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ABSTRACT

Background The diagnosis of chronic obstructive pulmonary
disease is based on the presence of persistent respiratory
symptoms and chronic airflow limitation (CAL). CAL is based
on the ratio of forced expiratory volume in 1s to forced vital
capacity (FEV,:FVC) after bronchodilation, and FEV,:FVC less
than the fifth percentile is often used as a cut-off for CAL. The
aim was to investigate if increasing percentiles of FEV,:FVC
were associated with any respiratory symptom (cough with
phlegm, dyspnoea or wheezing) in a general population
sample of never-smokers and ever-smokers.

Methods In a cross-sectional study comprising 15 128
adults (50-64 years), 7120 never-smokers and 8008
ever-smokers completed a respiratory questionnaire and
performed FEV, and FVC after bronchodilation. We calculated
their z-scores for FEV,:FVC and defined the fifth percentile
using the Global Lung Function Initiative (GLI) reference value,
GLI, and increasing percentiles up to GLL,. We analysed

the associations between different strata of percentiles and
prevalence of any respiratory symptom using multivariable
logistic regression for estimation of OR.

Results Among all subjects, regardless of smoking habits,
the odds of any respiratory symptom were elevated up to
the GLI,, ,, strata. Among never-smokers, the odds of any
respiratory symptom were elevated at GLI_; (OR 3.57, 95%
Cl2.43 t0 5.23) and at GLI__,, (OR 2.57, 95%Cl 1.69 t0 3.91),
but not at higher percentiles. Among ever-smokers, the odds
of any respiratory symptom were elevated from GLI_; (OR
4.64,95%Cl 3.79 t0 5.68) up to GLI_, (OR 1.33,95%Cl 1.00
10 1.75).

Conclusions The association between percentages of
FEV,:FVC and respiratory symptoms differed depending on
smoking history. Our results support a higher percentile
cut-off for FEV,:FVC for never-smokers and, in particular, for
ever-smokers.

>25 (

INTRODUCTION
Chronic airflow limitation (CAL) is defined
by spirometry after bronchodilation, while

» Which percentiles of forced expiratory volume in 1 s
to forced vital capacity ratio (FEV,:FVC) are associat-
ed with increased prevalence of respiratory symp-
toms in the general population?

» This study demonstrates that a higher percentile
(>10th) of FEV,:FVC, among never-smokers, but in
particular among ever-smokers, is associated with
chronic obstructive pulmonary disease-related re-
spiratory symptoms.

» Our results indicate that the prevalence of respira-
tory symptoms is increased also at percentiles of
FEV,:FVC exceeding the fifth percentile.

diagnosis of chronic obstructive pulmonary
disease (COPD) requires respiratory symp-
toms in addition to CAL.!? However, it has
been reported that smokers with normal
lung function have increased prevalence of
respiratory symptoms, as well as a number of
comorbidities.” * A considerable proportion
of individuals with COPD have never smoked,
and data are sparse on how this phenotype
differs from COPD among smokers in terms
of symptoms and mortality.” 6

There is a number of different ways to
assess CAL. The Global Initiative for Chronic
Obstructive Lung Disease (GOLD) recom-
mends using a fixed ratio of forced expi-
ratory volume in 1s to forced vital capacity
(FEV :FVC) <0.70." An alternative approach
is to estimate the distribution of FEV :FVC in
a healthy population, conditional on factors
such as age, sex and height.7 An FEV :FVCless
than the fifth percentile of this value is used
as a cut-off, referred to as the ‘lower limit of
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normal (LLN,)’. This approach has been jointly recom-
mended by the American Thoracic Society (ATS) and the
European Respiratory Society (ERS).® Several different
reference equations have been presented, many of which
were estimated using ordinary least squares regression.
These have been criticised for the underlying assumption
that the values are conditionally normally distributed
with constant variance.” Reference equations published
by the Global Lung Function Initiative (GLI) were esti-
mated using the lambda-mu-sigma (LMS) method. This
method relaxes the assumptions of linearity, constant
variance and normality.” "’

