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Abstract

Objective: To investigate the relationship between the circulating level of active ghrelin and abdominal
adiposity, serum levels of insulin or insulin resistance in patients with type 2 diabetes mellitus.
Design: We measured the plasma levels of the active form of ghrelin in 18 obese and 18 nonobese
patients with type 2 diabetes mellitus using a radioimmunoassay (RIA) kit. Body fat accumulation
was measured by computed tomography (CT) and insulin resistance by the glucose infusion rate
(GIR) during an euglycemic hyperinsulinemic clamp study.
Results: Plasma levels of ghrelin in obese patients with type 2 diabetes mellitus were significantly
decreased compared with nonobese patients. There were significant correlations between the
plasma levels of ghrelin and BMI (r ¼ 20.505, P , 0.01), visceral (r ¼ 20.444, P , 0.01), subcu-
taneous (r ¼ 20.506, P , 0.01) and total (r ¼ 20.534, P , 0.01) fat area, serum levels of insulin
(r ¼ 20.513, P , 0.01) or GIR (r ¼ 0.478, P , 0.01) in type 2 diabetic patients. The plasma level of
ghrelin was significantly associated with serum levels of insulin (F ¼ 8.468, P , 0.05) or GIR
(F ¼ 8.522, P , 0.05) after adjustment for BMI in patients with type 2 diabetes mellitus.
Conclusions: Decreased plasma levels of active ghrelin are significantly associated with abdominal adi-
posity, hyperinsulinemia and insulin resistance in type 2 diabetic patients. Hyperinsulinemia asso-
ciated with insulin resistance may suppress plasma levels of active ghrelin in patients with type 2
diabetes mellitus.
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Introduction

Abdominal obesity and type 2 diabetes mellitus are
included in the clinical definition of metabolic syn-
drome (1, 2). Several investigations have been recently
carried out to provide insights into the pathophysiology
of metabolic syndrome.

Ghrelin is a novel peptide isolated from the stomach
that enhances appetite by increasing agouti-related
protein and neuropeptide Y expression in the hypo-
thalamus, reduces fat utilization and causes adiposity
in rodents (3–7). In humans, ghrelin stimulates appe-
tite and increases food intake (8). Circulating levels of
total ghrelin is decreased in obese subjects and obese
patients with type 2 diabetes mellitus and it is inversely
correlated with BMI in nondiabetic and type 2 diabetic
subjects (9 –11). Recently, it became possible to
measure the biologically active form of ghrelin in
plasma (12 –14). Marzullo et al. has reported that the
circulating level of active ghrelin is decreased in obese
subjects and that it is significantly correlated with

BMI, but not with serum levels of insulin or insulin
resistance in nondiabetic subjects (14). However, the
relationship between plasma levels of active ghrelin
and abdominal adiposity, serum levels of insulin or
insulin resistance has not yet been reported in type 2
diabetic patients.

In the present study, we measured plasma level of the
active form of ghrelin and investigated its possible
involvement in abdominal adiposity, insulin levels and
insulin resistance in patients with type 2 diabetes
mellitus.

Subjects and methods

Subjects

We evaluated 18 obese (BMI $ 25.0) and 18 nonobese
(BMI , 25.0) patients with type 2 diabetes mellitus (2)
(Table 1). Age, gender, fasting plasma glucose levels,
hemoglobin A1c (HbA1c) levels and duration of diabetes
mellitus were matched between obese and nonobese
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diabetic patients. The BMI was estimated by dividing the
body weight (in kilograms) by the square of the height (in
meters).

