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Job Stress, Heart Rate Variability and M etabolic Syndrome

Sei Jin Chang, Sang Baek Koh, Hong Ryul Choi?, Jong Min Woa?,
Bong Suk Cha, Jong Ku Park, Y ong Hee Cher?, Ho Keun Chung®

Department of Preventive Medicine and Ingtitute of Occupational Medicine, Wonju College of Medicine, Yonsal University,
Department of Occupational Medicine, Daewoo Hospital®, Department of Neuropsychiatry, Inje University Seoul Paik
Hogpital?, Department of Occupational Medicine, Taebaek Choongang Hospital®

Objective: A growing body of literature has documented that job stress is associated with the
development of cardiovascular disease. Nevertheless, the pathophysiological mechanism of this
association remains unclear. Therefore, we tried to elucidate the relationship between job stress,
heart rate variability and metabolic syndrome.

Method: The study design was cross-sectional, and 169 industrial workers were recruited. A
structured-questionnaire was used to assess the general characteristics and job characteristics
(work demand, decision latitude). Heart rate variability (HRV) was recorded using SA-2000
(medi-core). HRV was assessed by time-domain and by frequency-domain analyses. Time
domain analysis was performed for SDNN (Standard Deviation of NN interval), and spectral
analysis for low-frequency (LF), high-frequency (HF) and total frequency power. Metabolic
syndrome was defined on the basis of clustering of risk factors, when three or more of the fol-
lowing cardiovascular risk factors were included in the fifth quintile: glucose, systolic blood
pressure, HDL-cholesterol (bottom quintile), triglyceride and waist-hip ratio.

Results: The results showed that job characteristics were not associated with cardiovascular
risk factors. The high strain group had a less favorable cardiovascular risk profile with higher
levels of blood pressure, glucose, homocysteine, and clotting factor than the lower strain group
(low strain+passive+active group), but the difference was not statistically significant. The
SDNN of HRV was significantly lower in the high strain group than in the low strain group.
The prevalence of metabolic syndrome in the low strain, passive, active and high strain groups
was 9.7%, 13.9%, 14.9% and 23.8%, respectively. In the high strain group, the metabolic syn-
drome was significantly related to a decreased SDNN. However, we could not find a significant
association in LF/HF ratio.

Conclusion: Thisresult suggests that decreased HRV does not play arole in the devel opment
of disease; however, it can induce cardiovascular abnormalities or dysfunctions related to the
onset of heart disease among high risk groups.

Key Words: Stress, Heart rate variability, Metabolic syndrome
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oooo0O OO0 ooo, 0oooooo oo,
0O 0000000 0DdooO oooo oo ooo,
ooo, 000, 000 OO0 ODOO0O0 oooo,
0000 0O 00000 OO0 OO0 ooooo
00 oooood oo obooob.ooooa
0O 000 0OO00 00 000 DO0oo oog
O,0000,0000,000 00 00000
0O 000 oo, 0o boog, ooog, oo
0O,00,00,00 0000 000000ODOO
0O 00 0000 OO OO0 00oooo ooogo
000,000 000 0000 00 (Thoits, 1983;
Coopell Davidson, 1987). OO0 O0O0O0O0O
00,000 0O 000000 oo oooo oo
o0, 00000 OO0 000 00 oooo oo
00000 0ooo oo, ooooo oo, ooo
000 oooo ooo, 00do oo, oooo
oo, 0,0000 0000000000 O0OO
00 0000 OO(Seward, 1990). OO OO0
00000 000 000 oDoogooo, oooo
00000 000 000 00 ooo oog o
oooo, 000 O0O00o0OO0 Oooo oo o o
0000 0000 000D go.

