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Supplemental Figure 1. Forest plots, studies from the general population
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Supplemental 1.1. Forest plot illustrating the association between BMI continuous (1 unit increase) and (a) hospital admission, ICU and IMV; (b) death; (c) the
combinations of outcomes pertaining to a severe disease.
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Supplemental 1.2. Forest plot illustrating the association between overweight and (a) hospital admission, ICU and IMV; (b) death; (c) the combinations of outcomes
pertaining to a severe disease.
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Supplemental 1.3. Forest plot illustrating the association between obese vs normal weight and (a) hospital admission, ICU and IMV; (b) death; (c) the combinations of
outcomes pertaining to a severe disease.
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1.64[1.25,2.14]
31 [1.00, 1.58]
90100, 3.30]
7411.36, 2.23)
6711.45,1.92)
43[1.20,1.71]
40[0.88, 2.00)
53150, 1.56]
40[1.32,1.48]
1.67 [1.51, 1.85]

Heterogeneity: Tau?= 0.02; Chi*= 69.81, df= 11 (P < 0.00001), "= 84%
Testfor averall effect Z=10.00 (P = 0.00001)

10.1.21CU
Alguwaines A,
Almazeedi S

Cai Shao-H
Caussy C
Cavallaro M
Curnmins L.
Denova-Gutierrez E
Gongalves D
Gude-Sampedro F
Hajifathalian K
Hashemi N
laccaring G.

Kim L.

Lohia P

Mejia F
Mejia-Vilet J
Mostaghim A,
ongs

Rottoli M

Schuelter Trevisol F
Suresh 5.
Timberlake D
Subtotal (95% C1)

Heterogeneity: Tau®= 0.10; Chi*= 165.21,

10131V
Alguwaines A,
Fried M.
Gongalves D
Hajifathalian K
Hashemi N
Lohia P

Monteiro A,

Ong s

Parikn R
Rojas-Marte G.
Singh 5.

Suresh 5.
Timberlake D
Subtotal (95% C1)

018232156
1.05883142
022352316
0 B3A57A33
1.21520044
0.55388511
0.35767444
0567828734
062593843
056531381
023111172
0.90664435
0.27002714
016700375
0.0477894
0.0477894
0.7975072
0.0295588
1 6639261
1.82132467
031481074
D0.57661336

009531018
0.3852624
083377831
054232428
020701417
0.31481074
1.76130026
0 29266961
047000363
1.84530024
080431597
0.31481074
0.64185389

0777075
0.3700162%
008222789
014878718
007838072
0.19700109
012583751
003323176
017786736
017407181
023060465
0.18454628

0.0587935
010346329
032203536
032203536
0.37281666

0.4605129

03212338
064647548
012780769
0.28959665

21%
0.8%
3.3%
2.4%
33%
1.9%
7%
37%
21%
21%
16%
2.0%
3.5%
20%
1.0%
1.0%
0.8%
0.6%
1.0%
0.3%
27%
1.2%
43.2%

1.20[0.85, 1.70)
2.88[1.40, 5.95]
1.36[1.07,1.48]
1.80[1.41,253]
337 [2.80,3.92)
174118, 256]
1.4301.12,1.83)
1.78 [1.67,1.90)
1.87[1.32,2.66]
1,76 [1.25, 2.48)
1.26 [0.80, 1.98)
248[1.72,3.59)
1.311.17,1.47)
147 [0.84,1.45]
258 [1.37, 4.89]
258 [1.37, 4.89)
2320107, 4.61]
1.03[0.42,2.54]
538 [2.81,9.91]

6.83 [1.92, 24.26]
1.37 [1.07,1.76)
178[1.01,314]
1.81[1.55,2.12]

df= 21 (P =0.00001) F=87%
Testfor averall effect 7= 733 (P = 0.00001)

0.25126351
007115619
004575848
017840447
024285332
011607834
QLE163714%
055284409
033744821
075146826

00628738
013927343
0.29388068

1.4%
34%
36%
21%
15%
28%
0.3%
0.4%
1.0%
0.2%
35%
25%
1.2%
24.1%

1.10 [0.67, 1.80)
1.47[1.28, 1.69]
230210, 2.52)
172121, 2.44]
1.23[0.76,1.98]
137[1.09,1732]

5.82[1.74,19.48]
1.34 [0.45, 3.96]
1.60[0.83,3.10]

6.33 [1.45, 27.61]
1.83[1.62,207)
1.37[1.04, 1.80)
1.90[1.07, 3.38]
1.65[1.39,1.97]

Heterogeneity: Tau®= 0.05; ChF = 58.57, df=12 (P < 0.00001); 1*= 80%
Testfor overall effect 7= 5 68 (P = 0.00001)

