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Effect of small airway dysfunction on large 2
airway function parameters in elderly adults
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Abstract

Background To investigate the effect of simple small airway dysfunction (SAD) on large airway function parameters
in old people.

Methods Elderly patients aged 60-80 years with complete pulmonary function data including the measured/
predicted values of >80% for each of forced expiratory capacity (FVC), forced expiratory volume in one second (FEV1),
and peak expiratory flow (PEF), and FEV1/FVC >70% were included. Patients with no known smoking history, normal
chest computerized tomography, and the measured/predicted values of >70% for each of maximal flows at 50%

and 25% of remaining FVC (MEF50 and MEF25) and maximum mid-expiratory flow (MMEF) were categorized into the
control group, whereas patients with the measured/predicted values of < 65% for more than 2 of MEF50, MEF25, and
MMEF were divided into the observation group. 104 patients with simple SAD (observation group) and 102 patients
with normal pulmonary function (control group) were selected.

Results The parameters of small airway function including MEF50, MEF25, and MMEF were positively correlated

with slow vital capacity (SVQ), FVC, FEV,, PEF, and MEF75 in the large airway in both groups (r=0.280-0.634). Except
for PEF, the other 5 parameters in the observation group were significantly different from those in the control group.
There was no significant difference between total lung capacity (TLC) and functional residual capacity (FRC), but
there were significant differences between residual volume (RV), RV/TLC, diffusion capacity for carbon monoxide
(DLCO), and specific diffusing capacity (KCO). There were 66 cases of SVC-FVC >0 (FVC/SVC < 1) (66/104, 63.46%) in the
observation group) and 45 cases of the control group (45/102, 44.12%), and the difference between the two groups
was statistically significant. The area under the curve (AUC) of SVC-FVC and FVC/SVC in the prediction of SAD was
0.631 and 0.639, respectively, with a sensitivity and specificity of 63%.

Conclusions Simple SAD was associated with large airway pulmonary function, and PEF may not be a suitable
parameter for large airway pulmonary function in the old adults. SVC-FVC>0.02 L had a certain predictive value for
SAD in the elderly.
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Introduction

Chronic obstructive pulmonary disease (COPD) is one
of the most common chronic diseases of the respiratory
system, with a prevalence of COPD as high as 13.7% in
people over 40 years old in China [1]. The latest research
shows that COPD has become the third leading cause of
death among Chinese residents in 2017 [2], and it is esti-
mated that 5.4 million people may die from COPD and
its related diseases every year by 2060 [3, 4]. Chronic
respiratory diseases have seriously endangered people’s
health and brought a huge economic burden to families
and society. It is of great significance to diagnose and
intervene early to reduce the risk of onset and delay the
progression of COPD.

Occupational dust and harmful gases are most likely
to invade small airways, which mainly contribute to air-
way obstruction and airflow limitation [5]. Studies have
shown that small airway dysfunction (SAD) occurs in
all stages of COPD and exists in high-risk smokers who
do not meet the diagnostic criteria for COPD [6, 7]. A
cross-sectional study showed that SAD occurred in more
than 90% of asthmatic patients [8]. A study from China
included 50,479 patients with valid pulmonary function
tests (PFTs) from 10 provinces using a multi-stage strati-
fied sampling method and found that the total preva-
lence of SAD was as high as 43.5%, indicating that SAD
is a common but neglected breathing abnormality [9].
Although the research on the detection and evaluation
methods and clinical application of SAD has gradually
become a hot spot in recent years [10, 11], there are few
reports at home and abroad on whether SAD has a quan-
titative effect on the related parameters of large airway
function in the early stage.

Therefore, this study aimed to retrospectively explore
the correlation between simple SAD and the related
parameters of large airway function in old people and
the way SAD affects the related parameters of large air-
way function, to remind clinicians to pay attention to the
necessity of PFTs in asymptomatic healthy people under-
going a check-up, and better promote the early diagno-
sis, prevention, and treatment of chronic respiratory
diseases.

