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Background: To facilitate effective personalized medicine, primary health care needs better methods of assessing and monitoring
chronic obstructive pulmonary disease (COPD).
Aim: This cohort study aims to investigate how biomarkers relate to clinical characteristics and COPD patients’ subjective needs over time.
Methods: Patients (n=750) in different COPD severity according to the GOLD criteria and age- and sex-matched controls (n=750)
will be recruited over a period of 5 years from 15 primary health care centers in Region Stockholm, Sweden, and followed for 10 years
in the first instance. Data on patients’ subjective needs will be collected via telephone/email, data on clinical/physiological variables
(eg, symptoms, exacerbations, comorbidities, medications, smoking habits, lung function) from existing databases that are based on
medical records, and data on biomarkers via repeated blood sampling. Quantitative and qualitative methods will be used. Initial results
are expected after 2 years (feasibility test), and a larger body of evidence after 5 years.
Discussion: The study is expected to provide definitive and clinically useful scientific evidence about how biomarkers relate to
clinical variables and patients’ subjective needs. This new evidence will facilitate accurate, and personalized COPD management by
the use of valid biomarkers. It will provide useful tools for primary care professionals and may facilitate optimal self-management.
Keywords: airway inflammation, COPD, biomarkers, cohort, patients’ needs, personalized medicine, primary care

Introduction
Chronic obstructive pulmonary disease (COPD) is a chronic inflammatory lung disease that develops gradually and is
due to exposure to noxious agents that are inhaled (eg, tobacco smoke, air pollution, work-related agents), being born
prematurely, childhood respiratory infections, and alpha-1-antitrypsin deficiency.1,2 COPD is the third most common
cause of disease-related mortality worldwide and is costly to society.3 An estimated 5% to 10% of the general population
over 40 years of age have moderate or severe COPD, and as many as 50% of older smokers may have the disease.4,5

Diagnosis is based on the triage of harmful exposure, typical symptoms, and chronic airflow obstruction confirmed
through spirometry. The recommended treatment is carried out inter-professionally; requires a long-term commitment
from patients and professionals; and includes smoking cessation, pulmonary rehabilitation (physical activity and
nutritional treatment), and pharmacological treatment with bronchodilators and anti-inflammatory drugs.6

International Journal of Chronic Obstructive Pulmonary Disease 2022:17 993–1004 993
© 2022 Lundh et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of Chronic Obstructive Pulmonary Disease Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 12 January 2022
Accepted: 11 April 2022
Published: 2 May 2022

In
te

rn
at

io
na

l J
ou

rn
al

 o
f C

hr
on

ic
 O

bs
tr

uc
tiv

e 
P

ul
m

on
ar

y 
D

is
ea

se
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0003-2605-8131
http://orcid.org/0000-0003-1258-2928
http://orcid.org/0000-0001-6328-5494
http://orcid.org/0000-0002-1721-6540
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
http://www.dovepress.com/permissions.php
https://www.dovepress.com


Approximately 80% of patients with COPD have other co-existing chronic conditions, which is why primary care
professionals are typically responsible for most COPD patients. Comorbidity tends to significantly worsen the prognosis
of chronic conditions and complicate care.7,8 In Sweden, a combination of organizational problems (eg, heavy workload,
staff shortages, time constraints), the complexity of managing multi-morbidity, and insufficient levels of COPD knowl-
edge and management skills among clinicians has led to underdiagnosis and undermanagement of COPD.9,10 The
situation is likely similar in other countries.

Given these circumstances, it is crucial to make the assessment of COPD as easy and reliable as possible. Guidelines
currently recommend that clinicians use The Global Initiative for Chronic Lung Disease (GOLD) A-D classification
system to assess COPD.3 This classification, based on information about COPD-related symptoms and exacerbation
history, guides clinicians to recommended treatments.3 Some additional information on severity and prognosis can be
obtained through spirometry measurements (GOLD severity stages 1–4) and the patient’s level of physical functioning.
However, many primary care professionals regard current assessment methods as inaccurate, complex, time-consuming,
and thus impractical. Misclassification may occur, which in turn can lead to nonoptimal care.11

Previous studies have found associations between COPD outcomes and each of the three aspects of COPD that we
propose to study in The Stockholm COPD Inflammation Cohort (SCOPIC). However, a better understanding of patient’s
subjective needs, clinical phenotyping, and endotyping—as well as the relationships between them—has the potential to
make assessment of COPD status and prognosis more personalized and precise.

