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The purpose of this study was to examine the relation of leptin to metabolic and dietary factors in
college-age adults. Young adult women and men (n 5 32) were recruited and underwent testing for
measurement of body mass index, body composition, peak oxygen consumption (VO2peak), dietary
intake, and plasma levels of leptin and insulin. Ln leptin was significantly greater for women than for men
(2.1 versus 1.2 ng/mL, respectively). This difference remained significant even after adjusting ln leptin for
fat mass and fat-free mass as covariates in separate analyses. VO2peak was higher for men than for
women and this remained significant after adjustment for differences in fat-free mass and total body mass.
Significant correlations were found between ln leptin and indicators of fat mass in women and men, with
higher correlations for similar variables observed in men (r 5 0.548, 0.674, and0.732 for body mass
index, percentage of body fat, and fat mass [kg] for women, respectively, andr 5 0.740, 0.888, 0.858
for body mass index, percentage of body fat, and fat mass [kg] for men, respectively). Ln leptin showed
a significant inverse relationship with VO2peak (r 5 20.751) in menonly. After adjusting ln leptin for
body fat mass using partial correlations, ln leptin was not significantly associated with any of the
measured variables. Alternatively, after normalization of ln leptin using fat mass as the divisor, a less
adequate statistical analysis method, men showed statistical significant correlations between ln leptin and
dietary intake and VO2peak. Although plasma leptin values were higher in women, stronger associations
were evident for men than for women between leptin and metabolic and dietary factors.Nutrition 2001;
17:105–111. ©Elsevier Science Inc. 2001
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INTRODUCTION

The study of obesity has progressed dramatically since 1994 with
the discovery of theob gene product leptin.1 Produced primarily
by white adipose tissue, this obesity hormone is involved in energy
regulation through modification of energy intake and energy ex-
penditure. Leptin acts as a satiety hormone involved in the body’s
energy regulatory loop, linking fat mass to food intake and energy
expenditure2 via a negative-feedback loop. Parenteral administra-
tion of leptin toob/obmice, an animal with a genetic deficiency of
leptin, lowers body weight, body fat content, and energy intake and
increases metabolic rate and oxygen consumption.3–5

Previous research indicates that plasma leptin concentrations
are highly correlated with measures of adiposity, including body
mass index (BMI), adipose tissue mass, percentage of body fat,
and sum of skinfold thicknesses. This is apparent across a wide
range of adiposity, from the lean to the very obese, in women and
in men.6–10For example, in individuals with a mean relative body
fat of 39%, plasma leptin was highly correlated with percentage of
body fat (r 5 0.80), BMI (r 5 0.72), and fatmass (r 5 0.64).9
On the other end of the spectrum, lean, highly trained male runners
also showed significant relationships between plasma leptin and
percentage of body fat (r 5 0.90), BMI (r 5 0.67), and fatmass

(r 5 0.91).10 Despite these strong associations with body fat,
there is a degree of variability present in plasma leptin concentra-
tions at each level of body fat, indicating that genetic and envi-
ronmental factors are likely to be involved in regulating leptin
synthesis.

This preliminary study examined several probable associations
with leptin in an attempt to understand this variability. Factors that
have shown an independent relation with leptin irrespective of
body composition include sex, diet, and cardiovascular fitness; the
latter two are often altered in obesity and may be related to the
leptin metabolic pathway. Women in general have been found to
have higher leptin levels than men,11–13 and these differences
remain apparent even after correcting for discrepancies in body
composition. These sex differences have been observed across
several age categories, body fat levels, and ethnic groups.11–13 In
addition, women are more likely to have disorders in the regulation
of body energy balance. These abnormalities include anorexia
nervosa,14 bulimia nervosa,15 and obesity with a BMI.35.0.16

Furthermore, because leptin regulates the expression of the neu-
rohormone neuropeptide Y (NPY), and NPY influences total food
intake and preferences for carbohydrates and fat,17 it is reasonable
to suggest that leptin may also be associated with specific aspects
of energy intake. Daily intake of total energy, carbohydrate, and fat
were shown to be negatively correlated with leptin.18 This is
consistent with leptin’s purported mechanism to reduce NPY syn-
thesis, thereby decreasing energy intake. In subjects with similar
relative body fat, plasma leptin concentrations were higher in those
consuming a high-fat diet than in those consuming a low-fat diet.19

