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Abstract

Objective: To evaluate the effects of respiratory training on pulmonary function, respiratory muscle
strength, and activities of daily living (ADL) in stroke patients with hemiplegia. Methods: Random-
ized controlled trials (RCTs) on the effects of respiratory training on respiratory function and ADL
in stroke patients were retrieved from PubMed, Embase, Cochrane Library, Web of Science, CBM,
CNKI, WanFang, and VIP databases from inception to May 11, 2026. Two researchers independently
screened the literature, extracted data, and assessed the risk of bias using the PEDro scale and the
Cochrane risk-of-bias tool. Meta-analysis was performed using RevMan 5.4 software, and publica-
tion bias was evaluated using Stata 18.0 software. Results: A total of 13 studies involving 875 stroke
patients were included. Meta-analysis results showed that respiratory training significantly im-
proved forced expiratory volume in one second (FEV1), forced vital capacity (FVC), peak expiratory
flow (PEF), maximal inspiratory pressure (MIP), and Barthel Index (BI) in stroke patients (P < 0.05).
However, its effect on maximal expiratory pressure (MEP) was not significant. Conclusions: Current
evidence suggests that respiratory training may improve pulmonary function (FEV1, FV(C, PEF), in-
spiratory muscle strength (MIP), and activities of daily living (BI) in stroke patients with hemiplegia.
However, due to the generally low methodological quality of the included studies (lack of allocation
concealment and blinding), the positive findings should be interpreted with caution. The improve-
ment in MEP remains unclear (based on only 2 studies, which is an exploratory finding). Subgroup
analysis did not confirm a statistically significant difference in effects between different interven-
tion durations.
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JiB 2 H LR r R ) 2 23 8 L 7 L 8 R 5 S P S I LA 0, A v R R S R R
FREFIRS L, BRI B A RIS R TR R ORTTE SUE 1] HRYE 2021 4FEERR fiH
(GBD) 5 e, e e A o A o 1K) s 510 85 A8 T B B8R 475 2k 1 48 7 i SE (DALY s) 23 J T 57 ¥ iz 2]
2 JE AR 2 R Ge i, I, AL RIS iR RS L ) BB R AT H S S s BRI
Ao TR, (R REI RIS 3 D) BERENS 2 4k A D IR VLR 5 2l 21T EOP I ZhBE B B XA hn
HBH DT RERIBAL, IETTRESR  FR RN B AAE T A AR 3] -

W Il ZR(Breathing Training)/@ — 25 B AE G IR RGINRE . SRR AR5 MR T HOR .
IR e, HIB O REIERN R IR . S0P, DLRAR B i & (P IR ULETE BRI 2 A0 32 Zh AR A 0
WA [4]o TR, PRI ZRAE NN A R AR B H 2335 %, HIOE Meta M thAf gk k&, 28
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M, AT Z SR T WA i Th e A 5, N D) RE B E ia 3l S P AT DI RE M FE MR [5]-[10], TR = Xt
MR THEE . PRI L) & K H AR V5 TG 3 6 J) (activity of daily living, ADL)WEEEFAl . tbdb, ASEEFFEXT
T ADL HJSE R B 4518 AN —, 51140 Pozuelo-Carrascosa 5[ 1 1]HIHF 78 K R ILFER I 25t ADL A &2 35 4b,
T ASHIE 7T I 20 B R IR T AR AR KR o Pollock 5[ 1210F 784 HE PR I 25 ] 50 i 24 o s B W S UL &
B IES LT R RS AR 5, X SIRATAH WS — 3. FT Ik, & Meta 7047 B /£ 5G& DA BEHLRT
#8145 (Randomized Controlled Trial, RCT)UFHE, FREEPEALFFI IS0t i 26 i3 iR 2 4E R 45 )R Fa b 1)
SO, DLEANIAA IR A E, IRIR R SRR AL Oy e Z % .

