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Abstract

Introduction: Environmental exposures strongly influence ALS risk and identification is needed
to reduce ALS burden. Participation in hobbies and exercise may alter ALS risk and phenotype,
warranting an assessment to understand their contribution to the ALS exposome.

Methods: Participants with ALS and healthy controls were recruited from University of
Michigan and self-completed a survey to ascertain hobbies, exercise, and avocational exposures.
Exposure variables were associated with ALS risk, survival, onset segment, and onset age.

Results: ALS (n = 400) and control (n = 287) participants self-reported avocational activities.
Cases were slightly older (median age 63.0 vs. 61.1 years, p=0.019) and had a lower educational
attainment (p<0.001) compared to controls; otherwise, demographics were well balanced. Risks
associating with ALS after multiple comparison correction included golfing (odds ratio (OR) 3.48,
Padjusted=0.004), recreational dancing (OR 2.00, padjusted=0.040), performing gardening or yard
work (OR 1.71, padjusted=0.040) five years prior to ALS and personal (OR 1.76, pagjusted=0.047)
or family (OR 2.21, pagjusteq=0.040) participation in woodworking, and personal participation

in hunting and shooting (OR 1.89, pagjusted=0.040). No exposures associated with ALS survival
and onset. Those reporting swimming (3.86 years, p,gjusted=0.016) and weightlifting (3.83 years,
Padjusted=0.-020) exercise 5 years prior to ALS onset had an earlier onset age.

Discussion: The identified exposures in this study may represent important modifiable ALS
factors that influence ALS phenotype. Thus, exposures related to hobbies and exercise should be
captured in studies examining the ALS exposome.
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1. Introduction

Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disease characterized by
progressive motor function loss and cognitive changes.12 For most, ALS is “sporadic,”
meaning there is no single underlying causative genetic mutation.12 It is increasingly
recognized as resulting from a combination of genetic susceptibility and environmental
exposures.3 Detecting and validating exposures that increase ALS risk is critical to

help prevent disease. Exposures can occur in multiple settings, including occupational,
residential, and avocational environments. Several exposures that consistently associate with
a higher ALS risk include pesticide use and metals. Using a cohort of ALS patients

we established in Michigan, we demonstrated that plasma concentrations of persistent
organic pollutants, including organochlorine pesticides, associated with both ALS risk and
progression.>-’ We also obtained self-reported exposures from participants® and showed that
work in production occupations and occupational exposures to metals, particulate matter,
volatile organic compounds, combustion, and diesel exhaust significantly associated with
increased ALS risk.? Further, we found that self-reported exposures to pesticides associated
with a shorter survival and multiple exposure types associated with cervical onset disease.10
ALS risk factors can also be encountered outside of the workplace, such as during exercise
and recreational activities. However, potential connections between avocational activities
and ALS risk have not been extensively investigated. As we requested participants in our
Michigan-based case and control cohort to provide self-reported details on exercise and
hobbies, the current study aimed to identify self-reported avocational activities associated
with ALS risk, survival, onset segment, and onset age.

2. Methods

2.1 Participants

Recruitment is previously published.>:6:8-10 Briefly, all patients receiving care at the
University of Michigan (UM) Pranger ALS Clinic with an ALS diagnosis meeting Gold
Coast criteria are invited to participate. Neurologically healthy controls without a first- or
second-degree blood relative with ALS were recruited from population outreach efforts
either via the University of Michigan Health Research recruitment tool provided by the
Michigan Institute for Clinical and Health Research or random address sampling. As per
our prior publication, this report represents participants consented prior to the COVID-19
pandemic, at which time recruitment was interrupted.® Recruitment was limited to persons
older than 18 years of age and verbal and written informed consent in English was
obtained. The study was approved by the University of Michigan Institutional Review Board
(HUM28826). Compensation for participation was provided to controls, who also provided
blood and urine samples at enrollment. For ALS participants, disease characteristics,
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including El Escorial Criteria, onset segment, and diagnostic delay variables, were pulled
from medical records given their impact on prognosis.

