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Objective: Leptin/adiponectin (L/A) ratio is considered a predic-
ting factor of metabolic syndrome (MetS) and its related morbidi-
ties. In the present study, we determined the association of serum 
L/A ratio with MetS parameters in apparently healthy Iranian 
adults. Material and Methods: This cross-sectional study was 
conducted on 150 apparently healthy adults aged 25 to 50 years, 
who were selected by random sampling from different medical 
centers of Tabriz city, Iran. Our criteria for being a healthy indivi-
dual were based on self-report of the participants. Anthropomet-
ric measures, fasting blood sugar (FBS) and lipid profile, systolic 
and diastolic blood pressure (SBP and DBP), and fasting serum 
L/A levels were measured. Results: There were significant diffe-
rences (p<0.05) in weight, height, waist circumference (WC), SBP, 
triglyceride (TG), high-density lipoprotein-cholesterol (HDL-C), 
serum leptin concentration, and L/A ratio between males and fe-
males. Univariate linear regression model revealed a significant 
positive association of serum leptin concentration with WC 
(p=0.024) and FBS (p=0.046). A similar result was obtained using 
the multiple regression model after adjusting for confounding fac-
tors (p<0.001 and p=0.045). A significant positive correlation was 
found between the L/A ratio and WC (p=0.010) in the adjusted 
model. However, no significant association was observed between 
adiponectin and MetS indices.  Conclusion: Our findings indica-
ted a significant positive association of serum leptin concentration 
with WC and FBS and between L/A ratio and WC in apparently he-
althy adults. Therefore, compared to adiponectin, leptin, and L/A 
ratio could be useful predictors of MetS. 
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Amaç: Leptin/adiponektin (L/A) oranı, metabolik sendrom 
(MetS) ve bununla ilişkili morbiditeler için öngördürücü bir fak-
tör olarak kabul edilir. Bu çalışmada, görünüşte sağlıklı olan 
İranlı erişkinlerde serum L/A oranının MetS parametreleri ile iliş-
kisini inceledik. Gereç ve Yöntemler: Kesitsel tipteki bu ça-
lışma, İran'ın Tebriz şehrindeki farklı tıp merkezlerinden rastgele 
örnekleme ile seçilen, 25-50 yaşları arasında bulunan ve görü-
nüşte sağlıklı olan 150 erişkin üzerinde gerçekleştirildi. Sağlıklı 
bir birey olma kriterimiz, katılımcıların kendi beyanlarına da-
yandırıldı. Antropometrik ölçümler, açlık kan şekeri (AKŞ) ve lipit 
profili, sistolik ve diyastolik kan basıncı (SKB ve DKB) ve açlık 
serum L/A düzeyleri ölçüldü. Bulgular: Erkekler ve kadınlar ara-
sında ağırlık, boy, bel çevresi (BÇ), SKB, trigliserit (TG), yük-
sek-dansiteli lipoprotein-kolesterol (HDL-K), serum leptin 
konsantrasyonu ve L/A oranı açısından anlamlı farklılıklar 
(p<0,05) vardı. Tek değişkenli doğrusal regresyon modeli, 
serum leptin konsantrasyonunun BÇ (p=0,024) ve AKŞ 
(p=0,046) ile anlamlı bir pozitif ilişkisi olduğunu ortaya koydu. 
