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Artists in northern Canada carve soft stones that are mineralogically diverse. In addition, some
artists carve organic media such as ivory, bone and antler. In recent decades, power tools have
replaced traditional methods for producing artworks, resulting in the production of more dust
and finer particles. The objective of this study was to determine whether these artists had
increased prevalence of respiratory symptoms related to their work. A cross-sectional survey
documented respiratory symptoms of 232 carvers and 232 non-carvers. Logistic regression
analysis was used to model the role of exposure in relation to symptoms. Some symptoms
suggestive of bronchial responsiveness were found in excess among carvers. However, there was
little evidence of exposure–response relationships among these symptoms, an exception being
wheeze with chest tightness. Symptoms suggestive of non-specific airway irritation were not
found in excess, although the odds ratios for chronic phlegm increased with increasing number
of pieces carved. No strongly suggestive patterns were found for cough. Many, but not all,
symptoms were more common among those carving organic media in addition to stone.
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INTRODUCTION

Inuit art has an evolving history within the harsh
environs of northern Canada. In the past, artists
hunted or scavenged for traditional carving materials:
ivory, bone, antler and driftwood (Gustavison, 1999).
Today, stone (previously carved into tools and toys)
has succeeded organic material as the primary carving
material for artworks. Stone carving has grown into
an industry that is an important part of the Inuit
economy and culture. The mineralogy of the stones
varies among regions and includes steatite, green
serpentine, serpentinite, talc, limestone, agillite and
marble (McDermott, 1992). Carvers may also be
exposed to other dusts, such as silica, as well as
organic dusts from ivory, antler and bone, which are
still used by some.

Traditional carving tools included axes, adzes,
rasps and files. Within the last 20 yr, power tools

have become more popular, considerably shortening
roughing out and shaping time. Use of these tools has
resulted in the production of more dust and finer
particles. Workplaces are often poorly ventilated and
respiratory protection is not used regularly.

Respiratory problems are common among the Inuit.
Approximately one-quarter of visits to community
health clinics are attributed to diseases of the respira-
tory system (DHSS, 1999). Tuberculosis case rates
for the Inuit have been among the highest in Canada
(Enarson, 1998).

This study was undertaken to determine whether
stone carvers had increased prevalence of respiratory
symptoms that might be related to their work.

MATERIALS AND METHODS

A cross-sectional survey was undertaken in four
communities in Nunavut, Canada. The communities
are major centres for Inuit art and a preliminary
investigation suggested that the stones used in these
areas differed.
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Participants 

Carvers were defined as: (i) age ≥35 yr; (ii) carved
for at least 1 yr (could be retired); and (iii) produced
stone carvings for sale.

Lists of Inuit artists were obtained from the Depart-
ment of Indian Affairs and Northern Development.
Within each community, a knowledgeable individual
reviewed the list and made additions (carvers that
were missed, or perhaps had moved into the commu-
nity recently) or deletions (those who had died or
moved out of the community).

In three of the communities, random samples of
non-carvers were frequency matched to the carvers
by sex. In the fourth community, all residents over
the age of 35 were invited to participate.

Questionnaire

Trained individuals within each community con-
ducted the interviews under the guidance of a field
manager. Interviewers were fluent in English, and the
local language, Inuktitut. Respiratory symptoms were

documented using the American Thoracic Society
questionnaire (Ferris, 1978). Questions related to
carving exposure and practices were added.

Data analysis

Initial bivariate comparisons were followed by
logistic regression analysis to model the role of
exposure in relation to symptoms using a backward
elimination procedure, including age, sex, history of
tuberculosis, community of residence, smoking cat-
egory and cigarette pack-years. Exposure–response
relationships were examined using the number of
years spent carving and the number of carvings pro-
duced. In addition, the role of exposure to stone only
vs. stone plus organic media was examined in rela-
tion to symptoms.

Ethics approval was obtained from the Health
Ethics Review Board at the University of Alberta.

RESULTS

The response rate was 85% (n = 464 individuals),
including 232 carvers (75 using stone only and 159
using stone plus organic media) and 232 non-carvers
(Table 1). Most carvers were males (70%), whereas
56% of the comparison group were females. Over
60% were current smokers.