2.2 Exposure Survey

A written questionnaire with completion instructions was provided to participants.
Reminders were provided for missing surveys and follow up phone calls to respondents
were made for illegible or incomplete responses. For dysarthric or deceased participants, a
family member assisted with clarifications. Survey data were entered into a Redcap database
and allowable ranges of responses were checked with database validation tools.

The survey was developed from instruments from the Agency for Toxic Substances

and Disease Registry (ATSDR)!! and the expertise of an exposure scientist (SAB). The
questions for avocational exposures (Supplemental Table S1) captured categories of hon-
occupational hobbies and activities including participation in sports and exercise, such
as swimming and jogging, non-occupational metals exposure, such as lead and mercury
exposure, and hobbies or activities, such as hunting and shooting, woodworking, painting
and fine arts, and home remodeling. Exercise and non-occupational metal exposures are
self-reported binary indicators of exposure five years prior to symptom onset for cases
and five years prior to survey consent for controls. Hobby and activity variables are self-
reported binary indicators of whether the participant personally engaged in the activity
and/or whether another member of the household engaged in the activity.

2.3 Statistical Analysis

Demographic and descriptive statistics were calculated for the cohort. For the analysis,
hobby and activity variables were defined as three-level categorical variables: the participant
personally engaged in the hobby, another member of the participant’s household engaged

in the hobby, and no one in the participant’s household engaged in the hobby. For analysis
of exercise, non-occupational metals, and hobby variables, any variables with less than 20
participants engaged in the respective activities were excluded.

Multiple imputation with chained equations was used to fill-in missing values in the hobbies
and adjustment covariates.12 Imputation models were stratified by case control status to
incorporate case-specific variables, such as onset segment, into the case only imputation
model. The control only imputation model included sex, family history of ALS, education,
age at survey consent, military service, and all hobby, non-occupational metals, and exercise
variables. The case only imputation model included sex, onset segment, age at symptom
onset, El Escorial Criteria, family history of ALS, education, age at diagnosis, military
service, the cumulative hazard rate as estimated by the Nelson-Aalen estimator, and all
hobby, non-occupational metals, and exercise variables.13 Predictive mean matching was
used to impute missing continuous variables, logistic regression was used to impute missing
binary variables, and polytomous regression was used to impute categorical variables with
more than two levels. The only variable with more than 10% missingness was the variable
indicating whether a participant golfed within five years of symptom onset for cases and
within five years of survey consent for controls.
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Four outcomes were evaluated: ALS risk, onset segment, post-diagnosis survival, and age

at symptom onset. For the ALS risk models, single hobby logistic regression models
adjusted for sex, military service, age at symptom onset for cases, age at survey consent for
controls, and education were fit where the outcome was case-control status. Because logistic
regression models were fit separately for each hobby, the p-values from the significance
tests that tested whether a hobby was significantly associated with case-control status were
corrected for multiple testing using Benjamini-Hochberg correction, with a critical value
cutoff on the false discovery rate of 0.1.14 Because the distribution of those that participate
in some hobbies varied substantially by sex, sex-stratified ALS risk models were also
considered. The sex-stratified ALS risk models were also adjusted for military service, age
at symptom onset for cases, age at survey consent for controls, and education, with false
discovery rate correction using Benjamini-Hochberg correction. To model onset segment,
multinomial log-linear models were separately fit for each hobby adjusted for sex, military
service, age at symptom onset, and education, with lumbar onset as the reference category.
Benjamini-Hochberg correction was again used with a g-value threshold to ascertain
statistical significance. Cox proportional hazards models adjusted for sex, military service,
age at diagnosis, log-transformed time between symptom onset and diagnosis, family history
of ALS, onset segment, El Escorial Criteria, and education were fit for each hobby to model
post-diagnosis survival with subsequent Benjamini-Hochberg correction.

