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ABSTRACT

Objectives: The aim of this study is to evaluate the association between shiftwork and skeletal muscle mass index
in a single university health check-up.

Methods: We used data from 98,227 workers who answered in a special interview on health check-up at a local
university hospital from 2014 to 2020. Pearson correlation analysis was conducted for comparing the association
between skeletal muscle mass index and demographic and hematological variables in shiftwork and
non-shiftwork groups. Mixed linear model analysis after controlling demographic and hematological variables
was used to analyze the difference of skeletal muscle mass index between groups at every visit for seven years.
Results: In linear regression analysis, the variables most significantly correlated with skeletal muscle index in
both groups were shiftwork(p=0.049), BMI(p<0.001), hypertension(p=0.024), platelet(p<0.001), total protein
(p€0.001), AST(p=0.028), ALT(p=0.003), ALP(p<0.001), total cholesterol(p=0.002), triglyceride(p=0.019), BUN
(p=0.001), creatinine(p<0.001), and uric acid(p=0.002). After the adjustment for demographic and hematologic
variables, the skeletal muscle mass index at every visit was decreased both in the shiftwork group and
non-shiftwork group. The slope of the shiftwork group was —0.240 and non-shiftwork group -0.149, showing
a significant difference (p<0.001).

Conclusions: In the shiftwork group, the skeletal muscle mass index showed a tendency to decrease markedly
over time compared to the non—shiftwork group. It is presumed that shift workers' skeletal muscle health was
adversely affected by changes in the biological clock due to changes in wake-up and sleep patterns, and
changes in food intake.
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A ALSle] g AAISIE A FR7F SiEE
Al o]&9] FHEE {8l 7192 A AlEY] Ths=
HEA] o= o 25 FEHE T4k Stk ot

2t dubEQl At L5 AITHRA AIRE 2% 5
A7HAY) o]9] AIZRE EZete] HAA Ee EFEE
&8 RS ot AZ YWHKIm. et al., 2002). 3
Bjof wet 24417 Ad 25, 20, 3uY 45 52
2 BERET g5 AR A0 wet v okt
(Schwartz et al., 2010). &5 A|7t9] Ao = Af
AL 250l vHle ZdERAE A F719) Wl
e HE 9 =50 A= WL 34 AHF dEY
Hol o8 A 259 HIkE 7HA e o] ©H
SR 7 A ¥R It JFE] Ay 5E
A5ttt AdrE 4= qlow, Ar|H R LRAY &4
A AAAE gt WA d 49 4 Asket AdEd
(Nena et al., 2018; Lim et al., 2020). =89] ojx]
7} AAE AT AEC] Ao A HY wtfEEot
AAH 2= A S99 TS S7H41712(0Oh
& Yim, 2018), 9] T AGE ok AAH
I} wEREA Aol FHe, A"AS, e
g0 wofjRel Aol Sl ALE FRIFgloH
(Wang et al., 2013; Rao et al., 2015; Wang et
al., 2015), HE3 A% PAI= WrfEF Al7to] v
A SV S EII(Wang et al., 2018),
43 B, WH], 19, AolARE, AHYH 22 &
sP71A Agke] Wh¥(van Mark et al., 2010)3} S22
Holo] o3t B, T 715ASHs EAE IoiF
} o] QAAtHMoon et al., 2016; Gao et al.,
2020). E3F BAIF O R= W LF7F = Fofie} o
A Bt 2359 WS IHRIAIYE A+ 23t
AAcHKalmbach et al., 2015).
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DE 2R vlg] AJY E4 7FeAAY A
(odds ratio)= 2.4081%2 SAAC R S9514 =4 Y
K Park. et al., 2012). Wt &5 7+ AR} vl
o5 SAE o R JF I IEAA A
Aol gt A== HE B4R AtolA nd 5%
A4 880] oot =A Y= Hik
QtHChang & Peng, 2021). T3t LZZA A3
FHE IZ4A S5O g 2, XEEo| uH
TLRAOIA T AT AEolA IS 2
AA A7l EA4] g2 TS HH=E AS F 5 3
tHCaruso & Waters, 2008; Cho et al., 2020;
Matre et al., 2021). ¥t ZLFAOIA 22 55
o] vt} ZLFAR} Hlwste] [ootA A A=
71”0z e, =94, gekd, Ikgehs, A4l
#4821 5o BEHor AEFS AoR AYztert.
1 71"E S04 BESHCE ZAZY AH7t 4=
AA &5 WA B2 TS & AR WHEHE=E &
Ae o3 Aoh A2 AAA JFLAE AFS
I oqA] ABAE d tjate]] 83 Ik ol= 2
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2 TPt SR AN S 2 T E
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o T #Ailo] HE #olA| 1L rk(Fielding et al.,
2015; Proper et al., 2016; Sit et al., 2019). <&
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1. 17 Chat

