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ABSTRACT

Introduction We investigated whether the forced
expiratory volume in 6 s (FEV,) can be used as a surrogate
for the forced vital capacity (FVC).

Methods The Burden of Obstructive Lung Disease is a
multinational cohort study. At baseline, data were collected
from adults, aged 40 years or older, from 41 sites across 34
countries. Participants from 18 sites were followed-up after
a median of 8.3 years. Participants who completed the study
core questionnaire and had acceptable post-bronchodilator
spirometry were included. We performed receiver operating
characteristic analyses to measure the ability of FEV. /FEV
less than the lower limit of normal (LLN) to correctly classify
FEV,/FVC less than the LLN, and FEV less than the LLN to
correctly classify FVC less than the LLN. We used multilevel
regression analyses to assess the association of discordant
measurements with respiratory symptoms, quality of life and
lung function decline.

Results At baseline, 28 604 participants were included.
53% were female (15 060). 10% (2876) had chronic airflow
obstruction for FEV./FVC, compared with 9% (2704) for
FEV,/FEV,.. 37% (10 637) had spirometric restriction for FVC,
compared with 35% (9978) for FEV,. The FEV /FEV, had
excellent accuracy in identifying FEV,/FVC less than the LLN
(area under the curve (AUC): 0.90, 95%Cl, 0.89 t0 0.91, x
coefficient 0.82). The FEV, also had excellent agreement in
identifying FVC less than the LLN (AUC: 0.95, 95%Cl, 0.94 to
0.95, x coefficient 0.90). Discordant reductions in FEV /FEV,
(1%, 345) and FEV, (1%, 309) were associated with greater
odds of having respiratory symptoms and a lower physical
quality of life. 3870 participants were followed up. Those with
discordant reductions in FEV,/FEV, and FEV, were more likely

on behalf of the BOLD collaborative research group

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Previous studies in clinical populations across a limit-
ed number of countries have shown good agreement
between forced vital capacity (FVC) and forced expira-
tory volume in 6 s (FEV,) in the identification of chronic
airflow obstruction and spirometric restriction.

WHAT THIS STUDY ADDS

= Across multiple word regions, there is strong agree-
ment between the FVC and FEV, in the identifica-
tion of chronic airflow obstruction and spirometric
restriction. Discordance was seen in 1% of mea-
surements and was associated with increased re-
spiratory symptoms, lower quality of life and lung
function decline.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The FEV, requires less effort and is easier to re-
produce than the FVC. We provide evidence that it
can be used to accurately identify chronic airflow
obstruction and spirometric restriction. This may be
particularly important for home spirometry or low
resource settings, where cheaper spirometry devic-
es are used.

to have chronic airflow obstruction and spirometric restriction
at follow-up.

Conclusions There is strong agreement between the FVC
and FEV in the identification of chronic airflow obstruction
and spirometric restriction.
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INTRODUCTION

Spirometry is an important component in the diagnosis
and management of both obstructive and restrictive lung
abnormalities."” These are typically identified using the
forced expiratory volume in 1 s as a ratio of the forced
vital capacity (FEV,/FVC) and the FVC, respectively.
However, the ability to correctly classify these spirometric
conditions is dependent on the accuracy of the measure-
ments taken.

Spirometry is volitional, with one of the most common
errors being premature termination of the forced expira-
tory manoeuvre. This can be caused by insufficient effort,
discomfort, cough or technician error.* Early termination
results in the underestimation of the FVC and overesti-
mation of the FEV /FVC ratio. As a result, there has been
interest in the forced expiratory volume in 6 s (FEV,) as
a surrogate for the FVC.”" The rationale being that the
FEV, can provide the same information as the FVC but
requires less effort and is easier to reproduce.'®

Studies generally show very good agreement between
FVC and FEV, in the diagnosis of airflow obstruction
and spirometric restriction.”” Despite this, most report
a degree of discordance, ranging from 1% to 7% of
measurements.'* 1% Bhatt and Colleagues7 showed, using
data from the Chronic Obstructive Pulmonary Disease
Gene (COPDGene) study, that participants with areduced
FEV /FEV, ratio (<0.73) had evidence of airways disease
on CT imaging, despite having a normal FEV, /FVC ratio.
However, most studies that have examined concordance
are hospital-based’ "*'® or in ever smokers.” * ' This
makes it difficult to infer whether similar agreement
would be seen across different global populations.

To our knowledge, no study has attempted to investi-
gate the agreement between the FVC and FEV, in the clas-
sification of chronic airflow obstruction and spirometric
restriction, across multiple world regions. Furthermore,
before the FEV, can be integrated into clinical decision-
making, thorough investigation of factors associated with
discordant measurements is required, including whether
discordance reflects a genuine physiological abnormality.
We aimed to use data from multiple world regions to
assess the degree of agreement between these parame-
ters, examine the factors associated with discordance and
identify whether individuals with discordant measure-
ments have accelerated lung function decline over time.

METHODS

Study design and participants

The Burden of Obstructive Lung Disease (BOLD)
study is a multinational cohort study, with two phases
of data collection. The protocols for each phase
have been published previously.” '® At baseline, non-
institutionalised adults aged 40 years and older were
recruited from 41 municipalities across 34 countries,
where populations were larger than 150 000 people. Site-
specific sampling strategies were employed to randomly
recruit representative samples of the populations studied.

Participants from 18 sites, 14 from low- and middle-
income countries and 4 from high-income countries in
Northern Europe were then followed up. For the cross-
sectional analyses, data were included if the participant
had completed the core study questionnaire and had
acceptable post-bronchodilator spirometry at baseline,
according to predefined quality criteria."” We focused
on post-bronchodilator spirometry to limit the impact of
reversible airways disease on the classification of spiro-
metric restriction. For the longitudinal analyses, data
were included if the participant had completed the core
study questionnaire and had good quality spirometry at
both baseline and follow-up. Participants were excluded
if they had a contraindication for lung function testing.

Procedures

Information on respiratory symptoms, health status and
exposures were collected by trained field workers who
administered standardised questionnaires translated
into the local language. The FEV , FVC and FEV, were
measured using the EasyOne Spirometer (ndd Mediz-
intechnik, Zurich, Switzerland) before and 15min after
administration of 200pg of inhaled salbutamol. Spiro-
grams were centrally reviewed and assigned a quality
score based on acceptability and reproducibility criteria."”
Only tests with back-extrapolated volume <150 mL, peak
expiratory flow time<120ms, lasting>6s or with end-of-
time volume<40mlL, no artefact affecting the FEV, or
FVC and with the two best blows within 200 mL of each
other were used. Sex was self-reported by study partici-
pants, with male and female options. As the reference
standards, we defined chronic airflow obstruction if the
post-bronchodilator FEV,/FVC ratio was less than the
lower limit of normal (LLN) and spirometric restriction
if the FVC was less than the LLN. As the comparators, we
used the post-bronchodilator FEV, /FEV, ratio and FEV,
to define chronic airflow obstruction and spirometric
restriction if a result was less than the LLN. Based on the
agreement between parameters, we defined four different
discordant groups: (1) FEV,/FVC ratio less than the LLN
with a normal FEV, /FEV, ratio; (2) FEV,/FEV, ratio less
than the LLN with a normal FEV /FVC ratio; (3) FVC
less than the LLN with a normal FEV; and (4) FEV less
than the LLN with a normal FVC. To calculate the LLN,
we used sex-specific coefficients for age and height from
reference equations for European Americans in the third
US National Health and Nutrition Examination Survey
(NHANES) .

We investigated factors associated with discordance,
including: age (years); body mass index (BMI) (kg/m?);
pack-years of smoking (number of cigarettes smoked per
day divided by 20 and multiplied by years of smoking);
smoking status, categorised as never, former and current;
dyspnoea, categorised as minimal/no breathlessness
(0-1 on the modified Medical Research Council mMRC
dyspnoea scale) and significant breathlessness (=2 on the
mMRC dyspnoea scale); chronic cough, chronic phlegm
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and wheeze, categorised as yes/no by responses to the
following questions: (1) ‘do you cough on most days
for as much as 3 months each year?’; (2) ‘do you bring
up phlegm on most days for as much 3 months each
year?’; and (3) ‘have you had wheezing or whistling in
the chest at any time in the last 12 months?’; and phys-
ical and mental quality of life (QoL), assessed using the
12-item short form health survey (SF-12), where scores
range from 0 to 100, with a score of 100 indicating the
best QoL.*'

Statistical analysis

We estimated the prevalence of chronic airflow
obstruction and spirometric restriction for each defi-
nition. Receiver operating characteristic analyses were
performed to measure the ability of FEV, /FEV, ratio and
FEV, to correctly classify the presence of chronic airflow
obstruction and spirometric restriction. We evaluated the
concordance using Cohen’s k coefficient.”* We stratified
these analyses by sex and WHO region to investigate any
effect modification and further performed secondary
analyses using an alternative definition of spirometric
restriction, where participants with an FEV /FVC or
FEV,/FEV, ratio less than the LLN were excluded. We
also repeated these analyses using pre-bronchodilator
measurements to check that the accuracy of classification
was similar to post-bronchodilator measurements. We
used multilevel (mixed effects) logistic regression anal-
yses to assess the association of discordance with respira-
tory symptoms and multilevel linear regression to assess
the association of discordance with QoL. We fitted the
multilevel models with a random intercept to account for
clustering by study site and a random slope to average
the association of respiratory symptoms and QoL across
sites. We adjusted for sex, age, BMI, smoking status,
and smoking pack-years. Analyses of baseline data were
corrected for sampling weights.

