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Introduction: For decades, the prevalence of smoking has been high in Greenland. Even so, the prevalence of chronic obstructive
pulmonary disease (COPD), a smoking-related disease, remains largely unexplored. This cross-sectional study aimed to estimate the
prevalence of COPD and chronic bronchitis (CB) among Inuit workers in the seafood industry in Greenland.
Methods: A total of 355 participants, 254 males and 101 females, met the inclusion criteria. Participants had a mean age of 38 years
(standard deviation 13.5; range 17–68 years). COPD was diagnosed based on post-bronchodilator ratio between forced expiratory
volume within one second and forced vital capacity (FEV1/FVC) below the lower limit of normal (LLN) according to the Global Lung
Function Initiative. Participants completed a questionnaire aiming to diagnose CB.
Results: The overall prevalence was 9.9% for COPD; 7.4% for CB. Participants were predominantly smokers; 73.2% active smokers,
91.8% active or former smokers. The prevalence of COPD was high, especially among those under 40 years of age. Both COPD and
CB were associated with smoking status.
Discussion: This study among Greenlandic seafood workers found that smoking was a risk factor for COPD and CB among
Greenlanders of Inuit origin. The high prevalence of COPD and the high prevalence of smoking underlines the importance of further
initiatives to reduce smoking in Greenland.
Keywords: chronic obstructive pulmonary disease, chronic bronchitis, Greenland, Inuit, smoking, lung function

Plain Language Summary
Despite high smoking rates in Greenland, little is known about how common smoking-related diseases such as chronic obstructive
pulmonary disease (COPD) or chronic bronchitis (CB) are in the country; neither in the general population nor in the working
population. Official statistics on these diseases may underestimate how common the diseases are. Therefore, we studied these diseases
among 355 seafood industry workers of Inuit origin in Greenland. Smoking rates were high with 92% ever smokers, and 73% active
smokers. Among participants under 40 years of age, COPD was observed in 10%. Both COPD and CB were associated with smoking
status. Our study underlines that smoking is a risk factor for COPD and CB among Greenlanders of Inuit origin. The study observed
better lung function in Inuit than predicted from normal values for Caucasians. The lack of Inuit lung function reference values may
contribute to the underestimation of COPD in Greenland. The study underlines the importance of further initiatives to obtain Inuit lung
function reference values and to reduce smoking in Greenland.
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Introduction
Chronic obstructive pulmonary disease (COPD) is characterized by persistent and usually progressive airflow limitation
associated with inflammation in the lungs.1 Demonstration of persistent airflow limitation by spirometry is required to
make the diagnosis. A post-bronchodilator ratio between forced expiratory volume within one second and forced vital
capacity (FEV1/FVC) below 70% confirms persistent airflow limitation according to the widely used definition of the
Global Initiative for Chronic Obstructive Lung Disease (GOLD).2 This criterion may falsely lead to the diagnosis of
COPD in some healthy elderly individuals and in specific ethnic groups. On the other hand, the GOLD criterion leads to
an underestimation of COPD in persons aged below 40 years.3 Instead, persistent airflow limitation may be defined as
FEV1/FVC ratio below the lower limit of normal (LLN) as proposed by the Global Lung Function Initiative (GLI2012)
thereby obtaining a more realistic age corrected cut-off between normal and obstructive airflow.3 COPD is a life-
threatening disease, which can lead to reduced activity, impaired quality of life and premature death. The global
prevalence of COPD among adults aged 40 years or above has been estimated to 9–10%, mainly based on studies
from Europe and North America.4 Worldwide, it is the third leading cause of death.5 Even so, COPD is probably widely
underdiagnosed.6 In the Western world, the main risk factor for developing COPD is smoking. In- and outdoor air
pollution and occupational exposures are additional risk factors for developing COPD and chronic bronchitis (CB).
Furthermore, smoking is a main risk factor for developing CB, characterized by chronic cough and sputum production.7

Globally, the prevalence of CB varies widely, from 2.6% to 16% in population surveys, and it affects approximately one-
third of patients with COPD. Furthermore, the presence of CB among smoking young adults increases the risk of
developing COPD.2,8

