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Abstract
Objective—The effect of weight loss by diet or diet and exercise on salivary cortisol levels, a
measure of hypothalamic pituitary adrenal activity, in overweight individuals is not known. To test
the hypothesis that 24 weeks of moderate caloric restriction (CR) (25%) by diet or diet and aerobic
exercise would alter morning and diurnal salivary cortisol levels.

Design and Setting—Randomized control trial in an institutional research center.

Participants—Thirty-five overweight (BMI:27.8±0.7kg/m2) but otherwise healthy participants
(16M/19F).

Intervention—Participants were randomized to either calorie restriction (CR: 25% reduction in
energy intake, n=12), calorie restriction+exercise (CR+EX: 12.5% reduction in energy intake
+12.5% increase in exercise energy expenditure, n=12) or control (healthy weight-maintenance
diet, n=11) for 6 months.

Main outcome measure—Salivary cortisol measured at 8:00, 8:30, 11:00, 11:30, 12:30, 1300,
16:00 and 16:30. Morning cortisol was defined as the mean cortisol concentration at 08:00 and
08:30. Diurnal cortisol was calculated as the mean of the 8 cortisol measures across the day.

Results—In the whole cohort, higher morning and diurnal cortisol levels were associated with
impaired insulin sensitivity (morning: P=0.004, r2=0.24; diurnal: P=0.02, r2=0.15). Using mixed
model analysis, there was no significant effect of group, time or sex on morning or diurnal cortisol
levels.

Conclusion—A 10% weight loss with a 25% CR diet alone or with exercise did not impact
morning or diurnal salivary cortisol levels.
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Introduction
The hypothalamic pituitary adrenal (HPA) axis is an auto-regulating system with numerous
modulatory functions including the secretion of cortisol from the adrenal glands. In healthy
individuals, this central regulation results in a distinct diurnal rhythm, with high cortisol
activity in the early morning and low activity in the afternoon/evening. Stress
(physiological, social or physical) can cause disturbances in the HPA axis resulting in either
elevated circulating cortisol levels or a blunted cortisol diurnal pattern. Such alterations in
cortisol patterns have been observed with aging and obesity [1-3] as well as in athletes [4]
and in patients with anorexia nervosa [5].

Caloric restriction (CR) increases health span and lifespan in most animal species and has
been advocated as an anti-aging intervention in humans [6]. Given that excess weight and
energy restricted conditions are separately associated with increased cortisol levels, the aims
of this study were to test that 6 months of CR would a) decrease mean cortisol levels and
diurnal cortisol variability and b) these decreases in cortisol levels would be associated with
changes in body weight and composition and cardio-metabolic parameters. This was
examined in frequently measured saliva samples obtained from young, overweight subjects
that participated in the Pennington CALERIE study, the first randomized control trial of
calorie restriction in humans, which was originally designed to examine whether CR
improved biomarkers of longevity. The study population and metabolic outcomes and other
results from the study have been extensively described [7;8].

Methods
The Comprehensive Assessment of Long-Term Effects of Reducing Intake of Energy
(CALERIE) randomized control trial was approved by the Pennington Biomedical Research
Center (PBRC) Institutional Review Board and subjects provided written, informed consent.
Forty-six healthy, overweight (25≤BMI<30) men (n=20) and women (n=26) completed the
study. Details of the screening process and the study population have been previously
described [7].

Subjects were enrolled and randomized into one of four groups for 24 weeks: 1) Control=
weight maintenance diet based on the American Heart Association Step 1 diet; 2) CR= 25%
caloric restriction of energy expenditure (EE) requirements, 3) CR+ exercise (EX)= 12.5%
caloric restriction and 12.5% increased EE by structured, supervised aerobic exercise
sessions and 4) low calorie diet (LCD)= LCD until achievement of 15% weight loss
followed by weight maintenance. Since the goal of the LCD treatment group was to achieve
a specific weight loss followed by weight maintenance (and not to achieve a specific level of
CR), this group was excluded from the current analysis. Details of the intervention have
been extensively described [7].

