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ABSTRACT
Background: A substantial proportion of individuals with COPD have never smoked, and it is 
implied to be more common than previously anticipated but poorly studied.
Aim: To describe the process of recruitment of never-smokers with COPD from a population- 
based cohort (n = 30 154).
Methods: We recruited never-smokers with COPD, aged 50–75 years, from six University 
Hospitals, based on: 1) post broncho-dilator forced expiratory volume in 1 second/forced vital 
capacity (FEV1/FVC) < 0.70 and 2) FEV1 50–100% of predicted value and 3) being never-smokers 
(self-reported). In total 862 SCAPIS participants were identified, of which 652 were reachable and 
agreed to a first screening by telephone. Altogether 128 (20%) were excluded due to previous 
smoking or declined participation. We also applied a lower limit of normal (LLN) of FEV1/FVC 
(z-score<-1.64) according to the Global Lung Initiative to ensure a stricter definition of airflow 
obstruction.
Results: Data on respiratory symptoms, health status, and medical history were collected from 
492 individuals, since 32 were excluded at a second data review (declined or previous smoking), 
prior to the first visit. Due to not matching the required lung function criteria at a second 
spirometry, an additional 334 (68%) were excluded. These exclusions were by reason of: FEV1 
/FVC ≥0.7 (49%), FEV1 > 100% of predicted (26%) or z-score ≥ −1,64 (24%). Finally, 154 never- 
smokers with COPD were included: 56 (36%) women, (mean) age 60 years, FEV1 84% of predicted, 
FEV1/FVC: 0.6, z-score: −2.2, Oxygen saturation: 97% and BMI: 26.8 kg/m2.
Conclusions: The challenges of a recruitment process of never-smokers with COPD were shown, 
including the importance of correct spirometry testing and strict inclusion criteria. Our findings 
highlight the importance of repeated spirometry assessments for improved accuracy in diagnos
ing COPD.
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Introduction

Chronic obstructive pulmonary disease (COPD) is 
a major public health problem, characterized by persis
tent airflow limitation and respiratory symptoms [1]. 
Risk factors for COPD are multiple, but tobacco 

smoking is the major one [2,3]. The global prevalence 
of COPD in the adult population is estimated at 
approximately 10% [3]. According to the recent 
Global Initiative for Chronic Obstructive Lung 
Disease (GOLD) report, COPD is used as an umbrella 
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term and suggested to be classified in six different 
etiotypes, where environmental COPD, including 
tobacco smoking, is one [1]. However, a substantial 
proportion of individuals with COPD have never 
smoked. In a recent review, the prevalence of COPD 
in never-smokers was 4–16% worldwide and the pre
valence of never-smokers among people with COPD, 
was 7–51% [4]. In the revised GOLD guidelines, several 
non-smoking COPD etiotypes are suggested, for exam
ple, genetics, abnormal lung development, infections, 
asthma, and unknown causes [1]. These etiotypes need 
better characterization in terms of clinical behavior, 
causes, molecular mechanisms, and prognosis.

The Swedish CardioPulmonary BioImage Study 
(SCAPIS) is a collaborative project between six 
Swedish Universities and University hospitals, designed 
as a cross-sectional study. The study consists of 
a randomly selected sample of 30,154 women and 
men from the general population, aged 50–64 years. 
The project was aiming to study cardiovascular disor
ders, pulmonary disorders, and metabolic disorders, all 
to increase the knowledge of basal mechanisms and 
improve risk prediction [5].

Since COPD in never-smokers is implied to be more 
common than previously anticipated but poorly stu
died, we used the broad population-based SCAPIS 
cohort to filter out a sub-cohort for specific investiga
tions of involved characteristics, risk factors, and dis
ease mechanisms. The aim of this manuscript is to 
describe the process of recruitment of this population 
with COPD. Disclosing challenges and pitfalls in the 
recruitment process can provide valuable general 
insights into how research cohorts are defined and 
get valuable perspectives on the representativeness of 
study samples.

Methods

Recruitment of never-smokers with COPD

The present study was a multicenter study, with 
a cross-sectional design, where data were collected 
from 2017 to 2023. Recruitment of never-smokers 
with COPD was based on the following three criteria: 1) 
post-broncho dilatory forced expiratory volume in 1  
second (FEV1)/forced vital capacity (FVC), < 0.70 
and 2) FEV1 50–100% of predicted value [6] and 3) 
an answer ‘No, I have never smoked’ to the question 
‘Do you smoke?’ Information on all subjects from 
SCAPIS project who were categorized as ‘never- 
smokers with COPD’ according to the above definition 
were received from the SCAPIS office.

