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Bilirubin has an anti-inflammatory effect as an endogenous antioxidant and has been reported to
be inversely correlated with hypertension, diabetes, metabolic syndrome, and insulin resistance.
On the other hand, there is a lack of research evaluating the association between bilirubin and
metabolic syndrome compared to liver-specific indicators. This study examined the association
between the total bilirubin and metabolic syndrome prevalence in Korean adults who underwent
health screening compared to ALT and GGT. This cross sectional study included 22,568 adult males
and females aged 20 years or older who underwent a health examination at the General Hospital of
Gyeonggi Province from March 2015 to February 2018. Metabolic syndrome was diagnosed based
on the American Heart Association/National Heart, Lung, and Blood Institute (AHA/NHLBI)
guidelines. In both genders, the metabolic syndrome diagnosed group had higher liver enzymes,
and the total bilirubin and direct bilirubin were lower than those without the metabolic syndrome
risk factors. The serum total bilirubin showed a weak inverse correlation with abdominal obesity (/=

—0.066 vs =—0.055) and triglyceride (/=—0.127 vs ~=—0.136) in both males and females, which
is weaker than ALT and GGT The data were statistically significant. In addition, total bilirubin as well
as ALT and GGT in both men and women were not predictors of the likelihood of developing

metabolic syndrome.
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oy okEX 5o I A= ARHA 3F B 9
3 ARl O, o] A= A7 A4 TEHE 71T
2] 93] (institutional review board, IRB)2] 41215 7|4
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At A= AARAS T A 3 AlSS Inbody 720
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Table 1. Clinical characteristics of men and women according to metabolic syndrome status

Men (N=13,773)

Women (N=8,795)

Variables MetS Non-MetS FPvalue MetS Non-MetS FPvalue
(N=1,599) (N=12,174) (N=601) (N=8,194)

Age (years) 48.87+10.99 45.29+10.89 <0.001 56.36+11.62 4399+11.10 <0.001
Height (cm) 171.51+£6.40 171.44+6.37 0.691 155.72+6.00 158.99+5.86 <0.001
Weight (kg) 81.42+11.00 71.40+£9.60 <0.001 65.55+9.23 56.04+7.59 <0.001
BMI (kg/mz) 27.63+2.92 24.26+2.75 <0.001 27.01x3.04 22.20+£3.00 <0.001
WC (cm) 92.20+6.67 82.59+7.06 <0.001 84.89+6.58 72.02+7.37 <0.001
SBP (mmHg) 123.55+14.71 111.28+£12.08 <0.001 122.42+17.34 103.11%£13.03 <0.001
DBP (mmHg) 80.46+10.55 71.98+9.36 <0.001 77.46+10.95 65.87£9.23 <0.001
TC (mg/dL) 199.98+36.88 194.69+33.63 <0.001 203.95+37.17 188.23+£33.04 <0.001
TG (mg/dL) 241.68+117.48 131.91+£83.41 <0.001 189.11+£91.77 83.09+44.89 <0.001
HDL-C (mg/dL) 43.70%£10.38 53.09+11.82 <0.001 46.52+9.69 63.55+13.05 <0.001
LDL-C (mg/dL) 123.36+33.31 121.97+30.28 0.113 130.75+33.48 111.37+£29.94 <0.001
Glucose (mg/dL) 110.19+£30.87 90.03+16.98 <0.001 106.35+28.56 85.56+11.48 <0.001
HbA1c (%) 6.24+1.15 6.24+1.15 <0.001 6.28%+1.10 5.45+0.47 <0.001
Insulin (uU/mL) 7.77%£3.98 4.80+2.94 <0.001 7.45+3.99 4.23+2.48 <0.001
Uric acid (mg/dL) 6.33+1.46 6.01+1.25 <0.001 4.82+1.16 4.16+0.92 <0.001
hs-CRP (mg/dL) 0.21+£0.49 0.16+0.46 <0.001 0.20£0.25 0.11+0.31 <0.001
AST (IU/L) 34.48+20.48 28.20+£25.09 <0.001 28.22+20.74 22.33+12.66 <0.001
ALT (IU/L) 42.96+28.19 29.48+29.23 <0.001 27.82+30.13 17.13+13.38 <0.001
GGT (IU/L) 77.25+74.35 48.07+57.61 <0.001 32.15+£48.86 19.83+18.89 <0.001
T-Bil (mg/dL) 1.03+0.38 1.12+0.46 <0.001 0.83%x0.32 0.88+0.33 0.001
D-Bil (mg/dL) 0.18+0.07 0.20+£0.08 <0.001 0.14+0.05 0.15+0.06 <0.001