Odds Ratio Odds Ratio 0dds Ratio
IV, Random, 95% CI Study or Subgroup logi0dds Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
Abumayyaleh M. 013976194 012836851  28%  1.15(0.89,1.48] r
— Alguwaines A 0 023979777  12%  1.00(0.63,1560] r
- Almazeed 8 150056351 09768765 01%  0.22[0.03,151] ~
— Antwi-Amoabeng D 236612586 116966501  0.1% 10.55 [1.07,104.45]
— ApeaV. 035065687 013496366 26%  1.42(1.09,185] r~
L Arshada & 026430225 011028134 33%  077(0.62,0.08) -
[ Eadedi W 047000363 017304214 20%  1.60[1.14,225) —
_ Cavallaro b 015100287 006845718 4.3%  116[1.02,133] r
- Cedano ) 1.07158362 051485058  0.3%  2.92(1.06,8.01] —
Garway B 003922071 015165894  23%  1.04[0.77,1.40] T
- Gurnming L. 013976194 015220234 23%  115(0.85,155] ™
. De Andrade C 044860705 011120625  3.1%  1.56(1.26,194] -
. Dacherty 4 020517894 005795774 45%  133[1.19,149) -
. Filarda T, 031481074 012187672 28%  1.37[1.08,1.74] r
[} Fried M. 006765665 007523088 4.0%  1.07[0.92,124]
Garcia-Avarado F 014842 061339142 0.3%  116(0.35,388] —
Giacomelli A 1 111185752 030694133 0.6%  3.04(1.42,6.49] —
Giacomelli A 2 077472717 035010762 O0.F%  247(1.09,431] —
Gongatves D 034429867 003830068  4.9%  1.41[1.31,152) -
+ Goodman K. 026236426 005218309  4.6%  130(1.17,1.44] -
— Hajifathalian K. 013076194 031685513 0.8%  116(0.62,214] T
L Hashemi N, 00295588 036102309  0.6%  1.03(0.41,2.00) -1
_ Kang | 14633554 05054844 0.3% 43201371361 —_—
. KimL. 00861777 008989111  3.7%  1.09(0.91,1.30] r
Kirm Shir-. 065232519 034426011  0.7%  1.92(0.96,377] —
- Klang E 009531018 008129186 3.9%  1.10(0.94,129]
~ Krause M 011669375 081188925 0.1%  112(0.23,552) -
- Leani b 085441533 029989116  0.9%  235(1.31,223 -
- LohiaP. 020701417 01467768 30%  1.23(0.98,1.54] r
- hheji'a 001005034 015824331  23%  0.06[0.73,1.35) T
T Munoz-Rodriguez J. 026296426 00730064 41%  1.30(1.13,150] o
- Murrillo-Zamara E 007695104 0.01397907  53%  1.08[1.05,111]
- Nathega J 063200912 031566566  0.8%  230(1.24,427] —
- Ong 5 091629073 117986501  01%  0.40(0.04,4.04] —
— Palaiogimas L. 132972401 D4B7G0965  04%  378(1.45,983) —
— Farikh R 018232160 039448464  05%  1.20(0.56,260] -
— Fena. 041871033 01164124 1.8%  1.52(1.06,217) e
1 Petit M 0530626825 025456733 14%  1.70(1.03,280] —
_ Pouwels 5 055388511 036236817  0.6%  1.74[0.86,3.54] —
Price-Haywoot E 001005034 012707512 28%  0.99[0.77,1.27] 1
Rapp.J 042526773 02113277 29%  153[1.21,194] -
[ Rodriguer Gonzalez 024566008 018515686  1.8%  1.28(0.89,184] ™
[T Rossi P 026236426 040936045 05%  1.30(0.56,290] T
\ Ratlali M 085441533 035004556 0.6%  236(1.16,475) —
hah P 030877612 031636286 0.8%  1.48(0.80,277) T
Singh S 015700375 007677599 4.0% 147 ([1.01,138] r
Sonmez A, 065866162 035580384 0.6%  2.36(1.16,4.74] —
Suresh 8 009531018 013741476 26%  1.10[0.84,1.44] r
- Timberiake D. 006658648 035364652  0.7%  1.07(0.53,214] -
- willamson E 020701417 002823984 51%  1.23[1.16,130] r
_ Total (95% CI) 1000%  1.26[1.19,134] |
1 Heterageneity: Tau® = 0.02; Chi*= 166.47, df = 48 (P < 0.00001); F=F1%
L Testfor overall effect: Z = 7.66 (P « 0.00001) boot DE”ERS;WSK Inors 15” fooo
1= (b)
]

Total (95% Cly 100.0% 1.72[1.60, 1.85] I
Testior suboroup differences: Chi*= 078, df= 2 (P = 0.68). F= 0%
(a)
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Anderson M. 009531018 012304187 147% 1.10[0.86,1.40] T+
Balfanz P. 026236426 07577018 2.45% 1.30[0.28,5.74] I
Brougui P. -0.15082289 063746693  3.3% 0.86 [0.25, 3.00] T
Cai @1 083290912 028493768 9.0% 230[1.28 410] —
Ehinge J. 066782937 0.28663836 9.3% 1.95[1.11, 3.42] —
GaoF. 1.08861229 045926599 54% 3.001[1.22,7.38] —_—
Liu B. 041871033 01909603 12.4% 1.52[1.05, 2.21] ™
Okauchiy. 1.99197552 066334223 31%  7.33[2.00, 26.80] —
Pahlos J. 0.3852624 027296957 O7% 1.47 [0.86, 2.51] ™
Schonfeld D, 069813472 003672117 167% 2.01[1.87, 2.16] =
Targhera G. 092028275 032004069  B.3% 2.81[1.34, 4.70] -
Wang J. 1.8017098 045384351 55%  6.06([2.49 14.75] I
Total (95% CI) 100.0 1.93[1.49, 2.49] +
. 2 — . 2= — . —_ I Il 1 ]
Heterogeneity: Tau®=0.10; Chi®= 3887, df=11 (P = 0.0001); P=¥2% 'D.DD1 D!1 1'0 1DDD'

Testfor overall effect: £=5.05 (P = 0.00001)

(c)

Decreased risk

Increased risk

Supplemental 1.4. Forest plot illustrating the association between obese vs non-obese and (a) hospital admission, ICU and IMV; (b) death; (c) the combinations of

outcomes pertaining to a severe disease.
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Odds Ratio Odds Ratio
Study or Subgroup _ log[Odds Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
13.1.1 Hospital admission
O'Horo 0.64710324 016514065 11.0% 1.91[1.38, 264] -
Petrilli C. 0.89608202 016114348 11.0% 2.45[1.79, 236 -
Sallis R 0.57097955 006740712 12.3% 1.77[1.55, 202 -
Wi WL 0.72754861 004480418 124% 2.07[1.90,2.26) =
Subtotal (95% CI) 46.7% 1.98[1.76,2.23] +
Heterogeneity: Tau®=0.01; Chi*= 552 df=3 (P =014}, F= 46%
Testfor overall effect: Z=11.45 (P < 0.00001)
13.1.21CU
Al-Sabah S 1.37371558 0GB754074  36%  3.085[1.03 15200 ——
Kompaniyets L1 0.05826891 001289861 12.5% 1.08[1.02,1.10
gallis R 0.66782937 01164585 11.7% 1.95[1.55, 2.44) -
Woshida Y. 0.90825856 0.27960621 8.9% 2.481[1.43,429] —_—
Subtotal (95% CI) 36.7% 1.81[1.08, 3.05] -
Heterogeneity: Tau?= 0.21; Chi*= 3911, df= 3 (P = 0.00001); F= 82%
Testfor overall effect Z=2.24 (P=0.02)
13.1.3 IV
Guerson-Gil A 0.88376754 030617712  B.4% 242133, 4.41] -
Woshida Y. 1.34B07315 031726148 8.2% 385[2.07,717] —_
Subtotal (95% CI) 16.6% 3.03[1.92,4.77] -
Heterogeneity: Tau*=0.01, Chi*=1.11, df=1 (P=029), F=10%
Testfor overall effect Z= 4.78 (F = 0.00001)
Total (95% CI) 100.0% 2.08[1.53,2.81] L 2
Heterogeneity: Tau?= 0.19; Chi®= 293,88, df= 8 (F < 0.000013; EDW + + 1E|IJ:

Testfor overall effect: Z=4.74 (P = 0.00001)
Testfor subaroup diferences: Chif= 3.31, df= 2 (P=0.19), F= 39.6%

(a)

01 1m
Decreased risk Increased risk

Ratio Odds Ratio
Study or Subgroup SE_Weight IV, Random, 95% C1 IV, Random, 95% CI
Fuc. 062503843 02077786 11.7%  1.87[1.24,2.81]
Goyal P, 03435897 0.33146024  5.8% 1.4 (074,270 T
Guersar-Gil A 059332684 0.27944192  76%  1.81[1.05,3.13] —
Gupta s, 041210866 0.20347988 120% 151 [1.01,2.26] ™
Halagz G, 136363737 07913188 12%  201[0.83,18.44] T
Naaraayan A, 15260563 0.62692878  1.9%  4.6001.35,15.70]
Olivas-Martinez A, 121787571 0.37144614  48% 3380163, 7.00] —
Petrilli C. 037156356 0.19620328 126%  1.45[099,2.13] ™
Sallis R 064185380 014811745 17.2%  1.00[1.422.54] -
Sehmidt M, 071783978 023923989  9.7%  2.05[1.29,3.27] -
Tartaf 5. 119088756 0.23648169  9.8% 3280207523 —
“oshida Y. 049469624 0.33624252 7%  1.64[085,3.17] —
Total (95% CI) 1000%  1.94[163,2.30] .

Heterogeneity: Tau? = 0.02; Chi*=14.92, df=11 (P = 0.18); "= 26%

Testfor overall effect: 2= 5.91 (F < 0.00001)

(c)

01 10
Decreased risk Increased risk

Testfor overall efect: 2= 7.54 P < 0.00001) oo Deﬂ‘gased risk mmasmmk e
Odds Ratio Odds Ratio

Study or Subgroup SE_Weight IV, Random, 95% CI IV, Random, 95% CI

Hendren N 058778686 010238301 66.0%  1.80[1.47,2.20) L]

Tehang B. 039877612 015018932 33.1%  1.48[1.11,2.00 =

Total (95% CI) 1000%  169[1.42,2.01] ¢

Heterogeneity: Tav®= 0.00; Ch = 1.08, df=1 (P = 0.30); = 8% 5o oo

Supplemental 1.5. Forest plot illustrating the association between extreme obese vs normal weight and (a) hospital admission, ICU and IMV; (b) death; (c) the

combinations of outcomes pertaining to a severe disease.

Test for overall effect 2= 620 (P = 0.00001)

(a)

10
Decreased risk Increased risk

Odds Ratio Odds Ratio
Study or Subgroup __log[Odds Ratio] SE_Weight IV, Random, 95% Cl IV, Random, 95% C1
Bennett K. 0.78300154 0.24788725 14.3% 2.19[1.35,2.96) -
DanaR. 203731661 0.74404873  2.9%  7.67[1.78 3303
Kang | 14632554 05854844 4.4% 432[1.37, 1381] —
KimT. 047623418 01106698 233% 1.61[1.30, 2.00] -
Klang E 099634863 057718524 45% 2.71[0.87,8.40] T
Schmidt b 071783979 0.23823888 14.8% 2.05[1.29,327] —
ShahP. 0.82855182 0.36575548  9.1% 2280112, 469
Wiilliamson E. 007832612 0.05279543 26.6% 2.66[2.40,2.99) -
Total (95% CI) 100.0% 2.30[1.77,3.00] L 2
Heterogeneity Tau®= 0.07; Ghi*= 2085, df= 7 (P = 0.004); *= BE% EDW 51 t )

Heterageneity. Tau*= 0.08; Chi*= 2035, df = 6 (P= 0.002); = 71%

Odds Ratio Odds Ratio
Study or Subgroup _log[Odds Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
Eennett K. 078300164 024788726 17.2% 2190135, 3.50] —
DanaR. 203731661 074494879 3.8%  7.67[1.78,33.03]

Kang|| 14632564 05854844  £7%  432[1.37,1361]
KimT. 047623413 01106699 26.6% 1610130, 2.00]
Klang £ 099694863 057718524  5.8% 271 [0.87, 8.40)
Schmid M 071783079 023623088  0.0%  2.05[1.29,3.27]

082866162 036675540 11.3% 2200112, 459
Wiliamsan E 087832612 005279543 29.7% 2660240, 2.95]
Total (95% CI) 1000%  237[1.75,3.21]

Test for overall effect: 7= 3.99 (P < 0.0001)

(c)

Tect for overall effact = £.56 (P < 0.00001) Ot ssdrisk Increassd ek
Odds Ratio Odds Ratio

Study or Subgroup _ loglOcids Ratiol SE_Weight_IV, Random, 95% CI V. Random, 95t CI

Anderson 1 047000363 013874168 843%  1.60[1.22,2.10] L]

Fresanl) 083200912 03096705 157%  230[1.20, 440] —_

Total (95% C1) 1000% 1690131, 2.19] .

Heterogenety: Tau?= 0.00; Chi*=1 02, df= 1 (P = 0.31); F= 2% b e

] 10
Decreasedrisk Increasedrisk

Supplemental 1.6. Forest plot illustrating the association between extreme obese vs non-obese and (a) hospital admission, ICU and IMV; (b) death; (c) the combinations

of outcomes pertaining to a severe disease.

