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ABSTRACT

Introduction: Professional visual artists constitute a heterogeneous vocational group, including, but
not limited to painters, photographers, textile artists, and sculptors who may face exposure to work-
place hazardous substances and lifestyle factors that may contribute to the development of selected
cancers. The objective of this registry-based cohort study was to assess the cancer incidence among
Nordic visual artists.

Materials and methods: This study is based on data from the Nordic Occupational Cancer (NOCCA)
project that combines census data of 15 million people from all Nordic countries and cancer registries
from 1961 to 2005. For the present study we selected a cohort of visual artists from Finland, Iceland,
Norway, and Sweden. Standardized incidence ratio (SIR) analyses were conducted with the cancer inci-
dence rates for the entire national study populations used as reference rates.

Results: In male visual artists, there were statistically significant excesses in cancers of the tongue (SIR
2.91, 95% confidence interval 1.74-4.55), oral cavity (2.09, 1.26-3.27), pharynx (2.18, 1.45--3.15), testis
(1.91, 1.11-3.05), renal pelvis (2.48, 1.42-4.03) and bladder (1.33, 1.14-1.55). The risk was significantly
decreased for cancers of the lip (0.45, 0.18-0.93) and stomach (0.65, 0.50-0.84). In female visual artists,
the only significantly increased risk was observed for breast cancer (1.29, 1.13-1.48) and the only sig-
nificantly decreased risk for stomach cancer (0.43, 0.17-0.88). The incidence of lung cancer was close
to the population average in both sexes.

Conclusions: The non-elevated incidence of lung cancer suggests a similar prevalence of smoking
between visual artists and the general population, while the elevated risk of cancers of mouth and
pharynx among male visual artists is suggestive of more widespread alcohol drinking. The excess risk
of urogenital cancers might be associated with exposure to solvents.
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NOVELTY & IMPACT

The exposure of visual artists to carcinogens remains unstudied and equivocal. The current study sug-
gests that visual artists carry an overall cancer risk that is slightly above the risk among the general
population of the four Nordic countries. We observed in men over two-fold excess risks of cancers of
the tongue, oral cavity, pharynx, and renal pelvis, and also a significant risk of testis and bladder
cancets.

Introduction

‘ W) Check for updates ‘
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Professional visual artists constitute a heterogeneous voca-
tional group, including, but not limited to painters, photogra-
phers, ceramic makers, textile artists, and sculptors, who may
face exposure to a convoluted chemical environment com-
prising several definite or plausible carcinogens. Indeed, arts
and crafts materials, such as paints, pigments, and dyes, may
contain chemicals hazardous to human health [1,2]. Known

or suspected carcinogens to which visual artists may be
exposed by inhalation or cutaneous contact comprise asbes-
tos, silica, metal and wood dust, formaldehyde, benzene, and
solvents [1,3]. Despite the wide variety of noxious materials,
inadequate protection, poor ventilation and even the lack of
knowledge on the hazardousness of the materials used were
often commonplace in former times [2,4]. Additionally, when
faced with deadlines, artists frequently work long hours and
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sleep in their workplaces, which may further accentuate the
potential for chemical toxicity by increasing the duration of
exposure. Besides workplace hazards, precarity, irregular
working hours, and ultimately stress could also result in per-
sistent tobacco smoking and increased alcohol use, giving
rise to elevated cancer rates [2,4-7].

The exposure of visual artists to carcinogens remains
unstudied and equivocal. Occupational exposure as a painter
has been classified as a Group-1 carcinogen by the
International Agency for Research on Cancer (IARC) based on
increased risks for lung, mesothelioma, and bladder cancers
[8]. However, exposure conditions among professional artists
may differ from industrial settings. Thus far, research on can-
cer incidence among visual artists remains scarce. A case-
control study reported an over two-fold excess of bladder
cancer among artistic painters, adjusted for smoking habits,
with a trend in risk with duration of employment [9].

The Nordic Occupational Cancer (NOCCA) project (http://
astra.cancer.fi/NOCCA) linked the census data on occupations
of approximately 15 million persons from the five Nordic
countries and their respective cancer registries. In this paper,
we use data collected for the NOCCA study and present the
results for cancer incidence among Nordic visual artists. The
objective of this registry-based cohort study was to demon-
strate the patterns of cancer among Nordic visual artists as
compared to the general population.

