].

After the baseline experimental measurements, pioglita-
zone treatment was initiated at a dose of 15 mg/d for the first
2 weeks. Volunteers were seen every 2 weeks and weighed,
and their progress was discussed with one of the investiga-
tors. At the end of 2 weeks, the dose of pioglitazone was
increased to 30 mg/d for the next 2 weeks, followed by
45 mg/d for 8 weeks. All participants were instructed to
maintain their physical activity level for the duration of the
study. Plasma alanine aminotransferase levels were checked
at the end of each month, and the daily dose of pioglitazone
was only increased in the presence of continued normal liver
function. Liver function did not deteriorate in any of the
36 volunteers studied, and they all completed the treatment
period without any adverse events. At the completion of the
study, the reported physical activity level of the subjects was
not significantly different from the baseline.

Data were analyzed using SPSS software, version 15.0 for
Windows (SPSS, Chicago, IL) and SAS software, version 9.1
for Windows (SAS Institute, Cary, NC). Summary statistics
are expressed as mean + SD or number of subjects. The
following variables were log-transformed to improve norma-
lity for statistical analyses: glucose, insulin, FFA, triglyceride
(TG), TG to HDL cholesterol (HDL-C) concentration ratio,

sVCAM-1, and CRP. Daylong glucose, insulin, and FFA
responses to meals were evaluated by calculating their area
under the curves (AUCs) by the trapezoidal method.
Baseline characteristics of the 2 groups were compared
by Student unpaired ¢ test (continuous variables) and the
Fisher exact test (categorical variables). Baseline CVD risk
factors in the IR and IS groups were also compared by
analysis of covariance adjusting for differences in sex
distribution and baseline BMI. Within each group, treat-
ment-related changes in continuous variables were assessed
by Student paired ¢ test, and the effect of pioglitazone
treatment on LDL pattern distribution was evaluated by
Wilcoxon signed rank (exact) test.

3. Results

There were no clinical problems associated with the
administration of pioglitazone, and all of the volunteers
completed the study without any adverse experiences. Both
pioglitazone-treated groups gained a modest amount of
weight during the study, with a somewhat greater change in
the IS group (1.3 £2.2 kg, P =.03) as compared with the IR
group (0.95 + 2.8 kg, P = .15).

By selection, baseline SSPG concentrations were much
higher in the IR group (10.99 £+ 2.13 vs 3.99 + 0.93 mmol/L,
P <.001). As seen in Fig. 1, SSPG concentrations decreased
significantly after pioglitazone treatment in the IR indivi-
duals (=2.74 £ 2.69 mmol/L, P < .001), whereas they
remained essentially unchanged in the IS volunteers (0.08 +
1.71 mmol/L, P = .85).

Fig. 2 illustrates daylong plasma glucose, insulin, and
FFA concentrations in the IR and IS groups before and after
pioglitazone treatment. Baseline plasma glucose concentra-
tions (upper panel) were modestly but significantly higher in
the IR group as compared with the IS group (glucose AUC,
48.81 +8.45 vs 41.83 £ 3.39 mmol/[L 8 h], respectively; P =
.005). After administration of pioglitazone, daylong glucose
levels significantly decreased in the IR group (48.81 + 8.45
vs 45.78 = 9.83 mmol/[L 8 h], P = .01), whereas they
remained basically unchanged in the IS group (41.83 + 3.39
vs 40.89 + 3.26 mmol/[L 8 h], P = .18). Furthermore, before
starting pioglitazone, daylong insulin concentrations (middle
panel) were much higher in the IR group as compared
with the IS group (insulin AUC, 3559 + 3319 vs 1208 +
622 pmol/[L 8 h], respectively; P <.001). After the treat-
ment, daylong insulin levels declined significantly in the IR
group (3559 £3319 vs 2586 + 2633 pmol/[L 8 h], P <.001),
whereas they did not change significantly in the IS group
(1208 + 622 vs 1034 + 668 pmol/[L 8 h], P =.16). It should
be noted that the effect of pioglitazone treatment on daylong
insulin levels mirrored its effect on the SSPG concentrations
in both groups. Finally, daylong FFA concentrations (lower
panel) were similar at baseline in the IR and IS groups (FFA
AUC, 1678 £435 vs 1617 £ 387 umol/[L 8 h], respectively;
P = .70); and after pioglitazone administration, they
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Table 3
Effect of pioglitazone treatment on lipid and lipoprotein, soluble adhesion molecule, and CRP concentrations in the 2 study groups
Variable IR IS

