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Abstract

Background: Chronic obstructive pulmonary disease is a chronic, often progressive disease, which in most patients is caused by
tobacco smoking. Our study focuses on differences in COPD-related outcomes between never smokers, former smokers, and current
smokers.

Methods: A nationwide, population-pbased cohort study utilizing Danish health registries. Clinical and socioeconomic variables
including smoking status, comorbidities, and dyspnea were obtained. Poisson and Cox Regression were used to calculate the impact of
these clinical parameters on the risk of moderate and severe exacerbations and mortality during 12 months of follow-up.

Results: A total of 49,826 patients >40 years of age, with a hospital diagnosis of COPD in 2008-2017, were identified (mean age
69.2 years, 52% females). A total of 2127 (4%) were never smokers, 29,854 (60%) were former smokers and 17,845 (36%) current
smokers. Compared to former and current smokers, never smokers reported a lower modified Medical Research Council score and
had a milder COPD stage according to the Global Initiative for Chronic Obstructive Lung Disease classification. During follow-up,
never smokers had a significantly lower risk of severe exacerbations (hazard ratio 0.87, 95% confidence interval [CI] 0.78-0.97) and
a lower rate of death (mortality ratio 0.75, 95% CI 0.70-0.81) compared to patients with a smoking history.

Discussion: Our nationwide study showed that COPD in never smokers is characterized by a lower level of dyspnea, milder lung
function impairment, and a lower risk of exacerbations and death. At the same time, we found active smokers to have the highest risk.
These findings highlight the need for campaigns to prevent smoking and may help general practitioners as well as other health care
professionals to motivate patients with COPD to stop smoking.
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Introduction

Chronic obstructive pulmonary disecase (COPD) is
characterized by an often progressive deterioration in
lung function and increasing risk of hospitalization
over time. Typical symptoms of COPD are dyspnea,
fatigue, and reduced quality of life.l In particular, in
the Western world, cigarette smoking is the strongest
risk factor for development and progression of the
disease.2* However, some patients with COPD have
never smoked. Most studies on COPD have been focusing
on the effect of cigarette smoking and, therefore, little is
known about never smokers with COPD.5-7 Fortunately,
the prevalence of smoking in industrialized countries
has declined and is projected to continue to do so in
the future. Therefore, an increased interest in never
smokers with low lung function, respiratory symptoms,
and COPD has developed and several population-based
studies on risk factors and pathogenesis have been
published.”-9 In Denmark, all patients with a confirmed
diagnosis of COPD are registered with their personal
identification number (CPR-number) as well as multiple
demographic and medical data. It is, therefore, possible
to describe outcomes in relation to different factors,
including smoking status, and to predict outcomes
based on smoking status. In our present study, we aim
to investigate the differences in COPD-related outcomes
between never smokers, former smokers, and current
smokers by combining information from several
nationwide clinical registries containing data on all
Danish patients with COPD treated in a hospital setting.
We focus on the clinical characteristics of the patients
and on the subsequent risk of moderate and severe
COPD exacerbations and mortality.

Methods

Our study was a population-based cohort study using
various data sources to investigate Danish patients with
COPD in the period from 2008 to 2017. Data were
obtained from the Danish National Health Registries
including: (1) the National Hospital Registry, covering
all inpatient, somatic hospitalizations in Denmark since
1977 and all outpatient visits since 1995, (2) the National
COPD Registry, which contains data on all COPD patients
followed in outpatient, hospital-based specialist clinics
in Denmark10 since 2008, (3) the National Prescription
Registry, including all prescriptions redeemed at
pharmacies since 1995 using anatomical therapeutic
chemical (ATC) codes, and (4) the Civil Registration
System for information on vital status, marital status, and
education level. Data from all registries were merged
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individually by using the unique 10-digit personal
identification number assigned to all Danish residents
at birth. The diagnosis of COPD was defined by a post-
bronchodilator spirometry with a forced expiratory
volume in 1 second (FEV1) to forced vital capacity (FVC)
ratio <0.7.