Materials and methods
Population

The details of the study materials, coding systems, and ana-
lysis methods have been described earlier [10]. Briefly, the
study base consists of persons who participated in computer-
ized population censuses in four Nordic countries: Finland
(1970, 1980, and 1990 censuses), lceland (1981 census),
Norway (1960, 1970, and 1980 censuses), and Sweden (1960,
1970, 1980 and 1990 censuses). Data from Denmark were
not included in this study due to a lack of access to individ-
ual-level data. For this study, we extracted from the NOCCA
data a cohort consisting of individuals classified as visual
artists in the earliest available census.

A person was categorized as a visual artist if working as such
for over half the regular working hours during the census year.
A person entered the cohort if he/she was 30-64 years old and
still residing in the country on 1" January of the year following
the census. Person-years (PY) were counted from January 15t of
the year following the census until the date of emigration,
death, or 31°" December of the following years: in 2003 in
Norway, 2004 in Iceland, and 2005 in Finland and Sweden -
whichever came first. Data on the dates of death and emigra-
tion were retrieved from the national population registries.

Cancer data

Data on incident cancer cases were obtained via record link-
age from each of the four Nordic countries’ cancer registries,
by utilizing the unique personal identity codes. National can-
cer registration was initiated in 1953 in Finland and Norway,

in 1955 in Iceland, and in 1958 in Sweden. During the fol-
low-up period of the NOCCA study, all cancer registries
received information on cancer cases from general and spe-
cialist practitioners, hospitals, and from pathology depart-
ments. All countries, except Sweden, also received
information from death certificates wherever cancer was
mentioned. The completeness and accuracy of the Nordic
cancer registries are considered very high by international
comparison, and much work has been made to achieve com-
parability in cancer classifications across the Nordic countries
over more than five decades of cancer registration [11]. All
invasive incident cancers and benign brain tumors were
included in the present study. However, the Swedish and
Icelandic data comprise only the first incident cancer
recorded within a given diagnostic group. Cancer cases were
grouped into 54 main categories and 21 diagnostic sub-
groups based on national topography and morphology cod-
ing systems (Appendix tables 5-6 at http://astra.cancer.fi/
NOCCA). Skin basal cell carcinomas were excluded.

Statistical analyses

Standardized incidence ratios (SIRs) were calculated as the
ratio of the observed and the expected number of cancer
cases, using the cancer incidence rates for the entire national
study populations as reference rates. For each country, the
observed number of cancer cases and PYs were stratified
into sex-specific 5-year age groups (30-34; 35-39; ...; 85+
years) and 5-year calendar periods (1961-1965; 1966-1970;
...; 2001-2005). The expected number of cancer cases was
based on the number of PYs in each stratum (country, sex,
age, and calendar period) and the respective reference rate.
Aggregate risk measures for all Nordic countries combined
were calculated as the ratio of the total number of observed
cases to the total number of expected cases in the four
countries. We report SIRs stratified by sex, country, broad cal-
endar period (1961-1975, 1976-1990, 1991-2005), and broad
age category (30-49, 50-69, >70). For each SIR, the exact
95% confidence interval (Cl) was defined assuming a Poisson
distribution of the observed number of cases. Additionally,
we calculated the excess absolute risk (EAR). EAR describes
the difference in absolute cancer incidence between visual
artists and the general population (observed cancers -
expected cancers) and is given in this study per 10,000 PYs.

Results

The study cohort included 13,999 visual artists contributing
to 342,213 PYs of follow-up (Table 1). Altogether, 2356 can-
cer cases, 1792 (76%) in men and 564 (24%) in women were
recorded among the 9670 male (69%) and 4329 female
(31%) visual artists during the time frame of the study. The
SIR for all cancer sites combined was 1.06 (95% Cl: 1.01-1.11)
in men and 1.05 (0.97-1.14) in women (Table 2).
No significant differences in the overall SIR were noted
across the countries.
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Table 1. Study population of visual artists and number of cancer cases stratified by country, age, and follow-up period.

