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	Table S1. The multiple linear regression analysis of the three reduction rates of COVID-19 CFRs and potential influencing factors in the sensitivity analysis

	Category
	Variable
	Model 1a
	
	Model 2b
	
	Model 3c

	
	
	β
	95%CI
	
	β
	95%CI
	
	β
	95%CI

	Public health interventions
	Changes in total tests per thousand people
	--
	--
	
	--
	--
	
	0.00
	(-0.02, 0.01)

	
	Changes in stringency index
	0.45
	（-0.90, 1.80）
	
	--
	--
	
	--
	--

	
	Changes in fully vaccinated rates (%)
	1.10
	（-0.018, 2.21）
	
	--
	--
	
	--
	--

	
	Booster vaccine rates (%)
	--
	--
	
	0.75*
	（0.18, 1.31）
	
	0.72*
	(0.08, 1.37)

	
	
	
	
	
	
	
	
	
	

	Social and economic characteristics of the country
	Population density
	0.18*
	（0.06, 0.30）
	
	0.05
	（0.00, 0.11）
	
	0.00
	(-0.06, 0.06)

	
	GDP
	--
	--
	
	0.00
	（-0.00, 0.00）
	
	--
	--

	
	Hospital beds per thousand people
	2.86
	（-2.29, 8.00）
	
	4.05*
	（1.35, 6.74）
	
	2.84
	(-0.20, 5.89)

	
	Human development index
	--
	--
	
	--
	--
	
	-148.00
	(-304.27, 8.27)

	
	
	
	
	
	
	
	
	
	

	Demographic characteristics
	The proportion of individuals over 65 years old  (%)
	--
	--
	
	--
	--
	
	--
	--

	
	Diabetes prevalence (%)
	-5.07
	（-11.24, 1.10）
	
	0.31
	（-2.33, 2.95）
	
	-0.02
	(-3.11, 3.07)

	
	Obesity prevalence (%)
	4.24
	（-1.10, 9.58）
	
	--
	--
	
	1.22
	(-1.21, 3.64)

	
	Smoking rates (%)
	-4.63*
	（-8.24, -1.02）
	
	-1.09
	（-3.06, 0.89）
	
	--
	--


*P<0.05.
a The multiple linear regression analysis between reduction 1 and influencing factors.
b The multiple linear regression analysis between reduction 2 and influencing factors.
c The multiple linear regression analysis between reduction 3 and influencing factors.
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Figure S1. Cases and deaths of COVID-19 in the world from February 22, 2020 to June 22, 2022


[image: 分面图.image]Figure S2. Cases and deaths of COVID-19 in 30 countries from January 22, 2020 to June 22, 2022


[image: ]
Figure S3. The correlation analysis of Reduction 1 and influencing factors.
R1, the reduction rates of COVID-19 CFRs in Wave 2 compared with the CFRs in Wave 1; TT1, the changes in total tests per thousand people in Wave 2 when compared with Wave 1; VR1, the changes in fully vaccinated rates in Wave 2 when compared with Wave 1; SI1, the changes in stringency index in Wave 2 when compared with Wave 1; PD, population density; Elderly, the proportion of individuals over 65 years old; GDP, gross domestic product; DP, diabetes prevalence; OR, obesity rates; SR, smoking rates; HB, hospital beds per thousand people; HDI, human development index.
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Figure S4. The correlation analysis of Reduction 2 and influencing factors.
R2, the reduction rates of COVID-19 CFRs in Wave 3 compared with the CFRs in Wave 1; TT2, the changes in total tests per thousand people in Wave 3 when compared with Wave 1; VR2, the changes in fully vaccinated rates in Wave 3 when compared with Wave 1; SI2, the changes in stringency index in Wave 3 when compared with Wave 1; BR, COVID-19 boosters administered per 100 people in Wave 3; PD, population density; Elderly, the proportion of individuals over 65 years old; GDP, gross domestic product; DP, diabetes prevalence; OR, obesity rates; SR, smoking rates; HB, hospital beds per thousand people; HDI, human development index.
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Figure S5. The correlation analysis of Reduction 3 and influencing factors
R3, the reduction rates of COVID-19 CFRs in Wave 3 compared with the CFRs in Wave 2; TT3, the changes in total tests per thousand people in Wave 3 when compared with Wave 2; VR3, the changes in fully vaccinated rates in Wave 3 when compared with Wave 2; SI3, the changes in stringency index in Wave 3 when compared with Wave 2; BR, COVID-19 boosters administered per 100 people in Wave 3; PD, population density; Elderly, the proportion of individuals over 65 years old; GDP, gross domestic product; DP, diabetes prevalence; OR, obesity rates; SR, smoking rates; HB, hospital beds per thousand people; HDI, human development index.
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Figure S6. The forest plots of COVID-19 CFRs for 30 countries in Wave 1
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Figure S7. The forest plots of COVID-19 CFRs for 30 countries in Wave 2