Patients and methods

Study patients

A total of 15,129 elderly patients who had completed a
full set of PFTs in the Outpatient Department (including
the Health Examination Center) and Inpatient Depart-
ment of Wenzhou Central Hospital from January 2016
to December 2022 were selected. The inclusion crite-
ria were as follows: (1) patients aged 60 to 80 years; (2)
patients with body mass index (BMI) ranging from 17
to 28 kg/m?% (3) patients with normal blood routine,
biochemical indexes, and electrocardiogram (ECG); (4)

Page 2 of 7

patients with no history of chronic diseases of cardio-
vascular, respiratory, neuromuscular, and other systems;
(5) patients with complete pulmonary function data
had the measured/predicted values of forced expiratory
capacity (FVC), forced expiratory volume in one second
(FEV1), and peak expiratory flow (PEF)>80% and FEV1/
FVC=>70%. The exclusion criteria were: (1) patients with
a history of acute respiratory infection within 2 weeks;
(2) patients unable to finish the examination or unable
to obtain the correct data; (3) patients with abnormal
flow-volume and volume-time loops; (4) patients with
exposure to dust or other irritating and harmful gases;
(5) patients with -2 agonists, theophylline, anticholiner-
gics within 24 h and glucocorticoids within 72 h before
examination; (6) patients with suspected disorders of the
large airway or upper airway obstruction syndrome. This
study was approved by the Ethics Committee of Wen-
zhou Central Hospital (No. 2020-04-006), and all patients
gave informed consent. All methods were performed in
accordance with the relevant guidelines and regulations.
A clinical trial number is not applicable to this study.

Measurements

PFTs

All patients underwent spirometry (Jaeger MasterScreen,
CareFusion Germany 234 GmbH, Germany). Before data
collection, the instrument was calibrated for each partici-
pant by a skilled technician. Age, gender, height, and BMI
were collected. At least 3 acceptable tests were taken with
a variation of <5% or a difference of <150 ml between
the two FVC tests and expiration time >6 s or > expected
expiration time. The optimal pulmonary function-related
parameters including slow vital capacity (SVC), FVC,
FEV,, FEV,/FVC, PEE, forced expiratory flow after 25%
of vital capacity (FEF25 or MEF75), forced expiratory
flow after 50% of vital capacity (FEF50 or MEF50), forced
expiratory flow after 75% of vital capacity (FEF75 or
MEF25), and maximal mid-expiratory flow (MMEF) were
measured. Total lung capacity (TLC), functional residual
capacity (FRC), residual volume (RV), RV/TLC, diftfusion
capacity for carbon monoxide (DLCO), and specific dif-
fusing capacity (KCO) were measured according to the
standardization of the measurement of single-breath
DLCO (DLCOsb). The procedure was performed follow-
ing the American Thoracic Society and European Respi-
ratory Society (ATS/ERS) [12, 13].

Grouping

According to the inclusion and exclusion criteria, all
finally included patients were divided into control and
observation groups primarily based on the measured/
predicted values of MEF50, MEF25, and MMEF. The
specific grouping criteria were: (I) the control group: (1)
the measured/predicted values of MEF50, MEF25, and
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Table 1 Characteristics between the observation group and the
control group

Variables Observation Control X/t/U P
group group
(n=104) (n=102)
Gender 0.018  0.892
Male 54 52
Female 52 50
Age, years, mean +SD 66.92+4.76 65.75+446 4550 0.077
Height,cm, mean+SD  160.76+7.11 160.72+690 0.045  0.964
Weight, kg, mean+SD  60.35+9.42 60.77£9.02 0332 0.740
BMI, kg/m? mean+SD  2328+281  2346+263 51005 0634

SD: standard deviation; BMI: body mass index

MMEF were >70%; (2) patients with no known smok-
ing history; (3) patients with normal chest computerized
tomography (CT); (II) the observation group: (1) there
were more than 2 measured/predicted values in MEF50,
MEF25, and MMEF<65% [14]; (2) no restrictions on
patients’ smoking history; (3) patients with normal
chest CT or SAD-related imaging (e.g., lobular central
emphysema). Finally, 104 elderly patients with SAD (the
observation group) and 102 elderly patients with normal
pulmonary function (the control group) were selected.

Pulmonary function parameters

The parameters of large airway function included SVC,
FVC, FEV,, PEE, and MEF75. MEF75 was used as one
of the diagnostic parameters of SAD by ATS/ERS [15].
However, given that MEF75 was a flow parameter reflect-
ing early expiration and was more sensitive to large
airway obstruction, it was included in the analysis of
parameters of large airway function in this study. Maxi-
mal voluntary ventilation (MVV) was not included in the
analysis because of the high requirements and long dura-
tion of the test, and the elderly patients in this study were
prone to incomplete data or poor reliability. The param-
eters of static pulmonary function included TLC, FRC,
RV, RV/TLC, DLCO, and KCO. The parameters of small
airway function include MEF50, MEF25, and MMEF. The
derived measures included the difference of vital capacity
(SVC-FVC) and vital capacity ratio (FVC/SVC).

