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Abstract
MANTZOROS, CHRISTOS S., ANTONIOS D. LIOLIOS,
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ALAN C. MOSES, JEFFREY S. FLIER. Circulating insulin
concentrations, smoking, and alcohol intake are important
independent predictors of leptin in young healthy men.
Obes Res. 1998;6:179-186.
Objective: Leptin, an adipocyte-secreted hormone, has been
shown to signal the status of energy stores to the brain,
regulate energy homeostasis, and mediate the neuroendo
crine response to food deprivation. Obesity is associated
with increased leptin levels, and several hormones, includ
ing insulin and glucocorticoids, have been associated with
leptin levels and expression in rodents. Although obesity
has been strongly associated with increased leptin in hu
mans, a significant percentage of leptin's variability re
mains unexplained. The role of endogenous hormones, de
mographic factors, or certain life-style factors in explaining
the residual variability of leptin levels has not yet been
clarified. We performed this cross-sectional study to docu
ment the relative importance of obesity, lifestyle factor, and
endogenous hormones in determining serum leptin levels.
Research Methods and Procedures: We measured serum
concentrations of insulin, cortisol, testosterone, growth hor
mone, and dehydroepiandrosterone sulfate; ascertained an
thropometric, demographic, and lifestyle characteristics;
and studied these variables in relationship to serum leptin
concentrations in a sample of young healthy men.
Results: Obesity and alcohol intake were independently and
positively associated with circulating leptin concentrations.
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Additionally, cigarette smoking was negatively and inde
pendently associated with leptin concentrations. Finally, se
rum insulin concentration was an independent hormonal de
terminant of circulating leptin concentrations, whereas se
rum testosterone was negatively associated with leptin only
by bivariate analysis.
Discussion: We conclude that, in addition to obesity, ciga
rette smoking, alcohol intake, and serum insulin levels are
associated with leptin levels in a population of healthy
young men.
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Introduction
Leptin, the product of the ob gene (I), is an adipocyte

secreted protein, the serum levels of which in the fed state
reflect the amount of energy stored in adipose tissue of
rodents and humans (2-5). In rodents, leptin acts in the
hypothalamus to decrease food intake and increase energy
expenditure (6-9), and genetic defects that impair either
leptin production or action cause severe obesity (1,4). In
addition to its role in regulating energy homeostasis, leptin
also appears to play an important role in regulating the
neuroendocrine axis (10-12) in rodents.

Although leptin levels in the fed state correlate strongly
with adiposity, individuals with the same level of adiposity
may vary markedly in leptin levels (4,5). Thus, an under
standing of the factors that influence leptin levels is highly
desirable. Such factors could be endogenous or related to
environmental influences. One important environmental
factor that is capable of influencing the regulation of energy
balance in humans is cigarette smoking (13). Smoking in
creases endogenous catecholamine levels (14,15), stimu
lates energy expenditure (16,17) and thermogenesis (13,18),
and decreases body weight (19,20). Although smoking
might influence energy balance, thermogenesis, and body
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weight by increasing circulating leptin concentrations, it is
also possible that smoking, via activation of the adrenergic
system (14,15), could suppress leptin levels and decrease
body weight via a mechanism that operates independent of
leptin. A possible relationship between cigarette smoking
and the leptin axis has not yet been explored in humans.
Furthermore, insulin (4,21-23), glucocorticoids (4,24-26),
and adrenergic agonists (4,26-29) are additional factors that
can regulate leptin secretion both in vitro and in vivo in
animals. However, the experimental evidence for the role of
insulin in regulating leptin mRNA expression or circulating
levels in humans remains controversial (4,23,30,31), and
studies on the role of endogenous glucocorticoids have re
vealed conflicting results (4,32-34). Finally, we are aware
of no previous studies that have jointly evaluated anthropo
metric, demographic, hormonal, and lifestyle factors, such
as smoking or alcohol intake, as predictors of circulating
leptin concentrations in humans. For those reasons, we have
studied young healthy men to explore whether lifestyle fac
tors or circulating hormonal levels are independent deter
minants of circulating leptin concentrations in humans.

