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— Abstract —

Effects of Physical Workload on Salivary Cortisol Level
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Objectives: Workload is known to affect the hypothalamus-pituitary-adrenal axis. Although
many studies had revealed that job stress related factors could affect the neuroendocrine system
among blue-collar workers, these studies had limitations as they had not evaluated the work-
load by objective methods which took into consideration individual physiological differences.
This study was conducted to evaluate the effects of physical workload adjusted job stress on
cortisol regulation by using objective tools for workers having various job tasks.

Methods: Among 110 foundry workers, shipyard workers, and fine machine assemblers for
whom saliva samples were obtained, 102 without any past history of conditions that could affect
hormonal regulation such as diabetes, and hypertension were included in this study. Among the
102 study participants, 15 workers whose saliva for morning or afternoon or heart rate monitor-
ing data was not attained were excluded from the final analysis. Workload was evaluated by
RHR (relative heart rate) using a heart rate monitor, and job stress was evaluated by Karasek’ s
Job Content Questionnaire. Saliva samples were gathered during 8~9 am and 5~6 pm, and sali-
vary cortisol levels were analysed by radioimmuno

Results: After adjusting several variables which could effect cortisol secretion includi ng job
stress, among the higher RHR group morning salivary cortisol level was increased (3=60.32,
S.E.=26.35, p=0.0266), afternoon salivary cortisol level was decreased (3=-7.43, S.E.:29.73,
p=0.8044), and salivary cortisol level difference between morning and afternoon was increased
(B=72.10, SE=35.50, p=0.0509).

Conclusions: As physical workload increases morning cortisol level, which is caused by the
effect of arousal, and decreases afternoon cortisol level, which is caused by exhaustion, physical
workload enlarges the width of diurnal cortisol variance. Therefore, physical exhaustion due to
excessive workload could have adverse effects on the neuroendocrine system.

Key Words: Salivary cortisol, Physical workload, Relative heart rate
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0 19.5%, 0000 55.2%100. 00000 O
Ub 00 000 37.9%, 0000 000 49.4%,
o000 bo 0oo0 ooo 12.79200, 00O O
gog 27.6%, JO00O0O0 0000 41.4%, 0O
0000000 31.0% 000 (Table 1).

2.00 0ODOO0OO0 OO, 0000000 Obo
ooon

000 OO 0000 000 0.33 0.11 pg/dl
0d, 000 0.16: 0.08 wg/d0 OO OOOOO
Ooddd ooOg (p<o.0001). ODO-O00O0O OO O
000 0.1% 0.12 wg/dO0 OO (Table 2).

000 00000 D000 00 RHRO 21.3
95 %, 00 O0O0O0OD0OO 31.¢ 5.7, 00 ODOO
oogd 52.x9.7, 00 OO0 O0O0O 19.G:4.1
000 (Table 3).
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Table 1. Characteristics of the participants
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000 0- 000 00000 00 0000000 000 oo

gog 22.9, 32.0, 52.0, 19.00 0000 OOO
b obb0oo0oobooooo.

3. o000 oo, 0oboobobo 0o goobo
goddo ob oo obo oooo

Oo00O ODOOOo0O (oobDb o.26 OO OO
0 O0O0. 00 oobo0o0o oboooo (ooo
0.25y10 00 OO0 0O OO0 OoUOoOoo (woo
0 -0.26)0 00O OOOOO OODO.RHRO O
0O 0000 00 (OOO 0.24y1 OO0 Ooooo
0 ooo0.00oo0ob0oo oo ooog oo @o
00 -0.31y0 00O ODO0ODOO Ooo.

oot 00 0ooo 0o RHRODO OO O
gooo obobo, 00 ObOoODb 0bo 00 bo
000 000000 OO0 000 ooo (Table 4).