At follow-up, to estimate the association between
having discordant reductions in FEV /FEV, ratio and
FEV, at baseline and progression to chronic airflow
obstruction and spirometric restriction at follow-up, we
performed multilevel logistic regression analyses. We also
used multilevel linear regression to estimate the associa-
tion between discordant reductions in FEV,/FEV, ratio
and FEV, and post-bronchodilator FEV /FVC ratio and
FVC as continuous measures. We adjusted for sex, age,
BMI, smoking status, follow-up time and pack-years of
smoking. Analysis of follow-up data was conducted using
inverse probability weights® to account for missing data.
All analyses were performed using Stata V.17 and results
considered significant if the p value was below 0.05.

Patient and public involvement

Patients or the public were not involved in the design,
or conduct, or reporting, or dissemination plans of our
research.

RESULTS

At baseline, 36 618 participants were recruited between
2 January 2003 and 26 December 2016. Data was
collected at recruitment. A total of 28 604 participants
who had acceptable post-bronchodilator spirometry and
completed the core study questionnaire were included in
the cross-sectional analyses.

The characteristics of study participants are displayed
in online supplemental eTable 1. There were slightly
more females than males (15 060 vs 13 544), mean age
ranged from 46.7 years to 63.4 years across sites. The
proportion of ever smokers ranged from 2% (13 of 694)
in Sémé-Kpodji, Benin, to 68% (570 of 843) in Uitsig and
Ravensmead, South Africa. Mean FEV /FVC ratio was
lowest in the European region (76.1%) and highest in
the African region (80.0%), while mean FEV /FEV, ratio
was lowest in the European region (79.0%) and highestin
the Eastern Mediterranean region (81.5%) (figure 1a).
Mean FVC and FEV, were lowest in the South-East Asia
(2.72L and 2.67L, respectively) and highest in the Euro-
pean region (3.72L and 3.57L, respectively) (figure 1b).
Median forced expiratory time was shortest in South-East
Asia (6.9s) and longest in the European region (9.3s)
(figure 1c).

Of the total population, 10% (2876 of 28 604) had
chronic airflow obstruction for FEV, /FVC ratio less than
the LLN, compared with 9% (2704 of 28 604) for FEV /
FEV, ratio less than the LLN. Characteristics were similar
among those with chronic airflow obstruction regardless
of definition (table 1). By BOLD centre, the prevalence
of chronic airflow obstruction ranged from 3% (21 of
700) in Riyadh, Saudi Arabia, to 19.5% (164 of 843) in
Uitsig and Ravensmead, South Africa, for FEV /FVC
ratio less than the LLN. For FEV /FEV, ratio less than
the LLN, the prevalence of chronic airflow obstruction
ranged from 3.8% (25 of 663) in Penang, Malaysia, to
19.8% (167 of 843) in Uitsig and Ravensmead, South
Africa (figure 2a). 37% (10 637 of 28 604) of the study
population had spirometric restriction for FVC less than
the LLN, compared with 35% (9978 of 28 604) for FEV,
less than the LLN. Characteristics were similar among
those with spirometric restriction regardless of definition
(table 1). By BOLD centre, the prevalence of spirometric
restriction ranged from 8.5% (70 of 826) in Vancouver,
Canada, and (52 of 613) Tartu, Estonia, to 84.4% (863 of
1023) in Sri Lanka. For FEV, less than the LLN, preva-
lence of spirometric restriction ranged from 7.0% (48 of
683) in Hannover, Germany, to 79.0% (808 of 1023) in
Sri Lanka (figure 2b).

Table 2 summarises the agreement between parame-
ters in the identification of chronic airflow obstruction
and spirometric restriction. Overall, the FEV /FEV,
ratio less than the LLN had good accuracy in identifying
chronic airflow obstruction defined as FEV, /FVC ratio
less than the LLN, with an area under the curve (AUC)
0of 0.90 (95% CI, 0.89 to 0.91) and a K coefficient of 0.82.
Agreement was similarly strong among males and females
separately. The level of agreement was the same when
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Figure 1
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(A) Comparison of mean FEV,/FVC ratio and FEV,/FEV6 ratio across WHO regions. (B) Comparison of mean FVC
and FEV, across WHO regions. (C) Comparison of median forced expiratory time across WHO regions. FET, forced expiratory
time; FEV,, forced expiratory volume in 1's; FEV,, forced expiratory volume in 6 s; FVC, forced vital capacity.

pre-bronchodilator measurements were used (online  with a x coefficient of 0.80 in the Americas, to an AUC of
supplemental eTable 2). When stratifying by WHO  0.96 (95%CI, 0.94 to 0.97) with a Kk coefficient of 0.86 in
region, the AUC ranged from 0.86 (95%CI, 0.84 to 0.89) South-East Asia. Overall, the FEV, less than the LLN had
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Table 1 Characteristics of those with chronic airflow obstruction defined using FEV,/FVC and FEV,/FEV, and spirometric
restriction defined using FVC and FEV,

Chronic airflow obstruction

Spirometric restriction

FEV,/FVC FEV,/FEV, FVC FEV,
n=28 604 (<LLN) (<LLN) (<LLN) (<LLN)
Total, n (%) 2876 (10) 2704 (9) 10637 (37) 9978 (35)
Female sex, n (%) 1326 (46) 1212 (45) 5763 (54) 5459 (55)
Age years, mean (SD) 60 (11.9) 59.4 (11.9) 52.6 (9.6) 52.4 (9.6)
BMI kg/m?, mean (SD) 25.3(7.7) 24.9 (7.9) 26.6 (6.2) 26.5 (6.2)
Ever smoke, n (%) 1671 (58) 1518 (56) 3101 (29) 2935 (29)
FEV,, L, mean (SD) 1.9 (0.8) 1.8 (0.7) 2.0 (0.6) 2.0 (0.6)
FEV,, L, mean (SD) 2.9 (1.0 2.8 (1.0 2.5(0.7) 2.5(0.7)
FVC, L, mean (SD) 3.2(1.1) 3.0(1.1) 2.6 (0.7) 2.6 (0.7)
FEV,/FVC, mean (SD) 59.0 (9.2) 59.1 (9.6) 78.8 (9.5) 77.9 (10.5)
FEV,/FEV,, mean (SD) 64.8 (8.3) 63.9 (7.8) 80.4 (8.2) 79.8 (8.8)
Dyspnoea, n (%) 1038 (36) 1010 (38) 2657 (25) 2537 (25)
FET, seconds, median (IQR) 11.1 (9.0-14.4) 9.8 (8.1-12.9) 7.1 (6.4-8.5) 7.2 (6.5-8.8)
Chronic cough, n (%) 507 (18) 477 (18) 747 (7) 754 (8)
Chronic phlegm, n (%) 498 (17) 486 (18) 772 (2) 754 (8)
Wheeze, n (%) 1090 (38) 1042 (39) 1884 (18) 1844 (19)

Categorical variables summarised as number with (%). Continuous variables summarised as mean with SD.

Spirometric condition identified if a result is less than the LLN. To calculate the LLN, we used sex-specific coefficients for age and height
from reference equations for European Americans in the third US National Health and Nutrition Examination Survey.

BMI, body mass index; FET, forced expiratory time; FEV,, forced expiratory volume in 1 s; FEV,, forced expiratory volume in 6 s; FVC, forced

vital capacity; LLN, lower limit of normal.

good agreement in identifying spirometric restriction
defined as FVC less than the LLN, with an AUC of 0.95
(95% CI, 0.94 to 0.95) and x coefficient of 0.90. There
was minimal difference in agreement between males
and females. When stratifying by WHO region, the AUC
ranged from 0.94 (95% CI, 0.94 to 0.95) with a K coeffi-
cient of 0.89 in the Western Pacific, to an AUC of 0.96
(95% CI, 0.95 to 0.96) with a ¥ coefficient of 0.91 in the
Americas. Results were similar when defining spirometric
restriction in those with an FVC less than the LLN and
normal FEV, /FVC ratio and FEV, less than the LLN with
normal FEV /FEV, ratio (online supplemental eTable 3).

