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Supplementary Figure 1.A systematic review about the involvement of oxidative stress in the pathogenesis of OA.
A: Flowchart of the systematic review. B: The screened literature.
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Supplementary Figure 2.A systematic review about the clinical use of metformin as an antioxidant.
A: Flowchart of the systematic review. B: The screened literature.

Supplementary Table 1. The statistical description and statistical results in Figure 1.
	
	WT/Sham
	WT/OA
	[bookmark: OLE_LINK1]WT/OA/Metformin
	P

	
	
	
	
	WT/OA vs WT/Sham
	WT/OA/Metformin vs WT/OA

	Fig. 1B (n = 6 per group)
	
	
	
	
	

	Baseline
	31.49 ± 1.57
	31.37 ± 1.77
	31.23 ± 1.35
	0.897
	0.874

	1w
	31.34 ± 1.86
	30.51 ± 0.78
	31.52 ± 1.34
	0.318
	0.230

	2w
	30.76 ± 1.45
	29.58 ± 1.66
	29.67 ± 0.86
	0.157
	0.917

	3w
	30.36 ± 1.74
	29.65 ± 0.66
	29.55 ± 1.34
	0.374
	0.896

	4w
	28.59 ± 2.44
	28.54 ± 1.56
	29.09 ± 1.32
	0.964
	0.614

	8w
	30.09 ± 1.70
	30.66 ± 1.06
	31.61 ± 1.06
	0.464
	0.230

	Fig. 1C (n = 6 per group)
	
	
	
	
	

	Baseline
	7.98 ± 0.56
	7.65 ± 0.47
	7.68 ± 0.32
	0.227
	0.901

	1w
	7.68 ± 0.50
	7.52 ± 0.45
	7.45 ± 0.46
	0.548
	0.809

	2w
	6.93 ± 0.90
	6.43 ± 1.15
	6.82 ± 0.63
	0.361
	0.481

	3w
	7.61 ± 0.77
	7.31 ± 0.37
	7.23 ± 0.34
	0.346
	0.790

	4w
	7.07 ± 0.97
	6.80 ± 0.32
	7.00 ± 0.43
	0.482
	0.597

	8w
	7.88 ± 0.36
	7.58 ± 0.34
	7.47 ± 0.38
	0.170
	0.583

	Fig. 1E (n = 6 per group)
	
	
	
	
	

	Baseline
	3.23 ± 0.35
	3.15 ± 0.44
	2.98 ± 0.19
	0.680
	0.396

	1w
	3.26 ± 0.24
	2.25 ± 0.26
	2.99 ± 0.36
	[bookmark: OLE_LINK2]<0.001
	<0.001

	2w
	2.97 ± 0.15
	2.14 ± 0.13
	3.04 ± 0.38
	[bookmark: OLE_LINK3]<0.001
	<0.001

	3w
	3.19 ± 0.33
	2.08 ± 0.22
	2.88 ± 0.36
	[bookmark: OLE_LINK4]<0.001
	<0.001

	4w
	2.94 ± 0.33
	2.04 ± 0.28
	2.91 ± 0.10
	<0.001
	<0.001

	8w
	3.13 ± 0.57
	2.21 ± 0.22
	3.09 ± 0.61
	0.006
	0.008

	[bookmark: OLE_LINK5]Fig. 1G (n = 6 per group)
	
	
	
	
	

	Baseline
	79.62 ± 12.06
	65.92 ± 11.80
	71.50 ± 10.90
	0.059
	0.417

	1w
	91.83 ± 14.63
	60.51 ± 7.99
	84.08 ± 13.46
	<0.001
	0.005

	2w
	175.55 (122.25 – 253.17)
	78.04 (66.01 – 86.94)
	77.74 (74.35 – 83.79)
	0.011
	1.000

	3w
	180.83 (133.21 – 253.73)
	68.09 (63.02 – 104.07)
	120.34 (87.38 – 148.43)
	0.009
	0.479

	4w
	245.99 (119.77 – 300.00)
	86.19 (74.47 – 102.72)
	91.62 (86.59 – 103.47)
	0.010
	1.000

