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Ghrelin is a novel peptide that has been isolated from human
and rat stomach tissues. Despite its known stimulatory effects
on appetite and eating behavior, little information is available
regarding its relationship with energy expenditure in normal-
weight humans. To address this issue, we examined the rela-
tionship between serum ghrelin and resting metabolic rate
(RMR), the thermic effect of food (TEF), fasting and postpran-
dial respiratory quotient, physical activity level, peak aerobic
capacity (VO2 peak), energy intake, and psychological mea-
sures of feeding behavior. We recruited 65 young healthy
women and determined RMR and TEF by indirect calorimetry
after a 12-h fast. Physical activity was determined by a leisure
time physical activity questionnaire; VO2 peak was determined
by bicycle ergometer test to exhaustion; energy intake was
determined by a 24-h dietary recall; and food behavior was
determined by a three-factor eating questionnaire. Our co-
hort showed a broad range of body mass index (range, 16.8–
28.3 kg/m2), RMR (range, 820-1550 kcal/d), TEF (range, 74.4–
136.5 kcal/d), and percent body fat (range, 14.0–37.7%). We
noted significant inverse correlations between ghrelin and
RMR (r � �0.350, P � 0.004) and TEF (r � �0.396, P � 0.001).

These inverse correlations persisted after statistical control
for both fat-free mass and fat mass (ghrelin vs. RMR partial,
r � �0.284, P � 0.024; and ghrelin vs. TEF partial, r � �0.329,
P � 0.01) and insulin levels (ghrelin vs. RMR partial, r �
�0.255, P � 0.046; and ghrelin vs. TEF partial, r � �0.287, P �
0.024) using partial correlation analysis. We also observed a
significant inverse correlation between ghrelin and daily ca-
loric intake (r � �0.266, P � 0.032), but ghrelin levels were not
significantly correlated with fasting (r � �0.002), postpran-
dial respiratory quotient (r � �0.016), leisure time physical
activity (r � 0.104), VO2 peak (r � 0.138), dietary disinhibition
(r � �0.071), dietary restraint (r � 0.051), or feeling of general
hunger (r � �0.028). These results suggest that higher levels
of ghrelin are associated with low levels of resting and post-
prandial thermogenesis, which is independent of individual
differences in fat-free mass and fat mass. Although specula-
tive, serum ghrelin may play a role in the regulation of energy
homeostasis by acting as a hormonal marker of increased
energy efficiency. (J Clin Endocrinol Metab 89: 5993–5997,
2004)

OBESITY AND ITS associated metabolic disorders are
among the leading causes of illness and mortality

worldwide (1). Presently, the pathophysiological mecha-
nisms that mediate these metabolic disorders are poorly un-
derstood. Ghrelin is a novel gut peptide that has been iso-
lated from human and rat stomach tissues (2). There is
evidence to suggest that ghrelin could be involved in energy
homeostasis, specifically in the regulation of food intake and
substrate oxidation (3–11). There is less information, how-
ever, on the relationship between ghrelin and energy expen-
diture in normal-weight humans. During the conduct of our
experiment, we noted two investigations that reported a
potential inverse relationship between ghrelin and energy
expenditure (12, 13). Although speculative, these results raise
the possibility that the metabolic effects of ghrelin may ex-
tend beyond the regulation of satiety and substrate oxidation
and may serve as a biomarker of increased energy efficiency
(i.e. lower energy expenditure) in humans.

To investigate this possibility, we examined the relation-
ship between ghrelin and energy expenditure with resting
metabolic rate (RMR) and thermic effect of food (TEF). We
also considered the relationship between ghrelin and several
indices of food intake behavior and physical activity levels
in a well-characterized population of healthy normal-weight
young women.

Subjects and Methods
Subjects

Sixty-five normal-weight healthy young women were recruited to
participate in this study. Subjects were recruited by announcements in
the University of Montréal area (Montréal, Quebec, Canada). The ethnic
make-up of our cohort consisted of 59 Caucasians, three Arabs, and three
Blacks. The inclusion criteria for participation were female sex and age
18–35 yr. Exclusion criteria for participation were pregnancy, acute
illness, diagnosis of eating disorders, diabetes, and hypertension or
dyslipidemia. Thirty women (46.1%) used oral contraceptives. Four
women (6.1%) had amenorrhea. One woman (1.5%) was a smoker, but
she was instructed not to smoke 24 h before testing.

