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Objective: To investigate mortality among workers of an Italian rubber tire factory employed 
between 1954 and 2008.  
Methods: This cohort study included 6246 men, totaling 190,512 man-years of observation. 
Employment data were obtained from personnel records, whereas vital status and causes of death 
were ascertained from local authorities. We computed standardized mortality ratios (SMRs) using 
national and regional death certification rates.  
Results: Mortality was significantly lower than expected for all cancers (SMR = 79) and all causes 
(SMR = 85). The SMRs were 99 for cancer of stomach, 78 for lung, 121 for urinary bladder, 116 
for lymphoma, and 89 for leukemia, none being significant. Decreased mortality emerged for 
cancers of the oral cavity and pharynx (SMR = 45), esophagus (SMR = 29), colorectum (SMR = 
71), liver (SMR = 57), and kidney (SMR = 33).  
Conclusions: This study shows no excess cancer risk among male rubber tire workers employed 
after 1954. 
 
 
Studies of workers of the rubber industry before the 1950s showed excess risk of bladder cancer.1 
This was related to exposures to ß-naphthylamine in the rubber industry up to the early 1950s.2 A 
potential role of other aromatic amines, asbestos, benzene, and other solvents has also been 
suggested with reference to potential cancer risk in the rubber industry,3–6 in particular for lung, 
stomach, and lymphoid neoplasms.6–9 
Types and levels of exposure varied widely according to industry setting (eg, manufacture of tires, 
general rubber goods), rubber chemicals used, work process, tasks, and specific circumstances (e.g., 
methods of ventilation and production, control and safety measures).10,11 Furthermore, exposures 
changed over time and differed across countries.12 
A review of the epidemiological evidence to 1997 from the rubber industry concluded that bladder, 
laryngeal, lung cancers and leukemia were the cancers for which some apparent excess of risk was 
found, in the presence of substantial heterogeneity of results.7 Nevertheless, a meta-analysis based 
on cohort studies published through 2003 showed no excess risk for any of the cancer sites.13 
An International Agency for Research on Cancer Working Group recently reviewed the literature 
on several occupational exposures, including the rubber manufacturing industry, and cancer risk.14 
The working group concluded that there was sufficient evidence for an increased risk of cancers of 
the stomach, lung, urinary bladder, lymphoma, and leukemia among rubber manufacturing workers, 
whereas there was limited evidence for an increased risk of cancers of the esophagus, larynx, and 
prostate. 
Recent studies based on workers who entered the rubber industry in Germany15 and Britain16 after 
1980 showed no excess risk of total cancer mortality as well as of bladder, stomach, and lung 
cancer. 
With the aim to provide further information on mortality from cancer and other causes in rubber 
workers employed over recent decades, we examined data from a cohort study of more than 6200 
male employees of a rubber tire factory in the greater Turin area, northwestern Italy. 
 
 
 