2. 5%
2.1. W5ER

AT FCEE AN FN Meta 4387 15 3% ) 25 T H (Preferred Reporting Items for Systematic Studies and Meta-
Analyses, PRISMA) 7 B[ 13]#1 Cochrane Tl RZE VAT F M 1413647 . I H.©4E PROSPERO V- & 58 BiF: Mt
(JEMS ID: CRD420251117501).

2.2. XEEER

T HLIEZ PubMed. Embase. Cochrane. Web of science. CBM. HFE M. Ji7 4EE50ds 2 ik
AR AT SCHR s ASBEIR A ST 4 DL T sh A 2 AE BN N SCRR 1K) 226 STk 4850008 P Aar 25 kS 11 I [A]
NEEPEZR 2026 4 5 H 11 Ho [RIN S5 & [FSUR A ol A OC L5k . B8, #HATHUMOR . R R SRR iE
BRNHOCEIEC . OO R AR CPFIRIIREIIZR” o CIERER” . C“RPIRALIINGR” . IR .
“CRRARH L CPmRE” R IIUE AN & SRR R HE: “ Breathing Exercises” .« “Respiratory Muscle
Training” . “Stroke” . “Cerebrovascular Accident” . “Hemiplegia” %5, XH F8d5 B BiAMHE &
7 RHATRR .

2.3. PNHEBRARAE

INbRAE: 1) BEFERAY: RCT: 2) AN R FFamids iz Wbr k(e slishmtt), i >18 %
R s 3) TTf . X RRZH 2 W MR B B iR YT T I A0S HRAAL LA b 38 iR ol 2R (R 48
(AR FRASNIIGR PSSR FPRIZRas . BECPIR. Z0IS0RIR ), WA, sm s & E A
R 4) S5 RmAENs: 2T —Ii——O iThee: M EFEV]). HEEFEVC).
M SUEE(PEF);s @ FMRALE: o KIUR(MIP), KSR (MEP); ) ADL: Barthel f5%(BI)5L
I R Barthel 5 %((MBI).

HeBrbrd: 1) EEARKISCHR: 2) 288, SUUHE. RGVFNSEIE RCT 0170 3) RIBBETE LR
Febm BAE A 76 HOG IR SREU SOk -

2.4. XETHIE S HHERE

P (SR FEE 2 B N AN HEBR AR HE ST 7 06 SCHR, LA S0t I BURHR L excel RISHRIUEE, WAEE
e BARE LORRSEA ER AR BHRLRFEER . FE) . THERATT TREL SRR .
sl gy, HER =48 BHRAT S B
2.5. MXHREITFM

P4 FEE SR AT Cochrane fi ey MRS VP05 TR FNBENLF SIA M 2 BCREGR. Hik. BB
PR e VR T A A i o) R VG ST U4 B e (PEDro) &8 0 9N A STHRBEAT 75 1257 )5 & PFA7 . PEDro
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BRI KA 1 mAZ 5, HR 10 A 178, B2 10 70 9~10 oatkmiE, 6~8 708
HRE, 4~5 pNTPAER, <3 NI E

2.6. GitFERE

] RevMan 5.4 BAFIEAT Meta 73007 T A 45 JRfabn b e 8 304 & H s — 30, Rk 3 50
(MD) &% 95% B 15 X AI(COVE N RN &, Fdk 10 77 % (Inverse Variance)iEHE T Hidl & 3. 1 Jcilid Q /it
PG EAM R A P<50%H P>0.10, YONRBMERTH3Z, R ERPBAL 35 P> 50%5E)
P<0.10, MRNAFIERE TN, RABIUIBAA, Hsd WA P @7 e <6 Ji vs. >6 Ji) MUK
PE3 W OF — 5 B BT )RR 7 T VSRR . Meta 73 BT RS S /KHEBE N 0= 0.05. KR VEAL: M99
LR > 10 FlT, KA Stata 18.0 AT Egger Ao [R5 AG 500 < I X FRIE,  DAPEARIEE R R
e o