Overview of the protocol

The University of Montréal Ethics Committee approved this study.
After reading and signing the consent form, volunteers participated in
the following testing sequence. A blood sample was collected in the

Abbreviations: RMR, Resting metabolic rate; TEF, thermic effect of
food; VO2 peak, peak aerobic capacity.
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Unité Métabolique when subjects arrived at 0800 h after an overnight fast
(12 h). Thereafter, RMR and TEF were measured. Subjects were then
served a light lunch, after which body composition measurements were
performed. Physical activity, dietary questionnaires, and a measure of
peak aerobic capacity (VO2 peak) were performed in the afternoon.

Blood samples

Venous blood samples were collected, centrifuged at 3900 � g for 10
min at 4 C, and stored at �80 C for subsequent analysis of ghrelin. Serum
immunoreactive total ghrelin levels were measured in duplicates with
a commercial RIA procedure using 125I-labeled bioactive human ghrelin
as a tracer and a rabbit polyclonal antibody raised against full-length
peptides (Phoenix Pharmaceuticals, Belmont, CA). Insulin levels were
determined by electrochemiluminescence ECLIA adapted for Elecsys
1010 analyzer with the Insulin Elecsys (Reference no. 12017547) kit
(Medicorp, Montréal, Quebec, Canada).

RMR

RMR was measured by indirect calorimetry using the ventilated hood
technique (SensorMedics � Track II; Datex-Ohmeda, Helsinki, Finland).
Measurements of gas concentrations were then used to determine RMR
using the equation of van Weir (14). Subjects were instructed to fast and
drink only water for 12 h before testing, consume no alcohol and restrain
from smoking for 24 h before testing, restrain from physical activity for
24 h before testing, and keep physical activity to a minimum the morning
of the test. Women were tested in the follicular phase of the menstrual
cycle. Measurements were performed while subjects were lying in a
supine position. Measurements were performed during 40 min; the first
10 min were considered as an acclimatization period, and the last 30 min
were used for analyses. The temperature of the room was maintained at
an average of 22 C. The intraclass correlation for RMR was 0.921 and was
determined using test-retest condition in 20 volunteers.

TEF

TEF was measured during 105 min after ingestion of 10 kcal/kg of
body weight of ENSURE PLUS (Abbott, Abbott Park, IL; 1.5 kcal/ml,
61% carbohydrates, 24% lipids, 15% proteins). TEF was calculated as the
difference between the energy expenditure after a meal minus RMR, and
values are expressed in kilocalories per 105 min.

Body composition measurements

Body weight (kg) was measured using an electronic scale (Balance
Industrielles Montréal Inc., Montréal, Quebec, Canada). Body mass in-
dex was calculated as body weight (kg)/height (m2). Fat-free mass, fat
mass, and percent fat mass were evaluated by dual-energy x-ray ab-
sorptiometry using a LUNAR Prodigy system, version 6.10.019 (General
Electric Lunar Corporation, Madison, WI). Intra-class coefficient corre-
lation for test-retest (n � 20) measures for fat mass and fat-free mass
reached 0.999 and 0.998, respectively.

VO2 peak

Aerobic capacity was assessed on an ergocycle (Ergoline 900; Ergo-
line, Bitz, Germany), with an Ergocard (Medi Soft, Dinant, Belguim)
cardiopulmonary exercise test station. Aerobic capacity was tested by a
progressive test starting at 60 W, with an augmentation of 40 W every
3 min. Subjects were asked to maintain a constant speed, and the level
of resistance on the wheel was adjusted to preserve a constant power
output. O2 and CO2 were measured by a direct system using a face mask.
VO2 peak was achieved when the power output could no longer be
maintained. Heart rate was monitored during all tests using a POLAR
heart rate monitor S610 (Polar Electro Oy, Kempele, Finland). VO2 peak
was defined as the highest 30-sec average of oxygen consumption.
Test-retest in 19 volunteers yielded an intraclass correlation coefficient
of 0.956.

