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Table 1. The international regulation on shift worker(ILO=International Labour

Organization)
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Figure 1. The circadian rhythm of body temperature and melatonin.
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Symploms .
Equilibrium Achieved
] /
Usual !
Adaplation !
) 1. Quil Job
Slart of Shiftwork 2. Accident
3. Transfer lo Day Job
When Enough Seniarily

Mal- ' Worsening Disequilibrium
adaptation !

Time

Figure 3. Expected mild circadian disruptions compared to shift maladaptation
syndrome. Adapted with permission from Darlington AC: Shift
maladaptation syndrome. Papaer presented at Am Occup Med Assoc

Postgrad Sem #12, April 27, 1987.

W ARl A Al g WSl HaliA= B Bt lom it o
TollA ko] Avde YeRSItKSteenland & Fine, 1996). T 1t +F-2o] A4
A== o 5716 tHKnustsson et al, 1986). B]nA Z<+ Halof| wp=w nit):
7 eI At g A Ee 10AER HuA v ghs Belon,

50 R} 20% 0102 vl sxot Al el Akl vA|= 7o e =

=

(population attributable risk)+:= 7%4 H+= Aoz FAE Y tH Akerstedt et al,
1997).

A8 obd 347 gk gelo] Fsw AAY 5 glouk, tre] ATl Felol
318 WA k. E UE flowd UYL & 5 g, Z age 4
YA BE AT QTS S Jrka ], 2EA2E o Bol W, 47 o
Aol A, FT AA] wste] WK e P97t EFHEL, o] 7}
e B b ARY moPl @k Ze Hael olFold mile] wew

(Tenkanen et al, 1997) 2Ed| 24 ~2E#|A(strain)o]2}7 | Ht= o5 &}Al| 7}

Sgx o2 JEe7el famel e vt gk & Be ddons e

ol
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T 2927 1 49§83 A= Aol oA Ay dF7] gl wek

ApEg-0] o 8kS- ukS. Zoldli= AZtol A EAZE AolA|uk o}
AE FAE AAE= EZcHLennernas M, et al, 1995). FH4uFEN(sleep
loss) B3k APAA 1 8clo= A7|H=d], ol o] =4 Ay ¢ w3t

A wWslol] Tt AR £AS Ao|th(Akerstedt T, 1995).

EXPOSURE TO SHIFTWORK

Individuali
Circadian
Tolerance

Work
Schedute

ADJUSTABLE

FIXED
FACTORS

FACTORS
Social

Schedule

[SHIFT_ MALADAPTATION SYNDROME|

Increased errors
Increased accidents
« Family/social problems

ACUTE (within 1 month) CHRONIC (5+ years)

+ Insomnia * Sleep disorders

+ Excessive sleepiness at work » Cardiovascular disease
* Mood disturbances + Gastrointestinal disease

* Absenteeism
. Separatlon/dlvorca

EARLY DROPOUTS LATE DROPOUTS/DEATHS

copyright, Martin C. Moore-Ede

Figure 4. Variables affecting the development and outcome of shift
maladaptation syndrome. Adapted with permission of MC
Moore-Ede from Moore-Ede MC, Kreiger GR, Darlington AC:
Shiftwork maladaptation syndrome: Etiology, diagnosis, and

management. Notes, Am Occup Med Assoc Postgrad Sem #12, April
27, 1987.
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< 24N o 0 A
A& 7 AL Aok Holtk, wtiest F7)= wE SR = Fld ¥ & A4S
gk oy, FH9e AXHA tA]l A diurnal orientation &.® WEoRitt
(Sack et al. 1992; Roden et al, 1993). 2] 7] 852 #&(circadian type)<
2ol H5Es Wkl 2 o5A%e|tKMonk & Folkard, 1985). 5, “o}
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(Arendt et al, 1987; Lewy et al, 1992). 121} WatEe] o]gdt g7} dF7] g
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oz 2Ae) Vhgah 9], ZAb el tEk S A3, FAR 2AAA %
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A9 pelslo) A AT ¥ 2z g 2A E (Yoshitake, 1971)
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disintegration)ol] ¥ Y& o2 AT o] JYrHF-= 7). ZAMAYE 7 24 o EH2

