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— Abstract —

The Association between Shift Work and Bone Mineral Density :
analysis of 2008-2009 K orean National Health and Nutrition Examination Survey

Jong Ho Wang, Goeun Lee, Jun-Taek Song, Jongho Kwon, Hyunrim Choi,
Kyunghee Jung-Choi?, Sinye Lim

Department of Occupational and Environmental Medicine, Kyung Hee University Hospital
Department of Preventive Medicine, Ewha Womans University School of Medicine”

Objectives. The objectives of this study were to explore the association between shift work and the
bone mineral density in arepresentative sample of Korean workers.

Methods: he data from the Fourth Korean National Health and Nutrition Examination Survey (2008-
2009) was used. The participants were Korean workers aged 16 to 60 years. Logistic regression analysis
was applied to determine the association between shift work and the bone mineral density after control-
ling for covariates using the SAS version 9.3 package program.

Results: The blood vitamin D level in shift workers was significantly lower than that of day workersin
both males and females. In male shift workers, shift work was significantly associated with a decreased
bone mineral density in the femoral neck (odds ratio(OR) 1.42, 95% confidence interval (Cl)=1.05~1.92)
and lumbar spine (OR 1.53, 95% CI=1.09~2.15) compared to day workers. After controlling for covari-
ates, this association was still significant. In the case of female shift workers, shift work was significantly
related to a decreased bone mineral density in the total femur (OR 2.84, 95% CI=1.69~4.79) and lumbar
spine (OR 1.58, 95% CI=1.12~2.24). After controlling for covariates, this risk was not statistically signif-
icant.

Conclusions: The blood vitamin D level of shift workers was significantly lower than that of day
workers. In male shift workers, shift work can decrease the bone mineral density in the femoral neck
and lumbar spine. Prospective studies with information on the shift work intensity and duration and
exposuredata to explain mechanisms will be needed.

Key words: Shift work, Work schedule tolerance, Bone density, Vitamin D
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Table 1. General characteristics of study population

