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Abstract  
 

Introduction: Socioeconomic differences in smoking over time and across national contexts are 

poorly understood. We assessed the magnitude of relative and absolute social class differences in 

smoking in cohorts from Britain, Finland and Japan over 5-7 years. 

Methods: The British Whitehall II study (n=4350), Finnish Helsinki Health Study (n=6328), and 

Japanese Civil Servants Study (n=1993) all included employed men and women aged 35-68 at 

baseline in 1997-2002. Follow-up was in 2003-2007 (mean follow-up 5.1, 6.5 and 3.6 years, 

respectively). Occupational social class (managers, professionals and clerical employees) was 

measured at baseline. Current smoking and covariates (age, marital status, body mass index and 

self-rated health) were measured at baseline and follow-up. We assessed relative social class 

differences using the Relative Index of Inequality (RII) and absolute differences using the Slope 

Index of Inequality (SII). 

Results: Social class differences in smoking were found in Britain and Finland, but not in Japan. 

Age-adjusted relative differences at baseline ranged from RII 3.08 (95% confidence interval 1.99-

4.78) among Finnish men to 2.32 (1.24-4.32) among British women, with differences at follow-up 

greater by 8-58%. Absolute differences remained stable and varied from SII 0.27 (0.15-0.40) among 

Finnish men to 0.10 (0.03-0.16) among British women. Further adjustment for covariates had 

modest effects on inequality indices. 

Conclusions: Large social class differences in smoking persisted among British and Finnish men 

and women, with widening tendencies in relative differences over time. No differences could be 

confirmed among Japanese men or women. 

 

Key words: Smoking, social class, follow-up, Britain, Finland, Japan 

 

 

Implications 

Changes over time in social class differences in smoking are poorly understood across countries. 

Our study focused on employees from Britain, Finland and Japan, and found relative and absolute 

and class differences among British and Finnish men and women. Key covariates had modest 

effects on the differences. Relative differences tended to widen over the 4 to 7 year follow-up, 

whereas absolute differences remained stable. In contrast, class differences in smoking among 

Japanese men or women were not found. Britain and Finland are at the late stage of the smoking 

epidemic model, whereas Japan may not follow the same model. 
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Introduction 

Tobacco smoking is global public health issue. Prevalence varies substantially between countries 

and is higher in men than women.1 In Western European countries the prevalence of daily smoking 

is between a fifth and a third in men and between a tenth and a quarter in women, with a decline 

particularly among men.2 As expected, in Britain and Finland smoking patterns follow those for 

Western European countries. However, the pattern is different in Japan where smoking prevalence 

in men is very high and among women very low. In addition to sex differences, there are also 

socioeconomic differences in smoking. Irrespective of whether socioeconomic position is measured 

by education, occupational class or income, smoking prevalence appears to follow a gradient.3 The 

steep socioeconomic gradient in smoking in men takes a heavy toll on men in lower socioeconomic 

groups worldwide. Socioeconomic differences in women tend to be smaller, non-existent or even 

reverse.4-5 

 

The evolution of smoking behaviour across countries has been characterised by the smoking 

epidemic model and its four temporal stages.6-7 In the beginning of the epidemic smoking is 

relatively uncommon and found principally among men, with limited consequences for mortality.  

Next, male smoking prevalence rapidly peaks at 40% or even 80%, and female smoking starts to 

increase. This marks the increase in smoking attributed-mortality. At the third stage male smoking 

stagnates and declines and some convergence between sexes is seen, but smoking-attributed 

mortality rises steeply. At the final stage there is a downturn in the prevalence, with mortality 

peaking at about one-third of all male deaths before a decline. The epidemic model has been 

extended to include also socioeconomic differences.8-10 At the early stages, the upper classes are the 

first to take up smoking, but over time the habit spreads disproportionately to the lower classes, 

with emerging socioeconomic differences. The patterning of smoking over time is further shaped by 

macro level national developments, such as economic fluctuations and social structural 

transformations,11-13 as well as individual level sociodemographic and health-related factors.14-16  

The epidemic model finds support from western time trend studies suggesting that socioeconomic 

differences in smoking remain or even widen,8-10,17 and it offers a framework and context for 

examining socioeconomic differences in smoking over time and across countries. Longitudinal 

studies following the same participants are, nevertheless, lacking although they would add to our 

understanding of the dynamics of both relative and absolute socioeconomic differences in smoking.  

 

Relative differences across the social hierarchy are rate ratio between a lower and a higher social 

class, whereas absolute differences are rate differences between a lower and a higher social class.18 

When smoking prevalence declines, as predicted by the epidemic model, relative differences tend to 

widen as smoking becomes concentrated disproportionately in the lower classes, whereas absolute 

differences tend to narrow as they do not necessarily follow changes in the distribution of smoking. 

Although relative differences in smoking have been the most often examined, absolute differences 

are also important, in particular to anti-smoking policies, as uptake will among smokers in the lower 

classes be reflected in these differences. 

 

Our study follows changes over time in relative and absolute socioeconomic differences in smoking 

among men and women in employee cohorts from Britain, Finland and Japan. We compare two 

northern European countries at the late stage of the smoking epidemic with a country at an earlier 

stage, albeit one in which social norms have prevented women taking up smoking. The labour 

markets and social structures in Britain and Finland share similarities for men and women. In Japan, 

men’s high employment participation is contrasted with women’s low participation and few female 

managers.19 First, we expect to find both relative and absolute socioeconomic differences in 

smoking in both sexes in our cohorts from Britain and Finland. Second, we expect these relative 
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socioeconomic differences to widen but absolute differences to remain as smoking declines. Third, 

we expect socioeconomic differences in smoking in Japan to be emerging as the smoking epidemic 

proceeds. Our specific aim was to follow the magnitude of relative and absolute occupational social 

class differences in smoking among cohorts from Britain, Finland and Japan at baseline in 1998-

2002 and at follow-up in 2003-2007, considering key covariates. 