Population

From the National COPD Registry, we included all Danish
patients >40 years with an Infernational Classification
of Diseases-10th Revision (ICD-10) code J44 (chronic
obstructive pulmonary disease) as primary or secondary
diagnosis and inpatient or outpatient contacts in the
period 2008 to 2017. Patients with missing information
on the modified Medical Research Council (mMRC)
dyspnea scalell or incomplete registrations of other
clinical outcome measures were excluded. This resulted
in a cohort of 49,826 patients with COPD between 40
and 99 years of age.

Data

Clinical variables of interest included gender, age,
number of comorbidities, mMRC, FEV1, smoking status
(active smokers, former smokers who stopped smoking >6
months ago, or never smokers), body mass index (BMI),
prior exacerbation history, and Charlson Comorbidity
Index (CCI) score. Only patients with information on all
parameters were included in the present analyses.

Definition of Exacerbations

Exacerbations prior to inclusion were self-reported.
During follow-up, moderate exacerbations were defined
as short-term use of minimum 25mg orally administered
corticosteroids (OCSs) per day in 10 days, whereas severe
exacerbations were defined as exacerbations leading to
hospitalization.

Moderate exacerbations were captured on the
basis of a search for prednisolone (ATC HOZ2ABOG6)
and prednisone (HOZABO7) in the Danish Prescription
Registry and defined as short-term use of a minimum
25mg of an OCS per day for 5 days for patients with
a known diagnosis of COPD. Severe exacerbations
were identified in the Hospital Registry and defined as
hospitalization or emergency department visits with ICD-10
codes J44 as primary diagnosis or J13-18 (pneumonia) or
J96 (acute respiratory failure) as primary diagnosis in
combination with secondary diagnosis J44.

Recurrent exacerbations within 28 days were
combined and considered as one exacerbation. Patients
with both a moderate and a severe exacerbation within
28 days were counted as having a severe exacerbation
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with the start date of the exacerbation that occurred
first.

Information on dyspnea was obtained by the
treating nurse using the mMRC dyspnea scalell and
recorded in the National COPD Registry with a score
ranging from O (not troubled by breathlessness except
on strenuous exercise) to 4 (too breathless to leave the
house, or breathless when dressing and undressing).

Charlson Comorbidity Index (CCI)12 was used as a
measure of comorbidities and based on diagnoses (ICD-
10 codes) recorded up to 12 months prior to index as
part of inpatient and outpatient hospital care.

Statistics

Baseline characteristics were extracted at the date of
the first mMRC measurement (index date). Extraction
of follow-up data started from the index date between
January 1, 2008, and December 31, 2016, and ended on
the date of death, on the date of emigration, 12 months
after index date, or at end of the study December 31,
2017, depending on which came first. Poisson regression
was used to model the effect of clinical parameters
and sociodemographic information on the number of
exacerbations and hospitalization days in a 12-month
follow-up period after index. Smoking status at index
(never smoker, former smoker, current smoker) was
included as the main explanatory variable together with
other clinical variables such as mMRC, FEV1, BMI, CCI,
and the sociodemographic variables such as age, gender,
marital status, and education status at index. The Cox
proportional-hazards model was used to estimate
the hazard ratio for death for the same explanatory
variables. The Cox model was used to test and adjust for
nonproportional hazards over time.13

Results

Baseline Characteristics

In total, 49,826 patients with COPD between 40 and 99
years of age were included in the study of whom 2127
(4%) were never smokers, 29,854 (60%) were former
smokers, and 17,845 (35%) were present smokers. Never
smokers reported milder symptoms based on mMRC scores
and were classified with milder COPD stage according to
Global initiative for chronic Obstructive Lung Disecasel4
(GOLD) I-classification compared to patients with a
smoking history. Table 1 shows baseline characteristics
of the included patients based on smoking status. The
majority of never smokers were women (66%) while the
gender distribution was more equal among former smokers
and active smokers. Mean age was 69.2 years with active
smokers being younger (mean age 65 years). No differences
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were observed between never smokers, former smokers, and
active smokers with respect to education. The minority of
patients went to college, whereas most patients had junior
high school as the highest achieved level of education.

