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Correlation between serum manganese and non-alcoholic fatty liver disease
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Abstract: Objective To investigate the relationship between serum manganese (Mn) levels and non-alcoholic fatty
liver disease (NAFLD) in individuals of different genders. Methods Participants aged 18 years or older from the
National Health and Nutrition Examination Survey ( NHANES) database between 2017 and 2018 were selected,
excluding those who lacked ultrasonic liver transient elastography data, serum Mn data, and individuals with hepatitis B,
hepatitis C, or significant alcohol consumption. The included population (n =4 294) was divided into NAFLD group
(n=2708) and the non-NAFLD group (n=1 586) according to whether participant had NAFLD or not. Serum Mn
levels were quantitatively measured by inductively coupled plasma dynamic reaction cell mass spectrometry. Age,
gender, race, marital status, education, family income-to-poverty ratio (FMPIR) , body mass index (BMI) , smoking,
alcohol consumption, diabetes, hypertension, hyperlipidemia, and serum Mn levels were compared between the two
groups. Continuous variables were compared by i-tests or Wilcoxon rank-sum tests, while categorical variables were

compared by chi-square tests. Males and females were respectively divided into four groups (Q1-Q4) according to their
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Mn levels by quartile method. Multivariate logistic regression, restricted cubic spline regression analysis, interaction,
and subgroup analysis were performed to explore the risk association between serum Mn and NAFLD in different genders.
Results Serum Mn level in the NAFLD group was significantly higher than that in the non-NAFLD group[ 9.06 (7.25,
11.38) we/L vs 9.33 (7.54, 11.52) wg/L, Z=2.815, P=0.005]. After adjusting for age, race, education, marital
status, FMPIR, BMI, smoking, alcohol consumption, diabetes mellitus, hypertension and hyperlipidemia as covariates,
male participants in the serum Mn Q3 group (OR=1.575; 95%CI. 1.193-2.087) and female participants in the serum
Mn Q4 group (OR=1.725; 95% CI. 1.313-2.269) had significantly increased risks of developing NAFLD when
compared to those in the Q1 group (P<0.01). There was a significant positive dose-response relationship between serum
Mn and the risk of NAFLD for both males and females (P<0.01), with a nonlinear relationship for males (P, ;.. <
0.01) and a linear relationship for females (P, ;... =0.818). Significant interactions were observed between serum Mn
and race in males, and between serum Mn and hypertension in females. Conclusion Serum Mn levels in both males
and females are significantly associated with the risk of NAFLD.

Keywords: Serum manganese; Non-alcoholic fatty liver disease; Transient elastography of liver; Body mass index;
Hypertension; Race; Gender
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RS T BB 5 AT (non-alcoholic fatty liver disease,
NAFLD) J2: 45 BRNERT I HAL AR A0 R 28 B ey
Joi A8 FATEIF/ N, LR T8 4 AT A0 A R v M s s 2
FRG WA AR HE A I AR ERLE A E o H A
AT A= A, NAFLD 19 42 3K A8k 58 0y 25.24% , J2 42
BRIECH WS MERTRG o B A T KRB, AT
TRE RIS 7 R FROR A0 i O IE N 1T H £ 3
i, $1-3 2030 4= NAFLD S5 614 By 2015 4E 11 8 310
JI RN 219% 3% 51 1.009 42651, #5F NAFLD 54l A
MW AT D N AT Ak ARG FAT A

B (Mn) J2—FA R CR , nll L H 18 ik
AHUA 25 S A0 i K AL & 8 e 2R
Mn 5= %2 17 53 1 IR R0 A S0 B b 19 TR 1 AR
(ROS) , J& 8 A AL WAL (Mn-SOD ) il /2 b A4 4
AR 7 B B B 53, 5 Min-SOD 2R AHE [ 70356 4 4
K SOD2 BEIH CATT Z 751 & NAFLD i 2 24k
(ol 7 fE R N L Bk NAFLD 19 & i AL % R
B, (H b ROS 197 A A8 A0 LI L 58 0 11 117 7R
RS i %F NAFLD () % G 7o ifL vl g 7k
- Min & m] e A 38 5 g DT AR 2R L 7 A i R R
FEHL AL MOR 58 i K Ak NAFLD poysd 72, b
AR A& JE, &R J H & mE, 2
A UE B 6 B A A g )R R
NAFLD W EAH0C, % B AT JoF X NAFLD “&2 4>
ARIRTT 258 B 42 8 Mn 5 NAFLD R4
KAEWFFEHD 5 M3 Mn 7K 7655 A0 2 1 h A7 A
W25 PRI Mn KB R T B AHE
FEXF BVEFNLCAE I3 BT 04, B TEARTIAS [P 531 1

