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— Abstract —

Chronic and Acute Effects of Work-related Factorson Heart Rate Variability

Minjeong Son, Youngki Kim, Sangbum Ye, Jihyun Kim,

Dongmug Kang, Jangseong Ham®, Yonghwan Lee®

Department of Preventive and Occupational Medicine, School of Medicine, Pusan National University,
Department of Preventive Medicine, College of Medicine of Kosin University?

Objectives. Reduced heart rate variability (HRV) is one of the serious risk factors for heart diseases.

We evaluated the acute and chronic effects of work-related factors on HRV.

Methods: The five-minute HRV of 85 male workers from an automobile assembly factory were mea
sured at 9 A.M. (before-work) and at 5 P.M. (after-work). The workplace noise, temperature and physical
workload levels were measured as work-related factors. We postulated that the HRV measured at before-
work represents the chronic effects and the HRV measured at after-work represents the acute effects of
work-related factors. We used generalized linear regression analysis with adjusting for the general char-

acteristics and/or the morning HRV.

Results: The subjects exposed to noise or a hot environment showed increased HRV in the afternoon
and decreased HRV in the morning. Machine oil and interpersonal conflict decreased the HRV in the
morning, but other chemicals did not show any effect on the HRV. A physical workload decreased the

HRV in both the morning and afternoon.

Conclusion: The physical and chemical environment, psychosocial stress and a physical workload may

affect the autonomic nerve system.

Key Words: Heart rate, Variability, Acute effect, Workload
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>

1 day

Acute effect on HRV due to daytime work

Fig. 1. Interpretation of the chronic & acute effects of risk factors on heart rate variability.

* basal state of HRV.
** ogverall down-regulation of HRV due to chronic effect.
*** point down-regulation of HRV due to acute effect.

Table 1. Interpretation of the chronic and acute effect of risk factors on heart rate variability

Effect on A.M.
HRV only

Effect on P.M.
HRV only

Effect on P.M. HRV
adjusted by A.M. HRV

Interpretation

Chronic effect Acute effect
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Table 2. General characteristics of study subjects (N=85)
Variables N %

Age (yrs) 20~29 11 12.9

30~39 29 34.1

40~49 42 494

50= 3 3.6

Body massindex <23 34 40.9

(kg/m?) 23~25 35 42.2

=25 14 16.9

Marital status Not married 11 13.0

Married 73 87.0

Education <12 2 23

(yrs) 12~16 73 87.0

=16 9 10.7

Exercise None 75 88.2

(frequency/week) =1~2 10 11.8

Smoking status Current smoking 43 50.6

Non-smoking 42 494

Alcohol drinking <1 15 17.7

(frequency/week) =1 70 82.3
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Table 3. Exposure status of subjects (N=85)
Items N Mean S.D. Min. Max. Exposure limit
Noise (dB) 85 87.404 3.603 79.750 92.550 90.000
Temperature (C)* 74 28.473 0.729 27.500 31.700
Iron oxide dust (mg/m?) 9 0.579 0.082 0.480 0.720 5.000
Metal Fume (mg/m?) 5 0.724 0.122 0.595 0.885 5.000
Mn (mg/m3) 5 0.005 0.005 0.001 0.014 5.000
Zn (mg/m3) 5 0.040 0.076 0.002 0.176 5.000
Pb (mg/m3) 5 0.000 0.000 0.000 0.001 0.050
Cr (mg/m3) 5 0.002 0.003 0.000 0.007 0.500
Al (mg/m3) 4 0.006 0.007 0.000 0.014 5.000
Solvent mixture 12 0.069 0.081 0.000 0.260 1.000
Machine oil (mg/m?3) 10 0.615 0.137 0.530 0.885 5.000
Job stress
Demand 80 45.260 9.440 29.167 75.000
Control 76 56.754 11.547 33.333 86.667
Interpersonal conflict 81 48.765 14.320 25.000 83.333
RHR (%)" 84 17.218 6.737 2.463 29.852
Wrist % MVC (%)* 83 3.350 1.496 0.932 8.327
Wrist repetition (frequency) 85 13.040 5.324 4.300 27.083
*: WBGT
': relative heart rate
RHR= working HR-resting HR < 100
maximal HR-resting HR
*: wrist % maximum voluntary contraction
WriSOMY C= Wf)rklng electromyogram-restlng electromyogram 100
maxi malvol untarycontracture-resting electromyogram
Table 4. Comparison of heart rate variability between morning and afternoon (N=85)
Domains AM. P-M. p-value*
Mean SD. Mean SD.
SDNN 35.732 12.363 36.835 13.522 0.459
RMSSD 25.934 11.765 27.402 13.103 0.299
Log (TP) 6.7929 0.767 6.811 0.706 0.819
Log (LF) 5.560 0.833 5.631 0.884 0.508
Log (HF) 4.927 0.906 4.851 0.871 0.370
Ratio 2.6741 2.642 3.236 3.165 0.101
*by paired t-test

