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Objectives

m Describe the Post-Acute Sequalae COVID-19 ( PASC)
m Describe major sleep disturbances of post-COVID

m Describe emerging studies and highlight limitations




Post-acute Sequelae of COVID-19 (PASC)

A chronic condition
Up to 80% of SARS-CoV-2-infected, hospitalized patients
and in 40% to 70% of non-hospitalized patients
Potentially debilitating impact

— Dyspnea -exercise intolerance

— Anxiety and Depression

— Autonomic dysfunction

— Cognitive impairment

— Sleep disturbances.
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Frequency of symptoms reported at a 12-week follow-up compared with hospital admission.
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Estimated percentage of study participants reporting any of 12 symptoms
with time from infection (participants with COVID-19) or time from
equivalent date (control participants), UK: 26 April 2020 to 1 August 2021
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Percentage of study participants reporting any of 12 symptoms in four-
week intervals from infection (participants with COVID-19) or from
equivalent date (control participants), UK: 26 April 2020 to 1 August 2021
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Summary of symptomatology and clinical results by disease severity.
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The prevalence and long-term health effects of Long Covid among hospitalised and non-hospitalised
populations: a systematic review and meta-analysis eclinicalMedicine Volume 55 (January 2023) DOI: 10.1016/j.eclinm.2022.101762

194 studies ( n= 735,006 participants)

* More that 45% of COVID-19 survivors experience at least
one symptoms

* Fatigue in hospitalized and non-hospitalized

* Radiologic abnormalities were common in hospitalized

natients

» Heterogeneity of definitions is a challenge
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Prevalence Number
(95% Cl) of studies |-Squared

Symptom

AtLeast 1 Symptom at Follow-up —p 52.63 (43.46, 61.64) 48 99.7
Fatigue/Weakness —— 28.44 (24.68, 32.52) 70 97.9
General pain/Discomfort i 27.85(21.22, 35.62) 10 95.9
Affected Sleep — 23.45(18.13,29.76) 34 98.5
Breathlessness (Dyspnea) —p— 2255(18.31,27.44) 70 98.8
Impaired Usual Activity —_— 22.31(14.19,33.27) 10 97.5
Impaired Memory —— 19.90(15.82, 24.73) 23 9.3
Exertional Breathlessness —— 19.61(8.85,38.00) 6 98.5
Poor Concentration —— 18.59(13.43, 25.16) 11 95.7
Cognitive Dysfunction — 17.09(10.13, 27.39) 13 97.7
PTSD —— 16.48(12.92, 20.79) 20 93.6
Impaired Walking/Mobility —_—— 14.75(9.84,21.51) 14 97.7
Joint Pain —_—— 14.30(8.04,24.15) 16 99.3
Anxiety - 13.96 (11.27, 17.17) 32 97.0
Depression s ad 12.93(10.31, 16.09) 30 96.9
Problems with Selfcare — 10.59 (4.62,2245) 9 98.4
Musdes painMyalgia —-— 10.25(6.93,14.91) 28 98.4
Cough -$— 10.16(7.40,13.79) 50 98.5
Sweating/Night Sweats —— 9.69 (572, 15.96) 8 98.3
Weight Loss - 8.55(5.60, 12.84) 9 95.4
Chest Pain/Tightness &= 7.18(5.21,981) 39 98.2
Hair Loss/Alopecia - 7.06 (4.62, 10.65) 20 97.9
Headache/Migraine &= 6.81 (4.88, 9.43) 27 96.8
Gastro-intestinal Symptoms -— 6.42 (3.83, 10.56) 13 95.6
Smell L 6.31(4.59,862) 41 9.7
Affected Vision = 6.30 (3.79,10.30) 11 9.8
Palpitations @ 6.27 (4.48,8.71) 22 97.1
Paraethesia —— 6.22(2.80,13.24) 6 97.3
Dizziness ->— 6.21 (349, 10.80) 15 98.3
Change in Appetite 5 5.93 (3.59, 9.63) 14 9.2
Taste %~ 5.40 (342, 843) 32 97.8
Sputum 4~ 464 (282,752 8 91.0
Nasal Symptoms e o 454 (148,13.09) 7 96.5
Confusion/Brain Fog - 4.14 (1.64,10.07) 9 98.9
Skin Changes/Goosebumps L 2 4.12 (2.35, 7.14) 19 97.6
Abdominal Pain - 4.00 (2.21,7.12) 10 9.6
Vertigo < 376 (121, 11.11) 5 98.3
Diarrhoea L J 3.39(213,536) 21 96.1
Affected Hearing L ol 3.08 (1.66,563) 8 93.4
Sore Throat L 4 2.82(1.83,4.31) 14 90.0
Tremors 2.77 (069, 10.54) 5 97.8
Constipation L o 2.71 (1.09, 6.61) 7 96.6
Limb Oedema 4 2.68 (0.97, 7.17) 9 98.8
Fever 4 2.24 (0.52, 9.19) 13 98.5
Vomiting/Nausea & 2.13 (117, 3.84) 16 95.8
Affected Urinary System & 2.09(072,594) 5 97.1
Investigation