Karıştırıcı faktörler ayarlandıktan sonra çoklu regresyon modeli 
kullanılarak benzer bir sonuç elde edildi (p<0,001 ve p=0,045). 
Ayarlanan modelde, L/A oranı ile BÇ (p=0,010) arasında anlamlı 
pozitif korelasyon bulundu. Ancak, adiponektin ve MetS indeks-
leri arasında anlamlı bir ilişki gözlenmedi. Sonuç: Bulgularımız, 
görünüşte sağlıklı olan erişkinlerde serum leptin konsantrasyonu 
ile BÇ-AKŞ ve L/A oranı-BÇ arasında anlamlı pozitif ilişki oldu-
ğunu gösterdi. Yani, adiponektin ile karşılaştırıldığında, leptin ve 
L/A oranı MetS için daha yararlı öngördürücüler olabilir. 
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Introduction 
Metabolic syndrome (MetS) comprises a 
group of cardiometabolic risk factors, with 
insulin resistance (IR) and adiposity as its 
major indications (1). Leptin and 
adiponectin, also known as adipocytokines, 
are hormones originating from adipocytes 
and contribute majorly to developing MetS 
and cardiovascular diseases through alter-
ations in glucose and lipid homeostasis, as 
well as inflammatory reactions (2,3). 
Adipokine release is disturbed by enlarged 
visceral adipose tissue, resulting in a chronic 
low-grade inflammatory response; this is in-
terceded by percolation of macrophages into 
the adipose tissue (4,5). Recent studies 
have reported leptin and adiponectin to be 
partly implicated in the connection between 
MetS and inflammatory processes (6,7). 
Leptin, the adipocyte product of the ob gene, 
has a positive correlation with adiposity. It 
has been shown to be critical in the develop-
ment of MetS (8). For example, high serum 
leptin levels have been observed in several 
people with obesity and patients suffering 
from hypertension, IR, and type 2 diabetes 
mellitus (9-12). Besides, plasma leptin levels 
have been reported to have a negative cor-
relation with mesenteric fat index (13). 
Other related factors include age, gender, fat 
mass, and nutritional and hormonal status 
(14-18). Therefore, it could be suggested 
that leptin functions as a sensor of energy 
balance and insulin action (19-21). 
On the contrary, reduced plasma levels of 
adiponectin have been reported in obese 
subjects (22). Adiponectin has anti-inflam-
matory, anti-atherogenic, and insulin-sensi-
tizing properties. It has been shown that 
plasma adiponectin levels have a negative 
correlation with adiposity, IR, and MetS (23-
26). Recently, a cohort study established a 
direct association between body mass index 
(BMI) and IR, and reported inverse associa-
tions between inflammation and adiponectin 
among the entire racial clusters. Adiponectin 
concentrations declined further in the Chi-
nese population as compared to other racial 
clusters per unit of elevations in BMI or 
waist circumference (WC) (27).  
More recently, the elevated serum leptin to 
adiponectin (L/A) ratio has been suggested 
as a beneficial parameter to assess IR, hy-
pertension, dyslipidemia, and cardiovascu-

