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Dose-response relationship between working hours and obesity risk GAO Yin-yan®, GAN Ting",
JIANG Li-I?, TANG Dai-mao‘, DING Guo-wu® (a.Institute of Social Medicine and Health Management
b.Institute of Epidemiology and Statistics c.Institute of Occupational and Environmental Health,
School of Public Health, Lanzhou University, Lanzhou, Gansu 730000, China)

Abstract:

[Background] With the development of social economy, the influence of working time on obesity
has received increasing attention. However, there is a lack of studies on the dose-response
relationship between working hours and obesity.

[Objective] This study evaluates the association between different working hours and obesity
and the dose-response relationship between them.

[Methods] The data were obtained from the China Health and Nutrition Survey (CHNS), and
subjects aged 18-65 years with completed demographics, weekly working hours, and body mass
index were included. Using working 35-48 h per week as reference, multivariate COX regressions were
conducted to assess the associations between weekly working hours (<34 h, 49-55h, and >56h)
and the risk of obesity. Restricted cubic spline models were used to analyze the dose-response
relationship between working hours and obesity.

[Results] A total of 9319 individuals were included, including 5005 males and 4 314 females.
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Their age was (39.2+13.0) years, and the mean follow-up time was 8.66 years. By the last follow-up, a total of 640 participants developed
obesity, and the incidence rate of obesity was 6.9%. The results of multivariate COX regression showed that the hazard ratio (HR) and 95%
confidence interval (95% C/) of obesity was 1.33 (1.07-1.65) and 1.36 (1.13-1.65) respectively for the groups working <34 h and >56h per
week compared with the reference group, and the association between working 49-55 h per week and obesity was not found. Regarding
sexes, working >56h per week was associated with the risk of obesity of males (HR=1.40, 95% CI: 1.09-1.79), and working <34 h per week was
associated with the risk of obesity of females (HR=1.42, 95% Cl: 1.04-1.94). Regarding types of work, working >56 h per week was associated
with the risk of obesity in manual workers (HR=1.34, 95% CI: 1.07-1.67), and the association in nonmanual workers was not observed. There
was a U-shaped dose-response relationship between working hours and obesity (Piend<0.05, non-linear P<0.05). The risk of obesity decreased
with increasing working hours when working <50h per week, and elevated with increasing working hours when working >50h per week.

[Conclusion] Both short and long working hours may be associated with the risk of obesity. There is a U-shaped dose-response relationship

between working hours and obesity. Long working hours have more significant effects on obesity in male workers and manual workers.

Keywords: working hours; obesity; dose-response relationship; China Health and Nutrition Survey
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R P F 2B 39 R B CHNS B 5 M ik B 24 13
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china/data/datasets/longitudinal) , tt#E 2 P EE
R EFIROEFRSHEMMNEEILRZENK
FAO0FRLEEABRHNKBARBEFRSE. 2B
B P EERTRIESIROE RS REFCERS
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ETHERERE®R. ZBERAETHB T 1989F, 7731F
1991 £ 1993 £, 1997 £F. 2000 &, 2004 £ 2006 .
2009 £E. 2011 M 2015 F#H 1T T REIHBE, BAEE
EHR&RONERTI. T WK JIH. A, k.
it FrakIMANET BE+TENE™T, HA