>1 Abnomal CT Pattem/X-ray —.— 45.34 (35.34, 55.72) 13 95.8
Ground Glass Opacity —— 41,06 (25.65, 58.46) 10 97.3
Impaired Diffusion Capadity for Carbon Monoxide —— 31.68 (25.84, 38.17) 13 90.3
Total lung capacity impairment 4~ 25.89(8.86,5567) 6 98.4
Fibrotic Changes —_—— 25.67(16.03, 38.46) 6 925
Impaired exercise capacity —— 19.14(12.79, 27.66) 14 97.3
Reticular Pattem —— 11.65 (6.69,19.52) 5 86.5
Reduced Forced Expiratory Volume in 1 second —p— 9.73 (547, 16.72) 12 95.6
Reduced Forced Vital Capacity —— 8.82(4.71,1591) 11 95.7
Reduced FEV1:FVC — 6.48(1.97,19.27) 6 9.4
Tachycarida —l— 5.93(1.88,17.18) 6 98.6
Consolidations ¢ 1.78 (0.75, 4.15) 6 75
Impaired Kidney Function » 1.28(0.46,348) 6 92.1

| | |
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Symptom Prevalence Number of

(95% Cl) studies  1-Squared
Fatigue/Weakness + 34.82(17.60, 57.19) 12 99.2
At Least 1 Symptom at Follow-up _— 34.46 (21.86, 49.70) 11 99.8
Breathlessness (Dyspnea) —— 20.44(13.85,29.11) 9 96.1
Muscles pain/Myalgia ¢ 17.01(5.03,44.23) 9 995
Affected Sleep ¢ 15.28(3.76,45.38) 9 995
Smell - 12.66 (9.51, 16.67) 5 705
Taste -+ 8.69(6.59,11.37) 5 50.0
Gastro-intestinal Symptoms —_—— 7.65(2.64,20.16) 6 97.9
Cough — 6.50(1.61,2281) 9 99.1
Headache/Migraine —_—— 6.04(0.81,3364) 9 99.9
Nasal Symptoms —— 5.28(1.25,19.72) 5 97.9
Chest Pain/Tightness “— 447(246,799) 8 87.0
Joint Pain - 4.11(1.58,1030) 5 97.2
Sore Throat —— 4.08(0.56,24.17) 5 9.7
|
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A. Excessive daytime sleepiness