Altogether, 59,909 persons from the Swedish popu
lation register were invited by letter to participate in 
the SCAPIS project. The positive response rate was 
50.3% resulting in 30,154 participants included [7]. 
Out of them, 862 never-smoking participants with 
COPD according to the definition above were eligible 
(see flow chart in Figure 1). To include participants in 
the present study, several steps were undertaken. A list 
of all presumptive participants was received from the 
SCAPIS database. They were contacted by regular post 
with brief information about the present study (termed 
the Broncho-SCAPIS study) and with a request to reply 
to the responsible researcher at each study site. The 
presumptive participants had the option to respond by 
regular post, e-mail, or by telephone. The non- 
responders were contacted by telephone by a research 
nurse. If no reply remained after three attempts on 
separate occasions, the person was considered unreach
able. In total 200 of the individuals were unreachable. 
There were ten drop-outs due to death or having 
moved beyond reach of the study site area.

All the responding participants received additional 
information on study procedures, according to a pre- 
specified checklist. Background information, including 
smoking history, age, current medication, and recent 
exacerbations, was assessed and if participants matched 
inclusion criteria, an appointment for the screening 
procedure at the University hospital lung clinic was 
scheduled. All study procedures followed standard 
operating procedures (SOPs). Altogether 652 positive 
responses resulted in a first screening by telephone, in 
which another 128 were excluded due to declined par
ticipation or not matching the required smoking his
tory. Thus, 524 never-smokers with COPD were finally 
included and received a study ID.

In the original SCAPIS study, individuals aged 50– 
64 participated after invitation. As the Broncho- 
SCAPIS study started a few years later and was chal
lenged by recruitment delays, partially because of the 
COVID-19 pandemic, individuals aged 65–75 years 
were also invited.

Participants categorized as ‘never-smokers’ in the 
present study had answered ‘no’ to the following 
three questions regarding their smoking history: ‘Do 
you smoke regularly, or have you smoked regularly? 
Do you smoke cannabis (or equivalent) regularly or 
have you regularly smoked this before? Do you smoke 
or have you smoked electronic cigarettes (e-cigar
ettes)?’ If a person answered ‘yes’ to the question ‘Are 
you a casual smoker, for example at parties?’ the num
ber of cigarettes/cigarillos/pipe stops per week or per 
month were registered. All participants who had 
smoked less than 100 cigarettes or 20 cigars ever and 
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had not been smoking at all during the last two years 
were also categorized as never-smokers. Self-reported 
information was collected from an extensive digital 
questionnaire (approximately 60 questions) comprising 
additional in-depth background information, questions 
on respiratory symptoms and medical history. 
A research nurse reviewed all the self-reported data 

on site, and responses could be clarified by partici
pants, when needed.

Data collected (Table 1) on site at the University 
hospital clinics included vital signs: heart rate, sys
tolic and diastolic blood pressure, and oxygen 
saturation. Routine blood tests and biobank samples 
including urine, plasma, serum, and blood cells were 

Included in SCAPIS study 
n=30,154 

Eligible never-smokers with COPD, 
FEV1 /FVC < 0.70; FEV1 50-100% of predicted and 

  self-reported as never-smokers. 
Contact by letter, received study information, and 

requested to respond 
n=862 

Responded by letter, telephone, or e-mail. 
Review of background information, smoking history,  

and contact details by telephone. 
n=652

Moved, deceased,      
no contact details or 

no response
n=210

Declined participation 
or have smoked 

n=128

Received study ID 
n=524 

No COPD or             
a history of smoking 

n=29,290 

No response 
n=29,755

Invited by letter from the Swedish population register, to 
participate in SCAPIS study 