2011 FIEMT AL R, EB. ER=1"HiE™, 2015 F
EINT B, = I=1E,
1.2 HRIR

BT 2015 FNHIBEEE R AT S E. AEHIE,
AH R EY 1989—2011 F 9 R BEHRFIE R A TR
7£18~65 F W AB NIRRT R, BE 2011 FK, £E
35703 AZS07T CHNS. HEBRA THEZ | —RAOF(E
B TAEXEEMRIEXEEHE, TEERE,
B2 AR DMEBER. PR ¥ERE. B,
FELBT AL B EZE, BHE IR EEUFRIRT/E
NE REBIBIINAENRWANSHAT, BMHE
5005 A, ZM4314 A,
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Z BRI BEKES) . TAEXER (AEE
REFERIR. OB, SHEEBNERE) . BRI Ex
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1.4 8inEX
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FEFENXARIE, TUARKMEA ; LUIE—FIER
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142 TUERE EXRMRA, UEEIIERKAM
REAL, B%E Bannai F U TIERN K S@#EXRAMLE
R, BERA T 35~48h & AT, <34h NFERT
18] T1E, 49~55h N—RZKBF{8) TIE, > 56 h AR
18 T1Eo
1.4.3 fERE {ARZ3521 (body mass index, BMI) =&
& (kg) /5@ (m)?, RIBRE “MAKEDLTE",
3% BMI>28.0kg/m? & X FI AR,
1.4.4 TUEZEA TEEBIDNESIFsHEMIEES
HolE. RNFBHEELERUKRDERELE, &
FRUEMIEE IRE. AR WESE) . IEFART
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i¥ 34h, 49~55h AR ZE /D 56 h STARRE A 4 X LAY R0,
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7790.05%1 0.1, Ltb4h, TYERTK. PREEFINEZEE
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FARE, IRIEOOMEREEER 4N R, BEZAEAR
COXEFRBERITFRXNETE, DT LENKSHE
HZENFIERMNX R, BREE P<0.05, RIATE
NKSEMZEFEFNERNXR ; 585 P<0.05
BAE4M4 P<0.05, RIBTER KSR Z BIFEIEIEL
MFERNKXR ; &L2HE% P<0.05 BIELM P>0.05,
FREATIERK SRR Z BIFELMFIER XA,

tesh, ARRAEMMAR TIEREMIERTT
ERKSBEEZBNXRREEETER, SHARIR
FEHSAAR TERBEN TEE D B#H1TEVI D
MANERNEXRD . FIEDITHEBRMICL, &
I% 7K a=0.05, AFRAFFTE 423t 53 4 F BB SPSS 22.0
00 STATA 15.0 520

2 4
2.1 BE&XER

KR HEPNIZLONRAENT R, Fi#f (39.2¢
13.0) %, FI9MEIH 8.66 F. I TIERE S, (K% 5h
#6927 N, IEEKAFEIE 2392 Ao BERE—XKER
AL, H5 640 NRERER, BER R EZE N 6.9%. HA,
FE T {ERYial<34h. 35~48h. 49~55hF=>56h BY T1E
ERREREAEE D579 5.7%. 6.7% 6.4% F18.6%0 Ffr
PN AT RIELEARFENR 1,

K1 HARWRWEZIFERHIER (h=9319)

Table 1 Baseline characteristics of study subjects

$IE (Characteristics) n (%)
T3 (Sex)
% (Male) 5005 (53.7)
%Z (Female) 4314 (46.3)
1% (Residence)
1 (Urban) 3332 (35.8)
RAY (Rural) 5987 (64.2)

ZHE KT (Education level)

INE LT (Primary school and below) 1449 (15.6)

7 (Middle school) 1840 (19.7)

=M (High school) 3391 (36.4)

BV F R4 (Technical or vocational school) 1509 (16.2)

RKEHAZF (University or college) 647 (6.9)

AL E (Master degree or higher) 483 (5.2)
FEIRIRIS (Marital status)

KB (Single) 1362 (14.6)

B4 (Married) 7658 (82.2)

BiEai {8 (Divorced or widowed) 299 (3.2)
ERP 251 (Work type)

#7555 (Manual) 6927 (74.3)

IEA 7555 (Nonmanual) 2392 (25.7)
TR4R (Smoking)

= (Yes) 3354 (36.0)

7 (No) 5965 (64.0)
%58 (Alcohol drinking)

2 (Yes) 3740 (40.1)

% (No) 5579 (59.9)
BEEEN (Energy intake, ki/d)

0~ 1546 (16.6)

6276~ 6849 (73.5)

12552~ 924 (9.9)