COPD may be underdiagnosed in Greenland. A recent study from Greenland reported that 7.5% of the population
were users of medicine targeting obstructive lung disease. Yet, less than a third of those had been tested with spirometry
over the past two years, indicating low diagnostic activity and limited monitoring of COPD in Greenland.9

Lung function has been reported to be higher among Greenlanders and other Inuit living in the circumpolar area10

than among Europeans of the same gender, age, and height.11,12 Consequently, predicted FEV1 and FVC among Inuit is
likely underestimated when using Caucasian standard references. On the other hand, the FEV1/FVC ratio has been found
to be lower among Greenlanders than among Danes of similar gender, age and height.12 Therefore, the prevalence and
severity of COPD among Greenlanders and other Inuit may be difficult to estimate from existing equations from other
populations.

For decades, very high smoking rates among adults have been reported in Greenland; 68% in 1993 and 57% in
2014.13,14 A similar rate of 70% current smokers were found in our first analyses of workers employed in the Greenlandic
seafood industry, the most important industry in Greenland employing around 15% of the workforce.15 Furthermore, in
a school survey, 49% of teenagers at age 16 years reported being everyday smokers.16 Although a minor decrease has
been observed in recent years, more than half (52%) of the adult population is currently everyday smokers.11 Thus, a high
prevalence of smoking-related diseases, including COPD and CB, may potentially be expected among Greenlandic
workers. Work in the seafood industry is known to increase the risk of asthma, whereas despite high levels of exposure to
aerosols, COPD or CB has rarely been reported.17 However, the prevalence of COPD and CB in Greenland remains
largely unexplored, and particularly so in subgroups of the population.

The aim of this study was to estimate the prevalence of COPD and CB among adult workers in the seafood industry.

Materials and Methods
Study Design
This was a cross-sectional study of Greenlandic workers in the seafood industry working in factories and trawlers in
Nuuk, Ilulissat, Sisimiut and smaller settlements along the Western coastline of Greenland, described previously.15,18

Information was gathered from lung function tests and a health questionnaire offered as an interview in a study on the
possible health risks of working in the fishing industry in Greenland conducted in 2016–2018 (see Supplementary
Material). Bilingual Danish-Greenlandic medical students conducted the interviews. The study was approved by the
Ethics Committee for Medical Research in Greenland (2015-11317), by the Regional Ethics Committee in the Central
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Denmark Region (1-16-02-475-16), and by the Danish Data Protection Agency. Written and oral, informed consent was
obtained from each participant. The study was conducted in accordance with the Declaration of Helsinki. Participants
with an abnormal lung function were encouraged to seek medical health care for further diagnosis and treatment.

Settings
Greenland is the largest island in the world covering around two million square kilometers. It is sparsely populated along
the 4000 km coastline in 17 towns and approximately 60 settlements. The majority of the population is of Inuit origin.19

Greenlandic Inuit share a common ancestry with Inuit from Canada, Alaska and Russia.20 The population counts
approximately 56,000 inhabitants. Among those, around 5700 were born outside of Greenland and later immigrated,
mostly from Denmark.18,19

Since 1979, Greenland has had home-rule government, and since 2009 it has been self-ruled within the Danish
Realm.21 In 1953, Greenland became a Danish county and a comprehensive strategy was initiated to develop the country
towards a modern society and establish modern fishery in Greenland. Today, the seafood industry has grown enormously
and is the primary source of export from Greenland.21

Study Population
The study included 355 Inuit workers from the seafood industry in Greenland (Figure 1), found in the working force of
fishing, hunting and agriculture consisting of 4174 employees. Only workers reporting to be of Greenlandic ethnicity,
thereby in this present study defined as Inuit, were included in this study. Workers from factories and trawlers were
informed in oral form by the management prior to the visits and in this way invited to participate. Detailed information
about the study and health examinations was given in oral and written form by researchers at the factories on the first day
of the visits. All workers were encouraged to participate and attend while the research team was at the factories to
disseminate information and conduct examinations. The researchers informed that participation was voluntary, invited to
questions, and allowed for decisions on participation to be taken later, although for practical reason it had to be during the
1–5 day long visits to each facility. The management was not informed by the researchers about whether employees
participated or not. All participants gave oral and written consent in Danish or Greenlandic based on the participants’
preference.