lar disease (28-31). Because of their critical 
roles in MetS, adiponectin, leptin, and their 
ratio have been recommended to be effec-
tive serum markers for the diagnosis of 
MetS, as compared to leptin or adiponectin 
alone (32). Moreover, the significant rela-
tionship between L/A ratio and MetS has 
been reported in several studies (17,32-34). 
With regard to the proposed predicting value 
of L/A ratio in MetS and its comorbidities, 
adequate data collection on the association 
between serum L/A ratio and MetS indices 
would be clinically significant for the early 
diagnosis and treatment of disorders in ap-
parently healthy adults. Moreover, levels of 
adipokines are known to vary based on gen-
der (16) and ethnicity (17). Therefore, the 
present study investigated the correlation 
between serum leptin, adiponectin levels, 
L/A ratio and anthropometric indices 
(weight, BMI, and WC), fasting blood sugar 
(FBS), lipid profile, and blood pressure (BP), 
in a random sample of apparently healthy 
Iranian adults. 

Material and Methods 

Study Design 

One hundred seventy males and females 
were selected by simple random sampling 
method for the study. The ID numbers of 
patients were selected randomly from vari-
ous medical centers in different parts of 
Tabriz, Iran, and patients' companions were 
assigned to participate in the study. Four 
subjects were excluded because of an inad-
equate blood sample. Furthermore, sixteen 
participants were omitted from statistical 
analyses because certain data were missing. 
Consequently, we analyzed the data for 150 
apparently healthy participants living in 
Tabriz. Inclusion criteria were signing the in-
formed consent form, and age range varying 
from 25 to 50 years. Individuals with high 
physical activity levels (metabolic equiva-
lents-min/week higher than 3000 was con-
sidered as high physical activity via 
international physical activity question-
naire), pregnancy, lactation, and self-report 
of chronic diseases, such as hypertension, 
diabetes mellitus, cardiovascular disease, 
hepatic disorders, renal disease, and cancer, 
were not eligible for the study. Subjects 
were considered healthy if they did not have 
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any condition requiring medical treatment or 
supervision. All participants were informed 
of the research and subsequently asked to 
sign a written informed consent form. The 
study was performed in accordance with the 
“Principles of the Helsinki Declaration”, and 
the study protocol was approved by the 
Medical Ethics Committee of Tabriz Univer-
sity of Medical Sciences (code number: 
IR.TBZMED.REC.1391.244). 

Anthropometric Indices and Blood Pressure 
Measurements  
The whole anthropometric indices were 
measured with weightless apparel without 
wearing shoes. Weight and height were de-
termined to the closest 0.1 kg by a stan-
dardized scale (Seca, Germany) and 0.1 cm 
using a movable stadiometer (Seca, Ger-
many), respectively. BMI was calculated by 
dividing the weight (kg) by height in 
squared meters (kg/m2). WC was estimated 
at the slimmest part of the torso using a 
non-stretchy tape measure with an accuracy 
of 0.1 cm. Systolic and diastolic blood pres-
sures (SBP and DBP) were evaluated by a 
sphygmomanometer. 

Biochemical Indices Measurements  
Fasting blood samples were collected 
overnight and centrifuged at 3500 rpm for 
10 to 12 min. Next, serum was separated 
and stored at -70°C for further analyses. 
Serum samples were then analyzed to 
measure the following parameters using ap-
propriate techniques: FBS by hexokinase 
method, total cholesterol (TC) (35), triglyc-
eride (TG) by enzymatic colorimetric test, 
and high-density lipoprotein-cholesterol 
(HDL-C) with selective inhibition method. 
Moreover, serum leptin and adiponectin con-
centrations were determined using sandwich 
enzyme-linked immunosorbent assay 
(ELISA) kits (Boster Biological Technology 
Ltd, EK0595 and EK0437) according to the 
manufacturer's protocol. The measuring 
ranges were 1.56 to 100 ng/mL for 
adiponectin and 62.5 to 4000 pg/mL for lep-
tin kits. Next, the L/A ratio was calculated 
by dividing leptin by adiponectin after the 
unification of their units. 
Based on adult treatment panel III (ATP-III) 
principles, the patients underwent diagnoses 
with MetS in case they fulfilled three or more 

of the principles: (1) WC>102 cm in males 
and >88 cm in females, (2) serum TG con-
centrations >150 mg/dL, (3) serum HDL-C 
<40 mg/dL in males and <50 mg/dL in fe-
males, (4) FBS levels >110 mg/dL, and (5) 
greater BP (130/85 mmHg) (36). 

Statistical Analyses 
Continuous variables were evaluated for nor-
mal distribution by the Kolmogorov-Smirnov 
test. A comparison of demographic specifica-
tions was performed with independent sam-
ples t-test and Mann-Whitney U test for data 
with normal and non-normal distributions, 
respectively. Linear regression analyses were 
performed to assess the correlations be-
tween independent variables and leptin, 
adiponectin, and L/A ratio. Data were ana-
lyzed using SPSS, ver.22. A p-value <0.05 
was considered statistically significant (37). 

