
Plasma Cortisol Levels in Response to a Cold Pressor Test Did
Not Predict Appetite or Ad Libitum Test Meal Intake in Obese
Women

Allan Geliebtera,b,c,d, Charlisa D. Gibsona,c, Dominica B. Hernandeza, Deniz Atalayera,c,
Anne Kwona,e, Michelle I Leea, Nandini Mehtaa, Donna Phaira, and Marci E. Gluckf

aNY Obesity Nutrition Research Center, St. Luke’s -Roosevelt Hospital, New York, NY, USA.
bDepartment of Psychiatry, Columbia University College of Physicians and Surgeons, New York,
NY, USA.
cInstitute of Human Nutrition, Columbia University, New York, NY, USA.
dTouro College, New York, NY, 11706 USA.
eDepartment of Psychiatry, Dartmouth-Hitchcock Medical Center, Hanover, New Hampshire,
USA.
fObesity and Diabetes Clinical Research Section, National Institute of Diabetes and Digestive and
Kidney Diseases, National Institutes of Health, Phoenix, Arizona, 85016 USA.

Abstract
Heightened cortisol response to stress due to hyperactivation of the hypothalamic-pituitary-adrenal
(HPA) axis may stimulate appetite and food intake. In this study, we assessed cortisol responsivity
to a cold pressor test (CPT) as well as appetite ratings and subsequent test meal intake (TMI) in
obese women. Following an overnight fast on two counterbalanced days, 20 obese women
immersed their non-dominant hand for 2 min in ice water (CPT) or warm water (WW) as a
control. Plasma cortisol (ng/ml), heart rate, and blood pressure, as well as ratings of stress, pain,
and appetite, were serially acquired. An ad libitum liquid meal was offered at 45 min and intake
measured covertly. Fasting cortisol was higher at 15 min (mean peak cortisol) following the CPT
compared to WW. Higher stress was reported at 2 and 15 min for the CPT compared to WW. Pain,
an indirect marker of the acute stress, systolic and diastolic blood pressure increased following the
CPT at 2 min compared to WW Hunger decreased after the CPT at 2 and 15 min, and desire to eat
ratings were lower following CPT compared to WW . Subjects did not have greater test meal
intake (TMI) following CPT compared to WW. There was also no significant relationship between
cortisol levels following stress and TMI, indicating that cortisol did not predict subsequent intake
in obese women.
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1. Introduction
Stress has a varied effect on appetite and behavior (1). Acute and/or severe stressors (e.g.,
injury, harmful threats) can result in decreased food intake (2), whereas repeated exposure to
life stressors (e.g., job pressures) may lead some persons to seek and consume palatable
foods (3, 4). Stressors, whether acute or chronic, are a composite of physiological,
psychological, and environmental factors that can activate two pathways, the sympathetic
nervous system (SNS) and the hypothalamic-pituitary-adrenal axis (HPA). During stress, the
SNS induces a “fight or flight” response, whereas HPA stimulation promotes adrenocortical
secretion. In addition, psychobiological stress responses to appraisals of threat are mediated
by neural substrates involved in higher order executive functioning (5, 6).

Several lines of evidence suggest that stress-induced cortisol release may be a potential
mediator of disordered eating, as exaggerated cortisol responses following acute laboratory
stress tests have been observed in women with anorexia nervosa (7), bulimia nervosa (8),
and in obese women with (9) and without (10) binge eating disorder (BED). Persistent stress
appears to hyperactivate the HPA axis, and may lead to increased food intake and central
adiposity (11). Obese people tend to report stress as a precipitant of overeating in clinical
practice (12), and recent studies have found an association between stress and greater binge
frequency and size (13, 14).

In the present study, we investigated the role of cortisol as a key mediator of stress-induced
eating in obese women. We measured endogenously secreted plasma cortisol levels prior to
and following a cold pressor test (CPT), compared to a control warm water (WW) condition.
Serial measures of heart rate (HR), blood pressure (BP) and pain were used as indicators of
SNS activation and stress response . We expected that the CPT would increase cortisol
levels compared to the control, and that stress-induced cortisol release would stimulate
appetite and subsequent test meal intake (TMI).

