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Background: Patients with mild chronic obstructive pulmonary disease (COPD) account for more than half of the total COPD
population but are often undiagnosed and sparsely studied. This real-world, longitudinal study compared the socioeconomic burden,
clinical characteristics and treatment patterns in patients with mild COPD and age- and gender-matched controls.
Patients and methods: Our population included mild COPD patients (forced expiratory volume in one second ≥80% of predicted
value) and reference controls from 52 Swedish primary care centres over 15 years (2000–2014). We linked electronic medical record
(EMR) data to Sweden’s National Health Registries. The outcomes analyzed were socioeconomic status including annual income from
work, presence of comorbidities and the use of medications.
Results: 844 patients with mild COPD were included in this study and matched with 844 reference controls. Compared with the
reference controls, mild COPD patients had a significantly lower annual income from work (mean difference, men: 12,559€ and
women: 7143€) and were significantly less likely to be married or employed. The presence of comorbidities, including cardiovascular
disease, anxiety and depression (only women) was significantly higher in mild COPD patients. The use of medications, such as proton
pump inhibitors, antidepressants, central painkillers and sleep medications, was significantly higher in the mild COPD group.
Conclusion: Mild COPD presents a considerable socioeconomic and clinical burden compared with reference controls The findings
suggest that COPD constitutes a condition that influences health status even in mild disease clearly demanding an increased need for
early detection and treatment.
Keywords: chronic obstructive pulmonary disease, socioeconomic status, comorbidities, co-medications, annual income,
exacerbation, Sweden

Background
Chronic obstructive pulmonary disease (COPD) is a progressive disorder characterized by chronic airflow limitation and
persistent respiratory symptoms including breathing difficulties, shortness of breath and wheezing, chronic cough,
sputum production, reduced exercise capacity and poor quality of life.1 It is a major cause of chronic morbidity and
the third leading cause of death worldwide. However, due to multiple reasons, COPD remains underdiagnosed,
misdiagnosed or diagnosed too late, preventing patients from receiving optimal treatment early. In Sweden, COPD
diagnosis is often missed due to low awareness of COPD among physicians and focus on other diagnostic concomitant
conditions.2 Another reason of COPD underdiagnosis might be attributed to the fact that many patients with chronic
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airflow limitation are conscious of symptoms for a number of years before seeking medical help.1,3 Given the progressive
nature of COPD, early diagnosis and treatment may be beneficial for reducing the disease burden for patients and
healthcare systems. In a previous study, more than half of the individuals with chronic airflow limitation had mild
COPD.4

Little research has been done on mild COPD, as patients with preserved lung function (forced expiratory volume in
one second [FEV1] ≥80% of predicted value) do not often seek medical care and are generally excluded from clinical
studies.5,6 In a literature review, it was suggested that mild COPD patients are at a high risk of disease progression
leading to substantial disease burden. Hence, identifying these patients offers the opportunity to determine the most
appropriate patients who could benefit from early treatment resulting in improved health outcomes.7 Previous studies on
COPD have mainly focused on severe and moderate disease, whereas less is known about disease burden and costs for
COPD patients with mild disease. Therefore, there is a need for increased knowledge about the socioeconomic
consequences and the impact of mild COPD on health status and to what extent these patients are undertreated. This
study aimed to compare socioeconomic status, clinical characteristics, and treatment patterns in patients with mild COPD
with age- and gender-matched controls without COPD from the same primary care centres.

Methods
Study Design
ARCTIC is a large, real-world, retrospective Swedish cohort study of 18,586 eligible, primary care, COPD patients.8–12 It
was conducted in accordance with the principles of the Declaration of Helsinki. Ethics approval was obtained from the
local Ethical Regional Board in Uppsala, Sweden, on 11 December 2014 (number: 2014–397), to access the National
Health Register and recruit primary care centres for the study. An amendment specifying additional analysis was
approved by the Ethical Regional Board in Uppsala on 6 October 2017. All records were de-identified and, therefore,
the Ethics committee did not require patient consent.

