Contribution of occupational psychological
and social factors to low work ability and
disability retirement

Jan Shahid Emberland

Faculty of Medicine, University of Oslo
National Institute of Occupational Health, Norway

2018

© Jan Shahid Emberland, 2019

Series of dissertations submitted to the
Faculty of Medicine, University of Oslo

ISBN 978-82-8377-454-2
All rights reserved. No part of this publication may be
reproduced or transmitted, in any form or by any means, without permission.

Cover: Hanne Baadsgaard Utigard.
Print production: Reprosentralen, University of Oslo.

PREFACE

At the time of completing my Master’s degree in Psychology at NTNU in Trondeim, I came across a
newspaper article focusing on the research of the National Institute of Occupational Health (STAMI).
The image accompanying the article showed former head of STAMI’s psychological factorsdepartment, Bjørn Lau, laying across a conference table. In front of him were pictures of “smilies”
with various expressions, representing happy and not so happy workers. Evidently, this posture was
somehow supposed to promote research on psychological working conditions. At least, it did catch
my interest, and after reading the article my immediate thought was: STAMI is where I want to
work! Sure, my second thought was - this guy could be interesting to work with!
Shortly after I contacted STAMI and was, eventually, given the opportunity to serve as an adviser
with the aim to help collect data on psychological and social working conditions in Norwegian
organizations. In that position I had the pleasure of contributing in the process of surveying more
than 60 companies, helping in developing and generating company feedback-reports, and orally
presenting those reports in several of the surveyed companies.
Stein Knardahl, current head of department of work psychology and -physiology, and who later
became my mentor, believed in my abilities to contribute to research in other ways as well. Thus,
after some years and many interesting experiences as an adviser I was offered a Ph.D. scholarship
with the objective to determine associations between psychological work factors and work ability. I
have found this research topic truly interesting and important, and I sincerely hope this thesis
contributes to the advancement of the field of occupational health.
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SUMMARY

Background: Public spending on disability benefits in Norway is substantial. Reduced work ability
resulting in disability retirement has been defined as an important public health issue. Previous
systematic reviews have shown that psychological and social workplace conditions contribute to exit
from the workforce due to disability. Still, the role of several specific non-physical exposures remains
unknown. A limited range of factors has previously been elucidated, possibly, since the most commonly
applied theoretical models in research of psychological and social work factors point to a rather selective
set of dimensions.
Objective: The overall aim of the thesis was to determine the contribution of a wide range of specific
psychological and social work exposures to self-reported work ability and officially registered disability
retirement. Change exposure-levels over two years, and organizational changes were also addressed to
determine which specific conditions that should be targeted in workplace interventions - to lower the
risk of employee disability retirement.
Methods: The study samples comprised subjects recruited at the organizational level via an ongoing
longitudinal research project carried out by the National Institute of Occupational Health in Norway.
Subjects represented a wide range of occupations and sectors and were surveyed at two-year intervals.
Survey responses of the participants providing written consent were linked to officially registered
disability- and sickness absence data.
Due to the ongoing data collection and testing of different statistical designs, study samples varied in size
across and within the three studies. Study I comprised data from 48 organizations and included two
cross-sectional samples: T1, n=6774, and T2, n=6313, and a prospective sample including T1-T2
responders, n=3779. At the time of Study II data collection was completed in 96 organizations and the
study sample comprised all T1 responders consenting to registry data linkage, n=13 012. Study III
included two samples: (a) the sample from Study II (n=13 012) and (b) a sample of T1-T2 responders
consenting to registry data linkage, n=4518.
Factors pertaining to job demands and control, role expectations, organizational climate, and leadership
were investigated in all studies (I-III). Studies I and II also included two measures of mechanical
workload. Study III included measures of organizational change and perceived consequences of such
changes.
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Study I: To determine which factors that most consistently predicted self-reported work ability, different
statistical designs were tested and included (I) cross-sectional analyses, i.e. outcome regressed on
exposures measured at the same time point, and (II) prospective analyses with outcome at follow-up
(T2) regressed on; (a) baseline exposure (T1) and (b) averaged exposure across two years ([T1+T2]/2).
Study II: Hazard Ratios (HRs) were calculated to determine effects of exposures assessed at T1 on risk of
later officially registered disability retirement. Median follow-up time was 5.8 years. Stratification by sex
was conducted in post hoc analyses since initial analysis revealed that being female was associated with
increased risk of disability retirement.
Study III: Changes in exposure from T1 to T2 were estimated to determine effects of increased,
decreased, and stable exposure on risk of later disability retirement. Effects of organizational changes
and their consequences (reported at T1) were also addressed.
Results: Several psychological and social factors contributed independently of mechanical exposure to
self-reported low work ability and officially registered disability retirement.
Study I: Across statistical designs, role conflict emerged as the most consistent risk factor to self-reported
low work ability. Human resource primacy and positive challenge emerged as robust protective factors.
Study II: Risk of disability retirement was consistently predicted by higher levels of role conflict and
physical workload. Positive challenge, fair leadership, and control over work intensity contributed to
lowering the disability-risk. Directions of effects were independent of sex.
Study III: Compared to prolonged “high” exposure - over two years - decreases (from T1 to T2) in decision
control, control over work intensity, and social climate were associated with higher disability retirement
risk. Increasing role clarity attenuated the disability-risk while increases from lower levels to high-level
role conflict elevated the risk of later disability retirement. Organizational changes reported as
developing and instructive were associated with an attenuated risk of disability retirement while
organizational changes resulting in large conflicts and self-evaluated inadequate competence elevated
the disability-risk.
Conclusions: The broad concepts “job demands”, “perceived control”, and “social support” have gained
considerable recognition in past research attempting to demonstrate relations between psychological
and social conditions at work and lowered work ability. While the current studies confirmed the
importance of job control, other factors also emerged as relevant. Aspects of role expectations,
leadership, organizational climate and change emerged as consistent predictors. In particular, role
12

conflict was the most robust and consistent risk factor while positive challenge was the most important
protective factor. The “traditional” job demand-aspects were of limited importance. The current work
should represent a novel contribution to the existing body of research of contributors to low work ability
and disability retirement. To help sustain work ability organizational interventions should take into
account the factors that in this thesis were identified as predictors.
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1 INTRODUCTION

1.1 Scope of the problem
Long life expectancy combined with low fertility has resulted in ongoing unprecedented aging of
populations in most developed countries [1]. The proportion of working-age individuals is decreasing and
lowered productivity challenges the obtained standards of several national welfare systems. At the same
time, early retirement from working life as a result of disability incurs vast compensation costs for
societies. Disability retirement and its related costs have been reported a challenge particularly
pertaining to Norway and other Nordic countries [2].
Recently published numbers (June 2018) show that 9.8 % of the Norwegian working-age population
(ages 18- 67) currently receive disability pensions [3]. The 2018 compensation costs for permanently
reduced work ability is expected to amount to 121.3 billion NOK. By comparison, expenses for sickness
absence are estimated to be nearly 70% less, 37.5 billion NOK [4].
Previous estimates across several European countries indicate that the Norwegian spending on disability
compensation is among the highest (also compared to other Nordic countries) relative to the total public
expenditure on social benefits [5] (2006 statistics). It is worth noting, however, that cross-national
comparisons are complex since there are significant variations in labor force compositions regarding sex,
rates of work participation, and social insurance scheme policies [6]. Permanent work disability has
nonetheless been defined as one of the major public health issues in Norway.
An official agreement, in effect since 2001, was signed with the intention to improve Norwegian
workforce participation [7]. The authorities and representatives for employees and employers
acknowledged the need for modifying various conditions to reduce the risk of work disability and obtain
“a more inclusive working life” (the IA-agreement). The 2014 reformulation of this tripartite agreement
[7] identified the workplace as the most important arena in which to implement interventions. As such,
research about aspects at work that may influence employee work ability should be of pivotal
importance.
A central objective of the IA-agreement has been to prevent older workers from exiting the working life
due to disability. Numbers from the last years suggest indeed a decrease in the proportion of disability
pensioners among subjects aged 60 and above [3]. Regardless, the overall percentage of working-age
17

individuals receiving disability compensation appears to be stable. Naturally, this has caused concern
since it implies that the numbers of disability pensioners among younger adults are increasing [8].
Dropout from the workforce may result in lost opportunities for personal development and lost
possibilities to acquire special skills and occupational competence. From the society’s point of view it is
also apparent that disability, especially in the younger generations, represents a loss of vital workforce
capacity and incurs substantial costs for the foreseeable future. Thus, identifying working conditions that
challenge workforce participation seem to be in the interest of individuals as well as the society at large.

1.2 Work ability
Work ability can be defined in various ways. In occupational health research, however, there seems to be
a general agreement that individuals involved in paid activities, by definition, display some level of work
ability. Furthermore, it appears undebatable that the ability to hold a job presupposes some level of
general (daily) functioning.
The International Classification of Functioning, Disability, and Health (ICF) issued by WHO provides a
comprehensive overview of the putatively universal components for human functioning. The ICF
maintains that non-functioning, i.e. disability, may result from changes in body functions/structures
(impairment), difficulties in executing specific activities (activity limitation), and limitations imposed by
the social environment or contextual factors (participation restrictions) [9]. While the importance of
opportunity (given by external conditions) and capacity (individuals biochemical, psychological, and
physiological resources) are heavily emphasized, the ICF has been criticized for not sufficiently
considering the implications of motivation for functioning and disability [10]. Still, the ICF classification
system has been deemed useful in pointing out essential prerequisites for work participation, and its
framework has often been referred to by studies dealing with work ability [11].
In an attempt to carve out “work ability” as a concept, Tengland [12] contended that the ICF
encompasses important aspects of general functioning but not necessarily all the key characteristics that
allow for workforce participation. In line with earlier criticism of ICF [10] he pointed out the importance
of motivation for work ability, but also added that some form of (basic) competence, certain virtues (for
instance reliability, honesty), and physical and mental capacities that exceed the efforts required to
perform work tasks, are needed.
18

1.3 Work ability defined
Keeping in mind the multifactoriality of work ability the current thesis defined “work ability” in different
ways. In study I work ability was defined by (I) the work ability index (WAI) and (II) individual perceptions
of overall a) current- and b) future ability work. In study II and study III work ability was defined by
disability retirement status. When reviewing and discussing past work ability-research in this thesis, the
selected publications have defined work ability in ways comparable to studies I-III, unless otherwise
stated. The different conceptualizations of work ability are described in the next paragraphs.

1.3.1 Self-reported work ability
In the early 1980s a research group from the Finnish Institute of Occupational health proposed a method
for taking into account the multidimensionality of work ability in scientific investigations [13, 14]. With
concern for the aging of the work force in Finland and other OECD countries, the research group aimed
to define levels of work ability and identify risk factors for premature workforce departure [15, 16].
The question representing the conceptual basis for their assessment was "How good are workers at
present and in the near future and how able are they to do their job with respect to work demands,
health, and mental resources?" [17] (p. 49). Furthermore, based on the assumption that work ability is a
product of the balance between physical, psychological, social capacities of individuals on the one side
and work characteristics on the other [14, 18] the comprehensive work ability index (WAI) was launched.
The WAI has later become the most commonly applied indicator to measure self-reported work ability
[19]. Translations into at least 26 languages [13] (2009 numbers) also demonstrate that the WAI is widely
recognized internationally.
The work ability index consists of seven items and includes subjective assessments of (1) current work
ability compared to “lifetime best,”(2) work ability related to physical- and mental demands, (3) total
number of diagnosed diseases, (4) work impairment due to diseases, (5) sickness absence the past 12
months, (6) own two-year work ability prognosis considering current health status, and (7) “mental
resources” [17]. For higher accuracy, it does seem that WAI item (3) and (5) preferably should be
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assessed with registry-based measures. Some findings suggest, however, that self-reported sick leave
[20-22] and -diseases [23] may figure as acceptable proxies for official recordings.

1.4 The work ability index and health
The fact that the WAI accounts for both subjective evaluations and objectively verifiable aspects
(sickness absence, diagnosis) have repeatedly been highlighted [11, 17, 24] and often considered a
strength of the instrument. However, it is apparent from the occupational health literature that there
exist different perspectives on health and disability and that “subjective” and “objective” evaluations do
not always converge [25-27].
Individuals, health professionals, and the society may emphasize different aspects of health. Within the
framework first proposed by the sociologist Andrew Twaddle (see e.g. [28]) the individual, professional,
and societal perspectives are differentiated by the use of three terms; “Illness” refers to- or emphasizes
the subjective experiences of ill health; “Disease” encompasses the medical (professional) definitions,
and “Sickness” refers to societal definitions. The latter generally implies entitlement to medical
treatment and involves economic support due to loss of capacity to work. It follows that the three
perspectives often referred to as the triade, not always converge [29]. But typical examples for when
convergence occurs are also readily available. In case of for instance stroke or cancer, the individual
usually experiences symptoms, requests for care, and most likely defines him or herself as being ill. The
profession is able to verify the condition in question by diagnostics and the society allows the possessor
to enter the sick role.

1.5 Perceptions of work ability and health
Arguably, the WAI accounts for the various aspects of (ill) health as proposed by the triade-perspectives
and little debate surrounds the notion that health is important to work ability. Still, several scientific
writers have emphasized that there is a distinction between work ability and health, and modified
versions of the work ability index have been proposed (see e.g. [30]). Especially, concerns have been
raised that too much emphasis is placed on medically defined health (disease) when assessing work
ability with the WAI. Furthermore, sickness absence due to transient ill health, as in example the
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common cold, is not likely to define a person’s overall work ability. It should also be noted that
(substantive) sickness absence may be considered a potential result of diminished work ability [31, 32].
A single-item measure (included in the WAI, and listed above as WAI-item (1)) has been proposed as an
alternative to the full seven-item index (e.g. [22, 33, 34]). An important feature of this item is arguably
that it considers the overall individual judgment of current work ability and, as such, avoids any explicit
focus on medically defined health issues.
Another measure which has received previous attention [22] is WAI-item (6). This item complements the
first by addressing evaluations of future work ability given the current health status (the illness
perspective primarily).
Individual perceptions of overall health status have been the subject matter of many past studies [35].
The popularity of self-rated health-assessments stems, apparently, from the range of studies reporting a
link between health as subjectively appraised and risk of mortality (see [32] for a list of references).
Some attention has also been provided changes in self-rated health as an outcome of occupational
exposure. An influential paper in this regard is the one of Westerlund, Kivimaki, Singh-Manoux, Melchior,
Ferrie et al. [36] examining trajectories of self-rated health in a large French gas and electricity company
across 15 years. They reported that health perceptions improved substantially - after retirement - in
subjects which pre-retirement had reported low job satisfaction and “poor” psychological and physical
working conditions [32]. In other words, they identified that working conditions may affect perceived
health and that retirement could be beneficial for health in case of adverse work exposure.

1.6 Disability retirement
While appraisals of work ability may vary over time and across situations, disability retirement is a state,
officially defined, in which the ability to perform paid work is judged to be permanently reduced. To
obtain disability retirement compensation it is required that the health impairments in question are
medically verified [37]. It seems reasonable to assume, however, that individual evaluations are in line
with the medical-professional and societal judgments in cases of disability retirement; transformation
from being employed to being the recipient of disability benefits in Norway is a fairly extensive process
which usually involves a twelve-month period of sickness absence before entering the disability
compensation scheme [38].
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1.6.1 Work factors and disability retirement
The Norwegian Labour and Welfare Administration (NAV) has declared that monetary compensation
may be provided if disease or injury is the primary reason for the reduction in work ability [37]. This
implies that other conditions than medically defined health also contribute to disability retirement. Job
loss and difficulties finding a new job have shown to substantively increase the risk of permanent
disability pensioning, especially among men [38]. Other studies have pointed out that the demographic
and socioeconomic composition of disability pensioners do not always match the distribution in the
population of the health issues that are likely to result in disability [39-41].
Commenting on a systematic review of 44 studies on health and workforce exit [42] (including disability
pensioning) Ferrie, Virtanen & Kivimaki [43] maintained that “most employees with chronic conditions
continue to work” and that research should take into account “workplace level factors and policy
context” in order to identify other conditions influencing disability pensioning [43] (p. 232). Indeed,
several investigations have been conducted based on the assumption that occupational factors are likely
to be involved in the pathways from employment to work disability [19, 44]. Still, it remains to
investigate the relevance of several specific psychological, social, and organizational work factors [45].

1.7 How non-physical work factors may influence work ability: pathways.
For many people employment entails challenges during a considerable amount of time throughout large
parts of their lives. Thus, the scientific literature of adaptation to life events, daily hassles, and challenges
in general, are often referred to when considering how work exposures may affect subjective appraisals
and health. Both cognitive and physiological processes may be involved in the pathways of exposures at
work to work disability. A comprehensive discussion of work-health mechanisms is beyond the scope of
the current thesis; however, a short description of some of the central advances in the literature of
putative pathways seems warranted.

1.7.1 Cognitive processes
The transactional model of stress and coping developed by Lazarus [46] and Lazarus & Folkman [47] have
been pivotal in outlining how cognitive processes may determine reactions to challenges and external
22

changes and often referred to by occupational health research [48]. They maintained that when
encountering a challenge, individuals first appraise if the encounter is “stressful,” advantageous, or
irrelevant (primary appraisal). If “stressful,” available coping options and resources and possible
consequences are being evaluated (secondary appraisal). Both appraisal stages are seen as transactional;
it is the interplay between individual processes and the external event and its “nature” that essentially
determines the level of perceived adversity [47]. Cognitive appraisals are relevant to health since they
may induce physiological processes which over time could be harmful [32].

1.7.2 Physiological processes
Currently, the Allostatic load (AL) model is often referred to when describing how physiological activation
patterns may accompany cognitive responses to challenges and disrupt health (e.g. [49]). While the
term allostasis means “maintaining stability through change,” allostatic load refers to the inefficient
regulation of physiological responses (e.g. hormonal) to events/challenges due to “repeated cycles of
allostasis” [50] (p. 32).
The AL model draws upon the significance of particularly two allostatic processes, the sympatheticadrenomedullary (SAM) system and the hypothalamic-pituitary-adrenal (HPA) axis, to explain how
responses to challenges may affect health. Generally, short-term activation of these systems is thought
of as adaptive. Activation involves elevated secretion of the hormones epinephrine, norepinephrine, and
cortisol which facilitate and direct the energy necessary for dealing with (fighting/fleeing) “threats” or
challenges [49, 51]. Such hormonal responses implicate elevated heart rate and blood pressure and,
decreased immune and digestive activities (e.g. [49]). When a threat or challenge is no longer perceived
as present inactivation normally returns the hormonal secretion back to pre-challenge levels.
Inactivation also ensures discontinuation of other physiological reactions (as the above-listed) related to
the allostatic response. The AL model posits that frequent activation of such allostatic processes may
result in physiological dysregulations (allostatic load) and eventually cause ill-health and lowered
functioning [51]. In support of this Juster et al. [49] concluded in their review of 58 allostatic load studies
that the AL model is predictive of a wide range of health outcomes. Their review also showed that
commonly studied psychological work exposures (low decision latitude, high demands, effort-reward
imbalance) contribute to allostatic load. Rumination, the tendency to fixate on negative emotions, [52] is
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a commonly proclaimed outcome of adverse working conditions [53, 54] and has more recently shown to
promote exaggerated cortisol response to consecutive challenging events [55].
A central aim of the present work was to elucidate the contribution of prolonged psychological and social
work exposure to diminished work ability. Following the descriptions of how allostatic load may develop
such investigations seem warranted. One of the proposed pathways is that chronic exposure may trigger
frequent allostatic responses (given non-habituation) which in turn may result in adverse health
outcomes.

1.8 Theoretical models of non-physical work factors, health, and work ability
Previously postulated conceptual frameworks have been pivotal in elucidating the relevance of nonphysical work factors to health and work ability. Much of the existing research has been guided by these
frameworks. A short review of the most central models seems warranted, especially since the present
work intended to add to the current body of knowledge.

1.8.1 The job strain model (the demand-control model)
By postulating and testing the job strain model Karasek [56] sought to combine two lines of research
traditions: the “stress” tradition which predominantly studied demands and potentially adverse effects
on the one hand, and the organizational psychology tradition, which predominantly investigated factors
contributing to job motivation on the other hand. Karasek noted that previous attempts were not always
consistent in demonstrating effects of either job demands or job control. The novelty of “the demandcontrol model,” was its emphasis on the relevance of the combinations of work aspects. Karasek’s 1979study investigated effects on “mental strain”, hence the model was referred to as the job strain model.
The key contention of the model is, as formulated by Karasek, that “Job strain occurs when job demands
are high and job decision latitude is low” [56] (p. 287). This contention also known as the strain
hypothesis is perhaps the most widely tested hypothesis within the field of occupational health research.
The job strain model further predicts three additional job situations based on a binary (high vs. low)
conception of demand- and control-levels; active jobs are defined by high levels of both demands and
control, a passive job situation is characterized by low demands and low control and lastly - a low strain
job situation occurs when demand-levels are low, and control-levels high.
24

The job strain model was initially postulated to show how non-physical work factors would consistently
relate to “mental strain” and “job dissatisfaction.” Mental strain seems however to be defined in a very
broad sense. One conclusion of Karasek’s 1979 paper (in which the framework was presented) seems to
be that the job strain model displays “general validity” and, as such, would be relevant to understand an
undefined number of subjective outcomes. Much subsequent research has alluded to this assertion; the
job strain model has been tested to predict a wide range of health outcomes including sleeping
problems, musculoskeletal pain, cancer, and accidents (see [57] for an extended list of examples).
Karasek’s model has certainly influenced investigations of work ability as well. The job strain model has
been widely tested in studies dealing with disability retirement [45]. It has however, received less focus
in investigations of determinants of self-reported work ability (WAI) [19]. By utilizing the instrument
designed to assess the job strain model, the job content questionnaire (JCQ) [58], studies of WAI have to
a larger extent been concerned with the discrete effects of the model dimensions i.e. “job demands” and
“decision latitude” [59-62]. These dimensions are rather broad and seem to encompass various and
seemingly diverse workplace aspects. Several scientific investigators have raised the concern that
treating these components as uniform single factors would result in concealing effects of specific job
demand or control variables which may be independent contributors to specific outcomes (e.g. [57, 6365]).

1.8.2 The job demands-resources model (JD-R)
As an alternative to testing a few predefined concepts of demands and control, the job demandsresources model (JD-R) suggested focusing on the impact of a wider range of factors. In fact, a central
assumption of the JD-R model seems to be that an undefined number of work aspects may emerge as
relevant to health, and symptoms of “burnout” in particular [66]. The researchers behind the JD-R model
hypothesized and reported that job demands predicted emotional exhaustion while resources predicted
engagement [67].
The model presupposes that all work factors belong to either one of two categories; demands or
resources and that this classification depends on type of occupation [68]. Demands are defined as those
aspects (of any given job) that “require sustained physical and/or psychological (cognitive and
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emotional) effort or skills” and, as such “associated with certain physiological and/or psychological costs”
[68] (p. 312). While resources are those aspects of the job that help in obtaining work goals, reduce
physiological/psychological costs of job demands, and facilitate subjective “growth, learning, and
development” [68] (p. 312). Thus, a basic assumption of the JD-R model is that work aspects either have
positive or negative influences on health and that classification of aspects should be based on such
consequences. An additional assumption in the JD-R framework, resonating the job strain model, is that
unfavorable effects of job demands may be buffered by the presence of job resources.
Testing of the JD-R model in relation to work ability [30, 69] has revealed complex relationships and
indicated that; i) exposures labeled demands are not necessarily associated with “costs” leading to
disability retirement, ii) demands and resources may be independently (contrary to the buffer
hypothesis) associated with work ability (disability retirement and work ability perceptions), and iii)
exposures assumed to be favorable resources may, contrary to expectations, emerge as risk factors.

1.8.3 The effort-reward imbalance model (ERI)
A third model commonly referred to is the effort-reward imbalance model (ERI). Drawing upon the norm
of social reciprocity [70], the ERI model proposes that negative employee outcomes occur as a result of
an imbalance between efforts (job demand-perceptions) and rewards (money, esteem/status, security,
promotion prospects). Additionally, the model, inspired by research of the Type A behavior pattern (e.g.
[71]), predicts that overcommitment, a combination of “excessive work-related commitment and a high
need for approval” [72] (p. 1485) exacerbates the impact of imbalance (whether it be perceived or
structural) on health.
The ERI model seemingly complements and expands the job strain model by incorporating aspects of
personal characteristics (i.e. overcommitment) and labor market conditions (job promotion, job security)
in addition to workplace characteristics [72].
Attempts of linking the contentions of the ERI model to work ability outcomes have been made [44, 45],
and studies have suggested across-time effects of effort-reward imbalance on self-reported work
impairment and restrictions, [73] WAI-score [59] and registered disability pensioning [74]. In a crossEuropean sample, however, self-reported disability pensioning was not found predicted by effort-reward
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imbalance (or rewards as measured independently) considering other factors [75]. Notably, JCQ-assessed
job control remained as a strong and consistent predictor across analyses.