Sex-stratified Cox survival models were also considered with the same adjustment set as
the non-stratified Cox proportional hazards models, apart from adjustment for sex. The final
outcome of interest, age at symptom onset, was modeled using linear regression models
separately for each hobby with adjustment for military service, sex, education, and family
history of ALS with Benjamini-Hochberg correction. Sex-stratified age at symptom onset
models were also considered. As with ALS risk models, sex-stratified models for the ALS
case specific outcomes were also considered with Benjamini-Hochberg correction. Female
only sex-stratified models for ALS case specific outcomes did not include adjustment for
military service, as only one female ALS case self-reported having a history of military
service.

Since certain hobbies and forms of exercise may be intrinsically associated with age, a
supplementary analysis of the average difference in age between those that participated in

a particular activity and those that did not engage in that activity was performed amongst
controls. This supplementary analysis confirmed whether statistically significant differences
in age at onset were driven by participation in that hobby or due to age differences in those
that participate in that activity. Second, for ALS risk results, supplementary complete-case
analyses were performed to compare results from complete cases with imputed data and
ensure that the imputation strategy did not alter risk associations.

3. Results

3.1 Participants

This analysis includes 400 ALS and 287 participants (Table 1) recruited between June 30,
2010 and February 12, 2020. ALS participants were slightly older compared to controls
(median age; cases, 63.0 years; controls, 61.1 years; p=0.019). Controls also had a higher
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educational attainment (p<0.001). There were no statistically significant differences in sex
or military service. Characteristics of ALS cases showed a typical distribution in El Escorial
Criteria and onset segment with a median diagnostic delay of 1.06 years.

3.2 Self-reported hobby and exercise associations with ALS

Responses to self-reported hobbies, exposures, and exercise, and the median age of
participants stratified by whether they engaged in the queried activity for ALS and

control participants are shown in Supplementary Tables S2 and S3. Exposures that

most strongly associated with ALS risk (pagj<0.05) were golfing, recreational dancing,
performing gardening or yard work, personal or family woodworking, and personal history
of hunting and shooting (Table 2). Activities and exposures were then stratified by male
(Supplementary Table S4) and female (Supplementary Table S5) sex. Significant outcomes
associated with ALS risk at pgj< 0.1 for males were swimming, golf, personal involvement
in wood working, personal involvement in hunting and gun use, gardening or yard work, and
personal involvement in metal work. Interestingly, no avocational exposures were significant
at pagj< 0.1 when stratified for female sex.

3.3 Survival and onset associations

We also examined associations between avocational risk factors with onset segment

and survival. No significant associations were identified using a threshold of p,j<0.1
(Supplemental Table S6) or when the analysis was stratified by sex (data not shown).
Similarly, no associations between avocational risk factors and survival were appreciated
using p,gj<0.1(Supplemental Table S7) or when stratified by sex (data not shown).

3.4 Onset age associations

Onset age was associated with certain avocational exposures (Supplemental Table S8).
Participation in swimming and weightlifting was associated with a younger age of ALS
onset (Pagj<0.05). Under this analysis, ALS participants that reported swimming 5 years
prior to ALS onset had an average onset age that was 3.86 years younger than those

that did not swim. For weightlifting, the average onset age was 3.83 years earlier than
ALS participants who did not weightlift. When stratified by male sex (Supplemental Table
S9), weightlifting remained marginally significant (corrected p<0.1). Although swimming
was not significant, the effect estimate was similar. The onset model stratified for females
indicated no significant associations after multiple comparison corrections (Supplemental
Table S10).

3.5 Complete case analysis of risk models

Lastly, a complete case analysis for ALS risk was performed to ensure that the imputation
method did cause significant alterations to the risk models based on the missing data (shown
in Supplemental Tables S2 and S3). Similar to the imputation model, golf, recreational
dancing, performing gardening or yard work, a personal history of woodworking, and
personal history of hunting and shooting were all marginally significant (corrected p<0.1;
Supplemental Table S11), indicating that imputation did not result in spurious associations.
Analysis stratified by males again showed associations with swimming, golf, personal
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involvement in wood working, personal involvement in hunting and gun use, gardening or
yard work, and personal involvement in metal work (Supplemental Table S12), whereas no
associations were detected in females (Supplemental Table S13), which is again consistent
with the imputed model.