n=59,909 

Figure 1. Flowchart for the recruitment of never-smokers with chronic obstructive pulmonary disease (COPD) from the SCAPIS 
project.
COPD: Chronic obstructive pulmonary disease, FEV1: Forced expiratory volume in 1 second, FVC: Forced vital capacity, SCAPIS: the Swedish 
cardiopulmonary bioimage study. 
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also collected at inclusion. Some of the participants 
performed a fractional exhaled nitric oxide (FeNO) 
test, including at least one exhalation at 50 mL/s 
(EcoMedics CLD88 or NIOX Vero). Spirometry 
(Jaeger Masterscope, Jaeger Masterscreen, Medikro, or 
Welch-Allyn) included a bronchodilator test; thus, 
measurements pre- and post-bronchodilator (salbuta
mol 0.1 mg/dose × 4 doses administrated via 
a spacer) with at least three forced expiratory curves, 
reproducible to within 150 ml, obtained from the par
ticipant, all according to GOLD [1]. Participants were 
all in a sitting position, using a nose clip, and they 
were coached by an experienced research nurse or 
biomedical scientist. Participants were recruited from 
all six SCAPIS study sites, Gothenburg, Linköping, 
Lund, Stockholm, Umeå, and Uppsala (Table 2). In 
the present study, we included never-smokers with 
COPD defined as a post-bronchodilator FEV1/FVC 
<0.70 and FEV1 50–100% of predicted value, using 
the European Community of Coal and Steel (ECCS) 
reference values [6] together with FEV1/FVC < lower 
limit of normal (LLN) (z-score < −1.64), according to 

Global Lung Initiative (GLI) [8]. The calculations were 
performed at European Respiratory Society (ERS) 
online spirometry equation tool [9]. The employment 
of both the LLN and the fixed ratio was made to 
ensure that only participants with airflow obstruction 
were included.

Recruitment of controls

To secure age and sex-matched controls, four addi
tional groups were recruited, defined as follows: never- 
smokers with normal lung function, smokers with nor
mal lung function, ex-smokers with COPD and current 
smokers with COPD. (Table 3) Ex-smokers were 
defined as having a history of at least 10 pack years 
of smoking, and more than two years since smoking 
cessation. Participants with a smoking history of at 
least 10 pack years and regular smoking of at least 10 
cigarettes per day during the last year were defined as 
‘current smokers’. Smoking electronic cigarettes 
(e-cigarettes) was an exclusion criterium.

Table 1. Data collection procedures for participants with study ID (n = 524).
Data Procedures

Background Occupation, employment, education, living conditions, events in early life, physical activity, possible harmful exposures (12 areas)
Respiratory 

symptoms
Wheeze, hay fever, chronic cough, dyspnea assessed with the modified Medical Research Council dyspnea scale (mMRC), the COPD 

Assessment Test (CAT), the St Georges´ Respiratory Questionnaire (SGRQ)
Medical history Allergies, asthma, eczema, respiratory infections, comorbidities, medications, healthcare contacts, smoking history
Vital signs Puls oximetry (heartrate frequency, oxygen saturation), blood pressure, height, weight
Lung function tests Dynamic spirometry with reversibility testing (salbutamol), ≥ 3 forced expiratory curves, fractional exhaled nitric oxide (FeNO) test, 

one correctly performed
Routine blood tests Alpha-1 antitrypsin (AAT), haemoglobin, blood leukocyte and differential cell counts, high sensitivity C-reactive protein, (CRP) and 

immunoglobulin E (IgE), screening test for common airborne allergens (Phadiatop®).
Biobank samples Urine, plasma, serum, blood cells for Ficoll separation

Table 2. Recruitment of never-smokers with chronic obstructive pulmonary disease (COPD) presented by 
study site in the present study.

Study site
Eligible from SCAPIS project lists 

(n = 862)
Participants receiving study ID 

(n = 524)
Finally included 

(n = 154)

Gothenburg 148 109 24
Linköping 158 71 21
Lund 117 84 21
Stockholm 215 99 33
Umeå 99 56 18
Uppsala 125 105 37

SCAPIS: The Swedish CArdioPulmonary bioImage Study. 

Table 3. Five study groups recruited. Controls (n = 536) and never-smokers with obstructive pulmonary disease (COPD)(n = 154), 
grouped according to smoking history and airflow limitation.

