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[BE]E 69: AFFRdid Meta 547, & %sz4 CrossFit Mt KB P F A M HMREs (AT (BERFEKRREER
BN TR, ik KRN PRELHIEEFR LA R AMA BRI ERBRFT. R\ PICOS BN H 2 AR A,
0L A R 0h 2 Ak, RI$AE. £ A RevMan 5.4 #4347 Meta 947, HRIEF A AR Z R AT B 2 XL A
A HAH A SR 95%Cl, HFiBd BASHIKTFAMRR. 4R Meta 944 R 2, CrossFit il 253t ¥ 5 4 &t 77 360K
% (B4 1000m: SMD=-0.16, 95%Cl: -0.51, 0.20, P=0.38; 4 800m: SMD=-0.15, 95%Cl: -0.43, 0.13, P=0.29) &%k
HKERRARBGHFEENR. R, AN BEZRRGAREZORAER (B 4314k& L SMD=0.70, 95%Cl: 0.48,
0.93, P<<0.00001; 4 fpEF424: SMD=0.64, 95% Cl: 0.38, 0.89, P<<0.00001). TEHATEM, MLEH ELAZERF
Ak REFWARRB L, Z6%NA (B4) R FERA (L4) TESANHRIA0T ) R G0 P HKiLIE, 4t
CrossFit Il 253t £ B 7 57 & WU & ik K & B A A 69 BB B R, AR LIRS 2 E AR KNG K. ZINFEXE D
ERGH B ANGRG Lk Ao PEME LR Y, AALZEDRERSXT AN RESHRETVFIANE 5 K
J& . CrossFit 34w 52 £ S Mfidt 77 69 SR E X R A TR, ERHEJERMTING T L6 LRt , BASHTER, “EosthA”
(BA) Ao “RFHFRA” (k4) AZAANBRGRLTE, REEFKRAEFT P B CrossFit & RBAFFHRGEE,
IR T EG RIS AELIL T, EATRAfRE AREFLZFRNGTE, ANFRERSHREFLARELRIK
HhH%et, HRAELTAEHRTH TR D BEGIEELR,
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Meta analysis of the Effects of CrossFit Training on Cardiopulmonary Endurance and Muscle
Fitness of Chinese Middle School Students

CHENG Xiang, ZUO Jiajie, GUO Junjie
School of Physical Education, Kashi University, Kashi, Xinjiang, 844000, China

Abstract: Objective: This study systematically reviews the intervention effect of CrossFit training on cardiorespiratory endurance and
muscle fitness of Chinese middle school students (based on the National Student Physical Health Standards) through meta-analysis.
Method: A systematic search of relevant randomized controlled trials and quasi experimental studies was conducted using both
Chinese and English databases. According to the PICOS principle, the inclusion and exclusion standards are formulated, and two
researchers independently screen literature and extract data. Perform meta-analysis using RevMan 5.4 software, select fixed or random
effects models based on heterogeneity test results to calculate the combined effect size and 95% CI, and explore the sources of
heterogeneity through subgroup analysis. Result: The meta-analysis results showed that CrossFit training had an impact on the
endurance running performance of middle school students (male 1000m: SMD=-0.16,95% CI: -0.51,0.20, P=0.38); The overall
improvement effect of 800 meters for girls (SMD=-0.15,95% CI: -0.43,0.13, P=0.29) did not reach statistical significance. However, it
has a significant improvement effect on strength quality scores (male pull up: SMD=0.70,95% CI: 0.48,0.93, P<<0.0001; Female sit
ups: SMD=0.64,95% CI: 0.38,0.89, P<<0.0001). Subgroup analysis shows that the type of training program is a key factor causing
heterogeneity and differences in effectiveness. The comprehensive advanced (male) and flexible adaptive (female) programs are the
better choices for improving corresponding endurance running results. Conclusion: CrossFit training has a clear positive impact on the
muscle fitness development of Chinese middle school students and is an effective training method for improving upper limb and core
strength quality. This training mode can significantly improve the pull-up performance of boys and sit up performance of girls,
indicating that its highly functional and multi joint participation characteristics can effectively promote the development of muscle
strength and endurance in adolescents. The overall improvement effect of CrossFit on the cardiovascular endurance of middle school
students is limited, and its benefits highly depend on the specific design of the training program. Subgroup analysis shows that
"comprehensive advanced type" (boys) and "flexible adaptation type™ (girls) are more targeted optimization solutions. In the future,
promoting the application of CrossFit in school sports requires a scientific and cautious attitude, emphasizing the localization and
precise design of the program. Suggest selecting differentiated training programs based on gender and physical fitness goals, while