Men Women
Finland Iceland Norway Sweden Total Finland Iceland Norway Sweden Total

Number of persons 1128 59 1059 7423 9670 769 24 411 3125 4329
Average follow-up (years) 22.2 19.5 27.4 25.1 23.6 21.6 20.6 26.8 23.1 23.0
Person-years 25,073 1156 29,052 186,605 241,886 16,613 492 11,012 72,210 100,326
Observed number of cancers 171 15 247 1359 1792 88 3 90 383 564
Age group

30-49 13 0 10 94 117 20 0 8 87 115

50-69 83 3 96 619 801 41 3 44 199 287

>70 75 12 141 646 874 27 0 38 97 162
Follow-up period

1961-1975 14 53 204 271 7 18 52 77

1976-1990 47 1 109 464 621 31 1 29 109 170

1991-2005 110 14 85 691 900 50 2 43 222 317

Site-specific risks, men

For male visual artists of all four countries combined
(Table 2), there were statistically significant excesses in can-
cers of the tongue (SIR 2.91, 95% ClI: 1.74-4.55), oral cavity
(2.09, 1.26-3.27), pharynx (2.18, 1.45-3.15), testis (1.91, 1.11-
3.05), renal pelvis (2.48, 1.42-4.03), and bladder (1.33, 1.14-
1.55) corresponding to 0.52, 0.41, 0.63, 0.33, 0.40, and 1.73
excess cancers per 10,000 PYs. The excess in pharyngeal can-
cer was only significantly elevated for oropharyngeal cancer
(SIR 2.72, 95% Cl: 1.49-4.56). A reduced risk was observed for
cancers of the lip (0.45, 95% Cl: 0.18-0.93) and stomach
(0.65, 0.50-0.84). The incidence for lung cancer was at the
population level.

The differences in country-specific SIRs were the largest in
colon cancer with the SIR varying from 2.25 in Finland (95%
Cl: 1.33-3.55) to 0.86 in Norway (95% Cl: 0.53-1.31) (Table 3).
We excluded Icelandic results from Table 3 because all site-
specific expected numbers of cases were less than five.

No marked variations in the SIRs across the follow-up
periods were noted (Table 4). The SIRs for most cancer types
were quite similar or decreased during the 45-year follow-up
period. The SIRs were also quite stable between the age cat-
egories (Table 5). A statistically significant excess in testicular
cancer was observed in the youngest age category, while
both observed and expected numbers of cases were small in
the older age categories. Conversely, no excess risk in can-
cers of the tongue, oral cavity, or pharynx was observed in
the youngest age category, while significantly increased SIRs
were observed in the older age categories. The EARs were
highest in the first follow-up period and oldest age category
(6.42 and 18.15 excess cancers per 10,000 PYs, respectively).

Site-specific risks, women

In female visual artists (Table 2), the only significantly
increased risk was observed in breast cancer (SIR 1.29, 95%
Cl: 1.13-1.48) and the only significantly decreased risk in
stomach cancer (SIR 0.43, 95% Cl 0.17-0.88) yielding 4.86 and
—0.94 excess cancers per 10,000 PYs, respectively. The inci-
dence of lung cancer was close to the population average.
While the risk of female breast cancer was significantly
elevated in the age categories 30-49 (SIR 1.33, 95% Cl: 1.03-
1.69) and 50-69 years (SIR 1.39, 95% CI: 1.15-1.67), no excess

was observed in the >70-years age category (33 cases
observed versus 33.5 expected).

Discussion

The overall cancer incidence among visual artists in the
Nordic countries closely mirrors the general population’s inci-
dence rates across all countries, both sexes, all age catego-
ries, and throughout the 45-year study period. Several
statistically significantly elevated and decreased incidences
were observed for various specific cancer types in men, while
in female visual artists, the only significant findings were the
elevated cancer risk of breast cancer (SIR 1.29) and the
decreased risk of stomach cancer (SIR 0.43). We observed in
men over two-fold excess risks of cancers of the tongue, oral
cavity, pharynx, and renal pelvis, and also a significant risk of
testis and bladder cancers.