	8w
	232.35 (205.53 – 246.92)
	73.20 (71.17 – 82.50)
	104.71 (66.99 – 122.56)
	0.004
	1.000

	Fig. 1I (n = 6 per group)
	
	
	
	
	

	Baseline
	5.95 ± 1.05
	5.76 ± 1.25
	6.08 ± 0.86
	0.755
	0.602

	1w
	5.74 ± 1.18
	5.34 ± 0.94
	5.79 ± 0.86
	0.502
	0.450

	2w
	4.63± 0.75
	5.64 ± 0.84
	5.67 ± 1.39
	0.107
	0.969

	3w
	4.87 ± 0.99
	6.35 ± 1.38
	6.76 ± 2.50
	0.164
	0.690

	4w
	5.91 ± 1.39
	5.68 ± 1.06
	6.24 ± 1.43
	0.761
	0.469

	8w
	5.07 ± 0.81
	5.89 ± 1.43
	5.50 ±0.94
	0.215
	0.546

	Fig. 1J (n = 6 per group)
	
	
	
	
	

	[bookmark: OLE_LINK6]1w
	0.00 (0.00 – 0.00)
	1.83 (1.25 – 2.33)
	0.17 (0.00 – 0.33)
	<0.001
	0.027

	2w
	0.00 (0.00 – 0.00)
	1.00 (0.83 – 1.33)
	0.17 (0.00 – 0.42)
	<0.001
	0.052

	[bookmark: OLE_LINK7]3w
	0.00 (0.00 – 0.00)
	0.33 (0.33 – 0.50)
	0.00 (0.00 – 0.33)
	0.002
	0.058

	4w
	0.00 (0.00 – 0.00)
	0.33 (0.25 – 0.42)
	0.00 (0.00 – 0.08)
	0.009
	0.047

	[bookmark: OLE_LINK8]Fig. 1M (n = 6 per group)
	0.49 ± 0.49
	0.38 ± 0.02
	0.39 ± 0.03
	0.038
	0.812

	Fig. 1N (n = 6 per group)
	0.35 ± 0.01
	0.30 ± 0.02
	0.30 ± 0.02
	0.051
	0.947

	Fig. 1O (n = 6 per group)
	4.41 ± 0.10
	4.03 ± 0.09
	4.47 ± 0.15
	0.002
	0.001

	Fig. 1P (n = 6 per group)
	0.06 ± 0.00
	0.06 ± 0.00
	0.06 ± 0.00
	0.948
	0.076

	Fig. 1Q (n = 6 per group)
	0.16 ± 0.00
	0.18 ± 0.00
	0.17 ± 0.01
	0.038
	0.080

	Fig. 1R (n = 6 per group)
	0.25 ± 0.04
	0.24 ± 0.03
	0.19 ± 0.03
	0.955
	0.236


Note: The sample size for each group is n = 6 biologically independent mice. Normally distributed quantitative data are presented as mean ± SD and were analyzed by one-way ANOVA followed by Tukey’s post hoc test for multiple comparisons. Non-normally distributed data are expressed as median and 25–75% quartiles and were analyzed by the Kruskal-Wallis test followed by Dunn’s post hoc test for multiple comparisons.
[bookmark: OLE_LINK17]Supplementary Table 2. The statistical description and statistical results in Figure 2.
	
	WT/Sham
	WT/OA
	WT/OA/Metformin
	P

	
	
	
	
	WT/OA vs WT/Sham
	WT/OA/Metformin vs WT/OA

	Fig. 2C (n = 6 per group)
	0.50 (0.50 – 1.00)
	2.00 (1.75 – 4.25)
	1.00 (0.88 – 1.25)
	0.003
	0.162

	[bookmark: OLE_LINK18][bookmark: OLE_LINK14]Fig. 2E (n = 6 per group)
	22.77 ± 1.43
	72.66 ± 5.44
	39.77 ± 3.58
	<0.001
	<0.001