1.8.4 The house model of work ability
The research group forming the work ability index has also proposed a comprehensive framework [76] to
elucidate contributors of work ability, commonly referred to as the house model of work ability (see [77]
for a visual depiction). In this model, health and functional capacity are positioned at the ground/core
level. Along with competence and values (forming the next “floors”) the three first levels encompass the
“resources” of the individual [76]. Working conditions constitute the top floor, and comprise work
exposures, work content and organization, and leadership factors. Each floor must be in sync with the
underlying floor to sustain sufficient work ability [76]. In other words, individual functioning and work
participation presuppose a good fit between individual prerequisites (“resources”) and working
conditions.
Clearly, the house model elucidates the multifactoriality of work ability. It appears unclear, however,
whether the proposed framework was formulated to represent an integrated and testable model.
Rather, the intention seems to have been to provide a comprehensible overview of past research
findings. Drawing upon the model attempts have been made, nevertheless, to test some of its
assumptions [78, 79]. One key finding seems to be that, besides core-level aspects, factors pertaining to
working conditions (the top floor) are the most important contributors to self-reported work ability
(defined by WAI score).

1.9 Work factors elucidated by the current thesis
The above-described central models point to broadly defined general work factors, and their relational
balance, as the focal point to understand the impact of work on health and work participation. The
overall aim of the current studies was to shed light on a wider range of distinct non-physical work
factors. The contribution of some of these to work ability may have been concealed in past research due
to the extensive focus on the net impact of higher-order general factors.
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Most of the studied factors were assessed by The General Nordic Questionnaire for Psychological and
Social Factors at Work (QPSNordic) [80]. The construction of the QPSNordic questionnaire was initiated by the
Nordic Council of Ministers to serve the need for a standardized and scientifically valid questionnaire
instrument on a broad spectrum of psychological and social work aspects. The process of developing the
QPSNordic instrument was initiated after reviews of pre-existing questionnaires revealed a need for
psychometrically validated scales transferrable to many occupational contexts [80]. A research group
consisting of researchers from four of the Nordic occupational health institutes constructed and tested
new scales in which some items conceptually overlapped items from previously established instruments.
As stated by the authors, the final and comprehensive QPSNordic questionnaire was compiled to serve
several specific purposes. The design should enable the instrument to “serve as a tool for assessing
psychological, social, and organizational work conditions: 1) when organizational development and
interventions are carried out, 2) for research into or for assessment of associations between work and
health, and 3) for documentation of changes in work conditions.” [81] (p. 9).
Psychometric properties of the QPSNordic including scale validity and reliability have been extensively
addressed elsewhere (see [80, 82]). An overview of the QPSNordic scales included in the present studies is
provided below. Scale descriptions partly overlap descriptions in previously published lists (see e.g. [83]).
Details on the studied single items i.e., the measures of monotonous work, mechanical demands, and
organizational change are provided in the methods-section.

28

Table 1. QPSNordic scales included in this thesis
Content area
Job demands

Role
expectations

Job control

Predictability
Leadership

Organizational
climate

Measure

No of
items

Short description

Decision demands

3

Demands for attention, quick, complex decisionmaking

Quantitative
demands

4

Time pressure and amount of work

Role clarity

3

Role conflict

3

Positive challenge

3

Control over work
intensity

4

Influence on pacing, breaks, and time management

Decision control

4

Influence on decisions pertaining to one’s work
tasks, choice of co-workers

3

Predictability of tasks, superiors, and co-workers

3

Instrumental, emotional, and evaluation support

Predictability the
next month
Support from
immediate superior
Empowering
leadership

3

Fair leadership

3

Innovative climate

3

Social climate

3

Human resource
primacy

3

Clarity of expectations, responsibilities, and
objectives
Conflicting requests, assignments without proper
resources, illegitimate tasks
Usefulness of skills and knowledge, work
challenging in a meaningful way

Encourages participation in important decisions,
allows difference of opinions, helps develop
employee skills
Immediate superior distributes work fairly and
treats workers equally
Improvement practices, innovativeness, and
communication flow
Whether the social climate is
encouraging/supportive, distrustful/suspicious,
relaxed/comfortable
The extent to which management is concerned with
employee welfare and health

Not all of the QPSNordic measures were included in the current studies. The main concern was to address
under-researched aspects and their contribution to self-reported work ability and disability retirement.
Some of the included aspects have received considerable attention previously but as undifferentiated
parts of broader concepts. Other of the included aspects have rarely been studied. For instance, there
seems to be a paucity of investigations addressing the relevance of organizational changes to work
disability. For the sake of comparability, the current studies also included work factors which previously
have received attention as independent contributors to work ability.
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The approach of selecting factors to be investigated may be judged rather explorative. However, such an
approach seems warranted in the absence of unifying theories or models explaining how a larger variety
of work factors are associated with work ability and health [81]. The well-established and general
theoretical models points, largely, to a few global factors and consequently underestimate the
potentially substantive role of several work aspects.
Brief descriptions of the general themes and the specific concepts addressed in the current thesis are
provided below. Detailed information on all QPSNordic -scales and concepts have been published
elsewhere [80, 82]).

1.9.1 Job demands
In the occupational health literature, “job demands” often refers to aspects such as time pressure and
“workload.” Notably, most of the items of JCQ’s job demands dimension [84] pertains to time constraints
and amount of work. Similar items are readily present in the “effort” scale of the ERI model [85].
A systematic review [86] pointed out several putative pathways by which these traditional “job
demands,” and overtime work - which may result from such conditions - could affect health. For
instance, a high amount of work and long work hours have been connected to unfavorable health
behaviors (smoking, unhealthy diet, lack of exercise) which in turn are known to increase the risk of e.g.
cardiovascular disease. The review further identified one study [87] suggesting that working 60 hours or
more per week increases risk of disability retirement.
In the QPSNordic framework, job demands refers to “all those occurrences, circumstances, and conditions
in the workplace that require the individual to act or respond” [80] (p. 26). This definition recognizes that
there are various types of occupational aspects which call for action and thus pose as “demands.” The
present work included the QPSNordic measure quantitative demands (time pressure, amount of work,
overtime work) which corresponds with traditional job demands-conceptualizations as described above.
Other QPSNordic measures pertaining to job demands were also studied namely, decision demands (quick
decisions, complex matters) [80] and monotonous work (global single item– see methods). While the
latter aspect is an already established risk factor [44] the present thesis aimed to determine if changes in
monotony on the job (e.g. work reported less monotonous at follow up) affect risk of disability
retirement (study III).
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1.9.2 Control at work
“Job control” may refer to various aspects including possibilities for influencing decisions, choice of
methods and scheduling, as well as opportunities for using individual skills and acquired competence
[80]. In light of the widespread use of the job strain model, “control” is commonly defined within the
boundaries of the “decision latitude”- concept. Decision latitude integrates the two dimensions skill
discretion and decision authority. The skill discretion-scale as measured with the JCQ includes items
referring to requirements of the job (e.g. need for high skill level, creativity). In QPSNordic such items are
placed in the demands-scales to separate aspects requiring action from aspects pertaining to discretion
and autonomy (control).
The current studies included three QPSNordic concepts pertaining to control [80]: positive challenge (skills
and knowledge useful, work challenging in a meaningful way), control over work intensity (determine
pacing, breaks, and influence timing) and decision control. The latter pertains to involvement in decision
making important to one’s job including choice of methods, amount of work, and collaborations.
Decision control largely overlaps common operationalization (usually via the JCQ) of the job strain
models’ decision authority.

1.9.3 Social Support
Social support encompasses, essentially, the extent to which others provide an individual with
(intangible) resources [80]. The expanded version of the job strain model, includes aspects of social
support. By adding this third dimension, Johnson & Hall [88] reported that support at work could
moderate negative effects of unfavorable demand-control combinations. However, there are various
sources and types of support. Concerns have been raised that not all forms of support equally alleviate
negative effects of job strain [63]. With reference to the job strain framework, studies addressing
disability retirement have often considered joint effects of co-worker and superior support [89-92].
Notably, a Finnish work population study reported that support from one’s superior was a more robust
predictor of disability retirement risk than other sources of support [93]. That study, however, applied
single item measures and did not account for the potential confounding role of other work exposures.
The current studies included the QPSNordic scale support from immediate superior with items pertaining to
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emotional, instrumental, and evaluation support. Another included QPSNordic scale, social climate,
accounted for support from within the work unit (e.g. “encouraging and supportive work unit climate”).

1.9.4 Organizational climate
Drawing upon on central studies in the literature (including Schein [94]) Patterson, West, Shackleton,
Dawson, Lawthom et al. [95] summarized that organizational climate “can be understood as a surface
manifestation” (p. 381) of the organizational culture. Thus, while organizational culture encompasses the
shared beliefs, values, and norms of organizational members, climate pertains to perceived patterns of
behaviors related to e.g. innovation, safety, policies, teamwork [95]. Three QPSNordic measures were
included to address relationships between features of organizational climate and lowered work ability.
Social climate encompasses, in addition to (as noted above) “encouragement” and “support,” various
positive (e.g. relaxed, comfortable) and negative (suspicious, distrustful) aspects of the work unit
climate. Innovative climate encompasses organizational improvement practices, innovativeness, and
communication flow. Finally, human resource primacy encompasses the extent to which management
gives priority to employee health and how well workers are taken care of [80].

1.9.5 Role expectations
In one of first publications rigorously mapping out aspects of work role expectations Rizzo, House &
Lirtzman [96] maintained that being subjected to (I) ambiguous expectations, or (II) “crossfires” of
incompatible expectations, would lead to negative outcomes for the individual (“dissatisfaction,”
anxiety) and in turn affect time management and job performance. Drawing on the publication of Kahn,
Wolfe, Quinn, Snoek & Rosenthal [97] Rizzo et al. [96] proposed and examined the two constructs role
ambiguity and role conflict, constructs which have later been substantiated by subsequent analyses (see
[98]). A third dimension of role expectations has also been proposed, namely role overload [98, 99]. With
the conceptual definition “having too much work to do in the time available” [99] (p. 42) this concept
closely overlaps the included QPSNordic -scale quantitative demands (see previous paragraph). The current
studies also included the QPSNordic -scales role clarity and role conflict with items deriving from Rizzo et al.
[96]. While role clarity encompasses unambiguity concerning expectations, responsibilities, and
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objectives, Role conflict encompasses conflicting expectations, and conflicts between demands and
resources [80].
The possibility of distinct contributions of ambiguous and conflicting work role expectations have rarely
been addressed in relation to self-reported work ability and disability pensioning. Such investigations
may seem warranted, especially since several studies have demonstrated impacts of such types of role
“problems” on health aspects [52, 100] and physical and mental [101] health complaints. Assessed by
the JCQ [58], the Job demands-dimension of the job strain model captures various aspects, including
conflicting demands (one item). JCQ’s formulation of “demands” has commonly been investigated in
studies dealing with self-reported work ability [30, 59-62, 102] and disability retirement [91, 92, 103108]. However, investigations of general factors such as “job demands” do not yield information about
potentially independent effects of specific aspects as e.g. role overload and role conflicts.

1.9.6 Leadership
To determine the impact of quality of leadership on work ability the current studies included
assessments of supportive (described in a previous paragraph), empowering, and fair leadership.
Empowering leadership encompasses the extent to which management encourages to participate in
important decisions, helps in developing individual skills, and encourages to express differences of
opinion. This measure taps into particularly one of the core aspects of the Transformational leadership
style, i.e. “individualized consideration” (see e.g. [109]). Fair leadership (work fairly distributed and
workers equally treated by immediate superior) has often been studied within the framework of
“Organizational Justice” as it overlaps with “relational justice,” (fairness and equity in the treatment of
employees by their superiors) (see e.g. [110]). A review by Elovainio, Heponiemi, Sinervo & Magnavita
[111] concluded that “Organizational justice” is predictive of, in addition to a wide range of health
outcomes, an increased risk of frequent work absenteeism.
A 2008 systematic review of effects of leadership by Kuoppala, Lamminpaa, Liira & Vainio [112] reported
“evidence” for leadership-disability pensioning-relationships as “scanty” (p 909). They further reported
that no studies so far had investigated the relevance of transformational leadership to early retirement.
Post review, a large Danish cohort study [69] reported rather complex relationships between quality of
leadership (single broad dimension) and disability pensioning; in fact, in manual workers high quality of
management was found associated with elevated risk of disability pensioning. The authors proposed that
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such a finding could be on account of “overcommitment;” a strong sense of obligation may lead to
draining of psychological “resources” and in turn increase risk of working life exit. It could be argued that
their leadership measure was rather broad, encompassing aspects which may be differentially related to
risk of disability retirement. Similarly, studies dealing with self-reported work ability as outcome have
usually tested predictions of broad leadership concepts and findings have not always been consistent
[19]. An aim of the present thesis was to investigate separate contributions of distinct management
aspects to self-reported work ability and registered disability pensioning. A recent study of self-reported
disability retirement (in a randomly drawn Norwegian cohort) found low levels of “supportive
leadership” - an index comprising elements of the QPSNordic measures fair- and supportive leadership – to
be predictive of disability at the 3-year follow-up [113].

1.9.7 Predictability at work
Predictability at work pertains to the extent to which an employee possesses expectations about his/her
future work content and -conditions. Predictability at work is conceptually different from job insecurity.
While job insecurity refers to expectations of possible job loss [80] predictability refers to expectations of
how work will be organized (in the near future). Job insecurity has repeatedly been studied in relation to
health (see e.g. [114]) and investigations have suggested (although not robust) adverse effects of job
insecurity on work ability perceptions [115] and risk of disability retirement [116, 117].
Economic recession, as well as the rapid pace of technological progress, may trigger organizational
changes (reorganizing, downsizing, merging, outsourcing) which in turn may affect job insecurity but also
predictability. It has been speculated but not specifically examined whether the elevated risk of disability
observed in “survivors” (subjects still employed after organizational changes or periods of economic
recession) might be explained by perceived lowered predictability. Situations with uncertain outcomes
may be challenging to individuals as they spend much of their attention searching for information
conducive to lowering unpredictability. Furthermore, elevated alertness may be accompanied by
physiological responses that could be taxing health if maintained over longer periods of time [80]. To
assess if uncertainty related to important aspects of work affect work ability, the current thesis included
the QPSNordic measure predictability during the next month. This measure encompasses short-term
predictability of tasks, superiors, and co-workers [80].

34

1.9.8 Organizational change
A few but limited number of studies (see systematic reviews [44, 45]) have suggested that changes at the
organizational level may affect risk of disability retirement [118, 119]. However, and as already alluded
to, little is known about the challenges changes represent that seem to affect work ability. Study III
included items on consequences of changes pertaining to inadequacy of own competence, and arising of
conflicts. Items on positive aspects of changes were also included i.e. whether changes have resulted in
new opportunities, and -been developing and instructive (see study III for wording and additional
details).
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2 STUDY OBJECTIVES

The current thesis set out to determine effects of a comprehensive range of occupational aspects, many
of which have been addressed in combinations in previous work ability research and often with
reference to a few high-impact but general models. Knowledge of specific risk factors seems crucial to
tailor interventions aiming to sustain work ability by improving occupational conditions.

Study I: The main objective was to determine the contribution of a wide range of specific psychological
and social work exposures to self-reported low work ability. Two items on mechanical exposure were
included, primarily to explore if non-physical and physical work factors were independent predictors.

Study II: Knowledge of specific and modifiable workplace conditions that affect the risk of disability
retirement is needed to help guide interventions. The objective of the study was to identify
psychological, social, and mechanical work factors associated with later disability retirement.

Study III: The aim was to determine if changes in distinct psychological, social, and organizational work
factors affect the risk of disability retirement.
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3 MATERIAL AND METHODS

3.1 The research project
This thesis is part of a comprehensive ongoing research project entitled “The new workplace: Work,
health, and participation in the new work life. A prospective, longitudinal study." This project was
initiated by the Research Council of Norway (grant number: 185209) and has since 2004 been carried out
by the Norwegian National Institute of Occupational Health (NIOH). The project gathers data via work
environment surveys in various Norwegian organizations. Sickness absence- and disability retirement
data for actively consenting survey participants (in the period 2004- 2014) was in 2015 obtained by the
project from the Norwegian Labour and Welfare Administration (NAV) (see protocol; [120]).
Before the commencement of data collection in 2004, the project obtained the appropriate permissions
from The Norwegian Data Protection Authority and it has ethical approval from the Regional Committees
for Medical and Health Research Ethics (REC). All research pertaining to the project must be in
compliance with the World Medical Association Declaration of Helsinki. Written informed consent has
been obtained from all study participants (for details see [120]).

3.2 Design
The above-described project is designed as a prospective, full-panel study in which information on all the
included variables is recorded at a two-year interval. All participating organizations are receiving the
same questionnaire at all measurement points. The questionnaire is comprehensive containing - in
addition to the QPSNordic and WAI - items on mechanical work exposure, mastery of work, organizational
change, attitudes towards work, personality, coping strategies, physical activity, health behaviors and complaints.
The design of the overall project enabled the current studies to analyze data in various ways; study I
analyzed data (a) cross-sectionally, to elucidate non-temporal associations between work exposures and
self-reported work ability and (b) prospectively, to identify T1-recorded predictors of T2-recorded selfreported work ability while accounting for T1- (baseline) self-reported work ability.
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The linking of questionnaire data to registry records in 2015 allowed for determining the contribution of
self-reported work exposures to risk of disability retirement (study II and study III).

3.3 Sampling procedure
The survey data utilized in this thesis was collected in the period 2004 to 2014. Individual participants
were recruited at the at the organizational level. NIOH initiated the contact with the organizations to
conduct work environment surveys. Occasionally, individual organizations contacted NIOH intending to
conduct the provided surveys. Thus, organizations were not selected by random sampling and this
should be taken into account when interpreting the results (see discussion). All participation
organizations intended to repeat their participation although some were unavailable at the two-year
follow up (see study III for details). Before conducting the surveys, information about the project, the
permission obtained from the Norwegian Data Inspectorate, and the strict procedures for data storage
and handling - to ensure confidentiality - were disseminated throughout the organizations.
Subsequently, each subject was mailed a letter repeating this information including either a personalized
code for logging into the web-based questionnaire or a paper version of the questionnaire (if requested
in advance). The letter also stated that participation was voluntary after informed consent and that all
personal information recorded by the project could be accessed and/or deleted upon request.
Participating organizations provided lists with employee details including departmental affiliation and
occupational title according to the Norwegian standard classification of the occupations (STYRK) a
system developed by Statistics Norway. STYRK is structured on the basis of the International
Classification of Occupation (ISCO-88) - a tool for systematizing jobs into groups differentiated by the
various tasks and duties implicated by the jobs in question [121].

3.4 Subjects
An overview of the sampling process is provided in Figure 1 below. A total of 30 585 subjects (mean age
42.0 years; 55.1% women) from 96 (49 private and 47 fully or partly owned by the public) organizations
participated at least once in the period 2004-2014. The organizations represented various occupational
sectors and overviews of the distribution of subjects across occupational classes have been provided in
the papers. Since the data collection was ongoing numbers of included organizations and subjects (some
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employees left/entered the organizations) varied between study samples. At the time of study I 48
organizations (2004-2011) had participated twice (with a two-year time lag) and enabled prospective
analyses based on data from the participants employed in these organizations. Individual participation
was defined by the subject completing minimum one of sixteen exposure measures and minimum one of
three outcomes (i.e. work ability) measures (and thus enabled cross-sectional analyses based on T1 or T2
data). Prospective participation was defined by completing minimum one exposure and one outcome
measure at T1, and minimum one outcome measure at T2. A total of 6 774 (53.7%) of 12603 invited
subjects comprised the T1 sample and 6 313 (49.4%) of the 12784 invited subjects comprised the T2
sample. The prospective sample consisted of 3 779 (40.1%) subjects representing the 9 304 subjects that
were invited twice. Average follow-up period was 24 (range 17-36) months.
Study II included 96 organizations. Of the 30 585 employees invited to participate at least once (in 20042014) 28 833 were defined as eligible subjects as they fulfilled the age criteria for disability pension (ages
18-62) at the time of invitation. Since subjects above the age of 62 also fulfill the criteria for statutory
early age pension these subjects were excluded. Of the 13 012 responders consenting to registry data
linkage 574 were excluded from the analysis of which 76 due to emigration (and thus missing registry
information), and 498 due to registered (partial) disability retirement - before response. The sample
utilized in Study II thus comprised 12 438 subjects. This sample was also utilized in study III to determine
risk of disability retirement by organizational changes (measured at T1). Finally, analyses in Study III of
changing psychological/social work exposures and disability retirement were run on data from 63 of the
96 organizations that participated twice (Average follow-up period; 24 months, range; 18-36). Of the 10
658 two-time invited subjects (ages 18-62), 4 518 participated twice and consented to registry data
linkage. After excluding 180 responders (29 due to emigration and 151 due to registered disability
retirement – before T2 response) the final T1-T2 sample comprised 4338 subjects.
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Figure 1. Flowchart of the sampling process.

a

Aged 18—62 years at the survey time point(s) and thus fulfill the age criteria for disability pension

Subjects >62 years excluded as they also fulfill the age criteria for statutory early age pension.
b

Completed questionnaire items relevant to the studies and consented to registry data linkage.
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3.5 Measurement of work ability
3.5.1 The work ability index
Study I defined work ability by (I) the work ability index (WAI) and (II) single-items (on work ability
perceptions) from this index (see below). WAI is composed of the seven items listed in Table 2 and
encompasses (a) individual perceptions of overall (items 1 and 6) and job specific (item 2) work ability,
(b) work impairment perceptions (item 4), (c) health status (items 3 and 5) and (d) personal “resources”
(essentially positive affect; item 7). Psychometric testing has indicated that WAI responses are consistent
across time and thus display satisfactory instrument reliability [122].
WAI sum scores range from 7 to 49 points. As shown in Table 2, a higher scoring of each item (reverse for
item 3) renders more points to the total score although the range of potential points provided by each
item varies; for instance, while the most “favorable” response to item 3 renders 7 points (i.e. “no
diagnosed diseases”) the highest rating of “estimated current work ability” (item 1) renders 10 points. It
seems reasonable that the various aspects captured by WAI may unevenly contribute to the overall work
ability score. However, it may also be noted that there seems to be a paucity of literature describing the
rationale for the unequal weighting of items and the exact calculations.
As already described in some detail (introduction-section), several of the components included in the
WAI, that is, “diagnosed diseases,” “sickness absence,” and “mental resources,” appear to be distinct
and independent concepts with putatively variable connections to subjective perceptions of work ability.
Also, these aspects could arguably act as antecedents or consequences of work ability perceptions.
Issues with the multi-dimensionality of WAI have previously been raised [123, 124]. Therefore, study I
explored associations between work exposures and work ability as defined by item 1 - “estimated overall
current work ability” (abbreviated PWA), and item 6 – “perceived two-year work ability prognosis based
on current health status” (abbreviated WAP). The use of these two items has previously been supported
(e.g. [22, 32-34]). The complete index has, however, been found more consistently predictive of disability
pensioning compared to the “global” item (item 1) [125] and, as noted, analyses were also run with total
work ability index-score as outcome.
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Table 2. The work ability index.
Item
no

No of
questions

1

1

Subjective estimation of current work ability
compared with lifetime best

1

Subjective evaluation of work ability in relation to
physical demands and mental demands

Description

Range
each
question

Range
WAI
Points

Calculation of WAI points
within each itema

0 - 10

0 - 10

0 = not able to work
10 = work ability at its best

2

2 - 10

2 - 10

1 = very poor
5 = very good

3

1

Number of diagnosed diseases by physician

0 - 99

1-7

1 = 5 or more diseases
2=4
3=3
4=2
5=1
7 = no disease

4

1

Subjectively estimated work impairment due to
diseases

1-6

1-6

1 = full impairment
6 = no impairment

5

1

Sick absence during the past 12 months

1-5

1-5

1 = 100 days to 365 days
2 = 25 - 99 days
3 = 10 - 24 day
4 = 1 - 9 days
5 = 0 days

6

1

Own prognosis of work ability 2 years from now
considering current health status

1-3

1, 4, 7

1 = Hardly able to work
4 = not sure
7 = fairly sure

7

3

Mental resources (enjoying daily tasks, life spirit,
optimism about the future)

0-4

0 - 12

0-3=1
4-6=2
7-9=3
10 - 12 = 4

a

WAI sum scores across all items range from 7 - 49 points.

3.5.2 Classification of scores
3.5.2.1

Changing work ability

Study I addressed associations between changing work exposure and changing work ability. Substantive
change in WAI score has previously been defined by a three-point increase/ten-point decrease [126].
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Due to a shorter follow-up period than the above-cited 11-year longitudinal study, change in study I was
defined by any three-point alterations (increase/decrease) from T1 to T2.