B. Fatigue

% %
Study ES (95% ClI) Weight N Study ES (95% CI) Weight N
Before pandemic Before pandemic
France i 6.46 (4.78, 8.6& 6.95 19 China, Jilin = 10.10 (8.43, 12.0 7.05 1059
China, Jilin 9.63 (8.00, 11.56) 6.99 1059 Sweden —— 10.57 (8.07, 13.74, 6.71 454
Germany 12. 9.21, 17.68) 6.16 241 France —— 13.41 (10.95, 16.3. .77 619
Canada 13.33 (11.55, 15.34 6.96 1238 Germany —_—— 17.43 (13.16, 22.72 .84 241
Jal?an 15.08 (14.21, 15.89 715 6999 USA —— 17.73 (15.24, 20.52 .78 801
Ul 16.65 (14.44, 19.12 6.84 973 UK —_— 18.19 (15.89, 20.74, .86 973
Italy 16.68 (14.76, 18.79 6.93 1313 Italy —— 19.19 (17.15, 21.41 .96 1313
USA 17.48 (16.01, 20.26 6.75 801 Canada — 19.63 (17.51, 21.93 .93 1238
Austria 18.42 (15.64, 21.56 6.64 657 Japan - 19.93 (19.01, 20.88 7.23 6998
China, Hongkang 19.42 (17.18, 21.86 6.84 1097 Finland —_—— 20.50 (17.36, 24.06 .50 556
Poland 21.89 (17.06, 27.63 5.68 233 Austria —_—— 20.85 (17.92, 24.12 .60 657
Nanwaz 23.71 (20.77, 26.91 6.60 734 China, Hongkong —_—— 23.79 (21.37, 26.40 .83 1097
Finlan 23.92 (20.56, 27.64 6.43 556 Norw: —_—— 26.29 (23.24, 29.60 .57 734
Brazil 24.41 (22.48, 26.44 6.94 1811 Polal —_—— 27.04 (21.74, 33.08 5.39 233
Sweden 31.72 (27.61, 36.14 6.13 454 Brazil —_—— 27.61 (25.60, 29.71 6.98 1811
Subtotal (%2 =95.87%, p = 0.00) 17.93 (15.17, 20.69] 100.00 Subtotal (142 =94.61%, p = 0.00) - 19.38 (16.79, 21.97 100.00
During pandemic During pandemic
France —— .40 (6.486, 10.85& 6.80 19 China, Jilin —— 12.75 (10.87, 14.89 .85 1058
China, Jilin 11.61 (9.82, 13.6! )7 6.83 1059 Sweden —_—— 33.26 (29.08, 37.72 .50 454
Germany 14.11 (10.27, 19.0. 6.47 241 France —— 19.06 (16.16, 22.34 .71 619
Canada 18.82 (16.74, 21.09 6.80 1238 Germany —_—— 18.26 (13.89, 23.62 .39 241
Japan 18.10 (17.22, 19.02 6.90 6999 USA —_—— 27.59 (24.61, 30.79, .71 801
Ul 38.03 (35.03, 41.12 6.70 973 UK —&— 46.56 (43.44, 49.70 .71 973
Italy 19.50 (17.44, 21.73) 6.81 1313 ltaly —_—— 21.40 (19.27, 23.70 8.82 1313
USA 28.21 (25.21, 31.43 6.69 801 Canada — .00 (26.54, 31.59 .79 1
Austria 26.18 (22.96, 29.6 6.85 857 Japan - 21.69 (20.74, 22.67 .92 6998
China, Hongkong 24.43 (21.98, 27.08 6.78 1097 Finl —_—— 26.80 (23.29, 30.63 .62 556
Poland ——  38.20 (32.20, 44.58 6.08 233 Austria —_—— 28.16 (24.85, 31.72 .66 657
Norway 31.61 (28.35, 35.06 6.65 734 China, Hongkong — 28.35 (25.76, 31.09 .77 1097
Finlan 28.96 (25.34, 32.86 6.59 556 Norwa —_—— 34.47 (31.12, 37.98 .66 734
Brazil .90 (32.74, 37.12 6.80 1811 Polan —_—— 41.63 (35.49, 48.05, .06 233
Sweden 36.78 (32.48, 41.31 6.47 454 Brazil — 37.33 (35.13, 39.58 65.82 1811
Subtotal (142 = 98.05%, p = 0.00) 25.05 (20.683, 29.46) 100.00 Subtotal (142 =97.71%, p = 0.00) —— 28.32 (23.96, 32.68! 100.00
! I I | | I ! I ! I
[¢] 10 20 30 40 0 10 20 30 40
Prevalence (%) Prevalence (%)
C. Excessive quantity of sleep D. Excessive tendency to fall asleep
% /o
Study ES (85% Cl) Weight N Study ES (95% Cl) Weight N
Before pandemic Before pandemic
China, Jilin --— 0.47 (0.20, 1.10; 9.02 1059 UK - 10.07 (8.34, 12.12 6.96 973
lapan -> 0.58 (0.43, 0.79] 8.67 6999 Japan - 10.29 (9.60, 11.02] 7.22 6999
Poland —_—— 0.86 (0.24, 3.08) 5.68 233 China, Hongkong — 10.67 (8.97, 12.63 .98 1097
UK —— 1.13 (0.63, 2.01) 7.99 973 Finland —— 11.51 (9.12, 14.43 .69 556
Sweden —_—— 1.32 (0.61, 2.85) 6.24 454 France —— 11.63 (9.34, 14.40 .74 619
USA —— 1.37 (0.77, 2.44) 7.34 801 It — 12.95 (11.24, 14.87 .98 1313
China, Hongkong 1.55 (0.97, 2.47) 7.69 1097 Sweden —_—— 13.22 (10.41, 16.64 6.49 454
Austria 1.67 (0.94, 2.97, 6.54 657 Canada — 13.65 (11.85, 15.68 .95 1238
France 1.78 (1.00, 8.15, 6.28 619 GermarJY L el 14.11 (10.27, 19.07 .87 241
Brazil 1.88 (1.35, 2.61 8.16 1811 China, Jliin —— 15.01 {12.99, 17.29 .88 1059
Italy 2.13 (1.48, 3.08; 7.45 1313 USA — 17.35 (14.89, 20.13 .70 801
Norway 2.32 (1.45, 3.68, 6.08 734 Poland —_—— 18.88 (14.38, 24.40 .55 233
Finland 252 (1.51,4.18 522 556 Austria —— 20.40 (17.49, 23.64 .51 657
Canada 3.07 (2.24, 4.18; 6.64 1238 Norway —— 21.93 (19.09, 25.07, .55 734
Germany (Excluded) . 241 Brazil — 25.35 (23.40, 27.4 .93 1811
Subtotal (1A2=83.21%, p=0.00) <> 1.55 (1.12, 1.98) 100.00 Subtotal (142 = 85.26%, p = 0.00) e 15.04 (12.61, 17.48 00.00
During pandemic During pandemic
Germany —_— 2.07 (0.89, 4.76) 6.52 241 UK —_—— 25.90 (23.25, 28.74, 8.74 973
China, Jilin —— 1.04 (0.58, 1.85) 7.34 1059 Japan - 13.36 (12.58, 14.18 6.95 6999
Japan 1.96 (1.66, 2.31) 7.43 6999 China, Hangkong —_—— 15.95 (13.91, 18.24, 6.83 1097
Poland 8.15 (5.28, 12.38) 4.81 233 Finland —— 19.60 (16.52, 23.11 .65 556
UK 5.76 (4.46, 7.40) 6.81 973 France —— 17.77 (14.96, 20.98 .70 619
Sweden ———— 7.05 (5.04, 9.78) 5.98 454 Italy —_—— 16.07 (14.18, 18.16 .85 1313
USA —— 8.11 (6.42, 10.21) 6.43 801 Sweden —— 32.16 (28.03, 36.59 .45 454
China, Hongkong 3.46 (2.53, 4.72, 7.08 1097 Canada — 24.31 (22.01, 26.78 .80 1
Austria 4.41 (3.09, 6.27, 6.72 6857 German —_—— 14.11 (10.27, 19.07 .43 241
France 3.23 (2.10, 4.94; 6.87 619 China, Jilin —_— 15.39 (13.34, 17.69 .83 1
Brazil ———  11.60 (10.20, 13.15)  6.80 1811 USA —— 31.96 (28.82, 35.27, .66 801
haly 2.67 (1.92, 3.68) 7.22 1318 Poland _—— 31.33 (25.72, 37.55 .03 233
Norway 4.90 (3.56, 8.72] 6.73 734 Austria —— 30.14 (26.75, 33.75 .61 657
Finland —_— 6.65 (4.87, 9.04; 6.26 556 Norway —_—— 30.38 (27.16, 33.8 .65 734
Canada 5.01 (3.93, 6.37, 7.00 1238 Brazil —— 32.08 (29.97, 34.2 .83 1811
Subtotal (142 =96.36%, p = 0.00) 4.93 %3.63, 622 100.00 Subtotal (I"2 = 97.67%, p = 0.00) — 23.27 (19.27, 27.26, 100.00
T T T T T I
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Symptoms and First Author Country N Prevalence (95% Cl) Weight, %
Depression
Boscalo-Rizzo, P ftaly 100 x:cr 0.14(0.09,0.22 20.72
Catalan, |. P Spain 76 0.14{0.08,0.24 2017
Latronico_N ftaly 45 - 0111005023 1948
Meéndez, R Spain 171 —— 0.32(0.26,0 39$ 20.62
Zhao, Y China 94 ! —_—— 0.43(0.33,0.53 19.01
Overall (¥ = 89.6%, p <0.001) 486 — 0.23(0.12,0.34) 100.00
Anxiety
Catalan, | P. Spain 76 - 0.22(0.14, 0.33 13.07
Chai, C China 432 L J 0.05(0.03; 0.08 16.92
Latronico, N italy 51 —— 0.18(0.10, 0.30 12.34
Méndez, R Spain 171 | —— 0.35(0.28. 0.42 14 52
o o [ TR THREUIE
an ina
ZhaogY China 94 | —— 041 }0 32,052 1267
Overall (P = 95.4%, p < 0.001) 3353 0.22(0.15,0.28) 100.00
Memory losslmemon/ complaintslfometf\.llness
Catalan, |. P Spain 76 [ —_—— 0.45(0.34, 0.56 17.81
Liu, T China 486 L 2 | 0.01(0.00,002) 2111
Maestre-Mufiiz, M. M Spain 543 ﬁ' 0.17(0.14,0.21 2081
Maestrini, V taly 118 “— 0.06(0.03.012) 2057
Méndez, R Spain 171 | —— 0.32{0.26, 0.39 19 69
Overall (¥ = 98.3%, p <0.001) 1394 — 0.19(0.07,0.31) 100.00
Concentration difficulties =
Maestre-Mufiz, M. M Spain 543 L 0.05(0.04, 0.08 35.17
Rank, A Germany 83 —— 0.12(0.07. 021} 3328
Seellle. J Germany 96 | —— 0.40(0.30, 0.50 3155
Overall (= 95.8%, p<0.001) 722 — e — 0.18 (0.02,0.35) 100.00
Insomnia/sieep difficulties
Boscolo-Rizzo, P ftaly 100 -:— 0.08(0.04.015  11.15
Boscolo-Rizzo, P ltaly 304 ' 0.08 }0 05,0.11 12.17
Chai, C China 432 * 0.01(0.00, 0.02 12.64
Huang, L China 1272 ' 3 0.17(0.15. 019 12.43
Latronico, N ftaly 50 0.18(0.10,0.31 8.18
Liu, T China 486 L 0.04(0.03, 0.06 12.50
Maestre-Mufiiz, M. M Spain 543 + 01 10 09,0.14 12.27
Sealdle, J Germany 96 —_— 0.26(0.18,0.36 9.23
Zhao, Y China 94 | —— 0.22(0.15, 0.32) 943
Overall (K =97.1%, p<0.001) 3377 <> 0.12(0.07,0.17) 100.00
Anosmia/loss of smell/smell disorder
Boscolo-Rizzo, P Ital 100 1 — 031(0.23, 041 393
Catalan, | P Spain 76 —— 0.14 %o 03, 0.24 4382
Huang, L China 1272 0.04(0.03. 0.05 16.96
Liu China 486 & ! 0.00 10 00.0.01 17.56
Maestre-Mufdiz, M. M Spain 543 # 0.07(0.05,0.10 14.80
Méndez, R Spain 171 0.05 }o 03.0.10 12.02
Rank, A Germany 83 ~— 0.11{0.06. 0.19 6.09
Seelle, J Germany 96 - 0.13(0.07.0.21 6.18
Zhang, X China 2433 ® /! 0.01(0.01, 0.02 17 65
Overall (= 94.1%, p<0.001) 5260 < 0.06 (0.04,0.08) 100.00
Agouslalloss of taste/taste disorder
Boscolo-Rizzo, P ftaly 100 ! — 0.24(0.17,0.33 289
Catalan, | P. Spain 76 - 0.12(0.06. 0.21 363
Huang. L China 1272 ‘ 0.03(0.02 0.04 15.52
Liu. T China 486 L J 0.00 (0.00. 0.01 16.34
Maestre-Muriz, M. M Spain 543 R 2 0.07(0.05,0.10 12.49
Maestrini_V ftaly 118 t 0.02(0.00, 0.06 12.06
Méndez, R Spain 171 0.02(0.01, 0.06 12.24
Rank. A Germany 83 L 0.10(0.05,0.18 445
Seeldle. J Germany 96 — 0 13$0 07,021 419
Zhang, X China 2433 <! 0.01(0.010.02 16.19
Overall (= 94.0%, p<0.001) 5378 < 0.04 (0.03,0.06) 100.00
| I |
0 0.5 1