£ A7t 499 A FF HUIH 201497
2020871 ZEAAZPAL WS 2AA F @A
e Yol 84, A%, A, =% 2L 7le 2
2 1A% YT FA 2EATE thYOE 98,227
3o ARE Syslglon wrj
L ESAAY oY BALES

= e BRI
o Ao Aae] 2014991 AL 2014U%H ok
Ao E4ABATE AZ] o) ofF F 5
3 AR BAT AXEMDS AN 5 AAD G4
R4 169158 134 A7 hgoR Agstgon
olF F BAT At & W o] BAL AR

H3lS gl 4 Q= 581982 A9t & 11,096
3S HF 2 AAsHAHFigure 1). AA| AT
A2 11,096 FollA A771%E F 23] &S of
A= 4,084 (36.81%)°11L, 33]91 H9-= 2,084
(18.78%)°1311L, A=Y Bt e 4.128]0]H

72 33|19} o] AFe 9JRU|E S o]83t Fgk
A AL E AT IFL E 7)o o409
23]9] 495 AA AlHFATH2022-SCMC-06-013).

2. G4

HAEAF 11,096 & weiFAF 2,461783F H
474 8,635 o2 BRESleH ZF #9] Q7+
EAT FHsky EAo] RAMEGITE. Uol(age), 7|
(height), BFAl(weight), A&FA4(body mass index),
Fi(diabetes), 8 thypertension), A% A3Kheart
disease) AH-E FAFotLL, M4 (hemoglobin), A&
TF2&E(hematocrit), @43 platelet), C-¥F-4 &
W(C-reactive protein, CRP), H(iron), SEZ2¢H
(TIBC), &9MeKtotal protein), LH¥l(albumin),
ofAT E|o| Eotu] o] §A(S-GOT), Lehdotr] =
o|EA(S-GPT), LA MIENEA(ALP), SLHFHI
(total bilirubin), 2@ &F(direct bilirubin), &
ZY|AHE(total cholesterol), F/3A %K triglyceride),
Fd(glucose), BFLAEABUN), THoF(creatinine),
A8 A(LDH), oPdelAl(amylase), R4Kuric acid),
FoFg M A (glycated hemoglobin, HbAlc), H|ERII
D(vitamin D)e} 22 @A HARY| AIE A
o}, Z2E AE(skeletal muscle mass index, SMI)
= AgEA M bioimpedance analysis, BIA)S] A%}
% AAEA L appendicular skeletal muscle mass;

98,227 subjects who answered yes to welding, installation, finishing, painting, etc.
from Samsung Changwon Hospital, 2014~2020

Male who were measured skeletal muscle mass

=16,915

Exclusion

Visit only once : 5,819 subjects

Final study population

N=11,096

Figure 1. Flow chart of subjects

Journal of Korean Society of Occupational and Environmental Hygiene, 2022: 32(3): 221-230

www.kiha.kr



224 i -

S - Oy - S

ASM)S AF(body weight) 22 U & 1002 I3t
% ASM/body weightx100 & Ab&dto] AREsHAict
(Janssen, Heymsfield, Ross, 2002).

3. SA WH
E AR BA EHAL STATA 14.0 (Stata

Table 1. Baseline demographic characteristics of subjects

Corporation, College Station, TX, USA) AR&5}3
a1, Table 1074 Ao dte] A H}—Ev— Al Q15
2 el FHEh Tt wjR o Fof ot 5‘]'01
7} EAE FRIst] st Oﬂj\d Hees 59 3
X(independent t-test)E AlYsll HFFH L—l—t
Pearson’s Chi-square A% &2 Fisher's exact