Odds Ratio

Study or Subgroup __log[Odds Ratio] SE_Weight IV, Random, 95% CI

0Odds Ratio
IV, Random, 95% CI

19.1.1Hospital admission

Subtotal (95% C1)

Heterogeneity: Not applicable
Testfor overall effect: Not applicable

Not estimable

19.1.2ICU

Pediconia F 1.70801548 1021163776  04% 552074, 4087]
Fetersen A, 031481074 012197672 23.3% 1.37 [1.08,1.74]
Watanabe M 05805683627 045361472 20% 247 [1.02 602
Subtotal (95% CI) 25.7% 1.79[1.00,3.21]

Heterogeneity Tau®= 012, Chi*= 3.31, df= 2{P = 0.19), *= 40%
Testfor averall effect Z=1.96 (P = 0.05)

19.1.3 MV

Di Bella 5. 023111172 005891333 B35%  1.36[1.12,1.42]
Petersen A 0.27783174 018850567 10.6%  1.32[0.81,1.81]
Subtotal (95% C1) TA3%  127[1.13,1.42]

Heterogeneity: Taw?= 0.00; Chi*= 0.06, df= 1 (P = 0.81); I*= 0%
Testfor overall effect Z= 4.12 (P = 0.0001)

Total (95% Cl) 100.0%
Heterogeneity: Tau®= 0.00; GhF = 4.48, df= 4 (P = 0.35); F= 11%
Testfar overall effect Z=4.26 (P < 0.0001)

Testfor subaroup differences: Chi*=1.30,df=1 (P =025 F=231%

1.32[1.16, 1.49]

(a)

X X 100
Decreasedrisk Increased risk

Odds Ratio Odds Ratio
Study or Subgroup __log[Odds Ratio] SE_Weight IV, Random, 95% Cl IV, Random, 95% CI
Goehler A 0.68314718 0.21026003 100.0% 200(1.32,3.02
Total (95% CI) 1000%  2.00[132,3.02] <
Heterageneity. Not applicable
Test for overall effect: Z=3.30 (P=0.0010) oot DE[EIWLGSEdHSk \nE\EGSE;HDSk oo
s Ratio Odds Ratio
Study or Subgroup _log[0dds Ratio] SE_Weight IV, Random, 95% CI IV, Randorm, 95% CI
Bunne K 0.24680008 047109977 22.3%  1.20[0.92,1.79] e
Fare & 094309059 05302612 17.5% 257 [1.57,4.29) ——
Malavazas A. 055961579 DAT166951 22.3%  1.75[1.26,248 -
Van Zelst C. 010436002 0.0397763 28.5%  1.11[1.03,1.20] "
Yang Y. 090421815 045112368 9.4% 247 [1.02,5.98] —
Total (95% CI) 100.0%  158[1.14,2.20] *
Heterogeneity, Tau®= 0.10; Chi*= 16.84,df= 4 F = 0.0005); = 80% o o

Test for overall effect Z= 2.73 (P = 0.008)

(c)

01 10
Decreased risk Increased risk

Supplemental 1.7. Forest plot illustrating the association between non-BMI defined obesity and (a) hospital admission, ICU and IMV; (b) death; (c) the combinations of

outcomes pertaining to a severe disease.
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Supplemental Figure 2. Funnel plots, studies from the general population
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Supplemental 2.1. Funnel plots with pseudo 95% confidence limits for BMI continuous, (a) hospital admission, ICU and IMV, (b) death, (c) combinations of outcomes

pertaining to a severe disease
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Supplemental 2.2. Funnel plots with pseudo 95% confidence limits for overweight, (a) hospital admission, ICU and IMV, (b) death, (c) combinations of outcomes

pertaining to a severe disease
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Supplemental 2.3. Funnel plots with pseudo 95% confidence limits for obese vs normal weight, (a) hospital admission, ICU and IMV, (b) death, (c) combinations of

outcomes pertaining to a severe disease
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Supplemental 2.4. Funnel plots with pseudo 95% confidence limits for obese vs non-obese, (a) hospital admission, ICU and IMV, (b) death, (c) combinations of

outcomes pertaining to a severe disease
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Supplemental Table 1. Characteristics and quality assessment of included studies (n=208)