The assessment of CAL is based on the FEV :FVC ratio
with different cut-off limits proposed, and the underlying
assumption is that the selected cut-off limit is a marker
of increased morbidity and rnortality.10 However, there
is no clear threshold for lung function, and measures
of lung function such as FEV :FVC as well as many other
clinical measurements are measured along a contin-
uous scale. Hence, the decision limits must be based on
both epidemiological data and clinical considerations.
One way of establishing decision limits is to evaluate the
effect of successively higher percentiles in relation to
clinically relevant symptoms.11 “na general population-
based study from the USA comprising 3502 individuals,
it was shown that among subjects with FEV :FVC below
LLN, based on the LMS method, the adjusted ORs for
respiratory symptoms (cough with phlegm, wheezing
or dyspnoea) were significantly and almost threefold
increased.” However, at higher percentiles, the adjusted

ORs were still increased, but lower and without statistical
significance. No separate analyses of never-smokers were
presented, even if never-smokers constituted 40% of the
population.

We therefore propose that successively higher (more
inclusive) LMS-derived percentiles should be evaluated
in relation to clinically relevant symptoms, a composite
outcome of cough with phlegm, dyspnoea and wheezing,
in large powerful studies, and that these associations
should specifically be evaluated in neversmoking
populations.

METHODS

Study population

Participants were randomly selected from the Swedish
population register and invited to participate in the
Swedish CArdioPulmonary biolmage Study (SCAPIS), a
cross-sectional study of a general population sample. The
participation rate was around 50%."" '* The present study
was part of an interim analysis and was performed when
half of the expected sample had been included. Thus, the
current population sample included 15 810 adults, 7122
of whom were never-smokers, aged 50-64 years, 7625
men and 8185 women. All subjects answered an exten-
sive respiratory questionnaire comprising the modified
Medical Research Council (mMRC) scale, which includes
five grades (0—4) for assessing dyspnoea, along with items
about smoking habits and socioeconomic status.

Table 1 Descriptive data of the study participants, by sex and smoking

All Men Women Ever-smokers Never-smokers

N=15128 n=7268 n=7860 n=8008 n=7120
Age (years), mean (SD) 57.5 (4.3) 57.5 (4.4) 57.5 (4.3) 58.0 (4.3) 57.0 (4.3)
BMI (kg/m?), mean (SD) 26.9 (4.4) 27.4 (4.0) 26.5 (4.8) 27.2 (4.5) 26.6 (4.4)
Never-smokers, n (%) 7120 (47.1) 3587 (49.4) 3533 (44.9) N.A. 7120 (100)
Ex-smokers, n (%) 5769 (38.1) 2597 (35.7) 3172 (40.4) 5769 (72.0) N.A.
Current smokers, n (%) 2239 (14.8) 1084 (14.9) 1155 (14.7) 2239 (28.0) N.A.
Pack-years, mean (SD) 16.8 (14.0) 18.1 (15.0) 15.7 (13.0) 16.8 (14.0) N.A.
Any respiratory symptom®*, n (%) 1960 (13.3) 879 (12.5) 1081 (14.1) 1301 (16.8) 659 (9.5)
Wheeze, n (%) 1126 (7.6) 530 (7.5) 596 (7.8) 808 (10.4) 318 (4.5)
Dyspnoea, n (%) 738 (5.0) 244 (3.4) 494 (6.4) 482 (6.2) 256 (3.6)
Cough with phlegm, n (%) 734 (4.9) 378 (5.3) 356 (4.6) 490 (6.2) 244 (3.4)
Physician-diagnosed asthma, n (%) 659 (4.4) 278 (3.8) 381 (4.8) 336 (4.2) 323 (4.5)
FEV, (% pred)t 101.5 (14.2) 100.6 (14.2) 102.4 (14.2) 100.2 (15.0) 103.0 (13.1)
FVC (% pred)t, mean (SD) 102.1 (13.1) 100.9 (12.9) 103.3 (13.0) 102.1 (13.3) 102.2 (12.8)
FEV,:FVC, mean (SD) 0.78 (0.065) 0.77 (0.067) 0.78 (0.063) 0.77 (0.071) 0.79 (0.056)
CAL,y,p N (%) 1461 (9.7) 814 (11.2) 647 (8.2) 1046 (13.1) 415 (5.8)
CAL . ensune N (%) 1374 (9.1) 720 (9.9) 654 (8.3) 999 (12.5) 375 (5.3)
CAL,,, n (%) 778 (5.1) 378 (5.2) 400 (5.1) 591 (7.4) 187 (2.6)