3.5.3 “Low” work ability
The first studies of the work ability index classified scores into the four levels; < 28; “poor,” < 37;
“moderate,” < 44; “good”, and шϰϰ; “excellent.” These cut-points reflected the lowest 15th percentile,
the median, and the highest 15th percentile of the 1981-sample of municipal Finnish employees [17].
Notably, these cut-points have been applied a priori in numerous subsequent publications (e.g. [22, 122,
127, 128] It is not always clear, however, whether the distribution of scores in the various study samples
resembles the original Finnish sample (or each other). Categorizing scores based on predefined cutpoints may lead to misclassification as subjects with distinctly different work ability levels may end up
being grouped together. Thus, in study I WAI-score classification was based on the distribution of scores
in this study’s specific sample. Since the main objective was to determine predictors of sub-optimal work
ability, scores were dichotomized. The cut-point was set at the lowest 15th percentile. This resulted in
“low” work ability being defined - in the analyses with the three separate outcomes – by; (I) WAI-scores
< 37 points, (II) WAP-scores <8, and (III) PWA-scores <7 (i.e. categories “not sure” and “hardly able to
work” – see table 2). Other studies have defined low WAI [31, 129], WPA [33, 34], and WAP [32] -scores
in comparable ways. Low scores of these measures have previously shown to be predictive of
subsequent disability defined as sickness absence [31, 32] and disability pensioning [129]. Thus,
identifying specific work exposures contributing to sub-optimal work ability levels should be in the
interest of interventions aiming to ensure efficient work-force participation by modifying working
conditions.

3.5.4 Disability retirement compensation
The outcome measure of study II and study III was officially registered disability retirement. Disability
cases were defined in accordance with the criterion set by the Norwegian Labour and Welfare
Administration (NAV). For subjects to receive disability compensation, the inability to perform paid work
must be at least 50 percent [37]. An extensive physician's certificate confirming substantial disability
must be obtained. Also, subjects have to submit to assessments of job-specific capacities undertaken by
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specialized representatives (often with medical competence) from a local NAV office. The data contained
information on the calendar date for when subjects obtained disability pensions. Complete data on the
medical (cause-specific) reasons for disability was not available. All cases recorded in the NAV registry
was, however, provided but restricted to 1 January 2015. Median follow-up time until this date was in
study II; 5.8 years, and in study III (counting from response T2); 5.3 years.

3.5.5 Exposure measures
The fourteen multi-item QPSNordic psychological and social work exposure scales listed in Table 1
(Introduction) were included in all three studies (studies I-III). The applied single-item measure (QPSNordic)
on monotonous work i.e. “is your work monotonous?” was included in study III. Response categories to
all items were; 1 “very seldom or never,” 2 “somewhat seldom,” 3 “sometimes,” 4 “somewhat often,”
and 5 “very often or always.”
Mechanical exposure (studies I-II) was measured by the three-item scale physical workload, and a single
item, working with arms raised to or above shoulder level. Physical workload was assessed by measuring
the extent to which subjects were lifting or handling objects that weigh approximately (I) 1 to 5 kg, (II) 6
to 15 kg, and (III) more than approximately 15 kg with own muscular strength. Response categories
accompanying both measures were: 1, “seldom or never”; 2, “sometimes”; 3, “daily”; and 4, “many
times per day.”
Categorizing of exposure varied depending on type of analyses. Specific details on the categorization of
all the psychological and social factors are provided in the studies.
One of the aims of study III was to determine the impact of organizational changes on risk of disability
retirement. Three single-item questions on reorganization, downsizing, and outsourcing (last 12 months)
were included with the response categories; “yes” and “no.” Furthermore, perceptions of consequences
of changes (last 12 months) were assessed by four questions; “I am no longer sure if my competence is
adequate,” “there have been large conflicts,” “changes have given me new possibilities,” and “it has
been developing and instructive.” Response categories were; 1 “totally agree,” 2 “partly agree,” and 3
“disagree.” Prior to analyses, the responses to categories 1 and 2 were collapsed and labeled “agree” contrasting “disagree.”
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3.6 Confounders
The effects of sex, skill level, age group, were adjusted for in all three studies. Skill level was determined
by recoding the occupational groups (ISCO-88) in accordance with the International Standard for
Classification of Education (ISCED). In cases where no information on occupational group (ISCO-88) had
been provided by the subjects’ respective companies, missing values were substituted with self-reported
skill level information. Age was categorized into; 18-30, 31-40, 41-50, and 51-62 years.
The effect of each work exposure on the outcomes may be confounded by the effects of other work
exposures. However, since the scales are interrelated [80] simultaneously controlling for all other work
exposures is likely to result in overadjustment. Thus, a strategy described by Rothman, Greenland & Lash
[130] was utilized (all studies) to identify influence by other work exposures above a certain threshold
level. First, the effect of a single exposure on the outcome was estimated. Subsequently, one other
exposure was added to the model. If the effect estimate of the original exposure changed by more than
10 percent - in the second model - the added exposure was defined as a confounder. This procedure was
carried out for each of the work exposure measures (see the studies for specific details).
Prospective analyses in study I were additionally adjusted for baseline levels of outcome (WAI, PWA, or
WAP). Analyses in studies II and III were adjusted for prior sickness absence (register-based) due to
chronic diseases. Rationale and specific details are provided in the respective studies.

3.7 Statistical analysis
Statistical analyses were carried out with SPSS version 23.0 (IBM, Armonk, NY) and with the survival
package for R version 3.2.2 [16]

3.7.1 Non-response and attrition analyses
Binary logistic regression analyses were conducted to determine non-response by age, sex, (all studies)
occupational group, and skill level (studies II-III). Additionally, study I calculated effects of baseline (T1)
exposure- and work ability levels on follow-up participation status (T2). Attrition analyses (studies I, III)
were conducted to determine if follow-up dropout of T1 participants was dependent on their age, sex,
occupational group, or skill level.
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3.7.2 Exposure-outcome analyses
Study I: Associations between changes in exposures and changes in self-reported work ability (T1 to T2)
where assessed by Spearman correlation coefficients. Furthermore, odds ratios (ORs) were computed by
binary logistic regressions to estimate effects of each category of each exposure on level of work ability.

Study II and III: Analyses of work exposures and risk of disability retirement were conducted by
calculating Hazard ratios (HRs) with Cox proportional regression analysis. In the Cox models attained
participant age at censoring or event was used as the underlying time scale, rather than “time-on-study”
(although there were some exceptions as noted in the studies) in accordance with previous
recommendations [131]. To ensure that the proportional hazards assumption was not violated,
interactions between each independent variable and the logarithm of the follow-up (age in years) were
estimated by the testing of non-zero slopes. In addition, visual inspection of graphical plots of scaled
Schoenfeld residuals was conducted [132]. In study III non-proportional hazards effects were indicated
for two of the exposures i.e. fair leadership and organizational changes have been developing and
instructive as the effects of these were dependent on age at censoring/event. Thus, analyses with these
measures were run with time-on-study as the time scale and stratified by age groups after which nonviolation of the proportionality assumption was supported for all variables (p>0.05).

3.7.3 Handling of missing data
Missing was handled with listwise deletion. Alternatively, imputation of the datasets could have been
performed. This is done by conducting analyses based on the available data to estimate values for the
items missing response. Missing in the employed datasets was, however, not considered substantial. In
any dataset less than 5% of the items were missing response from the subjects responding to at least
one of the other relevant study-items. The employed questionnaire was rather extensive and it is
assumed that some of the missing may have resulted from lack of motivation or time to complete all
items. This assumption is substantiated by the fact that the response rate was observed to gradually
declined concurrently with the length of the questionnaire. However, it can not be ruled out that some
subjects were selective about which questions to answer based on the item content. Taking this into
account other investigations based on parts of this thesis’ datasets have performed imputation
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procedures but found observed exposure-outcome associations not be substantively altered by running
analyses on non-imputed datasets [133].
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4 RESULTS

The main results from each of the three papers included in this thesis are provided below. An overview
of all results is presented in Table 3.

4.1 Paper I
Emberland JS, Knardahl S. Contribution of psychological, social, and mechanical work exposures to low
work ability: a prospective study. Journal of Occupational and Environmental Medicine 2015;57:300-14
doi:10.1097/jom.0000000000000353

Objectives: The main objective of study I was to determine the effects of a wide spectrum of specific
psychological and social work exposures on self-reported low work ability.

Methods: Employees representing 48 organizations were surveyed at two occasions two years apart. A
total of 3779 employees participated twice. Spearman rank correlations were conducted to determine
associations of changes in 16 different work exposures with changes in three separate work ability
outcomes. Work ability was defined by (1) work ability index score (WAI); (2) perceived current work
ability (PWA); and (3) perceived work ability prognosis (WAP). Binary logistic regressions were run to
determine effects of the studied work exposures on the work ability outcomes while accounting for
background characteristics and estimated confounders. Prospective analyses were run with (a) baseline
exposure as predictor and (b) averaged exposure as predictor [(T1_score+T2_score)/2]. Statistical
significance was defined by the 99% confidence interval (99% CI) due to multiple testing.
Results:
Changes in role conflict, positive challenge, superior support, fair leadership, innovative climate, social
climate, and human resource primacy were associated with changes in WAI-score and work ability
perceptions. Adjusted prospective regressions revealed that role conflict (highest OR 2.92), human
resource primacy (lowest OR 0.46) and, positive challenge (lowest OR 0.26) were the most consistent
predictors of follow-up work ability level across analyses. Role clarity (lowest OR 0.29) and fair leadership
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(lowest OR 0.41) emerged as less reliable but relevant predictors. The studied non-physical and physical
work factors were independently related to work ability level.
Conclusions: Previously underexplored factors such as role conflict, role clarity, and human resource
primacy were found important to self-reported work ability level alongside other more well-known
contributors.

4.2 Paper II
Emberland JS, Nielsen MB, Knardahl S. Psychological, social, and mechanical work exposures and
disability retirement: a prospective registry study. BMC Public Health 2017;17:56 doi:10.1186/s12889
016-3921-0

Objective: Knowledge of specific and modifiable workplace conditions that affect risk of disability
retirement is needed to help guide interventions. The objective of study II was to identify psychological,
social, and mechanical work factors associated with later disability retirement.
Methods: Survey- and registry data were collected from 12 438 consenting subjects employed in 96
organizations. Hazard ratios (HR) and 99% confidence intervals (99% CI) were calculated with Cox
regression analysis to determine effects of work exposures on risk of disability retirement. Median
follow-up time was 5.8 years. Analyses were adjusted for background variables and estimated
confounders. Additional analyses were conducted to determine if the effects of the predictors identified
in initial analyses were dependent on sex.
Results: Elevated risk of disability retirement was predicted by role conflict (high-level HR 1.55 99% CI
1.07 to 2.24) and physical workload (high-level HR 1.93 99% CI 1.39 to 2.68). Decreased risk of disability
retirement was predicted by positive challenge (high level HR 0.56 99% CI 0.34 to 0.93), fair leadership
(high level HR 0.56 99% CI 0.39 to 0.81), and control over work intensity (high level HR 0.62, 99% CI 0.47
to 0.82). Direction HRs were independent of sex for the identified predictors.
Conclusions: Several specific psychological and social work factors were predictive of later disability
retirement. In addition to physical workload, this study indicated that the non-physical factors role
conflict, positive challenge, fair leadership, and control over work intensity influence risk of disability
retirement.
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4.3 Paper III
Emberland JS, Knardahl S. Changes in psychological, social, and organizational work factors and risk of
disability retirement: a prospective registry study. Manuscript.

Objectives: To determine if changes in psychological, social, and organizational work factors influence
the risk of disability retirement.
Methods: A total of 4 518 Norwegian employees from 63 companies were surveyed on two occasions
(T1 and T2) two years apart. Written consent was obtained to link survey responses to the official
disability retirement registry in Norway. Median follow-up time; 5.3 years. Cox regression analysis was
run accounting for sex, age, skill level, and sickness absence due to chronic diseases.
Results: Risk of disability retirement was predicted by decreases (T1 to T2) in decision control (HR 2.97
99% CI 1.06 to 8.36), control over work intensity (HR 2.15 99% CI 1.16 to 3.99) predictability during the
next month (HR 2.04, 99% CI 1.12 to 3.69), and social climate (HR 1.85 99% CI 1.23 to 2.78); and
increases in role clarity (HR 0.37 99% CI 0.14 to 0.97) and role conflicts (HR 2.05 99% CI 1.17 to 3.61).
Constant high levels over 2 years of positive challenge control over work intensity, and empowering
leadership lowered the risk of disability retirement while frequent monotonous work elevated the risk
(p<0.01).
Furthermore, organizational changes reported as being developing and instructive were associated with
lowered risk, while the changes leading to large conflicts and inadequate competence predicted elevated
risk of disability retirement, respectively (p<0.01).
Conclusions: Risk of disability retirement was found to be affected by previous changes in specific
psychological and social work factors. Intervention studies are needed to determine if in fact
modification of exposure could help prevent later disability retirement. The present study further noted
that organizational changes might unfavorably affect the risk of retirement if employees no longer
experience their competence as adequate. Supplementary employee training during organizational
changes could possibly help prevent employee dropout from working life.
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Table 3. Overview of results from studies I, II, and III. "*" denotes statistically significant effect, "-" indicates
statistically non-significant effect (99% CI), "ns"=not studied.
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Work ability index

Measure
Decision demands
Continuous
Categorical
Quantitative demands
Continuous
Categorical
Role clarity
Continuous
Categorical
Role conflict
Continuous
Categorical
Positive challenge
Continuous
Categorical
Control over work intensity
Continuous
Categorical
Decision control
Continuous
Categorical
Predictability - next month
Continuous
Categorical
Support from superior
Continuous
Categorical
Empowering leadership
Continuous
Categorical
Fair leadership
Continuous
Categorical
Innovative climate
Continuous
Categorical
Social climate
Continuous
Categorical
Human resource primacy
Continuous
Categorical
Physical workload
Continuous
Categorical
Working with arms to/above
shoulder level
Continuous
Categorical
Monotonous work
Categorical
a
Downsizing
a
Reorganizing
a
Outsourcing
Inadequate competencea
a
Large conflicts
a
New opportunities
Developing/instructivea
a

Work ability
prognosis
B A
ѐ

Disability
retirement
B
A C

Organizational changes last 12 months, T1=Cross-sectional analyses, baseline (T1), T2= Cross-sectional analyses, follow-up (T2).
B=Baseline exposure as predictor, A=Averaged exposure as predictor [(T1 + T2)/2].
ѐсŚĂŶŐĞŝŶĞǆƉŽƐƵƌĞĂƐƉƌĞĚŝĐƚŽƌŽĨĐŚĂŶŐĞŝŶŽƵƚĐŽŵĞ;dϮͺƐĐŽƌĞͲdϭͺƐĐŽƌĞͿ͘
C=Change in exposure from T1 to T2 as predictor of risk of disability retirement.

5 DISCUSSION
Past systematic reviews have indicated that general psychological and social work factors and their
combinations, have frequently been examined as predictors of lowered work ability [19] and retirement
due to disability [44]. In keeping with these reviews, a more recent systematic review [45] recommended
that future studies should assess a wider range of specific exposure factors when conducting analyses of
occupational factors and work disability.
The overarching aim of the current thesis was to identify specific non-physical occupational predictors of
self-reported work ability and registered disability retirement. Several factors emerged as important and
the impact of some of these has received limited attention in past research. Central findings and
implications are discussed next.

5.1 Discussion of main findings
Overall, the psychological and social factors that most consistently predicted both WAI-score, work
ability perceptions, and disability-risk were: role conflict, positive challenge, role clarity, fair leadership,
and social climate. Human resource primacy emerged as an influential but less consistent predictor.
Other factors were also contributors, and a more detailed description of relevant findings are provided in
the next paragraphs.

5.1.1 Role expectations
Specific aspects of role expectations have rarely been examined as independent contributors to work
ability. Previous studies have frequently elucidated the effects of JCQ measured job demands [58] a
general factor that includes role conflict as well as role overload (quantitative demands in QPSNordic). By
disentangling the impact of such aspects, the current studies identified role conflict as a consistent and
robust predictor across test designs. Quantitative demands was not found predictive of work ability in
almost any of the analyses. A third role dimension, role clarity, also emerged as a fairly consistent
predictor; most notably perhaps was that increases from lower to high-level role clarity appeared to
diminish risk of later disability retirement.
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5.1.2 Demands
High levels of arousal have been suspected to tax health if persistent over time. Accordingly, aspects
such as “intense concentration” and “complex decision making” have commonly been investigated in
relation to work ability, but usually as parts of broader “job demands” indexes (see e.g. [92, 126, 134,
135]). Effects of decision demands (quick, complex decision making, high level of attention) were
analyzed in the current thesis. Alongside other candidate predictors the factor did not emerge as one of
the consistently predictive. This seems to be in line with some of the few occupationally diverse
disability-studies testing the relative impact of demands for “attention and concentration” [39, 117].
Notably, none of the “traditional” aspects of job demands (quantitative demands, decision demands)
were among the most consistent predictors in the current work.
Monotony on the job has previously been recognized as a risk factor for disability retirement [44]. While
monotony could be classified as a type of job demand [80] it has often been taken into account as a
reflection of low job control. In a critical review of the demand-control model (among other things) Kasl
[63] noted that it appears unclear why frequent monotonous work should be synonymous with
unfavorable control levels and, as such, be negative for health .
Study III seems to underline the notion that the effects of monotony are not straightforward. While
constant high levels of monotony (work often, always monotonous) were indeed elevating risk of
disability retirement, constant middle levels clearly showed to reduce the risk, although not statistically
significantly. This suggests that job situations characterized by monotony, at least sometimes or in some
periods, may be more favorable to work ability than job situations in which new events occur “all the
time”. Other studies [136-138] may not have been able to detect such possible “curvilinear” relations
between monotony and disability-risk due to dichotomizing of exposure (“low” versus “high” variation
on the job). However, contrary to the current findings, a study of Danish employees [139] did suggest a
linear relationship. While that study assessed exposure at one time only, study III accounted for
persistent middle level-monotony across time. Nevertheless, other methodological differences between
these studies also exist and additional investigations seem warranted to clarify specific patterns of
associations.
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5.1.3 Control
Positive challenge was consistently predictive of both self-reported work ability and registered disability
retirement. Based on the literature reviewed in the introduction-section, consistent contributions of this
factor may have been expected. Use of acquired special skills and competence may be crucial to perform
several types of jobs. Furthermore, it seems reasonable that successful completion of work tasks by
application of skills would have positive implications for individuals’ perceptions of their ability to work.
Positive challenge also taps into other aspects of employment (work being meaningful, work challenging
in a positive way) that one could speculate may help fuel motivation and extend workforce participation
even if other conditions (including medical) are not optimal. As indicated by the literature, similar
medical conditions do not always have similar disabling implications [140]. Positive challenge may be one
of the central work factors, according to the present results, that in addition to other conditions (e.g.
socioeconomic status [39]) could help explain the observed “mismatch.”
The current work further suggests it is reasonable to investigate effects of distinct “job control”
dimensions. In past work ability research, aspects of positive challenge have often been combined with
aspects of decision control to examine contributions by the higher-order factor Decision latitude (see e.g.
[59, 62, 92, 107, 135]). While positive challenge encompasses meaningfulness of work and possibilities of
applying skills, decision control encompasses freedom to make decisions. As noted, positive challenge
emerged as a robust predictor. Decision control on the other hand was not found equally important.

Control over work intensity (control of pacing, breaks) encompasses yet other aspects of “job control.” As
with positive challenge, higher intensity-control was associated with more favorable work ability
perceptions (work ability prognosis) and lower risk of disability retirement. The positive effects seem to
correspond with the findings of a large Finnish study [141] (more than 30 000 public employees). This
study conducted extensive analyses of effects of “worktime control” (a seven-item index) on risk of
disability retirement. In some respects the current work also adds to this past study since one of its
limitations, as noted by the authors, was the one-time-only exposure assessment. With the repeated
exposure data-collection in study III, control over work intensity was identified as one of the factors in
which constant high levels (across 2 years) predicted lower risk of disability retirement. Also, decreases in
intensity-control were predictive, and appeared to elevate risk of disability retirement.
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Although the investigated control-aspects did display differential effects it should be noted that they do
reflect interrelated concepts. For instance, previous modeling of connections between factors suggests
that decision control affects appraisals of positive challenge, which in turn more directly affect employee
outcomes [80]. Moreover, an interplay between these two factors was also revealed by study II (as
suggested by the confounder estimation procedure). This suggests that although direct consistent effects
of decision control were not detected it should not be deemed irrelevant to level of work ability. A more
detailed investigation of the interplay between factors and work ability could be fruitful and should be
pursued in further studies.

5.1.4 Leadership
Of the investigated leadership factors fair- and empowering leadership emerged as robust predictors,
findings which are consistent with past literature on “Transformational leadership” (e.g. [109]) and
“Organizational justice”( e.g. [110, 111]). Possibly, leadership styles promoting fair treatment and
empowerment may affect work ability by facilitating learning and development in employees [142].
Arguably, a supportive leadership style could display similar positive effects. However, support from
immediate superior was not found equally important by the current studies. One explanation for this
could, again, be the interrelatedness of factors; as the results revealed, fair- and empowering leadership
were implicated in most of the analyses of support from superior and work ability. It could also be that
effects of leadership support on risk of disability is mediated by other factors; Sinokki et al. [93] reported
that associations between superior support and disability pensioning “strongly attenuated” when
accounting for health perceptions (p. 733).

5.1.5 Organizational climate
Other sources of support were also accounted for by the current studies. Social climate reflects the
culture for support from within the work unit and some effects of this factor were detected. Sinokki et al.
[93] identified more consistent effects of support from leaders than co-workers. Notably, social climate
does not reflect co-worker support per se, rather it reflects perceptions of how supportive the work unit
climate is in general. One previous study reported positive associations between climate perceptions
(e.g. workplace dominated by an atmosphere of openness and solidarity) and WAI-score trajectories in
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managers [24]. A few studies have also investigated climate perceptions in relation to disability
retirement, and with measures comparable to the social climate-factor. One of these [116] found good
team climate to attenuate disability-risk due to mental disorders, while another [143] failed to find
similar effects (applying the same measure) on all-cause disability retirement. In accordance with the
latter study, the current studies did not find higher levels- (study II) and persistent higher levels (study III)
of social climate to be predictive. Study III revealed, however, that changes, i.e. decreases in social
climate predicted elevated risk of disability retirement. Effects of “positive” changes were not equally
strong. Thus, it may seem that work unit climate affects disability-risk most distinctly in situations where
levels of team support are perceived as declining. While firm conclusions could not be drawn such a
finding may be explored in more detail in further studies. Perhaps type of work unit climate may not
necessarily affect risk of disability retirement if employee expectations are adjusted to its (although not
always optimal) features while unfavorable changes to a “good” work unit climate may have relatively
strong implications (for the disability retirement-risk).
Other aspects of the work climate were also considered. By facilitating an innovative climate
organizations may help employees deal with uncertainties and challenges in work processes with the
help of their own creativity to generate new ideas [144, 145]. A work climate characterized by innovation
encourages employee initiative and communication. Cross-sectional studies have suggested that such
types of climates are associated with higher engagement [146] and lower levels of perceived “stress”
[147] in specific occupational samples. While few studies have linked an innovative climate to level of
work participation one study in hospital physicians [148] concluded that “poor teamwork climate”
(defined as insufficient communication, few opportunities for development and application of new
ideas) was a stronger predictor of “long spells” of sickness absence than other psychological factors such
as low job control. This seems to be at odds with the current findings which identified innovative climate
as consistently unrelated to work ability. However, mixed results of the relevance of an innovative
climate on well-being and health have previously been pointed out [81]. Of note, and consistent with
study III, a study of Swedish employees in the processing and engineering industries [149] reported that
changes in level of innovative climate were unrelated to changes in self-reported health problems.
Human resource primacy emerged as an important predictor. In some respects it may be viewed as
perhaps the most influential as it was the factor most frequently implicated in relations between other
candidate predictors and self-reported work ability (according to the confounder estimation procedure).
For instance, it influenced relations between 9 of the 15 other studied factors and work ability prognosis
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(WAP). Although human resource primacy was not statistically significantly predictive of disability
retirement (studies II-III) direction of effects was consistent across all analyses, suggesting that higher
levels may attenuate risk of disability.
Human resource primacy encompasses the extent to which employee health and interests are prioritized
by the organization. Based on the present results it seems that such prioritizing is important for how
other psychological working conditions affect work ability. Thus, it may be fruitful for further studies to
pursue in more detail how aspects of human resource primacy may help attenuate negative impact of
exposures at work. Perhaps, as indicated by study I, the presence of role conflicts or the absence of
positive challenges or -decision control may be less detrimental to work ability in organizations in which
employees perceive that the management prioritizes workers’ health and “well-being.” Thus, it may be
speculated that organizational efforts to improve human resource primacy could help alleviate the
negative impact on work ability of other work exposures.

5.1.6 Changes
While predictability related to employment (i.e. job insecurity) has repeatedly been studied in relation to
work ability [115-117] predictability of aspects on the job has received little attention. Short term
predictability displayed in the current studies some rather unexpected relationships with work ability.
Although not consistently, lower predictability (of tasks next month, future co-workers and superiors)
tended to be protective of work ability (all three studies). One explanation for this observation could be
that employees with diminished work ability (and possibly on the path towards disability) may have been
provided a less complex work situation - including higher predictability of e.g. future work tasks. Another
explanation could be that lower levels of predictability could signify a positively challenging job situation
in which employees experience a fair amount of variation. Individuals may also differ in their preference
for predictability and variation. Moderate levels of uncertainty may induce excitement in some subjects
yet worry in others [80]. Thus, while preference for challenge was not addressed in the current studies it
could potentially play an important role in how predictability on the job affects work ability.

