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IINNTTRROODDUUCCTTIIOONN

Leptin, the product of the ob gene, is a 167-
amino acid peptide hormone secreted by
adipocytes and plays an important role in the
regulation of food intake and body weight [1,2].
Because obese humans have higher leptin

concentrations, it has been suggested that they
may be resistant to the 'lipostate' effect of leptin
[3]. Previous studies found an independent
positive correlation between leptin concentrations
and insulin resistance in humans [4,5]. Type 2
diabetes mellitus (DM) is an extreme presentation
of insulin resistance. Thus, the leptin
concentration of subjects with type 2 DM may be
different from healthy subjects. The aim of the
present study was to investigate leptin
concentrations between subjects with type 2 DM

OObbjjeeccttiivveess..  Leptin is an adipocyte-secreting hormone which regulates appetite and body weight.

Its concentration differs among different diseases. The purpose of this study was to compare

leptin concentrations between subjects with type 2 diabetes mellitus (DM) and healthy subjects.

MMeetthhooddss..  We recruited 172 subjects with type 2 DM (75 males and 97 females) and 158 healthy

subjects (79 males and 79 females) for this study. Fasting plasma glucose, serum insulin and leptin

concentrations, and body mass index (BMI) were measured. 

RReessuullttss..  The serum leptin concentration of subjects with type 2 DM was lower than in the

control group (6.1 5.2 vs 7.5 5.8 ng/mL, p = 0.020; log leptin 1.5 0.8 vs 1.7 0.9, p = 0.047). In

male subjects, the serum leptin concentration did not differ significantly between the two

groups (3.9 3.6 vs 3.8 3.1 ng/mL, p = 0.803; log leptin 1.1 0.7 vs 1.1 0.7, p = 0.906). However,

in female subjects, the serum leptin concentration was significantly lower than in the control

group (7.8 5.6 vs 11.3 5.4 ng/mL, p < 0.001; log leptin 1.8 0.7 vs 2.3 0.5, p < 0.001). According

to multiple linear regression analysis with log leptin as a dependent variable, the mean log leptin

concentration of female subjects with type 2 DM was 0.455 ng/mL (p < 0.001) lower than the

control group after adjusting for age and BMI. 

CCoonncclluussiioonnss..  The leptin concentration of female subjects with type 2 DM is lower than in

healthy subjects. ( Mid Taiwan J Med 2003;8:8-12)
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and healthy subjects.

MMAATTEERRIIAALLSS  AANNDD  MMEETTHHOODDSS

We recruited 172 subjects with type 2 DM
(75 males and 97 females) and 158 healthy
subjects (79 males and 79 females) for this study.
Healthy subjects were defined as individuals with
normal blood pressure, normal renal and liver
function, fasting plasma glucose < 110 mg/dL,
normal hemoglobin (male > 13 g/dL, female >
12 g/dL), normal urine routine, no medication
history, and no other major diseases. They were
recruited from those individuals visiting the
hospital for an annual physical check-up. Type 2
DM was diagnosed according to 1985 World
Health Organization criteria [6]. All subjects with
type 2 DM were being treated with diet alone or
diet plus oral hypoglycemic agents (diet alone
4.7%, sulfonylurea 85.5%, metformin 77.3%, -
glucosidase inhibitor 17.4%). Subjects with type
2 DM being treated with insulin or who had
serum creatinin levels > 1.5 mg/dL were
excluded. 

Subjects came to the out-patient clinic after
overnight fasting. They were weighed in light
clothing and their heights were recorded. Body
mass index (BMI) was calculated in kg/m2. Blood
was drawn for assay of fasting plasma glucose,
serum insulin and leptin concentrations. Plasma
glucose concentration was assayed using the
glucose oxidase method (Astra-8, Beckman,
CA, USA). Serum insulin concentration
was determined using a commercial
radioimmunoassay (RIA) kit (Diagnostic

Products Corp., Los Angels, CA, USA). The
inter-assay coefficient of variation (CV) of insulin
was 8.7% and the intra-assay CV was 3.5%.
Serum leptin concentration was measured with a
commercial RIA kit (Linco Research, St. Louis,
MO, USA). The inter-assay CV of leptin was
6.5% and the intra-assay CV was 3.6%.

