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ORIGINAL RESEARCH

Smoking-related Alterations in Serum Levels of
Thyroid Hormones and Insulin in Female and
Male Students

Ismail Meral, PhD; Ayse Arslan, PhD; Aydin Him, PhD; Harun Arslan, MD

ABSTRACT

Context « Cigarette smoking has large-scale and complex
effects on the endocrine system. Various studies related to
cigarette smoking have provided differing results.
Therefore, more research is needed to determine the
effects on the body that are created by cigarette smoking.
Objectives « The study was designed to investigate the
effects of cigarette smoking, primarily on thyroid
hormones in serum, such as on levels of total
triiodothyronine (tT,), free triiodothyronine (fT,), total
thyroxine (tT,), free thyroxine (fT,), thyroid-stimulating
hormone (TSH) (ie, thyrotropin), and insulin of young
students aged 18-25 y.

Design « This study was a randomized, controlled trial.
Setting « The study was performed in the Department of
Physiology, School of Medicine, Yuzuncu Yil University
(Van, Turkey).

Participants « Eighty healthy students, 40 females and 40
males, were included in the study.

Intervention  Of the 40 female participants, 25 were
smokers, and 15 were nonsmokers. Of the 40 male
participants, 25 were smokers, and 15 were nonsmokers.
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The intervention (smoking) group, therefore, consisted of
50 participants, and the control (nonsmoking) group
consisted of 30 participants.

Outcome Measures ¢ Serum concentrations of thyroid
hormones and insulin were determined by enzyme-linked
immunesorbent assays (ELISAs), using monoclonal
antibodies; and by measurement of blood glucose, using a
glucometer.

Results « The study found that both female and male
smokers had higher levels of serum tT, and insulin
hormone than nonsmokers had. A positive correlation
was found between age and insulin resistance in male
smokers. The study also found that male smokers had
higher levels of serum tT, and fT, hormone than female
smokers had.

Conclusions « Smoking may be associated with an
increased secretion of thyroid hormones and the
development of insulin resistance. With aging, insulin
resistance may increase more in male smokers than in
female smokers. (Altern Ther Health Med.
2015;21(5):24-29.)

the tobacco epidemic has led to the death of

6 million people worldwide each year and has
become one of the most important public health problems
the world faces today. Every 6 seconds, 1 person in the world
dies from diseases related to cigarette smoking.! Cigarettes
and tobacco contain more than 4000 chemicals. Among
them, at least 60 substances have been identified as toxic.
Polycyclic aromatic hydrocarbons, nitro compounds, and
aromatic amines are only a few of them.?

Cigarette smoking has large-scale and complex effects
on the endocrine system. It affects the functions of the
pituitary, thyroid, and adrenal glands and of the testis and
ovaries. Calcium metabolism and insulin activity are also
affected by smoking. Cigarette smoking contributes to the

ﬁ ccording to the World Health Organization (WHO),
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Table 1. Descriptive Characteristics of the Participants Included in the Study | METHODS
Participants
Smoking Nonsmoking A total of 80 students, aged 18 to 25 years,
Parameters Male Female | Male | Female were 'included in the study. Forty of the
participants were females, whereas 40 of them
Gender, n 25 25 B Lo were male. The smoking group included 50
Age,y 22.60 22.60 21.13 | 21.93 smokers, 25 males and 25 females, whereas the
Height, cm 174.24 165.12 | 172.86 | 165.60 control group included 30 nonsmokers, 15
Weight, kg 68.24 55.96 66.66 | 56.66 males and 15 females. The characteristics of
BMI, kg/m 243 20.48 2228 | 2066 the nonsmok}ng 'controls and the cigarette
— - smokers are given in Table 1.
Daily cigarette consumption | 1 pack 1 pack — — The participants were students of the
Duration of smoking, y 5-6 5-6 = = current second author, Ayse Arslan. Smokers
and nonsmokers were chosen based on the
Abbreviation: BMI, body mass index. listed exclusion criteria and matched for age,

development of type 2 diabetes because it contributes to the
development of insulin resistance.? It also has been shown to
have variable effects on thyroid functions due to an increase
or decrease in the concentrations of thyroid hormones, such
as thyroxine (T,) and triiodothyronine (T,).**