*Cough with phlegm, dyspnoea or wheezing.

tReference values from Brisman et al.'®

BMI, body mass index; CAL, chronic airflow limitation; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; GLI, Global Lung Function
Initiative; GOLD, Global Initiative for Chronic Obstructive Lung Disease; N.A., not applicable; % pred, per cent predicted.
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OR (95% CI)

Any respiratory
symptom
GLI=25 n Ref
GLI20-25 = 1.18 (0.77-1.81)
GLI15-20 = 1.05 (0.68-1.62)
GLI10-15 = 1.20 (0.72-1.98)
GLI5-10 L 2.57 (1.69-3.91)
GLI<5 = 3.57 (2.43-5.23)
Cough with phlegm
GLIz25 Ref
GLI20-25 { 0.97 (0.49-1.92)
GLI15-20 1.03 (0.53-1.97)
GLI10-15 = 1.57 (0.82-3.03)
GLI5-10 1.79 (0.94-3.39)
GLI<5 2.19(1.22-3.92)
Dyspnea
GLI225 * Ref
GLI20-25 = 1.46 (0.79-2.72)
GLI15-20 ‘ 1.00 (0.50-2.00)
GLI10-15 = 1.09 (0.47-2.54)
GLI5-10 1.81(0.85-3.87)
GLI<5 L 3.29 (1.85-5.86)
Wheeze
GLI225 n Ref
GLI20-25 = 1.27 (0.70-2.33)
GLI15-20 = 1.24 (0.70-2.21)
GLI10-15 = 1.99 (1.08-3.65)
GLI5-10 = 4.38 (2.66-7.20)
GLI<5 = 5.22 (3.32-8.20)
r T T 1
0.5 1 2 4 8
Odds Ratio
Figure 1 Forest plot of OR among never-smokers for any respiratory symptom, cough with phlegm, dyspnoea or wheezing

according to GLI-based lower limit of normal for FEV,:FVC ratio at successively higher percentiles. All models are adjusted
for age, sex, body mass index and asthma. FEV,, forced expiratory volume in 1s; FVC, forced vital capacity; GLI, Global Lung

Function Initiative; ref, reference.

Spirometry

Dynamic spirometry including FEV, and FVC was
performed at least 15min after inhalation of 400pg of
salbutamol with the subject in a sitting position using a
nose clip.”” In all measurements, a Jacger MasterScreen
PFT (Vyaire, Mettawa, Illinois, USA) was used. All proce-
dures were performed according to the ATS/ERS stand-
ards."”” Based on the GLI equations, zscores were calcu-
lated for FEV :FVC, FEV, and FVC.'" A local reference
material was used for calculation of per cent predicted of
FEV, and FVC and LLN, for FEV :FVC."

Definitions

» CAL,, , was defined as FEV:FVC <0.7."

> CAL rmnpure Was defined as FEV :FVC ratio below
LLN; using local reference equations.'®

> CAL  was defined as FEV :FVC below GLI, applying
the GLI equations."

> Restrictive spirometric pattern (RSP ) was defined
as FEV:FVC 2LLN, and FVC <LLN, based on the GLI

equations.'’