Patients’ Subjective Needs
In person-centered care, patients are partners in care and experts on their own experiences and subjective needs. Patients’
perspectives are integrated with the health care professionals’ evidence-based clinical assessments to make decisions
about disease management. Person-centered care is thus an important complement to evidence-based care.

Core components of person-centered care include regarding each patient as a person with physical, emotional, and
social needs.12 Meeting these needs promotes health. Education and support that are based on patient’s subjective
experiences and needs can decrease anxiety and increase self-efficacy, health-related quality of life, and exercise
capacity.13,14 It can also lead to fewer unscheduled physician visits, hospital admissions, and days in the hospital.15

Thus, it would be natural to assume that specialized COPD nurses have a thorough knowledge of patients’ needs, but this
is not always the case. Time constraints and staffing shortages often force nurses to prioritize “mechanical” tasks, such as
performing spirometry or demonstrating inhaler techniques, thus compromising person-centeredness and continuity of
care.16 Additionally, conversations between professionals and patients may be challenging, as COPD is often lifestyle-
related and can be stigmatized as a self-inflicted disease.17 Professionals can also find it frustrating if a patient is not
motivated to make lifestyle changes.18

Many primary care patients with moderate to severe COPD have substantial needs for support in COPD self-
management,19,20 and these needs can change over time (Sandelowsky, et al, in manuscript). To help busy primary care
asthma/COPD nurses deliver optimal care, we need feasible and effective methods for assessing patients’ subjective COPD-
related needs. The Lung Information Needs Questionnaire (LINQ) was developed to measure such needs.19 The LINQ is
a brief review of patients’ subjective needs for information about disease knowledge, medication, self-management,
smoking, diet, and exercise. However, it does not address a number of issues relevant to COPD nurses’ work. An example
is multimorbidity. COPD patients with multi-morbidity may need particular support in self-management, use of healthcare,
and understanding the ways that comorbid diseases affect each other.21 Other examples of issues not addressed by the LINQ
include patients’ views on polypharmacy and patients’ social situations. Thus, to date, the LINQ has mainly been used by
pulmonary rehabilitation professionals.19 Further investigation is required to determine whether the LINQ in its current form
is an appropriate tool for primary care COPD nurses to use in assessing patients’ subjective needs.

Clinical Phenotyping
Identifying unique clinical COPD phenotypes might help individualize patient care. COPD phenotype refers to a disease
attribute or combination of disease attributes that describe(s) differences between COPD patients based on clinically
significant parameters, such as exacerbations, symptoms, treatment response, rate of disease progression, comorbidity,
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and mortality risk.22 Some investigators have defined clinical COPD phenotypes on the basis of exacerbation frequency,
symptom patterns, inflammatory response, and dominant clinical manifestations (emphysema, chronic bronchitis,
asthma-COPD overlap).23 More detailed models of clinical COPD phenotypes are needed to determine whether the
proposed phenotypes are useful in clinical practice. For instance, the role of multi- and comorbidity in possible COPD
phenotypes needs further investigation. Weighing the clinical relevance of co-existing diagnoses (eg, by disease
categorizations according to Calderon-Larranaga, Charlson’s index, and Elixhauser’s index) may provide additional
information about COPD prognosis.7,8,24

Biomarkers
Endotyping by quantifying alterations in biological markers (biomarkers) has the potential to facilitate personalized
medicine. Endotyping improves characterization and classification of the disease and thus enables more accurate
diagnosis and treatment.25 Thus, biomarkers could help with diagnosis, assessing prognosis, and monitoring treatment.
However, despite previous attempts, there are no reliable, established laboratory tests to assess COPD characteristics
among patients in clinical practice.

Inflammation can be detected by sampling the local airway (fraction of exhaled nitric oxide [FENO]), peripheral
blood (C-reactive protein [CRP] or granulocytes), or urine (eicosanoids). However, a laboratory test for routine clinical
use in primary care should meet all the following criteria: 1) sampling must be easy; 2) the result must be clear and
precise; and 3) the result must provide decisive, clinically relevant information. Unfortunately, previously proposed
biomarkers of systemic inflammation (eg, CRP, neutrophils, and eosinophils) or local inflammation (eg, FENO) do not
fully meet these three criteria.