Items frequency %
Age (yrs) 393+ 81*
Body massindex (kg/m?) 233+ 2.2
Job tenure (yrs) 11.0+ 6.1*
Work hour/week (hrs) 504+ 8.0*
Marital status Married 70 80.5
Not-married 13 14.9
Others 4 46
Smoking Non-smoker 22 25.3
Ex-smoker 17 195
Smoker 48 55.2
Alcohal drinking Non 27 31.0
(frequency/week) Oneto two 57 65.5
Threeto five 3 35
Exercise Regular 33 379
Irregular 43 49.4
No 11 12.7
Types of industry Foundry 24 27.6
Ship building 36 414
Machine assembly 27 31.0
Total 87  100.0
* Meant SD.
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4. 000000 O OO0 Ooooobob bo bo go-o0 oboob ooo oboo ob booog
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OO0 00000 OO0 RHRO OO O (Mean

gooooo b0 oboo oboooo ob oo o +S.D: 0.36x 0.10)0 OO O (Mearx S.D:

000000 ooooo oo oo,0ob 0odg, 0.3k0.09 OO ODDOD ODDOOD DDOOODO

Table 2. Morning and afternoon salivary cortisol concentrations and differences between morning and afternoon cor-

tisol levels
Items Meant SD. Median Range
Morning cortisol (ug/dl) 0.33+ 0.11 0.33 0.10-0.61
Afternoon cortisol (pg/dl) 0.16+ 0.08 0.16 0.02-0.36
Difference between morning
and afternoon cortisol (ug/dl) 0.17+ 0.12 0.17 -0.10-0.45

Table 3. Scores of relative heart rate and job stressitems

Items Meant S.D. Median Range

Relative heart rate (%) 21.3+ 95 229 4.2-38.1
Job demand 319+ 5.7 32.0 18.0-48.0
Job control 52.1+ 9.7 52.0 24.0-74.0
Socia support 190t 4.1 19.0 8.0-32.0

Table 4. Pearson’ s correlation coefficients between characteristics, physical work load, job stress items and salivary

cortisol levels

Items Age Work RHR® Job Job - Socia Morning®  Afternoon® Difference?
hour/week demand control support

Age 1.00

Work hour/week  0.07 1.00

RHR?2 -0.15 -0.01 1.00

Job demand -0.15 0.25* 0.12 1.00

Job control 0.26* 0.05 005 -0.19 1.00

Social support 0.14 0.08 0.03 -012 0.09 1.00

Morningn -0.17 0.00 0.24*  0.05 -0.08 -0.03 1.00

Afternoonc -0.07 -0.26* 005 -031* -0.03 0.04 018 1.00

Differenced -0.07 0.13 0.12 0.20 -0.06 0.00 0.81* -0.43¢ 1.00

* p<0.05, ", p<0.01, *, p<0.001

a Relative heart rate (%)

b, Salivary cortisol concentration in the morning (8 - 9 am) (ug/dl)
¢, Salivary cortisol concentration in the afternoon (5 - 6 pm) (ug/dl)

4 a- b (ug/dl)
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(Mearx S.D: 0.31+0.11)] 00O OO0 OOO

00 ODO0O0O0 (p=0.0660). OO ODOOO OOO

O0o0000 00 O (Meant S.D: 0.14+ 0.06)

00 OO0 O (Meart S.D: 0.18+ 0.08) OO O
000 00000 00000 (p=0.0123). 00O -O0
0 0000 0000 RHRD OO O (Meart
S.D: 0.20+ 0.11)00 OO O (Meant S.D:

Table 5. Salivary cortisol levels according to physical work load and job stressitems

4. 0000 OO0 DOD OO0 oo

0.14:0.12) 00 0000 00000 0OOO0O
(p=0.0577).

0000000 0000 0000 000 000
000 0000 00000 O, RHRO 00 OO
0 00 0000 000 OO0 (B=60.32, S.E.
=26.35, p=0.0266)0 00 (Table 6), 00 00O