The prevalence of discordant measurements among
those with chronic airflow obstruction was 2% (517 of
28 604) for FEV, /FVC ratio less than the LLN when the
FEV, / FEV, ratio was normal, and 1% (345 of 28 604) for
FEV, / FEV, ratio less than the LLN when the FEV, /FVC
ratio was normal. The prevalence of discordant measure-
ments among those with spirometric restriction was 3%
(968 of 28 604) for FVC less than the LLN when the FEV
was normal, and 1% (309 of 28 604) for FEV, less than
the LLN when the FVC was normal. Table 3 summarises
the characteristics of these discordant groups in compar-
ison to those with concordant lung function. Those with
discordant chronic airflow obstruction were of a similar
age and BMI to those with concordant measurements.
However, those who were concordant generally had

more airflow obstruction and a greater symptom burden.
Likewise, those with discordant spirometric restriction
were of a similar age and BMI to those with concordant
measurements. However, those with a discordant reduc-
tion in FEV, were generally more symptomatic and had
lower F EV, /FVC and FEV, / FEV, ratios.

Those with discordant chronic airflow obstruction had
significantly higher odds of reporting dyspnoea, chronic
cough, chronic phlegm and wheeze than those with
normal lung function (table 4). However, the magnitude
of the association was smaller than that seen when there
was agreement between the FEVI/ FVC ratio and FEVI/
FEV, ratio less than the LLN. Those with a discordant
reduction in FEV, / FEV, ratio had a mean FEV, /FVCratio
close to the LLN (mean difference from LLN=1.4%).
For discordant spirometric restriction, having an FVC
less than the LLN with a normal FEV, was not associated
with any respiratory symptom. Whereas having an FEV,
less than the LLN with a normal FVC was associated with
increased odds of all respiratory symptoms (table 5).
Both discordant definitions of chronic airflow obstruc-
tion were associated with a lower physical QoL (table 4).
However, only having an FEV /FEV, ratio less than the
LLN with a normal FEV, /FVC ratio was associated with a
lower mental QoL. For spirometric restriction, only those
with an FEV, less than the LLN and normal FVC had a
lower physical QoL (table 5).
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Figure 2 (A) Prevalence of chronic airflow obstruction defined using FEV,/FVC and FEV,/FEV, for each BOLD study site.
(B) Prevalence of spirometric restriction defined using FVC and FEV, for each BOLD centre. BOLD, Burden of Obstructive
Lung Disease study; CAO, chronic airflow obstruction; FEV,, forced expiratory volume in 1 s; FEV,, forced expiratory volume

in 6 s; FVC, forced vital capacity; LLN, lower limit of normal.

18 study sites took part in follow-up between 29 January
2019 and 7 October 2021, with 12502 eligible partici-
pants. At follow-up, 1155 participants had died, 3658
had migrated or were unreachable, 1237 refused to
participate and 516 enrolled but never completed the
core questionnaire. 5936 participants completed the
core questionnaire at follow-up, from which 2066 partic-
ipants were excluded due to not performing spirometry
(n=855) or poor-quality spirometry (n=1211). A total of
3870 participants with a median (IQR) follow-up time of
8.3 years (6.1-11.0) were included in the longitudinal
analyses.

The characteristics of study participants with good
quality post-bronchodilator spirometry at baseline and
follow-up are displayed in online supplemental eTable 4.
Of those followed up, the baseline prevalence of FEV, /
FEV, ratio less than the LLN when the FEV, /FVCratio was
normal was 1% (37 of 2823) with 35% (13 of 37) having a
post-bronchodilator FEV, /FVC ratio less than the LLN at
follow-up. The baseline prevalence of having an FEV less
than the LLN when the FVC was normal was 2% (33 of

1641) with 42% (14 of 33) having a post-bronchodilator
FVC less than the LLN at follow-up. 12 of the 18 sites
had instances of discordant measurements and were
included as clusters in the multilevel analyses. Having
an FEV /FEV, ratio less than the LLN when the FEV, /
FVC ratio was normal at baseline was associated with a
greater reduction in post-bronchodilator FEV /FVC ratio
(B: -8.45%, 95% CI, -11.27 to -5.64) and greater odds of
having an FEV /FVC ratio less than the LLN (OR: 8.80,
95% CI, 3.14 to 24.62) at follow-up, compared with those
with both FEVI/ FVC and FEVI/ FEV, ratios equal to or
greater than the LLN (online supplemental eTable 5).
Similarly, having an FEV, less than the LLN when the
FVC was normal at baseline was associated with a greater
reduction in postbronchodilator FVC (B: -0.25L,
95% CI, -0.42 to —0.08) and greater odds of having an
FVC less than the LLN (OR: 2.27,95% CI, 1.14 to 4.52) at
follow-up, compared with those with both FVC and FEV
equal to or greater than the LLN (online supplemental
eTable 6).
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Table 2 Ability of FEV,/FEV, and FEV, less than the LLN to identify chronic airflow obstruction and spirometric restriction

defined using FEV,/FVC and FVC less than the LLN

Level of Sensitivity Specificity AUC Kappa
n agreement % % % (95% ClI) coefficient (SE)
Chronic airflow obstruction
Overall 28604 97.00 82.02 98.66 0.90 (0.89 t0 0.91) 0.82 (0.01)
Male 13544 96.75 83.94 98.42 0.91 (0.90 t0 0.92) 0.84 (0.01)
Female 15060 97.20 79.79 98.88 0.89 (0.88t0 0.90) 0.82 (0.01)
WHO region
African 4430 97.27 87.76 98.32 0.93 (0.91t0 0.95) 0.85(0.02)
Americas 3004 96.60 74.75 99.04 0.86 (0.84 t0 0.89) 0.80 (0.02)
Eastern Mediterranean 3833 97.81 86.18 98.71 0.92 (0.90t0 0.94) 0.84 (0.02)
European 10442 96.29 75.28 99.10 0.87 (0.86 t0 0.88) 0.81 (0.01)
South-East Asia 3603 97.47 94.21 97.80 0.96 (0.94 t0 0.97) 0.86 (0.02)
Western Pacific 3292 97.66 91.36 98.29 0.95 (0.93t0 0.96) 0.86 (0.02)
Spirometric restriction
Overall 28604 95.54 90.90 98.28 0.95 (0.94 t0 0.95) 0.90 (0.01)
Male 13544 94.78 89.11 97.97 0.94 (0.93t0 0.94) 0.88(0.01)
Female 15060 96.22 92.42 98.57 0.96 (0.95t0 0.96) 0.92 (0.01)
WHO region
African 4430 94.56 92.39 96.96 0.95 (0.94 to 0.95) 0.89 (0.02)
Americas 3004 95.71 93.75 97.29 0.96 (0.95t0 0.96) 0.91 (0.02)
Eastern Mediterranean 3833 94.65 90.62 98.35 0.95(0.94 t0 0.95) 0.89 (0.02)
European 10442 97.01 84.60 98.64 0.92 (0.91 t0 0.93) 0.85 (0.01)
South-East Asia 3603 94.25 92.16 98.11 0.95 (0.94 to 0.96) 0.88 (0.02)
Western Pacific 3292 94.44 89.58 99.00 0.94 (0.94 t0 0.95) 0.89 (0.02)

Level of agreement classified according to Cohen 1960,%2 0.01-0.20=none to minimal, 0.21-0.40=slight, 0.41-0.60=moderate,

0.61-0.80=substantial, 0.81-1.0=almost perfect.

Spirometric condition identified if a result is less than the LLN. To calculate the LLN, we used sex-specific coefficients for age and height
from reference equations for European Americans in the third US National Health and Nutrition Examination Survey.?
AUC, area under the curve; FEV,, forced expiratory volume in one second; FEV,, forced expiratory volume in 6 seconds; FVC, forced vital

capacity; LLN, lower limit of normal.