Cigarette smoking is a strong risk factor for the
development of thyroid disease and may inhibit or stimulate
thyroid functions. Graves' disease, Graves ophthalmopathy,
goiter, and abnormalities in thyroid hormones may occur in
relation to cigarette smoking.’ Although the exact mechanism
is not understood, it is believed that nicotine leads to activation
of the sympathetic nervous system and, thus, increases the
total secretion of thyroid hormones. Further, some substances
in cigarettes, such as thiocyanate and 2,3-hidroxypridine, may
affect the normal physiology of the thyroid.*”

Cigarette smoking can have multiple effects on thyroid
function. In various studies, T, levels in serum remained
unchanged® or were slightly elevated,” whereas T, levels
increased' or remained unchanged.® Levels of thyrotropin-
stimulating hormone (TSH) have been found to have
decreased'" or remained unaltered.'

Those variable results may be due to the fact that the
various studies are not directly comparable. Although they
were conducted among smokers and nonsmokers, significant
differences existed in ages, genders, body weights, cigarette
smoking habits, and time of abstinence from smoking.

Therefore, to investigate the effects of cigarette smoking,
the current study was designed to measure the levels of
thyroid hormones, insulin, and fasting blood glucose in male
and female university students, aged 18 to 25 years, who
smoked cigarettes and to compare them with the levels in
healthy, nonsmoking students in the same age group. Several
aspects of the study differed from previous investigations:
(1) participants were younger (ie, aged 18-25 y), (2) the
effects of smoking on the 2 genders were determined, (3) the
effects on participants due to the daily quantity of cigarettes
(ie, 20 cigarettes/d) and the duration of use (ie, for at least
5 y) were addressed, and (4) the correlation coefficiency in
the subgroups were determined to assess the relationships
between the variables.

gender, body mass index (BMI), and health
status; both groups included healthy individuals.

Students were excluded from the study if they (1) were
dieting; (2) were using medicine for any disease; (3) had
hypertension, diabetes mellitus, or respiratory disease; or (4)
had nodules in their thyroid glands, as determined by
ultrasonographic examination. All participants were single
(ie, not married) and none of the females were pregnant.

Ethical approval was obtained from the Science and
Ethics Committee of Yiiziincii Yil University (Van, Turkey).
The study was conducted only after voluntary consent was
obtained from the participants. A full explanation of the
study’s protocol was provided to the students before their
consent was requested.

Procedures

For 1 month, blood samples were drawn from the
students after an overnight fasting period. An average of
5 mL of blood was taken from each participant. The blood was
placed in biochemical tubes and allowed to clot for serum
analysis. Serum samples were stored at -80°C until analysis.

Outcome Measures

The levels of total triiodothyronine (tT,), free
triiodothyronine (fT,), total thyroxine (tT,), free thyroxine
(fT,), TSH, insulin, and fasting blood glucose were measured.
The hormone analyses were made using monoclonal
antibodies in an enzyme-linked immunosorbent assay
(ELISA-CHB ST-360 automatic, Shanghai Kehua Laboratory
System Co, Shanghai, China). Blood-glucose levels were
measured using a glucometer (Optium Xceed, Medisense,
Abingdon, Oxon, UK) and blood-glucose testing strips
(Optium plus, Medisense).

Statistical Analyses

Because the data were normally distributed according to
the Kolmogorov-Smirnov test, an analysis of variance (ANOVA)
was performed to determine the differences in the parameters
measured in the study between the smoking and nonsmoking
groups and also between female and male participants. The
results were expressed as mean + standard error, and P<.05 was

Arslan—Smoking-related Alterations of Thyroid Hormone in Serum
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considered statistically significant. In
addition,  Pearson’s  correlation
coefficients were calculated in the

Table 2. Values of fT,, tT,, fT, tT,, TSH, Insulin, and Glucose in Smoking and
Nonsmoking Males and Females