Electronic medical record (EMR) data were collected for all eligible patients at 52 primary care centres across
Sweden between the years 2000 and 2014 using an established software system (Customized eXtraction Program, CXP
3.0). Data included age, gender, prescriptions (classified by the World Health Organization Anatomical Therapeutic
Chemical [ATC] codes), clinical diagnoses (coded using the International Classification of Diseases, 10th Revision [ICD-
10]), spirometry measurements, laboratory tests, healthcare professional visits and referrals. Participating centres covered
urban and rural areas of varying sizes across Sweden. These EMR data were linked to National Health Register data
sources by the Swedish National Board of Health and Welfare using unique patient identification (ID) numbers. Patient
IDs were pseudonymised. The registry data sources included: (i) the Longitudinal Integration Database for Health
Insurance and Labour Market Studies (LISA),10 which provided socio-demographic data, including educational level,
marital status and family situation, occupational status, retirement and economic compensation, and social benefits; (ii)
the National Patient Register,13 which contains data related to diagnosis (ICD-10 codes and associated positions) from
secondary care, including gender, age, region, hospital visits, specialty visits, inpatient stays as well as all medical
procedures and surgeries performed, regardless of clinical setting; (iii) the National Prescription Register (2005–2014),13

which tracks comprehensive information for all medications dispensed from pharmacies (ATC codes), including brand
name, prescription date, dose, strength, pack size, prescriber specialty and prescription costs; and (iv) the Cause of Death
Register,13 which stores data including sex, date of death and cause of death.

Study Patients
The study population consisted of all patients aged ≥40 years who had an ICD-10 diagnosis of COPD (ICD-10: J44) in
either a primary care (EMR database) or hospital setting (National Patient Register) between 1 January 2002 and
31 December 2012. The study index date corresponded to the date of the first recorded physician’s diagnosis of COPD
during the enrolment time frame. Patients were included if diagnosed with mild COPD (post-bronchodilator FEV1 ≥80%
of predicted value) based on the Global Initiative for Chronic Obstructive Lung Disease (GOLD) criteria.1 Patients with
FEV1 <80% of predicted value and those with a concomitant diagnosis of asthma (ICD-10: J45/J46) at index date (date
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of COPD diagnosis) were excluded from the study. Lung function was used to assess the degree of airflow limitation
based on data collected from spirometry and recorded in the EMRs. Comorbidities were defined by recorded ICD-10
diagnoses from the study index date.

An age- and gender-matched reference population was included among patients selected from the same primary care
centres, excluding those who had a diagnosis of COPD and/or asthma. A random date between the start and end of the
observation period was selected as the index date for the reference population. In the COPD group age at index was
calculated by the difference in days between the date of birth and date of diagnosis of COPD. Afterwards, a reference
patient having the closest age at index date to the age at index date of a mild COPD patient was selected. If there were
multiple reference patients satisfying the criteria, one was randomly selected among these candidates. Patients without
FEV1 values, socioeconomic information, and who died or were lost to follow-up were excluded from the analysis.

Outcomes
The primary objective of this analysis was to assess the annual income from work among the mild COPD cohort
compared with an age- and gender-matched reference population. Annual income (€) was extracted and stratified by
gender. As the income reported was from work, only non-retired patients at that particular time point in the follow-up
period were included for the analysis.

The secondary objective was to assess the socioeconomic status, comorbidities and the use of medications for non-respiratory
conditions amongmildCOPDpatients comparedwith the reference population. In addition to annual income fromwork (primary
objective), socioeconomic status included employment status, marital status, any absenteeism due to sickness, sickness benefit,
number of inpatient visits, number of outpatient clinic visits, length of hospitalization and the number of primary care visits.

All results are presented graphically for men and women, separately. If multiple FEV1 values were recorded for a patient
during the year, then the lowest FEV1 value was chosen for that particular year. For example, if a patient was registered as both
mildCOPDandnon-mildCOPD in the sameyear, that patientwas categorised as non-mild.As FEV1 valueswere not recorded for
each year of follow-up, certain ruleswere created to assign an FEV1 value for each patient frombaseline through the entire follow-
up period. If a patient was categorised with mild COPD at a particular year during follow-up, then this severity level was carried
five years forward and five years backwards, only if there was no overwriting of existing severity. If a patient was categorised as
non-mild COPD at a particular year during follow-up, then this severity level was only carried five years forward if there was no
overwriting of existing severity. After applying the above rules, yearswith no assigned severity level were left as severitymissing.

‘Moderate exacerbations’ were defined as treatment with oral corticosteroids (H02AB) or antibiotics (J01AA, J01CA)
or both (but no hospitalization). ‘Severe exacerbations’ were defined as COPD-related hospitalizations (J44 in the
primary position or J44.0/J44.1 in a secondary position) or emergency visits (J44.0/J44.1 in outpatient hospital care).
Recurrent exacerbations occurring within 14 days were considered as one unique event.