Values are presented as means=standard deviations.

Abbreviations: MetS, metabolic syndrome; BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic
blood pressure; TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein
cholesterol; HbA1c, hemoglobin Alc; hs—-CRP, high sensitivity C-reactive protein; AST, aspartate aminotransferase; ALT, alanine
aminotransferase; GGT, gamma-glutamyl transferase; T-Bil, total bilirubin; D-Bil, direct bilirubin.
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Table 2. Characteristics of study subjects based on serum bilirubin quartile categories men
. 1st quartile 2nd quartile 3rd quartile 4th quartile
T-Bil (ms/dL) (<0.82) (0.82~1.01) (1.02~1.29) (>1.30) Frvalue
MetS (N=1,599) 382 (11.1) 408 (11.6) 414 (11.8) 395 (11.9) 0.756
Abdominal obesity (N=2,868) 684 (19.9) 776 (22.1) 716 (20.3) 692 (20.9) 0.126
High fasting glucose (N=2,458) 594 (17.3) 625 (17.8) 624 (17.7) 615 (18.6) 0.581
Low HDL-C (N=1,819) 433 (12.6) 476 (13.6) 478 (13.6) 432 (13.1) 0.593
High TG (N=4,890) 1,179 (34.4) 1,264 (36.0) 1,254 (35.6) 1,193 (36.1) 0.418
High BP (N=2,350) 596 (17.4) 590 (16.8) 600 (17.0) 564 (17.0) 0.943
ALT (IU/L) (<18) (18~24) (25~35) (=36) P-value
MetS (N=1,599) 365 (11.0) 427 (12.8) 410 (11.4) 397 (11.2) 0.090
Abdominal obesity (N=2,868) 678 (20.5) 738 (22.1) 733 (20.5) 719 (20.3) 0.195
High fasting glucose (N=2,458) 596 (18.0) 593 (17.8) 647 (18.1) 622 (17.5) 0.936
Low HDL-C (N=1,819) 432 (13.1) 479 (14.4) 478 (13.3) 430 (12.1) 0.052
High TG (N=4,890) 1,178 (35.6) 1,235 (37.1) 1,254 (35.0) 1,223 (34.5) 0.136
High BP (N=2,350) 567 (17.1) 544 (16.3) 623 (17.4) 616 (17.4) 0.614
GGT (IU/L) (<23) (23~34) (35~57) (=58) P-value
MetS (N=1,599) 343 (11.5) 465 (11.9) 406 (11.8) 385 (11.2) 0.770
Abdominal obesity (N=2,868) 648 (21.7) 797 (20.4) 705 (20.5) 718 (20.8) 0.567
High fasting glucose (N=2,458) 539 (18.1) 688 (17.6) 632 (18.4) 599 (17.4) 0.692
Low HDL-C (N=1,819) 401 (13.4) 505 (12.9) 488 (14.2) 425 (12.3) 0.128
High TG (N=4,890) 1,098 (36.8) 1,370 (35.0) 1,226 (35.7) 1,196 (34.7) 0.332
High BP (N=2,350) 486 (16.3) 697 (17.8) 571 (16.6) 596 (17.3) 0.316

Data are expressed as number of subjects (%).