 

Data and methods 
 

Data sources 

 

We used three prospective occupational cohorts, the London based Whitehall II study from Britain, 

the Helsinki based Helsinki Health Study from Finland, and the western Japan based Japanese Civil 

Servants Study. The Finnish and the Japanese cohorts have made use of the Whitehall II study 

protocol. All cohorts were established to enable the study of social determinants of health-related 

outcomes among public sector employees.  

 

The Whitehall II study started in 1985-1988 and focused on government employees working for the 

civil service in 20 departments in London at the time of recruitment (n=10308, response rate 

73%).20-21 We included employed participants from phase 5 in 1997-1999 (response rate 73%) as 

our baseline and participants from phase 7 in 2003-2004 as our follow-up (response rate 76%). The 

data analysed were for white-collar employees aged 45-68 at baseline participating in both phases 

(n=4350, 26% women) (Table 1). 

 

The Helsinki Health Study baseline data were collected in 2000-2002 among local government 

employees aged 40-60 years working for the City of Helsinki (n=8960, response rate 67%). Follow-

up data were collected in 2007 (response rate 83%).22-23 The data analysed were from white-collar 

employees participating in both phases (n=6328, 84% women). 

 

The Japanese Civil Servants Study baseline data were collected in 1998-1999 among local 

government employees working for a western Japanese province (n=6431, response rate 73%). 

Follow-up data were collected in 2003 (response rate 76%).24-24 The data analysed included white-

collar employees aged 35-60 at baseline participating in both phases (n=1993, 31% women). 

 

At baseline and at follow-up employees from each cohort were mailed a self-assessed questionnaire. 

Similar measurements were used in the cohorts and the data were harmonised for maximal 

comparability. 

 

Occupational social class 

 

Our socioeconomic indicator was occupational social class measured at baseline. The Whitehall II 

study only includes white-collar employees whereas the Finnish and the Japanese cohorts also 

include blue-collar employees, but they were excluded from the main analyses. The analyses thus 

used three hierarchical white-collar classes. The social class classifications were based on 

occupational titles, organisational positions, educational qualifications of occupations and salary 

levels following our earlier comparisons:26-27 1) managers and administrative staff, 2) professionals 

and semi-professionals, and 3) clerical and other non-professional employees. In the Whitehall II 

study, social classes were derived from questionnaires by collapsing 12 non-industrial salary based 

employment grade levels.28 In the Helsinki Health Study, social classes based on occupational titles 

were derived from the employer’s personnel registers for those consenting to linkage (80%) and 

completed from questionnaires.22 In the Japanese Civil Servants Study, social classes based on 
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occupational titles were derived from questionnaires using the Japanese national survey for 

occupations that distinguishes between 13 broad occupational categories. 

 

In the Whitehall II study, the two largest social classes among men were managers and 

professionals whereas clerical employees formed a small class (Table 1). The largest class in 

women was professionals whereas clerical employees and managers formed smaller classes. In the 

Helsinki Health Study professionals formed the largest class in men whereas managers and clerical 

employees formed smaller classes. Professionals and clerical employees formed large classes in 

women whereas managers formed a small class. In the Japanese Civil Servants Study the largest 

class in men was professionals, the second largest was clerical employees and the smallest was 

managers. Professionals formed a particularly large class among Japanese women, clerical 

employees a smaller one and there were no female managers. 

 

Smoking 

 

Smoking status was obtained from questions on current tobacco smoking, dichotomised into current 

smokers and non-smokers in accordance with previous studies.9,29 The Whitehall II study and 

Helsinki Health Study measured cigarettes, cigars and pipes. The Japanese Civil Servants Study 

measured only cigarettes, but pipe and cigar smoking is very rare among Japanese men.30  

 

Covariates 

 

Covariates were assessed at baseline and follow-up. Age in years was included and adjusted for in 

all analyses. Marital status was dichotomised into those living with a partner, i.e. married or 

cohabiting versus those not living with a partner. Body mass index (BMI) was calculated from 

measured height and weight in the British and the Japanese cohort. In the Finnish cohort, self-

reports were used; these tend to underestimate obesity.31 A BMI of 30 or more indicated obesity 

among British and Finnish participants. Among Japanese participants only 1% had a BMI of 30 or 

over and, following recommendations, a BMI of 25 or over was taken to indicate obesity.32 Self-

rated health was asked with a similar question in each cohort and dichotomised to less than good 

versus good health. These variables have been related to social class and smoking in previous 

studies.14,27 

 

Statistical methods 

 

Relative social class differences in smoking were examined using the Relative Index of Inequality 

(RII) and absolute differences using the Slope Index of Inequality (SII).33-36 These summary indices 

are suitable for comparing the magnitude of socioeconomic differences over time and across 

populations. Relative differences are regarded as indicating better causal effects and absolute 

differences public health relevance.34,37 Ideally both relative and absolute differences should be 

measured. 

 

The RII and SII are both regression based indices and take into account the size of the 

socioeconomic categories as well as the whole socioeconomic hierarchy instead of comparing only 

the extremes. The socioeconomic measure used is converted to a score between 0 (top of hierarchy) 

and 1 (bottom of hierarchy). The score is weighted, for each sex separately, by the population in 

each socioeconomic category in each cohort by calculating the midpoint of the proportion of the 

population in each category. 
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The RII and SII were obtained by using regression models with the socioeconomic score as 

independent variable and smoking as dependent variable. Generalised linear models with log-

binomial regression were used to estimate the RII by using a logarithmic link function and the SII 

by using identity link function.38 95% confidence intervals (95% CI) were calculated. The RII can 

be interpreted as the rate ratio and the SII as the rate difference between the top and bottom of the 

socioeconomic hierarchy. RII values above 1.0 imply socioeconomic differences, i.e. a higher 

prevalence of smoking in the lower compared to the higher social classes, and values below 1.0 

imply reverse differences. SII values above 0 imply higher smoking prevalence in lower classes and 

below 0 reverse differences. In the modelling, occupational class differences in smoking were 

adjusted for age (M1), additionally for marital status (M2), and in the full model additionally for 

BMI and self-rated health (M3). We tested the hypothesis whether the absolute (SII) and relative 

(RII) class differences had changed over the follow-up against the null hypothesis that the 

differences had remained stable. This was done by including the cross-product term of occupational 

class and time in the models for each cohort and sex.  

