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Objectives   The aim of this study was to examine the association between pre-retirement physical working 
conditions and changes in physical health functioning during the retirement transition process.
Methods   Follow-up survey data were collected among ageing employees of the City of Helsinki, Finland, at 
three time points: wave 1 (2000–2002), wave 2 (2007) and wave 3 (2012). We focused on those who retired full 
time due to old age between waves 1 and 3 (N=1658). Exposure to physical workload, occupational environ-
mental hazards, and computer work were divided into quartiles and used as measures of pre-retirement physical 
working conditions. Physical health functioning was measured by the physical component summary (PCS) of 
the Short-Form 36 questionnaire. Repeated-measures analysis was used to study the associations.
Results   Higher pre-retirement exposure to physical workload and environmental hazards was associated with 
lower physical health functioning before and after retirement. The differences in functioning narrowed somewhat 
during the retirement transition process, as physical health functioning in the higher exposure groups improved 
significantly compared to lower exposure groups. In addition, both high and low exposure to computer work were 
associated with lower functioning before retirement. However, functioning among those in the lowest exposure 
group improved during the follow-up whereas in all other exposure groups it declined slightly. This resulted into sig-
nificantly lower post-retirement functioning among those in the highest as compared to the lower exposure groups.
Conclusions   Retirees with higher exposure to adverse physical working conditions before retirement had 
lower pre- and post-retirement physical health functioning despite improvements in their functioning during the 
retirement transition process.
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Good physical functioning is vital for everyday life.  
Loss of physical functioning, such as difficulties in 
walking, is an early marker of declining health, and 
threatens the individual’s independence and quality of 
life (1, 2). Many clinical and epidemiological studies 
have identified multiple determinants of functional 
decline, such as various chronic diseases, and socio
demographic and lifestyle factors (3, 4).

Adverse physical working conditions are potentially 
important risk factors for declining physical health par-

ticularly later in life. For example, previous studies have 
suggested that physically demanding working conditions, 
such as repetitive monotonous work or lifting (5–8), are 
associated with poorer physical health functioning among 
midlife and older employees. Other studies have further 
indicated that exposure to high physical workload is asso-
ciated with lower physical health functioning also after 
retirement (7, 9). In addition, physical inactivity across 
adulthood has cumulative adverse effects on physical 
health functioning in midlife and old age (10, 11), how-
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ever, prospective evidence on the effects of sedentary 
computer work on physical health functioning is lacking. 
Furthermore, various environmental hazards at work, 
such as high exposure to occupational noise, hazardous 
substances or dust, may also threaten employees’ health in 
the long term (12–15), but it is not known whether expo-
sure to occupational environmental hazards is reflected in 
physical health functioning.

 Retirement – one of the major life transitions – is 
also likely to have important consequences for health 
(16, 17). However, current empirical evidence on the 
effects of retirement on physical health is scarce and 
inconsistent, with some previous studies indicating that 
physical health functioning may improve (18), dete-
riorate (19), or remain unaffected (20) after retirement. 
Furthermore, previous studies on physical health func-
tioning have focused on post-retirement changes only 
and studies focusing on changes during the retirement 
transition process, that is, from pre- to post-retirement, 
are rare (21, 22). And it is not known if physical working 
conditions before retirement affect changes in physical 
health functioning during the retirement process.

The aim of this study was to examine the associa-
tions between physical working conditions before transi-
tion to old-age retirement and changes in physical health 
functioning during the retirement transition process, that 
is, from pre- to post-retirement.  

Methods

Participants and ascertainment of old-age retirement

This study is part of the Helsinki Health Study, which 
examines the health and well-being among the ageing 
employees of the City of Helsinki, Finland. Wave 1 data 
were collected by postal surveys in 2000, 2001 and 2002 
among employees reaching 40, 45, 50, 55 or 60 years of 
age in each year (N=8960) (23). The follow-up surveys 
were conducted in 2007 (wave 2) and 2012 (wave 3).  
Of the wave 1 participants, 83% (N=7332) responded 
also to the wave 2 survey, and 79% (N=6814) to the 
Wave 3 survey. Data on retirement were obtained from 
the national registers of the Finnish Centre for Pensions, 
providing complete information on all retirement events. 
These data were linked to the survey data using unique 
personal identification numbers assigned to each Finn-
ish resident. The data linkage was done for those wave 
1 respondents who gave their written consent for such 
linkage (74%, N=6605). According to the non-response 
analysis, the wave 1 and follow-up data, as well as the 
data linkage consenter population satisfactorily repre-
sent the target population (23, 24).  

