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Abstract

Background Chronic obstructive pulmonary disease (COPD) is a common disease associated with premature

death. Tobacco exposure is the main risk factor, but lower socioeconomic status, early life insults, and occupational
exposures are also important risk factors. Socially marginalized people, facing homelessness, substance use disorder,
and mental illness, are likely to have a higher risk of developing COPD, and, furthermore, experience barriers to health-
care access and consequently poorer outcomes.

Objective This study aims to assess COPD prevalence and the impact of opportunistic screening among hospital-
ized patients who are in contact with hospital social nurses. These patients constitute a group of patients with a high
prevalence of psychiatric and somatic diseases, substance use, low life expectancy, and are socially marginalized.

Methods The present prospective longitudinal study includes a clinical examination at baseline. Participants will
have spirometry done and be interviewed regarding risk factors, socioeconomic conditions, and respiratory symp-
toms. The 5-year follow-up assessment incorporates data from baseline and register data over the 5 years, includ-
ing information on morbidity, use of COPD medication, hospital contacts, mortality, and socioeconomic factors.
Anticipated results Referral for further diagnostic work-up and management after the screening, including COPD
treatment and smoking cessation support, is expected to improve survival rates. The study is still enrolling patients.
Trial registration The study is registered at ClinicalTrials.gov, NCT04754308 with study status: “enrolling”.
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Take home message
COPD may disproportionately affect socially marginal-
ized patients causing a substantial disease burden. By
opportunistic screening, we aim to assess COPD preva-
lence to facilitate early diagnosis and treatment, and by
that potential outcome.

Introduction

Background and rationale

Chronic obstructive pulmonary disease (COPD) is a
progressive, life-threatening condition caused pre-
dominantly by smoking, and includes symptoms such
as breathlessness and cough [1]. The gradual onset of
the disease, with as many as 85% of patients being diag-
nosed very late in its course [2, 3], emphasizes the critical
importance of early detection for reducing disease pro-
gression and, consequently, morbidity [4]. Smoking ces-
sation is the most important intervention to prevent the
disease from worsening, and access to appropriate treat-
ment is essential for better symptom control and, by that,
improved quality of life [2, 5].

In the search for better ways to identify COPD cases,
scholars have explored various methods [6]. However, the
studies so far have been diverse in design and outcome,
hindering conclusive findings [6]. Nevertheless, a recent
study from Canada which actively looked for cases, sug-
gests that there is a potential for early diagnosis and
improved long-term prognosis [7]. While routine COPD
screening in asymptomatic adults is not recommended
in the U.S., screening high-risk and/or symptomatic
patients aligns with international recommendations [1].
In our study, we introduce case finding in expected high-
risk patients admitted to Danish hospitals.

Nation-wide studies have found social inequality in the
occurrence of COPD [2], and even showing a social gra-
dient within the range of deprivation [8]. In Denmark,
COPD is the disease that contributes most to social ine-
quality in health [6]. Socially marginalized individuals in
Denmark, such as those affected by homelessness, sub-
stance use, harmful alcohol use, mental illness, and pov-
erty, have a higher disease burden and worse well-being
than the general population [9]. They also have overuse
of healthcare services, including emergency depart-
ments, on-call doctors, general practitioners, and higher
somatic/psychiatric admission rates [10], yet despite their
increased contact with the healthcare system, they have
significantly higher mortality rates, as socially marginal-
ized people die on average 17 years earlier than the back-
ground population [9].

The Danish healthcare system is 100% tax-financed,
with free access to healthcare for all citizens. However,
there is increasing inequality in treatment outcomes [9,
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11]. With the overall aim of reducing healthcare inequality,
Danish hospitals have employed social nurses.

Social nurses are registered nurses, that provide sup-
port to socially marginalized patients throughout their
hospitalization, promote treatment equity, and ensure
the best possible treatment outcomes [12—14]. These
nurses, who have specialized knowledge and practi-
cal experience in working with socially marginalized
citizens, originate from positions such as street nurses,
shelter nurses, and nurses in substance maintenance
treatment clinics.

Previous studies have revealed a strong association
between low socioeconomic status (SES) and the pres-
ence of COPD [2]. Although individuals from socially
marginalized backgrounds tend to have more frequent
hospital visits and higher mortality rates [9, 10] there is a
lack of available studies examining healthcare utilization,
risk factors, and mortality related to COPD in patients
in contact with social nurses - a patient group that rep-
resents some of the most disadvantaged individuals in
Denmark. This gap in knowledge highlights the need for
comprehensive investigations to facilitate a more pro-
found understanding of the issue, as that is likely to have
significant implications for global healthcare strategies
aimed at addressing the multifaceted challenges faced by
socially marginalized populations.