A5 Bashs B4 5E WAt A 10280 b W52 T3 vl wstal

DSk FEARES AR YA AR o] e4] Abs dAI(TM2420 3 TM2425
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Company, Limited, Japan) ©]-§-3to] S748I3itt. o] o] g4 AedUA= dAlE
AARl FAketal 24 F A GS 7 st b 14131 1314 A o® cuff
7b F2HA Aol SAH ] sl dAH] FaAE YAl 715o] AHE. oA
& 540l ¥ v+ ProcessE AZ2staL o|Zl& HFH| st AND £42%
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(th AldbE= M= A (Heart Rate Variability)
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: FHYA] = Scripps Sleep Disorder Centeroll4 713t Sleep LogE $-&@& ¥
Astar oFgke] M-S 7hsto] ARESIITHE-S 9). A st =2 AlE50] ZF 45
giwict 17 297k 73S 7158 st 42 US| (sleep latency),
FHH717F A 7Ksleep time period)S T8tal, H &-&(sleep efficiency)S 4+ 9|
ZAelubs SR tix|ste] 2o E(shift) = W] alaklth.
(1} =¥ A X (sleepiness)

Zb e 7IzE HE gAY EHA R digt 542 Epworth
sleepiness scale(ESS)< $-2]'d=2 M Ysto] o] &8I tHHE-510). A Fofsh <=2
At A Zb RO R 134 ghetste] vlasklth 7F el 3Hhel| wet Harsirt

Hal o] B eto] ZHARE ATkl

318 A4=3}8l9], morningness—eveningness= A 5719 WFE eIt E %
Aoll A8 3 F 137 T o224, Aae HA 10 T Ho 618747} 745!

H, A7 395 eveningness©|™, A7t =595 morningness’t =% 319

(2h) A=gA A (POMS, profile of mood status)
DAY A =4S Profile of Mood statusZS 2] @2 HY3te] o] 8313t} oA
2. Fatigue/Inertia, Confusion/Bewilderment, vigor/Activity, Tension/Anxiety,
Depression/Dejection, Anger/Hostilitys°l #3F & 655802 FAE o] 9lom,
Zb &l tiete] 57K AAILE H §HS T ¢ e, ‘A 28R grfelA |
=

A3 agtf 7R ol o) 7 wFuE R FAVee] HlaE I tHH-E12).
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(W) FFEGs 2AL

: Karasek ©| 7]k Job Content questionnaire(JCQ) 49313 o]-g3fo] 2|+

s SAHFATHE-E 14). o] AF-L Job-demand % Job latitude model®]]

RHEo17) Aiolth, AR aEe s o] Bak AL

1T

Ay

A E

e}

o AL (decision latitude),

XA A Q 5= (psychological job demand), AF3]4 A #|(social support) % 2]

o] B4 (job insecurity)d] 47) &) ule} A4S et AEHbE &
centero Al 7Igt Hapsl wbo R gled, Ao FHEe 34 thed

(Karasek ‘&, 1998).

JCQ
2}

* Mo H3t 32
7l% A= (Skill Discretion) @ [Q3+ Q5+ Q7+ Q9+ Q11+ (5-Q4)]x
grrA A A s Decision Authority) : [Q6+ Q10+ (5-Q8)]1x4
252 = (Decision Latitude) = 71& AFE + A2 4 A
A A5 2 % (Psychological Job Demands) :
[(Q19+Q20)x3 + (15— (Q22+ Q23+ Q26 ))*x2]
AFALell o] 8k A A (Supervisor Social Support) @ [Q48+ Q49+ Q51+ Q52]
T 23 X A](Coworker Social Support) : [Q53+ Q54+ Q56+ Q58]
AFE] A Z %] (Social Support) @ ZGAbell o] gh A A + Fgel o gA] A
&g A Job Insecurity) : [Q33+ Q36+ (5-Q34)]