Limited research investigating the relation of leptin to cardiovas-
cular fitness (measured via peak oxygen consumption [VO2peak])

Correspondence to: Gary Miller, PhD, Box 7868 Reynolds Station, Wake
Forest University, Winston-Salem, NC 27109, USA. E-mail: millergd@
wfu.edu

Date accepted: August 30, 2000.

Nutrition 17:105–111, 2001 0899-9007/01/$20.00
©Elsevier Science Inc., 2001. Printed in the United States. All rights reserved. PII S0899-9007(00)00511-6



has shown a significant inverse relation (r 5 20.42)between the
two variables in prepubescent girls and boys.20 In contrast, leptin
levels were not independently related to VO2peak in a large group
of adult women and men with different levels of adiposity (mean
percentage of body fat: 32.6% and 24.6%, respectively).21

METHODS

College-age (20–31 y) women (n 5 18) and men (n 5 14) were
recruited from the Wake Forest University student body. The
university’s institutional review board approved the experimental
protocol and all volunteers for the study read and signed the
informed consent. Participants were asked to maintain their normal
dietary and physical activity programs throughout the duration of
the study.

Each participant reported to the Human Performance Labora-
tory for multiple visits over 10 d for the determination of the
following variables: body composition, VO2peak, dietary nutrient
analysis, and plasma levels of leptin and insulin. Body density was
determined for each subject by hydrostatic weighing for calculat-
ing body composition with the Siri equation.22 Residual lung
volume was measured by the use of a whole-body plethysmograph
computerized system (1085-D, Medical Graphics Corporation, St.
Paul, MN, USA). BMI was calculated from the measured mass and
stature of the subject. Based on determinations of total body mass
and percentage of body fat, total fat mass (kg) was calculated. The
subject’s VO2peak was assessed during a graded exercise-
treadmill test using either the Astrand or the standard Bruce
protocol. The test was terminated when subjects stated they could
no longer continue with the maximum workload. At the terminal
workload, all subjects were at.85% of their age-predicted max-
imum heart rate and had a respiratory exchange ratio.1.15.
Respiratory gases were collected and analyzed throughout the
entire exercise session with the use of a MedGraphics CPX-D
metabolic cart (Medical Graphics Corporation). The highest
achieved value for oxygen consumption was considered the sub-
ject’s VO2peak. A 3-d food record was used to represent usual
food intake by the participants. Participants were instructed on the
standard procedure for completing the food records, including
detailing the preparation method, portion size, and name brands of
prepared foods and restaurant items. Total energy intake and
macronutrient composition of the diet were assessed with Nutri-
tionist IV Diet Analysis (FirstData Bank, San Bruno, CA, USA).
Blood was drawn after a 12-h fast between 8AM and 9AM. Blood
samples were centrifuged (4°C at 1700g for 12 min) and plasma
was collected and frozen at280°C until blood assays for leptin
and insulin were conducted. Measurement of plasma leptin and
insulin concentrations was performed by radioimmunoassays by
Linco Research, Inc. (St. Charles, MO, USA).

Statistical analyses included calculation of the mean, standard
error of the mean (SEM), and range for the variables. Data were
separated by sex for all variables for comparison purposes. Anal-
yses for the transformed natural logarithm for leptin (ln leptin) are
presented because leptin concentrations were not distributed nor-
mally. The univariate general linear model (GLM), with sex as the
fixed factor, was used for sex comparisons of variables. To account
for differences in fat mass and fat-free mass between sexes, fat and
fat-free mass were used as covariates in the GLM analysis of
covariance (ANCOVA) model for ln leptin and VO2peak, respec-
tively. Pearson product-moment correlations were performed sep-
arately within each sex for ln leptin versus body composition,
BMI, VO2peak, dietary nutrients, and blood variables. Correlation
coefficients were also calculated for ln leptin normalized for body
fat mass with the ratio method. Partial correlations were also
determined by sex for ln leptin and VO2peak, dietary intake, and
plasma insulin while controlling for fat mass. A level of signifi-
cance was set atP # 0.05 for all statistical tests.