Smoking history Lung function FEV1% of predicted FEV1/FVC
LLN FEV1/FVC 

z-score Age, Years, mean(±SD) Sex Women n(%)

Never-smokers (n = 154) COPD 50–100 <0.70 <-1.64 59.5(5.0) 56(36.0)
Never-smokers (n = 281) Normal ≥90 ≥0.70 >-1.64 60.1(4.7) 124(44.0)
Smokers (n=97) Normal ≥90 ≥0.70 >-1.64 61.9(4.8) 50(51.5)
Ex-smokers (n=103) COPD 50–100 <0.70 <-1.64 64.3(4.4) 62(60.2)
Smokers (n = 55) COPD 50–100 <0.70 <-1.64 62.3(4.0) 29(52.7)

All lung function results presented post-bronchodilator. COPD: Chronic obstructive pulmonary disease, FEV1: Forced expiratory volume in 1 second, FVC: 
Forced vital capacity, LLN: lower limit of normal, n: numbers, SD: Standard deviation. 
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Data handling and data protection

All data handling procedures adhered to the guidelines 
by the General Data Protection Regulation (GDPR). 
Data from the SCAPIS project were managed by the 
national coordinator of the present study, all in accor
dance with instructions from the Information technol
ogy (IT) Department at Karolinska Institutet, 
Stockholm, Sweden. All collected data was located on 
the Research Electronic Data Capture (REDCap) plat
form which could only be reached from a digitally 
secured web link, together with a personal code. The 
collected data were handled as sensitive data, in accor
dance with the personal data processing agreements 
between Karolinska Institutet and the other study sites.

Statistical analysis

The collected demographic data (ordinal) were sum
marized using descriptive quantitative statistics, the 
Statistical Package for the Social Sciences (SPSS, IBM, 
New York, USA). The statistics were presented as 
numbers (n), mean and standard deviation (SD), med
ian and interquartile range (IQR), and minimum (min) 
and maximum (max). The significant level was set 
at ≤0.05. A normality test was used for normal distri
bution regarding (ratio data): age, body mass index 
(BMI), lung function, oxygen saturation, heart rate, 
and blood pressure.

Ethics

The Swedish ethical review authority (Dnr 2016-841- 
31/2, 2010–228-31 M) granted ethical approval. The 
study was performed according to ethical rules origi
nating from the Declaration of Helsinki [10]. All man
datory laboratory health and safety procedures have 
been followed. Considering the lack of data on never- 
smokers with COPD and the negative impact the air
flow limitations may have on the individual, the study 
is considered to be ethically justified.

Results

Recruitment procedures at the university hospital 
clinics

Altogether, 524 participants were included and 
received a Study ID as never-smokers with COPD. 
Participants were excluded due to declined participa
tion, failed spirometry, a history of smoking, but 
mostly never-smokers with COPD, were excluded due 
to lung function discrepancies between values obtained 
from the original broad SCAPIS study, and values from 

spirometry performed in the present Broncho-SCAPIS 
study. Finally, 154 never-smokers with COPD were 
included in the study (Figure 2).

Characterization of the study population

Of the 154 never-smokers with COPD included in the 
data analysis, 36% were women, and the mean age was 
60 years. Results of post-bronchodilator spirometry 
values, vital signs, and health-related quality of life 
assessments (the St George's Respiratory 
Questionnaire (SGRQ) [11] and the COPD 
Assessment Test (CAT) [12], the Medical Research 
Council dyspnea scale (MRC) [13] are shown in 
Table 4, together with data on participants occupation, 
education level and lodging conditions.

Recruitment of controls

The recruitment of age and sex-matched controls 
according to the inclusion criteria resulted in 536 par
ticipants. They were grouped into never-smokers with 
normal lung function (52%), smokers with normal lung 
function (18%), ex-smokers with COPD (19%), and 
smokers with COPD (10%) (Table 3). Altogether 129 
participants originally screened as ‘never-smokers with 
COPD’, were shown to have either normal lung func
tion (n = 127) or were included as ‘ex-smoker with 
COPD’ or as ‘smoker with COPD.’

Recruitment over time

The recruitment of participants resulted in a total of 
1098 participants receiving a study ID. The recruitment 
process started in June 2017 and most participants 
were included in 2018 and 2019. Due to the COVID- 
19 pandemic, the recruitment pace slowed down in 
2020. The inclusion was ended in June 2023. (Figure 3)