0 0O 0000 000 0D000 oooo oo
o0 oo booo, oooo-00 oooo oo
0O 00000 000D O0O. 00000 oooo
000 0000 000 000 00 (Krantzd
Manuck, 1984; Rozanski 0, 1988), OO OO
0O 00000 000000 oooo M™Manuck O,
1986). 00 OO OOOOO OO0 OOO O0OO
o000 ooO0(Threorell, 1992), 000000
0000 D000 000 00000 O 0o oo
0 000 OO0 OO0 OO ooo o oo
(Karasek 0O, 1988; Ishizaki O, 1996). 0 OO
00 00000 D000 000 Ooooo ooog
U0 000000 ooo oboo oooo oo.
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O00,0000 00000000000 0O
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ooo o- oooooo, o000 00 0 0ooooo

0 00O0.000 0000 00 oooo oo o
oooo ooo, 000, 00 00O oooo oo
00 OD0OO00O0 000 OoOO0DD(GreenO
Johnson, 1990; Piper O, 1989; Schnell O,
1992). OO0 OO OO0 OO0, 00 OOO00
0 000 0004 (Factor VI, Factor VIIDO O
0 000 0000 0000 oooooodFrime-
rman 0, 1997; Chang 0, 2002), OO0 OO0
O (fibrinogen) 0O O, tissue plasminogen acti-
vator(t-PA) OO0 O0OD0OO OO0 OO(Fib
rinolysis) 00 O0O0O0O0O 0000 O0O OOO
0 000oooD, 00 D0O000 000 oooo
00 Od(Harlarid Manolio, 1992; Ishizaki O,
1996). 00 OO0 O0ODO OO0 OO0 OO0
00 000 000DO00DO OO0 D00 ooog
0O OD000O0OO0 Ooodo ooo, oo ogoo
000 OD00O0 Ooobo0O ooo ooo oo, o
00 00000, 000000 ooo ogoo o
OO0 0000 O 00000 o000 ooo oo
O 0Do@oOd O, 1998; Alfthan O, 1994;
Lolin O, 1996).

00 00 0ooo oo oo ooo bood
000 00000 00000 000 oooogo
O00O(overactivity) D OOO0O0 O0O. 0O, OO
0O00000O0db0 oob goo, obo oo
00000 00 000 OO0 OoDO0oOooOo ooo
000 O0O0O00 000 OoooO0 ooo ogod
(Wolf, 2000). OO0 OO0 O0OD0OO OO O O
00 0000 00 (HRV; heart rate variabili-
ty)JO. 0000 000 000 0ddd odo
00 OO0 D00 0O OD0000O OO0 00 OO
0 0000 000 000000 oooo ogg
00 0000O. 00000 ooodo oo ogog
000000 0000 OO0 ODOO0O0 OO0 OO0
00, 00 00000 OO0 ooooO0o ooooo
00000 000 00.00D0000 0o ogd
000 0O000 OD000DO 0ODOO0O0 000 OO0
00 000 000 0000 o000 oog oo
0 OO (Bosnefl Kleiger, 1995).

00 OO0 0o0o0o ooooo, oo, ooo
O, 000boouo, oo ooo ooo o oo
0 000 0O 000 00 /s@0oooooogon

71

P



07-

2004.3.24 9:53 PM 72

gooooood 0O 160 0O 10 20040

o0 1/5)0 000 OO0OO OO0(Brunner O,
199710 OO 0O0OO (metabolic syndrome)d O
O0C0 000 OooOoo0o. 0o go, Gardell O
(1983)y] OO0 OO ODUOOUOO UDoUOoOo O
oooo oo, 00,0000 OO0 OoOooOo, O
0000 ocoo0ooo 0o ooo oooo od
O 000O0C. 00 UoUoo0Oo oooo oogo
0000000000 DO00O0O 000 oOoo
00,000 OO0 OO Oo0 OO0 ooooo
0O OD000ODO0O0 O000 oo ooo oogd
(Belkic, 2000). 00O OO ODOOO ODOO OO
OO0 OUO0 000 OO0 oDOoOoO ooo oo
0 0000 000 0000 000 oooo o
O,00000 OO0 000 OO0 oooog oo
0 000 0000 Oo0ooU0oo oo ooo oo
00 00 OD00O0 OO0 00000 oo ooo
O0oo0o0oo oDooooOoo oooo oooo
0000000000 ooo.

