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Abstract 

Background  Spirometric small airways obstruction (SAO) is common in the general population. Whether spirometric 
SAO is associated with respiratory symptoms,  cardiometabolic diseases, and quality of life (QoL) is unknown.

Methods  Using data from the Burden of Obstructive Lung Disease study (N = 21,594), we defined spirometric SAO 
as the mean forced expiratory flow rate between 25 and 75% of the FVC (FEF25-75) less than the lower limit of normal 
(LLN) or the forced expiratory volume in 3 s to FVC ratio (FEV3/FVC) less than the LLN. We analysed data on respiratory 
symptoms, cardiometabolic diseases, and QoL collected using standardised questionnaires. We assessed the associa‑
tions with spirometric SAO using multivariable regression models, and pooled site estimates using random effects 
meta-analysis. We conducted identical analyses for isolated spirometric SAO (i.e. with FEV1/FVC ≥ LLN).

Results  Almost a fifth of the participants had spirometric SAO (19% for FEF25-75; 17% for FEV3/FVC). Using FEF25-75, 
spirometric SAO was associated with dyspnoea (OR = 2.16, 95% CI 1.77–2.70), chronic cough (OR = 2.56, 95% CI 
2.08–3.15), chronic phlegm (OR = 2.29, 95% CI 1.77–4.05), wheeze (OR = 2.87, 95% CI 2.50–3.40) and cardiovascular 
disease (OR = 1.30, 95% CI 1.11–1.52), but not hypertension or diabetes. Spirometric SAO was associated with worse 
physical and mental QoL. These associations were similar for FEV3/FVC. Isolated spirometric SAO (10% for FEF25-75; 6% 
for FEV3/FVC), was also associated with respiratory symptoms and cardiovascular disease.

Conclusion  Spirometric SAO is associated with respiratory symptoms, cardiovascular disease, and QoL. Consideration 
should be given to the measurement of FEF25-75 and FEV3/FVC, in addition to traditional spirometry parameters.
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Introduction
Spirometric small airways obstruction (SAO) is charac-
terised by an airflow limitation through the mid to late 
portion of a maximal forced expiratory manoeuvre. It 
is most commonly defined by an abnormality in either 
the mean forced expiratory flow rate between 25 and 
75% of the forced vital capacity (FEF25-75) or the forced 
expiratory volume in 3  s to forced vital capacity ratio 
(FEV3/FVC) [1]. Despite uncertainty as to its sensitivity 
and specificity [2], spirometric SAO is often used as a 
proxy for small airways disease, suggesting the presence 
of airflow limitation through airways of less than 2 mm 
diameter [3]. The small airways are integral in the patho-
physiology of obstructive lung diseases such as asthma 
and chronic obstructive pulmonary disease (COPD), 
where inflammation, mucus hypersecretion, and airway 
remodelling are associated with increased respiratory 
symptoms, cardiometabolic complications, and reduced 
quality of life (QoL) [4–6]. Whether these associations 
are also seen with spirometric SAO in the general popu-
lation, particularly in the absence of established lung dis-
ease is unknown.

Few studies have investigated spirometric SAO in gen-
eral populations. Prevalence estimates range from 7.5% 
to 45.9%, influenced by the choice of spirometry param-
eter and world region [1]. Risk factors include active and 
passive smoking, low body mass index (BMI), increasing 
age, low education level, occupational exposure to dust, 
previous TB, and family history of COPD [7, 8]. There 
is now an increasing interest in understanding isolated 
spirometric SAO, which is characterised by the presence 
of spirometric SAO in the absence of established airflow 
limitation (i.e. with FEV1/FVC ≥ LLN). The reason for 
this is that some studies have reported an association 
between isolated spirometric SAO and early lung injury, 
including gas trapping and reduced diffusing capacity on 
lung function testing [9], as well as functional small air-
ways disease and emphysema on quantitative chest CT 
[10–12]. There are also data suggesting that those with 
isolated spirometric SAO may be at increased risk of 
developing COPD [13].

As COPD has been associated with respiratory symp-
toms, cardiometabolic diseases and reduced QoL, it is 
reasonable to hypothesise that spirometric SAO may 
hold similar associations. However, current evidence is 
only available in ever smokers and not representative of 
the general population [11, 13]. With this in mind, we 
investigated these associations using data from the mul-
tinational Burden of Obstructive Lung Disease (BOLD) 

study and compared the findings for two different 
spirometry parameters.