22 Copyright © 2025 by authors and Viser Technology Pte. Ltd.



PREFLF

JOURNAL OF STRENGTH AND CONDITIONING SCIENCE

@f’ VISER

conducting more high-quality research to evaluate their long-term benefits and safety, providing a more solid evidence basis for

curriculum design and exercise prescription formulation.

Keywords: CrossFit; cardiorespiratory endurance; muscle fitness; Meta-analysis
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02 [ 55 28 A R TR A% 10 35 77 R R R 28 o A v 11 B B
BB 7o OV 77 5 WLRLE REVE N HAZ QAR 5, A
I E TR SRR B M shEE T, 5 KR
SEIREYIM G . 22 B N AR R B 1, Ol T
R S LA g5 (1) K% 3 2 i 27 ST ROR SR TE S K
ARG VB TR AT PRI RE o I AER, BE R E
DU IR ANHERE ) $R 2R = OB 2 B 255 10 AR T 2 A
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H Meta 737778, SHFFE 6 AR R AT € B 2R G S5
B, B R CrossFit VI 2R NSRS RE 4B AR N 52
Wi RS — 2, N RARE IR RO IR EA K
FHORBUR B E SR B R IR IR 5 S 2% .

1 ARAZE

1.1 ERHZE
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(WanFang Data) FIZEEIAT] (VIP), ZESCHHE L5
Web of Science. PubMed #i1 Scopus. 45 Z I 8] 3] & 5088
FEAEPERT A 2025 4F- 8 H o
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“CrossFit”“high-intensity functional training”“adolescent”
“ middle school student ” “ cardiorespiratory fitness ”
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1.4 FitFH*
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AW FRILGIN 13 TFEHLITIRRLS, ¥R+ T CrossFit
W50t 22 5 22 1000m RS IR0 o S 5T PE G 36 S 7
BT IAAEAE = B e (1°=75%, P<<0.00001), #R%
FABERL S AR BEAT Meta 04T RN B A 45 R B,
FrUEfL % %= (SMD) 4-0.16 (95%Cl: -0.51, 0.20),
ZESRBH G FRENE (2=0.87, P=0.38).
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i 2020 22 23 CrossFit Jll%5 9 A, M2k (ONIONIE)
pagiER 2020 22 22 CrossFit 1% 12 4, &3 . @
Tk 2024 15 15 CrossFit lI%k 12 J4, 483 ®. ®
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fieS i 2024 20 20 CrossFit 14k 12 J, #H3 @. @
TR 2024 15 15 CrossFit 1% 8 JH, FHE 3K . @, ®. @
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F2 BREFNER
wise (o] PTER | g | BT R LR Jadad
K K & | BRIV
Sy JE4% | Proper |Unclear | NO | Unclear | Proper 3
il Proper | Proper | Unclear | Unclear | Proper 5
I Proper |Unclear | NO | Unclear | Proper 3
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T#ERY | Proper | Proper |Unclear| Proper | Proper 5
25744 | Proper | Proper | Unclear | Unclear | Proper 4
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SERERN], HHEMAFEZIMLL, CrossFit I Zxt
FZERT 1000m HURGUR MR BRERCR . T AR LR
Bk (P=75%), ¥45 6 WAL — AR R PRI

2.4.2 CrossFit YIIZEx} 2 #2424 800m B () WAk
SR

gL 11 WAL RS, #8177 CrossFit YIlZk
Xof H 2 4 A 800m B RRA I REMA o S5 I ARG 56 S5l s A5 AF 9
A AE S S (1257%, P<<0.01), #CRFHBENLRLN
BT Meta 04T RN E AR SR, PRt I%
# (SMD) J3-0.15 (95% Cl: -0.43, 0.13), &% Ak
Bgit=EEN (Z2=1.05, P=0.29).

