
PEER REVIEW HISTORY 

BMJ Open publishes all reviews undertaken for accepted manuscripts. Reviewers are asked to 

complete a checklist review form (http://bmjopen.bmj.com/site/about/resources/checklist.pdf) and 

are provided with free text boxes to elaborate on their assessment. These free text comments are 

reproduced below.   

 

ARTICLE DETAILS 

TITLE (PROVISIONAL) Joint associations of smoking and physical activity with disability 

retirement: A register-linked cohort study 

AUTHORS Lallukka, Tea; Rahkonen, Ossi; Lahelma, Eero; Lahti, Jouni 

 

VERSION 1 - REVIEW 

REVIEWER John Gunnar Mæland 
Department of Global Health and Primary Health Care, University of 
Bergen, Norway 

REVIEW RETURNED 23-Feb-2015 

 

GENERAL COMMENTS The purpose of the article was to examine whether the risk of work 
disability due to smoking varies by the level of physical activity, 
taking into account a number of possible confounders. The analyses 
were performed using a cohort study of middle-aged employees of 
the City of Helsinki followed for 8 years by registry data. Self-reports 
on smoking and leisure-time physical activity was obtained at 
baseline, together with other self-reported covariates such as mental 
and physical workload, self-rated health, BMI and problem drinking. 
Occupational class was used as a measure of SES.  
 
Heavy smokers clearly had a higher disability risk whereas moderate 
smokers had the same disability risk as non-smokers. Inactive and 
moderately active persons had a higher disability risk than 
vigorously active. In all smoking groups, being vigorously physical 
active reduced the disability risk. This pattern did not change after 
introducing the various covariates in cox regression analyses; 
however, after full adjustments inactive and moderately active non-
smokers and moderate smokers no longer had statistically 
significant increased disability risk compared with vigorously active 
peers.  
 
The study adds to our understanding on the relationships between 
lifestyle factors and disability retirement. However, the causal 
interpretations should be done with care. Lifestyle is socially 
patterned and also associated with health. From other studies, we 
know that socioeconomic position and self-rated health are among 
the strongest determinants for disability pensioning. In a similar 
study Haukenes et al. (Haukenes I, Riise T, Haug K, et al. Smokers’ 
increased risk for disability pension: social confounding or health-
mediated effects? Gender-specific analyses of the Hordaland Health 
Study cohort. J Epidemiol Community Health Published Online First: 
25 May 2013. doi:10.1136/jech-2012-202182) found that 
socioeconomic status confounded the smoking-related risk for 
disability pension except for female heavy smokers. This study is 
surprisingly not included in the reference list but should be 
commented upon in the Discussion.  
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The authors acknowledge the limited generalizability of their 
findings, given the limitations of their sample population. I also find 
the drop-out caused by unwillingness to participate or to link 
baseline data with registry data, worrysome. It seems that the 
analyses were performed on less than 50 percent of the target 
population. These limitations should have been more openly 
adressed.  
 
Apart from these comments, I find the study important and well 
performed. 

 

REVIEWER Inger Haukenes 
Norwegian Institute of Public Health  
Norway 

REVIEW RETURNED 26-Feb-2015 

 

GENERAL COMMENTS General: This is a potentially important study; however, the 
manuscript needs to be developed further on several points.  
 
1. Aim.  
- The first part of the aim is an examination of whether the smoking-
related disability risk varies by levels of physical activity. However, in 
the introduction you state that there are limited studies investigating 
the association between smoking and disability pension, and 
physical activity and disability pension, and that the evidence is 
neither comprehensive nor consistent. I would advise you to include 
an examination of these associations in the aim to establish a 
potential association. Thereafter you can examine the joint 
association.  
- There are limited numbers of population-based studies that have 
used smoking as exposure and all-cause DP as outcome. The most 
recent one (2013) is a study among middle-aged men and women in 
Norway. I suggest that you take a look at this study as it might be 
highly relevant for the current study. “Haukenes et al. Smokers' 
increased risk for disability pension: social confounding or health-
mediated effects? Gender-specific analyses of the Hordaland Health 
Study cohort. J Epidemiol Community Health. 2013 Sep;67(9):758-
64”.  
 
2. Introduction:  
General comment: The introduction does not convince me that the 
joint association between smoking and physical activity, and DP is 
an important topic. The rationale for the study needs to be further 
developed.  
- The big picture: could you be a bit more specific about the 
prevalence of smoking and inactivity and disability pension among 
the working population in for example OECD or the Scandinavian 
countries.  
- Moving to the Finish context I would like to know the prevalence of 
DP for men and women separately?  
- I also would like to know if Finland is different from the OECD with 
respect to smoking and inactivity, and if there are differences across 
gender, age groups, and occupational social classes.  
- Is smoking mainly a characteristic among older birth cohorts?  
- What about smoking bans in Finland?  
- What do we know about the mechanisms that drive the potential 
association between smoking and DP, and physical activity and DP. 
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This is an important question for your research question; whether 
physical activity buffers the impact of smoking on future DP.  
- For example, are there studies that examine the influence of 
smoking on the development of musculoskeletal diseases (MSD) 
and mental diseases? Are there studies that examine the influence 
of physical activity on the development of MSD and mental 
diseases?  
- Please be sure that you add references to statement/claims.  
 
3. Methods  
Study population  
- Please present the objective for the Helsinki Health Study.  
- Present the number of individuals (men and women) that were 
invited to participate, and the number (n=8960, men and women) 
that participated.  
- Please present the eligibility criteria for participating in this study, 
and the number of individuals that were excluded due to these 
criteria, and the total number (men and women) that were eligible, 
before you exclude missing and so on.  
- Did you consider introducing a time lag, that is, excluding those 
who received DP the first year (or the two first years) after 
participating in the study? This is often done to avoid influence of 
outcome on exposure; eg., violation of independency. Individuals in 
the process of being granted DP probably report poorer health than 
those who are not in this process.  
- In my opinion the discussion of the consequences of “non-
responders and not consent to register linkage” should be moved to 
limitations.  
- Also mean age, should be moved to the result chapter.  
 