Abbreviations: T-Bil, total bilirubin; MetS, metabolic syndrome; HDL-C, high density lipoprotein cholesterol; TG, triglyceride; BP, blood
pressure; ALT, alanine aminotransferase; GGT, gamma-glutamy!l transferase.
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Table 3. Characteristics of study subjects based on serum bilirubin quartile categories women

- 1% quartile 2" quartile 3 quartile 4™ quartile
T-Bil (mg/dL) (<0.64) (0.65~0.79) (0.80~1.00) (>1.01) Frvalue
MetS (N=601) 123 (6.3) 141 (6.6) 148 (6.4) 189 (7.9) 0.120
Abdominal obesity (N=1,701) 355 (18.1) 430 (20.2) 424 (18.4) 492 (20.5) 0.103
High fasting glucose (N=739) 165 (8.4) 172 (8.1) 181 (7.9) 221 (9.2) 0.357
Low HDL-C (N=1,594) 352 (18.0) 389 (18.2) 386 (16.8) 467 (19.5) 0.120
High TG (N=994) 213 (10.9) 231 (10.8) 243 (10.6) 307 (12.8) 0.058
High BP (N=746) 183 (9.3) 162 (7.6) 175 (7.6) 226 (9.4) 0.029
ALT (IU/L) (<11) (11~13) (14~19) (=20) P-value
MetS (N=601) 126 (6.3) 182 (8.5) 152 (6.6) 141 (6.0) 0.005
Abdominal obesity (N=1,701) 379 (19.1) 452 (21.1) 450 (19.5) 420 (17.8) 0.053
High fasting glucose (N=739) 159 (8.0) 207 (9.6) 188 (8.1) 185 (7.9) 0.120
Low HDL-C (N=1,594) 359 (18.1) 402 (18.7) 429 (18.6) 4.4 (17.1) 0.494
High TG (N=994) 205 (10.3) 252 (11.7) 280 (12.1) 257 (10.9) 0.232
High BP (N=746) 178 (9.0) 216 (10.1) 162 (7.0) 190 (8.1) 0.002
GGT (IU/L) (<12) (12~15) (16~21) (=22) P-value
MetS (N=601) 127 (7.2) 172 (6.8) 166 (7.5) 136 (5.9) 0.189
Abdominal obesity (N=1,701) 341 (19.4) 503 (19.8) 420 (19.0) 437 (19.1) 0.872
High fasting glucose (N=739) 157 (8.9) 216 (8.5) 181 (8.2) 185 (8.1) 0.766
Low HDL-C (N=1,594) 305 (17.4) 457 (18.0) 431 (19.4) 401 (17.5) 0.276
High TG (N=994) 194 (11.0) 301 (11.9) 258 (11.6) 241 (10.5) 0.469
High BP (N=746) 159 (9.0) 237 (9.3) 173 (7.8) 177 (7.7) 0.106
Data are expressed as number of subjects (%).
Abbreviations: See Table 2.
Table 4. Age adjusted correlations between bilirubin and metabolic components in men and women
Men Women
Parameters
T-Bil ALT GGT T-Bil ALT GGT
WC (cm) —0.066** 0.237** 0.174** —0.055** 0.183** 0.150**
SBP (mmHg) —0.002 0.088** 0.118** —0.004 0.070** 0.073**
DBP (mmHg) 0.013 0.088** 0.119** 0.001 0.064** 0.073**
TC (mg/dL) —0.026* 0.110** 0.148** 0.019 —0.079** 0.101**
TG (mg/dL) —0.127** 0.173** 0.267** —0.136** 0.105** 0.170**
HDL-C (mg/dL) 0.087** —0.126** 0.042** 0.103** —0.079** —0.017
LDL-C (mg/dL) —0.015 0.100** 0.046** 0.002 0.062** 0.068**
Glucose (mg/dL) —0.045** 0.101** 0.185** —0.012 0.110* 0.137**
*P<0.05.
**Pp<0.001.
Abbreviations: See Table 1.
A JERITHP<0.001). o3 A410) A9 ARETE TA QA7 2 T 8472709 ERTFAITFGGT7H 7] Yepdeh<
QU R AEEE FALAT N, 20,3 24 % 0.001) (Figure 2, 3). o1 49) A9 IS EE T4 a.40] A%
Hlg]F8]o] Wk (P<0.001) (Figure 1). AR S A48 7} 57FeRE vlFoto] ALT7FA5oHA e 2<0.001) (Figure
0] 7)ol H2 ALTSF GGTE) Mol S vl st ATk el 3 2), obollA] GGT: thARS S P4 A4} gl ack ot
§-ALT9F GGT B ARt A8 A7 gle E T AL S35t 284710, 270, 370, 470 ool ol A =7 vet
ST FARLTF N, 20,370, 470 oI RS AITHGGT SO, tiAES S TR A7 )] FRI RS E 74
haskon, SR TR 1 FROAEET 847127, 370, 470 o1l o] GGTH stk 3 Al
FHRATF 2N, 370, 470 oV Ol ALTS GGT/H i), S P47k 47] ol & AkE S 14 847} 271,
E3F ARSIt QAT 3L A ol S tARES 3791 SR T GGT7H Al UERATEHP<0.001) (Figure 3).
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Figure 1. Differences in T-Bil according to the components of
metabolic syndrome. a: significantly different from the without
MetS components, b: significantly different from one components
of the MetS, ¢ significantly different from two components of the
MetS, d: significantly different from three components of the MetS.
Abbreviations: See Table 2.
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Figure 2. Differences in ALT according to the components of
metabolic syndrome. a: significantly different from the without
MetS components, b: significantly different from one components
of the MetS, c: significantly different from two components of the
MetS, d: significantly different from three components of the MetS.
Abbreviations: See Table 2.
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Figure 3. Differences in GGT according to the components of
metabolic syndrome. a: significantly different from the without
MetS components, b: significantly different from one components
of the MetS, c: significantly different from two components of the
MetS, d: significantly different from three components of the MetS.
Abbreviations: See Table 2.
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Table 5. Odds ratio for metabolic syndrome according to T-Bil, ALT and GGT quartile