Low High
p-value
(Meant S.D.) (Meant S.D.)
Morning? Relative heart rate 0.31+ 0.09 0.36+ 0.10 0.0294
Job demand 0.33+ 0.10 0.34+ 0.10 0.9414
Job control 0.33+ 0.08 0.35+ 0.11 0.2656
Social support 0.33+ 0.09 0.31+ 0.11 0.0660
AfternoonP Relative heart rate 0.17+ 0.09 0.16+ 0.08 0.8523
Job demand 0.18+ 0.08 0.14+ 0.06 0.0123
Job control 0.17+ 0.08 0.16+ 0.07 0.4691
Social support 0.17+ 0.06 0.16+ 0.09 0.3902
Difference® Relative heart rate 0.14+ 0.12 0.20+ 0.11 0.0577
Job demand 0.17+ 0.12 0.19+ 0.09 0.4103
Job control 0.16+ 0.11 0.20+ 0.11 0.2094
Social support 0.17+ 0.10 0.18+ 0.12 0.5674
a Salivary cortisol concentration in the morning (8 - 9 am) (ug/dl)
b, Salivary cortisol concentration in the afternoon (5 - 6 pm) (ug/dl)
¢, a- b (ug/dl)
Table 6. Factors affecting morning salivary cortisol level
Variable B SE. p-value
Intercept 381.28 248.35 0.1314
Age (yrs) -2.72 201 0.1823
Body mass index (kg/m?) -2.53 7.05 0.7216
Current smoke : yesvs ho 6.82 16.86 0.6876
Marital status: yesvsno 55.84 33.32 0.1004
Work hour/week (hrs) -0.65 1.80 0.7179
Job demand 0.40 2.18 0.8540
Job control 0.04 1.37 0.9782
Social support -4.21 3.50 0.2345
Relative heart rate: high vslow 60.32 26.35 0.0266
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0 000 OO0 (B-7.43 S.E.=29.73 p=0.8044)0
000000000 0000 (Table 7), 00-0
0 0000 0000 00 (B72.10 SE=35.50,
p=0.0509) 000 DO00O0 00O00O (Table 8).
RHRD 00 0000 000 00000 00O
0 0000 0000,0 000 0000 00 0
000 OO0 00000, 00 0000 000
00000 0000 0000 000, 00-00
0000 00000 000 000 00000.
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Table 7. Factors affecting afternoon salivary cortisol level

—P-

(Brantley et al., 1988; Van Eck et al.,
1996). 0000 OOD0 D00 OO0 0O OOO
000 OO0 00 O OO0 OO0 0oOdOo oo
0,000 OD0OD00O0 000 000 0ooOo oo
O 00.000 000 OO0 000 000 0o
000 OO0 0000 O0O0O0OO0 oooobo ood
00000 000 0O 0O, 000 OooOo oo O
OO0 00000 000 O o0. 000 oogo
000 O0OD00O0 000 000 OooOo oooo
0000 0000 00000 0D000 oooo.
000 oooono ooooo oodoo oo oo
0O 00000 O0O0000d, 000 VO,
33%0 000 000000 OOOoO oOod
(llmarinen, 1992). O0O0OO0O OOOOO

Variable B SE. P-value
Intercept 396.34 285.46 0.1749
Age (yrs) 1.62 2.10 0.4472
Body mass index (kg/m?) -1.58 8.04 0.8459
Current smoke: yesvs no -4.99 19.71 0.8019
Marital status: yesvs no 2.38 33.10 0.9432
Work hour/week (hrs) -1.89 184 0.3100
Job demand -3.29 2.32 0.1674
Job control -0.33 154 0.8313
Socia support -2.40 3.72 0.5243
Relative heart rate: high vslow -7.43 29.73 0.8044

Table 8. Factors affecting difference between morning and afternoon salivary cortisol level

Variable B SE. P-value
Intercept -196.12 340.86 0.5692
Age (yrs) -3.11 251 0.2246
Body massindex (kg/m?) 311 9.60 0.7480
Current smoke: yesvs no 22.35 2353 0.3495
Marital status: yesvs no 52.72 39.52 0.1919
Work hour/week (hrs) 158 219 0.4776
Job demand 2.88 2.78 0.3079
Job control 1.02 184 0.5808
Social support -2.73 4.44 0.5429
Relative heart rate: high vslow 72.10 35.50 0.0509
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%V0O,,...», RHR O relative oxygen uptake
(RVO) OO0 DODOOO OO (Wu & Wang,
2002). OO0 DOOOD OO0ODO RHRD OO
00000, 00 00 0 000000 Vo, 00O
0 00 00 0000 oooo ooog, o oo
000 RHRO O0O0O0O OO0 O0DO0O Oooo o
00 OO0 00000 00OoOO0o0o oooooo.
RHRO 00O OO OO0 OO0 OOOO OO
(OO0, 00,00000 000 0000)Y0 OO0
o000 OooO00 ooooo ooo, 0o oo
0000 D000 RHRD %VO,,d 00 00
OO0 OO0 OO (ACSM 1995, Sjg gaard et
al. 1996), OOO0O0O OOOO O OOOO
RvOO 00000 OO ODOOOO (Swain &
Leutholtz 1997; Pollock et al. 1998).