Effects of sleep disturbance on dyspnoea and impaired lung
function following hospital admission due to COVID-19
in the UK: a prospective multicentre cohort study

Callum Jackson, kain D Stevnt, Tationa Plekhonova, Pt 5 Cunningham, Andrew L Hazel, Boshar Al-Shekily, Raminder Aul, Charlatte E Boltan,
Terdie Chalder, Jomes [ Chalmers, Nazic Choudhuri, Annemarnie B Docherty, Gowin Donaldson, Charlotte LEdwardson Omer Blneima,

Neil | Greening, Nedl A Handey, Victoria C Harrs, Ewen MHarrison, Ling-PeiHo, LineyHouchen-Wolloff, Luke 5 Howard, Cardline) jollay

Mark Gjones Odivia C Lemwy, Keir E Lewis Nazirl Lone Michoe! Marks Hamish | CMoAuley, Mdlitta AMcNarry. Brijesh V Patel,

Karen Pipar-Handey, Krisnah Poinasamy, Betty Roman, Mot hew Richardson, Pilar Rivers- Ortega, Sarah L Rowd and-jones, Alex V Rowlands,
Ruth M Sounders, Janet T Scott, Marco S-:.'mn,.-’._,‘uy.lp! Shah, Aarti Shikobrg, Amisha Sing:lp-:ri. Sre.fﬁn C Stanel, M.:lh‘muT_hu:\.'p:.