Discussion

In the recently revised COPD criteria presented by 
GOLD [1], the term COPD is used to describe both 
participants with and without a history of tobacco 
smoking and the requirement of having a smoking 
history is toned down. Due to the well-known associa
tion between COPD and tobacco smoking, many stu
dies only focus on individuals with a history of 
smoking, but the burden of never-smoking COPD has 
been shown to be higher than previously assumed. 
About half of all COPD cases in the world are due to 
non-tobacco-related risk factors [4], but still there is, to 
our knowledge, just a limited number of large 
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population-based study on never-smokers with COPD. 
Nevertheless, it has been shown that a prior diagnosis 
of asthma, higher age, and, among women, lower edu
cation levels are associated with an increased risk for 
COPD among never smokers [14]. They have also been 
observed to have milder respiratory symptoms and less 
airflow limitation [4,15,16]. This was also shown in the 
present study, where never-smokers with COPD had 

normal oxygen saturation at rest, they reported low 
impact on mMRC dyspnea score, and reported low 
impact on health-related quality of life assessed with 
CAT and SGRQ (Table 4). The majority of never- 
smokers with COPD in this study were men, 
a finding that is in agreement with previous observa
tions [17], while another study showed men and 
women to be equally affected [4]. The mean age was 

Screening procedure at the hospital clinic, post broncho-dilator 
spirometry and review of smoking history 

n=492

Failed spirometry, n=2 
Smoking history, n=2

Declined participation, n=27 
Smoking history, n=5

Included never-smokers with                

 FEV1 /FVC< 0,70 and LLN of FEV1 /FVC z-score < -1,64 and FEV1 50-100 % 
of predicted 

n=154

FEV1/FVC ≥ 0.7 
n=164 

LLN of FEV1 /FVC 
z-score < -1,64 

n= 81 

FEV1>100% of predicted 
n=88 

FEV1<50% of predicted  
n= 1

Lung function no match  
n=334  

Participants receiving study ID 
n=524

Figure 2. Flowchart of inclusion of never-smokers with chronic obstructive pulmonary disease (COPD), at the University hospital 
clinics.
FEV1 % of predicted were calculated according to the European Community of Coal and Steel (ECCS) and LLN of FEV1/FVC z-score according to 
Global Lung Initiative (GLI). 

FEV1: Forced expiratory volume in 1 second, FVC: Forced vital capacity, LLN: Lower limit of normal. 
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60 years, which could explain why participants were 
mostly still working. The education level was high, 
also in line with some previous studies [15,16]. Never- 

smokers with COPD also have an increased risk of 
exacerbations [4] which altogether underscores the 
importance of further investigations in order to 

Table 4. Sociodemographic and disease-related characteristics of the included never-smokers with 
chronic obstructive pulmonary disease, COPD.

Total (n = 154) Women (n = 56) Men (n = 98)

Age, years, mean(±SD) 59.5(5.0) 60.1(5.4) 59.3(4.7)
FEV1 % of predicted, mean(±SD) 83.7(11.8) 85.7(10.6) 82.5(12.4)
FEV1/FVC, mean(±SD) 0.6(0.05) 0.6(0.05) 0.6(0.05)
FEV1/FVC, z-score, mean(±SD) −2.23(0.49) −2.27(0.53) −2.21(0.47)
Oxygen saturation, %, mean(±SD) 96.9(1.6) 97.1(1.8) 96.9(1.5)
Blood pressure, mmHg, mean(±SD) 134(16)/88(10) 129(15)/82(10) 136(16)/85(9)
Heart rate, BPM at rest, mean(±SD) 70.0(11.4) 72.5(9.8) 68.6(12.0)
BMI, kg/m2, mean(±SD) 26.8(4.8) 25.7(5.7) 27.4(4.1)
CAT, total score, median(IQR) 

min-max
6(3.5–10.5) 

0–26
7.00(4-11) 

0–26a
5.50(3-10) 

0–20
SGRQ, total score, median(IQR) 

min-max
8.9(4.2–17.4) 

0–65.3 c
9.3(4.4–17.6) 

0–65.3 a
7.6(3.8–16.5) 

0–45.3 b

MRC dyspnea scale, median(IQR) 
min-max

0.5(0–1.0) 
0–3 e

1(0–1.0) 
0–3 d

0(0–1.0) 
0–1 d

Occupation, n(%)
Working 121(78.6) 39(69.6) 82(83.7)
Not working 32(20.8) 16(28.6) 16(16.3)
Student 1(0.6) 0 1(1.0)
Unemployed 4(2.6) 2(3.6) 2(2.0)
Retired 27(17.5) 14(25.0) 13(13.3)
Education, n(%)
Upper secondary school 9(5.8) 1(1.8) 8(8.2)
High school 52(33.8) 18(32.1) 34(34.7)
College, university 93(60.4) 37(66.1) 56(57.1)
Lodging condition, n(%)
Apartment 63(40.9) 24(42.9) 39(39.8)
Villa/semidetached house 89(57.8) 31(55.4) 58(59.2)
Other 2(1.3) 1(1.8) 1(1.0)