All assessments were performed at baseline and at week 24 over 5-day inpatient stays in the
Inpatient Unit of PBRC [7]. Body composition was measured using dual x-ray
absorptiometry (Hologics QDR 4500A, Bedford, MA) and abdominal fat distribution by
multi-slice computed tomography (GE Light Speed, General Electric, Milwaukee, WI).
Insulin sensitivity (Si) and the acute insulin response to glucose (AIRg) were determined by
the insulin-modified frequently sampled intravenous glucose tolerance test. Fasting blood
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samples were taken for the measurement of insulin, glucose, lipids, IGF1, T3 and T4 and
leptin [7].

To assess diurnal cortisol dynamics at baseline and after 24 weeks of CR, frequent saliva
samples were collected during the 4th inpatient day. Samples were collected at 8:00 and
8:30, 11:00, 11:30, 12:30, 1300, 16:00 and 16:30. Standard meals, calculated on the basis of
calorie levels, were consumed at 09:00 (breakfast) and 11:30 (lunch) with water consumed
ad libitum. Salivary cortisol samples were batched until the end of study and were measured
by ELISA according to kit instructions (Salimetrics, State College, PA). Morning cortisol
was defined as the mean cortisol concentration at 08:00 and 08:30. Diurnal cortisol was
calculated as the mean of the 8 cortisol measures across the day [9]. Statistical analyses were
performed using SAS 9.2 (SAS Institute Inc., Cary, NC) software and SPSS Version 20.
Mixed model analysis and paired t-tests were used to examine group, sex and time-point
differences in morning and diurnal cortisol levels. Associations between cortisol levels and
body composition and metabolic parameters were examined using Pearsons Correlation
Coefficient and Spearmans Rho for normal and not-normally distributed data, respectively.
Data are presented as mean±SD and P values<0.05 considered statistically significant.

Results
Body composition, insulin sensitivity and biochemistry

As previously reported [10], body weight, fat mass and visceral adipose tissue were
significantly reduced from baseline in CR and CR+EX groups (both P<0.05) compared to
the control group, in which body weight and composition remained stable. Compared to
controls, Si improved in the CR+EX groups (P=0.01) with a trend towards improved Si in
the CR group (P=0.08) after 6 months [8] (Table 1). As previously reported [11], fasting
leptin levels were significantly decreased in response to CR, independent of the type of CR;
there were no significant changes in T3, T4 or IGF1 levels in any of the intervention groups.

Morning and diurnal cortisol levels
There was an equal distribution of males and females within the 3 groups and no sex
differences in morning and diurnal cortisol levels at baseline. Using mixed modelling
analysis, there was no significant group, time or sex effects on morning and diurnal cortisol
levels.When the calorie restriction groups were combined (CR and CR+EX), morning
(BL=6.0±2.9, W24=7.6±2.1nmol/l) and diurnal cortisol levels (BL=4.7±1.1, W24=5.4±
1.1nmol/l) were significant higher at week 24 compared to baseline (both P<0.01). Similar
increases at week 24 were seen in the control group (BL=5.7 ± 2.6nmol/l, W24=9.0
±2.4nmol/l; P=0.002) for morning cortisol levels.

Associations between cortisol levels and body composition and metabolic parameters
Similar to previous studies [9], morning and diurnal cortisol levels were highly correlated in
the whole group (both P<0.001) before and after 24 weeks of CR. At baseline, higher
morning and diurnal cortisol levels were associated with lower Si (both P<0.05) in the whole
group (Figure 1). These associations were not apparent post CR. There were no significant
associations between changes in Si and changes in morning and diurnal cortisol levels (24
weeks – baseline). At baseline and 24 weeks post CR, there were no associations between
morning/diurnal cortisol levels and body composition (fat mass, visceral adipose tissue), or
leptin levels in the whole group, or when groups were examined separately (data not
shown). Next, we examined associations between morning and diurnal cortisol levels at
baseline and change in body composition, insulin sensitivity, lipids and biochemistry levels
in the CR and CR+EX groups combined. Interestingly, higher morning and diurnal cortisol
levels at baseline were both negatively associated with change in the amount of visceral
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adipose tissue (both P<0.03); these correlations were not seen in the control group. No other
significant associations between cortisol levels at baseline and change in body composition
and metabolic parameters were observed.

Discussion
Our key findings were that higher salivary cortisol levels (morning and diurnal) were
associated with impaired insulin sensitivity, and that 10% body weight loss induced with
25% sustained caloric deficit (by diet alone or diet and exercise) had little effect on salivary
cortisol levels. Our finding that higher cortisol levels are associated with impaired insulin
sensitivity is consistent with other studies linking higher cortisol levels with metabolic
impairment independent of age and BMI [12].