3. &%
3.1. XEBKREER

VIR LIRS 1005 FaAHI SR, SR = 756) Bibr B/ B P4 CE i, WA 13
FS[15]-[2713CHRHEAT meta 704, LA B SCCHER 10 Ra[15]-[24], HOCSCHER 3 R[25]-[27], FLiE K 875
B, BB 1.
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Figure 1. Literature screening process and results
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3.2. SANSCRREAFHIE

YN 13 FESCHRIIN RCT, Horp 2 RSCHR[23] 260 FE <3 AN H, 3 RSSCHR[17] [21] [25)RFEAE 3~6
HZ 18], 4 5 SCHR[18]-[20] [22)FE =6 AN H, Bl 4 F[15][16] [24] [27)ARFE S HARFEFE . T TR L

4 J SCHRLIST[19] [21] [23 R FWSNGE, 7 F SCHR[16]-[18] [24]-[27 R FHAMEAL IR I R0 25 5 WP IR
Wk, A2 FE120] [22153 BRI TR NN R FE T AR 404 LR HEHR (PNF) 6 i BR 470 71 45
o JrRE b 9 B SCHRITRE[15]-[19] [21] [24] [25] [2714 4~6 i, 3 k&SCHR[20] [23] [26)97FE A 10~16 JH,
— e SCHR[22] R 3R R IT R . BRI TR ARFAE WA 1.

Table 1. Basic characteristics of the included studies

T 1L ANTAREAREHE

BAR HER i BITHR . _
PWNTL @i, TIC) ¢l a %/zr) %, T/0) TIC TR ERER
Zhao 5 61.3+8.8/  IMT (WK J7 I 4528 ) 1% 48 4 A
2024 [15] 164/165  91/73  88/77 06486 piddengis e 1 4 weeks )
FET IR A R 25 5
Joo % 55.05+10.87/ 25 min/d. R S AR
2015 [16] 19/19 12/7 10/9 5673 140,50 250 KU A 30 min 5weeks  ©@ODO®
30 min/d
% WA R A IR UL 25 ®®@@®
Liaw 2 65.40 + 11.54/ SN IFIR LI ZR - -
20p17) O 89 BB e 4a4 1065 0 KU - LRSI 6weeks 5 @m®)
®
o AMEIFIENGE 20 min, oy oy .
210<;T[i] 1010 R#IEXK KK 5;‘_;’130:1151'529/ FARIZFNIHIT 30 min, g%ﬁgéﬁig ;g Eiﬁ’ 4 weeks ®B®
' ’ H 304 5 48% 20 min PR °
Lee % 53.60+9.11/ . N .
YA B Y
2025 [19] 15/15 7/8 7/8 546724 890 IMT 30 min MAREBIT30min 6weeks @OM
Chen %% 63.03+7.21/ XA IG ST A B 1|
2022020 70 BB 2600 G30as 01 AL 30 min BIBESII% 12 weeks QDGO
p A WLYIZE 30 min HEEH,
2’1)‘11“78[24?] 6/6 2/4 3/3 661222:?;23/ fe g EiasT LG PIEIT 30 min, 4 weeks @6
’ ’ 1k/d, 5dw 5d/w
3 BT /145 o -
Kim % 573250 =1 PNF RIS 2] 3R R ;
2015 [22] 2020 10/10  11/9 s6 0443 20 min ez FAE R ®®
T LS 1 R RURE S TR
Chen % 63.73 = 14.64/ X RRALIATT - OE®EG
2016 [23] 11/10 7/4 6/4 6750+ 1035 W CHLIIZ 30 min, 5 diw WA KRR S d/w 10 weeks )
Naoki FrdE BEE 1597 10 min R B
2021247 18 80 TT 81790 11 % 10 min —Yo/d 0min, 2% Oveks OO
BRI TT - .
PIiS/EES 68.54+5.12/ s wRUR IR,
odi| Ly o
2022 [25] 2424 14/10 15/9 68.92 + 5.00 I ﬁU”(ka/TiZ/ 1 &/, 1%, 5 diw 4weeks @BB®
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_ Xt LI YT
Wk S I 66.17 +2.88/ S . -
e Ly T L
w
R IR T AR IR R 25
RUE a 2 ¥&/d, 10 min/ik T A
2015 27) 0060 67/53 g K IMT: 23 Jo/d, HHLHER 9T dweeks  DEO)