Leisure time physical activity

Energy expenditure in leisure time physical activity was evaluated by
the Minnesota Leisure-Time Physical Activity Questionnaire (15). The

participants were instructed to report whether or not they performed the
activity in the last 12 months. The interviewer then asked the volunteer
for the period, the frequency, and the duration of every activity per-
formed. Calculations of energy expenditure were based on The Com-
pendium of Physical Activities Tracking Guide, 2000 (16).

Energy intake

A 24-h dietary recall was used for evaluation of total daily energy
intake. Portion sizes were evaluated using models of food serving size.
Energy, protein, lipid, and carbohydrate intakes were calculated based
on the corrected 2001b Canadian Nutrient File (Health Canada) origi-
nally published by Verdier and Beare-Rogers (17).

Eating behavior

Eating behavior was assessed by the self-administrated Three-Factor
Eating Questionnaire of Stunkard and Messick (18). This 51-item ques-
tionnaire measures cognitive restrained eating (dietary restraint; i.e. the
perception that one regularly and intentionally eats less than one de-
sires). The second factor represents tendency toward disinhibition (an
incidental inability to resist eating cues) on inhibition of dietary restraint
and emotional eating. The third factor examines the subjective feeling of
general hunger. The Three-Factor Eating Questionnaire has been vali-
dated as one accurate measure of cognitive concomitants of eating be-
havior (18, 19).

Statistical analyses

Statistical analyses were performed by SPSS for Windows (versions
11.5; SPSS Inc., Chicago, IL). Data are presented as mean � sd. We
verified the normality of the distribution of variables with a Kolmog-
orov-Smirnov test and found no significant deviation from normality.
Pearson correlations were used to examine relationships between gh-
relin and the variables of interest. Analysis of covariance was performed
to examine the relationship between ghrelin and RMR and TEF after
statistically controlling for fat-free mass and fat mass on RMR and TEF.
P � 0.05 was considered statistically significant.

Results

Table 1 shows the physical characteristics of this cohort.
This young cohort represented a broad range of normal body
weights, body composition, and body habitus. Our intention
was to recruit normal-weight young women within a rela-
tively narrow age range to remove the confounding influ-
ences of age, eating disorders, high levels of body fat, insulin
resistance, and generally large disparities of body habitus on
metabolic complications.

Table 2 shows the major variables that were examined as
potential correlates of serum ghrelin. We specifically deter-
mined measures for insulin and resting energy expenditure
(RMR and TEF), substrate oxidation (fasting and postpran-
dial respiratory quotient), estimated energy intake (24-h re-

TABLE 1. Physical characteristics of healthy young women

Physical characteristics
Healthy young women (n � 65)

Mean � SD Range

Age (yr) 22.8 � 3.7 18–35
Height (m) 1.65 � 0.05 1.53–1.82
Body mass (kg) 59.5 � 7.4 41.6–77.9
BMI (kg/m2) 21.99 � 2.45 16.88–28.29
Fat mass (kg)a 15.46 � 5.16 7.00–28.70
Fat-free mass (kg) 41.51 � 3.40 32.58–49.47
Body fat (%) 25.49 � 5.85 14.0–37.7

BMI, Body mass index.
a Fat mass and fat-free mass were measured by dual-energy x-ray

absorptiometry.
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call), indices of physical activity energy expenditure (phys-
ical activity questionnaire), VO2 peak, and dietary behavioral
characteristics.

Figures 1 and 2 examine the relationships between resting
and postprandial energy expenditure with serum levels of
ghrelin. Figure 1 shows the inverse correlation between gh-
relin and RMR (r � �0.350, P � 0.004). We also examined this
relationship after statistical control for body composition and
insulin levels using partial correlation analysis. The partial
correlation between ghrelin and RMR remained significant
after statistical control for both fat-free mass and fat mass (r �
�0.284, P � 0.024) and insulin levels (r � �0.255, P � 0.046).

Figure 2 shows the inverse correlation between ghrelin
and TEF (r � �0.396, P � 0.001). We examined whether this
relationship persisted independently of differences in body
composition and insulin levels. We found a significant partial
correlation coefficient between ghrelin and TEF after statis-

tical control for fat mass and fat-free mass (r � �0.329, P �
0.01) and insulin levels (r � �0.287, P � 0.024). Collectively,
these analyses suggest that the inverse relationships between
serum ghrelin and RMR and TEF are independent of the
influences of body composition and insulin levels.