The participants completed a questionnaire in either Greenlandic or Danish according to their preference, in which
they stated their age, gender, ethnicity and history of smoking (see Supplementary Material). Furthermore, the ques-
tionnaire contained questions about airway symptoms including cough during the past 12 months, cough with mucus in
the morning, cough with mucus production most mornings for at least three months in one year and, if affirmed, for how
many years.

In addition, anthropometric measurements and a spirometry were performed. Weight and height were measured
without shoes and wearing light indoor clothes. Spirometry was used to measure forced expiratory volume in the

Invited workers:
N = 457

Unavailable, refused
participation or did not show 
up:
N = 71

Participants:
N = 386 (84%)

Performed
spirometry and 

were of Inuit 
origin:

N = 355 (78%)

Did not fulfill inclusion criteria:
N = 31

Figure 1 Flow diagram showing selection of the participants.
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first second of expiration (FEV1) and forced vital capacity (FVC). If the ratio between FEV1 and FVC (FEV1/FVC)
was 0.8 or lower, a post-bronchodilator test was performed by repeating spirometry 15 minutes after inhalation of
0.24 mg salbutamol. The test was deemed positive if FEV1 and/or FVC improved by 12% and at least 200 mL after
inhalation of the β2-agonist. The calibration of the spirometer (Easy-One® NDD Medical Technologies, Zurich,
Switzerland) was checked daily and set on processing measured values as Caucasian by GLI2012.3 The best FEV1

and the best FVC from each patient obtained either before or after inhalation of 0.24 mg salbutamol were included in
the study.

Variables and Definition
Since no Inuit lung function reference is available, Caucasian reference values were used as recommended by Fenton
et al.22 FEV1 and FVC as % of predicted reference values (FEV1%; FVC%) were calculated.

Participants were considered to have COPD if both the pre- and post-bronchodilator FEV1/FVC were lower than the
reference LLN of FEV1/FVC using the GLI2012 standard. Participants with a positive post-bronchodilator test (ie,
suggestive of asthma) were excluded from the COPD group in a sensitivity analysis. Similarly, a sensitivity test was
performed with participants reporting asthma-like symptoms as defined in a previous publication.23 Participants were
considered to have CB if they reported cough and sputum production for at least three months for a minimum of two
consecutive years.24 Participants were categorized as active smokers if they reported current daily smoking, as former
smokers if they reported having quit smoking and still did not smoke (no matter the length of abstinence), and non-
smokers if they had never smoked daily.

Statistics
The prevalence of COPD, CB and the combined prevalence was calculated with 95% confidence intervals (95% CI) for
males and females alike. Normally distributed variables were described using mean values and standard deviations.
Check for normality was done by QQ-plot. Means were compared using the two-sided Student’s t-test for independent
samples. Proportions were compared using Fisher’s exact test. Logistic regression was used to study the association
between COPD or CB and smoking, age group and gender. Linear regression was used to study the association between
FEV1% and age. Two-tailed tests were performed and a p-value below 0.05 was considered significant. Statistical
analyses were performed using SPSS statistical software, version 25.0 (IBM SPSS Statistics for Windows, Version 25.0.
Armonk, NY: IBM Corp.).

Results
Among 457 invited workers, 386 participated in the study, 69 from trawlers and 317 from factories, yielding
a participation rate of 84.5%. Among those, 355 (254 males and 101 females) met the Inuit criteria and had
a spirometry done (Figure 1). Participants had a mean age of 38 years (SD 13.5; range 17–68 years). Basic characteristics
are illustrated in Table 1. Males were taller, heavier, and had a higher FEV1 and FVC than females. However, the females
had a higher BMI than the males. The mean age of smoking debut was approximately 15 years. More than two-thirds
(73.2%) of the participants were active smokers and 91.2% (323/354) were active or former smokers with no difference
observed between genders.

The mean FEV1% and FVC% were above average Caucasian reference values for both genders; 107% and 111% for
males and 106% and 108% for females, respectively. The FEV1% was negatively associated with increasing age for both
males (β = −0.032, p < 0.001) and females (β = −0.024, p < 0.001).

