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1. Introduction

A first part of the present dissertation (chapter 2) synthesizes results and statistical conclusions from
a series of cohort studies aimed at estimating prospective associations between weekly working
hours and ill health among full-time employees in the general population of Denmark. A second part
(chapter 3) elaborates on the methodological principles on which the research was based. The
concluding remarks and recommendations of the thesis are given in chapter 4.

The dissertation is structured as a compilation thesis i.e. a collection of published research papers,
with a summarising set of introductory chapters. The papers are divided into two sections, one for
the papers that are addressed in chapter 2 and one for the papers that are addressed in chapter 3.
The following papers are included:

Section A: Protocol-based examination of health and safety in relation to weekly working hours
among employees in the general population of Denmark

Psychotropic  Paper |

medicine Hannerz H, Albertsen K. Long working hours and subsequent use of psychotropic

study medicine: a study protocol. JMIR Res Protoc. 2014 Sep 19;3(3):e51. doi:
10.2196/resprot.3301.

Paper Il

Hannerz H, Albertsen K. Long working hours and use of psychotropic medicine: a
follow-up study with register linkage. Scand J Work Environ Health.
2016;42(2):153-61.

Paper IlI

Hannerz H, Albertsen K, Nielsen ML, Garde AH. Prospective Associations Between
Working Time Arrangements and Psychiatric Treatment in Denmark: Protocol for a
Cohort Study. JMIR Res Protoc. 2020;9(6):€18236. Published 2020 Jun 15.
doi:10.2196/18236

Paper IV

Hannerz H, Albertsen K, Nielsen ML, Garde AH. Long working hours and
psychiatric treatment: A Danish follow-up study. Scand J Work Environ Health.
2020 Nov 17:3936. doi: 10.5271/sjweh.3936. Epub ahead of print.

Ischaemic Paper V (feasibility study)

Heart Hannerz H, Dalhoff K, Burr H, Latza U. Correlation between relative rates of
Disease hospital treatment or death due to ischaemic heart disease (IHD) and of IHD-
study related medication among socio-occupational and economic activities groups in

Denmark, 1996-2005. Int J Occup Med Environ Health. 2014 Aug;27(4):536-46.



Stroke study

All-cause
mortality
study

Injury study

Paper VI

Hannerz H, Larsen AD, Garde AH. Working Time Arrangements as Potential Risk
Factors for Ischemic Heart Disease among Workers in Denmark: A Study Protocol.
JMIR Res Protoc. 2016 Jun 22;5(2):e130.

Paper VIi

Hannerz H, Larsen AD, Garde AH. Long weekly working hours and ischaemic heart
disease: a follow-up study among 145 861 randomly selected workers in Denmark.
BMJ Open. 2018 Jun 15;8(6):e019807. doi: 10.1136/bmjopen-2017-019807.

Paper VIiI

Hannerz H, Albertsen K, Burr H, Nielsen ML, Garde AH, Larsen AD, Pejtersen JH.
(2017): The association between long working hours and stroke in the general
workforce of Denmark — a study protocol. figshare.
https://doi.org/10.6084/m9.figshare.4684951.v1.

Paper IX

Hannerz H, Albertsen K, Burr H, Nielsen ML, Garde AH, Larsen AD, Pejtersen JH.
Long working hours and stroke among employees in the general workforce of
Denmark. Scand J Public Health. 2018 May;46(3):368-374.

Paper X

Hannerz H, Soll-Johanning H. (2017): General mortality in relation to the EU
Working Time Directive: a Danish study protocol. figshare.
https://doi.org/10.6084/m9.figshare.5297062.v1

Paper Xl

Hannerz H, Soll-Johanning H. Working hours and all-cause mortality in relation to
the EU Working Time Directive: a Danish cohort study. Eur J Public Health. 2018
Oct 1;28(5):810-814.

Paper Xl

Larsen AD, Hannerz H, Mgller SV, Dyreborg J, Bonde JP, Hansen J, Kolstad HA,
Hansen AM, Garde AH. (2016): Study protocol for examining long working hours
and night work as risk factors for injuries. figshare.
https://doi.org/10.6084/m9.figshare.3408220.v1

Paper Xl

Larsen AD, Hannerz H, Mgller SV, Dyreborg J, Bonde JP, Hansen J, Kolstad HA,
Hansen AM, Garde AH. Night work, long work weeks, and risk of accidental
injuries. A register-based study. Scand J Work Environ Health. 2017 Nov
1,43(6):578-586.
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Section B: Statistical power calculations as a means of reducing the risk of being fooled by
random variation
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2. Protocol-based examination of health
and safety in relation to weekly working
hours among full-time employees in the
general population of Denmark

Figure 2.1. Drawing by Sannie Vester Thorsen at the National Research Centre for the Working
Environment, Denmark, 2014



“Everyone has the right to rest and leisure, including reasonable limitation of working hours and
periodic holidays with pay “. [United Nations. Universal Declaration of Human Rights, Article 24]

Long working hours have often been associated with short sleep [cf. Hayashi et al, 1996; Kageyama
et al., 2001; Sasaki et al., 1999] and fatigue due to insufficient recovery between work shifts [cf.
Hayashi et al, 1996, Sasaki et al., 1999; Iwasaki et al., 1998; Proctor et al., 1996; Spurgeon et al.,
1997]. It has, moreover been shown that short sleep and fatigue are risk factors for psychiatric
disorders [Glozier et al., 2010; Breslau et al., 1996; Chang et al., 1997; Szklo-Coxe et al., 2010; Harvey
et al., 2009; Huibers et al., 2007; Skapinakis et al., 2004], accidental injuries [Uehli et al., 2014],
hypertension [Wang et al., 2015], ischaemic heart disease [Cappuccio et al., 2011] and stroke [Koo et
al., 2018].

Long working hours are, however, all else being equal, also associated with an increased income and
thereby a decreased risk or intensity of financial strain, which is a very important stressor among
contemporary employees [cf. Sinclair and Cheung, 2016]. It has been shown that financial strain is
associated with an increased risk of psychiatric disorders [Weich and Lewis, 1998; Dunn et al., 2008;
Sareen et al., 2011], hypertension [Steptoe et al., 2005] and acute myocardial infarction [Rosengren
et al., 2004]. It has also been shown that there is a very clear and important inverse association
between income and risks of psychiatric disorders [Sareen et al., 2011], stroke [Toivanen, 2011] and
IHD [Andersen et al., 2003]; the higher the income the lower the risk. There are, in other words, both
advantages and disadvantages associated with long working hours, which suggests a U-shaped
relation, where the risk of ill health decreases with weekly working hours up to a point where they
become too long to allow sufficient sleep and recovery.

Another advantage of long working hours is that they usually contribute positively to a nation’s gross
domestic product, and thereby create more governmental funds that may be spent on health care
and other health promoting initiatives [Swift, 2011]. Such indirect effects of long working hours are
however beyond the scope of the present work.

Long working hours are recognised as a risk factor for death due to mental and cardiovascular
disorders by the governments of Japan, Taiwan and South Korea [cf. Ke, 2012; Eguchi et al., 2016; Lin
et al., 2017]. They are also recognised as occupational safety and health hazards by the European
Parliament and the Council of the European Union. The issue is addressed in the EU Working Time
Directive, which, among other things, stipulates that member states shall take the measures
necessary to ensure that the average working time for each 7-day period, including overtime, does
not exceed 48 hours. The purpose of the directive, which has been in force since 1993, with slight
amendments in the year 2000 and 2003, is to protect the safety and health of workers [EU, 2003].

The cut-point at 48 hours is, however, arbitrary and when the directive was enacted, it had not been
established that a threshold at 48 working hours a week would be low enough to protect against

excess rates of ill health from long workweeks.

The aim of the present work was to examine mortality and morbidity rates among fulltime
employees in the general workforce of Denmark, as a function of their usual weekly working hours.
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The following outcome measures were regarded: Redeemed prescription for psychotropic drugs,
psychiatric hospital treatment due to mood, anxiety or stress-related disease, redeemed
prescription for antihypertensive drugs, hospital treatment or death due to ischaemic heart disease,
hospital treatment or death due to stroke, all-cause mortality and accidental injuries.

In all analyses except the one dealing with stroke morbidity, the participants’ usual weekly working
hours were treated as a categorical variable, with 32 — 40 hours (the reference) to represent normal
weekly working hours, 41 — 48 hours to represent overtime work that lies within the limits of the
working time directive, and 49 — 100 hours to represent overtime work beyond the threshold of the
directive. Age, gender and socio-economic status were taken into account, and a series of sub-
analyses were conducted to test if hypothetical relationships between weekly working hours and the
examined outcome measures depended on gender and socio-economic status.

As mentioned in Paper VII, the above working hour categorisation “facilitates interpretation of the
results in relation to the EU Working Time Directive in a Danish context, in accordance with the
following arguments:

o If a rate ratio is statistically significantly high among workers with 41-48 working hours a
week, then it might be of practical importance, since it suggests that the 48 hours threshold
of the EU Working Time Directive may need to be lowered to protect against [adverse health
effects] from long working hours.

e If a rate ratio is statistically significantly low among workers with more than 48 working
hours a week then it might be of practical importance, since it suggests that the 48 hours
threshold of the EU Working Time Directive either is unnecessary or unnecessarily low
(when it comes to protecting employees against [adverse health effects] from long working
hours).

e If a rate ratio is statistically significantly high among workers with more than 48 working
hours a week but not among employees with 41-48 working hours a week, then the results
do not indicate any need to change the threshold of the Working Time Directive. The
elevated rate ratio may, however, be of practical importance from a public health
perspective, since it identifies a group of people who might be in need of health promotion.”

All analyses were preceded by the publication of a detailed study protocol in which all hypotheses
and statistical models were completely defined before we looked at any relation between the
exposure data and the outcome measures of the study.

The studies on the association between working hours and psychotropic drugs are described in
Paper | (study protocol), Paper Il (results), Paper Ill (study protocol), Paper IV (results). The study on
the association with psychiatric hospital treatment due to mood, anxiety or stress-related disease is
described in Paper Il (study protocol) and Paper IV (results). The study on the association with
antihypertensive drug usage and ischaemic heart disease is described in Paper V (feasibility study),
Paper VI (study protocol) and Paper VIl (results). The study on the association with stroke is
described in Paper VIII (study protocol) and Paper IX (results). The study on the association with all-
cause mortality is described in Paper X (study protocol) and Paper Xl (results). The study on the
association with accidental injuries is described in Paper Xl (study protocol) and Paper XllI (results).
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The statistical analysis plans for the first study on psychotropic drugs as well as the studies on
ischaemic heart disease, antihypertensive drugs, and accidental injuries were published before the
exposure data of the studies had been linked to any health register data. These analyses were, in
other words, completely blinded.

The statistical analysis plan for the second study on psychotropic drugs as well as the studies on
psychiatric hospital treatment, all-cause mortality and stroke were published before we had looked
at any relation between the concerned exposure data and psychotropic drugs, psychiatric hospital
treatment, all-cause mortality or stroke. They were, however, written and published after we had
looked at the relation between the concerned exposure data and ischaemic heart disease,
antihypertensive drugs and accidental injuries.

A synopsis of the studies will be given in the present chapter.

2.1 Methods

The investigations were designed as prospective cohort studies. The target population was defined
as employees in the general working population of Denmark. Information on working time
arrangements came from questionnaire data obtained in a series of randomly selected samples of
the target population that were drawn in the time period 1995 - 2013. The follow-ups were
accomplished through national registers. The linkage between the questionnaire data and the
register data were based on the participants’ personal identification numbers. The participants were
censored if they died or emigrated or the study-period ended before they reached the particular
end-point of the study. Participants who had experienced the end-point of the study during the
calendar year preceding the start of the follow-up were excluded from the analysis, in all studies
except the one dealing with accidental injuries. The average follow-up was 1.8 years for accidental
injuries, 3.9 years for psychotropic drugs, 4.8 years for psychiatric hospital treatment, 6.7 years for
antihypertensive drugs and 7.7 years for ischaemic heart disease, stroke and all-cause mortality.

2.1.1. Data sources
The questionnaire data for the first study on the association between working hours and

psychotropic drug usage were obtained from “the Copenhagen Psychosocial Questionnaire
(COPSOQ) study sample of 2004 [Pejtersen et al., 2010], the Danish National Working Environment
Survey (DANES) of 2008 [Thorsen et al., 2013], and the Danish Work Environment Cohort Study
(DWECS) of 1995 [Burr et al., 2003], 2000 [Burr et al., 2003], 2005 [Feveile et al., 2007], and 2010
[Bach et al, 2011].” Further details on these surveys are given in Paper I.

The questionnaire data for the remaining studies were obtained from the Danish Labour Force
Surveys of 1999-2013, which, in accordance with an EU-directive, were based on random samples of
15 to 74-year-old people in the Danish population. New samples were drawn each quarter of the
years and each of the drawn individuals were invited to participate in up to four interview rounds
over a period of 1.5 years [Statistics Denmark, 2019]. Further details on these surveys are given in
Paper VI.

12



The following national registers were used: The central person register (for information on dates of
birth deaths and migrations) [Pedersen, 2011], the employment classification module (for
information on occupation, industry and socio-economic status) [Petersson et al., 2011], the national
patient register (for information on dates and diagnoses of hospital contacts) [Lynge et al., 2011],
the national cause of death register (for information on death diagnoses) [Helweg-Larsen, 2011], the
national prescription register (for information on redeemed prescriptions) [Kildemoes et al., 2011]
and the psychiatric central research register. (for information on psychiatric hospital treatments)
[Mors et al., 2011]. Further details on these registers are given in Paper Il and VI.

2.1.2. Exposure
The exposure variable “weekly working hours” was based on the sum of the hours worked in the

primary and secondary jobs and, as previously mentioned, categorised into 32 —40, 41 — 48 and > 48
working hours a week. The only exception from this rule was the stroke study (Paper VIl and IX), in
which the working hours were categorised into 35 — 40, 41 — 48, 49 — 54 and > 54 hours a week. The
reason for the departure from the rule was that the stroke study aimed at replicating a previous
study [Kivimaki et al., 2015a], in which the latter categorisation was used.

The working hours questions that were used in the first study of psychotropic drug usage are
described as follows in Paper I: “The COPSOQ, the DANES, and the DWECS surveys contain person-
based information on weekly working hours, calculated by adding the hours worked in secondary
jobs to the ones in a primary job. The wording of the questions differs, however, slightly between
the various questionnaires. The DWECS questionnaires of 1995, 2000, and 2005 ask for weekly
working hours in current jobs or (if the person is momentarily out of work) in the last held job.
DWECS 2010 asks for current weekly working hours without further specification. COPSOQ and
DANES ask for average working hours during the one-year period preceding the time of the
interview. The COPSOQ questionnaire only allowed participants to report between 0 and 99 working
hours per week, while the other questionnaires allowed an unlimited number of hours. Another
peculiarity of the COPSOQ questionnaire is that it uses a single question to ask for the combined
number of hours worked in primary and secondary jobs, while the other questionnaires use one
guestion for the number of hours worked in the primary job and another one for the hours worked
in secondary jobs.” The exact wordings of the used questions are given in the supplemental
appendices of Paper .

The working hour questions that were used in the remaining studies are described as follows in
Paper VII “The labour force surveys gather person-based information on WWH (weekly working
hours), calculated by adding the hours worked in secondary jobs to the ones worked in a primary
job. The participants are asked first how many hours they usually work and then how many hours
they worked during the reference week (a predetermined work week, which occurred 1-4 weeks
prior to the interview). ... The questions used to gather this information have changed slightly with
time. Before 2001 there was no mention of whether meal breaks should be counted as working
hours. During 2001-2006 all participants were instructed to exclude meal breaks when they counted
their work hours. As of 2007 the time used for meal breaks were to be counted if the person got
paid while eating and excluded otherwise. From 2001, the average of the actual WWH during the 4
weeks preceding the interview was used as substitute for usual WWH among participant whose
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working hours varied a lot. In the time-period 2001-2006, weeks in which the participant was absent
due to for example, holidays, vacation or sick leave were to be disregarded when this average was
calculated, but from 2007 all of the 4 weeks were to be included in the calculation.”

2.1.3. Clinical endpoints
The following clinical endpoints were regarded as primary outcomes: Redeemed prescription for

psychotropic drugs; psychiatric hospital treatment due to mood, anxiety or stress-related disease,
redeemed prescription for antihypertensive drugs; hospital treatment or death due to ischaemic
heart disease; hospital treatment or death due to stroke; hospital treatment or death due to
accidental injuries; death from any cause.

The endpoint “redeemed prescriptions for psychotropic drugs” was met if and when the participant
redeemed a prescription for a drug in the ATC-code category NO5 (psycholeptica) or NO6
(psychoanaleptica). “The psycholeptic category contains antipsychotics, anxiolytics, hypnotics, and
sedatives, while the psychanaleptic category contains antidepressants, psychostimulants, and
antidementia drugs” [Paper | and Il].

The endpoint “psychiatric hospital treatment due to mood, anxiety or stress-related disease” was
met if and when the participant received hospital treatment with a principal diagnosis in the ICD-10
code category: F30 manic episode, F31 bipolar affective disorder, F32 depressive episode, F33
recurrent depressive disorder, F34 persistent mood [affective] disorders, F38 other mood [affective]
disorders, F39 unspecified mood [affective] disorder, F40 phobic anxiety disorders, F41 other
anxiety disorders, and F43 reaction to severe stress, and adjustment disorders. [Paper Il and IV].

The endpoint “redeemed prescriptions for antihypertensive drugs” was met if and when the
participant redeemed a prescription for a drug in the ATC-code category C02 antihypertensives, CO3
diuretics, CO7 alpha- and beta-blockers, CO8 calcium channel blockers or C09 angiotensin-converting
enzyme inhibitors and angiotensin-Il antagonists [Paper VI and VII].

The endpoint “hospital treatment or death due to ischaemic heart disease” was met if and when the
participant received hospital treatment or died with a principal diagnosis or cause of death in the
ICD-10 code category: 120 angina pectoris, 121 acute myocardial infarction, 122 subsequent
myocardial infarction, 123 certain current complications following acute myocardial infarction, 124
other acute ischaemic heart disease or 125 chronic ischaemic heart disease [Paper VI and VII].

The endpoint “hospital treatment or death due to stroke” was met if and when the participant
received hospital treatment or died with a principal diagnosis or cause of death in the ICD-10 code
category: 160 subarachnoid haemorrhage; 161 intracerebral haemorrhage; 163 cerebral infarction; 164
stroke, not specified as haemorrhage or infarction [Paper VIII and IX].