	[bookmark: OLE_LINK15]Fig. 2F (n = 6 per group)
	31.69 ± 2.16
	73.23 ± 4.90
	35.69 ± 5.30
	<0.001
	<0.001

	[bookmark: OLE_LINK16]Fig. 2G (n = 6 per group)
	61.65 ± 1.18
	38.68 ± 4.70
	55.55 ± 3.34
	<0.001
	0.003

	Fig. 2H (n = 6 per group)
	 3.63 ± 0.92
	 3.50 ± 1.08
	3.70 ± 1.10
	0.989
	0.964

	Fig. 2I (n = 6 per group)
	15.00 ± 2.34
	10.29 ± 1.04
	10.74 ± 0.32
	0.001
	0.982


Note: The sample size for each group is n = 6 biologically independent mice. Normally distributed quantitative data are presented as mean ± SD and were analyzed by one-way ANOVA followed by Tukey’s post hoc test for multiple comparisons. Non-normally distributed data are expressed as median and 25–75% quartiles and were analyzed by the Kruskal-Wallis test followed by Dunn’s post hoc test for multiple comparisons.


[bookmark: OLE_LINK9]Supplementary Table 3. The statistical description and statistical results in Figure 3.
	
	WT/Sham
	WT/OA
	WT/OA/Metformin
	P

	
	
	
	
	WT/OA vs WT/Sham
	WT/OA/Metformin vs WT/OA

	[bookmark: OLE_LINK22][bookmark: OLE_LINK26]Fig. 3A (n = 6 per group)
	10.58 ± 0.62
	16.16 ± 0.09
	5.98 ± 0.08
	[bookmark: OLE_LINK20]<0.001
	<0.001

	Fig. 3B (n = 6 per group)
	66.60 ± 3.05
	53.75 ± 1.60
	60.96 ± 3.85
	<0.001
	0.009

	Fig. 3C (n = 6 per group)
	164.89 ± 14.96
	221.70 ± 39.10
	184.92 ± 21.34
	0.055
	0.329

	Fig. 3E (n = 6 per group)
	20.85±2.84
	29.49±2.15
	74.86±6.91
	<0.001
	[bookmark: OLE_LINK21]<0.001

	Fig. 3F (n = 6 per group)
	25.15 ± 1.73
	26.33 ± 2.03
	71.92 ± 7.20
	0.955
	<0.001

	Fig. 3G (n = 6 per group)
	22.91 ± 1.75
	28.12 ± 2.18
	61.96 ± 1.95
	0.014
	<0.001


Note: The sample size for each group is n = 6 biologically independent mice. All quantitative data are presented as mean ± SD. Statistical comparisons among the three groups were performed using one-way ANOVA followed by Tukey's post hoc test for multiple comparisons. A P value < 0.05 was considered statistically significant.


Supplementary Table 4. The statistical description and statistical results in Supplementary Figure 4.
	
	0
	10
	25
	50
	P

	
	
	
	
	
	10 vs 0
	25 vs 0      
	50 vs 0

	[bookmark: OLE_LINK23]Fig. 4A (n = 3 per group)
	1.00 ± 0.03 
	1.00 ± 0.04
	0.99 ± 0.02
	0.98 ± 0.03
	0.838
	0.616     
	0.342



	
	0
	100
	200
	300
	P

	
	
	
	
	
	100 vs 0
	200 vs 0      
	300 vs 0

	[bookmark: OLE_LINK30]Fig. 4B (n = 3 per group)
	1.00 ± 0.02 
	0.97 ± 0.03
	0.92 ± 0.04
	0.83 ± 0.03
	0.088
	<0.001
	<0.001



	
	Control
	H2O2
	H2O2+
Metformin(10)
	H2O2+
Metformin(25)
	H2O2+
Metformin(50)

	Fig. 4C (n = 3 per group)
	1.00 ± 0.05 
	0.90± 0.02
	0.99 ± 0.05
	1.07 ± 0.10
	1.04 ± 0.08

