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Abstract
Background: Evidence on the association of leptin and adiponectin and smoking is limited and discordant. Leptin
and adiponectin represent the most abundant adipokines in human plasma that play crucial roles in the
pathophysiology of metabolic syndrome, atherosclerosis and insulin resistance. Leptin up-regulates the expression
of several pro-inflammatory cytokines and is increased upon weight gain. Adiponectin has been shown to possess
insulin sensitizing, anti -inflammatory and anti-atherogenic properties and is increased upon weight reduction. Our
aim was to assess the effects of smoking cessation on serum leptin and adiponectin levels.
Methods: We assessed the changes in serum leptin and adiponectin levels, serum CRP levels and BMI in apparently
healthy smokers after 3 and 6 months of abstinence from smoking. Successful cessation was confirmed by an
exhaled carbon monoxide measurement. 26 healthy non-smokers were recruited as controls.
Results: Among the sample group, 32 subjects had quitted smoking at 3 months and 29 subjects at 6 months.
Samples’ leptin increased significantly from baseline to three months (mean change 3.76 ng/ml [95 % CI 0.89, 6.64],
p =0.012) and then decreased significantly from three to six months of smoking cessation (mean change -4,29 ng/
ml [95 % CI −7.34, −6.64], p = 0.008). Samples’ adiponectin increased significantly from baseline to three months of
abstinence from smoking (mean change 2.34 [95 % CI −0.05, 4.73], p −0.05). BMI was significantly increased (mean
change 2.03 kg/m2 [95 % CI 1.60, 2.46], p <0.05), while CRP decreased significantly from baseline to 6 months of
smoking cessation (mean change −0.68 mg/dl [95 % CI −1.06, −0.30], p = 0.001).
Conclusions: Smoking quitters’ leptin levels appear to increase 3 months after smoking cessation and then
decrease from 3 to 6 months of abstinence from smoking. Adiponectin levels increase during the first trimester of
smoking cessation. The decrease in CRP levels indicates that the low grade inflammation observed in smokers is
gradually restored. The alterations of serum leptin and adiponectin after 6 months of smoking cessation suggest
the same but do not reach statistically significant levels. Weight gain and changes in fat distribution may attenuate
the beneficial effects of smoking cessation.
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Background
Smoking is a major atherosclerotic risk factor and is associated with the development of metabolic syndrome leading
to cardiovascular disease [1–3]. Among other harmful
effects, long term smoking is reported to increase inflammation, lipid peroxidation, endothelial cell dysfunction and
insulin resistance [4–6]. Since it is evident that adiponectin
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protects and leptin accelerates the development of atherosclerotic diseases we can speculate that these adipokines
may be the link between smoking and cardiovascular and
metabolic diseases.
Leptin and adiponectin are secreted by adipose tissue and
represent the most abundant adipokines in human plasma.
Since its cloning in 1994 [7], leptin has been acknowledged
as a major endocrine signal in the homeostatic control of
body weight [8]. Weight gain is associated with increased
circulating leptin levels while fasting reduces leptin levels
[9]. Beyond its metabolic functions, leptin is a pleiotropic
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cytokine involved in the recruitment, activation and
survival of inflammatory cells [10]. On the other hand,
adiponectin, an adipocyte-derived protein, has been
shown to possess insulin sensitizing, anti-inflammatory
and anti-atherogenic properties [8, 11, 12]. Furthermore, adiponectin concentration can be upregulated
upon weight reduction [13].
Both cigarette smoking and obesity are accompanied by a
low grade subclinical chronic inflammation. Leptin and
adiponectin can be considered markers of subclinical inflammation with opposing effects and it is well appreciated
that plasma levels of C-reactive protein have a positive
correlation with plasma leptin and a negative correlation
with plasma adiponectin [14–16]. Despite the well known
inverse association between smoking and body weight,
there have been conflicting reports on the effects of smoking on serum leptin and adiponectin levels [17–22].
The aim of this study is to examine the effects of
smoking cessation on circulating leptin and adiponectin
levels.