2. Methods
2.1 Participants

The participants (Subjects; Ss) were 20 severely obese pre-menopausal non-diabetic women
(age=35.9±6.2 SD; BMI=37.0±5.2). All Ss were evaluated by medical history and a physical
examination that included an electrocardiogram and fasting blood samples for a chemistry
panel and complete blood cell count. Women taking oral contraceptives were excluded,
since prolonged use can alter HPA axis responsivity. None of the Ss had current suicidal
ideation or had been hospitalized for depression or other psychiatric disorders. Ss were
advised that the aim of the study was to examine the relationship between stress and
hormones in healthy obese women. The study protocol and consent forms were approved by
the St. Luke’s-Roosevelt Hospital Institution Review Board.

2.2 Procedure
During the initial consultation, anthropometric measurements (height, weight) were taken,
and Ss were given a taste test of a complete nutritional liquid food (Boost - High Protein,
Mead Johnson) to determine their preferred flavor (vanilla, chocolate, strawberry) for an ad
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libitum meal. Bioelectrical impedance analysis (BIA) was performed using a Tanita
instrument (TBF-300A Tokyo, Japan) to estimate the percentage of body fat (15, 16).

Following an overnight fast on two non-consecutive counterbalanced days within a 7-day
period, Ss underwent a cold pressor test (CPT) or warm water (WW) control starting at 10
am on a weekday. An indwelling butterfly needle catheter was inserted into the non-
dominant forearm vein and remained connected to a slow drip normal-saline bag for 2.5
hours to prevent intermittent clotting. Ss rested for 30 min after the catheter was inserted to
avoid a cortisol stress response secondary to venipuncture. At time periods of −30, 0, 2, 5,
15, 30, 45, 60, 90, and 120 min (using 0 min as the baseline) on each experimental day, Ss
had blood draws, heart rate (HR) and blood pressure (BP) measurements, and were asked to
rate verbally their stress, pain, hunger, and desire to eat on a visual analogue scale (VAS)
from 0 - 100.

From 0 min through 2 min, Ss immersed their non-dominant hand, with fingers spread apart,
into a circular container of either ice water (CPT) at 0 °C or warm water (WW) at 34 °C. To
prevent a temperature rise during the CPT, a strainer bag with ice was kept in the water,
monitored with a digital thermometer. At 45 min, Ss were given a test meal of a
commercially available liquid formula (Boost - High Protein, 1 kcal/ ml, Mead Johnson) in a
covered large cooler container which had been refrigerated. Ss were asked to drink through a
straw, to prevent visual feedback, and told to “eat as much as you’d like” and to complete
appetite ratings before and after the ad libitum meal. The liquid formula meal was weighed
before and after consumption (unobserved by the Ss), and energy values calculated.

2.3 Measures
Test tubes for plasma cortisol (ng/ml) contained EDTA and were cold centrifuged (3000
RPM) for 15 min, then stored in cryo-microtubes at −80°C at the New York Obesity
Nutrition Research (NYONRC) Laboratory.

2.4 Data Analysis
Cortisol, heart rate (HR), blood pressure (BP) including systolic and diastolic , pain, stress,
and appetite ratings were assessed before and after the CPT and WW. Peak and AUC values
before and after the meal for were analyzed with two-way (condition, time) repeated
measures ANOVA. Correlations between plasma cortisol and ad libitum TMI were
performed by Pearson’s r. All statistical analyses were conducted using SPSS (version 20;
IBM SPSS, Chicago, IL) with two-tailed tests of significance (p<0.05).

2.5 Power and Sample Size
A sample size calculation was based on George et al. (17), who compared energy intake
following corticotropin-releasing hormone (CRH) infusion, which led to increased cortisol
levels relative to placebo in 14 lean individuals [F(1,13) = 7.79, p = .015], with effect size d
= 1.55. For power = .80 with two tailed α =.05, the required n = 18. Thus the sample size n
= 20 in our study had adequate power to detect a difference between conditions.