Statistical analysis All data are presented as
means standard deviation except log leptinadj

(mean standard error). Student's t test was used
to compare differences between subjects with
type 2 DM and healthy subjects. Analysis of
Covariance was used to adjust log leptin for age.
Serum leptin concentration was log transformed
to improve normality. Multiple linear regression
analysis identified the independent effects
of other metabolic variables on log leptin
concentration. A p value of less than 0.05 was
considered statistically significant.

RREESSUULLTTSS

The mean HbA1c of male and female type 2
diabetic subjects was 6.8 1.2% and 6.9 
1.2%, respectively (p = 0.910). The serum leptin
concentration of subjects with type 2 DM was
lower than in the control group (6.1 5.2 vs 7.5

5.8 ng/mL, p = 0.020; log leptin 1.5 0.8 vs
1.7 0.9, p = 0.047) (Table 1). However, there
was no significant difference between the two
groups after adjusting for age (log leptin 1.6 
0.1 vs 1.6 0.1, p = 0.924) (Table 1). Also, there
was no significant difference in serum leptin
concentrations between the male subjects with
type 2 DM and the control group (3.9 3.6 vs
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56.6
26.0

147.3
10.9

6.1
1.5
1.6

10.9
4.5
31.9
9.5
5.2
0.8
0.1

Variables
N

Total

DM
172

44.8
25.8
94.8

9.1
7.5
1.7
1.6

11.8
4.8
7.5
7.1
5.8
0.9
0.1

Control
158

0.001
0.600
0.001
0.050
0.020
0.047
0.924

p
-

Age (yr)
BMI (kg/m2)
FPG (mg/dL)
FSI (µ/mL)
Leptin (ng/mL)
Log leptin
Log leptinadj

Table 1.  Clinical and metabolic characteristics of the study subjects

54.6
25.7

144.0
10.5

3.9
1.1
1.1

11.1
4.0
30.6
7.8
3.6
0.7
0.1

Male

DM
75

48.0
24.7
95.4

7.4
3.8
1.1
1.1

9.9
5.5
7.2
4.4
3.1
0.7
0.1

Control
79

0.001
0.200
0.001
0.003
0.803
0.906
0.476

p
-

58.1
26.3

149.4
11.2

7.8
1.8
1.9

10.5
4.8
32.4
10.7
5.6
0.7
0.1

Female

DM
97

41.6
26.8

9.5
10.7
11.3

2.3
2.2

12.7
3.9
7.2
8.7
5.4
0.5
0.1

Control
79

0.001
0.380
0.001
0.752
0.001
0.001
0.008

p
-

Values are arithmetic means standard deviation except log leptinadj (mean standard error); DM = diabetes mellitus;
BMI = body mass index; FPG = fasting plasma glucose; FSI = fasting serum insulin; Log leptinadj = log leptin adjusting for
age.
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3.8 3.1 ng/mL, p = 0.803; log leptin 1.1 0.7
vs 1.1 0.7, p = 0.906) (Table 1), but female
subjects with type 2 DM had significantly lower
leptin concentrations than those in the control
group (7.8 5.6 vs 11.3 5.4 ng/mL, p < 0.001;
log leptin 1.8 0.7 vs 2.3 0.5, p < 0.001)
(Table 1). Even after adjusting for age, the
difference between female subjects with type 2
DM and the control group was still significant
(log leptin 1.9 0.1 vs 2.2 0.1, p = 0.008)
(Table 1). According to multiple regression
analysis with log leptin as a dependent variable,
BMI and DM independently correlated with
leptin concentration, which accounted for 35.86%
of the variance (R2 = 35.86%) in female subjects;
however, only BMI was a significant predictor,
explaining 23.96% of the variance (R2 = 23.96%)
in male subjects (Table 2). The mean log leptin
concentration in female subjects with type 2 DM
was 0.455 (p < 0.001) lower than in the control
group after adjusting for age and BMI (Table 2).