Methods
Selection criteria

The patients included in our study were recruited from
the outpatient smoking cessation department of “Sotiria
General Chest Hospital”. Eligibility criteria included age
≥18 years, smoking of ≥15 cigarettes/day for ≥5 years, and
self-motivation for quitting. We excluded patients with a
history of diabetes mellitus, severe obesity or cachexia,
chronic alcohol abuse, acute infection such as respiratory
tract infection or COPD exacerbation one month prior to
the study, chronic inflammatory diseases such as asthma
or interstitial lung disease, collagen vascular disease or
disturbances of thyroid function and chronic diseases such
as heart failure, chronic renal failure and lung cancer. All
the above mentioned conditions are reported by several
studies to affect serum leptin, adiponectin and CRP levels
and could have a confounding effect regarding our results
[23–28]. Healthy registrars and consultants employed at
“Sotiria General Chest Hospital” were recruited as controls.
The subjects included in the control group were lifelong non-smokers. The exclusion criteria were the
same as the ones applied for the sample group. The
enrolment of the sample group took place from
September 2011 until December 2012. The controls
were recruited at the same time as the sample group.
All the participants signed a consent form. Our study
was approved by the Ethics Committee of University
of Larissa and our institution.
Intervention and measurements

Baseline characteristics of all patients were recorded
prior to commencing the smoking cessation program
(Table 1). Nicotine dependence was measured via the
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Table 1 Samples’ characteristics at baseline and 3 months and
6 months after smoking cessation
Participants’ characteristics

Baseline

3 months

6 months

Age (years)a

56.1 ± 9.4

–

–

Female sexa

16 (45.7)

–

2

–
*

BMI (kg/m )

27.1 ± 3.7

28.6 ± 3.6

29.2 ± 3.5*,**

Smoking (pack-years)a

54.3 ± 26.7

–

–
*

4.0 ± 2.7*

Exhaled CO

14.7 ± 9.4

4.3 ± 2.5

Serum leptin (ng/ml)

6.9 ± 3.1

10.5 ± 6.8*

Serum adiponectin (μg/ml)

9.5 ± 2.8

*

11.8 ± 5.5

9.6 ± 5.2

CRP (mg/dl)

0.8 ± 1.1

0.3 ± 0.3*

0.3 ± 0.3*

6.5 ± 5.2**

Data are expressed as number of subjects (%) or mean value ± standard
deviation. Differences not marked with one of the above symbols are
not significant
*
p < 0.05 vs. baseline
**
p < 0.05 vs. 3 months
a
Assessment applicable only at baseline

eight-item Fagerstrom Tolerance Questionnaire [29].
Cumulative smoking exposure was determined in terms
of pack-years by multiplying the number of years
smoked with the average number of packs per day .
The patients had the option of a pharmacological approach
or a non-pharmacological approach to quit smoking. The
patients who decided to take pharmaceutical aid were
administered bupropion or varenicline as anti-smoking
drugs according to their medical history and nicotine
dependence.
The subjects who successfully quit smoking within the
time limits of our study constituted the sample group and
healthy non-smokers constituted the control group. Successful cessation was confirmed by an exhaled carbon monoxide level below 8 ppb, a cut-off providing 90 % sensitivity
and specificity for detecting tobacco use [30]. Blood samples were obtained in the morning following an overnight
fasting for determination of serum adiponectin, leptin and
CRP before study entry and at 3,6 months after smoking
cessation. The blood samples were collected at the same
time in the morning both for samples and controls at each
visit and then stored at −80 °C until biochemical assay.
Serum concentration of leptin and adiponectin were
measured by a commercially available sandwich enzymelinked immunosorbent assay (ELISA, Raybiotec Inc.) with
detection limit 7.8 pg/mL for leptin and 0.246 ng/mL for
adiponectin. Serum CRP was measured by high-sensitivity
CRP assay. Body mass index was also calculated before
study entry and at the end of month 3 and 6.
Statistical analysis

We performed power analysis using as reference values the
levels of leptin and adiponectin reported by several studies
in smokers, ex-smokers and non-smokers [31, 32]. A sample size of ≥32 subjects was calculated to be adequate for
detecting half of a standard deviation (1.5 mg/L) of basal
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leptin and adiponectin with a power 80 % at a significance
level of 5 % via two-tailed tests. A starting number of participants of ≥160 was calculated on the assumption that
20 % of the participants manage to quit.
The Pearson correlation coefficient was used to describe
the relationships between variables. The Student’s t test
for continuous paired & unpaired data was used for intra
and inters group comparisons. The correlation-coefficient
p-values where calculated based on the Pearson’s product
moment correlation coefficient. Multiple regression analysis was performed using a Generalized Linear Model.
Model selection for the multiple regression analysis was
performed by utilizing a bi-directional stepwise algorithm.

