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It is estimated that there are more than 1.3 billion 
smokers globally and by 2025; it could reach to 1.6 
billion.1,2 The Global Adult Tobacco Survey (GATS) 

2011 showed the prevalence of Malaysian’s men who 
currently smoke tobacco which was 43.9%.3

Previous studies have demonstrated the association 
between cigarette smoking and weight loss while weight 
gain always occurs due to its cessation.4-6 Nicotine 
is believed to underlie the effect of smoking on body 
weight.6,7 It is suggested that nicotine exposure from 
smoking activities could enhance the release of leptin, 
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BACKGROUND: Exposure to nicotine via tobacco smoking may influence leptin release and decrease food 
intake among smokers. However, the effect of nicotine exposure on leptin and food intake among different 
nicotine dependent groups is unclear.
OBJECTIVE: We aimed to measure leptin and calorie intake among different nicotine dependent groups. 
DESIGN: Cross-sectional study.
SETTING: Research department in school of medical sciences.
PATIENTS AND METHODS: Subjects were selected by purposive (non-probability) sampling and catego-
rized as having low, moderate and high nicotine dependency based on the Fagerstrom Test for Nicotine 
Dependence (FTND) score. Diet was recorded by interview. Anthropometry, blood pressure, body composi-
tion, lipid profile, and physical activity level were measured accordingly. Fasting serum leptin was measured 
using a commercial ELISA kit.
MAIN OUTCOME MEASURE(S): Nicotine dependency, 24-hour diet, clinical anthropometric and clinical 
measurements.
RESULTS: In 107 Malay male smokers leptin concentration was inversely correlated with nicotine depen-
dence. However, body weight, smoking period, blood pressure, body composition, lipid profile and physical 
activity level were not significantly different among low, moderately and highly dependent smoking groups. 
Leptin concentration and total calorie intake were also not significantly different among these groups. 
CONCLUSION: Leptin concentration was inversely correlated with nicotine dependence, but leptin con-
centration and total calorie intake status were not significantly different among our different nicotine depen-
dency subjects. 
LIMITATIONS: Purposive sampling for subject recruitment and inaccurate information in the self-adminis-
tered questionnaire.

an appetite suppressor, and resulted in decreased feed-
ing.8 Hence suggested the inverse relationship between 
nicotine and body weight.8 Therefore, the role of leptin 
might be responsible for weight changes among smok-
ers.9,10 On the other hand, other researchers speculate 
that there was a clustering factor such as consumption of 
cigarette smoke, physical activity level and diet involved 
in smoking and body weight relationship.11

Nicotine dependency might be a factor which af-
fects the final result of leptin concentration and calorie 
intake. Low dependence could be the answer why leptin 
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concentration was not affected by smoking as reported 
in some studies. The effect of smoking on leptin con-
centration must be studied on the different group of 
smokers regarding their dependency to ensure the ex-
act results are obtained. Therefore, this study aims to 
determine the status of leptin and calorie intake among 
generally healthy Malay male smokers based on their 
nicotine dependency.

PATIENTS AND METHODS
This was a cross-sectional study conducted at School 
of Medical Sciences, Universiti Sains Malaysia, Kubang 
Kerian, Kelantan from September 2011 to December 
2012. Ethical approval was obtained from the Research 
Ethics Committee (Human) of Universiti Sains Malaysia 
and this study wasn conducted in compliance with the 
Declaration of Helsinki. Written informed consent was 
obtained from all subjects prior to the study. Volunteers 
among Malay male smokers were invited by advertise-
ment and selected by purposive sampling. The inclu-
sion criteria were currently active smoker, age between 
30 to 50 years old, non-obese (BMI<30), no history of 
chronic diseases such as hypertension, diabetes or kid-
ney problem, not on any medication, not participating 
in a weight loss program and no alcohol consumption. 

