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Effect of liver enzymes on association between metabolically

healthy obesity and hyperuricemia in steelworkers

YU Miao', ZHANG Shengkui’, WANG Lihua', YUAN Juxiang'
(1 School of Public Health, North China University of Science and Technology,
Tangshan Hebei 063210, China; 2 School of Social Sciences,
Tsinghua University, Beijing 100084, China)

Abstract;  The association between MHO and HUA and whether liver enzyme abnormalities could modify
this association were studied. The cross-sectional study was conducted using 6,868 steelworkers in Hebei
Iron and Steel Company who participated in occupational medical examinations as the study population.
The data were analyzed using logistic regression models and interaction effect model. The results show
that, in a multiple adjusted logistic model, the risk of HUA is increased 2. 13—fold ( odds ratio (OR)=
2.13, 95% confidence interval ( CI). 1.08 —4.21) for metabolically healthy generalized obesity
(MHGO). The risk of HUA is increased 2. 25—fold (OR=2.25,95%CI; 1. 14-4.45) for metabolically
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healthy abdominal obesity (MHAO). In stratified analysis, in the group with elevated liver enzymes, the
prevalence of HUA in steelworkers with MHO( MHGO and MHAO) is significantly higher than that in the

group with normal liver enzymes, and the interaction between obesity phenotypes and liver enzyme levels

has a statistically significant effect on HUA (P<0.05). MHO is associated with a high prevalence of

HUA. Liver enzyme levels may alter the relationship between MHO and HUA.

Keywords steelworkers ;

liver enzymes;

(HUA);

0 3| &

155 PR R MLAE ( Hyperuricemia, HUA ) J2 2202 A 1
S GRS 20 K, T EL 5O R
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HUA R ITCiER A R EAL, R 2% HUA &
HARBERT B S G BRI HUA 0™ 53 A0k i
— N T R PR SR AR b Y i
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ETRZE 14, 0% 447, SEbR 12 3k B 5 74 07 [ R AH
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SR v s [ T 1 O R o 2 ) A [ Y PRI
T R BE A I o -4 HUA ROFE R N 2R BRBE s
B T g B4R i B ZE ML 2%, (R T A 24
fi e, AT A R AL 1 e SRR s 1T

A 5 SRR I A T e 2 A A, A AR
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WA FRE AU AE JBE ( Metabolically Healthy Obesity, MHO)
FARCIIASf B AL B ( Metabolically Unhealthy Obesity,
MUHO) (9I5| I 2 Il AN [v] A kA R 2 28 5.
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Transaminase , AST ) S 1EAHIC  py T, T it vf
AETE MHO 1 HUA (9G8R AE . AR D —
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FUUNEA MHO 4~ rh HUA (9 SRR

FHT, MHO X HUA f52mA475 A 5 UESE , i AN B
AR W fd R 4 B IE BE ( Metabolically Healthy
Generalized Obesity, MHGO ) oot i3] 2 K %) 15 74 AT JiE
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generalized obesity( GO) ; abdominal obesity( AO)
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#5 1 H [& [i5 ( High Density Lipoprotein Cholesterol ,
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33.1%, H.#% BMI Fll WC 23 25 i BB JBE 5 0 51 Ky
54. 3% 66. 5%,