1 Mn 5 NAFLD 5 i i KURS: B AH S, AN [ £
J& T it NAFLD JfifLiil , #8% NAFLD & e ) A= b
B, DUELEA AR K L ] 51 75 SR s

1 XW&5FF

L1 #Fsd o SCIm [ 5 fa e A IR A 2 0 &
(NHANES) & — T Al 58 =\ 177 et B 1 Tk 4 1
BT8P AR — R I A R o e 2
BRI HGETT 8l AT T UL B AR TR AR
FR L BB I R A E RO 4 (https < //www. ede.
gov/nchs/nhanes/ ) , 1ZMWF5T 01 H $45 3¢ F B K T4
Geit LW SEAR B A8 25 01 23 4ttiE (NCHS IRB/ERB
P g5 : Continuation of Protocol#2011-17 ; Protocol #
2018-01) , Frf i Ar x84t T B A R 2. e
AHFFE T, PEH NHANES 2017 % 2018 4E404 . AhA
P =18 ZMTENZ 5 (n=5856) . HEERIRHE:
(1) ff = 0 P I I 58P il A5 B H (= 253) 5
(2) A CERFRETEIT R (ZHT) N B BE PRI R
(N (n=85); (3) kil 3 19 AR (551> 30
g/d PE>20 g/d) (n=478) ;(4) Gtz HE K %45
PRUNN AR AR ol (ALT) (R RMR AL o il
(AST) (n=489);(5) H=IfiH Mn Fd (n=257)
BRI 4 294 B ZXE WA T

1.2 NAFLD #93f4%  JHHE R BRI vk U oA o2
—Fh WL TE AN A NAFLD fi4 T B, BA % i it
TR S, CLH 358 ARE R0 NAFLD™
ZAEENSAL(CAP ) X NAFLD A5 i) A 58 4 7] 5 )1
TR (AhsifE) A EG, L CAP =238 db/m, [AlHERR AT



FEIGRIFSY 2024 4F 6 H 45 37 %5 6 ] Chin J Clin Res, June 2024, Vol.37, No.6

- 903 -

SR B S PR I SR o bk 2 i A (5
PE>30 g/d ZotE>20 o/ d) Bz ky NAFLD
1.3 i Mn AT I 74 Mn & 76 B R A5 fE R
O PR A R} 2% S 00 =5 45 JR 32 1) BT f 9 o R ) 7
o LSO 1525 B T A B0 25 I 7 4 D B3 43 A S
B ERSAT, AL Mo B 4~
15 pg/LU7 ARBFSE I 3% Mn (9K HBR A 0.990 pe/L,
ARG TG 0 R %) 1 ol 4 oA G T PR R A2
L4 it F ik R RA2.2 BTGt
Bro Mo Ai AT s BERER I M(Pys, Prs) R, I
BRI Wilicoxon AR o 43 ISHERER (% ) 2
7R HLA] LR X KB, R 22738 R R 3K logistic
BERIRDF I Mn /K5 NAFLD YOG R . KB
LI Mn 7R3 A % 2278 A 28 A8 it (ARl U
LR VA B — Ui B 275 ) IR 3
AMEIY ) FUAR L (OR) FIAH R (4 95% CL, (ERLTY 1
FRR AR B TEARY 2 R AR R HE U
HRPIRIE S BEICA A5 #2 IR L HE{E ( FMPIR) | B 44 R
RAC(BMI) G4t N1 24748 BN 3 R 2 [ 3
Tt 1 IR WA ERT W PR | e I R A I A DG
RN R AR 5 FH BR il = A 2k Il ) 43, LUK
B3 IY% Mn 5 NAFLD 275 f77E AR 2 OCHK , 7 n] 41
Wi Z [~ N G FR o BEAk, 7621 43 A vh
TR 2 My O DLAE IS R B S R A
FMPIR AR RS W DR 150 IR 5 A I 432,
TERSLTRY H g A\ TRy 38 701 F 4l FEALL AR HE A 56 S A6
B H AR FIAETE S5 45, LG I L7 Mn 5 NAFLD
KREAHEM2ZE R, P<0.05 HEFHS 25 L,

