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ABSTRACT
The aim of the present investigation was to determine whether

leptinemia is only a reflection of the status of fat stores or if insu-
linemia has a significant influence over leptin levels.

Study 1 focused on the association between fasting plasma insulin
and leptin in subjects of the Québec Family Study who were first
classified as either high- or low-insulin individuals and were then
individually matched on the basis of fat mass (FM). In Study 2, 19 men
and 23 women took part in a 15-week weight loss program that
consisted of drug therapy (fenfluramine, 60 mg/day) or placebo cou-
pled to an energy-restricted diet (22930 kJ/day). Body weight, FM,
and fat-free mass (assessed by underwater weighing) as well as vis-
ceral and sc abdominal and mid-thigh adipose tissue measured by
computed tomography were assessed before and after weight loss.
Blood samples were drawn and analyzed for fasting plasma insulin
and leptin before and after weight loss.

In Study 1, significant positive associations were noted between
log10 transformed fasting insulin and leptin in both men (r 5 0.55, P ,
0.0001) and women (r 5 0.48, P , 0.0001). Moreover, after having

carefully matched high-insulin to low-insulin individuals on the basis
of FM, significantly lower leptin levels were observed in the low-
insulin groups, in men (5.5 vs. 8.1 ng/mL, P , 0.05) as well as in
women (18.7 vs. 24 ng/mL, P , 0.05). Results from Study 2 showed
significant reductions of body weight, FM, fat-free mass, visceral
abdominal tissue, sc abdominal tissue, and mid-thigh adipose tissue
levels in men and women in response to the weight loss protocol.
Moreover, the decrease in fasting plasma insulin was the only sig-
nificant correlate of changes in fasting plasma leptin levels during
weight loss, even after corrections for changes in FM in both men (r 5
0.50, P , 0.05) and women (r 5 0.46, P , 0.05).

These results suggest that in a population characterized by a wide
range of adiposity hyperinsulinemia has the potential to modulate
leptin levels beyond what can be explained by total adiposity. More-
over, this relation also seems to exist in a dynamic setting (i.e. during
weight loss) because changes in insulin were independent predictors
of the changes in leptinemia in both men and women after correction
for changes in FM. (J Clin Endocrinol Metab 85: 4231–4237, 2000)

ONE OF THE important scientific breakthroughs of the
20th century was the discovery of insulin in the 1920s

(1). First thought to be entirely devoted to glucose disposal,
insulin has since then been shown to be, on countless occa-
sions, related to increased body weight. In fact, insulin is now
considered as an important component of the plurimetabolic
syndrome, more commonly referred to as Syndrome X (2).
Fortunately, modest weight loss can considerably reduce
insulinemia (3, 4), thereby contributing to decrease the risk
for morbidity and, presumably, mortality.

Beyond the fact that increased body fat stores is generally
accompanied by an increase in insulin levels, which ulti-
mately translates into a risk for health, hyperinsulinemia
might also be implicated in the neurobiological regulation of

energy metabolism in obese individuals when they are faced
with a fattening lifestyle. In this sense, Vollenweider et al. (5)
have shown that during a euglycemic-hyperinsulinemic
clamp the increase in insulin was associated with an increase
in sympathetic nervous system (SNS) activity, which is also
in accordance with the results of Berne et al. (6). Apart from
its influence on SNS activity, insulin has also been shown to
inhibit food intake in animals by modulating the expression
of neuropeptide Y (7). These experimental data fit well with
population studies that demonstrated that individuals who
display greater insulin levels are generally also those who
experience the smallest weight gain over time (8–10).

The question remains as to whether insulin is directly
involved in the regulation of energy-metabolism-related
variables or whether these observations are rather the result
of an intricate hormone interplay. A fresh look has been
brought on this issue with the recent cloning of the ob gene
(11). As for insulin, leptin fluctuates considerably with body
weight changes and more particularly with adiposity (12, 13).
Moreover, leptin administration has also been shown to in-
hibit food intake (14) possibly by decreasing the expression

Received February 8, 2000. Revision received June 26, 2000. Accepted
July 19, 2000.

Address correspondence and requests for reprints to: Angelo Trem-
blay, Division of Kinesiology, Laval University, Ste-Foy, Québec, Can-
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of neuropeptide Y (15) and to increase energy expenditure
(16) and fat oxidation (17) in animals. Increased leptin levels
have been shown to be associated with an increased SNS
activity (18). The decrease in fat oxidation that normally
occurs in response to weight loss in humans (19, 20) also
seems to be partly explained by the decrease in leptinemia
(21).