Subjects and Methods
Participants in this study were 82 consecutively en

rolled young men aged 18 to 28 who consented to having a
single blood sample drawn during a routine physical exami
nation between 9:00 and II :00 AM (35). Subjects were
healthy and were taking no medication. The study was con
ducted according to the principles expressed in the "Dec
laration of Helsinki."

The participants responded to a questionnaire adminis
tered by an interviewer that covered basic demographic and
lifestyle variables. Specifically, the participants were asked
to indicate their age in completed years, area of residence,
recorded as a trichotomous variable (0: village or
town<lO,OOO residents, I: city 10,000 to 100,000 residents,
2: major urban center> 100,000 residents), and educational
level in completed years of schooling. In addition, subjects
were asked to indicate whether they were smokers and, if
so, the daily number of cigarettes smoked. Information was
also provided on the amount of coffee drunk in cups per
week and usual alcohol intake in glasses per week. Greek
coffee was the type consumed by nearly all subjects,
whereas the amount of alcohol consumed in the standard
measures of most drinks is about the same for wine, beer,
and spirits (36). Thus, coffee intake was measured in cups
per week, and alcohol consumption was measured in drinks
per week as previously described (37,38). Regular partici
pation in sports (yes/no) and the number of hours of regular
weekly exercise were recorded, but no attempt was made to
weight it according to intensity (37,38). Height was mea
sured using the "extended neck" technique, and measure
ments were rounded to the closest centimeter. Weight was
measured using the same scales for all subjects, and mea-
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surements were also rounded to the closest III 0 of a kilo
gram. Quetelet's index (body mass index, BMI) was calcu
lated as weight/height'. Blood samples for the hormone
determinations were centrifuged immediately, and serum
was frozen at -34°C until determination. Serum hormone
concentrations were determined by commercially available
radioimmunoassay kits (Linco Research for leptin, ICN Im
muChem Coated Tubes' for insulin and cortisol, ICN Im
muChem Double Antibody'" for dehydroepiandrosterone
sulfate [DHEAS] and growth hormone [GH], and DPC
Coat-A-Count® for testosterone). The sensitivity of the as
says was as follows: 0.31 ng/mL for GH, 0.5 ng/mL for
leptin, 0.15 p.g/dl, for cortisol, 10 ng/mL for DHEAS, 4
ng/dL for testosterone, and 2.75 fLU/mL for insulin. The
intra-assay coefficients of variation in the range of values
measured were 8% to 8.8% for DHEAS, 4.22% to 5.39%
for insulin, 5.8% to 7% for cortisol, 4.1% to 5.8% for GH,
for testosterone and 4.4% to 5.7% for leptin (39,40).

Statistical analysis was performed by modeling levels
of leptin as a function of demographic, lifestyle, and endo
crine variables. Because leptin levels were not normally
distributed, we used logarithmic transformation of leptin
concentrations to normalize the distribution for statisti
cal analysis, reexponentiating for data representation in the
text (41).

Results
Baseline Data

Table I shows representative values of the demo
graphic, lifestyle, and endocrine variables. The mean age of
the participants was 22 years (standard deviation, 3 years),
and 60% (n = 49) were current smokers. Leptin concentra
tions were skewed to the right, with a mean of 7.12 ng/mL,
a median of 4.89 ng/ml, and a standard deviation of 6.84
ng/mL. Insulin concentrations were also skewed to the right
with a mean of 16.82 fLU/mL, a median of 11.09 fLU/mL,
and a standard deviation of 15.10 u.Uzrnl..

Simple Linear Regression Analysis
The simple regression coefficients of leptin concentra

tions regressed on each of the demographic, anthropometric,
lifestyle (upper part), and endocrine variables (lower part)
are seen in Table 1. Weight (p<0.0001), height (p = 0.04),
and alcohol intake (p = 0.05) are the anthropometric and
lifestyle factors that are positively associated with circulat
ing leptin levels by simple regression analysis. Additionally,
serum insulin (p = 0.0 I) and testosterone (p = 0.05) are the
only hormones associated with serum leptin by simple re
gression analysis.