	
	P

	
	H2O2 vs Control
	H2O2+Metformin(10) vs 
H2O2     
	H2O2+Metformin(25) vs H2O2  
	H2O2+Metformin(50) vs H2O2  

	Fig. 4C (n = 3 per group)
	0.017
	0.026
	<0.001
	<0.001



	
	Control
	H2O2
	H2O2+Metformin
	P

	
	
	
	
	H2O2 vs Control
	[bookmark: OLE_LINK24]H2O2+Metformin vs H2O2     

	Fig. 4E (n = 3 per group)
	1.00±0.22
	[bookmark: OLE_LINK25]2.09±0.35
	0.81±0.35
	0.005
	0.002

	[bookmark: OLE_LINK27]Fig. 4F (n = 3 per group)
	1.00±0.06
	4.08±0.04
	2.89±0.05
	<0.001
	<0.001

	[bookmark: OLE_LINK28]Fig. 4G (n = 3 per group)
	1.00±0.08
	4.72±0.50
	1.61±0.34
	<0.001
	<0.001

	[bookmark: OLE_LINK29]Fig. 4H (n = 3 per group)
	1.00±0.05
	2.80±0.18
	1.73±0.06
	<0.001
	<0.001

	Fig. 4I (n = 3 per group)
	1.00±0.27
	8.63±0.61
	3.20±0.27
	<0.001
	<0.001


	

	


Note: The sample size for each group is n = 3 independent experiments. Data are presented as mean ± SD. All statistical comparisons were performed using one-way ANOVA followed by Tukey’s post hoc test. A P value < 0.05 was considered statistically significant.


Supplementary Table 5. The statistical description and statistical results in Figure 5.
	
	
Control

	
H2O2

	
H2O2+Metformin

	P

	
	
	
	
	H2O2 vs Control
	H2O2+Metformin vs H2O2     

	Fig. 5B (n = 3 per group) 
	11.85 ± 0.32
	23.43 ± 3.06
	11.55 ± 2.52
	0.001
	0.001

	[bookmark: OLE_LINK31]Fig. 5D (n = 3 per group)
	2009.33 ± 139.85
	2453.33 ± 65.96
	2126.33 ± 7.23
	＜0.001
	0.004



	
	Control
	H2O2
	H2O2+Metformin
	Metformin
	

	Fig. 5F (n = 3 per group)
	0.99 ± 0.26
	0.87 ± 0.20
	1.04 ± 0.18
	1.36 ± 0.12
	

	P

	
	H2O2 vs Control
	H2O2+Metformin vs H2O2     
	Metformin vs Control  

	[bookmark: OLE_LINK32]Fig. 5F (n = 3 per group)
	0.499
	0.320
	0.045



	
	Control
	H2O2
	H2O2+Metformin
	Metformin
	

	Fig. 5G (n = 3 per group)
	0.72 ± 0.08
	1.03 ± 0.15
	1.48 ± 0.27
	1.17 ± 0.20
	

	P

	
	H2O2 vs Control
	H2O2+Metformin vs H2O2
	Metformin vs Control  

	[bookmark: OLE_LINK33]Fig. 5G (n = 3 per group)
	0.085
	0.020
	0.021



	
	NC
	siRNA NC
	Nrf2 siRNA-1
	Nrf2 siRNA-2
	Nrf2 siRNA-3

	Fig. 5I (n = 3 per group)
	0.88 ± 0.07
	0.95 ± 0.09
	0.95 ± 0.03
	0.70 ± 0.07
	0.97 ± 0.05

	P

	
	siRNA NC vs NC
	Nrf2 siRNA-1 vs siRNA NC
	Nrf2 siRNA-2 vs siRNA NC
	Nrf2 siRNA-3 vs siRNA NC
	

	Fig. 5I (n = 3 per group)
	0.277
	0.933
	＜0.001
	0.779
	



	
	NC
	siRNA NC
	Nrf2 siRNA-1
	Nrf2 siRNA-2
	Nrf2 siRNA-3

	Fig. 5J (n = 3 per group)
	0.94 ± 0.16
	1.04 ± 0.12
	1.05 ± 0.11
	0.66 ± 0.21
	0.97 ± 0.05

