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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 (p Z 0.002) and postprandial (p Z 0.014) cortisol secretions in obese
men were statistically lower than in lean subjects. The slimming program produced
a ÿ0.9 kg per week mean weight reduction with no differences between both
groups (p Z 0.297). After weight loss, postprandial cortisol secretion increased in
volunteers with (p Z 0.028) and without metabolic syndrome manifestations
(p Z 0.043), as compared to baseline, achieving values near to those of controls.
Cortisol levels negatively correlated with body weight (r Z ÿ0.61; 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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Slimming, cortisol and metabolic syndrome

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 metabolic 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 hypothalamicepituitaryeadrenal axis, increasing cortisol levels [6], and this
chronic status has been related to the development 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 mechanisms to explain the role of cortisol in obesity comorbidities, 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, different 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
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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 nonaggressive 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 Department of Physiology and Nutrition of the University of Navarra. Six of these were considered as
obese with metabolic syndrome, based on the
presence of three or more of the following characteristics 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 highdensity 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,

Demographic and metabolic syndrome markers of volunteers at baseline

Demographic and
metabolic syndrome
markers

Lean healthy
controls

Obese without
metabolic syndrome
features

Body mass index (kg/m2)
Waist/hip ratio
Systolic blood pressure
(mmHg)
Diastolic blood pressure
(mmHg)
Plasma triacylglycerol
(mg/dl)
Plasma HDL-cholesterol
(mg/dl)
Homeostatic model
assessment for insulin
resistance (HOMA-IR)

23.8 G 1.5
0.86 G 0.02
122 G 12

34.8 G 1.8*
0.96 G 0.07*
130 G 12

Obese with
metabolic syndrome
features
34.1 G 2.0*
1.00 G 0.07*,#
133 G 11
88 G 7

Differences between
groups (ANOVA p-value)
0.000
0.001
0.250

78 G 9

83 G 4

67.8 G 54.3

93.2 G 31.3

43.5 G 9.1

46.2 G 5.4

41.1 G 4.3

0.363

0.88 G 0.33

2.80 G 1.73

4.72 G 2.69*,#

0.008

203.5 G 121.0*,#

0.087
0.017

Data are expressed by the mean G 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 agreement 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 distribution 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 experimental protocol after the nutritional intervention trial devised to lose weight (day 70).

Weight loss program
One day after the hormone secretion test, the
obese volunteers began a weight-reduction program by applying a calorie-restricted otherwise
balanced diet (carbohydrates: 55%; lipids: 30%;
proteins: 15%) during 10 weeks. The calorie restriction 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 included 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: 5.6 G 2.3%;
inter-assay variability: 7.8 G 1.8%), and plasma
levels of cortisol (intra-assay variability:
4.7 G 0.7%; inter-assay variability: 5.2 G 1.2%),
and insulin (intra-assay variability: 5.2 G 2.5%;
inter-assay variability: 7.3 G 2.1%) were assessed
by using commercially available radioimmunoassays (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 divided 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, the Wilcoxon for matched 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 between lean control and both obese groups). Results
are reported as mean G SE, and statistical significance was set at p ! 0.05. Statistical analysis was
performed using the SPSS 11.0 program for Windows
98 (Microsoft, USA).

Results
Basal metabolic markers
Obese subjects showed higher values for triacylglycerol, glucose and insulin, as well 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
(p Z 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 (p Z 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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Figure 1 Time-course curves concerning plasma levels
of adrenocorticotropic hormone and cortisol in lean controls 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 *.

statistically significant for obese volunteers
with metabolic syndrome features, mean and 95%
C.I.: ÿ9.7% [ÿ13.9% to ÿ5.5%], and for the control
obese subjects, mean and 95% C.I.: ÿ7.8% [ÿ8.9%
to ÿ6.7%], and no differences were detected
between both groups regarding the percentage
weight loss outcome (p Z 0.297). The intervention

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
(p Z 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 (p Z 0.011) and without (p Z 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 highest area under the cortisol curve, with statistical
significance (p Z 0.039) with respect to the metabolic syndrome group, and with marginal significance (p Z 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 reproduce the profile registered in lean men (Fig. 1A
and B). Thus, the circulating ACTH levels decreased
(p Z 0.003) in the treated metabolic syndrome
group (Fig. 2A), as well as in the obese without
the syndrome (p Z 0.014). Likewise, cortisol plasma levels increased after the weight loss in both
obese groups, with (p Z 0.028) and without
(p Z 0.043) metabolic syndrome manifestations
(Fig. 2B). Accordingly, the association analyses
showed that fasting plasma levels of cortisol were
inversely correlated with postprandial ACTH secretion (r Z ÿ0.51; p Z 0.003) as well as with body
weight (r Z ÿ0.61; 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