0O 0000 OO0 00000 OO0 RHRDO O
0000 OoOoOoO (r=0.24, p<0.05) OO Zeiter
0 (1996)] 0000000 OO0O0O summation
index 000 OO0 OOOO OOOOO OO O
000 0 (r=0.32, p<0.05)00 OODO0O. 0O OO0
00 00000 oo oo oo o oo oo,
pgoo, 00 0 oo oo 0o RAHRO O
00000000000 O00D00 ooo o
0 0O0ODO0OD OO0 OO0 . Okenfels O (1995)
0O 0o0bh e000 ODOO 6000 OO ODOOO O
000 0000 00 0D00O0 ooo oo @o
8—91)0 OO0ODODODO OO0, Schulz O (1998)]
1000 0O0O0O0 OO 0ODO0OO0O OO ooOogo
000 000 00 0000 OooDO0O oboooo
U0 oobooo booo boobooo oo o o
00 OO0 000 OOO0. Schulz O (1998)
000 OD000 00O 000 o000 ooooo
Mason (1968)0 0O0OO0O0O, ODOOO0O O OO
0O 000 00 D00 000D 00 ooo oog
O-00 O00O0 000 000 0ooooo ood
00 0J0O0DO0O 0O00d0. 000 0o ogoo
00000 000 000 000 000 0o oo
0 0000 OO0O0O0O OO0 ooO allostatic
loadd OO0 OO OOOO (Schulkin et al.,
1994), 0000 OO0 000 D000 OO0 OO0
00 (Dallman et al., 1993, Schulz et al.,
199810 OO0 O O0O. McEwen (1998)0 O

—P-

o00 0- 000 00000 00 0000000 000 00

OO0 00000 OO0 allostatic systemd OO0
00 0000 oDooo ooo oooo, oo, O
O Oo0o0 o0 00 00 boo booo oo o
0O 000 0o, 00000 OO0 ooooo oo
0O 000 OO0 00 000 000 Oooooo
OO0 0000 OO 00O ooog. Allostatic
load modelD OOO0O OOUOOO OO OOOO
0O 000 OO0 0000 0O0O0O DOoO ooo
O 00.00000 00 oo ooo ooo
000000 0000 OO0 oDUOoO0oo ooo o
Ugd oo obob bob 0o oo o oo
O0Od DODoODO. 00000 allostatic systemO
000 UO0OoOOo oooo, oboo oo ooo
oo0og, system OOO0O0O O0OOO OO0
00dooOo oooo, allostatic systemd OO 0O
000 0D00OO00 U0 OO 000 oooo o
O.00000o0ooooooooooooo.o
0000 00 00 U000 000 oooo oo
000,000 0000000 000.000O0
0O 000 000 oOooooooo oo ooo o
00 00 00O00DO 0D0DO0 000 oooog o
0 doobo oob, b0 bobo b0 U0 o
00 0000 00 o0oo ooooo ooo oo
0O 000.00000O0O000U0D0O0DOooo
00000 0ooo ooooo oo oo ooo o
00 OU0o0O, 0000 O 000 UoOoo oo
O000o0ooo.