000 000000 D000 OD0OD0O0O 00O
000 0000 000 oooooo gogogo
000 U000 OO0 0000 oooo ooo
g oobood 0o bob oo bob.o0b O
00000 Karasekl OO0 OO0 OO0 OO O
000000 0000 0000 OO0 ooo od
o000, oo oo o000 opoooo oo o
000 0000 000 0000 oooouo ooo.

ggooo

1. 0000 0O 0obogoo

0 000 oooob ooo ob ooooo o
000 20037 80 1000 100 300 OO OOO
goog bob 400 000 00 boboooo oo
oood ooo.booooo 1e900gg, oo
U ood bbb oooob 0obo bo 0o ogg
0 0000 oooo oooooob oo, boboo
ob oo obobooo.

gooood ooob oo oboo oo oo o
0o ooo oo ooog oobobo, 00 bo 00 30
U obotodoboob oo bgb bbbob. o
000 OO0 000 SA-2000E(medi-core, 2002)
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0 ooooo, oooo bob oo oooa o
b oo oooo0o o0 bbbo 0ob ooo o
ugbd 0 oooooob sud0 toooo. ooo
0 0 ooooo booo oo boboo, OO0
000000000 ooooo.

2.000 00

1) 00 OOoO (oo oo)

Karasek 0(1988)] 00O OO0 OO OO(US
Quality of Employment Survey)(00 OO0 O
000 OO0 (Job Content Questionnaire:
JCQ)Y] U0 0O0U0O 00 OO0 OO DOoDoOo o
0ooo ooo Uooogo goooo@oo o,
2001). OO OOOO 50 OO, 000000 OO
00 00 (decision authority)(300)0 OO0O
O 04a(skill discretion)(6000)0 90 OO O 14
00 ooo oot oo poo,t 0o oooe,
OO0 o000, 000 00 000 00’0 40 O
OO0 0oDooo oooo, ooo oo o0-1-2-30
00000 Karasek 00O OO OO OOO OO
oo ooo, b bbb oboooo bogbdg
O.000 oO00oUo Oooo ooo ooo oo
000 00000 D00 booo, boooo o
OO0 000 000 00 Opooo oog oo
00000 o000 oooOoooo.

2) 0000 00
0 00000 0000 000 00 00 000
000 0000 000 00000.

(1) OO0 OO0 OO (Time domain analysis)
0 SDNN (Standard Deviation of NN
interval); OO0 RRODOO O00O0O0O0O.
0 RMSSD (the square Root of the Mean
Squared Differences of successive NN
interval); 000 RROOO OOO O0O0O
o0 ooood

(2000 OO0 OO (Frequency domain
analysis)
HRV OO0 000 DOO((High Frequency
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component, 00 HF 0O0O), 000 0OO(Low
Frequency component, 00O LF O00), OO0
0 O0(Very Low Frequency, 00O VLF O0O)

0 00000 O 00 00 000 000(Fig.2),

0 00000 0OoOoOooo ooooo. OO0
VLF, LF, HFO 000 00O OO0 OoD0OO0dOoO O
0 OO0ODODOO O 0O OO TP (total power)
0 000 0ooooo.s0 ooo oo, ood o
00 0000 U0 Normalized LF O normal
ized HF, LF / HF ratio OO O000O0O.

3) 00000 (metabolic syndrom)

00 0b0OOo Ooboob boobo oboooo
g oogoob oboo ob.odb bbb oo
U0 oodobb 000 boo ouboo oobo
000000 oooo OoooO oo ooog oo
0 0000 0O0OoO0O 0o (bavey Smith O,
1996). 00O 0000 O 00000 OOOO OO
000 OO0 00000 OboOoD ooo ooo
gobb obbbdoo booob.obboooobo
Brunner 0(1997)] 00O 0O0O0O0O O0OO O
0,00, 0000, 000MHDLYOOOO, O
0-000 000 0O 300 OobOo bboo odg
0050000 000 oobo ooooo.

3. 0000

oo oob oo booob ooooo ooo
ogb oogo oobobobooboo bboboooo booo
obob0 oo 000 o0 oooo oobo 0o
OO0 U0O00O0. 000 DO0 Karasekl OO
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oo0 0- 000000, 0000 00 0 00000

uod ob ooooob oo boooodo oo
oo ooooooo bbb obo, oo, o
00 000 00 o000 000D t000 oo
goo.booo ooo ooob bobooboobob od
oo ooobo, 000 oooooo oo boo
U oooo oooob ooo ooob oooo o
oooo 00 oooobo. 00000 oo oo
ooooonoO 000 0ooob 9%5% 00000 O
ugoo, ooo ob ooo obboooo oo o
o0 oooo 0o boob bbbbob oooo
obooo oooooooboooo.
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0 00 000 46.71000, 00000 40—44]
0 26.9%, 45—4900 50.3%, 50~540 0
19.2%, 550 000 3.6%10. 000 000
17.1%, 000 61.0%, 000 21.9% 0. 00
0 1270(67.2%) 000 00000, 00 OO
60, 00 190, 00 900000, 0000 OO
00O000. 410(21.7%) 000 000000,
00 00000 290, 00 110, 00 20000.