Besides occupational exposure to carcinogens, numerous
other environmental, and also genetical factors may play a
role in cancer onset [12]. Furthermore, due to the heterogen-
eity of the artistic field and the multitude of substances used
by artists — such as solvents, pigments, and dyes, to name a
few - establishing a connection between specific materials
or chemicals used by artists and cancer risk is challenging
and would require thorough data collection. A survey study
conducted in Finland revealed that 52% of Finnish visual
artists engaged in painting and 33% in installation art (i.e.,
three-dimensional visual artworks) [13]. Visual artists can be
exposed through inhalation, absorption via skin, and even
ingestion of numerous hazardous materials with suspected
or unknown carcinogenicity [2]. The increased incidence of
bladder cancer in the current study corroborates previous
observations by Miller et al. [14] whose case-control study
reported an increased risk of bladder cancer mortality among
artistic painters (RR adjusted for smoking 2.5, 95% Cl: 1.1-
5.7). Occupational exposure as a painter has been classified
as a Group-1 carcinogen and is associated with an increased
risk of bladder cancer. Indeed, epidemiological studies have
demonstrated a consistent association between occupational
exposure as a painter and bladder cancer [3]. Bachand et al.
[15] conducted a meta-analysis based on 33 case-control
studies and estimated a relative risk of bladder cancer
adjusted for smoking of 1.30 (95% Cl: 1.17-1.44) among
painters. It would not be unreasonable to hypothesize that
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Table 2. Observed (Obs) numbers of cancer cases, standardized incidence ratios (SIR) with 95% confidence intervals (Cl), and excess absolute risk (EAR) per
10,000 person-years among visual artists in Finland, Iceland, Norway, and Sweden, follow-up 1961-2005. Statistically significant SIRs highlighted in bold and
with red (increased) or green (decreased).

Men Women
ICD-7 Site Obs SIR 95% Cl EAR Obs SIR 95% Cl EAR
140-204 All sites 1792 1.06 1.01-1.11 4.22 564 1.05 0.97-1.14 2.83
140 Lip 7 —0.35 0 0.00 0.00-3.33 —0.11
141 Tongue 19 291 1.75-4.55 0.52 2 1.42 0.17-5.12 0.06
143-144 Oral cavity 19 2.09 1.26-3.27 0.41 4 2.10 0.57-5.39 0.21
145-148 Pharynx 28 2.18 1.45-3.15 0.63 3 1.92 0.40-5.62 0.14
145 oropharynx 14 2.72 1.49-4.56 0.36 1 1.28 0.03-7.11 0.02
150 Oesophagus 23 1.02 0.65-1.54 0.02 1 0.37 0.01-2.08 —0.17
151 Stomach 61 —1.34 7 —0.94
151.1 Cardia 12 0.88 0.46-1.54 -0.07 0 0.00 0.00-2.55 —0.15
152 Small intestine 5 0.57 0.19-1.34 —0.15 2 0.93 0.11-3.37 —0.02
153 Colon 141 1.10 0.93-1.30 0.53 32 0.80 0.55-1.13 —0.79
154 Rectum, rectosigma 99 113 0.92-1.37 0.47 20 0.97 0.59-1.50 —-0.07
155.0 Primary liver 24 1.13 0.72-1.67 0.11 4 1.09 0.30-2.78 0.03
155.1 Gallbladder 12 134 0.69-2.35 0.13 2 0.33 0.04-1.20 —0.40
157 Pancreas 47 0.87 0.64-1.16 -0.28 13 0.89 0.48-1.53 —0.16
161 Larynx 19 1.02 0.61-1.59 0.01 0 0.00 0.00-4.89 —0.07
162,163 Lung 198 1.01 0.87-1.16 0.07 29 1.09 0.73-1.56 0.23
adenocarcinoma 44 1.21 0.88-1.62 0.31 1 1.22 0.61-2.18 0.20
small cell 26 1.10 0.72-1.61 0.10 2 0.50 0.06-1.79 —0.20
squamous cell 62 0.92 0.71-1.18 -0.22 5 1.13 0.37-2.63 0.06
158,162 Mesothelioma 4 0.58 0.16-1.48 -0.12 0 0.00 0.00-7.39 —0.05
170 Breast 215 1.29 1.13-1.48 4.86
ductal 96 1.28 1.04-1.56 2.08
lobular 16 1.19 0.68-1.93 0.26
171 Cervix uteri 17 0.89 0.52-1.42 —0.21
172 Corpus uteri 41 1.27 0.91-1.72 0.87
175.0 Ovary 33 0.99 0.68-1.39 —0.03
177 Prostate 500 1.08 0.99-1.18 1.57
178 Testis 17 1.91 1.11-3.05 0.33
seminoma 1 1.73 0.86-3.10 0.719
179.0 Penis 5 0.87 0.28-2.02 —0.03
180 Kidney 71 1.1 0.87-1.40 0.29 15 117 0.66-1.94 0.22
180.1 renal pelvis 16 2.48 1.42-4.03 0.40 4 3.46 0.94-8.87 0.28
181 Bladder 168 1.33 1.14-1.55 1.73 9 0.75 0.34-1.42 —0.31
190 Melanoma 53 0.98 0.73-1.28 —0.05 18 0.87 0.52-1.38 —0.26
191 Other skin 80 1.04 0.82-1.29 0.12 20 1.28 0.78-1.98 0.44
193 Brain 46 0.98 0.71-1.30 —0.05 24 1.23 0.79-1.83 0.45
194 Thyroid 9 1.09 0.50-2.06 0.03 12 1.52 0.79-2.66 0.41
200,202 Non-Hodgkin lymphoma 59 1.1 0.84-1.43 0.24 17 117 0.68-1.87 0.25
201 Hodgkin lymphoma 8 0.95 0.41-1.86 —0.02 1 0.54 0.01-3.00 —0.09
203 Multiple myeloma 18 0.66 0.39-1.05 —0.38 3 0.45 0.09-1.32 —0.37
204 Leukaemia 41 0.98 0.70-1.32 —0.04 9 0.92 0.42-1.75 —0.08
chronic lymphatic 21 1.12 0.70-1.72 0.10 2 0.58 0.07-2.09 —0.15
acute myeloid 9 0.86 0.39-1.63 —0.06 4 1.24 0.34-3.18 0.08