Type 2 diabetes mellitus was diagnosed and followed
up in another institution before the beginning of the
study. All patients received dietary (1440 –1720 kcal/
day) and exercise (walking 10 000 steps/day) therapy
without any medication. Glycemia was in good control
(HbA1c , 6.5%) during the initial years but, there-
after, it gradually increased (HbA1c $ 6.5%) due to
overeating and inactivity. They were admitted to our
clinical department for glycemia control. On admission,
they were treated with diet and exercise therapy. They
did not receive medication that could affect their insu-
lin levels or insulin sensitivity. The diagnosis of type 2
diabetes mellitus was done based on the diagnostic cri-
teria of the American Diabetes Association (15).
Among the obese patients, there were two patients
with peripheral neuropathy, two with background dia-
betic retinopathy, three with microalbuminuria, seven
with hypertension (blood pressure $140/90 mmHg;
of these, four patients were receiving enalapril maleate
(5 mg/day) and three were receiving amlodipine besi-
late (5 mg/day)) and eight with hyperlipidemia (total
cholesterol $220 mg/dl (5.7 mmol/l) or triglyceride
$150 mg/dl (1.7 mmol/l); treated with pravastatin
sodium 10 mg/day). None of the patients in this
group had macrovascular complications. Among the
nonobese patients there were three patients with
peripheral neuropathy, four with background diabetic
retinopathy, one with microalbuminuria, seven with
hypertension (of these, three were receiving enalapril
maleate (5 mg/day) and two were receiving amlodipine
besilate (5 mg/day)) and 11 with hyperlipidemia (of
these, eight patients were receiving pravastatin
sodium (10 mg/day)). None of the patients in this
group had macrovascular complications. All patients
had neither a habit of regular alcohol consumption
nor symptoms of gastric disease. Eight obese and four
nonobese patients showed elevated serum levels of
aspartate aminotransferase (normal value ,40 IU/l)
or alanine aminotransferase (normal value ,35 IU/l)
and had fatty liver disease, as evaluated by abdominal
ultrasound sonography.

Informed consent was obtained from all subjects
before the beginning of the study.

Materials and methods

The blood levels of ghrelin, glucose, HbA1c, insulin and
lipids, as well as body fat area, insulin sensitivity and
blood pressure were measured in all subjects. Blood
samples were drawn from each subject before breakfast
in the early morning after an overnight bed rest. After
centrifugation, the plasma and serum samples were
separated in small aliquots and then frozen at 220 8C
until use.

The plasma glucose levels were measured by an auto-
mated enzymatic method. The HbA1c (normal value:
4.3 –5.8%) was measured by high performance liquid
chromatography. Serum insulin was measured using
an immunoradiometric assay kit (Insulin Riabead II
kit, Dainabot, Tokyo, Japan). Serum levels of total
cholesterol, triglyceride and HDL cholesterol were
measured by enzymatic methods using an autoanalyzer
(TBA60M, Toshiba, Tokyo, Japan).

Biologically active forms of ghrelin in plasma samples
were measured with a commercially available radio-
immunoassay (RIA) kit (LINCO Research, St Charles,
MO, USA). In this RIA kit an antibody specific to the
active form of ghrelin with the octanoyl group on
serine 3 is used. Briefly, 100ml of standards or
plasma samples and guinea pig ghrelin antiserum
were added to polystyrene tubes and incubated at 4 8C
for 24 h. Thereafter, 100ml of 125I-labeled ghrelin
were added and incubated at 4 8C for a further 24 h.
10ml of guinea pig IgG and 1 ml of cold precipitating
reagent were added to each tube and incubated for
20 min at 4 8C. After centrifugation at 3000 r.p.m. for
20 min at 4 8C radioactivity in the supernatant was
counted. The plasma ghrelin levels were then extrapo-
lated from a curve drawn using standard concen-
trations of ghrelin. This assay recognized both human
ghrelin and ghrelin 1–13, and showed no significant
cross-reactivity with, or interference by, other factors
related to ghrelin (des-octanoyl ghrelin, ghrelin 14–
28, motilin-related peptide, leptin, insulin, glucagon
and glucagon-like peptide 1). The minimum detectable
concentration of ghrelin with this assay is 3 fmol/ml
and the intra- and interassay coefficients of variation
of the assay are 5.1% and 4.2%, respectively. Non-
acidified and protease inhibitor-free conditions were
not observed during this assay because active ghrelin
becomes easily degraded in these conditions.

Body fat area was evaluated by a previously described
method (16 –18). At 0800 h, after an overnight fast of
11 h, all subjects underwent single abdominal com-
puted tomography (CT) scanning at the umbilical
level. Any intraperitoneal region having the same den-
sity as the subcutaneous fat layer was defined as a visc-
eral fat area; this area was measured by tracing object
contours on films using a computerized planimetric
method.