[image: FS8.image]
Figure S8. The forest plots of COVID-19 CFRs for 30 countries in Wave 3
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Figure S9. The forest plots of COVID-19 CFRs for 30 countries grouped by continent in Wave 1
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Figure S10. The forest plots of COVID-19 CFRs for 30 countries grouped by continent in Wave 2
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Figure S11. The forest plots of COVID-19 CFRs for 30 countries grouped by continent in Wave 3
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Wave 1

Country Events  Total Proportion 95%-Cl
India 197949 16878366 3 0.01173 [0.01168; 0.01178]
Brazil 217847 6274169 I 0.03472 [0.03458; 0.03486]
United States 72330 5039512 | 0.01435 [0.01425; 0.01446]
Turkey 19559 2589452 3 0.00755 [0.00745; 0.00766]
France 21837 2398422 ! 0.00910 [0.00898; 0.00923]
Argentina 31071 1662512 : 0.01869 [0.01848; 0.01890]
Italy 27277 1394192 0.01956 [0.01934; 0.01980]
Iran 21078 1310943 0.01608 [0.01586; 0.01630]
Germany 17781 1284368 i 0.01384 [0.01364; 0.01405]
Poland 29288 1228713 H 0.02384 [0.02357; 0.02411]
Colombia 33634 1133398 i 0.02968 [0.02936; 0.02999]
Ukraine 25215 903359 ! 0.02791 [0.02757; 0.02825]
Russia 35925 865166 | 0.04152 [0.04110; 0.04195]
Peru 61428 664246 ; 0.09248 [0.09178; 0.09318]
Philippines 9847 653126 ] 0.01508 [0.01478; 0.01538]
Spain 9327 589034 | 0.01583 [0.01552; 0.01616]
Netherlands 1906 583189 b 0.00327 [0.00312; 0.00342]
Chile 9331 566588 0.01647 [0.01614; 0.01680]
Canada 3660 529857 ' 0.00691 [0.00669; 0.00713]
Iraq 3100 521807 | 0.00594 [0.00573; 0.00615]
Indonesia 15219 521093 i 0.02921 [0.02875; 0.02967]
Czechia 8653 505969 0.01710 [0.01675; 0.01746]
Sweden 1562 437307 | 0.00357 [0.00340; 0.00375]
Hungary 14131 398386 3 0.03547 [0.03490; 0.03605]
Mexico 34951 367871 | 0.09501 [0.09406; 0.09596]
Jordan 4670 366381 i 0.01275 [0.01239; 0.01311]
United Kingdom 3448 362058 ! 0.00952 [0.00921; 0.00985]
Pakistan 8371 345552 ' 0.02423 [0.02371; 0.02474]
Japan 5687 315530 : 0.01802 [0.01756; 0.01849]
Belgium 2828 304169 3 0.00930 [0.00896; 0.00964]
Common effect model 50994735 i 0.01861 [0.01857; 0.01865]
Random effects model < 0.01669 [0.01263; 0.02202]
Heterogeneity: /> = 100%, 1% = 0.6273, p = 0

