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Abstract
Background: Adipocytes produce several adipokines that modulate insulin action as well as glucose and
lipid metabolism. The aim of this study was to evaluate the relationship between serum adiponectin
concentrations and metabolic syndrome (MS) in patients with type 2 diabetes mellitus.

Methods: This study included 127 type 2 diabetic patients (males 63, females 64). The subjects were divided
into two groups as with or without metabolic syndrome (MS(+) or MS(-)). The MS was diagnosed by
International Diabetes Federation. Serum adiponectin, leptin, fasting plasma insulin, glucose, glycated
hemoglobin, lipid profile, white blood corpuscle (WBC), aspartate aminotransferase (AST), alanine aminotransferase
(ALT), uric acid and C-reactive protein (CRP) were examined.

Results: Serum adiponectin concentrations were significantly lower in MS(+) than MS(-) (4.8 + 2.4 ug/mL vs
76 £ 58 ug/mL, 7.6 + 3.7 ng/mL vs 11.5 £ 7.2 pg/mL, P < 0.05 in males and females). After adjustment
for age and body mass index (BMI), in MS (+), the serum levels of adiponectin correlated positively with
high density lipoprotein - cholesterol (HDL-C) and negatively with height, body weight, ALT and CRP. In
MS(-), the serum levels of adiponectin correlated positively with HDL-C and negatively with diastolic blood
pressure (DBP), triglyceride and CRP. By multiple regression analysis, no parameters were independently
correlated with serum adiponectin concentrations in MS(+), while DBP and HDL-C were independently
related to serum adiponectin concentrations in MS(-).

Conclusion: Serum adiponectin concentrations were lower in type 2 diabetic patients with MS than without
MS. There were no significant parameters related to decrease serum adiponectin concentrations in MS. But
further study is needed to confirm this result. (KOREAN DIABETES ] 32:224-235, 2008)
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Table 1. Clinical, anthropometric and metabolic characteristics of type 2 diabetic Patients

SYt 00 T2 olC|ZEl] 53

MS(+)

MS(-)

Males (n = 40) (0 = 23) P value
Age (years) 56 £ 11 55 + 18 NS
DM duration (years) 8.6 = 6.0 93 + 72 NS
Height (m) 1.69 + 0.06 1.69 + 0.06 NS
Weight (kg) 73.6 £ 7.7 664 £ 69 < 0.01
BMI (kg/mz) 25 5 23 + 2 < 0.05
WC (cm) 93.5 + 3.8 849 + 3.8 < 0.001
SBP (mmHg) 126 + 16 123 = 11 NS
DBP (mmHg) 78 + 9 76 + 7 NS
TC (mg/dL) 185 + 32 185 + 29 NS
TG (mg/dL) 190 + 136 138 + 88 NS
HDL-C (mg/dL) 41 + 12 43 £ 13 NS
LDL-C (mg/dL) 107 + 34 119 + 31 NS
FBS (mg/dL) 173 £ 53 154 + 52 NS
HbA 1C (%) 84 + 1.5 78 £ 14 NS
Insulin (uIU/mL) 92 + 9.7 52 + 48 < 0.05
HOMA-IR 44 + 3.6 24 £ 1.1 < 0.01
Females MS™) MSO) P value
(n = 40) (n = 24)
Age (years) 62 + 10 63 £ 9 NS
DM duration (years) 9 7 7+6 NS
Height (m) 1.55 + 0.07 1.55 £ 0.04 NS
Weight (kg) 640 = 84 54.0 £ 99 < 0.001
BMI (kg/m®) 26 =3 22 £ 4 < 0.01
WC (cm) 92.6 + 7.8 80.2 + 8.6 < 0.001
SBP (mmHg) 125 + 10 123 + 10 NS
DBP (mmHg) 78 + 7 75 £ 6 NS
TC (mg/dL) 192 + 41 206 = 31 NS
TG (mg/dL) 164 + 113 110 + 43 < 0.01
HDL-C (mg/dL) 45 + 8 53 = 12 < 0.01
LDL-C (mg/dL) 115 + 35 124 + 25 NS
FBS (mg/dL) 158 + 55 130 = 53 NS
HbAIC (%) 8.1+ 1.6 77 £ 1.8 NS
Insulin (uIU/mL) 73 £ 8.1 48 £ 69 NS
HOMA-IR 35 £ 45 1.6 + 2.6 NS