Danid & Woot tan, Thomas Yates, R Gislijjenking Sally | Singh, Wliom D-CMan, Christopher E Brightling, Lowise VWain, Joanna C Poster,

A A Roger Thompson Alex Horsley, Philip L Molyneaw, Rochad A Evans, Sarmuel E |ones Martin K Rutter JohnF Blaikley, on behalf of t he
PHOSP-COMD Study Colloborative Group®

Summal

Bacltgmu:'l)rd Sleep dismurbance is common following hospital admission both for COVID-19 and other causes. The
clinical associations of this for recovery after hospital admission are poorly understood despite sleep disturbance
contributing to morbidity in other scenarios. We aimed to investigate the prevalence and nature of sleep
disturbance after discharge following hospital admission for COVID-19 and to assess whether this was assodated
with dyspnoea.

Methods CircCOVID was a prospective multicenire cohort substudy designed o investigate the effects of dircadian
disruption and sleep disturbance on recovery after COVID-19 in a cohort of participants aged 18 years or older,
admitted to hospital for COVID-192 in the UK, and discharged between March, 2020, and October, 2021. Participants
were recruited from the Post-hospitalisation COVID-19 study (PHOSP-COVID). Follow-up data were collected at
two imepoints: an early time point 2-7 months after hospital discharge and a later time point 10-14 months after
hospital discharge. Sleep quality was assessed subjectively using the Pinsburgh Sleep Quality Index questionnaire
and a numerical rating scale. Sleep quality was also assessed with an accelerometer worn on the wrist [actigraphy)
for 14 days. Participants were also clinically phenotyped. incleding assessment of symptoms (ie. anxiety [Generalised
Amxiety Disorder 7-item scale questionnaire]. muscle function [SARC-F questionnaire], dyspnoea [Dyspnoea-12
questionnaire] and measurement of lung funcion). at the early timepoint after discharge. Actigraphy resulis were
also compared to a matched UK Biobank cohort {non-hospitalised individuals and recently hospitalised individuals).
Multivariable linear regression was used to define associations of sleep disturbance with the primary outcome
of breathlessness and the other cdinical sympioms. PHOSP-COVID is registered on the ISRCTN Registry
(ISRCTN10980107).

Findings 2320 of 2468 participants in the PHOSP-COVID smudy attended an early timepoint research visit a median
of 5 months (IQR 4-6) following discharge from 83 hospitals in the UK. Data for sleep quality were assessed by
subjective measures (the Pitisburgh Sleep Quality Index guestionnaire and the numerical rating scale) for
638 participants at the early time point. Sleep quality was also assessed using device-based measures [actigraphy) a
median of 7 months (IQR 58 months) after discharge from hospital for 729 panicipants. After discharge from
hospital, the majority (396 [629%] of 638) of participants who had been admimed o hospital for COVID-19 reported
poor sleep quality in response to the Pittsburgh Sleep Quality Index gquestionnaire. A comparable proportion
{338 [53%] of 638) of participants felt their sleep quality had deteriorated following discharge after
COVID-19 admission, as assessed by the numerical rating scale. Device-based measurements were compared to an
age-matched, sex-matched. EMI-matched, and time from discharge-matched UK Biobank cohort who had recently
been admitted o hospital. Compared to the recently hospitalised matched UK Biobank cohort, participants in our
study slept on average 65 min (959 CI 59 1o 71) longer, had a lower sleep regularity index (—199%; 953 CI —20 o —16),
and a lower sleep efficiency (3-83 percentage points; 95% CI 3-40 to 4-26). Similar results were obtained when
comparisons were made with the non-hospitalised UK Bicbank cohort. Overall sleep quality junadjusted effect
estimate 3 - 94; 959 CI 2. 78 to 5-10). deterioration in sleep quality following hospital admission (3 -00; 1- 82 to 4 - 28),
and sleep regularity (4-38; 2-10 o 6-65) were assodated with higher dyspnoea scores. Poor sleep guality,
detericration in sleep quality, and sleep regularity were also assodated with impaired hing function, as assessed by
forced vital capacity. Depending on the sleep metric, anxiety mediated 18-39% of the effect of sleep dismurbance on
dyspnoea, while muscle weakness mediated 27—419% of this effect.

wrwenr thelancet comyrespiratory Published online Aprl 15, 2003 https-dol.oeg/ 10.1016/52213- 2600200124 B
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Myalgia- Encephalomyelitis/chronic Fatigue Syndrome
( ME/CES)

m Some PASC patients meet the diagnostic criteria for (ME/CFS)

m Neuroinflammation-linked condition
- Fatigue
- Musculoskeletal pain
- Post-exertional malaise

m Most cases of ME/CFS begin with a viral infection, or exposure to
pathogens over time.




SARS-CoV-2 and/or Related Inflammatory Insults May

Disrupt Brainstem Signa V.
m Similar to myalgic encephalomyelitis/chronic ; L widban g %
fatigue syndrome (ME/CFS) “‘% e,

&\ |
= N "

m Dysautonomia, diffuse pain, sleep problems, T - B
flu-like symptoms, trouble concentrating, and
nausea.

|

m Dysfunctional brainstem signaling may be an
important driver of PASC symptoms that
overlap with those of ME/CFS.