RESULTS

Descriptive statistics for the measured and calculated variables are
presented in Tables I and II. Statistically significant differences
between women and men for the separate variables are indicated in
the tables. Women weighed less and had a lower BMI than men;
however, men were significantly leaner with lower relative body
fat, less total fat mass, and a larger lean body mass.

Dietary intake of total energy, fat, carbohydrate, and protein
was similar between men and women. Caloric intake ranged from
1114 to 3271 kcal for women and from 1449 to 4581 kcal for men,
with mean caloric intakes of nearly 2000 for women and 2400 for
men. Because body mass differed between sexes, dietary variables
were adjusted for differences in total body mass with the use of
ANCOVA. This analysis also showed no significant differences in
dietary intake between sexes (data not shown).

Only the ln-transformed leptin values were used in further
analyses. Ln leptin was significantly greater for women than for
men (2.1 versus 1.2 ng/mL, respectively). To account for differ-
ences in body fat among participants, ln leptin concentrations were
adjusted for fat mass by two different methods, one using the ratio
method with fat mass as the divisor and the second using AN-
COVA with fat mass as the covariate. Both methods are presented
in the text and in the tables for comparison of the different
techniques. After adjustment by the ratio method (ln leptin/fat
mass), there was no significant difference between sexes. Data
normalization by ANCOVA with fat mass as the covariate dem-
onstrated a significant sex effect, with women still having larger ln
leptin concentrations than men. Using fat-free mass as the covari-
ate to normalize for the volume of distribution for the hormone in
the aqueous medium of the body, ln leptin remained higher for
women than for men.

Fasting plasma insulin was not significantly different between
women and men (Table II). For the measurement of cardiovascular
fitness, VO2peak (kg of body weight) was higher for men than for
women. Using two data normalization procedures similar to that
used for ln leptin (ratio and ANCOVA methods), the sex differ-
ence in cardiovascular fitness remained after using body mass and
fat-free mass as the divisor for the ratio method and after adjust-
ment of VO2peak by ANCOVA using fat-free mass as the covari-
ate (Table II).

Pearson product-moment correlations between ln leptin levels
and body-composition indices, dietary intake, insulin, and
VO2peak are shown for both sexes in Table III.BMI, percentage
of body fat, and body fat mass were all significantly correlated to
ln leptin for both women and men. The strongest correlation was
for body fat mass (r 5 0.732) inwomen and percentage of body

TABLE I.

ANTHROPOMETRICS AND BODY COMPOSITION

Variable

Women Men

Mean
(SEM) Range

Mean
(SEM) Range

Height (cm) 167.4 (2.0) 152.4–188.0 177.5 (2.4) 164.5–193.0
Body mass (kg) 61.6* (2.1) 47.6–76.8 78.4 (4.3) 56.8–128.6
Body mass index

(kg/m2)
21.9* (0.6) 18.0–26.5 24.7 (0.9) 20.2–34.5

Body fat (%) 22.7* (1.3) 11.4–31.8 11.4 (1.6) 2.1–24.1
Body fat (kg) 13.9* (0.9) 6.9–22.7 9.6 (2.0) 1.2–31.0
Fat-free mass (kg) 47.7* (1.9) 35.7–64.1 68.8 (2.7) 55.6–97.6

* Indicates significant difference (P # 0.05) between women and men
for designated variable.
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fat (r 5 0.888) in men. Men showed higher correlation values
than women for each these indices examined. This is depicted
graphically in Figures 1 and 2 for body fat mass and percentage of
body fat, respectively. Approximately 57% of the variation in ln
leptin for women was explained by fat mass, compared with nearly
75% for men (Fig. 1). Likewise, percentage of body fat explained
45% of the variation in ln leptin for women, whereas it explained
nearly 79% for men (Fig. 2). There were no significant correlations
between ln leptin and the dietary variables or plasma insulin levels
for either women or men (Table III). However, there was a
significant inverse correlation in men between ln leptin and

VO2peak (mLz kg body massz min; r 5 20.751).Expression of
VO2peak based on fat-free mass showed a trend (P 5 0.073) for
a negative relation with ln leptin in men (r 5 20.560; Fig. 3).