SERRM, HEMUATIESIHLL, CrossFit IlZ% g
AR 800m B RRSTAR WAL 35 GE AR . B TAREAE i T
P (1P=57%), H45E WA Wit — AR R R

2.4.3 CrossFit YIZrxt A2z 514k m 1 (5D MRSt
b-Al

ARFFALGIN 9 TEHLXT RS, #RiT T CrossFit
W5 o 2 55 AR S R ) RS semd . Meta 43 i [
SERRNARRE Y . SRR IR A RN, S AR G R

(1P=17%, P=0.29). M E&HLERER, brEfbis
# (SMD) 4 0.70 (95% Cl: 0.48, 0.93), %% 5 HA
W 5 g it X (Z2=6.07, P<<0.00001).

SERRW, ST E MR B G S AL, B2
CrossFit VI 2R A 27 55 A= F 514 ) B s A 1 i 35 1
Perm, BRSNS m R .

Experimental Control §td. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD_Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
JEFH 2022 227.752 18.24 21 233716 1687 21 8.0% -0.32[-0.93,0.29] —
P 2021 265.8 12 12 2502 128 12 B3% 1.22[0.34,2.11]
FheN 2015 22676  9.63 12 22491 1257 12 68% 016 [-0.64, 0.98] N I
afdfl 2020 29236 12.01 22 29517 1343 3 81% -0.22 [-0.80, 0.37] I
akEE 2024 265.8 24 15 27T 438 15  T.3% -0.33 [-1.05, 0.39] _
BE4E 2024 2142 204 40 2394 288 40 85% -1.00[-1.47,-0.53] -
T 2024 227.44 18.07 18 24817 11.42 18 T7.1% -1.34 [-2.07,-0.61]
i 2024 2343 .02 20 22047 19412 0 TE% 0.67 [0.04,1.31]
Bt 2024 256.87 31.65 15 2374 2542 15  T7.2% 0.66 [-0.08, 1.40] T
=3 2025 24476 27.21 21 16765 3064 0 TE% -0.78[1.41,-0.14] -
2908 2018 246.6 12 21 2478 138 21 8.0% -0.14 [-0.74,0.47] -1
PiE 2020 306.6 54 22 3078 36 22 81% -0.03 [-0.62, 0.57] - T
[Zt& 2024 26767 2112 24 735 2787 4 83% -0.23 [-0.80, 0.34] -1
Total {95% CI) 263 263 100.0% -0.16 [-0.51, 0.20] *

Heterogeneity: Tau®= 0.31; Chi®= 4744, df= 12 (F < 0.00001); F=75%
Test for overall effect 2= 0.87 (P =0.38)

-2 -1 a 1 2
Favours [experimental] Favours [control]

2 CrossFit Jll x4 1000m 31 (B) MK BI4RAY Meta 47

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
SFESFH 2022 230,078 1488 16 23809 21.71 16 7.9% -0.42 112, 0.28] T
2kiR 2020 26717 1269 23 26191 9.09 22 93% 0.47 [-0.13, 1.08] Inm
okEF 2024 2496 108 20 2526 114 20 B.A9% -0.26 [-0.89, 0.38] -
TREF 2021 22679 2145 29 23317 251 29 10.4% -0.27 [0.79, 0.25] -
S 2024 200.4 16 40 204 174 0 11.5% -0.21 065, 0.23] -
=T R 2024 22561 1316 18 24467 1509 18  T7E% -1.32 [2.04,-0.58] .
St 2024 23016 19.06 20 21852 16.08 20 B7% 0.65[0.01,1.28] —
Bifg 2024 22553 2298 15 23207 17.82 15 T.7% -0.31 F1.03, 0.41] -
2508 2018 2106 12 21 2112 132 21 91% -0.05 [-0.65, 0.56] -
P4 2022 2484 21 22 2574 30 22 943% -0.34 [0.94, 0.25] T
Tt 2024 26313 22497 23 24783 2298 23 45% 0.23[-0.35, 0.81] I
Total (95% CI) 247 246 100.0% -0.15 [-0.43, 0.13] L