DISCUSSION
This study shows that the FEV, /FEV, ratio and FEV, may
be used to identify chronic airflow obstruction and spiro-
metric restriction. Our findings were similar between
males and females and across world regions. Having
discordant measurements was associated with lower lung
function, a greater burden of respiratory symptoms,
lower QoL and greater odds of progression to chronic
airflow obstruction and spirometric restriction over time.
We found that the mean FVCwas 50 mL to 150 mL larger
than the FEV across world regions. The smallest differ-
ence was seen among those in the African, South-East
Asian and Western Pacific regions, where lung capacity
assessed by the FVC was the lowest and forced expiratory
time the shortest. As a result, there was a smaller differ-
ence between the FEV, /FVC ratio and FEV,/FEV, ratio
in these regions compared with those of the European
and American regions, where FVC was larger and forced
expiratory time longer. This supports the recent update

to the joint American Thoracic Society/European Respi-
ratory Society spirometry (ATS/ERS) guidelines,* which
removed the requirement for forced expiration to be
equal to or greater than 6 s to meet end of test criteria.
Post-bronchodilator FEV, / FEV, ratio less than the LLN
had excellent accuracy in identifying FEV, /FVC ratio less
than the LLN. In a similar study, Bhatt and colleagues’
used data from over 10 000 participants of the COPDGene
study and found slightly stronger agreement. However,
they used fixed cut-offs that are no longer recommended
by the ATS/ERS due to risk of rnisclassiﬁcation,4 2
meaning our results are not directly comparable. Simi-
larly, Rosa and colleagues'® found excellent agreement
between post-bronchodilator FEV /FVC and FEV,/FEV,
ratios when using the LLN to define abnormality, in 1000
participants of the population-based Proyecto Latino-
Americano de Investigacion en Obstruccion Pulmonar
(PLATINO) study. Our results add further evidence that
in general populations, the post-bronchodilator FEV,/
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Table 3 Characteristics of those with concordant and discordant spirometry according to spirometric condition

Chronic airflow obstruction

Spirometric restriction

FEV / FEV /

FEV//FVCand FVC<LLNwhen FEV <LLNwhen FVC and FVC<LLNwhen FEV <LLNwhen
n=28604 FEV./FEV,<LLN FEV./FEV2>LLN FEV /FVCzLLN FEV<LLN FEV_2LLN FVC>LLN
Total, n (%) 2359 (8) 517 (2) 345 (1) 9669 (34) 968 (3) 309 (1)
Female sex, n (%) 1048 (45) 268 (52) 154 (45) 5326 (55) 437 (45) 133 (43)
Age years, mean (SD) 59.5 (12.0) 59.5 (11.5) 58.3 (11.9) 52.2 (9.5) 56.5 (10.4) 58.0 (11.2)
BMI kg/m?, mean (SD) 25.0 (8.2) 26.7 (5.0) 23.9 (5.5) 26.5 (6.2) 26.7 (6.1) 26.0 (5.8)
Ever smoke, n (%) 1364 (58) 306 (59) 153 (44) 2759 (29) 344 (36) 178 (58)
FEV,, L, mean (SD) 1.8 (0.7) 2.4(0.7) 2.0(0.8) 2.0 (0.6) 2.4 (0.6) 1.9 (0.7)
FEV,, L, mean (SD) 2.8(1.0) 3.3(1.0) 29(1.1) 2.5(0.6) 2.9(0.7) 2.8(0.7)
FVC, L, mean (SD) 3.0(1.1) 3.7(1.1) 3.0(1.1) 2.5(0.7) 2.9(0.7) 3.2(0.8)
FEV,/FVC, mean (SD) 57.6 (9.5) 65.3 (3.7) 68.7 (2.8) 78.5 (9.8) 81.5(5.7) 59.2 (14.2)
FEV,/FEV,, mean (SD) 63.0 (7.9) 73.1 (2.6) 70.0 (2.5) 80.2 (8.4) 82.3 (5.4) 66.9 (11.9)
FET, seconds, Median 10.3 (8.6-13.4) 9.3 (7.0-13.8) 7.3 (6.5-8.7) 7.2 (6.4-8.6) 6.9 (6.2-7.6) 14.5 (11.2-16.7)
(IQR)

Dyspnoea, n (%) 911 (39) 127 (25) 99 (29) 2434 (25) 223 (23) 1083 (33)
Chronic cough, n (%) 447 (19) 60 (12) 30 (9) 705 (7) 42 (4) 49 (16)
Chronic phlegm, n (%) 440 (19) 58 (11) 46 (13) 710 (7) 62 (6) 44 (14)
Wheeze, n (%), 957 (41) 133 (26) 85 (24) 1728 (18) 156 (16) 116 (37)
Physical QoL (SF-12), 44.2 (10.5) 46.8 (9.9) 45.8 (9.9) 46.4 (9.1) 47.6 (9.2) 44.8 (9.9)
mean (SD)

Mental QoL (SF-12), mean 50.0 (10.4) 50.7 (10.0) 50.4 (9.7) 50.2 (10.0) 52.2(9.7) 51.3 (10.6)
(SD)

To calculate the LLN, we used sex-specific coefficients for age and height from reference equations for European Americans in the third

US National Health and Nutrition Examination Survey.'

BMI, body mass index; FET, forced expiratory time; FEV,, forced expiratory volume in 1 s; FEV,, forced expiratory volume in 6 s; FVC,
forced vital capacity; LLN, lower limit of normal; QoL, quality of life assessed using SF-12 questionnaire; SF-12, 12-item short form

health survey.

FEV, ratio can be used as a surrogate for the FEV, /FVC
ratio. We did see some variation in accuracy and agree-
ment across WHO regions. The regions with the strongest
agreement tended to be those with the smaller and more
comparable mean FEV, and FVC measurements, lower
prevalence of chronic airflow obstruction and subse-
quently a shorter forced expiratory time. Suggesting that
factors that increase expiratory time, as seen in the Euro-
pean and American regions, can impact the strength of
agreement.'®

The accuracy and agreement for the FEV less than
the LLN to identify FVC less than the LLN was excel-
lent. There was also minimal variation in agreement
across world regions. There are no population-based
studies for direct comparison. However, Vandevoorde
and colleagues'* evaluated the accuracy of the FEV, less
than the LLN to identify spirometric restriction in 11 676
patients referred for lung function testing at a Brussels
hospital. They found that the FEV, had a sensitivity of
82.7% and specificity of 99.6% for identifying spirometric
restriction, similar to the 84.6% and 98.6% we found for
the European sites of the BOLD study. In combination,
our results suggest that when using the LLN, the FEV,

is an acceptable surrogate for the FVC in both high-risk
patient and general populations.

We found that 1% of BOLD study participants had
an FEVI/ FEV, ratio less than the LLN when the FEVI/
FVC ratio was normal. This is similar to both Bhatt and
colleagues’ and Rosa and colleagues,'? who found that
1% and 2% of study populations, respectively, had discor-
dant reductions in FEV, / FEV, ratio. Other studies found
discordance of up to 7%; however, there was great vari-
ation in study designs, including hospital-based popu-
lations, pre-bronchodilator measurements and fixed
cutoffs.” ® * * 1 In our study, those with a discordant
reduction in FEVI/ FEV, ratio had lower lung function,
greater odds of being symptomatic and lower physical
QoL compared with those with normal lung function.
Which together with the finding that they are also more
likely to progress to chronic airflow obstruction over
time, supports previous research showing that discordant
reductions in FEV17/ FEV, ratio reflect a genuine physi-
ological limitation.” * It is therefore not surprising that
those with a discordant reduction in FEVl/FEV6 ratio
had an FEV, /FVC ratio close to the LLN, demonstrating
the importance of considering other indicators such as

8 Knox-Brown B, et al. BMJ Open Respir Res 2025;12:002355. doi:10.1136/bmjresp-2024-002355
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Table 5 Association of concordant and discordant measurements with physical and mental quality of life
Physical quality of life (SF-12) Mental quality of life (SF-12)

B (95% Cl) P value B (95% Cl) P value

Chronic airflow obstruction

FEV,/FVC and FEV./FEV <LLN (n=2013) -2.87 (-3.48, -2.27) <0.0001 -1.03 (-1.68, -0.39) 0.002

FEV,/FVC<LLN with FEV,/FEV>LLN (n=464) -1.60 (-2.46, —0.74) <0.0001 —-0.44 (-1.38, 0.50) 0.357

FEV,/FVC>LLN with FEV./FEV <LLN (n=283) -1.91 (-3.20, —0.61) 0.004 -1.40 (-2.72, -0.10) 0.036
Spirometric restriction

FVC and FEV <LLN (n=7301) -1.17 (-1.79, -0.54) <0.0001 -0.21 (-0.58, 0.17) 0.285

FVC<LLN with FEV>LLN (n=701) 0.04 (-0.59, -0.67) 0.899 0.32 (-0.47,1.10) 0.427

FVC>LLN with FEV <LLN (n=264) -2.62 (-3.98, -1.27) <0.0001 0.18 (-0.94, 1.30) 0.752

Physical and mental quality of life were measured using the SF-12 questionnaire. Negative regression coefficient indicates a reduction in SF-
12 score. Chronic airflow obstruction: Analyses compared with those with no evidence of chronic airflow obstruction, that is, FEV,/FVC and
FEV,/FEV, greater than or equal to the LLN (n=20977); Spirometric restriction: Analyses compared with those with no evidence of spirometric
restriction, that is, FVC and FEV, greater than or equal to the LLN (n=15375). Analyses not including Benin (Sémé-Kpodii), Cameroon
(Limbe), Jamaica, Kyrgyzstan (Chui), Kyrgyzstan (Naryn), Malaysia (Penang), Pakistan (Karachi) and Sri Lanka who measured quality of life

using a different tool. To calculate the LLN, we used sex-specific coefficients for age and height from reference equations for European
Americans in the third US National Health and Nutrition Examination Survey.?
FEV,, forced expiratory volume in 1 s; FEVG, forced expiratory volume in 6 s; FVC, forced vital capacity; LLN, lower limit of normal; SF-12,

12-item short form health survey.

smoking history and respiratory symptoms when inter-
preting borderline spirometry results.”