Because body fat demonstrates a strong relation with plasma
leptin values, normalization of ln leptin for differences in body fat
was performed through partial correlations, with body fat mass as
the controlling variable, and through correlation coefficients using
ln leptin normalized for body fat mass. For comparison purposes,
both methods of correlational analyses were performed between
adjusted ln leptin and the following variables: dietary intake,
plasma insulin, and VO2peak. After statistically controlling for
body fat mass through partial correlations, no significant associa-
tions were found for any of the measured variables (Table IV).
Alternatively, adjusting ln leptin concentrations for body fat mass
through the ratio method demonstrated significant relations be-

TABLE II.

DIETARY INTAKE AND METABOLIC VARIABLES

Variable

Women Men

Mean (SEM) Range Mean (SEM) Range

Energy intake (kcal) 1967.3 (135.7) 1114.0–3271.0 2407.9 (225.9) 1449.0–4581.0
Dietary fat (%kcal) 22.8 (2.6) 7.5–44.3 24.0 (1.2) 18.0–32.3
Dietary carbohydrates (%kcal) 63.7 (3.0) 40.8–83.8 59.5 (1.8) 46.7–68.8
Dietary protein (%kcal) 16.7 (1.3) 10.8–25.9 16.5 (1.6) 10.5–34.5
Leptin (ng/mL) 9.1† (1.0) 3.3–19.8 3.8 (0.7) 1.6–10.6
Ln leptin (ng/mL) 2.1† (0.1) 1.2–3.0 1.2 (0.2) 0.5–2.4
Ln leptin/fat mass (ngz kg21 z mL21) 0.16 (0.01) 0.16 (0.02)
Adjusted Ln leptin (ng/mL) (fat mass as covariate)* 2.0† (0.1) 1.4 (0.1)
Adjusted ln leptin (ng/mL) (FFM as covariate)§ 2.2† (0.2) 1.0 (0.2)
Fasting insulin (mU/mL) 13.1 (1.6) 5.2–31.3 10.6 (1.1) 2.0–16.9
VO2peak (mLz kg21 z min21) 45.6† (1.6) 36.6–56.0 56.1 (2.4) 39.1–69.2
VO2peak (mlz kg FFM21 z min21) 58.3‡ (1.8) 50.1–70.1 63.7 (2.0) 51.5–73.9
Adjusted VO2peak (mLz kg FFM21 z min21)* 44.7† (2.4) 57.1 (2.7)

*Ln Leptin was adjusted for the variation in fat mass using ANCOVA. VO2peak was adjusted for the variation in FFM using ANCOVA.
† Indicates significant difference (P # 0.05) between women and men for designated variable.
‡ P 5 0.057 for VO2peak corrected for FFM between women and men using the ratio method with FFM as the divisor.
§ Ln Leptin was adjusted for the variation in FFM using ANCOVA.
ANCOVA, analysis of covariance; FFM, fat-free mass; VO2peak, peak oxygen consumption.

TABLE III.

PEARSON CORRELATION COEFFICIENTS FOR LN LEPTIN

Variable

Correlation coefficient (P)

Women Men

Body mass index (kg/m2) 0.548* (0.019) 0.740* (0.002)
Body fat (%) 0.674* (0.002) 0.888* (,0.001)
Body fat (kg) 0.732* (0.001) 0.858* (,0.001)
Lean body mass (kg) 20.093 (0.713) 0.447 (0.109)
Energy intake (kcal) 20.370 (0.144) 20.253 (0.383)
Dietary fat (%) 20.003 (0.991) 20.012 (0.968)
Dietary carbohydrates (%) 0.030 (0.913) 20.378 (0.183)
Dietary protein (%) 20.237 (0.395) 0.443 (0.113)
Plasma insulin (mU/mL) 20.141 (0.555) 0.400 (0.176)
VO2peak

(mL O2 z kg21 z min21)
20.414 (0.159) 20.751* (0.008)

VO2peak
(mL O2 z kg FFM21 z min21)

20.053 (0.864) 20.560 (0.073)

* Indicates statistically significant correlation atP # 0.05 between ln
leptin and designated variable.
FFM, fat-free mass.

