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Abstract

Osteoprotegerin (OPG) plays a core role in bone reformation by antagonizing the effect of receptor activator of
nuclear factor k-B ligand (RANKL), and mediates vascular calcification in cardiovascular disease patients. Thus,
we aimed to examine the relationship between serum OPG levels and cardiovascular factors and inflammatory
markers in metabolic syndrome patients (MS). This cross-sectional study included 96 men who visited the diet
clinic between May and July 2011. Patients were classified into 2 groups based on NCEP-ATP guidelines: normal
and with MS (n= 50 and 46, respectively). Physical measurements, biochemical assay were measured. Serum OPG
and IL-6, diponectin and hs-CRP were assessed. MS were aged 50.02 +10.85 years, and normal patients
52.07 £ 9.56 years, with no significant differences. Significant differences were not observed in BMI between the
2 groups. Moreover, significant differences were not observed in serum OPG, however, the serum OPG level
(4.41 £ 1.86 pmol/L) differed significantly between an overweight MS (BMI > 25) and normal patients. OPG was
correlated to age (r=0.410, p= 0.000), HDL-cholesterol (r=0.209, p=0.015), and log adiponectin (r=0.175,
p =0.042). Multiple regression analyses using the enter method showed that age (f=0.412, p=10.000) and BMI
(B=0.265, p=0.000) considerably affected OPG. In conclusion, out study showed that serum OPG levels are
correlated with cardiovascular risk factors, such as BMI, HDL-cholesterol and adiponectin in MS and adiponectin,
suggesting that serum OPG has potential as a cardiovascular disease indicator and predictor. (Korean J Community
Nutr 16(6) : 762~770, 2011)
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activator of nuclear factor x—B ligand (RANKL) 2]
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T 2Po]E KHolX] ¢kl 9) ©™ (Gannage—Yared 5 2006;
Nabipour 5 2010), BI%FRI¥} 24212 d5 OPGE ¥l
Sk Aol @s]e AARlET viRiRle] FF OPGE] s
7} wol(Ashley 5 2011), H|RFE7} OPG 55 H3le] o
S v)H= Qolo g F5Hr) 1) o F 7k olof] ¥t
A7 F=ste] A5 OPGE) vIRESte] Ak 97 &
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A A 1E i A28 i Agke) vy
w1 Ay sko] 28l o= QlxlZEA] B a1E 1l It} (Feingold
& Grunfeld 1992). High—sensitivity C-—reactive
protein (hs—CRP) &= A& @A Agke] 7egh o =QIx=
A ?lom (Ridker 5 2000), Interukine—6 (IL—6)
= 79 A S £335 (Nonogaki 5 1995),
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o} 7o) QA YERE S L (Avignon 5 2005; Chen 5
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AT}, i ke X 7 vl =
X 2 73 (National Cholesterol EducationProgram
Adult Treatment Panel III; NCEP—ATPII) 2} Al A%
A717 (World Health Organization; WHO) o}x]o} €l
&F BIRE 2k H5-E 7)) msitt " 4974 150
mg/dL o4, % HDL—Fd|~HE 40 mg/dL v]vH &
B9 100 mg/dL o, 571 94 130 mmHg o &=
= o]27] g9t 85 mmHg ©, BH-E9 90 cm oo &
skelth. 18] D™ GHAIE H-8-5F k= Fshecl, 3
L AB kA2 Bgaty 9 tARRE 2R Q0l ?SH
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764 - HARSFo 4] OPGE} HIREE Bl o] W=l o] AF31A]
2971 BS—220 (Mindray, China)= ¢|&slo] g9, T4
A, HDL—ZI2E1E 9 & S 2EEE 2288it LDL—
cholesterol Friedewald 3-4] [total cholesterol (mg/
dL) — (HDL-cholesterol(mg/dL)) — TG (mg/dL)/
5] 07 At=33th(Friedewald 5 1972). hs—CRP+=
Latex agglutination§]2 ©]-&3}91.© Hitachi 7600—
110 (Hitachi, Japan) & #2313t} &% 1L—-6, o}t]XE
el 2 OPGE enzyme immunoassay (EIA) Hog 7+
Z} human IL—6 € kit (Bender Med Systems,
Austria), human o}t]Z4El HAE kit(Adipogen,
Korea), human OPG A& kit (Biovendor, Czech
Republic) E ©]83}9] enzymelinked immunosorbent
assay (ELISA) reader (Molecular Devices, USA) =
Al a2 38 (Electro Chemi
Luminescence Immunoassay, ECLIA) S 2 3}shisd =}
ZEHdBA7] (Modular E170, Germany) £ o]-&3slo] =
A3t QdeEd A e A %! homeostasis model
assessment index for insulin resistance (HOMA—
IR)2 [glucose (mg/dL) X insulin (WU/ml)/405]2] 2
< o] g3t A=tk (Matthews & 1985).
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Table 1. General characteristics and metabolic syndrome indicators of the subjects