METHODS 
The cohort included 6251 men who worked in the factory between March 1, 1954, when production 
started, and December 31, 2008. Workers employed for fewer than 180 days, as well as a few 
subjects with first employment dated before March 1, 1954 (ie, likely builders/set up workers), were 
excluded from the cohort. Five subjects (0.1%) lacked or had contradictory information about dates 
of birth, first employment, or death and were thus excluded from the analysis, leaving 6246 subjects 
who were followed-up from the date of first employment to December 31, 2008, or until reaching 
85 years of age, if this occurred earlier. A total of 190,512 man-years of observation were covered. 
Overall, 4841 subjects (77.5%) were alive at the end of the follow-up period, 1131 (18.1%) died, 
and 274 (4.4%) emigrated or were lost to follow-up. The latter were included in the study, 
considering the date for which last information was available as the end of follow-up. Information 
about cause of death was available for 1068 out of 1131 deceased subjects (94.4%). 
Employment data were obtained from personnel records at the factory, whereas vital status and 
causes of death were ascertained through population registers and death certificates from local 
authorities (ie, municipal registration offices and local health units). Information was available for 
date and place of birth, migration(s) and death, cause of death and contributory causes, and period(s) 
of employment. 
We computed the expected number of deaths from several cancers and other major causes using 
Piedmont Region death rates17 whenever available (ie, between 1981 and 2001), and national death 
rates before 1981, for each 5-year calendar period and age group. National death rates were taken 
from the Italian National Institute of Statistics18 and the World Health Organization.19 Piedmont 
death rates were not available after 2001. National death rates for 2004 and 2005 were still 
unavailable following the introduction of the ICD-10 (International Classification of Diseases, 10th 
Revision) coding system in 2003. Therefore, we used Piedmont death rates of 2000 to 2001 for the 
periods 2000 to 2004 and 2005 to 2008. We then calculated the standardized mortality ratios (SMRs) 
of selected cancers and other causes of death overall, as well as according to period at first 
employment and several time-dependent factors related to exposure. The Poisson distribution was 
used to test statistical significance.20 The Poisson trend statistic was used to detect trends in the 
SMRs. 
Most subjects (n = 5899, 94.4% of the cohort) had only one period of employment in the factory, 
and many of those that had more than one period had missing information for date of second or 
subsequent hiring. Therefore, we calculated duration of exposure for all subjects using only date of 
first hiring and last termination of employment. We conducted a sensitivity analysis on duration of 
exposure by excluding the 347 subjects with more than one period of employment. 
 
RESULTS 
Table 1 reports the observed and expected number of deaths from selected cancers and major non-
neoplastic causes, and the corresponding SMRs and 95% confidence intervals (CIs), in the whole 
cohort of male workers from the tire factory. Mortality from several cancer sites was significantly 
lower than expected, including the oral cavity and pharynx (SMR = 45; based on 9 observed deaths), 
esophagus (SMR = 29; 4 deaths), colorectum (SMR = 71; 39 deaths), liver (SMR = 57; 17 deaths), 
lung (SMR = 78; 132 deaths), and kidney (SMR = 33; 4 deaths). A total of 413 cancer deaths were 
reported, as compared with 526 expected (SMR = 79). The SMRs for other cancer sites suspected to 
be increased after employment in the rubber industry were 99 for stomach, 49 for larynx, 118 for 
pleural, 94 for prostate, 121 for urinary bladder, 116 for lymphoma, and 89 for leukemia. All of the 
latter estimates were not significant. With reference to non-neoplastic causes, there were 104 deaths 
from ischemic heart diseases (vs 178 expected; SMR = 58), 69 from cerebrovascular diseases (vs 94 
expected; SMR = 74), 22 from chronic obstructive pulmonary disease (vs 35 expected; SMR = 63), 
and 80 from accidents and violence (vs 126 expected; SMR = 64). All-cause mortality was 
significantly lower than expected (1131 observed vs 1338 expected deaths; SMR = 85). 



Table 2 shows the number of deaths from selected cancers (possibly related according to the 
International Agency for Research on Cancer Monograph 10014 plus pleural cancer) and the 
corresponding SMRs and 95% CIs, according to various time-related characteristics of employment. 
No significant trend in risk was found with increasing duration of employment nor with time since 
first and last employment for any cancer considered. The SMRs were generally lower for men first 
employed before 25 years of age than for those employed at ages 25 to 34 and 35 years or older, but 
no clear pattern of risk emerged, except for lymphomas (SMRs = 19, 130, and 226, respectively; P 
value for trend = 0.004). No clear trend in risk emerged with period at first employment, but limited 
data was available for subjects first employed since 1975. In a sensitivity analysis, results of 
duration of exposure were materially unchanged after excluding subjects with more than one period 
of employment.  
Table 3 gives the number of deaths from all cancers and all causes and the corresponding SMRs 
and 95% CIs, according to time-related characteristics of employment. Observed deaths were lower 
than expected in almost all subgroups examined. There was no clear trend in cancer mortality with 
duration of employment and time since first and last employment. Standardized mortality ratios for 
both all cancers and all causes were lowest for age at first employment less than 25 years (64 and 67, 
respectively) and highest for 35 years or older (86 and 102, respectively), with significant trends in 
risk (P < 0.05). 
 