Because of the known relationship between ghrelin and
appetite, we also examined the relationship between ghrelin
and RMR and TEF after statistically controlling for the effects
of daily energy intake. We noted that energy intake showed
a significant inverse relationship with ghrelin levels (r �
�0.266, P � 0.032; data not shown). When analysis of co-
variance was performed using daily energy intake as the
covariate, we still noted a significant partial correlation be-
tween ghrelin and both RMR (r � �0.343, P � 0.006) and TEF
(r � �0.367, P � 0.003). Ghrelin levels, however, were not
significantly correlated with total fat mass (r � �0.138),
fat-free mass (r � �0.209), body mass index (r � �0.083),
percent body fat (r � �0.085), fasting (r � �0.002), post-
prandial (r � �0.016) respiratory quotient, leisure time phys-
ical activity (r � 0.104), VO2 peak (r � 0.138), and eating
behavior (dietary disinhibition, r � �0.071; dietary restraint,
r � 0.051; feeling of general hunger, r � �0.028).

Discussion

The discovery of the gastric peptide ghrelin in 1999 (2) has
stimulated much interest in its role as a regulatory factor in
energy homeostasis. Administration of this peptide has been
reported to stimulate appetite, reduce fat oxidation, and in-
duce weight gain in animal models (4, 20). The role of ghrelin
in the regulation of energy homeostasis in humans, however,
is less clear.

During the conduct of our experiments, two different in-
vestigative teams reported an inverse relation between gh-
relin and RMR in lean, obese, and hyperthyroid subjects (12,
13). These findings raised the possibility that the effects of
ghrelin may extend beyond the regulation of satiety and
substrate oxidation and potentially serve as a biomarker of
increased energy efficiency (i.e. lower energy expenditure) in
humans.

FIG. 1. Correlation between serum ghrelin and RMR. The line of best
fit is indicated. The partial r value remained significant after statis-
tical control for fat-free mass and fat mass (r � �0.284, P � 0.024)
and insulin levels (r � �0.255, P � 0.046) using analysis of covari-
ance.

FIG. 2. Correlation between serum ghrelin and TEF. The line of best
fit is indicated. The partial r value remained significant after statis-
tical control for fat-free mass and fat mass (r � �0.329, P � 0.01) and
insulin levels (r � �0.287, P � 0.024) using analysis of covariance.

TABLE 2. Energy expenditure characteristics of healthy young
women

Variable
Healthy young women (n � 65)

Mean � SD Range

LTA (kcal/d) 335 � 191 36–952
Energy intake (kcal/d) 2381 � 718 1145–4033
RMR (kcal/d) 1219 � 157 820–1550
TEF (kcal/105 min) (n � 63) 108 � 14 74–136
RQ (fasting) 0.821 � 0.047 0.73–0.93
RQ (postprandial) (n � 63) 0.895 � 0.038 0.81–0.99
Dietary disinhibition score 5.4 � 3.1 0–13
Dietary restraint score 9.3 � 3.8 1–18
General feeling of hunger score 5.2 � 2.7 1–13
VO2peak (ml/kg�min) (n � 64) 37.65 � 6.27 25–56.5
Insulin (�U/ml) 4.33 � 1.71 1.2–7.9
Ghrelin (pg/ml) 785 � 260 128–1360

The maximal scores for dietary disinhibition, dietary restraint, and
general feeling of hunger are 16, 21, and 14, respectively.