The endpoint “death from any cause” was met if and when the participant died regardless of the
cause of death [Paper X and XI].

14



The endpoint “hospital treatment or death due to accidental injuries” [Paper XIl and XIlII] was met if
and when the participant received hospital treatment or died with one of the following ICD-10 codes
as a principal diagnosis or cause of death, respectively:

Hospital diagnoses
e S00-S09 Injuries to the head
e S10-519 Injuries to the neck
e S20-S29 Injuries to the thorax
e S30-S39 Injuries to the abdomen, lower back, lumbar spine and pelvis
e S40-S49 Injuries to the shoulder and upper arm
e S50-S59 Injuries to the elbow and forearm
e S60-S69 Injuries to the wrist and hand
e S70-S79 Injuries to the hip and thigh
e S80-S89 Injuries to the knee and lower leg
e  S90-S99 Injuries to the ankle and foot
e TOO0-TO7 Injuries involving multiple body regions
e T08-T14 Injuries to unspecified part of trunk, limb or body region
e T15-T19 Effects of foreign body entering through natural orifice
e T20-T32 Burns and corrosions
e T33-T35 Frostbite
e T36-T50 Poisoning by drugs, medicaments and biological substances
e T51-T65 Toxic effects of substances chiefly nonmedicinal as to source
e T66-T78 Other and unspecified effects of external causes
e T79-T79 Certain early complications of trauma
e T90-T98 Sequelae of injuries, of poisoning and of other consequences of external causes

Death causes
e V01-V99 Transport accidents
e WO00-X59 Other external causes of accidental injury
e X85-Y09 Assault
e Y10-Y34 Event of undetermined intent
e Y35-Y36 Legal intervention and operations of war
e Y85-Y89 Sequelae of external causes of morbidity and mortality
e Y90-Y98 Supplementary factors related to causes of morbidity and mortality classified
elsewhere

The following endpoints were regarded in exploratory sub-analyses: Redeemed prescription for
anxiolytics (ATC-code NO5B); redeemed prescription for hypnotics and sedatives (ATC-code NO5C);
redeemed prescription for antidepressants (ATC-code NO6A); hospital treatment or death due to
ischaemic stroke (ICD-10: 163); hospital treatment or death due to haemorrhagic stroke (ICD10: 160
and 161); hospital treatment or death due to acute myocardial infarction (ICD-10: 121).
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2.1.4. Covariates
Age, gender and socioeconomic status (SES) were included as covariates in all of the studies.

In the studies of accidental injuries, psychotropic drug use and psychiatric hospital treatment, the
age variable was fixed at the start of the follow-up. In the other studies it was treated as a dynamic
(time-varying) variable. In the study of accidental injuries, it was categorised into 20-24, 25-29, 30—
39, 40-49 and 50-59 years. In the other studies, it were categorised into 10-year classes.

In the studies on psychotropic drug usage and psychiatric hospital treatment, SES was coded into
“legislators, senior officials and managers; professionals; technicians and associate professionals;
workers in occupations that require skills at a basic level; workers in elementary occupations;
gainfully occupied people with an unknown occupation” in accordance with SOCIO (Statistics
Denmark’s socioeconomic classification) [Statistics Denmark, 1997]. In the other studies, it was
coded into “low; intermediate; high; unknown” in accordance with ESeC (The European
Socioeconomic Classification) [cf. Harrison and Rose, 2006].

Calendar time (2000-2004; 2005-2009; 2010-2014) and time passed since start of follow-up (0—4
years; 5-9 years; >=10 years) were included as dynamic variables in the studies of IHD,
antihypertensive drug usage, stroke and all-cause mortality.

In the study of accidental injuries, the second study on psychotropic drug use and the study of
psychiatric hospital treatment, we include calendar year of interview as a covariate. It was
categorised as (1999-2000; 2001-2006; 2007-2013) in the study of accidental injuries and as (2000—
2004; 2005-2009; 2010-2013) in the second study on psychotropic drug use and the study of
psychiatric hospital treatment.

Night work (‘Yes, regularly’ or ‘Yes, occasionally’ vs. ‘No’) was used as a covariate in the second study
on psychotropic drug use and the study of psychiatric hospital treatment as well as in the studies on
IHD, antihypertensive drug usage, accidental injuries and all-cause mortality.

Shift work (fixed night shifts or rotational shift work schedules versus other) was used as a covariate
in the study on psychotropic drug usage.

Sample (DWECS 1995; DWECS 2000; COPSOQ 2004; DWECS 2005; DANES 2008; DWECS 2010) was
used as a covariate in the study on psychotropic drug usage.

Employment in the healthcare industry (Yes vs No) was used as a covariate in the study on IHD and
hypertensive drug usage.

Industrial sector (agriculture and fishing; manufacturing; construction; wholesale and retail trade;

transport and storage; accommodation and food service; human health and social work; other;
unknown) was included as a covariate in the study on accidental injuries.
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2.1.5. Strategies to ensure that family wise error rates are < 0.05
In the stroke study [Paper VIII and IX] there was only one pre-specified hypothesis to be tested,

namely, that the rates of overall stroke increase with weekly working hours among full-time
employees in the general working population of Denmark. Hence, there was no need to adjust for
multiple comparisons in that study.

In the study of accidental injuries, the study of psychiatric hospital treatment and the second study
of psychotropic drug usage, the multiplicity of comparisons was handled by testing individual
hypotheses at the significance level 0.01. In the first study of psychotropic drug usage and the study
of all-cause mortality, it was handled by nested hypothesis testing.

In the study on IHD and antihypertensive drug usage, we regarded relative rates of antihypertensive
drug usage as a proxy measure for relative rates of IHD and performed multiple tests on each of
these outcome measures. To ascertain that the overall significance level would be less than or equal
to 0.05, we applied a Bonferroni correction to adjust for the multiplicity of outcome measures and a
nested hypothesis testing procedure to adjust for the multiplicity of tests that were performed on
each of two outcome measures.

2.1.6. Statistical methods
Parameters were estimated by use of Poisson regression and hypotheses were tested by use of

likelihood ratio tests. The analyses were implemented in the GENMOD procedure of SAS version 9.4.

2.1.7. Feasibility studies

2.1.7.1. Transitions between working hour categories

Before we commenced with any of the studies on the relationship between long working hours and
health, we wanted to know if the exposure to long working hours was stable enough to allow a long
follow-up period on the basis of working hours at baseline. To shed light on this issue, we performed
a feasibility study [Paper I] in which we cross-tabulated the reported weekly working hours in the
year 2000 with the ones in the year 2005 among respondents in DWECS, who were 30 years or older
and worked 32 or more hours a week in both waves. We categorised the reported weekly working
hours into standard (32 — 40) and long (> 40 hours). We found that 68% of the workers with long
working hours and 83% with standard working hours in 2005 belonged to the same category five
years earlier, while 68% of the workers with long hours and 84% of the workers with standard hours
in 2000 belonged to the same category five years later. Cohen’s kappa for agreement between the
hours worked in 2000 and the hours worked in 2005 was estimated at 0.52 (95% Cl 0.48-0.55) - a
moderate agreement according to Landis and Koch (1977). On the basis of this feasibility study, we
concluded that the exposure was stable enough to make the studies worth the while.

2.1.7.2. Statistics on smoking, overweight and obesity

The labour force surveys do not provide any information on smoking habits and body mass index
(BMI), which are known to be important predictors of, inter alia, IHD [Mgller 2013; Hannerz and
Holtermann, 2014]. We therefore wanted to know to what degree we could expect our results to be
influenced by differences in smoking habits and BMI, before we commenced with the study on the
relationship between long working hours and IHD. To shed light on this issue, we used data from
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DWECS 2010 to estimate the age and gender standardised prevalence of smoking, moderate
overweight (25 <= BMI < 30) and obesity (BMI >= 30) among employees in each of the following
categories: 32 — 40, 41 — 48 and > 48 working hours a week [Paper VI]. No discernible signs of any
association between weekly working hours and smoking or BMI were found. Hence, we concluded
that associations between working hours and health in the labour force surveys were unlikely to be
distorted by differences in the prevalence of smoking, overweight or obesity.

2.1.7.3. Antihypertensive drug usage
In the study on the relationship between long working hours and IHD, we included redeemed

prescriptions on antihypertensive drugs as an auxiliary outcome measure to increase the statistical
power of the analyses. A statically significant association with hospital treatment or death due to
IHD would afford direct statistical evidence of an association between long working hours and IHD,
while the results obtained for antihypertensive drug usage would afford “indirect statistical evidence
of an association with IHD if they (i) were statistically significant and (ii) showed a similar pattern to
the results obtained for hospital treatment or death due to IHD” [Paper VI].

Before we were allowed to use rate ratios for antihypertensive drug usage as a proxy for rate ratios
of IHD among occupational groups in Denmark, we needed to establish that the correlation between
the two outcome measures was large enough to justify such a decision. We therefore conducted a
feasibility study [Paper V] in which rate ratios of IHD related medication among socio-occupational
and industrial groups in Denmark were compared with corresponding ratios based on hospital
treatment or death due to IHD. The following conclusion was drawn: “Apart from a few caveats, the
strong correlations obtained in the present study signify that purchase of a prescription for IHD-
related medication is a usable risk indicator for IHD in the working population of Denmark. The
usage of medicine data in addition to or instead of the use of death or hospital data in
epidemiological studies on work-related IHD risk will bring about a tremendous increase in statistical
power” [Paper V].

2.1.7.4. Statistical power calculations
Each of the studies on the association between long working hours and health was preceded by a

power calculation to ascertain that the chance of detecting an effect of practical importance would
be at least 80% [cf. Paper |, III, VI, VIII, X and XII].

2.1.8. Sensitivity analyses

The term sensitivity analysis is defined in “A Dictionary of Epidemiology” [Portia et al., 2014] as "a
method to determine the robustness of an assessment by examining the extent to which results are
affected by changes in methods, models, values of unmeasured variables, or assumptions."

2.1.8.1. Pre-specified sensitivity analyses
In the study of psychotropic drug usage [Paper | and Il], we performed two sensitivity analysis. One

of them explored the effect of excluding workers with poor self-rated mental health at baseline
while the other explored the effect of controlling for job insecurity and job satisfaction.
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In the study of IHD [Paper VI and VII], we performed a sensitivity analysis in which we only included
participants who belonged to the same category according to their usual working hours as they did
according to the actual hours worked during the reference week of the interview.

In the study of IHD [Paper VI and VII] and stroke [Paper VIII and IX], we performed a sensitivity
analysis in which we excluded all participants who had received hospital treatment for IHD and
stroke, respectively, sometime during a five-year period preceding baseline.

In the second study of psychotropic drug usage [Paper Il and IV] , we performed a sensitivity
analysis in which we excluded all participants who received psychiatric hospital treatment or
redeemed a prescription for psychotropic drugs sometime during a five-year period prior to the start
of follow-up. We, moreover, performed a sensitivity analysis in which estimated rate ratios for
psychotropic drug usage were controlled for industrial sector.

In the study of IHD [Paper VI and VII] and all-cause mortality [Paper X and Xl], we performed a
sensitivity analysis where we stratified the results by calendar period of the interview (1999-2000,
2001-2006, and 2007-2013).

In the second study of psychotropic drug usage [Paper Il and 1V] as well as in the study of stroke
[Paper VIl and IX] and all-cause mortality [Paper X and Xl], we performed a sensitivity analysis which
only included people who i) had participated in more than one interview, and ii) had not moved
more than one step among the ordered working time categories between their first and last
interview.

Further details about the rationale and methods of the above sensitivity analyses are given in the
papers.

2.1.8.2. Regression with and without survey weights — a post hoc sensitivity analysis
The results of Paper IV, VII, IX, Xl and XIIl were based on data obtained in the Danish labour force

survey, which are sampled and weighted in accordance with the following principles:

Each quarter of a calendar year, a random sample of 15 — 74 year old people is drawn from the
Population Statistics Register. An extra sample of unemployed people is drawn from the Register-
based unemployment Statistics (RAM). Approximately 20 % of the combined sample will consist of
unemployed people.

Due to researcher protections [forskerbeskyttelse], emigrations, deaths, non-response, random
variation and the oversampling of unemployed people, the distribution of the participants by
gender, age, unemployment, income, socioeconomic status, education, ethnicity and geographical
region will be different from that in the target population. (Researcher protection means that the
person, through a registration in the central person register, is protected against inquiries in
connection with statistical and scientific studies, which are based on random samples from the
central person register.)
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To make the results of the survey representative of the target population, a weight is attached to
each of the obtained replies. The purpose of the weights is (i) to adjust for the oversampling of
unemployed people and (ii) to adjust for other differences between the responding participants and
the target population with regard to the distribution of gender, age, unemployment, income,
socioeconomic status, education, immigration status and geographical region.

The weights are based on information from the following national registers: The Central Person
Register (CPR) - The Population Statistics Register - The Register-based Unemployment Statistics
(RAM) - The Education Classification Module (DISCED) - The Register-based Labour Force Statistics
(RAS).

The weight of a particular observation denotes the number of persons in the target population that
are represented by that observation, at the time of the interview. If we, for example, want to
estimate the total number of women in the target population who usually worked more than 40
hours in a particular quarter of a calendar year, we can do so by adding the weights of all
observations that fall within this category. [Statistics Denmark, 2019]

The weights make a lot of sense and are crucial in the estimation of the number of people in the
target population that falls within a given response category. Without the weights we would, for
example, grossly overestimate the number and proportion of unemployed people in the target
population and thereby grossly underestimate the actual size of the labour force.

Weights that are designed for a particular purpose may, however, be counterproductive if they are
used for another purpose.

The aim of the studies of the present project was to estimate the association between weekly
working hours and a variety of health outcomes (after adjustment for a number of preselected
covariates) among full-time employees in the Danish labour force.

We had the opportunity to incorporate the weights in our analyses but chose not to, for, inter alia,
the following reasons:

1. We believe that the problem with the oversampling of unemployed people, for all practical
purposes, was circumvented by our decision (i) to only include full-time employees and (ii) to
exclude all participants who were registered in the employment classification module as
unemployed or otherwise not economically active during the calendar year preceding the start of
the follow-up.

2. The weights would lose their meaning in the pooled data set. If the analyses had been restricted
to a single quarter of a single calendar year and the study population had been based on all people
who were interviewed in that quarter, then the weighting of the observations could be nicely
interpreted as a way to make the distribution of gender, age, unemployment, income,
socioeconomic status, education, immigration status and geographical region in the study
population approximately equal to what it was in the target population, at that particular time
period. Our primary analyses included however only the responses obtained in the first out of four
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interview rounds and the demographic mix of the people who participate in their first interview may
very well differ significantly from the demographic mix among the people who participate in their
second, third or four round. Our analyses were, moreover, based on 60 different samples, one for
each quarter of the calendar years 1999 — 2013. The weighting procedure has changed several times
[Statistics Denmark, 2019] and the sample sizes as well as the demographic mix of the target
population have changed with time. An application of the weights to the observations used in the
present project would thereby create a data set with a demographic mix that is representative of
some hypothetical population, which does not exist.

3. We felt quite confident that bias due to differences in demographic and socioeconomic
distributions among the exposed versus unexposed workers of the study would be satisfactorily
controlled or minimised by our statistical model. It is, however, possible that an examined
association tends to be stronger or weaker among the responders than it is among the non-
responders (after adjustment for demographic and socio-economic factors). If this is the case then
our estimates would suffer from non-response bias, which we could not control for in our statistical
model. From this viewpoint, it did not sound like a good idea to apply survey weights which up-
weight observations from sub-populations with a low response rate and down-weight observations
from sub-populations with a high response rate.

4. The weighting procedure is poorly described. Information has been given about the overall
purpose of the weights and the registers that are currently utilised to obtain them [refs], but there
are no descriptions as to how they were created. Without a proper method description, it would be
difficult to publish the results in journals which require full methodological transparency.

It should, however, be noted that if a sample is free from non-response bias and the statistical
model is able to satisfactorily control for bias from differences in demographic and socioeconomic
distributions among the exposed versus unexposed workers then the effects of weight-induced
changes in the socioeconomic and demographic distribution of the sample would be nullified by the
statistical model. l.e. the difference between the point estimates obtained with and without
weighting would be negligible, regardless of what standard population the weights were designed to
emulate.

From this viewpoint it would have been interesting to see what the rate ratios presented in Paper IV,
VI, IX, XI and Xlll would have looked like if we had applied the survey weights in our regression
analyses. To shed some light on this issue, | conducted a post-hoc sensitivity analysis, in which rate
ratios obtained with survey weights are compared to rate ratios obtained without survey weights.
The weighted analyses were performed by use of Cox-regression in the SURVEYPHREG procedure of
SAS version 9.4. The non-weighted analyses were performed as described in the method section of
the present chapter.
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2.1.9. Protocol publication dates in relation to dates of establishment of the research data
sets

The study protocol for the analyses of the association between long working hours and psychotropic
drugs [Paper |] was published 19 September 2014 while the application for permission to link the
exposure data to the outcome data (Figure 2.1) was dated at 29 November 2014.

The study protocols for the analyses on IHD [Paper VI] and accidental injuries [Paper XII] were
published 22 June 2016 and 1 June 2016, respectively, while the request for the outcome data of the
projects (Figure 2.2) was submitted the 24 June 2016.

Forskningsservice Dato 29.11.2014
Opgave nr. 702560

Indstilling om godkendelse af udvidelse af projekt

Autoriseret institution
Det Nationale Forskningscenter for Arbejdsmilje (NFA)

Projekttitel
Lange arbejdstider og brug af psykofarmaka

Projektbeskrivelse

Formaélet er at undersgge betydningen af lange arbejdstider for risiko for brug af psykofarmaka blandt
lonmodtagere i Danmark. Information om arbejdsforhold findes i form af individbaseret spergeskemadata der er
indsamlet af NFA &r 1995, 2000, 2004, 2005 og 2010 samt af Danmarks Statistik pa vegne af NFA ar 2008.
Disse data uploades til opgave nr. 702560 pa Danmarks Statistiks forskermaskine og kobles ved hjzlp af CPR-
nr. til udvalgte eksisterende oplysninger fra leegemiddelsstatistikregisteret samt Erhvervs og Hospital Registeret
(EHR). Se uddybet projektbeskrivelse her: http://www.researchprotocols.org/2014/3/e51/

Population

Projektet vil behandle oplysning om personer som besvaret arbejdsmiljerelaterede spergeskemaer fra NFA.

e (Ca. 18000 personer som deltog i den nationale arbejdsmiljekohorte (NAK (pa engelsk kaldet DWECS))
som lenmodtager i noget af felgende interviewrunder (arstal): 1995, 2000, 2005 eller 2010.

e Ca. 6000 lenmodtagere som deltog i det nationale arbejdsmiljotversnit (NAT (pa engelsk kaldet

DANES)) ar 2008
e (Ca. 3500 lenmodtagere som besvarede NFAs tredekkerspergeskema (pa engelsk kaldet COPSOQ) ar
2004-05.
Variabelindhold

Fra spergeskemaerne vil vi bruge oplysninger om arbejdsforhold og selvvurderet mentalt helbred. Disse
oplysninger vil vi ved hjalp af cpr-nummeret koble til oplysninger om brug af psykofarmaka fra
leegemiddelsstatistikregisteret (ATC-kode + dato for indlesning af recept), samt oplysninger om social status,
ded og udvandring fra EHR.