0O 0000 OO0 0O0O0OO ooo oooo
RHRO 00O 0O0O0O OO0 O0OOO OO0 oOO
g, 00 00b0oo ooug, 0o oo bo-0og
0000 000 o0ooooog (p=0.0509), O OO
Okenfels 0 (1995) O Schulz O (1998)] OO
O 0oO0o.0O0 oooo oo ooo ooo o
O Schulz O (1998y COOOO OO COOO
00 glucocorticoids 0000 OO0 OO0 O
OO0 ooooo, OO0 00D oo ooo oo
0 0000 U000 00 000 Oooo o oo
0 00000 OO 000 OO 00 oooo o
00 000 OOoObo ocooo.ooo oodg
00000 OO0 OO0 OO0 OO0 ODoDoOo oo
oo 0ood oob0o 0obo oog oboo o
0. Okenfels O (1995)] O 0OO0OO OOO OO

65

P



06-

2004.3.24 9:52 PM 66

gooooooo 0O 160 0O 10 20040

o0 ooo oooo, bbb (o 8s—91)o oo
00 000 0000 000, Steptoe O (2000)
0 00 00 bob0 oo bobudg oo o
0o oo, obob0o oo o, 00o0oobo o
0 000 oo0-00 obob oobo oodo oo
0 00 oobdbobob oboboo oboooo
0DO0D00O. Steptoe O (2000 O0OOODOO
00 000 0000 ooOg (variability) 00O
gfdod 000 000 oo bbb oo oo
0 00oo. 00 000 oo obob ooo oo
0O 0O O0. Steptoe O (2000y OO O OOO
0 0000 do o0 oo oo b oog
oooooo boooo ooooo oo oo
god 0bb o000 bbb bbb O oobag,
Bocarino (1996)0 O O0O0O0O OOOO OOO O
00 00O ODobob Oooo boboo oooda
Joobo b0 0 oodb oboo oood
0 0dd o obbobooboo. b ooooo o
00 000 000 bob0o ooo bbb ooo
0O 00 (F-2.7200 00000 OO0OO OO0
00 00 o000 ooo oooo oooobo oo
000000000 oo.oob ooodg HPA
OO0 000 OO0 Seeman O (1994)y1 0000
00 000 OO0 0000 allostatic load allo-
static systemd 00O 00O (tear and wear) 00O
oo oo bbb bob o og.

0 0000 0000 oodo oooooo oo
000 000 D00 00 oo oooob o
0 oodobodoo oooog oboo. o oodo
Zeiter 0 (1996)0 OO0 O0O000O(r=0.09,
p<0.05)] 0000 OO0 OO0 DOOoobo oo
0 00O, Schulz 0 (19981 0000 OO OO
0 o0od0 oo obbob0o 00 booo o
U0 oobbooOo obbo oo, 0O Steptoe O
(2000)] OODO OO OODODO OO OO OOOd
oo oo oo bbb obo, boooa
o0 0o, 000b0ob oo ooo oo-o00 oo
00 000 o000 Obo0bo ooo oboo ooo
0 ooo.boo, oo oooob ood
oooood oobo oob oboboo boo o
b0 oobo oodod, ouoodg oboo oodgo
U 0bob ODO0obO Oobbodg bO. Steptoe U

66

—P-

(1998)] 000 OOO0OO0OO OO0 OoDOOoOo
0000 OO0 D000 ODOoo ooooo o
00 00D 000, o000 000 oobooo
00 0000 00 000 0Doooo ooog o
0 OO0 OO0 ooooo ood (r=-0.26,
p<0.05). Yang O (2001)] OO0 OOOO OO
00 0000 000 0000 00 oo ooo
00 00 000 0000 oo oooo ooo
Jo00 00000 000 000 oo oo oo
0 000 ODOOoOo0O. 000 ooo ooooo
ool OO0 ooo oo oboobo oooo
00000000 oo0ooooDoo.ogo
0000 OO0 0DO0O0o. 000 oooo oo
000 oopo0odb0 Ooob0ogo ooo ooo o
00,00 00D OO0 O0oOO ooooo oo
0000 o000 Oo0d. 000 ooo oooo
0 000000 000 D00 opodo ooo
000 0000 0oO00. 000 ooo oooo
0 00 000 000 ooood. odo gooo
0 000 0000 00O 0O00 ooooo oo
00 000 000000 oooo.