, y , ,

Heterogeneity: Tau®= 0.12; Chi®= 23.28, df= 10 (P=0.010);, F= 57%
Test for overall effect £=1.05 (P =0.29)
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AWFFILGIN 7 T RCT, ##iT7T CrossFit Il Z5%f
Az Imin AMEMNEZAL S RE M . Meta 434t R i 18] 2 4%
I RRETRY S5 R MR A 6 448 SR U, A5 ) TR R (1P=19%,
P=0.29), MM EAIFERER, WENHEZE (SMD)
N 0.64 (95% Cl: 0.38, 0.89), ZERAAWEENS
2 X (Z=4.89, P<<0.00001).

SEREW, ST E AT IEEN X IRAAR L, B2
CrossFit YIZLA 222 A H Imin APENE AR IR R SA 1
RENS, HBRERNPERE.

2.4.5 A[F] CrossFit VIl 257 20 #2242 1000m #i( 55D
DR BR SIS M0 1) S 26 53 #r

WL R IR, A AL CrossFit 11257 % (9

TWEFL) KT 57 1000m B &SR A 2 R
MR8 (SMD=-0.48, 95%Cl: -0.77~-0.19, P=0.001),
R FRReH e M0 e, WA R R
(1P=51%). FMiLBESRTTR (4 TR KRR ALE
(SMD=0.66, 95%CI: 0.28~1.04), P=0.0007 W] f¢& Ik
FRCRITFFEAFI . AN R RERAR (1P=2%). 253k
MNETT G L (SMD=-0.16, P=0.38), {HiF4[a]%
SR E (Chi*=21.97, P<<0.00001, 1?=95.4%), F A
G507 RRIRBRIE R ZE R I ER R, RGN AL
Xt 5y Az 1000m M R i B T 2 AR Rk 4%

2.4.6 A[A CrossFit Y114k 7 S5t H 244 800m (%)
W B A5 M8 1D 26 43 B

W AH A3 #r s BTN, RIEIERC A CrossFit YIZR & (7

TR 5T ) e . 35 $2 T+ A 4 F- 800m B %% ( SMD=-0.39,
95%Cl: -0.64~-0.14, P=0.002), FHHi% )7 RAEH M 4aka
RN, AN SR (1P=17%). MR,
MR T E (4 T &Iy RN IEE B EAG5
228 L (SMD=0.31, 95%Cl: 0.01~0.62, P=0.04),
MM Z T BB S TR BN R TSR X
(SMD=-0.15, P>0.05), {H IV [ 77k &% %= 5F
(Chi’=12.62, P=0.0004, 1°=92.1%), FHIIZ )7 &1
BRI BRI OB N 3R, RIGER B 7 0 Zop 24
800m M gt T4 B A 11 4%

3 iTie

AW FET Meta 87575, 28 A1 T CrossFit 3l
S B JE 2 A O T 70 5 LG RE R R 45 SRR,
CrossFit Y Z5xH LA ) s AH SR An H oA 35 H — e ik
YER, B A BT 77 B4t ) B Ak 5 R0 R R A R 1
BB 220807 R R B2E VR0

