
Introduction

Sarcoidosis is a multisystem disease that incorpo-
rates the pathologic hallmark of noncaseating granu-
lomata. Sarcoidosis affects the lungs in about 90% of 
patients, but can also affect the eye, heart, nervous 

system, lymph nodes, skin and other organ systems (1-
5). Outcomes can vary widely between patients and 
symptoms can resolve spontaneously, remain in remis-
sion for years, or lead to multisystem organ failure or 
sudden cardiac death (1-4). Alberta has a population 
of over 4 million individuals. According to informa-
tion from the Government of Alberta, rates of this dis-
order appear to be rising in recent years within Alberta 
(6). In 2015, the incidence rate for females was 7.8 and 
11.2 for males (each per 100,000; not age-standard-
ized). For comparison, the American Thoracic Society 
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Statement on sarcoidosis from 1999 reported inci-
dence rates of 5.9 (men) and 6.3 (women) per 100,000 
person years in the United States. Additionally, al-
though some studies of sarcoidosis show a higher 
prevalence amongst women (2,7), in Alberta rates for 
women have increased only 33% over a 10-year period 
whereas rates for men have increased 157% over the 
same period (6). While no one cause of sarcoidosis has 
been identified, occupational and/or environmental 
exposures have been suggested to contribute to the de-
velopment of this disease. Furthermore, the spectrum 
of clinical phenotypes has led researchers to believe 
that there may be more than one exposure that may 
lead to immunologic sensitization (1). 

There has been little success in identifying exactly 
which exposures may lead to sarcoidosis in which indi-
viduals, although beryllium exposure has been shown 
to cause a disease clinically and radiologically similar 
to sarcoidosis called chronic beryllium disease (CBD) 
(8,9). Beryllium is a metal with many useful proper-
ties when used as an alloy in a variety of industries, 
including aerospace, computers, and the oil and gas 
industry (10). Up to 16% of individuals exposed to be-
ryllium become sensitized through the cutaneous and 
/ or inhalational route (8,9). Inhalation of beryllium 
particulates can result in the development of a “sar-
coid-like illness” which, when biopsied, also reveals 
noncaseating granulomata. Other exposures which 
have been suggested as potential links to sarcoidosis, 
or mortality due to sarcoidosis, include: agricultural 
dust, wood-burning (11), metalworking, health care 
and teaching (12,13). Given the recent rise in rates of 
sarcoidosis in Alberta, the purpose of this study was 
to identify patterns in occupational or environmental 
exposures among patients diagnosed with sarcoidosis 
in this province. 

Methods

A prospective observational study was under-
taken. Recruitment of patients attending relevant am-
bulatory clinics in two main tertiary care hospitals in 
the Edmonton region (University of Alberta Hospital 
and Royal Alexandra Hospital). The subspecialty clin-
ics all had a pre-existing interest in sarcoidosis, and 
collaborated in clinical research with the provision of 
clinical care to patients with this disorder. As opposed 

to other large studies, such as the ACCESS study (A 
Case Control Etiologic Study of Sarcoidosis) which 
only recruited subjects from one subspecialty group 
(Respirologists) (12), our study broadly evaluated 
potential subjects to recruit from subspecialty clinics 
including Respirologists, Neurologists, Cardiologists 
and Occupational Medicine Specialists and their af-
filiated clinics. This was reflective of patterns of sub-
specialty referral for patients in Northern Alberta.

Recruitment was carried out over 12 months 
(May 2016-May 2017) and included all adult subjects 
(18 years of age and older) screened through our com-
mon electronic medical record. They were approached 
and willing to participate in the study with biopsy-
confirmed sarcoidosis (all radiographic stages), except 
for those with Löfgren’s Syndrome where only a clini-
cal review with classic radiographic findings were suf-
ficient (no biopsy required). Pathologic samples con-
firmed sarcoidosis in the appropriate clinical context 
and the presence of typical noncaseating granulomata. 
Patterns of industries and / or environmental expo-
sures thought to be relevant to the development of sar-
coidosis, were identified utilizing prior studies which 
reviewed similar environmental and occupational ex-
posures (12).

Exclusion criteria comprised active malignancy 
and/or currently receiving chemotherapy, as well as 
those expected to die within the next 6 months due 
to any cause. Additionally, individuals with a history 
of lung or other solid organ transplant or hematologic 
transplant were excluded. Active tuberculosis was ex-
cluded in all research participants.