Autoriserede forskere

Harald Hannerz, Det Nationale Forskningscenter for Arbejdsmilje, hha@nrcwe.dk, tIf 39165460. (Er allerede
autoriseret til opgave nr. 702560)

Figure 2.1. Application for permission to link the questionnaire data of the study on the association
between long working hours and psychotropic medicines to data from national register at Statistics
Denmark.
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Fra: Jesper Mgller Pedersen [JMP)

Sendt: 24 June 2016 1416

Til: Karina Buchwald (KBU@dst.dk)

Ce: Karin Brum Elwert (KAE@D dst.dk): Elsa Bach (EBA): Harald Hannerz (HHA)
Emne: Data til projekt 704291

Vedhaftede filer: Hannerz et al 2016.pdf; Larsen et al 2016 docx

Kzere Karina,

Vi mnsker falgende data tilfpjet projekt 704291 pa Forskermaskinen:
Fra LPR 1995 - 2014: pnr; indskrivningsdato; udskrivningsdato; aktionsdiagnose; patienttype
Fra dpdsarsagsregisterat 2000 — 2014: pnr; dadsdato; primaer dpdsarsag

Fra LMDB 1995 — 2014 (Vi er kun interesserede af records hvor ATC-kaden begynder pa et C{Cardiovaskulzere
system}: pnr; ekspeditionsdato (EKSDY; atc-kode [ATC); barns alder (BALD}

Fra vandrings-registerat 1995 - 2014: pnr; Haendelsesdato (HENDDTOR Kode for ind-fudvandring (IN DU}
Fra CPR-registarat 1999 - 2014: pnr; aar; kpn; fadselsar; dpdsdato

Fra arbejdsklassifikationsmodulet 1999 — 201 3: pnr; aar; branchekode (for vaesentligste heskzeftigelse i aret};
fagkode (for vaesentligste beskeeftigelse i aret}

Goweekend
Mwh

Jesper Mgller

Jesper Maller Pedersen (JMP)
Fuldrzegtig (analytiker), Cand.scient.adr.
Tif: 391/ 52 89

e-mail: jrp@ arbejdsmiljoforskning.dk

Figure 2.2. Arequest for and specification of the data from national registers that were to be linked
with the questionnaire data of the Labour Force Survey.

2.2. Results

We did not find any statistically significant effects of interaction between weekly working hours and
age, gender, socioeconomic status and night-time work, respectively, and we did not find any
statistically significant main effects of weekly working hours on the incidence of psychotropic drug
usage, mood, anxiety or stress-related disease, ischaemic heart disease, antihypertensive drug
usage, accidental injuries or stroke. We found, however, that employees with moderate overtime
work (41 — 48 hours a week) had significantly low rates of all-cause mortality (P < 0.0001) compared
with employees with 32 — 40 working hours a week. The pre-specified sensitivity analyses did not
have any important impact on the results.

Table 2.1 gives the number of person years at risk, the number of cases and the rate ratios for each
category of working hours, stratified by the outcome measures of the confirmatory analyses of the
project. Table 2.2 gives the corresponding numbers stratified by outcome measures that were

considered in exploratory analyses. The results of the post-hoc sensitivity analysis, which examined
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the effect of survey weights on the estimates obtained on the data from the labour force survey, are

given in Table 2.3.

The results of the sub-group analyses and the pre-specified sensitivity analyses of the project are

given in the respective papers.

Table 2.1. Endpoint specific rate ratios with 95% confidence interval (Cl) as a function of weekly

working hours among Danish employees. Results from confirmatory analyses.

Endpoint Weekly Person Cases Rate 95% Cl

working years at risk ratio

hours
Redeemed prescription for >48 10 458 305 1.15| 1.02-1.30
psychotropic drugs 41 -48 17 665 500 1.04 | 0.94-1.15
* 32-40 70 896 2109 1.00 -
Redeemed prescription for > 48 32718 978 1.08 1.01-1.15
psychotropic drugs 41-48 57 164 1568 0.94 | 0.89-0.99
*k 32-40 432 094 13280 1.00 -
Psychiatric hospital treatment >48 38628 78 096 | 0.76-1.21
due to mood, anxiety or stress- | 41 - 48 66 186 132 090 | 0.75-1.08
related disease ** 32-40 531 859 1270 1.00 -
Hospital treatment or death > 48 71258 284 1.07 | 094-1.21
due to ischaemic heart disease | 41 - 48 124 106 380 095 | 0.85-1.06
e 32-40 931403 2971 1.00 .
Redeemed prescription for > 48 55221 1350 1.02 | 0.97-1.08
antihypertensive drugs 41 -48 99 090 2339 099 | 0.95-1.04
owx 32-40 680 240 16 959 1.00 .
Hospital treatment or death >48 16 175 1484 1.02 | 0.97-1.08
due to accidental injury 41-48 27 062 2281 0.96 0.91-1.00
ok 32-40 230463 19730 1.00 -
Death from any cause >48 78 543 228 0.92 | 0.80-1.05
Rk 41-48 133 667 275 0.75 | 0.66-0.85

32-40 1025789 2871 1.00 -
Hospital treatment or death > 48 80 868 130 1.00 | 0.84-1.20
due to stroke 41 -48 133 906 189 097 | 0.83-1.13
e 35-40 943 219 1418 1.00 -

* adjusted for age, gender, socioeconomic status (SES), sample and shift work

** adjusted for age, gender, SES, night shift work and calendar time of the interview

*** adjusted for age, gender, SES, night-time work, calendar-time, time passed since start of follow-
up and health-care work (Yes vs. No)

**** adjusted for age, gender, SES, night-time work, year of interview and industry

***k%* adjusted for age, gender, SES, night-time work, calendar-time and time passed since start of
follow-up

**xEkx%x* adjusted for age, gender, SES, calendar-time and time passed since start of follow-up
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Please note that the reporting in Table 2.1 has been harmonised through the following actions: (i)
the results of the working hour categories 49 — 54 and > 54 of the stroke study [Paper IX] have been
pooled into > 48 hours a week, and (ii) the 99% confidence intervals of the rate ratios given in the
second study on redeemed prescriptions for psychotropic drugs [Paper V] and the study on injuries
[Paper XlII] have been converted into 95% confidence intervals.

Table 2.2. Endpoint specific rate ratios with 95% confidence interval (Cl) as a function of weekly
working hours among Danish employees. Results from exploratory analyses.

Endpoint Weekly Person Cases Rate 95% Cl
working years at risk ratio
hours
Redeemed prescription for >48 11684 113 1.15| 094-1.41
anxiolytics 41-48 19 656 152 0.83 | 0.70-0.99
* 32-40 79 351 849 1.00 -
Redeemed prescription for > 48 11423 164 1.23 | 1.04-1.46
hypnotics & sedatives 41-48 19 348 247 1.03 | 0.90-1.19
* 32-40 79 058 1007 1.00 -
Redeemed prescription for > 48 11519 159 0.98 | 0.83-1.16
antidepressants 41-48 19 208 286 1.02 | 0.89-1.16
* 32-40 77 713 1251 1.00 -
Hospital treatment or death >48 72280 107 0.98 | 0.80-1.20
due to acute myocardial 41-48 125 404 147 096 | 0.80-1.14
infarction ** 32-40 942 120 1119 1.00 -
Hospital treatment or death >=55 40 300 18 1.33 | 0.82-2.15
due to haemorrhagic stroke 49 -54 41 058 21 158 | 1.01-2.46
Hoxx 41-48 134 642 47 1.10 0.81-1.50
35-40 948 535 310 1.00 -
Hospital treatment or death >=55 40 238 33 0.86 | 0.61-1.22
due to ischaemic stroke 49 -54 40991 32 0.85| 0.60-1.22
owx 41-48 134 341 111 1.01| 0.83-1.23
35-40 946 216 815 1.00 -

* adjusted for age, gender, socioeconomic status (SES), sample and shift work

** adjusted for age, gender, SES, night-time work, calendar-time, time passed since start of follow-
up and health-care work (Yes vs. No)

*** adjusted for age, gender, SES, calendar-time and time passed since start of follow-up
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Table 2.3. Endpoint specific rate ratios with 95% confidence interval (Cl) as a function of weekly
working hours among Danish employees. Weighted results from a post-hoc sensitivity analysis
compared with the unweighted results of the confirmatory analyses.

Endpoint Weekly Unweighted Poisson Weighted Cox
working RR 95% ClI RR 95% ClI
hours

Hospital treatment or death | > 48 1.07 | 0.94-1.21 1.09 | 0.95-1.24

due to ischaemic heart 41-48 0.95 | 0.85—-1.06 0.93 | 0.83-1.05

disease * 32-40 1.00 - 1.00 -

Redeemed prescription for | >48 1.02 | 0.97-1.08 1.01 | 0.95-1.08

antihypertensive drugs 41-48 0.99 | 0.95-1.04 0.99 | 0.94-1.04

* 32-40 1.00 - 1.00 -

Redeemed prescription for | > 48 1.08 | 1.01-1.15 1.07 | 0.99-1.15

psychotropic drugs 41 - 48 0.94 | 0.89-0.99 0.94 | 0.89-1.00

o 32-40 1.00 - 1.00 -

Hospital treatment or death | > 48 1.02 | 0.97-1.08 1.02 | 0.97-1.09

due to accidental injury 41-48 0.96 | 0.91-1.00 0.95| 0.91-1.00

owx 32-40 1.00 - 1.00 -

Death from any cause >48 0.92 | 0.80-1.05 0.87 | 0.75-1.02

oAk 41 - 48 0.75 | 0.66-0.85 0.75 | 0.65-0.86
32-40 1.00 - 1.00 -

Hospital treatment or death | > =55 0.89 | 0.69—-1.16 0.93 | 0.70-1.25

due to stroke 49 -54 1.10 | 0.86-1.39 1.08 | 0.83-1.40

e 41 - 48 0.97 | 0.83-1.13 0.96 | 0.81-1.13
35-40 1.00 - 1.00 -

* adjusted for age, gender, SES, night-time work, calendar-time, time passed since start of follow-up
and health-care work (Yes vs. No)

** adjusted for age, gender, SES, night shift work and calendar time of the interview

*** adjusted for age, gender, SES, night-time work, year of interview and industry

**** adjusted for age, gender, SES, night-time work, calendar-time and time passed since start of
follow-up

***k** adjusted for age, gender, SES, calendar-time and time passed since start of follow-up

2.3. Discussion

2.3.1. Main findings
The present work estimated rate ratios for psychotropic drug usage, mood, anxiety and stress-

related disease, ischaemic heart disease, antihypertensive drug usage, accidental injuries, stroke and
all-cause mortality, respectively, as a function of weekly working hours among full-time employees
in the general population of Denmark. Each of the studies was preceded by a power analysis, which
ascertained that the chance of detecting an effect of practical importance would be at least 80%. We
did not find any statistically significant detrimental effects of long working hours (41 — 48 or > 48
hours a week) on any of the examined outcome measures. We found, however, that moderately
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long work weeks (41 — 48 h) were statistically significantly associated with a decreased rate of all-
cause mortality.

The exploratory analyses suggested a U-shaped association between weekly working hours and use
of anxiolytics, with lowest rates among employees with moderate overtime work. They also
suggested that very long hours (> 48) may be associated with increased rates of haemorrhagic stroke
and usage of hypnotics and sedatives. These exploratory findings need, however, to be reproduced
in an independent data set before they can be regarded as statistically significant.

2.3.2. Methodological considerations
The project was conducted in accordance with the guidance given in three speeches — Speech |

(Figure 3.2.4), Speech Il (Figure 3.2.5) and Speech Il (Figure 3.2.6). The first speech tells of the
importance to ascertain that the statistical power of a hypothesis test is large enough to allow
publication of the results even if they do not reach statistical significance, and that we should refrain
from performing statistical hypothesis tests that are so underpowered that their outcomes only can
be published if they are positive. We followed this advice and consequently were able to publish the
results obtained in all of our studies on long working hours [Paper II, IV, VII, IX, Xl and XIII] even
though only one of them contained results that were statistically significant [Paper Xl]. The second
speech tells of the importance of differentiating between confirmatory analyses and exploratory
hypothesis generating analyses. It, moreover, recommends that research protocols are published
before studies of a confirmatory nature are commenced. The third speech tells us that in a
confirmatory statistical analysis, it is not enough to state the hypothesis before we look at the
results; we also need to state exactly how the hypothesis test will be performed. We followed all of
these advices. Consequently, all of our statistical hypothesis tests were preceded by a completely
specified statistical analysis plan [Paper |, lll, VI, VIII, X and XIlI], which were written and published
before we looked at any relation between the exposure and outcome data of the test.

The pre-published study-protocols, the statistical power and the hypothesis testing strategies, which
ensured that the probability of a chance finding would be less than 5% in each of the separate
studies, are some of the major strengths of the project.

Other major strengths are well summarised by the following text in Paper I: “Since the clinical
endpoint of the study is determined through national registers, which cover all residents of
Denmark, and we are able to censor for deaths and emigrations, we have eliminated bias from
missing follow-up data. The study is further strengthened by its prospective design, the exclusion of
prevalent cases and the use of a study population that has been randomly sampled from the target
population.”

Another advantage is that the working hour categories were based on the sum of the hours worked
in the primary and secondary jobs. If we had only regarded hours worked in the primary job, then
25% of the participants in the labour force surveys with long working hours would have been
misclassified as having worked less than they actually did.
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Since we are dealing with observational studies, we cannot rule out the possibility that the results
have been biased by uncontrolled selection factors.

We had person-based information on night or shift work and since the EU Working Time Directive
[EU, 2003] recognises night work as a potential health hazard, we included night or shift work as a
covariate in all studies except the one that dealt with the outcome measure stroke. The reason for
the exception was that the stroke study was aimed at replicating a previous study [Kivimaki et al.,
2015a], which did not include night or shift work as a covariate.

We had also person-based information on age, gender, socioeconomic status and calendar time and
since each of these factors have been associated with ischaemic heart disease [Mozaffarian et al.,
2015; Tichsen and Endahl, 1999; Sanchis-Gomar et al., 2016], stroke [Kissela et al., 2012; Appelros
et al., 2009; Jakovljevic et al., 2001; Cox et al., 2006], psychotropic drug usage [Pratt et al., 2005;
Wittchen et al., 2001; Tjepkema, 2005; Steinhausen and Bisgaard, 2014; Hudson, 2005], all-cause
mortality [Hannerz, 1999] and injuries [Do et al., 2013; Haagsma et al., 2016; Hannerz et al., 2007],
we included them as covariates in all of the examined associations between working hours and
health.

We had, moreover, person-based information about the industry of the participants and since
industry is highly associated with injuries [Kines et al., 2007; Pedersen et al., 2010], we added the
industrial group of the participant as a covariate in the examination of the association between
working hours and injuries. In the study of injuries, we also added a parameter to adjust for the
effect of interaction between age and gender [cf. ref til manhhod trials].

We were, however, not able to include any person-based data on life style, body mass index, and
working environment exposures.

We know that smoking, overweight and excessive drinking are risk factors for IHD, stroke and
premature death [West, 2017; Sturm, 2002; WHO, 2018]. Excessive drinking is, moreover, associated
with an increased risk of injury [WHO, 2018]. We also know that leisure time physical activity (LTPA)
is associated with a decreased risk of IHD, stroke, premature death and depression [Warburton et
al., 2006].

Fortunately, one of our feasibility studies [Paper VI] enabled us to rule out the possibility that our
results had been importantly distorted by differences in the prevalence of smoking, moderate
overweight and obesity.

A systematic review of the relation between occupational factors and LTPA suggests a negative
association between total hours worked and LTPA [Kirk and Rhodes, 2011]. Long working hours
have, moreover, been associated with a slightly increased risk of excessive drinking [Virtanen et al.,
2015]. A negative association with LTPA and a positive association with excessive drinking would
contribute toward an increased risk of ill-health among employees with long hours. It is therefore
unlikely that the inability to find an adverse effect of long working hours in the present project was
due to a failure to control for LTPA and excessive drinking.
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It is possible that employees in a toxic work environment are more reluctant to working long hours,
compared with employees in a healthy work environment, and if this is the case then the rate ratios
among employees with long working hours may have been biased downwards.

In the present project, we were not able to control for specific occupational exposures. We were
however able to perform a sensitivity analysis, which showed that the rate ratios in the study on
psychotropic drug usage were virtually unaffected when we controlled for job satisfaction and job
insecurity [Paper II].

Since job satisfaction is strongly associated with the work environment [Niibling et al., 2006] as well
as with mental and physical health [Faragher et al., 2005] and it still did not influence the estimated
rate ratios for psychotropic drug usage, we believe that the potential bias from differences in work
environmental exposures in the present project (after control for age, sex and SES) is small. We can,
however, not rule out the possibility that uncontrolled differences in working environmental
exposures may have biased rate ratios among employees with long working hours slightly
downward.

The studies were further limited by their lack of person-based data on income and sleeping habits:
“As previously mentioned, one of the main theoretical reasons for a detrimental effect of a long
work week is that it has been linked to short sleep, while one of the main theoretical reasons for a
beneficial effect is its association with an increased income. Hence, it would have been of interest to
study effect modification by income and sleeping habits” [Paper VII].

Regarding the exposure data (weekly working hours), we had two concerns. Firstly, they did not
contain any information on the duration of the exposure and thereby limited the scope of the
studies into examining the effect of the participants’ usual weekly working hours at baseline.
Secondly, they were self-reported and thereby open to recall bias.