For the purposes of this study, we focused on those 

who retired full-time due to old age between waves 1 
and 2, that is period 1 (N=1133), and between waves 
2 and 3, that is period 2 (N=1030). We did not include 
those with history of part- or full-time disability retire-
ment before or during the study. Period 1 and 2 retirees 
were merged in the analysis (N=2163). Of these, 1844 
participated in the pre-retirement (phase 1 for period 
1 retirees and phase 2 for period 2 retirees) as well as 
post-retirement (phase 2 for period 1 retirees and phase 3 
for period 2 retirees) surveys. Furthermore, respondents 
with missing information on physical health functioning 
before or after retirement (N=133) or on the physical 
working conditions before retirement (N=53) were 
excluded. This yielded 1658 participants. 

The ethics committees of the Department of Public 
Health, University of Helsinki, and the health authorities 
of the City of Helsinki, Finland, approved the Helsinki 
Health Study.

Measurement of physical workload

Physical working conditions were measured at each 
time point using an 18-item inventory (25). The partici-
pants were asked whether they were exposed to each 
condition and to what extent it bothered them with the 
response alternatives: “does not exist”, “exits but does 
not bother”, “exists and somewhat bothers”, and “exists 
and bothers a lot”. Following the procedures used also 
in our previous work (15, 26), three factors were identi-
fied by factor analysis: physical workload, computer 
work and occupational environmental hazards. Six items 
loaded on the physical workload factor: uncomfortable 
postures, repetitive trunk rotation, repetitive movements, 
heavy physical work, standing and walking (Cronbach 
α=0.81 for period 1 retirees and Cronbach α=0.84 for 
period 2 retirees). Three items loaded on the computer 
work: working with a computer display terminal, using 
a computer mouse, and doing sedentary work (Cronbach 
α=0.77 for period 1 retirees and Cronbach α=0.84 for 
period 2 retirees). The third factor, that is, occupational 
environmental hazards, comprised exposures to dirt and 
dust, dampness and wetness, noise, solvents or other 
irritating substances, and problems with lighting or 
temperature (Cronbach α=0.79 for period 1 retirees and 
Cronbach α=0.80 for period 2 retirees). In each of the 
factors, a high score indicates high exposure and partici-
pants were stratified into quartiles based on their factor 
scores: 1 (low exposure) – 4 (high exposure).

Measurement of physical health functioning

Physical health functioning was measured by the physi-
cal component summary (PCS) of the Short-Form 36 
(SF-36) health questionnaire (27) at each of the three 
waves. The SF-36 includes 36 items and comprises eight 
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subscales: physical functioning, role limitations due to 
physical problems, bodily pain, general health percep-
tions, mental health, role limitations due to emotional 
problems, social functioning and vitality. These eight 
subscales were compressed by means of factor analysis 
into two component summaries: the physical and mental 
component summaries (PCS and MCS). Each of these 
subscales positively or negatively contribute to PCS and 
MCS. The first four subscales mentioned are referred 
to as physical subscales. For the purposes of this study, 
we included the PCS scores at each time point. The 
PCS is a continuous scale, ranging from 0–100, with a 
mean of 50 [standard deviation (SD) 10)] in the general 
US population (27). High scores indicate good physi-
cal health functioning. The SF-36 has a good construct 
validity as well as high internal consistency and test-
retest reliability (27). 

Covariates

Age, gender, and education were obtained from the 
phase before retirement. Other variables were measured 
before and after retirement and were used as time-
variant. Education was divided into three levels: (i) 
higher education, ie, university degree; (ii) intermediate 
education, ie, matriculation or college examination and 
(iii) basic education, ie, secondary or vocational school. 
Body mass index was calculated using self-reported 
weight in kilograms divided by height in meters squared, 
and classified into non-obese (≤30 kg/m2) and obese 
(>30 kg/m2). Leisure-time physical activity was catego-
rized into two levels: inactive = ≤14 metabolic equiva-
lent (MET) hours/week and active = >14 MET hours/
week (eg, brisk walking for 30 minutes, 5 days/week = 
15 MET hours/week). The main analysis used a list of 
self-reported medically confirmed chronic diseases that 
are likely to affect physical functioning (osteoporosis, 
osteoarthritis, rheumatoid arthritis, angina pectoris, heart 
attack, cerebral hemorrhage, intermittent claudication, 
asthma, depression, other mental illness, diabetes and 
cancer). For descriptive purposes the following catego-
ries were used: 0, 1 or ≥2 diseases. 

