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Objectives: Amyotrophic lateral sclerosis (ALS) is a serious neurodegenerative disease that usually leads to death within a few years from diagnosis. The risk factors for ALS are still largely unknown. However, it is assumed that environmental factors play a role in disease onset. Occupation is suggested as a potential risk factor, but findings are inconsistent. The aim of this study was to assess the association of occupation with ALS in Finland. Register data were used to avoid recall bias and to obtain a large enough sample to detect the potential associations.

Methods: This case-control study included ALS cases that occurred between 1980 and 2015 in Finland (n = 4,781). ALS cases were identified from the causes of death register. For each ALS case, six controls were selected matched for sex and birth-year. The date of death of the ALS case was set as index date. Information on occupation was obtained from Statistics Finland for all subjects. The focus was on the longest-held occupation on 2-digit level (70 groups). The association of occupation with ALS was analyzed using conditional logistic regression.

Results: Compared to “clerical work and other office work,” the risk of ALS was increased in “packing and wrapping work” (OR 1.53, 95% CI 1.08–2.17), “laundering, dry cleaning and pressing work” (OR 1.83, 95% CI 1.08–3.08), and “travel service work” (OR 8.75, CI 2.76–27.74). A decreased risk was found in “planning, administrative and research work in the technical fields” (OR 0.69, 95% CI 0.48–0.98). Of the significant associations identified, only “travel service work” was significant after FDR multiple testing correction.

Conclusions: This study identified occupations in which the risk of ALS was increased. Further studies are needed to pinpoint the potential exposures in these occupations that may trigger the disease.
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Introduction

Amyotrophic lateral sclerosis (ALS) is a severe degenerative neurological disease. The incidence of ALS has been ~2–3 cases/100,000 people, but a recent review suggests that the incidence is increasing in different parts of the world (1, 2). There is no effective cure for ALS, and life expectancy after the diagnosis is typically 2–5 years (3, 4).

The etiology of ALS is still largely unknown. However, the onset and progression of the disease likely occur in an interplay between genes and environment (5–9). Thus, the degenerative changes related to aging and the cumulative effect of environmental risk factors may trigger the disease.

Work–life is a potential source of exposure that could predispose to ALS. According to our knowledge, only a few large-scale register-based studies have focused on the association of occupation with ALS. Recently in Denmark, a register-based case–control study found an increased risk of ALS among men in agriculture, hunting, forestry, fishing, and construction work (10). In a Swedish register-based case–control study, a higher risk of ALS was associated with precision-tool manufacturing and glass, tile, and pottery work, while a lower risk was found in textile work (11). In a smaller-scale case–control study in the USA, an increased risk was found between construction workers and precision metal workers (12). In Italy, a follow-up study including 208 ALS patients found an increased risk among bank tellers, general practitioners, and sales representatives (13).

There is evidence that the exposure to chemicals (e.g., pesticides, formaldehyde, dry-cleaning agents), heavy metals (e.g., lead and mercury), extremely low-frequency electromagnetic fields, particulates, and combustion products and diesel exhaust is associated with an increased risk of ALS (11, 12, 14–21). The most convincing results have been found concerning exposure to lead (22–25).

As environmental and occupational risk factors are assumed to affect the onset of the disease, identification of potentially important and modifiable risk factors is important to be able to prevent the disease and to understand its etiology. To identify potential exposures related to occupations, high-risk occupations need to be identified first. The existing results concerning occupations are still inconsistent, and more research is needed to clarify the association of occupations with ALS.

In Finland, register information that covers all ALS cases, and their occupational information (over the selected period), is available for research purposes. The aim of this study is to examine whether there are occupations that are associated with an increased risk of ALS among the Finnish population.



Materials and methods

This is a register-based case–control study. Information on ALS cases was obtained from the causes of death records of Statistics Finland for the period of 1973 to 2015. The following ICD codes were used to identify ALS cases: ICD-10: G12.0-G12.9, G95.8; G95.9, ICD-9: 3350A-B, 3351A-X, 3352A-X, 3358X, 3359, 3359X; ICD-8: 348.0–348.99, 349.98–349.99. Altogether 6227 ALS cases were identified during the selected period. For each ALS case, six randomly selected birth-year (date of birth ± 6 months) and sex-matched controls were obtained from the Finnish Population Register Center's Population Information system. The index date for cases and controls was set as the date of death of the associated ALS case. As the ICD-10 code for ALS includes all motor neuron diseases, the registered data may include some non-ALS cases. To avoid bias caused by false positives, all the original death certificates, where ALS was coded as the main cause of death, were reviewed by a senior neurologist (HL) and non-ALS cases were hand-picked off the data. Typical non-ALS cases were, e.g., spinal muscular atrophy types 1–3. The total number of excluded cases was 204. From 2004 onwards, we were also able to review those death certificates where ALS was recorded as a contributing cause of death.

