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INTRODUCTION

Studies on human adipose tissue reveal that this tissue is
not only an energy storing, but an endocrine organ that
secrets a variety of hormones, cytokines, growth factors,
and bioactive compounds, known as adipokines into the
circulation that have effects on endocrine, metabolic,
and inflammatory processes that take part in the control
of energy homeostasis.!'?! Resistin is an adipocytokine
that has been suggested to link obesity, diabetes, and
atherosclerosis.*!

After administration of resistin to mice, it was shown
that glucose homeostasis and insulin sensitivity
worsened and antibody neutralization of resistin
in obese mouse decreased blood glucose levels and
improved insulin sensitivity.*! This study suggested
that resistin could possibly be one of the many factors
contributing to the complex disease of insulin resistance.
The subject of the role of resistin in insulin resistance,
obesity and type-2 diabetes mellitus (T2DM) in human
is more conflicting. In different studies resistin found
to be either correlated”! or not correlated!*'? with
these disorders. The effect of resistin on obesity is also
controversial .71

Smoking is the leading cause of avoidable death
globally.l'" It also alters adipokine levels that are
associated with insulin resistance, type-2 diabetes,
atherosclerosis, cardiovascular disease, and obesity.!">18!

We thought that it will be interesting to examine both
smoking and obesity, two cardiovascular risk factors
with respect to an adipokine, resistin. Bearing in mind
the complex relationship of smoking, insulin resistance,
resistin, and obesity, we planned to investigate resistin
levels in smoker and nonsmokers whether they are
obese or not.

PATIENTS AND METHODS

Patients

For our cross-sectional study;, a total of 52 male smokers,
33 with BMI<27, 19 with BMI 227, aged from 25-45 years,
were randomly recruited from the outpatient Clinic of
Ankara Education and Research Hospital from January
2009 to May 2009. Thirty-four-aged matched nonsmoker
male subjects, 15 with BMI<27 and 19 with BMI > 27,
selected randomly formed other groups. Smokers have

Address for correspondence:
Ankara, Turkey. E-mail:gulgursoyyener@yahoo.com
Received: 07.03.2011; Revised: 25.12.2011; Accepted: 05.01.2012

| February 2012 |

Dr. Gl Girsoy, Departement of Internal Medicine, Ministry of Health, Ankara Education and Research Hospital,

Journal of Research in Medical Sciences 119

WWW.mui.ac.ir



Giirsoy, et al.: Obesity and resistin in smokers

been smoking at least for 2 years and at least ten cigarettes
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. We also
excluded females from the study because in Turkey the
number of female smokers, although incresing, is smaller
compared with that of male smokers.

Subjects with female gender, hypertension, diabetes
mellitus, glucose intolerance, hyperlipidemia, conditions
that may effect metabolic parameters (such as tiroid
dysfunctions in history or nowadays), chronic diseases,
infection, and coronary artery disease were excluded.

After detailed physical examination, in all subjects, body
weight and height were measured. Waist was measured
when fasting, in standing position halfway between the
costal edge and iliac crest, whereas hip was measured at the
greatest circumference around the buttocks, by a nonelastic
measure. The waist to hip ratio (WHR) was calculated.
The body mass index (BMI) was calculated as weight in
kilograms divided by the square of height in meters (kg/
m?). Body fat were estimated by Tanita body composition
analayser TBF-300 after the subjects rested 30 min.

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

Systolic and diastolic blood pressures (SBP and DBP) were
measured after a 5 min rest in the semisitting position with
a sphygmomanometer. Blood pressure was determined
at least three times in the upper-right arm, and the mean
was used in the analysis. The patients who were taking
antihypertensive drugs or patients whose determined mean
blood pressure levels 2140/90 mmHg were diagnosed as
hypertensive and excluded.

This sudy was performed according to the Helsinki
decleration 2008. The local ethics comitee 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 enzymocalorimetric
spectrophotometric method in a Roche/Hitachi 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 Kkits.

An indirect measure of insulin resistence was calculated
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from the fasting plasma insulin (p unite/mL) x fasting
plasma glucose (mmol/L)/22. 5 formula as homeostasis
model assessment (HOMA-IR).

For the measurements of resistin, after fasting blood samples
were drawn, put into a dry tube and were santrifuged 5000
cycle/min in 10 min. Serum was then seperated 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 are presented 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.

RESULTS

This study was performed with 52 male smoker, and 33
male nonsmoker subjects. When we classified our subjects
according to their BMI’s, 33 smoker and 15 nonsmoker fell
into BMI<27 group and 19 smoker and 19 nonsmoker fell
into the BMI>27 group. All the demographic and laboratory
findings of the groups were compared and illustrated in
[Table 1].