" Pontine
cistern

Are there residual derangements in ventilatory control? [&p*

Central canal = ° e

Proal AD, VanElzakker, MB. Front Microbiol. 2021; 12: 698169



https://www-ncbi-nlm-nih-gov.proxy.lib.wayne.edu/pubmed/?term=VanElzakker%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=34248921

Respiratory Manifestations of Long
COVID

Breathlessness
Changes on imaging can persist in large numbers of patients beyond 12 weeks.

Similar course to those observed in SARS-CoV-1 : 4.6% still had visible lesions
on their lungs, and 38% had reduced diffusion capacity after 15 years following
acute infection.

>40% of COVID-19 patients report breathlessness, and >50% fatigue even 2
months after hospitalization

52% of home isolated young adults experienced Long COVID symptoms at 6
months following COVID-19 infection



Residual symptoms with apparent organ
Involvement

; P \ [ Excluded \

atients admitted from February 25, to May 2, 2020, with: .
e severe COVID-19 pneumonia ¢ chromc pulmonary
) disease
e acute chest radiograph (n=27)
e post-discharge unenhanced chest CT > e suboptimal pulmonary
e post-discharge pulmonary assessment function tests results
comprehensive of pulmonary function tests (n=15)
\ (n=151) / ¢ low quality imaging data

\ (n=18)

abnormal post-discharge CT normal post-discharge CT
(n=74) (n=17)

European Journal of Radiology 2021 138DOI: (10.1016/j.ejrad.2021.109676)
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2469 discharged patients with COVID-19

v

516 patients were selected to undergo pulmonary
function test, ultrasonography of lower limh
veins and abdomen, and chest HRCT

R et Ll

v

1733 completed questionnaires*, physical
examination, laboratory tests¥, and 6-min
walking test

33 died

30 immobile before discharge
25 readmitted to hospitals
4 immobile after discharge (3 with
ischaemic stroke and 1 with pulmonary

embolism)

736 patients excluded
347 subjective rejection
65 living in a nursing or welfare home
63 osteoarticular disease
62 unable to be contacted
56 dementia or psychotic disease
51 living outside Wuhan city

—>

126 patients were among the 736 who did not
attend the follow-up appointment

h 4

390 sampled patients received lung function test,
chest HRCT, and ultrasonography of lower limb

veins and ahdomen

\ 4

94 patients who participated in LOTUS China
trial received blood antibody test
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6-month consequences of COVID-19 in patients discharged
from hospital: a cohort study

(hadin Fueng”, Lbase Hueng”, Feming Weng®, Xia L, L Re”, Xiawing Su”, Lisng Kang”, L duo®, Min Lar*, Xing Zhas, flsrfing Lug
Zhenghuk uang, ShenglinTly, e ag L Chen, Dec Ry, Fongingly CettongL{ Lu Peng, Fong L, Winiang Xie Das il Linben Shang,
GofwiFas firyeng Xu, Geng Wang, FiogWong, ingcaenZhong ChenWang fismeeWongt, Dingw Zhangt, Bin Coot

Summary

Background The long rerm health consaquences of COVID-19 mmain largely undear The am of this soudy was o
describe the bong rerm health roosaquences of parients with COVID-19 who hawe baen discharged from hosplal and
Imvesigae the associmd sk faoors, in paricular diseese severdy.

M ethods W did an ambidirecdonal cober smdy of pagiens sAth oonfrmed COV D19 w o had been discharged
from Jin Yio-an Hospial (Wehan, China) berseen [am 7, 2039, and May 29, 2030, Fadenss whe died before
follow. wp. parients for whom follw.up would be difficul berause of psychodc disorders, demena, of T
admission o hosphal, those who were mmable o move feely due o concomiam ospanropatisy or Immobile
before or afwer discharge due o diseases such & sroke or pulmonary embolism, thoss w ho dedined 1o pamdcipas,
those who could mot be conmered, and those Iving ouside of Wuhan or tn numing of welfare homes were all
excluded. All padenes wete inmrviewnd with 2 series of questonnaires for evaluation of symproms and beakh
relared qualiyy of Bie, undersem pirysical maminatons and 2 &min walking ws, and recedeed blood mas. A
srartfied sampling procedurs was used o ample paens acoording oo thetr highes: seven-caregory scale during
their hosplal s@y as 3, 4, and 5-6, 0 recelve pulmonary function wes, high mesoluden CT of 1he chest, and
wirasenography. Enrolied parenrs who kad paridparad in the Lopinavir Trial for Suppresson of SARS-CoWE n
China recelvd seveTe acume resplrainny syndrome mronavines 2 andbody seses. Mulivartable affusmed Hnear or
logiszic regression models were used o avaluie the assoclatdon berw men disease severizy and long wrm health

COTSBAUECES.