To control for missing values we used multiple imputation with the aregImpute function in the 

Hmisc package for R software. All baseline and follow-up variables included were imputed. 

Multiple imputation was based on additive regression, bootstrapping, and predictive mean 

matching.39 Ten imputed datasets were created, assuming that items were missing at random. These 

estimates were obtained by averaging across the results from each of these ten datasets using 

Rubin’s rules.40 Missing values for the study variables are shown in Appendix Table 1. 

Additionally, complete case analyses were made. Analyses were made using R software, version 

2.13.0.  

 

Results 
 

The overall prevalence of smoking among Japanese men was 43% at baseline and 36% at follow-

up. Among British and Finnish men and women the prevalence varied from 11% to 24% with a 

declining trend over the follow-up (Table 1). Among Japanese women the prevalence remained at 

5%. Social class differences in the prevalence followed a gradient in Britain and Finland. In Japan 

the prevalence was lower in managers and similar in professionals and clericals. 
 

Relative differences in smoking 

 

Age-adjusted relative social class differences in smoking at baseline measured by the RII were large 

among British (RII 2.50, 95% CI 1.80, 3.46) and Finnish men (RII 3.08, 95% CI 2.25, 4.79) (Table 

2). Adjusting for sociodemographic and health-related covariates attenuated these differences by 

15-29%. Among Japanese men social class differences in smoking were not observed. At follow-up, 

age-adjusted differences in smoking among British men were 73% larger (RII 3.60, 95% CI 2.48, 

5.22) and among Finnish men 49% larger (RII 4.09, 95% CI 2.49, 6.72). Adjusting for covariates 

attenuated the follow-up differences by 14-17%. Among Japanese men differences at follow-up 

were not found. 

 

Age-adjusted relative class differences in smoking among British (RII 2.32, 95% CI 1.24, 4.32) and 

Finnish women (RII 2.98, 95% CI 2.38, 3.74) were at a similar level with men. Adjusting for 

covariates attenuated the differences by 2-10%. Among Japanese women differences were not 

observed. At follow-up, age-adjusted differences among British women were 8% larger and among 

Finnish women 58% larger (RII 4.13, 95% CI 3.16-5.41). Adjusting for covariates attenuated the 

follow-up differences by 8-10%. Among Japanese women differences were neither found at follow-

up. 
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Although the RII values were larger at follow-up among British and Finnish men and women, 

suggesting widening relative class differences, interaction tests did not confirm statistically 

significant changes over time (no data shown). 

 

Absolute differences in smoking 

 

Age-adjusted absolute social class differences in smoking at baseline measured by the SII were 

smaller among British men (SII 0.14, 95% CI 0.09-0.20) than Finnish men (SII 0.27, 95% CI 0.15-

0.40) (Table 3). Thus for Finnish men at the bottom of the class hierarchy the prevalence of 

smoking was 27 percentage points higher than at the top and for British men the figure was 14 

percentage points. Adjusting for covariates had negligible effects. Among Japanese men absolute 

differences in smoking were not found. At follow-up, age-adjusted absolute class differences in 

smoking remained similar among British men, but marginally narrowed among Finnish men. 

Further adjustments had minor effects. Among Japanese men no differences were found at follow-

up. 

 

Age-adjusted absolute class differences in smoking at baseline also tended to be smaller among 

British women (SII 0.11, 95% CI 0.04-0.18) than Finnish women (SII 0.18, 95% CI 0.14-0.22). 

Adjusting for covariates had negligible effects. Among Japanese women differences were not found 

at baseline. At follow-up, the differences among British and Finnish women remained similar. 

Among Japanese women no differences were found at follow-up. 

 

Discussion 
 

This study examined changes over time in the magnitude of relative and absolute socioeconomic 

differences in smoking among middle-aged men and women from Britain, Finland and Japan. For 

this purpose we used comparable employee cohorts followed up for 4-7 years between 1997 and 

2007. 

 

Main results  

 

We found, first, that both relative and absolute social class differences in smoking persisted in 

Britain and Finland, with a tendency for larger absolute differences among men than women. 

Second, relative differences tended to widen over the follow-up among British and Finnish men and 

women. Third, sociodemographic and health-related covariates had only modest effects on the 

observed relative and absolute socioeconomic differences. Fourth, no social class differences could 

be confirmed among Japanese men or women. 

 

Interpretation 

 

The smoking epidemic model predicts that socioeconomic differences would emerge and widen 

after the prevalence of smoking has reached its maximum, with upper classes being increasingly 

less likely to take up and more likely to quit smoking.6-7,9 According to the prediction of the 

epidemic model in relation to declining prevalence trends, large absolute and relative 

socioeconomic differences were seen both at baseline and follow-up. 

 

Following further the epidemic model we expected relative socioeconomic differences in smoking 

to widen over the follow-up in Britain and Finland, and indeed socioeconomic differences in 

smoking tended to be larger at follow-up than baseline among Finnish and British men and women. 
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Although these widening tendencies could not be statistically confirmed in interaction analyses, 

they are in accordance with previous trend studies suggesting a widening of socioeconomic 

differences in smoking.41-43 These developments most likely reflect transitions towards the later 

stages of the smoking epidemic, and are driven by declining trends of smoking, in particular among 

the upper classes in Britain and Finland. It has been hypothesised that the decline may lead to 

“hardening” of smoking behaviours, with hardcore smokers being more likely to continue and 

others to quit. Hardcore smokers come disproportionately from lower social classes and are often 

non-employed.44 Our study is not ideal for examining broader social structural effects on smoking 

in general or trends towards hardcore smoking in particular since our participants were public sector 

employees who form a select subset even among employed people.  