£1 WMHEIANHUA BRSEMNBSTESH

Tab.1 Characteristic distribution of HUA disease groups of steelworkers

. N7 Ik HUA HUA
S P
n=6 868 n=4 595 n=2 273
22~29 334 (4.9) 187 (4.1) 147 (6.5)
30~39 1582 (23.0) 910 (19.8) 672 (29.6)
/% n/% 40~49 2757 (40.1) 1884 (41.0) 873 (38.4) < 0.001
50~ 60 2195 (32.0) 1614 (35.1) 581 (25.6)
e e LY 5305 (77.2) 3614 (79.2) 1 664 (73.2)
HRRE  n/% KEXL T 1563 (22.8) 954 (20.8) 609 (26.8) < 0.001
MA 2842 (41.4) 1975 (43.0) 867 (38.1)
WM, n/ % B 22 460 (6.7) 305 (6.6) 155 (6.8) < 0.001
e 3566 (51.9) 2315 (50.4) 1251 (55.1)
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T Bt 4 HUA HUA »
n="6 868 n=4 595 n=2273
MAS 3954 (57.5) 2709 (59.0) 1245 (54.8)
PRI n/ % B2 245 (3.6) 167 (3.6) 78 (3.4) 0. 002
PAE 2669 (38.9) 1719 (37.4) 950 (41.8)
1% 1247 (18.2) 785 (17.1) 462 (20.3)
IITE 8, n/ % wh 3447 (50.2) 2371 (51.6) 1076 (47.3) < 0.001
=3 2174 (31.6) 1439 (31.3) 735 (32.3)
75 3138 (45.7) 2395 (52.1) 743 (32.7)
GO,n/% < 0.001
P 3730 (54.3) 2200 (47.9) 1530 (67.3)
& 2302 (33.5) 1 746 (38.0) 556 (24.5)
AO,n/% = < 0.001
Pt 4566 (66.5) 2849 (62.0) 1717 (75.5)
& 1316 (19.2) 922 (20.1) 394 (17.3)
VPR, n/ % 0. 007
BIBHRAL n/% 2 5552 (80.8) 3673 (79.9) 1879 (82.7)
7 2595 (37.8 1783 (38.8 812 (35.7
MR EL, /% ( ) ( ) ( ) 0.013
2 4273 (62.2) 2812 (61.2) 1461 (64.3)
EE 3367 (49.0 2273 (49.5 1094 (48.1
W AR, /% - (8.9) Sk, (43.1) 0.297
= 3501 (51.0) 2322 (50.5) 1179 (51.9)
. Ein 3 481 (50.7 2412 (52.5 1 069 (47.0
R /% = (0.1) (52.5) (47.0) < 0.001
2 3 387 (49.3) 2183 (47.5) 1204 (53.0)
= 3952 (57.5 2 660 (57.9 1292 (56.8
CO 1Bl n/% = (57.5) (57.9) (36.8) 0. 408
2 2916 (42.5) 1935 (42.1) 981 (43.2)
AEWR/ % (X £S) 44.6+8. 1 45.5+7.8 42.9+8.3 < 0.001
DASH PF45, (X £5) 25.4%5.8 25.5+5.8 25.2+5.6 0.039
SBP/mmHg , ( X +S) 129.0+15.9 128.0+16. 0 130. 8+15. 6 < 0.001
DBP/mmHg , (X £5) 82.5+10.4 82.0+10.2 83.7+10.5 < 0.001
TC/(mmol - L"), (X +S) 5.1£1.0 5.1£0.9 5.2£1.0 < 0.001
TG/ (mmol -+ L") ,M (IQR) 1.3 (0.9-2.0) 1.2 (0.8-1.7) 1.6 (1.1-2.4) < 0.001
HDL-C/(mmol - L") , (X =S) 1.30.3 1.30.3 1.220.3 < 0.001
LDL-C/(mmol + L"), (X £5) 3.240.9 3.2+0.8 3.3£0.9 < 0.001
FBG/ (mmol - L") , (X £5) 6.1x1.3 6.1x1.5 6.0£1.0 < 0.001
ALT/(U - L™") M (IQR) 23 (17-31) 21 (16-28) 26 (20-37) < 0.001
AST/(U « L") ,M (IQR) 20 (17-23) 19 (17-22) 21 (18-25) < 0.001
GGT/(U - L") ,M (IQR) 26 (19-41) 24 (17-36) 32 (23-51) < 0.001

o AL BIAE B (Total Cholesterol , TC) 3 i % i Big 2 I L [# B ( Low Density Lipoprotein Cholesterin, LDL-C) ,

b B 4 E— 4G IE BFEE K, 45 R BoR, GO,

2.2 AEEHRERES HUA ZENXER
TEZ N Z Logistic [T H BIAL 1 RAZIE;
B 2 A IEARWS PR A 3 i P EZHFH
JE W IHEARDL DA AR B AR T35 Bl DASH 345 | 5]
B2 R AN bR S AN e (o AN = A R (S | O O
F 2 BERFFNMEHEIRXT HUA

sEAl)

Tab.2 Effect of obesity and metabolism indicators on HUA by logistic analysis

AO B I 55 TG A% HDL-C .2 MR i 5 % 4H 4y
3R T H 4y 4 DR EE 455 HUA &
g3 DRURSE 384 i AH O, BB JRE AN AR 8 38 B X HUA ) 52 1)
W2,

Ap i iR 1 A 2 A 3 A 4

o & 1. 00 1. 00 1.00 1. 00
i 2.24(2.02~2.49) | 2.14 (1.92~2.38) | 2.34 (1.90~2.89) 2.15 (1.74 ~2.66)