Misclassifications of working hours may result in a conservative bias towards the null. It is, however,
also possible that they result in a bias away from null. E.g.: If workers perceive their work as more
arduous when they are in a poor health condition than they do when they are in good physical or
mental health then it is possible that they also perceive (recall) their working hours as longer when
they are in a poor health condition than they do when they are in good health, and if this is the case
it would bias the results towards the hypothesis of an increased risk among workers with long hours.
To shed some light on this issue, we performed a sensitivity analysis [Paper VI and VII] in which we
only included participants whose “usual working hours” were close to their “actual working hours
during the reference week of the interview” (which were less likely to be distorted by recall bias). In
the primary analysis, the rate ratio for IHD among workers with more than 48 working hours a week
was estimated at 1.07 (95% Cl: 0.94 — 1.21). In the sensitivity analysis it was estimated at 1.00 (95%
Cl: 0.86 — 1.18), which suggests that the failure to find an adverse effect of long working hours was
not due to recall bias.

When we use codes in administrative health care registers as outcome measures there is always a

possibility of detection and referral or prescription bias. There is, moreover, a possibility of bias due
to non-differential misclassification of diagnoses. This shortcoming applies to all of the studies
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except the one that dealt with all-cause mortality. Hence, it was interesting to note that the rate
ratios among employees with long working hours were lower for all-cause mortality than they were
for the life-shortening diseases IHD, stroke and mental disorders, which suggests that the failure to
find an adverse effect of long working hours on the incidence of IHD, stroke or mental disorders is
unlikely to be explained by diagnostic errors or by detection, referral or prescription bias.

The studies were further weakened by low response rates at the baseline interviews, which ranged
between 48 and 80 percent. This particular drawback was discussed in Paper Il by the following text:
“It has been shown that the response rates to public health questionnaires in Denmark tend to be
especially low among young men, unmarried people, people with a low educational level and people
with an ethnic background other than Danish [Christensen et al., 2012; 2014]. It is possible that the
response rates as well as the reasons for nonresponse in the present study differ between the
exposed and unexposed workers. Long working hours imply, for example, less time to answer
guestionnaires. We believe, however, that any such bias was mitigated by our decision to control for
age, gender and SES. We also believe that it was further mitigated by our decision to focus on
relative rather than absolute rates and by our decision to exclude prevalent cases.”

Last but not least, we need to consider the possibility of a healthy worker effect. Employees with
good health may be more prone to work overtime than employees with poor health, which would
result in a bias towards decreased rates of ill-health among employees with long working hours.
There is, however, also a possibility of an unhealthy worker effect, especially among employees with
very long working hours, where many may suffer from workaholism, which has been associated with
obsessive compulsive disorders, ADHD, anxiety, and depression [Andreassen et al., 2016].

2.3.3. Generalisability

There may be nations in which the findings of the present work do not hold good. Concerns with
regard to the generalisability (external validity) of our findings are well expressed as follows in Paper
IX: “The finding pertains to the general working population of Denmark — a country with generous
sick-leave benefits, relatively strong work environment legislations, free medical care, five to six
weeks of paid vacation, a full-time working week of 37 h and a wage level making it realistic for most
people to live an ordinary life with the income from a single 37-hour job. The results from the
present study may not hold good in nations with a less regulated work environment and where long
working hours for more people are necessary to survive or to keep their job, and where access to
health care is more costly ...”

2.3.4. Previous research

The present section will focus firstly on comparable studies which targets employees in Denmark
and secondly on comparable studies which i) targets employees in Europe and ii) are large enough to
convey meaningful information. Further discussions of previous research are given in Papers |, II, IV,
VI, VII, IX, XI and XIIl.

Apart from the present work, there are four projects, which have produced a total of 15 relevant

prospective analyses that are large enough to convey meaningful information about the association
between weekly working hours and morbidity or mortality among workers in Europe. One of the
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projects is based on a cohort from Denmark, another is based on a cohort from Northern Ireland, a
third one is based on a series of meta-analyses on a large variety of cohorts from Europe, Australia
and USA and a fourth one is based on an Italian cohort.

2.3.4.1. The Copenhagen Male Study
The Danish project, named the Copenhagen Male Study (CMS), was established in 1970, with a

primary purpose “to elucidate the roles of physical activity and physical fitness as predictors of
ischaemic heart disease (IHD)” [Gyntelberg et al., 2004]. All 40 — 59-year-old male employees at 14
companies in the urban area of Copenhagen were invited to participate in the baseline examination
1970 -1971, which collected data on work, lifestyle and health through a series of clinical tests and
questionnaires. In total 5249 employees agreed to participate, which gave a response rate of 87%.
The cohort has recently been followed-up in national registers to study rates of deaths [Holtermann
et al., 2010] and dementia [Nabe-Nielsen et al., 2017] as a function of self-reported weekly working
hours at baseline. Estimated rate ratios, adjusted for age [Holtermann et al.] and age, time since
exposure measurement, calendar year, shift work and socio-economic status [Nabe-Nielsen et al.]
are given in Table 2.4. The long follow-up periods (30 years in the study by Holtermann et al. and 22
- 44 years in the study by Nabe-Nielsen et al.) ascertained that the statistical power was sufficiently
high to detect a clinically important effect on all-cause mortality and dementia, respectively. The
studies were further strengthened by the high response rates at baseline. A drawback of the CMS is
that it only included males in a selected set of companies, which limits the generalisability of the
results.

2.3.4.2. The Northern Ireland Mortality Study
The Northern Irish project, named the Northern Ireland Mortality Study (NIMS), is based on a

record-linkage between the 2001 census returns for the whole enumerated population of Northern
Ireland and registered deaths up to 2009 [O’Reilly et al., 2012]. The census contained information on
inter alia age, sex, socio-economic status, marital status and weekly working hours, defined as the
average number of work hours per week in the participant’s main job during the 4 weeks period
prior to the census. “The Census placed a legal obligation on every household in which someone was
usually resident on Census Day, and on every person who was a usual resident of a communal
establishment, to complete a Census form” [The Northern Ireland Statistics and Research Agency,
2002], which resulted in a response rate of 95 percent [The Office for National Statistics, 2004]. The
NIMS data were used by O’Reilly and Rosato (2013) to examine the relationship between weekly
working hours and mortality among full-time workers in the general population of Northern Ireland.
Their analyses were stratified by sex and the data set was large enough to provide estimates with an
acceptable precision for all-cause mortality among the men. A first model was adjusted for age and
marital status, a second model added adjustment for socio-economic status, a third model added
adjustment for “dependent children and caregiving” and a fourth model added adjustment for
“limiting long-term illness and general health”. The rate ratios in the first model, decreased
monotonically with working hours to 0.88 (95% Cl: 0.80 — 0.96) for > 54 vs 35 — 40 hours a week. This
association disappeared, however, after adjustment for socio-economic status (Table 2.4) and was
not further influenced by the added control for “dependent children and caregiving” and “limiting
long-term illness and general health”.
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Compared with our mortality study [Paper XI], the NIMS study had several advantages — (i) it was
larger (ii) it had a higher response rate, (iii) it had a higher proportion of workers with very long
hours, which enabled acceptably precise estimates for both of the categories 49-54 and > 54 hours a
week, and (iv) it had access to data on “limiting long-term iliness and general health” and could
thereby rule out the healthy worker effect as a possible explanation for not finding a generally
increased mortality among people with long working hours. The drawbacks of the NIMS study were
(i) that it only regarded the hours worked in the participant’s main job, and (ii) that it only regarded
the hours worked during the 4-week period immediately preceding the census [O’Reilly and Rosato,
2013].

It should also be noted that workers in UK have the right to opt out of the 48-hour rule of the EU
Working Time Directive, i.e. they can choose to work more than 48 hours a week on average in their
primary job, but they cannot be forced to do so [O’Reilly and Rosato, 2013], and that workers in
Denmark do not have this option.

2.3.4.3. The IPD-Work Consortium

The third project, named the Individual-Participant-Data Meta-analysis in Working Populations (IPD-
Work) Consortium, is a collaborative effort among researchers in many different countries, who
each contribute with one or more samples of individual participant data to be harmonised, analysed
and subsequently combined in a meta-analysis. “The aim of the consortium is to estimate reliably
the associations of work-related psychosocial factors with chronic diseases, disability, and mortality”
[Kivimaki et al., 2015b]. The consortium was established in 2008 and originally included samples of
17 cohorts from Finland, Sweden, Denmark, the Netherlands, Belgium, France, Germany, and UK.
The project has thereafter been expanded. In 2015 it comprised 26 cohorts from Europe, USA, and
Australia [Kivimaki et al., 2015b]. The major strengths of the IPD-Work consortium are (i) that its
combined data material often is large enough to afford meaningful estimates of the strength of
associations between occupational exposures and ill-health, and (ii) that it endorses the principle
that exposures, outcome measures and hypotheses should be defined prior to the commencement
of analyses [Kivimaki et al., 2015b].

The IPD-Work consortium has, so far, examined the prospective association between weekly
working hours and coronary heart disease [Kivimaki et al., 2015a], stroke [Kivimaki et al., 2015a],
atrial fibrillation [Kivimaki et al., 2017], cancer [Heikkila et al., 2016], type 2 diabetes [Kivimaki et al.,
2015c] and depressive symptoms [Virtanen et al., 2018]. Main effect estimates of the studies,
adjusted for age, gender and socio-economic status, are given in Table 2.4.

The advantages of the above mentioned IPD-Work studies, compared with the present work, were
(i) that the diversity of the included samples (with regard to time-periods, nations and types of
population - some were company based, some were population based ...) [cf. Madsen et al., 2014]
enabled the researchers to explore heterogeneity of effects and thereby shed some light on the
generalisability of their findings, and (ii) that it had a higher proportion of workers with very long
hours, which often enabled acceptably precise estimates for both of the categories 49-54 and > 54
hours a week. The main drawback of the studies is that all of the cases of depressive symptoms, 61
% of the coronary heart disease cases, 52% of the diabetes cases, and 30% of the stroke cases were
based on self-reports, which resulted in a tremendous loss to follow-up. This drawback was,
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however, not present in the cancer study [Heikkila et al., 2016], where all outcomes were
ascertained through national cancer, hospitalisation and death registers.

The value of the studies was, furthermore, slightly weakened by (i) the missing information on
whether the working hours in the various cohorts were based on the hours worked in the main job
only or on the sum of the hours worked in the main and secondary jobs, and (ii) the missing rate
ratios for the categories 41 — 48 and 49 — 54 working hours a week, in the studies of type 2 diabetes
[Kivimaki et al., 2015c] and depressive symptoms [Virtanen et al., 2018].

2.3.4.4. The 2011 Italian census

The 2011 Italian census included a form with questions on sociodemographic and occupational
factors, of which one asked about the participants’ usual weekly working hours. This particular form
was sent to “all the households in the municipalities with less than 20,000 residents and to a sample
(one-third) of the households in municipalities with 20,000 residents or more and in all provincial
capitals” [Alicandro et al., 2020]. The collected data were used by Alicandro et al. (2020) to examine
the relationship between weekly working hours and mortality from cardiovascular disease (CVD)
among full-time workers in the general population of Italy. Their analyses were stratified by sex and
their data set was large enough to provide estimates with an acceptable precision for cardiovascular
as well as non-cardiovascular mortality. The study was, moreover, large enough to provide quite
precise subanalyses on ischaemic heart disease and stroke mortality among the men.

The conclusion of the study was that it “does not support the hypothesis of an association between
long working hours and increased rates of CVD mortality among active Italian men. It supports,
however, the hypothesis that moderately long working hours (41-54 h a week) are associated with a
slight decrease in CVD mortality among men.”

The mortality study by Alicandro et al. encompassed approximately 12 million individuals and 85 000
deaths and is thereby the largest study ever on the relationship between long working hours and
mortality. It had, moreover, the advantage of being based on a survey in which participation was
mandatory, which resulted in an extraordinary high response rate of 99%.

2.3.4.5. Summary of previous results
Estimated risk ratios from the CMS, NIMS and IPD studies are given in Table 2.4 while the estimates

of the Italian census-based mortality study are given in Table 2.5.
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Table 2.4. Endpoint specific risk (odds or rate) ratios with 95% confidence interval (Cl) as a function
of weekly working hours (WWH) among a variety of published cohort studies

Paper Endpoint Sex WWH Cases | RR/OR 95% Cl
Nabe-Nielsen et al., 2017* Dementia M > 45 118 0.97 | 0.79-1.19
<=45 516 1.00 -
Holtermann et al., 2010* Death fromany | M > 45 444 0.91 | 0.79-1.05
cause 41-45 1886 1.07 | 0.95-1.20
36-40 345 1.00 -
O’Reilly and Rosato, Death fromany | M >54 566 0.96 | 0.87-1.05
2013** cause 49 — 54 418 1.01 | 091-1.12
41-48 663 0.96 | 0.88-1.04
35-40 2800 1.00 -
Kivimaki et al., 2015a*** Coronary heart M/F > 54 132 1.08 | 0.94-1.23
disease 49-54 117 1.07 | 0.92-1.24
41-48 241 1.02 | 091-1.15
35-40 774 1.00 -
Stroke M/F >54 347 133 | 1.11-1.61
49 -54 281 1.27 | 1.03-1.56
41-48 460 1.10 | 0.94-1.28
35-40 1393 1.00 -
Kivimaki et al., 2017*** Atrial fibrillation | M/F > 54 91 1.42 | 1.13-1.80
49 - 54 88 1.17 | 0.93-1.49
41-48 195 1.02 | 0.85-1.23
35-40 586 1.00 -
Heikkila et al., 2016*** Any incident M/F > 54 269 0.93 | 0.81-1.06
cancer 49 -54 320 1.07 | 0.94-1.21
41-48 681 0.97 | 0.87-1.07
35-40 1820 1.00 -
Kivimaki et al., 2015¢c*** Type 2 diabetes | M/F > 54 NR 1.05 | 0.87-1.25
35-40 NR 1.00 -
Virtanen et al., 2018**** Depressive M/F > 54 NR 1.11 | 1.00-1.22
symptoms 35-40 NR 1.00 -

* Copenhagen Male Study; ** Northern Ireland Mortality Study; *** IPD-Work Consortium: Cohorts

from Europe, Australia and North America; **** IPD-Work Consortium: Cohorts from Europe;

M = Males; F = Females; M/F = Males and females; NR = Not reported
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Table 2.5. Cause specific mortality rate ratios (RR) with 95% confidence interval (Cl) in the period
2012 — 2016 as a function of weekly working hours (WWH) among participants in the 2011 Italian
census [Alicandro et al., 2020]

Cause of death WWH Men Women
Cases | RR* 95% ClI Cases RR* 95% ClI
All cardiovascular >54 967 | 0.95| 0.89-1.02 88| 1.19| 0.95-1.49
diseases 49 -54 1142 | 0.90 | 0.85-0.96 88| 0.95| 0.76-1.18
41-48 2250 | 0.93 | 0.89-0.98 221 | 0.96 | 0.83-1.11
35-40 10903 | 1.00 - 1547 | 1.00 -
Ischaemic heart diseases | >54 477 | 0.95| 0.86-1.05 29 | 1.18 | 0.79-1.76
49 -54 568 | 0.91 | 0.83-1.00 27 | 0.92 | 0.61-1.37
41-48 1063 | 0.91 | 0.85-0.97 60 | 0.86 | 0.65-1.14
35-40 5287 | 1.00 - 443 | 1.00 -
Cerebrovascular diseases | >54 127 | 0.95| 0.79-1.15 22| 0.98 | 0.62-1.53
49 —54 152 | 0.93 | 0.78-1.10 28 | 0.99 | 0.67-1.46
41-48 334 | 1.05| 0.93-1.18 72| 1.02 | 0.79-1.32
35-40 1439 | 1.00 - 477 1.00 -
Non-cardiovascular >54 3233 | 0.95| 0.92-0.99 589 | 1.02| 094-1.11
diseases 49 -54 4155 | 0.97 | 0.94-1.01 722 | 0.98 | 0.91-1.06
41-48 8024 | 0.98 | 0.96-1.01 1659 | 0.95 | 0.90-1.00
35-40 37360 | 1.00 - 11889 | 1.00 -

*adjusted for age category, marital status, number of dependent children, geographic area,

education and occupation

Among workers with moderately long working hours (41 — 48 hours a week), we note that all of the

estimated rate or odds ratios were close to unity in Table 2.4 as well as in Table 2.5. We also note

that the rate ratios for CVD and IHD mortality, among men with 41 — 48 working hours a week in the

Italian census-based mortality study, were statistically significantly lower than unity. In the IPD-Work

studies, there was a tendency towards increased rate ratios of overall stroke and atrial fibrillation

among the participants with more than 48 working hours a week. The increased rates of overall

stroke could, however, not be reproduced in the present work [Paper IX], nor in the Italian census-

based mortality study, and the findings of the study on atrial fibrillation has, as far as | know, never

been properly tested outside of the IPD-Work consortium.

Another interesting observation was that the estimated rate ratios for all-cause mortality among the

workers in the category with the longest working hours were lower than they were among the

workers with standard working hours, with, coincidentally, an upper limit of the 95% confidence
interval at 1.05 in all of the three all-cause mortality studies [Paper XI; Holtermann et al., 2010;

O’Reilly and Rosato, 2013].

A review article by Wagstaff and Sigstad (2011) cites a handful of studies on the association between
working hours and occupational injuries and concludes that long work-shifts are associated with an
increased risk. We have, however, not found any study that is comparable to the injury study of the
present work [Paper XIll], which looked at the risk of injury from a public health perspective without
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regard of whether it happened at work or leisure. The two outcomes measures (occupational injury
versus any injury) are not comparable, since long hours at work imply less time to be injured outside
of work.

2.3.4. Conclusions
We note that the upper limits of the 95% confidence intervals of the rate ratios among employees

with 41 — 48 working hours a week lie either within or below the “no association” region [cf.
Monson, 1990] in all of the confirmatory analyses of the present work (Table 2.1). Moreover, all
comparable rate ratios among people in this working hour category (Table 2.4 and 2.5) lied within
the no association region and none of them was statistically significantly high. Hence, for all practical
purposes, we may conclude that overtime work that lies within the limits of the EU working time
directive is not associated with increased rates of psychotropic drug usage, psychiatric hospital
treatment due to mood, anxiety or stress-related disease, antihypertensive drug usage, overall
accidental injuries, ischaemic heart disease, overall stroke or all-cause mortality among employees in
the general working population of Denmark.

We also note that all rate ratios of the present confirmatory analyses among employees with more
than 48 working hours a week lie within the no association region, and that none of them is
statistically significant. Hence, the findings of our studies do not support the notion that long weekly
working hours constitute a public health problem in the general population of Denmark.
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3. Methodological perspectives

During 27 years of involvement in public health related statistical inference | have encountered
some interesting problems, which have been solved or mitigated through some coping strategies
that | have decided to share in the present dissertation.