Methods
Study design and participants
The design and rationale for the BOLD study have 
been previously published [14]. Non-institutionalised 
adults ≥ 40  years of age were recruited from 41 sites, 
across 34 countries, where population size was larger 
than 150,000. Standardised questionnaires were used 
to collect information on respiratory symptoms, health 
status, and exposure to potential risk factors. Question-
naires were translated into the local language and admin-
istered by trained fieldworkers. Measurements of height 
and weight were taken. Lung function was assessed 
before and 15  min after inhalation of 200mcg salbuta-
mol, using the ndd EasyOne Spirometer (ndd Medizin-
technik AG, Zurich, Switzerland). Spirometry parameters 
including the forced expiratory volume in 1  s (FEV1), 
FVC, FEV3, and FEF25-75 were measured. Spirograms 
were assigned quality scores based on the American 
Thoracic Society (ATS) acceptability and reproducibil-
ity criteria [15]. Quality was checked centrally, and only 
tests with back-extrapolated volume < 150  mL, peak 
expiratory flow time < 120  ms, lasting ≥ 6  s or with end-
of-time volume < 40  mL, no artefact affecting the FEV1 
or FVC, and with the two best blows within 200  mL of 
each other were used. A total of 28,604 participants had 
acceptable spirometry and completed the core question-
naire. Of these, 4573 were excluded as they did not have a 
measurement for both FEV3/FVC and FEF25-75. A further 
2437 were excluded for not having complete informa-
tion on respiratory symptoms, cardiometabolic diseases 
and QoL, leaving 21,594 participants for inclusion in the 
present study. Ethical approval was obtained by each site 
from the local ethics committee, all sites adhered to local 
ethics guidelines, and followed good clinical practice. 
Informed consent was obtained from all participants.

Spirometric small airways obstruction
Due to lack of consensus in the literature [1], we defined 
spirometric SAO for two different spirometry param-
eters: (1) pre-bronchodilator FEF25-75 less than the lower 
limit of normal (LLN); and (2) pre-bronchodilator FEV3/
FVC less than the LLN. We also defined airflow obstruc-
tion as pre-bronchodilator FEV1/FVC < LLN, and spiro-
metric restriction as FVC < LLN. Additionally, we defined 
“isolated spirometric SAO” as FEF25-75 or FEV3/FVC less 
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than the LLN with pre-bronchodilator FEV1/FVC equal 
or greater than the LLN. We used reference equations for 
European Americans in the third US National Health and 
Nutrition Examination Survey (NHANES) to calculate 
the LLN for all parameters [16, 17].

Respiratory symptoms, cardiometabolic diseases, and QoL
Dyspnoea was assessed using the mMRC dyspnoea scale, 
where participants rated their breathlessness accord-
ing to 5 grades: Grade 0—dyspnoea only with strenuous 
exercise; Grade 1—dyspnoea when hurrying on the level 
or up a slight hill; Grade 2—dyspnoea when walking at 
own pace on the level; Grade 3—dyspnoea when walk-
ing 100 yards or for a few minutes; Grade 4—too short of 
breath to leave the house or short of breath when dress-
ing or undressing. We generated a binary variable where 
a grade of 0–1 indicates no/minimal breathlessness, and 
a grade ≥ 2 indicates significant breathlessness. Presence 
of chronic cough, chronic phlegm, and wheeze was deter-
mined by positive 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?”.

Information on self-reported, physician-diagnosed car-
diometabolic diseases was obtained from the core study 
questionnaire. For the present analysis, we considered 
three outcomes: (1) cardiovascular disease (CVD) as the 
history of either heart disease or stroke; (2) history of 
hypertension; and (3) history of diabetes.

QoL was assessed using the 12-item short form health sur-
vey (SF-12). Separate scores for physical and mental health 
were generated and used in the analyses. Scores ranged from 
0 to 100, with a score of 100 indicating the best QoL [18].

Statistical analysis
To assess the association of respiratory symptoms 
with spirometric SAO, we used multivariable logistic 
regression analysis, adjusting for potential confound-
ers [19]: sex, education level (none, primary or middle 
school, secondary school, and technical/vocational col-
lege or university), BMI (underweight < 18.5  kg  m−2, 
normal 18.5–24.9  kg  m−2, overweight 25–30  kg  m−2 
and obese > 30  kg  m−2), age (40–49, 50–59, 60–69, 
≥ 70  years), smoking status (never, former, current), 
smoking pack-years (1–5, 6–15, 16–25 or > 25), passive 
smoking, occupational exposure to dust ≥ 10  years, use 
of solid fuels for cooking/heating for > 6 months in a life-
time, history of tuberculosis, spirometric restriction and 
family history of COPD. For dyspnoea only, we added 
history of CVD into the model.

To assess the association of cardiometabolic diseases 
with spirometric SAO, we used multivariable logistic 
regression, adjusting for known cardiovascular risk fac-
tors [20–22]: sex, education level, BMI, age, smoking sta-
tus, smoking pack-years and spirometric restriction.

To assess the association of QoL with spirometric SAO, 
we performed linear regression analysis using continu-
ous proxies for physical and mental health scores. We 
adjusted for the same potential confounders as in the 
models for respiratory symptoms with the addition of 
CVD, hypertension, and diabetes.