Regarding dyspnea, 47.8% of never smokers reported
an mMRC score of 0—1, while only 34.9% of former smokers
and 42.6% of present smokers reported an mMRC of O0-1.
In terms of very severe dyspnea, 8.6% of never smokers
reported an mMRC of 4, compared to 12.8% of formers
smokers and 9.6% of present smokers. With regard to
FEV1 percentage of predicted value (%pred), 13% of never
smokers classified as having mild COPD (GOLD Stage 1)
based on lung function parameters as compared to 6.8%
and 7.6% for former and current smokers, respectively. In
comparison, 15% of former smokers and 12.8% of current
smokers were classified as having very severe COPD (GOLD
Stage 4) as compared to only 6.8% of never smokers.

No differences in number of moderate exacerbations
during the last year prior to inclusion were found between
the 3 smoking groups. However, severe exacerbations
were more common among former and current smokers
as compared to never smokers. Only 24.2% of never
smokers had had 1-2 severe exacerbations one year prior to
inclusion as compared to 37.3% of former smokers and 34%
of current smokers.

Risk of Moderate Exacerbations at Follow-Up

During the 12-month follow up, 7064 patients (14%)
experienced 1 or more moderate exacerbations, of whom
264 (4%) were never smokers, 4359 (62%) were former
smokers, while 2441 (34%) were current smokers (Table
2a). Based on Poisson regression models, never smokers had
a significantly lower risk of having a moderate exacerbation
compared to patients with a smoking history (incidence rate
ratio [IRR] 0.87 [95% confidence interval (CI) 0.78-0.97]).
Other risk factors were found to be female sex (IRR 1.23
[95% CI 1.18-1.28]) and level of education (Table 3).

The most pronounced risk factors for moderate
exacerbations were the severity of dyspnea (mMRC) and
the severity of airway obstruction measured as FEV1 %pred
(Table 3). Having an mMRC of 4 increased the incident risk
rate to 1.9 (95% CI 1.71-2.11) compared to mMRC O while
FEV1<30% increased the incident risk rate to 2.03 (1.81—
2.27) times compared to FEV1=> 80%.

The number of comorbidities were inversely correlated
to risk of moderate exacerbations with an IRR of having >3
comorbidities at 0.63 (95%CI 0.55-0.71)

Risk of Severe Exacerbations at Follow-Up

During the 12-month follow-up, 9960 patients (20%)
experienced 1 or more severe exacerbations, of whom
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Table 1. Baseline Characteristics of the Included Patients Based on Smoking Status

Al Never Smokers Former Smokers Active Smokers
N % N % N % N %

Number of Patients 49,826 2127 29,854 17,845

Deceased at Follow-up 5093 10.2 168 79 3247 10.9 1678 94
Gender

Male 23,876 479 721 339 14,448 484 8707 48.8

Female 25,950 52.1 1406 66.1 15,406 51.6 9138 51.2
Age

Mean 69.2 72.8 711 65.5

SD 10.3 10.5 96 10.3

40-49 years 1848 37 53 25 578 19 1217 68

50-59 years 7354 14.8 183 8.6 3116 10.4 4055 227

60-69 years 15,061 30.2 506 23.8 8555 28.7 6000 33.6

70-79 years 17,221 34.6 787 37.0 11,486 38.5 4948 21.7

80-89 years 7904 15.9 532 25.0 5805 194 1567 8.8

90+ years 438 0.9 66 3.1 314 1.1 58 0.3
Number of Comorbidities

0 7027 14.1 260 12.2 4189 14.0 2578 14.4

1 13,577 271 580 27.3 7929 26.6 5068 284

2 10,675 214 452 21.3 6451 216 3772 211

3-5 15,309 30.7 684 322 9318 31.2 5307 29.7

6+ 3238 6.5 151 7.1 1967 6.6 1120 6.3
Charlson Score

0 37,453 75.2 1627 76.5 22,051 73.9 13,775 77.2

1 7007 14.1 288 135 4326 14.5 2393 134

2 3371 6.8 141 6.6 2166 7.3 1064 6.0

3+ 1995 40 71 33 1311 44 613 34
COPD Severity

GOLD Stage 1 3661 73 282 13.3 2027 6.8 1352 7.6

GOLD Stage 2 20,978 421 1070 50.3 12,131 40.6 777 436

GOLD Stage 3 18,287 36.7 630 29.6 11,221 37.6 6436 36.1

GOLD Stage 4 6900 13.8 145 6.8 4475 15.0 2280 12.8
mMRC Dyspnea Scale

0 5044 10.1 313 14.7 2528 8.5 2203 12.3

1 14,012 28.1 704 33.1 7893 26.4 5415 30.3
2 15,168 304 574 27.0 9264 31.0 5330 29.9

