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Job strain and heart disease  



(Kivimäki et al, 
Lancet, 2012) 

Job strain and heart disease  



“We defined exposure as job strain  
(high demands and low control) versus  
no strain (all other combinations)  
according to the job-strain model.”  

(Kivimäki et al, Lancet, 2012) 

The job strain model  
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Higher job demand  

Adapted from figure 1 in Karasek (1979) (Michael Ingre, Doctoral thesis, 2017)  

… is a similar problem as the effort–reward 
imbalance model (ERI)  
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Job control and reward, but NOT job demand 
and effort, are associated with CHD!  





(Kivimäki et al, Lancet, 2012) (Dragano et al, 
Epidemiology, 2017) 

Job control and reward, but NOT job demand 
and effort, are associated with CHD!  





(Kivimäki et al, Lancet, 2012) (Dragano et al, 
Epidemiology, 2017) 

Job control and reward, but NOT job demand 
and effort, are associated with CHD!  





(Kivimäki et al, Lancet, 2012) (Dragano et al, 
Epidemiology, 2017) 

The Gin Tonic Model  
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“We defined exposure as job strain (high demands and low control) versus  no strain 
(all other combinations) according to the job-strain model.”  

(Michael Ingre, Doctoral thesis, 2017) 

Let’s consider two independent  
continuous random variables: A & B 



 



The variables could represent Gin & Tonic..



 

.. the two exposures in the job strain model..  

Job control Job demand 



 

.. or the effort-reward imbalance model (ERI)  

Perceived reward Perceived effort 



 

Composite variables by subtraction 



 
Composite variables by addition and 
multiplication  



“Job strain” composite variable 

 

Composite variables by division (i.e. ratio 
variables)  

“ERI” composite variable 



 

Binary and continuous “ERI” composite variable “ERI”  



ERI<1 ERI>1 

Binary and continuous “ERI” composite variable  

An 



observed association can depend on a   
“ERI”  

single univariate association with only one  of 
the constituent variables 

ERI<1 ERI>1  

Let’s consider two independent  
continuous random variables: A & B 



 
How to model the combined effect of 
two different exposures:  
The full interaction model and the additive model  
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Modelling job strain and effort-reward 
imbalance  



 

 

 

On median split data (four groups) there are exactly two different 
models to fit, that models the association of both exposures! 

 



  
 
OutcomeMJMBMQMAMI  

Systematic review 
of  

407 CVDx----  

283 CHDm-x---  

73 CVDmx---  

146 CHD--x--  

31 CHD--x--  

118 CHD--x--  

Demiral2006 450 36 CHD-x--- Kuper2006 19565 89 IHD--x-- Kuper2006         

15972 55 IHD--x-- Netterstrøm2006 659 47 IHD--xx- Tsutsumi2006        

3178 35 CVDm--x-- André-Petersson2007 3063 114 MIx-x--       

André-Petersson2007( 4707 38 MIx-x-- Bonde2009 18258 101 IHD-x---        

Netterstrøm2010 595 34 IHD--x-- Netterstrøm2010 551 70 IHD--x--        

Kivimäki2012 197473 2358 CHD-xx-- Slopen2012 22086 170 MI--x--        

Padyab2014 36668 454 CVDm---x- Padyab2014 38320 141       

CVDm---x- Szerencsi2014 11489 309 CVDx---- Torén2014 6070 1052        

CHD--x-- Schiöler2015 75236 1884 CHD--x--  

“job strain” and CHD  

● The full interaction model is 
indicated to the right (MI)  

● Next is the additive model without 
interaction term (MA)  

● The rest are composite variable 
models:  
○ The quadrant model (MQ) 
○ The binary model (MB)  
○ A “Johnson” type model (MJ) 

● Studies already included in 
Kivimäki et al. (2012) were  

excluded from this analysis  

● No clinical groups 

Study label n  Even
ts  

Johnson1989  7219   

Alterman1994  1606   

Kivimäki2002  812   

Lee2002  3503
8  

 

Eaker2004  1328   

Eaker2004  1711   
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How are composite variable models 
defended in the literature?  

▪ Reference to authority  
→ “This is not how Siegrist, the hypothesis generator, recommends 

the construct of effort–reward imbalance to be quantified.”  
▪ Consistent with  

→“First, we consider the effort–reward ratio, an investigator-based 
algorithm quantifying the mismatch between effort and reward at 
individual level, consistent with the effort–reward theory ...” ▪ 
Whataboutism  

→ “One well-known example from epidemiology is the body mass 
index, which combines height and weight into a sensitive indicator 
of cardio-metabolic risk” 



How are composite variable models 
defended in the literature?  

