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Abstract
Objective: Quitting smoking was associated with an
undesirable weight gain. Both, cigarette smoking and
obesity were accompanied by subclinical systemic inflammation. This may cause unfavourable changes in
(plasma) adipokine concentration. The aim of the
present study was to establish the influence of moderate cigarette smoking on the concentration of the
adipokines leptin and adiponectin and the pro-inflammatory factors CRP, SAA, IL-6 and TNF-α in nonobese (n=138) and obese (n=175) perimenopausal
women of the DRECAN-2005 survey.
Results: Among non-obese women, adiponectin was
significantly lower in smokers than in non-smokers
(16.88 ±6.85 vs. 20.63 ±10.04 µg/ml; P<0.05). Leptin
tended to lower values, too. Among obese women,
none significant differences in adiponectin or leptin
concentration were observed between smokers and
non-smokers. In obese smokers and obese non-smokers, the adiponectin concentrations were significantly
lower and the leptin concentrations were significantly
higher than in non-obese non-smokers. Non-obese
smokers showed significantly higher leukocyte count
(6.50 ± 1.83 vs. 5.51 ± 1.31 GPT/l; P<0.001) and
serum amyloid A concentration (7.81 ± 1.25 vs. 4.22 ±
1.43 mg/l; P<0.05) than non-obese non-smokers.
There were only tendencies to higher concentration of
CRP, IL-6, and TNF-α. In obese women, moderate
cigarette smoking was not associated with higher
leukocyte count or concentration of SAA. Among
non-smokers, overweight was associated higher concentration of leptin (22.16 ± 12.16 vs. 11.49 ± 6.37
ng/ml; P<0.001) and with significantly lower concentration of adiponectin (16.29 ± 8.01 vs. 20.77 ± 9.99
µg/ml; P<0.001). Among smokers, overweight was associated with higher leptin concentration only (obese:
18.62 ± 13.46 vs. non-obese: 8.84 ± 4.92 ng/ml;
P<0.01).
Conclusions: In non-obese middle aged women, even
moderate cigarette smoking adversely influences the
serum concentration of adiponectin and SAA. Overweight hides possible effects of smoking on cytokines
and adipokines.
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INTRODUCTION

The Nurses` Health study demonstrated that among
women adherence to lifestyle guidelines involving diet,
exercise, and abstinence from smoking was associated
with a low risk of coronary heart disease. Among middle aged women, even a moderate cigarette consumption of 1-14 cigarettes per day was shown to be one of
the most important cardiovascular risk factors [1].
Smoking is thought to be an important determinant of
body weight. Cigarette smoking was associated with
lower body weight, and quitting smoking typically produces weight gain. Especially perimenopausal women
do not quit or start smoking to keep their body
weight. Both cigarette smoking and obesity are accompanied by a low grade subclinical chronic inflammation. In obesity, this is due probably to the secretion of
pro-inflammatory cytokines (TNF-α and IL-6) by
adipocytes [2]. Cigarette smoking shows an inflammatory impact on lung tissue. It promotes leukocytosis
[3, 4]. Current smoking has an adverse effect on serum
concentration of CRP [5] and it has been identified as
a significant determinant of leptin and adiponectin
serum concentration [6, 7]. The aim of the present
study was to establish how moderate cigarette smoking influences the serum concentration of pro-inflammatory factors (SAA, IL-6, and TNF-α) and adipokines (adiponectin and leptin) in non-obese and obese
women at perimenopausal age.

MATERIAL AND METHODS

Three hundred fourteen female participants of the 6th
survey of the DRECAN-study (DRECAN-2005),
aged 40-68, were included into the present study [8, 9].
The basic programme of the DRECAN studies consisted of the measurement of selected anthropometric
data, personal and family history taking, and an interview-supported questionnaire according to cardiovascular risk factors and lifestyle. Fasting blood was taken
in the morning between 8:00 and 10:00. Basic haematological (GenS, Beckman-Coulter, Sinsheim, Germany)
and clinical chemistry analyses (MODULAR, ROCHE,
Mannheim, Germany; Dx80, Beckman-Coulter, Sinsheim, Germany) were performed within 3 hours using routine methods (www.tu-dresden.de/medikl).
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Numerous aliquots of serum and fluoride-EDTAplasma were kept at -20°C for several months and analyzed serially for serum-amyloid A (SAA), hsCRP
(ProSpec, Siemens, Eschborn, Germany), and TNF-α,
IL-6 (Immulite, Siemens, Eschborn, Germany). Serum
leptin and adiponectin concentration were measured
using the LINCO Ltd. Research (St. Charles, USA)
RIA methods. Among non-obese women of the
DRECAN population (aged 19-70), the adiponectin
concentration varied between the interquartile of
13.83-26.33 µg/ml (median: 19.04 µg/ml) and the leptin concentration between the interquartile of
7.3–13.45 ng/ml, (median: 10.7 ng/ml). Data are given
as means ±SD. Statistical analyses were performed
with SPPS 12.0–16.0 software package.

