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Abstract Background and aim: Disturbances in cortisol metabolism have been
associated with obesity and metabolic syndrome development. The aim of this
study was to evaluate the effect of weight loss induced by an energy-restricted diet
on postprandial cortisol secretion in obese men with and without metabolic
syndrome features.
Methods and results: Twelve obese men (BMI: 32.5e36.2 kg/m2), six without and
six with at least three markers of metabolic syndrome, and six lean men (BMI:
22.2e24.9 kg/m2) participated. Plasma cortisol was measured at fasting and at
30 min intervals for 3 h after standard breakfast intake. Obese volunteers repeated
those measurements after weight loss induced by a 10-week hypocaloric balanced
diet. Fasting (pZ 0.002) and postprandial (pZ 0.014) cortisol secretions in obese
men were statistically lower than in lean subjects. The slimming program produced
a �0.9 kg per week mean weight reduction with no differences between both
groups (pZ 0.297). After weight loss, postprandial cortisol secretion increased in
volunteers with (pZ 0.028) and without metabolic syndrome manifestations
(pZ 0.043), as compared to baseline, achieving values near to those of controls.
Cortisol levels negatively correlated with body weight (rZ�0.61; p! 0.001).
Conclusions: Therefore, the effect of weight loss on cortisol metabolism appeared
to be mediated by changes in body weight, which were apparently not affected by
the occurrence of metabolic syndrome features.
ª 2005 Elsevier B.V. All rights reserved.
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Introduction

An interaction between disturbances in cortisol
metabolism and the pathogenesis of obesity has
been previously stated [1], based on some common
features of Cushing’s syndrome [2] and the meta-
bolic syndrome manifestations [3], like central
adiposity, insulin resistance, or type 2 diabetes
mellitus [4,5]. Indeed, there is evidence that
environmental stress can produce a progressive
dysfunction of the hypothalamicepituitaryeadre-
nal axis, increasing cortisol levels [6], and this
chronic status has been related to the develop-
ment of central obesity and insulin resistance in
subjects with genetic susceptibility [7].

However, low circulating levels of cortisol have
also been reported in obesity [8]. These findings
have prompted the occurrence of different mech-
anisms to explain the role of cortisol in obesity co-
morbidities, such as alterations in hypothalamice
pituitaryeadrenal axis in response to feeding [9],
glucocorticoid receptor dysfunctions [10], or an
increment in cortisol turnover [11].

In order to elucidate the processes involved in
these potential obesity-related disturbances, dif-
ferent dynamic probes have been developed to
test the ACTH and the cortisol response against
a challenge, such as intramuscular administration
of glucagon [12], insulin administration [10], or the
oral glucose tolerance test [13]. The food intake
has also been reported to modify cortisol secretion
[9,14]. In fact, nutrient intake has been applied to
explore differences in hypothalamusepituitarye
adrenocortical modulation between obese and
lean subjects [15].

In this context, the aim of the present work was
to evaluate the cortisol response using a non-
aggressive protocol in which the macronutrient
intake was controlled, in obese subjects with and
without metabolic syndrome, as well as the effect
of weight loss in this process.

Methods

Subjects

The volunteers enrolled were 12 obese individuals
(body mass index between 32.5 and 36.2 kg/m2),
who were recruited by a physician of the De-
partment of Physiology and Nutrition of the Uni-
versity of Navarra. Six of these were considered as
obese with metabolic syndrome, based on the
presence of three or more of the following char-
acteristics according to the National Cholesterol
Education Program [16]: waist circumference
greater than 102 cm; blood pressure of at least
130/85 mmHg; serum glucose level of at least
110 mg/dl (6.1 mmol/l); serum triacylglycerol level
of at least 150 mg/dl (1.69 mmol/l); and high-
density lipoprotein (HDL) cholesterol level of less
than 40 mg/dl (1.04 mmol/l). Also, six healthy men
(body mass index between 22.2 and 24.9 kg/m2)
acted as control group (Table 1). The inclusion
procedure required that all volunteers (24e42
years old) give their written informed consent,
Table 1 Demographic and metabolic syndrome markers of volunteers at baseline

Demographic and
metabolic syndrome
markers

Lean healthy
controls

Obese without
metabolic syndrome
features

Obese with
metabolic syndrome
features

Differences between
groups (ANOVA p-value)

Body mass index (kg/m2) 23.8G 1.5 34.8G 1.8* 34.1G 2.0* 0.000
Waist/hip ratio 0.86G 0.02 0.96G 0.07* 1.00G 0.07*,# 0.001
Systolic blood pressure
(mmHg)

