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response to stress and strain. 
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JOB STRESS and CVD 

JOB STRESS can be defined as the harmful physical and emotional responses that occur when the 

requests of the job do not match the capabilities, resources, or needs of the worker. Job stress can 

lead to poor health, increase the risk of mental and CVD diseases and injuries.  NIOSH 1999 

JOB STRESS – CVD  

HYPOTHALAMIC-PITUITARY-ADRENAL AXIS 

AUTONOMIC NERVOUS SYSTEM 

↑ Cortisol Awakening 
↑ Prolactin 
↓ Testosterone 

↑ Catecholamins  
↓ Heart Rate Variability (ANS) 



Heart Rate Variability – HRV  

HRV is the variability of the heart rate (HR) during beat-to-beat time interval. 
HRV analysis represents a measurement of the fluctuation of time intervals between two 
consecutive heartbeats.  
It portrays cyclic HR modifications during a 24h time period as a result of Autonomic Nervous 
System (ANS) control on sinus node.   

Akselrod, 1981 → HRV 

provides information about 

sympatho- vagal cardiac 

control in a non invasive way 
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HRV - MEASUREMENTS  

Task force of European Society of Cardiology and the North American Society of Pacing and Elettrophysiology:  
Circulation 1996; 93: 1043-1065  

TIME DOMAIN analysis 
Measurement of the heart cycle and its beat-to-beat 
variation. Quantitative estimation of heart cycle 
variation.   

FREQUENCY DOMAIN analysis 
Measurement of the fluctuation rate of the heart 
cycle. Qualitative and quantitative estimation of 
fluctuation rate.    

MEASURES 
SDNN: standard deviation of all normal RR 
intervals(ms) 
SDNN index: mean of all the 5-minute standard 
deviations of NN (normal RR) intervals during the 24-
hour period (ms) 
r-MSSD: square root of the mean of the squared 
differences between successive NN intervals over 24 
hours (ms) 
pNN50: percentage of differences between successive 
NN intervals over 24 hours that are greater than 50 ms 
(%) 

MEASURES 
HF (High Frequency) bandwidth between 0.15 and 0.45 
Hz.  
These frequencies are an expression of vagal activation 
and they are linked to respiratory activity.  
LF (Low Frequency) bandwidth between 0.04 and 0.15 
Hz.   
These frequencies are an expression of sympathetic 
activation but they also reflect vagal modulation.   



Defining work stress 

There are two main validated models of work stress.  

 

The demands-control-support model (Karasek and Theorell, 

1990) measures three factors: psychological job demands, decision 

latitude (or job control) and social support at work.  

 

The theoretical approach of the effort–reward imbalance (ERI) 

model is focused on the notion of social reciprocity where efforts 

are equalized by respective rewards (Siegrist, 1998). 

 

 



Demand-Control Model 

Passive 

Active 
(EUSTRESS) 

High Strain 
(DYSTRESS) 

Low Strain 

Job Demands 

Jo
b

 C
o

n
tr

o
l High 

Low 

High Low 



Effort-Reward Imbalance Model 

Overcommitment 

High Effort Low Reward 

Demands 
Obligations 
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ANS & HRV 

The analysis of HRV has been shown to be a reliable, 

noninvasive measure of the neural control of the heart 

(Thayer et al., 2012) 

It has been consistently shown that measures of vagal-

mediated HRV have independent associations with 

mortality and morbidity.  

In cardiopathic patients the HRV reduction is a negative 

prognostic factor. (Porges, 2007; Thayeret al., 2010).  

 

  



Some studies have shown on a transitory HRV reduction 

after acute mental stress.  

Limited number of studies focused on the association 

between HRV and prolonged work stress and strain. 

In the review that we present we attempt to summarize the 

evidence of the association between psychosocial 

work environment and autonomic nervous system 

function in apparently healthy employees.  

 

  

ANS & HRV 



Kageyama et al . – 1998  

N. 223 whites collars Japanese men 
employed in different industries 
 
Study design: cross sectional 
 
Job Stress assessed with a non 
validated questionnaire 
 
5 min - ECG in working day 
 
Major findings: No association 
between JS and HF or LF  
 



Van Amellsvoort et al. – 2000  

135 Dutch healthy men and women 
 
Employed in manufacturing and 
office works.  
 