Data are expressed as means * standard deviation. BMI, body mass inde; DBP, diastolic blood pressure; DM, diabetes
FBS, fasting blood glucose; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostasis model
assessment of insulin resistance; LDL-C, low-density lipoprotein cholesterol; MS(+), with metabolic syndrome; MS(-),
without metabolic syndrome; SBP, total cholesterol; TG, WC, waist

mellitus;

systolic blood pressure; TC, triglyceride;

circumference; NS, not significant.
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Fig. 1. Serum adiponectin and leptin concectrations in type 2 diabetic
without metabolic syndrome (MS(-)). * P < 0.05 vs MS(-).
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Table 2. Characteristics of metabolic parameters in type 2 diabetic patients

patients with metabolic syndrome (MS(+)) and

Males MS) MSO) P-value
(n = 40) (n = 23)
WBC (10°/uL) 7.88 £ 2.31 726 + 191 NS
AST (IU/L) 26 + 12 24 + 9 NS
ALT (IU/L) 36 + 21 29 + 17 NS
Uric acid (mg/dL) 60 £ 1.8 48 £ 1.1 < 0.01
CRP (mg/dL) 0.20 + 0.21 0.26 * 0.35 NS
Microalbumin (mg/g) 88.10 + 109.81 4592 + 71.54 NS
Females MS() MSO) P-value
(n = 40) (n = 24)
WBC (103/uL) 7.00 £ 1.69 5.58 £ 1.66 < 0.01
AST (IU/L) 27 + 16 25 + 15 NS
ALT (IU/L) 33 + 22 25 + 17 NS
Uric acid (mg/dL) 45 + 14 47 + 1.7 NS
CRP (mg/dL) 022 £ 0.33 0.21 £ 0.28 NS
Microalbumin (mg/g) 43.07 + 85.68 68.06 + 140.63 NS

Data are expressed as means * standard deviation. ALT, alanine aminotransferase; AST, aspartate aminotransferase; CRP,
C-reactive protein; MS(+), with metabolic syndrome; MS(-), without metabolic syndrome; WBC, white blood corpuscle;

NS, not significant.

TollA MS(-)ell Blste] FJstA] =94ch (Table 2).
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2) A4, dAREES A
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uixiel 9| 891 1 HI2E S

HERIA CHALSEE SHE o{F0 [ME ofc|EHEle| £3

Table 3. Simple correlation and partial correlation of serum adiponectin concentration with other parameters in

type 2 diabetic patients

Simple correlation Adjusted for age, BMI
R-value P-value R-value P-value
Age (years) 0.21 < 0.05
BMI (kg/m®) -0.19 < 0.05
Height (m) -0.34 < .0001 -0.35 < 0.05
Weight (kg) -0.39 < .0001 -0.38 < 0.05
WC (cm) -0.21 < 0.05 -0.12 NS
TG (mg/dL) -0.35 < .0001 -0.34 < 0.01
HDL-C (mg/dL) 0.39 < .0001 0.41 < .0001
ALT (IU/L) -0.25 < 0.01 -0.27 < 0.01
Uric acid (mg/dL) -0.25 < 0.01 0.10 NS
CRP (mg/dL) 0.05 NS -0.47 < 0.01

BMI, body mass index; CRP, C-reactive protein HDL-C, high-density lipoprotein cholesterol; TG, triglyceride; WC, waist

circumference NS, not significant.