	P

	
	siRNA NC vs NC
	Nrf2 siRNA-1 vs siRNA NC
	Nrf2 siRNA-2 vs siRNA NC
	Nrf2 siRNA-3 vs siRNA NC
	

	[bookmark: OLE_LINK34]Fig. 5J (n = 3 per group)
	0.403
	0.950
	0.008
	0.548
	



	[bookmark: OLE_LINK35]
	Control
	H2O2
	H2O2+Metformin
	H2O2+Metformin+siRNA NC
	H2O2+Metformin+Nrf2 siRNA-2

	Fig. 5K (n = 3 per group)
	1.07 ± 0.09
	3.48 ± 0.11
	1.27 ± 0.08
	1.13 ± 0.14
	1.64 ± 0.07

	P

	
	H2O2 vs Control
	H2O2+Metformin vs H2O2
	H2O2+Metformin+Nrf2 siRNA-2 vs H2O2+Metformin+siRNA NC

	Fig. 5K (n = 3 per group)
	＜0.001
	＜0.001
	＜0.001



	
	Control
	H2O2
	H2O2+Metformin
	H2O2+Metformin+siRNA NC
	H2O2+Metformin+Nrf2 siRNA-2

	Fig. 5L (n = 3 per group)
	1.07 ± 0.12
	4.53 ± 0.04
	1.36 ± 0.13
	1.36 ± 0.02
	1.90 ± 0.08

	P

	
	H2O2 vs Control
	H2O2+Metformin vs H2O2
	H2O2+Metformin+Nrf2 siRNA-2 vs H2O2+Metformin+siRNA NC

	Fig. 5L (n = 3 per group)
	＜0.001
	＜0.001
	＜0.001



	
	Control
	H2O2
	H2O2+Metformin
	H2O2+Metformin+siRNA NC
	H2O2+Metformin+Nrf2 siRNA-2

	Fig. 5M (n = 3 per group)
	1.04 ± 0.09
	1.95 ± 0.15
	0.80 ± 0.06
	0.77 ± 0.06
	1.37 ± 0.06

	P

	
	H2O2 vs Control
	H2O2+Metformin vs H2O2
	H2O2+Metformin+Nrf2 siRNA-2 vs H2O2+Metformin+siRNA NC

	Fig. 5M (n = 3 per group)
	＜0.001
	＜0.001
	＜0.001



	
	Control
	H2O2
	H2O2+Metformin
	H2O2+Metformin+siRNA NC
	H2O2+Metformin+Nrf2 siRNA-2

	Fig. 5N (n = 3 per group)
	1.05 ± 0.06
	2.11 ± 0.10
	1.15 ± 0.01
	1.17 ± 0.08
	1.85 ± 0.02

	P

	
	H2O2 vs Control
	H2O2+Metformin vs H2O2
	H2O2+Metformin+Nrf2 siRNA-2 vs H2O2+Metformin+siRNA NC

	Fig. 5N (n = 3 per group)
	＜0.001
	＜0.001
	＜0.001


Note: The sample size for each group is n = 3 independent experiments. Data are presented as mean ± SD. Comparisons among multiple groups were performed using one-way ANOVA followed by Tukey’s post hoc test for multiple comparisons. A P value < 0.05 was considered statistically significant.


Supplementary Table 6. The statistical description and statistical results in Figure 6.
	
	[bookmark: OLE_LINK39]Nrf2-/- /Sham
	Nrf2-/-/OA
	Nrf2-/-/OA/Metformin
	P

	
	
	
	
	Nrf2-/-/OA vs Nrf2-/-/Sham
	Nrf2-/-/OA/Metformin vs Nrf2-/-/OA

	Fig. 6A (n = 6 per group)
	
	
	
	
	