Insulin resistance was evaluated by the euglycemic
hyperinsulinemic clamp technique using an artificial
pancreas (Nikkiso STG-22, Tokyo, Japan) (17 –19). At
0800 h, a priming dose of insulin (Humulin R, Eli
Lilly Japan, Kobe, Japan) was administered during the
initial 10 min in a logarithmically decreasing manner
to rapidly raise serum insulin to the desired level
(1200 pmol/l); this level was then maintained by con-
tinuous infusion of insulin at a rate of
13.44 pmol/kg/min for 120 min. The mean insulin
level from 90 min to 120 min after starting the clamp
study was stable (obese patients, 1189.4^45.4 pmol/l;
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nonobese patients, 1188.5^73.8 pmol/l) Blood glucose
was monitored continuously and maintained at the
target clamp level (5.24 mmol/l) by infusing 10% glu-
cose. The mean amount of glucose given during the
last 30 min was defined as the glucose infusion rate
(GIR), and was used as an index of insulin sensitivity.
We also evaluated insulin resistance by homeostasis
model assessment (HOMA-IR) (20). HOMA-IR in
obese patients (4.07^0.36) were significantly
increased compared with nonobese patients
(2.35^0.35, P , 0.01).

In addition, we measured blood pressure in supine
position after a rest of 5 min.

Statistical analysis

Data were expressed as the mean^S.E.M. The difference
between the mean of two variables was evaluated by the
two-tailed Student’s t-test. Correlations were evaluated
by the univariate and multivariate regression analysis.
All statistical analyses were performed using the
StatView 5.0 software program (Abacus Concepts,
Berkeley, CA, USA) for the Macintosh. A level of
P , 0.05 was accepted as statistically significant.

Results

Plasma concentrations of ghrelin were significantly
decreased in obese patients compared with nonobese
patients (P , 0.01) (Table 1).

A significant negative correlation was observed
between plasma levels of ghrelin and BMI in patients
with type 2 diabetes mellitus (r ¼ 20.505, P , 0.01,
Fig. 1). The plasma levels of ghrelin were significantly
correlated with the visceral (r ¼ 20.444, P , 0.01),
subcutaneous (r ¼ 20.506, P , 0.01) and total
(r ¼ 20.534, P , 0.01) fat area in type 2 diabetic
patients.

There was a significant correlation between plasma
levels of ghrelin and fasting serum levels of insulin in
type 2 diabetic patients (r ¼ 20.513, P , 0.01,
Fig. 2). Multivariate analysis showed that the fasting
serum levels of insulin were significantly associated
with the plasma levels of ghrelin in patients with type
2 diabetes mellitus (F ¼ 8.468, P , 0.05).

There was a significant correlation between plasma
levels of ghrelin and GIR in type 2 diabetic patients
(r ¼ 0.478, P , 0.01, Fig. 3). The plasma levels of
ghrelin were significantly associated with GIR after
adjustment for BMI in patients with type 2 diabetes
mellitus (F ¼ 8.522, P , 0.05).

Discussion

The present study showed that the plasma levels of
active ghrelin are significantly associated with abdomi-
nal adiposity, fasting serum levels of insulin and insulin
resistance in patients with type 2 diabetes mellitus.

The mechanism by which active ghrelin decreases in
the systemic circulation of obese type 2 diabetic
patients and its association with abdominal adiposity
in type 2 diabetic patients remains unknown. Ghrelin
is the first orexigenic protein to be identified that is
derived from the stomach that stimulates appetite
(8, 21). Decreased plasma ghrelin levels may have a
protective role against the development of obesity and
type 2 diabetes mellitus. However, scientific evidence

Table 1 Clinical characteristics of type 2 diabetic patients. Data
are expressed as means^S.E.M.

