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Relationship Between Shift Work Years and Hypertension in Male Steel Workers: Based on Restricted
Cubic Spline Model LIU Ya-jing', WANG Chao-yang*, FAN Hong-min', HU Bo', YANG Yun-ying', WANG
Li-hua', XIAO Meng-ying', CHE Chong-liang', YUAN Ju-xiang', CHEN Yin-ping', LI Yun' (1.School of
Public Health/Hebei Province Coal Mine Health and Safety Laboratory, North China University of Science
and Technology, Tangshan, Hebei 063000, China; 2.Hospital of Tangshan Iron and Steel Co., Ltd., Tangshan,
Hebei 063000, China). Address correspondence to FAN Hong-min, E-mail: nunuzh@Il26.com -+ The authors
declare they have no actual or potential competing financial interests.

Abstract: [ Objective | To estimate the association of shift work years and hypertension based on restricted cubic spline
model. [ Methods ] A total of 6013 male workers from a steel enterprise were investigated by face to face interview from
September 2014 to June 2015, including basic information and occupational factors. Measurement of blood pressure was conducted
at the same time. Chi-square test and non-conditional logistic regression model were used to assess the relationship between
shift work and hypertension. Restricted cubic spline model was used to estimate the relationship between shift work years and
hypertension. [ Results ] After adjusting age, body mass index (BMI), educational level, marital status, average family monthly
income, smoking, drinking, physical activity, salt intake, parental/maternal hypertension, and high temperature and noise exposure,
the prevalence rate of hypertension in the workers with current or former shift work was 1.255 times of those with never work (95%CTL:
1.026-1.536, 1.071-1.470). The results of restricted cubic spline model analysis showed a relationship with non-linearity (y>=13.05,
P <0.05) between shift work years and hypertension (¥*=52.62, P<0.05). After stratified by the age of first shift work, less-than-21-
years-old was associated with decreased hypertension prevalence after 23 years of shift work, and equal-or-greater-than-21-years-old
was associated with decreased hypertension prevalence after 32 years of shift work. [ Conclusion ] A relationship is identified
between shift work years and hypertension in male steel workers.
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Table 1 Comparison of basic information of workers with or without shift work experience

— B e MABIFE (n=1188 )( Never shift work ) /B ( n=4767 )( Shift work ) »
Basic information Investigated workers n % n %

SCAERREE ( Education level ) 58.83  <0.001
e B LU ( Middle school or below ) 1412 231 194 1181 24.8
B % ( High school or below technical secondary school ) 3047 558 470 2489 52.2
KEFLL L ( College or above ) 1496 399 33.6 1097 23.0

SRR ( Marital status ) 5.29 0.071
I ( Single ) 300 74 6.2 226 47
B4 ( Married ) 5618 1109 93.4 4509 94.6
P45 ( Divorced ) 37 5 0.4 32 0.7

FKEEV-4 A WA (56 )( Average family monthly income, Yuan ) 352 0172
500~ 151 28 24 123 2.6
1000~ 2474 467 393 2007 2.1
3000~ 3330 693 583 2637 55.3

T4 ( Smoking ) 550  0.064
MARE L ( Never ) 2404 515 434 1889 39.6
33 2B 4 ( Former ) 253 47 40 206 43
BEAER A ( Current ) 3208 626 52.7 2672 56.1

£k ( Drinking ) 289 0236
ARG ( Never ) 3658 745 62.7 2913 61.1
34k ( Former ) 153 23 19 130 2.7
FRAELRTE ( Current ) 2144 420 35.4 1724 36.2

I3 ( Salt preference ) 228 0319
% ( Light ) 1151 236 199 915 19.2
& ( Moderate ) 2870 588 49.5 2282 479
ik ( Heavy ) 1934 364 30.6 1570 329

HRE 8% ( Physical activity ) 1.02 0314
£(Yes) 2920 567 417 2353 49.4
% (No) 3035 621 523 2414 50.6

AL SE TR i FE A5 ( Parental hypertension ) 759  0.006
Z(Yes) 980 227 19.1 753 15.8
% (No) 4975 961 80.9 4014 84.2

T I 2575 ( Maternal hypertension ) 354  0.060
£(Yes) 1052 232 19.5 820 172
% (No) 4503 956 80.5 3947 82.8

22 BI¥LEEhEeGEE
ARVFFTEREN, BHENSE T AR MERR
4 33.89%(2018/5955 ), fHIBE# 5 I E B E K

34.57%( 1648/4767 ), MABIHE & & I I R h
31.14%(370/1188 ), ZHFH 4 i % & X (=4.983,

P<0.05), UNAEIBEEE ISR, B2EHER
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Table 2 Relationship between shift work and hypertension