4. Discussion

Understanding the key determinants that contribute to ALS risk or alter ALS phenotype is
critical to mitigate potential exposure and identify factors that alter disease presentation.

We contend that exposure modification to reduce ALS risk is possible, as guided by the
decline in an extremely high incidence and prevalence of ALS following the transition from
a traditional Chamorro diet to a North American diet, whereby food use of the poisonous
cycad plant declined and disappeared.1> Environmental exposures occur in multiple settings,
including occupational, residential, and avocational contexts, and certain exposures strongly
associate with ALS risk and survival. We recently described self-reported occupational ALS
risk factors.?10 While occupational risk factors are widely researched, exposures in the
avocational setting also represent important, and possibly modifiable, components of the
ALS exposome. Therefore, we leveraged our detailed exposure questionnaire to determine
whether particular hobbies or exercise activities associate with ALS risk, survival, and
phenotype.

4.1 Hobbies

We report that personal and family participation in wood working and personal participation
in hunting and shooting activities is associated with a higher ALS risk. The potential
association between wood working as a hobby and the risk of ALS has not been extensively
studied. In their study in Western Washington State, McGuire et a/. investigated history

of avocational wood working, but did not report any association with ALS risk® In this
same population, occupational exposures to paints, varnish, or stains were associated with
an increased, although non-statistically significant, risk of ALS. More recently, Lian et al.
examined the relationship between ALS and physical activity in a study of ALS patients

at Peking Union Medical College Hospital.1” A history of wood working was used as a
surrogate for mild physical activity, however the association between wood working and
ALS risk was not reported. Wood working is of interest as a potential risk factor given

the use of, and thus exposure to, formaldehyde and organic solvents during the process.18
Additionally, some wood species naturally emit organic chemicals, including very volatile
organic compounds and formaldehyde.1%.20 Occupational formaldehyde exposure was linked
to ALS risk in the Danish registry,2! although this risk was not maintained in a joint analysis
with other occupational exposures.22 Additionally, elevated plasma formaldehyde levels
have also been observed in ALS patients in comparison to control participants.23 Thus,

the connection between wood working and ALS risk could be attributed to formaldehyde
exposure.

Like wood working, the potential connection between hunting and shooting activities and
ALS risk has not been extensively studied. Andrew et a/. surveyed ALS patients and control
individuals and reported that hobbies involving lead, including casting lead bullets, increased
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risk.24 The questionnaire for that study did include participation in hunting or shooting
activities, but results were not reported. While our participants were not specifically
questioned regarding the metal composition of the bullets used or their consumption of wild
game, hunting and shooting activities could be a source of lead exposure. Shooting can lead
to the aerosolization of metals, including lead, antimony, manganese, and boron, depending
on the bullet composition.2> Further, regardless of ALS status, individuals that used shooting
ranges exhibited increased blood levels of lead and antimony.26:27 Consumption of wild
game presents another possible source of metal exposure. Residents of North Dakota

who consumed wild game demonstrated higher blood lead levels than those who did not
consume wild game.28 In the Cree population in Quebec, Canada, elevated blood lead levels
associated with hunting, use of firearms and leaded ammunition, and consumption of hunted
or fished foods.2? An additional study of the First Nations population in Ontario, Canada
suggested an increased risk of lead consumption due to dietary intake of moose and dear
meat.30 Outside of lead exposure, mishandling of game meat can also lead to food borne
ilinesses.31 Of note, our study population is derived from Michigan, where an estimated 59%
of the population has consumed wild-harvested meat at least once.32 and the sharing of wild
game is prevalent.33