Statistical Analysis
In the original ARCTIC publication, approximately 18,000 COPD patients were compared with more than 84,000 subjects in the
reference population.10 This large sample size allowed for a valid analysis of our defined subpopulations. The statistical analysis
software used for this analysis was SAS version 9.4 (SAS Institute, Cary, NC). Baseline was defined as two years prior to the
index date. Patient demographics at baseline were described for both mild COPD patients and the reference population.
Continuous variables at baseline were compared between mild COPD patients and the reference group using analysis of
covariance. Categorical variables at baseline were compared between mild COPD patients and subjects in the reference group
using a chi-square test, and the proportions (gender, body mass index [BMI], smoking, education levels, employment status,
marital status, any absenteeism due to sickness (yes/no), presence of individual comorbidities) in both populationswere analyzed.

For our primary objective, median income levels for both the mild COPD and reference populations were calculated
and stratified by gender. The secondary objective used generalized estimating equations (GEE) to estimate the regression
parameters in the marginal model. GEE models with binary distribution and logit link function were used for comparative
analyses of binary variables of socioeconomic status, healthcare utilization, comorbidities and co-medications. For each
GEE model, the predictor variable was the “group” (mild COPD vs reference population). GEE model results were
stratified by gender.
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Results
Of the 202,397 patients identified from EMRs, FEV1 values were available for 5883 COPD patients, of which 844
patients with mild COPD at index date and 844 age- and gender-matched reference controls were included in this study
(Figure 1). Patient demographics and socioeconomic status of the mild COPD patients and the reference population are
summarized in Tables 1 and 2, respectively.

Baseline Assessments
In the mild COPD group, 28.4% of patients were overweight or obese and 1.5% were underweight. Data on BMI and
smoking status were missing for most patients in the reference group, which precluded comparisons between groups.

Relative to socioeconomic status, unemployment and mean days on sickness benefit were significantly higher in the
mild COPD group than in the reference controls. A high proportion of mild COPD patients had less than nine years of
elementary school education. There was also a significant difference in marital status with more unmarried patients
among the COPD population than in the controls.

The proportion of patients with various comorbidities and the use of medications for conditions other than COPD was
higher in the COPD group than in the control group. Although they had a lower number of outpatient clinic visits, COPD
patients had a higher number of primary care visits compared with subjects in the control group.

Characteristics of Patients with Mild COPD
Lung function values were recorded either before, at, or after the index date for patients with mild COPD. The closest
value to the index date is given in Table 3. During the follow-up period, the mean annual moderate exacerbation rate was
0.64 in patients with mild COPD, but 0.0% patients experienced severe exacerbation. The use of long-acting beta-
agonists, long-acting antimuscarinics and short-acting beta-agonists was reported in approximately 46%, 40% and 48%
of mild COPD patients, respectively. The combination of inhaled corticosteroids and long-acting beta-agonists was used
by 34% of patients (Table 3).

Figure 1 Flowchart of patient inclusion and exclusion criteria.
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Table 1 Patient Demographics of the Mild COPD and Reference Groups

Variable Mild COPD Patients (N=844) Reference Population (N=844)

Age (years)

Mean (SD) 62.6 (10.9) 62.6 (10.9)

Sex, n (%)

Men 353 (41.8%) 353 (41.8%)

BMI (kg/m2)

Normal weight (BMI 18.5–24.9) 167 (19.8%) 21 (2.5%)

Obese (≥30.0) 83 (9.8%) 13 (1.5%)

Overweight (25.0–29.9) 157 (18.6%) 12 (1.4%)

Underweight (<18.5) 13 (1.5%) 1 (0.1%)

Missing 424 (50.2%) 797 (94.4%)

Smoking

Non-smoker 71 (8.4%) 51 (6.0%)

Smoker 114 (13.5%) 13 (1.5%)

Ex-smoker 43 (5.1%) 2 (0.2%)

Missing 616 (73.0%) 778 (92.2%)

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; SD, standard deviation.

