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Abstract 
 
Objectives — The estimate the mortality risk  related to passive smoking at work in Finland. 

Methods — Statistics on causes of death, exposure prevalences, and risk ratios from 

epidemiologic studies were used to estimate the population attributable fraction and number 

of deaths from exposure to environmental tobacco smoke at work in Finland. 

Results — The attributable fractions of  cause-specific mortality from passive smoking at 

work became: 2.8% lung cancer, 1.1% chronic obstructive pulmonary disease, 4.5% asthma, 

3.4% ischemic heart disease, and 6.5% cerebrovascular stroke. Altogether about 270 fatalities 

were estimated to have occurred in 1996, which is 1% of all deaths in the relevant age 

categories.  

Conclusions — The magnitude of occupational mortality attributable to past exposure to 

passive smoking is not negligible. Preventive measures that have been effectively 

administered to reduce environmental tobacco smoke -induced lung cancer will also be a 

powerful means of reducing the high burden of cardiovascular and respiratory diseases in the 

workplace. 
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Introduction 

Environmental tobacco smoke (ETS) presents a considerable risk to human health.1 ETS is a 

complex mix of over 4,000 compounds. This mix contains dozens of known or suspected 

carcinogens or toxic agents.2 It was estimated that ETS is the third largest cause of lung 

cancer mortality in Finland.3 ETS compounds have also been linked to various other cancers; 

for example, 4-aminobiphenyl and beta-naphthylamine have been related to bladder cancer, 

and benzene and toluene are recognized occupational carcinogen that increases the risk of 

leukemia. Accumulating epidemiologic evidence has related involuntary smoking to 

cardiovascular and cerebrovascular diseases as well as respiratory diseases such as chronic 

obstructive pulmonary disease and asthma.4,5 

 

Our aim was to estimate the magnitude of occupational mortality risk due to ETS exposure in 

the workplace. This work is a part of a comprehensive study on the burden of work-related 

fatalities in Finland.3    

 

Data and methods 

The number of fatalities by cause of death, sex, and age were available from Statistics 

Finland. For chronic diseases we included deaths at ages 25 years and over. Information on 

the size of the population, broken down by sex and age, was acquired from the Finnish 

censuses in 1990;6 the former data were used for lung cancer which has a long latency period. 

In estimating the deaths due to ETS at work, the assumption about the relevant age range is 

crucial.  We excluded decedents aged 24 and younger and ignored decedents aged 70 and 

older. For lung cancer and COPD diseases, it is also important to include the age category 65 
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years and older because of the long latency period of these diseases. For circulatory diseases 

whose mortality risk carries over to the retirement age, which is about 59 years on the average 

in Finland (although the official retirement age is 65 years; cf.7, we included ex-workers age 

60 to 69 years .  

 

A national job-exposure matrix provided data on the average number of  workers exposed to 

ETS in Finland in 1985-1994:8 The exposure prevalences were assessed to be 12% among 

men and 8% among women. [For US men, an estimate of the fraction ETS exposed taken 

from the control series of the Correa et al. study9 was 14%.] The estimates were based on the 

data from the Quality of Working Life Survey 1990 by Statistics Finland. In the matrix,8 ETS 

was defined as occupational, inhalatory exposure to tobacco smoke from cigarettes, pipes or 

cigars due to smoking of workmates or clients. The definition does not include passive 

smoking at home (spouse, other people of the household) or at leisure time (bars etc). The 

exposure was assessed on the basis of replies to the question: Does tobacco smoke due to 

smoking of other people (passive smoking) occur in your workplace at this time of year 

visibly or so that it smells? (Note that many of the constituents of ETS, and indeed many of 

its more dangerous components, are lot visible. The carbon monoxide of ETS, for instance, is 

not visible.) Reply options were: almost all the time; about 75% of time; 50% of time; about 

25% of time; less; not at all. The two last options were not considered to entail expsosure. The 

level was calculated as average of the responses by assuming the following categories: 100%, 

75%, 50%, and 25%. When calculating the estimates, only individuals reporting exposure 

during at least 25% of working hours were considered exposed, and only occupations having 

at least 5% of workers exposed were included.  
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The estimates of risks for various diseases attributable to ETS were gathered from 

epidemiologic literature (see below). In estimating mortality risk from incidence data, we 

assumed that the incidence risk ratios were similar to the respective mortality risk ratios. For 

diseases with a high case fatality rate, especially lung cancer, this assumption would seem to 

be reasonable. With these data inputs we then applied the method of attributable fraction10 

(AF) to estimate the proportion of fatalities in Finland in 1996 that was due to an ETS 

exposure at work and that would not have been observed if the exposure had been absent. 