10~15 min/¥k

T: R4 C: W4 © BKEHBLE @ HREKEHMBL @ %1 BHIFSERGH FEVL (L); @ #1880
A SR THE E 2t FEVI (% pred); ® A& EJH) FVC (L); © A1 & 5 B E 2 b FVC (% pred); @D —
2 FEVI/EVC (%): VEAH IS (FH/#P) PEF (Us); @ &K B £ 8@ S & (FH/438) MVV (L/min); BN H AR
MEJHAY) MMEF (liter/s); 1) & K HAM SR E H 20t MMEF (%); @) & KIS (E KK F) MEP (cm'H20); @) K
WS (K KA ) MIP (cm-H20).

33. REIEMER

Hi4E PEDro B R IF/r 45 5 5 R SCHR[15] [17] [19] [21] [24] N & i &(6~8 43), Hi4x 8 K Ciik[16][18]
[20][22] [23] [25]-[27] A5 R E(4~5 57). SCHRIRABENL M ECIE, PR SCHER[21] [24]SL i BCRi, 77
FNEWEH S H. LRI RS, B G IMSARETT 773, B RN 5 G
JYITMEE « 5 R SCHR[15] [17][19] [23] [2410 Pl i, FERSCHERIIARIR K. 430 13 R SRy 3Rt o 8
g M EFa b, BIERITATE I EAAREE LS E s, BRI RIS 2 &I 2.

Table 2. Quality assessment of the included studies (PEDro scale)
R 2. HAHRREITMN(PEDro B3)

\ FH 2~11 1358 (4) SO ik s
T PN TE %H 1
2 3 4 5 6 7 8 9 10 11
1 Qianping Zhao j 5 1 0 1 0 0 1 1 0 1 1 6 =
2 Sunghee Joo = 1 0 1 0 0 0 1 0 1 1 5 s
3 Mei-Yun Liaw £ 1 0 1 0 0 1 0 1 1 1 6 [
4 JinHong Kim & 1 0 1 0 0 0 1 0 1 1 5 H
5 Dae-Hee Lee = 1 0 1 0 0 1 1 1 1 1 7 =1
6 Yannan Chen =3 1 0 1 0 0 0 1 0 1 1 5 H
7 Kyeong-Man Jung & 1 1 1 0 0 0 1 0 1 1 6 =
8 Chang-BeomKim & 1 0 1 0 0 0 0 0 1 1 4 r
9  Po-Cheng Chen 2 1 0 1 0 0 1 0 0 1 1 5 H
10 Naoki Maki b 1 1 1 0 0 1 1 0 1 1 7 ]
11 P! = 1 0 1 0 0 0 0 0 1 1 4 H
12 B5ETE = 1 0 1 0 0 0 0 0 1 1 4 H
13 R 2 1 0 1 0 0 0 0 0 1 1 4 a2

FH 1 FFEAREAMALD ) 56H 2. BENLRC; 2H 3. MRE; % H 4. DML %H 5: #
HWEEE: &H6: T ANREWE: FHT7: IMEAREDE: %H 8 HIL 85%MHHRE el e ilikk; %H 9:
WIT R % H 10: AT eEs: 6H 11 Sl a2 k4
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Chang-Beom Kim 2015
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® OO OO O O O O | | ®|randomsequence generation (selection bias)
@
. . . . . . . . . . . . . Blinding of participants and personnel (performance bias)

Dae-Hee Lee 2025

JinHong Kim

Kyeong-Man Jung 2017

O 0O DO O O O | @ -binding of outcome assessment (detection bias)

’ . ’ . . . . . . . . ’ . Incomplete outcome data (attrition bias)

. ‘ . . . . ‘ . . . . . ' Selective reporting (reporting bias)
® OO0 OO OO O O G| @ othervins

Mei-Yun Liaw 2020 ?
Naoki Maki 2021 +
Po-Cheng Chen 2016 7
Qianping Zhao 2024 ?
Sunghee Joo 2015 ?
Yannan Chen 2022 ?
RIE 2015 ? ?
k2 2020 ? ?
T 4E 2022 ? ?