First Author Country Design Participants N Obesity classification COVID severity NOS
Abdel-Gelil G." Egypt prospective general population | 114 BMI continuous severe pneumonia, | 8
AKI, ICU
Abumayyaleh M.? Multicounty retrospective | general population | 3635 BMI < 25, 25-30, >30 death 7
Agca M.? Turkey retrospective | general population | 284 normal weight, overweight, obese ICU, IMV 7
Alguwaihes A. 4 Saudi Arabia retrospective | adult 439 obese, non-obese death, ICU, IMV 7
Alkhatib A. ® USA cross African Americans 158 BMI continuous ICU 7
sectional
Almazeedi S. © Kuwait retrospective | general population | 1096 BMI<30, 030 death, ICU 8
Al-Sabah S. 7 Kuwait retrospective | general population 1158 BMI:18.51 24.9, 25.01 29.9, 301 ICU 7
34.9, 35i 39.9, 040
Al-Salameh A. 8 France retrospective | general population | 329 normal weight, overweight, obese ICU, death 8
Anderson M. ° USA retrospective | adult 2466 BMI <18.5, 18.5t0 24.9, 25 to death or intubation | 8
29.9, 30 to 34.9, 35 to 39.9, 040
Antwi-Amoabeng D. USA retrospective | general population | 172 BMI> 30, <30 death 7
10
Apea V. " England prospective age > 16 years 1737 obese, non-obese death 7
Arshada S. 2 USA retrospective | general population | 2541 BMI<30, 030 death 7
Badedi M. ¥ Saudi Arabia case-control general population | 323 Obese, non-obese death 6
Bahl A. ' USA prospective age 0 18 years 1461 BMI continuous death 8
Balfanz P. '® Germany retrospective | general population | 125 obese, non-obese ARDS or death 7
Bellini B. 1 Italy retrospective | general population | 7540 BMI 030, <30 hospitalization 6
Bennett K. 17 Ireland retrospective | general population | 19789 BMI > 40, < 40 hospitalization, 7
ICU, death
Bhatt A. '8 USA retrospective | patients with heart 8383 Non-obese, obese, morbid obese death 6
failure
Breland J. ® USA retrospective | U.S. army veterans | 9347 BMI continuous hospitalization, 6
ICU, death
Brouqui P. 2 France retrospective | age 0 18 years 1107 obese, non-obese death or ICU 7
Bunne K. 2! USA retrospective | general population 124 visceral adipose tissue ICU or death 7
CaiH. % China retrospective | general population | 455 BMI continuous severe/critical 7
CaiQ.12% China prospective adult 383 BMI <18.5, 18.51 23.9, 24.0i 27.9, severe COVID-19 | 8
028
CaiQ.22 China retrospective | general population | 298 BMI continuous progression to 7
severity
Cai Shao-H. 2 China retrospective | general population | 96 BMI < 24, 024 ICU 7
Cao P. % China retrospective | age 0 18 years 1637 underweight, normal, overweight, severe pneumonia, | 7
obese oxygen therapy
Cariou B. % France retrospective | patients with 1020 BMI continuous IMV or death 6
diabetes
Carillo-Vega M. 2 Mexico retrospective | general population | 9946 obese, non-obese hospitalization 7
Caussy C. % France retrospective | general population | 340 BMIO 30, <30 ICU 6
Cavallaro M. %° England retrospective | general population 13954 obesity (clinical) ICU, death 7
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Cedano J. ¥ USA retrospective | adult 448 BMI>30, <30 death
Chand S. * USA retrospective | adult 300 BMI continuous death
Conway B. % USA retrospective | general population | 8810 obese, non-obese death
Coss-Rovirosa M. 3 Mexico retrospective | age 0 18 years 355 normal weight, overweight, obese IMV
Cottini M. % ltaly prospective age 0 18 years 338 obese, non-obese hospitalization
Cummins L. % England retrospective | age 0 16 years 1781 obese, non-obese hospitalization,
ICU, death
Czernichow S. ¥ France prospective age 18-79 years 5795 BMI <18.5, 18.5-24.9, 25-29.9, 30- | death
34.9,0 40
Dana R. % France retrospective | general population | 222 BMI <30, 30-39, 0 40 Death
De Andrade C. *° Brazil Cross- general population | 89405 obese, non-obese death
sectional
Denova-Gutiérrez E. Mexico Cross- general population | 3844 obese, non-obese ICU
40 sectional
DiBella S. #' Italy prospective adult 132 neck circumference IMV
Docherty A. % UK prospective general population | 20133 obese, non-obese death
Dres M. Multicounty prospective age > 70 years 1199 BMI <25, 25-29.9, 30-34.9, 35- death
39.9,040
Eastment M. 4 Columbia retrospective | U.S. army veterans | 25925 BMI <18.5, 18.5-24.9, 25-29.9, 30- | hospitalization,
34.9, 35-39.9, 040 ICU, IMV, death
Ebinge J. USA retrospective | general population | 442 BMI<30, 030 ICU or intubation
Elhadi M. ¢ Libya prospective general population | 465 BMI continuous death
Farrell R. # Ireland retrospective | general population | 257 overweight/obese, normal weight death, ICU
Favre G. # France retrospective | general population 165 visceral fat IMV or death
Fernandes D. #° USA retrospective, | children and youth | 315 BMI 095th percentile for age and ICU
prospective 022 years sex
Ferrando-Vivas P. % UK retrospective | general population | 9990 BMI continuous death
Filardo T. 5 USA retrospective | general population | 270 BMI 030, <30 death
Florence A. % France retrospective | patients with 694 BMI <30, 30i 39.9, 040 ICU or death
rheumatic and
inflammatory
diseases
Fox T. % USA retrospective | age 018 years 355 BMI continuous death
Frank R. % USA retrospective | general population | 305 BMI <25, 25-30, 30-35, 035 intubation or death
Fresan U. % Spain prospective general population | 1105 BMI 0 40, <40 hospitalization,
ICU or death
Fried M. %6 USA retrospective | general population 11721 obese, non-obese IMV, death
FuC.% USA case control general population | 4184 underweight, overweight, normal death
weight, obese, morbidly obese
Gao F. %8 China case control adult 150 BMI 025, <25 severe COVID-19
Gao M. UK prospective general population | 13503 BMI continuous hospitalization,
ICU, death
Garcta-Alvarado F. ®© | Mexico prospective general population 105 obese, non-obese death
Garibaldi B. ¢ USA retrospective | general population | 832 BMI continuous severe disease