TEWLRAEREJTTH , CrossFit Yl Z:%k 53 48 51 44 i) b4
A= Imin APEMNERAL RGP AE T IS o R R AR Y
M (SMD >4 0.70 1 0.67), HAAM B, X—455%1
AREJE T CrossFit JIZRN AR EDReEMZ X2
Btk HOLRZh RN KR HE. S, BiEbBkEE, AN
KL &, Homifs g iRtz heeg s, X 5511k
I L RO ER L A T 75 A% 00 0 BB B RE AL o B
BREA AR . BEAh, CrossFit (1) 5 B 7] 8RR
PEA B T80 58 208 2 Sr, vl BESE AT A0S SRR A WL
TELANYUP AE R, AT FE A 550 90— T8 11 P S 3 i
TR

Std. Mean Difference
IV, Fixed, 95% CI|

Std. Mean Difference

IV, Fixed, 95% CI

Experimental Control
Study or Subgroup __Mean SD_Total Mean SD_Total Weight
PiEfmz021 6.03  1.93 12 375 148 12 6.4%
e z01a 1583 208 12 1275 311 12 6.8%
kiR 2020 408 235 22387 325 23 151%
BREEEER(24 873 128 15 TEBF 139 15  9.3%
a024 59 1.74 20 44 237 20 137%
Bikug2024 T3 3461 18 473 2483 15 9.3%
=FEI025 614 165 21 404 1.4 20 11.6%
HoRE2012 B.71 24986 21 528 3306 21 137%
Ftgz2024 9 247 24 TAT 24 24 151%
Total (95% CI) 162 162 100.0%

Heterageneity: Chi*= 9.61, df= 8 (P =0.29), F=17%
Test for overall effect: £= 6.07 (P = 0.00001)

1.31 [0.41
1.121[0.25
0.02 [-0.51
0.77[0.03
0.66[0.02
0.78[0.03
1.15[0.49
044017
072014

,2.20]
,2.00]
, 0.6E]
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Favours [experimental] Favours [contral]

4 CrossFit YIG3RZESRE L (B) MK SRH Meta 247

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subirou| Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
PHER2021 3363 5.483 8 2525 847 8 8.1% 1.43[0.29, 2.56]
BREFI024 4265 248 20 409 477 20 165% 0.45[0.18,1.08] T
SEE2024 40485  8.33 20 3275 5685 20 14.6% 1.07[0.41,1.74] -
S04 43 277 20 41 294 20 15.9% 0.69[0.05,1.33] —
Bifta024 458 7664 15 4613 8.308 19 12.7% -0.04 [0.76, 0.68] - T
HoRE2012 3929 4149 21 3576 5EM 21 167% 0.70[0.08,1.33] I
Ftg2024 a0 28 23 2848 2N 23 186% 0.60[0.01,1.19] =
Total (95% CI) 127 127 100.0% 0.64 [0.38, 0.89]
Heterogeneity; Ghi= 7.37, df= 6 (P = 0.29); F=19% f f f f

Test for owerall effect: £= 4.89 (P = 0.00001)
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Std. Mean Difference
IV, Random, 95% C1

Std. Mean Difference
IV, Random, 95% CI

Experimental Control
Study or Subgrouw Mean SD_Total Mean SD_Total Weight
2.1.1 ik 5 MCrossFit il 57 2
PHM2021 265.8 12 12 2502 126 12 63%
IheE2018 22676 9.63 12 22491 1257 12 68%
Fw2024 2343 21.02 20 22047 1912 20 7.8%
Bifgz024 256.87 31.65 15 2374 2542 15 T3%
Subtotal (95% CI) 59 59 28.2%
Heterogeneity: Tau®=0.00; Chi*= 3.06, df= 3 (P=038); F= 2%
Testfor overall effect: £=3.40 (P =0.0007)
2.1.2 & it MCrossFit gL T
FEFH2022 237752 18.24 21 233716 1687 21 3.0%
2k 2020 292.36 12.01 22 29517 1343 23 81%
Bk 2024 265.8 24 15 2778 438 19  7.3%
SEE2024 2142 204 a0 2394 188 40 8349%
FTEE2024 227.44 18.07 18 24817 11.42 18 7.2%
mFIr2025 24476 2721 21 26765 3064 20 7.8%
wElE2018 246.6 12 21 2478 138 21 8.0%
#pigz2020 306.6 54 22 307.8 36 22 81%
jZt&2024 267 BY 2112 24 2738 2797 24 83%
Subtotal (95% CI) 204 204 71.8%
Heterogeneity: Tau®=0.10; Chi*=16.35, df=8{P=004); F=51%
Testfor overall effect: 2= 3.27 (P=0.001}
Total (95% CI) 263 263 100.0%