¥ Karasek(1979)9] A+ mdo|| wpe} A FAgrol AalA 2 FHQ o] Fok

g}\-__

7102 slo] 4719 Fe-Low strain group, Passive group, Active group, High

strain group-2.& W3Ath
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Table 4. General characteristics of study

subjects

Variables

Total no. of workers

Age(year) Mean(Range)

Shift work duration(days)

134

29.09 (257 44)

1877.15 (163 ~ 3650)

Mean(Range)
Marital status(No.(%)) Non-married 56 (41.8)
Married 77 (57.5)
Bereaved 1 C0.7)
Past medical history No 106 (86.9)
(No.(%)) Yes 16 (13.1)
Smoking Non-smoker 18 (13.7)
(No.(%)) Ex-smoker 11 ( 8.4)
Current-smoker 102 (77.9)
Drinking Never—drinker 7 (5.4)
(No.(%)) A little 40 (31.0)
Moderate 54 (41.9)
Heavy-drinker 28 (21.7)
Morningness—eveningness Definitely morning type 0C-)
(No.(%)) Moderately morning type 59 (20.4)
Neither type 205 (70.9)
Moderately evening type 25 ( 8.7)
Definitely evening type 0C-)
Job stress group Low strain 25 (15.6)
(No.(%)) Passive 81 (50.6)
Active 22 (13.8)
High strain 32 (20.0)
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Table 5. Cardiovascular function and subjective symptoms for fatigue by shift

Least square mean (S.E)

P-value
Outcome "
1(morning) 2(afternoon) 3(night)
Symptoms for fatigue
I 4.32 (0.29)"" 3.15 (0.28)" 2.83 (0.28)" 0.0001
I 2.00 (0.24) 1.72 (0.23) 1.88 (0.23) 0.5451
I 1.82 (0.19) 1.52 (0.18) 1.76 (0.18) 0.2442

Blood pressure
Systolic

Diastolic

Heart rate variability
RR interval
In(LF power)
In(HF power)

No. of walking steps

130.00 (1.43)"" 126.81 (1.38)° 125.76 (1.4D"  0.0131
77.94 (1.21) 77.61 (1.16) 76.33 (1.18)  0.4455

782.97 (9.74)" 77715 (9.67)  808.76 (9.61)" 0.0546
9.21 (0.10) 9.01 (0.10)' 9.29 (0.10)'  0.1261
6.95 (0.11)° 6.59 (0.11)"! 7.00 (0.11)"  0.0215

8956.74 (219.73)" 9168.10 (219.78)! 8354.03 (227.65)" 0.0116

1) p-value on the fixed effect of the shift by repeated measured data analysis with

mixed model.
“ + I =

ko
of
>
[t
I»
o

. statistically significant by pairwise comparison.

2 Fol BT+ catecholamine AR 2] WA S 5= %}o]+= creatinine

o7 B 499 nAsHA &2 49l 583 Aol= iUtk Epinephrine®] 7

EE ESAA, O el oF, W wME YERdeH of=

FEAto)lE Bt o] catecholamine WA Ee] W HjA]

o] ek <lAle) AF7] BES wegshs Ao
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2 & 7 SitkTable 6).

Table 6. The concentration of catecholamine metabolites in urine

Least square mean (S.E)

. . P-value
Catecholamine metabolites D
1(morning) 2(afternoon) 3(night)

Epinephrine 25.12 (1.38)"  22.75 (1.38) 20.59 (1.42)" 0.0001
creatinine adjusted  0.16 (0.01) 0.14 (0.0D1) 0.14 (0.01) 0.0001
Norepinephrine 96.55 (5.00) 103.58 (5.04) 90.21 (5.12) 0.3120
creatinine adjusted  0.61 (0.04) 0.63 (0.04) 0.61 (0.04) 0.9829
Dopamine 412.46 (21.30) 420.44 (21.29) 377.68 (21.83) 0.4473
creatinine adjusted 2.50 (0.16) 2.62 (0.16) 2.61 (0.16) 0.9189

1) p-value on the fixed effect of the shift by repeated measured data analysis with
mixed model.

x 4 |,  : statistically significant by pairwise comparison.