2 #F R

2.1 B R —MA TR KRR R
WF5E X5 4t 4 294 5], NAFLD 41 2 708 {5i],non-NAFLD
2 1 586 fi], NAFLD 2H 5 non-NAFLD ZH4E{S E5H .
G HOE USROG  FMPIR 45 TR 47 5K 15 R 5
R (HOMA-IR) | Rl (WC) | =Bt H i (TG ) |
ALT (AST y-#F 2 Bk 41 ( GGT) (=5 IR I (GLU ) |
C-R W& (CRP) MifLIMZI & (HbAle) \CAP 5%
JERR A I [E B (HDL-C) OB PR | 5 I 55 B IR
A, 22 A Geit 5 L (P<0.05) . 5 non-NAFLD
ZHAHEL ,NAFLD 411i07% Mn K05, Rk =60 %5 5
P B EEEEN BB AR LT A
JHRT 100 S | 2450 ORI FRAR AR 7E— 2 . 1.30 <
FMPIR<3.50 BMI =30 %} . 8 &, SBP .DBP .HOMA-
IR \WC TG .ALT ,AST .GGT .GLU ,CRP .HbAlc ,CAP ffi

=5 HDLC ik, NAFLD 21 58 {1 S A M PR s 3% s 1l
JE BEIRIMAE 9 A, 22 ¥ B S it 243 L (P<
0.01, W1,

R1 WO GREEARHE

Tab. 1 Basic characteristics of research objects
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WC(em)® 87.20 (78.70, 96.80) 104.20 (95.10,115.70) 33.555 <0.001
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Tab. 2 Logistic analysis of serum Mn and NAFLD in male

1 R 1 R 2 R 3

OR(95%CI) Pl OR(95%CI) P K OR(95%CI) P K
Mn 1.252(1.097,1.429) 0.001 1.177(1.020,1.358) 0.026 1.189(1.028~1.375) 0.020
Q14 1.000 — 1.000 — 1.000 —_—
Q2 4 1.468 (1.164, 1.854) 0.001 1.374 (1.074, 1.759) 0.012 1.407 (1.097~1.807) 0.007
Q3 41 1.714 (1.325, 2.227) <0.001 1.573 (1.196, 2.076) 0.002 1.575 (1.193~2.087) 0.001
Q4 41 1.325 (0.995, 1.772) 0.056 1.159 (0.851, 1.585) 0.352 1.180 (0.861~1.624) 0.306

£ 3 I Mn 5 NAFLD /) logistic 4341
Tab. 3 Logistic analysis of serum Mn and NAFLD in female

415 B 1 FROR 2 R 3

OR(95%CI) Pl OR(95%CI) P i OR(95%CI) P{H
Mn 1.129(1.018, 1.252) 0.022 1.266(1.128, 1.421) <0.001 1.324(1.176~1.491) <0.001
Ql 4 1.000 — 1.000 — 1.000 —
Q2 41 1.147 (0.903, 1.458) 0.261 1.243 (0.964, 1.603) 0.094 1.306 (1.006~1.696) 0.045
Q3 4 1.172 (0.922, 1.490) 0.195 1.367 (1.057, 1.769) 0.017 1.444 (1.109~1.882) 0.006
Q4 4 1.254 (0.986, 1.595) 0.065 1.563 (1.198, 2.040) 0.001 1.725 (1.313~2.269) <0.001
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Fig. 2 Dose-response relationship between

serum Mn and NAFLD in female

Fig. 1 Dose-response relationship between
serum Mn and NAFLD in male
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Tab. 4 Subgroup analysis of serum Mn and NAFLD in male