We first assessed these associations within each site and 
then pooled their estimates using random effects meta-
analyses [23]. We then repeated these analyses stratify-
ing by sex. We performed sensitivity analyses repeating 
the analyses: (1) only among never smokers; (2) after 
excluding participants with both spirometric SAO and 
FEV1/FVC < LLN (isolated spirometric SAO); and (3) for 
symptoms and cardiometabolic diseases, using FEF25-75 
and FEV3/FVC as continuous variables. For the associa-
tion with cardiometabolic diseases, we also repeated the 
analyses among only those with a normal FVC. Hetero-
geneity was summarised using the I2 statistic. All analy-
ses were performed using Stata 17 (Stata Corp., College 
Station, TX, USA) and corrected for sampling weights.

Role of the funding source
The funders of the study did not contribute to the study 
design, data collection, data analysis or writing of the 
manuscript.

Results
The characteristics of study participants are displayed in 
Table 1. The mean age of the participants was 54 years, 
with 51% being female. On average, they were slightly 
overweight (BMI 26.4 kg/m2), and two thirds had never 
smoked. Overall, a fifth of participants had spirometric 
SAO. For FEF25-75, prevalence ranged from 5% in Tartu 
(Estonia) to 33% in Mysore (India). Using FEV3/FVC, 
prevalence of spirometric SAO ranged from 5% in Riyadh 
(Saudi Arabia) to 30% in Salzburg (Austria). Prevalence of 
isolated spirometric SAO was lower, ranging from 1% in 
Tartu (Estonia) to 26% in Mysore (India) for FEF25-75, and 
from 1% in Riyadh (Saudi Arabia) to 14% in Bergen (Nor-
way) for FEV3/FVC (Table 2). Approximately, one in ten 
participants had airflow obstruction, with a third having 
spirometric restriction.

The prevalence of respiratory symptoms and car-
diometabolic diseases also varied: dyspnoea from 0% in 
Mysore (India) to 28% in Uitsig and Ravensmead (South 
Africa); chronic cough from 0% in Ife (Nigeria) to 17% in 
Lexington (KY, USA); chronic phlegm from 0% in both 
sites in Malawi to 14% in Lexington (KY, USA); wheeze 
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Table 2  Summary of prevalence estimates for airflow obstruction, restriction, and spirometric SAO in the study population

Spirometric SAO: small airways obstruction—Pre-bronchodilator FEF25-75 or FEV3/FVC less than the lower limit of normal (LLN). Isolated spirometric SAO: Pre-
bronchodilator FEF25-75 or FEV3/FVC less than the lower limit of normal with FEV1/FVC ≥ LLN. AO: airflow obstruction—pre-bronchodilator FEV1/FVC < LLN. Restriction: 
Post-bronchodilator FVC < LLN. LLN calculated using spirometry reference equations taken from the NHANES III study population. FVC: Forced vital capacity. FEF25-75: 
Mean forced expiratory flow rate between 25 and 75% of the FVC. FEV3/FVC: Forced expiratory volume in 3 s as a ratio of the FVC. FEV1/FVC: Forced expiratory volume 
in 1 s as a ratio of the FVC

BOLD Centre n Airflow obstruction
n (%)

Restriction n (%) Spirometric SAO 
(FEV3/FVC)
n (%)

Isolated 
spirometric 
SAO 
(FEV3/FVC)
n (%)

Spirometric SAO 
(FEF25-75)
n (%)

Isolated spirometric 
SAO 
(FEF25-75)
n (%)

Albania (Tirana) 832 82 (10%) 123 (15%) 85 (10%) 22 (3%) 69 (8%) 22 (3%)

Algeria (Annaba) 802 85 (11%) 219 (27%) 75 (9%) 21 (3%) 103 (13%) 54 (7%)

Australia (Sydney) 387 58 (15%) 47 (12%) 72 (19%) 25 (7%) 43 (11%) 11 (3%)

Austria (Salzburg) 887 222 (25%) 74 (8%) 271 (31%) 114 (13%) 138 (16%) 25 (3%)

Benin (Sémé-Kpodji) 488 55 (11%) 385 (79%) 68 (14%) 36 (7%) 147 (30%) 110 (23%)

Cameroon (Limbe) 249 14 (6%) 151 (61%) 16 (7%) 7 (3%) 33 (13%) 23 (9%)

Canada (Vancouver) 594 105 (18%) 43 (7%) 135 (23%) 59 (10%) 69 (12%) 17 (3%)

China (Guangzhou) 295 33 (11%) 84 (29%) 37 (13%) 17 (6%) 54 (18%) 31 (11%)

England (London) 539 119 (22%) 83 (15%) 163 (30%) 70 (13%) 99 (18%) 31 (6%)

Estonia (Tartu) 545 69 (13%) 45 (8%) 83 (15%) 39 (7%) 29 (5%) 8 (1%)

Germany (Hannover) 414 55 (13%) 22 (5%) 53 (13%) 19 (5%) 36 (9%) 10 (2%)