@

Random sequence generation (selection bias)
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Other bias

0% 25% 50% 75%  100%

‘ . Low risk of bias D Unclear risk of bias . High risk of bias |

(b)

(@) PINEATEFCHIR AT XU IPAN: (b) DN TR A e KB A 1 2() W2 B4 2(0) A EE) R ELIEA: (O:
BEHLT 7= A GBI f): @: A ERIRGERRmMA): @) MZiRE M T T GEE CLhifmr): @: x4 Rirh#
HEE R ®: S5REIRA TRV ©: EFEREIRG M) @: A SERR MR
%, g O i oy DS AN 2 21 € o i fog DAL

Figure 2. Risk of bias assessment
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3.4. Meta &R

3.4.1. FEIRIIZST FEV1 B9%N0

10 FHFFE[16]-[23] [25] [27]5R T 423 £ HEHE M FEVL 45, SRS RMEEE P = 92%, P <
0.00001), 3K FH BEHLAN SR AT R 56 o 45 R o, WP ZRiBE 2 35 42 1 8 (1) FEVL K (MD = 0.42,95%
CI (0.15, 0.68), P = 0.002). WA HEw, ST <6 T FEVI dEE8 R mTIrfE > 6 . WK 3.
Bk v e MR AT SR A Sy A e 38 S B R — TOURIE SR VT Al B OURIE ST BE R, G I RN B (MD)E [ AE
0.30~0.48 2], Z5RFEE. BIROWEE, 2022) 2518155, RIS RBIER 2= 92%K0E T2 P = 62%,
FRIRIZMI T S o 1) R U

R4l XFIRAL Mean Difference Mean Difference

dy o bgrou eal otal Mea ota eig Random. 95% Rand
2.2.1 4-6weeks
Dae-Hee Lee 2025 227 048 15 168 032 15 105% 0.59[0.30, 0.88] —=
JinHong Kim 2014 264 062 10 237 05 10 85%  0.27[0.22076] S
Kyeong-Man Jung2017 24 03 6 2 01 6 109% 0.40[0.15, 0.65] i
Mei-Yun Liaw 2020 173 047 11 197 074 10  81%  -0.24[-0.78,0.30] I
Sunghee Joo 2015 243 068 19 18 07 19 9.1% 0.63[0.19, 1.07)
R 2015 239 009 60 21 01 60 121% 0.29[0.26, 0.32] -
i 2022 388 032 24 254 042 24 112% 1.34 [1.13, 1.55] ==
Subtotal (95% CI) 145 144 703%  0.49[0.13,0.86] —~—

Heterogeneity: Tau? = 0.21; Chi* = 102.36, df = 6 (P < 0.00001); I* = 94%
Test for overall effect: Z = 2.66 (P = 0.008)

2.2.2 >6weeks
Po-Cheng Chen 2016 1.98 0.84 11 1.45 0.35 10  8.0% 0.53[-0.01, 1.07]

Yannan Chen 2022 233 068 37 203 048 36 10.7% 0.30 [0.03, 0.57] =
Subtotal (95% CI) 48 46  18.8% 0.35[0.10, 0.59] -
Heterogeneity: Tau? = 0.00; Chi® = 0.56, df = 1 (P = 0.46); I = 0%

Test for overall effect: Z = 2.81 (P = 0.005)

223 RRK

Chang-Beom Kim 2015 16 04 20 17 04 20 10.9% -0.10 [-0.35, 0.15] >
Subtotal (95% CI) 20 20 10.9%  -0.10[-0.35, 0.15] -
Heterogeneity: Not applicable

Test for overall effect: Z = 0.79 (P = 0.43)