Men 1st quartile 2nd quartile 3rd quartile 4th quartile

T-Bil (mg/dL)

No adjusted 1 0.925 (0.797~1.075) 0.973 (0.839~1.127) 0.985 (0.850~1.141)

Model 1 1 0.935 (0.805~1.087) 0.896 (0.851~1.144) 0.983 (0.848~1.140)
ALT (IU/D)

No adjusted 1 0.972 (0.818~1.155) 1.149 (0.981~1.346) 1.014 (0.872~1.180)

Model 1 1 0.984 (0.827~1.170) 1.161 (0.990~1.361) 1.016 (0.873~1.184)
GGT (IU/D)

No adjusted 1 1.032 (0.887~1.200) 1.028 (0.874~1.209) 0.980 (0.821~1.169)
Model 1 1 1.033 (0.887~1.203) 1.026 (0.872~1.207) 0.973 (0.815~1.162)
Women 1st quartile 2nd quartile 3rd quartile 4th quartile

T-Bil (mg/dL)
No adjusted 1 0.785 (0.620~0.994) 0.832 (0.663~1.043) 0.809 (0.647~1.011)
Model 1 1 0.811 (0.633~1.038) 0.870 (0.686~1.104) 0.829 (0.655~1.048)
ALT (IU/L)
No adjusted 1 1.015 (0.769~1.340) 1.041 (1.094~1.796) 1.078 (0.844~1.375)
Model 1 1 0.946 (0.707 ~1.266) 1.379 (1.063~1.789) 1.049 (0.813~1.353)
GGT (IU/V)
No adjusted 1 0.921 (0.723~1.174) 1.055 (0.820~1.358) 0.871 (0.657~1.155)
Model 1 1 0.897 (0.695~1.157) 1.036 (0.794~1.352) 0.831 (0.618~1.119)
Adjusted odds ratios for age.
Model 1 was adjusted for age.
Abbreviations: See Table 1.
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