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Meta-analysis of the Effects of Nonpharmacological Respiratory Interventions on Pulmonary Function and
Exercise Capacity in Patients with COPD and COVID-19
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Purpose: This meta-analysis aimed to evaluate the effectiveness of nonpharmacological respiratory interventions in
patients with pulmonary diseases. Specifically, it quantitatively assessed the impact of these interventions on pulmonary
function (forced expiratory volume in 1 s [FEV; ], forced vital capacity [FVC], maximal inspiratory pressure [MIP], and
maximal expiratory pressure [MEP]) and exercise capacity (6-min walk test [6MWT]) based on randomized controlled
trials (RCTs). Methods: A total of 129 RCTs published over the past 10 years were initially identified from PubMed,
Embase, and Cochrane Library. After applying the eligibility criteria, four studies were included in the final analysis. The
effect sizes were calculated using the standardized mean difference (SMD), and a random effects model was applied
considering inter-study heterogeneity. Subgroup analyses were performed by disease type, intervention method, and
functional outcomes. Results: Significant improvements were found across all outcomes (FEV; : SMD=0.28; FVC:
SMD=0.25; MIP: SMD=0.31; MEP: SMD=0.29; 6MWT: SMD=0.34; all p<.001). Inspiratory muscle training (IMT) showed the
greatest effect size (SMD=0.36), and the most consistent improvement was observed in patients with chronic obstructive
pulmonary disease (SMD=0.34). The results of funnel plot visualization and Egger’s test (p=.557) indicated a low risk of
publication bias. Conclusion: Nonpharmacological respiratory interventions are effective in improving pulmonary
function and exercise capacity in patients with pulmonary diseases. IMT, pulmonary rehabilitation, and combined training
modalities demonstrated high clinical utility. Future research should focus on standardized intervention protocols,
long-term follow-up, and tailored approaches for high-risk populations.

Key words: pulmonary disease, inspiratory muscle training, pulmonary rehabilitation, non-pharmacological intervention,
meta-analysis, exercise capacity

Received: July 21, 2025 / Revised: August 08, 2025 /| Accepted: August 12, 2025

[.M2 24 Zje] Waro] ZAET ok A FARE 55

%(Breathing Exercise), 57| 7}3}&H(Inspiratory Muscle
H2SS A A F8 AP Yol = sho]d, E3] b4 4 Training; IMT), HA&(Pulmonary Rehabilitation; PR) 5°]
A u%]’é_JQ(Chromc Obstructive Pulmonary Disease; COPD) glom, o5l g &8 /A, T8I 3] &% WA A
3} F2Uo]A7IZ-19(COVID-19) 3157] BAolH= o 7lojgitkSpruit 5, 2013).

H7)5 Ask Eg1E, 559 Al HIWs| WSt Geddes £{(2008)2] Cochrane #HojAl= IMT7} COPD &
(WHO, 2020). o]= 2Ist UAME Aok 4ko] & s}, HHE-A] 2R A w7151 Fd) &7|9(Maximum Inspiratory Pressure;
1o AJdst AR AAIA Beg $HBItHGOLD, 2023). MIP) Ao 7|ofsittal B 1314 9 n, Beaumont 5(2015)2

olo] ufel 7jze OBk £4] ABE WT S Gl HleF  IMTS} PRE] M FA} 127 w24 57]2(Forced Fxpired

AR olg2
A B AT AR 181-7 AR, E-mail: marchelino2@naver.com

BB 8715 U3t Bl HYls U 2552 M &1k COPD @ COVID-19 the DlEt2A 21 « 81




g s a2 X wsls|Z] A|13H A33, 2025.11.

Volume in 1 Second; FEV)), MIP ¥ 6% R3] ZA{6 Minute
Walk Test; GMWT)ol elat ke 07 vtk ek
Langer 5(2018)2 COPD A= thito = oF IMT A7}
TE T Tt a9 A S {OJSHA| FIAIZT
T Rtk

Z2o= COVID-19 3%7] Fo|A sajae] &7} of
4 BuE 3 Qlth. Spielmanns 5(2021)2 PR Z&13)o]
6MWT 9 575 3lEof a34%8 9311, Gloeckl 5(2021)

© PRO| Long COVID(COVID-19 392 31x}0] olAbget
S 52 e el Qe Fha musit. S
Kaddoussi 5(2024)2 Long COVID ZERjol|A| Alw| Ajet &
a3:e Aest Ay, A #HE=KForced Vital Capacity;
FVC), Zd 37]%(Maximum Expiratory Pressure; MEP),
SMWT7} thz ool SelabA] g=oirkn s,

A 71eY ekl R wgh wstolrh o,
Rutkowski 5(2020)¢- 7184l 7|8t 35 Ak 23] 7]
= 9%H eEAann o 5o aks % 559 AW ane
7FA2ctal R sttt E3F Neunhduserer 5(2021)2 AkA
Hz &5 SA7F COPD 2219 Hthikad FZH(VO2peak)&
FAAZITAL B