Smoking and leisure-time physical activity  
- Does reference 21 demonstrate the procedure for categorising 
smoking?  
- Are non-smokers = never-smokers?  
- Could you explain more thoroughly why 14 cigarettes was a 
plausible cut-off value for heavy smoking among women?  
- Could you add a sentence that explains what MET is?  
- Could you make it perfectly clear that the exposure variable 
included 12 categories, using “vigorously active non-smokers” as 
reference group.  
- Why did you choose this group as the reference?  
 
Disability retirement  
- Line 10, starting with “Thus, this study considers (….)? This phrase 
is an argument for why you include confounding variables (model 2) 
and should be moved to the next chapter.  
- Sensitivity analyses, and why these are performed, should be 
presented in Analyses. Findings from sensitivity analyses should be 
presented in Results.  
 
Covariates  
- Could you provide a reference for the categorization of mental and 
physical work load?  
- Why did you include BMI as a covariate? Higher BMI is probably 
associated with disability pension but not with smoking and physical 
activity.  
 
Statistical analyses  
- Could you please include a sentence about descriptive statistics?  
- I would prefer descriptive analyses that demonstrate the 
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distribution of participants (total n%, and men n%, and women n%, 
and events of DP (n%)) across all variables.  
- You could consider adding the age-adjusted HR (95% CI) for the 
associations between confounders and covariates and all-cause DP.  
- Did you test the variables for the assumption of proportionality?  
- What were the reference groups among the covariates?  
- Is it correct that you tested the impact of covariates in model 3, 
without including confounding variables in model 2? If yes, please 
describe why?  
- Did you perform any sensitivity analyses, and why?  
 
4. Results  
- Start with the most important, the cumulative incidence of DP 
during follow-up, and add the numbers among men and women 
separately.  
- Use either “ a fourth” “half” etc. or the percentages, not both. I 
would prefer the percent, as this information is not found in Table 1.  
- Page 10, line 1. Just describe your findings, not the methods.  
- Results from the Cox regression analyses (Table 2). Please focus 
on the findings that are relevant for the aim (whether the risk varies 
by level of physical activity). It might be an idea to take one model at 
the time and only describe the categories where the disability risk is 
significantly increased by level of physical activity. For example: 
model 1 demonstrates that the disability risk is significantly higher 
among ex-smokers and moderate smokers reporting less than 
vigorous physical activity when compared with vigorously active non-
smokers (however, a similar pattern was also seen among non-
smokes). Among heavy smokers all activity levels have significantly 
higher disability risk, particularly those reporting less than vigorous 
physical activity. In model 2 (adjusting for confounding factors) a 
similar pattern was seen, except for moderate smokers. In model 3 
(adjusting for lifestyle factors and SRH) the disability risk was 
significantly increased among ex-smokers reporting less than 
vigorous physical activity. Among heavy smokers all activity levels 
still had significantly higher disability risk compared with the 
reference group.  
- Please reconsider the last paragraph that should answer the 
second part of the aim. The results referred in this part is not precise 
enough, and difficult to understand. Furthermore, I think you should 
use socioeconomic position and not social covariates.  
 
 
5. Discussion  
Main findings:  
- Do you talk about gender and age-adjusted results or results from 
model 2 and 3? You need to decide what are the results that answer 
your research question.  
- Furthermore, key confounders did attenuate the disability risk 
substantially among heavy smokers.  
 
Interpretation.  
- Currently I am not sure what your main findings are.  
 
6. Conclusion.  
- Should be reconsidered and moderated on basis of main findings. 
From the results in Table 2, I cannot agree that the risk of DP 
strongly increases among smokers in a dose-response manner. 
Table 2 estimates the joint association of smoking and physical 
activity, not the smoking-related disability risk as such. 
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REVIEWER Hans-Tore Hansen 
Department of Sociology, University of Bergen 

REVIEW RETURNED 05-Mar-2015 

 

GENERAL COMMENTS As indicated in the title, the topic of this paper is about the impact of 
smoking and physical activity on likelihood of disability retirement. 
The data covers 40 to 60 years old employees of the City of Helsinki 
that has been linked to complete register data of disability 
retirement. The paper has many qualities. 1) First, the paper 
addresses a topic that are important, not least from a social policy 
point of view. Second, the data seems to be of high quality and 
covers a large group of individuals with relatively high response rate. 
Third, relevant literature is addressed, and the study both the link to 
previous studies, and also shows provide new evidence to this 
research field. Fourth, the paper is well written, with many high-
quality discussions. Most of the objections one might have (i.e. 
external validity, issues of measurement), have been addressed. 
Some exceptions in this context: (1) what about interaction effects 
between smoking /physical activity and social class? (2) Is it 
possible to investigate other health behaviors such as alcohol 
consumption? (3) Would it be possible to control for social relations 
such as marital status? Such questions, however, may lead to 
another paper, so these should not be considered as objection to 
what has been done. All in all, this a paper of high quality that has 
been stimulating and interesting to read. 

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer Name John Gunnar Mæland  

Institution and Country, Department of Global Health and Primary Health Care, University of Bergen, 

Norway  

 

The purpose of the article was to examine whether the risk of work disability due to smoking varies by 

the level of physical activity, taking into account a number of possible confounders. The analyses 

were performed using a cohort study of middle-aged employees of the City of Helsinki followed for 8 

years by registry data. Self-reports on smoking and leisure-time physical activity was obtained at 

baseline, together with other self-reported covariates such as mental and physical workload, self-

rated health, BMI and problem drinking. Occupational class was used as a measure of SES.  

 

Heavy smokers clearly had a higher disability risk whereas moderate smokers had the same disability 

risk as non-smokers. Inactive and moderately active persons had a higher disability risk than 

vigorously active. In all smoking groups, being vigorously physical active reduced the disability risk. 

This pattern did not change after introducing the various covariates in cox regression analyses; 

however, after full adjustments inactive and moderately active non-smokers and moderate smokers 

no longer had statistically significant increased disability risk compared with vigorously active peers.  