Total Male Femalel
p value
N(%*) N(%*) N(%*)
Total 2,819(100.0) 1,667(59.1) 1,152(40.9)
Y ear 2008 760( 27.0) 452(27.1) 308(26.7) 0.8238
2009 2,059( 73.0) 1,215(72.9) 844(73.3)
Area Urban 2,380( 84.4) 1,393(83.6) 987(85.7) 0.1281
Rural 439( 15.6) 274(16.4) 165(14.3)
Age Mean+SD' 37.7+9.9 39.4+10.2 35.3+8.9
~19 51( 1.8) 25( 1.5) 26( 2.3 <0.0001
20~29 613( 21.7) 284(17.0) 329(28.6)
30~39 949( 33.7) 565(33.9) 384(33.3)
40~49 832( 29.5) 473(28.4) 359(31.2)
50~60 374( 13.3) 320(19.2) 54( 4.7)
Job* Managers, professionals and related workers 712( 25.5) 388(23.6) 324(28.2) <0.0001
Clerks 669( 23.9) 383(23.3) 286(24.9)
Service and sales workers 530( 19.0) 209(12.7) 321(27.9)
Skilled agricultural, forestry and fishery workers 5 0.2) 5( 0.3) -
Crafts and equipment, machine operating 530( 19.0) 470(28.6) 60( 5.2)
and assembling workers
Elementary workers 346( 12.4) 187(11.4) 159(13.8)
Shift No 2,433( 86.3) 1,449(86.9) 984(85.4) 0.2529
work Yes 386( 13.7) 218(13.1) 168(14.6)
Evening shift’ 124( 32.1) 48(22.0) 76(45.2) <0.0001
Night shift! 62( 16.1) 36(16.5) 26(15.5)
Rotating shift 114( 29.5) 76(34.9) 38(22.6)
24 hour rotating shift 18( 4.7) 17( 7.8) 1( 0.6)
Split shift” 15( 3.9) 12( 5.5) 3( 18
Irregular shift 46( 11.9) 25(11.5) 21(12.5)
Others 7( 1.8) 4( 1.8) 3( 18
Education  Less than high school 354( 12.6) 217(13.0) 137(11.9) 0.0027
High school 1,198( 42.5) 664(39.9) 534(46.3)
More than college 1,266( 44.9) 785(47.1) 481(41.8)
Income Low 614( 22.0) 342(20.8) 272(23.8) 0.1938
Middle low 694( 24.9) 411(25.0) 283(24.7)
Middle high 728( 26.1) 448(27.2) 280(24.5)
High 753( 27.0) 444(27.0) 309(27.0)
*column percentage, 'standard deviation, by Korean Standard Classification of Occupations, 6th version.
$pm14:00~24:00, ' pm21:00~next day am8:00, "work for two and more segments per work day.
gt A9 T AL FEE AFAT U T2
FrolA FelEAl o @skth(p=0.0296). elAelME 3. UE ¥ UL} 2 X E ZD
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eFrols BARCR Folatd AfRFEo] Egkon] 2
(p=0.0005) ¥IEFT] D $EZE(12-20 ng/mL) & wel o 888 5
D263 8%, FDRE 48.8% % wlRREA o TE NS Q £
Sl 23280l BYTHP-0.0002, Fel AN o SElsgs 5
<), FAA Az % el D $5< vus) = g
e EUolq] S8 AL 29.6 ng/mLE 44 £t ;
2 W2 2 Bl FAA} 181 ng/mLE b Rk ggg 2
or AP folg Ato]Z HATHp(0.0001, el A 3|3 g3y £
A 2L 87 58S g
AR THBRRN 2 B4 AATE 468.7 ==1858 jE
mge.® FeREd vl o Beer wua 4A%e 1
60.4 gO= O AUAT FAROZ felah Wttt _ g
W% v D FEt wgeREdd 15101897 3o 288 T8
14.2) ng/mL2 Fza%e] 1620547 15.3) edlgs gy g8
ng/mLel vlal felahAl Rekeh(p=0.0187). WE D siigsyg £°
2HZ(12 ng/mL)e AWIFE 32.7%, FUETT O Jaaa E3
25.7%% mol2RzdN ZREEe o =gov -
(p=0.0572) WIEFEl D ¥22(12-(20 ng/mL) & mo scg ¢ %
D75 9% FHERE T1.6%E LT BE 2Fgeg g
Zgo] o A UEhtthp=0.4179, Hol AxelA] o g1 828 S
2. clAeld JYME 8% wgwl D £22 vas) =T388 EZ
HR oY W EAAE Gt Qo] a4 22
Qoo gewn ezt 17.1 ng/mLE 71 ¥%3 _ = £
NREAAE 151 ng/mLE AT ok Aduz g2 §| g 8805 Ele
@ Aolsh BAAA(p=0.0050, Tl AN Be). 5§/ BS| 288 FEE
W gaAse Euse gEE ad, guz o 22 SLEIS§E £g8
BgEE ALY GEE A 8R4 @ 2 “a- TR
QR Faeted v o Wi veskt, 44 5 23y
% BUS 9 oleE AR 2IUEE anaradd S| s | @§® BSE
9w 2 g 1 2 auen BAde g B8 S23 253
felal mEREdne BUE) F0ered i 5| SL/sdd| 5§
ol U wgith BUEE Tscore2 ¥NF Ao 2| 67| F3I 8 EIE
2 A% LR~ TAEFEAN Tscore G %% 3
A} #engd wd folA Wit E2pasTR E T £l
tesron pRad BAse] wul yET A o g 7 g 2
B2 AN adeyrds Tdezes Idese 8 ~ |_.gvk
o] §rolshl Be RO LektHTable 3). = SRR -
oA aAEe] FUEE qEF A4, dEE A% § 288 83?2
B g2 A% ax(-a)en mlEnEd T3 8 XTE 9923
angd vl o we Aoz Ytgon dEE A4 8 g2
o BARoR felesl woenne gus ELET
} zpane va wed. SUEE Tscore ¥4 8 228 ©
@ A% gEE AN mRzane Tsoret g _.egoggf &
Frrangd vel foldl wskon WEE AR W & 8 P2 B EEES %
E(1~a)AE Be Ago] BARAOY FolaH & 3 zgE/gzgg § 8
Sth, ERaEEH BUEETOR LRl ud g B 23622 g8
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vz AT F WA WAz

% -
AWSES ot Tgegon, A A WA )
29F WEEY, £F €5 EUEE 1EY B), A
A e WFE@S, F9) 2ET Fo 29
HER) FE WEE F7kstel BHTHTable 4).