Statistical methods

Study population characteristics are reported as percent-
ages and mean values of SF-36 physical health function-
ing score (PCS) before retirement with 95% confidence 
intervals (95% CI). The effect of pre-retirement physical 
working conditions on physical health functioning dur-
ing retirement transition process was analyzed in two 
steps: First, the adjusted cross-sectional differences in 
PCS score before and after retirement were calculated by 
pre-retirement physical working conditions using linear 
regression analysis. In these analyses, the covariates 

were derived from the same time-point as PCS. To be 
able to evaluate, whether the observed group differences 
before retirement remain also after retirement, when 
the occupational exposures are removed, we report the 
mean differences separately for both, before and after 
retirement time-points. Second, adjusted group specific 
changes of PCS score during the retirement transition 
process were calculated with repeated measures analy-
sis using PROC MIXED procedure in SAS. This group 
specific approach allows to evaluate if the change in 
physical health functioning differs between the exposure 
groups during the retirement transition process. In these 
longitudinal analyses, the covariates were used as time-
variant. All analyses were adjusted for age and gender. 
Further adjustments were done for obesity, chronic 
diseases and physical activity (model 2), and for educa-
tion (model 3). In model 4, all three physical working 
condition factors were simultaneously adjusted for each 
other. The results are reported as regression coefficients 
(β) and their standard errors (SE). Men and women were 
pooled in the analyses as gender interactions were statis-
tically non-significant (P>0.05). The SAS 9.4 statistical 
package was used for all analyses (SAS institute Inc, 
Cary, NC, USA).

Results 

The mean age of the participants at baseline was 59.3 
(SD 2.6) years. Physical health functioning before retire-
ment was lower among women than men and those who 
had one or more chronic diseases. In addition, obesity, 
and low leisure-time physical activity and low education 
were associated with poorer physical health functioning 
(table 1.) 

Higher exposure to physical workload and occupa-
tional environmental hazards before retirement were 
associated with lower physical health functioning before 
and after retirement (table 1, table 2). These differences 
narrowed slightly during the retirement transition pro-
cess as physical health functioning in the two highest 
exposure categories (quartiles 3 and 4) improved sig-
nificantly (P<0.05) compared to the opposite declining 
trend in the two lowest exposure categories (quartiles 
1 and 2) (table 3). For example, those in the highest 
physical workload category had 5.3 (P<0.001) points 
lower score before retirement as compared to those 
in the lowest quartile (table 2). Although functioning 
among those in the highest exposure quartile improved 
significantly during the follow-up compared to those 
in the lowest quartile (+1.5 versus -0.8, P<0.001, table 
3), those in the highest exposure category had still 3.0 
(P<0.001) points lower physical health functioning score 
also after retirement (table 2). Further adjustments for 



408	 Scand J Work Environ Health 2016, vol 42, no 5

Pre-retirement working conditions and physical functioning 

chronic diseases, obesity, physical activity and educa-
tion attenuated the cross-sectional associations slightly, 
however, the main results did not change. The mutual 
adjustment for all three physical working conditions fac-
tors attenuated the cross-sectional associations, which 
remained significant in the highest workload categories 
(table 2). The adjustments had only minor effects on 
the mean changes of physical health functioning scores 
during the follow-up (table 3).

Both high and low exposure to computer work, 
were associated with lower physical health functioning 
before retirement (table 1). However, functioning among 
those in the lowest exposure quartile improved during 
the follow-up whereas functioning in all other exposure 
groups declined slightly (table 3), resulting into signifi-
cantly lower post-retirement functioning among those 
in the highest as compared to the lowest exposure quar-
tile (table 2). Further adjustments for obesity, chronic 
diseases and physical activity attenuated some of the 
associations, whereas the adverse associations between 

computer work and physical health functioning largely 
remained after adjustment for education and mutual 
adjustment for all of the three working conditions.

Discussion 

Our results show that old-age retirees with higher expo-
sure to adverse physical working conditions before 
retirement had lower pre- and post-retirement physical 
health functioning despite improvements in their func-
tioning during the retirement transition process. 

Our findings of the adverse effects of high physi-
cal workload on physical health functioning are in line 
with previous studies (5–8), but moreover, they extend 
the existing research by providing new evidence of the 
association between pre-retirement physical working 
conditions and changes in physical health functioning 
during retirement process, one of the major life transi-
tions. Furthermore, previous studies have had a narrower 
focus examining the effect of physical workload only, 
overlooking the possible effects of other physical work-
ing conditions.

