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The Effect of Smoking on Insulin
Resistance and Serum Resistin Levels

Sigaranin Insiilin Rezistans: ve Serum Rezistin
Seviyeleri Uzerine Etkisi

ABSTRACT Objective: The relationship between smoking and insulin resistance is controversial.
There are conflicing reports as cigarette smoking impairs insulin secretion, augments insulin re-
sistance or has no effect on glucose metabolism. Resistin is an adipokine, demonstrated to induce
insulin resistance in vivo or in vitro. In our study, we intended to examine the relationship of smok-
ing with insulin resistance and resistin levels in serum. Material and Methods: The study included
52 male smokers and 33 age matched non-smoker male control subjects. As well as making physi-
cal and anthropometric examinations, fasting plasma glucose and insulin, post prandial plasma glu-
cose, lipid profile, and resistin levels were measured in all male subjects. We compared all
parameters in smoker and non-smoker groups. Then we classified our smoker and non-smoker
groups according to their homeostasis model assesment index and compared the parameters again.
Results: Smoker group had significantly higher plasma resistin and low density lipoprotein choles-
terol levels, body mass index, waist circumference and indirect measure of insulin resistance such
as homeostasis model assessment, than non- smoker group (p < 0.05, p < 0.01, p < 0.05, p < 0.02, p
< 0.01, respectively) When we grouped smoker and non-smoker groups as homeostasis model as-
sessment >2.7 and < 2.7 we found that in the smoker group the men with homeostasis model as-
sessment >2.7 had significantly high resistin levels ( p< 0.05), but in non- smoker group the subjects
with homeostasis model assessment >2.7 and <2.7 had similar resistin levels. Conclusion: In con-
clusion we may speculate that smoking seems to be related to resistin levels and this relationship
may be correlated with insulin resistance.
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OZET Amag: Insiilin rezistansi ve sigara arasindaki iliski geligkilidir. Sigara i¢iminin insiilin
sekresyonunu bozdugu, insiilin rezistansim arttirdig1 veya glukoz metabolizmas: tizerine hi¢bir
etkisi olmadig1 seklinde degisik raporlar mevcuttur. Rezistin in vivo veya in vitro insiilin
rezistansina neden oldugu gosterilen bir adipokindir. Bu ¢alismamizda sigara ile insiilin rezistansi ve
serum rezistin seviyeleri arasindaki iligkiyi aragtirmay: planladik. Gereg ve Yoéntemler: Calismamiz
52 sigara icen erkek ile yaslar1 uyumlu sigara igmeyen 33 erkek kontrol kisilerden olustu. Tiim
erkeklerde fizik muayene ve antropometrik dl¢iimlere ek olarak aclik kan sekeri, aghik insiilin, tokluk
kan sekeri, lipid profili ve rezistin seviyelerine bakildi. Sigara icen ve i¢gmeyen gruplarda tiim
parametrelerin kiyaslamasini yaptik. Sonra, sigara igen ve igmeyen gruplari indirekt insiilin
rezistansi indeksi ‘homeostasis model assesment index’ lerine gore sinifladik ve parametrelerin
kiyaslanmasin: tekrarladik. Bulgular: Sigara igen grup, sigara igmeyen gruptan istatistiksel olarak
daha yiiksek serum rezistin, diisiitk dansiteli lipoprotein kolesterol seviyeleri, viicut kitle indeksi, bel
cevresi ve ‘homeostasis model assesment index’ine (sirasiyla p< 0.05, p< 0.01, p< 0.05, p< 0.02, p<
0.01 ) sahipti. Sigara icen ve igmeyen gruplari’homeostasis model assesment index’si >2.7 ve < 2.7
olarak simiflandirdigimizda, sigara igen grupta ‘homeostasis model assesment index’ >2.7 olan
erkeklerde istatistiksel olarak belirgin yiiksek rezistin seviyelerinin oldugunu bulduk (p< 0.05),
sigara igmeyen grupta ‘homeostasis model assesment index’ 22.7 ve < 2.7 olanlar arasinda rezistin
seviyeleri agisindan fark yoktu. Sonug: Sonug olarak; sigaranin serum rezistin seviyeleri ile ilgisinin
oldugunu ve bu iligkinin insiilin rezistansi ile baglantili olabilecegini sdyleyebiliriz kanisindayim.