SHARE ofefet UTE 4 99, Wk AL, o B4
ol alof o ddo] Ak, thRE T Aol =gk
A ANsk glo] ekslo] SAL Qlck ufebd] vlekE
57| sAY aE S o R SRt Hlwd o Sl AlA
A % 9 vl Basic

olof ® ol T 10d7h W TR gz AT
(Randomized Controlled Trials, RCTs) = COP ul
COVID-19 $4% tom S5l nFA 7S Aol
H[oHE2 ©57]% 73t $A47t #H7]s(FVC, MIP, MEP) %
SESAGMWIS] vlAlE B8 Agdon sk B
ok E3h A 7Y, 71 A 59 1F 242 s SA
ek 7k 5w Aolet QM A K54S s wick

& A9 HEE SRS e R HokE4] 357)% At
SAY] anE Hrishr] fiet AAA 2 W wEREA] kol
= 7142 PRISMA 2020 (Preferred Reporting Items for
Systematic Reviews and Meta- Analyses) 7to|Egfelef wat
SaEiolc. £ A4, A4, dlole] 33, BAS 5 ol 5y
& Aol ofa) AWEL o, oA Belx] A ABe] A7Ajel

Bolstol A% A9L Wrk
2. B8 HM et

PubMed, Cochrane Library, Embase A 7]|2] =A| d|o]€]
Hlo]AF Faf 2013 14FE 20249 49704 S0 7449
2+ d9HRandomized Controlled Trials, RCTs)E M5}
9t} Boolean AAAE -85k AMo] x3ke tl2yl Zth

(“COPD” OR “COVID-19” OR “lung disease”) AND
rehabilitation” OR
training” OR “non-pharmacological intervention”) AND
“RCT”

A Aol oz AR, S5 w2 EndNote X9
3l AlASHA

(“pulmonary “inspiratory muscle

3. 4™ A Hiel 7IZE

PICOS 7]%o] wlet Z3} U 9] 7|&< thea} Zo] 445}
ik

AR71E

* Participants: T+ 184 oJAl¢] Aelo&, COPD %+
COVID-19 327 = w23} ke ke sz}

* Intervention: H|FE-A 538 7)% 738t 24 (of: IMT, PR,
Virtual  Reality-based  rehabilitation,  Breathing
Exercise )

» Comparison: F-42] = 99K sham) A*|& W& 2

* Outcomes: FEV,, FVC, MIP, MEP, 6MWT9| tjjst A=
H 52 RR(BE + B2

* Study Design: F2H9] tjz A-HRCT)

A9 71z
C ok EL AEH AT ARE AT
* RCT7} ofd A7(ell: 25 wla ekl A7)
- ATigre) A A7 WaEA) g A
= ZREAY 259 URE A7

259 % Eom 178 a% Aofsigon, B 7
ulu], Avk 258 5o olfi 259 7
©& 4719] RCT7 2 BAo] Z3bsiglon], £a
PRISMA 3E5&¢} Zth1g 1).

82 » Meta-analysis of the Effects of Nonpharmacological Respiratory Interventions on Pulmonary Function and Exercise Capacity in Patients with COPD and COVID-19



20 a3} & (Random Effects

o, I = 50%¢21
Model)& 4-8-3}5itt.
8. =& HiojojA HI|

23} Hlo|o]AX Funnel PlotS E3) AJzZH4o g Hrlsigle
™, Egger’s 3|9] BtiAA] A (Egger’s test) = ®3gsto] A
Mo sHelsigir). Egger’s test?] 4-2/8HE(p=0.557) &%

AREEES

Records identified through database searching (n = 207)

1}O A%0]O
o E}E

H2]0 A
= T

|
Nl B4 98 Theat 2 B9l1E
«Z3l: COPD vs. COVID-19 3E7]
©3): IMT, PR, VR 7|8t 33543+
37} X ¥¥: FVC, MIP, MEP, 6MWT
sio] 57 7 Ad BT

Records after duplicates removed (n = 206)
o]0 27}

Records screened (title/abstract) (n = 206)

Records excluded (n = 178)

Al

B HE:

2 2% ) Ext 2712 sastel 24 7k A
513

Full-text articles assessed for eligibility (n = 28)

|
|
n = 25)
A% fol9e Bleks

A7

Full-text articles excluded, with reasons (.

|
is(n=4)
Im.