") T%
SARAZT A k2o EE Fiel 2
42(95% A =7 1.05~
15 2 999w

oo>—tn1

A GEEsl BUE B A HAIE 2.8405% A
23t 1.69~4.79)0190eH, 259 E8% 2 3
o] A= 1.58(95% Al=F3t 1.12~2.24)°]30tt.
ZUEd #E g2 2dES uE BA F A4 o
Hge] FUmst 42 939 vAE 1.3495% A9
7k=0.27~6.61)°l1 oM, Fdlre 1.12(95% A

0.46~2.75)= HxpH|7} gHastslon, EAAC R

n £l

2 ATe ARG LR ZPE% 7o 2 w25
o Fuwzte] BANS BN A I 2RAE 4
- wEto] FhE R vlE frolatAl dZ vlE
R D o] W Hddd aclEs 9 Uk ae @
de te 298 BT T dHE AT 9 8F
A SEE e fdo] moldE HAFIAH

wefeh 3%l O 9P Asow Xﬂ’\]d Nl

£ W 5%, 7F&4(pesudofracture) ¥ HPE

AL TAT I RE 3 414 UIAlNA EF 257
ste|=EZAIBE] D7F AaEe] glom FxAAA A
FA38}< (osteomalacia)o] e AlglH o]t o]
e AW v & BE JdA HdH B F3HA o
E8 -8 (barbiturate) 5°] 9clojglon,

ulep Do
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F 2 3%] o]
5 A8 kA @<
A go] FosiAl oA Tl

g7 1.04~1.80). tlse], ol& & AMAZFAF7F 24
kg/m’|Fto| 1 AT 2 RUA SHASE WA B2
oA 1 f¥e] oS AMCIANAER] 2.36, 95%
21273 1.33~4.20)7. o] Agolxe olefdt Jgol
A7l o] £A4 @or =24 J¥E ¢ &2 W Alg
AR BE Al &3 ZRAE0] nidFd o Bl F
ARgtew Qs A23E I 7Hoverestimation) st
A 9 “BA7 muaext E#(unhealthy shift
worker effect)” = J?@ A 4 9 R =g
2 AFo e wtdFTe] Aol ¢ x—4.;‘,\.1_ A =%
TAEPE B Bk Iﬂ_% = o o, HF HF B
AM AEAAA de R AY 52 3 771] X3t -“Ué
SFRAIRE, ol2igh ¥ ‘ﬁ_(blas) o] T 7t WA
—’F% ok EE 2 dA3E UdL:fli A w2

o

Wk FEee] #HEAS W] ds E2EEE
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A izl Ble) a9k fEE B S2Eert oot
Al skt AAEE old g AaE wdFwedA Ayl
wE A5 w2 FA9E 7RI A Sh R A
o2 <1k |27 (Interlukin-6, IL-6) 7} 59 7l
Moz Awsiiltt. IL-6% E;] 34]73“7‘ %i 10ki %"JE’J

}}\—‘Uz], ETA “?‘ 70
oA mU2Frt FEEE AaA7IE 7de] 4%
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w2 Qe AggFge] wAe s Fad
71 A AR Ee e Weked Y] A
ojt ! mrEEte] Wl Zge A9} viRto] vt
oﬂ gk 49 A dgEdS FAste] vlwshd wo
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7 vk Ftase] SdE foshAl =Y. &
de 9”4 f74S s, TS AT, oA AER
A BE g FURE AoARIY T3 &
I B HHEAS vEHEA g 23§ =S
o7k 104 718 winitt 38 %r} 2% asthy ud
4 24 A= frofail Eole Aoz Yeibt”, 19
doTrolre B Zg diib $4 ¥ 9%
27534, 2T A E(osteoblast)dll 2HAom ZH8-3)
o] FUCE "ol gy Agee] $3E Ao
g &2 U e Bdo] §le Aow YeyT”,
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o A5 NN 2EE F HAo| & o Txo ot
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C UHA 10%E AeldAE F4En. v
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