We hypothesize that socially marginalized patients in
contact with social nurses, have at least a twofold higher
prevalence of COPD compared to the general population,
as smoking is highly prevalent in lower income groups
and is adding to socioeconomic inequalities [15, 16].

Objective

The objective of the present study is 1) to investigate and
describe the prevalence of COPD among hospitalized
marginalized patients being in contact with social nurses
and 2) to examine the 5-year impact of opportunistic
screening for COPD and referral for health care manage-
ment on outcome.

Material and methods

Study setting

Study participants are identified during hospitalization
at the participating hospitals, that is admission to emer-
gency, medical and surgery departments, and recruited
by social nurses, working at 11 hospitals within three
of the five Danish regions (Capital Region of Denmark,
Region Zealand, and Central Denmark Region). The
hospitals include both urban and rural areas. Patient
recruitment commenced on April 19th, 2021 and is still
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enrolling patients, with an anticipated completion of
enrolment in 2024.

Study subjects
The goal of this study is to include socially marginalized
patients, who are individuals facing multiple and very
challenging life circumstances such as mental health dis-
orders, substance use disorder, and other complex issues
like homelessness and involvement in criminal activities,
in the target population of social nurses. This group com-
prises approximately 70,000 individuals in Denmark [17].
It is important to note that there is a significant utiliza-
tion of healthcare services within this population, with
13% having been hospitalized in the past 3 months, and
16% having sought care from an emergency department
[9]. Ultimately, it is the responsibility of the social nurse
to determine whether the patient falls within the target
group, resulting in a highly selected group of patients.
The findings of this investigation, based on the question-
naire, will reveal whether the included patients align with
the description that constitutes the target population of
social nurses.

The study inclusion criteria for patients seen by a social
nurse:

« DPatients aged 18years or older

« DPatients able to comply with study procedures

« DPatients able to understand Danish and provide
informed consent

Exclusion criteria:
+ DPatients without a Danish civil registration number

The exclusion of patients without Danish civil registra-
tion numbers is because they only have access to acute
medical care and cannot be followed up via the nation-
wide Danish health registries.

This study is conducted in accordance with ethical
principles derived from international guidelines, includ-
ing the Helsinki Declaration [9]. All participants will have
to provide written informed consent.

The study protocol received approval from the
Regional Ethics Committee (H-20031386, December
10, 2020) and is registered on ClinicalTrials.gov (refer-
ence NCTO04754308, February 12, 2021). The collec-
tion and processing of data have been authorized by the
Capital Region on behalf of the Danish Data Agency
(P-2020-137).
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Study design
This is a prospective longitudinal study with 5 years fol-
low-up from the date of inclusion.

The power calculation is based on the assumption that
the prevalence of COPD will be twice the prevalence in
the Danish background population (4.3%). With a power
of 80% and a significance level of 0.05, a sample compris-
ing 511 patients is required.

Methods

The social nurses are instructed to invite consecutively
all eligible patients who fulfill the following inclusion
criteria: Patients aged 18years or older, patients able
to comply with study procedures, and patients able to
understand Danish.

Recruitment to the study: The social nurse is informed
about the admission of an individual socially margin-
alized patient either by hospital staff, when personally
visiting the hospital departments, through telephone or
patient record software, by external collaborators (e.g.,
substance maintenance clinics, shelters, street nurses,
etc.), and/or when a patient directly contacts the social
nurse.

Social nurses invite all eligible patients to participate in
the study. After providing written informed consent, they
interview the patients about alcohol and substance use,
housing conditions, education, employment, and about
respiratory symptoms, especially COPD symptoms (see
Supplement for details).

Next, a spirometry is conducted by the social nurse to
detect possible obstructive and/or impaired lung func-
tion (Fig. 1). It is performed using the NuvoAir device
[18] corded to a smartphone/tablet with the app AIR
MD. The guidelines recommend that spirometry be
performed both before and after the administration of
bronchodilator medications. However, due to practical
reasons, the study procedure only includes post-bron-
chodilator spirometry, although it differs from the stand-
ard diagnostic practice. A standard dose of short-acting
[2-agonist will be administered prior to spirometry.

The app AIR MD algorithm selects the best of three
forced expiratory manoeuvres. The app algorithm also
informs the nurse about the precision grade and if the
result is acceptable.