subgroups to determine whether a Nonsmoking Smoking
relationship existed between the Males Females Males Females
variables. The SPSS statistical software Mean+SE | Mean+SE Mean+SE | Mean+SE
package (SPSS for Windows version Parameters (n=15) (n=15) (n=25) (n=25)
v13.0, SPSS Inc, Armonk, NY, USA) was fT, (pg/mL) 3.22+0.17 3.27+0.14 3.22+0.13 3.50+0.12
used for the statistical analyses. tT, (ng/dL) 108.63+£6.22 | 102.25+3.72 | 125.52+4.97* | 108.23£4.96
fT, (ng/dL) 1.48+0.07 1.29+0.04 1.56+0.07 1.36+0.04
RESULTS tT, (ug/dL) 7924044 | 7.50£0.27 | 824+028 | 7.46+0.27
The fT,, tT,, fT,, tT,, TSH, insulin, | | TSH (uIU/mL) 1194021 | 153+0.18 | 1.07+0.13 | 1.09+0.13
and glucose values of smoking and | | Insulin (u[U/mL) | 9.80+1.39 | 10.56+2.31 | 17.94%2.40" | 14.26%2.17"
nonsmoking males and females are Glucose (mg/dL) | 83.07+2.25 | 79.75+1.55 | 87.31+2.57 | 82.77+2.49

shown in Table 2. The fT » fT o T,
TSH, and glucose levels were not
statistically different between the
smoking and nonsmoking males and
females. The tT, level was significantly
higher for smoking males, at
125.52+4.97 (P<.05) when compared
with that for nonsmoking males, at
108.63 + 6.22. However, no statistical

male participants.

Abbreviations: SE, standard error of the mean; fT, free triiodothyronine; tT, total
triiodothyronine; fT,, free thyroxine; tT,, total thyroxine; TSH, thyrotropin
stimulating hormone.

P < .05, statistically significant differences between smoking and nonsmoking

®P < .05, statistically significant differences between smoking and nonsmoking
female participants.

difference existed between the tT,
levels of the smoking females and nonsmoking females. The
insulin levels for smoking males, at 17.94 + 2.40, were
significantly higher (P <.05) than those for nonsmoking
males, at 9.80+1.39. The insulin levels for smoking females,
at 14.26 £2.17, were also significantly higher (P <.05) than
those for nonsmoking females, at 10.56+2.31.

The T, tT,, fT,, tT,, TSH, insulin, and glucose values of
smoking and nonsmoking participants, without distinction
between genders, are shown in Table 3. No statistically
significant differences existed between the smoking and
nonsmoking groups in terms of fT » fT » tT, TSH, and
glucose values. The tT, and insulin values were statistically
higher (P<.05) for the smoking group, at 116.88+3.69 and
16.11+1.62, respectively, versus the nonsmoking group, at
105.44+3.61 and 10.19+1.35, respectively.

When the Pearson’s correlation coefficients were analyzed
in male smokers, it was found that a positive correlation (P<
.05) existed between the tT, and tT levels (Table 4). When the
tT, level increased in the male smokers, the tT, level also
increased, by 77.5% (P<.01). In addition, a positive correlation
(P<.05) was found between age and insulin level and also
between the glucose and insulin levels in male smokers. As age
increased in the male smokers, the insulin levels also increased
by 44.5%, whereas the glucose level increased by 43.7%.

When the Pearson’s correlation coefficients were
analyzed in female smokers (Table 5), a positive correlation
was found between (1) between age and glucose level,
(2) tT,and tT,, and (3) fT, and TSH levels. Glucose levels
increased by 48.1% (P<.05) as age increased; tT, increased
by 56.7% (P <.01) as tT, increased; and fT, increased by
42.6% (P <.05) as TSH increased. A negative correlation
existed between T, and age and between fT, and fT,. As age

Table 3. Values of fT,, tT,, fT , tT,, TSH, Insulin, and Glucose
of Smoking and Nonsmoking Participants, Without
Distinction Between Males and Females

Nonsmoking Smoking

Mean +SE Mean = SE
Parameters n=30 n=>50
fT3 (pg/mL) 3.25+0.11 3.36+0.09
tT, (ng/dL) 105.44+£3.61 116.88 £3.69*
fT, (ng/dL) 1.39+0.04 1.47 £0.04
tT, (ng/dL) 7.71£0.26 7.85+0.19
TSH (uIU/mL) 1.37+0.14 1.08+0.09
Insulin (uIU/mL) 10.19+£1.35 16.11+£1.62*
Glucose (mg/dL) 81.42+1.38 85.05+1.80

Abbreviations: SE, standard error of the mean; fT,, free
triiodothyronine; tT,, total triiodothyronine; fT » free
thyroxine; tT,, total thyroxine; TSH, thyrotropin stimulating
hormone.

