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Abstract:

[ Objective ] To assess the dose-response relationship between male steel workers’ shift work years and prevalence of diabetes
mellitus type 2 (T2DM).

[ Methods | A total of 7415 male steel workers were enrolled to occupational health examination and health examination from
February 2015 to February 2016 in a hospital of steel company, and 7209 questionnaires were included in the current cross-
sectional analysis. Data were collected on demographic characteristics, lifestyle, medical history, family history, height, weight, and
occupational history of the participants. Multiple non-conditional logistic regression model and restricted cubic spline model were

used to assess the relationship between shift work years and prevalence of T2DM in the selected male steel workers.

[ Results | The prevalence rate of T2DM was 16.5% in the participants. Previous shift work (OR=1.403, 95%CI: 1.131-1.740) and
current shift work (OR=1.536, 95%CI: 1.298-1.817) were associated with T2DM (P <0.05). After adjusting for general factors and
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occupational factors such as high temperature exposure, the above two factors were still associated with the prevalence rate of T2DM
(P<0.05), with ORs (95%CI) being 2.792 (2.286-3.411) and 2.546 (2.076-3.124), respectively. There was a significant correlation
(*=35.00, P<0.000 1) and a nonlinear correlation (y’=3.00, P=0.606 8) between previous shift work years and T2DM. There was
also a significant correlation (¥’=49.92, P<0.000 1) and a nonlinear correlation (y’=5.33, P=0.148 9) between current shift work

years and T2DM.

[ Conclusion |  Shift work years are associated to the prevalence of T2DM in a nonlinear pattern in male steel workers.
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Table 1 Male steel workers’ general information

el TEENE(n=7209) HRIH(%) BHAE(n=1190) EHH(%) . P
Item No. of participants Proportion  No. of T2DM patients  Prevalence rate
AR (% )( Age, years ) 363.641 <0.001
<30 655 9.1 29 4.4
30~ 2248 312 188 8.4
40~ 2869 39.8 552 19.2
50~58 1437 19.9 21 293
SCARERE ( Educational level ) 129.796 <0.001
1+ K LA (Junior secondary school or lower ) 1675 232 388 232
ErhE g ( High school and secondary school ) 3772 52.3 646 17.1
K% 2 A E ( College and above ) 1762 24.4 156 8.9
ISARARL ( Marital status ) 37.435 <0.001
AUF( Single ) 355 49 17 48
EI5 (Married ) 6803 94.4 1163 17.1
HAlb ( Other ) 51 0.7 10 19.6
FHENII A WA (I )( Family per capita monthly income, yuan ) 13.161 <0.001
<1000 174 2.4 34 19.5
1000~ 173 44.0 575 332.4
3000~ 3862 53.6 581 15.0
BMI( kg/m?) 76.181 <0.001
<239 2740 38.0 324 11.8
24~ 3095 429 572 18.5
28~ 1374 19.1 294 21.4
WA ( Smoking ) 20.203 <0.001
7 (No) 3348 46.4 482 14.4
J2&(Yes) 3861 53.6 708 18.3
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gkl
=] A AE(n=7209) K (%) BRAE(n=1190) EFH(% ) 2 p
Item No. of participants Proportion  No. of T2DM patients ~ Prevalence rate
X3 ( Drinking ) 52.521 <0.001
7 (No) 4717 65.4 670 142
Z(Yes) 2492 34.6 520 20.9
% (Tea consumption ) 235.932 <0.001
7 (No) 3677 51.0 849 23.1
2 (Yes) 3532 49.0 341 9.7
A (Salt intake ) 4.697 <0.05
£ ( Mildly ) 1420 19.7 251 17.7
1 ( Moderate ) 3573 49.6 556 15.6
i ( Severe ) 2216 30.7 383 17.3
EHAE A ( Vegetables intake ) 7.010 >0.05
MAS(Never ) 39 0.5 8 20.5
/K ( Occasionally ) 600 8.3 100 16.7
2% (Often ) 2541 352 381 15.0
#3K ( Everyday ) 4029 55.9 701 17.4
IKIAEA (Fruit ) 80.065 <0.001
MA (Never) 584 8.1 164 28.1
8K ( Occasionally ) 2370 32,9 425 17.9
253 ( Ofen ) 2108 29.2 316 15.0
K (Everyday ) 2147 29.8 285 13.3
PZEHE A (meat intake ) 3.368 >0.05
MAS(Never ) 251 3.5 52 20.7
/K ( Occasionally ) 2205 30.6 632 28.7
2% ( Often ) 2686 37.3 437 16.3
£K (Everyday ) 2067 28.7 339 16.4
X EEA (Egg intake ) 6.003 >0.05
WA (Never ) 204 2.8 41 20.1
18K ( Occasionally ) 2281 31.6 393 172
284 ( Often ) 3089 2.8 513 16.6
£3K ( Everyday ) 1635 227 243 14.9
5 KAl A (Milk and dairy products intake ) 36.357 <0.001
MA (Never ) 2715 37.7 539 19.9
B/K ( Occasionally ) 2821 39.1 403 14.3
2% (Often ) 1070 14.8 165 15.4
4K (Everyday ) 603 8.4 83 13.8
SR (Bean products intake ) 28.725 <0.001
MA (Never ) 377 5.2 59 15.6
/K ( Occasionally ) 2842 39.4 391 13.8
254 (Ofen ) 3202 44.4 585 18.3
4K (Everyday ) 788 10.9 155 19.7
MUK A ( Whole grains intake ) 17.121 <0.001
WA (Never ) 696 9.7 105 15.1
187K ( Occasionally ) 3873 53.7 595 15.4
2% ( Often ) 2044 28.4 396 19.4
£K ( Everyday ) 596 8.3 94 15.8
B 48 ( Physical exercise ) 42.183 <0.001
7 (No) 3566 49.5 691 19.4
JE(Yes) 3643 50.5 499 13.7
BEBRIG 5% 52 ( Family history of diabetes mellitus ) 21.679 <0.001
7 (No) 6571 91.1 1043 15.9