 

Our hypothesis that Japanese men and women would also show emerging socioeconomic 

differences in smoking over the follow-up was not supported. This may reflect a delayed evolution 

from the early stages of the smoking epidemic towards the later ones. In our Japanese cohort the 

prevalence of smoking remained very high in all male social classes and very low in female classes. 

Some previous Japanese studies have also reported negligible socioeconomic differences in 

smoking while differences have also been reported.45-47 However, our findings may also reflect 

cultural differences as Japan does not seem to have followed the stages of the smoking epidemic 

model. Thus, among Japanese men attitudes towards smoking may have remained permissive across 

social classes, and anti-smoking measures may have reached Japanese men less than their Western 

counterparts. Consequently, smoking prevalence in Japanese men still is high although it reached its 

maximum already in the late 1970s,48 and socioeconomic differences remain small, inconsistent or 

non-existent. In Japanese women the prevalence has remained very low and may not reach the 

numbers observed in western countries in the foreseeable future. 

 

We examined socioeconomic differences across three white-collar classes only, since the Whitehall 

II cohort does not include blue-collar employees. Even among the white-collar classes in Britain 

and Finland the socioeconomic differences in smoking were large. Nevertheless, the prevalence of 

smoking is typically highest among those lowest in the socioeconomic hierarchy.3,14,43 We were able 

to include manual workers in our sensitivity analyses for the Finnish and Japanese cohort. In these 

analyses the relative and absolute class differences were somewhat larger for Finnish women and 

somewhat smaller for Finnish men. Among Japanese men, after including manuals, weak class 

differences in smoking were observed at baseline and follow-up. These differences among Japanese 

men may be visible in particular between white-collar and blue-collar classes, and less so within 

white-collar classes examined in our study. In order to obtain a comprehensive picture of the 

socioeconomic differences in smoking future studies should examine the full social class, as well as 

education and income, hierarchy. 

 

Our study analysed changes over time in socioeconomic differences in smoking. We controlled for 

a number of key sociodemographic and health-related covariates. However, these had only modest 

effects on the relative differences and negligible effects on the absolute differences. Thus the 

observed differences could not be explained by the covariates included. We acknowledge that 

health-related covariates may involve reverse causality and cause overadjustment, and that residual 

confounding cannot be ruled out and needs to be considered in future studies. 

 

We examined both relative and absolute socioeconomic differences in smoking to obtain a wider 

picture of the differences. It was expected that relative differences would be more likely to widen 

than absolute differences as the former depend more on the decline in the prevalence of smoking 

which tends to be higher in the lower than in the upper classes. As expected the relative 

socioeconomic differences in smoking tended to widen in Britain and Finland over the follow-up, 
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whereas absolute differences remained stable. The Relative Index of Inequality and the Slope Index 

of Inequality were advantageous indices for comparing the magnitude of socioeconomic differences 

over time and place as they take into account the proportions of participants in each class in each 

cohort.34 These measures have also been used in previous studies.9,36,49 Examining absolute 

differences helps also set priorities for anti-smoking measures. Our study reconfirms that it is 

recommendable to examine both relative and absolute socioeconomic differences in future studies. 

 

The stable absolute socioeconomic differences in smoking in Britain and Finland were largest 

among Finnish men, with a prevalence of 27 percentage points higher at the bottom of the class 

hierarchy than at the top. This development is in accordance with the smoking epidemic model 

which predicts that smoking spreads from higher to lower classes as the epidemic proceeds. Social 

structural changes may further contribute to the epidemic and the differences in smoking, but in our 

study the four to seven year follow-up was a relatively short period for major changes in the class 

structures. Paralleling the epidemic, anti-smoking policies have been gradually implemented in 

many European countries including Britain and Finland. These policies have likely contributed to 

the decline of smoking prevalence and may have prevented even larger socioeconomic differences 

than those observed.50 Japan provides a divergent case as anti-smoking policies have been weaker 

or non-existent, with prevalence levels among men as high as 55% in 1998 declining to 33% in 

2012.51 Our observations on British and Finnish men and women reconfirm the need for further 

measures that target smoking in general as well as the large and persistent socioeconomic 

differences. It is well-known that smoking is a key contributor to socioeconomic differences in 

morbidity and mortality in western countries,49,52-53 and the persisting socioeconomic differences in 

smoking suggest that smoking likely contributes to these differences also in the future. This is one 

more incentive for anti-smoking measures in general and across all social classes. 

 

Further studies are needed to corroborate our findings with longer follow-up, full socioeconomic 

hierarchies as well as additional cohorts and representative populations from a broader spectrum of 

national contexts.  

 

Methodological considerations 

 

There are strengths and limitations in our study. The participants came from the public sector and 

the findings may not be generalizable to other employee sectors or general populations. 

 

Our cohorts share many similarities. However, the Finnish and the Japanese cohort consisted of a 

baseline survey and follow-up, whereas for the Whitehall II study we used phase 5 as our baseline 

and phase 7 as our follow-up to avoid major age and period differences among the cohorts. Thus 

attrition is a potential problem and previous studies on the Whitehall cohort suggest that those lost 

to follow-up are more likely to be smokers and from lower social class groups compared to those 

who remain in the study.54-55  

 

The response rates to our surveys were satisfactory. According to non-response analyses of the 

British and the Finnish data, the baseline and follow-up data were largely representative of the 

target populations.22,56 Further, item non-response was mostly below 10% in the British and Finnish 

data (see Appendix Table A1). In the Japanese data item non-response was somewhat higher, 

reflecting in part the structure of the Japanese baseline data which were collated from four separate 

questionnaires with some mismatch and consequent loss of participants. 