Results
One hundred sixty eight apparently healthy smokers of
both sexes were recruited. Adequate follow up data were
available for 162 individuals. Among the 162 enrolled subjects, 36 individuals successfully quit smoking for 3 months
and 29 of them reached 6 months of smoking cessation.
Four of the subjects who successfully quit smoking for
6 months did not visit the clinic for their first evaluation at
3 months, so data were available only for 32 individuals at
3 months. Only data from the subjects who successfully
quit smoking were analyzed. Ten individuals used varenicline and 22 stopped smoking without pharmaceutical aid.
Three individuals completed the study after discontinuing
varenicline . The median interval between study entry and
actual quitting time was 6 days (range 2–22 days). The
measurement of exhaled carbon monoxide levels was performed after a median interval of 92 days (range 85–98
days). The control group included 26 healthy non-smokers.
Samples’ leptin increased significantly from baseline to
three months of abstinence from smoking (mean change
3.76 ng/ml [95 % CI 0.89, 6.64], p = 0.012, Table 1). A statistically significant decline in samples’ leptin was observed
from three to six months of smoking cessation (mean
change −4.29 ng/ml [95 % CI −7.34, −6.64], p = 0.008,
Table 1). Although serum leptin levels decreased from baseline to 6 months of abstinence from smoking, this decline
was not statistically significant (p > 0.05). Controls’ leptin
did not change from baseline to six months (p > 0.05,
Table 2).
Samples’ adiponectin increased significantly from baseline to three months after smoking cessation (mean
change 2.34 μg/ml [95 % CI −0.05, 4.73], p = 0.05, Table 1).
From three to six months of abstinence from smoking adiponectin levels decreased (p > 0.05). Serum adiponectin
levels increased from baseline to six months of smoking
cessation but this rise did not reach statistically significant
levels. Controls’ adiponectin changes from baseline to six
months were not significant (p > 0.05, Table 2).
Samples’ BMI increased significantly from baseline to
6 months after quitting smoking (mean change 2.03 kg/m2
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Table 2 Controls’ characteristics at baseline and after 6 months
Participants’ characteristics

Baseline

6 months

Age (years)a

33.7 ± 6.0

–

Female sex

22 (84.6)

–

BMI (kg/m2)

23.1 ± 5.1

23.2 ± 5.1

Smoking (pack-years)a

54.3 ± 26.7

–

Exhaled CO

3.5 ± 2.2

3.7 ± 1.9

a

Serum leptin (ng/ml)

2.1 ± 1.4

2.1 ± 1.4

Serum adiponectin (μg/ml)

1.5 ± 1.3

1.5 ± 1.2

CRP (mg/dl)

0.06 ± 0.06

0.05 ± 0.05

Data are expressed as number of subjects (%) or mean value ± standard
deviation. Differences not marked with one of the above symbols are
not significant
a
Assessment applicable only at baseline

[95 % CI 1.60, 2.46], p = 2.7E-010, Table 1), whereas controls’ BMI did not change from baseline (p > 0.05, Table 2).
Following smoking cessation, BMI increased at 3 months
(mean change 1.45 kg/m2 [95 % CI 1.18, 1.72], p = 5.71E012) and this increase remained significant from 3 to
6 months in the sample group (mean change 0.55 kg/m2
[95 % CI 0.12, 0.97], p = 0.014).
CRP decreased significantly from baseline to 3 months
(mean change −0.54 mg/dl [95 % CI −0.95, −0.14], p = 0.01,
Table 1) and from baseline to 6 months of abstinence from
smoking (mean change −0.68 mg/dl [95 % CI −1.06, −0.30],
p = 0.001, Table 1). The controls’ CRP levels remained
stable (p > 0.05, Table 2).
Intra-individual changes of leptin and adiponectin are
illustrated in Fig. 1 and Fig. 2.
Tables 3 and 4 demonstrate linear relationships between
adiponectin and leptin and participants’ characteristics in
the overall population at month 6. There was a strong
positive association between age and adiponectin, while
leptin exhibited a negative correlation with age.
We performed multiple regression analysis to examine
whether leptin and adiponectin levels variation could be
explained by specific independent predictors of leptin and
adiponectin including age, gender, BMI and smoking
(Tables 5 and 6). A multiple regression model including the
difference of leptin levels between baseline and third
month, the gender and the log-transformed age parameter
explained ~66 % of the adiponectin levels variation at
6 months (adjusted R2 = 0.66). The analysis also produced a
statistically significant model for leptin at 6 months
containing only the difference of adiponectin levels between
baseline and the third month which explained 16 % of
leptin levels variation (adjusted R2 = 0.16).