The prevalence of COPD was 9.9% (Table 2). The prevalence among males (11.9%) did not differ significantly from
among females (5.0%) (p = 0.051). The prevalence of COPD among those <40 years (10.9%) was not significantly
higher than among those >40 years (8.9%). The prevalence of CB was 7.4% with no gender difference observed; 8.4%
among males and 5.5% among females (p = 0.368), whereas the prevalence was higher, 11.8% among those >40 years
compared with 3.7% among those <40 years (p = 0.04).

Six participants were classified with both COPD and CB. Thus, among 34 participants with COPD 17.6% (6/34) also
had CB. Among 26 participants with CB 23.1% also had COPD (6/26).
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COPD was associated with ever smoking (odds ratio (OR) = 2.8 (95% CI: 1.1–7.2) p = 0.030) (Table 3). This
association remained significant after adjusting for age and gender (OR = 2.8 (95% CI: 1.1–7.1) p = 0.031). Furthermore,
CB was associated with ever smoking (OR = 2.9 (95% CI: 1.4–6.4) p = 0.006 compared with non-smokers) and
increasing age (OR = 1.026 (95% CI: 1.004–1.049) p = 0.003). The association between CB and smoking remained
significant after adjusting for age and gender (OR = 3.3 (95% CI: 1.5–7.3) p = 0.004).

In sensitivity analyses, all participants with a positive bronchodilator test (N = 8) were excluded from the COPD
group. Results were essentially similar, revealing that the association of COPD with smoking remained statistically
significant and showing non-significant trends toward higher COPD prevalences among those <40 years and among
males (data not shown). When excluding all participants who evoked symptoms suggestive of asthma from being
diagnosed with COPD, the prevalence of COPD decreased to 6.3% (males: 8.3%; females 3.8%) still without statistically
significant differences in prevalence related to sex or age group (data not shown). This caused the associations with
smoking (Table 3) to become nonsignficant (p > 0.1). When applying the GOLD standard criteria for airflow limitation of
a FEV1/FVC ratio of 0.7, the no. of participants defined as having COPD changed a little from N = 35 to N = 34.

Discussion
The overall prevalence was 9.9% for COPD and 7.4% for CB. Surprisingly, we found no increase in the prevalence of
COPD related to age, whereas CB was markedly higher in the age group ≥40 years (11.8%) than in the group <40 years
(3.7%). The participants were predominantly smokers, with 91.2% classified as either current smokers or former smokers
and with 73.2% current smokers. Both COPD and CB were associated with smoking, also when adjusted for age and
gender. This underlines that smoking is also a risk factor for COPD and CB among Greenlanders of Inuit origin.25

Table 1 Basic Characteristics of Greenlandic Workers from the Greenlandic Fishing Industry Included in the Study

Characteristics Males (N = 254) Females (N = 101) Total (N = 355)

Mean (SD) N Mean (SD) N p Mean (SD) N

Age (year) 38 (13.5) 254 37 (13.3) 101 0.666 38 (13.5) 355

Height (cm) 171 (6.3) 252 159 (5.8) 100 < 0.001 168 (8.3) 352
Weight (kg) 76 (17.1) 252 69 (15.4) 100 < 0.001 74 (19.9) 352

BMI (kg/m2) 25.8 (5.2) 252 27.3 (5.9) 100 0.020 26.2 (5.4) 352

FEV1 MAX (L) 4.19 (0.82) 252 3.08 (0.59) 101 < 0.001 3.9 (0.9) 331
FVC MAX (L) 5.35 (0.92) 252 3.76 (0.66) 101 < 0.001 4.9 (1.1) 331

FEV1 of predicted (%) 107 (18.0) 251 105 (15.6) 100 0.650 109 (0.2) 290

FVC of predicted (%) 111 (15.9) 251 108 (14.6) 100 0.052 112 (0.2) 290
FEV1/FVC ratio (%) 78.3 (7.9) 252 81.8 (5.5) 101 < 0.001 79.1 (7.1) 331