RESULTS

ALL WOMEN

56.6% (n=175) of the participants were obese (BMI
>25.00 kg/m2; Table1). The adiponectin concentration was significantly lower in the obese (16.92 ± 8.04
µg/ml vs. 21.22 ± 9.63 µg/ml; P<0.001) than nonobese women. The leptin concentration (23.05 ±
12.36 ng/ml vs. 11.19 ± 5.90 ng/ml; P<0.001) and the
leukocyte count (6.15 ± 1.58 vs. 5.76 ± 1.37 GPT/l;
P<0.05) were significantly higher in obese women.
17.9% of participants (n=56) were moderate smokers (≤10 cigarettes per day): 18.3% in the non-obese
and 17.7% in obese women. All non-smokers were
lifelong non-smokers. No significant differences in
Table 1. Characteristics of the population.

n
Age (years)
BMI (kg/m2)
Waist circumference (cm)
BPsys (mmHg)
BPdias (mmHg)
Leukocytes (GPt/l)
CRP# (mg/l)
SAA (mg/l)
TNFα# (ng/ml)
IL-6# (ng/ml)
TG (mmol/l)
TC (mmol/l)
LDL-C (mmol/l)
HDL-C (mmol/l)
TSH (U/l)
HOMA
Adiponectin (µg/ml)
Leptin (ng/ml)
A/L ratio
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body mass index (BMI) or waist circumference were
found between smokers and non-smokers: BMI in
smokers 24.76 ± 4.05 kg/m2; non-smokers 25.64 ±
4.07 kg/m2; waist 86 ± 12 cm in both (Table 1). There
were no significant differences in the adiponectin
(smokers: 17.68 ± 6.80 µg/ml; non-smokers: 18.94 ±
9.19 µg/ml) or leptin concentration (smokers: 16.31 ±
11.84 ng/ml; non-smokers: 17.84 ± 11.24 ng/ml) between smokers and non-smokers.
NON-SMOKERS

Among non-smokers, the adiponectin concentration
was significantly lower and the leptin concentration
significantly higher in the obese women (Table 1).
Adiponectin, leptin, and their ratio were closely correlated with BMI, leukocyte count, and CRP (Table 2).
Leptin concentration and the A/L ratio but not
adiponectin are correlated with SAA. After adjustment
for BMI only the positive correlation between leptin
and SAA persisted (Table 2). In obese non-smokers
the concentration of CRP (median 2.10 mg/l [1.403.65] vs. median 1.10 mg/l [1.00-1.80]; Mann-Whitney
P<0.001) and SAA (median 5.15 mg/l [3.40-9.55] vs.
median 3.75 mg/l [3.10-4.90]; Mann-Whitney P<0.01)
are significantly higher than in the reference group.
The concentration of TNF-α (non-obese: median 7.5
ng/ml [5.9-11.8]); obese: median 8.3 ng/ml [6.1-10.8]
and IL-6 (non-obese: median 2.0 ng/ml [1.9-2.3];
obese: median 2.0 ng/ml [1.9-2.4]) are not influenced
by the body weight significantly.

Non-obese
smokers

Non-obese
non-smokers &

Obese
smokers

Obese
non-smokers

25
43.7 ±12.5
22.23 ±1.58
78.6 ±8.0
113 ±15
72 ±11
6.50 ±1.83***
2.82
7.81 ±1.26*
10.54
2.82
1.20 ±0.75
5.40 ±0.93*
3.19 ±0.75*
2.07 ±0.46
2.14 ±2.40
1.62 ±0.58
16.88 ±8.85*
8.84 ±4.92
2.61 ±1.83

113
53.4 ±13.0§§
22.49 ±1.79
78.4 ±7.1
127 ±19§§§
79 ±10§§
5.51 ±1.32
2.14
4.22 ±1.48
9.80
2.60
1.14 ±1.60
5.78 ±1.00
3.56 ±0.94
2.12 ±0.50
1.55 ±1.00
2.17 ±4.14
20.76 ±9.89
11.49 ±6.37
2.45 ±1.78