including death
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Gayam V. 62 USA retrospective | African Americans | 408 BMI continuous death
Giacomelli A. 1 & ltaly prospective general population | 233 BMI 0 30, <30 death
Giacomelli A. 2 % Italy prospective general population | 520 obese, non-obese death
Goehler A. USA retrospective | general population | 378 VAT, normal weight, overweight, death
obese
Gongalves D. % Brazil retrospective | general population | 182700 | obese, non-obese IMV, ICU, death
Goodman K. USA retrospective | general population | 42102 obese, non-obese death
Goyal P. USA retrospective | general population 1687 obese, normal weight death
Grosgurin O. ° Switzerland retrospective | general population | 2607 BMI continuous ICU
GuT.”™ USA retrospective | general population | 5698 BMI<18.5, 18.5 -24.9, 25-29.9, 030 | hospitalization,
ICU
Gude-Sampedro F. 7" | Spain retrospective | general population | 10454 obese, non-obese hospitalization,
ICU, death
Guerson-Gil A. USA retrospective | age 018 years 3530 BMI 18.51 24.9, <18.5, 25-29.9, 30- | death, intubation
34.9, 040
Gupta S. USA retrospective | age 018 years 2215 BMI <25, 25-29.9, 30-34.9, 35- death
39.9, 040
Hajifathalian K. 7 USA retrospective | age 018 years 770 BMI <18.5, 18.5-30, 030 ICU, IMV, death
Halasz G. ® Italy retrospective | general population | 242 BMI 18.5-24.9, 25-29.9, 30-34.9, death
35-39.9, 040
Hamer M. 7® UK prospective age 40 to 69 years | 760 BMI<25, 25-30, 030 hospitalization
Hashemi N. 77 USA retrospective | general population | 363 obese, non-obese IMV, ICU, death
Hendren N. 78 USA Retrospective | general population | 7606 BMI <18.5, 18.5-24.9, 25.0-29.9, death or
30-34.9, 35.0i 39.9, 040 mechanical
ventilation
Huet T. 7 France prospective general population | 96 BMI continuous IMV or death
laccarino G. & ltaly Cross- general population | 2378 obese, non-obese ICU
sectional
loannou G. &' USA retrospective | U.S. army veterans | 10131 BMI < 18.5, 18.5-24.9, 25.0-29.9, hospitalization,
30-34.9, 035 IMV, death
Jayanama K. & Thailand retrospective | age 015 years 147 <18.5, 18.5-22.9; 23-24.9; 025 severe pneumonia
Kaeuffer C. & France prospective adult 1045 BMI <25, 25-29.9, 030 death
Kalligeros M. 8 USA retrospective | adult 103 BMI <25, 25-29.9, 30-34.9, 035 ICU, IMV
Kang I. & Korea retrospective | general population | 3827 <18.5, 18.5-22.9, 23-24.9, 25.0- death
29.9, 030
Karras A. % France retrospective | general population 169 BMI continuous ICU, death
Kayem G. & France retrospective | pregnant women 617 BMI>30, <30 oxygen requiring +
critical disease
Killerby M. 8 USA case control | age 018 years 531 BMI<30, 030 hospitalization
Kim L. & USA retrospective | general population | 2491 BMI<30, 030 ICU, death
Kim Shin-W. % Korea retrospective | general population | 2254 BMI >25, <25 death
Kim So Y. ®! Korea retrospective | general population | 4057 BMI 025, <25 death
Kim T. 2 USA retrospective | adult 10861 BMI<18.5, 18.5-24.9, 25-29.9, 30- IMV, death.
34.9, 35-39.9, 040
Klang E. % USA retrospective | general population | 3406 BMI< 30, 30i 40, 0 40 death
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Kompaniyets L. 1 % USA retrospective | age 018 years 148494 | BMI <18.5, 18.5-24.9, 25-29.9, 30- | hospitalization, 7
34.9, 351 39.9, 401 44.9, >45 ICU, IMV, death
Kompaniyets L. 2 % USA cross- children age 0 18 43465 obese, non-obese hospitalization,
sectional severe disease
(ICU, IMV, death)
Krause M. % USA retrospective | general population | 85 obese, non-obese death
Krishnamoorthy G. % | USA retrospective | age >15 years 744 BMI continuous death
Kristan M. % USA retrospective | patient with 569 BMI continuous hospitalization,
diabetes death
Kuderer N. Multicounty retrospective | patients with 928 obese, non-obese death
cancer
Lassale C. 1 UK retrospective | middle-aged adults | 640 BMI continuous hospitalization
Leoni M. 101 Italy retrospective | general population | 242 obese, non-obese death
Liu B. 1% Australia retrospective | general population | 4055 obese, non-obese ICU or death
Lohia P. 1% USA retrospective age 018 years 1871 obese, non-obese ICU, IMV, death
Louapre C. "% France retrospective | patients with 347 BMI <30, 030 severe disease
multiple sclerosis including death
Lunski M. 1% USA retrospective | patients with 5145 obese, non-obese death
cancer
Malavazos A. 1% Italy retrospective | general population | 215 waist circumference, obese, non- chest X ray
obese severity score
Marmarchi F. 17 USA retrospective | age 018 years 288 BMI continuous death
Martinez-Portilla R. Mexico retrospective | women 181088 | obese, non-obese ICU, IMV, death
108
McGurnaghan S. 1%° Scotland retrospective | general population | 2724 BMI continuous death or ICU
Mejita F. 110 Peru retrospective | adult 369 obese, non-obese death
Mejia-Vilet J. ' Mexico prospective age >18 years 705 BMI > 30, <30 ICU
Menezes M. "2 Brazil retrospective | pregnant women 2475 obese, non-obese ICU
Menezes S. '® Brazil retrospective | general population | 10713 obese, non-obese hospitalization
Merzon E. ' Israel retrospective | 5 to 60-year-old 1870 obese, non-obese hospitalization
Monteiro A. '1° USA retrospective | age >18 years 112 obese, non-obese death, ICU, IMV
Moon A. 6 Multicounty retrospective | patients with 152 BMI<30, 030 death
chronic liver
disease
Mostaghim A. 117 USA retrospective | age >18 years 789 BMI<30, 30-34.9 and >35 ICU
Motaib I. 118 Morocco retrospective | adult 107 BMI<25, 25-29.9, 030 ICU
Mufioz-Price L. '"® USA cross- general population | 2595 BMI continuous hospitalization,
sectional ICU, IMV, death
Munoz-Rodriguez J. Spain prospective general population | 12126 obese, non-obese death
120
Murillo-Zamora E. ' | Mexico retrospective | age >18 years 66123 | BMI<30, 030 death
Naaraayan A. 12 USA retrospective | general population | 348 normal weight, overweight, obese death
1, obese 2, obese 3
Nachega J. ' DRC retrospective | general population | 766 obese, non-obese death
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Nakeshbandi M. 24 USA retrospective | general population | 684 BMI 18.50-24.99, 25.00-29.99, 0 death, intubation
30
Nanda S. '# USA retrospective | age >18 years 1169 BMI continuous death or ICU
Neira D. % USA retrospective | general population 10216 obese, non-obese hospitalization
Nijman G. '% Netherlands prospective general population | 1006 BMI continuous death
OiHoro J. 128 USA retrospective | general population | 7217 BMI <18.5, 18.5-24.9, 25-29.9, 30- | hospitalization
39.9, >=40
Okauchi Y. 2 Japan retrospective | general population | 133 BMI 025, <25 oxygen
requirement
Olivas-Martinez A. *° | Mexico prospective adult 800 normal, overweight, obese 1, 2, 3 death
Omrani A. ¥ Qatar retrospective | general population | 5000 BMI continuous death, ICU
Ong S. 2 Singapore retrospective | general population | 182 BMI <25, 025 ICU, IMV, death
Pablos J. 1% Spain retrospective | general population | 456 obese, non-obese ICU or IMV or
death
Palaiodimos L. '3 USA retrospective | general population | 200 BMI <25, 25i 34, 0 35 death, intubation
Parikh R. 1% USA retrospective | general population | 160 BMI>30, <30 death, IMV
Patel K. 1 UK retrospective | middle-aged adults | 13502 waist to hip ratio death
Pediconi F. %7 ltaly retrospective | general population | 62 visceral adipose tissue ICU
Pefia J. 1 Mexico retrospective | general population | 323671 | obese, non-obese death
Peng Y. 1%¢ China prospective cardiovascular 244 BMI <24, 024 death
patients
Petersen A. 1% Germany retrospective | general population | 30 visceral adipose tissue ICU, intubation
Peters S. 11 UK retrospective | middle-aged adults | 502493 | BMI continuous death
Petrilli C. 14 USA prospective general population | 2725 BMI <25, <25-29.9, 30-39.9, 0 40 hospitalization,
death
Pettit N. 14 USA retrospective | general population | 238 BMI <30, 030 death, admission
hypoxemia
Phipps M. 44 USA retrospective | patients with liver 2273 BMI > 35 death or discharge
injury to hospice
Pietri L. ™ France retrospective | general population | 113 BMI <25, <25-29.9, 0 30 ICU or death
Pouwels S. 46 Netherlands retrospective | general population | 143 BMI 030, <30 death
Prasannan L. %7 USA cross pregnant patients 4873 BMI continuous severe COVID-19
sectional
Price-Haywood E. *¢ | USA retrospective | general population | 3481 BMI 030, <30 hospitalization,
death
Rapp J. '# USA retrospective | general population | 4062 BMI >35, <35 death
Richardson S. ' USA retrospective | adults aged 18739 | 1013 BMI>30, <30 death
Robles-Pérez E. 1 Mexico prospective social security 7192 obese, non-obese death
workers
Ro?srziguez—Gonzalez Spain retrospective | general population | 1255 BMI <30, 030 death
C.
Rojas-Marte G. ' USA retrospective | age 018 years 238 obese, non-obese intubation
Rossi A. 1%* Italy prospective general population | 95 normal weight, overweight, obese death
Rossi P. 1% Italy prospective general population | 2143 obese, non-obese hospitalization,

