[bookmark: _Toc63700674]Appendix 1 Search strategy
Table 1 Search strategy in PubMed
	Step
	Search strategy

	#1
	 ((("Spondylitis, Ankylosing"[Mesh])) OR (Ankylosing spondylitis [Title/Abstract])) OR (Ankylosing Spondylarthritis [Title/Abstract])

	#2
	Search (exercise [MeSH Terms]) OR ((((((((((exercises[Title/Abstract]) OR physical activit*[Title/Abstract]) OR training*[Title/Abstract]) OR danc*[Title/Abstract]) OR yoga[Title/Abstract]) OR taichi[Title/Abstract]) OR wuqinxi[Title/Abstract]) OR baduanjin[Title/Abstract]) OR yijinjing[Title/Abstract])

	#3
	Search ((randomized controlled trial [pt] OR controlled clinical trial [pt] OR randomized [tiab] OR placebo [tiab] OR
clinical trials as topic [mesh: noexp] OR randomly [tiab] OR trial [ti]) NOT (animals [mh] NOT humans [mh]))

	#4 
	#4 #1 AND #2 AND #3












Appendix 2 The classifications of exercise interventions
To compare the effects of different types of exercise, we classified exercise interventions into the following broad categories: control group (CG, participants did not receive any structured exercise intervention and maintained their usual daily activities), aquatic aerobic exercise (AAE, aiming to improve cardiovascular fitness through water-based rhythmic activities such as water walking, water jogging, or water aerobics), aquatic stretching exercise (ASE, focusing on enhancing flexibility and joint mobility through a series of low-impact stretching movements performed in water), land aerobic exercise (LAE, traditional aerobic exercises performed on land, such as walking, jogging, or aerobic dance), land stretching exercise (LSE, flexibility-oriented movements performed on land to increase the range of motion and muscle elasticity), China health campaign (CHC, incorporating traditional Chinese wellness practices such as Tai Chi, Baduanjin, and Qigong to promote holistic health through controlled breathing, slow movements, and mental focus), and muscle exercise (ME, designed to improve muscular strength and endurance using bodyweight, resistance bands, or weights).
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[bookmark: _Toc63700676]Appendix 3 Transformation formulas for estimating the mean and standard deviation 
(1) When calculating SD from M (confidence interval) for intervention or control group
a. the sample size in each group＞100
• SE= (upper limit-lower limit)/3.92
• SD=SE*N^ (1/2)
b. the sample size in each group≤100
• Input “tinv (1-0.95, N1-1)” in Microsoft Excel to obtain t
• SE= (upper limit-lower limit)/ t
• SD=SE*N^(1/2)
(2) When calculating SD from MD and P value between intervention or control group
a. reporting the exact p value
• Input “tinv (p, N1+N2-2)” in Microsoft Excel to obtain t
• SE=MD/t
• SD1=SE/N1^(1/2)
b. reporting only significant levels (e.g. P＜0.05 or P＞0.05)
• The conservative calculation is to take the upper bound P. (e.g. P＜0.05 is replaced 0.05)
(3) When calculating M (SD) from the m (interquartile range) for intervention or control group
a. the sample size＞25, M=m;
the sample size≤25, M=(𝑎+2m+𝑏)/4 
b. the sample size≤15, SD=(((𝑎−2𝑚+𝑏)2/4+(𝑏−𝑎)2)/12) ^ (1/2)
the sample size 15<n≤70, SD=(𝑏−𝑎)/4
the sample size＞70, SD=(𝑏−𝑎)/6
(4) When calculating M (SD) from the m (interquartile range) for intervention or control group
a. M= (𝑞1 +𝑚+𝑞3)/3
b. calculation of SD
• Z=(0.25𝑁1+0.375)/(𝑁1+0.25)
• Input “norm. inv(1-z,0,1)” obtain μ
• SD=(𝑞3−𝑞1)/(2∗𝜇)

Note:
M= mean; SE=standard error of mean; SD=standard deviation; N=sample size; MD= mean difference; m=median; a= minimum value; b = maximum value; q1= first quartile; q3= third quartile