Table 3. Observed (Obs) numbers of selected cancers, standardized incidence ratios (SIR) with 95% confidence intervals (Cl), and excess absolute risk (EAR) per
10,000 person-years among male visual artists in Finland, Iceland, Norway, and Sweden, stratified by country. Statistically significant SIRs highlighted in bold
and with red (increased) or green (decreased).

Finland Norway Sweden

ICD-7 Site Obs SIR 95% Cl EAR Obs SIR 95% Cl EAR Obs SIR 95% Cl EAR

140-204 All sites 171 1.06 0.91-1.23 4.03 247 0.93 0.81-1.05 —6.75 1359 1.08 1.03-1.14 570
141 Tongue 2 2.95 0.36-10.7 0.52 3 291 0.60-8.50 0.69 14 2.93 1.60-4.91 0.49
143-144 Oral cavity 4 5.89 1.60-15.1 1.32 1 0.65 0.02-3.64 —0.17 14 2.05 1.12-3.44 0.39
145-148 Pharynx 1 1.14 0.03-6.35 0.04 4 2.34 0.64-5.99 0.79 23 2.25 1.43-3.38 0.69
145 oropharynx 1 2.90 0.07-16.1 0.24 1 1.64 0.04-9.14 0.14 12 2.87 1.48-5.01 0.42
151 Stomach 7 0.76 0.30-1.56 -0.92 7 —4.10 47 —-0.95
153 Colon 18 2.25 1.33-3.55 3.99 21 0.86 0.53-1.31 -1.20 99 1.04 0.85-1.27 0.22
162,163 Lung 23 0.67 0.43-1.01 —4.39 26 0.74 0.49-1.09 =3.10 148 1.18 0.99-1.38 1.18
178 Testis 1 1.85 0.05-10.3 0.20 3 2.28 0.47-6.66 0.59 13 1.86 0.99-3.17 0.32
180 Kidney 5 0.76 0.25-1.78 —0.64 1" 1.25 0.63-2.24 0.76 54 1.12 0.84-1.46 0.32
180.1 renal pelvis 1 2.45 0.06-13.7 0.24 2 1.95 0.24-7.03 0.34 13 2.61 1.39-4.46 0.43
181 Bladder 10 1.11 0.53-2.04 0.40 21 0.98 0.61-1.50 —0.14 136 1.43 1.20-1.70 2.20
193 Brain 6 1.35 0.50-2.95 0.64 7 1.19 0.48-2.45 0.38 32 0.87 0.60-1.24 -0.25
203 Multiple myeloma 0 0.00 0.00-1.79 —0.84 3 0.42 0.13-1.82 —0.62 15 0.74 0.42-1.23 —0.28
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Table 4. Observed (Obs) numbers of selected cancers and standardized incidence ratios (SIR) with 95% confidence intervals (Cl), and excess absolute risk (EAR)
per 10,000 person-years among male visual artists in Finland, Iceland, Norway, and Sweden, stratified by follow-up period. Statistically significant SIRs high-

lighted in bold and with red (increased) or green (decreased).