Results 
The data on anthropometric measures, lipid 
profile, BP, and FBS, as well as leptin and 
adiponectin concentrations of the study pop-
ulation are presented in Table 1. Significant 
differences were observed between the two 
genders for weight (p<0.001), height 
(p<0.001), SBP (p=0.023), TG (p<0.001), 
HDL-C (p=0.010), WC (p<0.001), serum 
leptin concentration (p=0.006), and L/A 
ratio (p=0.003). However, there was no sig-
nificant difference between males and fe-
males in age, BMI, FBS, DBP, TC, LDL-C, and 
adiponectin. 
There was a statistically significant positive 
correlation between log-transformed leptin 
levels and WC (p=0.024) and FBS 
(p=0.046) in the unadjusted regression 
model. The adjusted regression model re-
vealed statistically significant association 
between log-transformed leptin levels and 
WC (p<0.001) and FBS (p=0.045; Table 2). 
This association between leptin and other 
metabolic syndrome indices was not signifi-
cant. Despite a negative association be-
tween adiponectin and WC and TG, there 
was no statistically significant relationship 
between log-transformed adiponectin levels 
and metabolic syndrome indices in neither 
unadjusted nor adjusted regression models 
(Table 3). Moreover, a significant correlation 
between L/A ratio and WC (p=0.010) in the 
adjusted model (Table 4) was observed.  

124

Tarighat Esfanjani et al. Turk J Endocrinol Metab 
Leptin to Adiponectin Ratio and Metabolic Syndrome Indices               2020;24:122-131

124



125

Turk J Endocrinol Metab Tarighat Esfanjani et al. 
2020;24:122-131                                  Leptin to Adiponectin Ratio and Metabolic Syndrome Indices

125

M
D

: 
M

ea
n 

di
ff

er
en

ce
, 
C
I:

 C
on

fid
en

ce
 I

nt
er

va
l, 

S
B
P:

 S
ys

to
lic

 b
lo

od
 p

re
ss

ur
e,

 D
B
P:

 D
ia

st
ol

ic
 b

lo
od

 p
re

ss
ur

e,
 F

B
S
: 

Fa
st

in
g 

bl
oo

d 
su

ga
r, 

H
D

L:
 H

ig
h-

de
ns

ity
 li

po
pr

ot
ei

n 
ch

ol
es

te
ro

l, 
L/

A
: 

Le
p-

tin
/A

di
po

ne
ct

in
. 

Va
lu

es
 a

re
 e

xp
re

ss
ed

 a
s 

m
ea

n 
(S

D
) 

a V
al

ue
s 

ar
e 

ex
pr

es
se

d 
as

 m
ed

ia
n 

(2
5-

75
 p

er
ce

nt
ile

) 
an

d 
p-

va
lu

e 
ba

se
d 

on
 t

he
 M

an
n–

W
hi

tn
ey

 U
 t

es
t.

 
b V

al
ue

s 
ar

e 
ex

pr
es

se
d 

as
 n

um
be

r 
(p

er
ce

nt
) 

an
d 

p-
va

lu
e 

ba
se

d 
on

 t
he

 c
hi

-s
qu

ar
e 

te
st

. 
† p

-v
al

ue
 b

as
ed

 o
n 

In
de

pe
nd

en
t 

S
am

pl
es

 t
-t

es
t 

V
ar

ia
b

le
To

ta
l (

n
=

1
5

0
)

M
al

e 
(n

=
7

5
)

Fe
m

al
e 

(n
=

7
5

)
M

D
 (

9
5

%
 C

I)
, 

p
†
 

A
ge

 (
ye

ar
)

36
.7

6 
(8

.8
7)

37
.0

9 
(9

.0
2)

36
.4

3 
(8

.7
6)

0.
67

 (
-2

.2
0 

to
 3

.5
4)

, 
0.

66
7 

W
ei

gh
t 

(k
g)

71
.5

4 
(1

3.
07

)
75

.5
8 

(1
2.

12
)

67
.4

9 
(1

2.
80

)
8.

09
 (

4.
07

 t
o 

12
.1

2)
, 

<
0

.0
0

1
 

H
ei

gh
t 

(c
m

)
16

6.
48

 (
9.

54
)

17
3.

62
 (

6.
51

)
15

9.
35

 (
6.

13
)

14
.2

7 
(1

2.
22

 t
o 

16
.3

1)
, 

<
0

.0
0

1
 

B
od

y 
m

as
s 

in
de

x 
(k

g/
m

2 )
25

.9
2 

(4
.8

3)
25

.1
6 

(4
.2

1)
26

.6
8 

(5
.3

1)
-1

.5
2 

(-
3.