Both in BMI <27, BMI>27 groups resistin levels were
significantly high in smokers than in nonsmokers (P< 0.01
both). Any other parameters were not different in these
groups.

DISCUSSION

In our study we planned to determine whether resistin
levels differ when subjects with different BMI's smoke or
do not smoke. Resistin is a protein involved in glucose
homeostasis, lipid metabolism and insulin action. Some
papers reported that in humans plasma resistin levels
correlate with obesity,*”! while others failed to observe any
correlation of plasma resistin levels with anthropometric
measures.l

There have been conflicting results about metabolic
syndrome features and smoking.!"*??! Smokers tend to be
thinner than nonsmokers or former smokers, and several
studies have shown that smokers’ BMI is lower.?® However,
it was demonstrated that smokers, especially heavy smokers
tend to have higher BMIs than ligher smokers and even
some nonsmokers.! It was interesting that adipose tissue
distrubition expressed as the waist to hip ratio showed a
preponderance for abdominal sites in smokers.?>*! This
may be the reason why with a normal BMI, smokers have
a greater abdominal fat accumulation compared with
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Table 1:
BMI<27 BMI227

Smoker Non-smoker P Smoker Non-smoker P
Age (year) 36.88 + 11.73 35.86 + 6.22 NS 36.68 + 7.07 37.42+7.87 NS
SBP (mmHg) 114.24 + 11.73 116.07 £ 12.7 NS 118.42 + 12.58 118.42 + 13.0 NS
DBP (mmHg) 76.67 +6.92 77.5+9.35 NS 80.53 +8.48 78.95 + 8.09 NS
Waist cir. (cm) 90.21 + 8.01 85.0+4.70 NS 96.63 + 8.20 93.05 + 5.50 NS
Hip cir. (cm) 102.57 + 5.48 99.71 £ 5.52 NS 106.86 + 5.75 106.31 £+ 4.61 NS
WHR 0.92+0.73 0.84 £ 0.04 NS 0.91+0.06 0.86 £ 0.06 NS
Body fat (%) 24.23 +5.26 26.22 + 6.53 NS 28.41 £ 6.50 30.61+7.20 NS
FBG (mg/dL) 85.18 £ 9.62 87.36 + 6.04 NS 90.47 +7.40 89.79 + 9.37 NS
PPBG (mg/dL) 92.33 + 19.28 90.71+15.3 NS 103.21 + 26.84 108.16 + 25.1 NS
Chol.(mg/dL) 185.12 + 49.30 184.43 + 36.0 NS 200.15+42.23 176.32 + 37.3 NS
TG (mg/dL) 125.70 + 56.40 100.36 + 46.2 NS 137.11 £61.59 141.63 + 66.2 NS
LDL- C (mg/dL) 125.03 + 35.19 115.50 + 31.8 NS 132.05+ 345 105.11 £ 35.7 NS
HDL- C (mg/dL) 48.21+ 13.30 49.86 £ 12.20 NS 43.05+ 14.32 42.79 £ 9.16 NS
FI (mlU/mL) 10.75 £ 5.11 11.59 £ 3.38 NS 14.95 £ 8.09 14.76 £ 5.50 NS
HOMA-IR 3.30+2.15 2.34+0.73 NS 3.35+1.85 2.67 £1.05 NS
Resistin (ng/mL) 5.72+ 255 3.33+1.58 <0.01 3.33+1.58 3.28+1.29 <0.01

nonsmokers. In our study, although it was not statistically
significant, subjects who smoked had higher WHR than
who did not smoke in both BMI groups.

In a study investigating the hypothesis that circulating
resistin reflects the degree of pulmonary inflammation, in
smokers, resistin-showed significant inverse correlations
with markers of lung capacity and positive significant
correlations with BMI and HOMA-IR.”) Hyperresistinemia
were found to be significantly higher among cigarette
smokers with type-2 diabetes in Saudi Arabian population
and smoking cessation restored the resistin levels.[*!
In concordance with these studies, we determined
hyperresistinemia in both of the smoker groups, either obese
or nonobese comparing the nonsmoker ones.