For spirometric restriction, we found that 1% had a
discordant reduction in FEV . This is very similar to Rosa
and colleagues' and Vandevoorde and colleagues,'
who found that 1% and 2%, respectively, had discordant
measurements. We found that this was associated with
lower lung function, greater odds of all respiratory symp-
toms, lower physical QoL and greater odds of progressing
to spirometric restriction over time. Of particular interest
was the finding that the mean FEV,/FVC ratio in this
population was 59%. This suggests that some people with
a discordant reduction in FEV, also have obstruction,
which increases expiratory time and potentially explains
the discordance seen.”

Our study has several strengths. First, its large sample
size and population-based design make the results
transferable to general populations. Spirometry was
conducted by trained and certified technicians, and lung
function data was quality assured centrally. A further
strength is the administration of standardised question-
naires in local languages. Our study also has some limita-
tions. We did not use the Global Lung Initiative reference
equations as they do not provide equations for the FEV, /
FEV, ratio and FEV6,27 which restricted our ability to use
multiethnic reference values. However, race-correction
has been shown not to affect the prevalence estimates of
airflow obstruction in the NHANES study population.*®
While for spirometric restriction, there is evidence that
race-correction of the FVC LLN misclassifies individuals
as normal who have underlying disease and increased
risk of mortality.*” Furthermore, we do not have data on
whether an expiratory plateau was achieved according to
the most up-to-date quality criteria,” as the BOLD study

data collection took place before these criteria were
published. The longitudinal component of this study was
impacted by significant loss to follow-up caused by the
COVID-19 pandemic. Although we attempted to account
for this by using inverse probability weights, it is possible
that those present at follow-up are not entirely represen-
tative of the general population.

In conclusion, we have shown that there is strong agree-
ment between the FVC and FEV, in the identification
of chronic airflow obstruction and spirometric restric-
tion, sufficient for their use to be interchangeable in
most circumstances. However, relying on either method
alone can result in a small number being misclassified
as normal when symptomatic, possibly indicating under-
lying disease.

Author affiliations

"Imperial College London National Heart and Lung Institute, London, UK
2Cambridge Respiratory Physiology, Royal Papworth and Cambridge
University Hospitals NHS FT, Cambridge, UK

*National Heart and Lung Institute, Imperial College London, London, UK
“Department of Respiratory Medicine, Maastricht University Medical Centre,
Maastricht, The Netherlands

SDepartment of Thoracic Medicine, Haukeland University Hospital, Bergen,
Norway

SFaculté de Médecine de Sousse, Université de Sousse, Sousse, Tunisia
"Department of Clinical Science, University of Bergen, Bergen, Norway
8vadu Rural Health Program, KEM Hospital Pune Research Centre, Pune,
Maharashtra, India

°Dr D Y Patil Medical College Hospital and Research Centre, Pune,
Maharashtra, India

"Department of Pneumology, University Badji Mokhtar of Annaba, Annaba,
Algeria

"Department Respiratory Disease, Paracelsus Medical University Salzburg,
Salzburg, Austria

2University of Cambridge, Cambridge, UK

BLiverpool University Hospitals NHS Foundation Trust, Liverpool, UK

10 Knox-Brown B, et al. BMJ Open Respir Res 2025;12:002355. doi:10.1136/bmjresp-2024-002355

'salbojouyoal Jejiwis pue ‘Buluresy |y ‘Buiuiw elep pue 1xa) 01 parejal sasn 1o} Buipnjour ‘ybLAdod Ag pajoslold
1sanb Aq Gz0z lequiaidas z uo wod'fwg saldsaiuadolwqy/:sdny wouy papeojumoq '5zoz AINC €T U0 GSEZ00-120Z-dsallwg/ogTT 0T Se paysignd isiiy :yoreasay Alojelidsay uado rNg



"“Department of Medicine, University of Cape Town, Rondebosch, South
Africa

'5Dep of Medical Sciences: Respiratory, Allergy and Sleep Research, Uppsala
University, Uppsala, Sweden

'5The University of the West Indies St Augustine Campus, St Augustine,
Trinidad and Tobago

"Department of Pulmonary Medicine, Sher-i-Kashmir Institute of Medical
Sciences, Srinagar, Jammu and Kashmir, India

'8University of Kentucky, Lexington, Kentucky, USA

'9COPD Foundation, Miami, Florida, USA

2Department of Respiratory Medicine, JSS Medical College, Mysuru,
Karnataka, India

2" ung Clinic, Tartu University Hospital, Tartu, Estonia

2(Centre for Evidence Based Medicine, 2nd Department of Internal Medicine,
Jagiellonian University Medical College, Krakow, Poland

%King Saud bin Abdulaziz University for Health Sciences, Riyadh, Saudi
Arabia

%%ing Abdullah International Medical Research Center, Riyadh, Saudi Arabia
philippine College of Chest Physicians, Manila, Philippines

%Department of Pneumology, Hannover Medical School, Hannover, Germany
"Medical Faculty, Sigmund Freud Private University Vienna, Vienna, Austria
%Maastricht University Medical Centre+, Maastricht, The Netherlands
2Faculty of Medicine, University of Iceland, Reykjavik, Iceland
Department of Sleep, Landspitali, Reykjavik, Iceland

%'lbn El Jazzar Faculty of Medicine of Sousse, University of Sousse, Sousse,
Tunisia

%2Escola Superior de Tecnologia da Satde de Lisboa, Lisbon Polytechnic
Institute Lisbon School of Health Technology, Lisboa, Portugal
*Department of Medicine, Obafemi Awolowo University, lle-Ife, Nigeria
34Faculty of Medicine, The University of British Columbia, Vancouver, British
Columbia, Canada

S5Department of Chest Diseases, Gukuova University, Adana, Turkey
%|nstitute of Environmental Health, University of Lisbon, Lisboa, Portugal
$7Centro Hospitalar Universitério Lisboa Norte EPE Servico de Pneumologia,
Lisboa, Portugal

%8Department of Community Health Sciences, The Aga Khan University,
Karachi, Pakistan

®Department of International Health, Johns Hopkins Bloomberg School of
Public Health, Baltimore, Maryland, USA

“%0bafemi Awolowo University, lle-Ife, Nigeria

“"Royal College of Surgeons in Ireland, University College Dublin Malaysia
Campus, Penang, Malaysia

“NHLI, Imperial College London, London, UK

“NIHR Imperial Biomedical Research Centre, London, UK

X Gregory E Erhabor @gregerhabor

Acknowledgements The Burden of Obstructive Lung Disease (BOLD) study has
been supported by grants from the Wellcome Trust (085790/2/08/Z) and Medical
Research Council (MR/R011192/1). We thank all participants and field workers/
research assistants for their time and effort put into this study.

Collaborators BOLD Collaborative Research Group: Albania: Hasan Hafizi
(principal investigator (PI)), Anila Aliko, Donika Bardhi, Holta Tafa, Natasha Thanasi,
Arian Mezini, Alma Teferici, Dafina Todri, Jolanda Nikolla, and Rezarta Kazasi
(Tirana University Hospital Shefqet Ndroqi, Albania); Algeria: Hamid Hacene
Cherkaski (Pl), Amira Bengrait, Tabarek Haddad, Ibtissem Zgaoula, Maamar Ghit,
Abdelhamid Roubhia, Soumaya Boudra, Feryal Atoui, Randa Yakoubi, Rachid Benali
(Department of Pneumology, Faculty of Medicine, Annaba, Algeria), Abdelghani
Bencheikh and Nadia Ait-Khaled (Department of Epidemiology and Prevention,
EPHS ElHadjar, Algeria); Australia: Christine Jenkins (PI), Guy Marks (Pl), Tessa Bird,
Paola Espinel, Kate Hardaker, Brett Toelle (Woolcock Institute of Medical Research,
Sidney, Australia); Austria: Michael Studnicka (PI), Torkil Dawes, Bernd Lamprecht,
and Lea Schirhofer (Department of Pulmonary Medicine, Paracelsus Medical
University, Salzburg, Austria); Benin: Herve Lawin (PI), Arsene Kpangon, Karl
Kpossou, Gildas Agodokpessi, Paul Ayelo, Benjamin Fayomi, Rolus Atrokpo, Gaston
Hounton, Dieudonneé Yadjodo (Unit of Teaching and Research in Occupational and
Environmental Health, University of Abomey Calavi, Cotonou, Benin); Cameroon:
Bertrand Mbatchou (Pl), Atongno Humphrey Ashu (Douala General Hospital, Douala,
Cameroon); Canada: Wan C Tan (Pl) and Wen Wang (iCapture Center for
Cardiovascular and Pulmonary Research, University of British Columbia, Vancouver,
BC, Canada); China: NanShan Zhong (Pl), Shengming Liu, Jiachun Lu, Pixin Ran,
Dali Wang, Jin-ping Zheng, and Yumin Zhou (Guangzhou Institute of Respiratory