Anahtar Kelimeler: Insiilin direnci; rezistin; sigara igme
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igarette smoking is a well known risk factor
C of coronary heart disease and stroke.! Al-
though diabetes and coronary heart disease
have many common causal factors, the effect of

smoking on the pathogenetic factors for the devel-
opment of diabetes has been little explored.>®

It was shown that cigarette smoking can im-
pair insulin action both in normal subjects and in
patients with type 2 diabetes mellitus (T2DM).”10 It
was also demonstrated that nondiabetic cigarette
smokers are insulin resistant and hyperinsulinemic,
when compared with non-smokers.!!

Cigarette smokers tend to have high triglyc-
eride (TG) and low high density lipoprotein cho-
lesterol (HDL-C) concentrations.!? It is not clear if
the dyslipidemia seen in cigarette smokers is sec-
ondary to smoking, or simply to the fact that smok-
ers tend to be insulin resistant. Now data suggest
that the dyslipidemia previously attributed to
smoking occurs may primarily be seen in those
smokers who are also insulin resistant.?

Resistin, an adipocyte secreted factor, has been
suggested to link obesity with T2DM.!3!4 There are
conflicting results about the effects of resistin on
insulin resistance and diabetes.!>-2°

Having in mind all these knowledge, we
planned to explore the association between smok-
ing and insulin resistance and serum resistin levels
in a group of Turkish population.

I MATERIAL AND METHODS
MATERIAL

A total of 52 male smokers aged from 25-45 years,
were recruited from the outpatient Clinic of
Ankara Education and Research Hospital from Jan-
uary 2009 to May 2009. 33 aged matched male sub-
jects formed the control group. Smokers have been
smoking at least for 2 years and at least ten ciga-
rettes daily. As resistin serum and mRNA levels
were significantly higher in females than males at
all ages, in order to obtain an homogenous group
we examined only males.?!

Subjects with female gender, hypertension, di-
abetes mellitus, glucose intolerance, hyperlipi-
demia, conditions which may effect metabolic
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parameters (such as thyroid dysfunctions in history
or nowadays), chronic diseases, infection and coro-
nary artery disease were excluded.

After detailed physical examination, in all sub-
jects body weight and height were measured. Waist
circumference was measured when fasting, in
standing position halfway between costal edge and
iliac crest, whereas hip was measured at the great-
est circumference around the buttocks, by a non
elastic measure. Waist to hip ratio (WHR) was cal-
culated. Body mass index (BMI) was calculated as
weight in kilograms divided by the square of height
in meters. Body fat was estimated by Tanita body
composition analyser TBF -300 after the subjects
rested 30 minutes.

Blood was withdrawn after 12h of overnight
fasting, at 08.30 a.m. for fasting plasma glucose
(FPG), fasting plasma insulin (FI), serum total and
HDL-C, triglyceride, and resitin levels. Another
blood sample was taken for postprandial plasma
glucose (PPPG) 2 h after breakfast.

Systolic and diastolic blood pressure (SBP and
DBP) were measured after a 5 min rest in the semi-
sitting position with a sphygmomanometer. Blood
pressure was determined at least three times at the
right upper arm, and the mean was used in the
analysis. The patients who were taking antihyper-
tensive drugs or patients whose determined mean
blood pressure levels >140/90 mmHg were diag-
nosed as hypertensive and excluded.

This sudy was performed according to the
Helsinki decleration 2008. The local ethics com-
mittee approved this study and all the subjects gave
written informed consent.

LABORATORY METHODS

Plasma glucose, total cholesterol, TG and HDL-C
concentrations were determined by enzymocalori-
metric spectrophotometric method in a Roche/Hi-
tachi molecular PP autoanalyser. LDL-C was
calculated by the Friedewald Formula ( LDL: Total
cholesterol-HDL-TG/5). Insulin was measured by
means of DRG Diagnostics (DRG Instruments
GmbH, Germany) ELISA kits.

An indirect measure of insulin resistance was
calculated from the fasting plasma insulin ( punite
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/ ml) x fasting plasma glucose (mmol /1) /22.5 for-
mula as homeostasis model assessment ( HOMA-
IR). As in normal person HOMA-IR level was
stated to be < 2.7, it was chosen a cut-point for in-
sulin resistance 2.

For the measurements of resistin, after fasting
blood samples were drawn, put into a dry tube and
were santrifuged 5000 cycle / min in 10 minutes.
Serum was then separated and put into another dry
tube before storing at -80°C. Serum resistin levels
were assayed by a commercial resistin ELISA kit.