SDNN: the standard deviation of the NN interval

RMSSD: the square root of the mean squared differences of successive NN intervals
Log (TP): log transformation of the total power

Log (LF): log transformation of the low frequency component

Log (HF): log transformation of the high frequency component

Ratio: LF/HF ratio

0.387, p=0.043), Log (HF) (8=-0.418, p=0.026))% 5. 28, 2= 9| pldtHolo| &S o|x[= 2dat
of giglent, ode] Auklo] Aushe fold WS EEL

Holz] gskti(Table 5).
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Table 5. Relationship between heart rate variability domains & general characteristics by generalized linear regression analysis

(N=85)

Domains Age BMI Exercise Smoking Alcohol drinking

B SE. B SE. B SE. B SE. B SE.

AM. SDNN -0.367* 0.216 -1.504 2729 -2677 4158 -0.436 2698  -5.102 3.494
RMSSD -0.289 0.207  -3.429 2618 -0356 3984 -0.286 2567  -4.816 3.326

Log (TP) -0.027* 0013 -0.211 0167 -0128 0259 -0.136 0.167  -0.373* 0.216

Log (LF) -0.044***  0.014 -0.221 0182 -0.045 0282 -0.187 0181  -0.470**  0.233

Log (HF)  -0.038** 0.016 -0.344* 0200 -0110 0307 -0.220 0196  -0.566**  0.252

Ratio -0.005 0.047 0.726 0593 -0.084 0895 -0.122 0.577 0.422 0.755

P.M.  SDNN -0.320 0238 -1.375 3032 -033 4580 -7.701*** 2828  -0.977 3.869
RMSSD -0.137 0232 -1.966 2950 -0.807 4437 -5.281* 2.800 0.481 3.750

Log(TP) -0.023 0.012 -0.037 0.157 -0.057 0239 -0.440*** 0146  -0.084 0.202

Log(LF) -0.025 0.015 0.074 0198 0.113 0299 -0.387** 0.188 0.013 0.253
Log(HF) -0.025 0.015 -0.251 0193 -0103 0295 -0.418** 0184 -0.181 0.248

Ratio 0.023 0.056 1.044 0686 0423 1071 0.223 0690  -0.012 0.906

*p<0.1, **p<0.05, ***p<0.01

SDNN: the standard deviation of the NN interval, RMSSD: the square root of the mean squared differences of successive NN inter-
vals, Log(TP): log transformation of the total power, Log(LF): log transformation of the low frequency component, Log(HF): log

transformation of the high frequency component, Ratio: LF/HF ratio
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Table 6. Relationship between environmental factors & heart rate variability domains, chronic & acute effects interpretation by gen-
eralized linear regression analysis (N=85)

P.M. HRV adjusted by

Facors Domains® A.M. HRV only P.M. HRV only A.M. HRV Interpretation
B SE. B SE. B SE. chronic  acute