Participants with identified impaired lung function,
that is a FEV1/FVC ratio below 0.7 or the values of FEV1
and/or FVC below 80% of the predicted value, will be
referred to the respiratory outpatient clinic at the hospi-
tal for further diagnostic work-up. This referral protocol
is applicable irrespective of whether the participant has
a pre-existing lung condition or not. In cases where it
is not feasible for patients to be seen at the respiratory
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Study invitation
by social nurse
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post-bronchodilator

post-bronchodilator

Invalid spirometry

A 4
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clinic or GP

investigation

FEV1/FVC >0.7 FEV1/FVC <0.7 data
|
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lung disease disease
l—I :
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Standard referral Do not wish Referral to
to out-patient referral to further out-patient clinic

or GP

No confirmation of
COPD diagnosis
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COPD diagnosis

A 4

A 4

5-year follow-up in Danish health registries

Fig. 1 Flowchart indicating the three patient groups with COPD and the process of study-inclusion and 5-year follow-up: (1) undiagnosed COPD
atinclusion who underwent further assessment, (2) previously diagnosed with COPD at inclusion, (3) COPD at inclusion who declined further

assessment

outpatient clinic, they are instructed to contact their
general practitioner for subsequent evaluation and
management.

Finally, the social nurse asks the patient about their
motivation to quit smoking. In addition, they receive
information about available options for smoking cessa-
tion support, including hospital resources or referrals to
cost-free municipal smoking cessation services.

Coordination regarding follow-up assessment, follow-
up care, and general support from social nurses consti-
tutes standard care and is not a part of the intervention
but should be taken into account in interpreting the
findings.

Outcome measures
From the baseline examination, the study will report the
following outcome measures:

Prevalence of non-reversible airflow limitation that is
a post-bronchodilator FEV1/FVC ration<0.70
Proportion of diagnosed vs. undiagnosed COPD at
the time of screening (with a previous diagnosis of
COPD defined as a patient-reported diagnosis in the
baseline questionnaire)

Proportion of patients diagnosed with lung function
impairment (FEVI/EVC ratio<0.7) subsequently
examined at a respiratory outpatient clinic/GP within
4 months from screening.

Prevalence of patients diagnosed with COPD after
screening (identified by ICD10 code J44, or redeemed
prescriptions of COPD treatment)

Prevalence of participating current smokers who
wish to stop smoking (patient-reported outcome in
the baseline questionnaire)

Prevalence of patients with identified lung function
impairment (FEV1/FVC ratio <0.7) at screening, who



Briinés et al. BMC Pulmonary Medicine (2024) 24:113

have a desire to quit smoking (patient-reported out-
come in the baseline questionnaire)

+ DPrevalence of patients who want to quit smoking
(patient-reported outcome in the baseline question-
naire) and accept the smoking cessation support
offers (identified by social nurse notes in patient
report).

Five-year follow-up outcome measures
At follow-up, we will report on whether:

« Opportunistic screening for COPD by social nurses
has an impact on the rate of hospital contacts. This
is assessed by examining the number of hospital
contacts per person year within each year of the
5-year follow-up (both outpatient visits and hos-
pitalizations) with a diagnosis related to COPD for
three patient groups: (1) the group with no previ-
ous COPD diagnosis, impaired lung function at
screening, and who underwent further assessment,
(2) the group of patients with previous diagnosed
COPD and impaired lung function at screening,
and (3) the group with no previous COPD diagno-
sis, impaired lung function at screening, and who
declined further assessment (Fig. 1).

« Opportunistic screening for COPD by social nurses
has an impact on the use of COPD medication.
This is assessed by examining number of prescrip-
tions filled for COPD medications for two patient
groups: (1) the group with no previous COPD diag-
nosis, impaired lung function at screening, and who
underwent further assessment, and (2) the group of
patients with previous diagnosed COPD at (Fig. 1).
The reporting of medication will be organized into
distinct categories, encompassing bronchodilators,
corticosteroids, rescue medications, and mainte-
nance therapies. Within each of these groups, the
dosage prescribed or dispensed will be quantified.

Previous or no previous COPD diagnosis is assessed
by the questionnaire at the time of screening as a
patient-reported outcome. The lung function impair-
ment is defined as FEV1/FVC ratio<0.7. In the report-
ing, patients are stratified into groups with confirmed
and non-confirmed COPD diagnosis.