A limited number of studies have reported that changes at the organizational level could affect risk of
disability retirement [150, 151]. Study III did not identify any substantive effects of organizational
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restructuring (i.e. reorganization, downsizing, outsourcing) on the risk of retirement due to disability. It is
worth noting, however, that more than 55% of the sample subjects in study III reported occurrence of
reorganization last 12 months, indicating that experiences with organizational changes are very
common. Study III further pursued to determine if perceived consequences of change were predictive of
individuals’ ability to continue working. While the selection of examined consequences may be viewed as
rather limited, the results did indicate that the items referring to adverse consequence of change i.e.
arising of large conflicts and individual competence no longer adequate were associated with increased
risk of disability retirement. “Positive” items i.e. changes have given my new opportunities and -been
developing and instructive did not contribute as substantially in the opposite direction (i.e. by
attenuating risk of disability). Possibly, the examined “positive” items may have referred to situations
that are too unspecific to detect considerable effects. As upcoming studies may pursue to address more
clearly defined consequences of change, they may also want to broaden the scope and specifically
examine effects of increasing digitalization and automatization of work processes. It has been estimated
for instance that computerization will have extensive impacts on the composition and design of about
47% of the US jobs the next few decades [152].

5.2 Methodological considerations
To identify consistent predictors, the following features of the current work are considered as strengths:
(I) exposure data from two time-points (II) a comprehensive set of exposures (III) collection of outcome
data from different sources and (IV) testing of different statistical designs. A more in-depth discussion of
central features and limitations of the current studies follows below.

5.2.1 Exposure-outcome modeling
5.2.1.1

Time lag

It remains unknown what constitutes an “optimal” time period for work exposures to influence work
ability. Inappropriate time lags between recordings of exposures and outcomes may result in failure to
detect substantive effects [153]. While it is often assumed that it takes at least some time before work
exposures influence health, empirical support has been provided initial impact models suggesting fairly
immediate manifestation of effects by psychological work factors [154].
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Therefore, study I explored both cross-sectional and prospective associations. The results did, however,
not seem to suggest that particular exposures were more or less important predictors across shorter
compared to longer time spans. On the contrary, the most consistent contributors in cross-sectional
analyses also emerged as prospective predictors (study I) and further showed to affect risk of disability
retirement (studies II-III) across a relatively long follow-up period (10 years for some of the participants).
Still, it can not be ruled out that some factors more immediately affect work ability than others.
Incorporation of alternative test designs may be needed to explore this further.

5.2.1.2

Change in exposure

While a major strength was the collection of exposure data from two time-points some issues concerning
analyses of changing exposure should be noted. First, estimates of changes in exposures and changes in
self-reported work ability (study I) were not adjusted for covariates. As such, any resulting patterns of
association may be viewed as preliminary. Second, exposure development in study III was defined as
either increases or decreases in exposure. Magnitude of change (e.g. low to middle versus low to high
exposure) was not studied. However, a more fine-grained analysis could not be conducted due to
statistical power issues - only a limited number of participants reported various and complementary
exposure patterns over time.

5.2.1.3

Cause-specific disability pensioning

Stratifying on disability cause has been quite common in past studies (e.g. [74, 91, 119, 141, 155]).
Differentiating on medical reasons was, however, not possible in studies II-III due to the unavailability of
such data. Nevertheless, it can not be ruled out that effect estimates of some exposures would have
been altered if “type” of disability was taken into account. A recent study in a large Norwegian sample
reported for instance that physical work exposure was unrelated to disability retirement due to mental
disorders but positively associated with musculoskeletal and “all-cause” disability retirement [156]. In an
earlier study Vahtera et al. [141] found high level of “work time control” to consistently attenuate risk of
disability due to musculoskeletal disorders but not due to “all causes”. Thus, distinct associations
between different work exposures and type of disability may potentially be detected if investigated by
future studies.
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5.2.1.4

Clustering

Study participants employed within the same company may exhibit matching patterns of responses due
to shared organizational culture and workplace policies (among other things). The notion that shared
context may influence exposure-outcome associations is fairly recognized [157]. Some efforts were made
in study III to account for possible context effects; the statistical models were run with organization as
clustering unit. While the employed clustering procedure [132] resulted in adjusted confidence intervals
- and should have helped to correct for lack of independence of observations - conclusions about
exposure-outcome associations were not substantively altered compared to analysis without adjustment
(not shown). Possibly, analyses should have been run with department as clustering unit - a lower-level
group variable than organization. This since more immediate (and smaller) groups may potentially exert
stronger influence on individual behavior than larger entities [157]. However, department-level
information was not obtained for all study participants. Nevertheless, sub-sample analyses were
conducted - in subjects with complete information - but did not produce different results compared to
the ones presented (analysis not shown).
While the above-noted efforts were made to account for higher-level influences, extensive group-level
(multi-level) analysis was outside the scope of the current thesis. It is acknowledged, however, that such
analyses could provide additional substantive information about the subject matter (see e.g. [107, 158]
Conducting such analyses would, nevertheless, require careful considerations as to whether aggregated
(group-level) measures conceptually matches their individual-level counterparts (something which is not
always the case, see [157] for examples). Thus, while aggregated measures account for group
membership-effects they are not by default valid replacements for individual-level measures.

5.2.1.5

Strength of association

According to some standards [159] most of the displayed associations would be considered “moderate”
(odds ratios and rate ratios between 1.00 and 2.00) rather than “strong” (above 2.00). However, since
work ability is multifactorial and influenced by many factors, it is not expected that each of the studied
work exposures would produce strong effects. As outlined by Zapf, Dormann & Frese [160] psychological
work factors could only explain a limited part of the variation in individual outcomes since the range of
contributors is extensive and includes factors such as health behaviors, family issues, sex, personal
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dispositions, critical life events as well as past diseases. These aspects may in turn affect the ways in
which work factors influence e.g. work ability.
It is also worth noting that work exposures could mediate or moderate the impact of other work
exposures. In light of this, some of the effects displayed in the current studies may have been
underestimated due to the employed adjustment strategy.

5.2.1.6

Causal inferences

Austin Bradford Hill’s postulated 9 viewpoints on causal relations that have been widely cited but also
widely debated [161]. Some of these are reviewed below to shed light on features of the current studies
that are relevant when discussing causal inference.
Among Hill’s most agreed-upon viewpoints is arguably temporality - the notion that causes must precede
effects in time. This very principle is often referred to when discussing key features of prospective studies
since the recording of exposures is conducted before the tracking of effects. In accordance, exposures
were in studies II and III assessed before the occurrence of changes in disability retirement status.
However, as noted by Rothman & Greenland [162] temporality, and a “correct” temporal order is not
sufficient in itself to prove causality. But in some instances, as in studies II and III, temporality rules out
that outcome (disability retirement status) could have caused the exposure. A “reverse time order” can,
however, not be ruled out if the exposure is present at all measurement time points - as in study I.
“Reverse causality” is discussed further in a later paragraph.
Hills’s principle of consistency encompasses replication of findings in different persons and places and
across circumstances and time [161]. To some extent it could be argued that the present studies did
demonstrate this. Consistency of associations were investigated by conducting analyses in partially
different samples of subjects (see methods) and at different time points.
Another of Hill’s principles refers to linear dose-response relations and implies that increases in exposure
should be followed by continuous increases in risk for the outcome. While this contention might hold
true in some instances, there are several empirical findings suggesting that a monotonic trend is neither
sufficient nor required to identify causal relations [162]. In the current studies mostly linear, but also
non-monotonic trends were observed. Rothman and Greenland [162] noted that while shapes of
relations can not tell whether they are causal, observing a non-monotonic trend could be informative
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when it “refutes those causal hypothesis specific enough to predict a monotonic dose-response curve”
(p. 149).
Overall, conclusions about causal relations should not be drawn based on the current work alone. Key
features of the studies may, nevertheless, have helped establishing that exposure preceded the outcome
in time. In particular, there is little doubt that changes in disability retirement status occurred after
reported exposure.

5.2.2 Self-report methodology
While the use of register-based data on working conditions may have its place in the work abilityresearch (see, e.g. [163]) it seems questionable if occupational codes or titles appropriately reflect
specific psychological/social work aspects. Information of whether “objectives of work are clearly
defined” (a role clarity aspect) or “incompatible request” frequently occurs (a role conflict aspect) may
not be easily obtainable by registries of, for instance, occupational codes. Several aspects of “working
conditions” are defined by individual perceptions of external events. Application of self-report measures
thus seems unavoidable in order to capture accurate information of such aspects. The fact that registerbased studies often validate their measures by matching scores with self-reported equivalents (see e.g.
[103, 164, 165]) seems to underline this notion.
There are, however, several concerns related to self-reported data and the questionnaire responses of
the current thesis may have been influenced by some of these issues. Responses of subjects could be
biased in some way. While respondents are asked to consider the item content in questionnaires they
may base responses on something else. The result is response bias if this is a systematic tendency [166]
and, could in turn, ultimately affect the validity of results. Inaccurate responding may have several
motives. With regards to the questionnaire of the current thesis, employees may have reported aspects
of work as more favorable due to social desirability [167]. Possibly, respondents may also have avoided
extreme response categories (the fact that something occurs e.g. “never” or “always”) since it could be
psychologically unpleasant to acknowledge the seriousness of a situation.

One issue often discussed is whether subjects correctly remember and are able to sufficiently keep track
of past events. Recall bias occurs if there is a systematic tendency for responses to be affected by
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inaccurate or incomplete memories [168]. While accuracy of recall has not been found consistently
predicted by demographics [168] personal dispositions such as level of anxiety, seem to correlate with a
negative memory bias. However, an experimental study [169] reported that past negative events (in this
case numbers of negative feedback comments) did not become exaggerated over time in socially anxious
individuals.
Nevertheless, it has often been suggested that analyses should be corrected for personal dispositions,
and negative affect in particular, since such dispositions may influence recollections of events (although
this effect may be stable over time as suggested by the above-noted study). With regards to the current
studies, it is possible that reporting of both working conditions and work ability-level (as in study I) may
be affected by individual affective tendencies. In case, this may have led to spurious associations
between work exposures and work ability. Some findings have suggested, however, that the impact of
negative affectivity on occupational “stressor-strain” relationships has been exaggerated [170].
Furthermore, in a comprehensive paper on the subject matter, Spector, Zapf, Chen & Frese [171]
contended that negative affectivity should not be controlled since it is most likely important to the ways
in which work exposures affect employee outcomes; if negative affectivity, which is construed as a stable
trait [171] affects perceptions, controlling for it would be to partial out some of the substantive effects of
exposures on outcomes.
Other potential sources of bias have also been described in detail elsewhere [172]. To attenuate the
potential influence of many of these sources measures were taken when constructing the questionnaire
of this thesis. In agreement with published recommendations [172] exposures and outcomes (i.e. WAI)
were placed in separated sections of the questionnaire and rated on different scales. Also, some of the
items were reversed. Furthermore, exposure items were rated by the frequency of occurrence rather
than how much one agree or disagree with statements something which should have helped diminish
the potential influence of transient mood states. The impact of any mood-inducing events before
responding should also have been attenuated by the fact that item content did not explicitly refer to
positive/negative emotions. The item on monotonous work (“is your work monotonous?”) may figure as
an exception since the word “monotonous” seems to have negative connotations. However, the
outcome measure of study III (the only study in which this item was included) was registry-based, thus
relationships could not have been affected by common-method bias (discussed below) as traditionally
conceptualized.
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Another issue often discussed is implicit theories i.e. the possibility that participants might have specific
assumptions about relations between the variables under study, and adapt their responses accordingly
[173]. The fact that the current thesis was part of a larger project (see methods) makes this type of bias
less likely. An issue related to implicit theories is differential recall of exposure, an aspect of differential
misclassification [174]. This occurs when respondents experiencing (the onset of) the outcome are more
likely, compared to their counterparts, to form assumptions about events that led to the outcome and
(possibly) exaggerate the frequency or magnitude of past events when reporting them. At the same
time, subjects not experiencing adverse outcomes could be less likely to accurately recall and thus report
past negative exposure [175]. Differential recall bias is typically not a problem in prospectively designed
studies since exposures are recorded before the outcome occurs. However, cross-sectional analyses,
which were included in study I may be affected by this type of bias. There is also a possibility that
longitudinal associations may be influenced (see e.g. [176]) e.g., in study I, perceived low work ability at
Time 1 (T1) may have affected both reporting of adverse working conditions at T1 and perceived work
ability (low/high) at Time 2 (T2). Any observed associations between exposures-T1 and work ability-T2
could then potentially be explained by the confounding role of work ability status-T1. To avoid this, all
prospective analyses in study I were adjusted for baseline (T1) levels of work ability.
Stated another way, baseline adjustment should have helped reducing “reverse causality” as a plausible
explanation for the results (i.e. work ability affecting perceptions of working conditions and not vice
versa). Furthermore, also reciprocal associations may exist. In addition to the pathways investigated
there may be associations between e.g. work ability-T1 and exposure perceptions-T2. More detailed
analyses are needed to determine this, preferably with a structural equation approach [160] which
allows for analyzing multiple pathways simultaneously (see e.g. [177]).

Outcome data in study II and study III were derived from different source than the exposure data. The
use of different sources of data is often considered a strength of studies. Quite commonly, it is suspected
that correlations of same-source variables are routinely biased (upwardly, usually) due to shared method
effects – i.e. common method bias (CMB) [178]. As both exposure and outcome data of study I was
obtained by self-report the results may have been affected by CMB. The literature on recommended
remedies [160, 172] suggests, however, that the above-described features of the questionnaire, a
prospective study design, and the baseline outcome adjustment in analyses should have helped reduce
the bias. It is also worth noting that construct validity of exposure measures have previously been
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demonstrated [80] and further suggest attenuation of such method effects [178]. Furthermore, there is
an ongoing debate as to whether “mono-method” bias exerts any major influence [179]. Based on past
empirical findings Spector and Brannick (2009) [180] summarized that it seems unjustified to conclude
that same-source-data is inherently biased. Criticism of results of same-source data should be more
specific whether problems arise due to (i) features of measurement, (ii) individuals as the exclusive data
sources, or (iii) characteristics of the context of assessment. They further contended that “format
(apparatus) effects are not likely to produce sufficiently strong measurement biases that explain spurious
correlations among focal variables with conventional questionnaires” (p. 360).

5.2.3 Selection Bias
Selection bias occurs when the subjects selected for participation differ in substantive ways from the
source population about which knowledge is desired. Since the participants of the present studies were
not randomly drawn it is uncertain if they represented the Norwegian (or any other) working population
in relevant ways. Thus, the external validity i.e. generalizability, of the results may be limited. The
participants did, however, represent a wide range of occupational sectors. Furthermore, as noted in
study II, comparisons with a representative Norwegian employee sample [113] gave no reason to suspect
that participants which during follow-up received disability pension were over or underrepresented in
the study sample.
Participation rates in the current samples ranged from 40.1% (prospective sample) to 53.7% (crosssectional sample). A meta-analysis reported a similar average survey response-rate i.e., 52.7%, across
1607 organizational research studies - which also included cross-sectional samples [181]. Naturally,
response rates of studies requiring follow-up response would generally be even lower due to attrition.
Nonresponse in the current studies represents a limitation if participants differed from non-participants
in substantive ways. In particular, if the variables under study influenced participation status the internal
validity may have been compromised. Nonresponse analyses were conducted to address the extent of
self-selection and revealed that demographic characteristics predicted participation in all three studies.
These characteristics were adjusted for in main analyses and should have helped attenuate any biases
they may have represented.
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While demographic variables may be important, the main concern is usually that participants are more
healthy than non-participants, and thus, more capable of dealing with adverse working conditions,
something which in turn may bias study results. Healthy worker bias occurs as a result of (I) selecting
individuals with comparatively ”good health” into the workforce and (II) selecting subjects with relatively
“poor health” out of the workforce [174]. The latter process is perhaps more relevant to discuss in
studies such as the present since effects of work on health do not concern the non-working population
primarily. Thus, the pressing concern is perhaps that subjects drop out as a function of adverse working
conditions, resulting in selective study participation. Since there was no information on working
conditions before baseline participation it remains unknown if in fact participants differed from nonparticipants with regards to exposure-levels. After obtaining baseline information it was, however,
possible to estimate if initially reported exposure-levels predicted whether subjects remained
participants, i.e. responded at follow-up. Study I did reveal that some factors predicted follow-up
participation. Further analyses revealed by comparing baseline- and two-time-responders, that effects of
some exposures may have been attenuated as a result of selective follow-up participation. Thus, it can
not be ruled out that a healthy worker effect may have biased the results.

While procedures for selecting participants, and their willingness to participate may bias effect
estimates, selection errors may also have more serious consequences. As illustrated by past literature
[182, 183] completely spurious associations may arise. The premise is that (self) selection is related to
exposure levels and, separately -to outcome status. Thus, it is not sufficient that, for instance, the
distribution of exposure levels are misrepresented by willingness to participate (see [182] for examples
of different combinations). As previously noted, rates of disability cases in the samples (studies II-III)
were comparable to that of a representative sample of Norwegian employees. This makes it less likely
that associations occurred merely as a result of selection bias. More uncertainty surrounds perhaps
study I since it remains unknown if the outcome distributions were representative. Numbers from
representative Norwegian samples (for comparisons) appears difficult to obtain from the literature.
However, some indications suggest limited effects of outcome status on self-selection; reported baseline
work ability level did not predict follow-up participation. In line, a subsequent study [184] of a sample
partly overlapping the current samples reported baseline health issues as unrelated to loss to follow-up.
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5.2.4 Confounding
One way of describing confounding in this field of research is “as a mixing of the effects of the exposure
being studied with the effect(s) of other factor(s) on the risk of the health outcome of Interest” [185] (p.
660). Attempting to ascertain that observed effects were attributable to the exposure in focus,
influences of other factors were accounted for. Age, sex, and skill level were included a priori. Such
background variables, as noted in the methodological review of Zapf et al. [160] may have stable effects
on “stressor-strain relationships” over time and thus, act as confounders. To help partial out stable
effects resulting from these variables they proposed controlling for baseline “strain” (outcome). Analyses
included both baseline work ability and background variables (study I). This could have resulted in
overadjustment by e.g. exposure effects being attenuated without decreasing net bias [186]. At the same
time, adjusting for background variables (in addition to baseline work ability) could have helped partial
out effects of influencing aspects related to these, such as e.g. health behaviors [174]. In other words,
background variables may function as proxies and adjusting for these could have helped attenuating
effects of other nuisance factors.

Prior sickness absence due to a set of chronic diseases was adjusted for in analyses of exposures and
disability retirement in studies II-III. The selected diseases (from which sickness absence resulted) and
their impact have previously been addressed in similar ways [141, 155]. Health issues could potentially
confound work-disability relationships since being burdened with chronic diseases may affect
perceptions of- and coping with challenges at work [36, 187] as well as increase the risk of disability
retirement [188, 189]. It should be noted, however, that sickness absence due to such diseases could be
a part of the explanation as to why work exposure affects risk of disability retirement. For instance,
previous work exposure could have influenced baseline-reported sickness absence, which in turn did
show to affect follow-up disability-risk (study II, Table 1). Thus, to a certain extent, effects of some of the
exposures may have been partialled out by the adjustment. Such and other potential consequences of
baseline health-adjustment have previously been outlined [190].
Similarly, it is unclear whether work exposures treated as confounders in fact were substantive
contributors in the pathways. The selected approach for detecting confounding (see methods) implied
the application of a data-driven procedure not sensitive to whether detected third variables were
intervening factors or confounders [191]. Still, this way of assessing and controlling potential
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confounding is arguably sounder than the alternative of routinely adjusting for all other exposures.
Several of the work factors are interrelated. Thus, as noted by Christensen & Knardahl [192] mutually
adjusting for all other exposures would result in partialling out all variance that is explained by their joint
contributions and thereby bias effect estimates. While the employed confounder estimation procedure
filtered out several of the other exposures as likely confounders, there is still a risk that results may have
been underestimated due to the inclusion of mediating factors. The procedure should nevertheless have
helped clarify that observed effects were attributable to the candidate predictor rather than some of the
other exposures.
Some of the exposure-outcome models were adjusted for several putative confounders. In addition, due
to multiple testing - which inflates the risk of type I error - a confidence limit of p<0.01 was chosen. This
fairly strict approach in combination with adjustment for many factors may have led to type II error, i.e.
ignoring associations which in fact are substantive.
As in any observational study, there may exist confounding due to unmeasured aspects. A limited
number of non-work factors were included in the current analyses. Factors such as socioeconomic
conditions [39, 193] and lifestyle factors [19, 194] have been reported as predictive and could be
relevant for how specific psychological and social exposures influence work ability. Also, a limited set of
mechanical work exposures were studied and the relevance of other previously identified factors (see,
e.g. [87, 113]) should not be ignored. Examples of influential psychological factors that were not included
also exist. Arguably, bullying is one such exposure. A study of a sample overlapping the current, did,
however, suggest that specific job control-aspects and bullying are independent predictors of disability
retirement [195]. While only a limited set of work factors were included in that study it remains unclear
how bullying affects to associations between a broader spectrum of factors and work ability.

5.3 Main implications and further research
On theoretical level, the current thesis provides support for the notion that specific non-physical work
aspects should be addressed in studies aiming to identify predictors of work disability. Past research has
often been guided by theoretical models which centers on a few broad concepts. Some of the most
important factors revealed by the current studies have previously been addressed as components of
such concepts. As a consequence, their distinct contribution to work ability may have been concealed.
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While specific and well-defined concepts were studied herein, even more fine-grained analyses should
be welcomed. For instance, there are different kinds of support (evaluating, instrumental, emotional,
informational aspects) which may be provided by different sources (co-workers, leaders, team units) and
which could have diverging implications for health and work ability [80].
Combinations of factors may also be relevant to explore. A recent study reported that combinations of
general factors (job strain and ERI) substantially increased the risk of disability pensioning[196]. Studying
compositions of specific and modifiable factors could be equally relevant and perhaps more informative
to practical workplace interventions.
With regards to methodology, the present findings indicate that assessing factors over time allows for
testing and identifying the importance of changed and prolonged exposure. A next step could be to
assess fluctuation in exposure on three or more occasions in order to determine associations between
exposure trajectories and risk of work disability.
Regarding practical implications of the studies, workplace efforts aiming at sustaining or improving work
ability should consider targeting the factors which in this thesis emerged as the most critical. Perhaps, as
suggested by study III, attempts to improve perceptions of control, role clarity and social climate could
potentially help reduce the risk of retirement due to disability. Role conflict emerged as the most robust
and consistent risk factor across all studies and should be considered a target in any intervention.
Furthermore, in periods of organizational changes, workplace efforts may want to consider providing
employees with opportunities to update their skills and competence. This could in turn help sustain or
improve employee work ability and lower the risk of retirement due to disability.

5.4 Concluding remarks
The present thesis discovered several specific non-physical occupational predictors of self-reported work
ability and later disability retirement. Across statistical test designs, distinct aspects of job control, role
expectations, leadership, organizational climate and -change emerged as consistent contributors. The
information provided by the current studies should be of interest when designing future workplace
interventions.
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Contribution of Psychological, Social, and Mechanical Work
Exposures to Low Work Ability
A Prospective Study
Jan S. Emberland, MSc and Stein Knardahl, MD, PhD
Objective: To determine the contribution of speciﬁc psychological, social,
and mechanical work exposures to the self-reported low level of work ability.
Methods: Employees from 48 organizations were surveyed over a 2-year
period (n = 3779). Changes in 16 work exposures and 3 work ability
measures—the work ability index score, perceived current, and future work
ability—were tested with Spearman rank correlations. Binary logistic regressions were run to determine contribution of work exposures to low work
ability. Results: Role conﬂict, human resource primacy, and positive challenge were the most consistent predictors of low work ability across test
designs. Role clarity and fair leadership were less consistent but prominent predictors. Mechanical exposures were not predictive. Conclusions: To
protect employee work ability, work place interventions would beneﬁt from
focusing on reducing role conﬂicts and on promoting positive challenges and
human resource primacy.

