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Job strain and heart disease



Articles I

Job strain as a risk factor for coronary heart disease:
a collaborative meta-analysis of individual participant data
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Summary

Aackground Published work assessing paychosocial siress (job sirain) as a risk factar for coronary heart disease is
incomsistent and subject to publicition bias and reverse causation bias, We analysed the relation betwesn job strain
and coronary heart disease with a meta-analysis of published and unpublished shodies.

Methods We used individual records from 13 European cohon studles (1985-2006) of meen and women withowt coronary
heart disease who were employed at time of haseline sssessment. We measuned job sirain with guestions from validated
of job strain mﬂmﬂhmﬂﬁmﬁﬂgiumﬁfmmhﬂﬂdﬁmﬂmﬂﬁnﬂhdﬂml
coromary beart disease as the first nonsfatzl myocardial infarction or coronary death.

Findings 30214 [15%) of 197 473 participants reporied job strain. In 1-4% million person-years at risk {mean follow-up
75 years [SD 1. 7)), we recorded 2358 evenis of incident coronary heart disease. Afler adjuestment for sex and age, the
hazard ratio for job simin versos o job strein was 1:-3% (95% C1 1.20=1.37). This effect estimaie was higher in
publighed (1-43, 1.15%-1.77) than wnpubdighed [1-16, 1-02-1.32) studies. Hazard mtics were lkesdse mksed in
amalyses addressing reverse causality by exchusion of events of coronary beant disease that occurred in the Aret 3 years
{1-31, 1, 15-1- 4%} and 5 years [1- 30, 1-13-1. 50 of follow-wp. We noted an association between job strain and coronary
heart disease for sex, age groups, sodoeconomic sirata, and region, and after adjustments for sodoeconomic status,
and lifestyle and conventional risk factors. The population attributable risk for job strain was 3.4%.
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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.”

(Kivimaki et al, Lancet, 2012)



Unresolved (job) strain

“We defined exposure
as job strain (high
Passive Job strain control) versus no strain
demands and low (all other
w(Iow demand and control) : . according fo the
(high strain) combinations)  job-strain model.”

lReIaxed Active

(high demand and control) Lancet 2012)
(Kivimaki et al, ’
(low strain)

Higher job demand

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

... I1s a similar problem as the effort-reward
imbalance model (ERI)



Unresolved (job)
strain

Passive Job
strain

(low demand and
control)

(high strain)

LReIaxed Active |

(low strain) control)
(high demand and

Higher job demand

imbalance

Low effort and

reward E R|
(effort = reward)
Effort-reward (effort > reward)

PLow effort and

High effort and

high reward (reward > effort) reward

(effort = reward)

Higher perceived effort

Job control and reward, but NOT job demand
and effort, are associated with CHD!
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Effort—-Reward Imbalance at Work and Incident
Coronary Heart Disease

A Multicohort Study of 90, 164 Individuals

Ao

Dvngano,* dohaanes Nieprise® Soljo T iberg* Mharmen Lvaaa,® Eleoaor | oo,

Lars Alfreckison ! dokod B Bisrmes f Mosianae Soee” Homoan Bwrr Roinsms Srdell ioem Fakiéa*

Mol

ko, Hark Ramer®® Kairdng Fellbild ™ Kan'- e ekl faderr Kauieros,!

i &, M. Miastren ® Marne L Melren,” Manda Nordie ™ Tl (e, doo 8, Fgernen.” o Feani ™
Reiaer Rugulien, &= Pauks Salo " Mrpen Sohape” Archasa Singh. Meaony” dufree Sepine®

et Thearell ® fursi Failenn ™8 Feter ¢ M. Wisimirfin, ™

" Mo Fariamea ™

Lz Fver, " (3 Do Baviy® and! ks Ill.uﬁ.hm.frﬂl (P ik rosssiun

Bahprrmsd: Epdimachagic evidores o sk s s nad De-
i o porermry b divcee B wewdy bused o n gl rEwa pl
inalal dal bwnies i o i, G el ol Pl i
nad o b W wlcktar § oy ~ FITES
sndracie: Bl wwmtars du oo dudisr Dol mest dlabh i o i
e rewends recehynd predioond coreaary Fesn e

Melldii Thes smlwokort dady [he “FD S0 semrien)
bl on kerwenivd Svicesl-es] des drew |1 Eoopma

a1 G o 1) Bars 11T,

i ek L

Rl O it e s
e T e T B ki 0 Bl whd meaa by skl
T -rrwd baaras aed job s faskrsaie e dafned
e oy N Sxew o ode T oendesl ool
riwior o morary dowf Smdy-rprile miais e praiod
by rasdew p¥ros mcn-ambiik