Data collection

Baseline

Baseline data are derived from lung function meas-
urements and the interviews and questionnaires com-
pleted at inclusion.
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The data is sampled online by social nurses using a
smartphone or tablet, and the data is directly entered
into REDCap (Research Electronic Data Capture) [19].
Further, the results of the spirometry are uploaded
directly from the smartphone to REDCap.

If online data entry is not possible, a paper version of
the survey will be available. At the end of the inclusion
period, they will be sent to the Department of Clinical
Research at Hvidovre Hospital and entered manually
into REDCap.

Upon reaching the necessary number of participants,
the local investigators will refer to the outpatient book-
ings and physician notes in the electronic patient record,
to determine whether the participants underwent further
evaluation at a department of respiratory medicine and
if a diagnosis of COPD was confirmed (as indicated by
ICD10 coding J44).

Five-year follow-up

Follow-up at 5 years will be performed using the unique
civil registration number (Central Person Register (CPR)
number) [20] through linkage to national Danish regis-
ters. A CPR number is a unique personal identification
number assigned to all residents in Denmark. The CPR
number consists of a unique 10 digits and includes infor-
mation about the person’s date of birth.

Data on healthcare utilisation and hospital con-
tacts in the cohort will be obtained from the Danish
National Patient Register (NPR), and mortality data will
be obtained from the Cause of Death Register. Data on
redeemed prescriptions for COPD medication will be
obtained from The Danish National Database of Reim-
bursed Prescriptions.

Patients’ labour market attachment and income basis
are based on extractions from the Register-based Labour
Force Statistics (RAS), administered by Statistics Den-
mark. Data on the highest acquired level of education
(HFAUDD) will be obtained from Statistics Denmark.

The CPR numbers and collected survey data from
REDCap for the study participants are transferred to Sta-
tistics Denmark (DST), where they are combined with
information from the Danish National Patient Register,
the Cause of Death Register, and the Danish National
Database of Reimbursed Prescriptions. Data processing
at DST is conducted using pseudonymized data within a
secure server environment.

Variables

Self-reported demographic variables

Demographic variables included sex and age at inclu-
sion. The development of COPD is strongly associated
with age and will be presented as a categorical variable
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in the following categories: 18—24, 2534, 35-44, 45-54,
55-64, 65-79, 80+ years.

The categories for the highest completed educa-
tion are divided into the following: incomplete primary
school, primary school (completed 9th or 10th grade),
high school/gymnasium, vocational education, ter-
tiary education (short/2years, medium/3—4years, and
long/5-6years).

The indicator regarding attachment to the labour mar-
ket is divided into three categories: employed, unem-
ployed, and out of the workforce.

Housing conditions are included to describe the degree
of vulnerability and include questions related to housing
situation, type of housing/rough sleeping and whether
they live alone or with others.

Symptom burden and impact on quality of life in
patients diagnosed with COPD is evaluated using the
COPD Assessment Test (CAT) [21], a validated question-
naire specifically designed to assess various aspects of
their daily respiratory symptoms and limitations in daily
activities.

Self-reported variables related to health risk assessment
Smoking status is evaluated based on the following cate-
gories: never smoked, former smoker, occasional smoker,
and current smoker. The patients’ desire to quit smoking
is self-reported.

Alcohol use is assessed by the AUDIT-survey (Alcohol
Use Disorder Identification Test) developed by WHO
[22].

Drug use is defined as attending substance mainte-
nance treatment or reported use of other substances.

Clinical variables

The patients enrolled in this study may be categorized
into four groups according to their diagnostic status:
those previously diagnosed with COPD (self-reported),
those identified as having COPD through screening,
those without COPD as determined by screening, and
those with an unknown diagnostic status due to insuf-
ficient lung function test. COPD identified through
screening refers to people whose post-bronchodilator
FEV1/FVC ratio is less than 0,7, according to the meas-
urements obtained by the social nurse.

When assessing the prevalence of COPD, the groups
diagnosed through screening and self-reported COPD
are considered. Participants who are unable to perform
spirometry are classified as having an unknown diag-
nostic status and are not included in the calculation of
COPD prevalence.

At the 5-year follow-up, the prevalence of patients
diagnosed with COPD after screening is identified either
through the National Patient Health registry based on the
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ICD10 code ].44 or by examining prescriptions for COPD
medication (including all types of inhalation medicine)
recorded in The Danish National Prescription Database.

The utilization of healthcare services is evaluated
based on all hospital contacts, including outpatient visits,
admissions, and emergency department (ED) visits.