3 9889 19.8 353 16.6 6350 213 3186 17.9
4 5713 1.5 183 8.6 3819 12.8 1711 9.6
Body Mass Index

<18.5 4638 9.3 125 5.9 2246 75 2267 127

18.5-24.9 19,262 38.7 791 37.2 10,990 36.8 7481 419
25-29.9 14,808 29.7 656 30.8 9483 31.8 4669 26.2

30-34.9 7179 144 346 16.3 4678 15.7 2155 12.1

>35 3939 7.9 209 9.8 2457 82 1273 7.1
Moderate Exacerbations 0-12 Months Prior to Inclusion

0 41,267 82.8 1807 85.0 24,508 82.1 14,952 83.8

1-2 7698 15.4 290 13.6 4802 16.1 2606 14.6

3+ 861 1.7 30 14 544 18 287 16
Severe Exacerbations 0-12 Months Prior to Inclusion

0 31,169 62.6 1588 744 18,105 60.6 11,476 64.3

1-2 17,711 35.5 514 24.2 11,135 37.3 6062 34.0
3+ 946 1.9 25 1.2 614 2.1 307 17

) SD=standard deviation; COPD=chronic obstructive pulmonary disease; GOLD=Global initiative for chronic Obstructive Lung Disease; mMMRC=modified Medical Research Council
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Table 2. Moderate and Severe Exacerbations and Mortality at 12-Month Follow-up

Al Never Smokers Former Smokers Active Smokers
N % N % N % N %
2a. Moderate Exacerbations in 12 Months Follow-up
Number of Patients 49826 2121 4 29854 60 | 17845 36
Moderate Exacerbations
0 Exacerbations 2782 86 1863 | 88 25495 85 | 15404 86
1-2 Exacerbations o649 | 13 A4 | 11 3945 | 13 2230 | 13
3+ Exacerbations \ 645 | 1 0 1 414 | 2 211 1
2b. Severe Exacerbations in 12 Months Follow-up
Number of Patients | 49826 | 2121 | 4 29854 | 60 17845 | 36
Severe Exacerbations
0 Exacerbations 39,866 80 1832 86 23,683 80 14,351 80
1-2 Exacerbations 9020 18 266 13 5611 18 3143 17
3+ Exacerbations 940 2 29 1 560 2 351 1
2c. Mortality During 12 Months Follow-up
Number of Patients 49,826 2127 4 29,854 60 17,845 36
Deceased 5133 10 168 8 3260 1 1685 10
Table 3. Poisson Model, Incidence Rate Ratio of Moderate Exacerbations
IRR LCL-95% UCL-95%
Age 1.01 1.00 1.01
Woman 1.13 1.10 1.16
Spouse (ref=no spouse) 1.02 1.00 1.05
Education
Vocational (ref=primary, secondary, unknown) 091 0.89 0.94
College (ref=primary, secondary, unknown) 0.81 0.77 0.85
Charlson Score
1 (ref=Charlson Score 0) 1.1 1.07 1.15
2 (ref=Charlson Score 0) 1.15 1.10 1.21
3+ (ref=Charlson Score 0) 1.14 1.07 1.22
mMRC Dyspnea Scale
mMRC 1 (ref=mMRC 0) 1.40 1.30 1.50
mMRC 2 (ref=mMRC 0) 1.93 1.80 2.06
mMRC 3 (ref=mMRC 0) 247 2.30 2.64
mMRC 4 (ref=mMRC 0) 2.70 2.51 2.91
COPD Severity
GOLD Stage 2 (ref=GOLD Stage 1) 1.44 1.34 1.56
GOLD Stage 3 (ref=GOLD Stage 1) 2.14 1.99 2.31
GOLD Stage 4 (ref=GOLD Stage 1) 2.75 2.54 2.98
Smoking Status
Active Smokers (ref=former smokers) 1.03 1.00 1.06
Never Smokers (ref=former smokers) 0.84 0.78 0.90
BMI
BMI <18.5 (ref=18.5-24.9) 1.09 1.05 1.14
BMI 25-29.9 (ref=18.5-24.9) 0.96 0.93 0.9
BMI 30-34.9 (ref=18.5-24.9) 0.88 0.84 0.92
BMI >35 (ref=18.5-24.9) 0.97 0.92 1.02