Evidence suggests that the inflammatory event behind COPD involves several inflammatory pathways. In these
pathways, extracellular inflammatory mediators (cytokines and chemokines) affect the functions of a variety of structural
and immune cells. Some of the currently known key components of these pathways are:

● Eosinophils. Eosinophil count in blood may help clinicians choose treatment and assess prognosis of COPD.3 It is
a simple and inexpensive test that is already in use in routine care. Information about aspects of eosinophil
mobilization can be used to support decisions about anti-inflammatory treatment and to prevent exacerbations in
certain subtypes of COPD.26,27 Eosinophilic cationic protein (ECP) and eotaxin are biomarkers that are associated
with changes in eosinophil levels in the blood of patients with COPD.28,29 Prospective studies are needed to confirm
whether ECP and eotaxin measurements are superior to a simple eosinophil count for monitoring COPD progress.

● Neutrophils. Neutrophils are known mediators of inflammatory changes in COPD both at the local and the systemic
level. Our research group has previously characterized systemic neutrophil mobilization, the CXC chemokine, the
growth related oncogene-alpha (GRO-α) and interleukin(IL)-17A (formerly known as IL-17) in COPD during stable
disease and exacerbations.30–32 At this systemic level, the average IL-17A concentration during stable disease is
substantially lower in smokers with COPD than in controls, especially in the smokers with COPD whose lungs have
been colonized by airway pathogens.30 The long-term alterations in IL-17 levels in COPD patients have not been studied.

● Lymphocytes. The number of CD8+ T lymphocytes is increased in the airways of patients with COPD. In advanced
COPD, these cells are likely to contribute to disease pathogenesis and progression through inflammation, alveolar
wall destruction, and small airway fibrosis.33,34 However, the association between clinical findings and levels of
CD8+ T lymphocytes in peripheral blood is not yet clear.35,36

● Macrophages and epithelial cells. Inflammatory changes in COPD are also characterized by an imbalance of the
proteolytic homeostasis between proteases (eg, matrix metalloproteinase-9 [MMP-9]) and antiproteases (such as
tissue inhibitor of metalloprotease [TIMP]) and an increased degree of oxidative stress. This can lead to a higher
number of goblet cells, increased mucus production, fibrosis development, and lung tissue destruction, which are
characteristic changes in chronic bronchitis and COPD.37,38 Smoking induces an imbalance between oxidants and
antioxidants, which leads to increased oxidative stress both locally in the lungs and systemically in the blood. The
airway epithelium can produce secretory leukocyte protease inhibitor (SLPI) and 16-kDa club (Klara) cell secretory
protein (CC16). SLPI is a serine protease inhibitor that can be produced by a number of cell types in the airways.
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SLPI has anti-inflammatory and antimicrobial properties and acts as an antiprotease.39 CC16, produced by Klara
cells, may protect the airways from oxidative stress and inflammation,40 and reduced levels have been detected in
smokers.41 Furthermore, studies have shown that decreased serum levels of CC16 are related to the severity of
COPD.42 Measuring MMP-9, TIMP-1, and the ratio of these biomarkers, as well as SLPI, could help evaluate
protease/antiprotease balance. CC16 analyzed in serum samples could be used to assess the presence of oxidative
stress.

Most studies about COPD biomarkers have been conducted on patients who have had exacerbations and needed
secondary care, often on fairly small numbers of patients. It is not clear whether and to what extent these biomarkers are
useful in patients with mild to moderate disease. Typically, these patients visit only primary care. Further short- and long-
term studies in clinical primary care contexts are needed, as are studies on the role of multimorbidity in inflammatory
COPD processes.

SCOPIC aims to investigate how biomarkers relate to clinical characteristics and subjective needs of patients with
COPD over the short and long term, including disease regression and progression. Our ultimate goal is to improve risk
assessments and management of COPD.