2.2 TERHKSRBRER ERPERIREE Y
ZHARZRCOXENAERETR, UFREAITE35~48h
ABER, AN FiE, SATITENKAREE 34h
AIBERE & 4 XUFS HR=1.35 (95% CI © 1.05~1.60) , FET
ERT K ZE /D9 56 h BYAERE & & X F& HR=1.42 (95%CI :
1.18~1.71) . AR iR WS B, BERESE
HERGE, SATERKABE 4hMEATENKE
‘b seh BUBERE &2 & X253 51179 1.36 (95%C/ 11.11~1.69)
#11.39 (95%CI : 1.16~1.68) » 3 — 2 JH T IR M IR B IR
Ji. BHEEERAN. TERBEERZRG, SATITENK
RiBd 34 h FIEA TR KE/D 56 h BIBERE & £ X G
PRIFEEBAER 1.33 (1.07~1.65) fZF11.36 (1.13~1.65)
o Iboh, A ITIE49~55h BB A EX RS SIEE
LhEREKLIMAFZITFRENX (P>0.05) &K 2,
DUEFNZERECOKEANDNERE TR, B4
SRATERNK>56 h BEH L EXQHSRER 1.40
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(1.09~1.79) 15, fERYEl TEEF—AR KT E) TIEE
HEEAENXKSSBELERIRNAITFERNX
(P>0.05)0 HATIERI KRBT 34h L R A
EXNERSBERN1.42 (1.04~1.94) &, —FRKATE
TEFERKBT B TIEM L MR & £ X5 SR8
LEEZFERIFITFERNX (P>0.05), TFR 3,

BRIERBEDENZHERCOXEADNERE
™ EERASHES, RENETEENEELENX
BANBRBERNL134 (1.0771.67) &, Htt TR KE
FBELAENXESREMFITFEENX (P>0.05) &
REMIEKSFEohEN BB L E NS TERNKE
* (P>0.05), MK 4,

®2 FEIL(FAHKERELENRILE (1=9319)

Table 2 Hazard ratios of obesity of study subjects grouped by different working hours

SETIERE (h) 1A 1 (Model 1) 1A 2 (Model 2) 1R 3 (Model 3)

Working hours per week HR 95%Cl P 95%Cl P HR 95%Cl P
<34 1.35 1.05~1.60 0.01 1.36 1.11~1.69 0.00 133 1.07~1.65 0.01
35~ 1.00 = = 1.00 = = 1.00 = =
49~ 139 0.91~2.10 0.13 1.45 0.96~2.20 0.08 1.42 0.93~2.15 0.10
56~ 1.42 1.18~1.71 0.00 1.39 1.16~1.68 0.00 136 1.13~1.65 0.00

UE] SR R TIE. FE, RE2FEB TG £t His. 20, BERE, R FRETH. Fit. . 20, BIERS. A, U8,

SHEEBRN. TIFEE,

[Note] Model 1 is adjusting for sex and age; Model 2 is adjusting for sex, age, residence, province, and marital status; Model 3 is adjusting for sex, age,

residence, province, marital status, smoking, alcohol drinking, daily energy intake, and work type.

%3 B. ZFEITERHKERRENREEL (n=9319)
Table 3 Hazard ratios of obesity of male and female participants
grouped by different working hours

SETENEK (h) Ftt (Male) it (Female)
Working hours per week g 95% Cl P HR 95% Cl P
<34 119 0.87~1.62 029 142 1.04~1.94 0.03
35~ 1.00 — - 1.00 — —
49~ 1.27 0.69~2.34 045 159 0.89~2.84 0.12
56~ 140 1.09~1.79 0.01 132 0.97~1.79 0.08

DE]IAZETHR. HE. B, BIERE. RIE. OB, SHESEA.
TREE,
[Note] Adjusting for age, residence, province, marital status, smoking,
alcohol drinking, daily energy intake, and work type.

x4 FAOMIEENFGoHEFRRE TR R ERRBELE
(n=9319)
Table 4 Hazard ratios of obesity in manual and nonmanual study
subjects grouped by different working hours

SEATERE (h) HHFEohE FFHFohE
Working hours Manual worker Nonmanual workers

per week HR  95%CI P HR  95%Cl P
<34 1.25 0.98~1.60 0.07 1.26  0.76~2.07 0.37
35~ 1.00 = = 1.00 = =
49~ 1.44  0.91~2.27 0.12 0.98  0.31~3.10 0.98
56~ 1.34 1.07~1.67 0.01 1.19 0.81~1.75 0.39
CE] AR T 5. Fi8. W2, 40, BERS. A, 8. S8k

B8N

[Note] Adjusting for sex, age, residence, province, marital status, smoking,
alcohol drinking, and daily energy intake.