Iceland (Reykjavik) 552 116 (21%) 69 (13%) 158 (29%) 63 (12%) 94 (17%) 25 (5%)

India (Mumbai) 315 26 (8%) 205 (65%) 27 (9%) 9 (3%) 68 (22%) 48 (15%)

India (Mysore) 531 49 (9%) 412 (78%) 55 (10%) 24 (5%) 176 (33%) 140 (26%)

India (Pune) 732 65 (9%) 474 (65%) 81 (11%) 36 (5%) 173 (24%) 130 (18%)

India (Kashmir) 677 144 (21%) 190 (28%) 156 (23%) 45 (7%) 179 (26%) 73 (11%)

Jamaica 459 45 (10%) 253 (55%) 84 (18%) 48 (10%) 87 (19%) 53 (12%)

Kyrgyzstan (Chui) 738 141 (19%) 81 (11%) 157 (215) 35 (5%) 137 (19%) 25 (3%)

Kyrgyzstan (Naryn) 755 84 (11%) 77 (10%) 124 (16%) 58 (8%) 108 (14%) 51 (7%)

Malawi (Blantyre) 331 33 (10%) 146 (44%) 58 (18%) 31 (10%) 82 (25%) 57 (17%)

Malawi (Chikwawa) 366 66 (18%) 135 (37%) 79 (22%) 30 (8%) 108 (30%) 64 (18%)

Malaysia (Penang) 616 25 (4%) 357 (58%) 38 (6%) 21 (3%) 78 (13%) 59 (10%)

Morocco (Fes) 429 37 (95) 80 (19%) 48 (11%) 15 (3%) 58 (14%) 31 (7%)

Netherlands (Maas‑
tricht)

538 124 (23%) 51 (9%) 151 (28%) 55 (10%) 95 (18%) 18 (3%)

Nigeria (Ife) 793 98 (12%) 568 (72%) 152 (19%) 76 (10%) 216 (27%) 149 (19%)

Norway (Bergen) 447 82 (18%) 39 (9%) 115 (265) 60 (14%) 66 (15%) 21 (5%)

Pakistan (Karachi) 311 38 (12%) 238 (77%) 49 (16%) 23 (7%) 86 (28%) 57 (18%)

Philippines (Manila) 651 98 (15%) 404 (62%) 89 (14%) 27 (4%) 154 (24%) 90 (14%)

Philippines (Nampic‑
uan-Talugtug)

638 126 (20%) 366 (57%) 127 (20%) 40 (6%) 191 (30%) 112 (18%)

Poland (Krakow) 336 64 (19%) 34 (10%) 81 (24%) 33 (10%) 62 (19%) 20 (6%)

Portugal (Lisbon) 548 57 (10%) 52 (10%) 90 (165) 41 (7%) 54 (10%) 16 (3%)

Saudi Arabia (Riyadh) 576 31 (5%) 293 (51%) 29 (5%) 7 (1%) 63 (11%) 34 (6%)

South Africa (Uitsig 
and Ravensmead)

505 116 (23%) 232 (46%) 132 (26%) 46 (9%) 159 (31%) 79 (16%)

Sri Lanka (Colombo) 718 77 (11%) 602 (84%) 65 (9%) 12 (25) 200 (28%) 146 (20%)

Sudan (Gezeira) 277 20 (7%) 153 (55%) 30 (11%) 13 (5%) 38 (14%) 21 (8%)

Sudan (Khartoum) 367 39 (11%) 255 (70%) 56 (15%) 25 (7%) 76 (21%) 50 (14%)

Sweden (Uppsala) 393 56 (14%) 30 (8%) 56 (14%) 19 (5%) 31 (8%) 11 (3%)

Trinidad & Tobago 
(Port of Spain)

815 59 (7%) 606 (74%) 112 (14%) 72 (9%) 167 (21%) 121 (15%)

Tunisia (Sousse) 422 29 (7%) 98 (23%) 34 (8%) 16 (4%) 44 (10%) 22 (5%)

Turkey (Adana) 414 82 (20%) 56 (14%) 114 (28%) 53 (13%) 89 (22%) 33 (8%)

USA (Lexington) 312 51 (17%) 72 (23%) 55 (18%) 20 (6%) 69 (22%) 32 (10%)
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from 0% in Mysore (India) to 43% in Lexington (KY, 
USA); CVD from 0% in Gezeira (Sudan), Mysore (India), 
and Limbe (Cameroon) to 34% in Tartu (Estonia); hyper-
tension from 2% in Ife (Nigeria) to 44% in Lexington (KY, 
USA); and diabetes from 1% in Ife (Nigeria) to 27% in 
Riyadh (Saudi Arabia) (Table 1).

Physical QoL scores were lowest (mean 42.1, SD 7.7) in 
Guangzhou (China) and highest (mean 53.7, SD 4.2) in 
Blantyre (Malawi). Mental QoL scores were lowest (mean 
33.7, SD 7.7) in Adana (Turkey) and highest (mean 58.5, 
SD 6.4) in Mumbai (India) (Table 1).