Nonobese
patients (n ¼ 18)

Obese
patients (n ¼ 18)

Age (years) 53.4^2.0 51.6^3.9
Sex (M/F) 11/7 10/8
Duration of

diabetes (years)
6.9^1.1 6.7^1.8

BMI (kg/m2) 21.4^0.6 28.4^0.6*
Visceral

fat area (cm2)
81.2^12.8 165.5^12.9*

Subcutaneous
fat area (cm2)

101.8^11.6 209.3^18.3*

Total fat area (cm2) 182.9^22.1 374.8^23.7*
Fasting plasma

glucose (mmol/l)
8.2^0.4 8.1^0.3

HbAlc (%) 9.3^0.4 9.2^0.5
Fasting serum

insulin (pmol/l)
38.7^5.8 68.8^6.2*

Total cholesterol (mmol/l) 4.80^0.20 4.82^0.24
Triglyceride (mmol/l) 1.79^0.12 1.83^0.48
HDL cholesterol (mmol/l) 1.16^0.06 1.13^0.04
Systolic blood

pressure (mmHg)
129.4^2.4 134.4^2.9

Diastolic blood
pressure (mmHg)

79.3^2.1 81.3^2.7

GIR (mmol/kg per min) 45.1^3.3 29.7^2.5*
Plasma ghrelin (fmol/ml) 20.4^1.7 14.5^1.1*

* P , 0.01; GIR, glucose infusion rate.

Figure 1 Correlation between the plasma levels of active ghrelin
and BMI in type 2 diabetic patients. A significant negative corre-
lation was observed between the plasma levels of ghrelin and
BMI (r ¼ 20.505, P , 0.01). Nonobese patients, W; obese
patients, X.
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that supports this speculation is lacking. Further
studies should be carried out to clarify this point.

We found a significant correlation between the
plasma levels of active ghrelin and the serum levels of
insulin in patients with type 2 diabetes mellitus. Pre-
vious studies have also demonstrated a similar corre-
lation and the direct effects of insulin on ghrelin
metabolism (10, 22–26). We also measured the
plasma levels of active ghrelin before and during eugly-
cemic hyperinsulinemic clamp study in 20 of the 36
type 2 diabetic patients (Age, 53.1^3.3 years old; Sex
(M/F), 10/10; BMI, 24.7^0.9; HbA1c, 9.7^0.4%; fast-
ing plasma glucose, 8.3^0.3 mmol/l). Among these 20
subjects there were ten obese and ten nonobese
patients. During the glucose clamp study the serum
levels of insulin were significantly increased (from
48.4^6.1 to 1183.7^48.7 pmol/l, P , 0.01) and the

plasma levels of active ghrelin were significantly
decreased (from 19.0^1.3 to 17.3^1.3 fmol/ml,
P , 0.05) compared with baseline values.
Hyperinsulinemia may influence the plasma levels of
active ghrelin in type 2 diabetic patients. Lack of associ-
ation between the plasma levels of active ghrelin and
the serum levels of insulin has been reported in nondia-
betic subjects (14). Small sample numbers of patients
may be the explanation for these discrepant results.
Further study should be carried out on a larger popu-
lation of nondiabetic and type 2 diabetic patients.

Another novel finding in the present study is the sig-
nificant correlation between the active form of ghrelin
and insulin resistance in patients with type 2 diabetes
mellitus. The decreased somatotrophic effects associ-
ated with ghrelin deficiency may lead to insulin resist-
ance (26). Although correlation does not prove
causation, the relationship of active ghrelin with insu-
lin resistance may depend on the suppressive effect of
insulin, whose serum concentration increases during
insulin resistance, on the secretion of active ghrelin
into the systemic circulation. On the other hand, in
our clamp study the blood glucose level was continu-
ously monitored, normoglycemic level was reached
within 50 min, and the target clamp level
(5.24 mmol/l) was maintained by infusing 10% glu-
cose. Acute changes in insulin sensitivity by changes
in glucose levels may create difficulties in the interpret-
ation of glucose clamp results; leading to overestima-
tion of GIR. Thus, evaluation of GIR from clamp
study may require maintenance of blood glucose level
at fasting level.

In brief, the present study showed for the first time
that circulating levels of active ghrelin is decreased in
obese type 2 diabetic patients and that it is associated
with abdominal adiposity, serum levels of insulin and
insulin resistance in patients with type 2 diabetes mel-
litus. These findings suggest that hyperinsulinemia
associated with insulin resistance decreases plasma
levels of active ghrelin in patients with type 2 diabetes
mellitus.
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