122G 12 130G 12 133G 11 0.250

Diastolic blood pressure
(mmHg)

78G 9 83G 4 88G 7 0.087

Plasma triacylglycerol
(mg/dl)

67.8G 54.3 93.2G 31.3 203.5G 121.0*,# 0.017

Plasma HDL-cholesterol
(mg/dl)

43.5G 9.1 46.2G 5.4 41.1G 4.3 0.363

Homeostatic model
assessment for insulin
resistance (HOMA-IR)

0.88G 0.33 2.80G 1.73 4.72G 2.69*,# 0.008

Data are expressed by the meanG standard deviation. Differences between groups are expressed by the ANOVA p-value.
Statistical differences (p! 0.05) estimated by the Bonferroni post hoc test are expressed as * (with respect to lean group) and #
(with respect to both obese groups).
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which had previously been approved by the Ethics
Committee of the University of Navarra, in agree-
ment with the Helsinki Declaration.

Study design

The experimental protocol started at 8:30 a.m.
and was performed after an overnight fast, at rest
with the subjects seated throughout a 3-h period.
A catheter was inserted into an antecubital vein
for blood extraction. Blood was taken every 30 min
for 3 h, after ingestion of a normalized breakfast
(test meal) with a controlled macronutrient distri-
bution of 57.9% energy from carbohydrates, 37.2%
from proteins, and 4.9% from lipids, and a total
energy content of 107 kcal (Meritene, Novartis,
Switzerland). Obese volunteers repeated this ex-
perimental protocol after the nutritional interven-
tion trial devised to lose weight (day 70).

Weight loss program

One day after the hormone secretion test, the
obese volunteers began a weight-reduction pro-
gram by applying a calorie-restricted otherwise
balanced diet (carbohydrates: 55%; lipids: 30%;
proteins: 15%) during 10 weeks. The calorie re-
striction was 500 kcal less than the resting energy
expenditure measured by indirect calorimetry
(Deltatrac, Datex-Ohmeda, Finland), based on
a previously described procedure [17], in every
participant.

The physical activity pattern was not increased
during the slimming period, which was assessed
and controlled by a dietitian of the Department of
Physiology and Nutrition at the University of
Navarra.

Blood measurements

General biochemical determinations, which in-
cluded plasma levels of glucose and lipid profile,
were assayed on an LX-20 autoanalyser (Beckman,
USA). Plasma levels of ACTH were measured by an
automated immunoassay on an IMMULITE analyser
(DPC, USA, intra-assay variability: 5.6G 2.3%;
inter-assay variability: 7.8G 1.8%), and plasma
levels of cortisol (intra-assay variability:
4.7G 0.7%; inter-assay variability: 5.2G 1.2%),
and insulin (intra-assay variability: 5.2G 2.5%;
inter-assay variability: 7.3G 2.1%) were assessed
by using commercially available radioimmunoas-
says (DPC, USA). Insulin resistance was indirectly
determined by the homeostatic model assessment
index (HOMA-IR), as the multiplication of fasting
insulinemia (mU/ml) and glycemia (mM) and di-
vided by 22.5 corrected factor [18].

According to the established values from the
Laboratory of Biochemistry of the University Clinic
of Navarra, the normal range for fasting plasma
ACTH was between 10 and 55 pg/ml, for cortisol it
was between 5 and 25 mg/dl, and for insulin
!25 mU/ml.

Statistical analysis and other calculations

The KolmogoroveSmirnov and the ShapiroeWilk
tests were used to determine variable distribution.
The KruskaleWallis, theWilcoxon formatched pairs
and the ManneWhitney U-tests were performed to
analyse non-parametric data between groups, and
the Pearson correlation coefficient was used to
identify related variables. Weight loss was analysed
using the paired Student t-test. Hormone secretion
was calculated as the area under the plasma level
curve, using the trapezoidal rule [18]. Analyses of
variance (ANOVA) together with the Bonferroni post
hoc test were applied for the general comparison of
data between groups (analysis of differences be-
tween lean control and both obese groups). Results
are reported as meanG SE, and statistical signifi-
cance was set at p! 0.05. Statistical analysis was
performed using the SPSS 11.0 program forWindows
98 (Microsoft, USA).

Results

Basal metabolic markers

Obese subjects showed higher values for triacylgly-
cerol, glucose and insulin, aswell as for homeostasis
model assessment, than lean individuals (Table 1).
As designed, there were predicted differences and
trends between both groups of obese subjects
concerning metabolic syndrome features (Table 1).