Materials and Methods
SCOPIC is a prospective, observational cohort study that will include primary care patients with COPD (“study group”,
n=750) and age- and sex matched controls who do not have COPD (“biomarker/clinical controls”, n=750) (Table 1). We
intend to follow up the study patients and the biomarker/clinical controls individually for 10 years in the first instance via
repeated measurements of clinical, physiological, and inflammatory (biomarker) variables. Additionally, the LINQ will
be used to repeatedly assess patients’ subjective COPD-related needs and perspectives on COPD. We will recruit COPD
patients who do not otherwise participate in SCOPIC to serve as controls for the LINQ subgroup (“LINQ controls”,

Table 1 SCOPIC Eligibility Criteria and Recruitment Procedure

Group Inclusion Criteria Exclusion Criteria Recruitment

Study group n= 750 Physician-diagnosed COPD verified by spirometry

according to GOLD (FEV1/FVC <0.7 after

bronchodilation)

Ongoing treatment

with oral steroids

Recruited consecutively

(2022–2026) at their usual PHCC

visits to their asthma/COPD nurse

Physician-diagnosed COPD verified by spirometry

according to GOLD (FEV1/FVC <0.7 after
bronchodilation) who have a concomitant asthma

diagnosis

All disease stages and subgroups (GOLD stages 1–4,

groups A to D) will be accepted

LINQ controls,n=300 Same inclusion criteria as the study group Ongoing treatment

with oral steroids

Recruited consecutively

(2022–2023) at their usual PHCC

visits to their asthma/COPD nurse
Listed at the same PHCCs as those in the study group

Willing to respond to the LINQ but not otherwise

participate in SCOPIC

Age- and gender-matched to patients in the study group

Biomarker/clinical

controls, n=750

No COPD Ongoing treatment

with oral steroids

Recruited consecutively

(2026–2030) at their usual visits to

the PHCC
Listed at the same PHCCs as those in the study group

Age- and gender-matched to patients in the study group

Abbreviations: GOLD, Global Initiative for Obstructive Lung Disease; LINQ, Lung Information Needs Questionnaire [19]; PHCC, primary health care center.
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n=300). Additionally, individual interviews will be conducted with approximately 15 to 20 participants in the study group
to further explore patients’ subjective COPD-related needs.

Participant Eligibility and Recruitment
Approximately half of the 210 primary healthcare centers (PHCCs) in the administrative area that constitutes the county
of Stockholm (Region Stockholm) have a nurse-led asthma/COPD clinic. These PHCCs will be invited by email to
participate in the study. At least 15 PHCCs will be included consecutively in the study.

Patient eligibility criteria and the SCOPIC recruitment procedure are summarized in Table 1. As we aim to study real-
world COPD patients in primary care, all disease stages and subgroups (GOLD stages 1–4, groups A to D) will be
accepted and patients will be recruited consecutively as they visit their physician or nurse at the PHCC. We plan to
recruit the study group between 2022 and 2026, and the biomarker/clinical control group between 2025 and 2029.
Clinical considerations make it necessary to recruit the study group and controls at separate times. Given the size of the
project, it is necessary to test the feasibility of the study logistics (see description on page 13) prior to a full-scale study.
This feasibility test will enable us to ensure that project resources are sufficient and that the project accommodates the
realities of clinical primary care, particularly given the Covid-19 pandemic.

All patients will be recruited to the study consecutively by PHCC personnel at regular patient visits. A subset of the
patients in the study group will participate in individual interviews. These patients will be recruited consecutively by the
study nurse. The 300 LINQ controls will be recruited separately.

Patients are regularly treated with oral steroids will be excluded from the study, as oral steroid treatment may
influence the biomarkers measured in the study.

Outcomes and Data Collection
Data collection (Table 2) will start in parallel with recruitment. Clinical and biomarker data will be collected via blood
sampling taken at PHCC laboratories (sputum tests may later be performed in a subgroup of patients who provide
specific written informed consent). Patients in the study group will contribute blood samples four times a year for 10
years, and the biomarker/clinical controls will do so twice a year. The samples will be transported by regular mail to and
stored at the Karolinska Institutet Biobank. For the biomarker analyses, we will use methods based on the Enzyme-
Linked Immunosorbent Assay (ELISA) technique. We will use the meso scale discovery (MSD) analysis in accordance
with manufacturer instructions (https://www.mesoscale.com/). This method enables simultaneous analyses of several
biomarkers in the same blood sample. Apart from the LINQ scores, all clinical data will be extracted retroactively from
databases that are based on medical records and from Region Stockholm’s database that contains statistics on health care
use and demographics. The dates of the blood samples will be matched with the dates of the clinical data, including the
diagnoses registered at the visit, medications, and type of visit (urgent or regular). This information will enable us to
determine the patient’s clinical COPD status when the blood sampling was taken (ie, stable COPD or acute exacerbation;
see Table 1 for variable definitions). Data on patients’ subjective, COPD-related needs will be collected via the LINQ,
which will be administered by the study nurse.