FEIE OR(95%CI) P14
R

YRR E A 1.450(0.950~2.215) 0.085

Hofth 0.916(0.730~1.151) 0.453

JERTEEAA 1.119(0.903~1.387) 0.303

R TR A 1.529(1.164~2.008) 0.002
HE

EHUT 1.703(1.233~2.351) 0.001

Bep 1.122(0.876~1.439) 0.362

KL L2 1.052(0.879~1.261) 0.579
TS WAAR

LS/ SRR 1.158(0.971~1.381) 0.102

MR 4533 1S 1.107(0.858~1.429) 0.435

(/B S/ 43 1.295(0.917~1.828) 0.142
AEHE

18~39 % 1.087(0.878~1.345) 0.444

40~60 % 1.193(0.901~1.579) 0.218

60 % L I 1.219(0.977~1.520) 0.079
FMPIR

<1.30 1.308(1.025~1.670) 0.031

1.30<FMPIR<3.50 1.114(0.897~1.383) 0.328

=3.50 1.149(0.909 ~ 1.453) 0.245
BMI

<25 kg/m? 1.146(0.986~1.332) 0.076

=30 kg/m? 1.136(0.987~1.308) 0.075

25~ <30 kg/m> 1.143(0.986~1.324) 0.076
— A KR

<100 % 1.144(0.957~1.367) 0.140

=100 3% 1.173(0.972~1.416) 0.096
L eli]

2 1.181(1.032~1.351) 0.016

& 0.850(0.510~1.416) 0.533
Wi bR

52 1.238(0.810~1.891) 0.323

N 1.151(1.002~1.322) 0.046
L

2 1.197(0.785~1.824) 0.404

75 1.167(1.015~1.342) 0.030
TR g e

2 0.776(0.498~1.211) 0.264

75 1.211(1.054~1.391) 0.007
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Tab. 5 Subgroup analysis of serum MN and NAFLD in female

HFE OR(95%CI) Py
i

BIEELEA 1.232(0.856~1.774) 0.261

Hof 1.657(1.285~2.138) <0.001

PR THEEA 1.198(0.989~1.451) 0.065

R THEA 1.239(0.999~1.537) 0.052
HE

R 1.565(1.121~2.184) 0.009

Erh 1.330(1.129~1.566) 0.052

KEBL EH 1.330(1.129~1.566) 0.001
P INYA

B/ 5 PEAR [ 1.465(1.225~1.753) <0.001

MOV AT 25 3 1S 1.519(1.140~2.023) 0.004

e/ B IS/ TR 1.056(0.843~1.323) 0.633
AR

18~39 ¥ 1.810( 1.444~2.268) <0.001

40~60 % 1.093(0.874~1.368) 0.436

60 % L) I 1.174(0.950~1.451) 0.137
FMPIR

<1.3 1.399(1.119~1.748) 0.003

1.3<FMPIR<3.5 1.368(1.113~1.682) 0.003

=3.5 1.271(1.000~1.615) 0.050
BMI

<25 kg/m? 1.306(0.999~1.539) 0.052

=30 kg/m’ 1.266(1.106~1.449) 0.001

25~ <30 kg/m? 1.278(1.110~1.471) 0.001
WA

— B =100 % 1.164(0.94~1.441) 0.163
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el

2 1.282(1.120~1.467) <0.001

FN 1.719( 1.207 ~2.449) 0.003

2 1.016(0.658~1.567) 0.944

N 1.385(1.212~1.583) <0.001
1 LR

= 1.658(1.153~2.386) 0.006

FN 1.314(1.143~1.511) <0.001
1= R I

B2 1.177(0.615~2.252) 0.622

% 1.356(1.191~1.544) <0.001

3 i i

F£T NHANES 2017 2 2018 4F i # 5t , ABF5¢
LS B NAFLD LIS Mo 7KF- 8 35 85 %)

HE 2]

=

(P=0.005) , ##Z T logistic [0l KT | i Re4E % |
Rl E WSWRAL  FMPIR . BMI WG R AR | B IR
95« en IS s B LI S & 3, 58 1 A £ P LT Min 7K
V-5 NAFLD #5& 1F AHE (B9 Q3 vs Q1: OR =
1.575; 95%CI . 1.193~2.087) (41 Q4 vs Q1. OR=
1.725; 95%CI. 1.313~2.267) , 5 HAH G il 2%
o FERRSME =R A A Fr e, B YE Mn 5
A8 NAFLD 1) AU A2 AE 1 [ 50 £ — s o 6 R H oW AEZ
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