Discussion
Our study showed smoking quitters’ leptin levels to increase significantly 3 months after smoking cessation
and then decrease significantly from 3 to 6 months of
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Fig. 1 Scatterplot of samples and controls’ leptin at baseline and after smoking cessation

abstinence from smoking. Adiponectin levels increased
significantly during the first trimester of smoking cessation. These alterations of serum leptin and adiponectin
concentration occurred along with a significant increase
in BMI and a significant decrease in CRP levels after
6 months of abstinence from smoking.
Only a few studies addressed the impact of quitting
smoking on leptin concentration. Eliasson and Smith
suggested that the leptin levels would increase 8 weeks
after smoking cessation [17]. Perkin and Fonte also
reported that the leptin levels increased, particularly in
female smokers 3 weeks after nicotine abstinence [18].

However, Nicklas et al. suggested that the changes
observed in leptin concentration in 13 patients after
6 months of smoking cessation were not significant [19].
A significant increase in serum leptin levels one year
after smoking cessation was reported in a recent study
by Gonseth et al. [22].
The elevated plasma leptin concentration observed in
smokers may be due to an increase in adipose tissue
secretion of leptin or a decrease in leptin clearance.
Previous studies report that nicotine increases adipose
tissue lipolysis [33, 34], and smokers have elevated fasting adipose tissue lipoprotein lipase activity [35, 36].

Fig. 2 Scatterplot of samples’ and controls’ adiponectin at baseline and after smoking cessation
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Table 3 Linear relationships between adiponectin and
participants’ characteristics in the total population at month 6

Table 5 Independent predictors of adiponectin levels in the
total population at month 6

Correlation coefficient r

p value

Variable

Agea

0.589

<0.001

Leptin 0 - Leptin 3a

−0.025

0.012

0.042

Gender (male = 1, female = 2)a

0.320

0.097

Gender

0.526

0.138

0.001

3.095

0.480

<0.001

Variable

a

0.142

0.470

Log (Age)

Exhaled Carbon Monoxidea

−0.328

0.089

a

Body mass index

−0.026

0.899

0.260

0.181

−0.153

0.437

Smoking (pack/years)

CRP
Leptin
a

Assessment at baseline

Cigarette smoking enhances the adrenal release of glucocorticoids [37], which elevate plasma leptin concentrations
by increasing leptin expression in adipose tissue [38].
In our study the increased leptin levels 3 months after
smoking cessation occurred after a preceding increase in
body weight and may reflect the increase in body fat
after smoking cessation. The fact that leptin initially
increases may imply that leptin was influenced by the
increase in body weight predominantly the first trimester
of smoking cessation. From 3 to 6 months of abstinence
from smoking, leptin levels decrease despite weight gain.
If we consider the role of leptin in the recruitment, activation and survival of inflammatory cells we can assume
that this decline in leptin levels indicates that the low
grade subclinical inflammation observed in smokers is
gradually restored after smoking cessation.
In contrast to the findings that weight reduction is
associated with an increase in adiponectin concentration
[13, 39] we demonstrated that serum adiponectin concentration increased three months after smoking cessation
despite of weight gain. This is in line with several previous
studies [20, 21]. Otsuka et al. reported that plasma adiponectin levels in Japanese patients were elevated 6 months
after smoking cessation [20]. Efstathiou et al. also demonstrated that adiponectin levels in Greek smokers increased
9 weeks after nicotine abstinence [21].
Several explanations have been proposed for the mechanisms by which smoking cessation modulates adiponectin
Table 4 Linear relationships between leptin and participants’
characteristics in the total population at month 6
Correlation coefficient r

p value

−0.374

0.050

Gender (male = 1, female = 2)