31
52.9 ±11.6§§
28.39 ±3.35***
95.3 ±11.7***
134 ±16§§
82 ±8§§
6.21 ±1.67
2.83
5.35 ±3.24
8.91
2.27
1.58 ±0.74**
5.97 ±0.64**
3.96 ±0.67***
1.71 ±0.44**§
1.63 ±0.99
3.15 ±2.18**§§
14.14 ±7.68**
18.62 ±13.46**§§
1.20 ±0.86** §§

144
58.5 ±8.7§
28.60 ±3.17***
93.5 ±9.5***
139 ±18**§§§
85 ±9**§§§
6.05 ±1.47**
2.88*
6.74 ±4.04*
17.81
2.40
1.29 ±0.64*
5.90 ±0.89
3.78 ±0.83§
1.91 ±0.45§§§
1.68 ±1.11
2.98 ±2.10**
16.29 ±8.01***
22.16 ±12.16** §§
1.14 ±1.42***§§

*P<0.05. **P<0.01. ***P<0.001 vs. non-obese non-smoker;
and interquartile; &reference group (see text for details).

§P<0.05. §§P<0.01. §§§P<0.001

vs. non-obese smoker; #median
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Table 2. Partial correlation between adipokines and markers of low grade systemic inflammation in dependency on BMI.
Adiponectin
bivariate

BMI
Leukocytes
CRP
SAA
TNF-α
IL-6

-0.021
-0.198
0.002
0.060
-0.41
0.035

BMI
Leukocytes
CRP
SAA
TNF-α
IL-6

-0.255***
-0.127+
-0.13*
-0.182
-0.02
0.129

BMI
adjusted

-0.197
0.060
-0.047
0.034
-0.82
-0.61
-0.07
-0.006
0.142+

+P< 0.1, *P<0.05, **P<0.01, ***P<0.001.

Leptin
bivariate

Smokers
0.766***
0.289+
-0.086
-0.062
-0.197
-0.079
Non-smokers
0.657***
0.166*
0.245***
0.627***
-0.07
0.013

SMOKERS

Non-obese smokers are significantly younger than
other three subgroups. The adiponectin concentration
is comparable between obese and non-obese smokers
(Table 1). In bivariate analysis, the leptin concentration
and the A/L ratio were significantly correlated with
BMI (Table 2). The leptin concentration was significantly higher and the adiponectin/leptin ratio was
lower in the obese smokers than in non-obese smokers
(Table 1). The concentration of CRP was comparable
in obese (median 1.90 mg/l [1.35-3.52]) and nonobese smokers (median 4.80 mg/l [2.95-8.10]), whereas the concentration of SAA was significantly higher
in obese smokers (median 1.30 mg/l [1.00-2.20]) than
in non-obese (median 1.30 mg/l [1.00-3.52]; MannWhitney P<0.05). The concentration of TNF-α
(obese: median 7.8 ng/ml [4.3-9.9] vs. non-obese: median 7.9 ng/ml [6.6-12.3]) and IL-6 (obese: median 2.2
ng/ml [2.0-2.8] vs. non-obese: median 1.9 ng/ml [1.93.1]) were comparable in both obese and non-obese
smokers.

DISCUSSION

BMI
adjusted

A moderate effect of cigarette smoking on body
weight is associated with an increase of the visceral
obesity [10]. Obesity promotes hypoadiponectinemia.
Smoking decreases body weight. Quitters are at higher
risk of weight gain. Adipose tissue has been considered an important endocrine organ that secretes biologically active substances, including adipocytokines
involved in inflammation (TNF-α, IL-6, IL-10, and
IL-1ß), components of the acute phase response (SAA
and PAI-I), and hormonal active adipokines (leptin,
adiponectin, and resistin) [11, 12]. It is evident that
adiponectin protects and leptin accelerates the development of atherosclerotic diseases. Despite the wellknown inverse association between smoking and body