Table 4. Simple correlation and partial correlation of serum adiponectin concentration in type 2 diabetic patients

with and without metabolic syndrome

MS(+) MS(-)
Simple correlation Adjusted for age, BMI Simple correlation Adjusted for age, BMI

R P R P R P R P
Age (years) 0.24 < 0.05 0.13 NS
BMI (kg/m®) 0.01 NS -0.21 NS
Height (m) -0.38 < 0.05 -0.44 < 0.05 -0.33 < 0.05 -0.16 NS
Weight (kg) -0.29 < 0.05 -0.47 < 0.05 -0.36 < 0.05 -0.15 NS
WC (cm) 0.03 NS -0.09 NS -0.2 NS 0.03 NS
SBP (mmHg) 0.12 NS 0.17 NS -0.14 NS -0.2 NS
DBP (mmHg) 0.14 NS 0.11 NS -0.22 NS -0.35 < 0.05
TG (mg/dL) -0.2 NS -0.18 NS -0.51 < 0.01 -0.49 < 0.01
HDL-C (mg/dL) 0.27 < 0.05 0.27 < 0.05 0.47 < 0.01 0.48 < 0.01
LDL-C (mg/dL) 0.04 NS -0.02 NS -0.26 NS -0.17 NS
AST (IU/L) -0.06 NS -0.14 NS -0.11 NS -0.14 NS
ALT (IU/L) -0.18 NS -0.3 < 0.05 -0.19 NS -0.29 NS
Uric acid (mg/dL) -0.16 NS 0.04 NS -0.36 < 0.05 0.1 < 0.05
CRP (mg/dL) -0.08 NS -0.37 < 0.05 0.2 NS -0.64 < 0.05
Leptin (ng/mL) 0.38 < 0.01 0.21 NS -0.23 NS 0.36 NS

ALT alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass inde; CRP, C-reactive protein; DBP,

diastolic blood pressure; DM, diabetes mellitus; FBS, fasting blood glucose; HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol; MS(+), with metabolic syndrome; MS(-), without metabolic syndrome; SBP,

systolic blood pressure; TG, triglyceride; WC, waist circumference; NS, not significant.

< 0.01) (Table 3, 4).
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Table 5. Multiple linear regression analysis for fasting adiponectin concentrations

Independent variable Para'meter Standar t value Pr > |t
Estimate Error

Type 2 DM Intercept 5.50119 0.98253 5.6 <.0001
HDL-C (mg/dL) 0.01324 0.0049 2.7 < 0.01

Height (m) -2.83214 0.6973 -4.06 < 0.01

Ms(+) Intercept 3.51245 1.46465 2.4 < 0.05
Height (m) -3.68763 1.01291 -3.64 < 0.01

Ms(-) Intercept 6.62759 1.4672 4.52 < .0001
DBP (mmHg) -0.03785 0.01681 -2.25 < 0.05

HDL-C (mg/d) 0.02756 0.00831 3.31 < 0.01

DBP, diastolic blood pressure; DM, diabetes mellitus; MS(+), with metabolic syndrome; MS(-), without metabolic
syndrome; HDL-C, high-density lipoprotein cholesterol; DBP, diastolic blood pressure.

Adiponectin (ug/mL)
)

MS(+)HT  MS(+)Dys MS(+)HT+Dys MS(-)

8 -

7t T [
22 [1 | i
35
Sl 1
[
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<
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0

Dys (TG) Dys (HDL) Dys (TG & HDL)

Fig. 2. Serum adiponectin concentrations in subgroups of metabolic syndrome (MS) (panel A). MS(+) HT presents the

subgroup of MS with raised blood pressure. MS(+) Dys presents the subgroup of MS with hypertriglyceridaemia and/or

low HDL-cholesterol, MS(+) HT+Dys is the subgroup of MS with raised blood pressure and hypertriglyceridaemia and/or

low HDL-cholesterol. The serum level of MS(-) was significantly increased than that of each subgroup in MS(+). * P <

0.05 vs MS(+). Serum adiponectin concentrations in MS(+) Dys subgroups (panel B). Dys (TG) presents the subgroup of
MS with hypertriglyceridaemia. Dys (HDL) presents the subgroup of MS with low HDL-cholesterol. Dys (TG&HDL)
presents the subgroup of MS with hypertriglyceridaemia and low HDL-cholesterol. The serum adiponectin concentrations

of each subgroup in MS(+) Dys group were not significantly different between them.
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