 

Multiple imputation was used to control for non-response bias.39 Our sensitivity analyses tended to 

show lower RII values in the complete case than imputed analyses. Thus for British and Finnish 
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men, the values were 7-39% lower and for British women 61-70% lower, but for Finnish women 

slightly higher. For the SII, the complete case analyses showed both somewhat lower and somewhat 

higher values, with British women at follow-up showing a 60% lower value. While in some cases 

the complete case estimates were substantially lower than the imputed ones, the class differences in 

smoking nevertheless remained. Among Japanese participants, the complete case analyses, like the 

imputed ones, showed no relative or absolute class differences in smoking. Following Rubin’s40 

rules we also explored the influence of missing data by examining the relative increase in variance 

due to non-response. For RII and SII this increase was otherwise 1%-6%, but for Japanese women 

14%-27%, likely due to the lack of female managers. We acknowledge that non-response remains a 

potential source of bias. 

 

Our occupational social class classifications were broadly similar but not fully identical. Three 

occupation-based and hierarchical white-collar classes were included. However, the Finnish and the 

Japanese data allowed sensitivity analyses which included also the manual class. Some participants 

may have changed their social class over the follow-up and that might cause some bias. Further 

sensitivity analyses among the employed showed that 79% in the British cohort, 85% in the Finnish 

cohort and 87% in the Japanese cohort remained in the same class, an indication that this source of 

bias is limited. 

 

Our outcome was current smoking, a measure often used in similar studies.9,29 A quantitative 

measure of smoking, such as pack-years would be beneficial but was unavailable. 

 

Finally, the comparability of our cohorts from three affluent societies, a follow-up design as well as 

identical measures were advantage of this study of the development of socioeconomic differences in 

smoking. Nevertheless, caution is needed in the interpretation of similarities and differences in 

complex phenomena emerging from divergent temporal, cultural and social structural backgrounds, 

in our case Britain and Finland from Western Europe and Japan from the Far East with both modern 

and traditional influences.57-58 

 

Conclusion 
 

Our study showed large and persistent relative and absolute socioeconomic differences in smoking 

among middle-aged men and women from Britain and Finland. Widening relative socioeconomic 

differences was suggested over a relatively short follow-up. The observed socioeconomic 

differences in smoking will contribute to subsequent inequalities in lung and other smoking-related 

diseases and mortality.13,52-54 Population approaches to smoking reduction should be augmented by 

policies to improve success across all social classes in Britain, Finland and Japan and to narrow 

socioeconomic differences in smoking in Britain and Finland. 

 

  



11 

 

Ethics 

 

Ethical approvals have been received from the University College London ethics committee 

(Whitehall II study), the Department of Public Health, University of Helsinki and the City of 

Helsinki health authorities (Helsinki Health Study), while a committee of civil servants checked the 

contents and ethical aspects of the Japanese Civil Servant Study.  

 

 

Funding 

 

The Helsinki Health Study has been supported by the Academy of Finland (1129225, 1257362); the 

Ministry of Education and Culture; and the Finnish Work Environment Fund (107187, 107281). 

The Whitehall II study has been supported by grants from the Medical Research Council 

(K013351); the Economic and Social Research Council; the British Heart Foundation; Health and 

Safety Executive; Department of Health; National Heart Lung and Blood Institute (HL36310), US, 

NIH: National Institute on Aging (AG13196), US, NIH; Agency for Health Care Policy Research 

(HS06516); and the John D and Catherine T MacArthur. The Japanese Civil Servants Study has 

been supported by grants from the Ministry of Health, Labour and Welfare; the Japanese Society for 

the Promotion of Science; the Occupational Health Promotion Foundation; the Univers Foundation 

(98.04.017); the Daiwa Anglo-Japanese Foundation (03/2059); and the Great Britain Sasakawa 

Foundation (2551). 

 

 

Competing interests 

 

There are no competing interests. 

 

  



12 

 

 

References 
 

1 Giovino GA, Mirza SA, Samet JM, et al. Tobacco use in 3 billion individuals from 16 countries: 

an analysis of nationally representative cross-sectional household surveys. Lancet. 2012;380:668-

679. doi:10.1016/S0140-6736(12)61085-X 

 

2 WHO. Report on the Global Tobacco Epidemic. Luxembourg: World Health Organisation; 2013. 

URL http://www.who.int/tobacco/global_report/2013/en/. Accessed, January 22, 2015. 

 

3 Hiscock R, Bauld L, Amos A, Fidler JA, Munafò M. Socioeconomic status and smoking: a 

review. Ann N Y Acad Sci. 2012;1248:107-123. doi:10.1111/j.1749-6632.2011.06202.x 

 

4 Schaap MM, Kunst AE. Monitoring socio-economic inequalities in smoking: Learning from the 

experience of recent scientific studies. Public Health. 2009;123:103-109. 

doi:10.1016/j.puhe.2008.10.015 

 

5 Harper S, McKinnon B. Global socioeconomic inequalities in tobacco use: internationally 

comparable estimates from the World Health Surveys. Cancer Causes Control. 2012;23 Suppl 

1:11-25. doi:10.1007/s10552-012-9901-5 

 

6 Lopez AD, Collishaw NE, Piha T. A descriptive model of the cigarette epidemic in developed 

countries. Tob Control. 1994;3:242-247.  

 

7 Thun M, Peto R, Boreham J, Lopez AD. Stages of the cigarette epidemic on entering its second 

century. Tob Control. 2012;21:96-101. doi10.1136/tobaccocontrol-2011-050294  

 

8 Cavelaars A, Kunst A, Geurts J, et al. Educational differences in smoking: an international 

comparison. Br Med J. 2000;320:1102-1107. 

 

9 Giskes K, Kunst A, Benach J, et al. Trends in smoking behaviour between 1985 and 2000 in nine 

European countries by education. J Epidemiol Community Health. 2005;59:395-401.  

 

10 Huisman M, Kunst AE, Mackenbach JP. Inequalities in the prevalence of smoking in the 

European Union: comparing education and income. Prev Med. 2005;40:756-64.  