In the beginning of my carrier, | was not a very critical reader and | tended to trust research findings
that were presented in peer-reviewed journals, i.e. in articles that had been written by scholars and
scrutinised by presumed experts before they were accepted for publication.

Later on, | came to realise that the study of peer-reviewed public health literature actually is
associated with a tremendous risk of being fooled by faulty statistical significance declarations and
bias from non-publication and selective reporting of results.

| also came to realise that the value of a statistical analysis would be considerably enhanced if the
researchers could document that their study was free from faulty statistical significance declarations
and bias from selective reporting.

Consequently, | have adopted some methodological principles and coping strategies aimed at i)
reducing the risk of being fooled by others’ research reports; and ii) increasing the credibility of
one’s own research.

In the present chapter, | will address the methodological principles and coping strategies that
governed the research presented in chapter 2. | will also share my thoughts and reflections, on them
as well as the problems they were designed to solve or mitigate. The problem formulation is given in
subchapter 3.1. The coping strategies are addressed in subchapter 3.2 —3.3.
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3.1. Adverse side effects of statistical significance testing

FIVE WAYS OF CHEATING
IN ROULETTE
1. Grab the ball and place it on the number you bet on

2. If the ball does not land on your number then quickly
move your chips to the number it landed on

3. If the ball does not land on your number then spin the
wheel again and again untl the ball lands on your
number

4. Wait until the wheel stops and place your bet on the
number the ball landed on

5. If the ball does not land on your number then quickly
remove your chips and claim that you didn't bet in the
first place

FIVE WAYS OF CHEATING
IN CONFIRMATORY
STATISTICAL ANALYSIS

1. Manufacture data that fit your hypothesis

2. If the results do not favour your hypothesis then
quickly change your hypothesis so that it fits the results

3. If the results do not favour your hypothesis then test
the hypothesis in a different way again and again until
the hypothesis is confirmed

4. Look at the results before you state your hypothesis

5. If the results do not favour your hypothesis then
pretend that you didn't test it in the first place

Figure 3.1.1. Collage by Pia Dukholm, text by the statistical society at the National Research Centre
for the Work Environment, Denmark, 2008
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Statistical significance testing is a time-honoured method to reduce the risk of being fooled by
random variation [Fisher, 1935]. How to do it:

State the hypothesis
Set the significance level
Design the experiment

il

Establish a testing strategy and statistical significance criteria which (in accordance with laws
of probability and mathematical statistics) ensures that the probability of a type 1 error is
less than or equal to the predefined significance level

5. Ascertain that the statistical power will be sufficient to detect effects of practical importance
6. Collect the data

7. Perform the test

Sometimes the test only involves a single comparison e.g. between exposed and unexposed people
in the study population; other times it involves several comparisons performed in different ways
and/or in different subsamples of the study population. When a test is based on a single comparison
it may be deemed statistically significant at the significance level a if an (1- a)% confidence interval
of the estimated contrast does not contain the expected value of the null-hypothesis (usually O for a
difference and 1 for a ratio). This strategy can, however, not be used when the test involves multiple
comparisons. In such situations, we need a test strategy that takes the multiplicity of comparisons
into account. Sometimes it is possible to find a test which processes all the concerned variables
simultaneously; other times we would need to divide the analysis into a series of subordinate
hypothesis tests with individual significance levels that are adjusted in a way that ensures that the
overall significance level (family wise error rate) is less than or equal to alfa [cf. Neyman and
Pearson, 1933; Dunn, 1961; Holm, 1979; Benjamini and Hochberg, 1995].

Properly performed statistical significance tests reduces the risk of being fooled by coincidences and
thereby play an important role in the evaluation of hypothetical associations between
environmental factors and health. The introduction of statistical significance tests in public health
research is, however, also associated with some unfortunate side effects. Firstly, it has put us at risk
of being fooled by faulty statistical significance declarations. Secondly, since results are more likely
to be published if they are statistically significant [Ingre, 2017], it has put us at increased risk of being
fooled by bias from non-publication and selective reporting of results.

| believe that a substantial part of faulty statistical significance declarations is due to statistical
misconceptions. In the present subchapter, | will list and thoroughly debunk some of these
misconceptions.

3.1.1. Re. multiple testing
| have noticed that some epidemiologists hold that an observed 95% confidence interval which does

not contain the expected value of the null-hypothesis always denotes statistical significance at the
significance level 0.05 regardless of the context in which it was observed, and that as long as the
significance is determined by use of confidence intervals there is no need to adjust for multiple
comparisons. One of the reviewers of Paper VIl even went so far as to propose that adjustment for
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multiple comparisons was an unethical practice which should be banned from publication in
medical, public health, or occupational health science journals [See supplemental material to Paper
VII]. In response to this comment | wrote the following text:

“Let’s say that Mr X suspects that the three dice that Mr Y is using are loaded to favour the outcome
six. To check this, he borrows the dice and rolls them repeatedly, looking for a triple six. It takes him
200 attempts to obtain a triple 6. He wants to check if this is statistically significant at a significance
level of 0.01. If he chooses to abide by the rules set out by reviewer 1 (do not take the multiplicity of
trials into account) then he will arrive at conclusion A (see below). If he, on the other hand, chooses
to base his test on logics and the laws of probability theory he will arrive at conclusion B.

A. He did observe a triple 6 and the probability of such an event in a single trial with three fair dice
equals 1/216 < 0.01. Hence, the result of his experiment supports the hypothesis that the dice are
loaded to favour the outcome six.

B. It took him 200 trials to obtain a triple 6, and the probability of observing at least one triple 6 in
200 trials with three fair dice equals 0.6. Hence, the result of his experiment does not support the
hypothesis that the dice are loaded to favour the outcome six.

According to the rules set out by reviewer 1, A is correct and B is incorrect. We do not agree with
this notion. The reason for our disagreement lies in the logical contradiction, we do not feel that it
would be right to say that the probability of observing a triple 6 in the context of the experiment was
less than 0.01 when the laws of probability theory dictates that it was equal to 0.6. We hold that
probability theoretic operations should be based on the rules and definitions of probability theory in
the same way as we hold that arithmetic operations should be based on the rules and definitions of
arithmetic. Hence, we reject the notion that A is correct and B is incorrect in the same way as we
would reject the notion that 2 + 2 = 5.

Of less importance, but still of interest is that the STROBE explanatory article [Vandenbroucke et al.,
2007] states that authors should take multiplicity of analyses into account when they interpret their
results.”

The words “in the same way as we would reject the notion that 2 + 2 = 5” were, however, deleted
before we uploaded the response.

3.1.2. Re. post-hoc testing
As suggested by Figure 3.1.1., a faulty statistical significance declaration may also arise from a failure

to differentiate between estimates that are based on a pre-specified hypothesis and estimates that
have been obtained in response to a hypothesis that was generated by the data, which can easily be
explained by the following probability theoretic arguments.

Let’s say that an urn contains 100 balls, that each of them is marked with a unique integer number

between 1 and 100, and that they are equally likely to be drawn at random. One ball is drawn
randomly from the urn. If the number is greater than 80 then it will be announced, otherwise the
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ball will be put back in the urn, the balls will be remixed and a new draw will be made. What is the
probability that an announced number will be greater than 95?

Solution: Let A be the event that the number on the ball is greater than 95 and let B be the event
that it is greater than 80. Since all balls are equally likely to be drawn at random, we note that P(A) =
0.05, that P(B) = 0.2 and, since A is a proper subset of B, that P(AmB) = P(A). From elementary
probability theory [Kolmogorov, 1933], we know that the probability of A given B is given by the
equation

P(A|B) = P(AnB)/P(B) (3.1.1)

Hence, the probability that an announced number will be greater than 95 is equal to 0.25. We also
note that the expected average of drawn numbers E[X] = (1+ 100)/2 = 50.5, while the expected
average of announced numbers E[X|B] = (81 + 100)/2 = 90.5.

In the above example, there was a world of a difference between the unconditional probability P(A)
and the conditional probability of A given B. The very same reasoning can be applied to show that
there may be a world of difference between “associations that have been estimated to test a
hypothesis that was specified before the researcher looked at the data” and “associations that have
been estimated in response to a hypothesis that was generated by the data”. Let’s say that a
researcher is browsing some descriptive tables with outcome-specific averages among individuals
who have been grouped in relation to a variety of exposures. Whenever an observed difference
makes sense and moreover seems large enough to generate the hypothesis that there is a significant
association between the exposure and outcome in question, it will be calculated and presented with
a 95% confidence interval. What is the probability that such a confidence interval (by chance alone)
does not contain the null-value?

Solution: Let A be the event that a 95% confidence interval (by chance alone) does not contain the
null-value. Let B be the event that the difference in the outcome among exposed and unexposed
individuals (by chance alone) makes sense to the researcher and moreover is large enough to
generate the hypothesis that there is a significant association between the exposure and the
outcome. Here we note that the probability of the event A is equal to 0.05 if the hypothesis is pre-
specified i.e. if the decision to test is independent of the data. We also note that the probability of A
given B (according to Equation 3.1.1) may be much higher than 0.05 and that it theoretically can take
on any value between 0.05 and 1.

The research behaviour described above is not unusual. As a practicing statistician, | have on
numerous occasions been approached by people (including peer-reviewers) who have observed
things in data that they want me to check for statistical significance, and in a survey among more
than 2000 academic psychologists at major US universities, it was estimated that 54% of the
participants had “in a paper, reported an unexpected finding as having been predicted from the
start” [John et al., 2012].

Here, it should be noted that it is not necessarily wrong to estimate associations with a confidence
interval in response to a hypothesis that was generated by the data. It is, however, as indicated by
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equation 3.1.1, very important to differentiate between estimates with a pre-specified hypothesis
and estimates that have been obtained in response to a hypothesis that was generated by the data.
A failure to recognise that an estimate was obtained post hoc may fool people into believing that
something is statistically significant when it isn’t. It may also fool people into believing that the
estimate is free from researcher selection bias.

The importance to differentiate between pre-specified and post hoc estimation is acknowledged in
the guidelines on good publication practice by the Committee on Publication Ethics (COPE), which
states that “Failure to disclose that the analysis was post hoc is unacceptable” [COPE, 2000]. It is also
acknowledged in some widely endorsed reporting guidelines, namely, the CONSORT (CONsolidated
Standards of Reporting Trials) 2010 guideline, which states that “Analyses that were pre-specified in
the trial protocol are much more reliable than those suggested by the data, and therefore authors
should report which analyses were pre-specified” [Moher et al., 2010], and the STROBE
(STrengthening the Reporting of OBservational studies in Epidemiology) guideline, which states that
“When a study is reported, authors should tell readers whether particular analyses were suggested
by data inspection [...] Readers need to know which subgroup analyses were planned in advance,
and which arose while analysing the data.” [Vandenbroucke et al., 2007].

There are, however, some researchers in the field who do not understand that the need to
differentiate between pre-specified and post-hoc tests is based on a mathematical fact (cf. Eq.
3.1.1), which is not open for discussion. The existence of such misunderstandings is evidenced by the
following misguided statements, which | found in some debate articles in the high impact journal
EPIDEMIOLOGY:

”One thread in the arguments favoring registration of observational studies is that conclusions from
data that bear on a “prespecified hypothesis” are stronger than if the hypothesis was not specified
before seeing the data. Although seemingly intuitive, logicians have a hard time proving this; the
explanation a scientist arrives at might be exactly the same, whether thought of before or after
seeing the data, so what's the difference?” [Vandenbroucke, 2010]

“Furthermore, the timing of a research hypothesis (whether before or after data collection) is
irrelevant to its validity.” [The Editors, 2010]

3.1.3. Re. insufficient statistical power
Another source of faulty statistical significance declarations lies in a failure to ascertain a statistical

power that is large enough to detect effects of practical importance, before the test is performed.

Most researchers understand that a null-finding from a severely underpowered test neither can
confirm nor reject the existence of a clinically important effect and that it therefore is unlikely to
impart any meaningful information. It is however not generally understood that the result of such a
test is inconclusive also when the P-value of the test is less than its significance level; and it is often
believed that a P-value that is less than the significance level of the test proves that the statistical
power of the test was sufficient.
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This misconception is commented on in Paper XIV, where | and my colleagues Sannie Vester Thorsen
and Hans Bay point out that “statistical power may be an issue even if the null hypothesis is rejected
by the authors. If the hypothesis is rejected due to a test statistic result that is unlikely to occur (e.g.
less than 5% chance) under the null-hypothesis, but the power of the test was unacceptably low (e.g.
only a 6% chance of detecting a true positive effect under any realistic alternative hypothesis) then
all we know is that we have obtained a test result that is unlikely to occur both under the null and the
alternative hypothesis. A low probability of occurrence under the null-hypothesis is therefore not a
sufficient criterion for statistical significance.”

If, on the other hand, the statistical power of the above test had been acceptably high (e.g. > 80%
chance of detecting a realistically chosen and clinically important effect) then we would have
obtained a test result that we know is much more likely to occur under the alternative hypothesis
than it is under the null-hypothesis, and due to the striking difference between the significance level
and the statistical power of the test (<= 5% vs. > 80%) we would be able to rule in favour of the
alternative hypothesis. Statistical significance can, in other words, only be declared if the test result
is associated with a low probability of occurrence under the null-hypothesis in combination with a
high probability of occurrence under the alternative hypothesis. It is therefore necessary to take the
statistical power into account when we interpret statistical tests, regardless of their associated P-
values. And it goes without saying that this principle also holds good when the test is based on a
confidence interval: i.e. we need to take the statistical power of the test into account regardless of
whether or not its associated confidence interval contains the expected value of the null-hypothesis.

Another insightful comment on the importance of differentiating between low-powered and high-
powered statistical tests when interpreting research findings was given as follows by Ingre (2017):

“The high inconsistency and poor credibility that is expected from positive findings in small low-
powered studies is just another way of expressing the limited value of information that low-powered
statistical tests have in science, regardless of their observed “statistical significance” from NHST [Null
Hypothesis Significance Tests]. Researchers should be aware whether they are interpreting a high-
powered test or a low powered test; when positive findings from low-powered tests are interpreted,
they should be considered speculative and susceptible to type-1 errors; and any observed
“significant” association should be assumed to be inflated from its true size. High-powered tests can
be trusted to a higher degree and thus, can be used to argue support for an observed association
when positive, or the absence of an association when negative.”

In a perfect world, all test results would be useful, also the ones from severely underpowered tests
since they could serve as input in Meta-analyses. Tests that are underpowered to a degree where no
meaningful information would be imparted by a null finding, are, however, not only associated with
large statistical errors but also with publication and within-study selection bias [cf. Scargle, 2000;
Ingre, 2017; Ferguson and Heene, 2012; Yarkoni, 2009; Speech I]. Hence, unless we are dealing with
a set of underpowered tests that we know are free from selective reporting and publication bias, it
might be a good idea to ignore results from underpowered tests whenever we summarise the
existing evidence of a hypothetical association in the research literature. Such a strategy would be
good for two reasons. Firstly, it would reduce the risk of being fooled by faulty statistical significance
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declarations and bias from non-publication and selective reporting of results. Secondly, it would
reduce time wasted on meaningless information.

3.1.4. Another side effect
An unfortunate consequence of faulty statistical significance declarations, and their ensuing crying

wolf effects, is an increased risk that results of properly performed statistical significance tests will
be met with disbelief, and that important information thereby will be ignored.

“... when evaluating published findings in the current academic environment, we should assume a
priori that p-hacking and publication bias is likely to be present. This means that we cannot accept
published findings at face value, unless there is explicit evidence indicating that the research was
protected from these biases.” [Michael Ingre, 2017].

To counteract the aforementioned side effects, | have contributed to the development of some
strategies to i) decrease the risk of being fooled by faulty statistical significance declarations and bias
from non-publication and selective reporting of results in the research literature; and ii) increase the
readers’ certainty that my own research is free from faulty statistical significance declarations and
bias from selective reporting of results. These strategies will be delineated in subchapter 3.3 and 3.2,
respectively.
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3.2. Initiatives to improve quality and credibility of statistical analyses and
reports

ith
musculosdeletal complass: @ study protocol

Figure 3.2.1. Pre-published study protocols with H. Hannerz as co-author; photographed by Ole
Melkevik, 2018.

Literature on scientific misconduct usually distinguishes between “outright frauds” and
“questionable research practices (QRP)” [cf. Fanelli, 2009; John et al., 2012]. In relation to Figure
3.1.1, the first item on the list “Manufacture data that fit your hypothesis” would be classified as
“fraud” while the remaining items would be classified as QRPs. Outright fraud appears to be a rare
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event, with self-admission rates at 2.0% according to a meta-analysis by Fanelli (2009) and at 1.7%
according to a study among 2000 research psychologists, by John et al. (2012). QRPs, on the other
hand, are quite common, as illustrated by the following quotation: “Combining three different
estimation methods, we found that the percentage of respondents who have engaged in
guestionable practices was surprisingly high. This finding suggests that some questionable practices
may constitute the prevailing research norm” [John et al., 2012].

It has been suggested that a single observational epidemiologic study can be taken seriously only if i)
it is very large, ii) there is a very strong association between disease and risk factor (the lower limit
of a 95% confidence interval of a risk ratio is greater than three) and iii) there is a highly plausible
biological mechanism [cf. Taubes, 1995]. An adoption of such criteria would definitely decrease the
risk of being fooled by faulty statistical significance declarations, and personally | would not mind if
someone would deem such a finding statistically significant (unlikely to occur by chance), even in the
presence of data dredging and harking (Hypothesizing After the Results are Known). It is, however,
recognised that an association can have a major public health impact even if it is weak (e.g. with a
relative risk at 1.2 or 1.3) [cf. Wynder, 1996; Doll, 1996]. It has, moreover, been proposed that the
more conspicuous determinants of non-infectious diseases already have been found [Taubes, 1995]
and that from now, “weak associations, like moderate effects of drugs, are the best that we can
hope to find in most of our research” [Doll, 1996]. The recommendation to ignore weak associations
has therefore been rejected by most researchers in the field, and the continued search for weak
associations in combination with a widespread occurrence of questionable research practises and
seriously under-powered studies has obviously led to a litany of faulty statistical significance
declarations and non-reproducible research findings [cf. Mayes et al., 1989; Young and Alan, 2011].
Consequently, there has been some criticism, which is well illustrated by the below quotations:

“The news about health risks comes thick and fast these days, and it seems almost constitutionally
contradictory.” [Taubes, 1995]

"Health-conscious Americans increasingly find themselves beset by contradictory advice. No sooner
do they learn the results of one research study than they hear of one with the opposite message.”
[Angel and Kassirer, 1994]

“We are fast becoming a nuisance to society. People don’t take us seriously anymore, and when they
do take us seriously, we may unintentionally do more harm than good.” [Dimitrios Trichopoulos,
head of the epidemiology department at the Harvard School of Public Health (cf. Taubes, 1995)].