Non-shift worker

Shift worker

(n=8,635) (n=2,461) PR
Age 42.81 £ 7.60 40.82 + 9.21 0.001
Height 172.63 £ 5.87 172.80 £ 5.92 0.040
Weight 73.61 £ 10.48 74.44 + 11.50 0.001
Body mass index 24.69 £ 2.99 24.88 + 3.29 0.006
Diabetes 267 (3.09) 85 (3.45) 0.366
Hypertension 915 (10.60) 274 (11.13) 0.447
Heart disease 49 (0.57) 14 (0.57) 0.993
Laboratory studies
Hemoglobin 15.63 £ 1.01 15.64 + 1.02 0.630
Hematocrit 45,78 + 2.80 4572 + 2.88 0.484
Platelet 258.60 + 54.40 260.92 + 57.25 0.167
C-Reactive protein 1.10 £+ 2.25 116 £ 2.72 0.450
Iron 140.67 £ 43.77 142.84 + 46.41 0.242
TIBC 322.54 + 40.6 323.00 t+ 38.61 0.790
Total protein 7.46 = 0.42 7.43 £ 0.41 0.032
Albumin 4.90 + 0.30 4.89 + 0.29 0.493
S-GOT(AST) 2551 £ 23.23 25.00 £ 13.46 0.337
S-GPT(ALT) 28.89 + 2552 29.48 + 20.98 0.326
ALP 66.82 + 16.31 65.89 + 15.561 0.116
Total bilirubin 0.89 + 0.39 0.90 + 0.38 0.589
Direct bilirubin 0.31 £ 0.12 0.31 £ 0.12 0.460
Total cholesterol 197.22 + 33.98 193.23 + 34.43 0.001
Triglyceride 142.33 £ 111.99 144.91 £ 105.61 0.321
Glucose 95.74 + 16.36 96.40 £ 18.35 0.117
BUN 13.26 + 3.11 13.73 £ 3.28 0.001
Creatinine 0.95 £ 0.13 0.96 + 0.13 0.195
LDH 179.38 + 34.63 181.80 + 37.68 0.062
Amylase 62.65 + 22.98 61.75 + 20.64 0.280
Uric acid 5.97 + 1.30 5.94 + 1.24 0.564
HbAlc 5.56 + 0.61 5.60 £ 0.70 0.031
Vitamin D 19.44 + 7.38 19.68 + 7.23 0.444
Skeletal muscle mass index 43.52 + 3.27 43.21 = 3.40 0.001

N: Number of subjects,
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testE APttt dik= ALY W] B Bt £
FEHEACRZ YERRY, HFY Ame N (0= Let
itk Table 2014% baselineolA1o] moos

Qe #aet Gk Wt AT A5
ojHgl YIS FEAE BuAl SIAch BAHe A
F3] A=A (linear regression analysis)& AAISHHIIL

uti 22e SAZ X9 Ay 225

A= JAASB)Y AR YERARITE Table 3
A= WTiEF of o] wEt At 7|7t 5t EAE
Ag WHIE PotHr] fsf EFHFEF(mixed
linear model}&4E& o]-&sto] A5ttt 72 =&
(p-value) 0.05 "|THE BASHHOCZ 9u] Q= 5
A2 7HEsko