000000 000 000 000000 000
000 OO0 OO0 000 57.1%, 000000 O
0 000 50.9% 000. 00000 000 OO0
0ooooOo, 00000, 00000, 000000
00 320 (19.2%), 500 (29.9%), 390 (29.4%),
4601 (27.5%)1 0 0 (Table 1).
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2. 000000 0000 0DO

oodboo oooo ooo ooo oo oo o
0 000 000 00 D00 ooooo oo o
000 00 OO0 0000 oo ooog o o
00 00 000 000 0ooO. 0 0ooooo oo
00 000000 SDNND RMSSDOI O OO0
0O 00 00O0O. 000 Oooog ooog TP
(total power)d VLF, LF, HFO OO0 OO O
0 DO00DOO0O 00 ooooooo 0o o ooo
0O 00O SDNNI 0000 OOooO.do 50 00
0 00,000 000 0000 OO0 Normalized
LF O normalized HF, LF / HF ratio 00O O
o0o0d 0OoooooD0O OOoOobo DOogo
Normalized LFO, LF / HF OO SDNNI OO

00000 OO0 (Table 2).

Table 1. General characteristics and job characteristics of study subjects
Variables Number %
Age(year)
40~44 45 26.9
45~49 84 50.3
50~54 32 19.2
> 55 6 36
Occupation
Field worker 127 67.2
Office worker 41 21.7
Job demand
Low 72 429
High 96 57.1
Decision latitude
Low 85 50.9
High 82 49.1
Socia support
Low 70 41.9
High 97 58.1
Job strain
Low strain group 32 19.2
Passive group 50 299
Active group 39 234
High strain group 46 275
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3. 000 00000 0000 obooo

000 0oooob0d 00 bobobo ooo oo
uodb o0 ooobbobo oo, ouboooba, o
goooo, 0b OO0 o0b0o ooobobo oobg
o ogd, 00 oob oooobobob bo oo
od oobobo 0obo boo oboo.oboo
000 000 0D0ODO0O SDNND 000 Ooog o
oo, 000 o0db obbob0o ooooboo oo
00 0O0O0O. 0000 000 000 LFHF OO
0oooooo Dbhooboo ooooo ooo
(Table 3).

4. 000 000 00ogd

000000 00 000000 00 OO
(11.8%) 00 00 00(19.4%)0 0000,
0000 000(OR; 1.77, 95% CI; 0.72-4.38).
000000 OO0 OO0 00(19.2%) 00 OO0
00(12.8%)y 0 0000, 0000 OOO(OR;
0.62, 95% CI; 0.26-1.48). 00000000 O
0 000000 000, 000, 000 0 000

—P-

ooo 0o- 000000, 0000 00 0 ooooo

000 OO0 9.7%, 13.9%, 14.9%, 23.8%0 [
00000 00 000000 00 0000 00
0 000 0000 000(OR; 2.92, 95% CI;
0.73-11.67)(Table 4).

5.000 0000, o0oooo 0o ooog d
o oo

oooo ooooob oo oobobo oood
o0 000000 000 SDNND oooo0O O
OO0 0000, total power OO0, OO0 O
ugb bObobobo obooobo ooobg obao.
LF/HF OO0 OO00O0 O0DO0O0O0O0 ooooo
0O 00000 0000 0oOo(Table 5).

godo 00 ooo oooboobb 0ooo ooog
oodoo bob oboo oooob. o oo og
god oooo bo bobobob oooooo o
0 00000 o000 b0 SbDNND Jgodod
ooodo oooob. 0ob0b o000 oogog
LF/HF OO0 00O 000000 000 oog o
000 O0ODO0O0O OOOo0oD Oooo((Table 6).