FIG. 1. Correlation of ln leptin and fat mass (kg) in women (n 5 18;
closed circles, solid line) and men (n 5 14; open circles, dash line).
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tween ln leptin and energy intake, dietary energy distribution, and
VO2peak (Table V).

DISCUSSION

In agreement with other studies using subjects differing in age,
body composition, ethnicity, and clinical conditions,6–9 we found
in our population that plasma ln leptin concentrations were
strongly correlated with BMI and relative and absolute body fat.
Although this finding is not new to the literature, it is noteworthy
to show that this correlation exists in a variety of different popu-
lations, even those that are relatively similar in body composition.
Our subjects were generally within the normal range for body
composition as evident by an average body fat percentages of 22.7
and 11.4 and average BMI levels of 21.9 and 24.7 kg/m2 for
women and men, respectively. However, several participants of
either sex would be classified as overweight with BMI levels
between 25.0 and 29.9 kg/m2, and one man was obese, having a
BMI .30.0 kg/m2. The sample of students used in this study were
recruited from graduate and undergraduate courses offered by the
Health and Exercise Science major. It could be assumed that
students in this major would have an interest and be more health

conscious and leaner than the general population of students and
may not represent the average college student. The low number of
participants who are overweight and obese as compared with those
of the general population of similar age would substantiate this
observation. This selection bias would hamper the application of
these findings to all college-age students.

Further characteristics of participants in this study also suggest
a possible sampling bias. Dietary-intake data showed that the diets
were relatively low in fat and high in carbohydrates. Overall,
dietary fat comprised only 23% of the total caloric intake, with
carbohydrates representing over 60% of caloric intake. This fat
intake is substantially lower than that consumed by most Ameri-
cans22 and is less than that of other college students, with intakes
of 25% of energy from fat for women and 29% for men.23,24 The
participants in the study were also free of any metabolic disorder,
such as diabetes, which may affect the leptin values. Fasting
insulin levels were over 13mU/mL for women and 10mU/mL for
men, with a high value of 31.3mU/mL for one individual. Partici-
pants were instructed to report to the laboratory in a 12-h fasted
condition for the blood draw. At the time of the blood draw,
participants were asked if they had eaten anything in the previous
12 h. Although all denied eating food within 12 h before the blood
draw, the single high insulin level may have been the result of not
fasting or the individual may have been insulin resistant.

Consistent with findings from others,11–13 women had higher

FIG. 3. Correlation of ln leptin and VO2peak (mL O2 z kg body mass21 z
min21) in women (n 5 13; closed circles, solid line) and men (n 5 11;
open circles, dash line). FFM, fat-free mass; VO2peak, peak oxygen
consumption.

FIG. 2. Correlation of ln leptin and percentage of body fat in women (n 5
18; closed circles, solid line) and men (n 5 14; open circles, dash line).

TABLE IV.

PARTIAL CORRELATION COEFFICIENTS FOR LN LEPTIN WITH
BODY FAT MASS AS THE CONTROLLING VARIABLE

Variable

Correlation coefficient (P)

Women Men

Energy intake (kcal) 20.025 (0.946) 20.470 (0.202)
Dietary fat (%) 0.091 (0.803) 20.412 (0.271)
Dietary carbohydrates (%) 20.122 (0.737) 0.309 (0.418)
Dietary protein (%) 20.231 (0.448) 0.286 (0.343)
Plasma insulin (mU/mL) 20.134 (0.713) 20.135 (0.729)
VO2peak (mLz kg21 z min21) 20.384 (0.273) 20.218 (0.574)
VO2peak (mLz kg FFM21 z min21) 20.289 (0.418) 20.087 (0.824)

FFM, fat-free mass.