J&(Yes) 638 8.9 147 23.0
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Table 2 Male steel workers’ T2DM prevalence grouped by exposure to different occupational hazards

TiH THEAB(n=7209)  MKIE(%)  BRAK(n=1190)  BFH(%) 2 »
[tem No. of participants Proportion No. of T2DM patients  Prevalence rate
1% (4 )( Length of service, years ) 369.191 <0.001
<10 1551 21.5 82 5.3
10~ 1418 19.7 140 9.9
20~ 2918 40.5 580 19.9
30~44 1322 18.3 388 29.3
g5 5% 7% ( Noise exposure ) 0.021 >0.05
WA (Never ) 2636 36.6 433 16.4
B 22 ( Previous ) 279 39 46 16.5
HTE ( Current ) 4294 59.5 711 16.6
=i %452 ( High temperature exposure ) 25.834 <0.001
MA(Never ) 2417 335 454 18.8
1428 ( Previous ) 443 6.1 94 21.2
BLTE ( Current ) 4349 60.4 642 14.8

2.2 315 T2DM &% % A
221 BRHRELN SMAEPEE L, LI
T2DM B4 58 955 IXUBS: & AN R HE 19 1.403 1% (95%CI

1.131~1.740 ), BLLERIBEE T2DM 14 B 5 XU J2 MOAS
I 14 1.536 45 ( 95%CI: 1.298~1.817 ), 294 5t

®3 A5 2ABRBEEREXRNARZSMN
Table 3 Relationship between shift work and T2DM by single factor analysis

FRIPERE WA AE(n=7209 ) R AE(n=1190)

B (%)

2 9
Shift work No. of participants No. of T2DM patients Prevalence rate x P OR 93%Cl
MAS(Never ) 1476 124 84 — — 1.000 —
14 2% ( Previous ) 1125 197 17.5 9.534 <0.05 1.403 1.131~1.740
LA ( Current ) 4608 869 18.9 25.321 <0.05 1.536 1.298~1.817
222 ZHEMT RHAZHE K logistic BT, PL (1.72~9.47 ), 4.15(1.72~9.99 ), %% — B P 2 K H