0.275+
-0,083
-0.048
-0.054
0.054
0.076
0.469***
-0.142+
-0.008

A /L ratio
bivariate

BMI
adjusted

-0.560***
-0.075
0.091
0.021
0.197
0.015

0.018
0.093
-0.021

-0.379***
-0.203**
-0.185**
-0.347**
0.14
0.123

-0.144
-0.075
-0.202+
0.038
0.145+

0.009

weight, there have been conflicting reports on the association between smoking and adipokines, such as
leptin and adiponectin.
Our hypotheses in the present study were as follows: (i) even moderate cigarette smoking decreases
the serum concentration of adiponectin and has little
effect on the concentration of leptin; these changes
would be accompanied by signs of a low grade subclinical chronic inflammation and would be weight-dependent. We found comparable concentrations of
both adipokines in smokers and non-smokers in the
unselected study population. Both smoking and body
weight decreased the adiponectin concentration,
whereas leptin was influenced by the body weight predominantly.
ADIPONECTIN

Adiponectin is an adipocytokine with insulin-sensitizing, anti-inflammatory, and anti-atherogenic properties. In epidemiological studies, a paradoxical relationship between adiponectin and BMI was described [13].
Weight loss resulted in decreasing adiponectin serum
concentration [14, 15]. Adiponectin is a marker of
adipocyte differentiation. Secretion of adiponectin is
closely associated with the expression of the pro-inflammatory cytokines IL-6 and TNF-α in adipocytes
[16]. Adiponectin is an important player in the regulation of the inflammatory response [17]. Cigarette
smoke extract dose-dependently inhibits the differentiation of pre-adipocytes into adipocytes, which is accompanied by a blunted expression of adipocyte
marker adiponectin [19]. In men, current smoking is
reflected by reduced plasma adiponectin levels [7, 20].
In the present study, we found a significantly lower
adiponectin concentration in smokers, but only in the
non-obese ones. In contrast to non-smokers, there was
no correlation between adiponectin concentration and
BMI, supporting the observation that the weight re-
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ducing effect obtained by smoking is accompanied by
increasing amount of visceral fat [10]. In the obese
group, the adiponectin decreasing effect of the overweight seemed to tower above the additional effect of
cigarette smoking. Recently, Sull et al [20] discussed
that lower serum adiponectin concentrations in smokers may not be dependent on the insulin resistance status or obesity. Smoking cessation restored the
adiponectin and leptin levels [18]. Quitters' post-cessation adiponectin levels are significantly increased.
Serum adiponectin levels appeared to increase considerably within two months after smoking cessation.
This finding may provide further insight into the
mechanisms related to the benefits of quitting smoking [7].
LEPTIN

Leptin, a product of the ob gene, is an adipose tissuederived hormone that appears to regulate both satiety
and thermogenesis. It is known to play a role in food
intake regulation. Circulating plasma leptin is primarily
a function of adiposity [23]. It is released from
adipocyte in direct proportion to fat mass [24]. In
men, fat mass is the best predictor of serum leptin
concentration. In women, percentage body fat is the
best predictor of leptin [23]. In healthy non-obese
populations, fasting serum leptin concentration is significantly higher in women than in men [18, 21, 23,
24]. In 20-70 years old women without signs of an
acute inflammatory process (DRECAN-2005 population), leptin concentration has positively correlated
with BMI, leukocyte count, and CRP concentration
even after adjustment for age or waist circumference
[8]. The concentration of leptin is significantly lower
in obese middle-aged women as compared with nonobese women. Moderate cigarette smoking is associated with a tendency to lower concentration of fasting
serum leptin in both obese and non-obese women. In
the US population, leptin concentration is significantly
associated with sex, age, BMI, fasting plasma glucose
and insulin, serum triglycerides, but not with smoking,
race-ethnicity, energy, and alcohol intake [21]. There is
no difference in mean leptin levels as a function of
smoking status after controlling for BMI and age [25].
In the present study population, moderate smokers
with a BMI below 25 kg/m2 tended to have lower leptin concentration as compared with non-obese nonsmokers. The same tendency was observed in the
obese subgroup. This may reflect an improvement in
leptin sensitivity. On the other hand, one may speculate that this decline becomes significantly with increasing cigarette consumption. Al Mutairi et al [6]
described a dose-dependent effect of smoking on leptin, BMI, and the sOb-receptor. Compared with control subjects, smoking cigarettes has been associated
with significantly lower serum leptin, sOb-R, and free
leptin levels. Perkins found no difference in leptin
concentration due to smoking status, but smoking cessation for three weeks increased leptin levels in
women only [25]. Leptin expression is increased in
bronchial epithelial cells and alveolar macrophages of
ex-smokers with or without severe COPD compared
with never smokers. A functional leptin signaling path-
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way has been detected in lung epithelial cells [26].
Smoking may modify leptin receptors and modulate
leptin synthesis. The weight-lowering effect of smoking probably is not related to leptin-induced anorectic
signals [6].
INFLAMMATION