) IRR=incidence rate ratio; LCL=lower confidence limit; UCL=upper confidence limit; mMMRC=modified Medical Research Council; COPD=chronic obstructive pulmonary disease; GOLD=Global initiative for chronic

Obstructive Lung Disease; BMI=body mass index

295 (3%) were never smokers, 6171 (62%) were former
smokers, while 3494 (35%) were current smokers (Table
2Db). Based on Poisson regression models, never smokers had
a significantly lower risk of having a severe exacerbation

compared to patients with a smoking history (IRR 0.81
[0.73-0.89]) (Table 4). Having an mMRC of 4 increased
the incident risk rate to 3.48 (3.14-3.86) compared to
an mMRC of O while FEV1<30% increased the incident
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Table 4. Poisson Model, Incidence Rate Ratio of Severe Exacerbations

IRR LCL-95% UCL-95%

Age 1.01 1.00 1.01
Woman 1.06 1.03 1.10
Spouse (ref=no spouse) 0.93 0.90 0.96
Education

Vocational (ref=primary, secondary, unknown) 091 0.88 0.94

College (ref=primary, secondary, unknown) 0.79 0.74 0.84
Charlson Score

1 (ref=Charlson Score 0) 1.30 1.24 1.36

2 (ref=Charlson Score 0) 1.32 1.24 1.40

3+ (ref=Charlson Score 0) 1.54 143 1266
mMRC Dyspnea Scale

mMRC 1 (ref=mMRC 0) 1.42 1.29 1.58

mMRC 2 (ref=mMRC 0) 214 1.94 2.36

mMRC 3 (ref=mMRC 0) 3.02 2.73 3.33

mMRC 4 (ref=mMRC 0) 3.48 3.14 3.86
COPD Severity

GOLD Stage 2 (ref=GOLD Stage 1) 1.64 1.46 1.84

GOLD Stage 3 (ref=GOLD Stage 1) 2.61 2.33 2.92

GOLD Stage 4 (ref=GOLD Stage 1) 3.57 3.18 4.01
Smoking Status

Active Smokers (ref=former smokers) 1.07 1.04 1.1

Never Smokers (ref=former smokers) 0.81 0.73 0.89
BMI

BMI <18.5 (ref=18.5-24.9) 1.17 1.11 1.23

BMI 25-29.9 (ref=18.5-24.9) 0.91 0.88 0.95

BMI 30-34.9 (ref=18.5-24.9) 0.86 0.81 0.91
- BMI>35 (ref=18.5-24.9) 0.94 0.88 1.01

) IRR=incidence rate ratio; LCL=lower confidence limit; UCL=upper confidence limit; MMRC=modified Medical Research Council; COPD=chronic obstructive pulmonary disease; GOLD=Global initiative for chronic
Obstructive Lung Disease; BMI=body mass index

risk rate to 3.57 (3.18-4.01) compared to FEVi=> 80%.
As opposed to risk of moderate exacerbations, number of
comorbidities was associated with a higher risk of severe
exacerbations with more comorbidities increasing the risk
(IRRCharlson score 1 1.30 [1.24-1.36], IRRCharlson score 2 1.32
[1.24—1.40], IRRCharlson score 3+ 1.54 [1.43—1.66]) compared
to no comorbidities.

former smokers (Table 5).

Regarding the other variables of interest, we found that
a higher mMRC score, a lower FEV1, more comorbidities,
and a low BMI were associated with a higher risk of death.
Having an mMRC of 4 increased the hazard ratio for death to
3.02 (2.74-3.33) compared to an mMRC of 0. An FEV1<30%
increased the hazard ratio for death to 2.49 (2.25-2.76)

Risk of severe exacerbations was highest among people
with a BMI <18.5 compared to a BMI between 18.5-24.9 (IRR
1.17 [95% CI 1.11-1.23]) whereas having a BMI between 30
and 34.9 had a lower risk of severe exacerbations (IRR 0.94
[0.88-1.011]). However, this result was not found to be significant.