Anthropometry, body composition and blood 
pressure
Height was measured barefoot using a portable body 
meter (SECA 206, Germany) to the nearest 0.1 cm.12 

Body weight, body fat percentage (BF), visceral fat (VF) 
and basal metabolic rate (BMR) were measured using 
a body composition analyzer (Tanita SC330, Tokyo, 
Japan), which uses bioelectrical impedance analysis. 
Waist circumference (WC) and hip circumference (HC) 
were measured in the standing position using the same 
measurement tape. WC was measured at a level mid-
way between the lower rib margin and iliac crest, while 
HC was measured as maximal circumference over the 
buttocks.13 Waist-hip ratio (WHR) was defined as the 
ratio of WC to HC. After 10 minutes of rest, the mea-
surement of right arm systolic and diastolic blood pres-
sure (SBP, DBP) was done using digital blood pressure 
monitors (HEM-780, Omron, Japan) while seated. The 
second reading was taken after five minutes, and the 
average value was recorded.13

Lipid profile and serum leptin
Fasting peripheral blood was drawn in the morning 
and allowed to clot at room temperature. The sample 
was then centrifuged to obtain a serum aliquot that 
was stored at -80°C. Total cholesterol (TC), triglyceride 

(TG), and high-density lipoprotein cholesterol (HDL-C) 
were analyzed with an automated biochemistry analyz-
er (Vitalab Selectra E, Netherlands).13 TC and TG were 
measured by colorimetric methods: oxidase-peroxidase 
(CHOD-PAD)(Randox, UK) for TC and glycerol oxidase-
peroxidase (GPO-PAP) for TG (Randox, UK). HDL-C was 
estimated with a direct clearance method (Randox, 
UK), while low-density lipoprotein cholesterol (LDL-C) 
was calculated using the Friedewald equation.14 Serum 
leptin was measured in duplicate with commercial 96 
wells enzyme-linked immunosorbent assays (ELISA) kits 
(Cusabio, China), based on direct sandwich ELISA tech-
nique. The optical density was determined by using a 
microplate reader (Varioskan Flash, Thermo Scientific, 
USA) at 450 nm, and a standard curve was generated 
using the manufacturer software (SkanIt Software 2.4.3, 
Thermo Scientific, USA).

Nicotine dependence and physical activity level 
The Malay version of the Fagerstrom Test for Nicotine 
Dependence (FTND) questionnaire is valid and reli-
able.15 FTND is a short self-report questionnaire consist-
ing of six questions on the smoking habit with specific 
points for each answer. The points are counted to pro-
vide a total score. A score of 7 to 10 points represents 
high nicotine dependence. A score of 4 to 6 and less 
than 4 represent moderate and low dependence, re-
spectively.16 The short version of International Physical 
Activity Questionnaire (IPAQ) was used to assess the 
physical activity of the subjects. The total score was cal-
culated by the summation of the duration (in minutes) 
and frequency (days) of walking, and other moderate- 
and vigorous-intensity activities.17,18 Based on the total 
score, subjects were categorized as having low, moder-
ate or high physical activity level. 

Total calorie intake
Calorie intake was measured using the 24-hour diet 
recall. All subjects underwent a guided interview to re-
count all foods and drinks they had consumed in the 
past 24 hours or during the previous day. Two recall 
interviews were conducted on non-consecutive days 
to obtain a better representation of the usual diet. The 
total calories from the first interview was combined with 
the total calories from the second interview to get the 
average, which was taken to represent the usual total 
calorie intake per day of the subjects. All data were ana-
lyzed with Nutritionist Pro-Diet Analysis software (Axxya 
Systems, USA).

Statistical analysis
Statistical analysis was performed using IBM SPSS 
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Statistics software (Version 20, IBM, USA). Data are re-
ported as mean with standard deviation (SD) and con-
sidered significant by a P value less than 0.05. One-way 
analysis of variance (ANOVA) was used to determine 
the mean difference of studied parameters between 
smoking dependence groups. Correlation between 
nicotine dependence (FTND score) and leptin concen-
tration was measured using Spearman correlation test.

RESULTS
One hundred and seven adult Malay male smokers par-

Table 1. Mean difference among nicotine dependent groups.