4.2 Sports and Physical Activity

We also found that participation in activities such as golf, recreational dancing, and
gardening or yard work in the 5 years prior to ALS diagnosis or study entry associated
with an elevated ALS risk. Participation in golf was significantly linked with ALS in the
entire cohort after adjusting for multiple comparisons and considering sex, a finding further
supported by the results of the male-only analysis. In the analysis limited to females,

golf was a risk factor, though this association did not remain after multiple comparison
testing. To the best of our knowledge, there are no studies linking golfing to ALS. Instead,
investigations have focused on the potential association of golf with pesticide exposure.34 A
case and control study in Canada and France suggested that occupations linked to pesticide
exposure—such as golf or garden maintenance—are associated with increased ALS risk.3°
however studies investigating inhalational connections are inconclusive.36:37 It is unlikely
that golf meets the threshold for strenuous activity associated with ALS.

Gardening and yardwork associated with ALS risk, but only in males during sex-stratified
analysis. These results are unsurprising as similar associations were reported in several other
cohorts. An Australian study showed that exposure to herbicides or pesticides due to regular
gardening was associated with an elevated risk of ALS.38 Additionally, a population-based
case-control study in Northern and Southern Italy suggested an association between use of
herbicides during gardening and ALS.3? In a small population-based registry from Italy,
United Kingdom, and Ireland, occupation as a farmer/gardener was associated with ALS
risk,0 however this study did not address gardening in the avocational setting. While we
did not specifically inquire whether participants used pesticides or herbicides during their
gardening activities, the global consistency of studies linking gardening to ALS risk suggest
the possibility of a disease-relevant exposure stemming from this activity.
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In the non-stratified analysis, recreational dancing associated with ALS, though we did not
investigate the intensity or duration of this activity to establish a more precise correlation
with ALS. However, it is noteworthy that this association held greater significance in the
analysis stratified for females compared to males. Overall, the associations identified are
significant in males, but not females. While recreational dancing may be a false association,
it might also represent an activity that uniquely impacts ALS in females and may be

worth future investigation. Indeed, some types of recreational dancing can reach moderate
to intense levels of physical activity, 4142 which is significant given the potential role of
strenuous physical activity as an ALS risk factor.3

In the complete cohort, weightlifting approached statistical significance after multiple
testing correction, although this effect was less pronounced in the sex-stratified model,
possibly due to sample size constraints. The marginally significant association between
weightlifting and ALS risk in our study could reflect strenuous physical activity, which is

a recognized ALS risk factor,3 however our survey did not query the intensity of activity.

In the sex-stratified models, swimming was associated with increased risk of ALS in males.
While a study in New England demonstrated an association between watersports and ALS
risk,4 out study did not evaluate whether swimming took place in natural bodies of water or
pools, which could be considered a limitation in our analysis.

As noted above, it is surprising that the risk factors identified in the current study appear

to be specific to males. These activities might pose risks in females but are not reaching
statistically significant thresholds due to the small number of females engaging in these
hobbies. It is also possible that the risks here are not uniform across the population and

may depend on underlying genetic susceptibility.*3 Thus, a lack of an association may be
because we did not account for genetics. Alternatively, the absence of an association could
be related to the study’s small sample size or participant bias. Nonetheless, these results
have important implications for ALS research as they suggest that the tools we currently use
to investigate disease-relevant exposures in females may be insufficient.

We are also interested in understanding the role of exposures on the phenotypic expression
of ALS to gain insight into disease triggers or heterogeneity. Contrary to our recent analysis
of occupational exposures in this same cohort, we did not identify any associations with
ALS survival or onset segment. However, when examining age of onset, we did observe
that individuals participating in swimming and weightlifting 5 years prior to ALS diagnosis
developed ALS at a younger age. These data are consistent with a recent analysis which
showed that strenuous physical activity is associated with an earlier onset age of ALS.43