Table 2 Socioeconomic Status of the Mild COPD and Reference Groups

Variable Mild COPD Patients
(N=844)

Reference
Population (N=844)

P-value$

Education, n (%)

Elementary school <9 years 184 (21.8%) 139 (16.5%) <0.0001

Elementary school ≥9 years 99 (11.7%) 79 (9.4%)

High school 2 years 282 (33.4%) 211 (25.0%)

High school 3 years 86 (10.2%) 98 (11.6%)

University education <3 years 94 (11.1%) 110 (13.0%)

University education ≥3 years and PhD 91 (10.8%) 188 (22.3%)

Missing 8 (0.9%) 19 (2.3%)

Employment status, n (%)

Employed 358 (42.4%) 405 (48.0%) 0.0010

Retired 342 (40.5%) 344 (40.8%)

Unemployment 143 (16.9%) 91 (10.8%)

Missing 1 (0.1%) 4 (0.5%)

(Continued)
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Table 2 (Continued).

Variable Mild COPD Patients
(N=844)

Reference
Population (N=844)

P-value$

Annual income (€) from work

N 501 526 <0.0001

Mean (SD) 13,847.5 (14,715.0) 21,368.4 (19,164.3)

Marital status, n (%)

Married 386 (45.7%) 434 (51.4%) 0.0005

Unmarried 457 (54.1%) 399 (47.3%)

Missing 1 (0.1%) 11 (1.3%)

Sick leave

Any absenteeism due to sickness, n (%) 139 (16.5%) 102 (12.1%) 0.0100

Sickness benefit (number of net days), mean (SD) 29.5 (75.1) 16.8 (56.6) <0.0001

Comorbidities*, n (%)

Cardiovascular disease (I00-I99) 286 (33.9%) 195 (23.1%) <0.0001

Congestive heart failure (I09.9 + I11.0 + I13.0 + I13.2 + I25.5 + I42.0 +

I42.5-I42.9 + I43 + I50 + P29.0)

4 (0.5%) 4 (0.5%) 1.0000

Ischaemic heart disease, (I20-I25) 68 (8.1%) 49 (5.8%) 0.069

Diabetes type I (E10) 7 (0.8%) 18 (2.1%) 0.027

Diabetes type II (E11 + E13) 31 (3.7%) 41 (4.9%) 0.23

Lung cancer (C34) 0 (0.0%) 3 (0.4%) 0.083

Depression (F32 + F33) 63 (7.5%) 23 (2.7%) <0.0001

Anxiety (F40 + F41) 48 (5.7%) 13 (1.5%) <0.0001

Osteoporosis (M80 + M81) 26 (3.1%) 7 (0.8%) 0.0008

Co-medications*, n (%)

Cardiovascular disease medications (C01-C10) 377 (44.7%) 322 (38.2%) 0.0066

Cognitive impairment medications (Alzheimer’s disease) (N06DA) 0 (0.0%) 0 (0.0%) 1.0000

Proton pump inhibitors (A02) 212 (25.1%) 112 (13.3%) <0.0001

Antidepressants (N06A) 180 (21.3%) 81 (9.6%) <0.0001

Statins (C10AA + C10B) 140 (16.6%) 138 (16.4%) 0.8956

Central painkillers (N02BE + N02A + M01AE) 292 (34.6%) 179 (21.2%) <0.0001

Sleep medications (N05C) 40 (4.7%) 7 (0.8%) <0.0001

Bisphosphonates (M05BA) 33 (3.9%) 15 (1.8%) 0.0084

Beta blockers (C07) 178 (21.1%) 149 (17.7%) 0.074

Antidiabetics (A10) 40 (4.7%) 55 (6.5%) 0.11

Nasal corticosteroids (R01AD) 0 (0.0%) 0 (0.0%) >0.99

(Continued)
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Follow-Up Assessments
The mean length of follow-up was 6.9 ± 3.2 and 6.3 ± 3.3 years (p=0.0009) in the mild COPD and reference populations,
respectively.