Exploratory Multiple Linear Regression
Because the studied variables are interrelated, we per

formed multiple regression analysis to control for confound
ing factors. In an initial exploratory multiple regression
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Table 1. Simple and multiple regression coefficients of leptin regressed on anthropometric, lifestyle, demographic
(upper), and endocrine variables (lower)

Bivariate Bivariate
regression Pearson Multiple Partial

Mean coefficients correlation regression correlation
Variables (standard (standard coefficient coefficients coefficient Two-tailed

(units) deviation) error) (r) (95% CI) (r) p value

Anthropometric and lifestyle variables
Weight 79.6 0.036 0.67* 0.041 0.66 <0.0001
(kg) (14.1) (0.006) (0.026, 0.056)
Height 178.8 0.026 0.223* -0.018 -0.12 0.15
(em) (6.7) (0.013) (-0.042, 0.006)
Age 22 0.013 0.04 -0.059 -0.19 0.099
(years) (3) (0.036) (-0.129,0.011)
Education 12 0.063 0.22 0.043 0.15 0.16
(years) (3) (0.032) (-0.018,0.104)
Smoking 0.66 -0.137 -0.12 -0.204 -0.17 0.10
(pack/day) (0.68) (0.133) (-0.445, 0.037)
Alcohol 10 0.01 0.22* 0.020 0.28 0.007
(drinks/week) (17) (0.005) (0.006, 0.034)
Coffee 10 0.01 0.12 -0.002 -0.02 0.82
(cups/week) (9) (0.01) (-0.020,0.016)
Exercise 5.1 -0.019 -0.18 -0.007 -0.07 0.47
(hours/week) (7.6) (0.011) (-0.026,0.012)
Area of -0.133 -0.12 -0.168 -0.15 0.16
residence (0.126) (-0.404, 0.068)

Endocrine variables
Insulin 16.82 0.024 0.35* 0.023 0.33 0.0082
(I-1IU/mL) (15.10) (0.007) (0.006, 0.040)
DHEAS 621.06 0.0004 0.14 0.000 0.10 0.35
(ng/mL) (270.65) (0.0003) (-0.001, 0.001)
Cortis01 16.07 0.001 0.01 0.002 0.014 0.89
(l-1g/dL) (7.60) (0.012) (-0.022, 0.026)
GH 3.51 0.016 0.06 0.013 0.043 0.70
(ng/mL) (2.75) (0.033) (-0.053,0.079)
testosterone 477.2 -0.001 -0.23* -0.000 -0.075 0.55
(ng/dL) (156.92) (0.0005) (-0.001,0.001)

*p<O.05 by simple ingression analysis.

analysis model, we regressed leptin separately on all of the
demographic and lifestyle variables (Table 1, upper) and on
all of the endocrine variables (Table 1, lower). Insulin
(p = 0.008) was an independent hormonal determinant of
leptin levels. Body weight (p<0.000 1) and alcohol intake
(p = 0.007) were also independently and significantly asso
ciated with serum leptin levels, whereas the associations
between smoking or age and leptin levels achieved marginal

statistical significance (p<0.1). Thus, this analysis indicated
that the above variables could be the important predictors of
leptin levels to be entered in the final multiple regression
analysis model.

Additionally, we found that there was no colinearity
problem in the statistical analysis. The highest value of the
Pearson correlation coefficient between any two of the vari
ables studied was 0.536 for weight with height.

OBESITY RESEARCH Vol. 6 NO.3 May 1998 181



Predictors of Leptin, Mantzoros et al.

Multiple Linear Regression Analysis Model
To build the multiple regression analysis model, we

used stepwise forward selection (41). The model was evalu
ated at each step, and the process continued until adjusted
R2 was increased most, i.e., none of the remaining variables
explained any amount of additional variability, as reflected
by adjusted R2 (41). The final multiple regression analysis
model is presented in Table 2, where leptin is regressed on
insulin, age, body weight, height, alcohol, and smoking. In
fact, these were the variables that seemed to be the impor
tant predictors of leptin concentrations on the basis of
the models presented in Table I. The corresponding ad
justed R2 was higher in this model than in the above ex
ploratory models.