Table 2. Correlation coefficients among the time and frequency domain of heart rate variability

SDNN* RMSSD TP  VLF LF  HF LFNorm HFNorm LF/HF log(Tp) log(VIf) log(Lf)
RMSSD"  0.74*
TP 0.85*  0.60*
VLF 0.70*  0.34* 0.89*
LF 0.67* 0.47* 0.78* 0.48*
HF 0.71* 0.86* 0.67* 035 0.54*
LFNorm** 0.13  050* 0.01 0.04 0.29* 0.45*
HFNorm'™ 0.13 050 0.01 0.04 0.29* 045 1.00*
LF/HF® 012 038 001 003 030 031* 0.76* 0.76*
log(Tp)'' 0.87* 058 0.90* 0.81* 0.71* 0.54* 0.07 0.07 0.06
log(VIf) 0.74* 0.38* 0.81* 0.89* 0.48* 0.33* 0.08 0.08 0.01 0.90*
log(If) 0.64* 0.44* 066* 041* 0.87* 042* 042 042 036* 0.76* 0.49*
log(Hf) 070 087 0.59* 0.34* 047 079+ 058 058 051* 061* 037 0.48*
*SDNN; Standard deviation of all NN interval,
"RMSSD; The square roote of the mean of the sum of squares of differences between adjacent, NN intervals
* TP, Total power, *VLF; Very low frequency, ' LF; Low frequency, ' HF; High frequency,
**|_F Norm; Normalized low frequency(LF/LF+HF), ' ' HF Norm; Normalized high frequency(HF/LF+HF),
®LF/HF; index of cardiac sympathetic activity, ' " log; log transformation
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Table 3. Mean values of cardiovascular risk factors by job strain

mean (S.D.)
Variables Job strain
Lower strain group* High strain p value
Age 46.5( 3.8) 47.2( 4.0) 0.32
Body mass index 23.6( 2.6) 23.7( 2.8) 0.76
Glucose 96.1 (24.7) 99.1 (24.4) 0.49
Hemoglobin 14.8( 0.8) 14.7 ( 0.9) 0.63
Total cholesterol 186.2 (36.4) 186.7 (33.8) 0.92
HDL cholesterol 49.7 (10.4) 48.0(10.3) 0.35
LDL cholesterol 112.7 (32.3) 115.7 (32.3) 0.59
Triglyceride 117.7 (72.0) 114.6 (55.8) 0.80
Homocystein 10.8( 5.0) 11.2( 5.5) 0.69
Coagulation factor VII 110.7 (21.8) 110.4 (12.7) 0.93
Coagulation factor VIII 76.0 (25.5) 78.8 (40.1) 0.60
Systolic blood pressure 1195 (12.7) 123.1 (16.5) 0.15
Diastolic blood pressure 78.9( 8.9) 81.9( 9.3 0.06
SDNN' 38.4(11.3) 34.6( 9.5 0.06
log(Tp*) 6.9( 0.6) 6.7( 0.5 0.12
log(VIf®) 6.3( 0.7) 6.1( 0.7) 0.07
log(Lf") 56( 0.8 55( 0.7) 0.72
log(Hf") 49( 0.9) 47( 0.7) 0.24
LF/HF ratio** 25( 29 29( 24 0.63
*Lower strain group; low strain+passive group+Active group
" SDNN; Standard deviation of all NN interval,
* TP, Total power, *VLF; Very low frequency, ' LF; Low frequency, ' HF; High frequency,
**| F/HF; index of cardiac sympathetic activity, log; log transformation
Table 4. Odds ratios and 95% confidence intervals for metabolic syndrome by job strain
Metabolic syndrome OR
Variables
No Yes p value (95% C.1.)
Job demand
Low 60 (88.2) 8(11.8) 0.21 1.00
High 72 (80.9) 17 (19.4) 1.77 (0.72~ 4.38)
Decision latitute
Low 63 (80.8) 15(19.2) 0.27 1.00
High 68 (87.2) 10 (12.8) 0.62 (0.26~ 1.48)
Job strain
Low strain group 28 (90.3) 3(9.7) 0.12 1.00
Passive group 31(86.1) 5(13.9) 1.51 (0.39~ 6.87)
Active group 40 (85.1) 7 (14.9) 1.63(0.33~ 6.88)
High strain group 32(76.2) 10 (23.8) 2.92 (0.73~11.67)
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o0o0 0. oooooo, oooo oo 0o ooooo

00 0000000 00000 D000 oooo
000 OO0 D000 oooo oo, ooo o
0 00O OO0 ODOoOgod godgO(preclinical
stage)] OO0 OOOO 0OO(Schulte, 1993).
0,0000 000 00000 D00 ooogo
00000000 0Joboo opbo o og o
00000000000 oooD.oooooo
00 0000000 oooooo oooo ooo
00D 00 0o0oDO0 ooooo.