Normal lung function (Normal, ) was defined
as FEV:FVC 2GLIL, and FVC 2GLI; using the GLI
equations.

Asthma was defined as ‘physician-diagnosed asthma’.
Cough with phlegm was defined as cough with
phlegm lasting for at least three consecutive months
for at least 2years.

Dyspnoea was self-reported using the mMRC scale,

and for this study dyspnoea was defined as mMRC
51 10-21

18

Wheezing was defined as an affirmative answer to ‘Do
you have wheezing or whistling in your chest?’

The primary outcome was a composite outcome any
respiratory symptom, defined as having cough with
phlegm, dyspnoea and/or wheezing. The different
respiratory symptoms were also analysed separately,
as secondary outcomes.

Smoking history was categorised as current smokers,
former smokers and never-smokers. Former smokers
were defined as those who had smoked for at least
lyear but not during the last year. Ever-smokers
included both current and former smokers. Pack-
years were calculated for all participants with a history
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OR (95% CI)
Any respiratory
symptom
GLI225 n Ref
GLI20-25 —a— 1.33 (1.00-1.75)
GLI15-20 —— 1.66 (1.25-2.20)
GLI10-15 —a— 1.68 (1.27-2.22)
GLI5-10 —a— 2.36 (1.83-3.04)
GLI<5 —— 4.64 (3.79-5.68)
Cough with phlegm
GLIz25 n Ref
GLI20-25 i 1.15 (0.75-1.75)
GLI15-20 i 1.44 (0.95-2.17)
GLI10-15 —_— 1.63 (1.11-2.38)
GLI5-10 i 1.40 (0.95-2.08)
GLI<5 —— 2.71(2.07-3.55)
Dyspnea
GLI225 n Ref
GLI20-25 L 1.27 (0.82-1.98)
GLI15-20 i 1.50 (0.97-2.33)
GLI10-15 i 1.58 (1.01-2.47)
GLI5-10 —_— . 2.18 (1.49-3.18)
GLI<5 —a— 4.94 (3.74-6.52)
Wheeze
GLI225 n Ref
GLI20-25 —a— 1.52 (1.09-2.14)
GLI15-20 —— 1.78 (1.26-2.52)
GLI10-15 —a— 2.33 (1.69-3.20)
GLI5-10 — 3.29 (2.48-4.37)
GLI<5 —a— 5.64 (4.49-7.07)
I T T 1
0.5 1 2 4 8
Odds Ratio

Figure 2 Forest plot of OR among ever-smokers for any respiratory symptom, cough with phlegm, dyspnoea or wheezing
according to GLI-based lower limit of normal for FEV,:FVC ratio at successively higher percentiles. All models are adjusted
for age, sex, body mass index, asthma, smoking and pack-years. FEV,, forced expiratory volume in 1 s; FVC, forced vital

capacity; GLI, Global Lung Function Initiative; ref, reference.

of smoking. Never-smokers were defined as those who
gave an affirmative answer to the item ‘No, I have
never smoked’.

» Body mass index (BMI) was defined as measured
weight/height®.

Patient and public involvement

Patients and the public were not involved in the design,
or conduct or reporting of the present research, the
SCAPIS. The Swedish Heart and Lung Foundation is
involved in the dissemination of the results.

Statistics

We calculated zscores for the FEV :FVC ratio using the
GLI reference equations.10 We transformed the zscores to
quantiles of the normal distribution and defined groups
using the 5th, 10th, 15th, 20th and 25th percentiles as cut-
off points. For the sake of brevity, we here used the nota-
tion GLI with a number or range, for example, GLI_
refers to individuals with FEV :FVC between the 5th and
10th percentiles according to the GLI equations. We
analysed the association between the GLI-defined strata
and the primary outcome, any respiratory symptom, using
OR estimated with multivariable logistic regression models
among never-smokers, ever-smokers and all subjects. We