−0.303

0.117

Smoking (pack/years)a

−0.173

0.378

Exhaled Carbon Monoxide

0.146

0.457

Body mass index

0.255

0.165

CRP

0.033

0.867

−0.153

0.437

Variable
Agea
a

a

Leptin
a

Assessment at baseline

Standardized β coefficient Standard error p value

Difference of leptin levels at 3 months from leptin levels at baseline

expression and secretion. Smoking provokes oxidative
stress and inflammatory cytokines that reduce the expression and secretion of adiponectin [40]. Nicotine itself
induces lipolysis and may suppress adiponectin gene
expression [40, 41]. Adiponectin accumulates in the injured
vascular walls of smokers. Therefore, the increased consumption of circulating adiponectin might represent
another mechanism causing lower levels of adiponectin in
smokers [42].
Both smoking and body weight affect adiponectin
levels. During the first trimester of smoking cessation
adiponectin levels increased significantly in the sample
group despite weight gain. Although adiponectin levels
finally increase from baseline to 6 months of abstinence
from smoking, this increase does not reach statistically
significant levels. It is possible that during the second
trimester of smoking cessation the adiponectin decreasing effect of weight gain towers above the adiponectin
increasing effect of smoking cessation.
BMI increased significantly during the period of abstinence in this study. It is well proven that cigarette smoking
is associated with lower body weight. Cross-sectional
studies show that smokers weigh less than age-matched
non-smokers, while longitudinal data show that most
smokers gain weight after smoking cessation [35, 43, 44].
Several studies reported that smoking cessation reversed
the increased energy expenditure in smokers, and the
BMI of the quitters increased [18, 44, 45]. However, the
specific mechanisms by which smoking affects body
weight are not completely clear. It has been reported that
weight gain is a result of increased food consumption and
decreased energy expenditure upon cessation of smoking
[46–49]. Smoking increases the adrenergic activity, which
can directly increase thermogenesis and reduce weight.
In addition, it seems that nicotine has a direct effect
on adipose tissue metabolism during smoking which
influences the rate of weight gain after smoking cessation
[33, 35, 36].
Table 6 Independent predictors of leptin levels in the total
population at month 6
Variable
Adiponectin
0 - Adiponectin 3a
a

Standardized β coefficient Standard error p value
−0.025

0.012

0.042

Difference of adiponectin levels at 3 months from adiponectin levels at baseline
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We did not detect a positive or a negative correlation of
leptin or adiponectin with BMI. A possible explanation is
that changes in leptin and adiponectin are associated with
changes in fat distribution after smoking cessation. The
degree of obesity as measured by BMI may not reflect the
amount and distribution of adipose tissue.
Similar to previous reports, CRP plasma levels decreased
significantly from baseline to 6 months after smoking cessation [50]. Most studies that have examined CRP status in
former smokers suggest that levels fail to fall immediately
upon cessation, which reflects the fact that the underlying
tissue damage caused by smoking takes some time to
recover [50]. CRP is a well known marker of subclinical
inflammation and therefore the decrease in CRP levels
observed in our study indicates that low grade inflammation is gradually restored after smoking cessation.
Multivariate analysis revealed an interesting association
between leptin and adiponectin. It appears that the difference of either one of these two adipokines from baseline to
3 months of smoking abstinence is predictive for the levels
of the other adipokine 6 months after smoking cessation. It
is likely that leptin and adiponectin act via several interrelated metabolic pathways. Smoking seems to change the
balance between these two adipokines causing effects on
inflammatory processes and insulin resistance that may
contribute to the pathogenesis of cardiovascular disease
[12, 51–53].
Several methodological aspects of our study require
consideration. Although quitters’ exhaled CO levels were
compatible with moderate exposure to environmental tobacco smoke this could not elucidate the effects of passive
smoking on serum leptin and adiponectin levels. Furthermore, the possibility of any direct impact of varenicline on
serum leptin and adiponectin levels could not be excluded. Although the BMI is a reasonable measure of adiposity, it may not always precisely reflect the quantity of
body fat [20]. The present findings could be altered if the
amount and distribution of adipose tissue were obtained
by measuring waist and hip circumference or other measures of total and abdominal adiposity in place of BMI.
Another limitation of the study is not measuring triglycerides and HDL-cholesterol that could independently modulate leptin and adiponectin levels [54]. Having in mind that
hypadiponectinemia in overweight individuals and in type
II diabetic patients is closely associated with insulin resistance and hyperinsulinemia [55], we excluded subjects with
type II diabetes and severe obesity. Nevertheless, the lack of
insulin data must be considered a limitation of our study
since it has been suggested recently that insulin may be
involved in the association of smoking and leptin [22].
Further research on this subject is needed.
Previous reports showed that smoking-related damage
via low grade inflammation and endothelial dysfunction
may persist after smoking cessation and continue to
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influence leptin and adiponectin levels [56]. Thus, larger
and durable cohort studies are required to assess whether
the alterations observed in serum leptin and adiponectin
concentration after abstinence from smoking exert a protective effect against cardiovascular disease and metabolic
diseases.