10 i 1.00 1.00 1.00 1. 00
2 1.89 (1.69 - 2.12) | 1.88 (1.68~2.11) | 2.35 (1.86~2.97) 2.15 (1.69~2.72)
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gFR2
A P B 2 i Y 4
BP 1.47(1.33~1.63) | 1.58 (1.42~1.76) | 1.57 (1.27~1.94) 1.49 (1.20~1.84)
PO 4 FBG 1.05 (0.95~1.17) | 1.12 (1.00~1.25) | 1.18 (0.94~1.48) 1.14 (0.91~1.43)
TG 2.59 (2.33~2.88) | 2.51 (2.26~2.80) | 2.62 (2.13 ~3.22) | 2.36 (1.91 ~2.92)
HDL-C | 1.66 (1.47~1.89) | 1.69 (1.48~1.92) | 1.36 (1.05~1.75) 1.31 (1.01~1.70)
0 1.00 1.00 1. 00 1.00
1 1.13 (0.94~1.37) | 0.93 (0.71~1.20) | 1.08 (0.73~1.59) 1.03 (0.70~1.52)
AR B 2 1.62 (1.35~1.95) | 1.25 (0.97~1.60) | 1.64 (1.12~2.40) 1.50 (1.03~2.21)
3 2.88 (2.37~3.50) | 1.41 (1.08~1.85) | 2.96 (1.98~4.43) 2.53 (1.68~3.81)
4 3.14 (2.43~4.07) | 1.68 (1.19~2.37) | 3.11 (1.87~5.19) 2.70 (1.61~4.52)

7 : il ( Blood Pressure, BP) ,

ASTEVAE k6 A0 ( BMI AT WC 2851 XF HUA (5%
M WL 3, BOERIRAE o 53 2 Mlnl, & 3 7]
ST AR B 4 B A Pk A0 A3 AN i B 4 B R b
HUA FE55 XURS: 34 AR 5C 5 A 5 1 28 A JR R A
AE R E AR E S5 HUA S50 XU B AR 56

RO PP RS | BHARTE Bl  DASH 1745 BIBEVE L |
B ARl MR RS VR | AR A CO AR Mk A i
KI5, BMI WC 5 HUA Ay BR 7k 57 05 4 45 A5 A2
wE L AE 2 pras, B E T FE 2 BT BMI(P<
0.05)/WC(P<0.001) 5 HUA 777 AE 2 M7 = -

TEAZIE BMI WG AR P50 | 280R P I AR
®3 TREEHREX HUA BT
Tab.3 Effects of different obesity phenotypes on HUA

}ima‘é/ Ao

. ‘ OR (95% CI){H
e St B 1 R 2 T H 4
MHNGO 105 (18.1) 1. 00 1.00 1. 00 1. 00
BMI | MUNGO 638 (24.9) 1.50(1.20~1.90) | 1.67 (1.32~2.11) | 1.40 (0.87~2.27) | 1.28 (0.79~2.08)
Ak MHGO 88 (35.3) 2.47 (1.77~3.46) | 2.36 (1.68~3.32) |2.41 (1.23~4.73) | 2.13 (1.08~4.21)
MUGO 1442 (41.4) 3.20 (2.56~3.99) | 3.37(2.69~4.24) |3.18 (1.99 ~5.06) | 2.70 (1.69~4.32)
MHNAO 91/456 (20.0) 1.00 1.00 1.00 1.00
WC | MUNAO | 465/1 846 (26.9) |1.35 (1.05~1.74) | 1.45 (1.12~1.87) | 1.50 (0.85~2.63) | 1.38 (0.79~2.42)
Ak MHAO 102/373 (27.4) 1.51 (1.09~3.19) | 1.44(1.03~2.00) |2.46 (1.25~4.85) | 2.25 (1.14~4.45)
MUAO |1615/4 193 (38.5)(2.51 (1.98~3.19) | 2.70(2.11~3.45) |3.38 (1.98~5.78) | 2.87 (1.68~4.93)
M gt 301 s
95%CI T BR / flivHE
231 95%CLERR / a5l DNCIFR s
oo 95%CI LR /

18 20 22 24 26 28 30 32 34 36
BMI/(kg-m?)

