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[Abstract] Objective To investigate the association between serum direct bilirubin (DBIL)
with metabolic syndrome (MS) and its components. Methods A dynamic health check-up cohort
study was set up from 2006 to 2011. 5 258 participants who satisfied the two basic rules: 1) being free of
MS at the 1" health check-up program; 2) having at least two intact health checks were included in this
study. With generalized estimating equation (GEE) model, after adjusting for items as age, gender,
smoking, drinking, alanine aminotransferase, aspartate aminotransferase, y-glutamyltransferase, uric
acid, blood urea nitrogen and white blood cells, the multivariable relative risks (RRs) of DBIL with MS
and their components were analyzed. Results The RRs of DBIL for MS was 0.722 (95% CI:
0.654-0.797), which showing a dose-response. Serum DBIL was negatively associated with obesity
and hyperlipidemia. Taking factors as gender and age into account, in the <<45 years and 45-55 years
groups, the RRs of DBIL for MS in females appeared as 0.516 (95%CI: 0.349-0.761) and 0.435 (95%CI:
0.256-0.740). And in males of <45 years and 45-55 years, the RRs of DBIL for MS were 0.738
(95% CI: 0.644-0.846) and 0.790 (95% CI:0.667-0.937), respectively. Conclusions The elevated
DBIL levels in serum appeared an early biomarker for MS and its components (obesity and
hyperlipidemia). In particular,they may play a role in reducing the risk of MS in both females and
males before 55 years of age.

[Key words] Metabolic syndrome; Direct bilirubin; Generalized estimating equation; Dynamic
cohort study
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ER1 2006—2011 FSh AR BAINE T S RFE

W H 2006 4 2007 4F 2008 4F- 2009 4= 20104 20114
(n=1155) (n=3105) (n=3719) (n=3154) (n=4132) (n=2907)