Body weight (kg)
Plasma cholesterol
(mg/dl)
Plasma glucose
(mg/dl)
Plasma insulin
(mU/ml)
Plasma ACTH
(pg/ml)
Plasma cortisol (mg/dl)

Obese without
metabolic syndrome features

Obese with
metabolic syndrome features

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

Baseline

After weight
loss

Baseline

After weight
loss

110.1 G 8.9
211 G 53

99.4 G 4*
177 G 30

101.7 G 9.5
198 G 14

93.7 G 8.7*
176 G 38

[ÿ6.1 to 2.3], NS
[ÿ19.9 to 15.2], NS

91 G 10

86 G 11

90 G 8

87 G 4

[ÿ14.7 to 9.3], NS

12.3 G 7.1

8.9 G 3.9

20.0 G 11.3

11.3 G 5.8*

[ÿ13.9 to 72.5], NS

25.6 G 8.3

26.1 G 13.9

43.8 G 25.8

29.6 G 16.8

[ÿ50.3 to 118.9], NS

8.7 G 0.9

14.2 G 2.8*

8.6 G 2.5

14.7 G 3.1*

[ÿ77.5 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 (p O 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 between 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 individuals had statistically lower plasma cortisol
levels than lean subjects. Despite that no pathological 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 cortisol 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, circulating 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 macronutrient distribution intake [9,13,25].
Curiously, obesity has been related to an increased tissue cortisol production [13,23,26], despite 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 adaptive 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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Although the trial involved a relatively small
number of volunteers, these findings suggest the
involvement of cortisol on body weight homeostasis, which could be a target to develop new
therapeutic strategies for obesity treatment based
upon conjoint dietary and pharmacological approaches.
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the potentially confounding effect of calorie
restriction on stress could be considered as negligible 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.

References
[1] Andrews RC, Herlihy O, Livingstone DEW, Andrew R,
Walker BR. Abnormal cortisol metabolism and tissue
sensitivity to cortisol in patients with glucose intolerance.
J Clin Endocrinol Metab 2002;87:5587e93.
[2] Catargi B, Rigalleau V, Poussin A, Ronci-Chaix N, Bex V,
Vergot V, et al. Occult Cushing’s syndrome in type-2
diabetes. J Clin Endocrinol Metab 2003;88:5808e13.
[3] Khani S, Tayek JA. Cortisol increases gluconeogenesis in
humans: its role in the metabolic syndrome. Clin Sci (Lond)
2001;101:739e47.
[4] Walker BR, Soderberg S, Lindahl B, Olsson T. Independent
effects of obesity and cortisol in predicting cardiovascular
risk factors in men and women. J Intern Med 2000;247:
198e204.
[5] Wallerius S, Rosmond R, Ljung T, Holm G, Bjorntorp P. Rise
in morning saliva cortisol is associated with abdominal
obesity in men: a preliminary report. J Endocrinol Invest
2003;26:616e9.
[6] Rosmond R. Stress induced disturbances of the HPA axis:
a pathway to type 2 diabetes? Med Sci Monit 2003;9:
RA35e9.
[7] Bjorntorp P. Do stress reactions cause abdominal obesity
and comorbidities? Obes Rev 2001;2:73e86.
[8] Solano MP, Kumar M, Fernández B, Jones L, Goldberg RH.
The pituitary response to ovine corticotropin-releasing
hormone is enhanced in obese men and correlates with
insulin resistance. Horm Metab Res 2001;33:39e43.
[9] Vicennati V, Ceroni L, Gagliardi L, Gambineri A, Pasquali R.
Response of the hypothalamicepituitaryeadrenocortical
axis to high-protein/fat and high-carbohydrate meals in
women with different obesity phenotype. J Clin Endocrinol
Metab 2002;87:3984e8.
[10] Jessop DS, Dallman MF, Fleming D, Lightman SL. Resistance
to glucocorticoid feedback in obesity. J Clin Endocrinol
Metab 2001;86:4109e14.
[11] Purnell JQ, Brandon DD, Isabelle LM, Loriaux DL,
Samuels MH. Association of 24-hour cortisol production
rates, cortisol-binding globulin, and plasma-free cortisol
levels with body composition, leptin levels, and aging in

Ma. Dolores Parra et al.