Insulin concentrations (p = 0.04), body weight
(p<0.000l), smoking (p = 0.03), and alcohol intake
(p =0.03) are significant independent predictors of serum
leptin concentrations in this model. The values of the Pear
son correlation coefficients between leptin, on one hand,
and insulin concentrations, body weight, smoking, and al
cohol intake, on the other, were 0.20, 0.63, -0.20, and 0.21,
respectively. Importantly, these associations were particu
larly robust. In a similar model, regressing leptin concen
trations on the same variables and BMI instead of weight
generated essentially identical results; insulin concentra
tions (p = 0.035), BMI (p<0.000 I), smoking (p = 0.037),
and alcohol intake (p = 0.027) remained the only significant
predictors of leptin concentrations.

An increase in the mean insulin concentrations by 7.33
fLU/mL (1/2 SD) corresponds to an increase of circulating
leptin concentrations by 1.22 ng/mL, and conceivably more,
depending on the extent of biologically generated variation
and consequent misclassification. Additionally, an increase
of body weight by 3.0 kg, an increase of alcohol intake by
one drink per day, and a decrease in smoking by 0.50 pack
per day correspond to a similar increase of circulating leptin
by approximately 1.11 ng/mL. By contrast, concentrations
of cortisol, GH, testosterone, and DHEAS within the normal
range do not appear to playa role of comparable significance.

Body weight or BMI considered alone explained 35%
of leptin variability as reflected by R2

• Additionally, insulin
levels, smoking, and alcohol consumption explained 49% of
leptin variability when considered separately from weight or
BMI. However, when all of the variables included in the
final multiple regression analysis model (Table 2) were con
sidered together, the explained leptin variability increased
further to 65%. Thus, the leptin variability explained jointly
by obesity, insulin, smoking, and alcohol consumption is
significantly increased. However, it appears that leptin vari
ability does not increase in an additive manner, probably
because of significant interactions between the study vari
ables. Finally, the residual leptin variability (35%) that re
mains unaccounted for after modeling the study variables
implies that, in addition to imprecision of measurements,
other hormonal or environmental factors could also play an
important role.

Table 2. Simple and multiple regression coefficients of leptin regressed on insulin, alcohol intake, smoking, age,
height, and body weight

Bivariate Bivariate
regression Pearson Partial

Mean coefficients correlation Multivariate correlation
Variable (standard (standard coefficient coefficients coefficient Two-tailed
(units) deviation) error) (r) (95% CI) (r) p value

Insulin 16.82 0.024 0.35 0.013 0.21 0.04
(fLID/ml) (15.10) (0.007) (0.001,0.025)
Alcohol 10 0.01 0.22 0.015 0.20 0.03
(drinks/week) (17) (0.005) (0.002, 0.028)
Age 22 0.013 0.04 -0.017 -0.054 0.57
(years) (3) (0.036) (-0.076,0.042)
Smoking 0.66 -0.137 -0.12 -0.224 -0.20 0.037
(pack/day) (0.68) (0.133) (-0.434, -0.014)
Height 178.8 0.026 0.23 -0.011 -0.096 0.38
(em) (6.7) (0.013) (-0.036,0.014)
Weight 79.6 0.036 0.67 0.038 0.63 <0.0001
(kg) (14.1) (0.006) (0.024, 0.052)
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Discussion
Leptin levels in the fed state correlate strongly with the