▪ Reference to authority  
→ “This is not how Siegrist, the hypothesis generator, recommends 

the construct of effort–reward imbalance to be quantified.”  
▪ Consistent with  

● Deflection  
→“First, we consider the effort–reward ratio, an investigator-based  

● An attempt to end the discussion, right there algorithm 
quantifying the mismatch between effort and reward at  

● Makes it personal  
individual level, consistent with the effort–reward theory ...”  

● The authority may be wrong!  
▪ Whataboutism  

→ “One well-known example from epidemiology is the body mass 
index, which combines height and weight into a sensitive indicator 
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How are composite variable models 



defended in the literature?  

● Observing an association on a composite variable is indeed consistent 
with the hypothesis of an interaction  

▪ Reference to authority  
● But it is also consistent with the hypothesis of a univariate association 

→ “This is not how Siegrist, the hypothesis generator, recommends  
with only one of the two constituent variables  
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...” ▪ Whataboutism  
→ “One well-known example from epidemiology is the body mass 

index, which combines height and weight into a sensitive indicator 
of cardio-metabolic risk”  

● Occam’s Razor suggest that we should accept the simplest explanation  

How are composite variable models 
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▪ Reference to authority  
→ “This is not how Siegrist, the hypothesis generator, recommends 

the construct of effort–reward imbalance to be quantified.”  
▪ Consistent with  

→“First, we consider the effort–reward ratio, an investigator-based 
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→ “One well-known example from epidemiology is the body mass 
index, which combines height and weight into a sensitive indicator 
of cardio-metabolic risk” 

Weight and height in the adult population of:  National 
Health and Nutrition Examination Survey (NHANES) 



 



Body Mass Index and height in the NHANES



 



Body Mass Index and weight in the NHANES



 

Body Mass Index and weight in the NHANES  



Whatabout BMI? is not a good argument for 
the validity of composite variable models! 

Modelling the specific form of the  
interaction described by BMI:  



 

Kronmal, R. A. (1993). Spurious Correlation and the Fallacy of the Ratio Standard 
Revisited. Journal of the Royal Statistical Society. Series A, , 156(3), 379–392. 

How are composite variable models 
defended in the literature?  

▪ Reference to authority  
→ “This is not how Siegrist, the hypothesis generator, recommends 

the construct of effort–reward imbalance to be quantified.”  
▪ Consistent with  



→“First, we consider the effort–reward ratio, an investigator-based 
algorithm quantifying the mismatch between effort and reward at 
individual level, consistent with the effort–reward theory ...” ▪ 
Whataboutism  

→ “One well-known example from epidemiology is the body mass 
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How are composite variable models 
defended in the literature?  

▪ Reference to authority  
→ “This is not how Siegrist, the hypothesis generator, recommends  

the construct of effort–reward imbalance to be quantified.”  

Be critical when rhetorics, rather than logic  
▪ Consistent with  



and reason, is used to motivate research 
→“First, we consider the effort–reward ratio, an investigator-based        

algorithm quantifying the mismatch between effort and reward at         
individual level, consistent with the effort–reward theory ...”  

▪ Whataboutism  
→ “One well-known example from epidemiology is the body mass 

index, which combines height and weight into a sensitive indicator 
of cardio-metabolic risk”  

Transforming estimates from the quadrant 
model to the full interaction model  



 
(Michael Ingre, Doctoral thesis, 2017) 

Job strain and coronary heart disease: A 
bias adjusted meta analysis  



● 27 cohorts,  
● 387k subjects  

● 6241 CHD cases  

● Because no studies  
reported the proper  
interaction model, only  
transformed estimates  
from studies reporting  
the quadrant model were  

included  

● Studies already included  
in Kivimäki et al. (2012)  
were excluded from the  
analysis, to not be  

counted twice  

(Michael Ingre, Doctoral thesis, 2017) 

Job demand and job control  
29 cohorts, 466k subjects and 6836 CHD cases  



(Michael 
Ingre, Doctoral thesis, 2017) 

Job demand and job control 29 
cohorts, 466k subjects and 6836 CHD cases  



It 
appears 
that the 

job 
strain 

theory is 
not  supported by data  



(Michael Ingre, Doctoral thesis, 2017)  

Summary: composite variable models  in 
occupational stress research  

▪ Almost forty years of research  
▪ Hundreds of researchers  
▪ Thousands of publications  
▪ Millions in spent research funding  



▪ Researchers are still arguing along the lines of:  

→ Observing people getting drunk on Gin Tonics, 
is evidence of an interaction between Gin and 
Tonic*  

▪ How did we get to this point?  

*or, alternatively, that both Gin and Tonic contributes to intoxication  