Variables Control Metabolic Syndrome Total tvalue
(n = 50) (n = 46) (N =96)
Age (years) 52,07 = 9.56" 50.02 £ 10.85 50.87 £ 10.35 1.258
Height (cm) 169.03 + 5.83 172.02 £ 5.03 170.77 £ 5.56 —3.360%**
Weight (kg) 71.66 + 7.57 78.01 £ 8.03 75.36 £ 8.57 —4.993%**
BMI (kg/m?)? 2506 £ 2.15 26.36 £ 2.60 2581 £ 2.50 —3.425%
Lean body mass (kg) 56.23 + 5.88 55,92 + 4.88 56.08 + 5.40 0.353
Muscle mass (kg) 52.04 £ 5.30 51.70 £ 4.56 51.88 £ 4.94 0.426
Total body water (kg) 40.25 £ 4.42 40.14 £ 3.47 40.20 £ 3.98 0.163
Bodly fat (%) 24,29 + 4.00 2538 £ 3.46 2493 £ 3.72 -1.756
Metabolic syndrome Indicators
WC (cm)? 88.85 £ 5.88 9290 £ 6.16 91.21 £ 6.35 —4,180%**
Triglyceride (mg/dlL) 123.45 = 67.70 184.19 £ 61.70 158.70 £ 70.76 —5.769%**
FPG (mg/dL)¥ 95.16 £ 13.97 103.69 = 20.90 100.13 £ 18.76 -3.072%*
HDL-Chol (mg/aL)® 4895+ 9.19 41,71 £ 8.50 44,74 £ 9.47 5.033***
Blood pressure
SBP (mmHg)? 118.15 £ 12.02 127.63 £ 12.63 123.67 £ 13.20 —4,785%**
DBP (mmHg)” 73.00 £ 10.00 81.08 £ 10.30 77.70 £ 10.91 —4, Q47

1) Mean = SD, 2) BMI: Body mass index, 3) WC: Waist circumference, 4) FPG: Fasting plasma glucose, 5) HDL-Chol: High-density lipo-
profein cholesterol, 6) SBP: Systolic blood pressure, 7) DBP: Diastolic blood pressure

Significantly different at **; p < 0.01, *** p < 0.001 by t-test
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Table 29} 2t} o1&l s s A5 5.3213.05
pU/mL, ARS8 12.68 = 7.48 pU/mLE 23
21o)E B o (p < 0.001), hs— CRPJ HsEs A
OF 1.79 + 3.08 mg/dL, I 15S 1.49 +
1.86 mg/dL & {23t 2jo+= L}EMX] %}9& . st o}r]

RASS ) ﬁﬂ'ﬁ““:b 4405 12.86 £ 6.82 pg/mL, o
AR IES 7.58 £ 2.29 pg/mlel3lem (p < 0.001),

w92 - =4 R - 765

b

IL-6= A4 1% 0.84 = 1.07 pg/mL, A3 18
1.50 * 2.86 pg/mLOE F 157+e] 238l xjo]= 1Sl
h(p < 0.05). HOMA-IR®] 7P Y415 1.54 +
1.06, tAEZEFTIE-S 3.31 £ 1.99 07 93 xjo| =
B0 (p<0.001), OPGE ﬁ?r%&t A 1F]
3.57 = 1.40 pmol/Le]al, ARSI+ 152 3.76 =
1.68 pmol/LZ 2kt =4 yepg oy Tr"]zjl A= 3k
o}, Z2eu viRkEe] e OPGE] 7 153 Afole fr8
3 710 2 VERITH(Fig. 1). OPGE BMI 25 miRtellA 3
A1) 3.64 £ 1.28 pmol/L, ST 1E°] 2.81 £
0.97 pmol/LZE 28t 2fo]& 1.3l (p < 0.01), BMI
7} 25 ool = AAk1Eo] 3.37 = 1.34 pmol/L, thA}
Z3 T I50] 4.41 £ 1.86 pmol/LOE ol B =4
YeRTHp < 0.01).