Health, First Affiliated Hospital of Guangzhou Medical College, Guangzhou, China);
Estonia: Rain Jogi (Pl), Hendrik Laja, Katrin Ulst, Vappu Zobel, Toomas-Julius Lill,
Katrin Kiili, and Ira Laanelepp (Lung Clinic, Tartu University Hospital, Tartu, Estonia);
Germany: Tobias Welte (Pl), Isabelle Bodemann, Henning Geldmacher, and
Alexandra Schweda-Linow (Dept of Pneumology, Hannover Medical School and
German Center of Lung Research, Hannover, Germany); Iceland: Thorarinn Gislason
(PI), Bryndis Benedikdtsdottir, Kristin Jorundsdottir, Lovisa Gudmundsdottir, Sigrun
Gudmundsdottir, Gunnar Gudmundsson, Elin Helga Thorarinsdottir, and Hjérdis
Sigrun Palsdottir (Department of Allergy, Respiratory Medicine, and Sleep,
Landspitali University Hospital, Reykjavik, Iceland); India: Mahesh Padukudru Anand
(Pl) (JSS Medical College, JSSAHER, Mysuru, India); Parvaiz A Koul (PI), Sajjad
Malik, Nissar A Hakim, and Umar Hafiz Khan (Sher-i-Kashmir Institute of Medical
Sciences, Srinagar, J&K, India); Rohini Chowgule (PI), Vasant Shetye, Jonelle
Raphael, Rosel Almeda, Mahesh Tawde, Rafiq Tadvi, Sunil Katkar, Milind Kadam,
Rupesh Dhanawade, and Umesh Ghurup (Indian Institute of Environmental
Medicine, Mumbai, India); Sanjay Juvekar (PI), Siddhi Hirve, Somnath Sambhudas,
Bharat Chaidhary, Meera Tambe, Savita Pingale, Arati Umap, Archana Umap, Nitin
Shelar, Sampada Devchakke, Sharda Chaudhary, Suvarna Bondre, Savita Walke,
Ashleshsa Gawhane, Anil Sapkal, Rupali Argade, Vijay Gaikwad, Dhiraj Agrawal,
Babu Pawar, Shalan Mhetre, Namdev Kale, and Shirish Kathale (Vadu Rural Health
Program, Pune, India); Sundeep Salvi (Pl), Bill Brashier, Jyoti Londhe, and Sapna
Madas (Chest Research Foundation, Pune, India); Jamaica: Althea Aquart-Stewart
(PI), Akosua Francia Aikman (University of the West Indies, Kingston, Jamaica);
Kyrgyzstan: Talant M Sooronbaev (Pl), Bermet M Estebesova, Meerim Akmatalieva,
Saadat Usenbaeva, Jypara Kydyrova, Eliza Bostonova, Ulan Sheraliev, Nuridin
Marajapov, Nurgul Toktogulova, Berik Emilov, Toktogul Azilova, Gulnara
Beishekeeva, Nasyikat Dononbaeva, and AijamalTabyshova (Pulmunology and
Allergology Department, National Centre of Cardiology and Internal Medicine,
Bishkek, Kyrgyzstan); Malawi: Kevin Mortimer (Baseline Pl), Wezzie Nyapigoti,
Ernest Mwangoka, Mayamiko Kambwili, Martha Chipeta, Gloria Banda, Suzgo
Mkandawire, Justice Banda, Graham Devereux (Follow-up PI), Jamie Rylance,
Martin Njoroge, Catherine Chirwa, Chifundo Mhango, Edgar Ngwira, Faith
Zumazuma, Frank Jonas, and Patrick Mjojo (the Malawi Liverpool Wellcome Trust,
Blantyre, Malawi); Malaysia: Li-Cher Loh (Pl), Abdul Rashid, and Siti Sholehah
(Royal College of Surgeons in Ireland and University College Dublin Malaysia
Campus (RUMC)); Morocco: Mohamed C Benjelloun (Baseline Pl), Chakib Nejjari,
Mohamed Elbiaze, Karima El Rhazi (Follow-up Pl), Manelle Rjimati, Btissame
ElHarche, Reda Benjelloun, and Yassin Chefchaou (Laboratoire d’épidémiologie,
Recherche Clinique et Santé Communautaire, Fés, Morroco); The Netherlands: E F
M Wouters and G J Wesseling (Maastricht University Medical Center, Maastricht,
the Netherlands); Nigeria: Daniel Obaseki (Pl), Gregory Erhabor, Olayemi Awopeju,
and Olufemi Adewole (Obafemi Awolowo University, lle-Ife, Nigeria); Norway:
Amund Gulsvik (Baseline Pl), Tina Endresen, Lene Svendsen (Department of
Thoracic Medicine, Institute of Medicine, University of Bergen, Bergen, Norway),
and Rune Nielsen (Follow-up PI), Marit Aardal, Hildegunn B Fleten, Gerd Eli Dale, Eli
Nordeide, Malin P Grottveit, Asa Skjelde, Ane Aamli Gagnat, Anders @rskov
Rotevatn, Marta Erdal (Department of Clinical Science, University of Bergen,
Bergen, Norway); Pakistan: Asaad A Nafees (Pl), Muhammad Irfan, Hasan Nawaz
Tahir, Muhammad Noman, Roman Ul Haq (Aga Khan Univeristy, Karachi, Pakistan);
Philippines: Luisito F Idolor (Baseline PI), Teresita S de Guia, Norberto A Francisco,
Camilo C Roa, Fernando G Ayuyao, Cecil Z Tady, Daniel T Tan, Sylvia Banal-Yang,
Vincent M Balanag, Jr, Maria Teresita N Reyes, Renato B Dantes, and Stefanni
Nonna M Paraguas (Follow-up Pl) (Lung Centre of the Philippines and Philippine
Heart Centre, Philippine General Hospital, Nampicuan and Talugtug, the
Philippines); Renato B Dantes (Baseline PI), Lourdes Amarillo, Lakan U Berratio,
Lenora C Fernandez, Norberto A Francisco, Gerard S Garcia, Teresita S de Guia,
Luisito F Idolor, Sullian S Naval, Thessa Reyes, Camilo C Roa, Jr, Ma Flordeliza
Sanchez, and Leander P Simpao (Philippine College of Chest Physicians, Manila,
the Philippines); Poland: Ewa Nizankowska-Mogilnicka (Pl), Jakub Frey, Rafal Harat,
Filip Mejza, Pawel Nastalek, Andrzej Pajak, Wojciech Skucha, Andrzej Szczeklik, and
Magda Twardowska, (Division of Pulmonary Diseases, Department of Medicine,
Jagiellonian University School of Medicine, Krakow, Poland); Portugal: Cristina
Barbara (Pl), Fatima Rodrigues, Herminia Dias, Jodo Cardoso, Jodo Almeida, Maria
Jodo Matos, Paula Siméao, Moutinho Santos, and Reis Ferreira (the Portuguese
Society of Pneumology, Lishon, Portugal); Saudi Arabia: M Al Ghobain (PI), H
Alorainy (PI), E El-Hamad, M Al Hajjaj, A Hashi, R Dela, R Fanuncio, E Doloriel, |
Marciano, and L Safia (Saudi Thoracic Society, Riyadh, Saudi Arabia); South Africa:
Eric Bateman (Baseline Pl), Anamika Jithoo (Baseline PI), Desiree Adams, Edward
Barnes, Jasper Freeman, Anton Hayes, Sipho Hlengwa, Christine Johannisen,
Mariana Koopman, Innocentia Louw, Ina Ludick, Alta Olckers, Johanna Ryck, Janita
Storbeck, and Richard van Zyl-Smit (Follow-up PI) (University of Cape Town Lung
Institute, Cape Town, South Africa); Sri Lanka: Kirthi Gunasekera (Pl), Rajitha
Wickremasinghe (Medical Research Institute, Central Chest Clinic, Colombo, Sri
Lanka); Sudan: Asma Elsony (Baseline PI), Hana A Elsadig, Nada Bakery Osman,
Bandar Salah Noory, Monjda Awad Mohamed, Hasab Alrasoul Akasha Ahmed
Osman, Namarig Moham ed Elhassan, Abdel Mu'is El Zain, Marwa Mohamed
Mohamaden, Suhaiba Khalifa, Mahmoud Elhadi, Mohand Hassan, Dalia