Conclusions
Smoking quitters’ leptin levels appear to increase 3 months
after smoking cessation and then decrease from 3 to
6 months of abstinence from smoking. Adiponectin levels
increase during the first trimester of smoking cessation.
The decrease in CRP levels indicates that the low grade
inflammation observed in smokers is gradually restored.
The alterations of serum leptin and adiponectin after
6 months of smoking cessation suggest the same but do
not reach statistically significant levels. Weight gain and
changes in fat distribution may attenuate the beneficial
effects of smoking cessation.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
All authors contributed to data collection, data analysis, interpretation of the
data and preparing the manuscript. All authors read and approved the final
manuscript.
Acknowledgements
This work was supported by a research grant from the Hellenic Thoracic
Society.
The authors declare there is no conflict of interest associated with this study.
Author details
1
6th Respiratory Medicine Department, Sotiria General Hospital for Thoracic
Diseases, Mesogeion 152, 11527 Athens, Greece. 2Respiratory Medicine
Department, University of Thessaly School of Medicine, University Hospital of
Larissa, Larissa 41110, Greece.
Received: 13 February 2015 Accepted: 20 August 2015

References
1. Ishizaka N, Ishizaka Y, Toda E, Hashimoto H, Nagai R, Yamakado M.
Association between cigarette smoking, metabolic syndrome, and carotid
arteriosclerosis in Japanese individuals. Atherosclerosis. 2005;181(2):381–8.
2. Miyatake N, Wada J, Kawasaki Y, Nishii K, Makino H, Numata T. Relationship
between metabolic syndrome and cigarette smoking in the Japanese
population. Intern Med. 2006;45(18):1039–43.
3. 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.
4. Chelland Campbell S, Moffatt RJ, Stamford BA. Smoking and smoking
cessation – the relationship between cardiovascular disease and lipoprotein
metabolism: a review. Atherosclerosis. 2008;201(2):225–35.
5. Facchini FS, Hollenbeck CB, Jeppesen J, Chen YD, Reaven GM. Insulin
resistance and cigarette smoking. Lancet. 1992;339(8802):1128–30.
6. Campisi R, Czernin J, Schoder H, Sayre JW, Marengo FD, Phelps ME, et al.
Effects of long-term smoking on myocardial blood flow, coronary
vasomotion, and vasodilator capacity. Circulation.
1998;98(2):119–25.
7. Zhang Y, Proenca R, Maffei M, Barone M, Leopold L, Friedman JM. Positional
cloning of the mouse obese gene and its human homologue. Nature.
1994;372(6505):425–32.

Kryfti et al. Tobacco Induced Diseases (2015) 13:30

8.

9.

10.
11.
12.

13.

14.

15.

16.

17.
18.
19.

20.

21.

22.

23.
24.

25.
26.

27.

28.

29.

30.