Lean and obese volunteers had plasma levels
of ACTH in the normal range at baseline (from
10 to 55 pg/ml), and no statistical differences
(pZ 0.555) were found between groups (Fig. 1A).
Also, basal plasma levels of cortisol were in the
normal range (from 5 to 25 mg/dl), but the obese
volunteers showed the lowest (pZ 0.002) hormone
levels (Fig. 1B).

Weight-reduction effect on metabolic
markers

After the dietary intervention devised to lose
weight, body weight reduction (Table 2) was
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statistically significant for obese volunteers
with metabolic syndrome features, mean and 95%
C.I.: �9.7% [�13.9% to �5.5%], and for the control
obese subjects, mean and 95% C.I.: �7.8% [�8.9%
to �6.7%], and no differences were detected
between both groups regarding the percentage
weight loss outcome (pZ 0.297). The intervention
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Figure 1 Time-course curves concerning plasma levels
of adrenocorticotropic hormone and cortisol in lean con-
trols and obese with and without metabolic syndrome,
before and after weight loss induced by a 10-week
calorie restriction program. The statistical significance
(p! 0.05) estimated by the Bonferroni post hoc test
comparing each obese group and the lean volunteers and
the intra-group differences in obese volunteers, before
and after the weight loss, are expressed as *.
globally improved the measured metabolic and
hormonal biomarkers, although no differences in
this beneficial effect were detected between both
diet-treated obese groups (Table 2).

After the slimming process (Table 2), the ACTH
tended to be lower than at baseline, but no
statistical differences were detected. In contrast,
raising levels of circulating cortisol accompanied
the weight loss, both in obese with (pZ 0.028) and
without (pZ 0.043) metabolic syndrome manifes-
tations (Table 2).

Weight-reduction effect on circulating
cortisol and adrenocorticotropic changes

Before weight loss, ACTH plasma levels fell during
the first exploration in which the challenge load
was administered, being statistically different
(pZ 0.002) in obese volunteers with respect to
the control group (Fig. 1A). In fact, lean men had
the area under the time-course curve lower than
obese with (pZ 0.011) and without (pZ 0.002)
metabolic syndrome (Fig. 2A).

Cortisol plasma levels clearly decreased in lean
men under the experimental challenge period,
while this secretion only had a soft slope in the
obese groups (Fig. 1B). Controls showed the high-
est area under the cortisol curve, with statistical
significance (pZ 0.039) with respect to the met-
abolic syndrome group, and with marginal signifi-
cance (pZ 0.055) in comparison with otherwise
healthy obese (Fig. 2B).

When the obese individual lost body weight, the
plasma levels of both hormones tended to repro-
duce the profile registered in lean men (Fig. 1A
and B). Thus, the circulating ACTH levels decreased
(pZ 0.003) in the treated metabolic syndrome
group (Fig. 2A), as well as in the obese without
the syndrome (pZ 0.014). Likewise, cortisol plas-
ma levels increased after the weight loss in both
obese groups, with (pZ 0.028) and without
(pZ 0.043) metabolic syndrome manifestations
(Fig. 2B). Accordingly, the association analyses
showed that fasting plasma levels of cortisol were
inversely correlated with postprandial ACTH secre-
tion (rZ�0.51; pZ 0.003) as well as with body
weight (rZ�0.61; p! 0.001).

Discussion

It is widely recognized that secondary obesity to
Cushing’s syndrome is related to high levels of
circulating cortisol, as well as the role that this
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Table 2 Metabolic changes reflected by biomarkers after the weight-reduction intervention

Biomarkers Obese without
metabolic syndrome features

Obese with
metabolic syndrome features

Inter-group
difference (95% C.I.)

Baseline After weight
loss

Baseline After weight
loss

Body weight (kg) 110.1G 8.9 99.4G 4* 101.7G 9.5 93.7G 8.7* [�6.1 to 2.3], NS
Plasma cholesterol
(mg/dl)

211G 53 177G 30 198G 14 176G 38 [�19.9 to 15.2], NS

Plasma glucose
(mg/dl)

91G 10 86G 11 90G 8 87G 4 [�14.7 to 9.3], NS

Plasma insulin
(mU/ml)

12.3G 7.1 8.9G 3.9 20.0G 11.3 11.3G 5.8* [�13.9 to 72.5], NS

Plasma ACTH
(pg/ml)

