
Appendix 1. 

 

Table S1. Search terms used within MEDLINE (PubMed) and Web of Science. 

Subject Heading                          Search Terms Used 

 
Lung Function 

Parameters 

(Maximal midexpiratory flow rate OR FEF 25-75 Percent OR 25-75 Percent, 
FEF OR 25-75 Percent* FEF OR FEF 25 75 Percent OR FEF 25-75 Percent OR 
Percent, FEF 25-75 OR Percent*, FEF 25-75 OR MMFR OR Forced Expiratory 
Flow 025-075 Percent OR Forced Expiratory Flow 025 075 Percent) OR (forced 
expiratory flow OR mid-expiratory flow rate OR MMEF OR MMEF/FVC OR 
MEF50 OR MEF 50 OR MEF75 OR MEF 75 OR FEF25-75 OR FEF 50 OR FEF50 
OR FEF 75 OR FEF75 OR FEV3/FVC OR FEV3 OR FEV3/FEV6). 

AND 

 
Small Airways 
Obstruction 

 
 

AND (Small airway* OR small airway* obstruction OR small airway* disease 
OR small airway* narrowing OR peripheral airway OR peripheral airway* 
disease OR peripheral airway* obstruction OR SAD OR small airway* 
dysfunction OR small airway* function OR small airway* limitation OR distal 
airway* OR distal airway* disease). 

 

Grey literature strategy 

After review of the literature, a Google Scholar search strategy was devised to identify grey literature. The strategy 

included the most frequently cited terms in relation to the spirometric assessment of small airways obstruction. These 

terms were adapted from the MEDLINE (PubMed) search strategy.  The search was restricted to terms appearing in 

the title of the article and published between 1975-2021. These limits were introduced to restrict the number of results 

to only the most relevant publications 1.  

“FEF25-75" OR "mid expiratory flow" OR MMEF OR MEF50 OR MEF75 OR FEF50 OR FEF75 OR FEV3/FVC OR 

FEV3/FEV6 AND "small airways obstruction" OR "small airways disease" OR "peripheral airways disease" OR "small 

airways dysfunction”  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S2. Quality assessment scores of selected studies. 

Study Selection Comparability Outcome Total Rating 

Detels et al, 1979 2 2 2 1 5 Fair 

White et al, 1980 3 3 2 1 6 Fair 

Tashkin et al, 1984 4 4 2 2 8 Fair 

Marrero et al 1986 5 2 2 2 6 Fair 

Detels et al, 1987 6 3 2 3 8 Good 

Marazzini et al, 1989 7 2 2 2 6 Fair 

Behera, 1997 8 3 2 1 6 Fair 

Cullinan et al, 1997 9 2 2 2 6 Fair 

Kiter et al, 2000 10 3 2 2 7 Fair 

Matheson et al, 200611 3 2 2 7 Fair 

Downs et al, 2007 12 3 2 3 8 Good 

Curjuric et al, 2010 13 3 2 3 8 Good 

Chen et al, 2013 14 3 2 2 7 Fair 

Abdel-Hamid, 2019 15 1 2 2 5 Fair 

Al Khathlan et al, 2020 16 2 2 2 6 Fair 

Havet et al, 2020 17 3 2 2 7 Fair 

Xiao et al, 2020 18 4 2 2 8 Good 

Wipf et al, 1982 19 3 1 2 6 Fair 

Tager et al, 2005 20 2 2 2 6 Fair 

Nemoto et al 2011 21 3 2 2 7 Fair 

Lam et al, 2012 22 1 2 2 5 Fair 

Hansen et al, 2015 23 2 2 2 6 Fair 

Cox et al, 2020 24 3 2 2 7 Fair 

Brown et al, 2005 25 2 2 2 6 Fair 

Johns et al, 2017 26 2 2 2 6 Fair 

 

Scores based on Newcastle-Ottawa Scale for cohort studies and adapted version for cross-sectional studies27. Scores 
out of a maximum of 8 for cross-sectional studies and 9 for cohort. Each item received a maximum of one star 
according scale shown in tables S5 and S6. Score quality rating was based on total number of stars received. Good 
quality: 2 in selection domain AND 3 in outcome domain. Fair quality: 1 star in selection domain OR 2 stars in 
outcome domain. Poor quality: If 0 stars in selection criteria OR 0-1 stars in outcome criteria. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