Arsglin: Az Wedes, 1™ of mely rosbes mpeind -
rraewrd ivimdaor of wveh el 137 pericd e o Uharing @

g of Fabiie Hesith sl Deparseam of Lo
[F g T TEE R e PR T, R s A
lrmer o by, Tata feke "lerees | b lomma

Frwarvh, Forle, = Thepsmery of Paboic Henlsh_ Liniserviey p!
T, Tarta. Findand: mrvrry Pl T, Msbicad =10~
et -

Sardr

Wy u e e E e O O O Sl
-y - o ks

T IR Rk T e Mewsdn F
o Finkk el Biifior MK & o oy ebobon Bk
[ = T L ind i proee P Ee s

[t ra——

Hewrt Paarvisser. resleer T L Seh wns ch servsred oo PD7 Sl



Table 51 shows the nesaulis for the associstions betwieen allemative job strain messures and incident CHID.
They sagport the coscepl that a combination af Bigh demands and low control,’ ratser than ether of these
companenls aloee,™ is associted with an increased corinary risk.

Table 51. The association between job strain and incident corenary beart disease, based on

alternative jeb stralm defimitions,*

Aliemative measares of joh stmin

1, Job demands eategory
O, hotbom quartibe

g2
3
., top quariile

L Continuous jah demands (z-senre)

L Job contrel catepgory
(31, hattom quariibk:

o2
Q3

(b, top queniile

de Continwous job condrol {z-scere)

5. Job struin guasdrants

Law strain (loe demands=high controd)
Passive {low demands-low cantrol)
Active (high demands-high comiral)

High strain {kigh demands-low comral)

Age- and sex-adjusted hazand mtio

1.0 {reference)
105 (0.R4-1.31)
108 (0495-1.22)
107 (0.92:1.25)

102 {0.96-1.08)

1.0 {reference]
100 (0LRG-1,15)
0UES (0. 78-1.03)
080 (LAa7-0.97)

0.93 (LED-0.98)

1.0 {referenoe)
112 (0.99-1.27)
[06 {09-1.19
EIE(1.11-1.48)

*Thesz anabyses are based on individual-level daia from all constituent studies for which the 1PD-team bad
full access (Helsress, FFS, Gazel, HefSop, S6ll Workong, Whishall 11, WaolfN, Wolt-5). The age- and sex-
adtpastid higeard ratio Tor S asseciation brteven job strain, diefingd as in e seain amalysis, and incdist

CHIF was 1.23 {25% C1 1.08-1.39) in this daiaset, that & the same as in all 13 cohorts.

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

Job control and reward, but NOT job demand
and effort, are associated with CHD!
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Table 51 shows the nesaulis for the associstions betwieen allemative job strain messures and incident CHID.
They sagport the coscepl that a combination af Bigh demands and low control,’ ratser than ether of these
companenls aloee,™ is associted with an increased corinary risk.

Table 51. The association between job strain and incident corenary beart disease, based on

alternative jeb stralm defimitions,*

Aliemative measares of joh stmin

1, Job demands eategory
O, hotbom quartibe

g2
3
., top quariile

L Continuous jah demands (z-senre)

L Job contrel catepgory
(31, hattom quariibk:

o2
Q3

(b, top queniile

de Continwous job condrol {z-scere)

5. Job struin guasdrants

Law strain (loe demands=high controd)
Passive {low demands-low cantrol)
Active (high demands-high comiral)

High strain {kigh demands-low comral)

Age- and sex-adjusted hazand mtio

1.0 {reference)
105 (0.R4-1.31)
108 (0495-1.22)
107 (0.92:1.25)

102 {0.96-1.08)

1.0 {reference]
100 (0LRG-1,15)
0UES (0. 78-1.03)
080 (LAa7-0.97)

0.93 (LED-0.98)

1.0 {referenoe)
112 (0.99-1.27)
[06 {09-1.19
EIE(1.11-1.48)

*Thesz anabyses are based on individual-level daia from all constituent studies for which the 1PD-team bad
full access (Helsress, FFS, Gazel, HefSop, S6ll Workong, Whishall 11, WaolfN, Wolt-5). The age- and sex-
adtpastid higeard ratio Tor S asseciation brteven job strain, diefingd as in e seain amalysis, and incdist

CHIF was 1.23 {25% C1 1.08-1.39) in this daiaset, that & the same as in all 13 cohorts.