also analysed the secondary outcomes, cough with phlegm,
dyspnoea and wheezing. All models included age, sex,
BMI, asthma, smoking and pack-years. The latter variables
were not included in models for never-smokers. In one
approach, we used individuals above the 25th percentile
(GLL) as the reference group and presented the results in
similarity with Vaz Fragoso et al.” We used cubic restricted
splines with four knots placed at the 5th, 35th, 65th and
95th percentiles for BMI and pack-years, respectively.” We
also performed sensitivity analyses excluding all subjects
with RSP, excluding all subjects with FVC <10th percentile
and one model not adjusted for current smoking, that is,
the model included only pack-years.

In an extended analysis, we treated the zscores as a
continuous variable using a spline with five knots placed
at the observed quantiles 0.05, 0.275, 0.5, 0.725 and 0.95.
We used a zscore of 0, that is, the 50th percentile (GLIL,),
as the reference point for ORs and present the results as
graphs with the x-axis indicating percentiles.

All analyses were performed using SAS V.9.4Mb. All
results from the logistic regression models are expressed as
OR with 95% CL. P values <0.05 were considered significant.

RESULTS
Of the 15 810 individuals originally included, 162
subjects were excluded due to incomplete spirometry
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OR (95% CI)
Any respiratory
symptom
GLIz25 n Ref
GLI20-25 —a— 1.23 (0.97-1.56)
GLI15-20 —a— 1.38 (1.09-1.75)
GLI10-15 —a— 1.49 (1.17-1.91)
GLI5-10 —a— 2.28 (1.83-2.83)
GLI<5 —a— 4.12 (3.45-4.93)
Cough with phlegm
GLIz25 n Ref
GLI20-25 — 1.07 (0.75-1.53)
GLI15-20 — 1.26 (0.89-1.78)
GLI10-15 — 1.57 (1.13-2.18)
GLI5-10 —_— 1.42 (1.02-1.99)
GLI<5 —a— 2.50 (1.96-3.18)
Dyspnea
GLI=25 n Ref
GLI20-25 —1 1.30(0.91-1.87)
GLI15-20 — 1.30 (0.89-1.88)
GLI10-15 L 1.41 (0.95-2.09)
GLI5-10 — 2.02 (1.44-2.83)
GLI<5 —a— 4.50 (3.52-5.76)
Wheeze
GLIz25 n Ref
GLI20-25 —a— 1.39 (1.04-1.87)
GLI15-20 — 1.55 (1.15-2.09)
GLI10-15 —a— 2.18 (1.64-2.90)
GLI5-10 —a— 3.33(2.60-4.28)
GLI<5 —a— 5.16 (4.20-6.33)
r T T 1
0.5 1 2 4 8
QOdds Ratio

Figure 3 Forest plot of OR among all subjects for any respiratory symptom, cough with phlegm, dyspnoea or wheezing
according to GLI-based lower limit of normal for FEV,:FVC ratio at successively higher percentiles. All models are adjusted
for age, sex, body mass index, asthma, smoking and pack-years. FEV,, forced expiratory volume in 1 s; FVC, forced vital

capacity; GLI, Global Lung Function Initiative; ref, reference.

data, 12 subjects because FEV >FVCand 508 subjects due
to incomplete data on smoking habits. The final study
population of 15 128 subjects is presented in table 1.
The mean age of participants was 57.5 years, 52.0% were
women and 47.1% were never-smokers. The prevalence of
any respiratory symptom was 13.3%, among never-smokers
9.5% and among ever-smokers 16.8%. The prevalence
of CAL,, (9.7%) and CAL ,xsore (9-1%) was signif-
icantly higher compared with CAL | prevalence (5.1%).
RSP, was found in 338 individuals (2.2%).