Page 3 of 7

Statistical analysis

SPSS 20.0 software (IBM Corporation, Armonk, NY,
USA) was used to statistically analyze the data. Mea-
surement data consistent with normal distribution were
expressed asx £ s. The independent sample t-test was
used for comparison between the two groups. Mann-
Whitney U test was used to compare the means of non-
normal distribution variables. Count data were expressed
as the number of cases or a percentage (%), andy’ test
was used for comparison between groups. Pearson corre-
lation was used for analysis. The predictive value of SVC-
FVC and FVC/SVC for SAD was analyzed by the area
under the receiver operating characteristic curve (AUC),
and P<0.05 was considered statistically significant.

Results

Patient characteristics

No significant differences were observed in gender, age,
height, weight, and BMI between the observation group
and the control group (P>0.05) (Table 1).

Correlation between the parameters of small airway
function and the parameters of large airway function in
observation group and control group

The parameters of small airway function including
MEF50, MEF25, and MMEF were positively correlated
with SVC, FVC, FEV,, PEE, and MEF75 in the large air-
way in the two groups (r=0.280-0.634, P<0.01). Except
for MEF25 in the control group was weakly correlated
with FEV,/FVC (r=0.227, P<0.05), the other parameters
did not correlate with FEV,/FVC (P> 0.05) (Table 2).

Comparison of the parameters of large airway function in
the observation group and control group

Except for PEF (P>0.05), the other 5 parameters in the
observation group were significantly different between
the two groups (P<0.05) (Table 3).

Table 2 Correlation between the parameters of small airway function and the parameters of large airway function in the two groups

Variables Observation group Control group

MEF50 MEF25 MMEF MEF50 MEF25 MMEF
SVC 0430™" 04337 0541 05817 0350 0569
FVC 0458 0479 0601 0597 0346 0576
FEV, 0563 0.560™" 0696 0651 0459™ 0672™
FEV,/FVC 0.143 0.046 0.024 -0.147 0.227" 0.026
PEF 0411 0421 0508 0490™ 0.280" 0493
MEF75 0613" 0369 0573 0634 0322 0613™"

SVC: slow vital capacity; FVC: forced vital capacity; FEV,: forced expiratory volume in 1 s; PEF: peak flow; MEF75, MEF50, and MEF25: maximal flows at 75%, 50% and

25% of remaining forced vital capacity; MMEF: maximum mid-expiratory flow.
"P<0.05;"'P<0.01; ""P<0.001
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Table 3 Comparison of the parameters of large airway function
in observation group and control group

Variables Observation  Control group t/U
group (n=102)
(n=104)
SVC, L, mean +SD 2.87+063 3.10+0.66 2496
FVC, L, mean+SD 2.79+0.64 3.06+0.66 2958"
FEV,, L, mean+SD 2114042 2514047 6437
FEV,/FVC,%, mean+SD  76.38+4.43 82.79+4.07 108157
PEF, L, mean+SD 6.22+134 647+135 1340
MEF75, L, mean=SD 504+102 593+1.15 29395

SD: standard deviation; SVC, slow vital capacity; FVC, forced vital capacity;
FEV, denotes forced expiratory volume in 1 s; PEF, peak flow; MEF75 denotes
maximal flows at 75% of remaining forced vital capacity.

"P<0.05;"P<0.01;""P<0.001

Table 4 Comparison of static pulmonary function test
parameters between the two groups

Variables Observation  Control group t/U
group (n=102)
(n=104)
TLC, L, mean+SD 470+0.81 4.80+0.86 08217
FRC, L, mean+SD 280+0.73 2.66+0.65 1366
RV, L, mean+SD 2134043 1.99+046 2235
RV/TLC, %, mean +SD 4550+591 41.67+6.29 4512
DLCO, mmolsmin™'skPa™!,  559+1.18 649+1.18 5498

mean+SD

SD: standard deviation; TLC: total lung capacity; FRC: functional residual
capacity; RV: residual volume; DLCO: diffusion capacity for carbon monoxide.

"P<0.05;""P<0.001

Comparison of static pulmonary function test parameters
between the observation group and the control group
There was no significant difference in TLC and FRC
(P>0.05), but there were significant differences in RV,
RV/TLC, DLCO, and KCO (P<0.001) between the two
groups (Table 4).

SVC-FVC and FVC/SVC

There were 66 cases of SVC-FVC>0 (FVC/SVC«<1)
(66/104, 63.46%) in the observation group) and 45 cases
of the control group (45/102, 44.12%), with a statistically
significant difference between the two groups (> =7.754,
P=0.005). The AUC of SVC-FVC and FVC/SVC in the
prediction of SAD was 0.631 and 0.639, respectively, with
a sensitivity and specificity of 63% (P=0.001) (Table 5).