Respiratory symptoms and spirometric SAO
Participants with spirometric SAO, based on FEF25-75, 
were more likely to report dyspnoea (OR = 2.16, 95% CI 
1.77–2.70), chronic cough (OR = 2.56, 95% CI 2.08–3.15), 
chronic phlegm (OR = 2.29, 95% CI 1.77–4.05), and 
wheeze (OR = 2.87, 95% CI 2.50–3.40) than those with-
out spirometric SAO (Fig.  1a and b; Additional file  1: 
Table  S1). Associations were slightly stronger among 
males.

Among never smokers, spirometric SAO based on 
either FEF25-75 or FEV3/FVC was still associated with 

increased odds of all respiratory symptoms for both 
parameters (Additional file 1: Table S4). Results for spiro-
metric SAO based on FEV3/FVC were not materially dif-
ferent from these, except when considering only isolated 
spirometric SAO, which was associated with all respira-
tory symptoms for FEF25-75 but only wheeze when using 
FEV3/FVC (Fig.  1a and b). Heterogeneity across sites 
for the association of spirometric SAO with respiratory 
symptoms was generally low-moderate. The association 
of post-bronchodilator spirometric SAO with respiratory 
symptoms was not materially different from those with 
pre-bronchodilator spirometric SAO. Overall, respiratory 
symptoms were associated with FEF25-75 and FEV3/FVC 
in a dose–response manner (Additional file 1: Tables S6 
and S7).

Cardiometabolic diseases and spirometric SAO
Participants with spirometric SAO, based on FEF25-75, 
were more likely to have CVD (OR = 1.30, 95% CI 1.11–
1.52) but less likely to have diabetes (OR = 0.75, 95% CI 
0.63, 0.90), as compared to those without spirometric 
SAO. Overall, spirometric SAO was not associated with 
a diagnosis of hypertension (OR = 1.07, 95% CI 0.96, 

a b

Fig. 1  Pooled estimates for the effect of spirometric SAO measured using FEV3/FVC (a) and FEF25-75 (b) on respiratory symptoms in the BOLD 
study. Spirometric SAO: Small airways obstruction. Overall: spirometric SAO defined as FEV3/FVC or FEF25-75 less than the lower limit of normal 
(LLN). Male/Female: spirometric SAO as FEV3/FVC or FEF25-75 < LLN stratified by sex. Isolated spirometric SAO: FEV3/FVC or FEF25-75 < LLN with FEV1/
FVC ≥ LLN. Dyspnoea measured according to mMRC Dyspnoea scale: 0–1 = minimal/no breathlessness, ≥ 2 = significant breathlessness. Chronic 
cough: cough on most days for 3 months each year. Chronic Phlegm: Phlegm on most days 3 months each year. Wheeze: Wheezing or whistling 
in the chest at any time in the last 12 months. OR 95% CI: odds ratio with 95% confidence intervals. I2 values of 0%, 25%, 50%, and 75% considered 
no, low, moderate, and high heterogeneity. Covariates in the adjusted model: sex, education level, body mass index, smoking status, accumulated 
cigarette pack-years, passive smoking, occupational exposure to dust, use of solid fuels for cooking/heating for > 6 months in a lifetime, reported 
doctor-diagnosed or history of tuberculosis, spirometric restriction, family history of COPD, and for Dyspnoea addition of CVD. The following sites 
could not be included in the analysis either due to a low number of participants reporting respiratory symptoms or singularity in the data: Benin 
(Sémé-Kpodji), Norway (Bergen), Malawi (Blantyre), China (Guangzhou), Germany (Hannover), Cameroon (Limbe), India (Mumbai) (Mysore), Austria 
(Salzburg), Tunisia (Sousse), Australia (Sydney), Albania (Tirana), Sweden (Uppsala)
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1.20) (Fig. 2a and b; Additional file 1: Table S2). Asso-
ciations did not differ much by sex. Results for spiro-
metric SAO based on FEV3/FVC were not materially 
different from these.

Among never smokers only, spirometric SAO based 
on FEF25-75 was associated with CVD (OR = 1.45 95% 
CI 1.15–1.82) but not hypertension (OR = 1.10, 95% CI 
0.97–1.25) or diabetes (OR = 0.84, 95% CI 0.69–1.02). 
Based on FEV3/FVC, spirometric SAO was not asso-
ciated with any of the three cardiometabolic diseases 
(Additional file 1: Table S4).

In a sensitivity analysis in which those with low FVC 
were excluded, spirometric SAO based on FEF25-75 was 
associated with CVD (OR = 1.38, 95% CI 1.13–1.68) 
and hypertension (OR = 1.22, 95% CI 1.08–1.39) but 
not diabetes (OR = 0.86, 95% CI 0.67–1.11). Based on 
FEV3/FVC, spirometric SAO was not associated with 
any of the three cardiometabolic diseases (Additional 
file 1: Table S5).