Parameters
Low 

Dependence  
(n=55)

Moderate 
Dependence 

(n=34)

High 
Dependence 

(n=18)
P

Age (years) 37.4 (10.1) 36.7 (9.2) 36.5 (8.1) .910

Smoking 
period (years) 16.5 (8.1) 16.6 (7.5) 18.7 (7.3) .555

SBP (mm Hg) 127.8 (15.2) 122.2 (13.1) 124.5 (13.8) .248

DBP (mm Hg) 79.1 (11.2) 74.1 (12.6) 77.3 (10.2) .202

Weight (kg) 69.1 (12.9) 71.7 (12.9) 69.7 (10.5) .642

BMI (kg/m2) 25.0 (3.9) 24.7 (3.8) 24.5 (3.2) .900

WC (cm) 83.6 (13.3) 84.9 (10.9) 83.0 (9.3) .834

HC (cm) 97.0 (7.7) 97.0 (7.5) 95.9 (7.6) .851

WHR 0.9 (0.1) 0.9 (0.1) 0.9 (0.1) .867

BF 22.4 (7.3) 21.3 (5.7) 21.0 (4.9) .658

VF 9.8 (4.4) 9.9 (4.8) 9.7 (3.8) .990

BMR (kcal) 1494.8 
(206.0)

1567.9 
(216.2)

1529.5 
(179.7) .266

IPAQ score 3950.6 
(2773.0)

3300.4 
(2799.7)

4166.0 
(3793.0) .506

TC (mmol/L) 5.05 (1.1) 5.4 (0.9) 5.2 (1.1) .416

TG (mmol/L) 1.7 (1.0) 1.5 (0.7) 1.7 (0.9) .468

LDL-C 
(mmol/L) 3.2 (0.8) 3.5 (0.6) 3.3 (0.9) .127

HDL-C 
(mmol/L) 1.1 (0.2) 1.2 (0.2) 1.1 (0.2) .493

Leptin (ng/
mL)

4561.5 
(2028.6)

4026.6 
(1883.7)

4062.5 
(2055.6) .418

Calorie intake 
(kcal)

2019.4 
(677.5)

2034.7 
(530.5)

2311.9 
(764.1) .269

Values presented as mean (SD). Analysis using one-way analysis of variance (ANOVA).

SBP=systolic blood pressure, DBP=diastolic blood pressure, BMI=body mass index, WC=waist 
circumference, HC=hip circumference, WHR=waist hip ratio, BF=body fat, VF=visceral fat, BMR=basal 
metabolic rate, IPAQ=international physical activity questionnaire, TC=total cholesterol, TG=triglyceride, 
LDL-C=low density lipoprotein cholesterol, HDL-C=high density lipoprotein cholesterol.

ticipated in this cross-sectional study. The mean (stan-
dard deviation) age was 37.0 (9.4) and BMI was 24.8 
(3.7) kg/m2. Based on FTND questionnaire score, 55 
subjects were categorized as having low nicotine de-
pendence, followed by moderate nicotine dependence 
(n=34) and high nicotine dependence group (n=16). 
For physical activity level, the majority of the subjects 
had high physical activity level (n=61) followed by mod-
erate (n=29) and low (n=17) physical activity level.

There were no significant differences in anthropom-
etry (body weight, WC, HC, WHR), blood pressure (SBP, 
DBP), body composition (BF, VF, BMR), lipid profile (TC, 
TG, LDL-C, HDL-C), and physical activity level (IPAQ 
score) between low, moderately and highly smoking 
dependence groups. Furthermore, leptin concentration 
and total calorie intake were also not significantly dif-
ferent between these groups (Table 1). However, leptin 
concentration was inversely but weakly correlated with 
nicotine dependence (FTND score) (r=-0.198, P=.048) 
(Figure 1).

DISCUSSION
The main intention of this study was to verify the leptin 
status and calorie intake, in addition to the anthropom-
etry measurements, blood pressure, body composition, 
lipid profile and physical activity status among gener-
ally healthy Malay male smokers based on their nicotine 
dependency. In this study, no significant difference was 
found in anthropometric measurements, blood pres-
sure, body composition, lipid profile and physical activ-
ity level (IPAQ score) between low, moderate and high 
smoking dependent groups. Nevertheless, all groups 
recorded acceptable blood pressure, normal BMI, low-
risk WC (<102 cm), average BF (20-25%) and healthy 
VF (<12).19-21 Meanwhile, lipid profile parameters were 
categorized as optimal or borderline.22 