Total (95% Cl) 213 210 100.0% 0.42 [0.15, 0.68] -
Heterogeneity: Tau? = 0.15; Chi? = 113.86, df = 9 (P < 0.00001); I* = 92% M 05 0

Test for overall effect: Z = 3.08 (P = 0.002)

Favours [S:4] Favours [4/H4]
Test for subaraun differences: Chiz = 9 52 df =2 (P =0 009) I2=79 0% vours [9:334] - Favours [x} 4]

Figure 3. Meta-analysis of respiratory training on FEV1 in stroke patients

3. FEGIZRXT N ZE R 23 FEVI BY Meta 54F

3.4.2. FEIRAIZRST FVC B0

10 T FE[16]-[18] [20]-[23] [25]-[27] (481 Bl )HRkE T FVC 455, BN AR 4T (2 = 91%, P
<0.00001)Z7x, TFi4 FVC B2& & X B4L(MD =0.52,95% C10.27~0.77, P<0.0001). V.2H 43 H7 [FIFE &
ANEHIEIT (<6 FDMCR . WK 4. BUBME S, BIIRIEE25 1 7S, RPE T2 P = 68%,
PR H A EE R R MERIE

Sl AL Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
2.3.1 4-6weeks
JinHong Kim 2014 399 119 10 29 081 10 49% 1.00[0.20, 1.98]
Kyeong-Man Jung2017 31 01 6 28 02 6 126% 0.30[0.12, 0.48] =
Mei-Yun Liaw 2020 221 091 11 25077 10 63%  -0.29[-1.01,0.43] e
Sunghee Joo 2015 315 078 19 234 096 19 8.0% 0.81[0.25,1.37)
A% 2015 281 012 60 252 011 60 135% 0.29[0.25,0.33] =
Tioid 2022 457 052 24 313 037 24 11.8% 1.44[1.18, 1.70] i
Subtotal (95% CI) 130 120 57.2%  0.61[0.20,1.02] -

Heterogeneity: Tau? = 0.21; Chi? = 84.61, df = 5 (P < 0.00001); I> = 94%
Test for overall effect: Z = 2.89 (P = 0.004)

2.3.2 >6weeks

Po-Cheng Chen 2016 23 101 11 167 047 10 69%  0.63[-0.03,1.29]
Yannan Chen 2022 263 068 37 231 05 36 11.6% 0.32[0.05, 0.59] =
RN 2020 418 045 44 352 051 44 124% 0.66 [0.46, 0.86] —=—
Subtotal (95% CI) 92 90 30.9%  0.52[0.27,0.78] -

Heterogeneity: Tau? = 0.02; Chi? = 3.92, df = 2 (P = 0.14); I = 49%
Test for overall effect: Z = 4.02 (P < 0.0001)

2.3.3 RPK
Chang-Beom Kim 2015 2 04 20 19 04 20 119%  0.10[-0.15 0.35] -y
Subtotal (95% ClI) 20 20 11.9%  0.10[-0.15,0.35] ->

Heterogeneity: Not applicable
Test for overall effect: Z = 0.79 (P = 0.43)

Total (95% CI) 242 239 100.0%  0.52[0.27,0.77] >

Heterogeneity: Tau? = 0.12; Chi = 99.28, df = 9 (P < 0.00001); I* = 91% 5 . ! 3
Test for overall effect: Z = 4.13 (P < 0.0001) Favours [:441] Favours [ 1]

Test for subaroun differences: Chiz =719 df=2 (P =003\ 2=722% ST S ETEEE T

Figure 4. Meta-analysis of respiratory training on FVC in stroke patients
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Figure 5. Meta-analysis of respiratory training on PEF in stroke patients
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Figure 6. Meta-analysis of respiratory training on MIP in stroke patients
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Figure 7. Meta-analysis of respiratory training on MEP in stroke patients
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Figure 8. Meta-analysis of respiratory training on BI in stroke patients
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Table 3. Subgroup analysis results stratified by methodological quality (PEDro score)
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