P < .05, statistically significant differences between the 2
groups.

increased in female smokers, the fT, level decreased by 41.8%,
and as the fT, level increased, the fT, level decreased by 49.1%.
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Table 4. Pearson’s Correlation Coefficients, by Characteristic, in Male Smokers (n=25)

Parameters fT, | tT, | fT, | tT, | TSH | Insulin | Glucose | Age | Height | Weight | BMI
fT, (pg/mL) 1

tT, (ng/dL) 213 1

fT, (ng/dL) -.290 | .018 1

tT, (ug/dL) 088 | .775* | .181 | 1

TSH (WIU/mL) | -.243 | -351 | 244 | -307 | 1

Insulin (WIU/mL) | -.031 | .156 | -.134 | .036 | -.339 1

Glucose (mg/dL) | .027 | .306 |-.032 | .112 | -.312 | .437° 1

Age -052 | .104 | .132 | .027 | -.395 | .445" -.004 1

Height .093 | .035 | .102 | -.171 | -.009 .246 -.109 | .238 1

Weight -.063 | .042 | .141 | -.175 | -.041 337 -.068 308 | 917° 1

BMI -.347 | .029 | .151 | -.087 | -.099 334 .074 296 | 265 .626° 1

Abbreviations: fT » free triiodothyronine; tT,, total triiodothyronine; fT o free thyroxine; tT ,» total thyroxine; TSH, thyrotropin
stimulating hormone; BMI, body mass index.

aP<.01.
bP<.05.

Table 5. Pearson’s Correlation Coefficients, by Characteristic, in Female Smokers (n=25)

Parameters fT, | tT, | fT, | tT, | TSH | Insulin | Glucose | Age | Height | Weight | BMI
fT, (pg/mL) 1

tT, (ng/dL) .209 1

fT, (ng/dL) -.491* | .066 1

tT, (ug/dL) 221 | .567° | 260 | 1

TSH (uIU/mL) 426* | .120 | -.298 | -.042 1

Insulin (WIU/mL) | .013 | .256 |-.127 | -.137 | -.316 1

Glucose (mg/dL) | .176 | .178 | .031 | .130 | .134 313 1

Age -418* | .092 | .305 | -.162 | .026 131 481° 1

Height .034 | -204 | -.124 | -.243 | .327 | -.194 -.116 | -.032 1

Weight 115 | .005 | -.162 | -.108 | .202 | -.072 144 .086 | .769° 1

BMI 132 | 173 | -.129 | .030 | .041 .041 .268 142 | 373 .879° 1

Abbreviations: T » free triiodothyronine; tT,, total triiodothyronine; fT » free thyroxine; tT,, total thyroxine;
TSH, thyrotropin stimulating hormone.

aP<.05
®pP<.01

Arslan—Smoking-related Alterations of Thyroid Hormone in Serum ALTERNATIVE THERAPIES, SEP/OCT 2015 VOL. 21 NO. 5 27




DISCUSSION

The current study was designed to investigate smoking-
related alterations on levels of tT,, fT ST, fT ,» TSH, insulin,
and fasting blood glucose for young male and female
students aged 18 to 25 years. The study found that no
differences existed between the smoking and nonsmoking
groups regarding values of fT,, fT,, tT,, TSH, and glucose,
but the insulin and tT, values were significantly higher in the
smoking group.

In a previous study, Soldin et al** found that active and
passive smoke exposure produced a mild inhibitory effect on
serum levels of tT, tT,, and TSH in women of reproductive
age (ie, from 18-44 y). That result is not consistent with the
current study’s results because the research team found a
significant increase in tT, values for smokers. That finding
may be due to the fact that the participants in the current
study, compared with those in the prior study, were younger
(ie, 18-25 y) and had a higher amount of daily cigarette
inhalation (ie, 20 cigarettes/d).

In a study by Gulcu et al'* that was conducted to
determine the relationship between cigarette smoking and
hypothyroidism or hyperthyroidism, 31 males who smoked
12 to 18 cigarettes per day and 32 males who had never been
smokers were included in the study. The researchers in that
study observed that the tT,, tT,, and TSH levels of the
smoking groups decreased significantly. They suggested that
excessive smoking might have caused hypothyroidism. In a
study by Asvold et al,’”” the researchers suggested that
smoking had an association with hyperthyroidism but not
with hypothyroidism. The finding of a high level of serum
tT, in smokers in the current study is similar to the finding
in the Asvold et al study.