The observed impacts of environmental hazards 
on physical health functioning are also in line with the 
previous studies indicating that various environmental 
exposures are associated with many other adverse health 
outcomes. For example, high exposure to occupational 
noise, and to various irritating and hazardous substances 
have been associated with increased risk of coronary 
heart disease (12), cancer (14) and sickness absence 
(15), an important measure of global health (28). The 
correspondence with our results makes sense as func-
tional limitations have also been associated with similar 
outcomes (2, 29, 30). 

Physical inactivity is known to have a deteriorating 
effect on physical functioning (10, 11). As occupational 
environment often limits employees’ physical activity 
(31, 32), it has been suggested that sedentary work may 
also be associated with adverse health outcomes (33, 34). 
However, previous studies of the association between 
computer work and physical functioning are lacking. In 
our study, high exposure to sedentary computer work was 
associated with lower physical health functioning before 
and after retirement when adjusting for gender, age, 
obesity, chronic diseases and physical activity. Further 
adjustment for education changed the overall associations 
somewhat, indicating a close relationship between educa-
tion and exposure to computer work.

Our previous study (8) showed that among ageing 
employees, exposure to adverse physical working con-
ditions was associated with greater decline in physical 
health functioning over time. The present study among 
old-age retirees shows, in contrast, that those with high 

Table 1. Unadjusted percentage of participants and Physical Com-
ponent Summary (SF-36) mean score before retirement (N=1658). 
[95% CI= 95% confidence interval.]

N % Mean 
score 

95 % CI

All 1658 100 47.8 46.4–48.2
Gender
Women 1258 76 47.2 46.8–47.7
Men  400  24 49.6 48.9–50.4

Characteristic before retirement
Number of chronic conditions
0 923  56 50.4 49.9–50.8
1 552 33 45.5 44.8–46.3
≥ 2 183 11 41.8 40.6–43.2

Obesity 
No 1335 81 48.7 48.3–49.1
Yes 323  19 44.2 43.1–45.2

Physical activity
Active 1251 75 48.6 48.1–49.1
Inactive   407  25 45.4 44.5–46.3

Education
Basic 383 23 46.1 45.3–47.1
Intermediate 756 46 47.4 46.8–48.0
Higher 519 31 49.7 49.0–50.3

Physical working conditions be-
fore retirement
Physical workload
1 (Low)	 413  25 50.2 49.4–51.0
2 416 25 48.5 47.7–49.4
3 416  25 47.6 46.8–48.3
4 (High) 413  25 45.0 44.1–45.8

Environmental hazards
1	 413  25 50.5 49.8–51.1
2 416  25 48.9 48.1–49.6
3 416  25 47.3 46.4–48.1
4 413  25 44.7 43.8–45.6

Computer work
1	 413  25 47.3 46.4–48.2
2 416  25 49.2 48.3–50.0
3 416  25 48.7 47.9–49.5
4 413  25 46.1 45.3–47.0
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pre-retirement exposure to physical workload or occu-
pational environmental hazards, had improvements in 
their physical health functioning after retirement. It is 
likely that removal of these exposures after retirement 
reduces the related physiological load, which in turn can 
have a positive effect on physical health functioning and 
perceived physical capability (8). However, despite the 

observed improvements, the level of post-retirement 
functioning among those in the highest exposure groups 
remained lower than those in the lower exposure groups. 

Low exposure to sedentary computer work was also 
associated with improvements in physical health func-
tioning during the retirement transition process. Our 
additional analyses showed that a large proportion of 

Table 2. Adjusted cross-sectional differences in Physical Component Summary (SF-36) mean scores by level of pre-retirement 
working conditions. [ref=reference; SE=standard error].

Physical working  
conditions  
(quartiles 1–4)

Model 1 a Model 2 b Model 3 c Model 4 d

Before 
retirement 

After 
retirement 

Before 
retirement

After 
retirement

Before 
retirement

After 
retirement

Before 
retirement

After 
retirement

ß SE ß SE ß SE ß SE ß SE ß SE ß SE ß SE
Physical workload
1 (Low)	 ref. ref. ref. ref. ref. ref. ref. ref.
2 -1.7 0.6 e -1.6 0.6 e -1.2 0.5 e -1.3 0.5 e -1.6 0.6 e -1.5 0.6 e -1.0 0.6 -1.1 0.6
3 -2.7 0.6 e -1.5 0.6 e -2.3 0.5 e -1.6 0.5 e -2.3 0.6 e -1.4 0.6 e -1.1 0.6 -0.6 0.6
4 (High) -5.3 0.6 e -3.0 0.6 e -4.3 0.5 e -2.0 0.5 e -4.6 0.6 e -2.8 0.6 e -2.8 0.7 e -1.9 0.7 e