Isolated spirometric SAO, based on either FEF25-75 or 
FEV3/FVC, was associated with CVD but not diabetes. 
The association with hypertension was not concord-
ant between the two parameters used to define isolated 
spirometric SAO. Heterogeneity across sites was low 
for all estimates. The association of post-bronchodilator 

spirometric SAO with comorbidities was not materially 
different from those with pre-bronchodilator spirometric 
SAO. CVD was associated with FEF25-75 and FEV3/FVC 
in a dose–response manner (Additional file 1: Tables S6 
and S7).

Quality of life and spirometric SAO
Participants with spirometric SAO, based on FEF25-75, 
were more likely to show lower physical (β = − 1.18, 95% 
CI − 1.64 to − 0.72) and mental (β = − 0.76, 95% CI − 1.19 
to − 0.33) scores of QoL (Fig. 3a and b; Additional file 1: 
Table S3).

The association of QoL, particularly of the physical 
component, with spirometric SAO was stronger among 
males than among females. Results for spirometric SAO 
based on FEV3/FVC were not materially different from 
these.

When we restricted our analyses to never smokers, 
lower physical and mental QoL was still associated with 
spirometric SAO based on either FEF25-75 or FEV3/FVC 
(Additional file 1: Table S4).

A lower physical score was weakly associated with 
isolated spirometric SAO based on FEF25-75 (β = − 0.69, 
95% CI − 1.35 to − 0.02), but not with isolated spiromet-
ric SAO based on FEV3/FVC (β = 0.03, 95% CI − 0.73 to 

a b

Fig. 2  Pooled estimates for the effect of spirometric SAO measured using FEV3/FVC (a) and FEF25-75 (b) on cardiometabolic disease in the BOLD 
study. Spirometric SAO: Small airways obstruction. Overall: spirometric SAO defined as FEV3/FVC or FEF25-75 less than the lower limit of normal 
(LLN). Male/Female: spirometric SAO as FEV3/FVC or FEF25-75 < LLN stratified by sex. Isolated spirometric SAO: FEV3/FVC or FEF25-75 < LLN with FEV1/
FVC ≥ LLN. Cardiovascular disease: self-reported history of heart disease or stroke. OR (95% CI): odds ratio with 95% confidence intervals. I2 values 
of 0%, 25%, 50%, and 75% considered no, low, moderate, and high heterogeneity. Covariates in the adjusted model: sex, education level, body 
mass index, smoking status, accumulated cigarette pack-years and spirometric restriction. The following sites could not be included in the analysis 
either due to a low number of participants reporting co-morbidity or singularity in the data: For CVD; Malawi (Blantyre), Malawi (Chikwawa), Nigeria 
(Ife), Cameroon (Limbe), India (Mysore), India (Kashmir), Malaysia (Penang), Sudan (Gezeira), Morocco (Fes), China (Guangzhou), Jamaica, Trinidad & 
Tobago (Port of Spain), Saudi Arabia (Riyadh), and Albania (Tirana). For Hypertension; Benin (Sémé-Kpodji), Malawi (Chikwawa), and Sudan (Gezeira). 
For diabetes; India (Pune), Malawi (Chikwawa), Morocco (Fes), China (Guangzhou), Nigeria (Ife), Kyrgyzstan (Naryn), Cameroon (Limbe), Philippines 
(Manilla), India (Mumbai), Malaysia (Penang)
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0.80). There was no evidence of association of mental 
QoL score with isolated spirometric SAO. Heterogene-
ity across sites was low to moderate for all estimates. The 
association of post-bronchodilator spirometric SAO with 
QoL was not materially different from those with pre-
bronchodilator spirometric SAO.

Discussion
In this multinational population-based study of adults, 
aged 40 years and above, we show that people with spiro-
metric SAO are more likely to report dyspnoea, chronic 
cough, chronic phlegm, and wheeze. Additionally, they 
are more likely to have had a diagnosis of cardiovascu-
lar disease, but not hypertension or diabetes. A worse 
quality of life is also associated with spirometric SAO. 
All these findings are true also for people with spiromet-
ric SAO without airflow obstruction, except in terms of 
quality of life.

Respiratory symptoms
Both obstructive and restrictive lung patterns have been 
associated with respiratory symptoms [19, 24], therefore 
our finding of associations between spirometric SAO and 
increased dyspnoea, chronic cough, chronic phlegm, and 
wheeze is not surprising. That said, in the present study, 

we also found associations between isolated spirometric 
SAO and respiratory symptoms, especially when using 
FEF25-75. Only two previous studies have reported associ-
ations between isolated spirometric SAO and respiratory 
symptoms. Yee et al. [13] in the SPIROMICS and Dilek-
tasli et al. [11] in the COPDGene cohorts showed asso-
ciations between isolated spirometric SAO and increased 
respiratory exacerbations and dyspnoea. However, unlike 
the BOLD study where never smokers make up a consid-
erable proportion of the study population, these studies 
only included current or former smokers. Therefore, our 
study presents the first population-based evidence on 
the association of respiratory symptoms with spiromet-
ric SAO. This supports the hypothesis that spirometric 
SAO is a precursor to future airflow obstruction [11, 13], 
presenting an alternative avenue of investigation for clini-
cians, if traditional measurement indices do not explain 
the presence of symptoms.