Table 3 Post-Bronchodilator Lung Function, Exacerbations and Respiratory Medications
in Patients with Mild COPD

Variable Mild COPD Patients

N Mean (95% CI)

Lung function*

FEV1% predicted after

bronchodilation

844 91.0 (90.1, 92.0)

FVC% predicted after

bronchodilation

756 94.2 (92.9, 95.5)

Exacerbations# N Annual exacerbation

rate

Moderate exacerbations 844 0.64 (0.61, 0.68)

Severe exacerbations 844 0

Pharmacological treatment# N n (%)

LABA 844 387 (45.9%)

LAMA 844 333 (39.5%)

SABA 844 407 (48.2%)

Combination of ICS + LABA 844 287 (34.0%)

Combination of LABA + LAMA 844 1 (0.1%)

Notes: *Lung function values are those closest to (either before or after) the index date; #data reported during
follow-up period; N (%) indicate the number of patients and (percent of patients in that group) in whom lung
function measurements were available.
Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory
volume in one second; FVC, forced vital capacity; ICS, inhaled steroids; LABA, long-acting beta-agonists; LAMA,
long-acting antimuscarinics; SABA, short-acting beta-agonists.

Table 2 (Continued).

Variable Mild COPD Patients
(N=844)

Reference
Population (N=844)

P-value$

Healthcare resource utilization*

Number of inpatient visits, mean (SD) 0.6 (1.9) 0.5 (1.2) 0.078

Number of outpatient clinic visits, mean (SD) 3.2 (4.4) 3.4 (14.5) 0.0006

Length (in days) of hospitalization, mean (SD) 2.7 (11.5) 2.5 (9.6) 0.10

Number of primary care visits#, mean (SD) 13.3 (17.2) 3.9 (10.6) <0.0001

Notes: Bold values denote statistical significance at the p < 0.05 level; *data on comorbidities, co-medications and healthcare resource utilization are 2 years
prior to the index date; $the p-values are calculated using a chi-square test (categorical variables) or ANCOVA (continuous variables); #all visits are included
such as doctors’ visits, nurse visits, etc.
Abbreviations: COPD, chronic obstructive pulmonary disease; PhD, Doctor of Philosophy; SD, standard deviation.
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Socioeconomic Status
The annual income (primary objective) from work was lower in mild COPD patients compared with the reference population
irrespective of gender (Figure 2). On average, patients with mild COPD had a lower annual income from work (mean
difference, men: 12,559 €, p=0.0001 and women: 7143€, p<0.0001) than subjects in the reference group.

Figure 2 Annual income from work, in Euros.
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Overall, socioeconomic status was lower in mild COPD patients compared with the reference population irrespective
of gender. Compared with the reference population, mild COPD patients were significantly less likely to be married or
employed. These patients were significantly more likely to have sick days and absenteeism due to sickness (Table 4).

Table 4 Comparative Analysis Between Mild COPD Patients vs the Reference Population Over Time Stratified by
Gender

Variable Men Women

Odds Ratio (95% CI) P-value Odds Ratio (95% CI) P-value

Socioeconomic status

Employed 0.46 (0.30, 0.72) 0.0007 0.49 (0.34, 0.70) <0.0001

Married 0.64 (0.42, 0.96) 0.0301 0.48 (0.34, 0.67) <0.0001

Any absenteeism due to sickness 1.96 (1.28, 3.00) 0.0020 1.86 (1.35, 2.55) 0.0001

No. of absenteeism days due to sickness 3.36 (1.95, 5.79) <0.0001 2.16 (1.47, 3.19) 0.0001

Comorbidities

Cardiovascular disease 1.54 (1.02, 2.34) 0.0398 1.53 (1.07, 2.17) 0.0186

Congestive heart failure 2.08 (0.77, 5.61) 0.1486 4.99 (0.53, 47.40) 0.1616

Ischaemic heart disease 1.13 (0.53, 2.42) 0.7496 2.30 (0.83, 6.40) 0.1098

Diabetes type I 1.70 (0.16, 18.58) 0.6633 0.21 (0.02, 1.83) 0.1563

Diabetes type II 1.93 (0.81, 4.56) 0.1365 1.94 (0.73, 5.16) 0.1825

Lung cancer 0.33 (0.03, 3.74) 0.3704 8.83 (0.88, 88.46) 0.0638

Depression 1.70 (0.72, 4.00) 0.2286 4.00 (2.15, 7.44) <0.0001

Anxiety 6.34 (1.79, 22.39) 0.0041 5.48 (2.62, 11.45) <0.0001

Co-medications*

Medications for cardiovascular disease 1.31 (0.89, 1.94) 0.1726 1.21 (0.88, 1.67) 0.2468