Environmental hazards
1 (Low)	 ref. ref. ref. ref. ref. ref. ref. ref.
2 -1.6 0.6 e -1.3 0.6 e -1.4 0.5 e -1.3 0.5 e -1.5 0.5 e -1.3 0.6 e 0.1 0.6 0.9 0.6
3 -3.2 0.6 e -2.2 0.6 e -2.5 0.5 e -1.5 0.5 e -2.9 0.6 e -2.0 0.6 e -0.7 0.6 -0.5 0.6
4 (High) -5.8 0.6 e -2.8 0.6 e -5.0 0.5e -2.1 0.5 e -5.2 0.6 e -2.6 0.6 e -3.2 0.6 e -1.1 0.6

Computer work
1 (Low)	 ref. ref. ref. ref. ref. ref. ref. ref.
2 1.9 0.6 e 0.6 0.6 1.8 0.5 e 0.8 0.5 0.6 0.6 -0.0 0.6 1.1 0.6 0.4 0.6
3 1.4 0.6 e -0.1 0.6 1.5 0.5 e 0.6 0.5 -0.1 0.6 -1.0 0.6 -1.0 0.6 -0.8 0.6
4 (High) -1.2 0.6 e -2.6 0.6 e -0.9 0.5 -1.9 0.5 e -2.7 0.6 e -3.5 0.6 e -3.0 0.6 e -3.4 0.6 e

a Adjusted for gender and age.
b Adjusted for Model 1 + Obesity, chronic diseases and physical activity.
c Adjusted for Model 1 + Education. 
d Adjusted for Model 1 + All physical working condition factors adjusted simultaneously.
e Significantly (P<0.05) different from the reference group.

Table 3. Adjusted mean change (ß coefficients) of Physical Component Summary (SF-36) from before to after retirement by 
physical working condition quartiles before retirement. [SE=Standard Error]

Model 1 a Model 2 b Model 3 c Model 4 d

ß SE ß SE ß SE ß SE
Physical workload 
1 (Low) -0.8 0.4 e,f -0.2 0.4 f -0.8 0.4 e,f -0.8 0.4 e,f

3 0.4 0.4 f,g,h 0.6 0.4 f 0.4 0.4 f,g,h 0.4 0.4 f,g,h

4 (High) 1.5 0.4 e,g,h 2.1 0.4 e,g,h 1.5 0.4 e,g,h 1.5 0.4 e,g,h

Environmental hazards
1 (Low)	 -1.1 0.4 e,f -0.5 0.4 f -1.1 0.4 e,f -1.0 0.4 e,f

2 -0.7 0.4 f -0.4 0.4 f -0.7 0.4 f -0.7 0.4 f

3 0.1 0.4 f,g 0.6 0.4 f 0.1 0.4 f,g 0.1 0.4 f,g
4 (High) 2.0 0.4 e,g,h 2.4 0.4 e,g,h 2.0 0.4 e,g,h 2.1 0.4 e,g,h

Computer work
1 (Low) 1.1 0.4 e,f,h 1.4 0.4 f 1.1 0.4 e,f,h 1.1 0.4 e,f,h

2 -0.1 0.4 g 0.2 0.4 -0.1 0.4 g -0.0 0.4 g

3 -0.3 0.4 g 0.3 0.4 -0.3 0.4 g -0.3 0.4 g

4 (High) -0.4 0.4 g 0.2 0.4 g -0.4 0.4 g -0.4 0.4 g

a Adjusted for gender and age.
b Adjusted for Model 1 + Obesity, chronic diseases and physical activity.
c Adjusted for Model 1 + Education. 
d Adjusted for Model 1 + all physical working condition factors adjusted simultaneously.
e Significantly (P<0.05) different from the third quartile.
f Significantly (P<0.05) different from the fourth quartile.
g Significantly (P<0.05) different from the first quartile.
h Significantly (P<0.05) different from the second quartile.
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those in the lowest computer work exposure category 
were in the highest physical workload (38 %) and envi-
ronmental hazards (40 %) exposure categories (data not 
shown). Thus, as a substantial proportion of those with 
low exposure to computer work had a high exposure 
to physical workload and environmental hazards, the 
removal of these adverse occupational exposures after 
retirement transition may partly explain the observed 
improvements in physical health functioning among 
those with low exposure to computer work. It has been 
also suggested that retirement transition may be associ-
ated with beneficial changes in leisure time physical 
activity (35, 36), which in turn is known to improve 
physical functioning (10, 11).  However, the evidence of 
the contribution of prior work-related physical load on 
physical activity during early retirement is inconclusive 
(37) and needs to be explored further in future studies.