“The simple expedient of closing down most university departments of epidemiology could both
extinguish this endlessly fertile source of anxiety mongering while simultaneously releasing funds for
serious research.” [Le Fanu, 1999]

“Because the BMJ and other major weekly medical journals have cornered the market in splashing
data dredged, biased, and confounded associations across the media through their press releases,
the profile of quality journals is reduced, much to the chagrin of their editors.” [Smith and Ebrahim,
2002]
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The public health research community has undoubtedly contributed to remarkable public health
achievements all over the globe [cf. Lash, 2010; CDC, 1999; CDC, 2011a; CDC, 2011b] but, as noted
above, there is still room for improvement. In the present subchapter | will address some initiatives
to improve the quality and credibility of health and safety related research papers. | will start with
initiatives that have been taken by journal editors, then | will deal with some local initiatives that |
contributed to as a member of the statistical society at my work place and finally | will present my
own personal initiative.

3.2.1. Initiatives by journal editors
To evaluate the reliability and validity of a reported statistical analysis, we need to be able to

differentiate between pre-specified and post hoc analyses. We also need to know the pre-specified
status of the pre-specified analyses (e.g. confirmatory hypothesis test, exploratory analysis or
sensitivity analysis), and to what extent the set of presented analyses and methods differs from that
which was planned before the researchers looked at any relation between the exposure and
outcome data of the study.

Unfortunately, many health research papers do not contain the information necessary to determine
i) whether or not an analysis had been pre-specified and ii) whether or not the results of the study
had been selectively reported from a larger set of statistical tests.

Several initiatives aimed at facilitating efforts to evaluate the quality of research papers in peer-
reviewed journals have been taken by journal editors. | will not give an exhaustive account of all
such efforts, but | will briefly tell of three widely endorsed initiatives, namely, the endorsement of
reporting guidelines, trial registrations and registered reports, and how these efforts are expected to
reduce the risk that readers will be fooled by faulty statistical significance declarations and selective
reporting of results.

3.2.1.1. Reporting guidelines
Reporting guidelines are tools intended to be used by authors, peer-reviewers and journal editors to

ascertain that health research is reported in a way that makes it possible for an educated reader to
evaluate the validity and generalisability of the findings. They typically come with a checklist of items
that need to be reported, together with an explanatory text that provides a motivation for each of
the included items [cf. Stevens et al., 2014; Altman and Simera, 2016].

During the last decades, numerous reporting guidelines, covering different types of health research,
have been developed and many of these have been widely endorsed by journal Editors, e.g.
CONSORT (Consolidated Standards of Reporting Trials) [Begg et al., 1996; Altman et al., 2001; Moher
et al., 2010], PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) [Moher
et al., 2009], MOOSE (Meta-analysis Of Observational Studies in Epidemiology) [Stroup et al., 2000],
TREND (Transparent Reporting of Evaluations with Nonrandomized Designs) [Des Jarlais et al., 2004],
STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) [Vandenbroucke et
al., 2007], STARD (Standards for Reporting Diagnostic accuracy studies) [Bossuyt etal., 2015] and
ARRIVE (Animals in Research: Reporting In Vivo Experiments) [Kilkenny et al., 2010]. Information on
these and many other reporting guidelines can be found on the website of the EQUATOR (Enhancing
the QUAIity and Transparency Of health Research) Network [http://www.equator-network.org/],
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which has been set up to advance high quality reporting of health research studies [Simera et al.
2010]. In September 2015, the EQUATOR database contained 282 guidelines [Altman and Simera,
2016].

If the reporting of observational studies and randomised controlled trials would follow the spirit of
STROBE and CONSORT, respectively, then the readers would be able to differentiate between post
hoc and pre-specified analyses. They would, moreover, be able to judge whether or not multiplicity
of analyses had been dealt with satisfactorily. It is therefore reasonable to expect that the risk of
being fooled by harking, selective outcome reporting and faulty statistical significance declarations
would be lower if the research is published in a journal which endorses the guidelines than it would
if the research is published in a journal without such guidelines. It is, however, not guaranteed that
a paper abides by the guidelines, even if they are endorsed by the journal. It has, for example, been
proposed that “a reporting guideline might encourage some authors to report fictitiously the
information suggested by the guidance rather than what was actually done” [Schulz et al., 2010].

In a Cochrane review, which included 50 evaluations of RCT reports from a total 16,604 trials, it was
determined that the reporting of trials tended to be more complete in CONSORT-endorsing journals
compared to non-endorsing journals [Turner et al., 2012], with statistical significance (p <.01) for 5
out of 27 evaluated items. It was, nonetheless, concluded that trial reporting often was sub-optimal
also among journals that endorsed the CONSORT statement. The effects of the endorsement of a
series of other reporting guidelines, among them the STROBE statement, were reviewed and
evaluated by Stevens et al. (2014). Stevens et al. did not find any statistically significant difference
between papers in STROBE-endorsing and non-endorsing journals nor between papers in STROBE-
endorsing journals before and after the endorsement. Their overall conclusion was that the evidence
for an association between the completeness of reporting of health research and the endorsement
of the studied reporting guidelines was insufficient.

We can, in other words, not trust that the endorsement of reporting guidelines, by itself, will
eliminate the risk of being fooled by faulty statistical significance declarations and selective reporting
of results.

3.2.1.2. Trial registrations

It is known that selective reporting of trials and measured outcomes within trials tends to
contaminate the evidence needed to adjudicate effects (and side-effects) of medical treatments [cf.
Chan et al., 2004; Williamson et al., 2005; Von Elm et al., 2008; Smyth et al., 2008; Song et al., 2010;
Dwan et al., 2013]. To counter these tendencies the international committee of journal editors
(ICMJE) published an editorial in 2004 in which it was announced that, in order to be considered for
publication in any of the ICMIJE journals (n=11), “any research project that prospectively assigns
human subjects to intervention and comparison groups to study the cause-and-effect relationship
between a medical intervention and a health outcome” would need to be registered in a public trials
registry before the onset of patient enrolment [De Angelis et al., 2004]. It was, moreover, stated that
“an acceptable registry must include at minimum the following information: a unique identifying
number, a statement of the intervention (or interventions) and comparison (or comparisons)
studied, a statement of the study hypothesis, definitions of the primary and secondary outcome
measures, eligibility criteria, key trial dates (registration date, anticipated or actual start date,
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anticipated or actual date of last follow-up, planned or actual date of closure to data entry, and date
trial data considered complete), target number of subjects, funding source, and contact information
for the principal investigator.” [De Angelis et al, 2004]

Since then, plenty of other journals and organisations have endorsed the ICMJE guidelines [De
Angelis et al, 2005; Krleza-Jeri¢ et al, 2005; Hooft et al., 2014] and thereby committed themselves to
enforce trial registrations in the same way as the ICMIJE journals do. In January 2011, the guidelines
were endorsed by 695 journals [Hoft et al., 2014]. On 26 July 2018 the number had increased to
4539 [http://icmje.org/journals-following-the-icmje-recommendations/].

The ICMIJE guidelines does not mandate observational studies to be registered, but some of the
ICMJE-endorsing journals, e.g. The Lancet (2010) and British Medical Journal [Loder, 2010], have
announced that they recommend investigators to register their observational studies in a publicly
accessible trial registry before the data analysis begins. Moreover, in response to the question
“What is your journal’s policy regarding registration of observational studies?” which was part of a
survey among Editors of ICMJE-endorsing journals in 2011, 15 out of 153 respondents stated that
they required registration, 55 stated that they recommended registration while 83 stated that
registration was unnecessary [Hoft et al., 2014].

A proper trial registration will enable journal editors to detect discrepancies between pre-specified
and reported outcome measures and thereby reduce their risk of publishing selection biased results.
It is, however, not guaranteed that an RCT-report will be free from outcome reporting bias just
because it is published in a journal which endorses the ICMJE-guidance. In a recent survey [Hoft et
al., 2014] 82% of the editors of ICMJE-endorsing journals answered “no” to the question “For
submitted manuscripts, does your journal cross-check the reported data in the manuscript against
the prospectively registered data?” while another survey [Mathieu et al., 2013] reported that “only
one-third of the peer reviewers surveyed examined registered trial information and reported any
discrepancies to journal editors.” Authors have, in other words, plenty of opportunities to get a
selectively reported RCT-study accepted for publication.

Fortunately, a publicly accessible trial registry is open to everyone, which gives the readers of the
journal in which the trial is reported an opportunity to reduce their risk of being fooled by selective
outcome reporting.

3.2.1.3. Registered reports
In 2013, the journal Cortex introduced a new publishing option for confirmatory statistical analyses,

which would be called a registered report [Chambers, 2013]. A registered report mandates that the
rationale, aims, hypotheses, design and statistical analysis plan are completely defined and peer-
reviewed before the researchers collect the data. It also requires that the statistical power to detect
an important effect is estimated to be at least 90%. If the protocol is accepted then, given that the
researchers abide by their protocol, the ensuing paper will, in principle, be accepted for publication.

Trial registrations, ordinarily, do not require the statistical analysis plan to be pre-specified and

completely defined before the data are collected. Hence, the researchers can test their hypothesis in
several different ways and selectively report the method which provided the “best” result. The main
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advantage of a registered report vs a trial registration is that it closes this loophole. Another
advantage is that it reduces the risk of publication bias, since the peer-reviewers and editors are
mandated to make their decisions about publication before the results are available. A third
advantage is that it mandates the statistical power to be sufficiently large to allow meaningful
judgements regardless of the outcome of the test.

By now (31 July 2018), the registered report policy has been adopted by a total of 98 journals
[https://cos.io/rr/#journals].

3.2.2. Local initiatives by the statistical society at NRCWE
During the last twenty years | have been employed at the Danish National Research Centre for the

Working Environment (NRCWE), a governmental research institution, which during the period of my
employment has had, on average, approximately 100 researchers and four statisticians on its staff.
The vast majority of the research has been quantitative, i.e. evaluated by use of statistical analysis.
Until 2011, we had a statistical society at the institute, which consisted of statisticians as well as
some methodologists with a special interest in statistical analysis, but with roots in other disciplines
(e.g. civil engineering, epidemiology or demography). In the society we met at irregular intervals to
discuss methodological challenges, problems and solutions that we had come across in our everyday
work as in-house statistical consultants.

As mentioned in the introduction to this subchapter, there had been a lot of scientific media
attention on the remarkably high rate of false positive observational epidemiological studies. In
2007, the topic of false positive findings was discussed in one of our society meetings. As
statisticians we couldn’t help but feeling some responsibility for the quality of statistical analyses
that were performed at the institute, even in projects we were not directly involved in. We therefore
wanted to make sure that all researchers at NRCWE understood the importance of differentiating
between a pre-specified hypothesis test and a post hoc exploratory analysis and how a failure to do
so would inflate the probability of false positive results. We also wanted to make sure that they
understood how a failure to adjust for multiple testing would lead to an increased probability of
false positive results. Last but not least, we wanted to make sure that they understood how selective
publication of studies and selective reporting of outcomes within studies may have dire
consequences on the validity of the overall evidence on a given subject. To forward these goals, we
launched an in-house information campaign in 2008, which consisted of i) a series of lectures, ii) a
series of video-speeches and iii) an educational poster.

3.2.2.1. The lectures
The lectures (n = 3) were held by Ole Olsen, a statistician at NRCWE 2002 — 2011, with a previous

employment at the Nordic Cochrane Centre 1995 — 2001. The first lecture was entitled “False
positive findings in epidemiological studies” and the audience consisted of members of the
psychosocial research network at NRCWE. Here, Ole explained the potential problems associated
with harking and multiple testing, from a probability theoretic perspective. He also presented
empirical results from, inter alia, a study of false positive findings in occupational cancer
epidemiology by Swaen et al. (2001), in which the following was concluded: “The strongest factor
associated with the false positive or true positive study outcome was if the study had a specific a
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priori hypothesis. Fishing expeditions had an over threefold odds ratio of being false positive.” The
second and third lecture dealt with publication bias in clinical trials and occupational health
research, respectively. The lectures were very popular and the meeting rooms were typically packed
with an attentive and enthusiastic audience.

3.2.2.2. The video speeches
During my summer holiday 2008, | drafted three speeches intended to be delivered by some

prominent senior research psychologists at NRCWE. The first speech explained why it is important to
secure a sufficient statistical power before performing a statistical hypothesis test and how a failure
to do so can be expected to bias the research literature away from unity/zero. The second speech
dealt with the importance of differentiating between hypothesis generation and hypothesis testing
and how a confusion of these two concepts may lead to faulty statistical significance declarations.
The third speech told us that, when we do a confirmatory statistical significance test, it is not enough
that we state the hypothesis before we look at the results. We also need to state exactly how the
hypothesis test will be performed. It explained why this is important and how a failure to comply
with this principle may lead to faulty statistical significance declarations.

The drafts of the speeches were read and commented on by members of the statistical society. With
the guidance and assistance of Helene Feveile (statistician at NRCWE 1995 — 2010) | thereafter fine-
tuned and timed revised versions of the speeches to make sure that they would not be too long and
boring for our intended audience (current and future graduate students and researchers at the
institute).

The next step in the process was to enlist the participation of the intended speakers-- Karina Nielsen
[Speech 1], Karen Albertsen [Speech Il] and Annie Hggh [Speech IIl]. They all agreed to participate.
The videos were recorded and uploaded to the website of NRCWE. The speeches were moreover
published in the in-house magazine of NRCWE.

The respective speeches ended with the following critical statements:

e “Itis surely a great criticism of our profession that we do not refrain from performing
statistical hypothesis tests that are so underpowered that their outcomes only can be
published if they are positive.” [Speech | (Figure 3.2.4)]

e “Itissurely a great criticism of our profession that we do not publish research protocols
before commencing studies of a confirmatory nature.” [Speech Il (Figure 3.2.5)]

o “Itis surely a weakness of the editorial process in most of our peer-reviewed journals that
we demand that the test should be performed and the results should be submitted before
we begin the review process.” [Speech Ill (Figure 3.2.6)].

Here | note that the reforms that were called for in the video speeches are exactly the same as the
ones that were introduced by Chambers (2013) in his registered reports initiative. | will therefore
end this section with a thank you to Professor Chambers as well as all other journal editors who are
endorsing the concept.
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3.2.2.3. The educational poster
The educational poster is shown in Figure 3.1.1. It was produced at NRCWE in 2009 with text by the

statistical society and photo shopping by Pia Dukholm. The poster likens the statistical testing of a
hypothesis to the placing of a bet in roulette. The first box of the poster lists five theoretical ways of
cheating in roulette. Each of the methods of cheating in roulette has an analogous method of
cheating in confirmatory statistical analysis, and these are listed in the second box.

The initial plan was to make one large poster to be hanged at a strategic place of the institute, where
it would serve as a as a constant reminder of the rules that we need to abide by whenever we
perform a confirmatory statistical hypothesis test. Consequently, we applied for permission to print
the image in the form of a large poster. The application was, however, denied and we had to settle
with a smaller poster in size A3 (297 x 420 mm), which we posted at a bulletin board in one of the
corridors of the institute.

The roulette survey

1. How long have you been involved in research activities?
Never
<3 years
3-9 years
>= 10 years

If ‘never’ then end.

2. Have you assisted in or performed any statistical hypothesis test?
e Yes
e No
e Don’t know

If ‘no’ or ‘do not know’ then end.

[Please read the ‘poster’ on the back page before answering the following questions.]
3. Have you ever witnessed any of the behaviours listed in the lower box of the poster?
o Yes

e No

o No comment

Figure 3.2.2. The questionnaire

To increase the awareness of the existence of the poster and the wisdom it imparts, we initiated a
mini-survey with a questionnaire presented on a single sheet of paper that had an image of the

poster on one side and three survey questions (see Figure 3.2.2.) on the other. The questionnaires
were handed to research staff at NRCWE (n = 93) and data were obtained from December 2009 to
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March 2010. One researcher refused to participate and one did not return with an answer. The
remaining invitees replied to the questionnaire. To ascertain anonymity the responders were asked
to put their response into a ballot box, at which time they were checked off as responders. They
were thereafter asked if they wanted to receive an A3 sized copy of the poster. Consequently, we
had to hand out a total of 75 poster copies.

In total, 91 persons responded to the questionnaire whereof one answered 'Never’ to the first
screening question “"How long have you been involved in research activities?” and 20 answered 'No’
to the second screening question” Have you assisted in or performed any statistical hypothesis
test?”. The remaining participants (n = 70) went on to the third and final question “Have you ever
witnessed any of the behaviours listed in the lower box of the poster?” The distribution of the
answers to the last question is given in Table 3.2.1.

Table 3.2.1. “Have you ever witnessed any of the behaviours listed in the lower box of the poster?”

Research Yes No No | ”Not sure” Total
experience comment

< 3 years 5 7 0 0 12
3 -9years 12 1 0 22
>= 10 years 29 5 0 2 36
Total 46 21 1 2 70

We were glad to see that only about half of the researchers with less than 10 year of experience had
ever witnessed any of the research behaviours listed in the poster. We were also glad to see so
many positive reactions to the survey as well as the poster.

In a real life casino it is very difficult (almost impossible) to cheat in roulette. The investment of the
casino owners is secured not only by surveillance cameras and security guards but also by the
transparency of the game itself. Everything happens in plain view in front of the players, the croupier
and whatever audience is present at the table. We note, however, that all of the “five ways of
cheating in roulette” would be possible if the gamblers were allowed to place their bets behind a
closed curtain and wait until the ball landed, before they unveiled the curtain to reveal their bets
and the number the ball landed on. We also note that such conditions would be analogous to the
way that most observational health studies were conducted prior to the introduction of trial
registrations and registered reports.

In that regard, | hope that our national research funding agencies will adopt some of the security
thinking of the casinos and thereby realise that they can reduce the risk of being cheated by
research behaviours 2 — 5 of Figure 3.1.1 simply by adding, as a condition for the grant, that any
confirmatory statistical analysis should be preceded by a trial registration and pre-publication of a
completely specified statistical analysis plan.
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3.2.3. Personal initiatives

Towards the end of the 2000s, after having gone through some literature on questionable research
practices, | had come to realise that the credibility and thereby the value of a confirmatory statistical
analysis would be considerably enhanced if the researchers could document that their study is free
from faulty statistical significance declarations and bias from selective reporting. | had also come to
realise that a confirmatory statistical analysis without such documentation runs a considerable risk
of having its statistical conclusions dismissed as probable hindsight rationalisations.