B 1 BMI 5 HUA HJR &1 3 75 B S B
Fig.1 BMI and odds of HUA from RCS models

2.3 HEEXAREMERE S HUA XRE=00

JFF Tt X6 AN [ HE P 26 B 55 HUA 5 & /9 82 i DL
F 4, WRIGIFREH OO, TR IER (2 5+,

A y

llOO 11(.) .120 l 13.0
WC/ecm
2 WC 5 HUA BIBR B FHEKEER

Fig.2 WC and odds of HUA from RCS models

70 80 90

MUGO( OR =2.41,95%CI. 1. 15~5.04) 5 HUA
o5 XU I OG T S 3 2 5 35 b AR IR 4
AR fE (MHGO: OR =3.52,95%CI.1.05~ 11. 81) .
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FRUFAS il FE 4 5 B B ( MUGO; OR = 2. 50, 95% CI ;
1.35~ 4.63) A5 f 52 18 24 A8 B ( MHAO: OR =
2.50,95%CI;1.02 ~6.17) AR AS fidt 5 7 79 AL
(MUAO:OR=3.14,95%CI:1.47~6.72) 5 HUA
o5 ARG INAR DG AN ] A Jik 6 280 45 1 /K P17 AR 8
HAEH,

R WibRifE 7325 I IE 5 S 55 R
AEEE 4 B (MUGO: OR =2. 10,95%CI; 1. 29 ~

3. 43) FAR A {6 78 Bk ( MUAO : OR = 2. 19,
95%CI:1.26~3.82) 5 HUA % XU 384 fin#H ¢ ; T
fiti 525 12 5 & b, AR 4 B R Bk (MHGO .
OR=2.19,95%Cl.1.51~3.19) fC A a4 e
JBE(MUGO: OR =2.92,95%CI.2.28 ~ 3. 74) FI{ 5
A e i AR JE ( MUAO ; OR = 1. 93,95%CI: 1. 13 ~
3.37) 5 HUA B9 U 3 AR G, AN [ JIE i 3R 1
5B A BAEH

*4 HEXNAFEEMRES HUA XRHFN
Tab.4 Effect of liver enzyme levels on relationship between obesity phenotypes and HUA

e e N L P ____ Ay P
A [ET TERE e

MHNGO 1. 00 1. 00 1. 00 1. 00

BMI MUNGO | 1.04 (0.49~2.20) 1.30 (0.69~2.46) 0.96 (0.58~1.59) | 1.06 (0.65~1.74)

% [MIGO | 1.80 (0.79~4.14) | 3.52 (Los~11.81) | % o1 (0.87-4.19) | 2.19 (1.51-3.19) | <!
MUGO 2.41 (1.15~5.04) 2.50 (1.35~4.63) 2.10 (1.29~3.43) [ 2.92 (2.28~3.74)
MHNAO 1. 00 1. 00 1. 00 1. 00

WC MUNAO |0.65 (0.28~1.51) 1.78 (0.81~3.92) 1.03 (0.57~1.85) | 1.09 (0.54~2.17)

2% [ MHAO | 157 (0.51-4.85) | 2.50 (1.02-6.17) | <% 15 00 (0.96-4.27) | 1.33 (0.56~3.17) | <> %!
MUAO 2.01 (0.95~4.27) 3.14 (1.47~6.72) 2.19 (1.26~3.82) | 1.93 (1.13~3.37)

TE BRI IE T AR M) SCHCRRRE AR AL IR B A T35 3l (DASH P43 (EIBEAE L B A2l s ARl | i i

TEALA CO ARl 3 FRARE TR T AL B2 5 - BRI TS 3 12 T 43 4

3 MHO 5 HUA BBt M5 #r

TEIE T O s Ol AR (g R Ol BA B4 58 )
(R 2k TN N B ik 2 9 B F 5% o, MHO A 1 AR
HUA 9 AU @ 3534 in ., BbAk, GO A3 8R &l ST F AR
ANE R LA ) HUA BN R R, P KT
s MHO 5 HUA Z [ 56 % ,MHGO \MHAO %}
HUA 1) JRURS: R0 0 £ JHF 6 T v ) A v B8 S B 8,
SIRTIRGESE S — 3, MHO 5 HUA [ fE7F i &
S A BMI/WC 5 HUA Z [ fE7E AR 1k
R3] S R R R

JHFTi /KO- 7T BE AR HE 2 A0 55 HUA 22 J] /) 56
Z ,MHGO ,MHAO %F HUA ) X[ 5 i 78 BT Bt 7 =
M NTER T I, DAFEAR S R . o K - 5
135 PRI K FAHSE . MOLLA 452 (14 A W7 T AFF 5 G
ET 410 44 o I [ AR AN ILRAEAS , & B ALT
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