We considered the contribution of obesity, chronic 
conditions, leisure time physical activity and education 
to the association between physical working conditions 
and physical health functioning. However, adjusting 
for these variables did not change the general conclu-
sions, indicating that the deteriorating effects of adverse 
working conditions on physical health functioning were 
only partly dependent on these factors.  When all of the 
three physical working condition factors were mutu-
ally adjusted, the pre-retirement differences in physical 
health functioning were highly comparable between 
the different working conditions: those with the high-
est exposures had around three points lower physical 
health functioning score than those with the lowest 
exposures (table 2). In post-retirement comparisons, the 
associations tended to be slightly stronger for computer 
work. Overall, these results indicate that high exposure 
to physical workload, environmental hazards and com-
puter work all have important effects on physical health 
functioning among retiring employees. Future studies 
with more frequent follow-ups around the retirement 
transition process are needed to further investigate the 
most crucial occupational exposures. We also exam-
ined the effect of smoking, alcohol consumption, and 
marital status on the observed results, but they were 
not associated with the level or change in physical 
health functioning and had no impact on the observed 
associations. Therefore, they were omitted in the final 
analyses. Although previous studies have shown strong 
occupational class differences in the level and change of 
physical health functioning (29), we did not adjust the 
current analyses for occupational class due to potential 
risk of over adjustment. 

Our study had several strengths. First, the longi-
tudinal design allowed us to examine the association 
between pre-retirement physical working conditions and 
changes in physical health functioning during the retire-
ment transition process. Second, the retirement data 

were derived from complete national registers, which 
makes our measure of old-age retirement valid and 
reliable. Third, we used the well-validated and widely 
used SF-36 PCS score to ascertain changes in physical 
health functioning during the prospective follow-up. 
Although the observed group differences in the means 
and mean changes of physical health functioning scores 
were fairly small, many of them were close to or greater 
than 3 points, which has been suggested as a clinically 
significant difference (39). Fourth, our measure of physi-
cal working conditions allowed us to examine the effect 
of diverse working conditions. Fifth, we used a large and 
well-characterized occupational cohort which included 
hundreds of different occupational titles.

This study had also limitations. When assessing the 
generalizability of the results, some characteristics of 
the data need to be considered. We studied an occupa-
tional cohort from the public sector with the majority of 
participants being women. However, the participation 
was broadly similar among women and men, although 
slightly more women than men responded to the sur-
veys (23). Moreover, the gender distribution reflects 
that of the employees of City of Helsinki and largely 
the Finnish municipal sector in general. Furthermore, 
we restricted our analyses to those who retired due to 
old-age, whereas those who retired prematurely due to 
disability were excluded from the study. Further studies 
are needed to investigate how pre-retirement exposures 
to adverse physical working conditions affect physical 
health functioning among those who retire due to dis-
ability. Another limitation is that working conditions, 
physical health functioning and other health related fac-
tors were based on self-reported data and the possibility 
for under- or over-reporting cannot be ruled out. In addi-
tion, despite longitudinal study design, reverse causality 
cannot be totally ruled out, as those with poorer physical 
health functioning are likely to perceive more physi-
cal stress from various physical workloads compared 
to individuals with better physical health functioning. 
Furthermore, the measures of physical exposures were 
based solely on the presence of the demands in work 
and related level of discomfort, whereas frequency and 
duration were not assessed. Additionally, regression to 
the mean is a potential source of bias but it is unlikely 
to distort our results. Regression to the mean may cause 
only attenuation to the observed differences and, as 
a result, the true differences might be larger but not 
smaller than those observed in our study. Therefore, 
the results could be considered conservative. A further 
limitation is the reliance on two measurements of physi-
cal health functioning; one measurement before and 
one after retirement. The study would have benefitted 
from more frequent follow-ups to better detect changes 
in physical health functioning during the retirement 
transition process.
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In conclusion, the present findings showed that old-
age retirees with a higher exposure to adverse physical 
working conditions before retirement had lower pre- 
and post-retirement physical health functioning despite 
improvements in their functioning during the retirement 
transition process. 
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