BMI: Body mass index, BPM: Beats per minute, CAT: COPD Assessment Test, FEV1:Forced Expiratory volume in 1 second, 
FVC: Forced vital capacity, IQR: Inter quartile range, MRC: Medical research council, n: numbers, SGRQ: St George´s 
Respiratory Questionnaire, SD: Standard deviation. 

a= one missing participant. 
b=three missing participants. 
c=four missing participants. 
d= five missing participants. 
e= ten missing participants. 
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Figure 3. Never-smokers with chronic obstructive pulmonary disease (COPD) (n = 493) and controls (n = 605), undergoing the 
screening procedures at the University hospital clinics, presented per year of inclusion.
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develop a knowledge base for the management of this 
group.

The major finding of the present study was the 
importance of a robust recruitment procedure to 
ensure that all the participants met the detailed inclu
sion criteria. Included participants were thoroughly 
examined to make the results from this study group 
as reliable as possible and to focus on how to increase 
the knowledge on conducting similar large clinical 
studies. The present study approach incorporated 
many pitfalls regarding contact with participants, meet
ing inclusion criteria and assessing study procedures.

We received 862 eligible self-reported never- 
smokers with COPD from the SCAPIS cohort. 
Finally, 154 participants fulfilled the inclusion criteria, 
a total of 708 dropouts and excluded participants 
(82%). The high exclusion rate was mainly due to no 
contact with the presumptive participants, ‘no match’ 
in lung function inclusion criteria, together with 
a history of smoking or declined participation. 
Currently, there is no specified value for what repre
sents an adequate response rate, as response rates 
across all survey approaches have declined [18]. The 
inability to contact presumptive participants or them 
declining without explanation was a common reason 
for not participating both in the SCAPIS study [5], and 
in this study. These non-participants were also 
a concern as they incorporated a risk of selection bias 
into the present study. Still, it is important to report on 
response rate and provide information on study survey 
processes including, for example, participants qualifi
cations, the length of the survey, the cultural and 
national context [19].

The data security policies following the GDPR, as 
well as ethical approvals outlined to protect partici
pants integrity in the SCAPIS study, limited the 
researchers’ ways to contact the study subjects. Only 
presumptive participants’ personal ID numbers were 
transmitted to be used in the search for contact 
details, and no medical records were allowed to be 
entered. This GDPR limitation made it unclear to 
researchers if non-responders were diseased, had the 
wrong addresses or a lack of interest in participating. 
Ethical committee regulations, designed to protect 
patients, but instead found to be a barrier in the 
systematic inclusion strategies, were observed in this 
study and have been indicated previously by research 
staff [20]. The multicenter study approach involving 
numerous researchers could also lead to inconsistency 
and lack of adherence to regulations throughout the 
research process. In the present study, SOPs and 
guidelines, were used throughout all procedures to 
ensure reproducibility and consistency from the six 

study sites, thereby verifying the reliability of the 
collected data [21]. Even the first step of recruitment 
(pre receiving a Study ID) with telephone interviews 
followed a specified protocol.

Participants with a study ID were primarily excluded 
due to discrepancies in lung function inclusion criteria, 
i.e. ‘no match.’ The criteria were set to ensure that only 
participants with a defined airflow obstruction were 
included; this resulted in 24% of the excluded cases due 
to lung function discrepancies having the z-score not 
matching but was still seen as a strength.

Here, 164 participants recruited as never-smokers 
with COPD from the SCAPIS study were found to 
have a normal lung function (FEV1/FVC >0.7) at 
reinvestigation before inclusion. This variation 
between the two tests could have several explanations: 
actual improvement of the lung function since parti
cipating in the SCAPIS study, improved technique at 
the spirometry testing, better adherence to instruc
tions/more appropriate instructions from research 
nurse, or other. The lung function testing with spiro
metry followed GOLD recommendations [1], but still 
some participants had difficulties completing a FVC 
procedure for different reasons [22]. When collecting 
high-quality clinical data, such as lung function mea
surements, these procedures are reinforced when con
ducted by researchers experienced in the field. In this 
study, data collection at each study site was admini
strated and reviewed by an assigned research nurse. 
Clinical research nurses hold important competence 
and knowledge of a clinical research setting as well as 
patient security, also reflecting the quality of a study’s 
results [23]. A risk of diagnostic instability and diag
nostic reversal has been shown previously in partici
pants with FEV1/FVC ratios near the diagnostic 
threshold value of 0.7. Therefore, spirometry results 
should ideally be confirmed on several separate occa
sions [24], which was the case in this study.