Table 2. Factors affecting skeletal muscle mass index in the study group

Crude Adjusted
B t se P-value Bt se P-value

Shift work -0.303 + 0.075 0.001 -0.203 + 0.103 0.049

Age 0.001 = 0.004 0.807

Height 0.061 = 0.005 0.001

Weight -0.163 + 0.002 0.001

Body mass index -0.729 + 0.008 0.001 -0.679 = 0.015 <0.001

Diabetes -1.032 + 0.179 0.001 -0.328 + 0.253 0.196

Hypertension -1.569 + 0.100 0.001 -0.268 + 0.118 0.024

Heart disease -0.922 + 0.417 0.027 -0.525 + 0.481 0.275

Laboratory studies
Hemoglobin -0.380 + 0.037 0.001 -0.030 + 0.099 0.760
Hematocrit -0.136 + 0.015 0.001 -0.032 + 0.035 0.364
Platelet -0.008 + 0.001 0.001 -0.003 £ 0.001 0.001
C-Reactive protein -0.159 £ 0.021 <0.001 -0.017 £ 0.017 0.299
Iron 0.004 + 0001 0.002 0.001 + 0.001 0.510
TIBC -0.014 + 0.001 0.001 -0.001 + 0.001 0.439
Total protein -1.368 + 0.116 <0.001 -0.678 £ 0.119 <0.001
Albumin -1.455 + 0.166 0.001 0.036 + 0.173 0.836
S-GOT(AST) -0.012 + 0.001 0.001 0.008 + 0.004 0.028
S-GPT(ALT) -0.034 + 0.001 0.001 -0.006 + 0.002 0.003
ALP -0.017 + 0.003 0.001 -0.010 + 0.002 0.001
Total bilirubin 0.696 + 0.127 0.001 0.367 = 0.211 0.082
Direct bilirubin 2.002 + 0.419 <0.001 -0.597 + 0.709 0.400
Total cholesterol -0014 = 0.001 0.001 -0.004 £ 0.001 0.002
Triglyceride -0.00 + 0.001 0.001 -0.001 + 0.001 0.019
Glucose -0.039 + 0.002 0.001 -0.007 + 0.004 0.073
BUN 0.046 + 0.016 0.004 0.044 + 0.013 0.001
Creatinine 1.5676 + 0.308 0.001 3.235 + 0.323 0.001
LDH -0.009 + 0.001 0.001 0.001 + 0.001 0.597
Amylase 0.020 + 0.002 0.001 0.001 + 0.002 0.653
Uric acid -0.552 + 0.038 0.001 -0.101 + 0.032 0.002
HbA1c -0.978 + 0.067 0.001 0.080 + 0.103 0.437
Vitamin D 0.014 + 0.007 0.056

B is standardized regression coefficient. P values are calculated by step—wise multiple regression

Journal of Korean Society of Occupational and Environmental Hygiene, 2022: 32(3): 221-230

www.kiha.kr



226 W% - MYS - OleH - 2SS

Table 3. Change in skeletal muscle mass index between shift & non-shift work group during the study period

Model 1 Model 2
B P-value B P-value
Non-shift work group -0.130 -0.149
Shift work group -0.191 -0.240
Interaction -0.061 0.001 -0.091 0.001

Model 1: Crude

Model 2: Adjusted for BMI, Hypertension, PLT, Total protein, AST, ALT, ALP, Total-chole, TG, BUN, Cr, Uric acid

7t & 20| BAA Aolg H=T wHidF ¥
o Uol7} HlaefERgtol His) HJqa 7], 5, A
A= gttt dHsky wPes 5 IUUWE
(total protein), =¥ A HE(total cholesterol), @
F84EABUN)O] BHluEFLA FootA =7
ugror g5tdAA(HbAlc) HAARRE Ii5F-+]
A oA =T TR SF T X577t Table 10714
o} Zo| wrfRFto] g BHlutiFEolA [2lst

Estimated skeletal muscle mass index

Al =UTHp<0.001).

SZ2
ZAE A5 FFE FE= HLE A9 39 BHo
A= Table 29+ Zth Table 2004 B%
q I7 YA 22 A5 oSt AT &
A Bl s BRAR-H(p=0.049), A-FAF
(p<0.001), TEWH(p=0.024), BAIHp<0.001), &t
HEK(p<0.001), oFAT E]o] Eofn| 0] F4(p=0.028),
o] Aol g 4(p=0.003), YL AL
(p€0.001), FE2N2EE(p=0.002), S84 (p=0.019),
3342 2(p=0.001), ZHoFE]d(p<0.001), 84Kp=
0.002)°] At}

] Non-shiftwork group
[0 shiftwork group

41
1 2 3

4 5 6 7

Follow-up duration (years)

Non-shiftwork group 7127[: -0.149
Shiftwork group 7|271: -0.240
P-value: <0.001

Covariates: BMI, Hypertension, PLT, Total protein, AST, ALT, ALP, Total-chole, TG, BUN, Cr, Uric acid

Figure 2. Comparison of skeletal muscle mass index for 7 years

www. kiha.kr

Journal of Korean Society of Occupational and Environmental Hygiene, 2022: 32(3): 221-230



=
9] A Ao gt £ AP XY (mixed linear
model A4S AP AF}= Table 33 ZT}. Model
1 & Crudex= RAFHSE J2otA] A0S W] wrj
SRR W2 AT X9 ¥ig} 71E7|E UEY
Q3L Model 2 & Adjustede & A4 Tty Z
AT 5o P X QA4S HASIHE o 1y
TR g AT A9 ¥ig} 71275 UEY
tHTable 3). Model 191A% WHEFA) H]ad)
LA Bl AL A9 WSt o wWiEA HAag
< IRIF 4 J1 BAFCEE [t Hp-valuel
0.001), E4 Aol JFe F= HEER BT
F9] AFoflA= WA FAT A9 Wit
24 o w2A ZATE 1T 5= AJTHp<0.001).
Figure 29} o] IiFAREA BAHHSEE Jest
92 W AT A9 ¥g} 71E71+= -0.240, Hu
TRARE -0.1498 23 AolE HAtH(p0.001) ©]
= IHIFAY] EAE A FAVE Bl a L FARe}
H|wste] 5AgE 7|7t Wi A AlARRI.