Studies included in qua*tative synthesis (
=4
1. ®MAX D& i Systematic Review Results)
J

Studies included in quantitative synthesis (meta-analysis) (
1) 2ol 248 % 54
Z 20799 E3l0] PubMed, Embase, Cochrane LibraryS
53l MH“ on, F& AA 9 AlE-25 232dS A% =
259 Y A HESIG o] 5 A5t AT HIFASIA
U, WokR A Afgto] ofl FAE EgiA, o At W
(MIP, MEP, FEV,, FVC, 6MWT)2] 2:2|7} -2k Ao=
A J5koct 2EA o g 470 Bkl ozt QH(Randomized
Controlled Trials, RCTs)7} & weREAlo] x3}tE]Qic).
gk = o—

32 1. PRISMA S&

7t (Risk of Bias)
o=

5. HSE ¢ ¢
= oFL Cochrane Collaboration® RoB
2.0(Risk of Bias 2) =55 E3 H7}=]9ich H7) o=
22k0] ui A, wiA ou), =, E9bAst Ayt B, AHA B
IS W), £SO, BIUO)
25k 9= % COPD %= long COVID RE tAike
2 slglon, ZF AtoA AgE EAs Er)E TEIMT), 7}
A 79 A, Al A, e AR 9 95 E9 Fo
17999] J7hrt ZgEgon, S
Tl R, B 4} B Bes) Has)

[
1 So| mFHEQlom, 7t &

2 BRskglch
Hole] £& ¥ Sat 37| A=
F o] At 5e4or FA 9 thadte a4
(n), *BH{(mean), EFHAHSD)E FE3I3TE F8 23 A3 AFs
H7)%s ARZ FEV,, FVC, HE7I4MIP), 7Y =z s4xle] 9o} &
(MEP), £552 AHZ 62 23 HAHMWT)Z 313} 1 oz 7 4 B
8 ghol e e ARelAl A3 A=A, THZ 7 o) 9lo] Meka Bado] sRsElThGE 1)
% LxEJOIE Fof F4skslh
2) kR Aol e A B}
Z3tE 41Ol RCTo] W3] Cochrane?] Risk of Bias
ib 7] 2. 0(RoB 2.0) 12 ARgsle] HHHEA QS Wil &
Aol o] gt BYdor BrlE Sasiglon], Wrt Al o
3 UL 100% AT
ARQ] wi7g 2] 244 (Randomization): 32| HALof|A 4

N

. S 24
HEREA-2 Python9] statsmodels, pandas, matplotlib
o, & 27 229 Hd
Al

12 olgstod

A=
o AEESITk 91T 7 o AAE F EAS o)gslo] BiEI
25 X9 H7ls 2 2552 M Sk COPD 2 COVID-19 CHAF HEHEA 2 « 83

EPS|
L |
FEIg
(Standardized Mean Difference, SMD)&} 95% AlZ|7L7HCI)
o= o;

%lh
=715

|;|| %xﬁ



A E R 2 5al3|A] A|13H A3E, 2025.11.

H 1. Summary of Randomized Controlled Trials Included in the Meta-Analysis (6MWT Outcomes)

Author (Year) Duration Intervention Outcomes Conclusion

Groups

Inspiratory Muscle

Training . IMT reduced
Langer et al. IMT (n=12) / Sham training FEV,, FVC, MIP, | o
8 weeks (60% MIP, 30 . diaphragm activation
(2018) Sham (n=12) . (low resistance) MEP, 6MWT
min/day, 5 and dyspnea
days/week)
0, (n=29) / Air .
Cycle ergometer . VOzpeak improved
Neunhauserer (n=29) . ) Self-comparison FEV,, FVC, . .
2 x 4 weeks exercise with O, or L . submaximal exercise
et al. (2021) (crossover . (within-subject) 6MWT, VO2peak
design) placebo air performance
esign

Virtual reality + .
VR+exercise more

Rutkowski et VR+ET (n=34) / exercise Exercise training FEVi, FVC, MIP, .
3 weeks . effective than
al. (2020) ET (n=38) (60 min/day, only MEP, 6MWT .
exercise alone
5x/week)
Cardiopulmon
. P aw CPRP improved lung
Kaddoussi et CPRP (n=20) / rehab FEV,, FVC, MIP, . .
8 weeks Usual care function and exercise

al. (2024) Control (n=10) (aerobic, strength, MEP, 6MWT .
capacity

breathing)

IMT: Inspiratory Muscle Training, MIP: Maximal Inspiratory Pressure, MEP: Maximal Expiratory Pressure, FEVi: Forced Expiratory
Volume in 1 second, FVC: Forced Vital Capacity, 6MWT: 6—Minute Walk Test,
VO.peak: Peak Oxygen Uptake, VR: Virtual Reality, ET: Exercise Training, CPRP: Cardiopulmonary Rehabilitation Program, O,:Oxygen
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H 2. Meta-Analysis Results by Outcome (Random Effects
Model)

Standardized 95%
Outcome Mean Difference  Confidence
(SMD) Interval (ClI)

Interpretation
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FEV, 0.640 -0.19 to 1.46 L
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significant
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