000 oboooo ooodo guooo oood
0 00000 000 oooo oogg, Zeiter
0 (1996)] O 0ODO0O0O0O OOOO oooo oo,
00000 00 OO0 O0DO0O0 Oobo oogo
0 00 0000 OO0 ODo0o ooo oo, oo
00000 000 000000 D00 ooogo
0O 000 00d. 00 Sluiter O (20000 OO
0,000 00 00O0-000 00 000 oOgg
U0 0oobo 0o obo oob o oo oo o
0 00000 00000 Dopoo 0ooo oog
00 D000 0000 000 0000 oogoo
000 TRAC (task recording and analysis on
computer) 00 OO0O0O OO0 O0OO OOO
O 000000 000 O00O0 O ooo oggd
0000 OO0 OopboDooO. o0 O oooog,
ooooooo, oooo ooo ooo oo, o
O0-00000 OO0 OoooOOo ooog ogd
0 00O 000 OO0 oooooo, ooog o
0O 000000 0ODO00o0OO0 oooo ooo o
0O 0oodb oboobo, ouoodguo oog d
00 0000 000 000 00bO oooo oo

P



06-

2004.3.24 9:52 PM 67

Oo0do0. 000 OO0 0bobo oooo ooag
O0ono O0oood 0ooooo ooobo obo.ooo
Zeiter 00 (1996)1 Sluiter O (2000 OOO O
0o 00 0oob 00 oo oob ooo
00o0o0o oo ooo ooo.

0000l bodb o000 bbb obob oo
0 0dod ooooo ooo, bboo boooda
0000 0ooo boobob Dobo obooo o o
goobdo oo bob Doo bbb O O
gobo. 0 00000 RHRO wWul Wang
(2002 OOOO OOOO O OO0 OO0 OO0
Ogoobo0doo 000 RHRDO OO OoOoboo oo
0000 Ooboo Obob 00 obobo oo ooa
god oob 0 booob, 0o0b 000 OoOo
RHRO 0O0O0O0O O O00O0OOOO0O OOOO OO
Oodoooo 0o obobo bob 0o ooo oo
0. 00 wul Wang (2002)0 OO0 OO
RHRO OO OO OO0O0OOOOOO OO OOdd
00doob0 000 0b0oo ooodb oo ooa
ggoo. 000l 0 oo bbb obo oogdg
00 00 RHRO OO0 OO0O0O0O OO0 OO0 O
ogoooouo oobo oo 0o O ooo oo
oo ooo. bo0o 0 ooOo boooo oo
0 0ooo ooo oooo, oo oobooooo
0 oud bbb obobob oo booog
oo ooobo ooo. ooooob obooa
0000 OO0 0o oooboo boo oo ogo
U000 0odob o0 o000 oo oooo.

4 4

gbo: obobo0o oboo-000o-0b 0o
oo oo oo 0obo oo. 000 oooa
b0 ooooob bo boobob bbbooooo
oo oob 000 oo boo, boo b
b 0ob0 ooo bob bob 000 oood
0 00000 oooo bobooo. 0 Oooooo
000 bob obo 0o O bbb ooo oo
U oooo, boobobbb obo 0 ooo b
o0 0oooo 0oo bobbbo oooooobo b
o0 ooobobo bobob 000 oo bob b
oooo ooo.

—P-

000 0- 000 00000 00 0000000 ooo oo

go: oo, oboboo, bobo boo O 1
0 oodbo oooo, oo oooobo ood
0 o0o0ooooododb 11000 0o0og, oo
00o0oobo0od0booouooooboboo o
0o 10200 0ooooo ooo, oooo 110
00000000000 bobuo ouoo o
00 000 00 oooo 1500 ooog 870
00 000 ooooo. 000 ooooo ooa
0000 OO0OO0O0O RHR (relative heart rate)d
000 O00OO00. 000Db000 Karasekd
Job Content Questionnaired O0O0000O0. OO
0 0dodbo oooo oo so—9d, od 5—6
o0 ooo0oo0ooo booo bbb obooog.