Meier U, Gressner AM. Endocrine regulation of energy metabolism: review
of pathobiochemical and clinical chemical aspects of leptin, ghrelin,
adiponectin, and resistin. Clin Chem. 2004;50(9):1511–25.
Saladin R, De Vos P, Guerre-Millo M, Leturque A, Girard J, Staels B, et al.
Transient increase in obese gene expression after food intake or insulin
administration. Nature. 1995;377(6549):527–9.
Fantuzzi G, Faggioni R. Leptin in the regulation of immunity, inflammation,
and hematopoiesis. J Leukoc Biol. 2000;68(4):437–46.
Lihn AS, Pedersen SB, Richelsen B. Adiponectin: action, regulation and
association to insulin sensitivity. Obes Rev. 2005;6(1):13–21.
Beltowski J, Jamroz-Wisniewska A, Widomska S. Adiponectin and its role in
cardiovascular diseases. Cardiovasc Hematol Disord Drug Targets.
2008;8(1):7–46.
Yang WS, Lee WJ, Funahashi T, Tanaka S, Matsuzawa Y, Chao CL, et al.
Weight reduction increases plasma levels of an
adipose-derived anti-inflammatory protein, adiponectin. J Clin Endocrinol
Metab. 2001;86(8):3815–9.
Dullaart RP, de Vries R, Sluiter WJ, Voorbij HA. High plasma C-reactive
protein (CRP) is related to low paraoxonase-I (PON-I) activity independently
of high leptin and low adiponectin in type 2 diabetes mellitus. Clin
Endocrinol (Oxf). 2009;70(2):221–6.
Shetty GK, Economides PA, Horton ES, Mantzoros CS, Veves A. Circulating
adiponectin and resistin levels in relation to metabolic factors, inflammatory
markers, and vascular reactivity in diabetic patients and subjects at risk for
diabetes. Diabetes Care.
2004;27(10):2450–7.
Ble A, Windham BG, Bandinelli S, Taub DD, Volpato S, Bartali B, et al.
Relation of plasma leptin to C-reactive protein in older adults (from the
Invecchiare nel Chianti study). Am J Cardiol.
2005;96(7):991–5.
Eliasson B, Smith U. Leptin levels in smokers and long-term users of
nicotine gum. Eur J Clin Invest. 1999;29(2):145–52.
Perkins KA, Fonte C. Effects of smoking status and smoking cessation on
leptin levels. Nicotine Tob Res. 2002;4(4):459–66.
Nicklas BJ, Tomoyasu N, Muir J, Goldberg AP. Effects of cigarette smoking
and its cessation on body weight and plasma leptin levels. Metabolism.
1999;48(6):804–8.
Otsuka F, Kojima S, Maruyoshi H, Matsuzawa Y, Funahashi T, Kaikita K, et al.
Smoking cessation is associated with increased plasma adiponectin levels in
men. J Cardiol. 2009;53(2):219–25.
Efstathiou SP, Skeva, II, Dimas C, Panagiotou A, Parisi K, Tzanoumis L, et al.
Smoking cessation increases serum adiponectin levels in an apparently
healthy Greek population. Atherosclerosis. 2009;205(2):632–6.
Gonseth S, Locatelli I, Bize R, Nussle S, Clair C, Pralong F, et al. Leptin and
smoking cessation: secondary analyses of a randomized controlled trial
assessing physical activity as an aid for smoking cessation. BMC Public
Health. 2014;14:911.
Ahima RS. Central actions of adipocyte hormones. Trends Endocrinol Metab.
2005;16(7):307–13.
Takabatake N, Nakamura H, Minamihaba O, Inage M, Inoue S, Kagaya S, et
al. A novel pathophysiologic phenomenon in cachexic patients with
chronic obstructive pulmonary disease: the relationship between the
circadian rhythm of circulating leptin and the very
low-frequency component of heart rate variability. Am J Respir Crit Care
Med. 2001;163(6):1314–9.
La Cava A, Alviggi C, Matarese G. Unraveling the multiple roles of leptin in
inflammation and autoimmunity. J Mol Med (Berl). 2004;82(1):4–11.
Popa C, Netea MG, Radstake TR, van Riel PL, Barrera P, van der Meer JW.
Markers of inflammation are negatively correlated with serum leptin in
rheumatoid arthritis. Ann Rheum Dis. 2005;64(8):1195–8.
Bruno A, Pace E, Chanez P, Gras D, Vachier I, Chiappara G, et al. Leptin and
leptin receptor expression in asthma. J Allergy Clin Immunol.
2009;124(2):230-7, 237 e1-4.
Spranger J, Kroke A, Mohlig M, Bergmann MM, Ristow M, Boeing H, et al.
Adiponectin and protection against type 2 diabetes mellitus. Lancet.
2003;361(9353):226–8.
Heatherton TF, Kozlowski LT, Frecker RC, Fagerstrom KO. The Fagerstrom Test for
Nicotine Dependence: a revision of the Fagerstrom Tolerance Questionnaire. Br
J Addict. 1991;86(9):1119–27.
SRNT Subcommittee on Biochemical Verification. Biochemical verification of
tobacco use and cessation. Nicotine Tob Res. 2002;4(2):149–59.