TABLE V.

CORRELATION COEFFICIENTS FOR LN LEPTIN NORMALIZED
FOR BODY FAT MASS (LN LEPTIN/FAT MASS)*

Variable

Correlation coefficient (P)

Women Men

Energy intake (kcal) 0.410 (0.114) 0.875† (,0.001)
Dietary fat (%) 0.395 (0.146) 0.906† (,0.001)
Dietary carbohydrates (%) 0.352 (0.199) 0.908† (,0.001)
Dietary protein (%) 0.231 (0.427) 0.935† (,0.001)
Plasma insulin (mU/mL) 0.463 (0.061) 0.401 (0.175)
VO2peak (mL O2 z kg21 z min21) 0.332 (0.268) 0.705† (0.015)

* Independent variables were normalized for body fat mass, using the
ratio method with body fat mass as the divisor.
† Indicates statistically significant correlation (P # 0.05) between lep-
tin normalized for body fat mass and designated variable.
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plasma leptin concentrations than men and this difference re-
mained after adjustment for body composition. Due to the strong
relation between ln leptin and body-fat levels, comparison of leptin
levels between women and men who differ in body size and
composition requires the normalization of leptin for differences in
fat mass. For comparison purposes, two separate approaches were
used to normalize data, regression-based analysis using ANCOVA
and ratio methods, each using fat mass as the covariate and divisor,
respectively. Nicklas et al.12 and Toth et al.25 demonstrated that
data normalization for variables such as VO2 and leptin is more
appropriately performed by a regression-based approach instead of
the ratio method, although the latter method has been used more
extensively in the past. The rationale for this approach is that,
mathematically, the ratio method assumes a linear relation between
the variable, i.e., either VO2 or leptin, and the denominator of fat
mass, with ay intercept of zero. Results from both methods are
shown for the reader. Using the regression-based procedures, ln
leptin values remained consistently higher for women than for men
after normalizing for fat mass, fat-free mass, and insulin (data for
latter adjustment not shown). The rationale for the latter two as
covariates is that adjustment for fat-free mass reflects the potential
volume of leptin distribution, whereas insulin has been shown to
increase leptin production.2,13 In contrast to the regression-based
technique, results using the ratio method with fat mass as the
divisor did not show a significant difference in ln leptin between
women and men. Thus, it is apparent that the manner in which data
are normalized may affect interpretation of the results. Use of the
ratio method may present mathematical bias and introduce spuri-
ous conclusions, although this method is still widely evident in the
literature for making data adjustments.

It has been extensively shown that the expression of leptin
changes not only with total body fat but also with fat depot
location, with higher expression occurring in subcutaneous stores
than in visceral sites in both sexes.26–28 Thus, visceral adipose
tissue, which is predominant in men,29 may produce less leptin
than subcutaneous fat, which is predominant in women. A lower
expression of leptin in the adipose site would presumably lead to
lower circulating levels of leptin, thus accounting for sex differ-
ences. However, because we did not determine the distribution of
fat in the visceral and subcutaneous adipose depots, this hypothesis
could not be addressed. An alternative explanation for the sex
differences is that the circulating levels of gonadal steroids may
contribute to the sexual dimorphism seen in adults. Although the
data are equivocal in this area, administration of estrogen has been
shown to increase leptin expression30; in men, there is a negative
correlation with leptin and testosterone levels.31 The timing in the
drawing of blood samples may play a role due to variability in
diurnal rhythms for leptin with 24-h peaks and nadirs for the
hormone showing several hours of variability for both peaks and
nadirs.32 Sex and obesity had no effect on the timing of the peaks
and nadirs for leptin, but there were sex disparities in the amplitude
of the peak and nadir and in the relative change between the
highest and lowest diurnal levels. In 24-h serial measurements of
leptin, women had higher mean peak and nadir levels of leptin.
However, the magnitude of the relative diurnal change of leptin
from the mean 24-h level was higher in men and higher in lean
than in obese.32 Thus, differences in fat distribution, sex hormones,
and variation in rhythmicity may explain, at least in part, the
disparity in leptin levels observed between sexes in our study.