death
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Rottoli M. %6 Italy retrospective | general population | 482 BMI 030, <30 ICU, death
Rubio-Rivas M. %7 Spain retrospective | general population. | 12066 | BMI continuous death
Salacup G. 1% USA retrospective | general population | 242 BMI continuous death
Sallis R. 1*° USA retrospective | age 018 years 48440 | BMI <25, 25-29, 30-39, 040 hospitalization,
ICU, death
Sauver J. USA retrospective | general population | 9928 under/normal weight, overweight, hospitalization or
obese death
Schavemaker R. ¢ Netherlands prospective age 018 years 1122 BMI <25, 25-29, 030 death
Schmidt M. 62 Multicounty prospective age >16 years 4244 BMI <25, 25-29, 030 death
Schonfeld D. 16 Argentina retrospective | general population | 207079 | obese, non-obese ICU or death
Schuelter-Trevisol F. Brazil prospective general population | 211 obese, non-obese ICU
164
Schwerzmann M. % Multicounty prospective patient with 105 BMI >25, <25 hospitalization or
congenital heart IMV or death
disease
Seiglie J. ¢ USA retrospective | general population | 450 BMI 18.5, 18.5i 24.9, 25.0i 29.9, 0 ICU, IMV, death
30
Servan-Mori E. 1% Mexico cross adult 795878 | obese, non-obese hospitalization,
sectional death
Shah P. 168 USA retrospective | general population | 522 BMI <30, 30-40, 0 40 death
Silva I. 189 Brazil retrospective age 2071 59 159704 | obese, non-obese death, ICU
Simonnet A. '7° France retrospective | general population | 124 BMI <25, 25-30, 30-35, >35 IMV
Singh S. " USA retrospective | general population | 41513 | BMI 0 30, <30 death, IMV,
hospitalization
Smati H. 172 USA retrospective | age 018 years 460 BMI <25, 25-29.9, 0 30 hospitalization
Smati S. 7® France retrospective | patients with 1965 BMI 18.5-24.9, 25-29.9, 30-34.9, IMV, death
diabetes 035
Sonmez A. 174 Turkey retrospective | adult 18 426 | obese, non-obese death
Suleyman G. ' USA retrospective | general population | 463 BMI 040 ICU, IMV
Suresh S. 17 USA retrospective | general population | 1983 obese, non-obese ICU, IMV, death
Takemoto M. 77 Brazil cross- obstetric patients 978 obese, non-obese death
sectional
Targhera G. '"® China retrospective | general population | 339 BMI 025, <25 severe COVID-19
Tartof S. 17° USA retrospective | general population | 6916 BMI <18.5, 18.5-24, 25-29, 30-34, | death
35-39, 40-44, 045
Tchang B. 8 USA retrospective | age 018 years 3533 underweight, normal weight, IMV or ICU or
overweight, obese death
Thomson R. '8 UK prospective general population | 156 obese, normal weight death
Timberlake D. 82 USA retrospective | general population | 295 obese ICU, IMV, death
Toussie D. ' USA retrospective | age 21 to 50 years | 145 BMI <25, 26-30, 31-40, >40 hospitalization,
IMV
Tripathi S. '8 Multicounty retrospective | age <18 years 795 BMI <5, 5-85, 85-95, 0 95 critical illness
percentiles including death
Van Gerwen M. '8 USA retrospective | general population | 3703 BMI <25, 25-30, >30 hospitalization,

IMV, death
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Van Zelst C. Netherland prospective age 018 years 166 hip to waist ratio intubation or ICU
Vial M. 187 Chile retrospective | general population | 381 BMI continuous ICU or death
Vouga M. 8 Multicounty case control pregnant women 926 BMI>30, <30 severe adverse
maternal outcomes
Wang J. 1®° China retrospective | general population | 297 BMI < 24, 24-28, > 28 severe COVID-19
Wang JJ. ' China retrospective | general population | 185 BMI continuous severe COVID-19
Wang Y. ¥ China retrospective | general population | 97 BMI continuous death
Wang Z. 1% USA retrospective | general population | 6158 BMI continuous death
Wargny M. 1% France retrospective | patients with 2951 BMI continuous death
diabetes
Watanabe M. % Italy retrospective | general population 150 visceral adipose tissue ICU
Wei W. 19 USA retrospective | general population | 206741 | BMI <18.5, 18.5-25, 25-30, 30-35, hospitalization
35-40, 040
Weizman O. 1% France retrospective | general population | 2878 BMI continuous ICU or death
Williamson E. 197 UK retrospective | general population 10926 obese, non-obese death
Wu X. 198 China retrospective | general population 1091 underweight, normal weight, IMV, ICU, death
overweight, obese
Yang Y. 1% China retrospective | general population 143 visceral adiposity severe COVID-19
Yates T. 2% UK retrospective | middle-aged adults | 1001 BMI<18.5, 18.5-24.9, 25-29.9, 030 | severe COVID-19,
death
Yi P. 201 China retrospective | general population | 100 BMI continuous disease severity
Yordanov Y. 202 France prospective general population | 7320 BMI 025, 25-30, >30 hospitalization or
death
Yoshida Y. 2% USA retrospective general population 776 BMI <25, 25-29.9, 30-34.9, 35- ICU, IMV, death
39.9, 040
YuT. 204 China cross- general population | 95 BMI continuous pneumonia
sectional exacerbation
Zaferani A. 2% Iran retrospective | general population | 192 BMI continuous severe disease
Zhang J. 2% China retrospective | general population | 463 BMI: 18.51 23.9, 24.0i 27.9, > 28.0 ICU or IMV
Zheng K. 207 China retrospective | patients with fatty 66 BMI >25, <25 severe COVID-19
liver disease
Zhu Z. 28 UK retrospective | middle-aged adults | 489769 | BMI <18.5, 18.5-25, 25-30, 30-35, severe COVID-19