1961-1975 1976-1990 1991-2005

ICD-7 Site Obs SIR 95% Cl EAR Obs SIR 95% Cl EAR Obs SIR 95% Cl EAR

140-204 All sites 271 1.18 1.04-1.33 6.42 621 1.05 0.97-1.13 3.21 900 1.04 0.97-1.11 3.66
141 Tongue 3 322 0.66-9.42 0.33 5 2.14 0.69-4.99 0.32 1 3.38 1.69-6.04 0.84
143-144 Oral cavity 1 0.71 0.02-3.97 —0.06 9 2.59 1.19-4.93 0.64 9 2.14 0.98-4.06 0.53
145-148 Pharynx 8 3.51 1.52-6.93 0.89 10 2.19 1.05-4.03 0.63 10 1.67 0.80-3.07 0.44
145 oropharynx 4 7.62 2.08-19.5 0.54 4 2.54 0.69-6.52 0.28 6 1.96 0.72-4.28 0.32
151 Stomach 17 0.72 0.42-1.15 —1.04 25 —1.59 19 —1.35
153 Colon 29 1.74 1.16-2.50 1.91 41 0.92 0.66-1.24 —0.43 71 1.06 0.83-1.34 0.46
162,163 Lung 34 1.09 0.75-1.52 0.44 82 1.04 0.83-1.29 0.35 82 0.95 0.76-1.18 —0.46
178 Testis 3 132 0.27-3.85 0.11 8 2.54 1.10-5.00 0.57 6 1.72 0.63-3.74 0.27
180 Kidney 22 1.91 1.20-2.90 1.63 22 0.87 0.54-1.31 —0.40 27 1.00 0.66-1.45 0.00
180.1 renal pelvis 5 4.95 1.61-11.6 0.62 4 1.57 0.43-4.02 0.16 7 2.42 0.97-4.99 0.45
181 Bladder 27 1.79 1.18-2.60 1.85 62 1.37 1.05-1.75 1.95 79 1.20 0.95-1.50 1.46
193 Brain 9 0.94 043-1.78 —0.09 18 1.03 0.61-1.63 0.07 19 0.94 0.57-1.47 —0.13
203 Multiple myeloma 2 0.48 0.06-1.73 —0.34 7 0.68 0.27-1.40 -0.39 9 0.71 0.32-1.34 —0.40

Table 5. Observed (Obs) numbers of selected cancers and standardized incidence ratios (SIR) with 95% confidence intervals (Cl), and excess absolute risk (EAR)
per 10,000 person-years among male visual artists in Finland, Iceland, Norway, and Sweden, stratified by age at follow-up. Statistically significant SIRs high-

lighted in bold and with red (increased) or green (decreased).

30-49 50-69 70+

ICD-7 Site Obs SIR 95% Cl EAR Obs SIR 95% Cl EAR Obs SIR 95% Cl EAR

140-204 All sites 17 1.14 0.94-1.36 1.44 801 1.03 0.96-1.11 2.34 874 1.08 1.01-1.15 18.15
141 Tongue 4 491 1.34-12.6 0.33 1 291 1.45-5.21 0.65 4 2.07 0.56-5.30 0.61
143-144 Oral cavity 1 1.18 0.03-6.59 0.02 13 2.51 1.34-4.29 0.71 5 1.64 0.53-3.82 0.55
145-148 Pharynx 3 2.03 0.42-5.93 0.16 13 1.63 0.87-2.78 0.45 12 3.57 1.84-6.23 2.51
145 oropharynx 1 1.44 0.04-8.00 0.03 7 2.13 0.86-4.39 0.33 6 5.14 1.88-11.2 1.40
151 Stomach 3 0.53 0.11-1.56 -0.27 32 0.71 0.49-1.01 -1.17 26 —4.96
153 Colon 1 1.64 0.82-2.93 0.45 53 1.00 0.75-1.31 —-0.01 77 113 0.89-1.41 2.54
162,163 Lung 13 1.47 0.78-2.51 0.44 103 0.96 0.79-1.17 -0.35 82 1.02 0.81-1.26 0.41
178 Testis 13 2.23 1.19-3.82 0.75 4 156 0.43-4.00 0.13 0 0.00 0.00-6.94 —0.15
180 Kidney 8 1.39 0.60-2.74 0.23 40 115 0.82-1.57 0.48 23 0.98 0.62-1.47 —0.15
180.1 renal pelvis 1 2.30 0.06-12.8 0.06 10 3.13 1.50-5.76 0.62 5 177 0.58-4.14 0.64
181 Bladder 8 1.39 0.60-2.73 0.23 70 1.26 0.98-1.59 1.29 90 1.39 1.12-1.71 7.41
193 Brain 8 0.77 0.33-1.52 -0.25 20 0.77 0.47-1.18 —0.55 18 1.69 1.00-2.67 2.13
203 Multiple myeloma 1 0.65 0.02-3.63 —-0.05 12 0.93 0.48-1.62 —-0.08 5 -2.28

visual artists, particularly artistic painters, would be exposed,
at least to some degree, to the same chemical compounds
and thus the same carcinogens as professional painters.