	Baseline
	29.90 ± 0.87
	30.75 ± 0.30
	30.73 ± 3.01
	0.436
	0.989

	1w
	30.08 ± 1.70
	30.71 ± 2.07
	31.30 ± 1.25
	0.528
	0.560

	2w
	31.48 ± 2.11
	31.25 ± 1.82
	30.60 ± 1.58
	0.830
	0.552

	3w
	32.28 ± 2.17
	31.98 ± 1.66
	31.85 ± 1.38
	0.773
	0.898

	4w
	32.20 ± 2.45
	32.00 ± 1.18
	33.18 ± 2.29
	0.868
	0.333

	8w
	36.11 ± 3.28
	36.55 ± 2.19
	34.63 ± 2.61
	0.787
	0.243

	Fig. 6B (n = 6 per group)
	
	
	
	
	

	Baseline
	8.13 ± 1.00
	8.23 ± 0.81
	8.47 ± 0.50
	0.830
	0.618

	1w
	7.77 ± 0.60
	7.55 ± 0.91
	7.23 ± 0.49
	0.593
	0.438

	2w
	7.75 ± 0.28
	7.75 ± 0.27
	7.70 ± 0.58
	1.000
	0.833

	3w
	7.00 ± 0.67
	7.02 ± 0.22
	6.90 ± 0.31
	0.949
	0.655

	4w
	7.47 ± 0.64
	7.13 ± 0.22
	6.62 ± 0.63
	0.297
	0.114

	8w
	7.73 ± 0.34
	7.33 ± 0.58
	6.82 ± 0.60
	0.204
	0.107

	Fig. 6C (n = 6 per group)
	
	
	
	
	

	Baseline
	2.37 ± 0.24
	2.64 ± 0.20
	2.34 ± 0.31
	0.089
	0.061

	1w
	2.62 ± 0.20
	1.50 ± 0.18
	1.39 ± 0.24
	<0.001
	0.365

	2w
	2.37 ± 0.43
	1.49 ± 0.17
	1.43 ± 0.28
	<0.001
	0.754

	3w
	2.76 ± 0.28
	1.62 ± 0.20
	1.51 ± 0.17
	<0.001
	0.379

	4w
	2.55 ± 0.10
	1.49 ± 0.21
	1.59 ± 0.07
	<0.001
	0.276

	8w
	2.31 ± 0.19
	1.72 ± 0.45
	1.48 ± 0.23
	0.005
	0.187

	Fig. 6D (n = 6 per group)
	
	
	
	
	

	Baseline
	66.64 ± 9.47
	78.00 ± 15.10
	80.07 ± 9.67
	0.114
	0.765

	1w
	121.59 (105.40 – 160.98)
	59.57 (55.14 – 65.70)
	53.19 (50.78 – 67.53)
	0.024
	1.000

	2w
	119.50 (113.13 – 139.43)
	75.31 (69.95 – 78.85)
	71.21 (48.71 – 78.45)
	0.033
	1.000

	3w
	180.83 (133.21 – 253.73)
	68.09 (63.02 – 104.07)
	120.34 (87.38 – 148.43)
	0.009
	0.479

	4w
	123.62 ± 33.98
	60.99 ± 15.01
	66.56 ± 15.69
	＜0.001
	0.685

	8w
	126.27 (109.21 – 156.08)
	47.60 (38.85 – 73.19)
	62.14 (49.34 – 68.21)
	0.005
	1.000

	Fig. 6E (n = 6 per group)
	
	
	
	
	

	Baseline
	6.38 ± 1.08
	6.04 ± 0.99
	6.57 ± 0.83
	0.559
	0.362

	1w
	4.78 ± 0.81
	7.21 ± 0.91
	7.12 ± 1.99
	0.007
	0.913

	2w
	4.17 ± 1.21
	5.44 ± 0.94
	4.38 ± 1.46
	0.095
	0.157

	3w
	3.77 ± 0.55
	3.58 ± 0.56
	3.58 ± 0.75
	0.615
	0.982

	4w
	3.56 ± 0.90
	4.00 ± 0.90
	4.00 ± 0.95
	0.410
	0.985

	8w
	4.15 ± 0.90
	4.52 ± 0.97
	5.44 ± 1.12
	0.535
	0.132

	Fig. 6F (n = 6 per group)
	