35-40, 040
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Supplemental Table 2. Pooled estimate of the association between obesity and COVID-19 outcomes, general population and cohort studies (n=158)

Exposure Studies with single outcomes Studies with Hospital admission + ICU
Hospital admission ICU* IMV® Death combinations of outcomes ¢ +IMV ¢
BMI continuous (5 units)
Number of studies 1 4 0 14 12 4
Pooled OR, 95% CI 1.22 (1.16 to 1.28) 1.28 (1.00 to 1.69) 1.10 (1.00 to 1.16) 1.34 (1.16 to 1.54) 1.28 (1.10 to 1.54)
Overweight vs normal
weight
Number of studies 7 10 12 20 8 21
Pooled OR, 95% CI 1.22 (1.07 to 1.39) 1.20 (1.01 to 1.43) 1.22 (1.09 to 1.37) 1.00 (0.90 to 1.10) 1.18 (1.00 to 1.39) 1.19 (1.12 to 1.28)

Obese vs normal weight
Number of studies
Pooled OR, 95% CI

8
1.40 (1.20 to 1.62)

11
2.08 (1.51 to 2.87)

11
2.15(1.68 to 2.76)

26
1.24 (1.11 to 1.38)

9
1.44 (1.26 to 1.64)

22
1.73 (1.53 to 1.97)

Obese vs non-obese

Number of studies
Pooled OR, 95% CI

4
1.98 (1.76 to 2.23)

4
1.81 (1.08 to 3.05)

2
3.03(1.92t04.77)

11
1.96 (1.61 to 2.38)

2
1.69 (1.42t0 2.01)

Number of studies 10 20 13 48 11 32

Pooled OR, 95% CI 1.76 (1.50 to 2.07) 1.81 (1.53t02.14) 1.65 (1.39t0 1.97) 1.25(1.17 t0 1.32) 1.88 (1.44 t0 2.45) 1.74 (1.59 t0 1.92)
Extreme obese vs normal
weight

8
2.08 (1.53 to 2.81)

Extreme obese vs non-obese
Number of studies
Pooled OR, 95% CI

2
3.08 (1.60 to 5.92)

2
3.95 (1.08 to 14.46)

2
2.39 (1.96 t0 2.91)

7
2.37(1.75t03.21)

2
1.69 (1.31t0 2.19)

4
3.19 (2.17 to 4.70)

Non-BMI define obesity ©
Number of studies
Pooled OR, 95% CI

0

3
1.79 (1.00 to 3.21)

2
1.27 (1.13 to 1.42)

1
2.00 (1.32 t0 3.02)

5
1.58 (1.14 to 2.20)

4
1.32 (1.16 to 1.49)

*ICU, intensive care unit

® MV, invasive mechanical ventilation, or intubation.
¢ Studies whose endpoint was the combination of two or more of the following: hospital admission, ICU, IMV, death or other conditions pertaining to a severe disease.
4 Pooled of studies included in hospital admission, ICU and IMV.

¢non-BMI defined obesity include neck circumference, waist circumference, waist to hip ratio, visceral adipose tissue.
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Supplemental Table 3. Pooled estimate of the association between obesity and COVID-19 outcomes, general population and prospective cohort

studies (n=29)

Pooled OR, 95% CI

1.34 (1.15 to 1.69)

Exposure Hospital admission + Death Studies with
ICU +IMV ¢ combinations of outcomes ”
BMI continuous (5 units)
Number of studies 1 4 2

1.10 (0.95to 1.22)

0.95(0.73 to 1.28)

Number of studies
Pooled OR, 95% CI

Overweight vs normal weight

1
1.30 (1.08 to 1.57)

6
1.09 (0.94 to 1.26)

1
1.39(1.13t0 1.71)

Obese vs normal weight
Number of studies
Pooled OR, 95% CI

1
1.80 (1.47 to 2.20)

8
1.43 (1.10 to 1.85)

1
1.57 (1.25 to 1.97)

Obese vs non-obese
Number of studies
Pooled OR, 95% CI

4
3.24 (1.39 to 7.56)

7
1.36 (1.23 to 1.51)

1
2.30 (1.29 t0 4.10)

Number of studies
Pooled OR, 95% CI

Extreme obese vs normal weight

1
2.45(1.79 to 3.36)

3
1.99 (1.29 to 3.05)

0

Extreme obese vs non-obese

Pooled OR, 95% CI

1
1.26 (1.12 to 1.42)

Number of studies 1 0 1

Pooled OR, 95% CI 2.20 (1.65 t0 2.93) - 2.30 (1.20 to 4.40)
Non-BMI define obesity ©

Number of studies 0 1

1.11 (1.03 to 1.20

2 Pooled of studies included in hospital admission, ICU and IMV. The estimates for hospital admission, ICU and IMV were not showed separately because of low number of studies.
® Studies whose endpoint was the combination of two or more of the following: hospital admission, ICU, IMV, death or other conditions pertaining to a severe disease.

¢ Non-BMI defined obesity include neck circumference, waist circumference, waist to hip ratio, visceral adipose tissue.
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