Different results about cigarette smoking and insulin
resistance have been reported by authors.?*3" Most of
the examiners have suggested that cigarette smoking may
increase insulin resistance by altering the distribution of
body fat or by exerting a direct toxic effect on pancreatic
tissue. A chemical component of cigarettes was blamed to
effect intracellular glucose transport directly, or to alter it
through changes in serum chemistry or diminished vascular
blood flow indirectly.®? High catecholamine levels, being
antagonistic hormones to insulin, were demonstrated
in smokers.33 341 [t is evident that catecholamines have
long-term effects on insulin-regulated proteins such as
GLUT- 4.5

Although in this study, HOMA-IR of smoker groups
were higher than nonsmoker groups in both obese and
nonobese subjects, we could not be able to determine
statistically significant difference in HOMA-IR of
smoker and nonsmoker groups in subjects with both
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BMlIs. We speculate that if we will be able to perform
another study with larger population in the future, we may
obtain satisfactory results.

The limitations of this study include its cross-sectional
nature, limited applicability to the general population
because of the selection criteria, and the number of study
subjects.

In conclusion, we found that plasma resistin levels are
associated with smoking in atleast a small group of Turkish
population. We want to speculate that if one smokes obesity
does not have any additive effect on resistin levels.

ACKNOWLEDGMENTS We thank the patients.

REFERENCES

1. Hofso D, Uerland T, Hager H, Jenssen T, Bollerslev ], Godang
K, et al. Inflammatory mediators in morbidly obese subjects:
Associations with glucose abnormalities and changes after oral
glucose. Eur ] Endocrinol 2009;161:451-8.

2. Bakhai A. Adipokines-targeting a root of cardiometabolic risk.
Advertise with Oxford Journals. QM 2008; 101:767-76.

3. Shah A, Mehta N, Reilly MP. Adipose inflammation, insulin
resistance and cardiovascular disease. JPEN ] Parenter Enteral

Nutr 2008;32:638-44.
4. Steppan CM, Bailey ST, Bhat S, Brown EJ, Naerjee RR, Wright

CM, et al. The hormone resistin links obsity to diabetes. Nature
2001;409:307-12.

5. Kim KH, Lee K, Moon YS, Sul HS. A cysteine rich adipose tissue
specific secretory factor inhibits adipocyte differentiation. ] Biol
Chem 2001;276:11252-6.

6. Holcomb IN, Kabakoff RC, Chan B. FIZZI, a novel cysteine- rich
secreted protein associated with pulmonary inflammation,
defines a new gene family. EMBO ] 2000;19:4046-55.

7. Al-Harithy RN, Al-Ghamdi S. Serum resistin, adiposity and
insulin. resistance in Saudi women with type 2 diabetes
mellitus. Ann Saudi Med 2005;25:83-7.

Journal of Research in Medical Sciences 121

WWW.mui.ac.ir



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

122

Giirsoy, et al.: Obesity and resistin in smokers

Savage DB, Sewter CP, Klenk ES, Segal DG, Vidal-Puig RV,
Considine A, ef al. Resistin/ Fizz3 expression in relation to obesity
and peroxisime proliferator activated receptor gamma action in
humans. Diabetes 2001;50:2199-202.

LeeJH, ChanJL, Yiannakouris N. Circulating resistin levels are not
associated with obesity or insulin resistance in humans and are
not regulated by fasting or leptin administration: Cross-sectional
and interventional studies in normal, insulin resistant and diabetic
subjects. ] Clin Endo Metab 2003;88:4848-56.

Vozaro va de Courten et al. High serum rezistin is associated with
an increase in adiposity but not worsening of insulin resistance in
Pima Indians. Diabetes 2004;53:1279-84.

ReaR, Donnolly R. Resistin: An adpocyte derived hormone. Has it
arole in diabetes and obesity? Diabetes Obes Metab 2004;6:163-70.
Utzschneider KM, Carr DB, Tong J, Wallace TM, Hull RL, Zraika
S, et al. Resistin is not associated with insulin sensitivity or the
metabolic syndrome in humans. Diabetologia 2005;48:2330-3.
Makimura H, Mizuno TM, Bergen H, Mobbs CV. Adiponectin
is stimulated by adrenalectomy in ob/ob mice and is highly
correlated with resistin mRNA. Am ] Physiol Endocrinol Metab
2002;283:E1266-71.

Willi C, Bodenmann P, Ghali WA, Faris PD, Cornuz J. Active
smoking and the risk of type 2 diabates. JAMA 2007;298:2654-64.
Ronemma TR, Ronemma EM, Puukka P, Laakso M. Smking is
independently associated with high plasma insulin levels in non
diabetic men. Diabetes Care 1996;19:1229-32.

Nakashita Y, Nakamura M, Kitamura A, Kiyama M, Ishikawa
Y, Mikami H. Relationships of cigarette smoking and alcohol
consumption to metabolic syndrome in Japanese men. ] Epidemiol
2010;20:391-7.