	
	
	
	

	1w
	0.33 (0.00 – 0.67)
	3.17 (2.33 – 5.33)
	3.33(2.67 – 5.67)
	0.013
	1.000

	3w
	0.00 (0.00 – 0.00)
	0.67 (0.25 – 1.33)
	0.25 (0.00 – 1.25)
	0.032
	1.000

	4w
	0.00 (0.00 – 0.00)
	0.67 (0.67 – 1.42)
	1.00 (0.50 – 1.67)
	0.014
	1.000

	8w
	0.00 (0.00 – 0.00)
	0.50 (0.00 – 0.83)
	0.50 (0.25 – 0.83)
	0.354
	0.851

	Fig. 6I (n = 6 per group)
	0.38 ± 0.03
	0.52 ± 0.04
	0.43 ± 0.03
	<0.001
	0.002

	Fig. 6J (n = 6 per group)
	0.33 ± 0.03
	0.39 ± 0.04
	0.32 ± 0.01
	0.010
	0.015

	Fig. 6K (n = 6 per group)
	3.87 ± 0.40
	4.20 ± 0.55
	3.89 ± 0.47
	0.361
	0.399

	Fig. 6L (n = 6 per group)
	0.07 ± 0.00
	0.07 ± 0.00
	0.07 ± 0.00
	0.610
	0.149

	Fig. 6M (n = 6 per group)
	0.19 ± 0.03
	0.17 ± 0.03
	0.19 ± 0.03
	0.463
	0.448

	Fig. 6N (n = 6 per group)
	0.26 ± 0.07
	0.33 ± 0.06
	0.37 ± 0.13
	0.579
	0.613


Note: The sample size for each group is n = 6 biologically independent mice. Normally distributed quantitative data are presented as mean ± SD. Comparisons among the three groups were analyzed by one-way ANOVA followed by Tukey's post hoc test for multiple comparisons. Non-normally distributed data are expressed as median and 25–75% quartiles and were analyzed by the Kruskal-Wallis test followed by Dunn's post hoc test.


Supplementary Table 7. The statistical description and statistical results in Figure 7.
	
	Nrf2-/-/Sham
	[bookmark: OLE_LINK42]Nrf2-/-/OA
	Nrf2-/-/OA/Metformin
	P

	
	
	
	
	Nrf2-/-/OA vs Nrf2-/-/Sham
	Nrf2-/-/OA/Metformin vs Nrf2-/-/OA

	Fig. 7C (n = 6 per group)
	1.00 ± 0.45
	3.00 ± 0.71
	3.25 ± 0.94
	<0.001
	0.905

	Fig. 7E (n = 6per group)
	22.18 ± 0.54
	44.90 ± 2.25
	52.75 ± 2.94
	<0.001
	0.006

	Fig. 7F (n = 6 per group)
	33.30 ± 4.77
	62.46 ± 1.75
	52.36 ± 5.50
	<0.001
	0.029

	Fig. 7G (n = 6 per group)
	76.18 ± 6.26
	39.78 ± 6.15
	49.94 ± 5.69
	<0.001
	0.114

	Fig. 7H (n = 6 per group)
	6.32 ± 0.70
	8.58 ± 1.98
	5.62 ± 0.80
	0.017
	0.031

	Fig. 7I (n = 6 per group)
	10.01 ± 4.32
	4.26 ± 0.53
	6.29 ± 0.21
	0.004
	0.343

	Fig. 7J (n = 6 per group)
	6.72 ± 0.74
	8.31 ± 0.27
	8.50 ± 0.40
	<0.001
	0.858

	Fig. 7K (n = 6 per group)
	53.94 ± 7.41
	37.67 ± 2.31
	36.86 ± 0.66
	<0.001
	0.962


Note: The sample size for each group is n = 6 biologically independent mice. All quantitative data are presented as mean ± SD. Statistical comparisons among the three groups were performed using one-way ANOVA followed by Tukey's post hoc test for multiple comparisons. A P value < 0.05 was considered statistically significant.