Study design: cross sectional 
 
JS assessment: JCQ 
 
24 h-monitoring ECG in working 
day 
 

Major findings: ↓ LF in low JS 



Vrijkotte et al.– 2000  

109 Dutch white-collar healthy men 
(No CVD or hypertension. No therapy.) 
 
Study design: cross sectional 
 
JS assessment: ERI 
 
24 h-monitoring ECG for three days: 
2 working days and 1 rest day 
  
Major findings: ↓ rMSSD only in 
working days in high-imbalance 
 
r-MSSD: square root of the mean of the squared differences 
between successive NN intervals over 24 hours (ms) 

 



Kang – 2004  

169 men, healthy (No alcohol – Non 
smokers, normal ECG)  
 
Setting: Shipyard Industry, South 
Korea 
 
Study design: cross sectional 
 
JS assessment: JCQ  
 
5 min - ECG in two days: 
Working day and Rest day 
 
Major findings: ↓ SDNN in WD in 
high JS men with metabolic 
syndrome  



Whitehall II Study – 2005 

N 2344 out of N. 10308 English 
civil servants  
 
Study design: cross sectional 
 
JS assessment: JCQ 
 
ECG 5 min in work day only 
 
Major findings: ↓ SDNN ↓HF ↓ 
LF in low job control  
 



Collins and Karasek – 2005  

36 men (35 – 59 y/o) 
No CVD, No therapy 
 
Setting: healthcare employees in 
the US 
 
Study design  cross sectional 
 
JS assessment: JCQ 
 
48 h-Holter ECG in two consecutive 
days (Working day and Rest day) 
 
Major findings  ↓ SDNN and HF in 
WD in low job control 



Clays – 2011  

653 Belgian healthy men from  
different job titles and industrial sectors 
(25% blue collars – 75% white collars) 
 
Study design: cross sectional 
 
JS assessment: JCQ   
 
24 h-monitoring ECG in working day 
 
Major findings : ↓ pNN50 and ↑ LF/HF 
in high JS 



Hernandez – 2013  

N. 54 healthy men and women - 
resident physicians from Mexico City 
 
Study design: cross-sectional  
 
JS assessment: JCQ 
 
24 h-Holter ECG in Working Day 
 
Major findings: ↓ SDNN, ↓HF, ↓LF 
in «passive» ↓LF, ↓LF/HF in high JS 

AMERICAN JOURNAL OF INDUSTRIAL MEDICINE 56:38–48 (2013) 

Job Strain and Heart Rate Variability in  

Resident Physicians Within a General Hospital 



Riese et al. – 2004  

159 female healthy Dutch nurses  
(No CVD – No therapy) 
 
Study design: Longitudinal  
 
JS assessment: JCQ  (submitted on two 
separate occasions, one year apart) 
 
24-h monitoring ECG in two days: 
Working day and Rest day 
 
Major findings: No association 
between JS and any HRV parameters.  

 



Borchini Ferrario - 2015 

N. 36 healthy male and female Nurses 
Italy 
 
Study design: Longitudinal  
 
JS assessment: JCQ and ERI (submitted on 
two separate occasions, one year apart) 
 
24 h-monitoring ECG in Working Day and 
Rest Day (time-domain only) 
 
Major findings: ↓SDNN and ↓SDNN 
Index in WD (and borderline stat sign in 
RD) among prolonged high JS only. 

PROLONGED JOB STRAIN REDUCES TIME-DOMAIN HEART RATE 

VARIABILITY ON BOTH WORKING AND RESTING DAYS AMONG 

CARDIOVASCULAR SUSCEPTIBLE NURSES  

International Journal of Occupational Medicine and Environmental Health 2015;28(1):42 – 51  



SLS RHS PHS beta P-value

WD 139.1±23.9 79.1±22.4 76.3±18.2 -0.32 0.0347

RD 217.1±49.0 177.3±65.9 115.6±36.0 -0.31 0.1096

WD 753.3±119.0 494.7±128.8 380.2±82.8 -0.35 0.0124

RD 820.2±154.6 660.9±205.2 377.1±98.0 -0.38 0.0219

WD 5.4±0.8 6.3±1.4 5.0±1.0 -0.03 0.8009

RD 3.8±0.6 3.7±1.0 3.3±0.7 -0.07 0.621

HF 

(ms2)

LF 

(ms2)

LF/HF

N. 36 healthy male and female Nurses 
Italy 
 
Study design: Longitudinal  
 
JS assessment: JCQ and ERI (submitted 
on two separate occasions, one year 
apart) 
 