2.3 TENKSBHAERENTIERNXER
KARBIMEIL G HFFTED T TN KSR
RERRZEFIERNXSR, HET coxElI3DH

PERITEEXNNETE, UK. £ Be. K
MR, BEEBA. TIERBEEARKHE, RIBMES ALK
IB]PEIEHERY 4 T R 2 5IE 104 40, 48, 70h, ERE
™, TERKSIEBEERNKE V" BIEEEFIER
XA (D% P<0.05, EL&MEP<0.05), HEAT
YEBS/NF 50h, BBREA 4 XEREE T ERTKAYIE N
PR, 833 50 h FRERE & £ X E T ERTKAYIE
PO 0. DL 1.

2.8
—HR
——-95%Cl g
2.4 e

2.0 /

1.8 BEN /

K% EL (Hazard ratio)

1.2 N _
HR=1" Tl S T

0.8

0 5 101520 25 30 3540 45 50 55 60 65 70 75 80 85 90
& B T RS (Working hours per week, h)

Bl SRIENKSEHXBENRFIMEIIFEFE
Figure 1 Restricted cubic spline plot of the relationship between
working hours per week and obesity

SR TR R REIME L S F R E R IE 2
ME 3, B. URAEHDFhEWER L4 X T
ERKZFEEEFTERNXR (BEF P<0.05, FFLE
M P<0.05), IEAESFohE BIRERE & £ X BLF TIERY
KHALZIMEXYE (B P>0.05, &M P>0.05),
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Figure 2 Restricted cubic spline plot of the relationship
between working hours per week and obesity
in male (A) and female (B) workers
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Figure 3 Restricted cubic spline plot of the relationship
between working hours per week and obesity in manual (A)
and nonmanual (B) workers
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KB, 2016 FRE B4 SREZASAHBHI(F
EEREFSEHFRRARSE) Y BR, FEKARE
RN 11.9%. EHANESBERABNEEZERR,
BN ERZENERNEERMREAEZZ — AlLt, XF
AERY & £ R ER AV B BRI R FH T 04, 1RIT TAERT K
ERELZ AR, ABEENAHTER N, KR
FI A CHNS B ER ¥R IR, 794 7 TYEET ST A A BE
HEE RN, RRERKRA, SATENKS
ERERENZEE U BFIERN X R, HEETLF
BB IVEEL, BB R N2 TG EFRBEE,
MAREIMERIRE, BREIEBIIIE (>56h/F) SYE M
FERER R NBEE, 5ERT 8] T1E (<34h/A) M
S5T4BHAEREXE. MRRIIERERE, BK
BB TES A5 & MR & £ RE XEE, HR
RUERATIERNKSIEFNFZERRELZEEX.
Ko % B B TF 4793 8 TEEMNEMTE R KA,
S5S8XTEREBE 8B, B XTIFBIsh 58 %
TEEMERAEXKREEEX, MELXMITEESR
SRDATFEN, XERMRLEREM, X%