V.

]
2t

TollAE DA T oM 2224 A4 44
AR Ade B 83, HE, A, £ 4
7R A R S H 22AE
L sAke} Bl R 2ARe] BAT A0 o

r
lo e

-

tlo

N o
o= T,
e
in)
Bl

Fe A AT, EHEHE HE7E FRIA] Dot
HOtA AR wE FAT 59 MsPE & LoflA]
}o|7} YERE Yol Horow WridRrt AL X
ol mAlE ddge Bk o¥l A
AT Ao IFE v Wee AR (=

0.049), A-FA(p<0.001), 1EH(p=0.024), &
TH(p(0.001), ETHHp(0.001), ofATE|o]Eotn] L
o] E4(p=0.028), Yot =o] & 4(p=0.003),
WAL EA(p<0.001), S 2EE(p=0.002),
S4A%(p=0.019), BF8AHA(p=0.001), FotE]
d(p<0.001), 84Hp=0.002)°] AArt. A5}
ZATAS9} S0 AT PAZ B o= ojd 2

22 dVder AAFAe A7 dHte] v

Journal of Korean Society of Occupational and Environmental Hygiene, 2022: 32(3): 221-230

uti 29 SAZ X|eo| Ay 227

AFENAM ALZAT 2 dASSE
9ol S7Itte o] Aiox A A
e $A4 @2 1439 AxE 15E 5 Ao
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et AZE 8584840 T
ol do] ZAIAL} f2gt el AT TAE EI
A0 Fofed-2 ThiEo] Ao A
ALE Y F2 EEER E5| €% IdotEde 24
o] Q= FZFotd EAMO|E(creatine phosphate)
o] Bof AFEE ZAT 4ROl fig] X IH(surrogate
marken)E L&A gloH, W2 dF AgotEd 3]
= W2 AT &S YUk Ao=E 9 AT A
£ Holx= A2 A3st AA0 % e rHLin & Hsu,
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WAL I8 AZE APgsck=d 283t 52 35
Sk Qled A AjAg: SHAYE wlEFAte] 4
ol = chAH T A9 4 GA| eeslEo] F7F 42
Aol vlg] o W RES X5k ol= Aed A
A 27t 48 o B A, AW JE S ¢
2 ZAT A% 7929 9T vl Lowden et
al., 2010). H H=2 gutzlog oy Y 9 1
il AlZo] v|g] o 4], & 4], 5 24 5 e
o1 gHgo] &2 240 figt AT EE &o|3 A&

o
x = A8 oA 5229] = (eptin)T} 4
& 25 22821 Jd(ghrelin)®] #H7F o 27
AofA @ FREAeL g2 BHEE A 24 HH
geo] Wslo]l fd9olog AYZFHTHCrispim et al.,
2011; Spaeth et al., 2014). ] 25 = 47 4
Ho|= oS wX|=H Do FAIA ZE o]
S7ket AR QIS &5 T o] At &
o $7t= ZA30 U 9FE = I+ 2t
tHSmiles et al., 2016; Dorrian et al., 2017). Al
HA= WfEFEE A U Aofjet T 2F9o] Wb}
A9 AR FFE vHdTE= Aot 3 222
(testosterone), A% S2E(IGF), ZEZ(cortisol)Z}
2 SEES0| I od tfALe] 538} 28t o]g}
280 FF= A= I F AT ERS 45 U
A S AHF R FX5k= BAlo @HE Bl
2ol S JAISH: 7152 7HAAL o] &
ALFE A= A IEE of=d +H AR
o] HAEAHE W& $X& A= d+23=
o] QItKTouitou et al., 1990). A% S22 X150
SATOR opm|iAke] Hdsial 5 Twd S
2g3fotal & Tl 2o JAIoks 9T sk
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