JE A5 R T2DM g o 28 e (1= fB G s 0= K H% ), #13E
TEOUEN B AR, WA LR 4, B 1 25 BoR: B4
RIPEHE T2DM 55 XU & AN B HERE 1 2.746 1%
(95%CI: 2.251~3.351), BLAEAR BEAFE T2DM £ 3 A
B MANEIHE AR 2.466 15 ( 95%CI: 2.012~3.023 );
R 2 45 B R B 2R HE R T2DM A8 XURS: A2 A
ASEVHE B/ 2.792 45 (95%CI: 2.286~3.411 ), ILAE
RIPEHE T2DM 5 XU & AN B HERE Y 2.546 %
(95%CI: 2.076~3.124), 2= A G il 2% 8 X (P<
0.01), W35,
2.3 RCS 57

M EPE1125 N, BAEFIPE4 608 A EIFEAFR
PIREHL S A5 15, (Ps. Pas. Pso Pis. Pos )o
2.3.1 2 5 P B JEF R 5 T2DM A7 B 7| & -
Bk % A EE, 1A OR(95%CI) A 1.13
(0.75~1.70 ), 1.39( 0.59~3.27 ), 2.60( 1.15~5.89 ), 4.04

&, %9 5 OR(95%CI) H91.13(0.75~1.70 ), 1.38
(0.58~3.27 ), 2.59( 1.14~5.89 ), 4.18( 1.77~9.88 ), 4.24
(1.75~10.30 ),

SRR R R, 2 EPEE F PR
(JGFRG 2 E PEAERR ) 78 17.3 4E L4 I 5 T2DM B 3%
B IR FEAT i T2 X (=35.00, P<0.0001 ), H.
AR A 5 (42=3.00, P=0.6068 ), §% 2 {8 PE4E )L
TE17.3~31.0 4%, T2DM 3 R S 3 hn i3 0 4845
PHAEFR7E 311 4E 2 )5, T2DM BBk R T+ & T 2%
(K1A),

VR A — R R R R &, R 2 {5 BE AR FR 7E
17.5 4 L) | 5 T2DM % 2 10 G IR T A e it 22
X (=35.89, P<0.000 1), HEZIEL AR (4=1.98,
P=0.5763 ), 4 ZFEIPHERRTE 17.5~31.5 4, T2DM &
RS WA EPHAERRTE 316 2 )5, T2DM
BRI ST P2 (K 1B ),



- 508 - http://jeom.scde.sh.cn:8081  FREE S K24 (] Environ Occup Med ) 2017, 34(6)

*4 BEERMTESWMER

Table 4 Variables and assignments

A5 4 ( Variable ) IRAEEEH ( Assignment specification )
() Age, years ) 1=<30; 2=30~39; 3=40~49; 4=50~60

1=9)" X LR ( Junior secondary school or lower ); 2=mEhaEk R ( High school and
secondary school ); 3= K% K L) I ( College and ahove )

1= KA ( Single ); 2= L ( Married ); 3= A ( Other )( DAARISAE 280, 57 MEAS & )

( Dummy variables with single as reference level )
FE NI H YA (I )( Family per capita monthly income, yuan ) 1=<1000; 2=1000~3000; 3=>3000
BMI( kg/m® ) 1= <23.9; 2=24.0~27.9; 3=28.0~

%46 ( Smoking ), 2 ( Drinking ), 7AZ% ( Tea consumption ), K7 8% ( Physical
exercise ). iR I 5505 5 ( Family history of diabetes mellitus )

£r4h ( Salt intake ) 1=52(Mildly ); 2= ( Moderate ); 3= ( Severe )

B A (Vegetables intake ), 7K A ( Fruit intake ), HZ&4EA ( Meat intake ).
WERA (Egg intake ), U e ) A% A ( Milk and dairy products intake ), Gl 1= R ( Everyday ); 2= 28% (Often ); 3=1H/R ( Occasionally ); 4= DA ( Never )
% A ( Bean products intake ). HLH4E A ( Whole grains intake )

SCAEFRE ( Educational level )

SR ( Marital status )

1=7(No); 2=4&(Yes)