It has been suggested that nicotine stimulates the
sympathetic nervous system and ultimately increases the
secretion of thyroid hormones.®” Two studies have found
that nicotine can lead to the release of norepinephrine by
binding to nicotinic cholinergic receptors, which are
commonly found in the brain, and can stimulate the
sympathetic nervous system.'®"’

The current study also found that the tT, level was
significantly higher in smoking males than nonsmoking
males. However, no difference existed between the smoking
and nonsmoking females’ levels of tT,. Zeman et al'® have
suggested that cigarettes preferred by females have lower
levels of nicotine. In that study, the nicotine levels in the
plasma and urine of females were lower than those of the
males, and their nicotine metabolism was faster.

By the infusion of nicotine or cotinine, which is a
metabolite of nicotine, another study has demonstrated that
the plasma half-life of nicotine in females is shorter than in
males.”” Benowitz et al*® have suggested that the clearance of
nicotine or cotinine is slower in males compared with
females. Those data suggest males are more affected by
cigarettes and metabolites than females are, and, as a result,
metabolic changes might emerge more significantly in
males.

Cigarette smoking is considered a major risk factor for
cardiovascular disease.”> Some studies have shown that
cigarette smoking decreases insulin sensitivity and leads to
the development of insulin resistance.”* It has also been
shown that cigarette smoking is associated with metabolic
disorders and that the risk of the occurrence of metabolic
syndrome increases in smokers.”>** Eliasson® has revealed
that cigarette smoking increases the risk of developing
diabetes, by 50% in females and males.

In the current study, insulin levels were found to be
higher in smoking males and females compared with those
who did not smoke. Despite that significant increase in the
level of insulin in smokers, a significant difference was not
found between smokers and nonsmokers in terms of the
glucose level. That result indicates that insulin resistance can
occur in smokers. That finding is consistent with the finding
of a previous study that indicated that cigarette smoking
contributed to the development of type 2 diabetes due to the
development of insulin resistance.? In the current study, it was
also found that a positive correlation existed between age and
insulin resistance in male smokers, but the same situation did
not occur in female smokers. That finding showed development
of insulin resistance may increase more with age in male
smokers compared with female smokers.

It is not fully understood how cigarette smoking
contributes to the development of insulin resistance. However,
nicotine, carbon monoxide, and other toxic substances in
cigarettes are believed to have a direct effect on the tissue
formation of insulin resistance. According to other studies,
continuous smoking can lead to vascular changes (eg, arterial
spasm and atherosclerosis), thereby decreasing blood flow to
skeletal muscles and decreasing the distribution of insulin-
dependent glucose by impairing the endothelial function.”**

Nicotine also contributes to the development of insulin
resistance through increasing the release of corticosteroids
and growth hormone, which are anti-insulin hormones.
Levels of free fatty acids and triglycerides are high in
smokers and are associated with insulin resistance. Some
studies have shown that increased plasma levels of free fatty
acids can cause insulin resistance and impair the distribution
of insulin-dependent glucose.*** In those studies, both
insulin resistance and lipid intolerance have been found.

In another study,” smokers were separated into 3
groups, according to their members’ annual cigarette
consumption in terms of packages, as light (25), medium
(20-39), and heavy (240) smokers. It was observed that
metabolic disorders intensified when cigarette consumption
increased (eg, high blood sugar, high triglycerides, and low
high-density lipoprotein [HDL] cholesterol). Accordingly, it
was concluded that the risk of the occurrence of metabolic
syndrome was higher in smokers.

In another study,® male and female smokers aged
18 to 92 years were investigated regarding metabolic
disorders. The researchers found that males have higher risk
factors for metabolic disorders; the mean ages and glucose
concentrations were similar in both genders. Males tended
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to have a higher mean blood pressure (systolic and diastolic),
a higher level of triglycerides, and a lower level of HDL
cholesterol. The researchers also found that no significant
relationship existed between smoking and metabolic
syndrome in female participants.

In the current study, the research team concluded that
the tT, levels in male smokers and the insulin levels in male
and female smokers increased, indicating that smoking was
associated with the metabolism of thyroid hormones and
insulin in healthy participants. Increased insulin secretion,
without changes in glucose levels, indicated an insulin
resistance in the participants.