As with any retrospective case and control study of self-reported exposures, this report has
limitations. A frequent limitation is recall bias, as individuals with the disease are more
likely to report exposures. Additionally, some exposures may be unknown to the participant
and thus go unreported. Overall, few studies have examined the association of avocational
activities on ALS risk. While information on hobbies has been used to calculate lifetime
physical activity or ascertain lead exposure,244546 self-reported avocational exposures
represent an untapped area for future ALS exposure research. Since ALS may have a long
latent period between exposure and clinical onset, a period that may span decades based
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on evidence from longitudinal studies of the former high-incidence of ALS on Guam, our
assessment of exercise in the five-year period prior to ALS onset excluded consideration of
the lifetime physical activity of our participants.7:48

Additionally, we did not capture dietary factors in this cohort, a subject of relevance given
the strong association between daily consumption of cycad seed and ALS on Guam,b and
food use of False Morels by a cluster of ALS patients in the French Alps.#® Michigan

has high rates of acute poisoning from consumption of False Morels, fungi that produce
monomethylhydrazine in the consumer, a genotoxin related to the principal cycad toxin
methylazoxymethanol.1® Future investigation of a possible link between ALS and food
use of False Morels in Michigan would therefore be of interest. There is nevertheless

an intriguing potential link of hydrazines, which cause DNA damage, to the risk factors
detected in the present work.%0 For instance, in the woodworking process, some choose to
fume their furniture, which could result in a release of hydrazine.5! The chemical maleic
hydride is used to prevent growth of tall fescue grass on golf courses.>2 The byproducts of
disinfectants used in swimming pools may lead to hydrazine production.>3

5. Conclusion

This analysis reveals several important avocational exposures and activities that influence
ALS risk and phenotype. Further, certain risks are specific to sex, suggesting that the
factors influencing ALS may differ between males and females, necessitating additional
investigation. Overall, the inclusion of avocational activities in ALS exposome studies is
necessary to pinpoint modifiable factors.
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HIGHLIGHTS
. Participation in certain hobbies and avocational activities alters ALS risk
. Avocational activities should be included in ALS exposome studies
. Certain exercise, hobbies, and avocational ALS risk factors are sex-specific
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Table 1.
Participant Demographics
Covariate (chaiego) (C’:\‘ogtzrg;s) P-Value
Age (vears) ™ 63.0 (55.5-70.2) | 61.1 (54.5-68.2) 0.019
Sex 0.070
Female 184 (46.0) 153 (53.3)
Male 216 (54.0) 134 (46.7)
Military Service 0.070
No 336 (84.0) 252 (87.8)
Yes 63 (15.8) 30 (10.5)
Missing 1(0.3) 5(1.7)
Education <0.001
High School or less 120 (30.0) 26 (9.1)
Some Postsecondary 126 (31.5) 81(28.2)
Bachelor’s Degree 91 (22.8) 83 (28.9)
Graduate Degree 63 (15.8) 95 (33.1)
Missing 0(0.0) 2(0.7)
El Escorial Criteria
Suspected 14 (3.5) N/A
Possible 39(9.8) N/A
Probable, Lab Supported 105 (26.2) N/A
Probable 129 (32.2) N/A
Definite 113 (28.2) N/A
Onset Segment
Bulbar 118 (29.5) N/A
Cervical 134 (33.5) N/A
Lumbar 146 (36.5) N/A
Missing 2(0.5) N/A
Time Between Symptom Onset and Diagnosis (years) | 1.06 (0.66-1.83) N/A

Page 14

Table of descriptive statistics for the study population. For continuous variables, Median (25th — 75th percentile), and for categorical variables, N
(%). P-values for continuous and categorical variables correspond to analysis of variance tests and chi-squared tests, respectively. *Age is defined at
survey consent for controls and at symptom onset date for cases. N, number
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Table 2.

Avocational exposures risk model

All Hobby Variables (All Participants)

Models are adjusted for military service, age at symptom onset / survey consent, sex, and education.