2) The units of metabolites are metabolite pmol/m! urine and the adjusted level with

creatinine are the level divided by creatinine mg/d¢ urine.

,d
)

4. o) ZH(shift)el] & FH 9L HA AgH A

FHAAE T3] getdl $H7|7E Al7H(sleep period time)& ¥hilo] 714 A3

(7.684171), @5 Rk-o} 3Rk grollom, SAA o= frof gt ate] Qi) o1 7] = 2
<
s

POMSE  o]&3t AHA Aol gt Hrlode, WA, 7014-8<9F A4

(Tension—anxiety)+< oFHb-EH-0 90k 20 2 =q9ko} FAIX o7 FolsiA= &
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3

A4~(Confusion) & ©

Table 7. Sleep pattern and mood status (univariate analysis)

Least square mean (S.E)

Outcome P-value”
1(morning) 2(afternoon) 3(night)
Sleep
Sleep period time (hour)? 6.15" 6.35" 7.68° 0.0001
Sleep latency (min) 33.11 48.78 54.53 1.000
No. of awake 1.20" 0.85° 1.05 0.0463

during sleep period

Sleepiness 6.64 (0.34) 6.19 (0.34) 6.37 (0.33) 0.4022

Profile of mood status

Tension-anxiety 16.70 (0.53) 15.63 (0.51) 15.97 (0.51) 0.1646
Depression—dejection 22.51 (0.80)"" 20.52 (0.78)" 20.60 (0.78)" 0.0469
Anger-hostility 20.21 (0.78)"" 18.10 (0.76)" 18.43 (0.76)" 0.0410
Vigor 17.41 (0.53) 18.24 (0.53) 18.24 (0.52) 0.2479
Fatigue 16.82 (0.50)"" 13.88 (0.49)" 14.26 (0.49)" 0.0001
Confusion 13.17 (0.42) 12.30 (0.41) 12.28 (0.41) 0.1093

1) p-value calculated by repeated measure data analysis with mixed model.

x 4. |,  : statistically significant by pairwise comparison.

2) p-value calculated by general linear model with pairwise comparison Duncan
grouping.

Al (mood)= AR Y JASHE SH87] A% AE= ARESISl=H], o A
AR A7l e vIAE 8lS B4 fl8l AldE iAo A,

PR foE 9L MAA Rk A0R tehdth A3o] FABES P
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2t} (Table 8).

Table 8. The profile of mood status and related factors in shift workers

Estimate
Factors Tension Depression Anger ) ] )
. . . Vigor Fatigue  Confusion
-Anxiety -Dejection —Hostility
Age 0.2241 -0.3838 -0.5603" 0.4726" -0.0287 0.0147

Shift work duration ~0.0000 -0.0000 -0.0005 -0.0006 -0.0001 0.0003

Job stress  Passive - - - - - -

Low strain  -0.7706 -3.5279" -2.7577" 1.7780 -1.4171 -0.4554
High strain  2.3330° 1.9925" 3.0816° -0.2983 2.6528° 2.0657"
Active -0.1327 0.3198 0.2668 -1.0828 -0.1008 0.7016

Morningness Morning type - - - - _ _
/eveningness Neither type -0.6468 -0.4769 0.3091 0.2194 1.6856 0.6633
Evening type 1.0935 2.0953  3.1005 -0.4353 5.1682" 2.3489°

Shift Night - . - - _ _
Day -0.6381 -0.0846 -0.8774 0.0111 -1.1985 0.0915
Morning 1.0935 2.4568" 1.8814 -1.4355 2.3894" 1.4445"

* p < 0.05 by repeated measured data analysis with mixed model solution.