Risk of Mortality at Follow-Up

During the 12-month follow-up period, 5113 (10%) patients
died. Among the patients who died during the 12 months follow-
up, 168 (3%) were never smokers, 3260 (64%) were former
smokers, while 1685 (33%) were current smokers (Table 2c).
With the Cox hazard survival model, current smokers had an
increased hazard ratio for death of 1.20 (1.13—1.27) compared
to former smokers, whereas never smokers had a significantly
lower hazard ratio for death (0.75 [0.70-0.81]) compared to

compared to an FEV1>80%. Having 3 or more comorbidities
increased the hazard ratio for death to 2.53 (2.26-2.82)
compared to no comorbidity. The hazard ratio for death was
significantly higher for people with a BMI<18.5 (HR 1.48,
1.38-1.62) than for people with a BMI between 18.5 and
24.9, whereas having a BMI between 30 and 34.9 seemed to
be protective (HR 0.75; 0.69-0.81) (Table 5).

Discussion

Results from our nationwide study show that the prognosis
of never smokers with COPD is much more favorable
than in individuals who are former or current smokers.
Never smokers are at lower risk of both moderate and
severe exacerbations and death. They report lower levels
of dyspnea and are classified with a milder stage of COPD

For personal use only. Permission required for all other uses.

journal.copdfoundation.org | JCOPDF © 2024

Volume 11 ¢ Number 1 < 2024



62  Smoking Status and COPD - Symptoms and Prognosis

Table 5. Cox Hazard Survival Model

IRR LCL-95% UCL-95%

Age 1.05 1.05 1.06
Woman 0.79 0.75 0.83
Spouse (ref=no spouse) 0.86 0.84 0.89
Education

Vocational (ref=primary, secondary, unknown) 0.91 0.86 0.97

College (ref=primary, secondary, unknown) 0.88 0.84 0.92
Charlson Score

1 (ref=Charlson Score 0) 1.44 1.34 1.54

2 (ref=Charlson Score 0) 1.90 1.73 2.08

3+ (ref=Charlson Score 0) 2.53 2.26 2.82
mMRC Dyspnea Scale

mMRC 1 (re=mMRC 0) 1.12 1.05 1.18

mMRC 2 (ref=mMRC 0) 1.55 1.46 1.64

mMRC 3 (re=mMRC 0) 228 2.09 249

mMRC 4 (re=mMRC 0) 3.02 2.74 3.33
COPD Severity

GOLD Stage 2 (ref=GOLD Stage 1) 1.33 1.24 142

GOLD Stage 3 (ref=GOLD Stage 1) 1.76 1.61 1.93

GOLD Stage 4 (ref=GOLD Stage 1) 249 2.25 2.76
Smoking Status

Active Smokers (ref=former smokers) 1.20 1.13 1.27

Never Smokers (ref=former smokers) 0.75 0.70 0.81
BMI

BMI <18.5 (ref=18.5-24.9) 1.49 1.38 1.62

BMI 25-29.9 (ref=18.5-24.9) 0.81 0.79 0.84

BMI 30-34.9 (ref=18.5-24.9) 0.75 0.69 0.81
- BMI >35 (ref=18.5-24.9) 0.86 0.81 0.90

" HR= hazard ratio; LCL=lower confidence limit; UCL=upper confidence limit; MMRC=modified Medical Research Council; COPD=chronic obstructive pulmonary disease; GOLD=Global initiative for chronic Obstructive

Lung Disease; BMI=body mass index

according to GOLD classification. This is in line with results
from other studies showing a significantly better prognosis
for never smokers with COPD compared to current smokers
and former smokers with COPD.8:9:15 The pathogenesis of
COPD in never smokers is not fully understood. However,
potential mechanisms include inflammation, oxidative
stress, airway remodeling, and accelerated lung aging,.8

Even though smoking is still the most pronounced
risk factor for developing COPD, smoking prevalence has
declined by 27.2% for men since 1990 and by 37.9% for
women.16