Another strength of the present study was the 
stringent inclusion criteria regarding lung function, 
employed to ensure only individuals with a defined 
airflow obstruction were included. COPD has been 
defined in other studies as the GOLD fixed ratio 
(GOLD; FEV1/FVC <0.7) together with the lower 
limit of normal (LLN; FEV1/FVC<LLN) [3,16]. In 
2004, the ERS and the American Thoracic Society 
(ATS) made a statement encouraging the use of the 
LLN instead of just the fixed ratio criterion, with 
the main argument that a fixed ratio can lead to 
COPD over-diagnosis in elderly and under- 
diagnosis in young adults [25].

In other studies, never-smokers have been defined 
as subjects with no history of regular smoking (one 
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or more cigarettes a day), either before or during the 
study [10]. To expose smoking history objectively, 
biomarkers as serum cotinine levels [26] and/or 
exhaled carbon monoxide levels are often used, but 
they can only assess recent (<8 h) or current smok
ing and use of other nicotine products [27]. Self- 
reported smoking status often leads to an underesti
mation of smoking prevalence and smoking beha
viors [28]. In this study, a pragmatic approach was 
used, with questions regarding smoking history 
repeated at the telephone interview, in the question
naire and in person during data collection proce
dures at the University hospital clinic. This 
approach was considered as a strength, implying an 
increased accuracy in answers, as some participants 
changed their history of smoking status when asked 
in person. In-person interviewers have been shown 
to identify smoking status more correctly than just 
self-administered questionnaires [29].

In this study, never-smokers with COPD were 
recruited from all six study sites, representing different 
areas of Sweden, considered as a strength as this might 
reflect any differences in the matter of living conditions 
and sociodemographic factors. However, as the socio- 
economic status in a geographic area is often reflected 
in participation rates, also seen in the SCAPIS study 
[5,7] and, consequently, also in this study, where the 
study populations’ socio-economic representativeness 
could be considered as a limitation. The recruitment 
pace of all 1,098 participants receiving a study ID from 
2017 to 2023 was inhibited in 2020–2022 due to the 
COVID-19 pandemic. Some of the study sites were 
unable to recruit participants for a long time, mostly 
due to necessary health care priorities, leaving no staff 
available for research tasks. This situation prolonged 
the inclusion time and made it necessary to expand the 
participants age span at inclusion to 50–75 years. An 
older study population could affect the results, but the 
present age span was still in line with some previous 
studies on never-smokers with COPD [15,16].

The digital questionnaire was a comprehensive 
battery of questions with approximately 60 ques
tions, depending on the participant’s responses 
which could generate complementary (up to 71) 
questions. The impact of a questionnaire content 
could affect the response rate [30], as well as its 
length, as a long questionnaire reduces the response 
rate compared to a shorter [31]. However, a strength 
with the methodology used here was enabling the 
research nurse to clarify questions if further infor
mation was needed and to check for blank entries in 
the questionnaire. Altogether, this procedure led to 
few missing data.

There were 536 participants in the four control 
groups in this study. Out of them, 129 were recruited 
from the never-smokers with COPD group. They had 
a change in status (lung function or smoking) and were 
instead matching the inclusion criteria for controls. 
This inclusion strategy was seen as a strength and 
ethically correct since they had already conducted the 
inclusion procedures.

Conclusion

This study describes the challenges of a recruitment pro
cess of never-smokers with COPD, with both drop-outs 
and exclusion of participants. The strict, but necessary 
inclusion criteria regarding COPD definition, resulted in 
the exclusion of 68% of the participants and 26% were 
instead included as controls, but also the inclusion of 154 
participants being unquestionable never-smokers with 
COPD. Our findings highlight the importance of repeated 
lung function assessments for improved accuracy in diag
nosing COPD, and thereby to enable correct interpretation 
of study results. We believe the information and the raised 
awareness from this description may help others in future 
research, especially when it comes to planning population- 
based clinical studies. Establishing a correct diagnosis of 
never-smoking COPD is important to enable further 
investigation of characteristics and to personalize care in 
COPD.
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