Table 5 The predictive performance of SVC-FVC and FVC/SVC
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Discussion

The results of this study showed that parameters of small
airway function including MEF50, MEF25, and MMEF
were positively correlated with SVC, FVC, FEV,, PEF, and
MEF75 in the large airway in the two groups (P<0.01),
MEF25 in the control group had a weak correlation with
FEV,/EVC in the observation group (r=0.227, P<0.05),
and other parameters did not correlate with FEV,/FVC
(P>0.05), indicating that there was a certain correlation
between the parameters of large and small airway func-
tion in both normal people and SAD patients, but there
was no correlation between the parameters of small air-
way function and FEV,/FVC. This phenomenon has not
been reported in the literature so far. The absence of cor-
relation between MEF50, MMEE, and FEV,/FVC in the
two groups may be due to the correlation being offset by
FEV,/EVC. Stockley et al. [16] reported that MMEF was
significantly correlated with FEV,/FVC, but the decline
rate of MMEF with the progression of the disease was
much greater than that of FEV,/FVC. MMEF is one of
the most commonly used clinical parameters to evaluate
SAD [14]. However, due to its large variation rate [17],
little correlation with RV/TLC [18], and high dependence
on the accuracy of FVC measurement [19], AST did not
support it as a parameter of SAD in pulmonary function
guidelines. There were few reports on the correlation
between MEF50, MEF25, and the parameters of large air-
way function.

In this study, the elderly patients with SAD (all the
parameters of large airway function were in the normal
range) were compared with elderly patients with normal
lung function (all the parameters of small airway function
and large airway function were in the normal range). It
was found that SVC, FVC, FEV,, FEV,/FVC, and MEF75
in the observation group were significantly lower than
those in the control group, indicating that SAD has had
corresponding effects on the parameters of the large
airway function, but only in the process of quantitative
change, not yet in the stage of qualitative change (that
was, meeting any of the following criteria: the actual/
predicted values of FVC <80%; the actual/predicted val-
ues of FEV,;<80%; FEV,/FVC<0.7 [20]). PEF was the
only parameter of large airway function in this study that
showed no difference between the two groups. PEF refers
to the instantaneous flow at the peak expiratory flow rate
during the measurement of FVC, which is mainly related
to the strength of respiratory muscles, the presence or
absence of airway obstruction, and many other factors.

Variables AUC (95% CI) SE P Optimal cut-off value Sensitivity Specificity
SVC-FVC 0.631 (0.555,0.707) 0.039 0.001 0.02 0.63 0.63
FVC/SVC 0.639 (0.563,0.714) 0.039 0.001 0.99 0.64 0.63