Figures 1 and 2 show the forest plots of OR for any
respiratory symptom for never-smokers and ever-smokers
stratified according to the GLI strata for the FEV :FVC
ratio, using GLL as the reference category. In never-
smokers (figure 1), any respiratory symptom was signifi-
cantly elevated in GLI_ (OR 3.57, 95% CI 2.43 to 5.23)
and in the stratum GLI,_, (OR2.57,95% CI 1.69 to 3.91).
Among eversmokers (figure 2), any respiratory symptom
was significantly increased in all five strata from GLI , to
GLL,, ;.

For the secondary outcomes, the separate symptoms,
the results were somewhat different. Among never-
smokers (figure 1), cough with phlegm and dyspnoea
were only increased in the lowest strata (GLI), but
wheezing was increased up to GLI .. Among ever-
smokers (figure 2), cough with phlegm, dyspnoea and

wheezing were elevated up to GLI
increased even in the GLI , , strata.

In figure 3 the results are shown for all subjects, regard-
less of smoking habits. The odds of any respiratory symptom
were elevated up to the GLIIHO strata, with less clear
results for the separate symptoms of cough with phlegm,
dyspnoea and wheezing.

A sensitivity analysis was performed excluding all indi-
viduals with RSP (data not presented). The results were
almost similar for any respiratory symptom and the separate
symptoms of cough with phlegm, dyspnoea and wheezing.

In an additional approach, we plotted the ORs for any
respiratory symptom and the different symptoms of cough
with phlegm, dyspnoea and wheezing in relation to
GLI percentiles for never-smokers, ever-smokers and all
subjects using GLIL as the reference point (figures 4-6).
The odds of any vespiratory symptom continuously
decreased with increasing GLI percentiles and flattened
out towards unity at around GLI, . At higher percentiles
the ClIs were very wide. The results were similar for cough
with phlegm, dyspnoea and wheezing. At higher GLI
percentiles the odds of dyspnoea increased among never-
smokers and among all subjects (figure 6).

In a sensitivity analysis, we excluded all individuals with
FVC below the 10th percentile, that is, individuals with
low FVC. This resulted in a curve that flattened out after

and wheezing was

Toren K, et al. BMJ Open Resp Res 2020;7:e000600. doi:10.1136/bmjresp-2020-000600
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Ever-smokers

Never-smokers

0Odds ratio for Any respiratory symptom

0.5

T
0 20 40 60 80 100 0 20 40 60 80 100

GLI Percentile

Figure 4 OR from multivariable logistic regression models
for any respiratory symptom among never-smokers and
ever-smokers in relation to FEV,:FVC ratio at successively
higher percentiles. We used the GLI reference equations
with the 50th percentile as the reference point. All models
are adjusted for age, sex, body mass index and asthma,
and models for ever-smokers are also adjusted for smoking
and pack-years. FEV,, forced expiratory volume in 1 s; FVC,
forced vital capacity; GLI, Global Lung Function Initiative.

GLI,, similar to the other symptoms (data not shown).
There was no obvious difference between never-smokers
and ever-smokers regarding the shapes of the curves.

In an additional analysis we did not adjust for current
smoking and the results were similar to previous analysis
(see online supplementary file for details).

Odds ratio for Any respiratory symptom

0.5- ‘
0 20 40 60 80 100

GLI Percentile

Figure 5 OR from multivariable logistic regression models
for any respiratory symptom among all subjects in relation
to FEV,:FVC ratio at successively higher percentiles. We
used the GLI reference equations with the 50th percentile
as the reference point. All models are adjusted for age, sex,
body mass index, asthma, smoking and pack-years. FEV,,
forced expiratory volume in 1 s; FVC, forced vital capacity;
GLI, Global Lung Function Initiative.

All subj Ever- Never-smokers

0Odds ratio for Cough with ...

