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CLINICAL STUDY

Serum levels of leptin, adiponectin, retinol binding protein 4
and leptin/adiponectin molar ratio as another possible marker
of insulin resistance in obese
Tajtakova M1, Petrasova D2, Pidanicova A1, Gallovicova A1, Blanarova C1, Petrovicova J3
1st Department of Internal Medicine, Faculty of Medicine, Safarikiensis Univeristy, Koice, Slovakia.
maria.tajtakova@upjs.sk
Abstract: Aim: To determine the relationship between some adipokines and insulin resistance (IR) in obese.
Materials and methods: 47 individuals were divided – 1. according to BMI to subgroups with normal weight,
overweight and obesity, 2. according to IR HOMA index to subjects with IR (IR HOMA >1.88) and subjects
without IR. Except the basic biochemical parameters, serum level of fasting insulin, leptin, retinol binding
protein 4 (RBP4) (RIA), adiponectin (ELISA) and leptin/adiponectin (L/A) molar ratio were examined.
Results: 1. In correlation to BMI — subjects with BMI > 30 showed significantly higher level of insulin (16.1±4.1/
5.9±4.1), leptin (51.9±26.4/14.7±14) and molar ratio L/A (3.1±1.8/0.48±0.2) (p<0.01) and significantly lower
level of adiponectin (18.9±6.3/35.5±10.5) (p<0.01) in comparison to both other subgroups (normal weight,
overweight). There was no statistically significant difference in RBP4 level between all subgroups, although
the highest level of RBP4 was observed in subjects with BMI >30. In correlation to IR – subjects with IR showed
significantly higher BMI (35.7±5.8/24.8±2.6), insulin (15.5±7.1/4.8±1.6), leptin (47.2±29.2/15.1±13), L/A molar
ratio (2.7±0.3/0.5±0.1) (p<0.01), and RBP4 (561.6±152.5/450.9±101.7 (p<0.05) as well. In IR subjects, serum
level of adiponectin was significantly lower in comparison to subjects without IR (19.8±6.3/32.2±0.8) (p<0.01).
Conclusion: Decreased level of adiponectin and increased level of leptin, RBP4 and leptin/adiponectin molar
ratio in obese can be also considered as a marker of developing insulin resistance (Tab. 2, Ref. 23). Full Text
(Free, PDF) www.bmj.sk.
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Obesity is the most frequent metabolic disorder in the last years.
As reported by WHO in developed countries there is one billion
people with overweight (BMI >25 kg/m2) and 300 million with
obesity (BMI >30 kg/m2). Obesity with accumulation of visceral
and subcutaneous fat at the front of chest and abdomen represents
metabolic and inflammatory stress for the organism (8). Obesity is
often associated with insulin resistance (IR) and high risk of diabetes mellitus type 2 (DM2) development. High attention is increasingly focused on the question  by which mechanism does
the obesity contribute to IR and DM2 development. Adipose tissue is an active tissue. Adipocytes produce many adipokines,
growth factors and hormones that influence metabolic actions. The
most studied are leptin, IL-6, TNF-alfa, resistin, adiponectin, angiotensin II and retinol binding protein 4 (RBP4). These adipokines
possess both local and overall effects and act by autocrine,
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paracrine and endocrine mechanism (3, 19, 20). They influence
appetite, energetic balance, immunity, insulin sensitivity, angiogenesis, blood pressure, lipid metabolism, homeostasis and may
also play a role in cancer pathogenesis in obese (19). Their production depends on the volume and distribution of adipose tissue.
Increase of visceral fat results in higher release and subsequent storage of free fatty acids in insulin sensitive tissues. This
leads to insulin resistance in skeletal muscles and liver. In addition, increased storage of FFA to pancreatic beta cells occurs.
The effect of FFA on pancreatic beta cells is lipotoxic. Lipotoxicity is responsible for activation of intracellular signals, that result in apoptosis of pancreatic beta cells and consequently in
reduction of their number. Both processes, IR and pancreatic beta
cells damage, are in close connection to obesity and DM2 in
obese (4, 18). Except that, increase of visceral fat mainly, causes
dysregulation in production of adipokines (7). The production
of insulin sensitising adipokines, represented by adiponectin,
decreases the production of inflammatory adipokines. Inflammatory adipokines influence many functions negatively, namely
appetite, energetic balance, immunity, insulin sensitivity, angiogenesis, blood pressure, lipid metabolism and homeostasis (8,
13, 19). In this way, overall effect of obesity on metabolism is
mediated through adipokines and serum level of leptin, adiponectin, RBP4 reflects ectopic fat distribution in obese individuals (1, 4, 17).
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Tab. 1. BMI and results.

Tab. 2. Insulin resistance and results.