Page 7 of 7

31. Bruno A, Alessi M, Soresi S, Bonanno A, Riccobono L, Montalbano AM, et al.
Increased leptin/leptin receptor pathway affects systemic and airway
inflammation in COPD former smokers. J Inflamm Res. 2011;4:51–9.
32. Kotani K, Hazama A, Hagimoto A, Saika K, Shigeta M, Katanoda K, et al.
Adiponectin and smoking status: a systematic review. J Atheroscler Thromb.
2012;19(9):787–94.
33. Sztalryd C, Hamilton J, Horwitz BA, Johnson P, Kraemer FB. Alterations of
lipolysis and lipoprotein lipase in chronically nicotine-treated rats. Am J
Physiol. 1996;270(2 Pt 1):E215–23.
34. Hellerstein MK, Benowitz NL, Neese RA, Schwartz JM, Hoh R, Jacob P, 3rd, et
al. Effects of cigarette smoking and its cessation on lipid metabolism and
energy expenditure in heavy smokers. J Clin Invest. 1994;93(1):265–72.
35. Carney RM, Goldberg AP. Weight gain after cessation of cigarette smoking.
A possible role for adipose-tissue lipoprotein lipase. N Engl J Med.
1984;310(10):614–6.
36. Brunzell JD, Goldberg AP, Schwartz RS. Cigarettes smoking and adipose
tissue lipoprotein lipase. Int J Obes. 1980;4(2):101–3.
37. Pomerleau OF, Rosecrans J. Neuroregulatory effects of nicotine.
Psychoneuroendocrinology. 1989;14(6):407–23.
38. Miell JP, Englaro P, Blum WF. Dexamethasone induces an acute and
sustained rise in circulating leptin levels in normal human subjects. Horm
Metab Res. 1996;28(12):704–7.
39. Esposito K, Pontillo A, Di Palo C, Giugliano G, Masella M, Marfella R, et al.
Effect of weight loss and lifestyle changes on vascular inflammatory markers
in obese women: a randomized trial. JAMA. 2003;289(14):1799–804.
40. Iwashima Y, Katsuya T, Ishikawa K, Kida I, Ohishi M, Horio T, et al. Association
of hypoadiponectinemia with smoking habit in men. Hypertension.
2005;45(6):1094–100.
41. Andersson K, Arner P. Systemic nicotine stimulates human adipose tissue
lipolysis through local cholinergic and catecholaminergic receptors. Int J
Obes Relat Metab Disord. 2001;25(8):1225–32.
42. Okamoto Y, Arita Y, Nishida M, Muraguchi M, Ouchi N, Takahashi M, et al.
An adipocyte-derived plasma protein, adiponectin, adheres to injured
vascular walls. Horm Metab Res. 2000;32(2):47–50.
43. Albanes D, Jones DY, Micozzi MS, Mattson ME. Associations between
smoking and body weight in the US population: analysis of NHANES II. Am
J Public Health. 1987;77(4):439–44.
44. Williamson DF, Madans J, Anda RF, Kleinman JC, Giovino GA, Byers T.
Smoking cessation and severity of weight gain in a national cohort. N Engl
J Med. 1991;324(11):739–45.
45. Shimokata H, Muller DC, Andres R. Studies in the distribution of body fat. III.
Effects of cigarette smoking. JAMA. 1989;261(8):1169–73.
46. Perkins KA, Epstein LH, Marks BL, Stiller RL, Jacob RG. The effect of nicotine
on energy expenditure during light physical activity. N Engl J Med.
1989;320(14):898–903.
47. Hofstetter A, Schutz Y, Jequier E, Wahren J. Increased 24-hour energy
expenditure in cigarette smokers. N Engl J Med. 1986;314(2):79–82.
48. Klesges RC, Meyers AW, Klesges LM, La Vasque ME. Smoking, body weight,
and their effects on smoking behavior: a comprehensive review of the
literature. Psychol Bull. 1989;106(2):204–30.
49. Grunberg NE. Nicotine, cigarette smoking, and body weight. Br J Addict.
1985;80(4):369–77.
50. Yanbaeva DG, Dentener MA, Creutzberg EC, Wesseling G, Wouters EF.
Systemic effects of smoking. Chest. 2007;131(5):1557–66.
51. Matsuzawa Y, Funahashi T, Kihara S, Shimomura I. Adiponectin and
metabolic syndrome. Arterioscler Thromb Vasc Biol. 2004;24(1):29–33.
52. Yu YH, Ginsberg HN. Adipocyte signaling and lipid homeostasis: sequelae of
insulin-resistant adipose tissue. Circ Res. 2005;96(10):1042–52.
53. Ronti T, Lupattelli G, Mannarino E. The endocrine function of adipose tissue:
an update. Clin Endocrinol (Oxf). 2006;64(4):355–65.
54. Hotta K, Funahashi T, Arita Y, Takahashi M, Matsuda M, Okamoto Y, et al.
Plasma concentrations of a novel, adipose-specific protein, adiponectin, in
type 2 diabetic patients. Arterioscler Thromb Vasc Biol. 2000;20(6):1595–9.
55. Weyer C, Funahashi T, Tanaka S, Hotta K, Matsuzawa Y, Pratley RE, et al.
Hypoadiponectinemia in obesity and type 2 diabetes: close association with insulin
resistance and hyperinsulinemia. J Clin Endocrinol Metab. 2001;86(5):1930–5.
56. Tracy RP, Psaty BM, Macy E, Bovill EG, Cushman M, Cornell ES, et al. Lifetime
smoking exposure affects the association of
C-reactive protein with cardiovascular disease risk factors and subclinical
disease in healthy elderly subjects. Arterioscler Thromb Vasc Biol.
1997;17(10):2167–76.