Feasibility Test
As SCOPIC includes complicated procedures and study logistics, a feasibility test (pilot study) will be conducted. We
will begin recruiting patients to the study group and the LINQ control group at three PHCCs in Region Stockholm in
2022. We have chosen these PHCCs because their catchment areas represent a variety of demographic and geographic
locations (city, suburban, and rural) and ownership types (private and public). We will test the logistics at the PHCCs and
the logistics of transporting samples between PHCCs and the biobank. Additionally, we will test the feasibility of the
laboratory methods for biomarker analyses and the procedures for extracting clinical data from the databases, including
matching the extracted data with the biomarkers. All data generated from the feasibility test in 2022 will be analyzed in
2023, and the results will be published in peer-reviewed scientific articles.
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Table 2 Summary of Outcome Measures, Data Collection Methods and Years in SCOPIC

Outcome Measure Data Collection/Extraction Subjects and Year(s) of Data Collection

Aims/objectives: Patients’ needs

Patients’ subjective need for information about:

disease knowledge, self-management, smoking,
medicines, diet, and exercise

Nurse-managed communication support via

telephone/email using The Lung Information
Needs Questionnaire (LINQ),19 total scores

and domain scores

Study group and LINQ controls: 2022–2035

(individually years 1, 3 and 10 from
inclusion)

Patient’s subjective needs regarding COPD Nurse from the communication support system

will conduct individual interviews via telephone/
email using a semi-structured interview guide

(Table 2)

Study group: 2023–2024

Aims/objectives: Clinical and physiological variables

Co- and multimorbidities according to the
Charlson comorbidity index (CCI)8 and the

Elixhauser comorbidity index (ECI)7 plus

registered ICD-10 diagnoses grouped into
disease categories according to the

classification in Calderon-Larranaga4

Data from routine (primary) care registered in
medical records and extracted via the

Stockholm Health Data Center (HDC)

database; output: ICD-10 codes

Study group: Data registered 2021–2035;
Extraction in 2023 (feasibility test) 2026,

2030, 2035

Biomarker controls:
Data registered 2026–2035;

Extraction in 2026, 2030, 2035

Care seeking/use patterns: visits to

professionals, visits to primary and secondary

care

HDC output and Region Stockholm official

database output (“VAL database”)

Medications, vaccinations, body mass index,

blood pressure, spirometry values (FEV1, FVC,
FEV1/FVC), COPD-related health status

measured as scores on The COPD Assessment

Test (CAT),42 exacerbationsa, smoking status

Routine care and HDC output

Aims/objectives: Biomarkers

Biomarkers measured in routine care

CRP, total blood white cell count, eosinophils,

neutrophils

Routine care and HDC output Study group: Data registered 2021–2035.

Extraction in 2023 (feasibility test), 2026,

2030, 2035
Biomarker controls:

Data registered 2026–2035.

Extraction in 2026, 2030, 2035

Study-specific biomarkers

C-reactive protein (CRP), total blood white cell
count, eosinophils, neutrophils;

Lymphocyte pathway: CD8+/CD4+ mediators;

Neutrophil pathway: Interleukin (IL)-16, IL-17;
Eosinophil pathway: B-eosinophils, eotaxin,

Eosinophilic cationic protein (ECP);

Epithelial cells and macrophages: CC16, matrix
metalloproteinase-9 (MMP-9), tissue inhibitor

of metalloprotease (TIMP-1), secretory

leukocyte protease inhibitor (SLPI).

Blood/sputum samples stored at PHCC

laboratories or the KI Biobank, analysis at KI
research labb

Study group: Samples taken 4 times/year,

2021–2035;
Analyses 2023 (feasibility test including

sample analyses), 2026, 2030, 2035

Biomarker controls:
Samples taken 4 times/year, 2021–2035;

Analyses 2026, 2030, 2035.

Notes: aAcute exacerbation is defined as worsening of COPD symptoms that prompted a visit to emergency care and/or hospitalization plus medication with oral steroids
and/or antibiotics.bBlood samples: 10 mL of whole blood taken on 4 test occasions/year/patient at PHCC laboratory, plus an extra 2.5 mL whole blood (for mRNA
extraction) on the first test occasion. Sputum samples (preliminary start in year 5): subgroup of 50 patients (based on interim results of blood samples years 1 through 3).
Labeling, transport, and storage of the test tubes in accordance with the KI Biobank’s (KI, Solna) routines (see ethics section).
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After making any needed adjustments to study logistics, we will continue with PHCC and study group recruitment for
another 5 years by inviting PHCCs with nurse-led asthma/COPD clinics until at least 750 patients with COPD have been
consecutively included in the study group. Recruitment of the 300 LINQ controls will continue until 2023.