T

he demographic development with the aging population poses
a threat to the sustainability of welfare systems in most developed countries.1 Early retirement from working life because of
disability incurs large production losses for national economies as
well as threats to the quality of life of the individuals. Therefore,
understanding determinants of work ability should be of scientiﬁc
and practical importance. Although occupational health research
has provided tools for assessments of work ability and potential
determinants,2 the impact of many work factors in terms of role
expectations, leadership, and organizational climate remains—to a
large extent—unexplored. With a comprehensive set of factors the
aim of this study was therefore to determine the effects of speciﬁc
occupational psychological, social, and mechanical exposures on the
level of work ability.
Work ability is a multidimensional concept. In population
studies, physical and mental (work-related) capacities, perceived
work ability (PWA) and impairment, and personal resources are
all proposed to be key elements to a person’ capability to perform
work tasks.3 Covering these aspects, questionnaire-based self-reports
on the level of work ability has shown to be indicative of time of
retirement,4 sickness absence,5,6 and disability pension.7,8 Such and
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similar ﬁndings,9 suggest that identiﬁcation of important contributors to self-reported low work ability would be helpful in the understanding of temporal and permanent exit from working life.
Previous attempts to identify contributors have revealed that
work factors (as opposed to individual and lifestyle factors) are of
particular relevance to level of work ability.10 Nevertheless, studies linking occupational psychological/social factors to work ability
have most often investigated a relatively small selection of work
exposures and commonly by cross-sectional research designs.11–13
Although some follow-up studies have been conducted,4,14,15 a systematic review on contributors to self-reported low work ability2
concluded that the ﬁeld of research is dominated by studies of municipal workers in Finland.
Recently, longitudinal investigations on work disability have
been conducted on the basis of data from multiple countries and
occupations.16,17 Nevertheless, studies relating the components of
the demand–control model and the effort–reward imbalance model
to self-reported work ability have resulted in somewhat disparate
ﬁndings. Rongen et al18 found that besides low work engagement,
high job demands, low decision authority, and low skill discretion
had independent effects on the level of work ability. Bethge et al19
did not ﬁnd independent contributions of job control (a combination of decision authority and skill discretion) when accounting for
the impact of effort–reward imbalance on the level of work ability. The constructs underlying the demand–control model and the
effort–reward imbalance model, respectively, are well-deﬁned but
broad dimensions consisting of a range of aspects that may have differential impact on work ability. For instance, the psychological job
demand component of the demand-control model contains aspects
pertaining to both time pressure and role conﬂicts.20 The effort scale
of the effort–reward imbalance instrument includes measures of time
pressure, decision demands, and an (optional) item on mechanical
workload.21 Thus, at this point in the work ability research it seems
appropriate to address the relative contribution of psychological, social, and mechanical work exposures. Without knowledge of speciﬁc
contributors, it remains unclear which aspects of the working environment that should be targeted to appropriately protect or improve
employee work ability.
On the basis of responses from a cohort representing multiple
occupations, this study aimed to identify the effects of a broad set
of speciﬁc exposures previously found relevant to health perceptions
and sickness absence.22 With a full-panel prospective design, this
study sought to answer the following questions:
(1) Which psychological, social, and mechanical work factors contribute to changes in self-reported work ability?
(2) Which speciﬁc psychological, social, and mechanical factors are
predictive of self-reported low work ability?

METHODS
Study Design
The study was a prospective, full-panel design in which all
independent and dependent variables were measured both at baseline
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(T1) and at follow-up (T2) 2 years later. A 2-year period has been
found to be an appropriate compromise to detect effects of social
work exposures on health symptoms.23 A recent review on time lags
supported the use of a 2-year follow-up period although stronger
associations between work exposures and health may be detected
with even longer follow-up periods.24
Several statistical designs were tested to elucidate effects
that were consistent across designs. The full-panel design allows analyzing data (1) cross-sectionally at both measurement
points, (2) prospectively with baseline exposure as a predictor of
the outcome at follow-up, and (3) average exposure across time
[(exposure-T1 + exposure-T2)/2] as a predictor of the outcome at
follow-up.

Study Population
A cohort of employees recruited from 48 Norwegian-based
organizations (31 private and 17 public) comprised the study population. The organizations represented a wide range of occupational
sectors including health care, education, government and public administration, engineering, business, and industry.
All participating organizations provided a list of employees’
departmental afﬁliation, home address, and occupational title according to the Norwegian standard classiﬁcation of the occupations.
STYRK, developed by Statistics Norway, is based on the International Classiﬁcation of Occupation (ISCO-88).
Each employee received a letter containing information about
the survey and a personalized code for logging into the web-based
questionnaire or a paper version of the questionnaire if requested in
advance. Written information speciﬁed aims of the survey, the strict
conﬁdentiality guidelines, as well as information about the license
for data collection granted by the Norwegian Data Inspectorate. The
questionnaire contained items on background information, work organization, psychological, social, and mechanical work factors, mastery of work, organizational change, attitudes to work, personality,
coping strategies, physical activity, smoking, alcohol use, mental
health, work ability, and health complaints. This study was based on
parts of this information.
The ﬁrst cross-sectional sample (T1) included 6774 responders representing 12,603 invited subjects (53.7%) (Fig. 1). Participants were deﬁned as respondents when completing minimum one
exposure measure and minimum one of the three work ability measures. At follow-up 6313 of the 12784 invited subjects (49.4%)
responded and comprised the second cross-sectional sample (T2).
Average follow-up period for respondents was 24 months (range, 17
to 36 months). Subjects not employed in a participating organization
at both baseline (T1) and follow-up (T2) were only invited to participate on the time point being employed (T1 or T2). A total of 9304
subjects were invited at both time points. Of these, 3779 completed
at least one exposure measure at T1 in addition to one of the three
work ability measures and both T1 and T2, and thus comprised the
prospective sample.

Outcome: Work Ability
Work ability was assessed with the work ability index (WAI),7
which comprises seven items (see Supplemental Digital Content,
Appendix 1, http://links.lww.com/JOM/A180). The WAI intends to
capture both subjective evaluations to work ability, work impairment,
and objectively veriﬁable information on health status. The WAI has
shown adequate test-retest reliability, and classiﬁcation of scores
has been found stable over a 4-week period.25 Although the WAI
is a self-reported inventory, an advantage of the WAI is arguably
that responses to certain items (eg, sickness absence during past
year) can be veriﬁed by objective means (eg, organizational sickness
register). The WAI sum score ranges from 7 to 49 points and was
originally categorized, on the basis of the lowest 15th percentile,
the median, and the highest 15th percentile, into the four groups:

Work Exposures and Low Work Ability

“poor” (index score <28), “moderate” (<37), “good” (<44), and
“excellent” (≥44).7 A substantial number of subsequent studies have
classiﬁed WAI scores within the same scoring intervals.4,5,7,10–13,26
To identify subjects with a “low” WAI score, we chose to
dichotomize scores on the basis of the distribution of the current
prospective sample. Average scores below the average 15th percentile [(WAI-T1 + WAI-T2)/2] score ranged from 7 to 36 and
were deﬁned as “low.” Scores at 37 points or higher were deﬁned as
“moderate-high.” A total of 13.1% at baseline and 13.0% at followup scored within the low WAI category. A WAI score below 37 points
has previously been found predictive of subsequent work disability,8
and long-term sickness absence.6
Items of the WAI may be indirectly related to work ability (eg,
number of diagnosis) or consequences of work ability (eg, sickness
absence). Therefore, in the prospective analyses, we also determined
work ability by two single items from the WAI. Perceived work ability, compared with the lifetime best, has previously shown adequate
predictive validity.5 The average [(PWA-T1 + PWA-T2)/2] 15th percentile score in the present cohort was 7.5 (scale ranging from 0 to
10). On the basis of the 15th percentile score of the current prospective sample, and in line with previous publications,27,28 PWA scores
were dichotomized into “low” (scores 0 to 7) and “moderate-high”
(scores 8 to 10).
Work ability prognosis (WAP) assesses the perceived ability to
perform the same work in 2 years (response categories: 1, “unlikely”;
2, “not certain”; and 3, “relatively certain”). WAP was dichotomized
into “low” (categories 1 and 2) and “high” (category 3).

Psychological, Social, and Mechanical Work Factors
The psychological and social exposures were measured by
a validated comprehensive instrument—the General Nordic Questionnaire for psychological and social factors at work (QPSNordic ).
Psychometric evaluations of QPSNordic have shown high validity
and reliability of the scales included in this study.29 The reliability
analysis has been found consistent across a variety of occupational
groups.22 A full list of scale items has been published elsewhere.22,29
Responses to items were given on a ﬁve-point Likert scale: 1, “very
seldom or never”; 2, “somewhat seldom”; 3, “sometimes”; 4, “somewhat often”; and 5, “very often or always.”
Mechanical exposure was measured with a three-item scale,
physical workload, and a single item, working with arms raised to
or above shoulder level. Physical workload was assessed by measuring the extent to which subjects were lifting or handling objects
that weigh approximately 1 to 5 kg, 6 to 15 kg, and more than approximately 15 kg with own muscular strength. Response categories
for both of the mechanical exposure measures were as follows: 1,
“seldom or never”; 2, “sometimes”; 3, “daily”; and 4, “many times
per day.”
To accommodate nonlinear relationships, categorical levels
of exposures were computed before entered into exposure-outcome
models. As many of the exposure factors were substantially skewed,
categorizing scales scores based on the distribution (tertile or quartile
splits) would result in grouping together score levels, which may be
differentially related to the level of work ability. For instance, by
basing categorization on tertiles, scores reﬂecting lower exposure to
role clarity (ie, 1, “very seldom/never”; and 2, “somewhat seldom”)
would be grouped together with scores reﬂecting higher exposure
to the same factor (ie, 3, “sometimes”; and 4, “somewhat often”).
Therefore, scale scores were categorized on the basis of the absolute
values of the factors rather than on the distribution.
To determine associations between changes in levels of exposure and work ability across time, responses to the psychological
and social exposure measures were divided into ﬁve levels. Only a
limited number of respondents reported “extreme” scores (ie, 1 or 5)
on all scale items of any of the factors. Hence, some variation within
each score group was allowed for; scale scores from 1.00 through
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T1: 48 parcipang
organizaons (2004 – 2009)
Employees invited N = 12 603
Non-response T1
n = 5829 (46.3%)

Respondents in cross-seconal
sample T1†
n = 6774 (53.7%)

T2: New employees n= 3 480

T2: No longer employees
n = 3 299

T2: Employees invited 2 years
later (2006 – 2011)
N = 12 784

Non-response T2
n = 6471 (50.6%)

T1T2: T1 respondents invited
at T2 N = 5632

Respondents in crossseconal sample T2†
n = 6313 (49.4%)

Dropouts
n = 1853 (32.9%)

Follow-up responders‡
(prospecve sample)
n = 3779 (67.1%)

FIGURE 1. Flow diagram describing the sampling process. †Respondents were deﬁned as having completed minimum one
exposure measure and minimum one of the three work ability outcome measures. ‡Respondents were deﬁned as having
completed minimum one exposure measure at T1 and minimum one of the three work ability outcome measures twice
(at T1 and T2).

1.80 were deﬁned as 1, 1.81 through 2.60 as 2, 2.61 through 3.40 as
3, 3.41 through 4.20 as 4, and 4.21 through 5.00 as 5. Responses to
physical workload were divided into four levels; scale scores from
1.00 through 1.50 were deﬁned as 1, 1.51 through 2.50 as 2, 2.51
through 3.50 as 3, and 3.51 through 4.00 as 4.
To identify the differential impact of exposure levels on low
work ability, we chose to trichotomize scale score responses because
of statistical power issues. Hence, levels 1 and 2 of the psychological
and social factors were collapsed and categorized as “low” exposure,
level 3 was labeled “middle” exposure, and levels 4 and 5 were
collapsed and categorized as “high” exposure. For the measures of
mechanical demands, levels 1 and 2 were collapsed and categorized
as “low” exposure, level 3 as “middle” exposure, and level 4 as
“high” exposure.

Statistical Analysis
Nonresponse and Attrition Analyses
Univariate logistic regression analyses were conducted to estimate effects of age and sex on baseline participation (a nonresponse
effect). Univariate analyses were also carried out to explore if age,
sex, occupational group, skill level, baseline low work ability (WAI,
PWA, and WAP), and the 16 baseline exposure measures (as continuous) predicted participation at follow-up (attrition effect). Signiﬁcant
variables from univariate analyses were controlled for each other in
separate multivariate models to identify predictors with independent
effects on follow-up participation.
302

Associations Between Changes in Exposures
and Work Ability
Bivariate associations between changes in exposures and
changes in the three work ability outcomes were examined by
Spearman rank correlation coefﬁcients. Before computing and entering change variables (score-T1 subtracted from score-T2) into
bivariate models, thresholds for “change” were set. This was done
to avoid categorizing small variations in raw scores from T1 to T2
as “substantial” increase/decrease in work exposure or work ability. For all exposure measures, change was deﬁned as categorical
increase/decrease (≥1) from baseline to follow-up. Change in the
WAI score has previously been classiﬁed as “substantial” when an
increase of 3 points or more/a decrease of 10 points or more occurs.30
Because of a shorter time span between baseline and follow-up (>10
years of the study referred to above), we deﬁned change in the WAI by
an increase of three points or more/a decrease of three points or more.
Change in PWA was deﬁned as one or more points increase/decrease
from baseline to follow-up. Likewise, change in WAP was deﬁned as
one or more categories increase/decrease from baseline to follow-up.

Identiﬁcation of Contributors to Low Work Ability
Binary logistic regression analyses were performed to identify
contributors to low work ability. Cross-sectional analyses (with baseline sample, T1; and follow-up sample, T2) were run with low WAI
score as outcome. Prospective analyses (with prospective sample,
T1 and T2) were run with each of the three work ability measures:
low WAI, PWA, and WAP as outcomes.
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To determine associations between exposure levels and the
occurrence of low work ability (ie, low WAI, PWA, and WAP), odds
ratios were calculated. The lowest exposure category was set as a
reference. This implies that the odds of low work ability by a given
exposure category is estimated on the basis of the odds of low work
ability given the lowest exposure category.
To evaluate whether effects of categorical variables were dependent on the cut-off points used, binary logistic regressions with
the raw scale scores of all psychological, social, and mechanical
measures were also conducted.
Statistically signiﬁcant spurious associations may occur when
investigating a large number of exposure-outcome associations.
Thus, odds ratios with 99% conﬁdence intervals were applied in
all exposure-outcome analyses (threshold for statistical signiﬁcance
was set to P < 0.01). Because of multiple testing, statistical significance was also examined by the use of Bonferroni correction (ie,
dividing the overall signiﬁcance level, 0.01, by the number of tested
factors, 16).

WAP) did not signiﬁcantly predict follow-up participation. Of the
work exposures, higher baseline social climate and physical workload, and lower baseline role clarity were associated with increased
odds of follow-up participation.
A decrease in the WAI (≥3 points), PWA (≥1 point), and
WAP (≥1 category) from baseline to follow-up was reported by 598
(27.6%), 1090 (29.1%), and 162 (5.2%) subjects, respectively. In
contrast, an increase in the WAI (≥3 points), PWA (≥1 point), and
WAP (≥1 category) from baseline to follow-up was reported by 375
(17.3%), 1076 (28.7%), and 108 (3.5%) subjects, respectively.
Bivariate rank-correlation analysis showed that changes in 8
of the 16 exposures correlated signiﬁcantly (P < 0.01) with changes
in the WAI and PWA (Table 2). Of these, role conﬂict, support from
immediate superior, and fair leadership also correlated signiﬁcantly
with changes in WAP. Changes in mechanical exposures (physical
workload, working with arms to/above shoulder level) did not correlate signiﬁcantly with changes in any of the work ability outcomes
(P > 0.01).

Potential Confounders

Cross-Sectional Associations

Sex, age, and skill level were controlled for in all exposureoutcome analyses. Skill level was determined by recoding the occupational groups (ISCO-88) in accordance with the International
Standard for Classiﬁcation of Education.
Raw baseline work ability scale scores (WAI, PWA, or WAP)
were adjusted for in all prospective analyses. Without adjustment, it
would be unclear whether low follow-up work ability resulted from
higher baseline exposure or a decline in work ability status, which
may have preceded baseline measurement. Employees with “suboptimal” work ability (already before baseline) may experience work
exposures as more “demanding,” and consequently, report them as
higher at the baseline measure compared with employees with more
satisfactory work ability. Thus, adjusting for baseline work ability
reduces “reverse” effects as a plausible explanation for identiﬁed
relationships between exposures and outcomes.
The observed effect of each work exposure on work ability
may be confounded by the effects of other work exposures. Nevertheless, controlling for all other work exposures would likely result
in overadjustment because the scales are interrelated.22,29 A strategy described by Rothman et al31 was used to identify inﬂuence by
other work exposures above a certain threshold level. The procedure
implied by the strategy was run separately with each of the three
work ability measures (WAI, PWA, and WAP) as outcomes. The
procedure was carried out as follows: (1) in a model controlling for
baseline work ability, the effect of an exposure on work ability at
follow-up was estimated, (2) in a second model, a second exposure
was included, and (3) if the effect estimate of the original exposure
changed 10% or more from the ﬁrst model, the added exposure in
the second model was deﬁned as a confounder.31 This procedure was
carried out for each of the 16 work exposure measures, whereas the
other 15 work exposure measures were included in separate models
as potential confounders. All statistical analyses were carried out
with SPSS version 20.0 (IBM, Armonk, NY).

RESULTS
Nonresponse and Attrition
Nonresponse analysis showed that subjects in the three middle
age groups (30 to 39, 40 to 49, and 50 to 59 years) had signiﬁcantly
higher odds of responding in comparison to the lowest age group
(<30 years) (Table 1). Being in the oldest age group (>59 years)
was not predictive of baseline participation. Likewise, sex was not
signiﬁcantly predictive of responding at baseline.
Multivariate analysis revealed that age, occupational group,
and skill level were predictive of follow-up participation for baseline
respondents (Table 1). Low work ability at baseline (WAI, PWA, or

All exposures except control over work intensity, decision
demands, and innovative climate were associated with the low WAI
in both the baseline and follow-up samples (see Supplemental Digital
Content, Appendix 2, http://links.lww.com/JOM/A181 ). Signiﬁcant
odds ratios (99% conﬁdence interval) ranged from 0.22 (high level
of social climate) to 3.09 (high level of role conﬂict) in the baseline
sample and from 0.25 (high level of positive challenge) to 3.07 (high
level of role conﬂict) in the follow-up sample.
With a Bonferroni-corrected signiﬁcance level, quantitative
demands (at both time points), support from immediate superior (at
follow-up), and working with arms raised to/above shoulder level
(at follow-up) were not found signiﬁcant (P > 0.0006).

Prospective Associations
Work Ability Index
The low follow-up WAI score was predicted by baseline levels of decision demands, role conﬂict, and positive challenge (P <
0.01) (Table 3). In the analyses with exposures averaged across time
[(exposure-T1 + exposure-T2)/2], the above-mentioned exposures
as well as role clarity, support from immediate superior, empowering leadership, fair leadership, social climate, and human resource
primacy were predictive of the low WAI at follow-up. After Bonferroni correction of the signiﬁcance level, role conﬂict (at baseline and
averaged across time), role clarity, positive challenge, empowering
leadership, fair leadership, and social climate (all averaged across
time) remained signiﬁcant (P < 0.0006).

Perceived Work Ability
Low follow-up PWA was predicted by baseline and average
exposure levels of role clarity, role conﬂict, fair leadership, and
human resource primacy (P < 0.01) (Table 4). An average level of
positive challenge was also predictive. After Bonferroni correction,
all predictors except fair leadership, as baseline exposure, remained
signiﬁcant (P < 0.0006).

Work Ability Prognosis
In the analyses of low follow-up WAP, higher baseline levels of
control over work intensity, and human resource primacy were found
predictive (P < 0.01) (Table 5). In terms of exposures averaged across
time, these two factors, role conﬂict, positive challenge, and social
climate were identiﬁed as signiﬁcant predictors. With the Bonferronicorrected signiﬁcance level, only role conﬂict and human resource
primacy (both averaged across time) remained signiﬁcant.
Overall, the most consistent predictors of any follow-up work
ability outcome (WAI, PWA, and WAP) were role conﬂict, human
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Sex
Male
Female
Missing data
Age, yrs, mean (SD)
<30
30–39
40–49
50–59
>59
Missing data
Classiﬁcation of occupation
Legislators, senior ofﬁcials, and managers
Professionals
Technicians and associate professionals
Clerks
Service workers and shop and market sales workers
Skilled agricultural and ﬁshery workers
Craft and related trades workers
Plant and machine operators and assemblers
Elementary occupations
Armed forces and unspeciﬁed
Missing data
Skill level
Competence equivalent to ≥4 yrs of higher education (>15 yrs)
Competence equivalent to 1–3 yrs of higher education (13–15 yrs)
Competence equivalent to high school (10–12 yrs)
Occupations that do not require high school (<10 yrs)
Occupations with unspeciﬁed requirements for competence
Missing data
The work ability index, mean (SD)
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

1812 (26.7)
2345 (34.6)
1799 (26.6)
94 (1.4)
643 (9.5)
81 (1.2)
41.8 (4.9)

2035 (34.9)
3266 (56.0)
528 (9.1)
44.0 (11.8)
669 (11.5)
1309 (22.5)
1433 (24.6)
1301 (22.3)
594 (10.2)
523 (9.0)

Nonresponders
at Baseline
(n = 5829)
n (%)

640 (9.4)
1812 (26.7)
2345 (34.6)
554 (8.2)
1146 (16.9)
2 (0.0)
85 (1.3)
12 (0.2)
94 (1.4)
3 (0.0)
81 (1.2)

2648 (39.1)
4123 (60.9)
3 (0.0)
44.3 (10.7)
612 (9.0)
1766 (26.1)
2070 (30.6)
1768 (26.1)
555 (8.2)
3 (0.0)

Respondents
at Baselinea
(n = 6774)
n (%)

–
–
–
–
–
–

1063 (28.1)
1278 (33.8)
929 (24.6)
51 (1.3)
422 (11.2)
36 (1.0)
41.9 (4.8)

420 (11.1)
1063 (28.1)
1278 (33.8)
292 (7.7)
592 (15.7)
1 (0.0)
43 (1.1)
1 (0.0)
51 (1.3)
2 (0.1)
36 (1.0)

411 (22.2)
693 (37.4)
559 (30.2)
30 (1.6)
124 (6.7)
36 (1.9)
41.5 (5.0)

123 (6.6)
411 (22.2)
693 (37.4)
178 (9.6)
347 (18.7)
1 (0.1)
24 (1.3)
9 (0.5)
30 (1.6)
1 (0.1)
36 (1.9)

44.4 (10.6)
168 (9.1)
474 (25.6)
558 (30.1)
515 (27.8)
138 (7.4)

45.1 (4.8)
239 (6.3)
939 (24.8)
1242 (32.9)
1090 (28.8)
269 (7.1)

1 (reference)
1.47 (1.29–1.68)*
1.58 (1.39–1.80)*
1.49 (1.30–1.69)*
1.02 (0.87–1.20)

–
–
–
–
–
–
–
–
–
–
–

675 (36.4)
1178 (63.6)

Dropouts
(n = 1853)
n (%)

1529 (40.5)
2250 (59.5)

Respondents at
the First and
Second surveysb
(n = 3779)
n (%)

(continues)

1 (reference)
0.70 (0.57–0.86)*
0.63 (0.50–0.81)*
0.54 (0.27–1.06)
1.06 (0.78–1.44)

1 (reference)
0.96 (0.70–1.30)
0.68 (0.50–0.91)*
0.59 (0.41–0.86)*
0.66 (0.46–0.94)*
0.37 (0.02–6.20)
0.54 (0.26–1.10)
–
0.52 (0.26–1.06)
–

1 (reference)
1.33 (0.99–1.78)
1.54 (1.15–2.06)*
1.61 (1.20–2.18)*
1.56 (1.04–2.35)*

1 (reference)
0.96 (0.82–1.13)

Attrition
Analysisc
OR (95% CI)

Invited to the First and Second surveys (N = 9304)

1 (reference)
0.97 (0.90–1.04)

Nonresponse
Analysis
OR (95% CI)

Invited to the First Survey (N = 12,603)

TABLE 1. Sample Characteristics and Estimated Nonresponse and Attrition Bias
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3.5 (0.7)
3.0 (0.7)
4.2 (0.7)
2.5 (0.8)
4.1 (0.7)
3.4 (1.0)
3.1 (0.8)
4.3 (0.7)
3.9 (0.9)
3.2 (1.0)
4.0 (0.8)
3.7 (0.7)
3.8 (0.7)
3.1 (0.9)
1.6 (0.8)
1.5 (0.8)

3.5 (0.7)
3.0 (0.8)
4.3 (0.7)
2.5 (0.8)
4.0 (0.8)
3.3 (1.1)
3.0 (0.8)
4.2 (0.7)
3.9 (0.9)
3.1 (1.0)
3.9 (0.9)
3.6 (0.8)
3.8 (0.7)
3.1 (0.9)
1.6 (0.8)
1.5 (0.8)

Nonresponse
Analysis
OR (95% CI)

Respondents at
the First and
Second surveysb
(n = 3779)
n (%)
340 (9.0)
2444 (64.7)
995 (26.3)
8.6 (1.6)
626 (16.6)
3144 (83.2)
9 (0.2)
2.9 (0.3)
213 (5.6)
3174 (84.0)
392 (10.4)

Nonresponders
at Baseline
(n = 5829)
n (%)

c

b

3.5 (0.7)
2.9 (0.8)
4.3 (0.7)
2.4 (0.8)
4.0 (0.8)
3.2 (1.0)
3.0 (0.8)
4.2 (0.8)
3.9 (0.9)
3.1 (1.0)
3.9 (0.9)
3.6 (0.8)
3.8 (0.8)
3.1 (0.9)
1.7 (0.8)
1.5 (0.9)

204 (11.0)
1101 (59.4)
548 (29.6)
8.5 (1.7)
352 (19.0)
1491 (80.5)
10 (0.5)
2.9 (0.3)
145 (7.8)
1504 (81.2)
204 (11.0)