Admission diagnosis and department will be included
as descriptive variables - partly to ascertain whether
there are patterns in where the screening has the great-
est impact, and partly to assess whether there is selection
bias in the study.

Statistical considerations

Continuous variables will be presented as mean with
standard deviation if the variable can be assumed to be
normally distributed, otherwise, the median and inter-
quartile range will be presented. Categorical variables
will be presented with frequencies for each level and their
corresponding percentages.

The prevalence of COPD in the study population will
be compared to the prevalence in the Danish general
population using an unadjusted test of the ratio of pro-
portions, with a normal approximation of the logarithm
of the ratio.

Since participants can die or otherwise drop out dur-
ing the follow-up period, participants contribute with
different follow-up lengths. The number of contacts in
the follow-up period will therefore be reported as a rate
(contact rate) of the number of contacts divided by the
follow-up length, that is as contacts per year.

The healthcare contact rate will be compared among
the three previously described COPD groups: undiag-
nosed COPD at inclusion who underwent further assess-
ment, undiagnosed COPD without further assessment,
and previously diagnosed COPD at inclusion, using a
Poisson regression model. The model will include poten-
tial confounders as independent variables in addition to
the COPD groups.

Sub-analyses for the rate of acute contacts and out-
patient contacts will be conducted using models con-
structed in the same way as for all contacts.

Medication usage as a rate: number of prescriptions
per year. Likewise, a Poisson regression model will be
used to compare the rates among the COPD groups.
However, the groups will be divided into no COPD ver-
sus diagnosed COPD. We will employ rigorous control
for potential confounders. Specifically, age, smoking his-
tory, and comorbidities will be included as covariates in
our models.
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Discussion

Our study is a pragmatic clinical study involving a mar-
ginalized patient population that is often excluded from
participating in clinical trials due to lower health literacy
and marginalization [23].

A potential methodological limitation in this study is
the possibility of measurement errors arising from the
use of social nurses rather than nurses with specialized
respiratory training to conduct spirometry. To mitigate
these risks, training is provided through local respira-
tory medical staff. Additionally, the social nurses are
also required to be familiar with the Danish standard
for lung function testing [24]. Moreover, social nurses
interact directly with five to eight patients during a
day shift, based on a subjective assessment of which
patients need the most attention. This results in a care-
fully selected group of marginalized patients, poten-
tially introducing selection bias between the study sites.

Furthermore, the handheld technical equipment used
for performing the lung function test may increase
the risk of measurement errors. Hence, we cannot
make a definite diagnosis of COPD, but detect a pos-
sible impairment or obstructive pattern in the spiro-
metric values. When suspicion of lung disease arises,
patients undergo the standard diagnostic procedure at
the current hospital, with some patients assessed in the
outpatient clinic and others referred to their general
practitioner. Since we cannot retrieve diagnosis from
general practitioners, diagnosis verification is only
available for those who attend the outpatient clinic. The
five-year follow-up will determine if patients receive
regular prescribed medication, facilitating confirmation
of the COPD diagnosis.

We employ post-BD spirometry utilizing airflow limi-
tation as the criterion for COPD diagnosis. Although
COPD is the predominant cause of irreversible airflow
limitation, it is noteworthy that a minority of patients,
including those with conditions such as bronchiectasis,
cannot be entirely ruled out from our study cohort. Fur-
ther, an essential consideration involves the exclusion of
individuals with severe, acute illnesses from the assess-
ment of COPD prevalence due to their inability to
actively participate in lung function measurements.

A strength of the study is the use of a multi-cen-
tre design on a national level, which thus with a high
degree of validity reflects this subgroup of the Danish
population.

The socially marginalized group is often overlooked
in research [15], and this study aims to contribute to
our understanding of the long-term morbidity and
mortality associated with smoking in this popula-
tion. By doing so, we can enhance our knowledge of
the detrimental health effects of tobacco within the
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context of challenging social circumstances. Addition-
ally, the collection of patient-reported outcome meas-
ure (PROM) data through the CAT form will provide
valuable insights into the daily symptom burden expe-
rienced by both smokers and non-smokers within
this patient group. These unique data will offer an in-
depth understanding of the respiratory-related eve-
ryday experiences of socially marginalized people in
Denmark. Should the study demonstrate an increased
symptom burden, morbidity, and mortality associated
with tobacco smoking, it might warrant further inves-
tigation into more intensive smoking cessation treat-
ment or harm reduction strategies involving nicotine
substitution.
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