In addition, tT, values in males were found in the
current study to be higher than those of females, which
revealed the fact that cigarette smoking caused different
effects in females and males and that the effects in males
might be more severe. Further, the presence of a positive
correlation between age and insulin resistance in male
smokers and an absence of the same relationship in female
smokers showed that insulin resistance may increase more
with age in males compared with females.

The emergence of the effects of cigarette smoking in such
an apparent way, even after 5 years of use, in a younger age
group (18-25 y) of the current study, is remarkable. Insulin
resistance, particularly when observed in young individuals
who smoke, may increase the risk of developing type 2
diabetes in the future in those persons. Therefore, quitting
smoking may have immediate benefits to health at any age.
For reductions in smoking among adults, effective
interventions need to be augmented, such as smoke-free laws,
tobacco price increases, and antitobacco media campaigns.

CONCLUSIONS

Smoking may be associated with an increased secretion
of thyroid hormones and the development of insulin
resistance. With aging, insulin resistance may increase more
in male smokers than in female smokers.

ACKNOWLEDGEMENTS
This work was supported by the Research Fund of Yiiziincii Yil University.

AUTHOR DISCLOSURE STATEMENT

The authors report no conflicts of interest.

REFERENCES

1. World Health Organization. WHO Report on the Global Tobacco Epidemic, 2013.
Geneva, Switzerland: World Health Organization; 2013.

2. Tziomalos K, Charsoulis F. Endocrine effects of tobacco smoking. Clin
Endocrinol (Oxf). 2004;61(6):664-674.

3. Kapoor D, Jones TH. Smoking and hormones in health and endocrine disorders.
Eur ] Endocrinol. 2005;152(4):491-499.

4. Burguet A, Kaminski M, Truffert P, et al; Epipage Study Group. Does smoking in
pregnancy modify the impact of antenatal steroids on neonatal respiratory
distress syndrome? Results of the Epipage study. Arch Dis Child Fetal Neonatal
Ed. 2005;90(1):F41-F45.

5. Pontikides N, Krassas GE. Influence of cigarette smoking on thyroid function,
goiter formation and autoimmune thyroid disorders. Hormones (Athens).
2002;1(2):91-98.

6. Christensen SB, Ericsson UB, Janzon L, Tibblin S, Melander A. Influence of
cigarette smoking on goiter formation, thyroglobulin, and thyroid hormone
levels in women. J Clin Endocrinol Metab. 1984;58(4):615-618.

7. Fisher CL, Mannino DM, Herman WH, Frumkin H. Cigarette smoking and
thyroid hormone levels in males. Int J Epidemiol. 1997;26(5):972-977.

8. Hegediis L, Bliddal H, Karstrup S, Bech K. Thyroid stimulating
immunoglobulins are not influenced by smoking in healthy subjects.
Thyroidology. 1992;4(2):91-92.

9. Edén S, Jagenburg R, Lindstedt G, Lundberg PA, Mellstrom D. Thyroregulatory
changes associated with smoking in 70-year-old men. Clin Endocrinol (Oxf).
1984;21(6):605-610.

10. Miiller B, Zulewski H, Huber P, Ratcliffe JG, Staub JJ. Impaired action of thyroid
hormone associated with smoking in women with hypothyroidism. N Engl |
Med. 1995;333(15):964-969.

11. Melander A, Nordenskjold E, Lundh B, Thorell J. Influence of smoking on
thyroid activity. Acta Med Scand. 1981;209(1-2):41-43.

12. Sepkovic DW, Haley NJ, Wynder EL. Thyroid activity in cigarette smokers. Arch
Intern Med. 1984;144(3):501-503.

13. Soldin OP, Goughenour BE, Gilbert SZ, Landy HJ, Soldin SJ. Thyroid hormone
levels associated with active and passive cigarette smoking. Thyroid.
2009;19(8):817-823.

14. Gulcu F, Polat SE, Gursu ME. The effects of excessive tobacco use on levels of the
trace element and thyroid function tests. Turkiye Klinikleri ] Med Sci.
2003;23:386-391.

15. Asvold BO, Bjero T, Nilsen TI, Vatten LJ. Tobacco smoking and thyroid
function: a population-based study. Arch Intern Med. 2007;167(13):1428-1432.