25.6G 8.3 26.1G 13.9 43.8G 25.8 29.6G 16.8 [�50.3 to 118.9], NS

Plasma cortisol (mg/dl) 8.7G 0.9 14.2G 2.8* 8.6G 2.5 14.7G 3.1* [�77.5 to 39.7], NS

Statistical differences (p! 0.05) with respect to baseline are expressed as *. The comparison between both obese groups
concerning the changes occurring after the weight loss is expressed by means of the 95% confidence intervals (pO 0.05 is
expressed as NS).
hormone plays in body fat distribution [19]. Based
on the common features accompanying Cushing
and metabolic syndromes [20], a relationship be-
tween the disruption of hypothalamusepituitarye
adrenocortical axis and the development of obesity
and co-morbidities has been suggested [21,22].
However, idiopathic obesity usually shows normal
or decreased basal cortisol levels [10].

In the current research, no differences in basal
adrenocorticotropic hormone levels were found
between obese and lean volunteers, as other
authors have reported [23]. However, obese indi-
viduals had statistically lower plasma cortisol
levels than lean subjects. Despite that no patho-
logical levels were found, the low circulating
cortisol could indicate a subclinical disturbance
in the hypothalamusepituitaryeadrenocortical axis.

In this context, basal plasma cortisol levels
could not evidence abnormalities on obesity, while
the cortisol profile could be impaired under some
circumstances [10]. Based on this assumption, we
performed a dynamic probe, with time control and
test meal intake, and involving the analysis of
blood samples taken during 3 h in the morning,
having in mind the circadian rhythm of cortisol.
The protocol included the acute ingestion of a test
breakfast, in which carbohydrate and protein were
the main macronutrients, since food intake could
modify cortisol secretion [9,14]. Thus, higher ACTH
and lower cortisol levels were detected in both
obese groups as compared to lean volunteers, but
within the laboratory reference range. These
results point to the lack of a major disturbance
in the hypothalamusepituitaryeadrenocortical
axis in primary obesity [10,11,13]. In fact, the
circulating cortisol and the adrenocorticotropic
hormone were inversely correlated, supporting
this statement.

Furthermore, similar circulating ACTH and cor-
tisol profiles were found in both obese groups.
According to this, the reduced plasma levels of
cortisol could be mainly linked to adiposity instead
of metabolic syndrome features. Indeed, circulat-
ing cortisol and ACTH tended to approach control
values after the calorie restriction period, showing
the reversibility of obesity-related abnormalities
in cortisol metabolism [24,25,26]. However, a role
for the change in dietary constituents instead of
weight loss could not be ruled out, in the light of
some recent findings concerning different macro-
nutrient distribution intake [9,13,25].

Curiously, obesity has been related to an in-
creased tissue cortisol production [13,23,26], de-
spite the low circulating cortisol levels. This
apparent controversy could be explained in terms
of a high hormone clearance rate [27,28], which
involves changes in enzyme activities and receptor
functions [26,29]. These processes could be adap-
tive mechanisms, different to hypothalamice
pituitaryeadrenocortical axis, to modulate the
obesity-related cortisol excess [10,25,27,30].
Therefore, body fat accumulation could be one
of the required signals to increase cortisol turnover
in obese subjects [28,31]. Supporting this, cortisol
levels changed after the body fat loss related to
the slimming, both with and without metabolic
syndrome volunteers. On the other hand, this
nutritional intervention was less aggressive than
previous works in which very low calorie diet were
applied to reduce body weight [26,32]. Therefore,
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the potentially confounding effect of calorie
restriction on stress could be considered as negli-
gible in our work.

In conclusion, obese men had lower cortisol but
not adrenocorticotropic hormone levels than lean
volunteers under our experimental conditions.
This decrease in plasma cortisol profile seems to
be the outcome of a higher cortisol clearance
when the hypothalamusepituitaryeadrenocortial
axis is not impaired in idiopathic obesity. Our
results confirm this observation, since the weight
loss process is able to improve plasma cortisol
levels. The beneficial effect of slimming was not
apparently related to the metabolic syndrome
status, seeming to be mainly mediated by changes
in body weight.
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Figure 2 Circulating adrenocorticotropic hormone and
cortisol calculated as the area under the concentration
time-course curves. Statistical differences (p! 0.05)
with respect to lean controls are expressed as *,
between obese with and without metabolic syndrome
by # and differences with respect to baseline levels by $.
Although the trial involved a relatively small
number of volunteers, these findings suggest the
involvement of cortisol on body weight homeosta-
sis, which could be a target to develop new
therapeutic strategies for obesity treatment based
upon conjoint dietary and pharmacological ap-
proaches.
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