All patients with confirmed sarcoidosis attending 
the relevant clinics were identified prior to their visit 
through a review of patient files by their primary cli-
nician. Individuals were informed about the study by 
clinic staff at the time of their attendance through the 
study research assistant (RA) and asked if they were 
willing to meet after their clinic visit. If agreed to, the 
RA met with the subject following their clinic visit 
and the study procedures discussed with them. Af-
ter providing informed consent, clinical information 
was reviewed by the RA with the subject. Participants 
were then given a list of occupations and industries 
with potential for exposure to agents associated with 
an increased risk of sarcoidosis both from expert in-
put and available literature (14). This included life-
time exposures both at the workplace and otherwise 
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(not limited to just at the time of recruitment). Blood 
was drawn and stored for biobanking at the time of 
recruitment for future work. Clinical information in-
cluding thoracic staging along with other diagnostic 
imaging studies performed as part of clinical care, 
along with progress to date was obtained through re-
view of the clinical record. The EQ-5D quality of life 
index was performed, along with screening for neuro-
logic involvement with the 9-hole peg test (15,16) and 
Montreal Cognitive Assessment (MoCA) (17).

Study information was collected and entered into 
the REDCap (20) electronic data capture tools hosted 
and supported by the Faculty of Medicine and Den-
tistry at the University of Alberta. Verification of data 
entered was performed by two individuals ( JP, DV) 
for accuracy. Data were exported from REDCap to 
Excel (MS Excel, 2016) for further analysis.

Institutional ethics approval was provided by the 
University of Alberta Research Ethics Board (Study 
ID: Pro00061653) and operational approval through 
the University of Alberta Hospital (Alberta Health 
Services [AHS]). The latter included access for re-
search staff to the AHS supported electronic medical 
record system, e-Clinician (Epic-based system, Wis-
consin). 

Results

Overall, 49 patients from the various clinics were 
approached, one excluded due to coexisting (active) 
malignancy and three chose not to participate (no 
particular reason provided). A total of 45 subjects (25 
males / 20 females) were recruited for the study. The 
majority were white Caucasian by self-identified eth-
nicity (91%). Based on thoracic diagnostic imaging, 
the majority of recruited subjects were females with 
stage I disease and males with stage II disease. There 
was also a significant proportion (27%) who resided 
in rural and remote communities - outside of urban / 
suburban areas mainly captured with other large sar-
coidosis cohorts previously published. 

Available information was gathered from the 
shared electronic medical record hosted by Alberta 
Health Services (Epic-based system, Wisconsin). 
All subjects also had electrocardiograms (ECGs) and 
echocardiograms reviewed, along with cardiac MR 
and 24 hour holter monitor tests when available. All 

subjects had neurologic imaging including computed 
tomography (CT) Heads and magnetic resonance im-
aging (MRI) Brains reviewed when available. 

Subjects were reassessed at 6 and 12 months. 
There were no deaths or loss to follow up over the 
study duration. No adverse change was observed in 
this cohort during the 12-month time period.

The majority of subjects had sarcoidosis involve-
ment of the respiratory tract (98% of participants). 
In addition, approximately 1/3 (31%) had cardiac in-
volvement and 1/5 (18%) had neurologic involvement 
(Table 1). Some patients had active disease; some had 
dormant disease (latter primarily from the respiratory 
and occupational medicine clinics). The number of 
months between a diagnosis of sarcoidosis and study 
recruitment ranged from 1 month (6 subjects) to 444 
months (the latter being a single outlier followed since 
their diagnosis in the 1970s with inactive disease but 
significant prior morbidity). The median number of 
months from diagnosis was 20 months, with 12 sub-
jects (1/4) recruited within 4 months of diagnosis. 
Whereas all patients with a neurologic presentation 
had neurological deficits, none of the recruited sub-
jects with other organ system presentation had evi-
dence of neurologic compromise through clinical re-
view and formal bedside neurologic screening tests. 

The majority of subjects recruited into this co-
hort were radiographic stage I and II thoracic disease, 
as determined by computed tomography (CT) of the 
chest (Figure 1).

Lifetime industry/occupation and environmen-
tal exposure (Table 2) incorporated a variety of areas 
with some overlap – including farming and agriculture 
(27%), oil and gas (20%), metalworking (18%) and 
animal handling (18%) constituting the most fre-
quently reported exposures (Table 2). Although farm-
ing and agriculture had equal representation of males 
and females in our cohort, all individuals in the oil and 
gas industry were males.