Odds ratio for Dyspnea

0Odds ratio for Wheeze
~

0.5

T T T T * T T T T T T —
0O 20 40 60 8 1000 20 40 60 8 1000 20 40 60 80 100

GLI Percentile
Figure 6 OR from multivariable logistic regression models
for cough with phlegm, dyspnoea and wheezing among all
subjects, never-smokers and ever-smokers in relation to the
FEV,:FVC ratio at successively higher percentiles. We used
the GLI reference equations with the 50th percentile as the
reference point. All models are adjusted for age, sex, body
mass index and asthma, and models for ever-smokers are
also adjusted for smoking and pack-years. FEV., forced
expiratory volume in 1 s; FVC, forced vital capacity; GLI,
Global Lung Function Initiative.

DISCUSSION

In the current paper, we describe substantial and impor-
tant differences in the associations between CAL and
respiratory symptoms depending on smoking history.
Among never-smokers, we found support for a percen-
tile cut-off of 10 rather than 5 when analysing increasing
percentiles of FEV :FVC in relation to the odds of COPD-
related respiratory symptoms. In eversmokers, the
results indicated even higher percentile cut-ofts, showing
a notable difference between neversmokers and ever-
smokers. Our results provide new data and may have
important implications for how we in the future should
define COPD. Important limitations of the study are the
cross-sectional design and the lack of direct comparisons
with the fixed ratio of FEV :FVC.

For decades, the diagnosis of COPD has been based on
the presence of CAL (after bronchodilation). The use of
FEV :FVC <0.7 has been advocated in previous and more
recent guidelines, either using the fixed ratio or as LLN.**
It has also since long been recognised that individuals
with FEV :FVC 0.7 have increased prevalence of cough
with phlegm and dyspnoea. This group was previously
labelled as GOLD stage 0, as they were regarded as a high-
risk group among smokers to develop COPD.* In recent
GOLD recommendations, stage 0 is not included as there
was insufficient evidence to conclude that this group

Toren K, et al. BMJ Open Resp Res 2020;7:000600. doi:10.1136/bmjresp-2020-000600
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had an increased risk to progress to COPD.” However,
there are a number of studies indicating that smokers
with normal spirometry and respiratory symptoms may
have evidence of airway disease and an increased risk for
COPD.” ®™ It has been proposed that these individuals
may have early COPD yet without CAL.*

There is lack of data among never-smokers, but in the
analyses of the Copenhagen General Population Study
the presence of respiratory symptoms among never-
smokers with normal lung function, defined as FEV :FVC
20.7, predicted COPD exacerbations and pneumonia
hospitalisations in individuals with up to 15 years of
follow-up data.” Further, COPD in never-smokers was asso-
ciated with an increased morbidity due to lung-related
hospitalisations, despite a lower mortality compared with
smokers with COPD.* Our results add evidence to this
discussion, as we show that never-smokers (and ever-
smokers) with FEV :FVC >GLI; have increased odds of
respiratory symptoms. We are fully aware that our results
are based on cross-sectional data; however, our results
still add evidence to the discussion whether the criteria
for COPD or defining a population at risk for COPD
should be revised, by for instance using a higher percen-
tile instead of the fifth percentile.

We also analysed cough with phlegm, dyspnoea and
wheezing and found that the odds of cough with phlegm
and dyspnoea were increased up to GLI,_  among never-
smokers; however, the Cls included unity. The odds of
cough with phlegm and dyspnoea were clearly increased
up to GLI | ~among ever-smokers. The odds of wheezing
were increased even in the higher strata. The increased
odds of wheezing, also at higher thresholds, probably
reflect that wheezing also occurs among individuals with
normal lung function, for instance in those with mild
asthma. Given that we performed spirometry after bron-
chodilation, we minimised the risk of including individ-
uals with asthma with reversible airflow limitation. Also,
we adjusted in our models for selfreported asthma.
Furthermore, chronic bronchitis may be associated with
wheezing without necessarily being associated with signif-
icant CAL.