The excess risk of urogenital cancers observed among
men in our study might be associated with exposure to sol-
vents. Indeed, solvents are widely used in the visual arts
such as spray paints, lacquers, thinners, inks, varnishes, lea-
ther and textile dyes, adhesives, and plastic cements, and
have been associated with increased risk of testicular [16-
18], kidney [18], and bladder cancers [19]. Data from the
NOCCA cohort previously revealed that occupational expos-
ure to trichloroethylene, aromatic hydrocarbon solvents, ben-
zene, and toluene has been associated with an increased risk
of bladder cancer [19]. Exposure, both by inhalation and via
skin contact, can occur through manual handling during
preparation of the paint. High airborne concentrations of sol-
vents can result from open solvent containers, solvent-
soaked brushes, and accidental spills. Even when with low
solvent concentrations, long hours of exposure in an art stu-
dio, especially if poorly ventilated, can contribute to chronic
solvent toxicities [2]. Besides inhalation and skin absorption,
ingestion of chemicals in art studios could also occur unin-
tentionally through contamination while eating, drinking,
smoking, or touching the lips.

A noteworthy observation to emerge from the current
study is that the risk of kidney cancer was not elevated after
1975 and SIR of bladder cancers decreased towards the latest
periods. A conceivable explanation would be the improve-
ment in workplace safety: use of protective equipment, bet-
ter ventilation systems, and greater awareness of hazards [1].
In addition, the gradual decline of certain solvents and mate-
rials previously widely employed could be conducive to a
steady decline of carcinogenic exposure throughout the
NOCCA study period. For instance, the overall use of tri-
chloroethylene as a solvent - linked to bladder and kidney
cancer [19,20] - has declined by 85% between 1984 and
2006 in Europe [21]. Benzidine — an aromatic amine used in
the production of dyes, associated with bladder cancer - has
been withdrawn from most industries, including the arts [22].
Since 1966, the use of styrene - a derivative of benzidine
used to model architecture and interior spaces and other dis-
plays and linked to kidney cancer [23] - has progressively
declined in Europe [24].

We uncovered elevated incidence rates of cancers of the
tongue, oral cavity, and pharynx among male visual artists.
Supportive of our findings, the literature describes an associ-
ation between solvents employed by visual artists and the
occurrence of oral and pharyngeal cancers, though the
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evidence is limited and conflicting. A pooled analysis [25]
comprising 8839 head and neck cancer (HNC) cases and
13,730 controls conveyed an increased risk of HNC [odds
ratio (OR) adjusted for confounders 1.36, 95% Cl: 1.00-1.85]
among painters not employed in construction (no details on
the proportion of artists were available). Carton et al. [26]
observed elevated ORs for HNC among women ever exposed
to trichloroethylene (adjusted OR 2.15, 95% Cl 1.21-3.81),
increasing along exposure duration (OR 4.44, 95% C| 1.56-
12.6 for 10years or more). However, the same observation
did not emerge in men [27]. In a subsequent study [28], the
authors uncovered that individuals affected by high levels of
cumulative exposure to diethyl ether — an oxygenated solv-
ent — had a significant excess risk of oropharyngeal cancer
(OR 7.78, 95% Cl: 1.42-42.59). Ever-exposure to another oxy-
genated solvent, tetrahydrofuran, was associated with an OR
of 1.87 for oral cancer (95% Cl: 0.97-3.61), albeit with no
exposure-response trend. A literature review published in
2012 [29] reported a modest association between polycyclic
aromatic hydrocarbons — emitted from drying paints [30] —
and oral and pharyngeal cancer risk (pooled RR 1.14, 95% Cl:
1.02-1.28). However, the authors failed to uncover an associ-
ation between cancer risk and exposure to any solvent in
general (pooled RR 0.98, 95% Cl: 0.77-1.23)