In addition, sex differences have been shown for in vitro leptin
secretion.33 Using adipocytes from similar depots with equal mass,
cell number, and cell cross-sectional area, cell incubates from
women secreted significantly higher amounts of leptin than those
from men. This was apparent during non-stimulated and in
dexamethasone- and estradiol-stimulated conditions. Further, even
in early infancy, leptin concentrations are two times higher in girls
than in boys.34 Casabiell et al.33 suggested that hormone levels in
the fetus dictate a sex for the adipocyte, thereby differentially
affecting leptin regulation.

Bivariate correlation analysis showed that body fat, both rela-
tive and absolute values, and BMI, a variable with a high corre-
lation to body fat, are highly correlated with ln leptin in both
women and men. It is interesting that in all cases men had higher
correlation coefficients than women for a given variable. This
observation indicates that a greater amount of the variability in
plasma leptin levels is explained by differences in body fat in men
versus women. Alternatively, leptin levels may be affected to a
greater degree by factors other than body fat in women than in
men. Although this study examined a number of other probable
factors, namely dietary intake and cardiovascular fitness, neither of
these showed an independent association with ln leptin after con-
trolling for body fat mass in partial-correlation analysis. The
differential leptin expression based on fat depot location may assist
in explaining the higher correlation for men. This study did not
differentiate among the types or location of body fat.

The higher leptin values for women, independent of body fat,
suggest a relative leptin resistance for women. Women require
over two times the circulating plasma leptin levels to maintain
body weight as men. The implication of this fact is unknown,
although it may underlie the findings that women are also more
likely to have disorders in energy balance, leading to clinical
conditions such as anorexia nervosa and bulimia nervosa. With its
potential clinical importance, future studies should be aimed at
addressing this disparity, specifically in clinical populations.

As a satiety hormone, leptin is purportedly involved in control-
ling both components of energy balance: expenditure and intake.
The exogenous administration of leptin toob/ob mice, a rodent
strain with a genetic defect in leptin production, lowers food
intake, increases metabolic rate, and reduces body weight.3–5How-
ever, the role of leptin in human eating behaviors and energy
expenditure is uncertain. With regard to energy intake, short-term
fasting and feeding studies (,7 d) have shown that energy restric-
tion decreases and refeeding or overfeeding increases plasma lep-
tin levels.35–37The reduction in leptin mediated by dietary restric-
tion was shown to be reversed with glucose infusions,35 suggesting
that insulin-mediated glucose metabolism in adipose tissue under-
lies these changes.38 Further support for this hypothesis stems from
findings that a high-carbohydrate meal increases 24-h leptin levels
above that of a high-fat meal.39 In relation to the current study, we
found no significant correlations between unadjusted ln leptin and
energy intake, fat intake, or carbohydrate intake for either sex.
Likewise, adjustment using the covariate method also failed to find
a significant relationship between the variables. However, after
normalization of ln leptin levels by body fat mass with the ratio
method, there were significant positive correlations (r 5 0.875–
0.908) between adjusted ln leptin and energy intake, dietary fat,
carbohydrates, and protein in men but, interestingly, not in women.
In support of our findings, Cooling et al.19 found a positive
correlation with leptin and fat intake and Jenkins et al.40 showed a
positive correlation with leptin and carbohydrate intake. Interest-
ingly, both Larsson et al.18 and Niskanen41 provided evidence
supporting a relation between leptin and dietary intake; however,
this relation was in an inverse direction, with a negative relation
observed between leptin and caloric intake, carbohydrate intake,
and fat intake. For Larsson et al., these correlations all remained
significant after correcting variables for body fat mass, although it
is uncertain which statistical method was used for the normaliza-
tion of the data. In addition to the suggestion that leptin synthesis
is possibly mediated by glucose metabolism in the adipose tissue,38