4+ p < 0.10 by repeated measured data analysis with mixed model solution.
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TV 5ol TS A= 82
Aol JFL TIAE 9 Y BHG Adl, wrlaree] F7Kl e olg
7] At 2 FEVIEY BFoA e STFAAS Bt E 57] A9 55
AR FHF=o] oy fFaAeAdE B2 JholA o3 S71d8s Bl o¢
7] @Y% fFFo] B JudA STkehE A Beloy SAA R [FYstH| =
itk FRFPANE ol Gl Histel AYF T BT efo] A ks
= A%2 ug
Ve wHlFRE Qste] MAlehE wHAAQl e R AT & dint
(Table 9)
Table 9. Blood pressure and related risk factors in shift workers
Estimate
Factors
Systolic BP Diatolic BP
Age -1.7001" -0.3550
Shift work duration 0.0068" 0.0090°
Passive - -
Low strain -0.7646 6.8082"
Job stress High strain -0.0972 1.6259
Active 3.9215" 1.4673
Morning type - -
Morningness Neither type -4.6674 -3.5391
—eveningness Evening type -11.1753" -6.5674"
Night - -
Shift Day 1.7542 1.3362
Morning 6.3030° 0.7481

#* p < 0.05 by repeated measured data
Il p=0.0700.

-3

analysis with mixed model solution.
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ks MEHE ARANFAL BEHS ekl A, AR agage] 45

Wt} (Table 10).

Table 10. Heart rate variability and related factors in shift workers

Estimate
Factors
RR interval Ln(LF) Ln(HF)

Age 3.0566 -0.0379 -0.1499"
Shift work duration -0.0130 -0.0005" -0.0003"
Job stress Passive - - -

Low strain -0.6728 -0.0376 -0.5859"

High strain 4.2275 0.4214" -0.0345

Active -16.4734 0.1553 0.1610
Morningness— Morning type - - -
eveningness Neither type —-59.2279° -0.6879" -0.5932"

Evening type -87.9721°  -0.6659" -0.6637"
Shift® Night - - -

Day -41.6352" -0.2801 -0.6657"

Morning -38.3595" -0.0836 -0.2068

* p < 0.05 by repeated measured data analysis with mixed model solution.

4+ p < 0.1 by repeated measured data analysis with mixed model solution.
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(Gillberg, 1998). &, W77} Hhiatel] wjste] @A|3] & FHARRo] Far(v
AR b HAIZE SAIRE, WA i AIRE 8AIRD, EHAETE G AE A
o g BusglE, ol AUAA 47 dojdoR s FH-2A glwe] AR
o] dojub= Zlel|A dAfgrar siolvh. &, 3uthollA ofzl<F(morning work)
& 75 FHAbo] 2R A AARE A FojErhal Barskal 9 vk(Akerstedt
and Torsvall, 1991; Akerstedt and Gillberg, 1981). ¢]2 <18}¢] REM W}
stage 2 FHo] Wad=rh Bk oj el A oo ® A, wEjte] s Sl

YA Z(morning shift sleepiness)”’} A8iZtiarl 3} tHKecklund et al., 1997). <
AlZrol FolAl= ol Al A 27171 vl oAdy, &9 dF7IeEelA
22 A (acrophase) 7} ¥+ A|7to]H ‘forbidden zone for sleep' ©.& &%
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FRETE RGN 1Y 1A GeRRE R 548), o) V129 e 47
A WS S b F UL A7) AL BE 1A AR A2} 28

A= Hael dx|shcl(Tepas, 1982; Akerstedt and Torsvsall, 1985).
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3. AA A7 Ba