LRI (S 41244823 41.774+10.22 42.3949.95 42.87410.04 43.8849.89 45.60+£9.97
BMI(kg/m?, % +5) 23.89+3.06 23.66+3.41 23.8443.26 23.934+3.47 2425+3.42 24.22+3.54
SBP(mmHg, x=*s) 113.444+13.83 123.01+17.65 124.86+18.06 125.14%£17.79 127.48+18.56 125.41+18.16
DBP(mmHg,x+s) 77.11410.42 78.56+11.45 78.83+13.09 78.18+13.21 80.25+12.67 78.25+12.01
FPG(mmol/L,x*s) 5.2240.96 5.08+0.93 5.06+0.89 47240.75 5.0840.83 5.05+0.79
TG(mmol/L ,x=s) 1.47£1.19 1.36+1.05 1.50+1.23 1.33£0.90 1.33£1.02 1.36+1.03
TC(mmol/L,x +s) 4.99+0.92 4.9040.89 4.86+0.88 4.67+0.85 473+0.84 4.7240.88
HDL-C(mmol/L,x +s) 1.29+0.24 1.254+0.28 1.25+0.26 1.2340.28 1.19+0.24 1.16+0.25
DBIL(umol/L,x%s) 3.19+1.21 3.00+1.21 3.60+1.31 2.20%0.67 2.18+0.65 2.23+0.65
ALT(U/L,x*s) 25.79416.08 22.41+14.27 22.50+14.65 22.95+13.33 22.43+14.54 21.71+12.55
AST(U/L,x%s) 24.18+7.74 20.06+7.20 22.2547.50 23.3146.83 24.18+7.71 22.45+7.06
GGT(U/L,x*5) 27.08+27.05 28.224+27.24 29.12427.37 26.95+24.59 26.49422.60 25.20+21.11
BUN(mmol/L,x %) 4.89+1.26 5174127 4.68+1.27 474+1.17 482+1.17 4.74+1.19
UA(umol/L,x %) 302.76+£81.86 313.98+81.98 319.724+84.37 313.844+83.65 303.26+£82.38 305.52+79.90
WBC(10°/L,x %) 6.02+1.42 6.24+1.55 6.41+1.61 6.43+1.62 6.421+1.63 6.15+1.58
W2 343(29.7) 592(19.1) 506(13.6) 762(24.2) 751(18.2) 508(17.5)
el 549(47.5) 1113(35.8) 802(21.6) 1 035(32.8) 797(19.3) 632(21.7)
NERE/E 313(29.3) 940(32.6) 1312(37.1) 1 225(39.4) 1480(37.2) 878(32.6)
FoI0ES 176(16.4) 618(21.4) 834(23.6) 640(20.5) 896(22.4) 448(16.6)
T R ILE 371(32.1) 964(31.0) 1131(33.1) 783(26.1) 1204(29.1) 899(30.9)
o LA 61(5.3) 143(4.6) 177(5.2) 67(2.2) 230(5.6) 137(4.7)
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. B 2 LI %5
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DBIL(umol/L) -0.309 0.734 0.680 ~0.793 61.601 <0.001 -0.325 0.722 0.654 ~0.797 41.515 <0.001
ALT(U/L) 0.031 1.031 1.028 ~ 1.034 380.489 <<0.001 0.018 1.019 1.028 ~ 1.034 380.489 <<0.001
AST(U/L) 0.045 1.046 1.039 ~ 1.053 190.772 <<0.001 -0.007 0.993 1.039 ~ 1.053 190.772 <<0.001
GGT(U/L) 0.017 1.017 1.015~1.020 211.652 <0.001 0.008 1.017 1.015~1.020 211.652 <0.001
BUN(mmol/L) 0.234  1.263 1.193 ~ 1.337 65.153 <0.001 0.075 1.263 1.193 ~ 1.337 65.153 <0.001
UA(pmol/L) 0.007 1.007 1.006 ~ 1.008 266.525 <0.001 0.004 1.004 1.003 ~ 1.005 48.560 <<0.001
WBC(10°/L) 0.204 1.226 1.177 ~ 1.277 96.218 <<0.001 0.092 1.226 1.177 ~1.277 96.218 <<0.001
PR -1.103  0.332 0.278 ~0.396 148.971 <0.001 -0.274  0.332 0.278 ~ 0.396 148.971 <0.001
AR 0.038 1.038 1.032 ~ 1.045 161.673 <0.001 0.046 1.038 1.032 ~ 1.045 161.673 <0.001
5 AR 0.578 1.782 1.529 ~2.078 54.688 <<0.001 -0.224 1.782 1.529 ~2.078 54.688 <<0.001
PRI 0.744 2.104 1.828 ~2.421 107.632 <0.001 0.412 2.104 1.828 ~2.421 107.632 <<0.001
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DBIL /K5 MS B C R, 5 R R : SR MM, & WS B w , IEH AHE LS DBIL K F- T+ & 5
YL DBIL K5 MS BU A R T A &, Lotk MSH A AR S AHSE , H RRAEANE N AR AR A
RR=0.483(95%CI:0.352 ~0.663) , 5 £ RR=0.755 25, 5 MSHKUH KR 0Hr , i DBIL K1)
(95%CI:0.681 ~ 0.837) ; <55 % #F ", IfiLiE DBIL /K Fh B E /AR | 06 LAE ) A0 AU 2R T RAAIG
TR S MS B R R T E (R 4) . AR5 R YN (A A GOk, F 28 ASBAS . LA
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+R3 ZHNZE GEEFAI/Mr DBIL 5 MS 4 1MH /K 5

MS 414> BIE  RR{E  95%CI it PIH
AHE/NERE -0.084 0919 0.878~0.962 13.110  <<0.001
eI 0.026 1.027 0.978~1.078  1.120  0.290
FgIMAES  -0.305  0.737 0.704~0.772 170.186 <<0.001
o AR -0.002  0.998 0.904~1.103  0.001 0.974
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=55 142 -2.707 0.185 0.001~3.663 1755  0.107

A PR U 13 N ARAWIRTT R, 44 N H R A DRI TN, 1A
MZ HE 5 Hr 4RI  ALT . AST . UA \WBC . BUN I GGT 1§}y [/}
A EE AT IR s AR AR NS ALT . AST .GGT .WBC .BUN ,UA 1%/
FIRIEAE N PpAE 2 A £ [N 2 GEE A

FERI AFN 58 AR FEL A 5T IR 2 B 7K -4 F 52 %
S0 R G A MAE R IR, I S 45 RSk &
AR, AT RE 2T BE U7 A P 5 I 2K 1Y
Wesh o MAHEFER 2 8h SRR A, EORM & 5
X4 2R R IC % SR FH R T 8200 5 %9k GEE
TR N HE2 N B —BE T AF ) SEPR DBIL U &K 5
MS )5 R RN AR 53T, 38537 18 3] DBIL 7K
S i B[] 4 3l 285 AR Ak, B R oA L SE AN T i
DBIL 5MS KA HIK &

MS &M E R EEEREE . B
B HIBFSE & B, 075 EABLE R K5 MS kA
TAHIC, HZEWE AT IS SRR 5 MS
MR, 3P0 I 7 (DBIL ATIBIL) 5 MS (44
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