07
 t

o 
0.

02
),

 0
.0

53
 

W
ai

st
 c

ir
cu

m
fe

re
nc

e 
(c

m
)

87
.8

6 
(1

1.
44

)
91

.2
7 

(1
1.

36
)

84
.5

 (
10

.5
6)

6.
77

 (
3.

21
 t

o 
10

.3
2)

,<
0

.0
0

1
 

S
B
P 

(m
m

H
g)

10
9.

16
 (

12
.8

4)
11

1.
53

 (
11

.4
1)

10
6.

79
 (

13
.8

0)
4.

74
 (

0.
65

 t
o 

8.
82

),
 0

.0
2

3
 

D
B
P 

(m
m

H
g)

72
.8

6 
(1

0.
44

)
72

.9
3 

(1
0.

28
)

72
.7

9 
(1

0.
67

)
0.

14
 (

-3
.2

4 
to

 3
.5

2)
, 

0.
93

5 

FB
S
 (

m
g/

dL
)

73
.2

7 
(1

1.
73

)
73

.1
3 

(9
.1

9)
73

.4
1 

(1
3.

88
)

-0
.2

8 
(-

4.
08

 t
o 

3.
52

),
 0

.8
84

 

Tr
ig

ly
ce

ri
de

a  
(m

g/
dL

)
10

5.
50

 (
73

.7
5-

15
0.

00
)

12
8.

00
 (

83
.0

0-
18

1.
00

)
89

.0
0 

(6
6.

00
-1

27
.0

0)
35

.4
6 

(6
.5

9 
to

 6
4.

33
),

 <
0

.0
0

1
 

H
D

L-
C
 (

m
g/

dL
)

46
.7

8 
(8

.7
2)

44
.9

6 
(8

.2
9)

48
.6

1 
(8

.8
6)

-3
.6

5 
(-

6.
42

 t
o 

-0
.8

8)
, 

0
.0

1
0

 

M
et

ab
ol

ic
 s

yn
dr

om
eb

 

Ye
s

29
 (

19
.3

)
17

 (
22

.7
)

12
 (

16
)

0.
30

1 

N
o

12
1 

(8
0.

7)
58

 (
77

.3
)

63
 (

84
) 

A
di

po
ne

ct
in

 (
ng

/m
L)

30
.6

3 
(8

.2
6)

31
.1

3 
(7

.9
4)

30
.1

3 
(8

.5
9)

1.
00

 (
-1

.6
6 

to
 3

.6
7)

, 
0.

45
9 

Le
pt

in
a  

(n
g/

m
L)

8.
43

 (
4.

25
-2

0.
05

)
6.

80
 (

3.
86

-1
3.

56
)

13
.4

2 
(4

.9
3-

25
.4

4)
-5

.8
5 

(-
9.

83
 t

o 
-1

.8
7)

, 
0

.0
0

6
 

L/
A
 r

at
io

a
0.

29
 (

0.
12

-0
.6

6)
0.

20
 (

0.
11

-0
.4

0)
0.

39
 (

0.
17

-0
.8

7)
-0

.2
2 

(-
0.

44
 t

o 
-0

.0
06

),
 0

.0
0

3

Ta
bl

e 
1.

 C
om

pa
ri
so

ns
 o

f 
de

m
og

ra
ph

ic
 a

nd
 b

io
ch

em
ic

al
 in

di
ce

s 
in

 a
pp

ar
en

tly
 h

ea
lth

y 
ad

ul
ts

 b
y 

se
x.



126

Tarighat Esfanjani et al. Turk J Endocrinol Metab 
Leptin to Adiponectin Ratio and Metabolic Syndrome Indices               2020;24:122-131

126

Discussion  
As leptin plays an important role in regulat-
ing body weight, obesity is mostly associ-
ated with elevated leptin levels (21,38). The 
results of this cross-sectional study in a 
sample of Iranian adults showed that the 
obesity index WC was significantly associ-

ated with serum leptin concentration before 
and after adjusting for certain variables. 
This finding was consistent with some previ-
ous studies (32,39-42). Moreover, our re-
sults showed higher values of serum leptin 
and L/A ratio in females in comparison with 
the healthy males. 