 

11 Sacker A, Worts D, McDonough P. Social influences on trajectories of self-rated health: 

evidence from Britain, Germany, Denmark and the USA. J Epidemiol Community Health. 

2011;65:130-136. doi:10.1136/jech.2009.091199  

 

12 Mackenbach JP. The persistence of health inequalities in modern welfare states: the explanation 

of a paradox. Soc Sci Med. 2012;75:761-769. doi:10.1016/j.socscimed.2012.02.031 

 

13 Gallus S, Ghislandi S, Muttarak R. Effect of the economic crisis on smoking prevalence and 

number of smokers in the USA. Tob Control. 2015;24:82-88. doi10.1136/tobaccocontrol-2012-

050856 

 

14 Laaksonen M, Rahkonen O, Karvonen S, Lahelma E. Socioeconomic status and smoking: 

analysing inequalities with multiple indicators. Eur J Publ Health. 2005;15:262-269.  

 

http://www.who.int/tobacco/global_report/2013/en/
http://www.ncbi.nlm.nih.gov/pubmed/22092035
http://www.ncbi.nlm.nih.gov/pubmed/22092035


13 

 

15 van Oort FV, van Lenthe FJ, Mackenbach JP. Material, psychosocial, and behavioural factors in 

the explanation of educational inequalities in mortality in The Netherlands. J Epidmiol Community 

Health. 2005;59:214-220. 

 

16 Pietiläinen O, Laaksonen M, Pitkäniemi J, Rahkonen O, Lahelma E. Changes of occupational 

class differences in physical functioning: a panel study among employees 2000-2007. J Epidemiol 

Community Health. 2012;66:265-270. doi:10.1136/jech.2010.110270 

 

17 Huisman M, Kunst AE, Mackenbach JP. Educational inequalities in smoking among men and 

women aged 16 years and older in 11 European countries. Tob Control. 2005;14:106-113. 

 

18 Mackenbach JP. Should we aim to reduce relative or absolute inequalities in mortality? Eur J  

Public Health. 2015;25:185. doi:10.1093/eurpub/cku217  

 

19 Kawata H, Naganuma S. Labor force participation in Japan. Bank of Japan Review 2010 E7, 

December 2010. URL http://www.boj.or.jp/en/research/wps_rev/rev_2010/data/rev10e07.pdf. 

Accessed, January 22, 2015. 

 

20 Marmot, M., Brunner, E. Cohort Profile: the Whitehall II study. Int J Epidemiol. 2005;34:251-

256. 

 

21 www.ucl.ac.uk/whitehallII. Accessed January 22, 2015. 

 

22 Lahelma E, Aittomäki A, Laaksonen M, et al. Cohort profile: The Helsinki Health Study. Int J 

Epidemiol. 2013;42:722-730. doi:10.1093/ije/dys039 

 

23 www.hjelt.helsinki.fi/hhs. Accessed January 22, 2015. 

 

24 Kagamimori S, Sekine M, Nasermoaddeli A, Hamanisi S. Report on stress and health survey in 

the Japanese civil servants. Toyama: University of Toyama, Japan; 2002 (in Japanese). 

 

25 www.med.u-toyama.ac.jp/healpro. Accessed January 22, 2015.  

 

26 Sekine M, Chandola T, Martikainen P, Marmot M, Kagamimori S. Socioeconomic inequalities 

in physical and mental functioning of British, Finnish, and Japanese civil servants: role of job 

demand, control, and work hours. Soc Sci Med. 2009;69:1417-25. 

doi:10.1016/j.socscimed.2009.08.022  

 

27 Lahelma E, Pietiläinen O, Rahkonen O, et al. Social class inequalities in health among 

occupational cohorts from Finland, Britain and Japan: A follow-up study. Health Place. 

2015;31:173-179. doi: 10.1016/j.healthplace.2014.12.004  

 

28 Marmot MG, Davey Smith G, Stansfeld S, et al. Health inequalities among British Civil 

Servants: The Whitehall II study. Lancet. 1991;337:1387-1393. 

 

29 Lallukka T, Laaksonen E, Martikainen P, et al. Associations of job strain and working overtime 

with adverse health behaviors and obesity: Evidence from the Whitehall II Study, Helsinki Health 

Study and Japanese Civil Servants Study. Soc Sci Med. 2008;66:1681-1698. 

doi:10.1016/j.socscimed.2007.12.027  

 

http://www.ncbi.nlm.nih.gov/pubmed/25818489
http://www.boj.or.jp/en/research/wps_rev/rev_2010/data/rev10e07.pdf
http://www.ucl.ac.uk/whitehallII
http://www.hjelt.helsinki.fi/hhs
http://www.med.u-toyama.ac.jp/healpro


14 

 

30 Stellman SD, Takezaki T, Wang L, et al. Smoking and lung cancer risk in American and 

Japanese men: An international case control stud. Cancer Epidemiol Biomarkers Prev. 2001;1193-

1199. 

 

31 Visscher TL, Viet AL, Kroesbergen IH, Seidell JC. Underreporting of BMI in adults and its 

effect on obesity prevalence estimations in the period 1998 to 2001. Obesity. 2006;14:2054-2063. 

 

32 Tsutsumi A, Kayaba K, Hirokawa K, Ishikawa S, The Jichi Medical School Cohort Study 

Group. Psychosocial job characteristics and risk of mortality in a Japanese community-based 

working population: The Jichi Medical School cohort study. Soc Sci Med. 63;2006:1276-1288. 

 

33 Mackenbach J, Kunst A. Measuring the magnitude of socio-economic inequalities in health: an 

overview of available measures illustrated with two examples from Europe. Soc Sci Med. 

1997;44:757-771. 

 

34 Shaw M, Galobardes B, Lawlor D, Lynch J, Wheeler B, Davey Smith G. The Handbook of 

Inequality and Socioeconomic Position. Bristol: Policy Press; 2007. 