Dropouts
(n = 1853)
n (%)

0.96 (0.85–1.08)
0.96 (0.86–1.07)
0.85 (0.75–0.95)*
1.02 (0.91–1.14)
1.03 (0.91–1.16)
1.09 (0.99–1.19)
1.10 (0.98–1.25)
1.04 (0.93–1.16)
1.04 (0.91–1.19)
1.03 (0.93–1.14)
1.10 (0.98–1.24)
0.95 (0.82–1.10)
1.17 (1.03–1.34)*
0.89 (0.80–1.00)
1.18 (1.05–1.33)*
0.98 (0.88–1.10)

1 (reference)
1.20 (0.92–1.58)

1 (reference)
1.15 (0.97–1.37)

1 (reference)
1.16 (0.97–1.45)

Attrition
Analysisc
OR (95% CI)

Invited to the First and Second surveys (N = 9304)

645 (9.5)
4262 (62.9)
1867 (27.6)
8.5 (1.7)
1204 (17.8)
5545 (81.9)
25 (0.4)
2.9 (0.3)
469 (6.9)
5593 (82.6)
712 (10.5)

Respondents
at Baselinea
(n = 6774)
n (%)

Invited to the First Survey (N = 12,603)

Completed minimum one exposure measure and minimum one of the three work ability outcome measures.
Completed minimum one exposure measure at baseline and minimum one of the three work ability outcome measures twice (at baseline and follow-up).
Adjusted for variables found signiﬁcant (P < 0.05) in univariate attrition analysis.
*P < 0.05.
CI, conﬁdence interval; OR, odds ratio; SD, standard deviation.

a

Low (<37 points)
Moderate/high (≥37 points)
Missing data
Perceived work ability, mean (SD)
Low (<8 points)
Moderate/high (≥8 points)
Missing data
Work ability prognosis, mean (SD)
Low (categories 1 and 2)
High (category 3)
Missing data
Exposures, mean (SD)
Decision demands,
Quantitative demands
Role clarity
Role conﬂict
Positive challenge
Control over work intensity
Decision control
Predictability during the next month
Support from immediate superior
Empowering leadership
Fair leadership
Innovative climate
Social climate
Human resource primacy
Physical workload
Working with arms raised to or above shoulder level

TABLE 1. (Continued)
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TABLE 2. Bivariate Spearman Rank Correlations Between Changes in Exposuresa and Changes in Each of the
Work Ability Outcomesb (WAI, PWA, and WAP) from Baseline to Follow-Up (n = 92 to 1266)
 Exposure

 WAI

 PWA

 WAP

 Decision demands
 Quantitative demands
 Role clarity
 Role conﬂict
 Positive challenge
 Control over work intensity
 Decision control
 Predictability during the next month
 Support from immediate superior
 Empowering leadership
 Fair leadership
 Innovative climate
 Social climate
 Human resource primacy
 Physical workloadc
 Working with arms raised to or above shoulder levelc

− 0.02
− 0.06
0.10
− 0.13*
0.17*
0.04
0.06
0.04
0.20*
0.15*
0.22*
0.13*
0.23*
0.17*
− 0.08
− 0.06

− 0.02
− 0.09*
0.14*
− 0.11*
0.12*
0.01
0.06
0.09
0.18*
0.16*
0.20*
0.17*
0.13*
0.18*
− 0.02
− 0.09

− 0.07
− 0.21
0.10
− 0.24*
0.22
− 0.01
0.06
0.01
0.23*
0.17
0.24*
0.06
0.19
0.16
− 0.09
− 0.23

 Change was calculated by subtracting the baseline categorical score (1 to 5) from the follow-up categorical score (1 to 5).
 Change was calculated by subtracting the obtained baseline score from the obtained follow-up score.  WAI ≥ ±3 points;  PWA ≥ ±1 point;  WAP ≥
±1 category.
c
Category range: 1 to 4.
*P < 0.01.
PWA, perceived work ability; WAI, work ability index; WAP, work ability prognosis.
a

b

resource primacy, and positive challenge, whereas the ﬁrst two were
statistically signiﬁcant in 5 of the 6, and the latter in 4 of the 6
regression analyses, respectively. Mechanical exposures (physical
workload and working with arms to/above shoulder level) were not
signiﬁcant predictors in any of the prospective analyses.

DISCUSSION
This study demonstrated that several psychological and social work factors contribute to self-reported work ability. Role conﬂict, human resource primacy, and positive challenge were the most
consistent contributors and showed both temporal and longitudinal
associations with the level of work ability.
Role conﬂict (conﬂicting role expectations) was a consistent
risk factor to the level of work ability (all three outcomes). To our
knowledge, this is the ﬁrst study to uncover the effects of this speciﬁc
exposure on work ability. Some studies have implicated conﬂicting
expectations in composite measures of job demands. Of note, a
recent cross-sectional study failed to ﬁnd signiﬁcant associations
between role demands (measured by questions on time constraints
and conﬂicting expectations) and self-reported work ability in different national samples.32 The occurrence of time constraints (in
terms of quantitative demands) was not predictive in any of our
analyses. Thus, the present results clearly suggest that levels of time
constraints and conﬂicting expectations have differential impact on
work ability.
Independent of estimated confounders (ie, supervisor support
and level of social climate), our analysis revealed that role clarity
(clarity of expectations at work) had a protective role of the WAI
score. This is in agreement with Tuomi et al30 who found that role
ambiguity was linked with a decline in the WAI score among aging
municipal workers. We also found role clarity protective of perceived
current work ability (PWA). Nevertheless, this did not pertain to
work ability prognosis (WAP). Thus, perceptions of future ability
to perform work do not seem to be inﬂuenced by clarity of role
expectations.
306

The overall contribution of inﬂuence at work, use of special
skills, and meaningfulness at work has repeatedly been investigated
with single measures.13,30,33 These aspects may have differential impact on work ability. By disentangling the effects of what we would
argue to be two different constructs (ie, decision demands and positive challenge), we did not ﬁnd decision demands signiﬁcant to
all work ability outcomes. Positive challenge on the other hand (ie,
usefulness of skills and meaningfulness of work) was a consistent
protective factor. The relatively strong relationship between this factor and the level of work ability may not be surprising. In fact, it has
been argued that usefulness of skills and knowledge represents an
integral part of the ability to perform work.34
Supervisory support has not unequivocally shown contributions to work ability in previous studies.11,13,14,30,32 For instance,
improved supervisor–employee cooperation was only predictive of
improvements in the WAI score among municipal workers with physically challenging work.30 McGonagle et al32 reported that supervisor support correlated substantially with work ability perceptions
in only one of the six examined cross-national samples. This study
did not ﬁnd that support from immediate superior was statistically
signiﬁcantly associated with the WAI score in the cross-sectional
samples. Nevertheless, the average high level of support from the
immediate superior over time was predictive of the WAI and PWA
at follow-up. Given that the level of support was constant across
the 2-year follow-up period, this ﬁnding suggests that certain exposure effects are substantive only after a relatively extensive exposure
period.35
Organizationally communicated interest in employee wellbeing has been found relevant to outcomes such as job satisfaction,
long-term sick leave, and health perceptions.22,36 In this study, human resource primacy was identiﬁed as a prominent protective factor
of the level of work ability (all three outcomes). Nevertheless, organizational focus on human resources has previously received limited
attention in research of self-reported work ability. One notable exception is a cohort study among metal industry workers in Finland
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TABLE 3. Prospective Analysis: Psychological, Social, and Mechanical Factors as Independent Variables and Low
WAI (<37 points) at Follow-Up as Outcome—Binary Logistic Regressions, Odds Ratios Adjusted for Baseline WAI
Baseline Exposure as Predictor
Work Exposure

Confounders Includeda

Decision demands
Category
Low
Middle
High
Continuous
Quantitative demands
Category
Low
Middle
High
Continuous
Role clarity
Category
Low
Middle
High
Continuous
Role conﬂict
Category
Low
Middle
High
Continuous
Positive challenge
Category
Low
Middle
High
Continuous
Control over work intensity
Category
Low
Middle
High
Continuous
Decision control
Category
Low
Middle
High
Continuous
Predictability during the next month
Category
Low
Middle
High
Continuous
Support from immediate superior
Category
Low

Average Exposure as Predictorb

n

OR (99% CI)

n

OR (99% CI)

165
833
1064
2062

1 (reference)
0.50 (0.26–0.96)*
0.61 (0.32–1.16)
0.84 (0.64–1.10)

159
714
1120
1993

1 (reference)
0.50 (0.26–0.96)*
0.62 (0.33–1.16)
0.84 (0.62–1.14)

672
817
627
2116

1 (reference)
1.37 (0.87–2.17)
1.55 (0.95–2.53)
1.25 (0.97–1.61)

548
1020
507
2075

1 (reference)
0.98 (0.62–1.55)
1.56 (0.93–2.64)
1.31 (0.98–1.74)

61
225
1845
2131

1 (reference)
0.75 (0.27–2.04)
0.57 (0.23–1.39)
0.81 (0.64–1.03)

42
173
1906
2121

1 (reference)
0.50 (0.16–1.49)
0.29 (0.11–0.79)*
0.68 (0.52–0.90)**

1124
818
188
2130

1 (reference)
1.38 (0.93–2.07)
2.29 (1.28–4.12)**
1.42 (1.12–1.80)**

1258
708
156
2122

1 (reference)
1.30 (0.87–1.95)
2.92 (1.59–5.38)**
1.51 (1.15–2.00)**

65
298
1658
2021

1 (reference)
0.42 (0.17–1.04)
0.35 (0.15–0.80)*
0.75 (0.58–0.96)*

54
247
1639
1940

1 (reference)
0.45 (0.17–1.17)
0.26 (0.11–0.64)**
0.58 (0.44–0.78)**

525
389
1214
2128

1 (reference)
0.72 (0.40–1.29)
0.98 (0.60–1.59)
1.01 (0.83–1.22)

494
450
1164
2108

1 (reference)
0.74 (0.43–1.30)
0.95 (0.57–1.57)
0.99 (0.81–1.22)

653
774
615
2042

1 (reference)
0.99 (0.63–1.55)
1.14 (0.69–1.89)
0.97 (0.75–1.26)

555
806
628
1989

1 (reference)
0.83 (0.53–1.31)
0.89 (0.52–1.52)
0.90 (0.67–1.20)

67
183
1888
2138

1 (reference)
0.62 (0.20–1.94)
0.85 (0.32–2.25)
0.94 (0.73–1.21)

40
160
1926
2126

1 (reference)
0.55 (0.16–1.92)
0.44 (0.15–1.33)
0.86 (0.64–1.16)

166

1 (reference)

127
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TABLE 3. (Continued)
Baseline Exposure as Predictor
Work Exposure

Confounders Includeda

Middle
Social climate
High
Fair leadership
Continuous
Empowering leadership
Category
Low
Middle
High
Continuous
Fair leadership
Category
Low
Middle
High
Continuous
Innovative climate
Category
Low
Positive challenge
Middle
Support from immediate superior
High
Fair leadership
Continuous
Social climate
Social climate
Category
Low
Middle
High
Continuous
Human resource primacy
Category
Low
Middle
High
Continuous
Physical workload
Category
Low
Middle
High
Continuous
Working with arms raised to or above shoulder level
Category
Low
Middle
High
Continuous

Average Exposure as Predictorb

n

OR (99% CI)

n

OR (99% CI)

401
1499
2066

0.91 (0.42–1.95)
0.89 (0.41–1.96)
0.87 (0.65–1.15)

380
1473
1980

0.49 (0.23–1.05)
0.40 (0.18–0.89)*
0.72 (0.50–1.02)

505
714
913
2132

1 (reference)
0.87 (0.56–1.37)
0.74 (0.46–1.18)
0.88 (0.74–1.06)

515
688
914
2117

1 (reference)
0.69 (0.44–1.08)
0.59 (0.37–0.94)*
0.75 (0.61–0.92)**

126
398
1596
2120

1 (reference)
0.61 (0.30–1.26)
0.54 (0.29–1.02)
0.81 (0.66–1.01)

101
315
1668
2084

1 (reference)
0.71 (0.32–1.53)
0.41 (0.21–0.83)*
0.64 (0.50–0.81)**

125
570
1211
1906

1 (reference)
1.73 (0.77–3.88)
1.58 (0.66–3.82)
1.27 (0.87–1.86)

94
469
1176
1739

1 (reference)
1.05 (0.43–2.56)
1.22 (0.46–3.23)
1.55 (0.95–2.54)

89
509
1520
2118

1 (reference)
0.83 (0.38–1.83)
0.62 (0.29–1.33)
0.89 (0.69–1.15)

77
395
1613
2085

1 (reference)
0.83 (0.35–1.94)
0.55 (0.25–1.24)
0.66 (0.50–0.89)**

470
799
784
2053

1 (reference)
0.88 (0.56–1.39)
0.72 (0.43–1.19)
0.84 (0.67–1.04)

471
742
784
1997

1 (reference)
0.62 (0.39–0.99)*
0.57 (0.35–0.93)*
0.73 (0.57–0.94)*

1268
517
318
2103

1 (reference)
1.11 (0.70–1.76)
0.99 (0.54–1.81)
1.04 (0.80–1.34)

1300
483
285
2068

1 (reference)
1.32 (0.83–2.10)
1.20 (0.64–2.26)
1.13 (0.85–1.49)

1399
486
247
2132

1 (reference)
1.38 (0.88–2.15)
0.99 (0.53–1.86)
1.06 (0.83–1.36)

1553
407
160
2120

1 (reference)
1.24 (0.78–2.00)
0.98 (0.47–2.04)
1.12 (0.84–1.49)

a

Age, sex, skill level, and baseline WAI adjusted for in all analyses.
b
Exposure averaged across time [(T1 + T2)/2].
*P < 0.01.
**P < 0.0006; Bonferroni-corrected signiﬁcance level (0.01/16).
CI, conﬁdence interval; OR, odds ratio; WAI, work ability index.
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TABLE 4. Prospective Analysis: Psychological, Social, and Mechanical Factors as Independent Variables and Perceived Low
Work Ability (PWA, <8 points) at Follow-Up as Outcome—Binary Logistic Regressions, Odds Ratios Adjusted for Baseline PWA

Work Exposure

Confounders Includeda

Decision demands
Category
Low
Middle
Positive challenge
High
Continuous
Quantitative demands
Category
Low
Middle
High
Continuous
Role clarity
Category
Low
Middle
High
Continuous
Role conﬂict
Category
Low
Middle
High
Continuous
Positive challenge
Category
Low
Human resource primacy
Middle
High
Continuous
Control over work intensity
Category
Low
Middle
High
Continuous
Decision control
Category
Low
Middle
High
Continuous
Predictability during the next month
Category
Low
Role conﬂict
Middle
Positive challenge
High
Decision control
Continuous
Support from immediate superior
Category
Low
Human resource primacy
Middle

Baseline Exposure as Predictor

Average Exposure as Predictorb

n

n

OR (99% CI)

OR (99% CI)

281
1371
1728
3380

1 (reference)
1.05 (0.65–1.71)
1.04 (0.64–1.71)
1.00 (0.82–1.21)

260
1130
1746
3136

1 (reference)
1.10 (0.66–1.83)
1.10 (0.66–1.84)
1.06 (0.84–1.35)

1110
1457
1049
3616

1 (reference)
1.03 (0.76–1.39)
1.11 (0.81–1.54)
1.06 (0.90–1.26)

910
1752
861
3523

1 (reference)
0.89 (0.66–1.20)
1.03 (0.73–1.47)
1.07 (0.89–1.30)

103
393
3183
3679

1 (reference)
1.12 (0.55–2.26)
0.70 (0.36–1.33)
0.77 (0.65–0.91)**

69
300
3283
3652

1 (reference)
0.51 (0.23–1.11)
0.36 (0.18–0.73)**
0.66 (0.55–0.79)**

1909
1462
302
3673

1 (reference)
1.27 (0.98–1.65)
2.13 (1.43–3.17)**
1.32 (1.12–1.55)**

2135
1244
254
3633

1 (reference)
1.46 (1.12–1.90)**
2.45 (1.60–3.74)**
1.49 (1.23–1.79)**

115
506
2629
3250

1 (reference)
0.89 (0.46–1.71)
0.61 (0.33–1.13)
0.84 (0.70–1.00)

94
376
2504
2974

1 (reference)
0.84 (0.42–1.70)
0.45 (0.23–0.88)*
0.70 (0.56–0.87)**

918
691
2049
3658

1 (reference)
0.78 (0.54–1.12)
0.78 (0.57–1.06)
0.92 (0.81–1.04)

845
786
1974
3605

1 (reference)
0.73 (0.51–1.05)
0.76 (0.55–1.05)
0.89 (0.77–1.02)

1087
1358
1015
3460

1 (reference)
0.98 (0.73–1.31)
0.83 (0.59–1.18)
0.92 (0.77–1.10)

916
1383
1028
3327

1 (reference)
0.89 (0.65–1.21)
0.73 (0.51–1.05)
0.83 (0.68–1.02)

84
275
2828
3187

1 (reference)
0.87 (0.34–2.20)
1.24 (0.54–2.84)
1.08 (0.88–1.32)

43
208
2630
2881

1 (reference)
0.67 (0.21–2.15)
1.00 (0.35–2.88)
1.10 (0.85–1.42)

284
719

1 (reference)
0.90 (0.56–1.44)

220
635
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1 (reference)
0.94 (0.57–1.55)
(continues)
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TABLE 4. (Continued)
Baseline Exposure as Predictor
Work Exposure

Confounders Includeda

High
Continuous
Empowering leadership
Category
Low
Human resource primacy
Middle
High
Continuous
Fair leadership
Category
Low
Middle
High
Continuous
Innovative climate
Category
Low
Support from immediate superior
Middle
High
Human resource primacy
Continuous
Social climate
Category
Low
Empowering leadership
Middle
High
Continuous
Human resource primacy
Category
Low
Middle
High
Continuous
Physical workload
Category
Low
Middle
High
Continuous
Working with arms raised to or above shoulder level
Category
Low
Middle
High
Continuous

n

OR (99% CI)

Average Exposure as Predictorb
n

OR (99% CI)

2417
3420

0.93 (0.59–1.47)
0.97 (0.82–1.14)

2365
3220

0.69 (0.42–1.14)
0.84 (0.69–1.04)

841
1182
1419
3442

1 (reference)
1.28 (0.92–1.79)
1.09 (0.75–1.58)
1.05 (0.90–1.22)

812
1064
1383
3259

1 (reference)
1.01 (0.72–1.41)
0.86 (0.58–1.27)
0.98 (0.81–1.19)

212
683
2736
3631

1 (reference)
1.00 (0.59–1.68)
0.84 (0.52–1.35)
0.83 (0.72–0.96)*

170
554
2825
3549

1 (reference)
0.69 (0.41–1.19)
0.44 (0.27–0.72)**
0.66 (0.56–0.78)**

222
1087
2092
3401

1 (reference)
1.15 (0.69–1.94)
1.12 (0.65–1.93)
1.05 (0.84–1.30)

194
901
2084
3179

1 (reference)
1.22 (0.71–2.11)
1.03 (0.58–1.84)
1.00 (0.76–1.30)

158
843
2412
3413

1 (reference)
0.83 (0.48–1.46)
0.75 (0.43–1.31)
0.92 (0.75–1.12)

122
645
2444
3211

1 (reference)
0.79 (0.43–1.47)
0.72 (0.39–1.32)
0.79 (0.62–1.01)

820
1367
1288
3475

1 (reference)
0.72 (0.53–0.97)*
0.58 (0.42–0.80)**
0.78 (0.68–0.90)**

783
1260
1272
3315

1 (reference)
0.62 (0.45–0.84)**
0.51 (0.36–0.70)**
0.69 (0.58–0.81)**

2252
892
487
3631

1 (reference)
0.97 (0.72–1.32)
1.08 (0.72–1.62)
1.03 (0.86–1.23)

2316
802
424
3542

1 (reference)
1.19 (0.88–1.63)
1.16 (0.75–1.79)
1.11 (0.92–1.34)

2482
783
415
3680

1 (reference)
1.21 (0.89–1.63)
1.00 (0.66–1.52)
1.03 (0.88–1.22)

2703
679
263
3645

1 (reference)
1.17 (0.85–1.61)
1.09 (0.66–1.80)
1.09 (0.90–1.33)

a

Age, sex, skill level, and baseline level of perceived work ability adjusted for in all analysis.
Exposure averaged across time [(T1 + T2)/2].
*P < 0.01.
**P < 0.0006; Bonferroni-corrected signiﬁcance level (0.01/16); the reference exposure category.
CI, conﬁdence interval; OR, odds ratio.
b
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TABLE 5. Prospective Analysis: Psychological, Social, and Mechanical Factors as Independent Variables and Low Work
Ability Prognosis (Categories 1 and 2) at Follow-Up as Outcome—Binary Logistic Regressions, Odds Ratios Adjusted for
Baseline WAP
Baseline Exposure as Predictor
Work Exposure

Confounders Includeda

Decision demands
Category
Low
Middle
High
Continuous
Quantitative demands
Category
Low
Middle
High
Continuous
Role clarity
Category
Low
Support from immediate superior
Middle
Positive challenge
High
Continuous
Role conﬂict
Category
Low
Middle
Human resource primacy
High
Continuous
Positive challenge
Category
Low
Middle
Human resource primacy
High
Social climate
Continuous
Control over work intensity
Category
Low
Middle
High
Continuous
Decision control
Category
Low
Positive challenge
Middle
Control over work intensity
High
Social climate
Continuous
Human resource primacy
Predictability during the next month
Category
Low
Support from immediate superior
Middle
Empowering leadership
High
Social climate
Continuous
Human resource primacy
Support from immediate superior
Category
Low

Average Exposure as Predictorb

n

OR (99% CI)

n

255
1185
1478
2918

1 (reference)
1.04 (0.52–2.08)
1.00 (0.50–2.01)
0.94 (0.71–1.24)

243
1024
1547
2814

1 (reference)
0.72 (0.36–1.46)
0.89 (0.45–1.77)
0.97 (0.70–1.33)

953
1178
855
2986

1 (reference)
1.19 (0.75–1.90)
1.02 (0.59–1.75)
1.03 (0.79–1.36)

780
1443
697
2920

1 (reference)
1.24 (0.76–2.02)
1.42 (0.79–2.56)
1.10 (0.81–1.49)

83
298
2421
2802

1 (reference)
1.38 (0.39–4.85)
0.93 (0.28–3.07)
0.95 (0.70–1.29)

47
224
2352
2623

1 (reference)
0.44 (0.13–1.52)
0.35 (0.11–1.09)
0.93 (0.64–1.34)

1524
1115
238
2877

1 (reference)
1.40 (0.90–2.20)
1.37 (0.66–2.87)
1.18 (0.89–1.57)

1644
914
194
2752

1 (reference)
2.04 (1.28–3.24)**
2.18 (1.01–4.72)*
1.40 (1.01–1.95)*

89
419
2186
2694

1 (reference)
0.99 (0.34–2.89)
0.67 (0.24–1.87)
0.80 (0.60–1.07)

75
319
2082
2476

1 (reference)
0.34 (0.12–0.95)*
0.32 (0.12–0.81)*
0.65 (0.46–0.92)*

756
576
1686
3018

1 (reference)
0.56 (0.32–1.00)*
0.55 (0.34–0.90)*
0.81 (0.67–0.99)*

708
638
1636
2982

1 (reference)
0.76 (0.44–1.31)
0.56 (0.34–0.94)*
0.78 (0.63–0.97)*

806
983
748
2537

1 (reference)
0.89 (0.52–1.53)
0.99 (0.51–1.95)
1.02 (0.71–1.47)

619
938
712
2269

1 (reference)
0.80 (0.44–1.44)
0.71 (0.33–1.57)
1.07 (0.67–1.71)

79
239
2465
2783

1 (reference)
0.61 (0.17–2.15)
0.86 (0.29–2.53)
0.85 (0.64–1.14)

41
196
2342
2579

1 (reference)
1.42 (0.28–7.24)
1.31 (0.29–5.89)
0.93 (0.65–1.34)

237

1 (reference)

193
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1 (reference)
(continues)
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TABLE 5. (Continued)
Baseline Exposure as Predictor
Work Exposure

Confounders Includeda

Middle
Empowering leadership
High
Human resource primacy
Continuous
Empowering leadership
Category
Low
Human resource primacy
Middle
High
Continuous
Fair leadership
Category
Low
Support from immediate superior
Middle
Empowering leadership
High
Human resource primacy
Continuous
Innovative climate
Positive challenge
Category
Low
Support from immediate superior
Middle
Empowering leadership
High
Social climate
Continuous
Human resource primacy
Social climate
Category
Low
Middle
Empowering leadership
High
Human resource primacy
Continuous
Human resource primacy
Category
Low
Middle
High
Continuous
Physical workload
Category
Low
Control over work intensity
Middle
High
Continuous
Working with arms raised to or above shoulder level
Category
Low
Control over work intensity
Middle
High
Continuous

Average Exposure as Predictorb

n

OR (99% CI)

n

OR (99% CI)

585
2021
2843

0.56 (0.27–1.18)
0.55 (0.25–1.18)
0.92 (0.67–1.25)