Az BEINER I EER AT L MEBRERNKF. FHEKA
H £8. EFHUAREDREARE LIRSS S
BERAZEFFAH. BEYoonFHRAMLZEESAT
ENFaohHEBII60hEBS A EXRE X
B, XERMREBHIRKIE TIESZ B AE
AEEXBRX—ERF—H. X gERATFHARIK
TAESHNES, ZHANEMERE, FEUS
B TR K 40~44h AZR, WRANAREX HREBE=
FERRERMm, i, MZEZECoXBFERAUER
H, BB TENZ HAERE & £ X FEREY P=0.08, 1%
1 0.05, X FKBY B TES 22 4 ABRE KBS 2 (8] 19 R BX
EEHIEMEARERNTARE— PRI, Jang F 7' 3¢
8889 B F LIFE ML EXNEIEMEMRRET,
AHFEohESE TERKEE 6oh SR LZEXE
EEX, MEIFEKNFBohEPRELIN TIENKSABR
HXEX, XERMARERELX—H. BHTFEHARF
FENFHEBNFERSETRLD, AJRESXNER~E
—E i, Attt FEBEAFARRRIHF—T I,
KB TES AR Z BB X EX R UM AR LN
HFHITHER. B, KiNE T{EE L EBE TEE
BERZEERRBERITN. BRIEY, KNBEIIE
ENSERBHRL, RENESERAMEIES, HEE
EFiEFEesL. MEBMFARNE, XLETHEHES
ISR ARBEEUT L1, WS BN L LR, H
R, WEMRIBH, KNETIENABRZ=EES
RAET =%, BES @IS IA. BB, IRBESEFTH
HRE NN EERS, ARSI T AERFINED Y
BN, MG InABEE & £ RBE 0, thah, T B f - -
% PR3 (hypothalamic pituitary adrenal axis, HPA) 7
EHNARNPEEEEER, €5 LREREER
HBUSZ (corticotropin releasing hormone, CRH) % S1{&
% FARRZ B Z (adrenocorticotropic hormone, ACTH)
BRI, MACTH A SR RENER, ERENS
B L, ATLETBRE R MRENEKHENIER,
R AE AR 1, KESCIOFRER, SRIBIEEILL
BABHERZSHHPANRE Y, FILRE KT8
THEERALEENB IEEEELZHNEAIIER, B
HEZHCCRHIBERRMER 5 EREHNEE. £
KRFAH, KEE TEME IS ENRBAERTX
BX, MIERNKNSIEEAFZENEREX, X8
ARREANFTHERLFERSTEBE LIRS XA
£, BRHENMERERERES EF, RNEDHA
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HPA R N7, T SEABRERI L £ ™,

BRIiR RGN B TES Bk Z B XBXBR R EL
B, AR LZIMEE TERK AR 34 h 2L H0AE
BRI E XS, X5 Yoon F A RER—F. — A
m, fEEE TEE R REEFER L, EMeE R,
A5 EBEHER. Z, NMESFREXRE, 88
TR KA 34h NEE AT RERIFEMER T, Hit
MUK TFERR, AMAZELZHNHRES
MEZFES, MESTEAE HPA R, 1R R REEN 5D
AIE N0, MG HOARAY & 4 KBS,

BRREE—ENERY. 8%, BTFEERE
MHEXRFERETE, AtARPRAERX—TE, 0
BEEaWMRERE—EFM, HR, HFHEREN
PRI, AR FEEED R BB EB D TIEIE#
1T, T AR RS P A DS ehEFIEE
HFEohENTERKXTERNEMm, B&, HTFAAN
BIER D ASFEIE BT Bk K, RLEtEiRERE A 2 Al
BERET K, NTIAIREERRE. &G, SHARI
TXBTESMRERNER, HZRAERNMERRMIE
FREYBENLERSE, MRl BE= & T RE, MmxTsH
MEVER =% —E M,

R TR, TERKSAEREA SN E “U” BU5)
ERNXHR, KENETEAEREMN—MNEER
BREZ, CHREEBMIEENEKIFZES, &
MARFMBFERNDTHED T TIERKSERA
EXPHIXEX, AMBTFHEREENBRE, RKKRNHFH
EE LA AR AN IE,

[EH . KIARRAPERESEFRIEZE (CHNS)
IR, Bist P EERTbL TSP ODERER S R
HRPT. EEILRZEAARFZAORC. EEELEE
Bt B Ko ELABAE 35 [E PR AR O 9 R [E] 1989—2015 FERVER
B, BRI R RIV SR AT IR R & . i
Fh B R IFEREXT 2009 FEIB AT Z 1. FHERA
FKEFA OB 2009 FRITIZINE BT 1F. BisItR
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