DISCUSSION 
This cohort study of male workers of a rubber tire factory reported no significant excess mortality 
from any cancer site considered. We found decreased mortality from several cancers, including lung, 
as well as from all cancers combined. Total mortality and most non-neoplastic causes of death 
examined also showed lower risks in this cohort of workers compared with the background 
population. 
The healthy worker effect could, partly or largely, explain the findings for cardiovascular deaths. 
This is supported by the reduced mortality for cardiovascular diseases, as well as the strong 
reduction in all-cause mortality in the strata of shorter time since first employment.21,22 Other 
possible explanations include confounding from socioeconomic status and/or tobacco smoking. Of 
notice, decreased mortality was observed for major tobacco-related causes of death (ie, neoplasm of 
the lung and chronic obstructive pulmonary disease) but mostly for upper aerodigestive and 
respiratory tract cancers, related to both tobacco and alcohol.23 This suggests different patterns of 
tobacco and alcohol consumption between subjects in the cohort and the reference population. With 
reference to confounding from socioeconomic status, internal migration from southern Italy to 
richer regions of northwestern Italy, including the Turin area, was common during the 1950s and 
1960s, and, in fact, several workers in the cohort were born in southern Italy, and tobacco-related 
mortality was lower in the South in the 1970s and 1980s.24  In any case, we calculated expected 
deaths using national death rates until 1979. 
No trend in risk with increasing duration of employment was found for several neoplasms 
considered, including bladder. This provides convincing evidence of a lack of meaningful 
associations between occupational exposure and cancer mortality in this cohort. Also, no trend in 
risk of pleural cancer was found with latency period, that is, the main determinant for this 
neoplasm.25,26 
Thus, our findings indicate a lack of excess cancer risk in this cohort. Results from epidemiological 
studies of the rubber industry were heterogeneous, with excess (bladder cancer) risk for exposures 
up to the mid 1950s.2,7 This is likely explained by the fact that individual exposure levels to a 
variety of chemicals in the rubber industry varied widely over time, as well as within and between 
plants, being determined by personal tasks and other specific circumstances.10 Furthermore, 
mutagenic activity of rubber dust and fumes was shown to vary even between companies with 
similar production processes because of differences in chemicals used and control measures.11 



The absence of increased cancer risk in this cohort is consistent with multiple studies of recent 
entrants, that is, those exposed after control of β-naphthylamine exposure.1,27,28  In particular, an 
Italian investigation found no significant excess risk of any cancer, except of pleura, in workers 
employed after 1940, reporting a similar number of observed and expected deaths from all 
cancers.27 There was no excess cancer death in a cohort of recent entrant German rubber workers 
over the period 1981 to 2000.15 Similarly, in a British study of rubber workers, bladder cancer risk 
was increased for workers exposed before 1950 (standardized registration rate = 171), whereas no 
association emerged in subjects exposed from 1950 on-ward (standardized registration rate = 102).1 
A Polish cohort study of rubber tire workers reported significantly lower cancer mortality (SMR = 
67 in men) and total mortality (SMR = 72 in men) compared with the background population.28 A 
meta-analysis of cohort studies of tire workers gave an overall relative risk of 0.88 (95% CI, 0.75 to 
1.04) for all cancers and of 0.97 (95% CI, 0.58 to 1.63) for bladder cancer.13 
Still, information on subjects first employed since the 1970s or 1980s is scanty.15,16 Our study, 
including 1676 subjects (27%) first employed from 1975 onward, provides some information about 
this issue. However, the follow-up period of these workers is still short and their age at end of 
follow-up, on average, still young. Thus, the number of expected deaths was relatively small. In any 
case, there was no evidence of increased cancer mortality (SMR = 82) or total mortality (SMR = 86) 
in the subgroup of recent entrants. An investigation of UK rubber workers first employed in the 
period 1982 to 1991 reported a significant increase in mortality from multiple myeloma in both men 
(5 deaths, SMR = 385) and women (2 deaths, SMR = 952).16 All seven subjects who died from 
multiple myeloma were employed in the general rubber goods sector, whereas no deaths occurred 
among tire workers. In this study, we observed one death from multiple myeloma, compared with 
0.2 expected, among subjects first employed from 1975 onward. Likewise, only one death from 
bladder cancer was observed among workers employed after 1975. That worker was first employed 
in this factory in 1983, at the age of 50 years, and died in 1998. A causal relation between his 
employment in this factory and his bladder cancer is thus unlikely. 
Limitations of this study are the lack of information about specific job categories and exposure 
measurements. Information about cause of death was missing only for a small proportion (n = 63, 
5.6%) of deceased subjects. The latter was mainly due to untraceable death certificates by 
competent authorities and a few deaths occurring outside Italy. Other strengths of this investigation, 
besides the large size of the cohort, are the low proportion of subjects lost to follow-up, limiting 
potential selection bias, and the long follow-up period, covering more than 50 years of observation. 
 