3. Results
Descriptive statistics of cortisol, HR, BP, pain, stress and appetite ratings at baseline (0
min), hand withdrawal (2 min), and mean peak cortisol (15 min) are expressed as means ±
SD (Table 1). The mean time for the cortisol to peak was at 15 min whereas the mean time
for the peak HR, BP, stress and pain ratings were at 2 min at hand withdrawal.
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Cortisol
Changes in plasma cortisol levels (ng/ml) from baseline (0 min) to hand withdrawal (2 min)
after CPT did not differ from the WW control (1.2±0.2 ng/ml SEM vs.1.4±0.2, p=0.30).
However, cortisol changes from baseline (0 min) to mean time for peak cortisol (15 min)
following the CPT were greater compared to the WW control (0.9±0.4 ng/ml; vs. −0.6±0.1,
p=0.003) (Figure 1).

Sympathetic Activity
From baseline to time of hand withdrawal, the change in systolic blood pressure SBP
(F=15.4, p=0.001) and diastolic blood pressure DBP (F=5.4, p=0.03), were greater for CPT,
although heart rate was not significantly greater (F=0.08, p=0.78). From baseline (0 min) to
the time of hand withdrawal (0 – 2 min) changes in stress (F=6.4, p=0.02) and pain (F=59.4,
p<0.00001) ratings, were significantly higher after the CPT compared to the WW control.
Similarly, from baseline to time of hand withdrawal, the change in systolic blood pressure
SBP (F=15.4, p=0.001) and diastolic blood pressure DBP (F=5.4, p=0.03), were greater for
CPT, although heart rate was not significantly greater (F=0.08, p=0.78). There were no
significant changes from baseline to 15 min (mean peak cortisol) in stress, pain, SBP, DBP,
and HR between conditions (Table 1).

Pain
From baseline (0 min) to the time of hand withdrawal (0 – 2 min) changes in pain (F=59.4,
p<0.00001) ratings, were significantly higher after the CPT compared to the WW control.
There was no significant change from baseline to 15 min (mean peak cortisol) in pain
between conditions (F=0.55, p=0.65). From baseline to 15 min (at mean peak cortisol)
change in VAS pain ratings correlated with change in VAS stress ratings (r=0.52, p=0.19)
but did not correlate with change in cortisol levels (r=-0.43, p=0.06).

Appetite Ratings
Ss reported decreasing hunger (F=3.8, p=0.03) scores from baseline to hand withdrawal at 2
min and to mean peak cortisol at 15 min, but these changes in hunger did not differ between
conditions (F=0.58, p=0.57). Desire to eat ratings (at 2 and 15 min) were significantly lower
following CPT compared to control (F=3.9, p=0.03).

Ad Libitum Test Meal Intake
Ss did not consume more test meal following the CPT (548.5 g±59.5) than WW
(553.6±72.1), p=0.92. Cortisol levels at 45 min (5.0±0.4 vs.: 3.8±0.3, p=0.01) and area
under the curve (AUC) cortisol from baseline to 45 min (245.2±19. vs. 195.1±15.9,
p=0.001) were significantly higher in the CPT (vs. WW) condition. However, neither
cortisol at 45 min (r=-0.18, p=0.46) nor AUC cortisol from baseline to 45 min (r=-0.12,
p=0.63) was correlated with ad libitum TMI. Food intake was also not correlated with peak
mean cortisol at 15 min (r=0.02, p=0.93), peak mean stress (r=0.02, p=0.95), pain (r=0.25,
p=0.28), SBP (r=0.03, p=0.90), and DBP (r=-0.05, p=0.83) at 2 min.

4. Discussion
The objective of the study was to assess whether stress-induced cortisol was associated with
overconsumption. We investigated cortisol responsivity to acute stress in women, since
eating disorders and obesity are more common in females than in males (18, 19). Our results
showed that cortisol rose quickly in response to the stressor, with a mean peak at 15 min.
However, cortisol levels before the meal despite being higher than in the non-stress
condition, did not predict intake of the ad libitum test meal given at 45 min. Food intake was
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tested at 45 min instead of immediately following the stressor (2 min) to ensure that peak
cortisol levels were achieved prior to the meal as previous studies have demonstrated
cortisol peak levels ranging from 0 – 60 min following a stressor (17, 20). The decline in
cortisol levels before the meal in the control condition likely reflect cortisol’s diurnal
variation of secretion which declines following a peak after awakening (21-23), and the rise
in cortisol after food intake has been shown previously (24, 25).