STATISTICAL ANALYSIS

Calculations were performed using SPSS version
11,5 ( Customer ID 30000105 930). Data were pre-
sented as mean + SD. Student t- test was used to
compare the groups in a parametric way. A p value
of < 0.05 was considered as statistically significant.
Pearson correlation coefficient was used for the
correlation analysis.

I RESULTS

This study was performed with 52 male smoker,
and 33 male non-smoker control subjects. All the
demographic and laboratory findings of the groups
were compared and illustrated in Table 1.

Waist circumference, WHR, LDL-C, HOMA-
IR and resistin levels of smoker group were found
statistically higher than the non-smoker control
group (p< 0.05, p< 0.001, p< 0.05, p< 0.02, p< 0.01
respectively). We could not find any difference be-
tween the age, SBP, DBP, BMI, hip circumference,
body fat, FPG, PPPG, total cholesterol, HDL-C,
body fat, HDL-C, FI levels of the two groups (Table
1).

We then grouped our smokers and non-smok-
ers according to their HOMA-IR levels as HOMA-
IR<2.7 and HOMA-IR>2.7. The data of smoker
group with HOMA-IR < 2.7 and >2.7 were demon-
strated in Table 2.

In the smoker group the males with HOMA-
IR = 2.7, had statistically higher WHR and resistin
levels than smokers with HOMA-IR <2.7 (p< 0.05
both). Any difference between other parameters
was not found (Table 2). The data of non-smoker
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TABLE 1: Characteristics of smoker and
non-smoker males.

Smoker (n=52) Non-Smoker (n=33) P
Age (yr) 36.8+6.8 36.7+7.1 NS
SBP (mmHg) 1157+ 121 1174 £12.7 NS
DBP (mmHg) 780+76 783485 NS
BMI ( kg/m2) 262+20 26722 NS
Waist Circum. {cm) ~ 93.1+£8.5 89.6+6.5 <0.05
Hip Circum. (cm) 104.1£5.9 1035+5.9 NS
WHR 0.9+01 08+0.,1 <0.001
Body fat (%) 257 +6.0 267 +7.1 NS
FPG (mg/dl) 871491 88.7+8.1 NS
PPPG (mg/dl) 96.3+22.7 100.7 £ 22.9 NS
Cholesterol 190.6 £ 46.9 179.7£ 364 NS
TG (mg/dl) 129.8 £ 58.0 124.1+613 NS
LDL-C (mg/d) 127.6 +34.7 109.5+ 34.0 <0.05
HDL-C (mg/dl) 463+13.7 457 £10.9 NS
FI (pu/ml) 122+66 134+49 NS
HOMA-IR 33:x20 25+09 <0.02
Resistin {ng/ml) 5725 32+14 <0.001

SBP: Systolic blood pressure, DBP: Diastolic blood pressure, BMI: Body mass index,
Waist circum.: Waist Circumference, Hip Circum.: Hip circumference, WHR: Waist- hip
ratio, FPG: Fasting blood glucose, PPPG: Post prandial blood glucose, TG: Triglyceride,
LDL-C: Low density lipoprotein cholesterol, HDL-C: High density lipoprotein cholesterol,
FI: Fasting insulin, HOMA-IR: Homeostasis model assessment insulin resistance index,
Data were presented as mean + SD. NS: nonsignificant.

group with HOMA-IR < 2.7 and > 2.7 were demon-
strated in Table 3.

In the non- smoker group the males with
HOMA-IR <2.7 had statistically higher HDL-C lev-
els than smokers with HOMA-IR 22.7 (p<0.02 ).
Any difference between other parameters was not
found (Table 3).

I DISCUSSION

In this study we decided to investigate the effects of
smoking on anthropometric — metabolic parame-
ters and resistin. Since the augmented risk for
T2DM in cigarette smokers was revealed, there has
been an increasing interest in its causes.?® The find-
ing of elevated risk for diabetes in smokers may be
paradoxical, as cigarette smoking is inversely asso-
ciated with BMI. 232

Authors have reported conflicting results
about cigarette smoking and insulin resistance.”*!!

25



Onur ESBAH et al

TABLE 2: Characteristics of smoker group whose
HOMA-IR was < 2.7 and =2.7.