Table 2. Risk factors for cardiovascular disease and inflammatory markers

Variables Control Metabolic Syndrome Total tvalue
(n=50) (n=46) (N=9¢)
Cholesterol (mg/dL) 195.10 £ 40.18" 197.50 + 31.43 196.50 + 35.25 -0.403
LDL-Chol (mgy/dL)? 111.43 £ 31.14 110.64 + 27.37 110.97 £ 28.91 0.164
Insulin (uU/mL) 532+ 3.05 12,68 £ 7.48 9.61 £ 7.04 —8.497***
HOMA-IR? 1.54 £ 1.06 331+ 1.99 239+ 1.81 —6.895%
Adiponectin (ug/mL) 12.86 £ 6.82 758 £ 2.29 9.79 £ 5.39 6.044 %%
IL-6 (pg/mL)? 0.84 £ 1.07 150 £ 286 122+ 231 -2.020*
hs-CRP (mg/mL)® 1.79 £ 3.08 149 £ 1.86 1.65 £ 256 0.750
OPG (pmol/L)® 357+ 1.40 3.76 £ 1.68 3.68+ 1.57 -0.774

1) Mean = SD, 2) LDL-Chol: Low-density lipoprotein cholesterol, 3) HOMA-IR: Homeostasis model assessment of insulin resistance, 4) IL-
6: Inferleukine 6, 5) hs-CRP: High-sensitivity C-reactive protein, 6) OPG: Osteoprotegerin

Significantly different at *: p < 0.05, ***: p < 0.001 by tfest
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Fig. 1. Difference of OPG levels between MS group and control group according to body mass index.
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5.0%94 242 §% OPGY HH20 BN
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H9] ks ot y] f1te] ¥ (enter) el 2Jato]
U538 784S 248 A3k= Table 594 2tk AeS
23.6%% ol(B=0.412, p=0.0000¢ BMI@ =
0.265, p = 0.000)7} =75 el OPGZ} o=
Zo = eR o, o) el 2} HDL -2~ HE2] 2
3k 7hd2 Holx| kit

Table 3. Dietary intakes of the subjects

Confrol

Metabolic Syndrome Total

Variables (n = 50) (n = 46) (N = 96) t-value
Energy (kcal) 1863.72 + 452.50 1784.20 + 537.40 1804.05 + 495.03 -1.053

Protein () 73.68 £ 20.28 81.67 £ 29.34 77.50 £ 25.257 -1.953

Fat (9) 48.14 £ 20.40 54.55 + 24.01 51.20 £ 22.36 -1.783

Carbohydrate (g) 267.75 = 69.49 241.43 + 85.06 255,19 + 78.18 2.098

Fiber (Q) 2293+ 8.16 19.67 + 8.57 21.37 £ 849 2.425%
Cholesterol (mg) 351.44 + 215.47 347.47 £ 156.38 349.54 + 188.98 0.132

CHO: Pro: Fat (%)? 58:16:23 54:16:27 57:17:25

1) Mean + SD

2) Cho: Pro : Fat (%) : Carbohydrate : Protein : Fat (%)

Significantly different at *: p < 0.05 by t-test

Table 4. Relationship between OPG and cardiovascular disease risk factors and inflammatory markers

Vaicbles Total (N = 96) Adjusted BMI (N = 96)
Correlation coefficients (1) Significance (p) Correlation coefficients (r) Significance (p)

Age (years) 0.410 0.000 0.480 0.000

BMI (kg/m?)" 0.231 0.003 - -

SBP (MmHg)” 0.036 NS -0.024 NS

DBP (mmHg)® 0.042 NS 0.009 NS

FPG (mg/dL)® 0.120 NS 0.098 NS

Triglyceride (mg/dL) -0.096 NS -0.075 NS

HDL-Chol (mg/dL)® 0.175 0.038 0.209 0.015

LDL-Chol (mg/dL)® 0.077 NS 0.076 NS

Cholesterol (mg/aL) 0.102 NS 0.131 NS

Log hs-CRP? -0.105 NS -0.094 NS

Log adiponectin 0.170 0.044 0.175 0.042

Log IL-6® -0.052 NS -0.097 NS

HOMA-IR? 0.131 NS 0.098 NS

1) BMI: Body mass index, 2) SBP: Systolic blood pressure, 3) DBP: Diastolic blood pressure, 4) FPG: Fasting plasma glucose, 5) HDL-Chol:
High-density lipoprotein cholesterol, 6) LDL-Chol: Low-density lipoprotein cholesterol, 7) hs-CRP: High-sensitivity C-reactive protein, 8) IL-
6: Interleukine-6, 9) HOMA-IR: Homeostasis model assessment of insulin resisfance