Supplementary Table 8. A systematic review about OA progress in type 2 diabetes treated with metformin.
	
	Author, Year

	Sample Characteristics

	Percentage (%) of OA or TKA

	
	
	
	Non-metformin/OA
	Metformin/OA

	Fig. 8B
	Barnett, L. A., et al. (2017)

	3217 patients with type 2 diabetes
(Non-metformin=1379, Metformin=1838)
	17.69
	18.88

	Fig. 8C
	Lu, C. H., et al. (2018)

	2904 subjects with OA and type 2 diabetes 
(Non-metformin=1936, Metformin=968)
	16.22
	12.81

	Fig. 8D 
	Chen, S., et al. (2022)

	862 participants diagnosed with knee OA and diabetes and/or obesity 
(Non-metformin=442, Metformin=420)
	21.00
	6.00

	Fig. 8E
	Lai, F. T. T., et al. (2022)

	 93,330 patients with type 2 diabetes 
(Non-metformin=46665, Metformin=46665)
	0.48
	0.39

	Fig. 8F
	Zhu, Z., et al. (2022)

	40694 participants with type 2 diabetes 
(Non-metformin=20347, Metformin=20347)
	2.28
	1.84

	Fig. 8G
	Baker, M. C., et al. (2023)

	41874 individuals with type 2 diabetes 
(Non-metformin=20937, Metformin=20937)
	3.90
	2.71

	Fig. 8H 
	Li, F. (2023)

	716 patients with hip osteoarthritis and type 2 diabetes 
(Non-metformin=308, Metformin=308)
	17.31
	5.65




Supplementary Table 9. Antibodies for Immunohistochemistry.
	Antibody
	Concentration 
	Article Number
	Company
	Country

	[bookmark: _Hlk104304183]MMP13 
	1:50
	Ab39012
	Abcam
	USA

	ADAMTS5
	1:50
	GTX100332
	Genetex
	UK

	Collagen II
	1:50
	Ab34712
	Abcam
	USA

	Nrf2
	1:100
	TA0639M
	Abmart
	China

	NQO1
	1:200
	bs-2184R
	Bioss
	China

	HO-1
	1:200
	10701-1-AP
	Proteintech
	USA




Supplementary Table 10. Antibodies for Western Blot.
	Antibody
	Concentration
	Article Number
	Company
	Country

	Nrf2
	1:1000
	TA0639M
	Abmart
	China

	[bookmark: _Hlk104303007]HO-1
	1:1000
	10701-1-AP
	Proteintech
	USA

	Lamin B
	1:2000
	9087
	Cell Signaling Technology
	USA

	GAPDH
	1:10000
	bsm-33033M
	Bioss
	China



Supplementary Table 11. The primers used in RT-PCR.
	Primer
	Forward
	Reverse

	(m) IL-1β
	GATCCCAAGCAATACCCAAAG                  
	CTTGTGCTCTGCTTGTGAGG

	(m) MMP13
	CAAGCAGTTCCAAAGGCTACAA
	ATGGCTTTTGCCAGTGTAGGT

	(m) Collagen-X 
	GCATCTCCCAGCACCAGAAT
	GCTAGCAAGTGGGCCCTTTA

	(m) Caspase3
	TCGCAGCATTTCTCCTAAG                   
	CAACAAAGCCAGTCTAAAC

	(m) Caspase9
	TGCACTTCCTCTCAAGGCAGGACC                  
	TCCAAGGTCTCCATGTACCAGGAGC

	(m) IL-6 
	 AGCCAGAGTCCTTCAGAGAG                     
	GTCCTTAGCCACTCCTTCTG

	(m) iNOS
	GACGAGACGGATAGGCAGAG                    
	CACATGCAAGGAAGGGAACT

	(m) p16
	GTCGCAGGTTCTTGGTCACT                    
	CGAATCTGCACCGTAGTTGA

	(m) 18s
	AGAAACGGCTACCACATCCAA
	GGGTCGGGAGTGGGTAATTT
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