Several studies have found environmental exposures to
be risk factors for COPD in never smokers, such as passive
smoking, burning biomass, and occupational exposure fo
vapor, gas, dust, and organic dust as well as a history of
asthma or respiratory infections during childhood.”17.18
While smoking rates have declined worldwide, nicotine
vaping has substantially increased. However, according
to 2021 and 2022 data from the Danish National COPD
Registry, only 2% of patients with COPD were active vapers,
whereas 4% and 6% were former vapers in 2021 and 2022,
respectively.19 Data on passive smoking, biomass burning,
and exposure to gas, dust, and organic dust were not

available in our study. Therefore, further studies in never
smokers with COPD are needed to fully understand the
pathogenesis and mechanisms of COPD in these individuals.

We also found that former smokers are at lower risk of
both moderate and severe exacerbations and death compared
to current smokers. There was a significant association
between smoking-related symptoms such as severity of
dyspnea, severity of airway obstruction, and number of
comorbidities on both risk of moderate exacerbations, risk
of severe exacerbations leading to hospitalizations, and risk
of death. These data are in line with the results of other
studies showing that the strongest modifiable risk factor for
the prognosis of COPD is smoking.2420-22 Furthermore,
several studies have shown that severity of dyspnea and
severity of airway obstruction are associated with smoking
status and that smoking cessation improves both dyspnea
and airway obstruction.23-26

Smoking is also a risk factor for other diseases such
as cardiovascular diseases and diabetes.27-32 As results
from our study show, individuals with a higher number of
comorbidities are at higher risk of severe COPD exacerbations
and death from COPD. This emphasizes that smoking
cessation does positively affect both COPD outcomes as well
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as clinical outcomes for many other diseases, eventually
resulting in a higher quality of life.

This knowledge is important as a motivational factor
for doctors and other health care professionals to support
smoking cessation for patients with COPD. Even though
patients may not feel immediate effect, or even feel
temporary worsening of dyspnea, after smoking cessation,
the results from our study confirm the positive long-term
effect of smoking cessation on COPD-related outcomes.

Patients with COPD have been shown to be more
resistant to smoking cessation compared to healthy smokers,
partly because they find symptom relief when smoking and
because of old habits with friends and family.33 Studies have
shown that only about 1% of smokers succeed in quitting
smoking every year without help and that one year after
an initial smoking cessation attempt, 80% of patients with
COPD are still smoking, 2434

However, several studies have shown that smokers with
COPD using approved smoking cessation pharmacologic
aids, such as varenicline, bupropion, or nicotine replacement,
plus at least short-term counseling, are, on average, as
successful at quitting and maintaining abstinence for 1 year
as smokers in general.35-37 This emphasizes the need for
a prolonged effort preferably based on the combination of
nicotine substitution treatment and behavioral counseling3”
preferably based on interviewing with the purpose of
increasing motivation and self-efficacy in the patient.38

In line with other studies,3940 the majority of never
smokers with COPD are shown to be women. World-wide,
exposure to biomass smoke is thought to be the main risk
factor for nonsmoking-related COPD, and mainly women
cook in poorly ventilated homes in developing countries. 41,42
However, this study is conducted in Denmark, one of the
richest and most developed countries in the world, and thus,
the reason for never-smoking women being more vulnerable
to develop COPD must be found elsewhere. Gut-Gobert et al
suggests that women might have a specific COPD-related
phenotype,39 whereas Aryal et al mentions that people with
asthma, which is more common in women, have a higher
risk for developing COPD.41

Furthermore, we found that women were at higher risk
for moderate as well as severe exacerbations, regardless of
age and smoking status. This is in line with results from
other studies?344 underlining the need for appropriate
identification and management of women with COPD.

Another finding from our study was a higher risk of
both moderate and severe exacerbations in patients with
only a junior high school degree compared to patients with
a college degree. The reason for this might be that well-
educated people do not smoke as much and for as long a
time as less educated people.#546 Being married was shown
to be protective, at least against severe exacerbations. The
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reason for this could be similar to educational influence,
namely that married people tend to smoke less.#7-48 Another
explanation could be that a spouse can help look after the
partner and thus, reduce the need for hospitalization.