Few data are available on visual artists’ lifestyle factors that
would help in the interpretation of their cancer risk pattern.
The non-elevated incidence of lung cancer suggests a similar
smoking prevalence between visual artists and the general
population, while the elevated risk of cancers of the tongue,
oral cavity, and pharynx is supportive of more widespread
alcohol drinking among visual artists. Still, the increased SIRs
of these alcohol-related cancers are at odds with results from
the survey study conducted in 2012 by Houni et al. [31] on
the well-being of Finnish artists. The study comprised 266 vis-
ual artists of whom 2% reported heavy alcohol use (>25 units
a week). Correspondingly, in the Finnish population aged 30-
64, the prevalence of hazardous drinking — 24 alcohol units
for men and 16 for women - was estimated at 5.8% (8.5% in
men and 3.1% in women) in 2000 [32].

Regarding the cancer risk among female visual artists, our
results did not show statistically significant deviations from
the reference estimates, suggestive of a similar, or even
healthier, lifestyle as compared to the general population.
Indeed, the female visual artists had a significantly lower inci-
dence of gastric cancer (SIR 0.43) whose known risk factors
are among else increased Helicobacter pylori infections,
excessive salt intake, as well as low fruit and vegetable con-
sumption [33]. Incidence of smoking- and alcohol-related
lung cancer and HNCs among female visual artists did not
differ markedly from the rates in the general population,
supportive of similar smoking and drinking habits as the
general population. In line with our rationale are the Finnish
survey studies which conveyed that visual artists are mindful
of their well-being, pursue healthier lifestyles today than in
the past, and sleep and exercise as much as other Finns
[13,31]. However, a moderate risk excess was recorded for
breast cancer (SIR 1.29) which may stem from exposure to
solvents. As in men for urogenital cancers, the risk of breast

cancer among women was not significantly elevated during
the 1991-2005 period. Several studies hint at an increased
vulnerability for breast cancer among women exposed to sol-
vents [34-38]. Particularly, exposure before the first birth was
according to Ekenga et al. [34] associated with an increased
risk for estrogen receptor-positive invasive breast cancer
among parous women. It is also acknowledged that high age
at first pregnancy and low parity increase the breast cancer
risk [39]. Female visual artists may have fewer children or
their first birth at a later age than the reference population,
increasing their risk of breast cancer.

The foremost strength of the present study is the relatively
large size and long follow-up of the cohort, which allows us
to identify modest to high excesses for at least most common
cancers. To the best of our knowledge, no similar-sized cohort
study on cancer risk among visual artists has been published
before. The study had access to high-quality cancer registry
data from across the Nordic countries [11]. Due to the high
coverage, precision, and validity of the linked files, the cancer
risk estimates can be deemed reliable. Moreover, the cancer
incidence data permit the identification of non-fatal cancers,
which would not be achievable in cancer mortality studies.
We also had access to histology information, allowing risk
evaluation by histological cancer subtype. As the present
study was based on incident cancer cases and exact PYs, there
is no bias caused by occupational variation in cancer survival
and mortality from competing causes of death.

However, this study on visual artists has inherent short-
comings worth further discussing. Firstly, data on occupa-
tional duration and exposure characteristics were not
available. The occupational affiliation at a certain juncture in
life may not always reflect lifelong occupational history.
However, a comparison of results based on a single cross-
sectional occupational information with results from studies
with complete occupational histories indicates that the dilut-
ing effect due to misclassification is minor, especially in spe-
cialized occupations [10]. Occupational stability in the visual
arts is high, and hence we can assume that the risk estimates
genuinely depict the cancer pattern of visual artists [13].
Secondly, stratification of the results according to the exact
visual artistic profession, albeit unfeasible with the data avail-
able to us, would have also refined the interpretation of the
results. Finally, most of the data of this study were collected
decades ago and the results may not be generalized to mod-
ern-day occupational conditions of visual artists.

Conclusion

In summary, this study suggests that visual artists carry an
overall cancer risk that is slightly above the risk among the
general population of the four Nordic countries. The excess
risk of urinogenital cancer might be associated with exposure
to solvents. The non-elevated incidence of lung cancer sug-
gests a similar prevalence of smoking between visual artists
and the general population, while the elevated risk of can-
cers of mouth and pharynx is suggestive of more widespread
alcohol drinking among visual artists.
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