The original data cover all ALS cases occurring in the death registers in Finland from 1973 to 2015, but in this study, the data were restricted to those who were born between 1915 and 1963, had died in 1979 or later, and were aged 35–85 at the time of death (n = 4,781). The controls of excluded ALS cases were also removed from the data. The restrictions were made to select those that were within the age range to have an occupation during 1975–1993. In addition, we assumed that if the person had died because of ALS before age 35, the disease was likely not related to occupational exposure due to a potentially short exposure period.

Occupational information was received from the Statistics Finland database and was combined with the case–control data. It covers years 1975, 1980, 1985, 1990, 1993, 2000, and 2004–2015. The occupational information in 1975, 1980, 1985, 1990, and 1993 had the best coverage of occupations among both cases and controls and is used in this study. We used two-digit information on occupation resulting in 70 occupational groups. As people may have information on occupation at some or all time points (depending on e.g., age, work ability, and unemployment), we decided to select the occupation with the highest frequency during 1975–1993 in our analyses. If the person had different occupations at all time points, then we selected the centermost of the available occupations which occurred over the selected period. The exact length of the exposure was not available in the Statistics Finland registers. For controls, the observation period (occupations) ended up to the year of death of their matched ALS case (index date). Occupations first held 5 years prior to the index date were excluded from the analyses to avoid reverse causality.


Statistical methods

Conditional logistic regression analysis, which takes into account the matching for birth year and sex by grouping observations into their matched groups, was used to study the association of ALS with occupation [odds ratios (ORs) and 95% confidence intervals (CIs)]. “Clerical work and other office work” was used as the reference group in the analyses as it unlikely includes significant physical or chemical exposures. Due to multiple comparisons, Benjamini–Hochberg procedure at 0.25 was used to estimate false discovery rate (FDR).

The main analyses were done for the whole data. Additional analyses were stratified by sex to detect sex differences (as we are aware that men and women occupy partly different occupations) and by birth cohort (those born in 1915–1934 and 1935–1963) to detect potential changes over time.




Results

Considerably more women (51.9%) than men (48.1 %) died from ALS (Table 1). Proportionally more men than women died among those under 65 years, but among those aged 65+ the sex ratio reversed (in accordance with the underlying population; data not shown). Approximately 80% of the ALS cases had died before the age of 75. Occupation was not specified, or occupational information was not available for 12.5% of ALS cases and 12.6% of controls.


TABLE 1 Characteristics of ALS cases and controls.
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An increased risk was found for packing and wrapping work (OR 1.53, 95% CI 1.08–2.17), laundering, dry cleaning and pressing work (OR 1.83, 95% CI 1.08–3.08), and travel service work (OR 8.75, 95% CI 2.76–27.74) compared to clerical work and other office work (Table 2). In addition, for example, dock and warehouse work, mining and quarrying work, woodwork, and forestry work showed increased ORs but did not reach statistical significance. Planning, administrative, and research work in technical fields showed an inverse association with ALS (OR 0.69, 95% CI 0.48–0.98).


TABLE 2 Results of conditional logistic regression analyses (odds ratios and 95% confidence intervals).
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In the analyses stratified by sex (data not shown), a statistically significantly increased risk was found among men for postal and telecommunications work (OR 2.34, 95% CI 1.03–5.35) and building caretaking and cleaning work (OR 1.55, 95% CI 1.01–2.40). Increased ORs were also observed among dock and warehouse work (OR 1.56, 95% CI 0.99–2.44), textile work (OR 2.17, 95% CI 0.95–4.94), other professional health care and medical work (OR 2.08, 95% CI 0.92–4.68), and laundering, dry cleaning, and pressing work (OR 6.58, 95% CI 0.90–47.87). Statistically significantly increased risks were found among women for stationary engine and machine work (OR 2.21, 95% CI 1.10–4.45), woodwork (OR 1.57, 95% CI 1.01–2.44), packing and wrapping work (OR 1.47, 95% CI 1.00–2.17), and travel service work (OR 37.7, 95% CI 4.52–314.49). Increased ORs were seen in laundering, dry cleaning, and pressing work (OR 1.67, 95% CI 0.96–2.89).