Heterogeneity: Tau®=0.31; Chi®= 47.44 df=12 (P = 0.00001); P=75%
Testfor overall effect: 2= 087 (P=0.38)
Testfor suboroun differences: Chi®= 21.97. df=1 (P = 0.00001%. F=85.4%
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0.66 [0.28, 1.04]

-0.32 F0.93, 0.24]
-0.22 (0,80, 0.37]
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Favours [experimental] Favours [control]

Bl 6 [E CrossFit JIlZAZEXhE4E 1000 (8B) MK LAY Meta 547

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
1.1.2 FREAHBA RIS AT
2k 2020 26717 12,69 23 26191 9.09 22 83% 0.47 [-0.13, 1.086] T
k2024 23016 19.06 20 218.52 16.08 20 8r% 0.65[0.01,1.28] —
g 20e 2106 12 21 2112 132 21 9.1% -0.05 [0.65, 0.56] I
iEtg 2024 25313 22497 23 24783 22498 23 95% 0.23[-0.35, 0.81] TV
Subtotal (95% CI) a7 86 36.6% 0.31 [0.01, 0.62] P
Heterageneity: Tau®= 0.00; Chi®= 2.75, df= 3 (P =043, F=0%
Testfar averall effect Z=2.05 (P = 0.04)
1.1.3 FETERBNNEHZEA
SIESH 2022 230.078 1488 16 23809 21.71 16 T7.9% -0.42 112, 0.28] -
oREF 2024 2486 108 20 2526 114 0 89% -0.26 [-0.89, 0.36] -1
TREF 2021 22679 2145 29 23317 251 29 10.4% -0.27 [0.79, 0.25] -1
FEE 2024 200.4 16 40 204 174 0 11.5% -0.21 0,65, 0.23] e
FTHE 2024 22561 1316 18 24467 15.09 18 7.E% -1.32 [2.04,-0.59] I
Bifug 2024 22553 2298 15 23207 17.82 149  T7% -0.31 [1.03,0.41] .
#PiE 2022 2484 21 22 2574 an 22 83% -0.34 [0.94, 0.25] -
Subtotal (95% CI) 160 160 63.4% -0.30 [-0.64, -0.14] L 2
Heterogeneity, Tau*=0.02; Chi®=7.27 df=6 (P =030}, F=17%
Test for overall effect Z= 310 {P=0.002)
Total (95% CI) 247 246 100.0% 0.15[-0.43,0.13]

Heterogeneity Tau®= 012; Chi®= 23.28, df=10 (P= 0010}, F=57%
Test for overall effect Z=1.05 (F=0.29)
Test for suboroun differences: Chi®=12.62. df=1 (P =00004). F=921%

Favours [experimental] Favours [control]

7 [ CrossFit A Ex T hE4A 800 () MIKALRSINAY Meta 47

5N, BEARSHT R CrossFit Xt 53 e 1if 71§ it
RN RN HRIE R ZE . X RN, L4
CrossFit I Zi (e i 5 /D 4E B N S RE DT THT T REJFA
R HE AT ES . HATRESRAAE T, CrossFit S5 &5
P2 AR, (EFL AR AT 2 A e Ik I = TR )
TGS IR, RS STHA A RE B 1
RIBATREAN AL o BEAh, APt E A TR EN], HXA
B9 R AL HIE N AT REAAEZE R, AT AR I ZRAES R T 8
REEE (VOmax) FIZGHEJ TSV R,

ERERRE, WHD R 7207 RRA R T
RORFPPER B R . X T 542 1000m #, ZRa itk
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