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

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



In analysis of the components of effort-reward imbal-
ance, the age- and sex-adjusted hazard ratio of incident coro-
nary heart disease was 0.99 (95% CI = 0.87, 1.13) for high
(above median) versus low (median or below) efforts and 1.18
(95% CI = 1.04, 1.33) for low (below median) versus high
(median or higher) rewards.

ORIGINAL ARTICLE

Effort-Reward Imbalance at Work and Incident
Coronary Heart Disease

A Multicohort Study of 20, 164 Individuals
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Table 51 shows the nesaulis for the associstions betwieen allemative job strain messures and incident CHID.
They sagport the coscepl that a combination af Bigh demands and low control,’ ratser than ether of these
companenls aloee,™ is associted with an increased corinary risk.

Table 51. The association between job strain and incident corenary beart disease, based on

alternative jeb stralm defimitions,*

Aliemative measares of joh stmin

1, Job demands eategory
O, hotbom quartibe

g2
3
., top quariile

L Continuous jah demands (z-senre)

L Job contrel catepgory
(31, hattom quariibk:

o2
Q3

k., top rtile

de Continwous job condrol {z-scere)

5. Job struin guasdrants

Law strain (loe demands=high controd)
Passive {low demands-low cantrol)
Active (high demands-high comiral)

High strain {kigh demands-low comral)

Age- and sex-adjusted harard ratic

1.0 {reference)
105 (0.R4-1.31)
108 (0495-1.22)
107 (0.92:1.25)

102 {0.96-1.08)

1.0 {reference]
100 (0LRG-1,15)
0UES (0. 78-1.03)
080 (LAa7-0.97)

0.93 (LED-0.98)

1.0 {referenoe)
112 (0.99-1.27)
[06 {09-1.19
EIE(1.11-1.48)

*Thesz anabyses are based on individual-level daia from all constituent studies for which the 1PD-team bad
full access (Helsress, FFS, Gazel, HefSop, S6ll Workong, Whishall 11, WaolfN, Wolt-5). The age- and sex-
adtpastid higeard ratio Tor S asseciation brteven job strain, diefingd as in e seain amalysis, and incdist

CHIF was 1.23 {25% C1 1.08-1.39) in this daiaset, that & the same as in all 13 cohorts.

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

The Gin Tonic Model



Job strain and the Gin

Passive Job strain

TOﬂiC mOdel Unresolved (job) strain

. ,;IJ-._'
.



Intoxication

(low demand and control) -

(high strain)

Nothing



Relaxed Active (high demand and control)

(low strain)

More Tonic
Higher job demand

“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






A

The variables could represent Gin & Tonic..

A



.. 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 “err



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



Kivimaki2002 812
Study label n Even Lee2002 3503 OutcomeM ;MMM M,
ts 8
Johnson1989 7219 Eaker2004 1328 SyStematIC reV|eW
Alterman1994 1606 Eaker2004 1711 Of
407 CVDx----
283 CHDm-x---
73 CVDmx--- . . .
e o e The full interaction model is
31 CHDxe indicated to the right (M)
118 CHD--x— e Next is the additive model without

Demiral2006 450 36 CHD-x--- Kuper2006 19565 89 IHD--x-- Kuper2006
15972 55 IHD--x-- Netterstram2006 659 47 IHD--xx- Tsutsumi2006

3178 35 CVDM-X-  andrépetersson2007 3063 114 Mix-x--

André-Petersson2007 4707 38 Mix-x-- Bonde2009 18258 101 IHD-x---
Netterstram2010 595 34 |HD--x-- Netterstram2010 551 70 IHD--x--
Kivim&aki2012 497473 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-- Schi6ler2015 75236 1884 CHD--x--

“job strain” and CHD

interaction term (M,)
e The rest are composite variable
models:

o The quadrant model (M)
o The binary model (Mg)
o A “Johnson” type model (M,)
e Studies already included in
Kivimaki et al. (2012) were
excluded from this analysis

e No clinical groups



(Michael Ingre, Doctoral thesis, 2017)
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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
e Deflection
—>"First, we consider the effort-reward ratio, an investigator-based

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

e Makes it personal
individual level, consistent with the effort-reward theory ...”

e 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



of cardio-metabolic risk”
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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
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?

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

» Reference to authority
e 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
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”

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

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
iInteraction 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.
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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
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.”

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



e 27 cohorts,
e 387k subjects
e 6241 CHD cases

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

e Studies already included
in Kivimaki 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



not supported by data

It
appears
that the

job
strain
theory is



(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?