0.02 0.04 0.06 0.08
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Wave 2

Country Events  Total Proportion 95%-Cl
India 47785 3684985 1 0.01297 [0.01285; 0.01308]
Brazil 72138 2947677 { 0.02447 [0.02430; 0.02465]
United States 143026 11577696 | 0.01235 [0.01229; 0.01242]
Turkey 20728 2341664 ‘ 0.00885 [0.00873; 0.00897]
France 6372 1332378 ] 0.00478 [0.00467; 0.00490]
Argentina 16370 785974 : 0.02083 [0.02051; 0.02115]
Italy 4353 468890 i 0.00928 [0.00901; 0.00956]
Iran 40409 2614665 0.01545 [0.01531; 0.01560]
Germany 4574 688675 : 0.00664 [0.00645; 0.00684]
Poland 1848 76197 H 0.02425 [0.02317; 0.02537]
Colombia 13509 716952 ; 0.01884 [0.01853; 0.01916]
Ukraine 18106 526167 ' 0.03441 [0.03392; 0.03491]
Russia 94360 2532654 ' 0.03726 [0.03702; 0.03749]
Peru 5700 134651 ; 0.04233 [0.04126; 0.04342]
Philippines 17312 1321774 H 0.01310 [0.01290; 0.01329]
Spain 6390 1173871 : 0.00544 [0.00531; 0.00558]
Netherlands 713 385681 H 0.00185 [0.00172; 0.00199]
Chile 3979 127462 ! 0.03122 [0.03027; 0.03219]
Canada 2607 277946 ' 0.00938 [0.00902; 0.00974]
Iraq 5593 688659 H 0.00812 [0.00791; 0.00834]
Indonesia 75238 2034726 1 0.03698 [0.03672; 0.03724]
Czechia 489 52469 i 0.00932 [0.00852; 0.01018]
Sweden 399 74641 | 0.00535 [0.00484; 0.00590]
Hungary 910 33117 : = 0.02748 [0.02574; 0.02930]
Mexico 53187 1247206 H 0.04264 [0.04229; 0.04300]
Jordan 1207 94096 i 0.01283 [0.01212; 0.01357]
United Kingdom 12500 3820840 : 0.00327 [0.00321; 0.00333]
Pakistan 5835 307708 H 0.01896 [0.01848; 0.01945]
Japan 3301 918319 ' 0.00359 [0.00347; 0.00372]
Belgium 787 219793 l 0.00358 [0.00334; 0.00384]
Common effect model 43207533 i 0.01573 [0.01569; 0.01577]
Random effects model — 0.01241 [0.00917; 0.01677]
Heterogeneity: 1> = 100%, 1% = 0.7277, p =0

0.01 0.02 0.03 0.04
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Country

India

Brazil
United States
Turkey
France
Argentina
Italy

Iran
Germany
Poland
Colombia
Ukraine
Russia

Peru
Philippines
Spain
Netherlands
Chile
Canada

Iraq
Indonesia
Czechia
Sweden
Hungary
Mexico
Jordan
United Kingdom
Pakistan
Japan
Belgium

Common effect model
Random effects model

Events

42634
47540
180458
16170
24219
11644
29049
9616
27103
18732
9806
12965
66532
10436
8875
17099
1366
7300
11202
1045
12498
4035
3704
7113
25401
1324
25851
1434
12286
3383

Total

8370395
8535244
31757011
5833558
20583424
3719807
11756794
1051856
19165630
2005166
986392
1439116
7907018
1308257
851601
6589711
5053689
1842243
1926041
235670
1791291
1511075
1238353
680953
1815759
650645
9796747
237321
6853471
2111008

167605246

Heterogeneity: /> = 100%, <2 = 0.7067, p = 0

Wave 3

0.002

0.006

0.01

Proportion

0.014

0.00509
0.00557
0.00568
0.00277
0.00118
0.00313
0.00247
0.00914
0.00141
0.00934
0.00994
0.00901
0.00841
0.00798
0.01042
0.00259
0.00027
0.00396
0.00582
0.00443
0.00698
0.00267
0.00299
0.01045
0.01399
0.00203
0.00264
0.00604
0.00179
0.00160

0.00388
0.00406

95%-Cl

[0.00505; 0.00514]
[0.00552; 0.00562]
[0.00566; 0.00571]
[0.00273; 0.00281]
[0.00116; 0.00119]
[0.00307; 0.00319]
[0.00244; 0.00250]
[0.00896; 0.00933]
[0.00140; 0.00143]
[0.00921; 0.00948]
[0.00975; 0.01014]
[0.00886; 0.00916]
[0.00835; 0.00848]
[0.00783; 0.00813]
[0.01021; 0.01064]
[0.00256; 0.00263]
[0.00026; 0.00029]
[0.00387; 0.00405]
[0.00571; 0.00592]
[0.00417; 0.00471]
[0.00686; 0.00710]
[0.00259; 0.00275]
[0.00290; 0.00309]
[0.01021; 0.01069]
[0.01382; 0.01416]
[0.00193; 0.00215]
[0.00261; 0.00267]
[0.00573; 0.00636]
[0.00176; 0.00182]
[0.00155; 0.00166]

[0.00387; 0.00389]
[0.00301; 0.00547]
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Wave 1