Stratified analyses (data not shown) by birth cohort (those born in 1915–1934 and those born in 1935–1963) showed that in the younger cohort, woodwork (OR 1.40, 95% CI 1.03–1.89), dock and warehouse work (OR 1.77, 95% CI 1.18–2.66), and travel service work (OR 8.41, 95% CI 2.24–31.65) were associated with an increased risk of ALS. An increased, but not statistically significant risk was found in textile work (OR 1.72, 95% CI 0.97–3.05), in other manufacturing work (OR 1.51, 95% CI 0.99–2.30), in packing and wrapping work (OR 1.56, 95% CI 0.92–2.34), in building caretaking and cleaning work (OR 1.26, 95% CI 0.98–1.63), and in laundering, dry cleaning, and pressing work (OR 2.36, 95% CI 0.98–5.69). A decreased risk was found in the planning, administrative, and research work in technical fields (OR 0.62, 95% CI 0.40–0.99). In the older stratum, a decreased OR was found among transport service work (e.g., road and tram service personnel; OR 0.20, 95% CI 0.05–0.85), while an increased ORs were seen in mining and quarrying work (OR 2.87, 95% CI 1.06–7.80) and travel service work (OR 11.78, 95% CI 1.06–130.98).

Sensitivity analyses were performed by calculating the total number of cases/controls ever/never employed in each occupation and running analyses with these variables (including all occupations until the index date). The results of these calculations support our main findings.

Of the statistically significant associations identified, only travel service work was significant after FDR multiple testing correction.



Discussion

This study aimed to find out whether there are occupational groups in which the risk of ALS is increased among the Finnish work force. The results showed that the risk was increased in packing and wrapping work, laundering, dry cleaning and pressing work, as well as travel service work. In addition, in sex-stratified analyses, postal and telecommunications work and building caretaking and cleaning work were associated with an increased risk among men, and stationary engine and machine work and woodwork among women (in addition to packing and wrapping work and travel service work).

The increased risk of ALS related to laundering, dry cleaning, and pressing work has not been reported before. However, in a study relying on self-reported exposures, dry cleaning agents have come up as a potential risk factor for ALS (12). A similar finding was made in a study on neurodegenerative diseases including ALS (26). Perchloroethylene is one of the most common solvents used in dry cleaning. It is known to have neurotoxic effects (27) and has recently been found to be associated with ALS among men in a Danish study (28).

Associations of packing and wrapping work with neurodegenerative diseases including motor neuron diseases have been suggested before (29), but we are not aware of studies reporting associations with ALS in particular. Potential exposures in packing and wrapping work may be linked to packaged items/stuff or packaging materials, such as plastics. A plentitude of chemicals is associated with plastic packaging. Typical exposures include solvents, monomers, intermediates, surfactants, plasticizers, stabilizers, biocides, flame retardants, accelerators, and colorants (30). Of these, for example, styrene and flame retardants have been suggested to be associated with ALS (31, 32).

Travel service work was associated with the highest risk of ALS in our study but was based on a small number of cases. Travel service work includes occupations such as pursers and hostesses, who could work, e.g., in an airplane. Recently, Pinkerton et al. (33) reported a doubled risk of ALS among flight attendants. Exposures that have been studied in relation to cabin work include, e.g., radiation, ionization, low-frequency magnetic fields, and tricresyl phosphate (18, 34). Of these, low-frequency magnetic fields have been suggested as a risk factor for ALS and e.g., tricresyl phosphate is a known neurotoxicant (33). Thus, this association also warrants further study focusing on the potential specific exposures.

In our study, the results were partly different for women and men. This may be explained by the fact that we studied 70 occupational groups, all of which included several occupations. Men and women in these groups could work in different occupations. In some occupations, such as mining and quarrying work, the sex distribution was particularly unequal (no women), limiting our ability to consider sex differences.

We also found some potential birth cohort effects in our exploratory stratified analyses. For example, mining and quarrying work showed an elevated risk only among those born before 1935. This suggests that the risk occupations and related exposures may change over time or that the latency time is long.