Knox-Brown B, et al. BMJ Open Respir Res 2025;12:€002355. doi:10.1136/bmjresp-2024-002355 11

'salbojouyoal Jejiwis pue ‘Buluresy |y ‘Buiuiw elep pue 1xa) 01 parejal sasn 1o} Buipnjour ‘ybLAdod Ag pajoslold
1sanb Aq Gz0z lequiaidas z uo wod'fwg saldsaiuadolwqy/:sdny wouy papeojumoq '5zoz AINC €T U0 GSEZ00-120Z-dsallwg/ogTT 0T Se paysignd isiiy :yoreasay Alojelidsay uado rNg


https://x.com/gregerhabor

Abdelmonam, Rana Ahmed (Follow-up Pl), Rashid Osman, Hind Eltigani, Najlaa
Mohamed Abass, Ahmed Beriar Ahmed, Sahar AlaElddin (Epidemiological
Laboratory, Khartoum, Sudan); Sweden: Christer Janson (PI), Inga Sif Olafsdottir,
Katarina Nisser, Ulrike Spetz-Nystrom, Gunilla Hagg, Gun-Marie Lund, Andrei
Malinovschi, Eva Wallberg, Birgitta Appelfeldt, and Mona Andrén (Department of
Medical Sciences: Respiratory Medicine and Allergology, Uppsala University,
Uppsala, Sweden); Trinidad and Tobago: Terence Seemungal (Pl), Fallon
Lutchmansingh, Liane Conyette (University of the West Indies, St Augustine,
Trinidad and Tobago); Tunisia: Imed Harrabi (Baseline PI), Myriam Denguezli
(Follow-up PI), Zouhair Tabka (deceased), Hager Daldoul, Zaki Boukheroufa, Firas
Chouikha, Wahbi Belhaj Khalifa, Safa Hsan, Nadia Lakhdar, and Mounir Landolsi
(University Hospital Farhat Hached, Faculté de Médecine, Sousse, Tunisia); Turkey:
Ali Kocabas (PI), Attila Hancioglu, Ismail Hanta, Sedat Kuleci, Ahmet Sinan
Turkyilmaz, Sema Umut, and Turgay Unalan (Department of Chest Diseases,
Cukurova University School of Medicine, Adana, Turkey); UK: Peter G J Burney
(Baseline and Follow-up PI), Anamika Jithoo, Louisa Gnatiuc, Hadia Azar, Jaymini
Patel, Caron Amor, James Potts, Michael Tumilty, Fiona McLean, Risha Dudhaiya,
Andre F S Amaral (Project lead), Octavia Mulhern, Emmanouil Bagkeris, Jasleen
Gegic, Paul Cullinan, Cosetta Minelli (National Heart and Lung Institute, Imperial
College London, London, UK); USA: A Sonia Buist (Baseline Pl) (Oregon Health &
Science University, Portland, OR), Mary Ann McBurnie, William M Vollmer, Suzanne
Gillespie (Kaiser Permanente Center for Health Research, Portland, OR); Sean
Sullivan (University of Washington, Seattle, WA); Todd A Lee, Kevin B Weiss,
(Northwestern University, Chicago, IL); Robert L Jensen, Robert Crapo (Latter Day
Saints Hospital, Salt Lake City, Utah); Paul Enright (University of Arizona, Tucson,
AZ); David M Mannino (Pl), John Cain, Rebecca Copeland, Dana Hazen, and
Jennifer Methvin, (University of Kentucky, Lexington, KY); Vanessa Garcia Larsen
(John Hopkins Bloomberg School of Public Health, Baltimore, MD).

Contributors BK-B and AFSA conceived the study. Under the supervision of AFSA,
BK-B performed data analysis and prepared the initial draft. JP assisted BK-B with
the preparation of the databases and analyses. BK-B, JP, FMEF, RN, MD, AOR, SKJ,
HHC, MS, KPS, KM, EDB, CJ, AM, TS, PK, DM, PAM, RJ, FM, MAG, SNMP, TW, EW, TG,
IH, HD, DOO, AK, CB, JC, DA, AAN, FR, VG-L, GEE, L-CL, AFSA contributed to further
drafting and final approval of the paper. BK-B is the guarantor. Members of the
BOLD Collaborative Research group contributed to data collection.

Funding UK Research and Innovation UK Medical Research Council: MR/
R011192/1 and Wellcome Trust: 085790/2/08/Z.

Competing interests The baseline study was funded in part by a grant from

the Wellcome Trust (085790/2/08/Z), which supported the coordinating centre

in London, UK, and in part by unrestricted educational grants from University of
Kentucky, Aventis, AstraZeneca, Boehringer-Ingelheim, Chiesi, GlaxoSmithKline,
Merck, Novartis, Pfizer, Schering-Plough and Sepracor. The follow-up study in
LMICs was funded by the UK Medical Research Council (MR/R011192/1) and in
European countries by AstraZeneca AB (ESR-17-13417). FMEF reports grants and
personal fees from AstraZeneca, grants and personal fees from Chiesi, grants
and personal fees from GlaxoSmithKline, personal fees from Pieris, grants and
personal fees from Sanofi, outside the submitted work. FR reports grants and
personal fees from A. Menarini, Boehringer Ingelheim, Teva Pharma, Novartis,
GlaxoSmithKline, AstraZeneca, VitalAire and Nippon Gases outside the submitted
work. DM is a consultant to AstraZeneca, GlaxoSmithKline, Regeneron, Genentech,
outside of the submitted work, and serves as an expert witness on behalf of
people suing the tobacco and vaping industries. All other authors declare no
competing interests.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Consent obtained directly from patient(s).

Ethics approval This study involves human participants and was approved by
all sites from their local ethics committee, the follow-up study was also approved
by Imperial College London Research Ethics Committee (ref. 171C4272), and
participants provided informed consent.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. De-
identified participant data and questionnaires of the BOLD study may be shared,
after publication, on a collaborative basis upon reasonable request made to AFSA (
a.amaral@imperial.ac.uk). Requesting researchers will be required to submit an
analysis plan.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,

terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.0/.

ORCID iDs

Ben Knox-Brown http://orcid.org/0000-0001-5573-4413
Christer Janson http://orcid.org/0000-0001-5093-6980
Andrei Malinovschi http://orcid.org/0000-0002-4098-7765
Fatima Rodrigues http://orcid.org/0000-0002-4403-2878
Andre F S Amaral http://orcid.org/0000-0002-0369-9449

REFERENCES

1 Vestbo J, Hurd SS, Agusti AG, et al. Global strategy for the
diagnosis, management, and prevention of chronic obstructive
pulmonary disease: GOLD executive summary. Am J Respir Crit
Care Med 2013;187:347-65.

2 Bateman ED, Hurd SS, Barnes PJ, et al. Global strategy for asthma
management and prevention: GINA executive summary. Eur Respir J
2008;31:143-78.

3 Raghu G, Remy-Jardin M, Richeldi L, et al. Idiopathic Pulmonary
Fibrosis (an Update) and Progressive Pulmonary Fibrosis in Adults:
An Official ATS/ERS/JRS/ALAT Clinical Practice Guideline. Am J
Respir Crit Care Med 2022;205:e18-47.

4 Graham BL, Steenbruggen I, Miller MR, et al. Standardization of
Spirometry 2019 Update. An Official American Thoracic Society and
European Respiratory Society Technical Statement. Am J Respir Crit
Care Med 2019;200:e70-88.

5 Aghili R, Kia M, Meysamie A, et al. Fixed Cut-Off for FEV1/FEV6 and
FEV6 in Detection of Obstructive and Restrictive Patterns. Iran Red
Crescent Med J 2013;15:152-6.

6 Akpinar-Elci M, Fedan KB, Enright PL. FEV6 as a surrogate for FVC
in detecting airways obstruction and restriction in the workplace. Eur
Respir J 2006;27:374-7.

7 Bhatt SP, Kim Y-I, Wells JM, et al. FEV(1)/FEV(6) to diagnose airflow
obstruction. Comparisons with computed tomography and morbidity
indices. Ann Am Thorac Soc 2014;11:335-41.

8 Chung KS, Jung JY, Park MS, et al. Cut-off value of FEV1/FEV6 as a
surrogate for FEV1/FVC for detecting airway obstruction in a Korean
population. Int J Chron Obstruct Pulmon Dis 2016;11:1957-63.