The common effects of insulin and leptin on energy me-
tabolism and the fact that these two hormones both fluctuate
in the same direction in response to body weight variations
raise the question as to whether they could regulate each
other, at least partly. This issue has been a matter of debate
over the last years. In this sense, it has been shown that
sustained hyperinsulinemia stimulates leptin messenger
RNA (mRNA) expression (22, 23) although acute changes in
insulin levels do not seem to affect the expression of this
protein (24). Some studies have also been conducted to assess
the potential of insulin to influence the ob gene product. In
fact, increases in insulin have been shown to increase leptin
levels in obese males (25) even in physiological amounts (26),
a finding that is also supported by that of Couillard et al. (27),
who demonstrated a positive association between insulin
and leptin. Moreover, other results showed that changes in
insulin levels during weight loss were associated with
changes in leptin even after corrections for changes in adi-
posity and other confounding factors in women (28, 29).

The aim of the present study was, hence, 2-fold. First, we
wanted to assess whether leptinemia would be different be-
tween groups of identical levels of fat mass (FM) but with
either high- or low-insulin levels (Study 1). Second, we also
wanted to verify whether changes in leptin levels that occur
during weight loss are, in part, attributable to changes in
insulin levels in obese men and women (Study 2). A sec-
ondary aim of these studies was to determine which anthro-
pometric component best predicts fasting leptin levels.

Subjects and Methods
Study 1

Subjects (161 men and 196 women) from this study were selected from
the Phase II cohort of the Québec Family Study. Caucasian nuclear
families from the greater Québec City area were recruited to participate
in this study, which received approval from the Laval University Med-
ical Ethics Committee.

Study 2

Forty-two subjects (19 men and 23 premenopausal women) took part
in a 15-week drug therapy-energy restriction intervention. Subjects were
given either fenfluramine (60 mg) daily or a placebo for the duration of
the program (men 5 5 and 14 and women 5 4 and 19, placebos and
drug-tested individuals, respectively). This treatment was coupled to a
non macronutrient-specific energy intake restriction of 2930 kJ/day (700
kcal/day). To achieve this energy restriction, the Good Health Eating
Guide (food exchange system) (30) was explained to each subject by a
nutritionist. During this program, subjects visited the laboratory every
2 weeks for a control session during in which they were weighed and
asked about compliance. If subjects had lost less than 1 kg during this
time period and if it was ascertained that is was not due to noncom-
pliance, the energy restriction was adjusted to ensure a progressive
weight loss throughout the duration of the program. This visit also
served as a way to verify drug compliance and to renew subjects’
prescription. Subjects gave their written consent to participate in this
study, which received approval of the Laval University Medical Ethics
Committee.

It is important to note that following the suspension of fenfluramine
and dexfenfluramine further to a potential association with disturbances
in cardiac valvular function (31, 32), all subjects (including placebos)
were subjected to an echocardiogram. After this assessment, a detailed
evaluation of cardiac valvular function was performed by cardiologists
who detected no abnormalities in response to the use of fenfluramine
according to the Food and Drug Administration criteria (33).

Anthropometric measurements

Body weight was taken with a standard beam scale. Body density was
determined by hydrodensitometry (34). The closed circuit helium dilu-
tion method (35) was used to assess the residual lung volume. The Siri
formula (36) was used to estimate the percentage of body fat from body
density. Fat mass (FM) was calculated from the derived percentage of
body fat and total body weight. Fat-free mass (FFM) was then simply
calculated as a subtraction of FM from total body weight.

Computed tomography (CT) measurements

CT was performed on a Siemens Somaton DRH scanner (Siemens,
Erlangen, Germany) according to the methodology described by Sjös-
tröm et al. (37). Briefly, the subjects were examined in the supine position
with both arms stretched above their head. CT scans were performed at
the abdominal level (between L4 and L5 vertebrae) in Study 1 and at both
the abdominal and femoral (mid-thigh) levels in Study 2, using a ra-
diograph of the skeleton as a reference to establish the position of scans
to the nearest millimeter (38). Total adipose tissue areas were calculated
by delineating these areas with a graph pen and then computing the total
adipose tissue surfaces with an attenuation range of 2190 to 230
Hounsfield units (37), as described previously (38). The abdominal vis-
ceral adipose tissue (VAT) area was determined by drawing a line within
the muscle wall surrounding the abdominal cavity. The abdominal sc
adipose tissue (SAT) area was calculated by subtracting the VAT area
from the total adipose tissue area. The mid-thigh adipose tissue (TAT)
accumulation level was measured for both the right and the left leg (at
mid-distance between the iliac crest and the knee joint). For practical
purposes, the mean of the two legs was calculated and this value was
used in all subsequent analyses.