Table S3. Hierarchy of evidence ranking system 

 

 

 

 

The rationale to place studies that used the LLN at the top is based on Miller et al. 2011, who showed that percent 

predicted cut-offs can misclassify the presence of airflow obstruction using FEV1 and FEV1/FVC.28 FEF25, FEF50 and 

FEF75 are at the bottom of the table as few studies have investigated these parameters. Table moves from highest to 

lowest strength of evidence. LLN: lower limit of normal, FEF25-75: mean expiratory flow between 25% and 75% of the 

forced vital capacity (FVC), FEV3/FVC: forced expiratory volume in three seconds as a ratio of the FVC, FEF25, 50, and 

75: forced expiratory flow at 25%, 50% and 75% of the FVC. 

  

Domain Hierarchy of evidence 

 
 

Measurement of small airways obstruction using 
Spirometry 

FEF25-75 <LLN or FEV3/FVC <LLN 

Other Spirometry parameter <LLN 

FEF25-75 < % predicted cut-off 

FEF50, FEF25, FEF75 <% Predicted 

Other 



Table S4. Summary of different parameters used to assess small airways obstruction in population-based studies. 

Abbreviations: FVC: forced vital capacity, FEF25-75: mean expiratory flow between 25% and 75% of the FVC, FEF25-75/VC: 

mean expiratory flow rate between 25% and 75% of the FVC as a ratio of the vital capacity. FEF50/FEF25: forced 

expiratory flow at 50% of the FVC as a ratio or the forced expiratory flow with 25% of the FVC remaining, FEV3/FVC: 

forced expiratory volume in three seconds as a ratio of the FVC, FEV3/FEV6: forced expiratory volume in three seconds 

as a ratio of the forced expiratory volume in six seconds. FEF25, 50, 75: forced expiratory flow at 25%, 50% and 75% of 

the FVC, FET25-75%: forced expiratory time. SAO: small airway obstruction, LLN: lower limit if normal, PM10 particulate 

matter with diameter less than 10mm.

Group Author, year 
Spirometry 

parameter(s) used 
to measure SAO 

Primary study outcome 

Forced 
expiratory 
flow rates 
 
 
 

Detels et al, 1979 2 FEF25-75  
and FEF50-75 

Lung function in high vs low pollution areas. 

White et al, 1980 3 FEF25-75   
and FEF75-85 

Impact of passive smoking on lung function. 

Tashkin et al, 1984 4 FEF25-75, FEF25,  
FEF50 and FEF75 

Impact of smoking cessation on lung function. 

Marrero et al 1986 5 Vmax50% and  
Vmax25% 

Discriminating power of different lung 
function measurements. 

Detels et al, 1987 6 FEF25-75  Change in lung function over time. 

Marazzini et al, 1989 7 MMEF, Vmax25 Rate of lung function decline over time. 

Behera, 1997 8 FEF25-75  Impact of common domestic fuels on lung 
function. 

Cullinan et al, 1997 9 FEF25-75  

 
Impact of Bhopal gas leak on the development 
airways disease 

Kiter et al, 2000 10 FEF25-75  
FEF25, FEF50 

Impact of water-pipe smoking on lung 
function 

Matheson et al, 200611 FEF25-75  Impact of gene polymorphisms on lung 
function.  

Downs et al, 2007 12 FEF25-75  Impact of PM10 on age related decline in lung 
function. 

Curjuric et al, 2010 13 FEF25-75  Impact of gene polymorphisms and PM10 on 
lung function. 

Chen et al, 2013 14 FEF50  Prevalence and risk factors for SAO 

Abdel-Hamid, 2019 15 FEF25-75  Impact of obesity of lung function. 

Al Khathlan et al, 2020 
16 

FEF25-75  Impact of adiposity markers on lung function. 

Havet et al, 2020 17 FEF25-75  
and FEF75 

Impact of outdoor air pollution on lung 
function 

Xiao et al, 2020 18 FEF25-75  
FEF50, FEF75 

Prevalence and risk factors for SAO 

Forced 
expiratory 
ratios 

Wipf et al, 1982 19 FEF25-75/FVC  
 

Change in lung function over time 

Tager et al, 2005 20 FEF25-75/FVC  
 

Impact of lifetime ozone exposure on lung 
function 

Nemoto et al 2011 21 FEF50/FEF25  
 

Impact of smoking on SAO 

Lam et al, 2012 22 FEV3/FVC Detection of airflow obstruction 

Hansen et al, 2015 23 FEV3/FVC, 
FEV3/FEV6 

Define LLN for measures of SAO 

Cox et al, 2020 24 FEF25-75/FVC, 
FEF25,50,75/FVC,  

Generation of reference equations. 