Appendix 4 
BASDAI
global, node, and loop inconsistencies
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BASFI
global, node, and loop inconsistencies
chi2(8) = 7.74
         Prob > chi2 = 0.4595
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BASMI
global, node, and loop inconsistencies
chi2(5) = 2.86
    Prob > chi2 =0.7209
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ASQoL
global, node, and loop inconsistencies
   chi2(1) =0.26
Prob > chi2 =0.6103
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Appendix 5
Fig. 6 (A) The funnel plot of BASDAI; (B) The funnel plot of BASFI; (C) The funnel plot of l BASMI; (D) The funnel plot of ASQoL
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Figure 1(A) The funnel plot of BASDAI;
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Figure 2 (B) The funnel plot of BASFI;
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Figure 3(C) The funnel plot of l BASMI
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Figure 4 (D) The funnel plot of ASQoL
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* 8 triangular loops found

Evaluation of inconsistency using loop-specific heterogeneity estimates:

Loop IF | seIF | z_value | p_value CI_95 | Loop_Heterog_tau2
A-B-E | 8.333 | 10.779 | ©0.773 | 0.439 | (0.00,29.45) 0.447
8.287 | 10.296 | 0.805 0.421 | (0.00,28.47) 0.338
1.717 | 1.016 | 1.690 | 0.091 | (0.00,3.71) 0.37
1.247 | 1.304 | 0.956 | 0.339 | (0.00,3.80) 0.393
0.972 | 0.537 | 1.810 | 0.070 | (0.00,2.02) 0.456
0.398 | 1.603 | ©0.248 | 0.804 | (0.00,3.54) 0.574
0.273 | ©0.890 | ©0.307 | 0.759 | (0.00,2.02) 0.417
0.263 | 1.149 | 0.229 | 0.819 | (0.00,2.52) 0.380
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Coefficient Std. err. 2 Pz [95% conf. interval
A
des_ABC | -1.46277 2.652147  -0.55 0.581  -6.660882  3.735343
_cons | -.2064233 2.463851  -0.12 0.904  -5.125482  4.53263
y-C
_cons | -1.618619 .8791312  -1.84 0.066  -3.341684 .104447
y-D
des_BD .1468248  2.472554  0.06 0.953  -4.699202  4.99294:
des_BDE .5350508  2.593849  0.21 0.837  -4.548799  5.618901
des_CD | -.0111035 .9638474  -0.01 ©0.991  -1.90621  1.878003
_cons | -.4614783 .1962049  -2.35 ©.019  -.8460329 -.0769238
y-E
des_BDE | 1.167865 2.628439  0.44 0.657  -3.98378  6.31951
des_DE .7908859  .3542772 2.23  0.02 0965152 1.485257
_cons | -.6642923 .1684265  -3.94 ©.000  -.9944023 -.3341824
F
_cons | -.152432 .2585237  -0.59 0.555  -.6591202  .3542652
y-6
des_0G .3156812  .6643877  0.48  0.635 9864948 1.617857
des_EG 1244279 .3781429  0.33  0.742 6167186 8655743
_cons | -.5571345 .2019435  -2.76  ©.006 .9529366  -.1613325
Estinated between-studies SDs and correlation matrix:
s y8 yc yo yF y6
yB .27255978 1 ° ° °
y_C .27255978 .5 1 ° °
YD .27255978 .5 .5 1 °
y_E .27255978 .5 .5 .5 1
y_F 27255978 .5 .5 .5 °
Y6 .27255978 .5 .5 .5 .5 °

Testing for inconsistency:
(1) [_y_Bldes_ABC = 0
(2) [_y_Dldes 8D =0
(3) [_y_Dldes BDE = 0
(4) [_y_Eldes BDE = 0

('5) [_y_Dldes_cD

(

(

(

o
6) [y Eldes DE = 0
7) [_y_Gldes_0G = 0
8) [y Gldes EG = 0
chi2( 8) = 7.74
Prob > chi2 =  0.4595

nvmeta command stored as F9; test command stored as F8

end of do-file
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* 10 triangular loops found
Note: Heterogeneity of loop A-B-C cannot be estimated due to insufficient observations - set equal to

Evaluation of inconsistency using loop-specific heterogeneity estimates:

Loop IF | seIF | z_value | p_value CI_95 | Loop_Heterog_tau2
A-B-C | 3.540 | 10.335 0.343 | 0.732 | (0.00,23.80) 0.000
A-B-D | 1.359 | 0.954 | 1.424 | 0.154 | (0.00,3.23) 0.000
B-C-D | 1.121 | 1.166 | 0.962 0.336 | (0.00,3.41) 0.187
A-D-E | 0.784 | 0.36 | 2.267 | ©0.023 | (0.11,1.45) 0.069
D-E-G | 0.494 | 1.019 | ©.484 | 0.628 | (0.00,2.49) 0.326
A-B-E | 0.402 | 1.278 | 0.314 | 0.753 | (0.00,2.91) 0.000
A-D-G | 0.312 | 0.636 | ©0.491 | 0.624 | (0.00,1.56) 0.051
B-D-E | 0.224 | 1.172 0.191 | 0.849 | (0.00,2.52) 0.299
A-E-G | 0.137 | 0.314 | 0.436 | 0.663 | (0.00,0.75) 0.046
A-c-D | 0.001 | 0.952 0.002 0.999 | (0.00,1.87) 0.064
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Multivariate meta-analysis
Variance-covariance matrix = proportional .5+I(6)+.5%(6,6,1)

Method = reml Number of dimensions = 6
Restricted log likelihood = -67.492596 Number of observations = 27
Coefficient Std. err. 2 Pz [95% conf. interval
.8
des_BDE 2206709 1.365447  0.16  0.872  -2.455555  2.896897
_cons | -.6432627 .7182531  -0.90 0.370  -2.051013  .764487
yC
_cons | -1.317147 1.061157  -1.24 0.215  -3.396977  .7626827
S}
des_CD | -.665123 1.241508  -0.54 0.502  -3.098434  1.768188
_cons | -.1726111 .3299181  -0.52 0.601 .8192388 474016
yE
des_BDE .3792024  1.48798  0.25 ©.799  -2.537185  3.295589
des_DE .9447994 586407  1.61 0.107 2045372 2.094136
_cons | -.2717942  .3009589  -0.90  ©.366 8616627  .3180744
yF
_cons | -1.153954 .5211803  -2.21 0.027  -2.175449 -.1324594
v
des_0G .6425113  .9928331  0.65 0.518  -1.303406  2.588428
_cons | -.875076 .5425904  -1.61 ©.107  -1.938534  .1883816
Estinated between-studies SDs and correlation matrix
s y8 yc yo yE yF y6
y_B .65285573 1 ° ° ° °
y_C .65285573 .5 1 ° ° °
YD .65285573 .5 .5 1 ° °
y_E .65285573 .5 .5 .5 1 °
y_F .65285573 .5 .5 .5 .5
VG .65285573 .5 .5 .5 .5 .5 1

Testing for inconsistenc
[_y_Eldes_BDE = 0
[_y_8ldes_BDE = 0

(1)
2)
3)
4

(
(
(
(5)

[_y_Dldes_D =
[_y_Eldes_DE =
[_y_Gldes_0G =

chi2( 5)
Prob > chi2

]
]
]

2.86
0.7209

nvmeta command stored as F9; test command stored

as F8
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ide Direct Indirect Difference tau
Coef. Std. Err. Coef. Std. Err. Coef. Std. Err. P>|z|

\ C -1.32 1.071341 -.9688468 .6229643 -.3511531 1.239297 0.777 .6670785
\ D -.1836342 .320094 -.975766 .3781647 .7921318 .4950389 0.110 .6107819
 E -.2686537 .2886298 .526043 .4596355 -.7946967 .5410729 0.142 .6201939
\ F . . . . . . . .
. G -.8689922 .5542225 -.5422011 .8243118 -.3267912 .992286 0.742 .6709537
D * .4372001 .5784474 -.4127186 2.185674 .8499188 2.283365 0.710 .6590357
 E .5291634 1.296407 .9289325 .699639 -.3997691 1.496198 0.789 .6636098
;[ .4779873 .563481 .8276003 1.103284 -.349613 1.239065 0.778 .6670744
NE .8297574 .3593486 .0127765 .4037075 .8169809 .5363375 0.128 .6169004
) © -.0600023 .779163 -.3865763 .6145272 .3265741 .9923396 0.742 .6709564

- Warning: all the evidence about these contrasts comes from the trials which directly compare them.
ee help file for more information.
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Loop IF selF z_value p_value CI_95 Loop_Heterog_tau2
A-D-E 0.981 0.490 2.004 0.045 (0.02,1.94) 0.258
A-D-G 0.917 0.450 2.039 0.041 (0.04,1.80) 0.001
A-C-D 0.569 0.880 0.647 0.518 (0.00,2.29) 0.000
B-D-E 0.566 2.140 0.264 0.792 (0.00,4.76) 1.776
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Multivariate meta-analysis