Plasma insulin and leptin concentrations

Blood samples were collected in tubes containing EDTA and Trasylol
(Miles Pharmaceutics, Rexdale, Ontario, Canada) through a venous cath-
eter from an antecubital vein in the fasting state. Plasma insulin con-
centration was determined by RIA with polyethylene glycol separation
(39). Fasting plasma leptin concentrations were determined with a
highly sensitive commercial double-antibody RIA (Human Leptin Spe-
cific RIA Kit; Linco Research, Inc., St. Louis, MO), which detects rela-
tively low leptin levels of (0.5 ng/mL) and which does not cross-react
with human insulin, proinsulin, glucagon, pancreatic polypeptide, or
somatostatin.

Statistical analysis

Study 1. Jump Software 3.1.6.2. (SAS Institute, Inc., Cary, NC) was used
for all analyses. Stepwise multiple regression analyses were first per-
formed on the whole samples of men and women to assess which
adipose tissue compartment best predicted leptin levels. Simple corre-
lation analyses were performed between fasting plasma insulin and
leptin in both men and women. Scores were normalized by log10 trans-
formation because the distributions of both variables were skewed. To
determine whether fasting insulin levels exert an influence over fasting
leptin levels, men and women were first categorized as either low-
insulin (#50 pmol/L) or high-insulin ($60 pmol/L) individuals. Then,
subjects from the low-insulin group were individually matched within
each gender, one by one, on the basis of their FM with subjects from the
high-insulin group. The matching criterion was a difference 0.3 kg or
less. When more than one possible match could be obtained for FM, the
subject with the lowest insulin level in the low-insulin group or the
highest insulin level in the high-insulin group was retained. This was
done to obtain the widest possible gap in insulin level between both
groups. Characteristics of subjects in the high-insulin (24 men and 46
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women) and low-insulin (24 men and 46 women) groups were compared
by unpaired t tests. Differences were considered significant at P , 0.05.
All data are presented as mean 6 sem.

Study 2. Jump Software 3.1.6.2. (SAS Institute, Inc.) was used for all
analyses. Multivariate ANOVA for repeated measures was first per-
formed on all variables to assess the effects of gender, treatment (drug
or placebo), time, and their interactions. These analyses did not reveal
any significant differences between subjects who received placebo and
those who were subjected to drug therapy. Hence, subjects were pooled
for all remaining analyses. However, because gender effects as well as
genderztime interactions were observed, the analyses were performed
separately in men and women. Paired t tests were used to verify the
effects of this weight loss on the subjects’ characteristics. Stepwise mul-
tiple regression analyses were then performed in men and women to
assess which adipose tissue compartment best predicted leptin levels
before and after weight loss. Simple correlation analyses were finally
performed between the changes in insulin levels and those in leptin
levels corrected for the changes of FM that occurred during weight loss.
All data are expressed as mean 6 sem.

Results
Study 1

Figure 1 shows simple correlations between normalized
insulin and leptin in a large sample of men and women.
Significant positive associations were observed between
these two variables in both men (r 5 0.55, P , 0.001) and
women (r 5 0.48, P , 0.001). Figure 2 shows results of fasting
plasma insulin and leptin in both men and women matched
for FM. Comparisons between groups revealed that FM was
identical in high- and low-insulin individuals. As expected,
insulin levels were significantly greater in men (83.5 vs. 32.3
pmol/L, P , 0.001) and women (90.4 vs. 29.1, P , 0.001) of
the high fasting plasma insulin level groups. Leptin levels
were also significantly higher in men (8.1 vs. 5.5 ng/ml, P ,
0.05) and women (24.0 vs. 18.7 ng/ml, P , 0.05) of the high
fasting insulin groups compared with the low-insulin
subjects.

Table 1 shows results from a stepwise multiple regression
analysis to identify the best anthropometric predictor of fast-
ing plasma leptin levels in large cohorts of men and women.
This analysis revealed that in men as in women, the best
predictor of fasting plasma leptin levels was FM explaining
52% and 54% of the variance, respectively (P , 0.001). Add-
ing L4L5 SAT to the model increased the prediction level in
men (54%, P , 0.04). In women, adding FFM to the model
increased the prediction from 54% to 55% of the variance
(P , 0.01).