Before After P Before After P
TC (mmol/L) 4.38 +0.85 433+0.84 51 471 +0.51 4.70 £ 0.50 .94
LDL-C (mmol/L) 2.68 £ 0.66 2.63 +0.72 .56 2.93 +0.54 2.79 + 0.40 29
HDL-C (mmol/L) 1.01 £0.26 1.10 £ 0.30 .03 1.27+0.29 1.42 +£0.36 .004
HDL,-C (mmol/L) 0.22+0.12 0.25+0.14 11 0.32+0.11 0.37 +£0.17 .02
HDL;-C (mmol/L) 0.78 £0.16 0.86 +0.19 .03 0.96 £0.19 1.05+£0.21 .007
Non-HDL-C (mmol/L) 3.38 £0.68 3.23+0.70 11 3.43 £0.59 3.28 +£0.46 23
TC/HDL-C ratio 44+0.7 4.1+0.8 .002 39+1.0 35+0.8 .002
TG (mmol/L) 2.51+2.10 1.92 +1.18 .03 0.97 £0.26 1.01 +£0.46 98
TG/HDL-C ratio 6.5+7.1 44+£33 .01 1.9+0.8 1.7+0.9 .35
LDL pattern (A/AB/B) 8/2/9 8/4/6 * 75 13/3/1 15/2/0 25
SICAM-1 (ng/mL) 273 £ 95 251+ 77 .01 278 + 143 263 + 130 .02
sVCAM-1 (ng/mL) 632 + 414 607 + 405 40 625 +271 641 + 278 75
sE-selectin (ng/mL) 36+ 18 35+£23 .79 30+ 17 3022 .99
CRP (mg/L) 2.30+£2.42 131+ 1.44 .02 2.03+1.7 1.22 +0.71 .07

Data are expressed as mean + SD or number of subjects. Within each group, before- and after-treatment means were compared by Student paired 7 test; and LDL

pattern distribution was compared by Wilcoxon signed rank test.
* One subject had missing LDL pattern data.

significantly decreased in both the IR (1678 =435 vs 1378 +
437 umol/[L 8 h], P=.03) and the IS (1617 £387 vs 1271 £
406 umol/[L 8 h], P = .01) groups.

Table 2 shows the baseline fasting plasma lipid and
lipoprotein, soluble adhesion molecule, and CRP concentra-
tions of the 2 study groups. In comparison to the IS group,
the IR group had significantly higher plasma TG and lower
HDL and HDL; cholesterol levels. In addition, the IR group
had significantly higher TG/HDL-C concentration ratio as
compared with the IS group. Furthermore, these differences
continued to be statistically significant after adjustment for
differences in sex and BMI. The IR group also had higher
total cholesterol (TC) to HDL-C concentration ratio and
lower HDL, cholesterol levels as compared with the IS
group; however, these differences were not statistically
significant after adjustment for differences in sex and BMI.
Although there were no significant differences in the total,
LDL, and non-HDL cholesterol concentrations between the
2 groups, the IR group had a significantly higher percentage
of subjects with the less buoyant (pattern B) LDL particles.
Finally, there were no significant differences in sSICAM-1,
sVCAM-1, sE-selectin, and CRP concentrations between the
IR and IS groups both before and after adjustment for
differences in sex and BMI.

Table 3 depicts the fasting lipid and lipoprotein
concentrations and nonconventional cardiovascular risk
factors in the 2 study groups before and after pioglitazone
treatment. There were no changes in the total, LDL, and non-
HDL cholesterol levels in the IR or IS groups. On the other
hand, HDL-C concentrations increased significantly in both
the IR and IS groups. This increase in HDL-C was also
reflected by an increase in the HDL; cholesterol and a
significant decrement in the TC/HDL-C concentration ratio.
The HDL, cholesterol levels also increased in both groups;
however, this increase was statistically significant only in the

IS group. Triglyceride concentrations decreased significantly
in the IR group, whereas they remained essentially
unchanged in the IS group. Similarly, the TG/HDL-C
concentration ratio significantly decreased in the IR group,
whereas it did not significantly change in the IS group.
Furthermore, after pioglitazone treatment, the LDL subclass
pattern shifted toward more buoyant particles in both the IR
and the IS groups; but this shift was not statistically
significant in either group. Finally, sSICAM-1 and CRP
concentrations also decreased in both groups in association
with administration of pioglitazone; however, the decrease in
CRP in the IS group did not reach the conventional statistical
significance of .05. There were no significant changes in the
sVCAM-1 and sE-selectin levels after pioglitazone treatment
in either group.