Al Mutairi SS, Mojiminiyi OA, Shihab-Eldeen AA, Al Sharafi A,
Abdella N. Effect of smoking habit on circulating adipokines in
diabetic and non-diabetic subjects. Ann Nutr Metab 2008;52:329-34.
Al-Daghri NM, Al-Attas OS, Hussain T, Sabico S, Bamakhramah
A. Altered levels of adypocytokines in Type 2 diabetic cigarette
smokers. Diabetes Res Clin Pract 2009;83:37-9.

Zhu Y, Zhang M, Hou X, Lu J, Peng L, Gu H, et al. Cigarette
smoking increases risk for incident metabolic syndrome in chinese
men-shanghai diabetes study. Biomed Environ Sci 2011;24:475-82.
Massulli M, Riccardi G, Galasso R, Vaccaro O. Relationship
between smoking habits and the features of the metabolic
syndrome in a non-diabetic population. Nutr Metab Cardiovasc
Dis 2006;16:364-70.

Janghorbani M, Amini M, Rezvanian H, Gouya MM, Delavari A,
Alikhani S, et al. Association of body mass index and abdominal
obesity with marital status in adults. Arch Iran Med 2008;11:274-81.
Gharipur M, Kelishadi R, Toghianfar N, Tavassoli AA, Khosravi
AR, Sajadi F, et al. Socioeconimic Disparities and smoking habits
inmetabolic syndrome: Evidence from Isfahan Healthy Heart
Program. IRCM ] 2011;13:537-43.

Journal of Research in Medical Sciences

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Albanes D, Jones DY, Micozzi MS, Mattson ME. Associations
between smoking and body weight in the US population: Analysis
of NHANES II. Am ] Public Health 1987;77:439-44.

Augustson EM, Wanke KL, Rogers S, Bergen AW, Chaterjee N,
Synder K, et al. Predictors of sustained smoking sessation: A
prospective analysis of chronic smokers from Alpha-Tocopherol
Beta Carotene Cancer Prevention Study. Am ] Public Health
2008;98:549-55.

Seidell JC. Time trends in obesity: An epidemiolocigal perspective.
Horm Metab Res 1997;29:155-8.

Shimokata H, Muller DC, Anders R. Studies in the distribution of
bodt fat, I1I: Effects of cigarette smoking. JAMA 1989;261:1169-73.
Al Mutairi SS, Mojiminiyi OA, Shihab-Eldeen A, Al Rammah T,
Abdella N. Putative roles of circulating resistin in patients with
asthma, COPD and cigarette smokers. Dis Markers 2011;31:1-7.
Al-Daghri NM, Al-Attas OS, Hussain T, Sabico S, Bamakhramah
A. Altered levels of adipocytokines in type 2 diabetic cigarette
smokers. Diabetes Res Clin Pract 2009;83:e37-9.

Attvall S, Fowelin J, Lager ], Von Schenk H, Smith U. Smoking
induces insulin reistance: A potential link with the insulin
resistance syndrome. J Intern Med 1997,223:327-32.

Farin HM, Abbasi F, Kim SH, Lamendola C, McLaughlin T, Reaven
GM. The relationship between insulin resistance and dyslipidemia
in cigarette smokers. Diabetes Obesity Metab 2007;9:65-9.
Eliason B, Attvall S, Taskinen MR, Smith U. The insulin resistance
syndrome in smokers is related to smoking habits. Arterioscler
Tromb 1994;14:1946-50.

Rimm EB, Chan J, Stampher M]J, Colritz GA, Willet WC.
Prospective study of cigarette smoking, alcohol use and the risk
of diabetes in men. BM]J 1995;310:555-9.

Daniel M, Cargo MD. Association between smoking, insulin
resistance and beta cell function in a North-Western First Nation.
Diabetes UK. Diabetic Med 2004;21:188-93.

Eliason B, Mero N, Taskinen MR, Smith U. The insulin resistance
syndrome and post-prandial lipid intolerance in smokers.
Atherosclerosis 1997;129:79-88.

Benwitz NL. Pharmacological aspects of cigarette smoking and
nicotine action. Eng ] Med 1988;319:1318-30.

How to cite this article:

Glrsoy G, Ellbah O, Kirnap NG, Cetiner H, Acar Y,

Demirbal | B, et al. The relation of obesity with serum resistin levels in smoker
and nonsmokers. J Res Med Sci 2012; 17(2): 119-22.

Source of Support: Nil, Conflict of Interest:

None declared.

| February 2012 |

www.mui.ac.ir