In contrast, Epel et al. (20) showed that stress-induced cortisol reactivity was related to
greater ad libitum caloric intake after exposure to a novel psychological laboratory stressor.
Similarly, George et al. (17) showed that CRH-stimulated cortisol release led to greater food
intake compared to placebo with the peak cortisol response correlating with total caloric
intake. Variations in study results may be due to differences in stressors, (a longer 45 min
psychosocial stressor (20) and a CRH infusion (17) versus an acute physiological stressor),
and differences in test meal (an array of high energy dense snack foods in Epel’s and
George’s study, versus a palatable liquid meal). In addition, reduced food intake following
the CPT is consistent with an acute stressor activating the sympathetic nervous system to
evoke a “flight or fight” response, resulting in appetite suppression (26). Although, these
SNS effects were transient as can be seen in the pattern of BP, HR following the stressor ,
cognitive factors, including memory of the stressor’s effects may have prolonged the
anorexic effects of SNS activation, overriding the effects of the HPA axis stimulation. Also
in our study, the elevated cortisol levels at 15 min after the stressor had declined at 45 min
just prior to the ad libitum meal, and although still significantly higher than the control, were
no longer significantly higher than baseline and may not have been able to raise food intake
(Figure 1). In contrast, cortisol levels prior to food intake were higher than baseline
concentrations in Epel’s and George’s studies.

We used a physiological stressor, instead of a psychosocial stressor (e.g. Trier Social Stress
Test-TSST ) because our goal was to reliably elicit a stress-induced cortisol response.
Indeed, the CPT induced a significant stress (p=0.02) and pain response (p<0.0001) at the
time of hand withdrawal. Although pain may differ from stress in influencing appetite and
food intake (27), no significant relationship was observed between mean peak pain ratings at
hand withdrawal (2 min) and TMI. There was also no significant correlation in baseline to
15 min changes between pain ratings and cortisol levels, suggesting that pain did not
influence stress related cortisol levels.

Limitations of the study include a relatively small homogenous sample without normal
weight controls. Also norepinephrine and epinephrine were not measured to better assess
SNS activation in addition to HR and BP.. However, measurements of catecholamines can
be problematic due to hormone stability (half lives = 1 min) (28). Lastly, laboratory studies
are usually limited to testing acute stressors, and chronic stressors may have greater effects
on food intake as chronic psychosocial stressors have been linked to obesity (29) and
cardiometabolic disease (30). In addition, overeating is less likely to be observed in
laboratory settings where food intake is being monitored, albeit covertly. In summary, in this
controlled, condition counterbalanced study, elevated cortisol levels in response to an acute
laboratory stressor did not lead to increased appetite ratings or test meal intake in obese
women.
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Highlights

 We assessed whether stress-induced cortisol was associated with overeating in
obese Ss.

 Cortisol rose in response to an acute stressor compared to the non-stress condition
arm water.

 Stress-induced cortisol not predict intake of the ad libitum test meal.

 The sympathetic nervous system may have overridden the expected cortisol effect.

Geliebter et al. Page 8

Appetite. Author manuscript; available in PMC 2013 December 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



Figure 1.
Cortisol Prior to and Following a Cold Pressor Test (CPT) and Warm Water (WW) Control
Cortisol was serially measured for 120 mins to adequately assess change in levels due to the
stressor compared to change related to diurnal variation. The stressor was administered
between 0 and 2 min and the test meal was given at 45 min. a) Mean plasma cortisol (±
SEM) levels significantly increased following the CPT, between 0 and 15 min whereas
cortisol following WW steadily declined from 5 min in all obese women. The decline in
cortisol measures before the meal and the rise after food intake in the warm water control
are likely secondary to cortisol’s diurnal variation of secretion.
† p<0.05, ††p<0.01, †††p<0.001 - change from each respective baseline condition.
*p<0.05, ** p<0.01, ***p<0.001- difference between CPT and WW control at each time
point.
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