magnitude of adipose stores in both humans and rodents
(4,5). However, individuals with the same level of adiposity
may vary markedly in leptin levels (4,5). Thus, it seems that
other factors that influence leptin levels could explain a
significant degree of leptin variability. Such factors could be
endogenous or related to environmental influences. A pre
vious study has shown that in addition to obesity, age and
gender could influence leptin variability (30). Another im
portant environmental factor that is capable of influencing
the regulation of energy balance (16,17) and body weight
(19,20) in humans, and could potentially influence leptin
levels, is cigarette smoking (13). Furthermore, hormones
such as insulin (4,21-23), glucocorticoids (4,24-26,42), and
adrenergic agonists (4,26-29) are additional factors that can
regulate leptin secretion in vitro and in animal studies, al
though their role in humans has not been elucidated. This
study has addressed the possible interrelationship between
leptin on one hand and hormonal, demographic, and life
style factors on the other. Given the important actions of
leptin, hormonal factors, and cigarette smoking on energy
balance, their interactions in humans are a matter of clinical
significance. At the time of this study, there was equivocal
evidence for the role of insulin and cortisol and virtually no
evidence concerning the potential role of circulating GH,
testosterone, and DHEAS in determining circulating leptin
concentrations in normal men. Finally, no previous study
had evaluated the potential role of demographic or lifestyle
factors or had performed joint evaluation of the above en
docrine variables as predictors of circulating leptin concen
trations in normal men after controlling for potential con
founding variables.

Our study suggests that circulating insulin concentra
tions within the normal range influence leptin circulating
levels in healthy men. The independent association of cir
culattng leptin with insulin concentrations is consistent with
experimental evidence that insulin increases leptin gene ex
pression and circulating levels in rodents (4,21,22) and is in
agreement with recent data demonstrating increased leptin
secretion by human adipocytes in vitro (23) and increased
serum leptin levels in vivo (23), in response to chronic
hyperinsulinemia. Furthermore, these data are also consis
tent with recent evidence suggesting that leptin correlates
with pancreatic insulin secretion independent of percent
body fat in healthy humans, but not in subjects with im
paired glucose tolerance (lGT) or non-insulin-dependent
diabetes (NIDDM) (43--45). Thus, because insulin-resistant
states, i.e., IGT and NIDDM, are not associated with in
creased leptin levels (30,43--45), these data may suggest that
endogenous hyperinsulinemia is associated with increased
circulating leptin only in the absence of insulin resistance.
Finally, given the previously shown lack of any acute effect
of insulin on leptin production (23), our data are consistent

with the notion that insulin-stimulated leptin secretion could
represent the result of a long-term trophic effect of insulin
on adipocytes, rather than one of the classic metabolic ac
tions of insulin, such as inhibition of lipolysis (4). Another
important finding of this study is the lack of an independent
correlation between leptin and serum testosterone. Leptin
influences the reproductive system in rodents (10,11,12),
and sex steroids have been proposed as one of the potential
explanations for the observed differences in leptin levels
between men and women (46). However, although a previ
ous cross-sectional study demonstrated a negative correla
tion between testosterone and leptin levels in healthy men,
this association became nonsignificant after adjusting for
the effect of BMI (32). The negative association by bivariate
analysis and the lack of any independent correlation be
tween serum leptin and androgen levels in our study are in
agreement with a previous study (32) and suggest that either
other factors, such as estrogens or progesterone, or an in
teraction between high estrogen and low androgen levels
may be responsible for the observed sexual dimorphism in
leptin levels (46). Future studies are needed to elucidate this
issue. Finally, previous studies have revealed inconsistent
results with respect to the association of circulating leptin
and cortisol levels. More specifically, positive (34), nega
tive (33), and nonsignificant (32) associations have been
previously reported. Our study confirms in another popula
tion of normal men the lack of an independent correlation
between circulating leptin and cortisol levels.

This study also demonstrates a positive and indepen
dent association of circulating leptin concentrations with
alcohol intake (4). Alcohol intake has been associated with
a high daily energy intake (47). Furthermore, alcohol intake
decreases lipid oxidation, favors energy storage as fat, and
promotes weight gain (48). These observations are consis
tent with the significant positive association between alco
hol intake and leptin levels in this study. However, the fact
that this association persists after controlling for obesity
indicates that alcohol may exert an additional direct effect
on the adipocyte. Alcohol has been shown to reduce lipoly
sis and circulating free fatty acids (FFA) in humans (47--49).
Thus, inhibition of lipolysis may underlie the independent
positive association between alcohol intake and circulating
leptin concentrations in this study, although other mecha
nisms, metabolic or trophic, on the adipocyte cannot be
excluded (4,49). These data are consistent with recent stud
ies that demonstrate that alcohol increases resting energy
expenditure (48-50).