Cortisol secretion is regulated by hypothalamic centers that receive stimulatory signals from
the central nervous system and are modified by adrenergic, dopaminergic and serotoninergic
systems in a complicated system that is only partly understood. There is also some evidence
that leptin may act in a permissive manner in regulating the adrenal axis [13]. These
regulatory events result in a characteristic diurnal pattern of cortisol secretion with high
activity in the early morning hours and low activity in the afternoon, a pattern which is often
blunted in obese individuals [2;9;14], although there is also evidence to suggest otherwise
[15]. Several cross-sectional studies have demonstrated that lean individuals have higher
basal cortisol and higher cortisol variability compared to obese individuals [1;9;16]. In our
study, 10% weight loss (induced by CR or CR+EX) was insufficient to alter salivary cortisol
levels (morning and diurnal) in overweight individuals. Interestingly, a study in obese men
also found that 10% weight loss by VLCD resulted in no change in plasma cortisol
concentrations but a substantial decline in cortisol production together with evidence of
reduced cortisol metabolism of cortisol and cortisone, assessed by urinary cortisol
metabolites [17]. Based on these findings, it may be that during calorie restriction, a
decrease in peripheral cortisol clearance is associated with a compensatory fall in cortisol
production in order to maintain systemic cortisol levels. Unfortunately, urinary cortisol
metabolites and upstream regulators of cortisol secretion (corticotropin releasing hormone
and adrenocorticotropic hormone) were not measured in the current study. The association
between lower cortisol levels and visceral adiposity has similarly been demonstrated in
several population-based studies [14] and may be explained by tissue-specific differences in
cortisol metabolism. In obese Zucker rats, the reactivation of cortisone to cortisol by 11 -
HSD1 is impaired in the liver but enhanced in adipose tissue, demonstrating tissue-specific
cortisol metabolism [18]. Thus, local cortisol metabolism may potentially influence systemic
cortisol concentrations. Future studies examining cortisol metabolism in visceral adipose
tissue are required.

Alternatively, calorie restriction may be considered a physiological stressor resulting in
increased HPA axis activity, supported by findings that energy restricted athletes have
higher cortisol and ACTH secretion [4], and subjects with anorexia nervosa have higher
cortisol levels [5]. Furthermore, in Biosphere 2, 8 participants underwent calorie restriction
(1750-2100kcal/day) for 2 years in a closed ecological space and had significant increases in
morning total cortisol levels and marginal increases in free cortisol [19].

Strengths of this study include the thorough clinical investigation of the participants and the
use of frequent sampling to assess cortisol levels throughout the day. Limitations include
that morning cortisol levels were not measured in ideal conditions, as subjects had already
been awake for 1hour before the first blood sample was drawn. This variability in the
method which cortisol is measured appears to be a recurring theme in the literature with
variability in the way cortisol is measured (fasting or non-fasting conditions, within 1-4
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hours of waking) and an issue to be mindful of when comparing studies [15]. Further, it
should be noted that many factors can lead to acute changes in cortisol levels including
physical and psychological stressors and even simple laboratory tasks (mental arithmetic,
public speaking). While we made every possible attempt to create a relaxed environment
subjects were being tested on a metabolic ward in a clinical research facility for consecutive
days; these stressors may partially explain the increased cortisol levels at baseline in our
control group. Our study also did not measure ACTH levels or 24hr urinary cortisol, which
may shed further insight onto the diurnal regulation of the HPA axis.

In summary, our study found that 10% weight loss was insufficient to alter salivary morning
and diurnal cortisol levels in overweight individuals. This does not exclude the possibility
that peripheral cortisol clearance and/or cortisol production may be altered with weight loss.
Our findings suggest that prolonged restriction of energy intake is not perceived by the body
as a stressor, at least in our cohort of young, non-obese men and women, and thus CR may
present a viable intervention for longevity studies in other populations.
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EE Energy expenditure
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LCD Low calorie diet
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Figure 1.
Associations between insulin sensitivity and a) morning and b) diurnal cortisol levels
(nmol /l) in the whole cohort at baseline (circles= males, triangles= females)
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