R

HE(%)
Hypertension

prevalence rate

WE  RILESE m
BB Workers with
Workers hypertension

BRIV

Shift work P OR 95%CI

23 HPEfFHhEX R S EFEIE LM logistic F )2
H5HF

DA i A AR B, BIBE. SCILRREE . IR IR
L FEEEB A WA T RIE . Mg E B
SOCGEREE R MR AR Fid . BMI/EN B &,
F1aE £ A logistic T AMHT, BELRR3. RERY
2B PR E 5 I FE A4 R R KU R A S B EFY) 1.246 1%
(95%CI: 1.021~1.522); BLTE(BIPEE = MLE A B X

eI BT 34— — 100 — B A B BE B 1.207 £5 (95%CI: 1.033~1.411), %
ﬁﬁfﬁ 951 358 37.64 9.939 0.002 1.335 1.115~1.597 E@J%ﬂ\ @E%ﬁ—%%mﬁﬁ;&, j&—‘ﬂ}ﬂﬁg%—ﬁ\
B R > P Bl 2245 | F=a
?fﬂﬁ 3816 1290 3381  2.892 0.089 1.129 0.982-1.299 WS RERILE, X ’Iﬁjﬂ%ﬂfmﬁﬁjﬂ%‘iﬁ 'iwml
pr ERfERAER R NAEEER 1.25568, WERIM¥E
iy 5955 2018 33.89 - — .
Total X (P<0.05), F4.
#3 TEETTERER
Tables 3 Variables and assignments

AR 4 ( Variable ) A5 &t S ( Meaning ) TRAE D B ( Assignment )

Y T8 IfiL. F ( Hypertension ) Z(No)=0, &(Yes)=1

X 33 ( Shift work ) MARABIBE( Never )=0, 8 2 FHE( Once )=1, BIFEFIFE( Currently )=2

Xa AL ( Education level )

X, PEIEIRYL ( Marital status )

B & LAT (Middle school or below )=1, B HELH*% ( High school or technical secondary =2,
K% K LA E(College or above )=3

S35 ( Single )=1, B3 ( Married )=2, B§5( Divorced )=3

X, FEEEH A WA (T )( Average family monthly income, Yuan)  500~=1, 1000~=2, 3000~=3

Xs 1% 48 ( Smoking ) AR A ( Never )=0, a7 M ( Former )=1, BL7EWMH ( Current ) =2
Xs k7 ( Drinking ) AT ( Never )=0, it 224k ( Former )=1, BL#EHTE ( Current )=2
xX; I ( Salt preference ) ¥k (Light )=1, 5& " ( Moderate )=2, i/t ( Heavy )=3

R 4845 ( Physical activity ), S MR 5% ( Parental
Xg~X12 hypertension ) BEETES LR B2 5% ( Maternal hypertension N
18 ( High temperature exposure ), 7 ( Noise exposure )

Z(No)=0, £&(Yes)=1

p. NN 458 (Age ), ARJEE ( Body mass index, BMI ) FE4£75 B ( Continuous variable )
F4 BEIFR MEX R % EE logistic ElJF 447
Table 4 Relationship between shift work and hypertension by non-conditional logistic regression model
1R ( Model ) B SE; Wald P OR 95%CI

B2 1°(Model 1) WFEIHE( Never shift work ) — — — — 1.000 —

B 25483 ( Former shift work ) 0.220 0.102 4.665 0.031 1.246 1.021~1.522

BIAERIBE ( Current shift work ) 0.188 0.080 5.593 0.018 1.207 1.033~1.411
A 2°(Model 2)  MAMIHE( Never shift work ) = = = = 1.000 =

& 25 BE ( Former shift work ) 0.227 0.103 4.889 0.027 1255 1.026~1.536

BUAERIHE ( Current shift work ) 0.227 0.081 7917 0.005 1.255 1.071~1.470

[ ]a: A IHABEERLFEF R BML XARE . BERA REFHAUN BB KB AFEE BR R FEMBEFLEEMR; b: #

i L REGE. RFRBRN.

[ Note ]a: Model 1 is adjusted for age, BMI, educational level, marital status, average family monthly income, smoking, drinking, physical activity, salt

preference, and parental and maternal hypertension history. b: Model 2 is adjusted for all the confounding factors of model 1 plus high temperature

exposure and noise exposure.
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2.10 o~
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035

0'10 1 1 1 1 1 1 J
0.00 625 1250 1875 25.00 31.25 37.50 43.75 50.00

FIBLER (4)
Shift work years ( Years )
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Figure 1 Relationship between shift work years and hypertension

based on restricted cubic spline model
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R(P25, P50, P75), 5 & # OR(95%CI ) 43 34 0.94
(0.70~1.26 ), 0.80(0.49~1.32) #10.49( 0.31~0.77 ), FF
HEPAER R THET 214, FIPAERE S A (DS,
P25. P50. P65. P80 ), 15 = f¥ OR(95%CI Y535k 1.17
(1.06~1.29 ). 1.86(1.14~3.02 ), 1.21( 0.78~1.84 ), 1.24
(0.81~1.90) F11.10( 0.69~1.74 ), L5 R BR, FFEABIFE
£ <21 % (#=4.60, P<0.05)F1= 21 F i (2=14.34,
P<0.05), BIPEAFE R 5% LR KRB R B 2L
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BRI T, =21 28 7T NENERKA M
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035
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[ ]A: SR <21 ¥; B: FhEFEER=21%,
[ Note JA: First shift work <21; B: First shift work = 21.
B2 ZBAREMERSEEMTEAMERS S NENXR

Figure 1 Relationship between shift work years and hypertension
after stratified by the age of first shift work
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