0o0: Jobo0ob0o 0bob oooo oo
oo 0oob 0obob oobobo O, RAHRO O
0 000 OO 0000 ooo oo o (p=60.32,
S.E.=26.35, p=0.0266)0 00, 00 0000 O
OO0 OO0 (B-7.43 S.E.=29.73 p=0.8044)0 00O
0, 00-00 0000 oooo og (Er2.10
SE=35.50, p=0.0509)0 00 .

dd: 000 ooooo ooo ooo oo o
0 0oood oo obobod, oo ooo d
0 0oooooboo oo bob ooo bbb o
000 Ooo0bO obooo obooobo ooo oo oo
0o ooogoo. o000 0ooo obobo bo
000 000 oboooooo booo ooo
0000000 oooo.

gooo

ACSM (American College of Sports Medicine).
ACSM s Guidelines for Exercise Testing and
Prescription, 5th ed. Baltimore. Williams &
Wilkins. 1995.

Bocarino JA. Posttraumatic stress disorder, expo-
sure to combat, and lower plasma cortisol
among Vietnam veterans: findings and clinical
implications. J Consult Clin Psychol. 1996;
64:191-201.

Brantley PJ, Dietz LS, McKnight GT, Jones GN,
Tulley R. Convergence between the Daily Stress
Inventory and endocrine measures of stress. J
Consult Clin Psychol. 1988;56:549-51.

Dallman MF, Strack AM, Akana SF, Bradbury

67

P



06-

2004.3.24 9:52 PM 68

oooooooo 0O 160 0O 10 20040

MJ, Hanson ES, Scribner KA, Smith M. Feast
and famine: Critical role of glucocorticoids with-
in insulin in daily energy flow. Frontiers
Neuroendocrinol. 1993;14:303-47.

Evans O, Steptoe A. Social support at work,
heart rate, and cortisol: A self-monitoring
study. J Occup Health Psychol. 2001;6:361-70.

Folkow B. Man'’'s two environments and disorders
of civilization: aspects on prevention. Blood
Press. 2000;9:182-91.

Frankenhaeuser M, Lundberg U, Forsman L.
Dissociation between sympathetic-adrenal and
pituitary-adrenal responses to an achievement
situation charactrized by high controllability:
comparison between type A and type B males
and females. Biol Psychol 1980;10:79-91.

Frankenhaeuser M, Lundberg U, Fredrikson M,
et al. Stress on and off the job as related to sex
and occupational stress in white-collar workers.
J Organiz Behav. 1989;10:321-46.

Harenstam A, Theorell T. Cortisol elevation and
serum g-glutamyl transpeptidase in response to
adverse job conditions: How are they interrelat-
ed. Biol Psychol. 1990;31:157-71.

Henry JP. Biological basis of the stress response.
Integr Physiol Behav Sci. 1992;27:66-83.

Himaoka M, Hiruta S, Ono Y, Nonaka H, Hjelm
EW, Hagberg M. A comparative study of physi-
cal work load in Japanese and Swedish nursery
school teachers, Eur J Appl Physiol. 1998;77:10-8.

llmarinen, J. Job design for the aged with regard
to the decline in their maximal aerobic capacity:
Part | - Guidelines for the practitioner, Int J
Ind Ergon. 1992;10:53-63.

Karasek R, Theorell T, Schwartz JE, Schnall PL,
Pieper CF, Michela JL, Job characteristics in
relation to the prevalence of myocardial infarc-
tion in the US Health Examination Survey
(HES) and the Health and Nutrition Survey
(HANES). Am J Public Health. 1988;78:910-8.

Kirschbaum C, Hellhammer D. Salivary cortisol in
psychobiological research. An overview.
Neuropsychobiology. 1989;22:150-69.

Kirschbaum C, Hellhammer DH, Salivary cortisol
in psychoneuroendocrine research: recent devel-
opments and applications. Psychoneuroendocr-
inology. 1994;19:313-33.

Lundberg U, Granqvist M, Hasson T, et al.
Psychological and physiological stress responses

68

—P-

during repetitive work at an assembly line.
Work Stress. 1989;3:143-53.

Mason JW. A review of psychoendocrine research
in pituitary-adrenal cortical system. Psychosom.
Med. 1968;30:631-53.

McEwen BS. Protective and damaging effects of
stress mediators. New Eng J Med. 1998;338:171-9.