In the present study, no significant difference was 
found in leptin concentration among low, moderate 
and high smoking dependent groups. However, there 
was a significant, although weak inverse correlation be-
tween Fagerstrom score with leptin concentration. This 
finding is consistent with previous studies where the 
plasma leptin concentration of smokers was lower than 
non-smokers.23-25 Besides, a cross-sectional study of a 
multiethnic population revealed a significant inverse 
relationship between leptin level with the number of 
cigarettes smoked per day. In that study, the leptin level 
was predicted to decline at 17.9% with 20 cigarettes 
smoking per day.26 

The lower leptin concentration observed among the 
highly nicotine dependent group compared with other 
groups and the inverse correlation between Fagerstrom 
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score with serum leptin concentration contradict the 
initial theory that exposure to nicotine via cigarette 
smoking would increase leptin hormone, which is one 
of the main appetite suppressant hormones in the hu-
man body, and reduce food intake. The present find-
ing could suggest that smoking does not directly affect 
smokers appetite and food intake by changes in leptin. 

Elucidation of the mechanism for how cigarette 
smoking possibly decreases leptin levels is beyond the 
scope of this study. There are several possible mecha-
nisms. Smoking might increase the basal metabolic rate 
of smokers due to an effect of nicotine.27 A higher basal 
metabolic rate would cause the body to burn more en-
ergy and reduce body weight. Any loss of body weight 
or body fat would lead to a decrease in leptin hormone 
concentration as it is derived from the adipose tissue 
of body fat.

Another reason for the reduction of serum leptin 
concentrations in smokers is probably the indirect ef-
fect of nicotine of increasing catecholamine,25 which is 
believed to inhibit leptin expression and secretion.28 

Another reason is that factors such as elevation of 
leptin turnover, distribution alteration or removal from 
the circulation may cause a decline in serum leptin level 
among smokers.25,29 Increased transportation of leptin 
over the blood-brain-barrier is stimulated by adrenaline, 
which also causes a rise in the uptake and brain/serum 
ratio of leptin.25,29 Smoking also increases free fatty acid 
concentration and lipolysis, which may decrease leptin 
concentration in the blood circulation.30,31 Moreover, ox-
idative stress induced by smoking has been reported to 
affect the functions of adipocytes,32,33 resulting in lower 
leptin production particularly by reduction of leptin 
gene expression in 3T3-L1 adipocytes.33,34 Additionally, 
a previous study also reported that the function of adi-
pocytes is reflected by levels of adipokines.33,35 

However, there was no significant difference be-
tween total calorie intake among the three nicotine de-
pendence groups. This finding is consistent with a pre-
vious study where smoking had no major effect on sup-
pressing smokers’ appetite or total calorie intake.36 Our 
results showed that the highest total calorie was among 
the highly dependent group, followed by the moderate 
dependence and low dependence groups. Although 
there was no significant mean difference among nico-
tine dependence groups, the value of total calorie in-
take across the groups is similar to a previous study, 
which heavy smokers had the highest total calorie in-
take followed by the moderate and light smokers.37 The 
high total calorie intake among heavy smokers could 
be due to their greater consumption of fat and sugar 
compared with moderate and light smokers. Smokers 

Figure 1. Spearman correlation of serum leptin concentration by score on 
Fagerstrom Test for Nicotine Dependence (r=-0.198, P=.048, n=107).

do not eat less than non-smokers or ex-smokers and in 
some cases tend to eat slightly more.38 

There are a few limitations in the present study. 
Causation and generalization cannot be inferred be-
cause of the purposive sampling. Responses to the 
questionnaire may have been inaccurate, which could 
affect classification. Lastly, analysis of macro- and mi-
cronutrients should be performed to elucidate the 
effects of high consumption of fat and sugar among 
different smoking dependent groups. Apart from the 
limitations, the present study also had several meth-
odologic strengths. We recruited only generally healthy 
active Malay male smokers. The apparent dose-depen-
dent association between Fagerstrom score and leptin 
might indicate a causal relationship.

In conclusion, leptin has an inverse correlation with 
nicotine dependence, but there were no other differ-
ences between the nicotine dependent groups. These 
findings may indicate that nicotine exposure via smok-
ing may influence leptin concentration. However, any 
effect is not reflected in total calorie intake.
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