4. Discussion

Perhaps the most clinically relevant findings of this study
are that approximately 35% of the smokers who volunteered
for this study fell into the IR category. In addition, IR
smokers displayed the CVD risk profile known to be
associated with this defect in insulin action. Thus, they had
higher daylong plasma glucose and insulin concentrations,
an atherogenic lipoprotein profile characterized by higher
TG and lower HDL-C concentrations, as well as differences
in HDL-C subclasses. Parenthetically, it seems likely that
results of previous studies [11-13] demonstrating that
smokers have higher TG and lower HDL-C concentrations
than nonsmokers may be related to the increased prevalence
of insulin resistance and its characteristic dyslipidemia [14]
in a population of smokers.

The results outlined above indicate that not only is the IR
subgroup of smokers at greatly increased CVD risk, these
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smokers represent a substantial proportion of the smoking
population. Because the volunteers for this study were self-
selected on the basis of an announced desire to continue
smoking, this manner of recruitment may have affected
the prevalence of smokers who were also IR. Furthermore,
the experimental variables measured in this study may not be
the only contributors to the increased prevalence of CVD in
smokers. Although this is likely to be true, the difference in
the lipid profile of IR and IS smokers cannot be lightly
dismissed in view of the findings in the Copenhagen Male
Study [15] that the incidence of CVD disease was not
increased in smokers as long as they were in the third of the
population with the lowest TG and highest HDL-C
concentrations. In contrast, smokers in the third of the
population with the highest TG and lowest HDL-C
concentrations composed the group at the highest risk for
CVD. Thus, given the magnitude of the enhanced CVD risk
in IR smokers, it can be concluded that heart disease risk is
not the same in all smokers.

The findings of our study suggest that at least one third of
a group of cigarette smokers, who apparently intend to
continue smoking, are significantly insulin resistant and that
these individuals comprise the population of smokers at
greatest CVD risk. Although the distinctions made in this
article between smokers on the basis of their degree of
insulin sensitivity and associated CVD risk appear to be
quite dramatic, it could be argued that they are of little
clinical relevance, as the goal should be to have everyone
stop smoking; and this message should not be diluted by
focusing on subgroup differences in CVD risk factors.
Alternatively, the data presented might serve as the basis of
3 clinically relevant suggestions. At the simplest level, it
would be important for some other research group to see if
CVD risk is significantly enhanced in the subset of smokers
who are also insulin resistant. Secondly, in light of the
atherogenic lipoprotein profile in IR smokers, it would seem
reasonable to screen all smokers for these abnormalities and,
if present, initiate appropriate pharmacological intervention.
For example, results of the Helsinki Heart Study [16] and the
Veterans Affairs HDL-C Intervention Trial [17,18] have
shown that CVD disease was significantly decreased in
gemfibrozil-treated patients with high TG and low HDL-C
concentrations: the dyslipidemic changes seen in IR
smokers. Furthermore, in the Veterans Affairs study, the
greatest clinical benefit of gemfibrozil treatment occurred in
those subjects who were the most insulin resistant [18].
Parenthetically, we have suggested that having a plasma TG/
HDL-C concentration ratio in milligrams per deciliter >3.0
is predictive of insulin resistance [19]; and it was of interest
in this study that 16 of the 19 IR subjects met that criterion,
whereas only 1 of those classified as IS did.

The third, and most contentious, issue is whether an effort
should be made to identify IR smokers and treat them with an
insulin-sensitizing agent. The results presented show that
pioglitazone treatment is able to enhance insulin sensitivity
in IR smokers, who continue to smoke, as well as improve

CVD risk factors associated with insulin resistance. Indeed,
the benefits of pioglitazone treatment were not entirely
confined to IR smokers, as HDL-C concentrations signifi-
cantly increased and CRP concentrations also decreased in
pioglitazone-treated IS smokers. However, as significant as
the metabolic benefits may be, there are no prospective data
indicating that CVD outcomes can be improved by treating
insulin resistance per se. On the other hand, given evidence
that CVD risk varies in smokers as a function of degree of
insulin sensitivity, and the large numbers of individuals
unable or unwilling to stop smoking, it seems that it would
not be out of the question to conduct a prospective trial with
insulin-sensitizing drugs to see if CVD could be reduced in
IR smokers who do not plan to stop smoking.

Acknowledgment

This study was supported in part by the National Institutes
of Health (RR-000070), California Tobacco Related Disease
Research Program (12RT-0159), and Takeda Pharmaceuti-
cals North America.

References

[1] Kannel WB. Update on the role of cigarette smoking in coronary artery
disease. Am Heart J 1981;101:319-28.

[2] Teo KK, Ounpuu S, Hawken S, et al. Tobacco use and risk of
myocardial infarction in 52 countries in the INTERHEART study: a
case-control study. Lancet 2006;368:647-58.