Meeran K, Hattersley A, Mould G, Bloom SR.
Venepuncture causes rapid rise in plasma
ACTH. Br J Clin Pract. 1993;47:246-7.

Mosnier-Pudar H, Thomopoulos P, Bertagna X,
Fournier C, Guiban D, Luton JP. Long-distance
and long-term follow-up of a patient with inter-
mittent Cushing's disease by salivary cortisol
measurements. Eur J Endocrinol. 1995;133(3):
313-6.

Okenfels MC, Porter L, Smyth J, Kirschbaum C,
Hellhammer DH, Stone AA. Effect of chronic
stress associated with unemployment on salivary
cortisol: Overall cortisol levels, diurnal rhythm,
and acute stress reactivity. Psychosom. Med.
1995;57:460-567.

Pollard TM, Ungpakorn G, Harrison GA, Parkes
KR. Epinephrine and cortisol responses to work:
A test of the models of Frankenhaeuser and
Karasek. Ann Behav Med. 1996;18:229-37.

Pollock ML, Gaesser GA, Butcher JD, Despr JP,
Dishman RK. Franklin BA, Garber CE. ACSM
position stand on the recommended quantity and
quality of exercise for developing and manin-
taining cardiorespiratory and muscular fitness,
and flexibility in healthy adults. Med Sci Sports
Exerc. 1998;30:975-91.

Schulkin J, McEwen BS, Gold PW. Allostasis,
amygdala, and anticipatory angst. Neurosci
Biobehav Rev. 1994;18:385-96.

Schulz P, Kirschbaum C, Pruf? ner J, Hellha-
mmer D. Increased free cortisol secretion after
awakening in chronically stressed individuals
due to work overload. Stress Med. 1998;14:91-7.

Seeman TE, Robbins RJ. Aging and hypothalam-
ic-pituitary-adrenal response to challenge in
humans. Endocr Rev. 1994;15:233-60.

Sjg garrd K, Fallentin N, Nielsen J. Workload
during floor cleaning. The effect of cleaning
methods and work technique. Eur J Appl
Physiol. 1996;73:73-8.

Sluiter JK, Frings-Dresen MHW, van der Beek
AJ, Meijman TF, Heisterkamp SH. Neuroen-

P



2004.3.24 9:52 PM 69

docrine reactivity and recovery from work with
different physical and mental demands. Scand J
Work Environ Health. 2000;26:306-16.

Steptoe A, Wardle J, Lipsey Z, Mills R, Oliver G,
Jarvis M, Kirschbaum C. A longitudinal study
of work load and variations in psychological well
being, cortisol, smoking, and alcohol consump-
tion. Ann Behav Med. 1998;20:84-91.

Steptoe A, Cropley M, Griffith J, Kirschbaum C.
Job strain and anger expression predict early
morning elevations in salivary cortisol. Psycosom
Med. 2000;62:286-92.

Swain DP, Leutholtz BC. Heart rate reserve is
equvalent to VO2 reserve, not to %VO2max.
Med Sci Sports Exerc. 1997;29:837-43.

Ursin H. The psychology in psychoneuroen-
docrinology. Psychoneuroendocrinology. 1998;23:
555-70.

—P-

ooo 0. 0ooo ooooo oo booooobD boob oo

Van Eck M, Berkhof H, Nicolson N, Sulon J.
The effects of perceived stress, traits, mood
states, and stressful daily events on salivary
cortisol. Psychosom Med. 1996;58:447-58.

Weibel L. Methodological guidelines for the use of
salivary cortisol as biological marker of stress.
Presse Med. 2003;24;32:845-51.

Wu HC, Wang MJ. Relationship between maxi-
mum acceptable work time and physical work-
load. Ergonomics. 2002;45:280-9.

Yang Y, Koh D, Ng V, Lee FCY, Chan G, Dong
F, Chia SE. Salivary cortisol levels and work-
related stress among emergency department
nurses. J Occup Environ Med. 2001;43:1011-8.

Zeiter H, Brauchli P, Joller-Jemelka HI. Effects
of work demands on immunoglobulin A and cor-
tisol in air traffic controllers. Biol Psychol.
1996;42:413-23.

69