522
1970
2685

1.33 (0.61–2.93)
0.81 (0.34–1.92)
0.84 (0.57–1.23)

708
981
1192
2881

1 (reference)
0.99 (0.59–1.66)
0.86 (0.48–1.56)
0.94 (0.74–1.20)

693
900
1162
2755

1 (reference)
0.74 (0.44–1.27)
0.62 (0.33–1.16)
0.87 (0.65–1.18)

169
526
2117
2812

1 (reference)
1.17 (0.48–2.85)
0.98 (0.38–2.50)
1.11 (0.79–1.55)

126
414
2072
2612

1 (reference)
0.87 (0.34–2.25)
0.74 (0.28–2.01)
0.93 (0.61–1.42)

167
824
1644
2635

1 (reference)
1.20 (0.49–2.93)
1.39 (0.53–3.66)
1.19 (0.78–1.82)

136
657
1578
2371

1 (reference)
0.97 (0.37–2.56)
1.55 (0.53–4.54)
1.65 (0.95–2.86)

123
703
2011
2837

1 (reference)
0.68 (0.28–1.65)
0.56 (0.23–1.38)
0.87 (0.62–1.21)

102
543
2034
2679

1 (reference)
0.37 (0.16–0.87)*
0.39 (0.17–0.93)*
0.76 (0.51–1.14)

694
1140
1072
2906

1 (reference)
0.93 (0.58–1.49)
0.55 (0.32–0.96)*
0.78 (0.63–0.98)*

680
1057
1065
2802

1 (reference)
0.67 (0.42–1.08)
0.46 (0.27–0.78)**
0.66 (0.51–0.86)**

1806
722
424
2952

1 (reference)
1.05 (0.63–1.75)
1.21 (0.65–2.26)
1.13 (0.86–1.48)

1837
644
374
2855

1 (reference)
1.13 (0.66–1.92)
1.32 (0.69–2.55)
1.21 (0.90–1.64)

1996
649
345
2990

1 (reference)
1.30 (0.79–2.12)
1.14 (0.61–2.11)
1.07 (0.83–1.37)

2159
560
215
2934

1 (reference)
1.25 (0.74–2.10)
1.69 (0.85–3.36)
1.31 (0.97–1.76)

a

Age, sex, skill level, and baseline work ability prognosis adjusted for in all analysis.
b
Exposure averaged across time [(T1+T2)/2].
*P < 0.01.
**P < 0.0006; Bonferroni-corrected signiﬁcance level (0.01/16).
CI, conﬁdence interval; OR, odds ratio.
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that found promotion of employee well-being (ie, higher interest in
employee well-being and increased attempts to improve employee
work conditions) predictive of elevations in the WAI score.14
The job content questionnaire20 is commonly used in research
aiming to identify the impact of psychological work exposures on
work disability37–39 and sickness absence.6,26,40,41 Time pressure
(a component of the psychological job demand dimension) has not
been found signiﬁcantly important to WAI scoring.11,30 In accordance with earlier cross-sectional ﬁndings, quantitative demands
was consistently unrelated to all work ability outcomes in this
study.
A central component of control of the job content questionnaire is decision authority. A cross-sectional study found a singleitem measure on inﬂuence of decision making associated with the
WAI.11 A prospective study using a measurement scale resembling
this study’s decision control (ie, inﬂuence on methods, decisions important to own work, and collaboration with colleagues) found positive score change on this scale to be predictive of the elevated WAI
score from baseline to follow-up 2 years later.14 Decision control did
not predict the level of work ability in any of our prospective analyses. The divergence of ﬁndings may be attributable to differences
in cohorts. Tuomi et al14 analyzed industry and retail employees,
whereas the present results were based on responses from a variety
of occupational groups.
The current results did not support the notion that higher
mechanical demands (physical workload, working with arms raised)
have long-term effects on the level of work ability. The systematic
review of van den Berg et al42 concluded that four of the seven studies
(with acceptable quality) showed signiﬁcant associations between
mechanical demands and the WAI level. Nevertheless, three of these
four positive studies reported from the same cohort of middle-aged
employees and two of these had a substantially longer follow-up
period than this study. Thus, conﬂicting results could be due to
differences in cohorts and methodological designs. On the basis of
a cohort representing a wide range of the working population, it
seems relevant for future studies to estimate effects of mechanical
demands on work ability over longer periods. It is important to
keep in mind, however, that substantial physical exertions at work
are not as common as before. Thus, further investigations may also
want to consider whether the contribution of mechanical demands to
the level of work ability depends on occupational group. Plausibly,
mechanical demands may be of particular relevance to the reported
level of work ability among employees in occupations, which still
implies high biomechanical loads.

Methodological Considerations
There are several known method biases that may threaten the
validity of conclusions in epidemiological studies on the basis of
self-reported data. Some measures have been taken to mitigate the
potential confounding inﬂuence of biases on the present results.
Associations between baseline exposure and follow-up work
ability may be inﬂuenced by the relationship between baseline exposure and baseline work ability. Adjusting for baseline work ability
should help diminish this inﬂuence. At the same time, adjustment
may have underestimated associations. The most consistent predictors were related to the level of work ability at baseline and to the
level of work ability at follow-up. Thus, the variation in follow-up
work ability explained by baseline work ability may, to some extent,
result from baseline exposure. Nevertheless, this study was not designed to provide information about the mechanisms by which work
exposures relate to work ability—merely to establish prospective
associations.
Of the employees invited at baseline, 53.7% answered all the
questions required to be included in the T1 analyses. Systematic
nonresponse may compromise internal validity. We have no reason
to suspect, however, that response status was systematically related

Work Exposures and Low Work Ability

to both work exposure and work ability levels, as would be necessary
for nonresponse bias to occur.43
Background characteristics were predictive of response at
baseline (ie, age) and dropout at follow-up (ie, age, occupational
group, and skill level). Background characteristics may also have
inﬂuenced exposure–outcome associations. Thus, the adjustment of
these should have served to protect the internal validity of the study.
Selective follow-up participation could indicate a healthy
worker effect. Cross-sectional analyses with the baseline WAI as
outcome were rerun to determine whether baseline-only participants
responded differently from prospective participants. Generally, direction and strength of associations showed to be similar in the two
groups. One notable exception was that role clarity was a signiﬁcant factor among baseline-only responders but not among two-time
responders. Thus, although the majority of baseline participants responded at follow-up (67. 1%), it is apparent that loss to follow-up
may have resulted in underestimation of some effects.
The participants represented a wide range of occupational
sectors. Nevertheless, generalizing the results to the whole Norwegian working population would call for random sampling. Post hoc
stratiﬁcation by sex revealed that baseline WAI scoring of men in
the current sample was comparable to that of men from a representative Swedish sample.44 Nevertheless, women scored somewhat
higher in the current sample. Although national differences (between
Norwegian and Swedish women) may play a role, the divergence of
ﬁndings could be due to the fact that women were overrepresented
in the present sample. Therefore, caution should be taken when inferring the current results to the whole working population.
Data were obtained by a questionnaire designed to overcome
issues relating to certain well-known methodological biases.29 Work
exposures were ranged on frequency scales (and not attitudinal
scales) to minimize yea-saying/nay-saying45 and bias in responses
due to mood state. Exposure and outcome measures were placed in
different sections of the questionnaire with different scale formats.
Furthermore, participants responded to a questionnaire assessing not
only the exposures and outcomes in focus by this study but a wide
range of factors (eg, organizational change, health complaints, and
coping strategies). Presumably, this should have prevented responses
being guided by implicit theories of the exposure-outcome associations presented in this study. Nevertheless, we cannot rule out the
possibility that sources of common method biases45 inﬂuence the
presented associations to some extent.
Categorization of exposures may lead to misclassiﬁcation.43
Average social climate was predictive of the low WAI as a continuous
variable only. Likewise, baseline role clarity and fair leadership were
predictive of low PWA as continuous variables only. For these variables, the threshold points chosen to distinguish between exposure
levels (ie, low, medium, high) may not have been optimal to detect
effects on the low WAI and low PWA, respectively. At the same time,
most other exposures were signiﬁcantly related to the work ability
outcomes both as categorical and continuous. Thus, in general, the
choice of categorical cut points seems to have been appropriate to
provide information on dose–response effects.

CONCLUSIONS
Our ﬁndings from a prospective cohort representing a wide
variety of occupations suggest that levels of role conﬂict, human resource primacy, and positive challenge are predictive of the low WAI
score and perceived low current and future work ability. Mechanical
demands were not found predictive. To protect employee work ability, workplaces are advised to consider the importance of the speciﬁc
psychological and social predictors presented in this study.
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Appendix 1.

The work ability index.

No. of
Item
questions
1
1
Subjective estimation of current work ability
compared with lifetime best

Scale

WAI Points†

0 - 10

0 - 10

0 = not able to work
10 = work ability at its best

Explanation

1

2

Subjective evaluation of work ability in relation
to physical demands and mental demands

1-5

2 - 10

1 = very poor
5 = very good

1

3

Number of diagnosed diseases by physician

0 - 99

1-7

1 = 5 or more deseases
2=4
3=3
4=2
5=1
7 = no disease

1

4

Subjectively estimated work impairment due
to diseases

1-6

1-6

1 = full impairment
6 = no impairment

1

5

Sick absence during the past 12 months

1-5

1-5

1 = 100 days to 365 days
2 = 25 - 99 days
3 = 10 - 24 day
4 = 1 - 9 days
5 = 0 days

1

6

Own prognosis of work ability 2 years from now

1-3

1, 4, 7

3

7

Mental resources (enjoying daily tasks, life
spirit, optimism about the future)

1-5

0 - 12

1 = Hardly able to work
4 = not sure
7 = fairly sure
0 = never
4 = often

†Work ability sum score ranges from 7 to 49 points.

Appendix 2.

Crossectional analysis: Psychological, social, and mechanical factors as independent variables

and low WAI (< 37 points) as outcome. Binary logistic regressions
Confounders included†

Work exposure

Baseline sample (T1)
N

OR

99% CI

Follow-up sample (T2)
N

OR

99% CI

Decision demands
Category

Low

402

Middle
High
Continuous

1

Reference

337 1

Reference

1838

0.72

(0.49 -1.07)

1731 0.74

(0.48 -1.13)

2389

0.84

(0.57 -1.23)

2025 0.82

(0.54 -1.25)

4629

1.00

(0.85 -1.17)

4093 0.96

(0.80 -1.14)

Reference

1254 1

Reference

Quantitative demands
Category

Low

1534

1

Middle

1819

1.07

(0.81 -1.40)

1691 0.88

(0.65 -1.18)

High

1374

1.37

(1.03 -1.84)*

1188 1.33

(0.97 -1.81)

4727

1.21

(1.04 -1.41)*

4133 1.21

(1.03 -1.43)*

Continuous
Role clarity
Category

Low

135

1

Middle

519

0.49

(0.27 -0.88)*

High

4141

0.28

(0.17 -0.47)**

3621 0.33

(0.19 -0.56)**

4795

0.64

(0.55 -0.73)**

4200 0.64

(0.55 -0.75)**

2485

1

Reference

2293 1

1892

1.80

(1.41 -2.30)**

416

3.09

(2.16 -4.42)**

4793

1.71

(1.48 -1.97)**

Continuous

Reference

130 1
449

0.58

Reference
(0.31 -1.07)

Role conflict
Category

Low
Middle
High

Continuous

1563 1.58
353

Reference
(1.21 -2.05)**

3.07

(2.10 -4.49)**

4209 1.57

(1.34 -1.83)**

Positive challenge
Category

Low

186

1

711

0.81

(0.48 -1.36)

3645

0.39

4542

0.62

Low

1326

1

Middle

931

0.81

(0.60 -1.11)

High

2521

0.56

4778

0.76

Middle
High
Continuous

Reference

189 1
647

Reference

0.48

(0.30 -0.79)**

(0.24 -0.63)**

3200 0.25

(0.16 -0.40)**

(0.54 -0.72)**

4036 0.58

(0.50 -0.68)**

Control over work intensity
Category

Continuous

Reference

965 1

Reference

754

0.94

(0.66 -1.35)

(0.43 -0.75)**

2466 0.81

(0.59 -1.11)

(0.68 -0.85)**

4185 0.89

(0.78 -1.01)

1300 1

Reference

Decision control
Category

Low

1544

1

Middle

1745

0.57

(0.44 -0.74)**

1591 0.75

(0.57 -0.99)*

High

1270

0.41

(0.29 -0.57)**

1191 0.56

(0.40 -0.79)**

4559

0.58

(0.50 -0.69)**

4082 0.71

(0.60 -0.84)**

Continuous

Reference

Predictability during the next month
Category

Low

176

1

Middle

430

0.94

High

4197

0.61

(0.36 -1.02)

3670 0.57

(0.32 -1.00)

4803

0.71

(0.62 -0.82)**

4208 0.78

(0.67 -0.91)**

Continuous

Reference
(0.52 -1.71)

138 1

Reference

400

(0.40 -1.47)

0.77

Support from immediate superior
Category

Low
Middle

Social climate

402

1

Reference

346 1

Reference

960

0.95

(0.62 -1.46)

806

(0.55 -1.37)

0.87

High

Fair leadership

3250

0.67

(0.43 -1.05)

2890 0.63

(0.39 -1.01)

4612

0.79

(0.67 -0.94)**

4042 0.80

(0.66 -0.96)*

Low

1236

1

Middle

1633

0.59

(0.46 -0.77)**

1474 0.74

(0.56 -0.99)*

High

1925

0.35

(0.27 -0.47)**

1751 0.44

(0.32 -0.60)**

4794

0.66

(0.59 -0.74)**

4194 0.68

(0.61 -0.77)**

Continuous
Empowering leadership
Category

Continuous

Reference

969 1

Reference

Fair leadership
Category

Low

339

1

Middle

938

0.60

(0.41 -0.88)**

High

3482

0.31

(0.22 -0.43)**

3155 0.33

(0.22 -0.49)**

4759

0.61

(0.54 -0.69)**

4149 0.60

(0.53 -0.68)**

Continuous

Reference

285 1
709

0.63

Reference
(0.41 -0.97)*

Innovative climate
Category

Low
Middle
High

Continuous

Positive challenge
Support from immediate superior

307
1322

1

Reference

0.86

(0.56 -1.34)

278 1
1204 0.86

Reference
(0.53 -1.40)

Fair leadership

2615

0.82

(0.51 -1.34)

2333 0.76

(0.44 -1.31)

Social climate

4244

0.98

(0.78 -1.22)

3815 1.04

(0.82 -1.31)

1

Reference

Social climate
Category

Low

250

Middle

1188

0.48

(0.32 -0.72)**

1050 0.56

(0.35 -0.89)*

High

3309

0.22

(0.15 -0.33)**

2903 0.31

(0.20 -0.49)**

4747

0.53

(0.46 -0.61)**

4152 0.59

(0.51 -0.69)**

Continuous

199 1

Reference

Human resource primacy
Category

Low

1120

1

Middle

1797

0.51

(0.39 -0.67)**

1613 0.58

(0.43 -0.78)**

High

1687

0.31

(0.23 -0.42)**

1571 0.42

(0.30 -0.57)**

4604

0.57

(0.50 -0.65)**

4064 0.64

(0.56 -0.74)**

Continuous

Reference

880 1

Reference

Physical workload
Category

Low

2887

1

Middle

1120

1.29

(0.98 -1.71)

High

Reference

2620 1

Reference

943

1.56

(1.16 -2.09)**

594

1.33

(0.90 -1.96)

4157 1.24

(1.05 -1.45)*

719

1.64

(1.17 -2.30)**

4726

1.23

(1.07 -1.42)**

Low

3152

1

Middle

1060

1.74

(1.33 -2.28)**

832

1.41

(1.05 -1.90)*

590

1.87

(1.34 -2.61)**

406 1.48

(0.99 -2.20)

4802

1.37

(1.20 -1.56)**

4211 1.22

(1.05 -1.43)*

Continuous
Working with arms raised to or
above shoulder level
Category

High
Continuous
†Age, sex, and skill level adjusted for in all analysis.
*P < 0.01.
**P < 0.0006; Bonferroni-corrected significance level (0.01/16).
WAI, work ability index; CI, confidence interval; OR, odds ratio.

Reference

2973 1

Reference
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Abstract
Background: Relations between several occupational psychological and social factors and disability retirement remain
largely unexplored. Knowledge of which specific aspects of the work environment that affect risk of disability is a
prerequisite for the success of organizational interventions aiming to prevent premature work force exit. The objective
of the present study was to determine contributions to registered disability retirement by a broad range of
psychological and social work exposures while taking into account effects of mechanical exposure.
Methods: Written consent was obtained from 13 012 employees (96 organizations) representing a wide range of
occupations, to link their survey responses to data from the Norwegian national registry of disability compensation.
Median follow-up time was 5.8 years. To determine effects of self-reported work exposures on risk of disability
retirement hazard ratios (HR) and 99% confidence intervals (99% CI) were calculated with Cox regression analysis.
Effects of sex, age group, skill level, sickness absence in the last three years, and work exposures estimated to be
confounders were accounted for. Post hoc stratification by sex was conducted to explore if identified predictors
affected risk of disability retirement differently in men compared to women.
Results: Contributors to higher risk of disability retirement were “role conflict” (high level HR 1.55 99% CI 1.07 to 2.24)
and “physical workload” (high level HR 1.93 99% CI 1.39 to 2.68). Contributors to lower risk of disability retirement were
“positive challenge” (high level HR 0.56 99% CI 0.34 to 0.93), “fair leadership” (high level HR 0.56 99% CI 0.39 to 0.81),
and “control over work intensity” (high level HR 0.62, 99% CI 0.47 to 0.82). Direction of effects was not dependent on
sex in any of the five identified predictors.
Conclusions: Several specific psychological and social work factors are independent contributors to risk of disability
retirement. In order to prevent premature work force exit workplace interventions should consider targeting the
predictors identified by the present study.
Keywords: Disability retirement, Occupational, Psychosocial, Mechanical, Registry data, Prospective, Hazard ratio

Background
Exit from working life due to disability incurs large
costs for societies as well as challenges to the quality of
life of persons. Premature exit may result from impacts
of biological/medical, psychological, and social conditions
on functioning [1]. Still, the potential influences of a variety
of non-physical work environment conditions on disability
retirement have previously been devoted little attention.
The present study aimed to determine which of a broad
* Correspondence: jse@stami.no
Department of Work Psychology and -Physiology, National Institute of
Occupational Health, P.O. Box 8149 DepN-0033 Oslo, Norway

range of specific occupational psychological and social
factors that may contribute to disability retirement.
The workplace is an arena where individuals face challenges inherent in work tasks and social interactions. Work
also provides opportunities for positive experiences from
achievement and friendship. For many people, the job is a
major source of feedback, fulfillment, and personal identity
which in turn may promote work motivation, health, and
work ability. Hence, conditions at work may contribute to
disability retirement in several ways, e.g. by (I) influencing
health and work ability, by (II) influencing motivation to

© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
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work, or by (III) making work too demanding relative to
work ability (competence) in the jobs that are available.
A 2011 systematic review of psychological and social
work factors contributing to disability retirement [2]
revealed that only a limited number of factors have been
examined. The majority of the reviewed studies sought to
identify contributions of “low control,” “psychological
demands,” and “social support.” In many of these, as well as
subsequent studies on registered work disability (e.g. [3–5])
it is apparent that the Job Content Questionnaire (JCQ; [6])
has been the preferred instrument to measure psychological
and social work factors. This instrument groups several
specific factors under broad demand and control dimensions, which raises the possibility that factors with
opposite effects are grouped together under the same
heading. However, knowledge of specific contributors
to disability is arguably a prerequisite for developing
practical interventions at the workplace.
Recent studies have shown that psychological and social
factors other than the dimensions assessed with the JCQ
instrument contribute to health symptoms (e.g. [7, 8]) and
perceived work ability [9]. Hence, it seems timely to
broaden the scope by exploring contributions to disability
retirement by a wider range of non-physical work factors.
Biomechanical workload has received considerable
attention in relation to registered work disability, and
several studies have examined effects of both mechanical
and psychological/social work factors [4, 5, 10, 11].
Based on previous publications it remains somewhat
unclear if mechanical workload plays an important role
in explaining associations between non-physical occupational factors and work disability. While the main objective was to determine contributions of a broad range of
psychological and social work factors to publicly registered disability retirement, the present study also sought
to account for effects of mechanical work exposure.
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the Norwegian Data Inspectorate. The organizations from
which employees were recruited provided data on employees’ departmental affiliation, home address, and occupational title according to the Norwegian standard
classification of the occupations (STYRK) - a system developed by Statistics Norway based on the International
Classification of Occupation (ISCO-88). In return for participation in the project, the organizations received written
reports and oral presentations of results with the objective
of supporting management and personnel in the process
of monitoring their work conditions.
Population

Employees were recruited from 96 companies representing a broad spectrum of occupational sectors including
health care, education, government and public administration, engineering, project management, industry, and
non-profit organizations. A total of 30 585 subjects were
invited to participate in the period 2004 to 2014. At the
time of invitation 28 833 (94.3%) subjects were aged 18–
62 years and thus eligible for disability retirement benefits. Subjects above the age of 62 were excluded as they
are additionally entitled to early age pension. Of the invited aged 18-62, 17 789 (61.7%) responded to the questionnaire survey. Written consent was obtained from 13
012 (73.1%) subjects and enabled linking these individuals’ questionnaire responses to data from the national
registry of disability compensation maintained by the
Norwegian Labour and Welfare Administration (NAV).
Based on information from this registry subjects were
excluded from the present study if having incomplete history of work disability (emigration before response, n = 76;
0.6%) or having received disability retirement compensation
(due to some proportion of disability) prior to response
(n = 498; 3.8%). Thus, the final cohort (Fig. 1) consisted of 12
438 subjects (95.6% of the participants; mean age 41.8 years;
55.5% women) with a median follow-up time of 5.8 years.

Methods
Study design

Ethical approval

The current study is part of a full-panel prospective study
of work factors contributing to health, work ability, absence, and exit from working life in Norway. Employees
were invited to participate in a web-based survey containing questions on background information, psychological,
social, and mechanical work factors, work organization,
mastery of work, attitudes towards work, organizational
change, personality, health behavior, coping strategies,
mental health, health complaints, and work ability. Each
employee received a letter containing information about
the survey and a personalized code for logging into the
web-based questionnaire. A paper version of the questionnaire was made available upon request. Written information specified the strict confidentiality guidelines and
informed about the license for data collection granted by

The project has been approved by the Regional Committees
for Medical and Health Research Ethics (REC) in Norway
and has permission from The Norwegian Data Protection
Authority. The research was carried out in compliance with
the World Medical Association Declaration of Helsinki and
written informed consent was obtained from all study participants (for details see [12]).
Outcome: disability retirement

Disability retirement was defined as the subject receiving
disability pension compensation from the Norwegian
Labour and Welfare Administration (NAV). Unlike reimbursement for sickness absence, the requirement for
receiving disability pension is that the magnitude of
work inability is at least 50% [13]. Compensation criteria
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The psychological and social scales covered job demands, control at work, predictability at work, role expectation, leadership, and organizational culture and
climate (see Table 3). A complete list of scale items has
been published elsewhere [14, 15]. Responses to items
were given on a 5-point scale; 1 “very seldom or never,” 2
“somewhat seldom,” 3 “sometimes,” 4 “somewhat often,”
and 5 “very often or always.”
Mechanical exposure was measured with two items;
physical workload, and working with arms raised to or
above shoulder level (single item). Physical workload
was assessed by measuring the extent to which subjects
were lifting or handling objects that weigh approximately 1–5 kg, 6–15 kg, and more than approximately
15 kg with own muscular strength. Response categories
for both measures were; 1 “seldom or never,” 2 “sometimes,” 3 “daily,” and 4 “many times per day.”
To address dose-response relationships, scale scores
were categorized into three exposure levels. In line with
previously published analyses from parts of the same cohort [8, 9] scores from 1.00 through 2.60 were classified as
“low”; 2.61 through 3.40 as “middle”; and 3.41 through
5.00 were classified as “high” exposure, respectively. For
the four-level measures (mechanical exposures) scores
from 1.00 through 2.50 were classified as “low”; 2.51
through 3.50 as “middle,” and 3.51 through 4.00 as “high”
exposure, respectively.
Statistical analysis

Fig. 1 Flow diagram depicting the selection process. aEmployees
above 62 years of age are additionally eligible for statutory early age
pension and thus excluded from the present study. bNational registers
maintained by the Norwegian Labour and Welfare Administration

must be substantiated by an extensive physician’s certificate and confirmed by examinations (which includes
assessment of job specific capacities) undertaken by specialized (usually medical) representatives from a local
NAV office. For the respondents consenting to registry linkage we had access to information on disability pension
compensation recorded in the NAV registry up to 1 January
2015 (the end of the present study’s follow-up period).
Psychological, social, and mechanical work factors

Psychological and social exposures were measured by the
General Nordic Questionnaire for psychological and social
factors at work (QPSNordic). Psychometric evaluations of
QPSNordic have shown high validity and reliability of the
scales included in the present study [14]. Reliability analyses indicate that the factors are consistent across a wide
range of occupational groups [15].