9 Enright RL, Connett JE, Bailey WC. The FEV1/FEV6 predicts lung
function decline in adult smokers. Respir Med 2002;96:444-9.

10 Lam DCL, Fong DYT, Yu WC, et al. FEV3, FEV6 and their derivatives
for detecting airflow obstruction in adult Chinese. Int J Tuberc Lung
Dis 2012;16:681-6.

11 Perez-Padilla R, Wehrmeister FC, Celli BR, et al. Reliability of FEV1/
FEV6 to diagnose airflow obstruction compared with FEV1/FVC: the
PLATINO longitudinal study. PLoS One 2013;8:e67960.

12 Rosa FW, Perez-Padilla R, Camelier A, et al. Efficacy of the FEV1/
FEV6 ratio compared to the FEV1/FVC ratio for the diagnosis of
airway obstruction in subjects aged 40 years or over. Braz J Med
Biol Res 2007;40:1615-21.

13 Sousa CS, Coelho DB, Amorim P, et al. Differences between FEV6,
FVC and VC at the diagnosis of obstructive ventilatory defect.
Pulmonology 2024;30:170-3.

14 Vandevoorde J, Verbanck S, Schuermans D, et al. FEV1/

FEV6 and FEV6 as an alternative for FEV1/FVC and FVC in the
spirometric detection of airway obstruction and restriction. Chest
2005;127:1560-4.

15 Wang S, Gong W, Tian Y, et al. FEV1/FEV6 in Primary Care Is a
Reliable and Easy Method for the Diagnosis of COPD. Respir Care
2016;61:349-53.

16 Swanney MP, Jensen RL, Crichton DA, et al. FEV(6) is an acceptable
surrogate for FVC in the spirometric diagnosis of airway obstruction
and restriction. Am J Respir Crit Care Med 2000;162:917-9.

17 Buist AS, Vollmer WM, Sullivan SD, et al. The Burden of Obstructive
Lung Disease Initiative (BOLD): rationale and design. COPD
2005;2:277-83.

18 Amaral AFS, Potts J, Knox-Brown B, et al. Cohort Profile: Burden
of Obstructive Lung Disease (BOLD) study. Int J Epidemiol
2023;52:€364-73.

19 Enright P, Vollmer WM, Lamprecht B, et al. Quality of spirometry
tests performed by 9893 adults in 14 countries: the BOLD Study.
Respir Med 2011;105:1507-15.

12 Knox-Brown B, et al. BMJ Open Respir Res 2025;12:002355. doi:10.1136/bmjresp-2024-002355

'salbojouyoal Jejiwis pue ‘Buluresy |y ‘Buiuiw elep pue 1xa) 01 parejal sasn 1o} Buipnjour ‘ybLAdod Ag pajoslold
1sanb Aq Gz0z lequiaidas z uo wod'fwg saldsaiuadolwqy/:sdny wouy papeojumoq '5zoz AINC €T U0 GSEZ00-120Z-dsallwg/ogTT 0T Se paysignd isiiy :yoreasay Alojelidsay uado rNg


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0001-5573-4413
http://orcid.org/0000-0001-5093-6980
http://orcid.org/0000-0002-4098-7765
http://orcid.org/0000-0002-4403-2878
http://orcid.org/0000-0002-0369-9449
http://dx.doi.org/10.1164/rccm.201204-0596PP
http://dx.doi.org/10.1164/rccm.201204-0596PP
http://dx.doi.org/10.1183/09031936.00138707
http://dx.doi.org/10.1164/rccm.202202-0399ST
http://dx.doi.org/10.1164/rccm.202202-0399ST
http://dx.doi.org/10.1164/rccm.201908-1590ST
http://dx.doi.org/10.1164/rccm.201908-1590ST
http://dx.doi.org/10.5812/ircmj.8163
http://dx.doi.org/10.5812/ircmj.8163
http://dx.doi.org/10.1183/09031936.06.00081305
http://dx.doi.org/10.1183/09031936.06.00081305
http://dx.doi.org/10.1513/AnnalsATS.201308-251OC
http://dx.doi.org/10.2147/COPD.S113568
http://dx.doi.org/10.1053/rmed.2001.1270
http://dx.doi.org/10.5588/ijtld.11.0283
http://dx.doi.org/10.5588/ijtld.11.0283
http://dx.doi.org/10.1371/journal.pone.0067960
http://dx.doi.org/10.1590/s0100-879x2006005000182
http://dx.doi.org/10.1590/s0100-879x2006005000182
http://dx.doi.org/10.1016/j.pulmoe.2021.11.008
http://dx.doi.org/10.1378/chest.127.5.1560
http://dx.doi.org/10.4187/respcare.04348
http://dx.doi.org/10.1164/ajrccm.162.3.9907115
https://pubmed.ncbi.nlm.nih.gov/17136954
http://dx.doi.org/10.1093/ije/dyad146
http://dx.doi.org/10.1016/j.rmed.2011.04.008

20

21

22

23

24

Hankinson JL, Odencrantz JR, Fedan KB. Spirometric Reference
Values from a Sample of the General U.S. Population. Am J Respir
Crit Care Med 1999;159:179-87.

Gandek B, Ware JE, Aaronson NK, et al. Cross-validation of item
selection and scoring for the SF-12 Health Survey in nine countries:
results from the IQOLA Project. International Quality of Life
Assessment. J Clin Epidemiol 1998;51:1171-8.

Cohen J. A Coefficient of Agreement for Nominal Scales. Educ
Psychol Meas 1960;20:37-46.

Sayon-Orea C, Moreno-Iribas C, Delfrade J, et al. Inverse-probability
weighting and multiple imputation for evaluating selection bias in
the estimation of childhood obesity prevalence using data from
electronic health records. BMC Med Inform Decis Mak 2020;20:9.
Miller MR, Quanjer PH, Swanney MP, et al. Interpreting lung function
data using 80% predicted and fixed thresholds misclassifies more
than 20% of patients. Chest 2011;139:52-9.

25

26

27

28

29

Morris ZQ, Huda N, Burke RR. The diagnostic importance of a
reduced FEV1/FEV6. COPD 2012;9:22-8.

Woodruff PG, Barr RG, Bleecker E, et al. Clinical Significance of
Symptoms in Smokers with Preserved Pulmonary Function. N Engl J
Med 2016;374:1811-21.

Quanijer PH, Stanojevic S, Cole TJ, et al. Multi-ethnic reference
values for spirometry for the 3-95-yr age range: the global lung
function 2012 equations. Eur Respir J 2012;40:1324-43.

Tilert T, Dillon C, Paulose-Ram R, et al. Estimating the U.S.
prevalence of chronic obstructive pulmonary disease using pre-
and post-bronchodilator spirometry: the National Health and
Nutrition Examination Survey (NHANES) 2007-2010. Respir Res
2013;14:103.

Ekstrom M, Mannino D. Research race-specific reference values and
lung function impairment, breathlessness and prognosis: Analysis of
NHANES 2007-2012. Respir Res 2022;23:271.

Knox-Brown B, et al. BMJ Open Respir Res 2025;12:€002355. doi:10.1136/bmjresp-2024-002355 13

'salbojouyoal Jejiwis pue ‘Buluresy |y ‘Buiuiw elep pue 1xa) 01 parejal sasn 1o} Buipnjour ‘ybLAdod Ag pajoslold
1sanb Aq Gz0z lequiaidas z uo wod'fwg saldsaiuadolwqy/:sdny wouy papeojumoq '5zoz AINC €T U0 GSEZ00-120Z-dsallwg/ogTT 0T Se paysignd isiiy :yoreasay Alojelidsay uado rNg


http://dx.doi.org/10.1164/ajrccm.159.1.9712108
http://dx.doi.org/10.1164/ajrccm.159.1.9712108
http://dx.doi.org/10.1016/s0895-4356(98)00109-7
http://dx.doi.org/10.1177/001316446002000104
http://dx.doi.org/10.1177/001316446002000104
http://dx.doi.org/10.1186/s12911-020-1020-8
http://dx.doi.org/10.1378/chest.10-0189
http://dx.doi.org/10.3109/15412555.2012.630701
http://dx.doi.org/10.1056/NEJMoa1505971
http://dx.doi.org/10.1056/NEJMoa1505971
http://dx.doi.org/10.1183/09031936.00080312
http://dx.doi.org/10.1186/1465-9921-14-103
http://dx.doi.org/10.1186/s12931-022-02194-4

	Concordance between FVC and FEV﻿6﻿ for identifying chronic airflow obstruction and spirometric restriction in the Burden of Obstructive Lung Disease (BOLD) study
	Abstract
	﻿﻿﻿﻿Introduction﻿﻿
	Methods
	Study design and participants
	Procedures
	Statistical analysis
	Patient and public involvement

	Results
	Discussion
	References