Fincings [n tol, 1732 of 2469 discharged padents with COVID-19 wene enrolied afier 736 were ezcluded. Padems
bad 2 madtam age of 57-0 (IQR 47.0-65-0) pears and 357 {529%) were men. The follow-up snadly was done from
Jume 16, vz Sepe 3, 2020, and the median follew-up dme afier symprom onses was 136-0 [175 -0-199 .0) days. Farigue
or muzsche weakness (63%, 1038 of 1655) and sleep difficultles [26%, 437 of 1655) wen the MOS! COMIDON SyEpeOms.
Amxlety of depression was reponed among 3% {367 of 1617) of padents. The proportions of median 6-min walking
dismance less than the lower Hmiof the normal Angew ere 14% for chose ar soverisy scale 3, 11% for severisy scale 4.,
and 9% for soverty scale 5—i5. The oomesponiding propordons of pariens wish diffusion impalrmens sere 12% for
saveriy scale 3, 29°% for scale 4, and 56% for sale 56, and median CT soores were 3.0 (R 2-0-5-0) for severiy
scale 3, 4.8 [30-5 .0 for scale 4, and 5.0 {4-0-5. 0) for scale 5-6. Afier muirvartable adusmens, patents shivwed
an odds rario jOR) 1-61 [§5% C10-30-3-15) for scale 4 versus sl 3 and 4.80 {1-35-11-48) for scale 56 versus
scale 3 for diffisdon impatrment OF §-E5 §-66-1-17) for sale 4 versus scale 3 and OR 1-77 [1-05-2-97) for scale
S—Gwarsus scale 3 foramtery or depression, and OR 0.74 {0-58-0.96) fior scle 4 seras scale 3 and 2-69 [1-86-4..96)
for srake 56+ ersus scle 3 for Gaigue or musde w eakness. Od %4 padenss with blcod ansibodies wsied a1 folow wp.
the seropasiry (36 2% vr 58.5%) and madian tres {19-0 v 10.-0) of the nasmalising amibodies sere sguificndy
Ipwier compared wish ar the amune phase. 107 of 322 pamicipams withour anme Sdney mjury and with esdmased

filrramion mie j@GFE) %4 miymin per 1-73 m? or moee @ douwe phase had +CFR bess than % m1y min per
1-73 m? ar follow- up.

Interpretation Az & mombs afer aoue indeclon, COVID-19 sy ivors weme mainky moubled with fdgue or musde
wiakmess, sheep diffinides, and amwtery or depression. Padenms » ho were more severely Ul during metr hespial sy
bad more smere impaired diffusion @ pEcdes and atnomal ches imaging manliesadons, and are e
mialn @rget popularion for inseryenmion of [ong-1erm recovery.
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Sex appears to be associated with post long-term sequelae
Determinants of long-term outcome remain unclear.



6-month consequences of COVID-19 in patients
discharged from hospital: a cohort study

Fatigue or muscle weakness, sleep difficulties, and anxiety or depression
were common, even at 6 months after symptom onset.

Consistent with previous SARS long term follow-up studies.

Being a woman and severity of illness were risk factors for persistent
anxiety and depression

Persistent diffusion abnormalities were common

The disease severity in the acute phase was found to be associated with
pulmonary diffusion abnormality and percentage change of CT score in
the multivariable analysis.



@ JAMA Network’

From: Respiratory and Psychophysical Sequelae Among Patients With COVID-19 Four Months After Hospital
Discharge

JAMA Netw Open. 2021;4(1):e2036142. doi:10.1001/jamanetworkopen.2020.36142

‘ 767 Patients discharged with a clinical diagnosis of COVID-19

> 35 Patients died

> 494 Declined to participate

Y
238 Patients enrolled

Figure Legend:

Flowchart of the Study PopulationCOVID-19 indicate coronavirus disease 2019.




@ JAMA Network’

From: Respiratory and Psychophysical Sequelae Among Patients With COVID-19 Four Months After Hospital
Discharge

JAMA Netw Open. 2021;4(1):e2036142. doi:10.1001/jamanetworkopen.2020.36142

Table 2. Logistic Regression Analysis of Risk Factors for D __, Impairment

Outcome OR (95% ClI) Pvalue
D.co <80%
LEemale sex 4,33 (2.25-8.33) <.001 |
Age 1.01 (0.99-1.04) 17
Atrial fibrillation k48 (0.41-5.37) éS
faltdn} 10 12 (2 NN _0C1 fﬁ\ I'\I'E I
ICU admission 1.32 (0.39-4.42) .65
idodalivofoiaen delivany L68L08:2.51) 22 |
COPD 2.20(0.57-8.48) .25
Smoking status 1.19 (0.76-1.84) .45
D,., <60%
X 2.20.01.11.6.33) 03 |
Age 1.00 (0.97-1.04) .70
No. of comorbidities 1.18 (0.65-2.15) .59
CKD 4.75 (1.19-19.00) .03
i 21200 62-6.092) 19
— I
Modality of oxygen delivery 1.55 ‘0_82_2.94) .18 Abbreviations: CKD, chronic kidney disease; COPD,
l#_ LW LT 0o | chronic obstructive pulmonary disease; D, ., diffusing
smoking status 0.98 (0.52-1.87) o6 Iur!g capacity for c'arbon monoxide; ICU, intensive care
unit; OR, odds ratio.
Table Title:

Logistic Regression Analysis of Risk Factors for D,., ImpairmentAbbreviations: CKD, chronic kidney disease; COPD, chronic
obstructive pulmonary disease; D, diffusing lung capacity for carbon monoxide; ICU, intensive care unit; OR, odds ratio.