 

The study adds to our understanding on the relationships between lifestyle factors and disability 

retirement. However, the causal interpretations should be done with care. Lifestyle is socially 

patterned and also associated with health. From other studies, we know that socioeconomic position 

and self-rated health are among the strongest determinants for disability pensioning. In a similar study 

Haukenes et al. (Haukenes I, Riise T, Haug K, et al. Smokers’ increased risk for disability pension: 

social confounding or health-mediated effects? Gender-specific analyses of the Hordaland Health 

Study cohort. J Epidemiol Community Health Published Online First: 25 May 2013. doi:10.1136/jech-

2012-202182) found that socioeconomic status confounded the smoking-related risk for disability 
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pension except for female heavy smokers. This study is surprisingly not included in the reference list 

but should be commented upon in the Discussion.  

 

Response: We fully agree that socioeconomic position and self-rated health are key confounders of 

the association between health behaviours and disability retirement. Thus, our analysis controlled for 

these factors, alongside other potential confounders such as body mass index, problem drinking and 

working conditions, which all have been previously linked to  

the risk of disability in the examined cohort as well as in other studies (Lahelma, et al. 2012; 

Pietiläinen, et al. 2011; Polvinen, et al. 2014; Roos, et al. 2013; Salonsalmi, et al. 2012). The rationale 

to include these covariates is amended in the revised Methods.  

 

We aimed to extend previous literature and the particular focus in this study was on the joint 

association of smoking and physical activity with subsequent disability retirement.  

Therefore we preferred not to extensively cover earlier studies that had focused on the independent 

effects of either smoking or physical activity on the disability retirement risk. As suggested, we now 

comment the results of the earlier paper in the revised version of our manuscript (introduction and 

discussion).  

To our knowledge, only one previous study has examined the joint association, but it used 

dichotomous measures on smoking and physical activity, and the outcome was self-reported work 

disability. Thus, the amount of smoking and smoking history, or intensity of physical activity was not 

covered.  

 

The authors acknowledge the limited generalizability of their findings, given the limitations of their 

sample population. I also find the drop-out caused by unwillingness to participate or to link baseline 

data with registry data, worrysome. It seems that the analyses were performed on less than 50 

percent of the target population. These limitations should have been more openly adressed.  

Apart from these comments, I find the study important and well performed.  

 

Response: Our non-participation analyses examine both responding to the surveys as well as 

providing consent for register linkages. While we acknowledge the potential bias due to non-

participation, our non-participation analyses suggest that major bias is unlikely (Laaksonen, et al. 

2008; Lahelma, et al. 2013; Lallukka, et al. 2002; Martikainen, et al. 2007). We have amended the 

discussion and address the issues related to drop-out and non-consenting to register linkages in the 

revised limitations section in more detail.  

 

Please find full list of references (alphabetized) after responses to all of the reviewers’ comments.  

 

 

Reviewer Name Inger Haukenes  

Institution and Country Norwegian Institute of Public Health  

Norway  

 

General: This is a potentially important study; however, the manuscript needs to be developed further 

on several points.  

 

1. Aim.  

- The first part of the aim is an examination of whether the smoking-related disability risk varies by 

levels of physical activity. However, in the introduction you state that there are limited studies 

investigating the association between smoking and disability pension, and physical activity and 

disability pension, and that the evidence is neither comprehensive nor consistent. I would advise you 

to include an examination of these associations in the aim to establish a potential association. 

Thereafter you can examine the joint association.  
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- There are limited numbers of population-based studies that have used smoking as exposure and all-

cause DP as outcome. The most recent one (2013) is a study among middle-aged men and women in 

Norway. I suggest that you take a look at this study as it might be highly relevant for the current study. 

“Haukenes et al. Smokers' increased risk for disability pension: social confounding or health-mediated 

effects? Gender-specific analyses of the Hordaland Health Study cohort. J Epidemiol Community 

Health. 2013 Sep;67(9):758-64”.  

 

Response: We have amended the introduction, and the revised version now more explicitly covers 

what is known about the associations between smoking and disability retirement and physical activity 

and disability retirement. We have also added the suggested reference, and comment on it both in the 

revised introduction and also in the discussion (Please see comment for the Reviewer 1).  

Our paper also included separate examination of the two risk factors as a background basis for our 

specific aim of examining the joint association (Figures 1-2). This is clarified in the revised abstract 

and the aims a well. We agree that extending the introduction in this respect could help understand 

the point about the joint association.  

The focus on the joint association is because it is not known whether the risk of disability retirement 

among never-smokers, ex-smokers, moderate smokers and heavy smokers is equally affected by 

their level of physical activity. This can be addressed by distinguishing these groups in a joint variable. 

Thus our study is an effort forward from independent associations of smoking and physical activity 

with disability retirement reported in earlier studies. Please also see our response to your next point.  

 

2. Introduction:  

General comment: The introduction does not convince me that the joint association between smoking 

and physical activity, and DP is an important topic. The rationale for the study needs to be further 

developed.  

- The big picture: could you be a bit more specific about the prevalence of smoking and inactivity and 

disability pension among the working population in for example OECD or the Scandinavian countries.  

- Moving to the Finish context I would like to know the prevalence of DP for men and women 

separately?  

- I also would like to know if Finland is different from the OECD with respect to smoking and inactivity, 

and if there are differences across gender, age groups, and occupational social classes.  

- Is smoking mainly a characteristic among older birth cohorts?  

- What about smoking bans in Finland?  

- What do we know about the mechanisms that drive the potential association between smoking and 

DP, and physical activity and DP. This is an important question for your research question; whether 

physical activity buffers the impact of smoking on future DP.  

- For example, are there studies that examine the influence of smoking on the development of 

musculoskeletal diseases (MSD) and mental diseases? Are there studies that examine the influence 

of physical activity on the development of MSD and mental diseases?  

- Please be sure that you add references to statement/claims.  

 

Response: Under point 1 some improvements to the rationale were already raised. We have further 

amended the revised manuscript to better cover the suggested issues and to better present the 

rationale regarding the examined joint association.  