24 h-monitoring ECG in Working Day 
and Rest Day (time-domain only) 
 

Major findings: ↓HF in WD and ↓LF in 
WD and RD 

Abstract on the 7° ICOH International Conference on Work Environment and Cardiovascular Diseases – May 2017 

Heart Rate Variability Frequency Domain alterations among  

healthy nurses exposed to prolonged job-strain Borchini Ferrario - 2015 

Age and smoke adjusted geometric mean of Frequency Domain HRV 



Autors Year Subj Sex Work JS ECG WD RD HRV  JS - HRV 

Kageyama  1998 223 M WC Quest  5 m. WD FD None 

Van Amellsvoort  2000 135 M F WC JCQ 24 h WD TD - FD  LF 

Vrijkotte  2000 109 M WC ERI 24 h WD RD TD  rMSSD WD 

Riese  2004 159 F Nurse JCQ 24 h WD RD TD None 

Kang 2004 169 M BC JCQ 5 m. WD RD TD  SDNN  WD 

Hemingway 2005 2344 M WC JCQ 5 m. WD TD - FD  SDNN HF LF WD 

Collins Karasek 2005 36 M WC JCQ 48 h WD RD TD - FD  SDNN HF WD 

Clays  2011 653 M WBC JCQ 24 h WD TD FD pNN50 LF/HF WD 

Hernandez 2013 54 M F Doctor JCQ 24 h WD TD - FD  SDNN HFLF/HF WD 

Borchini Ferrario 2015 36 M F Nurse ERI + JCQ  24 h WD RD TD  SDNN  SDNN Index WD 

Borchini Ferrario 2017 36 M F  Nurse  ERI + JCQ 24 h WD RD TD  HF WD  LF WD RD 



JS – HRV ASSOCIATION IN REVIEWED STUDIES  

❑ Kageyama – 1998  

❑ Riese – 2004  

 

 

 

❑ Van Amellsvoort – 2000  

❑ Vrijkotte – 2000 

❑ Kang – 2004  

❑ Collins e Karasek – 2005 

❑ Whitehall II study – 2010  

❑ Clays – 2011 

❑ Hernandez – 2013 

❑ Borchini Ferrario – 2015 

❑ Borchini Ferrario – 2017  

 

 

No Association Job Strain - HRV Association Job Strain - HRV 



CONCLUSIONS 

Most of the studies that have shown an association between JS and HRV, with 

the following findings in the high JS group: 

 reduction of HRV measurements in the Time Domain.  

 reduction of spectral HF component  

 increase or reduction of spectral LF  

 

This findings support the hypothesis of an altered sympatho-vagal balance 
during work stress, with a prevailing sympathetic component.  



The studies reviewed indicate:  
 

HRV analysis → useful tool for identifying alterations of the cardiac 

sympatho-vagal balance  
 

HRV analysis can be used for early detection of JS effects on the 

cardiovascular system 
 

CONCLUSIONS 



CONSIDERATIONS FOR FUTURE STUDIES ON JS- HRV 
 

 Accurate sample selection: healthy subjects with no 
history of diseases or conditions and treatments that 
could interfere with the autonomic nervous system 
(ANS). 

 

 Adoption of validated possibly multiple measures of JS 
 

 Longitudinal studies are needed, to assess the effect of 
prolonged JS exposures 

CONCLUSIONS 



⬜  CONSIDERATIONS FOR FUTURE STUDIES ON JS- HRV 

 ECG monitoring for HRV analysis 

• If monitoring is performed for short periods of time, 
respiratory rate and posture need to be standardised 
as they have a known effect on the HF component.  

• 24h or 48h monitoring should be preferred, although 
they have may be possible only for small size samples 
→ they provide a more comprehensive HRV analysis. 

• ECG-monitoring in working and rest days allows to 
compare these two different settings.  

CONCLUSIONS 



CONSIDERATIONS FOR FUTURE STUDIES ON JS- HRV 
 

 Finally: collaborative multisite well-standardised 
studies are need to allow to increase the statistical 
power! 

CONCLUSIONS 



Thanks for paying attention. 

It’s not what you look at that matters, it’s 
what you see. 
Henry David Thoreau - 1817–1862, 
American poet, philosopher, abolitionist, 
naturalist, tax resister, development 
critic, surveyor, and historian.  