 

35 Asada Y. On the choice of absolute or relative inequality measures. Milbank Q. 2010;88:616-

622. DOI:10.1111/j.1468-0009.2010.00614.x 

 

36 Ernstsen L, Strand BH, Nilsen SM, Espnes GA, Krokstad S. Trends in absolute and relative 

educational inequalities in four modifiable ischaemic heart disease risk factors: repeated cross-

sectional surveys from the Nord-Trøndelag Health Study (HUNT) 1984-2008. BMC Public Health. 

2012;12:266. doi:10.1186/1471-2458-12-266 

 

37 Bambra C. Health inequalities and welfares state regimes: theoretical insights on a public health 

‘puzzle’. J Epidemiol Community Health. 2011;65:740-745. doi:10.1136/jech.2011.136333 

 

38 Khang Y-H, Yun S-C, Lynch JW. Monitoring trends in socioeconomic health inequalities: it 

matters how you measure. BMC Public Health. 2008;8:66. doi:10.1186/1471-2458-8-66 

 

39 Alzola CF, Harrell FE. An Introduction to S and the Hmisc and Design Libraries; 2006:1-298. 

URL https://cran.r-project.org/doc/contrib/Alzola+Harrell-Hmisc-Design-Intro.pdf. Accessed 

January 22, 2015. 

 

40 Rubin DB. Multiple Imputation for Nonresponse in Surveys. New York: John Wiley and Sons; 

1987. 

 

41 Laaksonen M, Helakorpi S, Karvonen S, et al. (eds). Health Inequalities in Finland. Trends in 

Socioeconomic Health Differences 1980-2005. Helsinki: Ministry of Social Affairs and Health 

Publications 2009;9:131-139. URL http://urn.fi/URN:NBN:fi-fe201504224334. Accessed January 

22, 2015. 

 

42 Hiscock R, Bauld L, Amos A, Platt S. Smoking and socioeconomic status in England: the rise of 

the never smoker and the disadvantaged smoker. J Public Health. 2012;34:390-396. 

doi:10.1093/pubmed/fds012 

 

43 www.cancerresearchuk.org/cancer-info/cancerstats/causes/tobacco-statistics/#trends. Accessed, 

January 22, 2015. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Stellman%20SD%5BAuthor%5D&cauthor=true&cauthor_uid=11700268
http://www.ncbi.nlm.nih.gov/pubmed/?term=Takezaki%20T%5BAuthor%5D&cauthor=true&cauthor_uid=11700268
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20L%5BAuthor%5D&cauthor=true&cauthor_uid=11700268
https://cran.r-project.org/doc/contrib/Alzola+Harrell-Hmisc-Design-Intro.pdf
http://urn.fi/URN:NBN:fi-fe201504224334
http://www.cancerresearchuk.org/cancer-info/cancerstats/causes/tobacco-statistics/#trends


15 

 

 

44 Clare P, Bradford D, Courtney RJ, Martire K, Mattick RP. The relationship between 

socioeconomic status and 'hardcore' smoking over time - greater accumulation of hardened smokers 

in low-SES than high-SES smokers. Tob Control. 2014;23(e2):e133-138. 

doi:10.1136/tobaccocontrol-2013-051436 

 

45 Anzai Y, Ohkubo T, Nishino Y, Tsuji I, Hisamichi S. Relationship between health practices and 

education level in the rural Japanese population. J Epidemiol. 2000;10:149-156. 

 

46 Nishi N, Makino K, Fukuda H, Tatara K. Effects of socioeconomic indicators on coronary risk 

factors, self-rated health and psychological well-being among urban Japanese civil servants. Soc Sci 

Med. 2004;58:1159-1170. 

 

47 Fukuda Y, Nakamura K, Takano T. Socioeconomic pattern of smoking in Japan: income 

inequality and gender and age differences. Ann Epidemiol. 2005;15:365-372. 

 

48 IARC. Handbooks of Cancer Prevention. Tobacco Control. Lyon: International Agency for 

Research on Cancer, Volume 11; 2007. 

 

49 Mackenbach J P, Stirbu I, Roskam AJ, et al. Socioeconomic inequalities in health in 22 

European countries. N Engl J Med. 2008;358:2468-2481. doi:10.1056/NEJMsa0707519 

 

50 Giskes K, Kunst A, Benach J, et al. Applying an equity lens to tobacco-control policies and their 

uptake in six Western-European countries. J Public Health Pol. 2007;28:261-280. 

 

51 Levin MA. Tobacco control lessons from Higgs Boson: Observing a hidden field behind the 

changing tobacco control norms in Japan. Am J Law Med. 2013;39:471-489. 

 

52 Martikainen P, Ho J, Preston S, Elo IT. The changing contribution of smoking to educational 

differences in life expectancy: indirect estimates for Finnish men and women from 1971 to 2010. J 

Epidemiol Community Health. 2013;67:219-224. doi:10.1136/jech-2012-201266 

 

53 Stringhini S, Sabia S, Shipley M, et al. Association of socioeconomic position with health 

behaviors and mortality. JAMA. 2010;303:1159-1166. doi:10.1001/jama.2010.297 

 

54 Sabia S, Marmot M, Dufouil C, Singh-Manoux A. Smoking History and Cognitive Function in 

Middle Age From the Whitehall II Study. Arch Intern Med. 2008;168:1165-1173. 

doi:10.1001/archinte.168.11.1165 

 

55 Hagger-Johnson G, Sabia S, Brunner E, et al. Combined impact of smoking and heavy alcohol 

use on cognitive decline in early old age: Whitehall II prospective cohort study. Br J Psychiatry. 