Page 15

N % P- \Q/élue
Description (Exposed) | Exposed | OR | 95% ClI Value | (BH)
Exercise - golf 111.65 16.3 3.48 | (1.86,6.52) | 0.000 | 0.004
Exercise - recreational dancing 110.50 16.1 2.00 | (1.24,3.23) | 0.004 | 0.040
Exercise - gardening or yard work 523.85 76.3 1.71 | (1.17,2.49) | 0.006 | 0.040
Hobby - wood working - Family Only 76.65 11.2 2.21 | (1.25,3.91) | 0.006 | 0.040
Hobby - hunting, guns, shooting skeet, trap, or targets - Personal 165.55 24.1 1.89 | (1.20,2.97) | 0.006 | 0.040
Hobby - wood working - Personal 189.50 27.6 1.76 | (1.15,2.68) | 0.009 | 0.047
Hobby - hunting, guns, shooting skeet, trap, or targets - Family Only | 111.40 16.2 1.75 | (1.07,2.87) | 0.027 | 0.111
Exercise - weightlifting 200.70 29.2 150 | (1.04,2.17) | 0.031 | 0.111
Auto - repair and maintenance - Family Only 121.20 17.6 1.78 | (1.06,2.99) | 0.031 | 0.111
Hobby - home remodeling, furniture refinishing - Family Only 81.05 11.8 1.85 | (1.04,3.27) | 0.035 | 0.112
Hobby - making stained glass, pottery, or ceramics - Family Only 31.80 4.6 2.32 | (0.94,5.75) | 0.069 | 0.187
Exercise - calisthenics 246.30 35.9 1.37 | (0.97,1.94) | 0.070 | 0.187
Exercise - jog or run 160.55 23.4 1.40 | (0.94,2.09) | 0.093 | 0.229
Exercise - swim 225.00 32.8 1.32 | (0.93,1.88) | 0.117 | 0.267
Auto - repair and maintenance - Personal 305.20 44.4 0.72 | (0.47,1.11) | 0.134 | 0.285
Hobby - home remodeling, furniture refinishing - Personal 291.80 425 1.29 | (0.90,1.84) | 0.166 | 0.331
Non-work iron exposure 63.85 9.3 1.38 | (0.75,2.56) | 0.302 | 0.569
Hobby - painting pictures or other fine arts - Family Only 56.35 8.2 1.38 | (0.72,2.68) | 0.334 | 0.576
Non-work mercury exposure 40.20 5.9 1.43 | (0.68,2.99) | 0.346 | 0.576
Exercise - bike 333.60 48.6 117 | (0.84,1.62) | 0.360 | 0.576
Hobby - metal working - Family Only 43.80 6.4 0.73 | (0.35,1.49) | 0.380 | 0.578
Non-work lead exposure 49.20 7.2 1.28 | (0.65,2.49) | 0.477 | 0.650
Hobby - Car/motorcycle/boat restoration - Family Only 70.90 10.3 1.24 | (0.69,2.21) | 0.477 | 0.650
Hobby - metal working - Personal 71.20 10.4 1.23 | (0.68,2.21) | 0.487 | 0.650
Hobby - photograph development - Personal 47.25 6.9 1.19 | (0.62,2.29) | 0.607 | 0.778
Hobby - making stained glass, pottery, or ceramics - Personal 75.90 11.0 0.88 | (0.51,1.53) | 0.648 | 0.790
Hobby - Car/motorcycle/boat restoration - Personal 113.05 16.5 1.11 | (0.67,1.82) | 0.690 | 0.790
Hobby - painting pictures or other fine arts - Personal 98.35 14.3 0.91 | (0.56,1.46) | 0.691 | 0.790
Non-work aluminum exposure 48.45 7.1 1.13 | (0.57,2.24) | 0.725 | 0.800
Hobby - photograph development - Family Only 27.50 4.0 0.97 | (0.40,2.37) | 0.943 | 0.978
Exercise - aerobics 91.30 13.3 1.02 | (0.62,1.67) | 0.947 | 0.978
Non-work exposure to welding fumes 64.25 9.4 1.00 | (0.55,1.82) | 0.996 | 0.996

BH, Bonferroni Hochberg; Cl, confidence interval; N, number; OR, odds ratio.
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