RQ, Respiratory quotient; LTA, leisure time physical activity.
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Our results confirm the results of these investigators (12,
13), and the present investigation extends previous findings
by examining the relationship between ghrelin and RMR,
TEF, substrate oxidation, and measures of physical activity
and eating behavior in a well-characterized large cohort of
normal-weight healthy young women. This experimental
design reduces the confounding influence of overweight or
obese conditions on major outcome variables by focusing the
analyses on a relatively homogenous, nonobese population
of the same sex who are within a narrow age range. We noted
significant inverse relationships between ghrelin and RMR
(r � �0.350, P � 0.004) and TEF (r � �0.396, P � 0.001) when
energy expenditure values were expressed on an absolute
basis (i.e. unadjusted for body composition). However, be-
cause RMR, TEF, and ghrelin are influenced by body com-
position (21–27), insulin levels (28), and the daily energy
intake, a valid question is whether these inverse relationships
persist after taking into account differences in body compo-
sition, insulin levels, and caloric intake among individuals.
Thus, we performed partial correlation analysis to examine
these relationships independent of differences in fat-free
mass and fat mass, insulin levels, and caloric intake. The
partial correlation coefficients were lowered slightly (ghrelin
vs. RMR partial, r � �0.284, P � 0.024; and ghrelin vs. TEF
partial, r � �0.329, P � 0.01) when corrected for fat mass and
fat-free mass (ghrelin vs. RMR partial, r � �0.255, P � 0.046;
and ghrelin vs. TEF partial, r � �0.287, P � 0.024), when
corrected for insulin (ghrelin vs. RMR partial, r � �0.343, P �
0.006; and ghrelin vs. TEF partial, r � �0.367, P � 0.003), and
when corrected for caloric intake, but they remained signif-
icant nonetheless. Thus, our tentative conclusion is that the
significant relationship between ghrelin and measures of
resting and postprandial energy expenditure are indepen-
dent of variations in body composition, insulin levels, and
daily energy intake.

We initially hypothesized that ghrelin would be inversely
related to indicators of fasting and postprandial respiratory
quotient as previously reported (3, 4). Our data does not
support this hypothesis because we found no relationship
between ghrelin and fasting (r � �0.002, P � not significant)
or postprandial respiratory quotient (r � �0.016, P � not
significant). Several factors may explain these divergent ob-
servations with previous investigators. First, species speci-
ficity between rats and mice and humans may contribute to
differential effects of ghrelin on substrate oxidation. Second,
chronic administration of active (n-octanoyl) ghrelin in rats
or inactivation of the ghrelin gene in mice may induce di-
verging physiological observations when compared with
the effects elicited by endogenous (n-octanoyl and des-n-
octanoyl) ghrelin levels in humans. Third, intracerebroven-
tricular administration in rats and hypothalamic deletion of
the gene in mice may amplify specific effects of ghrelin in the
brain, whereas these observations cannot be described with
endogenous serum levels of the hormone in humans.

Our findings differ somewhat from those of Marzullo et al.
(12) with respect to the relationship between ghrelin and
body habitus variables. In contrast to their study, we found
no significant relationships between ghrelin and serum, per-
cent body fat, or body mass index. These nonsignificant
correlations may partially reflect the more homogeneous

sample population in the present study (i.e. normal-weight
young women), whereas the subject population of Marzullo
et al. (12) was lean and obese men and women.

To verify the orexigenic effects initially reported in rodents
(4) and humans (20), we sought to evaluate the relationship
between daily energy intake and measures of dietary be-
havior (dietary restraint, disinhibition, and feeling of general
hunger) and ghrelin concentrations. We observed a signifi-
cant inverse relationship between energy intake and ghrelin
(r � �0.265, P � 0.032). However, no significant relationships
were noted between the psychological measures of dietary
behavior and ghrelin. Collectively, the inverse correlation
between energy expenditure and energy intake and ghrelin
may suggest a regulatory role for this gut peptide in energy
balance. That is, ghrelin may be a signal for down-regulation
of energy consumption and energy expenditure to maintain
body weight in young healthy women.

Several limitations in our study should be noted. First,
because of the correlative nature of our study, a cause and
effect relationship cannot be assumed. Second, our results are
limited to healthy nonobese young women. Third, ghrelin
levels were not measured during the postprandial period,
thus it is unclear whether postprandial levels of ghrelin cor-
relate with postprandial levels of energy expenditure.

In conclusion, these results suggest that higher levels of
ghrelin are associated with lower levels of both resting and
postprandial thermogenesis, which are independent of in-
dividual differences in fat-free mass and fat mass in young
healthy women. Although speculative, serum ghrelin levels
may play a role in the regulation of energy homeostasis by
acting as a hormonal marker of increased energy efficiency.
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