Country Events Total Proportion 95%-Cl
India 197949 16878366 0.01173 [0.01168; 0.01178]
Iran 21078 1310943 0.01608 [0.01586; 0.01630]
Philippines 9847 653126 0.01508 [0.01478; 0.01538]
Iraq 3100 521807 0.00594 [0.00573; 0.00615]
Indonesia 15219 521093 0.02921 [0.02875; 0.02967]
Jordan 4670 366381 0.01275 [0.01239; 0.01311]
Pakistan 8371 345552 i 0.02423 [0.02371; 0.02474]
Japan 5687 315530 0.01802 [0.01756; 0.01849]
20912798 | 3 0.01272 [0.01267; 0.01276]
<.:} 0.01515 [0.01105; 0.02074]
Brazil 217847 6274169 i 0.03472 [0.03458; 0.03486]
Argentina 31071 1662512 0.01869 [0.01848; 0.01890]
Colombia 33634 1133398 H 0.02968 [0.02936; 0.02999]
Peru 61428 664246 i 0.09248 [0.09178; 0.09318]
Chile 9331 566588 ' 0.01647 [0.01614; 0.01680]
10300913 i 0.03430 [0.03419; 0.03441]
0.03139 [0.01817; 0.05369]
United States 72330 5039512 0.01435 [0.01425; 0.01446]
Canada 3660 529857 0.00691 [0.00669; 0.00713]
Mexico 34951 367871 0.09501 [0.09406; 0.09596]
5937240 0.01869 [0.01858; 0.01879]
0.02152 [0.00595; 0.07475]
Turkey 19559 2589452 i 0.00755 [0.00745; 0.00766]
France 21837 2398422 i 0.00910 [0.00898; 0.00923]
Italy 27277 1394192 : 0.01956 [0.01934; 0.01980]
Germany 17781 1284368 I 0.01384 [0.01364; 0.01405]
Poland 29288 1228713 i 0.02384 [0.02357; 0.02411]
Ukraine 25215 903359 3 0.02791 [0.02757; 0.02825]
Russia 35925 865166 i 0.04152 [0.04110; 0.04195]
Spain 9327 589034 | 0.01583 [0.01552; 0.01616]
Netherlands 1906 583189 i 0.00327 [0.00312; 0.00342]
Czechia 8653 505969 0.01710 [0.01675; 0.01746]
Sweden 1562 437307 0.00357 [0.00340; 0.00375]
Hungary 14131 398386 0.03547 [0.03490; 0.03605]
United Kingdom 3448 362058 0.00952 [0.00921; 0.00985]
Belgium 2828 304169 0.00930 [0.00896; 0.00964]
13843784 0.01580 [0.01573; 0.01587]
0.01330 [0.00899; 0.01963]
Common effect model 50994735 0.01861 [0.01857; 0.01865]
Random effects model < 0.01669 [0.01263; 0.02202]
| I |
Heterogeneity: /2 = 100%, =2 = 0.6273, p = 0 0.02 0.04 0.06 0.08

Test for subgroup differences (common effect): yé =173208.53,df =3 (p = 0)
Test for subgroup differences (random effects): x5 = 6.93, df = 3 (p = 0.07)
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Wave 2

Country Events Total Proportion 95%-Cl
India 47785 3684985 | 0.01297 [0.01285; 0.01308]
Iran 40409 2614665 i 0.01545 [0.01531; 0.01560]
Philippines 17312 1321774 0.01310 [0.01290; 0.01329]
Iraq 5593 688659 0.00812 [0.00791; 0.00834]
Indonesia 75238 2034726 0.03698 [0.03672; 0.03724]
Jordan 1207 94096 0.01283 [0.01212; 0.01357]
Pakistan 5835 307708 0.01896 [0.01848; 0.01945]
Japan 3301 918319 0.00359 [0.00347; 0.00372]
11664932 0.01686 [0.01679; 0.01693]

0.01276 [0.00826; 0.01967]

Brazil 72138 2947677 0.02447 [0.02430; 0.02465]
Argentina 16370 785974 0.02083 [0.02051; 0.02115]
Colombia 13509 716952 0.01884 [0.01853; 0.01916]
Peru 5700 134651 0.04233 [0.04126; 0.04342]
Chile 3979 127462 0.03122 [0.03027; 0.03219]
4712716 0.02370 [0.02356; 0.02384]

0.02637 [0.02038; 0.03406]

United States 143026 11577696 0.01235 [0.01229; 0.01242]
Canada 2607 277946 0.00938 [0.00902; 0.00974]
Mexico 53187 1247206 0.04264 [0.04229; 0.04300]
13102848 0.01517 [0.01511; 0.01524]

0.01711 [0.00806; 0.03597]