ACKNOWLEDGMENTS 
The authors thank Dr Daniela Trombetta, Dr Piera Andreis, and Dr Zlata Pribytkova for data 
collection and management. 



 
REFERENCES 

1. Veys CA. Bladder tumours in rubber workers: a factory study 1946–1995. Occup Med 
(Lond). 2004;54:322–329. 

2. Case RA, Hosker ME. Tumour of the urinary bladder as an occupational disease in the 
rubber industry in England and Wales. Br J Prev Soc Med. 1954;8:39–50. 

3. deVocht F, Sobala W, Peplonska B, et al. Elaboration of a quantitative job-exposure matrix 
for historical exposure to airborne exposures in the Polish rubber industry. Am J Ind Med. 
2008;51:852–860. 

4. Sorahan T, Parkes HG, Veys CA, Waterhouse JA, Straughan JK, Nutt A. Mortality in the 
British rubber industry 1946–85. Br J Ind Med. 1989;46: 1–10. 

5. Straif K, Keil U, Taeger D, et al. Exposure to nitrosamines, carbon black, asbestos, and talc 
and mortality from stomach, lung, and laryngeal cancer in a cohort of rubber workers. Am J 
Epidemiol. 2000;152:297–306. 

6. Weiland SK, Straif K, Chambless L, et al. Workplace risk factors for cancer in the German 
rubber industry—part 1: mortality from respiratory cancers. Occup Environ Med. 
1998;55:317–324. 

7. Kogevinas M, Sala M, Boffetta P, Kazerouni N, Kromhout H, Hoar-Zahm S. Cancer risk in 
the rubber industry: a review of the recent epidemiological evidence. Occup Environ Med. 
1998;55:1–12. 

8. Straif K, Weiland SK, Werner B, Chambless L, Mundt KA, Keil U. Workplace risk factors 
for cancer in the German rubber industry—part 2: mortality from non-respiratory cancers. 
Occup Environ Med. 1998;55:325–332. 

9. Wingren G, Axelson O. Cancer incidence and mortality in a Swedish rubber tire 
manufacturing plant. Am J Ind Med. 2007;50:901–909. 

10. Kromhout H, Swuste P, Boleij JS. Empirical modelling of chemical exposure in the rubber-
manufacturing industry. Ann Occup Hyg. 1994;38:3–22. 

11. Vermeulen R, Bos RP, de Hartog J, van Drooge H, Kromhout H. Mutagenic profile of 
rubber dust and fume exposure in two rubber tire companies. Mutat Res. 2000;468:165–171. 

12. de Vocht F, Vermeulen R, Burstyn I, et al. Exposure to inhalable dust and its cyclohexane 
soluble fraction since the 1970s in the rubber manufacturing industry in the European Union. 
Occup Environ Med. 2008;65:384–391. 

13. Alder N, Fenty J, Warren F, et al. Meta-analysis of mortality and cancer incidence among 
workers in the synthetic rubber-producing industry. Am J Epidemiol. 2006;164:405–420. 

14. Baan R, Grosse Y, Straif K, et al. A review of human carcinogens—part F: chemical agents 
and related occupations. Lancet Oncol. 2009;10:1143–1144. 