HOMA-IR<2.7 (n:22) HOMA-IR>27 (n:30) P
Age (year) 36.7+5.7 36.8+7.7 NS
SBP (mmHg) 113.6 £11.7 117.3+12.2 NS
DBP (mmHg) 77.7+6.1 78.3:8.7 NS
BMI (kg/m2) 262+1.8 26.2:2.2 NS
Waist circum. (cm)  94z27.2 951+89 NS
Hip Circum. (cm) 102.5 £ 6.1 105.3+5.5 NS
WHR 0805 1.0+ 0.01 <0.05
Body fat (%) 250+53 26.2:65 NS
FPG (mg/d|) 85.9+8.2 87.9+9.8 NS
PPPG (mg/dl) 96.9  26.7 95.8+19.7 NS
Cholesterol (mg/dl) 175.9 + 48.0 201.3+£43.9 NS
TG (mg/d)) 119.2+53.8 137.6 £ 60.5 NS
LDL (mg/dl) 1237 +31.1 133.0+37.5 NS
HDL-C (mg/dl) 42.8 £ 14.1 48.8 £ 13.1 NS
Resistin {ng/ml) 4820 64+27 <0.05

SBP: Systolic blood pressure, DBP: Diastolic blood pressure, BMI: Body mass index,
Waist circum.: Waist Circumference, Hip Circum.: Hip circumference, WHR: Waist- hip
ratio, FPG: Fasting blood glucose, PPPG: Post prandial blood glucose, TG: Triglyceride,
LDL-C: Low density lipoprotein cholesterol, HDL-C: High density lipoprotein cholesterol,
HOMA-IR: Homeostasis model assessment insulin resistance index, Data are presen-
ted as mean + SD. NS: nonsignificant.

TABLE 3: Characteristics of non-smoker group whose
HOMA-IR was < 2.7 and =2.7.

HOMA-IR<2.7 (n: 19) HOMA-IR>2.7 (N:14) P

Age (year) 374+7.0 35.7+74 NS
SBP (mmHg) 114.7£14.2 121.0+9.6 NS
DBP (mmHg) 76.3+95 81.0+62 NS
BMI (kg/m2) 262 +2.1 27422 NS
Waist circum. (cm)  89.0+6.6 90.5+6.4 NS
Hip Circum. (cm) 102.5+£6.9 104.7 £ 4.2 NS
WHP 0.8+0.04 0.8 +0.07 NS
Body fat (%) 28073 297+7.0 NS
FPG (mg/d|) 87085 91.1+7.0 NS
PPPG (mg/dl) 99.0+12.3 103.1£32.8 NS
Cholesterol (mg/dl)  184.2 + 37.1 173.6 £ 35.8 NS
TG (mg/dl) 119.7 £ 57.7 130.0 £+ 67.7 NS
LDL (mgy/dI) 1112£342 107.1£348 NS

HDL-C (mgy/dl) 497+11.4 404+738 <0.02
Resistin {ng/ml) 3014 35+13 NS

SBP: Systolic blood pressure, DBP: Diastolic blood pressure, BMI: Body mass index,
Waist circum.: Waist Gircumference, Hip Circum. Hip circumference, WHR: Waist- hip
ratio, FPG: Fasting blood glucose, PPPG: Post prandial blood glucose, TG: Triglyceride,
LDL-C: Low density lipoprotein cholesterol, HDL-C: High density lipoprotein cholesterol,
HOMA-IR: Homeostasis model assessment insulin resistance index, Data are presen-
ted as mean + SD. NS: nonsignificant.
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Some examiners have suggested that cigarette
smoking increases insulin resistance by altering the
distribution of body fat or by exerting a direct toxic
effect on pancreatic tissue. High incidence of pan-
creatic carcinomas among smokers may be a sup-
port of direct toxic effect of smoking on pancreas.
A chemical component of cigarettes may directly
effect intracellular glucose transport, or may indi-
rectly alter it through changes in serum chemistry
or diminished vascular blood flow.?¢ High epineph-
rine and norepinephrine levels were demonstrated
in smokers.?”2 Catecholamines are antagonistic
hormones to insulin, they have long term effects on
the synthesis of insulin regulated proteins such as
GLUT-4.” In concordant with most of the studies
in the literature we demonstrated higher HOMA-
IR levels in our smokers.