T.#% ( Length of service, years ) 1= < 10; 2=10~20; 3=20~30; 4= > 30
g5 7257 ( Noise exposure ), il Z&#% ( High temperature exposure ), {83 ( Shift 1= MAS(Never ); 2=H84%:( Previous ); 3= FRLE ( Current )( LM AZZENENSIR, %
work ) SZMEAS 4 )( Dummy variables with never exposed as reference level )

FS5 EIPES 2 BUNERE BIFE X RH E E X logistic [E 34347 (n=7209 )
Table 5 Relationship between shift work and T2DM by multiple logistic regression model

b S, Wald 5 P OR 95%CI
Z N Z ST 1 ( Multi-factor analysis model 1)
MAEIZE ( Never shift work ) — — 148.245 <0.01 1.000 —
1 Z813E ( Previous shift work ) 1.010 0.102 99.005 <0.01 2.746 2.251~3.351
BRAEASIPE( Current shift work ) 0.903 0.104 75.454 <0.01 2.466 2.012~3.023
Z N Z iz 2( Multi-factor analysis model 2)
AEIHE ( Never shift work ) = — 153.497 <0.01 1.000 —
2231 HE ( Previous shift work ) 1.027 0.102 101.184 <0.01 2.792 2.286~3.411
FUAEMRIE ( Current shift work ) 0.935 0.104 80.298 <0.01 2.546 2.076~3.124

[ JHA L A RAR(GFER, TOAEE, BRI, ZEAZ AR, BML, BOE, 0, RARAS X AR, AE S&. HEWH
W TS RBN, REREFERRERE ) A2, AE—MEFRRLAZ(EE IR EFEE. 5HEE ),

[ Note ]Model 1: Adjust for general factors (including age, educational level, marital status, family per capita monthly income, BMI, smoking, drinking,

tea consumption, salt intake, vegetables intake, fruit intake, meat intake, eggs intake, milk and dairy products intake, tofu and other bean

products intake, whole grains intake, physical exercise, and family history of diabetes mellitus ). Model 2: Adjust for general factors of Model 1 and

occupational factors ( including length of service, noise exposure, and high temperature exposure ).

11.00 11.00

9.63 o ,TéI-H— ( Estimation ) o . 9.63 I ’f}'ji+ ( Estimation ) T m=eo=T
--- TR ( Lower limit ) /// -~ TR (Lower limit ) K
8.25| | --- EFR (Upper limit ) 825 | - EFR (Upper limit )
g Lo A (Knots) | Lo (Ko /
S 550 S 550
4.13 4.13
2.75 2.75
1.38| 1.38|
0.00 | i | | I L 1 1 ] 0-00 L ) L 1 1 1 | | |
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
BIPEAERL (47 ) EIPEAERR (4F)
Shift work duration ( Years ) Shift work duration ( Years )

[ JA: AE—BEZ; B: AE-—REZRBLEE,
[ Note JA: Adjust for general factors; B: Adjust for general and occupational factors.
E1 SZEANERANERS 2EBERFERNFIE - REXER

Figure 1 Dose-response relationship between previous shift work years and T2DM
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232 NABEHEIEFRE T2DM EfR A H & - R
RLKZ TR R, #5198 OR(95%CT ) 2 1.12
(0.94~1.35), 1.35(0.92~1.98 ), 1.92(1.33~2.77 ), 2.28
(1.55~3.33), 2.22(1.50~3.27 ), JHHE— B & KB
HZ&E, &7 5 OR(95%CI) 9 1.12(0.94~1.33 ), 1.33
(0.91~1.94), 1.91(1.33~2.74 ), 2.21( 1.52~3.22 ), 2.16
(1.47~3.17 ),

SR EIR: PR R, A E P F PEAE
PR OS5 FRELZERIBEAE R ) 76 12.3 45 L) | 5 T2DM 890
RSB GR EA FT#75 L(*=49.92, P<0.0001 ),

0 — il ( Estimation )
3.5 TR ( Lower limit )
--- _FR (Upper limit )

3.0 .... A5, (Knots )

0.5

0.0

s 20 25 30 35 40
PRI (4F)

Shift work duration ( Years )

[FEJA: HE-MAER; B: HE—HEERBLEER,

0 5 10

H SR A 6 (2=5.33, P=0.1489 ), L1618 BE4F
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