2013;203:120-125. doi:10.1192/bjp.bp.112.122960 

 

56 Ferrie JE, Kivimäki M, Singh-Manoux A, et al. Non-response to baseline, non-response to 

follow-up and mortality in the Whitehall II cohort. Int J Epidemiol. 2009;38:831-837. 

doi:10.1093/ije/dyp153 

 

57 Allardt E. Challenges for comparative social research. Acta Sociol. 1990;33:183-193. 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=clare+p+bradford+d
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stringhini%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20332401
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sabia%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20332401
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shipley%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20332401


16 

 

58 Uzuhashi T. Japanese model of welfare state: How it was changed throughout “the lost decade” 

of the 1990’s. Japan J Social Security Policy. 2003;2:1-11. 
  



17 

 

Table 1. Distribution of occupational social class and prevalence of smoking among a) 
men and b) women from Britain, Finland and Japan at baseline and at follow-up (%).  
 

   Prevalence of smoking 

   Baseline Follow-up 

    N % % 

a) Men     

Britain Managers  1622 13 9 

 Professionals  1428 18 15 

 Clerical employees    163 28 29 

 All1 3213 16 13 

     

Finland Managers    608 20 15 

 Professionals    255 21 17 

 Clerical employees    138 42 38 

 All 1024 24 19 

     

Japan Managers      83 32 27 

 Professionals    694 43 37 

 Clerical employees    456 43 36 

 All 1369 43 36 

     

b) Women     

     

Britain Managers    278 9 6 

 Professionals    498 13 12 

 Clerical employees    361 17 13 

 All 1137 13 11 

     

Finland Managers 1605 13 9 

 Professionals 1131 17 12 

 Clerical employees 2473 25 21 

 All 5304 20 16 

     

Japan Managers      0 - - 

 Professionals    407 6 5 

 Clerical employees    147 2 3 

 All   624 5 5 

     
 

1‘All’ row contains also missing data. 
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Table 2. Magnitude of relative differences in smoking by occupational social class among 

a) men and b) women from Britain, Finland and Japan at baseline and at follow-up. 

Relative Index of Inequality (RII) and 95% confidence intervals (95% CI).  

 

  Model 1  Model 2 Model 3 

  RII     95% CI RII    95% CI RII    95% CI 

     

a) Men     

Britain Baseline 2.50 (1.80, 3.46) 2.33 (1.67, 3.25) 2.28 (1.64, 3.18) 

 Follow-up 3.60 (2.48, 5.22) 3.28 (2.25, 4.79) 3.23 (2.22, 4.72) 

     

Finland Baseline 3.08 (1.99, 4.78) 2.71 (1.74, 4.23) 2.47 (1.58, 3.87) 

 Follow-up 4.09 (2.49, 6.72) 3.67 (2.20, 6.10) 3.55 (2.11, 5.95) 

     

Japan Baseline 1.15 (0.89, 1.49) 1.15 (0.89, 1.49) 1.13 (0.87, 1.46) 

 Follow-up 1.26 (0.93, 1.70) 1.27 (0.94, 1.71) 1.24 (0.92, 1.67) 

     

b) Women     

Britain Baseline 2.32 (1.24, 4.32) 2.32 (1.24, 4.33) 2.29 (1.22, 4.31) 

 Follow-up 2.42 (1.19, 4.91) 2.42 (1.19, 4.91) 2.30 (1.12, 4.72) 

     

Finland Baseline 2.98 (2.38, 3.74) 2.84 (2.27, 3.56) 2.78 (2.22, 3.48) 

 Follow-up 4.13 (3.16, 5.41) 3.96 (3.03, 5.18) 3.80 (2.90, 4.98) 

     

Japan Baseline 0.31 (0.02, 4.10) 0.31 (0.02, 4.04) 0.31 (0.02, 4.06) 

 Follow-up 0.39 (0.05, 2.93) 0.38 (0.05, 2.91) 0.39 (0.05, 3.01) 

     
 

Model 1 adjusted for age 

Model 2 adjusted for age and marital status 

Model 3 adjusted for age, marital status, BMI and self-rated health 
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Table 3. Magnitude of absolute differences in smoking by occupational social class among 

a) men and b) women from Britain, Finland and Japan at baseline and at follow-up. Slope 

Index of Inequality (SII) and 95% confidence intervals (95% CI).  

 

  Model 1 Model 2 Model 3 

  SII     95% CI SII     95% CI SII     95% CI 

     

a) Men     

Britain Baseline 0.14 (0.09, 0.20) 0.13 (0.08, 0.19) 0.13 (0.07, 0.18) 

 Follow-up 0.15 (0.10, 0.20) 0.14 (0.09, 0.19) 0.13 (0.08, 0.18) 

     

Finland  Baseline 0.27 (0.15, 0.40) 0.24 (0.11, 0.37) 0.23 (0.10, 0.36) 

 Follow-up 0.27 (0.15, 0.40) 0.25 (0.12, 0.37) 0.24 (0.11, 0.36) 

     

Japan Baseline 0.06 (-0.05, 0.17) 0.06 (-0.05, 0.17) 0.06 (-0.06, 0.17) 

 Follow-up 0.08 (-0.03, 0.19) 0.08 (-0.03, 0.19) 0.07 (-0.03, 0.18) 

     

b) Women     

Britain Baseline 0.11 (0.04, 0.18) 0.11 (0.04, 0.18) 0.10 (0.03, 0.17) 

 Follow-up 0.10 (0.03, 0.16) 0.10 (0.04, 0.16) 0.11 (0.04, 0.17) 

     

Finland Baseline 0.18 (0.14, 0.22) 0.18 (0.14, 0.22) 0.17 (0.13, 0.20) 

 Follow-up 0.18 (0.15, 0.22) 0.18 (0.14, 0.21) 0.17 (0.13, 0.20) 

     

Japan Baseline -0.05 (-0.16, 0.05) -0.05 (-0.15, 0.05) -0.05 (-0.16, 0.05) 

 Follow-up -0.04 (-0.13, 0.04) -0.05 (-0.13, 0.03) -0.05 (-0.14, 0.03) 
 

Model 1 adjusted for age 

Model 2 adjusted for age and marital status 

Model 3 adjusted for age, marital status, BMI and self-rated health 