DDIISSCCUUSSSSIIOONN

In this study, leptin concentration correlated
with BMI in both genders, a result consistent with
previous studies [4,5,7]. However, age did not
correlate with leptin concentration in multiple
linear regression analysis when BMI and DM
were taken into account. Considine et al [7] also
found that age had no independent effect on
serum leptin concentration after adjusting for
body fat. Yet, there was one study [8] which
found an inverse relationship between age and
plasma leptin concentration. Determination of the
relationship between leptin concentration and age
therefore needs to be further investigated. 

Previous studies found that leptin

concentration changes in some diseases but not
all. For example, Sheu et al found that leptin
concentration was higher in hypertensive men but
not in hypertensive women [9]. Chen et al found
that leptin concentration did not differ in type 2
diabetic patients with secondary failure of oral
hypoglycemic agents [10]. Song et al noted that
leptin concentrations were not different in
different thyroid function groups [11], and
Haffner et al reported that leptin concentrations
were not different in diabetic and non-diabetic
subjects [12]. In contrast, other studies have
revealed that patients with gestational diabetes
mellitus have relative hypoleptinemia [13].
Panarotto et al found that leptin concentration was
44% lower in women with DM or impaired
glucose tolerance but no such difference was
found in men [14]. In our study, there was
no significant difference in serum leptin
concentrations between the male subjects with
type 2 DM and the control group. In female
subjects with type 2 DM, the leptin concentration
according to Student's t test and multiple linear
regression analysis was lower than in the
control group. Panarotto et al suggested that
hyperglycemia interferes with the stimulatory
effect of plasma insulin on the synthesis of leptin
by adipose tissue [14]. Because the age of our
female subjects with type 2 DM was significantly
older than the control group, an estrogen effect
may be one of the possible factors of lower leptin
concentration in female subjects with type 2 DM.
However, Haffner et al found that leptin
concentrations were not significantly different
among premenopausal women, postmenopausal
women on hormone replacement therapy and
postmenopausal women [15]. Other hormone

Male (n = 154)

Variables
Intercep
Age (yr)
BMI (kg/m2)
DM 

0.455
0.001
0.067
0.036
F = 15.76

SE

0.390
0.004
0.010
0.102

total R2 = 23.96%

Table 2.  Multiple linear regression analysis with log leptin (ng/mL) as a dependent variable

SE = standard error; BMI = body mass index; DM = diabetes mellitus.

p

0.244
0.711
0.001
0.726

Female (n = 176)

0.297
0.001
0.073
0.455
F = 31.87

SE

0.372
0.004
0.010
0.101

total R2 = 35.86%

p

0.426
0.711
0.001
0.001

<
<
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effects on leptin concentration in female subjects
need further elucidation in the future.

In conclusion, the leptin concentration of
female subjects with type 2 DM was lower than in
the healthy subjects. Furthermore, there was no
significant difference between the male subjects
with type 2 DM and the healthy subjects.
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2 ( 75 97 ) 158 ( 79

79 )

2 (6.1 5.2 vs 7.5 5.8 ng/mL, p =

0.020; log leptin 1.5 0.8 vs 1.7 0.9, p = 0.047) 2

(3.9 3.6 vs 3.8 3.1 ng/mL, p = 0.803;

log leptin 1.1 0.7 vs 1.1 0.7, p = 0.906) 2

(7.8 5.6 vs 11.3 5.4 ng/mL, p < 0.001; log

leptin 1.8 0.7 vs 2.3 0.5, p < 0.001) log leptin

2 log leptin

0.455 ng/mL (p < 0.001)
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