Other Brown et al, 2005 25 FET25-75% (s) Generation of reference equations 

Johns et al, 2017 26 Concavity index Detection of SAO vs FEF25-75 



 

Table S5. The modified Newcastle Ottawa scale for cross sectional studies 

Selection Comparability Outcome 

Representativeness 
of the sample 

Sample size Ascertainment of 
exposure 

Non-respondents Different outcome 
groups are 

comparable, based 
on the study design 

or analysis. 
Confounding factors 

are controlled. 

Assessment of 
outcome 

Was follow-up long 
enough for 

outcomes to occur 

a) Truly 
representative of 
the average 
population in the 
community *  
 
b) Somewhat 
representative of 
the average 
population in the 
community *  
 
c) Selected group 
of users (e.g. 
smokers, non-
smokers) 
 
d) No description of 
the derivation of 
the cohort 

a) Justified and 
satisfactory. *  
 
b) Not justified. 

a) Validated 
measurement 
tool. *  
 
b) Non-validated 
measurement 
tool, but the tool 
is available or 
described. *  
 
c) No description 
of the 
measurement 
tool. 

a) Comparability between 
respondents and non-
respondents characteristics 
is established, and the 
response rate is 
satisfactory. * 
 
b) The response rate is 
unsatisfactory, or the 
comparability between 
respondents and non-
respondents is 
unsatisfactory.  
 
c) No description of the 
response rate or the 
characteristics of the 
responders and the non-
responders. 

The study controlled 
for the most 
important factor 
(smoking history). *  
 
b) The study control 
for any additional 
factor (e.g. age, 
gender, ethnicity, 
education level, 
income). 

a) Independent 
blind 
assessment *  
 
b) Record 
linkage *  
 
c) Self report  
 
d) No 
description 

a) The statistical 
test used to 
analyse the data is 
clearly described 
and appropriate, 
and the 
measurement of 
the association is 
presented, 
including 
confidence 
intervals and the 
probability level (p 
value). *  
 
b) The statistical 
test is not 
appropriate, not 
described or 
incomplete 

 

 

 

 



Table S6. The modified Newcastle-Ottawa scale for Cohort studies 

Selection Comparability Outcome 

Representativeness 
of the exposed 

cohort 

Selection of 
the non-
exposed 
cohort 

Ascertainment 
of exposure 

Demonstration 
that outcome of 
interest was not 

present at start of 
study. 

Comparability of 
cohorts on the basis of 
the design or analysis 

Assessment of 
outcome 

Was follow-
up long 

enough for 
outcomes 
to occur 

Adequacy of 
follow up of 

cohorts 

a) Truly 
representative of 
the average 
population in the 
community studied 
*  
 
b) Somewhat 
representative of 
the average 
population *  
 
c) Selected group 
of users (e.g. 
smokers, non-
smokers)  
 
d) No description  

a) Drawn from 
the same 
community as 
the exposed 
cohort * 
 
b) Drawn from 
a different 
source  
 
c) No 
description of 
the derivation 
of the non-
exposed 
cohort 

a) Secure record 
(e.g. clinical 
records) *  
 
b) Structured 
interview *  
 
c) Written self-
report  
 
d) No 
description 

a) Yes *  
 
b) No 

a) The study 
controlled for the 
most important factor 
(smoking history). *  
 
b) The study control 
for any additional 
factor (e.g. age, 
gender, ethnicity, 
education level, 
income). 

a) 
Independent 
blind 
assessment *  
 
b) Record 
linkage *  
 
c) Self report  
 
d) No 
description 

a) Yes (>1 
year) *  
 
b) No 

a) Complete 
follow up - all 
subjects 
accounted for *  
 
b) Subjects lost 
to follow up 
unlikely to 
introduce bias 
(lost to follow up 
< 10 %)  
 
c) Follow up rate 
< 10 % and no 
description of 
those lost  
 
d) No statement 
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