Smoking debut (age) 15 (3.7) 230 14 (5.4) 93 0.511 15.1 (4.2) 323

Cigarette pack years 11.5 (11.9) 245 9.0 (7.4) 99 0.046 10.8 (10.8) 344
Age groups % (n) 254 % (n) 101 p % (n) 355

<19 years 3.1 (8) 5.0 (5) 0.423 3.7 (13)
20–29 years 31.9 (81) 31.7 (32) 0.933 31.8 (113)

30–39 years 19.7 (50) 17.8 (18) 0.725 19.2 (68)

40–49 years 16.5 (42) 20.8 (21) 0.350 17.7 (63)
50–59 years 22.4 (57) 19.8 (20) 0.617 21.7 (77)

60–69 years 6.3 (16) 5.0 (5) 0.615 5.9 (21)

<40 years 54.7 (139) 54.5 (55) 0.958 54.6 (194)
≥40 years 45.3 (115) 45.5 (46) 0.963 45.4 (161)

Smoking groups % (n) 253 % (n) 101 p % (n) 354

Active smoker 73.1 (185) 73.2 (74) 0.978 73.2 (259)

Former smoker 17.8 (45) 18.8 (19) 0.821 18.1 (64)
Never smoker 9.1 (23) 7.9 (8) 0.725 8.8 (31)

Note: Statistically significant differences between males and females are in bold.
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Table 2 Prevalence of Chronic Obstructive Pulmonary Disease and Chronic Bronchitis by Age and Gender Group Among Greenlandic Workers in the Greenlandic Fishing Industry

Chronic Obstructive Pulmonary Disease Chronic Bronchitis Chronic Obstructive Pulmonary Disease an SSd/or
Chronic Bronchitis

Males Females Total Males Females Total Males Females Total

%(95% CI) (n/N) p %(95% CI) (n/N) p %(95% CI) (n/N) p

<40 years 12.3 (6.8–17.8)

(17/138)

7.3 (0.4–14.1)

(4/55)

10.9 (6.5–15.3)

(21/193)

0.44 3.7 (0.5–6.8)

(5/136)

3.6 (0–8.6)

(2/55)

3.7 (1–6.3)

(7/191)

0.99 15.9 (9.8–22)

(22/138)

10.9 (2.7–19.1)

(6/55)

14.5 (9.5–19.5)

(28/193)

0.50

≥40 years 11.4 (5.6–17.2)

(13/114)

2.2 (0–6.4)

(1/46)

8.8 (4.4–13.1)

(14/160)

0.07 12.5 (7.4–17.6)

(16/115)

6.5 (0–13.7)

(3/46)

11.8 (6.8–16.8)

(19/161)

0.28 21.1 (13.6–28.5)

(24/114)

6.5 (0–13.7) (3/

46)

16.9 (11.1–22.7)

(27/160)

0.03

Total 11.9 (7.9–15.9)
(30/252)

5.0 (0.7–9.2)
(5/101)

9.9 (6.8–13.0)
(35/353)

0.05 8.4 (4.9–11.8)
(21/251)

5.0 (0.7–9.2)
(5/101)

7.4 (4.7–10.1)
(26/352)

0.37 18.3 (13.5–23)
(46/252)

8.9 (3.4–14.5)
(9/101)

15.6 (11.8–19.4)
(55/353)

0.03

Notes: Statistically significant differences between males and females are in bold. COPD defined if the post bronchodilator FEV1/FVC was lower than the reference LLN. CB defined if cough and sputum production was reported for at
least three months in a minimum of two consecutive years.