SVC: slow vital capacity; FVC: forced vital capacity; AUC: area under curve; Cl: confidence internal; SE: standard error
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PEF, significantly different from FEV,, can be achieved
during the first 100 milliseconds of a patient initiating
breath [21]. PEF is clinically used to measure large airway
function and respiratory muscle strength, and PEF varia-
tion rate is mainly used in the diagnosis and monitor-
ing of bronchial asthma [22]. The concept of PEF shows
that PEF is more related to the instantaneous power of
respiratory muscles. Old people are a special group, and
instantaneous power is more difficult to achieve because
respiratory muscle strength decreases year by year with
age. Therefore, even if SAD existed, there was no dif-
ference in PEF. Therefore, it was believed that PEF may
not be suitable as a parameter to reflect the large airway
function in elderly patients, which needs to be confirmed
by further multicenter and prospective clinical studies.
The mechanism by which SAD affects large airway
function is not clear, but the possible factors are as fol-
lowed. Firstly, the common causes of SAD are infection,
smoking, occupational exposure to harmful particles or
gases, and allergies, which may also lead to disorders of
the large airway. Secondly, SAD and emphysema are also
closely related [23]. RV/TLC is one of the main pulmo-
nary function diagnostic indicators of emphysema and
gas trapping and is more sensitive than imaging, although
not as visual as emphysema imaging. This study suggested
that the RV/TLC and FRC in the observation group was
significantly higher than that in the control group, indi-
cating that SAD patients may have emphysema and gas
trapping or both, which led to the decline of alveolar
elastic retraction force, and eventually led to the decline
of large airway parameters. Thirdly, SAD was associ-
ated with interstitial lung abnormalities (ILA), resulting
in decreased lung compliance, and indirectly affecting
the results of large airway function tests. Washko et al.
[24] performed an HRCT examination on 2,416 smoking
patients, finding that 35.6% of the selected cases had ILA.
DLCO and KCO in the observation group were signifi-
cantly lower than those in the control group, which also
confirmed the dysfunction of pulmonary gas exchange in
elderly patients with SAD. Fourthly, this study found that
in the elderly patients, SAD alone did not affect TLC and
FRC, but brought increased RV and decreased expiratory
reserve volume (ERV), thereby reducing SVC and FVC.
Vital capacity can be divided into SVC and FVC. The
difference between SVC and FVC is that SVC is not lim-
ited by expiratory time. SVC and FVC are equal in people
without airway obstruction. If airway obstruction is pres-
ent, FVC<SVC. Therefore, an increased SVC-FVC [25,
26] and a decreased FVC/SVC [27] are potential mark-
ers of SAD, but standard reference values are currently
lacking. There were 66 cases of SVC-FVC>0 (FVC/
SVC<1) (63.46%) in the observation group) and 45 cases
of the control group (44.12%), and the difference between
the two groups was statistically significant (P=0.005),
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indicating that SVC-FVC and FVC/SVC were more sen-
sitive than other parameters of large airway function. The
AUC of SVC-FVC and FVC/SVC in the prediction of
SAD was 0.631 and 0.639, respectively, with a sensitivity
and specificity of 63%, indicating that the two parameters
had certain predictive value, and the best cut-off point of
SVC-FVC was 0.02 L. Cohen et al. [28] found that FVC/
SVC decreased significantly with the progression of the
disease in children with bronchiolitis obliterans syn-
drome, but it was not related to the change of FEV,. They
believed that FVC/SVC could be used to evaluate the
change in small airway function and monitor the clinical
condition.

The routine pulmonary ventilation function examina-
tion method was adopted in this study, and the abnor-
malities of the three small airway flow rate indexes were
one of the main group indexes. Therefore, patients with
small airway disease and emphysema may be included
in the observation group of this study. Small airway dis-
ease and emphysema are closely related, and small airway
instability has previously been attributed to small airway
occlusion due to disruption of alveolar structure and lack
of elastin fiber support, but this theory is predicated on
the idea that alveolar disruption precedes and SAD fol-
lows. McDonough et al. [23] proposed the narrowing and
disappearance of small conducting airways before the
onset of emphysematous destruction, and they thought
that emphysema was caused by the collapse of alveolar
walls due to the loss of the support of distal small airways.
If their hypothesis is true, it would indicate that emphy-
sema is part of small airway diseases, but this needs to be
confirmed by further longitudinal clinical studies. These
illustrate the interplay between emphysema and small
airway disease, and may even be manifestations of the
same disease at different stages of development. There-
fore, even if there are some emphysema patients in the
observation group of our study; it still does not affect the
research conclusion that SAD alone can produce quanti-
tative changes in indicators related to the large airways,
but emphysema may affect the degree of quantitative
changes. In addition, the use of a control group in this
study could eliminate the influence of age-related physi-
ological emphysema in the elderly on the results.

There are some limitations in this study. A retro-
spective investigation of medical records may cause
clinical bias. High-Resolution CT (HRCT) and large air-
way-related imaging were not used in chest examination.
Upper airway syndrome was excluded only by a return
visit, without head & neck system (ENT) consultation
or corresponding auxiliary examination. In addition, the
observation group was not subgrouped according to the
presence or absence of concomitant emphysema to assess
the impact of emphysema on the results of this study.
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Conclusion

In conclusion, SAD in old people had a certain degree of
influence on the parameters of large airway function. PEF
may not be suitable as a parameter reflecting large airway
function in old people. SVC-FVC>0.02 L had a certain
predictive value for SAD in the old people.
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COPD Chronic obstructive pulmonary disease
SAD Small airway dysfunction

PFTs Pulmonary function tests

BMI Body mass index

FVC Forced expiratory capacity

SvC Slow vital capacity

PEF Peak expiratory flow

FEF25/MEF75  Forced expiratory flow after 25% of vital capacity
FEF50/MEF50  Forced expiratory flow after 50% of vital capacity

MMEF Maximal mid-expiratory flow

TLC Total lung capacity

FRC Functional residual capacity

RV Residual volume

DLCO Diffusion capacity for carbon monoxide
KCO Specific diffusing capacity

DLCOsb Single-breath DLCO

MWV Maximal voluntary ventilation
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