Using FEF25-75, we found that isolated spirometric SAO 
associates with all respiratory symptoms, while isolated 
spirometric SAO defined using the FEV3/FVC was only 
associated with wheeze. A potential explanation for this 
is that unlike the FEF25-75, the FEV3/FVC also includes 
the volume expired in the first 25% of expiration. This 
volume comes predominantly from emptying of the large 

a b

Fig. 3  Pooled estimates for the effect of spirometric SAO measured using FEV3/FVC (a) and FEF25-75 (b) on physical and mental quality of life in 
the BOLD study. Spirometric SAO: Small airways obstruction. Overall: spirometric SAO defined as FEV3/FVC or FEF25-75 less than the lower limit of 
normal (LLN). Male/Female: spirometric SAO as FEV3/FVC or FEF25-75 < LLN stratified by sex. Isolated spirometric SAO: FEV3/FVC or FEF25-75 < LLN 
with FEV1/FVC ≥ LLN. Physical and mental QoL measured using the SF-12 questionnaire. Negative regression coefficient indicates that having SAO 
is associated with a reduction in SF-12 score in comparison to not having SAO. I2 values of 0%, 25%, 50%, and 75% considered no, low, moderate, 
and high heterogeneity. Covariates in the adjusted model: sex, education level, body mass index, smoking status, accumulated cigarette pack-years, 
passive smoking, occupational exposure to dust, use of solid fuels for cooking/heating for > 6 months in a lifetime, reported doctor-diagnosed 
or history of tuberculosis, spirometric restriction, family history of COPD, CVD, hypertension, and diabetes. Estimates based on the analysis of 31 
sites, the following sites could not be included in the analysis either due to low response rate to the questionnaire; Turkey (Adana) and China 
(Guangzhou) or where QoL was measured using a different tool; Benin (Sémé-Kpodji), Cameroon (Limbe), Jamaica, Kyrgyzstan (Chui), Kyrgyzstan 
(Naryn), Malaysia (Penang), Pakistan (Karachi), Sri Lanka (Colombo)
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conducting airways, which are less likely to be impacted 
in mild disease. Conversely, the FEF25-75 is specific to the 
average rate of flow through the middle 50% of expira-
tion, and possibly more sensitive to early changes in the 
small airways.

There are several potential mechanisms by which iso-
lated spirometric SAO may lead to respiratory symptoms. 
Chronic exposure to inhaled irritants such as cigarette 
smoke, damages the walls of the small airways, which 
has been shown to occur even before airflow obstruction 
becomes evident [11, 13]. Hospital-based studies have 
shown that individuals with isolated spirometric SAO 
according to FEV3/FVC have impaired diffusing capac-
ity [9]. Therefore, feelings of dyspnoea could in part be 
explained by early emphysematous changes [13]. How-
ever, we found that spirometric SAO was associated 
with symptoms independently of cigarette smoking. It 
has also been shown that FEF25-75 is a sensitive predictor 
of airways hypersensitivity in asthma [25], so it is plau-
sible that transient exposure to allergic and non-allergic 
triggers may result in acute and short-lived bouts of res-
piratory symptoms. While we have access to pre- and 
post-bronchodilator measurements, we did not inves-
tigate this mechanism further as bronchodilator revers-
ibility does not always differentiate between asthma and 
COPD in population-based studies [26].

Cardiometabolic diseases
In terms of lung function, the FVC appears to have the 
strongest association with CVD [22]. The association of 
airflow obstruction with CVD is more ambiguous [27], 
while for measures of spirometric SAO, evidence is lack-
ing. In this study, spirometric SAO, defined either using 
FEF25-75 or FEV3/FVC, was associated with CVD but not 
hypertension or diabetes. Isolated SAO was also associ-
ated with CVD for both parameters.

The association was slightly stronger for FEF25-75 than 
for the FEV3/FVC, which despite adjustment in our 
multivariate models, could be explained by the corre-
lation between the FEF25-75 and FVC. However, when 
we excluded participants with low FVC, the magnitude 
of the association between spirometric SAO based on 
FEF25-75 and CVD did not materially change, making this 
explanation less likely. To rule out residual confound-
ing by smoking from the association between CVD and 
spirometric SAO, we restricted our analysis to never 
smokers. This dismissed the association of CVD with 
spirometric SAO based on FEV3/FVC but not with spiro-
metric SAO based on FEF25-75. Our finding that people 
with isolated spirometric SAO, i.e. in the absence of air-
flow obstruction, are more likely to have a diagnosis of 
CVD is interesting. A potential explanation for this is that 
spirometric SAO upregulates inflammatory processes. 