Parameters

BMI <25
n=14
x ±SD

BMI 25–30
n=12
x ± SD

BMI >30
n=21
x ± SD

Parameters

IR detected
n=27
x ±SD

IR undetected
n=20
x ± SD

p

Age ( years)

51,2 ± 9,7

51,7 ± 10,4

45,5 ± 7,7

Age ( years)

47,3 ± 9,4

50,7 ± 8,9

NS

Cholesterol (mmol/l)

5,4 ± 0,8

5,0 ± 1,0

4,9 ± 1,0

BMI

35,7 ± 5,8

24,8 ± 2,6

P ≤ 0,01

TAG (mmol/l)

1,02 ± 0,5

0,97 ± 0,3

1,04 ± 0.5

Cholesterol (mmol/l)

4,9 ± 0,9

5,3 ± 0,7

NS

Fasting plasma
Glucose ( mmol/l)
Fasting Inzulin
( µIU/ml)
IR HOMA

5,2 ± 0,8

6,6 ± 2,7

6,2 ± 2,4

TAG (mmol/l)

1,0 ± 0,5

1,0 ± 0,3

NS

5,9 ± 4,1

8,1 ± 5,3

16,1± 7,6∗∗

6,7 ± 2,7

5,2 ± 0,7

P ≤ 0,01

1,3 ± 0,9

2,2 ± 1,6

4,2 ± 1,9∗∗

Fasting plasma
Glucose ( mmol/l)
Fasting Inzulin
( µIU/ml)
IR HOMA

15,5 ± 7,1

4,8 ± 1,6

P ≤ 0,01

4,1 ± 1,8

1,1 ± 0,4

P ≤ 0,01

144,1 ± 15,1

122,5 ± 16,5

P ≤ 0,01

92,9 ± 14,2

77,2 ± 11,6

P ≤ 0,01

47,2 ± 29,2

15,1 ± 13,0

P ≤ 0,01

19,8 ± 6,3

33,2 ± 10,8

P ≤ 0,01

2,7± 0,3

0,5 ± 0,1

P ≤ 0,01

561,6 ± 152,5

450,9 ± 101,7

P ≤ 0,05

Systolic blood
Pressure(mmHg)
Diastolic blood
Pressure (mmHg )
Leptin ( ng/ml )

121,6 ± 14,9

133,3 ± 20,9 144,5 ± 14,6∗∗

76,6 ± 8,8

85,4 ± 15,4

93,1 ± 15,3∗∗

14,7 ± 14

23,1 ± 16,6

51,9± 26,4∗∗

Adiponectin (ng/ml)

31,5 ± 10,5

29,8 ± 11,2

18,9 ± 6,3∗∗

L/A

0,48 ± 0,2

0,99 ± 0,9

3,1 ± 1,8∗∗

RBP4 ( ng/ml)

491,0 ± 86,6 489,0 ± 154,7

548,5 ± 162,4

IR HOMA  inzulin resistence indexes, RBP4  retinol binding protein 4, TAG 
triglycerides, L/A  leptin-to-adipomectin ratio, ** p<0.01

Materials and methods
The study involved 47 individuals of similar age  22 males
(average age 49±8,9) and 25 females (average age 48.3±9.7).
These were divided  according to BMI to 3 subgroups: 1) subjects with BMI <25. 2) BMI 2530, and 3) BMI >30  according
to IR HOMA index (G0 x I0/22.5) to 2 subgroups: 1) subjects
with insulin resistance (IR HOMA >1.88) and 2) subjects without insulin resistance.
In each subject blood samples were taken between 7 and 9
a.m. (venous blood from median cubital vein) and fasting glucose, cholesterol and triglycerides by standard biochemical
method, insulin, leptin and RBP by RIA method and adiponectin
by ELISA method were examined. Before the withdrawal in each
individual blood pressure was measured with mercury barometer. From the obtained results leptin/adiponectin (L/A) molar
ratio was estimated. The results were evaluated in correlation to
BMI and in correlation to IR.
For statistical processing basic descriptive statistics and commercially available computer statistic programs were used. The
hypothesis of equality of variances was tested by One-Way Analysis of Variance  ANOVA. For comparison between groups
Tukey-Kramer method was applied. For testing the hypothesis
of equality of two independent means unpaired T-test was used,
or non-parametric Mann-Whitney test in case of statistically significant difference between scatters. Linear dependence itself

Systolic blood
Pressure (mmHg )
Diastolic blood
Pressure (mmHg)
Leptin ( ng/ml)
Adiponectin (ng/ml)
L/A
RBP4 (ng/ml)