Some symptoms suggestive of bronchial respon-
siveness were found in excess among stone carvers
(Table 2). These symptoms included wheeze with
chest tightness, chest tightness and attacks of wheeze
with shortness of breath. However, there was little
evidence of exposure–response patterns in the odds
ratios when examined by years of carving (Table 3)
or the number of pieces of art produced (Table 4).
The exception was wheeze with chest tightness in
relation to the number of pieces carved. Current,
physician-diagnosed asthma was found in 7.8% of
the total group and was equally prevalent in carvers
and non-carvers. Asthma was significantly related to
symptoms of bronchial responsiveness, but did not
modify the associations between carving and these
symptoms.

Table 1. Characteristics of carvers and non-carvers

Characteristic Carver
(n = 232)

Non-carver
(n = 232)

Age (mean ± SD) 54.04 ± 11.81 50.05 ± 12.21

Sex (n, %)

Female 69 (29.7) 130 (56.0)

Male 163 (70.3) 102 (44.0)

Smoking category (n, %)

Non-smoker 10 (4.3) 28 (12.1)

Ex-smoker 87 (37.5) 52 (22.4)

Current smoker 135 (58.2) 152 (65.5)

Cigarette pack-years 
(mean ± SD)

21.43 ± 21.31 14.83 ± 13.97

Community (n, %)

Baker Lake 56 (24.1) 68 (29.3)

Gjoa Haven 33 (14.2) 33 (14.2)

Taloyoak 28 (12.1) 37 (15.9)

Cape Dorset 115 (49.6) 94 (40.6)

Table 2. Prevalence of symptoms reported by carvers and non-carvers, odds ratios and 95% confidence intervals (CI)

Odds ratios adjusted for age, sex, community of residence, history of tuberculosis, smoking category and cigarette pack-years.
SOB, shortness of breath.

Symptom Carvers (n, %) Non-carvers (n, %) Odds ratio 95% CI

Usual cough 68 (29.3) 64 (27.6) 1.03 0.64–1.65

Chronic cough 41 (17.7) 35 (15.1) 0.92 0.52–1.64

Usual phlegm 79 (34.1) 62 (26.7) 1.33 0.85–2.08

Chronic phlegm 56 (24.1) 41 (17.7) 1.28 0.77–2.13

Shortness of breath 105 (45.3) 88 (37.9) 1.23 0.82–1.85

Wheeze (last 12 months) 48 (20.7) 43 (18.5) 1.00 0.60–1.68

Wheeze with chest tightness 45 (19.4) 20 (8.6) 2.32 1.31–4.11

Chest tightness 63 (27.2) 43 (18.5) 1.80 1.45–2.82

Attacks of wheeze with SOB 44 (19.0) 26 (11.2) 1.92 1.08–3.42
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Notably, neither cough nor phlegm was signifi-
cantly related to a history of carving (Table 2),
although odds ratios were generally greatest in the
highest categories of years of carving and number of
pieces carved. The odds ratios for chronic phlegm
showed some evidence of an exposure–response rela-
tionship with the number of years carved (Table 3).
No strongly suggestive patterns were found for cough.

Most symptoms were more common among those
who carved with stone plus organic media, such as
ivory, antler and bone (Table 5). Some symptoms
suggestive of bronchial responsiveness were found
significantly in excess in this group, including wheeze
with chest tightness, chest tightness and attacks of
wheeze with shortness of breath.

DISCUSSION

Because most of the dusts were inorganic, dust levels
were observed to be high, and respiratory protection
was not commonly used, symptoms suggestive of
non-specific airway irritation were expected to be
found in excess among the carvers (Morgan, 1978).
The relatively low odds ratios (overall) for cough and
phlegm may have resulted from the high prevalence
of smoking in this region. The estimate of 62%
current smokers in the present study is consistent

with other findings from this region (Northwest
Territories Bureau of Statistics, 1996). The presence
of chronic phlegm, however, showed a graded response
with years of carving.

Relatively increased odds ratios for symptoms
suggestive of bronchial responsiveness were also
unexpected, given the predominance of inorganic

Table 3. Odds ratios (95% confidence intervals), symptoms in relation to years of carving, compared to non-carvers

Odds ratios adjusted for age, sex, community of residence, history of tuberculosis, smoking category and cigarette pack-years.
SOB, shortness of breath.