Proton pump inhibitors 2.17 (1.33, 3.56) 0.0020 1.67 (1.19, 2.33) 0.0032

Antidepressants 2.39 (1.39, 4.10) 0.0015 3.17 (2.15, 4.66) <0.0001

Statins 1.02 (0.64, 1.63) 0.9249 1.27 (0.81, 1.97) 0.2949

Central painkillers 2.11 (1.29, 3.43) 0.0028 2.11 (1.54, 2.88) <0.0001

Sleep medications 3.36 (1.49, 7.57) 0.0035 5.09 (2.74, 9.47) <0.0001

Beta blockers 1.04 (0.65, 1.66) 0.8668 1.47 (0.95, 2.26) 0.0801

Antidiabetics 1.11 (0.54, 2.28) 0.7687 0.66 (0.29, 1.51) 0.3265

Nasal corticosteroids 1.26 (0.74, 2.14) 0.4033 2.07 (1.40, 3.06) 0.0003

Healthcare resource utilization

No. of inpatient visits 1.10 (0.42, 2.89) 0.8530 0.69 (0.23, 2.05) 0.5010

Length of hospitalization 0.47 (0.10, 2.25) 0.3477 0.32 (0.09, 1.07) 0.0651

No. of primary care visits 1.32 (0.97, 1.79) 0.0737 1.54 (1.32, 1.79) <0.0001

Notes: Bold values denote statistical significance at the p < 0.05 level; odds ratios above 1.00 indicate a higher value in the COPD group; significant
results are indicated by bolded p-values. *Some of the co-medications reported in Table 1 are not included since they were not used by any patient in
either group.
Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease; No, number.
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Comorbidities
The likelihood of having comorbidities, specifically cardiovascular disease and anxiety, was significantly higher in
patients with mild COPD compared with the reference population. For congestive heart failure, ischaemic heart disease,
diabetes mellitus (both type I and II) and lung cancer, no significant differences were observed between the mild COPD
group and the reference group irrespective of gender. The likelihood of having depression was significantly higher in
women with mild COPD; however, no significant differences were observed in men with mild COPD compared with
those in the reference group (Table 4).

Co-Medications
The likelihood of using co-medications, such as proton pump inhibitors, antidepressants, central painkillers and sleep
medications, was significantly higher in the mild COPD group for both men and women compared with their reference
controls (Table 4).

Healthcare Resource Utilization
Compared with that in the reference group, the number of primary care visits was significantly higher in women with
mild COPD (Table 4). The number of outpatient visits were very rare in both groups to conduct any meaningful
comparisons.

Discussion
The present study clearly highlighted that patients with mild COPD, ie patients who have normal FEV1 (≥80% of
predicted value), are worse off both in socioeconomic and medical outcomes when compared with age-and gender-
matched controls without COPD or asthma from the same healthcare centres. The findings are interesting considering
patients with mild COPD have normal lung function as assessed based on FEV1. Usually these patients do not seek
medical care until the disease has progressed to an advanced stage. The delay in seeking medical care results in delayed
diagnosis of COPD, a statement that is corroborated by other studies.2,14 Prior results of the ARCTIC study demonstrate
that late COPD diagnosis is associated with a higher exacerbation rate, increased comorbidities and higher costs
compared with early diagnosis.9 Our results demonstrated a lower socioeconomic status, including annual income
from work and a higher prevalence of both comorbidities and co-medications in patients with mild COPD, when
compared with the matched controls.

It is known that low socioeconomic status, irrespective of other risk factors, is associated with a higher prevalence of
COPD;15,16 however, it is unknown if this is the case only for individuals with more advanced disease or if it also occurs
in mild COPD. It is intriguing that our study suggests a clear association between low socioeconomic status and mild
COPD. The lower annual income of patients with mild COPD compared with the controls might be associated with
a higher unemployment rate and more absenteeism due to sickness.

Our study clearly showed that many patients with mild COPD use drugs for their respiratory condition and that they
experience moderate, but not severe, exacerbations. These results are consistent with previous results showing that
COPD exacerbations also occur in patients with preserved lung function, who are thus regarded as having mild COPD.17

A considerable number of studies have demonstrated that exacerbations contribute to higher utilization of healthcare
services, imposing a financial burden on the healthcare system.11,18 Patients with mild COPD also likely contribute to this
burden as reported in this study. We found that one out of three patients with mild COPD experienced moderate
exacerbations.