Variance-covariance matrix = proportional .5xI(4)+.5%1(4,4,1
Method = reml Number of dimensions = 4
Restricted log likelihood = -22.874945 Number of observations = 10
Coefficient Std. err. 2 Pz [95% conf. interval

A

_cons | -1.906652 2.516224  -0.76 0.448  -6.826601  3.013296
¢

_cons | -2.564534 2.448208  -1.05 ©.205  -7.362934  2.233867
0

des_CD | 1.451837 2.848359 .51 0.610  -4.130843  7.034517

_cons | -2.833568 1.018655  -2.78 0.005  -4.830095 -.8370413
A

_cons | -.6272291 .6369404  -0.98 ©.325  -1.875609  .621151

Estimated between-studies SDs and correlation matrix:

sD _yB y.c _yD yE
_y_B .96314518 1 o o
_y_C .96314518 .5 1 o
_y_D .96314518 .5 .5 1
_y_E .96314518 .5 .5 .5 1

Testing for inconsistency:
(1) [_y_Dldes o =0

chi2( 1) 0.26
Prob > chi2 0.6103
mvmeta command stored as F9; test command stored as F8

end of do-file
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Side Direct Indirect Difference tau

Coef. Std. Err. Coef. Std. Err. Coef. Std. Err. P>|z|
A B x -1.91 2.51153 -4.796765 4.911447 2.886765 5.703999 0.613 .9636004
A C * -2.57 2.45148 -4.013383  1.457445  1.443383 2.852 0.613 .9636004
A D -2.833568 1.018655 -1.381731 2.659739 -1.451837 2.848358 0.610 .9631452
A E . . . . . . . .
B Cx -.6600001 2.226432 -3.546765 5.307981 2.886765 5.703999 0.613 .9636004
cD 1.182209 1.041507 -.2665895 2.654166  1.448798 2.851363 0.611 .9634019
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Standard error of effect size
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Standard error of effect size
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Multivariate meta-analysis
Variance-covariance matrix = proportional .5xI(6)+.5+1(6,6,1)

Method = reml Number of dimensions 6
Restricted log likelihood = -97.747734 Number of observations a0
Coefficient Std. err. 2 Pz [95% conf. interval
A
_cons | -1.073749 3.471718  -0.31 0.757  -7.87819  5.730693
¢
_cons | -.1902628 .8348686  -0.23 0.820  -1.826575 1.4460:
0
des_BD 3060192 3.490833  -0.09 ©.930  -7.147926  6.535888
des_BDE 6668341 3.626278  0.18  0.854  -6.44054  7.774208
des_CD | 1.695775 1.070357  1.58 0.113  -.4020862  3.793636
_cons | -.7204973 .2855722  -2.52 ©.012  -1.280209 -.1607861
A
des_BDE 1071808 3.624821  -0.03 ©.976  -7.211698  6.997337
des DE |  1.165995  .515642 2.26  0.024 .1553551  2.17663:
_cons .7564824  .2513965  -3.01 ©.003  -1.24921 -.2637544
yF
_cons | -.5317589 .4126306  -1.29 ©.198 -1.3405  .2769821
-6
des_0G .2779507 1.166758  0.24 0.811  -1.997094  2.55299:
des_EG | -.2672002 .8437406  -0.32 0.751  -1.920901  1.386501
_cons 7183853  .4327622  -1.66 0.097  -1.566584 .129813

Estimated between-studies SDs and correlation matrix:

sD _yB y.c _yD yE _yF
_y_B .66604584 1 o o o o
_y_C .66604584 .5 1 o o o
_y_D .66604584 .5 .5 1 o o
_y_E .66604584 .5 .5 .5 1 o
_y_F .66604584 .5 .5 .5 .5 1
_y_G .66604584 .5 .5 .5 .5 .5 1

Testing for inconsistency:

(1) [_y_pldes 8D = o
(2) [_y_Dldes_BOE = 0
(3) [_y_Eldes_BOE = 0
(4) [_yDpldes o =0
(5) [_y_Eldes DE = o
(6) [y Gldes 0G = 0
(7) [y Gldes_EG = o
chi2( 7) = 10.47
Prob > chi2 =  0.1634

mvmeta command stored as F9; test command stored as F8

end of do-file