We thus aimed to examine, whether the risk of disability retirement due to smoking varies by the 

volume and intensity of physical activity. This differs from previous studies that have examined 

associations between either smoking and disability retirement or physical activity and disability 

retirement. Some of the earlier studies focusing on smoking have adjusted for physical activity 

(Haukenes, et al. 2013), and likewise some studies on physical activity have adjusted for smoking 

(Lahti, et al. 2013). However, that is a different analytical step, which cannot provide evidence on how 

the risk of disability retirement risk varies among never smokers by their physical activity, and how the 

risk of disability retirement among ex-smokers, moderate smokers and heavy smokers is shaped by 
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physical activity. For example, it is not known based on previous studies, if the risk of work disability 

among smokers who engage in vigorous physical activities differs from smokers who are inactive. As 

the focus in the examination is on the joint associations of smoking and physical activity, their 

independent effects on work disability are described in brief.  

There is only one earlier study on the joint associations, but as it used dichotomous measures on 

smoking and physical activity, the above questions have remained to be confirmed. The earlier study 

also used self-reported work disability, while we were able to focus on prospective ICD-10 based 

disability retirement data derived from national, comprehensive registers.  

Thus, our study aimed at novel type of evidence about the significance of sufficient volume and 

intensity of leisure-time physical activity in the prevention of work disability among smokers, ex-

smokers and never smokers separately. The results have implications for occupational and other 

primary health care to promote vigorous physical activity to help maintain work ability among non-

smokers and smokers, while continuously highlighting the importance of non-smoking to health and 

work ability.  

 

Due the focus and space limitations, and the already added revisions, we preferred to add only 

relatively short descriptions regarding details about smoking in Finland, or country comparisons, as 

such data should also be given for physical activity. Too detailed other descriptions would both 

lengthen the paper unnecessarily and weaken the focus. However, in brief, although prevalence of 

smoking in Finland is somewhat below the OECD average, and the prevalence of smoking has 

declined, smoking still remains a common risk factor in Finland (http://www.oecd.org/els/health-

systems/Briefing-Note-FINLAND-2014.pdf). There is also a clear gender difference, as around a sixth 

of working-aged women and a fifth of working-aged men are current smokers, equalling to roughly 1 

million smokers. Also physical inactivity is a prevalent problem, although the proportion of inactive 

women and men has notably decreased during previous decades (Borodulin, et al. 2015). However, 

socioeconomic differences in physical activity have widened.  

 

Mechanisms or potential explanations and rationale for the joint associations are briefly presented in 

the Introduction and Discussion, however, data to further elaborate the mechanisms are not available 

in this epidemiological study. Other literature suggests that physical activity could reduce the rate of 

lung function decline among smokers, and therefore both physical activity and smoking contribute to 

the risk of pulmonary disease (Garcia-Aymerich, et al. 2007). This both supports further examinations 

of their joint contributions and is of importance, since chronic obstructive pulmonary disease is a 

major global determinant of morbidity. A plausible reason for the protective effects of physical activity 

is related to its anti-inflammatory potential (Das 2004; Gleeson, et al. 2011). These could be 

benefitted by both smokers and non-smokers.  

 

A recent study using Swedish data (Ropponen and Svedberg 2014) showed an interaction between 

physical activity and smoking when focusing on disability due to musculoskeletal diseases (p<0.001) 

and circulatory diseases (p<0.001), while for mental disorders, only own effects were found 

(increased risk for regular smokers and those with low physical activity). Only p-values were reported 

for interactions, and the authors did not cover mechanisms for the effects. Nonetheless, these results 

together with ours suggest that these health behaviours have a joint contribution to the risk of all-

cause and cause-specific disability retirement.  

There are a number of other studies that have also shown the influence of smoking and physical 

activity to the risk of disability retirement due to musculoskeletal and mental diseases, and both these 

diseases in general, but explicit description about such associations and all potential mechanisms is 

out of the scope of this paper.  

We have added references to support the above responses and statements, where applicable.  

All added references are in red font in the revised manuscript reference list.  

 

3. Methods  
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Study population  

- Please present the objective for the Helsinki Health Study.  

- Present the number of individuals (men and women) that were invited to participate, and the number 

(n=8960, men and women) that participated.  

- Please present the eligibility criteria for participating in this study, and the number of individuals that 

were excluded due to these criteria, and the total number (men and women) that were eligible, before 

you exclude missing and so on.  

- Did you consider introducing a time lag, that is, excluding those who received DP the first year (or 

the two first years) after participating in the study? This is often done to avoid influence of outcome on 

exposure; eg., violation of independency. Individuals in the process of being granted DP probably 

report poorer health than those who are not in this process.  

- In my opinion the discussion of the consequences of “non-responders and not consent to register 

linkage” should be moved to limitations.  

- Also mean age, should be moved to the result chapter.  

 

Response:  

We have amended the description of the study and the data and clarified our eligibility criteria, as 

suggested. Details of the study and the data have been published elsewhere and the reference is 

given (Lahelma, et al. 2013).  

We have also conducted sensitivity analyses introducing a time lag of 1 year and 2 years. However, 

and in line with the assumptions for the Cox model, this did not affect our results. Around 50 events 

(ca. 8% of all the events) occurred during the first year. As we have 12 groups and aimed to focus on 

both smoking history and amount of cigarettes smoked, as well as volume and intensity of physical 

activity, we preferred to avoid redundant exclusions, and retain all data. This provides more stable 

results. Additionally, as the outcome is relatively rare and we aimed to control for several covariates, 

sufficient number of events is needed for reliable estimates. We have, however, added the results of 

these sensitivity analyses in the revised manuscript. We agree it is important to consider these points 

as part of the methodological considerations of the study, as one might assume that there could be a 

risk of violation of independency or protopathic bias, if. e.g. the disability process had begun before 

responding to the survey.  

We have also moved the discussion regarding non-response and non-consenting to the limitations.  

Mean age is reported in the revised results section, as requested.  

 

Smoking and leisure-time physical activity  

- Does reference 21 demonstrate the procedure for categorising smoking?  