Because high-insulin men tended to display higher VAT
and lesser FFM levels, analyses were performed to verify

whether the VAT/FFM ratio would be more closely associ-
ated with fasting plasma insulin and insulin area under the
curve in response to an oral glucose challenge. These anal-
yses revealed that the strongest correlates of fasting insulin
levels or of insulin area under the curve was total FM for both
men and women (results not shown).

To investigate whether other characteristics differed be-
tween groups, unpaired comparisons were performed on
variables that might also influence fasting plasma leptin lev-
els. The results of these analyses are shown in Table 2. Except
for age in women, none of the other variables were statisti-
cally different between groups.

Study 2

The before and after weight loss characteristics of subjects
are shown in Table 3. This program significantly reduced
body weight (211 and 29%, P , 0.001) and FM (226 and
214%, P , 0.001) in men and women, respectively, and FFM
in women only (25%, P , 0.01). Moreover, L4L5 SAT (221
and 210%, P , 0.001) and VAT (238 and 218%, P , 0.001),
as well as TAT (219 and 212%, P , 0.001), were all signif-
icantly decreased in both men and women, respectively.

Fasting plasma insulin was significantly reduced by
weight loss from 122.7 6 11.6 to 96.1 6 15.6 pmol/L in men
(222%, P , 0.05), whereas in women a nonsignificant (n.s.)
decrease from 108.3 6 13.9 to 99.0 6 14.5 was observed (29%,
n.s.). Fasting leptinemia also decreased in response to weight
loss in both men (12.7 6 1.0 to 7.9 6 1.0, 238%, P , 0.001)
and women (37.2 6 3.0 to 27.6 6 2.8, 226%, P , 0.001).

Stepwise multiple regression analyses were performed on
leptin values before and after weight loss (Table 4). Before
weight loss, the best predictor of leptin levels in men was
L4L5 SAT (36%, P 5 0.007) and in women, FM (40%, P 5
0.001). After weight loss, L4L5 SAT remained the best pre-
dictor of fasting leptin levels in men (49%, P , 0.001). Sim-
ilarly, FM was still the best predictor of leptin levels in
women after weight loss, explaining 63% of the variance (P ,
0.001).

The strongest correlate of changes in plasma leptin levels
during weight loss was the change in fasting plasma insulin
for both men (r 5 0.65, P , 0.01) and women (r 5 0.48, P ,
0.01). However, there were strong trends for the correlation
between the changes in FM and those in plasma leptin levels
in men (r 5 0.40, n.s.) and women (r 5 0.41, P 5 0.053).

The changes in leptin levels were adjusted for changes in
FM to determine whether the changes in insulin levels con-
tributed independently to changes in leptin levels during
weight loss. Figure 3 shows the results of these analyses.
After correction of the changes in leptin levels for those in
FM, significant associations were still observed between
changes in leptin levels and those in fasting plasma insulin
in both men (r 5 0.50, P , 0.05) and women (r 5 0.46,
P , 0.05).

Discussion

These studies were conducted to clarify the nature of the
relation between fasting insulin and leptin levels after having
controlled for the contribution of adipose tissue to this re-
lation in both men and women. Here, the most significant

FIG. 1. Correlations between fasting plasma leptin levels and insulin
levels normalized by log10 transformation, in men and women.
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findings are: 1) in both men and women who displayed
identical amounts of total fat and similar fat distribution,
individuals characterized by higher insulin levels also dis-
play higher leptin levels (Study 1); and 2) in response to
weight loss, positive associations between changes in fasting
plasma leptin and insulin levels could still be observed after
adjustment of the changes in fasting plasma leptin levels for
those in FM (Study 2).