A EAMNRE
shift AlZh A ye
HEZEA|(3) E32A| 23:30 (start meeting) | meeting room QHE A AHg
A Y MEX| Wolr|
ZEAZLE 23:30 - 00:30 meeting room/=+ 4 & 24A|ZH HHH EE
03:20-05:30 SHEHA! AHET| (MM E 2AIZF Mol WS cf v 2C})
05:20-07:30 break room/team room ZHMSE M EX| M E(ZALE A
A8 M E
(HZS H|2F 2A|ZHS O ChA 2Ol AE S Zof| BheCt)
Auky 2H
E[2Al 08:10 (end meeting) | meeting room QR A X &
Ched £2Al  23:30 (start meeting) | meeting room U EET| A E7|
QUZEAI(1) |E2A 07:30 (start meeting) | meeting room QHE A &g
Ay 2 MEX| gotrt|
ZEAZLE 07:30 - 08:10 meeting room/=+ 4 & 24A| 2t HH EE
11:20-13:30 ShatAl AHET|(AHM E 242 Mol LS cf | 2C})
13:20-15:30 break room/team room ZM s M2X| HE(ZALE B)
LM E
(W22 H| 235 2A|ZHE 0 CHA| ol A2 Zof gh=cC})
At £
E[ZA| 16:10 (end meeting) | meeting room QA ® &
chk3g £2A1 1 07:30 (start meeting) | meeting room EUZUEHZT|A E7|
LEZZA(2) |EZA 15:30 (start meeting) | meeting room QHE A Ahg
Ay 3 MEX| gty
ZEAMLE 15:30 - 16:10 meeting room/ZH 4 &+ 24N ZH HUA EHE
19:20-21:30 Sharal LEET| (LM E 2A|ZF Mol 228 cf | RCt)
21:20-23:30 break room/team room Ztd st MEX| ME(=ALE C)
AHHE
(S H|2F 2A|ZES o ChA| 2ol A S Zof gh=ct)
e
E|ZA| 00:10 (end meeting) meeting room QHE A ® &
Chse £2Al  15:30 (start meeting) | meeting room UL EET| A E7|
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1) Urine sampling
D 2A17F Foke] 4WS 5 mle] 6 M HCIZF 0.26 M sodium metabisulphite”} ¢
A Holl B 5 AW T Fe VIS 1 T 1 mlY oY 55 F 5] 24
& wj7bA] 20Ce] FE7]ol A7dstdnt.
2) Urines catecholamines®] % (extraction)

- 500 ul®] &W (= 27 89S 12 mlo] Zeb2E FHEO ¥l 100 mge] AL
2 A3t% alumina, 500 ul® 12 ng/mle] dihydroxybenzylamine (W& XFA]

2), 2 me TFF, 2 1 M Tris &5 (pH 8.5)% H7F3ISich

- 7HE 45 22 F A E mixerdlA 1083 SE3UTH

o,

- Alumina”} 7}efeEe 3 AbolS- ¥g]ar, 0.005 M9 acetate €< (pH 7.0)2.% 3
3] ARt

- 6,000 rpm o2 103 YA Eglste] ASds AAS £ 0.4 M9 perchloric acid
200 ulE 7}s}e] catecholaminesE alumina® HE &

- 287 AE £33 & 6,000 rpml®E 108-7F dAEgstar Aol 150 uls ts
eppendorf tubed] %71 ¥ 1 % 50 ul& HPLC systemol A}
3) 1A% AAIZvE T3 (High performance liquid chromatography) %}

718484 4 Z7](ECD: Electrochemical detector)& o] &3t

catecholamine® #+X%7

Pump: Pharmacia LKB-HPLC Pump 2248

- Injector: Rheodyne 7125 injector with 50 ul sample loop

Column: Thompson AXXIOM ODS (4.6 X 100 ml, 3.0 um)

Detector: BAS LC-4C Electrochemical detector

Potential +0.7 V, Filter 0.1 Hz, Range 10.0 nAFS
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- Recorder: Pharmacia LKB-REC 2 chart recorder
- Mobile phase: 1 liter containing 1.3 gm Heptanesulfonic acid /
0.1 gm disodium EDTA / 6.0 ml Triethylamine /
6.0 ml Phosphoric acid (pH 2.4) with 40 ml Acetonitrile

- Flow rate : 1.0 ml/min.
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