- Are non-smokers = never-smokers?  

- Could you explain more thoroughly why 14 cigarettes was a plausible cut-off value for heavy 

smoking among women?  

- Could you add a sentence that explains what MET is?  

- Could you make it perfectly clear that the exposure variable included 12 categories, using 

“vigorously active non-smokers” as reference group.  

- Why did you choose this group as the reference?  

 

Response: Yes, we have earlier examined smoking in our data and due to the different amount of 

cigarettes smoked by women and men, we preferred to use gender specific cut-off points for more 

comparable distribution. Non-smokers are never-smokers, and all those who reported that they had 

smoked earlier were classified as ex-smokers. We have clarified this in the revised methods. Among 

women, those who smoked 15 cigarettes or more, were classified as heavy smokers, and a similar 

cut-off point has been used also in the paper we now cite in the revised paper (Haukenes, et al. 

2013). However, among men, we preferred the higher cut-off point due to different distribution of 

smoking, as mentioned above (Laaksonen et al. 2006). Additionally, heavy smoking as defined using 

the same cut-off point (20 or more cigarettes per day) was particularly strongly associated with the 
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risk of disability among middle-aged German men in construction industry (Claessen, et al. 2010), and 

also in a large retrospective cohort study of US Army Personnel (Lincoln, et al. 2003).  

We have also clarified the description of the MET values, and now explain those in more detail, as 

requested. In addition, we have amended the description of our exposure variable. It was used as a 

reference, as particularly vigorous physical activity is protective of disability (Lahti, et al. 2013), and 

mortality (Lahti, et al. 2014), and non-smokers have lower risk of disability as compared to ex-

smokers or current smokers. This can also be seen in our Figures 1-2. In addition, as the only 

previous study focusing on the joint association (Eriksen, et al. 1998) did not distinguish smoking 

history and amount of smoking, or intensity of physical activity, we preferred to have in our reference 

group only never smokers who are vigorously active.  

 

Disability retirement  

- Line 10, starting with “Thus, this study considers (….)? This phrase is an argument for why you 

include confounding variables (model 2) and should be moved to the next chapter.  

- Sensitivity analyses, and why these are performed, should be presented in Analyses. Findings from 

sensitivity analyses should be presented in Results.  

 

Response: We feel it is clearer to describe key factors that are considered in the disability retirement 

process in this section. However, we also emphasize this in the covariates section. We have now 

described the sensitivity analyses made in the revised Statistical analyses section, and present the 

findings in the end of the revised results section.  

 

Covariates  

- Could you provide a reference for the categorization of mental and physical work load?  

- Why did you include BMI as a covariate? Higher BMI is probably associated with disability pension 

but not with smoking and physical activity.  

 

Response: We used single item measures to cover overall physical and mental work load. Both items 

had 4 response alternatives. The idea was to distinguish low and high workload, and thus light work 

was used a reference for both items. This follows previous procedures with the data.  

Higher BMI has been linked with disability in many previous studies and in these data as well (Roos, 

et al. 2013). In the current study, there was a highly significant association between BMI and smoking 

(p<0.0001) and between BMI and physical activity (p<0.0001) using the classification as in the joint 

measure. We thus included those covariates that have been associated particularly with the outcome 

but also with our exposure. This rationale for BMI has been clarified in the revised methods.  

 

Statistical analyses  

- Could you please include a sentence about descriptive statistics?  

- I would prefer descriptive analyses that demonstrate the distribution of participants (total n%, and 

men n%, and women n%, and events of DP (n%)) across all variables.  

- You could consider adding the age-adjusted HR (95% CI) for the associations between confounders 

and covariates and all-cause DP.  

- Did you test the variables for the assumption of proportionality?  

- What were the reference groups among the covariates?  

- Is it correct that you tested the impact of covariates in model 3, without including confounding 

variables in model 2? If yes, please describe why?  

- Did you perform any sensitivity analyses, and why?  

 

Response: We have clarified the statistical analyses, as suggested. We have added a sentence 

regarding descriptive statistics. Also Table 1 is extended and now covers better the description of the 

data. Distributions of all covariates are displayed in addition to our exposure variable, and also their 

cross-tabulations with the events, as requested.  
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The statistical significance is shown with a p-value. We feel that adding HRs for all covariates is 

redundant in the descriptive table as we are not studying their effects on disability retirement.  

 

As there was no gender interaction and we only show the main results (Cox regression) in the pooled 

data, we preferred to show the descriptive statistics in the pooled data, too. Furthermore, numbers of 

men are lower and this results in some very small cells and thus the pooled table is more meaningful.  

 

Cox model assumptions were tested, and met. This has also been added in the revised statistical 

analyses. We also mention the sensitivity analyses, which were done to confirm the results.  

 

We have further amended the description of the covariates and the reference groups are given. All 

covariates and their classifications are now displayed in the revised table 1 as well.  

 

We have revised the models, which are now cumulative, i.e., model 3 is a full model, adjusting 

simultaneously for all the variables. The associations all remained, but were attenuated slightly more 

as compared to adjustment for only health-related factors (original model 3).  

 

We have described all the sensitivity analyses in the results, as requested.  

The sensitivity analyses included more models, but we preferred to combine sociodemographic and 

work-related covariates in one model, and health-related covariates were further adjusted for in the 

full model. If all the separate analyses were displayed, the table would be extremely busy. Moreover, 

the separate effects of each covariate were not the focus of the paper. They were done to check that 

the variables can be combined and to confirm which of the covariates made the strongest contribution 

to the associations (self-rated health). As self-rated health is a strong and robust predictor of disability 

retirement (Pietiläinen, et al. 2011), and also linked to health behaviours (Conry, et al. 2011), we 

preferred to adjust for it.  

 

4. Results  

- Start with the most important, the cumulative incidence of DP during follow-up, and add the numbers 

among men and women separately.  

- Use either “ a fourth” “half” etc. or the percentages, not both. I would prefer the percent, as this 

information is not found in Table 1.  

- Page 10, line 1. Just describe your findings, not the methods.  