16. Jones RT, Benowitz NL. Therapeutics for nicotine addiction. In: Davis KL,
Charney D, Coyle JT, Nereoff C, eds. Neuropsychopharmacology: The Fifth
Generation of Progress. Philadelphia, PA: Lippincott Williams & Wilkins;
2002:1533-1543.

17. Tutka P, Mosiewicz J, Wielosz M. Pharmacokinetics and metabolism of nicotine.
Pharmacol Rep. 2005;57(2):143-153.

18. Zeman MV, Hiraki L, Sellers EM. Gender differences in tobacco smoking:
higher relative exposure to smoke than nicotine in women. J
Womens Health Gend Based Med. 2002;11(2):147-153.

19. Benowitz NL, Perez-Stable EJ, Fong I, Modin G, Herrera B, Jacob P IIL Ethnic
differences in N-glucuronidation of nicotine and cotinine. ] Pharmacol Exp Ther.
1999;291(3):1196-1203.

20. Benowitz NL, Swan GL, Lessov CN, Jacob P. Oral contraceptives induce
CYP2A6 activity and accelerate nicotine metabolism. Clin Pharmacol Ther.
February 2004;75:36.

21. Frati AC, Iniestra F, Ariza CR. Acute effect of cigarette smoking on glucose
tolerance and other cardiovascular risk factors. Diabetes Care. 1996;19(2):112-118.

22. Wada T, Urashima M, Fukumoto T. Risk of metabolic syndrome persists twenty
years after the cessation of smoking. Intern Med. 2007;46(14):1079-1082.

23. Nakanishi N, Takatorige T, Suzuki K. Cigarette smoking and the risk of the
metabolic syndrome in middle-aged Japanese male office workers. Ind Health.
2005;43(2):295-301.

24. Geslain-Biquez C, Vol S, Tichet J, Caradec A, D’'Hour A, Balkau B; DESIR
Study Group. The metabolic syndrome in smokers: the DESIR study. Diabetes
Metab. 2003;29(3):226-234.

25. Eliasson B. Cigarette smoking and diabetes. Prog Cardiovasc Dis.
2003;45(5):405-413.

26. Benowitz NL. Cigarette smoking and cardiovascular disease: pathophysiology
and implications for treatment. Prog Cardiovasc Dis. 2003;46(1):91-111.

27. Facchini FS, Hollenbeck CB, Jeppesen J, Chen YD, Reaven GM. Insulin
resistance and cigarette smoking. Lancet. 1992;339(8802):1128-1130.

28. Eliasson B, Mero N, Taskinen MR, Smith U. The insulin resistance syndrome and
postprandial lipid intolerance in smokers. Atherosclerosis. 1997;129(1):79-88.

29. Cena H, Tesone A, Niniano R, Cerveri I, Roggi C, Turconi G. Prevalence rate of
metabolic syndrome in a group of light and heavy smokers. Diabetol Metab
Syndr. 2013;5(1):28.

30. Wang JW, Hu DY, Sun YH, Wang JH, Xie J. Gender difference in association
between smoking and metabolic risks among community adults [in Chinese].
Zhonghua Yi Xue Za Zhi. 2011;91(12):805-809.

Arslan—Smoking-related Alterations of Thyroid Hormone in Serum

ALTERNATIVE THERAPIES, SEP/OCT 2015 VOL. 21 NO. 5 29




v Akademik Personel Web of Science [v5.29] - X I} Journal Search - Clariva

® mijl.clarivate.com/cgi-bin/jrnist/jlresults.cgi?P( E]  %s0

2 Clarivate Master Journal List
Analytics

Master Journel List > Journal Search

Journal Search

Search Terms Search Type

Title Word

Database

Master Journal List

Search Term(s): *1078-6791 - The following title(s) matched your request
First Previous Next Last

Total journals: 1-Journals 1-1 (of 1)

Ll L] 0 ﬁ CS
Support Tn
Search

Format for print

ALTERNATIVE THERAPIES IN HEALTH AND MEDICINE

Bimonthly ISSN: 1078-6791
INNOVISION COMMUNICATIONS, 101 COLUMBIA, ALISO VIEJO, USA, CA, 92656
Coverage ~

Science Citation Index Expanded

Current Contents - Clinical Medicine


https://www.researchgate.net/publication/282130102