In the present study we did not show any dif-
ference of BMI in our smoker and non-smoker
males. It was stated that with a normal BMI smok-
ers tend to have a greater risk of abdominal fat ac-
cumulation compared with non-smokers.?#3° The
mechanism was not well understood but as smok-
ing had a slight anti-estrogenic effect, it could be
related to a hormonal imbalance that could lead to
central obesity. Moreover, concordant with the
statement that insulin resistance with smoking is
related to waist-hip measures not to BMI, we found
higher waist circumference and WHR, not BMI in
our smoker group than the non-smoker group. In
the smoker group the men with HOMA-IR 22.7
had higher WHR, as well as resistin, than the men
with HOMA-IR<2.7. This result supports the find-
ing of the relation of waist hip measures with re-
sistin and insulin resistance in smokers.

Resistin is an adipokine involved in glucose
homeostasis, lipid metabolism and insulin action in
mice. Some papers reported that in humans plasma
resistin levels correlate with obesity, insulin resist-
ance and Type 2 DM, while others failed to observe
any correlation of plasma resistin levels with either
metabolic or lipid parameters and no significant
difference was observed in plasma resistin levels in
subjects with the metabolic syndrome compared to
controls.!8.19:3132

Turkiye Klinikleri ] Endocrin 2011;6(1)
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In our study resistin levels were statistically
higher in our smoker males than non- smoker ones.
In our smoker group the males who were insulin
resistant (Having HOMA-IR >2.7) had higher re-
sistin levels than non-insulin resistant males. But
we could not show this difference in non-smokers.
In non-smokers resistin levels did not change as in-
sulin resistance were absent or present. This results
made us think that resistin levels are related to in-
sulin resistance.

There were reports suggesting a decrease in
fasting insulin level in smokers,*® while other re-
ports showed an unimpaired or somewhat over-
stimulated insulin secretion in smokers.?* It was
also stated that former smoking was associated with
low beta cell function, and current smoking with
high beta cell function, independent of diabetes,
suggesting that smoking might have acute and post
cessation effects on beta cells.”’” In our study fast-
ing insulin levels were similar between smokers
and non-smokers. This result does not suggest a sig-
nificant advers effect of smoking on pancreatic in-
sulin secretion.

A number of authors examined the relation-
ship of parameters of metabolic syndrome with
smoking. Several studies have shown that smokers
tend to have high TG, total cholesterol, LDL-C and
low HDL-C concentrations.®*3 An indirect effect
of smoking on insulin action such as elevated lev-
els of free fatty acids was stated.3¢ Studies examin-
ing the effect of resistin on basal and catecholamine
stimulated lipolysis in adipocytes may define the
contribution of resistin to incresed free fatty acids.®”
Plasma resistin levels were reported to be corre-
lated with HDL- C and TG especially in females.3!
In ours study we only found high LDL-C levels in
smokers, total and HDL-C and TG levels were not
different in spite of high resistin levels in the
smoker group. In the smoker group the subjects
with HOMA-IR <2.7 had lower resistin levels than

Turkiye Klinikleri ] Endocrin 2011;6(1)
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subjects with HOMA-IR >2.7, but did not have dif-
ferent lipid levels. In the non-smoker group as
HOMA-IR was concerned, resistin levels did not
change as well as total and LDL- C, TG but only
HDL-C levels were higher in HOMA-IR <2.7 sub-
jects. We may say that in our smoker population
lipid parameters were not effected by resistin lev-
els. The difference of our results and the ones in
the literature may be explained by different assay
methods, difference of gender, concomittant disor-
ders or low number of patients enrolled in our
study. It must also be remembered that we have in-
cluded only non-diabetic, non-hypertensive
healthy males in our study.

Positive correlation between resistin and
blood pressure values especially systolic blood pres-
sure was demonstrated.33% We did not find any
difference in blood pressure levels in our smoker
and non-smoker groups, in spite of higher resistin
levels in smokers. In smoker and non-smoker
groups blood pressures did not differ as HOMA-IR
was concerned, whereas in HOMA-IR high smoker
group, resistin level was high. A different role of
resistin according to gender was observed by au-
thors, and it was speculated that associations be-
tween plasma resistin levels with metabolic and
anthropometric parameters were different in men
compared with women.'®3! We think that the gen-
der specific effect of resistin could depend on dif-
ferent adipose tissue depots that are responsible for
its production in females and males.

In conclusion we speculate that smoking ef-
fects insulin resistance and resistin levels and re-
sistin may be involved in glucose homeostasis, and
insulin action. Confirmation of this observation is
needed through additional research. But it is cer-
tain that smokers must be councelled that discon-
tinuation of smoking would be useful and could
bring substantial reversal of the damage caused.
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