- Results from the Cox regression analyses (Table 2). Please focus on the findings that are relevant 

for the aim (whether the risk varies by level of physical activity). It might be an idea to take one model 

at the time and only describe the categories where the disability risk is significantly increased by level 

of physical activity. For example: model 1 demonstrates that the disability risk is significantly higher 

among ex-smokers and moderate smokers reporting less than vigorous physical activity when 

compared with vigorously active non-smokers (however, a similar pattern was also seen among non-

smokes). Among heavy smokers all activity levels have significantly higher disability risk, particularly 

those reporting less than vigorous physical activity. In model 2 (adjusting for confounding factors) a 

similar pattern was seen, except for moderate smokers. In model 3 (adjusting for lifestyle factors and 

SRH) the disability risk was significantly increased among ex-smokers reporting less than vigorous 

physical activity. Among heavy smokers all activity levels still had significantly higher disability risk 

compared with the reference group.  

- Please reconsider the last paragraph that should answer the second part of the aim. The results 

referred in this part is not precise enough, and difficult to understand. Furthermore, I think you should 

use socioeconomic position and not social covariates.  

 

Response: While we agree that the disability retirement incidence is important, we would prefer to first 

present the descriptive results for the baseline exposure, followed by the risk of disability retirement 
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(in line with the study design and aims). As mentioned in our earlier response above, we preferred to 

only display pooled results. The results were similar for men and women, but the numbers of men in 

the public sector are much lower. Otherwise, we have aimed to amend and revise the results 

alongside the suggestions.  

As the exact percentages are in the Table 1, we agree they are redundant in text. We have also 

omitted description of the methods from the result section. The description of the main results is 

amended, and the results are now more in line with the aims. We have also improved the reporting of 

the models, and amended the last paragraph of the results to be more precise and clearer. Social 

covariates referred also to age and gender (and in sensitivity analyses also to marital status). Thus, 

they cannot be replaced by socioeconomic position. To avoid confusion, this is clarified in the revised 

manuscript, and we now refer to sociodemographic factors in place of social covariates.  

 

5. Discussion  

Main findings:  

- Do you talk about gender and age-adjusted results or results from model 2 and 3? You need to 

decide what are the results that answer your research question.  

- Furthermore, key confounders did attenuate the disability risk substantially among heavy smokers.  

 

Response: We have amended the discussion to more clearly state the main findings are 1) a joint 

association of smoking and physical activity with disability retirement, 2) gradient in the risks by 

physical activity in non-smokers, ex-smokers, moderate and heavy smokers, and 3) after full 

adjustment for the key covariates, many associations attenuated and the gradient among the heavy 

smokers disappeared, suggesting that sociodemographic, work-related and health factors largely 

accounted for the joint associations. This was found particularly among heavy smokers, who 

nonetheless continued to be at a higher risk of disability retirement even after full adjustments. The 

risks also remained among ex-smokers, who were inactive or only moderately active.  

 

Interpretation.  

- Currently I am not sure what your main findings are.  

 

Response: We have amended the results and discussion in line with the points presented in the 

responses above.  

 

6. Conclusion.  

- Should be reconsidered and moderated on basis of main findings. From the results in Table 2, I 

cannot agree that the risk of DP strongly increases among smokers in a dose-response manner. 

Table 2 estimates the joint association of smoking and physical activity, not the smoking-related 

disability risk as such.  

 

Response: We have amended and clarified the conclusion, as suggested. It is true that the smoking 

related risk per se was not examined except in the unadjusted Figure, which clearly showed the dose 

response risk. The table, however, also shows that the associations are weaker and reduce among 

moderate smokers, but remain among heavy smokers.  

 

Please find full list of references (alphabetized) after responses to all of the reviewers’ comments.  

 

 

Reviewer Name Hans-Tore Hansen  

Institution and Country Department of Sociology, University of Bergen  

 

As indicated in the title, the topic of this paper is about the impact of smoking and physical activity on 

likelihood of disability retirement. The data covers 40 to 60 years old employees of the City of Helsinki 

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2014-006988 on 29 July 2015. D

ow
nloaded from

 

http://bmjopen.bmj.com/


that has been linked to complete register data of disability retirement. The paper has many qualities. 

1) First, the paper addresses a topic that are important, not least from a social policy point of view. 

Second, the data seems to be of high quality and covers a large group of individuals with relatively 

high response rate. Third, relevant literature is addressed, and the study both the link to previous 

studies, and also shows provide new evidence to this research field. Fourth, the paper is well written, 

with many high-quality discussions. Most of the objections one might have (i.e. external validity, 

issues of measurement), have been addressed.  

 

Response: Thank you for these positive comments.  

 

Some exceptions in this context:  

(1) what about interaction effects between smoking /physical activity and social class?  

 

Response: We focused on the interaction (joint association) between smoking and physical activity 

(please see our response to the Reviewer 2), and considered occupational social class as a potential 

confounder. Rationale for this is amended in the revised methods.  

Interaction between occupational social class and smoking, and occupational social class and 

physical activity are interesting further research questions. Thus, focusing on such interactions would 

expand a paper and would necessitate a major change in the focus of our paper and require several 

additional research questions. We preferred to retain our current focus, but fully agree that social 

class is of importance both regarding our key determinants and the patterning of the outcome. 

Adjustment for occupational social class affected the association only slightly suggesting that the joint 

effects of smoking and physical inactivity on the risk of disability retirement can be found independent 

of social position. In addition, we checked the interaction of occupational social class with smoking 

and physical activity, but it was not found (p=0.8). Occupational social class was, however, adjusted 

for, because disability retirement is strongly socioeconomically patterned (Polvinen, et al. 2013).  

 

(2) Is it possible to investigate other health behaviors such as alcohol consumption?  