 
 

Lung cancer. The causal relation between ETS and lung cancer has been strongly 

established,11 but estimates of the magnitude of the risk vary. The US Occupational Safety 

and Health Administration (OSHA) estimated that the RR for lung cancer in nonsmokers due 

to chronic exposure to ETS ranges between 1.2 and 1.5.12 In a meta-analysis of 37 ETS 

studies on lung cancer, Hackshaw et al.13 used a log-linear model for an exposure-response 

relation to estimate a summary RR of 1.24 based on smoking patterns of spouses. Wells14 

assessed that the best summary estimate of RR for lung cancer, specific to the sources of ETS 

exposure at work from the five studies (out of 14) that satisfied his rather strict eligibility 

criteria, is 1.4 (95% CI 1.2 to 1.7). Another review of 14 eligible studies by Brown15 predicted 

that the increase in lung cancer risk for nonsmoking women from the  average ETS exposure 

at work (among those exposed at work) is of the order of 25% (95% CI 8- 41%). In a third 

review of 12 hospital-based and four population-based studies, Raynolds16 concluded that the 

workplace risk estimates across studies tend to be consistent with those from exposure to a 

smoking spouse. The large IARC study17 estimated a RR of 1.17 (95% CI 0.94-1.45). The 

study found weak evidence of a dose-response relation between risk of lung cancer and ETS 

exposure at work. The IARC results on exposure to ETS during adulthood are in agreement 

with the available evidence and, in particular, with two large studies from the United 
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States18,19 which found a 30% and a 20% excess risk, respectively. For comparable exposure 

to ETS, the risk of lung cancer is comparable in men and women.20 Therefore, our preferred 

estimate of the RR for exposure to ETS at work was set equal to 1.25 for both sexes. Under 

these assumptions, the AFs for Finnish male and female populations became 3% and 2%, 

respectively.  However, the excess number of lung cancer deaths due to ETS in 1996 reflects 

the exposures from previous decades when the number of passive smokers was considerably 

greater than today. On the other hand, only a few of the published studies give quantitative 

estimates of ETS exposure, e.g. in terms of exposure level and duration per working day. Our 

AF estimates are therefore crude approximations. A new German study21 quantified exposure 

as an index of duration and level of smokiness, and concluded that exposure to high levels of 

ETS at the workplace are associated with a small but consistently increased lung cancer risk. 

Although there is clear analogy, we did not attribute cancers at other sites that are causally 

associated with active smoking (such as larynx, esophagus, mouth and tongue, pancreas, 

bladder, kidney, and cervix) to ETS because of inadequate data for workplace exposure. At 

present, the evidence of ETS and cancer at sites other than the lung does not support causal 

conclusions. 

 

Heart disease. It has been estimated that there were about ten times more cases of death due 

to ETS-related heart disease than to ETS-related lung disease at the 28% prevalence of 

unrestricted smoking in the office workplace.22 OSHA estimated that the RR for ischemic 

heart disease (IHD) in nonsmokers due to chronic exposure to ETS ranges between 1.2 and 

3.0.12 The evidence linking IHD and ETS exposure from a spouse has become substantially 

stronger since OSHA's risk assessment in 1994. A meta-analysis23 of 19 epidemiologic 

studies has found an adverse effect of ETS exposure at home on the subsequent risk of IHD 

(RR = 1.3). The latest review24 of 17 epidemiologic studies concluded that the magnitude of 
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the relation (RR = 1.25) across the combined studies is remarkably consistent, and does not 

weaken the association on adjusting for potential confounders in these studies. The eight 

studies reporting RRs for ETS at work have been reviewed by Wells25 and Steenland,26 who 

gave a pooled RR estimate of 1.2. Two of the best studies27,28 suggested a positive dose-

response trend. In the case-referent study by He et al.,27 the adjusted OR of IHD among 

women exposed to ETS at home was 1.2 compared to 1.8 for exposure at work. The recently 

released prospective Nurses’ Health Study by Kawachi et al.28 followed prospectively, for ten 

years, a cohort of 32 000 women aged 36-61 years in 1982, who had never smoked. The 

authors managed to adjust for a broad range of IHD risk factors (see the appendix), and found 

a significant total IHD (nonfatal myocardial infarction and IHD death) RR of 1.7 in those 

reporting any exposure to ETS compared with none. There was no apparent difference in the 

magnitude of the association of passive smoking with nonfatal events compared with fatal end 

points. Among women exposed only at work, the RR was 1.5 among those occasionally 

exposed and 1.9 among the regularly exposed to second-hand smoke, and there was a 

significant dose-response. Thus the emerging epidemiologic data on ETS exposure in the 

workplace evince a raised risk for IHD which points to a causal relation.29  

 