Table 5. Multiple regression of blood OPG levels on risk factors for
cardiovascular disease and adiponectin

Variables R? B o)

Age (years) 0.412 0.000

BMI (kg/m?)" 0.265 0.000
0.236

HDL-Chol (mg/dL)? 0.103 0.185

Log adiponectin 0.058 0.458

1) BMI: Body Mass Index
2) HDL-Choal: High-density lipoprotein cholesterol
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5 2006; Ashley & 2011). wW&hA Ashleys (2011)9]
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A A7} vel gk BMIRle] OPGE) s kel 93s vIXE &

ool = AR YRt o, HDL——LE]]/’\E{]EJ/} o}t
FUES S = 5 Sl
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A A7 9 v gke] S13 el il vk A Ate]
t}(Berk 5 1990; Ridker 5 2000). thAlz3te} A4F
Q1S O ® hs—CRPE] v5=E vl A olx +
IF3 f-9%k 2FolE B oY (Esposito & 2004;
Hong 5 2009), & Ao = iS5 31
& Atelell &gt afo] & HolA] dgkth. CRPE ks &
Aak= IL-6v @8 W tikeSatolld S7tekes 202
A2 21 ™ (Pradhan 5 2001; Stenvinkel 5 2002),
H ATolM % tAke el B 58 e Bl 17
U dar 3RS g o2 O Sullivan 5 (2010)2] 9
Tol| A9} o] B Aol = OPGE} IL—6+% 238 2=
& UERNA] Qgitt. o= FE A dt AR E ¢
H%1 IL-69} hs—CRPe}= & 714 = dasure] A3
3} 24§ Fo] AEo] AFHHste] fE wj OPG7ZF &
dx]o] gloge} F55]= vlolth (Anand 5 2006).

OPGe} oA AF A5 AN A8 Aex= OPG
O 75 T FAEelA FRIFEAIR A-Eshs ogte] =
AE @] 23 B JUdL 5 Z2F (Bae & Kim
2010), v}1vl4 (Rude 5 2005), oFe}7]+4t (Coetzee

5 2007) ol MFEL EE R ATellA ARE]lom, 1
A3 OPGeL Aol Sl 2o W vt 1eut
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467} 744l 507t 2 TS Alssilnt, Al
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St AT 1E T A TIES HEEAE W A5
S OPGE} Hd#x| 2] Aokt

ARk Fuels s 52.07 £ 9.56
Al A8 50.02 = 10.854 om, 592191 2}
o]& Holx| ¢ksitt. Ak AT HDL—Z# A
HES Alelsta B FsA drksriimelA =9t

2. Q& H s FATIE 5.32 + 3.05 pU/mL,
YAES 8 12.68 + 7.48 pU/mLE 28 2jo]=

Helom (p <0.001), ofr]EHvdl 9] ﬁﬂv&ich e
o] 12.86 * 6.82 pg/mL, thAFEFT1FC] 7.58 +
2.29 pg/mL °]3lH(p < 0.001). HOMA—IR«] HEE
1.54 + 1.06, dr 152 3.31 £ 1.99
O % Fogt ApolE B3O (p < 0.001). OPGE] Hs
T= AANIE 357 £ 1.40 pmol/L, WS F 15
3.76 £ 1.68 pmol/L & F 257+ 293 xjo]= Ho]
2] oFoxct.

3. HRkEe] W = 759 OPG 5+ BMI 25 kg/m”
nako ] gAF1E0] 3.64 + 1.28 pmol/L, UAFEF1
#o] 2.81 £ 0.97 pmol/LE 3t x}o]S 1 Oon
(p <0.01), BMI 7} 25 o]/delelr= A 150] 3.37 +
1.34 pmol/L, A3+ 180] 4.41 = 1.86 pmol/LC.

L A} E
S o AT

2 ot o) & Btk (p < 0.01).

4. 85 OPGe} AE8 33 A2+ vol (p = 0.000),
BMI(p = 0.003), HDL—Z=~EIE (p = 0.038), o3
Ul (p = 0.044) 28t &k AaAE HeloH, BMI

FFoAlE o]l (p = 0.000), HDL-cholsterol(p =
0.015), o} ZYE (p = 0.042) 3} 723k ko] A
.E_ l—ri_oﬂl;]_

5. 53 AE4S 5310 OPGel tiet J&kee- velst
Az, ol (B =0.412, p = 0.000), BMI(B = 0.265,
p = 0.000)7} OPGel| 2]5HA &S v|x|+= 71 02 ek
Wk (r? = 0.235).
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