 

Response: We agree that parallel analyses focusing on other health behaviours such as alcohol 

would be interesting. However, within the scope of this paper, we preferred to consider alcohol as a 

covariate and thus the results were adjusted for problem drinking. Adjustments made a minor 

contribution to the examined association, but alcohol and smoking, as well as alcohol and physical 

activity could nonetheless, have joint contributions to the risk of disability retirement, which could be 

further elaborated in subsequent studies. A recent study has already shown that there are interactions 

between different combinations of health behaviours when predicting the risk of cause-specific 

disability retirement (Ropponen and Svedberg 2014). In particular, alcohol and physical activity 

interacted when predicting the risk of disability retirement due to mental disorders (p=0.004), 

musculoskeletal disorders (p<0.001), and circulatory diseases (p<0.001). Joint variables were not 

created in the previous study, and only separate own effects were presented. However, as the study 

also showed an interaction between smoking and physical activity when predicting the risk of 

musculoskeletal disorders (p<0.001), and circulatory diseases (p<0.001), the results support our 

findings about the joint contribution of these health behaviours to the risk of disability retirement. The 

paper is cited in the revised version of our manuscript.  

 

(3) Would it be possible to control for social relations such as marital status? Such questions, 

however, may lead to another paper, so these should not be considered as objection to what has 

been done. All in all, this a paper of high quality that has been stimulating and interesting to read.  

 

Response: We initially controlled for marital status, and agree it is a potentially important correlate of 

both health behaviours and disability retirement. However, it made a negligible contribution to the 

examined association. In addition, in these data, marital status was unassociated with the risk of 
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disability retirement. As we preferred to retain parsimonious models, it was excluded from the final 

analyses. We however, report these sensitivity analyses in the revised methods and results. Although 

the effect is minor, it is true that one might assume social relations to contribute to the examined 

associations.  

 

Please find full list of references (alphabetized) after responses to all of the reviewers’ comments.  
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VERSION 2 – REVIEW 

REVIEWER Inger Haukenes 
National Institute of Public Health  
Norway 

REVIEW RETURNED 27-Apr-2015 

 

GENERAL COMMENTS In general  
1. The manuscript needs to be reviewed thoroughly by a native 
English speaker.  
2. It is also necessary to improve the language – making each 
sentence more precise. I will give you two examples from the 
Introduction part:  
“As work disability is an increasing public health, economic, and 
societal challenge in ageing populations, novel evidence about its 
preventable risk factors is needed for preventing the decline of work 
ability, and tackling the individual, organizational, and societal 
burdens related to work disability”.  
The sentence may contain relevant arguments but is difficult to read. 
I guess you could reformulate the sentence and split the arguments. 
For example the first sentence could be: Early exit from working life 
due to disability retirement is a public health challenge and an 
economic burden for society. I am not sure that the aging population 
is a challenge when it comes to disability retirement, whereas it is a 
challenge when it comes to old age pension).  
 
Also this sentence needs to be reformulated.  
“Around 7% of all working-aged are currently on disability pension in 
Finland, and the prevalence is showing a sharp increase after 
middle-age, highlighting the need to shed light on the factors 
associated with early exit from the labour market due to disability 
among middle-aged employees in particular”.  
 
The response letter has several precise descriptions that could be 
used in the manuscript.  
 
2. The concept, “disability retirement”, is not necessarily similar to 
“work disability”. When you use “work disability”, be sure that it 
cannot be misunderstood. For example: you might consider using 
disability retirement and not work disability in the first paragraph 
(Introduction).  
 
Specific  
3. Page 4, line 31. Description of the study, Haukenes et al. 2013. It 
is satisfactory to give the reference in the first sentence of the 
paragraph. I totally agree that the objective and thus the 
associations examined in Haukenes et al. are different from the 
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present study.  
 
4. Page 5, line 15. Findings from Rapponen et al. (reference 22) and 
Robroek et al (reference 18) seem to be highly important for 
addressing the rationale for the current study. If you remove some 
descriptions at page 5 that are less important, findings from 
reference 22 and 18 will be given more attention. Here are some 
suggestions of what may be removed:  
• Line 2, starting with, More specifically (….)  
• Line 11, starting with, The joint effect (….)  
• Line 19, starting with, All cause disability retirement (….)  
 
5. The second paragraph at page 5 is important and I suggest you 
work with clarifying this paragraph.  
 
6. Sensitivity analyses with time-lag (washout period). I agree with 
your response in the letter. As stated in the manuscript, you found 
no violations of the assumption for the Cox model; thus, it is not 
necessary to perform sensitivity analyses with time-lags. I think you 
may consider removing the descriptions of time-lag entirely.  
 
7. Results. I am aware of the difficulties with reporting from complex 
tables. However, maybe you could simplify the descriptions and put 
more weight on the important findings. In principle the results should 
not overlap with the table.  
8. Page 18, line 53, starting with, Generalizability (….). Here you 
state that the findings have limited generalizability on the one hand 
and thereafter you argue for the generalizability of your findings. 
This is a bit confusing.  
 
9. Page 19, line 4, “Third, one might have assumed that there could 
be a risk of  
violation of independency, if the disability process had begun before 
responding to the survey.  
As the results remained when applying a lag time of 1-2 years, this 
suggests that such bias is  
unlikely to explain our findings to any larger extent”. In line with point 
6 above, I suggest that you drop this sentence or reformulate if you 
decide to keep the sensitivity test with time-lag.  
 
10. Page 19, line 59. In my opinion you tested whether the joint 
association between smoking and levels of physical activity was 
associated with subsequent disability retirement. You found that ex-
smokers and moderate smokers that were vigorously active did not 
have an increased risk of disability retirement compared with 
vigorously active non-smokers. I am not convinced that it is correct 
to state that vigorous activity among (…..) helps prevent disability 
retirement.  
 
11. Page 20, line 4. You may consider to reformulate this sentence 
and the rest of the conclusion : “As work disability is also a major 
societal challenge, evidence about its preventable risk factors helps 
tackle the topical question of increasing labour market participation, 
and promote maintenance of work ability”.  
I would prefer a conclusion that is more related to you findings and 
potential implications of your findings. You could point to 
interventions that might be effective, such as courses in smoking 
cessation at the work place and physical activity during the working 
hours. 
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VERSION 2 – AUTHOR RESPONSE 

In general  

1. The manuscript needs to be reviewed thoroughly by a native English speaker.  

 

Response: We are glad to hear that our responses were found to be satisfying. We have thoroughly 

revised the language of our manuscript.  