The size of the RRs from the two best studies seems high when compared to the RR of 1.7 for 

active smoking of 20 cigarettes a day.23 This is, however,  probable because so many of the 

entities in environmental tobacco smoke that cause IHD are in the vapor phase;30 they 

therefore are deposited more completely in the lung and are harder to clear than particle 

deposits. The toxins must be cleared into the body fluids, where they can circulate to distant 

sites, such as the heart. Moreover, although passive smokers receive smaller doses of the 

toxins in ETS, evidence shows that their hearts and vascular systems are less able to adapt to 

the barrage of toxins. Active smokers adapt in a way that passive smokers do not; small doses 
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have a more harmful effect on passive smokers.31 On the other hand, the above-mentioned 

pooled RR estimate of 1.2 is probably an underestimate. We accepted an intermediate RR 

value of 1.3 as the basis for our AF calculation for both sexes, which yielded 3.4%. This 

estimate may be compared with an AF of 4% obtained by Steenland,26 who assumed that 20% 

of nonsmokers are exposed to ETS at work.   

 

Stroke. The association of active smoking with cerebrovascular stroke has been demonstrated 

in many studies and is likely to be causal. A hospital-based study32 with community-based 

neighborhood referents showed that exposure to smoking by a spouse was an independent risk 

factor for the whole group of cerebral ischemia patients (OR 1.7, 95% CI 1.1-2.6). The risk 

persisted even after cessation of smoking. The recent Auckland Stroke Study33 provides 

compelling evidence to the effect that passive smoking, in an analogous way with active 

smoking, can increase a nonsmoker’s risk of having a cerebrovascular stroke of vascular 

origin. In this population-based case-referent study the referents were derived from the same 

population as the cases. All strokes, whether fatal or not, were included. At least for IHD 

there does not appear to be  a difference in the magnitude of the association of passive 

smoking whether the event is fatal or not.28 Further, the researchers made no attempt in the 

analyses to differentiate between exposure to ETS at home, at work, or elsewhere, because 

exposure at work has been found to confer a greater risk from IHD than exposure at home.27,34 

After adjusting for known risk factors for stroke, such as high blood pressure, diabetes, and 

heart disease, the study results suggest that non-smokers who have been exposed to ETS have 

a significantly increased risk of stroke incidence and fatality in men (OR 2.1, 95% CI 1.3-3.3) 

as well as in women (OR 1.7, 95% CI 1.1-2.6). The researchers concluded that the finding of 

an independent increased risk of stroke associated with exposure to ETS, and the persistent 

nature of the risk even after cessation of exposure, provides support for current efforts to 
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reduce the prevalence of passive smoking and strengthens public health arguments against 

smoking. Our AF estimate became 6.5%.  

 

Pulmonary disease. ETS at the workplace has been associated with increased risk of chronic 

obstructive pulmonary disease (COPD) symptoms.35,36,37 In a study of 36 800 Seventh-Day 

Adventists (35), working in the same room with a smoker for at least ten years increased the 

risk of COPD symptoms by 11% (statistically significant increase). Adventists are similar to 

the general population in most of the pertinent life-style characteristics except for alcohol 

intake, tobacco smoking, and in-home passive smoke exposure, which are extremely low. An 

dose-response relation has also been observed between ETS and the occurrence of COPD 

symptoms.38  Our AF estimate became 1%.  

 

Asthma. There are limited but consistent epidemiologic data on the relation of ETS exposure 

at work as a cause of adult asthma.37,39,40,41 In the Swedish case-referent study,39 the diagnosis 

of asthma was based on clinical examinations. In the longitudinal study,39 the diagnosis was 

made on the basis of reported diagnosis in a questionnaire (RR = 1.45). The large Swiss 

study37 found an elevated risk of physician-diagnosed asthma (OR = 1.4). Our RR estimate of 

1.5 comes from the Swedish study39 because of its best diagnostic validity and adjustment for 

potential confounders. This yielded an AF estimate of 4.5%. 