34

[12]

[13]

[14]
[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

adult men and women. J Clin Endocrinol Metab 2004;89:
281e7.
Tassone F, Grottoli S, Rossetto R, Maccagno B, Gauna C,
Giordano R, et al. Glucagon administration elicits blunted
GH but exaggerated ACTH response in obesity. J Endocrinol
Invest 2002;25:551e6.
Reynolds RM, Syddall HE, Walker BR, Wood PJ, Phillips DI.
Predicting cardiovascular risk factors from plasma cortisol
measured during oral glucose tolerance tests. Metabolism
2003;52:524e7.
Broglio F, Gottero C, Arvat E, Ghigo E. Endocrine and nonendocrine actions of ghrelin. Horm Res 2003;59:109e17.
Pasquali R, Biscotti D, Spinucci G, Vicennati V,
Genazzani AD, Sgarbi L, et al. Pulsatile secretion of ACTH
and cortisol in premenopausal women: effect of obesity and
body fat distribution. Clin Endocrinol (Oxf) 1998;48:603e12.
Martı́nez de Morentin BE, Rodrı́guez MC, Martı́nez JA.
Metabolic syndrome, insulin resistance and tissue metabolism. Endocrinol Nutr 2003;50:324e33.
Labayen I, Diez N, Parra MD, Gonzalez A, Martinez JA.
Time-course changes in macronutrient metabolism induced by a nutritionally balanced low-calorie diet in obese
women. Int J Food Sci Nutr 2004;55:27e35.
Kanauchi M, Yamano S, Kanauchi K, Saito Y. Homeostasis
model assessment of insulin resistance, quantitative insulin
sensitivity check index, and oral glucose insulin sensitivity
index in nonobese, nondiabetic subjects with high-normal
blood pressure. J Clin Endocrinol Metab 2003;88:3444e6.
Schule C, Baghai T, Laakmann G. Mirtazapine decreases
stimulatory effects of reboxetine on cortisol, adrenocorticotropin and prolactin secretion in healthy male subjects. Neuroendocrinology 2004;79:54e62.
Cavagnini F, Croci M, Putignano P, Petroni ML, Invitti C.
Glucocorticoids and neuroendocrine function. Int J Obes
Relat Metab Disord 2000;24:S77e9.
Seckl JR, Morton NM, Chapman KE, Walker BR. Glucocorticoids and 11beta-hydroxysteroid dehydrogenase in adipose
tissue. Recent Prog Horm Res 2004;59:359e93.
Brown ES, Varghese FP, McEwen BS. Association of depression with medical illness: does cortisol play a role? Biol
Psychiatry 2004;55:1e9.
Rask E, Walker BR, Soderberg S, Livingstone DE, Eliasson M,
Johnson O, et al. Tissue-specific changes in peripheral

[24]
[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

cortisol metabolism in obese women: increased adipose
11beta-hydroxysteroid dehydrogenase type 1 activity.
J Clin Endocrinol Metab 2002;87:3330e6.
Kokkoris P, Pi-Sunyer FX. Obesity and endocrine disease.
Endocrinol Metab Clin North Am 2003;32:895e914.
Morton NM, Paterson JM, Masuzaki H, Holmes MC, Staels B,
Fievet C, et al. Novel adipose tissue-mediated resistance
to diet-induced visceral obesity in 11 beta-hydroxysteroid
dehydrogenase type 1-deficient mice. Diabetes 2004;53:
931e8.
Johnstone AM, Faber P, Andrew R, Gibney ER, Elia M,
Lobley G, et al. Influence of short-term dietary weight loss
on cortisol secretion and metabolism in obese men. Eur J
Endocrinol 2004;150:185e94.
Draper N, Echwald SM, Lavery GG, Walker EA, Fraser R,
Davies E, et al. Association studies between microsatellite
markers within the gene encoding human 11beta-hydroxysteroid dehydrogenase type 1 and body mass index, waist
to hip ratio, and glucocorticoid metabolism. J Clin
Endocrinol Metab 2002;87:4984e90.
Westerbacka J, Yki-Jarvinen H, Vehkavaara S,
Hakkinen AM, Andrew R, Wake DJ, et al. Body fat
distribution and cortisol metabolism in healthy men:
enhanced 5beta-reductase and lower cortisol/cortisone
metabolite ratios in men with fatty liver. J Clin Endocrinol
Metab 2003;88:4924e31.
Wake DJ, Rask E, Livingstone DE, Soderberg S, Olsson T,
Walker BR. Local and systemic impact of transcriptional
up-regulation of 11beta-hydroxysteroid dehydrogenase
type 1 in adipose tissue in human obesity. J Clin Endocrinol
Metab 2003;88:3983e8.
Kotelvisev Y, Holmes MC, Burchell A, Houston PM,
Jamieson P, Best R, et al. 11Beta-hydroxysteroid dehydrogenase type 1 knockout mice shows attenuated
glucocorticoid-inducible responses and resist hyperglycemia on obesity or stress. Proc Natl Acad Sci U S A 1997;94:
14924e9.
Ross EJ, Linch DC. Cushing’s syndromedkilling disease:
discriminatory value of signs and symptoms aiding early
diagnosis. Lancet 1982;2:646e9.
Tomlinson JW, Stewart PM. The functional consequences
of 11beta-hydroxysteroid dehydrogenase expression in
adipose tissue. Horm Metab Res 2002;34:746e51.