Quality of Life as determined by the EQ-5D did 
not show any difference between baseline and at the 
6 and 12 month intervals of follow up utilized in this 
study (Figure 2).

Discussion

The Sarcoidosis Study evaluated a group of high-
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er risk individuals with sarcoidosis in relation to oc-
cupational and environmental exposures. We found a 
striking proportion of individuals with potentially rel-
evant occupational and / or environmental exposures 
that were missed during their initial clinical assess-
ments. As well, new environmental exposures have 
more recently been elucidated (26, 27). 

In comparison to other recent cohorts from 
Northern Europe (28, 29), our demographics in 
Northern Alberta constitute a unique population due 

to the predominant industries found in this region. 
The oil and gas industry captured within the list of in-
dustries queried was particularly unique in our study, 
as all positive respondents were male. This may explain 
some of the unusual provincial demographics that 
were previously noted through Alberta Health (6). 
Interestingly, recent work on sarcoidosis that was pub-
lished from Ontario, Canada has also shown a relative 
increase in male preponderance spanning two decades 
(31). This Central Canadian province-wide study uti-
lized health administrative database. It is well known 
that over the latter half of their study period which 
was during the economic boom in Alberta, many On-
tarians traveled back and forth to work in Northern 
Alberta, often living in large camps during extended 
work periods spanning several weeks. Many Ontarian 
residents have been seen by specialist clinicians at the 
site of our tertiary referral center for different acute 
and chronic conditions including sarcoidosis (clinical 
observation - with only limited specialist follow up 
feasible). Individuals frequently traveled back to their 
home of residence (home province of Ontario) during 
their subsequent extended periods of time away from 

Table 1. Baseline Demographics of Sarcoidosis Recruits

Gender (F/M) 20/25  

Age at recruitment (years) 50.6  +/- 13.6  

Body Mass Index (kg/m2) 31.5  +/- 6.7  

    % of total

Region of residence Urban 21 47

 
Suburban 12 27

Rural/remote 12 27

Ethnicity White 41 91

 
South Asian 2 4

Black 1 2

Mixed 1 2

Organ systems involved respiratory 44 98

  cardiac 14 31

  neurological 8 18

  ocular 6 13

  sarcoidosis arthritis 5 11

  skin 4 9

Fig. 1. Thoracic Radiographic Staging
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work. However it would have been impossible to cap-
ture this work-related information with the method-
ology used (this health administrative database is not 
linked to individuals’ place of work). 

Another recent study was published on the larg-
est cohort of sarcoidosis patients from Belgium to date 
(31). Of the 234 subjects in this study, a similar male 
preponderance was also noted (60%), however the in-
dustries captured were slightly different than found 
in our cohort; close to half of the Belgian subjects 
were white-collar workers (31). The construction and 
chemical industries appeared to be over-represented 
in their cohort.

It is not at all surprising that no change in qual-
ity of life was noted in our study over the short time 
frame of monitoring (12 months), as sarcoidosis can 
present and evolve over many years.

Study limitations included reliance on subject 

Table 2. Lifetime Exposure History by Job Title/Category

Job Title / Exposure Category* Females (%) Males (%) Total (%)

Farming/agricultural work 6 (30) 6 (24) 12 (26.7)

Oil and gas 0 9 (36) 9 (20)

Metalworking 1 (5) 7 (28) 8 (17.8)

Animal handler/veterinarian 4 (20) 4 (16) 8 (17.8)

Construction 1 (5) 6 (24) 7 (15.6)

None of the above 4 (20) 3 (12) 7 (15.6)

Health care sector 5 (25)  1 (4) 6 (13.3)

Lumber/wood products 0 5 (20) 5 (11.1)

Mining 1 (5) 2 (8) 3 (6.7)

Chemical industry 0 3 (12) 3 (6.7)

Stone, clay, glass or concrete 0 3 (12) 3 (6.7)

Metal industry 1 (5) 2 (8) 3 (6.7)

Manufacturing of heating equipment 1 (5) 2 (8) 3 (6.7)

Repairing electrical equipment 0 3 (12) 3 (6.7)

Pulp and paper industry 0 2 (8) 2 (4.4)

Manufacturing of industrial equipment 0 2 (8) 2 (4.4)

Manufacturing of automotive electrical equipment 0 2 (8) 2 (4.4)

Repairing/rebuilding automotive electrical equipment 0 2 (8) 2 (4.4)