Noise (high/low) RMSSD 1.893 3.361 6.921* 3.633 5.986* 3.240 N Y

Log (LF) -0.040 0.236 0.427* 0.245 0.484** 0.231 N Y

Ratio -1.296* 0.743 0.118 0.906 0.818 0.832 Y N

Hot environment RMSSD 5.209** 2512 -4.088 2791  -1.504 2572 Y N
(high/low)

Machine oil Log (HF) -0.165 0.284  -0.533* 0270  -0.386* 0.218 N Y

(exposed/non-exposed) Ratio 1.241 0.848 1.869* 1.008 1.258 0.935 N ?

Interpersonal Log (TP)  -0.345* 0196 -0.197 0173  -0.048 0.149 Y N

conflict (high/low) Log(LF) -0.389* 0206 -0.250 0222  -0.137 0.214 Y N

RHR' (%) SDNN -0.210 0.200  -0.488** 0.208  -0.381** 0.189 N Y

RMSSD  -0.445** 0.188  -0.484** 0206  -0.274 0.193 Y N

Log (TP)  -0.007 0.012  -0.025** 0.011  -0.022** 0.009 N Y

Log (LF) 0.011 0.013 -0.021 0.014  -0.025* 0.013 N Y

Log (HF)  -0.025* 0.014  -0.031** 0014  -0.017 0.011 Y N

Ratio 0.0724* 0.043 0.048 0.052 0.011 0.048 Y N

Wrist % MVC* RMSSD  -8.492** 3617 -4.261 4.089 0.090 3.784 Y N

(high/low) Log (HF)  -0.539** 0.263 -0.176 0.267 0.094 0.220 Y N

Wrist repetition Ratio 0.844 0.619 1.421* 0.733 1.006 0.678 N ?
(high/low)

*p<0.1, **p<0.05, ***p<0.01
SDNN: the standard deviation of the NN interval, RMSSD: the square root of the mean squared differences of successive NN inter-
vals, Log(TP): log transformation of the total power, Log(LF): log transformation of the low frequency component, Log(HF): log
transformation of the high frequency component, Ratio: LF/HF ratio
': Relative heart rate
RHR= working HR-resting HR <100

maximal HR-resting HR
*: wrist % maximum voluntary contraction
WHStOMVC= W9rk| ng electromyogram-resti ng electromyogram %100

maxi mal vol untarycontracture-resting electromyogram

$: SDNN (A.M.): adujusted for age, Log (TP) (A.M.): adujusted for age and alcohol drinking, Log (LF) (A.M.): adujusted for age,
BMI and alcohol drinking, Log (HF) (A.M.): adujusted for age, BMI and alcohol drinking, SDNN (P.M.): adujusted for smoking,
RMSSD (P.M.): adujusted for smoking, Log (TP) (P.M.): adujusted for smoking, Log (LF) (P.M.): adujusted for smoking, Log (HF)
(P.M.): adujusted for smoking
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(RMSSD (5=-4.261, p=0.301), Log (HF) (8=-0.176, e dHEd, AR HYE 5 WA oR AEqT
p=0.512)). &5 WENIET}L £ oA we T AL ol &S A Ao s W oalA
Hlgl Ratio7} %ol #& Aoz Yehsvh(=-1.421. = o4 Adhdolwt frefsh 9ol slEe AU
p=0.056). 2y Ao Aehdecls HASIGE We AT, ol AFEH} T FAT H2 FAAFd &F
o|2fgt zpel 7k Ak, T ow W dEFE BF E 5 e iEsd 93 4
e Bk W, AL o5 ARt SFE 2

LI Aol Adpdolelgt frolsl dFE FUwE € F AU

o ol ut Eote] FAolRoh WA dhgo] e &

T4, 55, wEhE Aol 59 = AdEw Atk BAlEAANE dIF R 24413t Aluhdel S Al Ag
& Aehels feolsl At dEA ATelMe, & F 52 ool HF %2, Ratio®]
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