These realisations prompted me to start looking for ways to make the pre-specified statistical
analysis plan available to the readers whenever the results of a confirmatory statistical analysis were
published, so as to enable them to see exactly what was planned before the researchers looked at
any relation between the exposure and outcome data of the study.

At that time | found out that some public health related journals encouraged researchers to submit
their study protocols for peer-review and possible publication, and a few years later | found out that
it was possible to publish research protocols for free at Figshare.com.

Consequently, | have co-authored a series of study protocols of which some have been published in
peer-reviewed journals [Hannerz et al., 2010, 20144, 2014b, 2016a; Korshgj et al., 2018; Larsen et
al., 2011; Madsen et al., 2014; Pedersen et al., 2010, 2011] and some have been published on
Figshare.com [Hannerz et al., 2013, 2016b, 20173, 2017b, 2018; Larsen et al., 2016; Mgller et al.,
2014).

With time | have come to regard the publication of non-confidential confirmatory statistical analysis
plans not only as an option but also as a duty, especially if the project is funded by tax money, and
during the last five years | have felt obliged to abide by a self-developed code of conduct, which
reads:

If  am in charge of a tax payer funded statistical significance test then, whenever it is possible to do
so, | have a moral obligation to ascertain
i that the statistical analysis plan is completely specified and documented, before | or anyone
else in the research team looks at any relation between the exposure and outcome data of
the test
ii. that the documented analysis plan (exactly as written before the researchers looked at any
relation between the exposure and outcome data of the test) will be available to the readers
whenever the results of the test are published

| do not regard this code as a self-imposed burden. Au contraire, | see it as a tremendous aid and
stress reliever, especially if the analysis plan is published before the analysis phase of the project
begins. Firstly, it will make the co-authors realise that they cannot wait until the results are known
before they give their opinions about the design. Secondly, it will block pressures from co-authors,
peer-reviewers and editors to change the narrative of the statistical analysis plan after the results
are known. Thirdly, it may decrease the risk that a boss will shut down the project after the results
are known, in order to hide politically incorrect or otherwise disappointing findings. Fourthly, it
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reduces the risk that valid statistical conclusions will be dismissed as probable hindsight
rationalisations.

There is, however, one drawback associated with the publication of study protocols that needs to be
mentioned, namely the risk of being accused of plagiarism when methodological details of the study
protocol are repeated in the paper in which the results of the study are published. This happened to
me in connection with the publication of Paper VIl where | received an e-mail form the Editorial
office of BMJ Open, which contained the following text:

“The reviewer(s) have recommended publication. However, our editorial checks have identified a high
level of text overlap in your manuscript. We require that you make some revisions to the text of your
article in order to remove text overlap with previously published articles. We noted that in several
places your article contains whole sentences/paragraphs of text overlap as indicated in the attached
report.

Please be aware that copying extracts from previous publications is not acceptable. As a member of
Committee on Publication Ethics (COPE), BMJ Open takes seriously all suspected cases of plagiarism.
In line with the COPE quidelines for cases involving plagiarism, we require that provide an
explanation as well as a revised version of your manuscript. Please revise the text to remove
overlap.”

| responded to the plagiarism allegation with the following text:

“EXPLANATION FOR THE 26% OVERLAP WITH WWW.RESEARCHPROTOCOLS.ORG
A pre-published study protocol, in which the aims, hypotheses, inclusion criteria, statistical

significance criteria and statistical methods are completely defined before the exposure data of the
project are linked to the outcome data, is valuable because it allows the readers to evaluate the
credibility of the study when the results are published. By comparing the method section in the study
protocol with the one in the paper in which the results are given, they are able identify protocol
violations and thereby reduce their risk of being fooled by faulty statistical significance declarations
and bias from selective reporting of results.

Such a comparison would obviously be easier if the aims, hypotheses and methods were worded and
described in the same way in the result publication as they were in the study protocol than it would if

they were worded and described in a completely different way (no overlaps).

We therefore wanted the method description of our paper to be as similar as possible to the method
description of our study protocol, and tried to accomplish this through the following strategy:

1. We published our study protocol in a paper with the following copyright statement:

“Copyright

©Harald Hannerz, Ann Dyreborg Larsen, Anne Helene Garde. Originally published in JMIR Research
Protocols (http://www.researchprotocols.org), 22.06.2016.
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http://www.researchprotocols.org/

This is an open-access article distributed under the terms of the Creative Commons Attribution
License (http.//creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work, first published in JMIR Research
Protocols, is properly cited. The complete bibliographic information, a link to the original publication
on http://www.researchprotocols.org, as well as this copyright and license information must be
included.” [http://www.researchprotocols.org/2016/2/e130/]

2. We initiated the method section of our manuscript with the following paragraph:

The statistical analyses were governed by a study protocol [14] which was written, peer-reviewed,
and published before we linked the exposure data to the outcome data. The protocol defined all
hypothesis and statistical methods for two studies. One study concerned the association between
weekly working hours and risk of IHD or antihypertensive drug usage (reported here) while the other
concerned the association between night-time work and risk of IHD or antihypertensive drug usage
(results to be reported elsewhere). The present method section will repeat methodological details of
the study protocol which pertain to the study on weekly working hours.

3. We included the complete bibliographic information of the study protocol in the reference list of
our manuscript and inserted an additional link to it in the abstract.

We failed, however, to notice that we needed to include the above copyright and license information
in the manuscript. We apologise for this mistake.”

| thereafter uploaded a revised version of the manuscript in which | i) included the copyright
statement of the study protocol and ii) added quotation marks around all text passages that were
repeated from it. The manuscript was thereby accepted without removal of the text overlap
between the manuscript and the previously published study protocol.

The moral to this story is that text from the method section of a study protocol can be repeated
when the results of the study are published if i) the authors owns the copyright of the protocol and
ii) all quoted text passages are surrounded by quotation marks.

Another way of circumventing the self-plagiarism problem, developed and practiced by Karin Sgrig
Hougaard at NRCWE, is to refrain from publishing the protocol and instead keeping it in a safe,
where it is put after it has been dated and signed by all involved co-authors.

3.2.4. Discussion

It should be noted that the publication of a pre-specified study protocol does not hinder researchers
from performing post-hoc exploratory analyses nor does it hinder them from changing the design of
the study after they have looked at the results. It merely inhibits them from misreporting their post-
hoc exploratory analyses as confirmatory hypothesis tests.
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It should also be noted that a recommendation to publish the statistical analysis plan of a
confirmatory statistical hypothesis test in no way discourages nor disparages the worth of properly
reported exploratory analyses.

Figure 3.2.3. Karin Sgrig Hougaard; photographed by Ole Melkevik, 2018.

57



Statistical power and publication bias

My name is Karina Nielsen. I am a senior psychologist
at the Danish National Research Centre for the Work
Environment. Today I am going to talk to you about
the importance of securing a sufficient statistical power
before performing a statistical hypothesis test and how
a failure to do so can be expected to bias the research
literature away from unity/zero.

Consider the following situation: A
questionnaire has been used on a representative sample
of people from a certain population. From the
questionnaire we have, among a lot of other things,
information about height and monthly pay. One of our
hypotheses is that women who are taller than 170 ecm
are better paid than women who are shorter than 160
cm and we want to estimate the difference in the
average monthly income between these groups. The
estimation and the hypothesis testing will take place
simultaneously. If the lower boundary of a 95%
confidence interval is greater than zero then we will
accept the hypothesis.

Before performing the test, we calculate the
power. Let’s say we believe that the true difference is
1000 Dkr per month (which means that the tall women
earns approximately 5% more than the short ones) and
that our calculations show that the power of finding
such a difference in our material is 0.2. Since there is a
one-to-one relation between the power of the test and
the width of its associated confidence interval we can
also determine that should the estimate be what we
expect it to be then the estimated 95% confidence
interval would go from -750 to 2750. [Dr. Nielsen
draws the confidence interval on the white board.] It is
clear to us that this interval is so wide that the estimate
would be considered meaningless and that we wouldn’t
be able to publish such a result.

At this point we can choose not to test the
hypothesis. We can also reason that we most probably
would be able to publish the result if the estimated
difference were significantly high and choose the
following strategy: We test the hypothesis. If the
difference is significantly high then we submut 1t for
publication otherwise we pretend that we didn’t test it.

This 1s, however, a seriously biased estimation
strategy. If the power of the test was 20% and the true
income difference was 1000 Dkr. then the least
possible significantly high estimate of income
difference would be 1750 Dkr. [Dr. Nielsen draws a
parallel displacement of the earlier drawn confidence
interval. (See photo to the right).] We would, in other
words, only be able to publish the result if the
estimated difference was at least 75% larger than the
true difference.
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[Dr. Nielsen shows and comments on the graph below]
This 1s a graph. which exemplifies the publication bias
that will arise from the strategy to publish only if
significantly high, as a function of the power of the
test. The upper line gives the expected estimate given
that it is significantly high, while the lower line gives
the true value. The gap between the two lines indicates
the publication bias and, as you can see, the lower the
power the greater the bias. The graph shows that in or
example, where the power was 20% and the true
income difference was 1000 Dkr. the expected
estimated income difference, given that it is
significantly high, is about 2200 Dkr. —more than
twice as large as the true one.
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This is something one should be aware of not
only as a researcher but also as a reader of research
literature. When we encounter a statistically significant
estimate we have to ask ourselves if that estimate
would have been published if it wasn’t statistically
significant.

It is also important to be aware of this
mechanism when we formulate inclusion criteria for
meta-analyses.

It is surely a great criticism of our profession
that we do not refrain from performing statistical
hypothesis tests that are so underpowered that their
outcomes only can be published if they are positive.

The above text was written by Harald Hannerz in collaboration with members of the statistical society and the psychosocial
competence forum at the Danish National Research Centre for the Work Environment, 2008.

Figure 3.2.4. Speech I: Nielsen KM (speaker), Hannerz H (speechwriter). Statistical power and
publication bias
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Figure 3.2.5. Speech II: Albertsen K (speaker), Hannerz H (speechwriter). Use and misuse of statistical

tests

Use and misuse of statistical tests

My name is Karen Albertsen. [ am a senior
research psychologist at the Danish National
Research Centre for the Work Environment.
Today I am going to talk to you about the
importance of differentiating between
hypothesis generation and hypothesis testing
and how a confusion of these two concepts
may lead to false P-values and falsified
research reports.

As an example, let’s say that we want to
explore the possibility that people with extra
sensory perception (ESP) exist, and we want
to screen for a suitable candidate who we can
subject to a variety of ESP tests. Consider the
following experiment: An interviewer stands
in a street corner with a portable computer,
which, at the click on a button, will generate a
random integer between 0 and 999. When a
person walks by he/she is asked if he/she
wants to participate in the study. If the person
accepts, a random number is generated and
the participant, who is not allowed to look at
the computer screen, is asked to tell the
interviewer which number he/she believes it
is. Before doing so he/she is told that the
number 1s an integer between 0 and 999.

This process is continued until we find a
person who answers the question correctly.
Let’s say that the 100" person, whose name is
Florence, is the first one who answers
correctly. Now we are done with our
exploratory study and we have generated the
hypothesis that Florence is a psychic.

At this point we can choose to do a
confirmatory study where we test the
hypothesis that was generated in the
exploratory study. We can also choose to
pretend that the exploratory analysis was a
confirmatory analysis. In other words, we
pretend that we had hypothesised that
Florence was a psychic already before she
answered the question. If we do this we can
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go ahead and publish a paper and since the
chance that a mere guess would provide a
correct answer to our question is 1/1000 we
can report a P-value 0f 0.001 (which 1s
generally considered to be quite significant).
This P-value is, however, false. In this
context, the true probability of a correct
answer equals | minus the probability of 100
consecutive incorrect answers [1 — 0.999'% =
0.095], which is almost 100 times greater than
the reported P-value.

Can we ever know whether something
published as a confirmatory analysis actually
was a confirmatory analysis?

Well, sometimes we can. If a research
protocol exists, which predates the data
collection, and if the protocol was adhered to
then we can truly know that we are dealing
with a confirmatory analysis.

It is surely a great criticism of our profession
that we do not publish research protocols
before commencing studies of a confirmatory
nature.

The above text was written by Harald Hannerz in collaboration with members of the statistical society and the psychosocial
competence forum at the Danish National Research Centre for the Work Environment, 2008.
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More on the dos and don’ts of statistical
testing

My name is Annie Hogh. I am a senior research
psychologist at the Danish National Research Centre
for the Working Environment.

‘When I supervise graduate students I always tell them
that, when they do a confirmatory analysis. it is not
enough that they state the hypothesis before they look
at the results. They also have to state exactly how the
hypothesis test will be performed. Now I'will explain
why this is important and how a failure to comply with
this principle may lead to false P-values and falsified
research reports.

Consider the following example: We want to test the
hypothesis that there is an association between social
isolation at work and backache. To our disposal we
have a data set obtained through a questionnaire used
on a representative sample of people from a certain
population.

Before we perform the test we make the following
decisions:

o We will use logistic regression to test the
hypothesis.

e The significance level will be set to 0.05

e The outcome will be based on the question
‘Do you currently suffer from backache?,
which could be answered with either “Yes’ or
‘No’.

e The explanatory variable will be based on the
question ‘Is it possible for you to talk with
colleagues when you are working? which
could be answered with one of the following
reply categories: ‘Almost all the time’,
‘Approx. ¥ of the time’, ‘Approx. ¥ of the
time’, ‘Approx. 4 of the time’, ‘Seldom or
Never’.

e  The explanatory variable will be
dichotomised.

Since there are five reply categories there are four
possible cut-points to choose between when we do the
dichotomisation. Our strategy is to try all
dichotomisations and use the one which gives the

‘best” result. Let’s say that one of the dichotomisations
renders a P-value of 0.048. Let’s also say that we have
forgotten that the cut-point of the dichotomisation was
not decided upon until after we had looked at the result.
Since P is below 0.05, we can now report that we found
a statistically significant association between social
isolation at work and backache.

This P-value is, however, false. If there is no
association between the examined variables, then, for
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any given dichotomisation, the probability that a P-
value will be less than or equal to 0.05 is 0.05, but the
probability that at least one of the four different
dichotomisations would yield a P-value that is less than
0.05 1s much higher than that. I recently performed a
Monte Carlo simulation, which is a test of repeated
random sampling to estimate parameters and
probabilities, where I found that this probability was
equal to 0.16. In other words, the true P-value should
be more than three times higher then the falsely
reported one.

The moral to this story is that the ideal situation with
regard to a confirmatory statistical analysis would be
that

1. The statistical model is completely defined

before the test is performed.

2. If the work is to be subject to peer-review then
the peer-reviewing of the methodology is done
before the test is performed.

When the results of the test have been
obtained, the statistical model 1s not to be
changed.

(5]

Unfortunately the above sequence and principles are
seldom adhered to. The following sequence is,
however, quite common:
1. The test is performed
The work is submitted for peer-review
The reviewer (after having looked at the
result) suggests changes to the statistical
model
4. The Editor demands that the statistical model
is changed in accordance with reviewer’s
comments

W

It is surely a weakness of the editorial process in most
of our peer-reviewed journals that we demand that the
test should be performed and the results should be
submitted before we begin the review process.

Dr. Annie Hogh

The above text was written by Harald Hannerz in collaboration with members of the statistical society and the psychosocial
competence forum at the Danish National Research Centre for the Work Environment, 2008.

Figure 3.2.6. Speech lll: Hggh A (speaker), Hannerz H (speechwriter). More on the dos and don’ts of
statistical testing.

60



3.3. Statistical power calculations as a means of reducing the risk of being
fooled by publication bias and faulty statistical significance declarations

Working long hours doubles
depression odds

By Matt MchEllen, Haalth.com
T Upsckated 1031 GMT (1831 HKT) January 28, 2012

Story highlights wiorking long hours appears to substantially increase a

person's risk of becoming depressed, regandess of how
Workors who put in mone than 11 hows

e e stresshul the actual work s, 3 new study suggests.

y =k S oo Sl sl " =
Dogroe of increzssd risk was Spdsing, The study, which followed 2,223 British civil servants for
Eape Sy cix years, fiound that workers wiha put in an average of at
Mid level employees appear i be — least 11 hours per day at the office had roughly two and
b ddepression than people higher up a half times higher odds of developing depression than
their colleagues wiho clocked out after zeven or eight

hicurs,

The link batween long workdays and depression parsisted even after the reseanchers took imo
account factors such as job strain, the level of support in the workplace, alcohol use, smoking,
and chronic physical diseases.

Figure 3.3.1. Screen dump [https://edition.cnn.com/2012/01/25/health/working-overtime-doubles-
depression/index.html]

Recently, | and my colleagues Hermann Burr and Jan Hyld Pejtersen devised a very simple procedure
to deal with underpowered tests in a literature review (see Paper XV). It goes like this: 1. State an
effect that you believe is realistic and of practical importance. 2. State a criterion for acceptable
power. 3. Calculate the statistical powers of the tests of interest. 4. Exclude the underpowered tests
from your literature overview.
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There is nothing new with setting a minimum sample size as a criterion for inclusion in a literature
review. This was, for example, done by Albertsen et al. (2006) who required that a study should
comprise at least 100 persons to be eligible for inclusion in their systematic review of the impact of
work environment on smoking cessation, relapse and amount smoked. An inclusion criterion that is
based on formal power calculations had, however, as far as | know, never been seen before. A
summary of the systematic review (Paper XV) in which the power-based inclusion criterion was
introduced is given below.

3.3.1. A systematic review on work-related psychosocial factors and ischaemic heart
disease

3.3.1.1. Objective
The aim of the study was to update a previous systematic review [Eller et al., 2009] on work-related
psychosocial factors and the development of ischaemic heart disease (IHD).

3.3.1.2. Inclusion criteria
Our updated review had the following four inclusion criteria of which the first three were used in the
original review:
1. Study: a prospective or case—control study if exposure was not self-reported (prognostic
studies excluded)
Outcome: definite IHD determined externally
3. Exposure: psychosocial factors at work (excluding shift work, trauma, violence or accidents,
and social capital)
4. Statistical power: acceptable to detect a 20% increased risk of IHD.