 

2. It is also necessary to improve the language – making each sentence more precise. I will give you 

two examples from the Introduction part:  

“As work disability is an increasing public health, economic, and societal challenge in ageing 

populations, novel evidence about its preventable risk factors is needed for preventing the decline of 

work ability, and tackling the individual, organizational, and societal burdens related to work disability”.  

The sentence may contain relevant arguments but is difficult to read. I guess you could reformulate 

the sentence and split the arguments. For example the first sentence could be: Early exit from 

working life due to disability retirement is a public health challenge and an economic burden for 

society. I am not sure that the aging population is a challenge when it comes to disability retirement, 

whereas it is a challenge when it comes to old age pension).  

Also this sentence needs to be reformulated.  

“Around 7% of all working-aged are currently on disability pension in Finland, and the prevalence is 

showing a sharp increase after middle-age, highlighting the need to shed light on the factors 

associated with early exit from the labour market due to disability among middle-aged employees in 

particular”.  

The response letter has several precise descriptions that could be used in the manuscript.  

 

Response: We have revised the sentences, as suggested. We have further included additional 

descriptions from the first response letter to this revised version of the manuscript, as suggested. We 

have also improved the text to be more precise throughout the manuscript.  

 

2. The concept, “disability retirement”, is not necessarily similar to “work disability”. When you use 

“work disability”, be sure that it cannot be misunderstood. For example: you might consider using 

disability retirement and not work disability in the first paragraph (Introduction).  

 

Response: We are aware that that work disability is a broader concept than disability retirement and 

that these are not directly interchangeable concepts. We have clarified in the revised text that our 

specific focus is on disability retirement. The concept is also used in the first paragraph of the 

Introduction, as suggested. In previous studies, the concept of work disability has been used and it 

then comprises also sickness absence. However, regarding our study, we now use disability 

retirement throughout the revised manuscript.  

 

Specific  

3. Page 4, line 31. Description of the study, Haukenes et al. 2013. It is satisfactory to give the 

reference in the first sentence of the paragraph. I totally agree that the objective and thus the 

associations examined in Haukenes et al. are different from the present study.  

4. Page 5, line 15. Findings from Rapponen et al. (reference 22) and Robroek et al (reference 18) 

seem to be highly important for addressing the rationale for the current study. If you remove some 

descriptions at page 5 that are less important, findings from reference 22 and 18 will be given more 

attention. Here are some suggestions of what may be removed:  

• Line 2, starting with, More specifically (….)  

• Line 11, starting with, The joint effect (….)  

• Line 19, starting with, All cause disability retirement (….)  
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Response: We agree that the meta-analysis by Robroek et al., and the study by Ropponen et al. are 

important for the background. We have revised the Introduction in order to give more emphasis on the 

suggested studies. However, the meta-analysis only focused on physical inactivity, and did not report 

any pooled estimate e.g. due to heterogeneous measurements of physical activity. In turn, the study 

by Ropponen did not include the joint variable and focused on specific diagnostic causes of disability 

only, while all-cause disability retirement was not examined. Some of the descriptions and rationale 

for the study of joint associations were requested during the initial review, and thus they are 

shortened and clarified, but included in this revision.  

 

5. The second paragraph at page 5 is important and I suggest you work with clarifying this paragraph.  

 

Response: We have clarified the paragraph, as suggested.  

 

6. Sensitivity analyses with time-lag (washout period). I agree with your response in the letter. As 

stated in the manuscript, you found no violations of the assumption for the Cox model; thus, it is not 

necessary to perform sensitivity analyses with time-lags. I think you may consider removing the 

descriptions of time-lag entirely.  

 

Response: We have omitted the points about lag time, as suggested.  

 

7. Results. I am aware of the difficulties with reporting from complex tables. However, maybe you 

could simplify the descriptions and put more weight on the important findings. In principle the results 

should not overlap with the table.  

 

Response: We have amended the reporting of the results. More weight is put on the most important 

findings, and we have shortened the reporting of the descriptive results (Table 1 and Figures 1-2).  

 

8. Page 18, line 53, starting with, Generalizability (….). Here you state that the findings have limited 

generalizability on the one hand and thereafter you argue for the generalizability of your findings. This 

is a bit confusing.  

 

Response: We have clarified the description about generalizability to avoid confusion.  

 

9. Page 19, line 4, “Third, one might have assumed that there could be a risk of  

violation of independency, if the disability process had begun before responding to the survey.  

As the results remained when applying a lag time of 1-2 years, this suggests that such bias is  

unlikely to explain our findings to any larger extent”. In line with point 6 above, I suggest that you drop 

this sentence or reformulate if you decide to keep the sensitivity test with time-lag.  

 

Response: We have omitted the sentence, as also mentioned in the point #6.  

 

10. Page 19, line 59. In my opinion you tested whether the joint association between smoking and 

levels of physical activity was associated with subsequent disability retirement. You found that ex-

smokers and moderate smokers that were vigorously active did not have an increased risk of 

disability retirement compared with vigorously active non-smokers. I am not convinced that it is correct 

to state that vigorous activity among (…..) helps prevent disability retirement.  

 

Response: We have revised the conclusions to be more cautious.  

 

11. Page 20, line 4. You may consider to reformulate this sentence and the rest of the conclusion : 

“As work disability is also a major societal challenge, evidence about its preventable risk factors helps 
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tackle the topical question of increasing labour market participation, and promote maintenance of 

work ability”.  

I would prefer a conclusion that is more related to you findings and potential implications of your 

findings. You could point to interventions that might be effective, such as courses in smoking 

cessation at the work place and physical activity during the working hours.  

 

Response: We have amended the conclusions to better highlight the potential implications, as 

suggested. We fully agree that smoking cessation remains an important target for interventions. Our 

results also showed that ex-smokers could remain at a higher risk of disability retirement, except if 

they are vigorously active. 
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