SBP: Systolic blood pressure, DBP: Diastolic blood pressure, FBS: Fasting blood sugar, HDL-C: High-density lipoprotein cholesterol. 
†p-value based on univariate linear regression. 
‡p-value based on multivariate linear regression and adjusted for age and sex. 

Unadjusted Adjusted 

Variable B (95%CI) p† B (95%CI) p‡ 

Waist circumference (cm) 0.17 (0.02 to 0.32) 0.024 0.25 (0.12 to 0.38) <0.001 

SBP (mmHg) 0.04 (-0.12 to 0.21) 0.621 0.10 (-0.07 to 0.26) 0.250 

DBP (mmHg) 0.05 (-0.09 to 0.19) 0.471 0.05 (-0.09 to 0.19) 0.452 

FBS (mg/dL) 0.15 (0.003 to 0.30) 0.046 0.15 (0.004 to 0.31) 0.045 

Triglyceride (mg/dL) 0.47 (-0.72 to 1.66) 0.434 0.85 (-0.29 to 2.00) 0.143 

HDL-C (mg/dL) 0.09 (-0.02 to 0.20) 0.118 0.05 (-0.06 to 0.17) 0.352 

Table 2. Linear regression of leptin with metabolic syndrome indices in the study population.

SBP: Systolic blood pressure, DBP: Diastolic blood pressure, FBS: Fasting blood sugar, HDL-C: High-density lipoprotein cholesterol. 
†p-value based on univariate linear regression. 
‡p-value based on multivariate linear regression and adjusted for age and sex. 

Unadjusted Adjusted 

Variable B (95%CI) p† B (95%CI) p‡ 

Waist circumference (cm) 0.004 (-0.23 to 0.23) 0.972 -0.02 (-0.23 to 0.18) 0.808 

SBP (mmHg) 0.14 (-0.12 to 0.39) 0.290 0.11 (-0.13 to 0.36) 0.356 

DBP (mmHg) 0.01 (-0.20 to 0.22) 0.928 0.01 (-0.20 to 0.22) 0.919 

FBS (mg/dL) 0.08 (-0.15 to 0.32) 0.473 0.09 (-0.14 to 0.32) 0.428 

Triglyceride (mg/dL) -0.89 (-2.71 to 0.93) 0.336 -1.04 (-2.76 to 0.67) 0.230 

HDL-C (mg/dL) 0.07 (-0.10 to 0.25) 0.403 0.09 (-0.08 to 0.27) 0.282

Table 3. Linear regression of adiponectin with metabolic syndrome indices in the study population.

SBP: Systolic blood pressure, DBP: Diastolic blood pressure, FBS: Fasting blood sugar, HDL-C: High-density lipoprotein cholesterol. 
†p-value based on univariate linear regression. 
‡p-value based on multivariate linear regression and adjusted for age and sex. 

Unadjusted Adjusted 

Variable B (95%CI) p† B (95%CI) p‡ 

Waist circumference (cm) 2.02 (-0.99 to 5.04) 0.187 3.50 (0.84 to 6.17) 0.010 

SBP (mmHg) 0.02 (-3.36 to 3.40) 0.991 1.04 (-2.28 to 4.37) 0.536 

DBP (mmHg) 0.48 (-2.29 to 3.25) 0.732 0.59 (-2.20 to 3.39) 0.676 

FBS (mg/dL) 2.46 (-0.62 to 5.54) 0.117 2.54 (-0.51 to 5.60) 0.102 

Triglyceride (mg/dL) 7.08 (-17.07 to 31.24) 0.563 14.74 (-8.35 to 37.84) 0.209 

HDL-C (mg/dL) 1.57 (-0.74 to 3.87) 0.182 0.93 (-1.40 to 3.27) 0.429

Table 4. Linear regression of leptin to adiponectin ratio with metabolic syndrome indices in the study population.