The association of ALS with dock and warehouse work, which was found among men and among the younger birth cohort, was new. Diesel exhaust exposure has been found to be associated with ALS and may provide a link between dock and warehouse work and ALS via several possible pathomechanisms, as suggested by Dickerson et al. (20). Diesel exhaust may also be the link between stationary engine and machine work and ALS among women and mining and quarrying work and ALS among men. However, mining and quarrying work may include several other potential exposures as well, such as crystalline silica dust, which has also shown associations with ALS (21). Overall, the exposures in the occupations with increased risk of ALS and potential pathomechanisms warrant further studies.

The occupational risk groups found in our study were mostly different compared to both the Danish and Swedish register-based case–control studies (10, 11). Agriculture, hunting, forestry, and fishing, which were found to be associated with ALS among men in the Danish study, were not associated with ALS in our study. However, in the Danish study, these occupations were associated with ALS only when combined as one group. Similar to our study, they did not show statistically significant associations with ALS separately. In our material construction work, precision-tool manufacturing or glass, tile, and pottery work, of which the two latter were found to be associated with ALS in the Swedish study, were not associated with ALS. However, forestry work showed an increased risk in our study, even though it did not reach statistical significance and if mining and quarrying work is considered as part of construction work, then our results partly support the previous findings of the Danish study.

Finland, Denmark, and Sweden are all Nordic countries with geographic vicinity and likely to have largely similar occupational distributions and exposures, but the results obtained in these countries vary country by country. This may be due to several differences in the selection of study samples, study methods, and occupational classification. The Danish sample was smaller and included those who were born in 1939 or later. Thus, the sample was clearly younger than ours or the Swedish sample, which means that the active time in work–life is in a later period than in our study or the Swedish study. The occupational distribution as well as work exposures may change over time, an observation that is supported by our birth cohort analyses. In addition, a large part of those who fall ill with ALS in an older age is outside the scope of the Danish study, which may additionally affect the results, because it may e.g., select out occupational risks associated with longer latency times. In addition, the Danish study utilized the whole occupational history, which resulted in a different statistical strategy. They compared ever exposed to those never exposed to the particular occupation. Our reference group was all the time the same, ie. “clerical work and other office work” and we chose to select the longest-held occupation as the subject to review. The Swedish study design resembled more closely ours and had the sample and occupational information largely from the same period and they too had a stable reference group in the analyses: “Administrative and clerical work.” However, the occupational classification in the Swedish study seems to be different (more robust) from ours. That study also took several occupations per person into account while we focused on the longest-held occupation.


Strengths and weaknesses of the study

This was a large-scale register-based study including all ALS cases from death records in Finland during the selected study period and their controls matched for birth year and sex. Information on occupation was obtained from the registers of Statistics Finland. The strength of the register study is that it is not prone to recall bias and enables a large sample size, which is needed to study a large variety of occupations. However, even though we had all ALS cases that were reported in Finland during the study period, the confidence intervals were wide in some occupational groups due to a small number of cases in these groups. Thus, the results should be seen as suggestive.

The weaknesses of the data related to the precision of occupational information. Part of the study subjects had several occupations during the study period. We used the most frequent occupation from the subject's work history in the analyses. However, it is not yet known how long an exposure period is needed to increase the risk of ALS, or to what extent such exposure times might vary by occupation. Thus, it is possible that some other occupation in the history of the subjects is related to ALS rather than the most frequent occupation. Yet, the sensitivity analyses, which were done with the variables including the total number of cases/controls ever/never employed in each occupation, support our main findings. Still, a study considering the whole occupational history and being able to calculate actual exposure times per occupation would be needed to shed more light on this.

We had participants born over a period of 39 years and the amount of occupational information varied per person. It is possible that we did not catch the most frequent occupation in the complete occupational history for all study subjects.

We studied the association of ALS with occupations with registered information. We acknowledge that there are plenty of non-occupational factors that may contribute to the onset of ALS, such as health behavior or those physical and chemical exposures that are not related to occupation. In addition, genetic analyses were outside the scope of this study.




Conclusion

This study pinpoints occupations related to ALS. Future research should deepen our understanding of the role of these occupations as risk factors for ALS, focus on the cumulative effects of physical and chemical exposures to these occupations, and learn about meaningful exposure times. In addition, as ALS is assumed to be a multifactorial disease, a simultaneous study of occupational exposures and other potential risk factors, such as other medical conditions would be preferable.

This study covers the occupations typical to 1975–1993. Since then, the major changes in occupational distribution have occurred, as societies are moving toward an increased amount of information work, and the exposures related to occupations change simultaneously. The potential effects of the changing work–life and exposure to deaths due to ALS will only be seen in the future.
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