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Abstract
The objectives of this study were to determine the time course of the stimulatory effect of
dexamethasone on serum leptin and whether it depends on food intake. Dexamethasone (4mg) was
administered I. V. over 1 minute to healthy human volunteers (n=8) under fasting and feeding
conditions (2000 kcal given at three meals over 7 hours). At 10 hours, serum leptin levels were
increased only in the fed subjects (delta leptin 10.6±1.6 vs −2.4±1.9 ng/ml, p=0.01, n=8). To assess
the interactive effect of food and dexamethasone on serum leptin, a subgroup (n=4) was studied under
4 conditions: 1) dexamethasone/fast; 2) dexamethasone/food; 3) saline/fast; 4) saline/food. Serum
leptin declined from baseline under the fasting conditions, with or without dexamethasone. Feeding
prevented the drop in serum leptin. In the dexamethasone/food condition, leptin levels rose from
baseline after 7 hours and doubled after 10 hours (p<0.05). The rise in serum leptin was significantly
greater in the food/dexamethasone condition compared to all other conditions (p<0.05). In summary,
dexamethasone has no independent effect on serum leptin in the absence of food intake. Rather,
dexamethasone appears to potentiate the food-induced increase in serum leptin. This synergism may
be mediated by insulin and/or other factors associated with food ingestion.

Introduction
Serum leptin levels are elevated in obesity in proportion to body fat mass (1). It is clear,
however, that leptin levels can change independently of fat mass, for example after fasting
(2), overfeeding (3), administration of insulin (4–6) or dexamethasone (7–11). In humans, oral
administration of glucocorticoids elevates serum leptin levels (7–11) and leptin mRNA levels
in adipose tissue (10). Dexamethasone doubled serum leptin after 24–48 h (7–11), and a
significant effect was apparent at 9 h (7). It is unclear from these studies whether the
dexamethasone effect depends on concomitant food intake and the observed rise in serum
insulin. Thus, the objectives of the present study were to determine whether the
dexamethasone-induced increase in serum leptin occurs in the absence of food intake and to
assess the time course of the effect.

Methods
Subjects

Subjects’ characteristics are listed in Table 1. All were non-smokers and showed normal
physical exam, routine blood work, thyroid function tests and 24 h urinary cortisol. None were
taking medications or depressed as assessed by the Beck questionnaire (12). The female subject
was screened and tested during the follicular part of the menstrual cycle (13). The OGTT was
within normal range. The body weight of the subjects was stable for at least 3 months prior to
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the study. Total body fat was measured by DEXA scan (14). Study protocols were approved
by the Institutional Review Board of St. Luke’s/Roosevelt Hospital, and informed written
consent was obtained.

Experimental Design
Subjects came to the Clinical Research Center at 7:00 am after an overnight fast and rested
during the entire study. An I. V. catheter was inserted in an ante-cubital vein, and the I.V. line
was kept open with a slow infusion of 0.45% sodium chloride during the entire experiment.
After baseline measurements were taken, the subjects were given 4 mg of dexamethasone or
saline administered I.V. over 1 minute at 7:30. In the fed condition, subjects consumed 2000
kcal (55% CHO, 15% PROT, and 30%FAT): breakfast (700 kcal) at 8:00, lunch (960 kcal) at
12:00, and afternoon snack (340 kcal) at 14:00. Blood samples were taken every 30 minutes
for the next 10 hours for measurements of leptin, glucose and insulin. In the first experiment,
two conditions were compared: 1) dexamethasone/fast; 2) dexamethasone/food (diet as
described above). In the second experiment, a subgroup of 4 subjects was retested under saline
with fast and saline with food conditions. Thus, 4 subjects completed all four conditions: 1)
dexamethasone/fast; 2) dexamethasone/food; 3) saline/fast and 4) saline/food. The experiments
were separated by at least 1 week for each subject and no more than a month. The order of the
four experimental conditions was randomly assigned. No side effects were reported during any
of the experiments.