https://doi.org/10.2147/C
O
P
D
.S349106

D
o
v
e
P
r
e
s
s

InternationalJournalofC
hronic

O
bstructive

Pulm
onary

D
isease

2022:17
1172

Frederiksen
et
al

D
o
v
e
p
r
e
s
s

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Strengths and Limitations
This is the first study to describe the prevalence of COPD based on post-bronchodilator spirometry in a working Greenlandic
population and to document a high prevalence of COPD in Greenland. The participation rate was high as almost every
worker present in the factories on the examination day was included in the study. Those who did not show up for examination
may potentially be those with either the poorest health or social status or those who took the day off for other activities.
Because of the high participation ratio, we do not believe that selection bias severely affects the results of the study regardless
of the reason for not being at the factories on the examination day. Language barriers were minimized by letting Danish-
Greenlandic medical students conduct the clinical interviews. The study population consisted of employed workers and was
not a fully representative section of the Greenlandic population. Even so, 8.5% (355/4174) of the working force employed in
the fishing, hunting and agriculture industry was represented in this study. In total, the study participants comprise 1.5% (355/
23,217) of the total number of employed Greenlanders in 2017.21 The proportion of males in this study, 71.5%, was
considerably higher than the 52.8% males in the general population.21 Furthermore, the percentage of smokers in this study
was considerably higher than the percentage of smokers in the general population; 73.2% compared with 52% of everyday
smokers nationwide.11 Considering how our population differed from the general population, including the high risk of
a HWE, our results cannot be used to predict the prevalence of COPD and CB in the general population. However, the study
gives an indication of a high prevalence of COPD among active Greenlandic smokers that has not previously been well
described. Furthermore, the prevalence of CB should be interpreted with some caution since the diagnosis is based on self-
reported symptoms. Yet, the diagnosis is based on symptoms and cannot be measured otherwise.

Prevalence of COPD and CB
The prevalence of COPD among participants working in the seafood industry younger than 40 years was high (10.9%). This
is much higher than the estimate from the European Community Respiratory Health Survey that 2.4% of the general
European population aged 20–44 years were classified as having COPD.26 The prevalence of COPD among participants aged
40 years or more (8.8%) was slightly lower than among the younger participants. A global estimate of COPD for this age
group of approximately 10% was published in a comprehensive systematic review from 2006.4 In any case, direct
comparisons with general population studies may not be relevant because our study was conducted in a population of
workers rather than in the general Greenlandic population. The LLN (GLI2012) definition of COPD yields more reliable
estimates of COPD prevalence than does the fixed FEV1/FVC ratio of the GOLD definition of COPD that tends to
underestimate prevalences in younger and overestimate prevalences in older age groups. However, use of the LLN definition
requires the use of LLN values calculated from the ethnic group under study, which is impossible for Inuit for whom GLI
reference values do not exist. The present study indicates that the COPD prevalence among active Greenlandic workers may
be high compared with that of other countries given the age of our study participants.11,12 This is in line with a very high
smoking prevalence both in young adults and in the main population in Greenland (52%) compared with 23% of the adult
population in Denmark in 2018.27 The prevalence of heavy smoking is also higher among younger than older Greenlanders.11

Table 3 Associations Between Ever Smoking, Age, Gender and Chronic Obstructive Pulmonary Disease or Chronic Bronchitis
Among Greenlandic Workers in the Greenlandic Fishing Industry

Variables Chronic Obstructive Pulmonary Disease Chronic Bronchitis

OR (95% CI) p OR (95% CI) p

Age ≥40 years 0.993 (0.967–1.020) 0.607 1.026 (1.004–1.049) 0.020
Gender 2.579 (0.971–6.850) 0.057 2.891 (1.257–6.649) 0.012
Ever smoking 2.827 (1.108–7.211) 0.030 2.942 (1.357–6.378) 0.006
Ever smoking adjusted for age and gender 2.799 (1.101–7.116) 0.031 3.271 (1.460–7.326) 0.004

Notes: Significant p values are in bold. COPD defined if the post bronchodilator FEV1/FVC was lower than the reference LLN. CB defined if cough and sputum production
was reported for at least three months in a minimum of two consecutive years.
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Our results may be attenuated by a Healthy Worker Effect (HWE). Working in the seafood industry is physically
demanding and it involves exposure to airway and skin irritants. In such jobs, a tendency exists for workers with symptoms
and health problems to leave the industry and find less strenuous jobs causing the remaining workers at the workplace to have
less disease and symptoms.28 Because the study had a cross-sectional design, we could not quantify to what extent a HWE
caused the participating workers to be healthier than the general population. A HWE could explain the lack of an association
between COPD prevalence and age if workers with poorer lung health left the industry before reaching a high age.