We observed that serum leptin concentra-
tion was the highest in participants with 
obesity. Several factors may contribute to 
elevated serum leptin levels in obesity. Lep-
tin synthesis is directly related to fat mass 
(43). As subjects with obesity have higher 
fat mass, they tend to have higher serum 
leptin concentration as compared to sub-
jects with normal weight (44). It appears 
that stimulation of ob gene is responsible for 
elevated serum leptin levels in subjects with 
higher fat mass as compared to non-obese 
subjects (45). Individuals with obesity have 
significantly higher levels of ob mRNA in 
their adipocytes than those with normal 
weight. Maffei et al. revealed that serum 
leptin concentration was regulated by 
changes in the expression of ob gene (46). 
Decreased sensitivity to leptin or leptin re-
sistance is another cause of increased serum 
leptin levels in subjects with obesity 
(47,48).  
The plasma adiponectin levels were nega-
tively but not significantly correlated with 
WC. Lele et al. (49) found that in obese pa-
tients, the serum adiponectin level was 
lower in comparison with those in non-obese 
participants, and adiponectin was inversely 
associated with BMI and WC. 
In the present study, serum leptin concen-
tration had a significant positive association 
with WC after controlling for the con-
founders, and WC could be considered as an 
independent predictor of leptin concentra-
tion. This association has been shown in 
several studies (50-52). The correlation be-
tween WC and leptin levels could be ex-
plained by the observation that larger WC 
represents excess body fat mass. As men-
tioned earlier, fat mass, especially subcuta-
neous fat mass, is the primary site of leptin 
release (53). Zhu et al. reported that serum 
leptin concentration correlated with WC and 
could be a useful atherosclerotic index in 
healthy subjects (54). Therefore, WC meas-
urement reflects adipose tissue, and subse-
quently, serum leptin concentrations. 
The results of the present study revealed no 
significant positive association between lep-
tin levels and BMI in all subjects. Other 
studies have conveyed a positive correlation 
between leptin and BMI (55-57). However, 
Stępien et al. did not find any correlation be-
tween leptin concentration and BMI (58). Al-

though BMI has been used as an index of 
obesity in several studies, it does not reflect 
fat mass, and subjects with more lean body 
mass could be mistakenly categorized as 
overweight or obese. Therefore, BMI does 
not perfectly correlate with body fat and lep-
tin levels. Other reasons for the conflicting 
results from the previous studies could be 
attributed to differences in study population 
and degree of controlling for the con-
founders. As noted earlier, the association 
between leptin levels and WC was still sta-
tistically significant and even gained further 
strength following the control of con-
founders. Therefore, WC could be consid-
ered as an independent predictor of serum 
leptin levels. Based on this finding, other in-
dicators of obesity, such as WC, correlated 
better than BMI with serum leptin levels. 
The significant correlation between leptin 
and FBS in the linear regression model, ob-
served in the present study, was consistent 
with the findings of Leon-Cabrera et al.. 
(59), who found that the serum levels of 
leptin significantly correlated with elevated 
concentrations of FBS and insulin, as well as 
IR in non-obese and obese Mexican individ-
uals. Accumulating data suggest that the 
"overloaded" adipocytes finally led to an in-
flammatory response, which could con-
tribute to the development of IR (60). It has 
been reported that L/A ratio is a useful pre-
dictor for IR in patients with diabetes (61). 
L/A ratio might be more relevant to in-
creased IR than FBS and lipid profile. The 
present study could not show a significant 
association between adiponectin levels and 
MetS indices. By contrast, Ryan et al. ob-
served that plasma adiponectin had no fluc-
tuations with age; however, its 
concentrations revealed negative correla-
tions with body fat content, visceral fat, hy-
podermic abdominal fat, insulin, and leptin 
contents in female subjects (55). Moreover, 
it has been reported that low serum 
adiponectin levels were associated with a 
higher incidence of dyslipidemia and hyper-
tension. Adiponectin is also positively asso-
ciated with glucose utilization in females as 
they get older (62,63). 
The L/A ratio significantly correlated with 
WC in the present study. A number of stud-
ies have indicated that although leptin or 
adiponectin had independent associations 