 

Infection. A recent  study42 documented yet another example of a minor adverse effect linked 

to ETS: pneumococcal infection (OR 2.5, 95% CI 1.2 - 5.1). Applied to the Finnish exposure 

data yielded an AF estimate of  14%. 
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Results 

Table 1 shows the estimates of the risk ratios, attributable fractions, and numbers of death for 

the causes of death in which ETS was an etiologic, work-related factor. Most deaths were 

caused by ischemic heart disease, cerebrovascular stroke, and lung cancer. Altogether about 

270 fatalities were estimated to have occurred in 1996, which is approximately 1% of all 

deaths that occurred in the relevant age categories.  

 

 Discussion  

The distinction between mainstrean smoke (the smoke that is inhaled by the smoker into his 

or her lungs) and sidestream smoke (the smoke that is released around the burning cone from 

the tip of the smoldering cigarette between active puffs plus the smoke that is exhaled by the 

smoker) is critical. Sidestrean smoke particles are smaller than those of mainstream smoke. 

These particles can therefore be inhaled more deeply into the lungs.43 Both kinds of smoke 

contain the same compounds, but they contain these compounds in different proportions. For 

instance, sidestream smoke contains almost twice as much nicotine as mainstream smoke. The 

difference may be even greater in certain cases.  For example, the amount of 4-

aminobiphenyl, aconstituent of ETS linked to bladder cancer, is about 30 times greater in 

sidestrean than mainstream smoke. There is t times as much benzo(a)byrene, 6 times as much 

toluene, and 50 times as much dimethylnitrosamine.44, 45 In many occupations, involuntary 

smokers cannot avoid these chemical hazards. A non-smoking bartender in a poorly ventilated 

bar may breathe as much benzo(a)pyrene and carbon monoxide in a working day as if he or 

she had smoked 36 cigarettes (for further discussion, see2).  

 

The AFs for the population burden of lung cancer due to ETS presume that the 'unexposed' 

individuals have not been exposed to ETS. Wald and Ritchie (46) have shown that, in fact, the 
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'unexposed' subjects have, on average, 8.5 ng/ml of cotinine in their urine. (Cotinine is a 

metabolite of nicotine found in the blood, urine, and saliva of nonsmokers, providing a 

reliable biomarker of the effects of ETS exposure on nonsmokers.) From this follows that the 

observed RR of, say, 1.3 is an underestimate of the true adverse effect of ETS on 'exposed' 

individuals. The correct measure of the effect of ETS on 'exposed' individuals would be the 

ratio of the lung cancer mortality risk in 'exposed' individuals to the risk in truly unexposed 

individuals. Robins47 used the data collected by Wald and Ritchie46 on the levels of urinary 

cotinine in 'exposed' and 'unexposed' individual to estimate the true RR by applying the 

nonlinear multistage model of cancer risk to the data on active smokers. Robins assumed that 

the excess RR in a nonsmoker is proportional to the lifetime dose of ETS. Based on the 

empirical observation, Robins further assumed that the concentration of cotinine in the urine 

of passive smokers is about three times that of nonsmokers with no exposure to ETS. These 

two assumptions imply that the estimated true RR for 'exposed' individuals is 1.54, and for 

'unexposed' individuals the true RR is 1.18. Using these estimates, Robins estimated about 

6470 US lung cancer deaths in lifelong nonsmokers per year from passive smoking. The 

average over eight studies yielded a mean estimate of  5000 (SD 2400) deaths.34 In 1988, this 

mean estimate was 3.6 (SD 1.7) % of all lung cancer deaths in the USA. Extrapolated to the 

total number of lung cancer deaths in the age category of 25 years and over in Finland in 1996 

(i.e. 1878 deaths) the proportion yields 68 (SD 32) deaths from ETS. On the other hand, 

Repace and Lawley (48) estimated that the proportion of lung cancer deaths due to ETS 

derived from the exposure at work is about 50%. Three other reviewed studies which 

explicitly estimated the workplace contribution to the lung cancer risk suggest that the 

proportion is at least half of the risk.34 Applied to the Finnish statistics, the 50% estimate 

gives 34 (95% CI 2-66) lung cancer deaths from passive smoking at work, comparable to the 

43 deaths per year based on Robins' estimate. Our estimate of 52 deaths assumed that the AF 
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due to ETS exposure at work was 3% for men and 2% for women. Given the disparity in the 

various risk assessment methodologies for ETS-induced lung cancer, the estimated numbers 

of death are approximately of the same order of size.    