Manufacturing/rebuilding of non-electrical vehicle parts 0 2 (8) 2 (4.4)

Armed forces 1 (5) 0 1 (2.2)

Firefighting 0 1 (4) 1 (2.2)

*Adapted from Henneberger, P., et al. (14)

Fig. 2. Patient Quality of Life Status (EQ-5DTM) at Baseline and 
at 6** and 12-Month* Interviews.  (*In one subject, 6-month val-
ue was used for 12-month data point as no information could be 
obtained for final interview. **Two additional data points missing 
from 6-month interviews).
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recall for prior occupational and environmental ex-
posures (however, this would result in more nega-
tives as has been noted in asbestos-related studies) 
specific to environmental exposures both within and 
external to the workplace (21-25). However, this is 
often the case with occupational histories pertinent 
to respiratory health in many similar studies (22). In-
evitably using job title to identify relevant workplace 
exposures will have led to us missing some accidental 
exposures for occupations where exposure was not an-
ticipated.  However, we believe the approach taken 
using a standardised list with occupations and indus-
tries known to be at risk was most practical in the 
circumstances.

TB has been noted with noncaseating granuloma-
ta and can be difficult to distinguish from sarcoidosis. 
Therefore a high degree of clinical suspicion is required 
to exclude this infectious etiology and biopsies require 
culture to correlate with cytomorphology (32, 33).

Beryllium sensitization has been revealed as a 
common issue in certain industries, however, the reg-
ulatory standards vary significantly between different 
countries. Within Canada’s Provinces and Territories 
the American Conference of Governmental Industri-
al Hygienists Threshold Limit Value (ACGIH TLV) 
is used. The threshold limit value of a chemical sub-
stance is believed to be a level to which a worker can 
be exposed day after day for a working lifetime with-
out adverse effects. The primary tool to objectively 
assess exposure with subsequent sensitization, based 
on a detailed history, is utilization of the beryllium 
lymphocyte proliferation test (8,9,18,19) (BeLPT) 
either through blood and / or bronchoscopy with 
bronchoalveolar lavage (BAL). The technical aspects 
of this assay require centralization of this study to pri-
marily one site (QA/QC) through the National Jew-
ish Hospital (Denver). Further research on this would 
be supported by better availability of testing for be-
ryllium sensitization.  However, this is complex and 
expensive. Indeed, the collected fresh blood or BAL 
sample requires processing within twenty-four hours 
to ensure limitation of falsely negative results, which 
are otherwise common without strict adherence to 
transport protocol. An alternative, utilising testing for 
a genetic polymorphism known to be associated with 
CBD, and which has already been used in Alberta, 
can be a valuable diagnostic tool, but is not as specific 
as a BeLPT (8,9,18,19).

We plan to carry out a prospective trial to more 
formally evaluate beryllium sensitization when re-
sources are available both for funding and for accu-
rate testing. Genetic associations should be evaluated 
further, and individuals considered for pre-screening 
prior to work in high risk occupations.

Imaging techniques utilized in the past for tho-
racic staging have relied on plain chest radiographs, 
however the literature supporting this is older. Given 
new techniques with low radiation exposure, we chose 
to use low dose high resolution computed tomog-
raphy of the chest (HRCT Chest) (34, 35) to stage 
individuals accordingly, as is done within our clinical 
environments.  

Sarcoidosis remains a heterogeneous disease with 
occupational and environmental factors that need to be 
taken into account. How assessments are done within 
clinical settings, particularly within a single payer sys-
tem as exists in Canada, could include more formal 
access to Industrial Hygienists or a dedicated nurse. 
This done within a more structured inter-disciplinary 
clinic to ensure a more comprehensive assessment of 
exposures can be captured as part of the patient as-
sessments and better structured patient-oriented care, 
which will mitigate the many “misses” for important 
occupational exposures in particular as noted in other 
occupational lung diseases (36). We need to better un-
derstand environmental and occupational exposures 
related to its occurrence through further prospective 
clinical trials in larger cohorts. Additionally, more 
formal inter-disciplinary clinical case conferences to 
rule out unusual presentations of TB (which can occa-
sionally present with noncaseating granulomata), and 
drug-induced sarcoid-like reactions which may have 
inadvertently have been missed, would be important 
to consider. Without a complete occupational and en-
vironmental history being taken for all patients with 
sarcoidosis, relevant exposures will continue to be 
missed, and with them opportunities for prevention.
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