Similar fo other studies, our study found that obese
people with a BMI between 30 and 34.9 had a lower risk
of severe exacerbations and mortality than those with a
BMI in the normal range.49-52 Putcha et al showed that
while underweight COPD participants in the UPLIFT and
TIOSPIR studies had a significantly higher risk of death and
severe exacerbations versus normal weight participants,
overweight and obese participants were at lower to no
additional risk.52 In line with this, Spelta et al reported a
significant protective effect of obesity in patients with COPD
on all-cause mortality, and referred to this as the “obesity
paradox.”50

A possible explanation could be that the lower FEV1
found in obese people may be linked to a restrictive defect
rather than to an obstructive one. In line with this, obese
COPD patients may have less hyperinflation of the lungs due
to increased fat mass in the abdomen. Former studies have
shown an association between hyperinflation and severe
exacerbations and mortality.53:54

The study has several strengths. It is a large, nationwide
study including more than 49,000 individuals. It is based
on data from the Danish National Health Registries which
are valid and updated, and because of the individual
identification number (CPR-number), patients can be
followed up regarding both hospitalizations, redeemed
prescriptions, and death. It is, thereby, possible to predict
risk of COPD outcomes based on smoking status nationwide.
The population in this study is identical with White COPD
patients from other countries, regarding age, education,
severity of the disease, number of comorbidities, and
BMI. Therefore, the study can be applied to other White
populations.

Limitations of the current study include the short
follow-up period, the absence of confirmation that the
participants did indeed have COPD (despite their assignment
by the treating physician to an ICD-10 code consistent with
COPD) based on a post-bronchodilator FEV1/FVC below 80%
or the lower limit of normal. Other limitations include the
failure to take into account a history of asthma that could
have led to a misdiagnosis of COPD or have affected COPD
disease severity, as well as information on other risk factors
for COPD in never smokers, including childhood respiratory
infections, occupational exposures, and exposure to second-
hand smoke.

Being epidemiological by nature, the study can only
show associations but not give any information about
causality. Furthermore, we cannot tell if the collected
medication was actually taken. However, as moderate
exacerbations were captured on the basis of redeemed
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prescriptions of prednisolone or prednisone in the Danish
Prescription Registry and defined as short-term use of
minimum 25mg of an OCS per day for 5 days in patients
with a known history of COPD, we must assume that the
medication has been taken.

Given the observational nature of this study, limitations
also include the difficulty of interpreting outcomes that
could be related to treatment since COPD patients are
usually on different treatment regimens that are prescribed
at different times without details about their treatment
duration. Regarding standard COPD medications such
as long-acting betaZ2-agonists, long-acting muscarinic
antagonists, and inhaled corticosteroids, we do not include
any data on regular use and, thereby, the data cannot show
any differences in medication among active smokers, former
smokers, and never smokers. This is a limitation of the
current study as the primary factors of interest are dyspnea,
FEV1, exacerbations, and hospitalizations, all factors that
could be impacted by medication use and not only by
smoking status. However, with 49,826 patients included in
the dataset, differences in medication must be expected to
be equally distributed among the 3 groups.

Another limitation is that smoking status is recorded in
the registries based on patient self-report and not verified
by biomarkers like cotinine. It could be relevant to confirm
smoking status with the above-mentioned methods, but these
data were not available in the present study. However, only
4% of the included patients reported to be never smokers.
This number is significantly lower than reported in other
studies where up to 40% claim to be never smokers.24 One
explanation for the very low rate of never smokers found
in this study could be the fact that the study is conducted
in Denmark where the general air pollution is low and the
standard of living is very high meaning that the absolute
highest risk factor for developing COPD is tobacco. However,
this cannot be confirmed as the study does not include data
on environmental risk factors (i.e., exposure to burning
biomass, occupational exposures to vapor, gas, dust, and
organic dust as well as a history of asthma or respiratory
infections during childhood) for developing COPD as these
data were not available.
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Conclusion

Never smokers have milder symptoms and a better prognosis
of COPD than both former and current smokers with COPD.
However, it is not too late to quit smoking for patients with
COPD, as former smokers have milder symptoms and a better
prognosis compared to current smokers. As smoking is the
most important modifiable risk factor for COPD, smoking
cessation should be recommended to all patients with COPD
and supported by motivation and behavioral interventions.
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