Castonzo et  al. [28], showed that people with a lower 
FEF25-75 percent predicted had higher levels of C-reactive 
protein (CRP), a marker of systemic inflammation associ-
ated with increased risk of both heart disease and stroke 
[29]. However, it is also plausible that reverse causation 
plays a role, as it has been shown in mice that heart fail-
ure causes pulmonary remodelling, oedema, and fibrosis, 
all of which can impair lung function [30].

We found conflicting associations of hypertension 
with spirometric SAO, with no significant association for 
FEV3/FVC, and FEF25-75 associated with increased odds 
of hypertension in males and those with isolated spiro-
metric SAO only. Few studies have investigated the asso-
ciation between spirometric SAO and hypertension. In 
a hospital-based study, Birhan et  al. [31] compared the 
spirometry results of 61 hypertensive and 61 normoten-
sive individuals. They found that hypertensive individuals 
had a significantly lower FEF25-75 compared to normoten-
sive individuals. However, this finding was not adjusted 
for potential confounders, such as FVC [22].

Like hypertension, we found conflicting associations 
between spirometric SAO and diabetes. Spirometric SAO 
defined using FEV3/FVC was not associated with diabe-
tes, whereas spirometric SAO using FEF25-75 was asso-
ciated with reduced odds of diabetes. A South Korean 
study of over 17,000 healthy adults found no association 
between baseline spirometric SAO and risk of diabetes 
after 6  years [32]. These results are likely more applica-
ble than those of the present study. Firstly, because it is a 
longitudinal study, better for investigating causality, and 
secondly, because the HbA1c blood test was used to diag-
nose diabetes.

The lack of association with two major risk factors for 
CVD, despite the association of spirometric SAO with 
CVD in this study, suggests at least two explanations. 
Either: (1) the mechanism by which spirometric SAO 
increases the risk of CVD does not act through pathways 
that increase blood pressure or impair blood glucose reg-
ulation, or (2) the association between spirometric SAO 
and CVD is not real and is confounded by some factor 
that we were unable to account for.

Quality of life
We found that people with spirometric SAO are more 
likely to have worse QoL. However, we found no evidence 
of association of QoL with isolated spirometric SAO. 
These findings are plausible, as airflow limitation may 
not be severe enough to impact daily living. Contrary to 
our results, Dilkektasli et  al. [11] reported that isolated 
spirometric SAO associated with lower QoL. However, 
their study population was restricted to former and cur-
rent smokers, who have been shown to have a lower QoL 
than non-smokers [33]. We also found that the significant 
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association between spirometric SAO and reduced QoL 
was mainly seen in males and not females. In the context 
of our results this makes sense, as males with spirometric 
SAO reported more respiratory symptoms, which have 
been shown to be independently associated with QoL 
[34].

Strengths and limitations
Our study has several strengths. First, its large sam-
ple size and population-based design makes the results 
transferable to general populations. Spirometry was 
conducted by trained and certified technicians using the 
same protocol and model of spirometer, and lung func-
tion data was quality assured centrally with each curve 
visually inspected. A further strength is the administra-
tion of standardised questionnaires, in local languages, 
across study sites. Our study also has some limitations. 
The cross-sectional nature of the study precludes assess-
ment of causality. In addition, there were instances of 
moderate heterogeneity in the association of spirometric 
SAO with symptoms and QoL. Therefore, caution should 
be taken when relating our pooled estimates to specific 
countries or world regions. Further limitations include 
the lack of a gold standard measure of spirometric SAO, 
as well as limited reference equations in suitable popu-
lations the FEV3/FVC ratio. This restricted our ability 
to use multi-ethnic reference values, which could have 
impacted the estimation of prevalence at some sites. 
However, the NHANES equations have been shown to 
give similar prevalence estimates for airflow obstruction 
regardless of race-correction [35], while recent evidence 
suggests that race-correction may misclassify individuals 
with underlying disease [36].

Conclusions
The main novelty of our study concerns isolated spiro-
metric SAO. Quanjer et  al. [37] recommended against 
the use of FEF25-75 in the clinical setting as they found 
little evidence of isolated spirometric SAO in a sample 
of people with chronic respiratory disease. In contrast 
with their study, we have found that isolated spiromet-
ric SAO is common in general populations and is asso-
ciated with respiratory symptoms. In addition, we have 
shown that isolated spirometric SAO has the potential to 
be used to detect people at risk of cardiovascular disease. 
Therefore, consideration should be given to the measure-
ment of FEF25-75 and FEV3/FVC in clinical and general 
populations. Future research should aim to corroborate 
our findings and investigate whether those with isolated 
spirometric SAO go on to develop airflow obstruction or 
cardiovascular disease later in life.
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