Analytical methods
Glucose was measured with a glucose analyzer (Beckman Instruments, Inc., Fullerton, CA).
Serum insulin and leptin were measured by radio-immunoassay (Linco), with intra- and inter-
assay coefficients of variation between 6 and 8%. The 24 h urinary Cortisol was measured by
radio-immunoassay (DPC).

Calculations and Statistical Methods
The areas under the curves for leptin (LAUC), glucose (GAUC), and insulin (IAUC) versus
time (10 hours) were calculated using the trapezoidal rule (15). The area used for analysis was
obtained by subtracting the baseline area from the AUC. Delta values were defined as the
difference between the final (10 h) value and the basal value for leptin. ANOVA was used to
test for differences among the mean responses. Multiple comparisons were performed using
Fisher’s protected least significant difference procedure. All statistical calculations were
performed using the SAS statistical software package for personal computers (Ver. 6.12). The
interaction between food intake and dexamethasone was tested using a contrast that compared
the effect of dexamethasone with food to the effect of dexamethasone without food. The level
of significance for all statistical tests of hypotheses was 0.05. Separate analyses were performed
after removing the female subject and also after removing the 2 subjects with the highest BMI.
The results gave a similar level of statistical significance. Therefore, all data were pooled.

Results
In fed subjects, an I.V. bolus of dexamethasone led to a significant rise in serum leptin by 7 h
and a two-fold rise by 10 h (Table 2). In contrast, in fasted subjects, I.V. dexamethasone did
not increase leptin over baseline.

To dissect the interactions between food and dexamethasone, the effects of feeding on leptin
with and without dexamethasone were studied in a subgroup of 4 subjects. In the two fasted
groups, leptin levels decreased to a similar extent over the 10 hours, by 41% without
dexamethasone and by 35% with dexamethasone (Figure 1A, Table 3). In fed subjects (food/
saline), no change of serum leptin was observed.
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When compared to the dexamethasone/fast condition, the combination of dexamethasone and
food increased serum leptin starting at 4 hours (Figure 1A). The increase in serum leptin over
basal levels was significant starting at 7 hours after dexamethasone administration (p<0.05).
As in experiment 1 (Table 2), when dexamethasone was administered, LAUC and delta leptin
were higher under feeding conditions than under fasting conditions (Table 3). There was a
significant interaction between the effects of food and dexamethasone on delta L (p<0.05),
indicating that the magnitude of the effect of feeding was higher in the dexamethasone versus
the saline condition. When dexamethasone was given together with food serum leptin levels
doubled from a baseline of 8.3 ng/ml to 16.9 ng/ml at 10 hours (n=4, Figure 1A and Table 3).

Serum insulin (Figure 1B) levels declined from baseline in the saline/fast group (p=0.0001)
but did not change in the dexamethasone/fast group. Delta I and IAUC did not differ between
dexamethasone/food and dexamethasone/fast conditions (Table 3).

Serum glucose levels decreased over time in the fast/saline condition but increased over time
in all other conditions (Figure 1C). Feeding produced a greater rise in serum glucose in the
dexamethasone group compared to the saline group (p<0.05) (Table 3).

Discussion
We have demonstrated that an I.V. bolus of dexamethasone increases serum leptin only when
subjects are fed. Dexamethasone did not affect serum leptin in fasted subjects. These results
are in agreement with previous reports that oral dexamethasone increases serum leptin in
subjects allowed to eat a fixed amount of food (7) or to consume food freely (8–11).

In agreement with previous studies (2,6,16), feeding alone prevented the fall in leptin associated
with fasting. Although insulin was increased to the same extent with the food/saline treatment
as with the food/dexamethasone treatment, serum leptin was increased only in the latter
condition. It is unlikely that the magnitude of the effect on serum leptin (+ 100%) after
dexamethasone and food can be explained solely as an insulin effect. Increasing serum insulin
by I.V. administration to levels comparable to those achieved with meals in our study (384–
792 pmol/L), increased plasma leptin by only 26–43% at 9 hours (6). We therefore conclude
that dexamethasone must interact with factors associated with meal ingestion (insulin,
gastrointestinal hormones and/or glucose) to increase serum leptin.