15. Taeger D, Weiland SK, Sun Y, Keil U, Straif K. Cancer and non-cancer mortality in a 
cohort of recent entrants (1981–2000) to the German rubber industry. Occup Environ Med. 
2007;64:560–561. 

16. Dost A, Straughan J, Sorahan T. A cohort mortality and cancer incidence survey of recent 
entrants (1982–91) to the UK rubber industry: findings for 1983–2004. Occup Med (Lond). 
2007;57:186–190. 

17. Cislaghi C. GIS 8—Atlante italiano di mortalita` 1981–2001. Versione 8.0. 2005. 
18. Italian National Institute of Statistics (ISTAT). Annuario Statistico Italiano. Rome: ISTAT; 

1955–1979. 
19. World Health Organization (WHO). WHO mortality  database.  Available at: 

http://www.who.int/whosis/en/WHO Statistical Information System; 2006. Accessed 
February 7, 2012. 

20. Breslow NE, Day NE. Statistical Methods in Cancer Research. Vol II. The Design and 
Analysis of Cohort Studies. IARC Sci Publs No. 82. Lyon: IARC (International Agency for 
Research on Cancer); 1987. 



21. McMichael AJ. Standardized mortality ratios and the “healthy worker effect”: Scratching 
beneath the surface. J Occup Med. 1976;18:165–168. 

22. Pearce N, Checkoway H, Kriebel D. Bias in occupational epidemiology studies. Occup 
Environ Med. 2007;64:562–568. 

23. Franceschi S, Talamini R, Barra S, et al. Smoking and drinking in relation to cancers of the 
oral cavity, pharynx, larynx, and esophagus in northern Italy. Cancer Res. 1990;50:6502–
6507. 

24. Facchini U, Camnasio M, Cantaboni A, Decarli A, La Vecchia C. Geographical variation of 
cancer mortality in Italy. Int J Epidemiol. 1985;14:538– 548. 

25. Harding AH, Darnton AJ. Asbestosis and mesothelioma among British asbestos workers 
(1971–2005). Am J Ind Med. 2010;53:1070–1080. 

26. Peto J, Seidman H, Selikoff IJ. Mesothelioma mortality in asbestos workers: implications 
for models of carcinogenesis and risk assessment. Br J Cancer. 1982;45:124–135. 

27. Negri E, Piolatto G, Pira E, Decarli A, Kaldor J, La Vecchia C. Cancer mortality in a 
northern Italian cohort of rubber workers. Br J Ind Med. 1989;46: 624–628. 

28. Wilczynska U, Szadkowska-Stanczyk I, Szeszenia-Dabrowska N, Sobala W, Strzelecka A. 
Cancer mortality in rubber tire workers in Poland. Int J Occup Med Environ Health. 
2001;14:115–125. 

 



TABLE 1 
Observed and Expected Deaths From Selected Causes, and Corresponding Standardized Mortality Ratios (SMR) and 
95% Confidence Intervals (CI), in a Cohort of Male Employees of a Tire Factory, Italy, 1954–2008 
 

 
In bold, statistically significant results (95% CI). 
Analyses are based on 6246 men, for a total of 190,512 man-years of observation. Deaths and man-years occurring at age ≥85 years are excluded. 

 
 
 
 
 
TABLE 2    
Observed Deaths (O) From Selected Cancers, and Corresponding Standardized Mortality Ratios (SMR) and 95% 
Confidence Intervals (CI), According to Various Characteristics of Exposure in a Cohort of Male Employees Of A Tire 
Factory , Italy, 1954–2008 

 
In bold, statistically significant results (95% CI). Deaths and man-years occurring at age ≥85 years are excluded. 

 
 
 
 
 
 
 
 
 
 



 
 
 
 
TABLE 3. 
Observed Deaths (O) From Cancer and All Causes, and Corresponding Standardized Mortality Ratios (SMR) and 95% 
Confidence Intervals (CI), According to Various Characteristics of Exposure in a Cohort of Male Employees of a Tire 
Factory, Italy, 1954–2008 

 
In bold, statistically significant results (95% CI). Deaths and man-years occurring at age ≥85 are excluded 

 
 
 
 