Previous studies have reported that the prevalence of comorbidities in patients with COPD is higher compared with
control subjects without COPD.12,19 Earlier studies also demonstrate that comorbidities are associated with increased
levels of unemployment and more time off from work among COPD patients compared with those without the
disease.20,21 In a previous ARCTIC study, it was shown that healthcare costs in COPD are driven by healthcare
utilization due to comorbidities.11 Our results suggest similar trends for mild COPD. There was a higher prevalence of
cardiovascular diseases and depression/anxiety in the mild COPD group compared with the controls both at the index
date and during follow-up. Hence, the difference in daily life, social status and healthcare utilization between our two
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cohorts may not only be explained by mild COPD but also by the increased prevalence of cardiovascular disease,
depression and anxiety. Additionally, the increased use of co-medications among mild COPD patients is associated with
a significant economic burden, as increased medication use is a key contributor for higher direct costs of COPD.11

The healthcare utilization with respect to primary care visits was higher (significant only in women) in patients with
mild COPD compared with the control population. This result supports the findings from the previous studies.12,22 A few
outliers in the reference population (3 patients with more than 100 visits) resulted in a significantly higher number of
outpatient clinic visits in the reference group compared to the mild COPD patients. It is interesting to note that heart
failure, ischaemic heart disease, lung cancer and diabetes (ie conditions that previously have been shown to co-variate
with COPD)12,23 were not overrepresented in patients with mild COPD during follow-up. Thus, these important
comorbid conditions in moderate and severe COPD do not appear to contribute much to the impaired socioeconomic
and medical outcomes observed in mild COPD.

It is known that patients with GOLD COPD stage 1 (FEV1 ≥80% predicted) are less physically active than subjects in
a matched control group.24 The lower level of physical activity in COPD patients is not only a marker of advanced
disease but also has been found to start decreasing in the early stages and to be more strongly associated with comorbid
conditions than lung function.25,26 Impaired levels of physical activity lead to adverse clinical outcomes including
hospitalization and all-cause mortality.27 This suggests that increasing activity levels is crucial for the effective disease
management of COPD patients across all severities, including mild disease. Despite this knowledge, physical activity for
mild COPD patients has not yet been emphasised in current guidelines. The current Swedish guidelines (Swedish
Medical Agency 2015)28 recommend physical training with a physiotherapist only for COPD patients with FEV1 <80%
predicted value.

In agreement with previous analyses,9 our findings also emphasise the need to identify COPD patients as early as
possible in primary care by carefully assessing the presence of airway symptoms, documenting any history of harmful
exposure and performing lung function measurements. Our conclusions are in an agreement with a recently published
study that emphasises both the lack of and the need for more studies specifically for early (disease which is near its onset)
and mild COPD (disease associated with mild airflow limitation).29

The present study has several strengths. The primary care setting and the real-world study design adequately reflect
the general population and clinical practice in Sweden. Additionally, we were able to validly perform a comprehensive,
longitudinal (2000–2014) assessment on a range of outcomes generated from a robust data source and explore gender
differences between mild COPD patients and non-COPD subjects. Data quantification in this study can allow clinical
decision-makers to identify the burden associated with mild COPD, which may serve as a basis for the development of
treatment strategies to achieve better outcomes in the millions of patients with mild COPD globally.

Nevertheless, this study also has certain limitations. As a retrospective study, the potential for bias and confounding
factors cannot be excluded. As patients with missing FEV1 values were excluded from the study group, this might have
led to exclusion of the patients with very mild COPD who have a good lung function and do not need to have their FEV1

values measured. The use of medications was based on prescription claims which may not accurately reflect the patients’
actual adherence to treatment. Moreover, this study enrolled only Swedish patients. It is, therefore, uncertain whether
these findings can be extrapolated to a more diverse group of patients and to healthcare systems in other countries. In line
with the objective and scope of this study, the present analyses focused on only mild COPD patients and other respiratory
conditions were not assessed.

Conclusions
In conclusion, the present study highlighted that mild COPD presents a considerable socioeconomic and clinical burden
compared with age- and gender-matched patients visiting healthcare centres for reasons other than COPD. We found that
a substantial number of patients with mild COPD experience moderate exacerbations and an increased prevalence of
cardiovascular disease, depression and anxiety. It is likely that the poor socioeconomic and medical outcomes in patients
with mild COPD are caused both by mild COPD and comorbidities. The findings clearly show that COPD constitutes
a condition that influences health status even at an early stage. As such, mild COPD clearly demands greater primary and
secondary prevention and a need to increase early detection.
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