Some studies have suggested a role for glucose or glucose utilization (17,18) in the regulation
of leptin secretion. The administration of glucose after a prolonged fast induces an acute
increase in serum leptin, apparently independent of insulin (18). The fact that glucose was
increased by dexamethasone in both fasting and feeding conditions, but leptin increased only
in the feeding condition, makes it unlikely that glucose per se is the factor responsible for the
increase in leptin when dexamethasone is given with food. Although the combination of
dexamethasone and food leads to a greater rise in serum glucose, it seems unlikely that this
may have contributed to the rise in serum leptin because glucose utilization by the adipocyte
was most likely decreased by dexamethasone (9,19).

There was a time lag of 7 hours after administration of dexamethasone and food before leptin
increased. This is similar to that observed with overfeeding (5 to 10 hours) (3), insulin
administration (4 to 6 hours) (4–6), or a shift in meal timing (20). This time lag may be necessary
to elicit leptin transcription and/or post-transcriptional steps leading to leptin secretion. In
vitro, an effect of insulin plus dexamethasone on leptin secretion in subcutaneous adipose tissue
was detected at 5 h (21).

Results of some in vitro experiments (21,22) suggest that additive or synergistic effects of
insulin plus dexamethasone are likely mechanisms of the increase in serum leptin shown in the
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present study. Two studies indicate that the combination of insulin and dexamethasone
increased the release of leptin from human subcutaneous adipocytes to a greater extent than
insulin or dexamethasone alone (21,22). However, others reported an inhibitory effect of
insulin on dexamethasone-stimulated leptin secretion from isolated adipocytes (23,24).
Differences in incubation conditions are likely to explain these in vitro discrepancies. In
vivo, however, clamped hyperinsulinemia after oral dexamethasone did not decrease serum
leptin (25).

Further studies are needed to define the role of insulin and/or other meal-associated factors in
mediating the effect of dex on leptin in the fed state. In addition, it would be important to extend
these studies to a greater numbers of both lean and obese subjects and to compare different
modes of glucocorticoid administration.

It may appear paradoxical that glucocorticoids increase serum leptin, yet serum levels of leptin
and Cortisol exhibit reciprocal diurnal rhythms (26). This apparent contradiction can be
resolved by also considering the level of insulinemia and/or the feeding state. In the fasted
state, Cortisol is high, and insulin and leptin are low. In the fed state, a rise in insulin, with at
least a permissive level of glucocorticoids, leads to a slow rise in leptin. Moreover,
hypercortisolism caused by Cushing's syndrome (27,28) or pharmacological glucocorticoid
administration (7–11) combined with hyperinsulinemia, leads to a marked rise in leptin.

In summary, the present study demonstrates that I.V. dexamethasone administered to fed
subjects increases serum leptin after 5–7 hours. In contrast, neither dexamethasone alone
(without feeding) nor feeding alone (without dexamethasone) are able to increase leptin levels
over basal levels. We conclude that dexamethasone must interact with factors associated with
feeding to increase leptin in humans.
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Figure 1.
Effects of dexamethasone and/or food on serum leptin (A), insulin (B), and glucose (C).
Subjects (n=4) were studied under 4 conditions: 1) dexamethasone (4mg) administered I.V.
over one minute with fast, 2) dexamethasone with food (2000 kcal given at 3 meals), 3) saline
with fast and 4) saline with food. SEM are not shown for clarity. In the food condition, breakfast
(700 kcal), lunch (960 kcal) and snack (340 kcal) were given 15 min., 4 h and 6 h, respectively,
after dexamethasone or saline administration.
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Table 2

Effects of dexamethasone, with or without food, on serum leptin, glucose and insulin

Condition 1 Dexa/Fast 2 Dex/Food P

n 6 7

LAUCb ng/ml/10h −17±7 19±6 0.02

Delta L ng/ml −2.4±1.9 10.6±1.6 0.01

GAUC mmol/l/10h 6.2±2.6 16.4±2.2 0.05

IAUC pmol/l/10h 100±251 2440±215 0.01

a
Dexamethasone;

b
Areas under the curve (AUC) were calculated as a change from baseline; a negative number indicates a decrease
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