127

Turk J Endocrinol Metab Tarighat Esfanjani et al. 
2020;24:122-131                                  Leptin to Adiponectin Ratio and Metabolic Syndrome Indices

127



with the risk of MetS, diabetes, and coronary 
artery diseases, the diseases were more 
correlated with the L/A ratio than with leptin 
or adiponectin alone (31,34,64,65). Fur-
thermore, it was suggested that L/A unbal-
ance could be associated with increased 
vasoconstriction caused by angiotensin II 
action (61). Another study indicated that 
L/A ratio increased the odds of MetS to a 
higher extent, and provided a higher area 
under curve in patients with MetS, com-
pared to adiponectin or leptin alone. This 
suggests that L/A ratio could be a more suit-
able marker for the diagnosis of MetS (66). 
As several observational studies have re-
ported, adiponectin levels are lower, and 
leptin levels are higher in obese subjects; 
hence, the L/A ratio could be relatively 
higher in these subjects (67). The present 
observations signify that higher L/A ratios 
could be a strong indication of WC predic-
tion. Additionally, the ratio could be more re-
liable for monitoring the acuteness of MetS, 
as concentrations of both adipokines have a 
high sensitivity to metabolic disturbances. 
This outcome corresponds to that of Inoue 
et al. (29), who recommended applying the 
L/A ratio for IR assessments in patients 
without hyperglycemia. Moreover, our find-
ings are in line with Satoh et al. (67), who 
proposed using L/A ratio as an atherogenic 
indicator in type 2 diabetes mellitus patients 
with obesity. This could be because several 
subjects with higher L/A have actually lower 
adiponectin levels, making them mainly sus-
ceptible to increased metabolic distur-
bances. Further studies using greater 
number of participants are necessary to in-
vestigate the exact mechanisms in more de-
tails. 

Study Limitations 
The present study had some limitations. Al-
though we assessed adiposity with BMI (a 
primary screen to detect individuals at risk 
for problems linked to overweight or un-
derweight, and WC (another simple clinical 
anthropometric parameter), an exact as-
sessment of fat mass and fat-free mass 
should be performed using dual-energy x-
ray absorptiometry to evaluate the associ-
ation between leptin and/or adiponectin 
levels and adiposity. Moreover, a number of 
factors, including physical activity levels, 

calorie intake and nutritional status, and 
body fat distribution, which may affect lep-
tin and adiponectin levels, should be taken 
into account while assessing this associa-
tion (66,68). These factors were not meas-
ured in our study. Moreover, the lack of a 
normal range for these parameters in our 
study made it difficult to use them as mark-
ers of risk for MetS in healthy subjects. 
Studies considering these limitations are 
required. 

Conclusion 
Data obtained from our study indicated a 
significant positive association of serum lep-
tin levels with WC and FBS. Moreover, the 
association between the L/A ratio and WC 
was positive. WC, as an index of abdominal 
obesity, correlated better with serum leptin 
concentrations than BMI in apparently 
healthy adults. Given the central role of ab-
dominal obesity in insulin-resistance patho-
genesis, the L/A ratio could serve as a useful 
index of adipose tissue function and provide 
a promising index of insulin action and thus 
MetS in clinical practice to decrease the L/A 
ratio. No association was observed between 
adiponectin and indices. In conclusion, lep-
tin and L/A ratio could be better predictor 
markers for MetS than adiponectin. 
Additional studies are warranted to examine 
the association of BMI and WC with serum 
leptin and adiponectin levels, considering 
the confounding effect of body fat percent 
and its distribution analysis. Moreover, 
lifestyle changes, especially dietary modifi-
cations that cause changes in leptin levels, 
should be evaluated in future studies. 
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