 

Only a small proportion of nonsmokers are currently exposed to levels of ETS that can cause 

lung cancer. Given this fact, it can be predicted, using the phenomenological model of Repace 

and Lowrey,48 that only a few passive smokers who are exposed currently to ETS at work 

would succumb from lung cancer in Finland annually in the future (T. Kauppinen, personal 

communication). This risk assessment is in apparent disagreement with our estimate of about 

50 lung cancer deaths in 1996 attributable to past exposure to ETS in the workplace. Risk 

assessment serves the purpose of standards setting, whereas our estimates may be used, for 

example, for deciding on the allocation of resources for etiologic research on work-related 

diseases. The 50 is the number of lung cancer cases that would not have been observed if 

individuals had not been exposed to levels of ETS that can cause lung cancer. This number 

would be even greater if ETS acts jointly with other carcinogens, for example, environmental 

radon exposure that is prevalent in certain regions of Finland. 

 

 

Heart diseases are as many as ten times more frequent result of ETS exposure than lung 

cancer.22 We estimated an annual number of about 60 IHD deaths in workers age 25-64 

exposed to ETS. This number would increase multi-fold if one assumes that ETS has a 

chronic effect that extends beyond age 65, because the rate for IHD increases sharply at older 

ages. If we apply the AF of 3.4% also to those more than 65 year of age, a total of 

approximately 390 excess IHD deaths would be expected due to passive smoking. 
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Because there is variation in the strength association between active smoking and various IHD 

endpoints, it is also important to distinguish between between the different CHD outcomes in 

studies of ETS. Two studies allow direct comparison of the association between ETS 

exposure and risk of fatal and nonfatal IHD endpoints.  In one study,49 results were presented 

separately for angina pectoris and for IHD deaths, and the effect of ETS was stronger for IHD 

deaths than for angina or other cardiovascular disease symptoms. In another study, the risk 

ratios presented for fatal IHD events were higher than the risk ratios for fatal and nonfatal 

endevents combined, suggesting that the risk ratios for nonfatal events was weaker and had 

diluted the strength of the overall association.50  

 

In 2000, an amendment of the Tobacco Control Act came into force in Finland, stipulating 

that ETS is a carcinogenic substance. Hence the Finnish Institute of Occupational Health will 

officially register all the employees who are significantly exposed to ETS along with 

employees exposed to other carcinogenic substances or processes in their work. The estimated 

average number of employed passive smokers in the country in 1998-2000 was 167 000. 

Consequently, the potential preventive impact on the population is considerable. In 1994 the 

Finnish Tobacco Control Act had already banned smoking in workplaces other than 

restaurants. When the new law becomes fully effective in 2003, places free of ETS must be 

allocated for non-smoking customers in Finnish restaurants and cafés, and bar areas must be 

free from ETS. Preventive measures effective in reducing ETS-induced lung cancer will also 

be a powerful means of reducing the high burden of heart attack, stroke, and respiratory 

diseases worldwide. 
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Table 1. Estimate of the mortality risk due to environmental tobacco smoke by cause of death 

in Finland in 1996.  

Cause of death Risk ratio Attributable 

fraction, % 

Number of deaths 

Lung cancer 

   Men 

   Women 

 

1.25 

1.25 

 2.8 

3.0 

2.0 

52 

44 

8 

Chronic obstructive 

pulmonary disease 

   Men 

   Women 

 

 

1.1 

1.1 

1.1 

 

1.2 

0.9 

11 

 

9 

2 

Asthma 

   Men 

   Women 

 

1.5 

1.5 

4.5 

5.8 

3.9 

4 

2 

2 

Pneumococcal infection 

   Men 

   Women 

 

2.5 

2.5 

14.3 

15.6 

10.9 

1 

1 

- 

Ischemic heart diseasea 

   Men 

   Women 

 

1.3 

1.3 

3.4 

3.6 

2.4 

106 

92 

14 

Cerebrovascular strokea 

    Men 

    Women 

         

1.7 

 2.1 

6.5 

7.6 

4.5 

99 

70 

29 

Total 

   Men 

   Women 

  273 

218 

55 
 

aIncludes deaths between the ages of 25 and 69 years. 
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