The fact that leptin is primarily produced and secreted by
the adipose tissue (11, 40) is commonly recognized. How-
ever, whether specific adipose tissue stores are more closely
related to leptin levels than others is less clear. It was initially
thought that leptin levels were the reflection of total body
adiposity because obese and reduced-obese individuals gen-
erally display a leptinemia that is proportional to their ad-
iposity (12, 13). It has also been shown that the strongest
correlate of leptin levels in men and women was total FM in
large samples of men and women, varying widely with re-
spect to their degree of obesity (27) and in normal weight as
well as in reduced-obese women (41). Furthermore, the most
important determinant of changes in leptin levels still seems
to be changes in total FM during weight loss in obese women
(42). In contrast, other studies have shown that specific de-
pots of adipose tissue are more closely related to fasting
plasma leptin levels than total adiposity (43, 44). Moreover,
in vitro studies have also demonstrated that SAT was more

closely associated with leptin secretion than VAT (45, 46).
Our results support the concept that total adipose tissue mass
is a better reflection of circulating levels of leptin. For in-
stance, Study 1 demonstrates that in large samples of men
and women FM is the best predictor of fasting leptin levels.
However, in the intervention study with a smaller sample
size, total FM was the best predictor of fasting leptin levels
before and after weight loss in women, whereas in men
stronger relations were noted between leptin levels and L4L5
SAT. Thus, although total adiposity seems to remain the best
predictor of leptin levels as demonstrated by the data on
large samples of men and women, there might still be a
significant contribution of specific adipose tissue stores to
leptinemia, particularly in men. We are well aware that there
are some limitations related to isolating the best correlate of
fasting plasma leptin among different adipose tissue stores
when these different compartments are also quite closely
intercorrelated. Because VAT is not as closely associated with
leptin levels as SAT (45, 46), it would be expected that a
stronger relation be observed between SAT and leptin levels
than between total FM and leptin in viscerally obese men,
since these individuals present a larger proportion of their
total FM as VAT. However, it is possible that in leaner men
or in women who generally present a much larger proportion
of their total FM as SAT, it might be harder to discriminate
between total fat and SAT because these two variables might
be more closely associated. Indeed, correlation analyses re-
vealed that SAT was more closely associated with total FM
in women in Studies 1 and 2, as well as in men in Study 1
(results not shown). For these reasons, our results lend sup-
port to previous findings that have shown that both total FM
and SAT are important determinants of fasting plasma lep-
tin. However, they also raise the possibility that isolating the
best correlate of fasting plasma leptin levels among different
compartments of adipose tissue might be confounded by
close intercorrelations between these compartments.

Some investigators have reported that in response to en-
ergy restriction the most striking decline in leptin levels is
seen before any major changes in adipose tissue stores occur

FIG. 2. Comparison of FM, fasting plasma insulin, and fasting plasma leptin levels between low- and high-insulin subjects individually matched
for FM. *, P , 0.05; ***, P , 0.001.

TABLE 1. Stepwise multiple regression analysis examining
predictors of fasting leptin levels in the whole sample of men and
women who participated in Study 1

Dependent
variable Step no. Predicting

variable r2 P

Men
Log10 leptin 1 FM 0.52 ,0.001

2 L4L5 SAT 0.53 ,0.05
Women

Log10 leptin 1 FM 0.54 ,0.001
2 FFM 0.55 ,0.01

Variables entered in the model: 1) dependent variable, log10 leptin;
2) independent variables (FFM, FM, L4L5 SAT, L4L5 VAT).
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(47–49). This observation suggests that factors other than
adiposity per se influence leptin levels. Fasting plasma insulin
could be one of these factors as positive associations between
fasting insulin levels and leptinemia before (27, 41, 43, 50)

and after correction for adiposity (43, 50) have been reported.
We were able to further investigate this issue by using a
matching strategy that allowed us to have either high-insulin
or low-insulin individuals with identical amounts of total
FM. This strategy permitted us to assess to what extent in-
creased insulin can affect leptinemia. In this case, the high-
insulin group displayed fasting leptin levels that were 32%
and 22% higher than what was observed in the low-insulin
group in men and women, respectively. These results are in
accordance with those of Segal et al. (51), who reported that
insulin resistance is associated with elevated plasma leptin
levels in lean men matched for body fat. In addition, our
results also show this to be true for both men and women of
varying degrees of adiposity.

The findings from Study 1 are reinforced by the fact that
other variables known to influence plasma leptin levels were
not different between the two groups, in both men and
women. The fact that women with low-insulin levels were
older than high-insulin women is of concern. However, it
should be noted that some correlation analyses were per-
formed in men and women both on the whole samples and
on the subsets that resulted from this matching strategy to
determine whether or not an association could be observed
between age and leptinemia, and this was not the case (re-
sults not shown). Moreover, levels of fasting plasma leptin
are not different between pre- and postmenopausal women
(43, 52, 53).