Systemic inflammation is important in the pathogenesis of cardiovascular disease. Despite the well-known
inverse association between smoking and body weight,
molecular mechanisms underlying this phenomenon
have not been elucidated completely. Data published
by Shimada et al [19] suggested that cigarette smoke
has the potential to inhibit adipocyte differentiation
via dual, independent mechanisms. Increased tissue
concentration of the pro-inflammatory cytokines impaired the normal differentiation of pre-adipocytes
into adipocytes. This may result in decreasing serum
concentration of adiponectin [16]. In the present
study, decreasing concentration of adiponectin was
not accompanied by a measurable elevation in serum
levels of TNF-α, IL-6, or CRP. A pro-inflammatory
effect of cigarette smoking was demonstrable in increased leukocyte count in all smokers and higher SAA
concentration in non-obese smokers.
CRP

Circulating C-reactive protein (CRP), as an inflammation marker, is associated with the incidence of cardiovascular events. Increasing plasma concentration of
CRP reflect an inflammatory process caused by the release of proinflammatory cytokines (IL-6 or TNF-α).
CRP stimulates the classical way of the complement
cascade and may induce the induction of cytokines itself. Adiponectin decreases the synthesis and secretion
of CRP from endothelial cells via modulation of the
AMP-kinase signaling pathway [27] and negatively regulates CRP expression in adipocytes [17]. CRP seems
to be a useful biomarker for an obesity-caused subclinical inflammation [2]. In men, serum concentration of
CRP correlates with WHR [28]. Weight loss is associated with a decline in serum concentration of CRP
[29]. Beside the liver, macrophages, smooth muscle
cells and adipocytes produce CRP. In adipose tissue,
an inverse relationship between CRP and adiponectin
mRNA has been described [17]. In Japanese men,
both leptin (negatively) and adiponectin (positively)
are independently associated with CRP concentration
[30]. Leptin is more strongly related to CRP levels
than adiponectin, especially among obese men [30].
Among women of the DRECAN-05 population, leptin concentration highly correlated with CRP and BMI
[8]. In the present study, a correlation with CRP could
be confirmed in non-smokers only. There exists a
strong inverse correlation between CRP and adiponectin mRNA [31]. In healthy obese women or in
non-diabetic women, adiponectin serum concentration
correlates with CRP [32, 33]. In a subgroup of nonsmokers of the present study, the correlation of
adiponectin with CRP was weak and it was not
demonstrable in smokers. Maybe, this was due to different menopausal status and use of hormone replace-
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ments. Hormone replacement therapy seems to increase the serum concentration of CRP [5, 34]. Postmenopausal women in the lowest quartile of visceral
fat and not on HRT show a significantly lower CRP
than women in the highest quartile of visceral fat independently of HRT use [35].
IL-6

Diabetes and metabolic syndrome are associated with
increased low grade inflammation [27]. IL-6 acts on
hepatocytes inducing the acute phase reaction/reactants. Among non-smokers, the plasma level of IL-6
correlates with absolute and relative fat mass, fasting
insulin, and blood pressure. These effects are dependent on gender and current smoking status [8, 36].
Among women, the correlation of IL-6 with fasting
insulin could not be observed. Adiponectin is able to
inhibit the activation of NF-κB in macrophages and
endothelial cells. Hypoadiponectinemia increases concentrations of IL-6 and IL-8 in plasma [17, 37]. In the
present study, after adjustment for BMI, we found
only a weak correlation of adiponectin and the A/L
ratio with IL-6 in non-smokers.
TNF-α

Tumor necrosis factor alpha (TNF-α) is produced
mainly by macrophages in response to inflammation
or cancer and by adipocytes [38, 39]. In adipocytes,
pro-inflammatory cytokines such as TNF-α downregulate the expression of adiponectin and upregulate the
production of leptin [40]. Adiponectin again inversely
regulates the TNF-α expression in the adipose tissue
[17]. It is still unclear whether an increased TNF-α
production in the adipose tissue is reflected by increased serum concentration [41]. Moderate cigarette
consumption in middle aged women was not reflected
by increased serum concentration of TNF-α or significant correlation between adiponectin and TNF-α in
smokers.
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