We extended the analysis and plotted the odds of any
respiratory symptom, but also cough with phlegm, dyspnoea
and wheezing and using GLIL, | as the anchor point.
Here, we observed that the odds of respiratory symptoms
continuously decreased the higher the GLI percentiles,
and flattened out towards unity at a level close to GLI.
At higher levels the ClIs were very wide. The main conclu-
sion from this analysis is that whether increased odds in
a stratum would be significant or not will depend on the
sample size. Since all the information of the GLI zscore is
used in these analyses, unlike the categorical analyses (in
figures 1-3), a higher statistical power is expected.

Of note is that individuals with dyspnoea showed a
different pattern. At high GLI percentiles, the odds
increased, which means that subjects with high FEV :FVC
ratio, thatis, individuals with low FVC, also have increased
prevalence of dyspnoea. In a sensitivity analysis, we

excluded all individuals with FVC under the 10th percen-
tile, which resulted in a curve that flattened out after
GLI,, similar to the other symptoms.

The use of the LMS method for assessing the percentiles
has a strong methodological support. The main advan-
tage is that it accounts for the age-related increase in
airflow limitation, as well as the variability and normality
deviations among the reference materials.”"’ Impor-
tantly, our analyses have a similar design as previous
research, and our results among never-smokers are in
line with previous results.” However, when analysing the
whole population and plotting the ORs, we obtained a
smooth function without obvious thresholds. This fact
lends further support to the idea that the decided level for
an operational definition of COPD should be a decision
based both on clinical and epidemiological evidence.”

We used a cross-sectional sample and based our anal-
yses on the most important respiratory symptoms. Symp-
toms may be more sensitive to reporting bias compared
with the more definitive outcome of mortality. On the
other hand, respiratory symptoms reflect the individual’s
perceived health status, and respiratory symptoms are
closely linked to exacerbations, disability and healthcare
consumption."” *' Mortality is doubtless a clinically rele-
vant outcome, and we have recently shown that there is
no difference in cause-specific mortality for the GOLD
and the ATS/ERS definitions.® A similar analysis should
be performed when it comes to different GLI thresh-
olds. However, all-cause mortality has been shown to
be increased using LLN, as a threshold with the LMS
method.’

We are fully aware of the weaknesses of the present study.
As previously commented, it is a cross-sectional study,
which limits the validity of the conclusions. The study
was performed within a narrow age range, namely 50-64
years, limiting the external validity to that age interval.
Moreover, selection bias may be a problem, as the partic-
ipation rate was around 50%. In the current study popu-
lation, having COPD and cardiovascular disease seems
to have increased the participation rate.”® This may have
increased the prevalence of individuals with symptoms
and CAL in the examined population. The prevalence of
ever-smokers, 53%, is also slightly higher in our sample
compared with other general population studies.” The
latter suggests that there might be some selection bias in
relation to smoking habits. However, our main results are
based on analyses of neversmokers, a group with lesser
risk for COPD and cardiovascular diseases. Hence, we
conclude that despite the possibility of a selection bias in
our study, we suggest that the threshold values obtained
among never-smokers would only have been marginally
affected.

Our study also has evident strengths. We used a large
general population-based sample comprising ever-
smokers as well as lifelong neversmokers. This is an
advantage as there is a need for data from never-smoking
general population-based samples. Furthermore, spirom-
etry was performed after bronchodilator administration
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to assess true CAL. Importantly, when comparing the
obtained prevalence figures with results from other
studies, it should be considered that many of them used
prebronchodilator values, and prebronchodilator values
may misclassify and overestimate the prevalence of
CAL, .

In(’ggilclusion, a substantial and clinically important
difference was found between never-smokers and ever-
smokers with regard to COPD-related respiratory symp-
toms. When using GLL,, as the reference category, our
results seem to support a percentile cut-off of 10 for
percentiles of FEV :FVC among never-smokers and an
even higher percentile for ever-smokers. Of importance,
the relation between different percentiles of FEV :FVC
and the different symptoms was a smooth function
without obvious thresholds.
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