The Study Nurse
To facilitate patient interest in participating throughout the initial 10-year study period, a study nurse will support
participants by providing information and reminders (eg, about blood sampling) throughout the study period. This
interaction between participants and the research group, which will primarily occur via telephone and email, will be used
to collect data about patients’ subjective COPD-related needs (see Table 3) and to respond to patients’ questions. A study
nurse who is specialized in asthma/COPD but has no other contact with the participants will manage this communication.
The nurse-managed support will be available to patients in the study group and the biomarker/clinical control group but
not to the LINQ controls. When needed, the study nurse will also facilitate contacts and communication between the
researchers, PHCCs, local labs, and biobank.

Statistics
Sample Size
Given the size of the population of primary care patients with COPD in Region Stockholm, we expect it to take
approximately 5 years to recruit 750 patients. We have used two methods to estimate the minimum size of our cohort:
one based on biomarkers and one based on clinical variables. Both methods indicate that 750 patients should provide
sufficient power:

1. The variability and reproducibility of COPD biomarkers remain uncertain. However, higher levels of CRP in
blood are associated with higher levels of systemic inflammation. With a power calculation based on the
assumption that in one year, approximately 25% of the patients in the study population will experience
a COPD exacerbation, and a further assumption that these patients account for the highest 15% of CRP values
in blood, we will need at least 260 patients in our study group.

2. The score from the validated symptom assessment tool, the COPD Assessment Test (CAT)43 is a clinical variable
associated with the progression of COPD.19 With a power calculation based on the minimum clinically important

Table 3 The Semi-Structured Interview Guide Used in the Qualitative Study About COPD Patients’ Needs and Perspectives About
Their Illness

Number Question

1 How would you describe your health?

2 How do you view your COPD? What role does it play in your life? How does it affect your life?

3 Do you have other diseases as well? Do they affect your COPD or vice versa, and if so, in what way?

4 What would you like your COPD care at the health care center to look like? Tell us about your needs related to COPD care. What is

good, and what is bad?

5 What can you tell us about your needs for support or information about the following aspects of COPD?

- Disease knowledge?
- Medications?

- Self-management?

- Smoking?
- Diet?

- Physical activity?
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difference in CAT scores (= 2 points) and its standard deviation,44 and assuming a dropout rate of 30% and an
intracluster coefficient (for PHCCs) of 0.04, we will need at least 325 patients in our study group.

However, loss to follow-up is usually substantial in long-term cohort studies. This may be particularly true of
longitudinal studies of older patients with chronic diseases, who often have multimorbidity. Thus, we aim to include 750
patients, ie, 150 patients a year for five years. We estimate that each PHCC will have at least 150 registered patients with
COPD and that approximately 85% of them visit the center at least once every 18 months.45 We will therefore need to
recruit at least 15 centers (approximately 50 participants per center) to the study. For the studies on patients’ subjective
COPD-related needs, a power calculation based on previous publications about LINQ scores (rather than CAT scores as
described above) would have been preferable. However, this was not possible, as only an informal minimal clinically
important difference (MCID) is currently available for the LINQ.19

Data Analyses
Quantitative analyses will use parametric and non-parametric methods, including logistic regression and Cox regression.
P values of <0.05 will be considered statistically significant. All final data at the individual level will be adjusted after
univariate significance tests have been performed. In addition, all final data at the PHCC level will be adjusted for
clusters (= PHCCs), baseline data, and sociodemographic factors.

Qualitative research methods, eg, inductive content analysis by Elo and Kyngäs46 will be used for interview studies.
A purposive sampling of participants, data collection through interviews with a semi-structured interview guide
(Table 3), will be used. The analysis is based on systematically deriving concepts from the data.