IR HOMA  inzulin resistence indexes, RBP4  retinol binding protein 4, TAG 
triglycerides, L/A  leptin-to-adipomectin ratio, BMI  (weight in kg / height in m2 )

verified regression and correlation analyses. Risk development
IR in dependencies from adiponectin and leptin to adiponectin
ratio examined Fisher scientific sample.
Results
From the obtained variables in correlation to BMI, subjects
with BMI >30 showed significantly higher values of systolic
and diastolic blood pressure, serum insulin level, IR HOMA,
leptin and L/A molar ratio and significantly lower serum level
of adiponectin (p≤0.01) than those with BMI <30. There was
no statistical difference in serum levels of RBP4, however subject with BMI >30 showed the highest serum level of RBP4
(Tab. 1).
From the obtained variables in correlation to IR (Tab. 2),
subjects with IR showed significantly higher fasting glucose,
systolic and diastolic blood pressure, BMI, insulin, IR HOMA,
leptin and L/A molar ratio and significantly lower level of
adiponectin in comparison to subjects without IR (p≤0.01). Serum RBP4 level was also significantly higher in IR subjects
(p≤0.05).
There was a positive correlation between serum leptin level
and BMI (r=0.727, p≤0.01) and IR HOMA as well (r=0.685,
p≤0.01), and negative correlation between adiponectin and BMI
(r=-0.534, p<0.01), leptin (r=-0.471, p≤0.05), RBP4 (r=-0.483,
p≤0.05), insulin (r=-0.423, p=0.08) and IR HOMA (r=-0.487,
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p≤0.05). There was a positive correlation between L/A molar
ratio and IR HOMA index as well (r=0.640, p≤0.01).
Subjects with low level of adiponectin showed 2.3x higher
risk of IR development (p=0.34, OR 2.35, 95 % CI 0.607
10.049). Higher L/A molar ratio has increased relative risk of IR
1.05x (p=0.94, OR 1.05, CI 0.2783.96).
Discussion
In obese subjects, the adipose tissue is infiltrated by macrophages, which produce inflammatory cytokines. The inflammation of adipose tissue is generally considered a main cause of
peripheral insulin resistance development. Obesity, especially
visceral one, is associated with increased production of inflammatory adipokines, represented by TNF-alfa, at the expense of
protective adipokines, represented by adiponectin (2, 18). TNF-alfa is an inflammatory adipokine, which stimulates production
of leptin, IL-6 and other inflammatory mediators. It is also a
direct regulator of CRP production. It stimulates the lipolysis
and its increased level is associated with hyperinsulinemia, IR in
liver and muscles and with the increase of systolic blood pressure (21).
Adiponectin is a peptide inhibiting the food intake and positively affecting metabolic processes. It increases the transport of
free fatty acids and their oxidation in muscles. It also decreases
the amount of fat in muscle fibres. It affects the transfer of insulin signal both on receptor and post-receptor level. It increases
insulin sensitivity, glucose utilization, inhibits gluconeogenesis
and decreases glycemia. It inhibits differentiation of proadipocytes, regulating thus the growth of adipose tissue and decreasing the body weight (5, 16, 21).
Adiponectin affects anti-inflammatory processes in atherosclerosis (21). It is considered to be an anti-diabetic, anti-atherosclerotic and anti-inflammatory protein produced by adipocytes
and a strong marker signaling the risk of diabetes development
in obese (12, 13).
In accordance with findings of Norico Satoh 2004, we have
proved, that increase of body weight is associated with decrease
of adiponectin level, but also with increase of serum leptin level,
higher L/A molar ratio and serum level of RBP4. RBP4 is
a protein, also produced by adipocytes, which inhibits expression of GLUT4 transporter (a protein important for transmembrane glucose transport), decreases insulin signal, inhibits insulin effects, especially in skeletal muscles and supports gluconeogenesis in liver (16).
Serum levels of studied parameters were dependent not only
on BMI, but in consistence with Graham et al (2006), Lee et al
(2007), Takebayashi et al (2007) and Oda et al (2008), we observed higher level of glycemia, fasting insulinemia, leptin, L/A
molar ratio and RBP4 and decreased level of adiponectin in obese
subjects with IR.
In addition, decreased serum adiponectin level is an independent marker predisposing to development of hypertension
(16), what was proven also in our study. Hypoadiponectinemia
is associated with obesity, IR, changes in lipid profile, increase
214

of inflammatory markers and higher risk of diabetes and cardiovascular diseases even in the youth (11, 22). Change of life style
may positively influence serum level of adiponectin and thus
decrease risk of diabetes development in obese, especially in
young individuals (12).
Conclusion
Decreased level of adiponectin and increased level of leptin,
RBP4 and L/A molar ratio in obese with abnormal fat distribution can be considered as a possible marker signaling the dysfunction of adipose tissue. The loss of body weight accompanied by changes in level of adipokines in obese, especially in
young individuals, can contribute to decrease of IR development
risk, as well as to impairment of metabolic syndrome with its
related complications.
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