0O 00 00D 00000 000 ooo ooo
oggo 0 obobodo 0oug b obo ood
0 0oooDooO, 000 DO0oO0oDO ooo ooo

Table 5. Mean values of heart rate variability by metabolic syndrome

mean(S.D.)
) Metabolic syndrome
Variables
No Yes p value

SDNN* 38.3(11.0) 33.6 (9.6) 0.08
log(Tp') 6.9( 0.6) 6.7 (0.5) 0.12
log(VIf*) 6.3( 0.7) 6.0 (0.6) 0.06
log(Lf%) 56( 0.8) 55(0.5) 0.62
log(Hf") 49( 0.9) 4.7 (0.8) 0.44
LF/HF ratio’ 27( 3.0 29(26) 0.31

*SDNN; Standard deviation of all NN interval,

"' TP; Total power, * VLF; Very low frequency,

*LF; Low frequency, ' HF; High frequency,

"LF/HF; index of cardiac sympathetic activity, log; log transformation

Table 6. Relationships between job strain, metabolic syndrome and heart rate variability

mean (S.D.)
Variabl Lower strain* Lower strain High strain High strain a
ananies +Normal +metabolic syndrome +Normal +metabolic syndrome pvaue

SDNN' 39.6 (11.3) 35.9(10.2) 35.1( 9.8) 31.1(8.4) 0.04
log(Tp*) 70( 6.1) 6.8( 0.4) 6.7 ( 0.6) 6.6 (0.5 0.09
log(VIf*) 6.4 ( 0.6) 6.1( 0.5 6.1( 0.6) 5.9(0.7) 0.04
log(Lf°) 56( 0.7) 55( 0.6) 55( 0.7) 55(0.4) 0.87
log(Hf") 49( 0.8) 49( 0.9) 48( 0.8) 4.4(0.4) 0.45
LF/HF ratio’ 24( 31 28( 1.6) 29( 29 29(0.7) 0.21

*Lower strain group; low strain+passive group+Active group

" SDNN; Standard deviation of all NN interval,

* TP, Total power, *VLF; Very low frequency, ' LF; Low frequency, ' HF; High frequency,

**| F/HF; index of cardiac sympathetic activity, log; |og transformationL ower strain group;
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0 OO0 0000 ooooooO, oooo ooo
000000 00000 oooo oo.o 0o
000 000 000D oooo, 0oooo od
0 000 000 00000 0Dooooo ogo
00 0oo0oo 00 0ooo ooo. O, HRvO
000 00 OO0 OD000O00 0ObO oo goo
0000 000 000 ooo0oo oo oooog,
HRWVO 000 OO0 00000 Oooo od, O
000 000000, 000 000 OoDO ooo
0 00 0000 Dooooo, ooo, oooo
0 0ol oob oboob ooo oog oo
(Kleiger O, 1987, Rich O, 1988, Frey 00, 1993).

00000 0000 OO0 00 Ooo ooo o
00 00 000 OD0OpoO OO oooo oo
000 0000 00 00DO0 O ooo oo. o
00000 0000 OO OooOo sbNND OO0
00,000 OOOO0OD OO OOO00O ood
000 000 000 0000 oDOOooo ooo
0000 ODODO 000 LF/HF O(ratio) OO0
0O 00000 .000 00 HRV O OO0 OO
00 O00O000. 0000 00000 SDNNO
RMSSD 00 00 O0OO0O0OO DOOOO booOoo,
00 RMSSOI 000 RROOO OO0 0OOO
00 000 00000 000 OO ooooo o
00 000 0000 ooog, obooo oood
000 LF/HF O(ratio) 0000 O OD0OOO
O00. 00 SDNNO 000 DOOO00OO total
power, HF, LFOO 00O 0O0O0OO OOOO O
0.000 00000 ODDO0OO0 OO0 Oooooo
ogodoo oooo oo oo oboooa o
00 0 000.000 000 000 00 0ogo
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