Turkey 20728 2341664 0.00885 [0.00873; 0.00897]
France 6372 1332378 0.00478 [0.00467; 0.00490]
Italy 4353 468890 0.00928 [0.00901; 0.00956]
Germany 4574 688675 0.00664 [0.00645; 0.00684]
Poland 1848 76197 0.02425 [0.02317; 0.02537]
Ukraine 18106 526167 0.03441 [0.03392; 0.03491]
Russia 94360 2532654 0.03726 [0.03702; 0.03749]
Spain 6390 1173871 0.00544 [0.00531; 0.00558]
Netherlands 713 385681 0.00185 [0.00172; 0.00199]
Czechia 489 52469 0.00932 [0.00852; 0.01018]
Sweden 399 74641 0.00535 [0.00484; 0.00590]
Hungary 910 33117 0.02748 [0.02574; 0.02930]
United Kingdom 12500 3820840 0.00327 [0.00321; 0.00333]
Belgium 787 219793 0.00358 [0.00334; 0.00384]
13727037 0.01257 [0.01251; 0.01263]

0.00869 [0.00540; 0.01395]

Common effect model 43207533 0.01573 [0.01569; 0.01577]

Random effects model 0.01241 [0.00917; 0.01677]
Heterogeneity: 12 = 100%, <% = 0.7277, p =0 0.01 002 003 0.04

Test for subgroup differences (common effect): Xz =28843.90,df=3 (p =0)

Test for subgroup differences (random effects): x5 = 19.94, df = 3 (p < 0.01)
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Country

India

Iran
Philippines
Iraq
Indonesia
Jordan
Pakistan
Japan

Brazil
Argentina
Colombia
Peru
Chile

United States
Canada
Mexico

Turkey
France

Italy
Germany
Poland
Ukraine
Russia
Spain
Netherlands
Czechia
Sweden
Hungary
United Kingdom
Belgium

Common effect model
Random effects model

Events

42634
9616
8875
1045

12498
1324
1434

12286

47540
11644
9806
10436
7300

180458
11202
25401

16170
24219
29049
27103
18732
12965
66532
17099
1366
4035
3704
7113
25851
3383

Total

8370395
1051856
851601
235670
1791291
650645
237321
6853471
20042250

8535244
3719807
986392
1308257
1842243
16391943

31757011
1926041
1815759

35498811

5833558
20583424
11756794
19165630

2005166

1439116

7907018

6589711

5053689

1511075

1238353

680953

9796747

2111008
95672242

167605246

Heterogeneity: 12 = 100%, t% = 0.7067, p = 0
Test for subgroup differences (common effect): xz =86988.60, df = 3 (p = 0)
Test for subgroup differences (random effects): 5 = 8.65, df = 3 (p = 0.03)

Wave 3

0.002

0.006

0.01

Proportion

0.014

0.00509
0.00914
0.01042
0.00443
0.00698
0.00203
0.00604
0.00179
0.00448
0.00490

0.00557
0.00313
0.00994
0.00798
0.00396
0.00529
0.00560

0.00568
0.00582
0.01399
0.00611
0.00774

0.00277
0.00118
0.00247
0.00141
0.00934
0.00901
0.00841
0.00259
0.00027
0.00267
0.00299
0.01045
0.00264
0.00160
0.00269
0.00282

0.00388
0.00406

95%-Cl

[0.00505; 0.00514]
[0.00896; 0.00933]
[0.01021; 0.01064]
[0.00417; 0.00471]
[0.00686; 0.00710]
[0.00193; 0.00215]
[0.00573; 0.00636]
[0.00176; 0.00182]
[0.00445; 0.00451]
[0.00323; 0.00744]

[0.00552; 0.00562]
[0.00307; 0.00319]
[0.00975; 0.01014]
[0.00783; 0.00813]
[0.00387; 0.00405]
[0.00526; 0.00533]
[0.00385; 0.00814]

[0.00566; 0.00571]
[0.00571; 0.00592]
[0.01382; 0.01416]
[0.00609; 0.00614]
[0.00480; 0.01246]

[0.00273; 0.00281]
[0.00116; 0.00119]
[0.00244; 0.00250]
[0.00140; 0.00143]
[0.00921; 0.00948]
[0.00886; 0.00916]
[0.00835; 0.00848]
[0.00256; 0.00263]
[0.00026; 0.00029]
[0.00259; 0.00275]
[0.00290; 0.00309]
[0.01021; 0.01069]
[0.00261; 0.00267]
[0.00155; 0.00166]
[0.00268; 0.00270]
[0.00172; 0.00464]

[0.00387; 0.00389]
[0.00301; 0.00547]
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