Cigarette smoking decreases body weight in humans,
and cessation of smoking has been associated with weight
gain (19,20). This metabolic effect of smoking is due to
stimulation of energy expenditure (16,17) and increased
thermogenesis (13,18). In addition, cigarette smoking has
been shown to increase plasma catecholamine and FFA con
centrations (14,15). Circulating catecholamines or activa-
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tion of adrenergic receptors increased lipolysis in humans
(14,15) and have been shown to decrease leptin levels in
vitro and in animal studies (26-29,51). Finally, a recent
cross-sectional study revealed that smokers had lower leptin
levels than nonsmokers, after adjusting for BMI (52). Given
the independent, negative association between smoking and
leptin concentrations shown in this study, as well as the
previously mentioned one (52), it can be concluded that the
effect of smoking on energy balance and body weight oc
curs independent of leptin, most likely via increased sym
pathetic nervous system activity, which might itself be re
sponsible for the fall in leptin levels.

Our cross-sectional study revealed no significant asso
ciation between daily physical activity, as assessed by
means of an interviewer-administered questionnaire
(37,38), and serum leptin. Similarly, physiological studies
on normal men have failed to show a change in leptin levels
after exercise (53-56), although prolonged strenuous exer
cise, such as ultramarathon, may decrease leptin levels (57).
In addition, leptin is not associated with total energy expen
diture in healthy men (58).

Both leptin (43) and steroid hormone secretion display
a circadian variation (37,59). Previous studies have shown
that a single blood sample drawn at a standardized and
narrow time frame reliably reflects the mean hormonal con
centrations for similar epidemiological studies (37,59). Ad
ditionally, circulating concentrations of the measured hor
mones vary considerably with age (59,60). The young age
and narrow age range of the study subjects, the performance
of appropriate statistical control, and the fact that timing of
the blood draw was standardized limit errors from these
sources (37). We have not measured thyroid hormones in
this study because we have previously shown that short
term hyperthyroxinemia that does not alter body weight has
no effect on serum leptin concentrations (61).

We presume some misclassification in the reporting of
demographic asd lifestyle variables, the measurement of
anthropometric indexes, and the laboratory determinations
of hormones. Additionally, although leptin levels are not
affected (4,62), circulating insulin levels may change in
response to breakfast. As a result, it could be argued that
measured insulin levels may not accurately reflect the true
mean circulating insulin levels of study subjects and, thus,
could have resulted in misclassification, which in turn, may
have influenced the observed associations. The resulting
errors in relation to anthropometric indexes and the labora
tory determinations of insulin and leptin are clearly uncor
related, however, because the laboratory tests were blindly
performed and the personnel involved had no knowledge of
either the identity of the subjects or their anthropometric,
demographic, and lifestyle data. Such nondifferential mis
classification should bias the regression coefficients toward
the null value and should weaken the corresponding level of
statistical significance (63). Furthermore, the extent of this
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misclassification is no less for insulin than for the other
hormones. Thus, the above factors either have not affected
the results of this study or, if anything, have weakened the
associations studied (63).

In summary, this study demonstrates that obesity,
smoking, circulating insulin concentrations, and alcohol
intake are all important independent predictors of circulat
ing leptin levels in healthy young men. Both leptin (10)
and smoking alter neuroendocrine function (64), cortisol
(65), testosterone (66), and thyroid hormone levels (67,68).
The precise mechanism by which smoking and alcohol
intake act on the adipocyte to regulate leptin levels and
the mechanism by which these effects on circulating leptin
may affect human physiology will be the subject of
future investigation.
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