The original review comprised 33 papers. The search date of the updated review was set at April 28,
2013. Eleven new papers which met the inclusion criteria 1-3 were found. Hence, a total of 44
papers were to be evaluated regarding inclusion criteria 4. Nine of the papers concerned prospective
studies with aggregated data [Reed et al., 1989; Alfredsson et al., 1985; Johnson et al., 1989;
Alterman et al., 1994; Steenland et al, 1997; Andersen et al., 2004; Eaker et al., 2004; Vahtera et al.,
2004; Bonde et al., 2009]; 28 of the papers concerned prospective studies with person-based
exposure [Kivimaki et al., 2012; Suadicani et al., 1993; Haan, 1988; Theorell and Floderus-Myrhed,
1977; Netterstrgm and Juel, 1988; Siegrist et al., 1992; Lynch et al., 1997; Kivimaki et al., 2002; Lee
et al., 2002; Matthews and Gump, 2002; Lee et al., 2004; De Bacquer et al., 2005; Kivimaki et al.,
2005; Elovainio et al., 2006; Kornitzer et al, 2006; Kuper et al., 2006; Netterstrgm et al., 2006; André-
Petersson et al., 2007; Chandola et al., 2008; Kivimaki et al., 2008; Vdaananen et al., 2008; Nyberg et
al., 2009; Allesge et al., 2010; Holtermann et al., 2010; Netterstrgm et al., 2010; Virtanen et al.,
2010; Kivimaki et al., 2011; Slopen et al., 2012]; and 7 of the papers concerned case-control studies
[Alfredsson et al., 1982; Iversen et al., 1989; Johnson et al., 1996; Ferrie et al., 1998; Hammar et al.,
1998; Theorell et al., 1998; Sokejima and Kagamimori, 1998].

3.3.1.3. Power Calculations

In observational cohort studies, Monson (1990) recommends epidemiologists to interpret rate ratios
in the open interval 0.9 to 1.2 as ‘no association’ to allow for possible effects of selection bias,
misclassifications and uncontrolled confounding. We recognised that death or hospital treatment
due to IHD is a serious endpoint and that IHD is the leading cause of death worldwide [Lozano et al.,
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2012]. Effects of individual occupational risk factors may therefore be regarded as clinically
important even if the rate ratio is less than 1.2 [cf. Ha et al., 2011]. However, in keeping with
Monson’s recommendation, we did not want our critical value for clinical significance to be less than
1.2. We therefore considered a 20% increase in risk of IHD due to work environmental exposures to
be an important effect, and we wanted to know the power to detect such an effect in the 44
individual papers found. In our opinion, a 95% power is desirable and an 80% power is acceptable.
For each paper, we calculated the power to detect a rate ratio of 1.2 through the following
procedure:

When available, the confidence interval of a published rate ratio was used to estimate the Stderr of
its logarithm by means of the equation

log(UpperCL)—log(LowerCL)

Stderr = =T

(3.3.1)

where UpperCL is the upper confidence limit and LowerCL is the lower confidence limit of a 100(1 —
2a)% confidence interval. The power to detect a rate ratio of 1.2 as a function of Stderr and a was
thereafter approximated by the equation

_ log(12) o _ 1.4
Power = @(Stderr o1 a)) (3.3.2)

where @ is the standard normal distribution function. For papers, which gave the expected number
of cases but no confidence interval, we replaced Stderr in Equation 2 with

1
€2

E[Stderr] = el+ (3.3.3)
1

where e; is the expected number of cases among the exposed and e; is the expected number of
cases in the comparison group. Three of the papers contained neither of the above [Suadicani et al.,
1993; Haan, 1988; Theorell and Floderus-Myrhed, 1977] but it was obvious from the extraordinary
low number of cases that the power would be < 0.1.

In some cases, the expected direction of the relationship between compared groups was reversed:
for example, the rate ratio between workers with low vs high control was expected to be > 1, but the
rate ratio of high vs low control was expected to be <1. In such cases, a rate ratio was deemed
clinically important if it was < 1/1.2. Because the standard normal probability density function is
symmetric around zero, the power to detect a rate ratio of 1/1.2 would be equal to the power to
detect a rate ratio of 1.2. The equations are based on the central limit theorem and Gauss’
propagation of error formulas. The derivation of the power formula is given by Bickel and Doksum
(1977).

3.3.1.4. Results
We were able to calculate the statistical power for 169 out of 170 significance tests in the 44 papers.

Thirty-six tests were found among the prospective studies with aggregated data, 111 were found
among the prospective studies with self-reported data and 22 were found among the case-control
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studies. The statistical power to detect a rate ratio at 1.2 ranged from 0.04 to 0.99. The median
power was 0.11. Only 10 tests had an acceptable power (280%). Four of the acceptably powered
tests were performed in a meta-analysis by Kivimaki et al. (2012). The remaining 6 tests were
performed in a case-control study by Hammar et al (1998) using a job exposure matrix.

In the meta-analysis by Kivimaki et al. (2012), the risk ratios for coronary heart disease were
estimated at 1.04 (95% Cl: 0.92 to 1.17) and 0.86 (0.79 to 0.96) for 2 standard deviations increase in
job demands and job control, respectively, after adjustment for age and gender. The risk ratio for
coronary heart disease among workers with vs without job strain was estimated at 1.23 (1.10 to
1.37) after adjustment for age and gender, and at 1.17 (1.05 to 1.31) after adjustment for age,
gender and socioeconomic status.

In the case-control study by Hammar et al. (1998), the rate ratios of myocardial infarction among
men in occupations with low vs. high decision latitude in Sweden were estimated at 1.37 (95% Cl:
1.25to 1.50) and 1.12 (1.05 to 1.19) for the age categories 30 - 54 and 55 - 64 years, respectively.
The corresponding rate ratios for high vs low demands were estimated at 0.93 (0.84 to 1.02) and
0.95 (0.89 to 1.01) and the corresponding rate ratios for low vs high social support were estimated at
1.28 (1.17 to 1.41) and 1.10 (1.04 to 1.17).

Comment: Regarding the study by Hammar et al. (1998), | noticed the following errors in Table 1 of
Paper XV: Men in the age category 30 - 54 years have been miscoded as “men without further
specification” while men in the age category 55 — 64 years have been miscoded as “women without
further specification”.

3.3.1.5. Concluding remarks
It was concluded that the studies aimed at examining associations between the psychosocial work

environment and IHD often have been too small to detect important effects, and that there is a need
for considering statistical power in the planning of such studies.

3.3.2. Another example of power calculations in a literature overview
In connection with Paper Il, | and my colleague Karen Albertsen made a literature overview of the

existing evidence of a prospective association between long working hours and mental health
problems. We found a total of 44 disjoint risk ratios for various type of mental health problems
among workers with long vs standard working hours - 2 from our own study and 42 from 12 other
research papers. For each of the concerned tests, we wanted to know the statistical power to detect
an effect of long working hours. The effect sizes of interest were firstly a risk ratio of 1.2, which is
classified as a weak association according to Monson’s guide to strength of association [Monson,
1990], and secondly a risk ratio of 1.5, which is classified as a moderate association. Only 3 and 10 of
the 44 tests had an acceptable power to detect a weak and moderate effect, respectively.

The risk ratios and statistical powers are given in the supplementary appendix of paper Il while a plot
of the risk ratios against the statistical power to detect a weak effect is given in Figure 3.3.2. The
figure suggests that risk ratios in tests with acceptable power tend to be close to unity (no
association according to Monson). It also suggests that the news about a 2.5 time increase in
depression among workers with long hours (Figure 3.3.1) may have been a false alarm, caused by a
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severely underpowered test in combination with a misconception that an unacceptably low power
only is a problem if the P-value of the test is greater than 0.05.
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Figure 3.3.2. Observed risk ratio as a function of the statistical power to detect a hypothetical 20%
increased risk of mental ill health among workers with long versus standard working hours.

3.3.3. Discussion
For the sake of simplicity, | referred to estimated risk ratios as “tests” in the above text. Given the

standard error and significance level of the “test”, | thereafter calculated the probability that the
lower limit of a confidence interval of the risk ratio would be higher than unity if the true rate ratio
equalled 1.2, and subsequently referred to this as the statistical power to detect a positive
association if the true rate ratio equalled 1.2. The reason for calling them tests is that they often are
interpreted as such in literature overviews on the existing evidence of hypothetical associations. It
should, however, be noted that some estimates may have been obtained for exploratory purposes
without any a priori hypothesis attached to them. It should also be noted that a bona fide statistical
significance test needs to take the context of the experiment into account, which is not always the
case with tests that are based on confidence intervals. The procedure can therefore be viewed as a
quick and dirty but still quite effective way of reducing the risk of being misled, dispersed or
confused by estimates that are too uncertain to impart any meaningful information.

There are, however, some additional drawbacks and limitations of the method that need to be
mentioned. Firstly, it requires two arbitrary decisions, namely, i) how strong the studied association
should be in order to be of practical importance, and ii) how large the statistical power should be in
order to be acceptable. Researchers have often read a substantial portion of the available literature
on a subject before they start their literature overview. It is therefore possible that their decisions
about the above cut-points may be influenced by their a priori expectations of the association they
intend to examine. Secondly, although studies with a high statistical power are less prone to
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publication bias than studies with a low statistical power, there is still no guarantee that a literature
review which only includes studies with a sufficient statistical power will be free from publication
bias [cf. Ingre, 2017]. In other words, the method can reduce random variation related bias but it
cannot eliminate it. If we want to accomplish a literature review that is completely free from bias
due to selective reporting of results then we would need to restrict our inclusion to papers which
come with a pre-published and completely defined statistical analysis plan.

The usefulness as well as the necessity of having access to study protocols in order to rule out
within-study selection bias was well formulated in a debate article by Bracken (2011), where he
summarised the results of a study by Chan et al. (2004): “In a seminal paper, Chan et al compared
protocols for randomized trials with the final trial reports to document significant bias in outcome
reporting. In 34% of reports, the protocol primary outcome was published as a secondary outcome; in
26%, the protocol primary outcome was not reported at all; in 19%, the protocol secondary outcomes
were published as primary; and in 17%, the published primary outcome was not mentioned in the
protocol. Overall, 62% of published trials showed discrepancies between the protocol and the
published primary outcome. Perhaps not surprisingly, statistically significant outcomes in the
originally declared protocols were 2 to 3 times more likely to be fully reported in the trial report than
nonsignificant outcomes. Of particular relevance to observational epidemiology, statistically
significant outcomes concerning harm (which can often be studied only by observational
epidemiology) and defined in the protocol were 4 to 5 times more likely to be reported than
nonsignificant outcomes. Interestingly, 86% of authors denied the existence of unreported outcomes
despite clear evidence to the contrary.”
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4. Concluding remarks and
recommendations

To protect workers against overwork-related safety and health problems, the EU Working Time

Directive [EU, 2003] stipulates that Member States shall take the measures necessary to ensure that:

a)

b)

c)

d)

e)

“every worker is entitled to a minimum daily rest period of 11 consecutive hours per 24-hour
period” (Article 3)

“where the working day is longer than six hours, every worker is entitled to a rest break.”
(Article 4)

“per each seven-day period, every worker is entitled to a minimum uninterrupted rest
period of 24 hours plus the 11 hours' daily rest referred to in Article 3“ (Article 5)

“in keeping with the need to protect the safety and health of workers: (a) the period of
weekly working time is limited by means of laws, regulations or administrative provisions or
by collective agreements or agreements between the two sides of industry; (b) the average
working time for each seven-day period, including overtime, does not exceed 48 hours.”
(Article 6)

“every worker is entitled to paid annual leave of at least four weeks in accordance with the
conditions for entitlement to, and granting of, such leave laid down by national legislation
and/or practice.” (Article 7)

In accordance with Article 22 of the directive (see below), member states may opt out of Article 6.
They may, however, not opt out of Article 3,4, 5 and 7.

Article 22: “A Member State shall have the option not to apply Article 6, while respecting the general
principles of the protection of the safety and health of workers, and provided it takes the necessary

measures to ensure that:

a)

b)

d)

e)

no employer requires a worker to work more than 48 hours over a seven-day period,
calculated as an average for the reference period referred to in Article 16(b), unless he has
first obtained the worker's agreement to perform such work;

no worker is subjected to any detriment by his employer because he is not willing to give his
agreement to perform such work;

the employer keeps up-to-date records of all workers who carry out such work;

the records are placed at the disposal of the competent authorities, which may, for reasons
connected with the safety and/or health of workers, prohibit or restrict the possibility of
exceeding the maximum weekly working hours;

the employer provides the competent authorities at their request with information on cases
in which agreement has been given by workers to perform work exceeding 48 hours over a
period of seven days, calculated as an average for the reference period referred to in Article
16(b).”

At the onset of the work presented in chapter 2, it had not been established whether or not an
upper threshold at 48 hours a week is low enough to protect against excess morbidity and mortality
among employees who habitually work more than 40 hours a week. A primary objective of the
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present work was to settle this question. A series of cohort studies were conducted (cf. Paper | —
Paper XIll) and the results of the studies enabled me to establish that the 48-hour limit generally
affords more than ample protection against excess rates of overwork-related safety and health
problems among employees in the general population of Denmark.

The results thereby imply that the EUWTD without application of the opt-out clause provides
sufficient protection against overwork-related safety and health problems. The data sets that were
used in the present work were, however, not large enough to test if the EUWTD would provide
sufficient protection when Article 22 is applied. | therefore propose that a natural next step in this
line of research would be to acquire a data set that is large enough to test if Article 22 may be
applied without compromising the health and safety of workers.

An opt-out in accordance with Article 22, without further modifications, would make it possible for
an employee to work for the same employer for up to 67 hours a week. The limit at 67 hours is
implied by the resting rules of 7 x 11 + 24 hours a week. From this perspective, it is of interest to test
the hypothesis that rates of health and safety problems tend to be higher among employees with
approximately 67 non-compulsory working hours a week than they are among employees with
standard full-time working hours. If we can reject this hypothesis in sufficiently powered statistical
tests that control for age, gender and socioeconomic status, then we have provided evidence in
support of the notion that the opt-out clause (Article 22) may be applied without compromising the
safety and health of workers. If the tested hypothesis is confirmed, then we have provided evidence
in support of the notion that Article 22 may need to be modified in order to protect the safety and
health of workers. For example through the addition of the following condition: “f) the average
working time for each seven-day period, including overtime, may exceed 48 hours, but it may not
exceed x hours” (where x is to be replaced by a number between 48 and 67).
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English summary

The present dissertation covers a series of studies about health and safety in relation to weekly
working hours among full-time employees in the general population of Denmark [Paper | — XIII].

The studies aimed at estimating rate ratios for psychotropic drug usage, ischaemic heart disease,
antihypertensive drug usage, accidental injuries, stroke, all-cause mortality and psychiatric hospital
treatment due to mood, anxiety or stress-related disease, respectively, as a function of weekly
working hours (32 — 40; 41 — 48; > 48 hours a week). Each of the studies was preceded by a statistical
power analysis, which ascertained that the chance of detecting an effect of practical importance
would be at least 80%. Each study was, moreover, preceded by a completely specified statistical
analysis plan that was written and published before | or anyone else in the research team were
allowed to look at any relation between the exposure and outcome data of the study.

The studies did not show any statistically significant effects of interaction between weekly working
hours and age, gender, socioeconomic status or night-time work, and they did not show any
statistically significant main effects of weekly working hours on the incidence of psychotropic drug
usage, ischaemic heart disease, antihypertensive drug usage, accidental injuries, stroke or
psychiatric hospital treatment due to mood, anxiety or stress-related disease. They showed,
however, that employees with moderate overtime work (41 — 48 working hours a week) had
significantly low rates of all-cause mortality, compared with employees with 32 — 40 working hours a
week (P < 0.0001), after adjustment for age, gender, calendar year, night-time work and
socioeconomic status.

In conclusion, the findings of our studies do not support the notion that long weekly working hours
constitute a public health problem in Denmark. Moreover, they imply that the 48-hour limit of the
EU-working time directive generally affords more than ample protection against excess rates of
overwork-related safety and health problems among employees in the general population of
Denmark.
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Dansk resumeée

Foreliggende afhandling deekker en raekke undersggelser om sammenhang mellem ugentlig
arbejdstid og helbred blandt fuldtidsansatte i den generelle danske befolkning [Papir I - XIlI].

The studies aimed at estimating rate ratios for psychotropic drug usage, ischaemic heart disease,
antihypertensive drug usage, accidental injuries, stroke, all-cause mortality and psychiatric hospital
treatment due to mood, anxiety or stress-related disease, respectively, as a function of weekly
working hours (32 — 40; 41 — 48; > 48 hours a week). Each of the studies was preceded by a statistical
power analysis, which ascertained that the chance of detecting an effect of practical importance
would be at least 80%. Each study was, moreover, preceded by a completely specified statistical
analysis plan that was written and published before | or anyone else in the research team were
allowed to look at any relation between the exposure and outcome data of the study.

Undersggelserne havde til formal at estimere rate ratioer for hhv. brug af psykofarmaka, psykiatrisk
hospitalbehandling pa grund af affektive, angst eller stressrelaterede sindslidelser, iskaemisk
hjertesygdom, brug af antihypertensiv medicin, ulykke, slagtilfeelde og dgd som en funktion af den
ugentlige arbejdstid (32 - 40; 41 - 48;> 48 timer om ugen). | hver af undersggelserne blev der
foretaget en statistisk styrkeberegning, som fastslog, at chancen for at opdage en klinisk signifikant
effekt ville veere mindst 80 %. For hvert studie blev en fuldstaendig specificeret statistisk analyseplan
skrevet og offentliggjort, inden nogen i forskergruppen fik lov til at se pa forhold mellem studiets
eksponerings- og udfaldsdata.

Undersggelserne viste ingen statistisk signifikante effekter af interaktion mellem ugentlig arbejdstid
og hhv. alder, k@n, sociogkonomisk status og nat- eller skifteholdsarbejde. De viste heller ingen
statistisk signifikante hovedeffekter af ugentlig arbejdstid pa incidens af hhv. brug af psykofarmaka,
psykiatrisk hospitalsbehandling, iskaemisk hjertesygdom, brug af antihypertensiv medicin, ulykke og
slagtilfaelde. De viste imidlertid, at medarbejdere med moderat overarbejde (41-48 arbejdstimer om
ugen) havde betydelig lavere risiko for dgd end medarbejdere med 32-40 arbejdstimer om ugen (P
<0,0001) efter justering for alder, kgn, kalenderar, natarbejde og sociogkonomisk status.

Det konkluderes, at resultaterne af vores undersggelser ikke understgtter forestillingen om, at lang
ugentlig arbejdstid udggr et folkesundhedsmaessigt problem i Danmark. Desuden konkluderes, at 48-
timersgraensen i EU-arbejdstidsdirektivet giver rigelig beskyttelse mod overarbejdsrelaterede
sikkerhed og sundhedsmaessige problemer blandt ansatte i Danmark.
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