Statistical analyses were conducted with SPSS version
22.0 (IBM, Armonk, NY) and with the survival package
[16] for R version 3.2.2.
Non-response analysis was conducted to determine if
background variables influenced whether subjects
responded at baseline. Binary logistic regressions were
run with response status as outcome. The effects of
age, sex, occupational group, and skill level were estimated separately. Since the occupational group variable
does not have a clear intrinsic order this variable was
treated as nominal. Thus, the effects of each of the 10
occupational categories on response status were calculated by using the combination of all other occupational
groups as reference.
Hazard ratios were calculated with Cox regression
analysis to determine effects of background variables
and 16 work exposures on disability retirement. Analyses
were run separately with each background/work exposure variable as independents. Since multiple analyses
were performed 99% confidence intervals were chosen
in order to reduce the risk of type 1 error. Due to the
clearly higher hazard ratio for subsequent work disability in
women (Table 2) post hoc analysis with stratification by sex
was conducted to uncover if the identified predictors in the
primary analysis (see Table 3) were differentially related to
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work disability according to sex. In order to calculate a single effect estimate for each predictor (to be compared across
sexes), exposure variables were entered as continuous in
these analyses.
As recommended for studies of healthy populations
[17] attained age (at censoring/event) was the underlying
time scale in the analyses (except in the non-response
analysis with age group as the primary predictor) rather
than “time-on-study” (i.e. years since baseline response).
Interactions between each background/work exposure
variable and the logarithm of the follow-up time i.e. age
in years, (for age group; time since response) were determined by tests of non-zero slopes followed by graphical
plots of scaled Schoenfeld residuals. The tests indicated
no violations of the proportional hazards assumption
(for all variables: P >0.05).
Follow-up time was calculated from the calendar date
subjects responded to the web-based questionnaire. For
subjects completing the paper version of the questionnaire
(n = 1106) and for some of the web responders (n = 882)
information on actual response date was not obtainable.
In these cases response date was set to the last possible
date of response for all employees in their respective company. Follow-up ended at the time point of being
granted disability pension (n = 553), emigration (n = 42),
death (n = 39), or 1 January 2015 (n = 10 407) whichever
came first. At the time of this study data from the old
age pension registry had not been obtained. Thus, subjects were also censored if they reached the eligible age
for early statutory pension (which is the first day of the
month following the 62nd birthday) before the end of
follow-up (n = 1397).
Potential confounding variables

The effects of sex, skill level, age group, and sickness absence (in the 3 years preceding baseline response) were
accounted for in all analyses of work exposures and disability retirement. Skill level was determined by recoding
the occupational groups (ISCO-88) in agreement with the
International Standard for Classification of Education
(ISCED). In cases where no information on occupational
group (ISCO-88) had been provided by the subjects’ respective companies, missing values were substituted with
self-reported skill level information (n = 102). Baseline age
was categorized into; 18–29, 30–39, 40–49, and 50–
62 years, to account for potential cohort effects [17].
Some chronic illnesses may lead to reductions in certain
work exposure levels [18, 19]. Also, a number of chronic
diseases are linked with risk of disability pensioning [20].
Thus, the analyses were adjusted for sickness absence prior
to baseline response caused by cardiovascular disease, respiratory illnesses, cerebrovascular disease, diabetes, or cancer [21, 22]. This information was obtained from the
sickness absence registry maintained by the Norwegian
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Labour and Welfare Administration and limited to the
3 years prior to baseline participation.
The observed effect of each work exposure on work disability may be confounded by the effects of other work exposures. However, since the scales are interrelated [14, 15]
simultaneously controlling for all other work exposures is
likely to result in overadjustment. Thus, a strategy described by Rothman et al. [23] was utilized to identify influence by other work exposures above a certain threshold
level. First, the effect of an exposure on disability retirement was estimated. Subsequently, one other exposure
was added to the model. If the effect estimate of the original exposure changed by more than 10% in the second
model the added exposure was defined as a confounder
[23]. This procedure was carried out for each of the 16
work exposure measures. The influence of each of the
other 15 work exposure measures was estimated.

Results
Non-response analysis

Sex was not predictive of responding at baseline (P >0.05;
Table 1). Subjects aged >29 (i.e. 30–39, 40–49, and 50–62)
exhibited higher odds of responding compared to the lowest age group (for all: P <0.05). The non-response analyses
further revealed that the groups; legislators/senior officials/managers, professionals, and clerks exhibited significantly higher odds of responding at baseline compared to
all other occupational classes (combined). Lower odds of
responding were detected for service workers/shop/market
sales workers and plant/machine operators/assemblers.
The analyses of skill level indicated that subjects with
competence level corresponding to less than 4 years of
higher education exhibited lower likelihood of responding
at baseline. Subjects with unspecified competence level
(this being legislators/senior officials/managers) had a
clearly higher likelihood of responding compared to subjects with competence level equivalent to minimum 4 years
of higher education.
Background characteristics predictive of disability retirement

Women exhibited a higher risk of disability retirement
compared to men (P <0.05; Table 2). Being in the age
group 50 to 62 was associated with an increase in risk of
disability retirement compared to being <30 years of age.
Also, differences in risk of disability retirement were
found between the occupational groups; service workers/
shop/market sales workers exhibited higher risk compared
to the other occupational groups combined. Legislators/
senior officials/managers, professionals, and craft and
related trades workers showed lower risk. In the analyses of skill level, lower levels were associated with higher
risk of disability retirement. One exception was the group
with unspecified requirements for competence level (this
being legislators/senior officials/managers) which showed a
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Table 1 Sample characteristics and their associations with baseline response
Employees aged 18–62 years
(N = 28 833)
Background variable

Participants
(n = 13 012)

Association with baseline
response

Non-participants
(n = 15 821)

N

%

N

%

OR

95% CI

Male

5733

44.06

7108

44.93 1.00

Female

7279

55.94

8669

54.79 1.04 0.99–1.09 0.091

0

0

44

0.28

P-value

Sex

Missing data
Age in years, mean (SD)

41.91 (10.20)

40.43 (11.19)

<30

1725

13.26

3228

20.40 1.00

30–39

3791

29.13

4397

27.79 1.61 1.50–1.74 <0.001*

40–49

4078

31.34

4222

26.69 1.81 1.68–1.94 <0.001*

50–62

3418

26.27

3974

25.12 1.61 1.49–1.73 <0.001*

Legislators, senior officials, and managers

1120

8.61

580

3.67

Professionals

3662

28.14

2837

17.93 1.25 1.18–1.32 <0.001*

Technicians and associate professionals

3641

27.98

3336

21.09 0.99 0.94–1.05 0.797

Clerks

728

5.59

527

3.33

Service workers and shop and market sales workers

2940

22.59

3626

22.92 0.66 0.63–0.70 <0.001*

Skilled agricultural and fishery workers

1

<

Craft and related trades workers

394

3.03

a

Classification of occupation

0.01 7
394

1.83 1.65–2.03 <0.001*

1.28 1.14–1.43 <0.001*

0.04

0.13 0.02–1.06 0.056

2.49

0.91 0.79–1.05 0.186

Plant and machine operators and assemblers

44

0.34

95

0.60

0.42 0.29–0.60 <0.001*

Elementary occupations

322

2.47

312

1.97

0.94 0.81–1.10 0.435

Armed forces and unspecified

0

0

1

<0.01 -

Missing data

160

1.23

4106

25.95

Competence equivalent to minimum 4 years of higher education (>15 years) 3675

28.24

2848

18.00 1.00

Competence equivalent to 1–3 years of higher education (13–15 years)

3683

28.30

3373

21.32 0.85 0.79–0.91 <0.001*

Competence equivalent to high school (10–12 years)

4150

31.89

4713

29.79 0.68 0.64–0.73 <0.001*

Occupations that do not require high school (<10 years)

336

2.58

324

2.05

0.80 0.69–0.94 0.008*

Occupations with unspecified requirements for competence

1120

8.61

581

3.67

1.49 1.34–1.67 <0.001*

Missing data

48

0.37

3982

25.17

-

Skill levelb

N number of subjects, OR odds ratio, CI confidence interval, SD standard deviation
a
Treated as binary variables. Each occupational group coded as 1 while all other listed occupational groups coded as 0 (reference) in each analysis
b
Occupations grouped into the level of competence expected for the respective occupations. In cases with no information from company records missing values
were substituted by, if available, self-reported skill level
* P < 0.05

lower risk of disability retirement compared to the reference group (subjects with minimum 4 years of higher education). Finally, subjects with sickness absence due to a
range of chronic diseases registered in the 3-year period
prior to baseline response exhibited higher risk of disability
retirement (P <0.05).
Work exposures predictive of disability retirement

Higher risk of disability retirement was associated with
the highest baseline levels of role conflict and physical
workload (P <0.01; Table 3). Lower risk of disability

retirement was predicted by the highest baseline levels
of positive challenge, control over work intensity, and
middle and high level of fair leadership (P <0.01).
Post hoc stratification by sex with the five identified
contributors revealed that the risk estimates for women
and men were in the same direction for all of the predictors (Table 4). Also, differences in the hazard risk ratios
were minor comparing the sex-specific effects of role
conflict and control over work intensity. With a risk ratio
difference of more than 10% two of the factors were notably more protective of disability retirement in men i.e.
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Table 2 Baseline sample characteristics as predictors of disability retirement
Number

Disability cases
n

%a

HRb

Male

5536

111

2.01

1.00

Female

6902

442

6.40

3.30

Background variable

95% CI

P-value

2.68–4.06

<0.001*

Sex

Age in years, mean (SD)

41.79 (10.23)

44.02 (9.80)

<30

1697

58

3.42

1.00

30–39

3641

117

3.21

0.88

0.64–1.20

0.416

40–49

3863

184

4.76

1.34

0.99–1.80

0.051

50–62

3237

194

5.99

2.31

1.72–3.09

<0.001*

Legislators, senior officials, and managers

1101

26

2.36

0.35

0.23–0.51

<0.001*

Professionals

3510

112

3.19

0.62

0.51–0.77

<0.001*

Technicians and associate professionals

3476

153

4.40

1.04

0.86–1.25

0.700

Clerks

690

46

6.67

1.30

0.96–1.76

0.092

Service workers and shop and market sales workers

2794

173

6.19

2.26

1.89–2.71

<0.001*

Skilled agricultural and fishery workers

1

0

0

-

-

-

Craft and related trades workers

358

4

1.12

0.26

0.10–0.70

0.008*

Plant and machine operators and assemblers

39

3

7.69

1.72

0.55–5.36

0.348

Elementary occupations

316

22

6.96

1.52

0.99–2.32

0.056

Armed forces and unspecified

0

0

0

-

-

-

Missing data

153

14

9.15

Competence equivalent to minimum 4 years of higher education (>15 years)

3523

113

3.21

1.00

Competence equivalent to 1–3 years of higher education (13–15 years)

3517

156

4.44

1.48

1.16–1.88

0.002*

Competence equivalent to high school (10–12 years)

3924

232

5.91

2.23

1.78–2.79

<0.001*

Occupations that do not require high school (<10 years)

329

24

7.29

2.16

1.39–3.35

0.001*

Occupations with unspecified requirements for competence

1101

26

2.36

0.53

0.35–0.82

0.004*

Missing data

44

2

4.55

No

11911

493

4.14

1.00

Yes

527

60

11.39

2.17

1.66–2.83

<0.001*

Classification of occupationc

Skill leveld

Sickness absencee

N number of subjects, HR hazard ratio, CI confidence interval, SD standard deviation
a
Percentage of registered disability pension cases within each category
b
Crude effect
c
Treated as binary variables. Each occupational group coded as 1 while all other listed occupational groups coded as 0 (reference) in each analysis
d
Occupations grouped into the level of competence expected for the respective occupations. In cases with no information from company records missing values
were substituted by, if available, self-reported skill level
e
Due to respiratory illnesses, cardiovascular disease, cerebrovascular disease, diabetes, or cancer in the 3 years prior to response
* P < 0.05

positive challenge (HRmen 0.77, CI 0.54–1.11 vs HRwomen
0.96, CI 0.80–1.15) and fair leadership (HRmen 0.74, CI
0.57–0.96 vs HRwomen 0.86, CI 0.75–0.99). Further, with
a risk ratio difference of 26.2% physical workload was a
stronger risk factor to disability retirement in men than
in women (HRmen 1.68 CI 1.22–2.32 vs HRwomen 1.24 CI
1.06–1.45). Although differences in magnitude of effects
were detected the confidence intervals for all factors
overlapped in range across the sexes.

Discussion
The present results clearly indicated that in addition to
physical workload higher levels of several psychological and
social work exposures independently predict subsequent
disability retirement. A lower risk of disability retirement
was predicted by the factors positive challenge, control over
work intensity, and fair leadership. Role conflict and physical workload were the most prominent predictors of higher
risk of disability retirement. Of these five factors positive
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Table 3 Psychological, social, and mechanical work factors as
predictors of disability retirement
Factor

Number HRa 99% CI

Decision demands

0.411

Low

986

1.00

Middle

4890

0.82 0.56–1.21

High

5958

4012

1.00

Middle

4686

1.14 0.87–1.49

3318

386

1.00

Middle

1478

0.60 0.30–1.18

High

10283

0.020

Low

5797

1.00

Middle

5042

1.25 0.99–1.59

High

1312

440

1.00

Middle

1983

0.68 0.40–1.17

High

8675

0.56 0.34–0.93

Control over work intensity
3461

1.00

Middle

2406

0.84 0.62–1.14

High

6227

0.62 0.47–0.82

Decision controlc

0.005

Low

4057

1.00

Middle

4374

0.92 0.70–1.20

High

3135

0.70 0.48–1.01

Predictability during the next
month

0.998

Low

568

1.00

Middle

1423

1.70 0.88–3.32

High

10159

1.22 0.66–2.23

Support from immediate superiord

0.826

Low

989

1.00

Middle

2517

1.06 0.67–1.67

High

8343

0.96 0.60–1.52

Empowering leadership

0.175

Low

2930

1.00

Middle

4260

0.80 0.60–1.05

High

4935

0.86 0.65–1.13

Fair leadership

Low

787

1.00

Middle

3703

0.85 0.53–1.37

High

6484

1.04 0.64–1.71

Low

584

1.00

Middle

2947

0.89 0.53–1.50

High

7826

0.92 0.54–1.56

Low

2886

1.00

Middle

4566

0.79 0.59–1.04

High

4210

0.79 0.59–1.05

Low

7115

1.00

Middle

3075

1.26 0.94–1.68

High

1631

1.93 1.39–2.68

0.035

0.528

0.110

<0.001

Working with arms raised to or
above shoulder levelcf
<0.001

Low

0.56 0.39–0.81

Physical workload

0.027

Low

0.61 0.40–0.93

9064

c

1.55 1.07–2.24

Positive challengeb

2175

High

Human resource primacy

0.70 0.39–1.25

Role conflict

Middle

Social climate

0.913

Low

1.00

de

1.28 0.95–1.73

Role clarity

753

Innovative climate

0.035

Low

Low

bde

0.86 0.58–1.26

Quantitative demands

High

P-value
for trend

Table 3 Psychological, social, and mechanical work factors as
predictors of disability retirement (Continued)

0.001

0.058

Low

8040

1.00

Middle

2434

1.15 0.84–1.58

High

1314

1.21 0.83–1.76

N number of subjects, HR hazard ratio, CI confidence interval
a
Adjusted for sex, age group, skill level, and sickness absence in the 3 years
prior to response caused by cardiovascular disease, respiratory illnesses,
cerebrovascular disease, diabetes, or cancer
b
Adjusted for decision control
c
Adjusted for control over work intensity
d
Adjusted for fair leadership
e
Adjusted for human resource primacy
f
Adjusted for physical workload

challenge, fair leadership, and physical workload seemed to
be more strongly related to disability retirement in men
compared to women. In magnitude of effects, role conflict
and control over work intensity revealed to be somewhat
equally important to disability retirement across the sexes.
Previous studies investigating relations between psychological/social work exposures and disability retirement
have often employed the “demand-control” framework.
When outlining the job demand and job control dimensions, Karasek [24] stated that “a correct analysis must distinguish between two important elements of the work
environment at the individual level: (1) the job demands
placed on the worker and (2) the discretion permitted the
worker in deciding how to meet these demands” (p. 285).
Hence, the demand and control dimensions incorporate a
wide range of work environment aspects. Measured with
the JCQ, [6] “job demands” and “decision latitude” have
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Table 4 Psychological, social, and mechanical factors as predictors of disability retirement in men and women
Men
Factora

Women

N

HRbc

99% CI

P-value

N

HRbc

99% CI

Role conflict

5426

1.33

0.98–1.82

0.017

6725

1.26

1.08–1.48

<0.001

5.26

Positive challengee

5026

0.77

0.54-1.11

0.065

6072

0.96

0.80–1.15

0.527

19.79

P-value

% differenced

Control over work intensity

5398

0.83

0.64–1.09

0.081

6696

0.81

0.72–0.92

<0.001

2.41

Fair leadership

5354

0.74

0.57–0.96

0.003

6638

0.86

0.75–0.99

0.005

13.95

5288

1.68

1.22–2.32

<0.001

6533

1.24

1.06–1.45

<0.001

26.19

f

Physical workload

N number of subjects, HR hazard ratio, CI confidence interval
a
Scale scores ranging from 1 to 5. For physical workload; 1 to 4
b
Risk of disability retirement per unit increase in each of the listed work exposures. HRs and CIs calculated separately for men and women
c
Adjusted for age group, skill level, and sickness absence last 3 years prior to baseline response caused by cardiovascular disease, respiratory illnesses,
cerebrovascular disease, diabetes, or cancer
d
Percentage difference in HRs between men and women
e
Adjusted for decision control
f
Adjusted for control over work intensity

repeatedly been examined to elucidate potential separate
effects of these dimensions on risk of disability retirement.
Across studies of occupationally diverse populations, however, consistency of findings seems low [3–5, 25, 26].
Results from the present study may provide some
explanation to the previous inconsistencies. Decision
demands, quantitative demands, and role conflict reflect
aspects which are grouped together in the JCQ’s job
demands-dimension. While role conflict was identified as
a risk factor to disability retirement, the effects of decision demands and quantitative demands revealed to be
of less influence. To some extent, opposing effects were
also found. Although not significantly, higher decision
demands tended to be protective of disability retirement.
Hence, complex decision-making and high attention demands seem to impact risk of disability retirement very
differently from frequent experiences of role conflicts
(e.g. incompatible requests from two or more people).
“Skill discretion” is one of two components covering
JCQ’s “decision latitude” [6] but few previous studies have
addressed the potential independent effect of this aspect
on disability retirement (see [27] for an exception). This is
somewhat surprising since use of competence almost
seems inseparable from the concept of “ability to perform
work” [28]. Positive challenge (e.g. skills/knowledge useful
in work) was identified as a clearly protective factor in the
present study, a finding that arguably adds to the current
state of knowledge on precursors to disability retirement.
The current study tested predictions of the leadership
factors fair, empowering, and supportive leadership.
Recently, an index comprising elements from fair leadership (i.e. “immediate superior treat employees fair and impartially”) and supportive leadership (e.g. “get support/
help from immediate superior”) was found consistently
predictive of (self-reported) disability retirement in a randomly drawn Norwegian cohort [29]. Investigating the
independent effects of the three above-mentioned leadership factors only fair leadership was identified as a

substantial protective factor by the present study. The
indicated non-significant effect of supportive leadership seems, however, to resonate with some earlier
findings [30, 31].
There seems to be a paucity of studies investigating
the potential discriminating effects of different sources
of support on disability retirement. On the contrary,
joint effects of leadership and co-worker support have
repeatedly been reported and found statistically nonsignificant [3–5]. In the present study, the social climate
factor encompasses support from within the work unit
(e.g. “encouraging and supportive work unit climate”).
However, none of the factors encompassing support at
work (support from immediate supervisor and social climate) exhibited statistically significant effects on risk of
disability retirement. Still, differential impact of sources
of support remains an important issue as the social climate measure was designed to address aspects other
than co-worker support per se.
The distributions of some of the work exposures were
fairly skewed in a negative direction. In these exposures,
three-level categorization resulted in relatively few observations in the reference category. This may have inflated confidence intervals. Issues with categorization of
role clarity have previously been noted [15] and trichotomizing of this exposure may not have been optimal to
detect statistically significant effects on disability retirement. This issue may also concern the observed negative
but non-significant effect of predictability during the
next month. It seems unclear, however why higher levels
of predictability would contribute to an increased risk of
subsequent disability retirement. One plausible explanation may be that subjects with non-optimal work
ability-level, and on the path towards disability retirement, hold jobs in which working conditions are fairly
stable across time. Alternatively, job tasks and the general organization of work may have been made more
predictable for subjects at risk of retiring due to health
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problems. Thus, the presence of “reverse” effects cannot
be ruled out. However, the present analyses were adjusted for incidences of previous sickness absence due to
chronic diseases in order to make “reverse” effects a less
of a concern when interpreting the results.
Previous investigations do not seem to reveal substantial
sex differences in the effects of psychological and social
factors on subsequent disability retirement [3, 32]. The
present results suggested that some of the specific work
exposures may affect the disability risk of men stronger
than the risk of women. In particular, the effects of physical workload seemed considerably stronger in men. One
might suspect unequal distribution (across the sexes) of
physical job demands (see e.g. [33]) to be accountable for
such a finding. However, the rate of men (14.7%) and
women (13.0%) reporting “high” physical workload were
fairly equal in the current sample (analysis not shown).
Also, analyses were adjusted for “skill level” which should
have helped partialling out effects of occupational differences. Although some differences in magnitude of effects
were discovered, all effect estimates were in the same direction across the sexes. Thus, the present findings do not
provide any particular support for the notion of differentiating on sex when selecting work factors to be targeted in
work place interventions.
Methodological considerations

The participants were recruited through recruiting of businesses and possibly, not all employees were sufficiently
encouraged and/or reminded to participate. A higher
response rate, however, would not automatically enhance
the external validity (i.e. generalizability) of the present results. The diverse sample covered a wide range sectors and
occupations. Still, only a randomly drawn sample from the
entire working population would allow generalization of
the results to the (Norwegian) working population at large.
The response rate may have compromised the internal
validity of the study if, for instance, highly exposed subjects - independent of their subsequent disability status were less likely to participate, and, subjects ending up
with disability pension also tended to avoid participation
at baseline (due to e.g. health issues) [34]. The disability
risk rate of women compared to men was in concordance with that reported in a representative Norwegian
sample [29] and the numbers of new disability cases per
year were comparable. Thus, it is not suspected that
participants which during follow-up received disability
pension were over or underrepresented in the present
population. Also, previous investigations in comparable
studies suggest participation not to be substantially
affected by health status [35, 36].
According to the non-response analysis the background characteristics age, occupational class, and skill
level seem to influence baseline participation status. It is
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unclear however if non-response based on these variables may have posed a threat to the validity of the
current findings. This could be the case if these characteristics influenced the observed exposure–outcome associations. Accounting for the effects of background
characteristics in the main analyses should, however,
have helped control the potential influence of (self )
selection bias [37].
The fact that exposure data (self-report) and outcome
data (the national registry of disability compensation) were
gathered by different methods allows for ruling out many
of the sources of common method bias [38] as likely determinants of the observed associations. Still, bias due to subjective reporting of work exposures may exist. However, the
questionnaire (QPSNordic) has been designed with the
intention to attenuate reporting bias due to mood state and
personality dispositions [14]. Participants are asked to rate
items by frequency of occurrence rather than the extent to
which they agree/disagree with the item content, and items
are carefully worded to describe situations without referring
to negative or positive emotions (satisfaction/dissatisfaction) resulting from these situations.
The present study was based on data of exposure levels
measured once. During the follow-up period of (maximum) 10 years, some subjects may have experienced - for
the most of this period - a different exposure level than
the level reported at baseline. Thus, misclassification according to exposure level may have occurred. To address
this issue, future studies with designs incorporating measures of psychological/social and mechanical exposures at
several time points seem warranted. Additionally, by accounting for exposure level at multiple time points, subsequent studies should be able to address “dose-response”
relationships more appropriately. Risk of disability retirement may be different for subjects reporting, for instance,
constant high level of role conflict compared to subjects
reporting alternations between high and middle levels of
this exposure, across measurement points.
Future studies may also want to stratify by occupational
group/branch to investigate if the identified predictors
contribute differently to disability retirement in different
occupations. In the present study, some of the branches
were represented by relatively few companies with few
disability cases. Thus, statistical power issues did not allow
for detailed analyses, i.e. testing the effects of each exposure on disability retirement while adjusting for relevant
covariates in each branch.

Conclusions
The present study contributes to existing work disabilityresearch by elucidating contributions of factors which previously have been largely unexplored or incorporated
in broader assessments of psychological and social exposures. Several specific predictors were revealed, and
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knowledge of these may represent an advantage to
organizational improvement programs aiming to prevent
premature exit from the work force. The results of the
present study suggest that practical interventions should
particularly focus on reducing occupational role conflicts
and physical workload, and on promoting fair leadership,
positive challenge at work, and control over work intensity. It remains an important issue however if modification
of the identified contributors may result in lowered risk of
disability retirement.
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