Symptom <10 yr (n = 105) 11–25 yr (n = 61) >25 yr (n = 66)

Usual cough 1.03 (0.58–1.83) 1.00 (0.50–2.00) 1.16 (0.58–2.33)

Chronic cough 0.92 (0.46–1.86) 0.83 (0.35–1.95) 1.07 (0.48–2.38)

Usual phlegm 1.13 (0.64–1.99) 0.97 (0.49–1.94) 2.37 (1.23–4.55)

Chronic phlegm 0.93 (0.48–1.78) 1.25 (0.57–2.56) 2.15 (1.07–4.34)

Shortness of breath 1.17 (0.70–1.94) 1.18 (0.64–2.21) 1.80 (0.96–3.39)

Wheeze (last 12 months) 0.85 (0.46–1.57) 0.61 (0.27–1.38) 1.68 (0.89–3.21)

Wheeze with chest tightness 2.05 (1.02–4.09) 1.60 (0.67–3.83) 4.61 (2.30–9.25)

Chest tightness 1.72 (0.97–3.02) 1.42 (0.71–2.85) 2.17 (1.13–4.16)

Attacks of wheeze with SOB 1.75 (0.87–3.53) 1.73 (0.74–4.03) 2.44 (1.12–5.32)

Table 4. Odds ratios (95% confidence intervals), symptoms in relation to number of pieces carved, compared to non-carvers

Odds ratios adjusted for age, sex, community of residence, history of tuberculosis, smoking category and cigarette pack-years.
SOB, shortness of breath.

Symptom <100 pieces (n = 102)  101–1000 pieces (n = 70) >1000 pieces (n = 60)

Usual cough 0.95 (0.53–1.69) 1.02 (0.53–1.97) 1.38 (0.68–2.80)

Chronic cough 0.68 (0.32–1.44) 1.13 (0.53–2.43) 1.21 (0.54–2.71)

Usual phlegm 1.11 (0.63–1.98) 1.46 (0.77–2.76) 1.97 (0.99–3.87)

Chronic phlegm 1.02 (0.54–1.95) 1.24 (0.60–2.55) 1.93 (0.94–3.97)

Shortness of breath 1.25 (0.76–2.07) 1.71 (0.97–3.05) 0.73 (0.38–1.41)

Wheeze (last 12 months) 0.66 (0.34–1.28) 1.32 (0.69–2.55) 1.24 (0.62–2.51)

Wheeze with chest tightness 1.22 (0.56–2.66) 3.01 (1.46–6.23) 3.89 (1.85–8.18)

Chest tightness 1.25 (0.69–2.26) 3.51 (1.90–6.48) 1.19 (0.57–2.49)

Attacks of wheeze with SOB 1.75 (0.86–3.48) 2.11 (0.98–4.55) 2.08 (0.89–4.85)

Table 5. Odds ratios (95% confidence interval), symptoms in 
relation to carving media used, compared to non-carvers

 Odds ratios adjusted for age, sex, community of residence, 
history of tuberculosis, smoke category and cigarette pack-
years.

Symptom Stone only
(n = 75)

Stone and organic 
media (n = 159)

Usual cough 0.96 (0.49–1.89) 1.11 (0.66–1.88)

Chronic cough 0.65 (0.28–1.53) 0.99 (0.53–1.85)

Usual phlegm 0.94 (0.48–1.87) 1.66 (1.02–2.70)

Chronic phlegm 1.21 (0.56–2.61) 1.57 (0.88–2.81)

Shortness of breath 1.37 (0.76–2.48) 1.22 (0.75–1.96)

Wheeze (last 12 
months)

0.86 (0.41–1.83) 1.34 (0.76–2.35)

Wheeze with chest 
tightness

2.79 (1.29–6.00) 2.54 (1.32–4.91)

Chest tightness 1.36 (0.66–2.80) 2.44 (1.43–4.16)

Attacks of wheeze 
with SOB

1.20 (0.51–2.85) 2.66 (1.41–5.02)
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dust exposures. The excess of symptoms suggestive
of bronchial responsiveness was explained, in part,
by exposure to organic media such as ivory, antler
and bone. Although not extensively studied, case
reports have documented asthma-like symptoms in
response to working with organic media such as
ivory (Armstrong et al., 1988) and bone (Patterson et
al., 1991). In addition, materials used for polishing
the carvings (including seal and walrus oil, corn oil,
waxes, jewellery compounds and others) should be
considered in relation to these symptoms. Physical
labour in a cold climate might also be considered.
Previous reports have shown bronchial responsive-
ness during activity in low temperatures, but mainly
for individuals suffering from asthma (Strauss et al.,
1977; Koskela et al., 1994).

CONCLUSIONS

Carvers reported an increased prevalence of respira-
tory symptoms suggestive of bronchial responsive-
ness, particularly for those carving with stone plus
organic media. Cough and phlegm were not generally
found in excess.
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