Although observational data can be useful, intervention
studies have the potential to significantly add to the under-
standing of the interplay that takes place between hormones
that fluctuate during weight loss. In this sense, results have
shown that during weight loss leptin level changes are re-
lated to changes in insulin levels in men and women (54),
even after correction for adiposity in women (28, 29, 42). Our
results are in accordance with currently available literature.
However, because women have been shown to have higher ob

TABLE 2. Comparison of the characteristics of subjects in either the high- and low-insulin groups individually matched for FM (Study 1)

Variables
Men Women

Low-insulin High-insulin Low-insulin High-insulin

Age (yr) 39.3 6 3.2 35.7 6 3.8 42.3 6 2.1 31.5 6 2.0a

Body weight (kg) 75.7 6 1.7 71.0 6 2.9 65.7 6 1.8 66.8 6 1.9
FM (kg) 14.6 6 1.2 14.6 6 1.2 21.1 6 1.3 21.1 6 1.3
FFM (kg) 61.1 6 1.2 56.4 6 2.2 44.6 6 0.8 45.7 6 0.7
L4L5 VAT (cm2) 86.8 6 9.7 106.8 6 12.5 78.1 6 7.1 80.4 6 6.9
L4L5 SAT (cm2) 160.6 6 16.4 181.6 6 15.4 273.4 6 22.0 313.2 6 20.1

Means 6 SEM; n 5 24 and 46 in groups of low- and high-insulin groups in men and women, respectively.
a P , 0.001.

TABLE 3. Characteristics of men and women who participated in Study 2 before and after weight loss

Variables
Men Women

Before After Before After

Weight (kg) 102.6 6 2.1 91.9 6 1.9a 92.6 6 2.9 84.7 6 2.9a

FM (kg) 38.3 6 1.4 28.7 6 1.2a 46.0 6 9.6 40.4 6 2.1a

FFM (kg) 64.4 6 1.6 63.2 6 1.5 46.6 6 1.2 44.3 6 1.0a

L4L5 VAT (cm2) 208.5 6 13.9 129.5 6 13.4a 152.5 6 9.1 124.7 6 8.0a

L4L5 SAT (cm2) 394.1 6 14.6 310.3 6 14.2a 557.3 6 29.5 501.3 6 32.5a

TAT (cm2) 80.1 6 2.7 64.7 6 2.6a 186.2 6 7.9 164.0 6 7.9a

Means 6 SEM.
a P , 0.001, respectively.

TABLE 4. Stepwise multiple regression analysis examining
predictors of leptin levels in obese men and women before and
after weight loss

Dependent variable Step
no.

Predicting
variable r2 P

Men
Before weight loss

Leptin 1 L4L5 SAT 0.36 ,0.01
After weight loss

Leptin 1 L4L5 SAT 0.49 ,0.001
Women

Before weight loss
Leptin 1 FM 0.4 0.001

After weight loss
Leptin 1 FM 0.63 ,0.001

Variables entered in the model: 1) dependent variable, leptin; 2)
independent variables (FM, FFM, L4L5 SAT, L4L5 VAT, TAT).

FIG. 3. Correlations between changes in fasting plasma leptin levels
corrected for the contribution of changes in FM and changes in fasting
plasma insulin levels in response to a 15-week weight loss program
in men and women.
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gene expression (55) as well as higher plasma (21) and cere-
brospinal fluid levels of leptin (56), and because it has also been
reported that there are significant gender differences in the
response of insulin and leptin to weight loss (57), we cannot
easily extrapolate these results to men. To our knowledge, our
observations are the first to show that after having controlled
for changes in adiposity that occur during weight loss, changes
in leptin are also associated with changes in insulin in men.
Furthermore, our observations fit well with studies that have
experimentally produced hyperinsulinemia and then mea-
sured its impact on leptin mRNA expression and circulating
leptin levels. Although acute increases in insulinemia (2–5 h)
did not affect leptin mRNA expression (24) or levels (22), it has
been demonstrated that experimentally induced prolonged hy-
perinsulinemia (from 24–72 h) increases serum leptin levels (22)
dose dependently (25), even in physiological amounts (26).

In summary, these studies lend support to the notion that
variability in insulin levels contributes to variations in leptin
levels independently from the influence of adiposity in both
men and women. They confirm that in individuals of identical
adiposity level, high fasting insulin is associated with elevated
fasting leptin levels. In addition, they emphasize that variations
in leptinemia are correlated with the changes in insulin levels
during weight loss independently of changes in adiposity.
Thus, fasting leptin levels are influenced by insulin both before
and during weight loss in men and women.
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