[3] Rosner SA, Stampfer MJ. The heart-breaking news about tobacco: it’s
all bad. Lancet 2006;368:621-2.

[4] Jha P, Peto R, Zatonski W, Boreham J, Jarvis MJ, Lopez AD. Social
inequalities in male mortality, and in male mortality from smoking:
indirect estimation from national death rates in England and Wales,
Poland, and North America. Lancet 2006;368:367-70.

[5] Pei D, Jones CN, Bhargava R, Chen YD, Reaven GM. Evaluation of
octreotide to assess insulin-mediated glucose disposal by the insulin
suppression test. Diabetologia 1994;37:843-5.

[6] Shen SW, Reaven GM, Farquhar JW. Comparison of impedance to
insulin-mediated glucose uptake in normal subjects and in subjects
with latent diabetes. J Clin Invest 1970;49:2151-60.

[7] Greenfield MS, Doberne L, Kraemer F, Tobey T, Reaven G.
Assessment of insulin resistance with the insulin suppression test
and the euglycemic clamp. Diabetes 1981;30:387-92.

[8] McLaughlin T, Abbasi F, Lamendola C, Kim HS, Reaven GM.
Metabolic changes following sibutramine-assisted weight loss in obese
individuals: role of plasma free fatty acids in the insulin resistance of
obesity. Metabolism 2001;50:819-24.

[9] Kulkarni KR, Garber DW, Marcovina SM, Segrest JP. Quantification

of cholesterol in all lipoprotein classes by the VAP-II method. J Lipid

Res 1994;35:159-68.

Chu JW, Abbasi F, Lamendola C, McLaughlin T, Reaven GM, Tsao

PS. Effect of rosiglitazone treatment on circulating vascular and

inflammatory markers in insulin-resistant subjects. Diab Vasc Dis Res

2005;2:37-41.

Willett W, Hennekens CH, Castelli W, et al. Effects of cigarette

smoking on fasting triglyceride, total cholesterol, and HDL-cholesterol

in women. Am Heart J 1983;105:417-21.

[12] Freedman DS, Srinivasan SR, Shear CL, et al. Cigarette smoking
initiation and longitudinal changes in serum lipids and lipoproteins in
early adulthood: the Bogalusa Heart Study. Am J Epidemiol 1986;124:
207-19.

[10

=

[11

—



1114
[13]

[14]

[15]

[16]

F. Abbasi et al. / Metabolism Clinical and Experimental 57 (2008) 1108—1114

Craig WY, Palomaki GE, Haddow JE. Cigarette smoking and serum
lipid and lipoprotein concentrations: an analysis of published data. Bmj
1989;298:784-8.

Reaven GM. Compensatory hyperinsulinemia and the development of
an atherogenic lipoprotein profile: the price paid to maintain glucose
homeostasis in insulin-resistant individuals. Endocrinol Metab Clin
North Am 2005;34:49-62.

Jeppesen J, Hein HO, Suadicani P, Gyntelberg F. Relation of high TG-
low HDL cholesterol and LDL cholesterol to the incidence of ischemic
heart disease. An 8-year follow-up in the Copenhagen Male Study.
Arterioscler Thromb Vasc Biol 1997;17:1114-20.

Manninen V, Tenkanen L, Koskinen P, et al. Joint effects of serum
triglyceride and LDL cholesterol and HDL cholesterol concentrations

[17]

[18]

[19]

on coronary heart disease risk in the Helsinki Heart Study. Implications
for treatment. Circulation 1992;85:37-45.

Rubins HB, Robins SJ, Collins D, et al. Gemfibrozil for the secondary
prevention of coronary heart disease in men with low levels of high-
density lipoprotein cholesterol. Veterans Affairs High-Density Lipo-
protein Cholesterol Intervention Trial Study Group. N Engl J Med
1999;341:410-8.

Robins SJ, Rubins HB, Faas FH, et al. Insulin resistance and
cardiovascular events with low HDL cholesterol: the Veterans Affairs
HDL Intervention Trial (VA-HIT). Diabetes Care 2003;26:1513-7.
McLaughlin T, Abbasi F, Cheal K, Chu J, Lamendola C, Reaven G.
Use of metabolic markers to identify overweight individuals who are
insulin resistant. Ann Intern Med 2003;139:802-9.



	Pioglitazone administration decreases cardiovascular disease risk factors in insulin-resistant .....
	Introduction
	Subjects and methods
	Daylong metabolic meal profile
	Lipid and lipoprotein concentrations
	C-reactive protein and soluble adhesion �molecule measurements

	Results
	Discussion
	Acknowledgment
	References