it is logical to propose that leptin correlates with dietary intake and
specific macronutrients through its action on NPY expression.
NPY has been shown to influence carbohydrate and fat prefer-
ence.17 Furthermore, as suggested by others, it is probable that the
relation between leptin and diet is not affected by acute changes in
diet within reasonable intakes,9,42 as likely practiced by our par-
ticipants. Extreme overfeeding and underfeeding have been shown
to alter leptin levels, whereas postprandial leptin levels after an
overnight fast were not significantly different in weight-stable,
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nutritionally replete individuals.42 Unlike Havel et al.,39 our group
and others9,18,19,41,42did not examine 24-h leptin levels; instead,
leptin values were obtained from a single blood draw after an
overnight fast in the morning hours. Therefore, in other studies
where there were no relation between leptin and diet variables,
evidence suggests that obtaining plasma leptin concentrations from
a single, early-morning fasted blood draw may not show the
associations with dietary intake, such as those observed with
temporal measurements.39,43

In addition to its relation with energy intake, there is evidence
with regard to leptin’s relation to energy expenditure44 and car-
diovascular fitness.20 Further, these variables are often altered in
obesity and therefore may be linked to the path for leptin signaling.
Energy expended during rest was correlated with leptin in older
African-American women,45 although others have not supported
this finding after adjustment of leptin for fat mass.44 Consistent
with these results, leptin administration to leptin deficientob/ob
mice increased oxygen consumption.46 Little research has been
performed examining the link between plasma leptin and cardio-
vascular fitness. We showed that VO2peak (mL O2/kg body
weight) was inversely correlated with ln leptin in men (r 5
20.751) but not inwomen. However, after normalization of ln
leptin for fat mass and VO2peak by fat-free mass, no further
significant correlations existed, although there was a strong trend
for this relation in men (r 5 20.56, P 5 0.073). In acompar-
ative analysis using partial correlations controlling for fat mass, no
significant relation for either women or men was shown. Intu-
itively, it may be expected that leptin would be positively corre-
lated with VO2peak because leptin increases energy expenditure.
Because we and others20 observed a significant negative associa-
tion between these variables, VO2peak may serve as surrogate
marker for body composition or energy stores. Lean individuals
are likely to have higher cardiovascular fitness and, hence, have
higher VO2peak values. Thus, individuals with low body fat and
low leptin levels would have higher VO2peak levels. Consistent
with this hypothesis is the lack of correlation between leptin and
VO2peak after adjustment for fat mass. In addition, VO2peak was
significantly negatively correlated with body fat (kg) in men (r 5
20.808) but not inwomen (r 5 20.209),further indicating that
the significant association observed for men in this study is likely
secondary to the strong association of VO2peak and body fat in our
cohort.

Limitations for this study relate to the sample size and obtain-
ment of leptin levels using a single fasting-blood sample. The
sample size was limiting specifically in achieving statistical sig-
nificance in men for the partial correlations, in particular with
regard to dietary intake and VO2peak values and their association
with ln leptin. Power calculations indicate that a two to three times
increase in the sample size would be sufficient to produce a
significant relation in men between ln leptin and dietary measure-
ments at an 80% power. As reported, the timing of the single blood
draw does not reflect the pattern of leptin secretion because the
hormone shows diurnal variation. Measurement of the pulse am-
plitude would provide additional insight into the relations between
the sexes and the associations with pertinent metabolic and dietary
parameters.

Results from this study indicate a sex disparity in fasting leptin
concentrations, with women having higher levels than men after
adjusting statistically for differences in fat mass between sexes. In
addition, the strength of association of leptin with body fatness
differed between women and men for many of the measured
factors. The method for normalization of leptin for body fat affects
the interpretation of the results. Analysis using the less-adequate
ratio method demonstrated significant correlations between ln lep-
tin and dietary intake and VO2peak in men, whereas partial cor-
relation analysis with body fat mass as the controlling variable
showed no significant relations for ln leptin and the measured
variables. Although beyond the scope of this study, the convincing
evidence presented by others should warn us to use caution when

reading research because the ratio method is still routinely used for
normalizing data in similar data analysis. These sex differences
may shed light for future research into understanding the disparity
in the prevalence of energy-balance disorders between women and
men.
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