In our study, COPD was not significantly associated with male gender and age. However, a statistically higher
prevalence of COPD among males may have been missed because of the small size of the study and the resulting high
risk of type 2 error in the data. This runs contrary to other studies, such as the PLATINO study, which showed
a consistent pattern of a higher prevalence of COPD among males than among females.29 This may, in part, be so
because the LLN of FEV1/FVC reference is specific to gender and age. As to the lack of association with gender, this
may also be a result of a higher smoking prevalence among females (73.2%) than seen among females in other parts of
the world. In comparison, Mazurek et al found that 17.3% and 12.9% of American working females in the reproductive
age in 2009–2013 were current and former cigarette smokers, respectively.30

The prevalence of CB among our participants was 7.4%, which is in the range of a globally estimated prevalence of
1.4–15.9% according to a comprehensive review.4 In line with our findings, older age and current smoking are factors
associated with CB globally.7 CB among participants with COPD showed a prevalence of 21.6% (8/37) in accordance
with a very wide range (7.4–53%) reported globally.7

The high prevalence of COPD and CB observed in the present study is in line with the increasing prevalence of other
smoking-related diseases in Greenland.13,28,31 Thus, the incidence of lung cancer rose by 23% from 1973 to 1997, where
the emergence of westernization, including assimilating of smoking appeared.32 Lung cancer is the most common cancer
in Greenland and it is related to 34% of all cancer deaths in the 2000–2014 period.33

Lung Function Among Greenlanders
The mean FEV1 and FVC measured in the participants were above average Caucasian reference values for both genders;
FEV1 109% and FVC 112%. At 0.79 the mean FEV1/FVC ratio was slightly lower than the predicted ratio based on
equations for Caucasians of 0.82. This is in line with former studies suggesting that Inuit have a higher lung capacity,
especially regarding FVC, than Caucasians of the same gender, height and age.11,12

A negative association between FEV1 as a percentage of the predicted value and age was observed, indicating an
accelerated decline in lung function with age within the studied population. This can most likely be explained by the
extremely high prevalence of smokers and former smokers. However, because reference values for lung function do not exist
for this ethnic group, we cannot completely rule out that FEV1 declines more rapidly among Inuit than among Caucasians.

Smoking
We found a high prevalence of smokers. The participants had a smoking rate above the current smoking rate reported in
a population survey from 2018, 73.2% versus 52%.11 On the other hand, an even higher smoking rate was seen among
unemployed Greenlanders, 82%.34

Smoking cessation is the only intervention shown to slow the decline of lung function.6,35 Smoking cessation was
recently found to improve FEV1% predicted by 7 percentage points.36 Several initiatives have been taken to reduce
smoking in Greenland. In 2004, a much tighter smoking policy was introduced by law, including non-smoking in public
buildings, means of transportation and institutions. In 2010,37 this legislation was further tightened, and in 2017,
a blueprint for prevention of smoking was launched.38

Still, the prevalence of smokers in Greenland remains high11 and the high prevalence among young adults is
particularly disturbing.16 The high prevalence of COPD and CB related to smoking underlines the importance of
introducing further initiatives to reduce smoking in Greenland.
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Conclusions
This study found that the prevalence of COPD and CB was high in a relatively young cohort of Greenlandic Inuit workers in
the seafood industry. The high prevalence of these diseases was related to a high smoking prevalence. The high prevalence of
COPD, CB and smoking underlines the importance of introducing further initiatives to reduce smoking in Greenland.

Despite the high prevalence of both smoking and COPD, the participants seemed to have high lung function values,
confirming a higher FEV1 and FVC in Inuit than in Caucasians. On the other hand, an accelerated deterioration in FEV1

with age suggested a considerable sensitivity to smoking. Inuit lung function reference values should be developed to
facilitate investigation of the prevalence of COPD and CB in the general Greenlandic population.

Abbreviations
CB, chronic bronchitis; CI, confidence interval; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory
volume within one second; FVC, forced vital capacity; GLI, Global Lung Function Initiative; GOLD, Global Initiative
for Chronic Obstructive Lung Disease; HWE, healthy worker effect; LLN, lower limit of normal; OR, Odds ratio; QQ-
plot, quantile–quantile plot.
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