Discussion
COPD is a complex clinical challenge. Early detection is crucial, and diagnosis is often difficult, as are monitoring the
disease and predicting its different phases over time. Additionally, diverse aspects of multimorbidity, symptom adapta-
tion, and questioning the patient’s lifestyle (smoking) complicate COPD management. We expect the present study to
contribute scientific evidence, including biomarkers and a deeper understanding of patient needs, that will facilitate
simpler, more accurate, and personalized management of COPD. This new evidence will be particularly useful to primary
care professionals, as they are responsible for the vast majority of patients with COPD. The results will also have the
potential to promote optimal self-management of COPD, which is central to managing and living with this life-long
chronic condition.

Although patients who are on regular medication with oral corticosteroids will be excluded from the study, short-
term oral steroid treatment against acute exacerbation of COPD will not lead to an exclusion. However, short-term
steroid treatments will be taken into particular consideration when the results of the biomarker analyses are
interpreted.

We anticipate a number of methodological challenges. The feasibility testing at the three PHCCs (see page 13 and
Table 4) is a response to potential challenges such as recruiting PHCCs and patients, engaging PHCC staff in the study
and the logistics of collecting samples and delivering them to the biobank. At the moment, this is particularly challenging
in primary health care because of the heavy workload due to the Covid-19 pandemic. Another anticipated challenge is
maintaining participating patients’ interest and engagement over the entire study period. The telephone and email support
provided by the study nurse is designed in part to help us meet this challenge (eg, through reminders). It is possible that
the support provided by the nurse will improve participants’ health, but these potential improvements will not bias the
associations between biomarkers and clinical variables. Additionally, as most patients will be middle-aged or older and
often suffer from other chronic diseases as well as COPD, the participation may be interrupted by death. Hence, we aim
at doubling the number of participants that is determined by power calculation. Assessment of selection bias will be
undertaken, especially where it might result in spurious associations. However, as the majority of COPD patients in
primary care are in milder severity stages of COPD (GOLD 1–3 and/or A-C) at the time of the inclusion, we assess that
most of them will be able to complete the 10-year follow-up period.
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Self-reported data (eg, questionnaire responses) and data extracted from databases and medical records have strengths
and limitations. For example, data from the LINQ can be biased by problems with the responder’s recall and interpreta-
tion of the questions and replies. Register data may be biased by discrepancies between what has actually been done and
what has been entered in the medical records, register, or database.

Abbreviations
CAT, the COPD Assessment Test; CC16, 16-kDa club cell secretory protein; COPD, chronic obstructive lung disease;
CRP, C-reactive protein; ECP, eosinophilic cationic protein; FENO, Fraction of exhaled nitric oxide; GCP-2, granulocyte
chemotactic factor; GOLD, The Global Initiative for Chronic Lung Disease; GRO-α, growth related oncogene-alpha; IL,
Interleukin; LINQ, The Lung Information Needs Questionnaire; MMP-9, matrix metalloproteinase-9; MCID, minimal

Table 4 SCOPIC Time Plan

Phase 1 Phase 2

Aug-Dec
2021

2022–2024 2025–2029 2030–2036 2036
Onward

Ethical approval, application for amendment X

Contract with Karolinska Institutet Biobank X

Contract with Research Unit services (Region Stockholm) X

Writing and submission of study protocol X

Recruitment, study group (15 PHCCs/750 patients with COPD) X X X (2026)

Feasibility test (pilot) of the study at 3 PHCCs) X X

Evaluation of the study logistics X

Test of data-extractions from databases, evaluation X

Evaluation of biomarker storing (Biobank) and test of analyzing methods X

Analyses + article(s) about the results of the feasibility test X (X)

Data collection (clinical + biomarkers), study group X X X X

Nurse-managed communication support for participants by telephone/email X X X X

Studies on patients’ information needs (The Lung Information Needs

Questionnaire (LINQ)19) + patient perspectives (individual interviews)

X X X

- Recruitment/data collection (LINQ), study group and LINQ controls X

- Interview study, study group (20 patients) X

- Analyses + articles X X

Recruitment, biomarker/clinical controls (750 patients without COPD) X X

Data collection (clinical + biomarkers), biomarker/clinical controls

Baseline/interim data extractions (from databases) and biomarker analyses X

Baseline/interim result articles X X

End of data collection X

Final analyses and presentations of results X

Abbreviation: PHCC, Primary Health Care Center.
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clinically important difference; PHCC, primary health care center; SCOPIC, The Stockholm COPD Inflammation Cohort
study; SLPI, secretory leukocyte protease inhibitor; TIMP, tissue inhibitor of metalloprotease.
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