@ JAMA Network’

From: Respiratory and Psychophysical Sequelae Among Patients With COVID-19 Four Months After Hospital
Discharge

JAMA Netw Open. 2021;4(1):e2036142. doi:10.1001/jamanetworkopen.2020.36142

Table 3. Logistic Regression Analysis of Factors Associated With Functional Impairment

Outcome OR (95%Cl) P value
Functional impairment?
Sex 1.22(0.61-2.44) .57
Age 0.99(0.97-1.02) .85
No. of comorbidities 1.51(0.96-2.37) .07
ICU admission 1.47 (0.42-5.06) .54
Modality of oxygen delivery 1.10(0.69-1.74) .70
Diabetes 0.95 (0.35-2.60) .92
Obesity 2.70(0.81-9.01) 11
CAD 1.72(0.55-5.34) .35
PE—
COPD 12.70 (1.41-114.85) .02
Do 0.96 (0.94-0.98) <.001 Abbreviations: CAD, coronary artery disease; CKD,
CKD 5.90(0.69-50.35) .10 chronic kidney disease; COPD, chronic obstructive
Reduced tolerance to physical activity pulmonary disease; D, diffusing lung capacity
‘Age 0.96 (0.93-0.99) "003 carbon monoxide; ICU, intensive care unit; OR,
odds ratio.
ICU admission 2.59(1.06-6.36) .04
2 Evaluated using the Short Physical Performance
Dico 0.98 (0.96-1.00) .09

Battery or 2-minute walking test.

Table Title:

Logistic Regression Analysis of Factors Associated With Functional ImpairmentAbbreviations: CAD, coronary artery disease; CKD,
chronic kidney disease; COPD, chronic obstructive pulmonary disease; D,.,, diffusing lung capacity carbon monoxide; ICU, intensive
care unit; OR, odds ratio.

a'Evaluated using the Short Physical Performance Battery or 2-minute walking test.



Recovery Time course

Fatigue, weakness, and poor endurance -three months or longer, particularly among ICU survivors

Ii)%spnea —-resolving slowly in most patients over two to three months, sometimes longer (eg, up to
months)

Chronic cough -two to three weeks following initial symptoms - resolution in 3 months
Chest discomfort -persists in 12 to 22 percent of patients 2-3 months
Altered taste and smell -Complete or near-complete recovery at one month following acute illness,

I\:]eu;ocogniltive symptoms -persist for six weeks or more in COVID-19 patients after discharge from
the hospita

Psychological - Observational studies report that psychological symptoms (eg, anxiety, depression,
PTSD) are common after acute COVID-19 infection, with anxiety being the most common. In
general, psychological symptoms improve over time but may persist for more than six months for a
subset of survivors.



Persistent Post-COVID-19 Interstitial Lung Disease
An Observational Study of Corticosteroid Treatment
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Abstract

Rationale: The natural history of recovery from severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) remains
unknown. Because fibrosis with persistent physiological deficit is a
previously described feature of patients recovering from similar
COTONAviruses, treatment represents an early opportunity to modify
the disease course, potentially preventing irreversible impairment.

Objectives: Determine the incidence of and describe the
progression of persistent inflammatory interstitial lung disease
(ILD) following SARS-CoV-2 when treated with prednisolone.

Methods: A structumed assessment protocol screened for sequelae
of SARS-CoV-2 pneumonitis. Eight hundred thirty-seven patients
were asessed by telephone 4 weels after discharge. Thos with
ongoing symptoms had outpatient assessment at & weeks, Thiny
patients diagnosed with persistent interstitial ing changes at a
multidiscplinary team meeting were reviewed in the interstitial hing
disease service and offered treatment. These patients had persistent,
nonimproving symptoms.,

Rayval Papworth Hospital NHS Foundation Trust, Cambridgs, Uniled
Naticnal Haart and Lung Institute, imparal Collage London, London, United Kingdom; and "Raoyal Brompton Hosgtal,

Results: At 4 weeks after discharge, 39% of patients reported
ongoing symptoms (325/837) and weme assessed. Interstitial lung
disease, predominantly organizing pneumonia, with significant
functional deficit was observed in 35/837 survivors (4.8%). Thirty of
these patients received g eroid treatment, resulting in a mean relative
increase in transfer factor following treatment of 31 6% (standard
deviation [SD] =276, P<-0.001), and forced vital capacity of
9.6% (5D = 13.0, P=10.014), with significant symptomatic and
radiological improvement.

Conclusions: Following SARS-CoV-2 pneumonitis, a cohort of
patients are left with both radiclogical inflaimmatory ung disease
and persistent physological and functional defict. Early treatment
with corticosteroids was well tolerated and assodated with rapid and
significant improvement. These preliminary data should inform
further gudy into the natural history and potential treatment for
patients with persistent inflammatory ILD following SARS Co'V-2
infection.

Keywords: COVID-19; interstitial hing disease; organizing
pneumonia; fibrosis



Figure 4. Axial image and coronal reconstruction from computed tomographic (CT) imaging of the thorax acquired immediately before discharge in a
previously fit and well 57-year-old man (A and B) shows a radiological pattern of organizing pneumonia disease with predominant peribronchial and
perilobular dense consolidation mild traction bronchiectasis of the airways. At this stage, the patient could only walk 30 yards. Follow-up CT imaging of
the thorax acquired after 3 weeks of oral prednisolone (C and D) shows resolution of consolidation with residual ground glass and fine subpleural
reticulation. The airways still have a slightly nontapering appearance. The patient was now able to run for 30 minutes a day.
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1,272 patients
diagnosed with
iabl 1 4
SARS-CoV-2 Unavailable for follow-up 245 died
74 remain inpatient

116 unable to contact

pneumonitis
February-May
2020

837 patients

Telephone
interview at 4
weeks - back 1o
baseline?

57 declined follow-up
139 unable to attend

i

NO YES

325 patients
offered structured
assessment at 6
weeks

316 patients

,,,,,,,,,,, offered 12 week
chest radiograph

138 patients d E’"‘“”ﬁf ot ! Virtual
discharged <«— NO physiologicalfunctional ! review by chest P Discharge from
impairment radiologist/chest ’ post-COVID clinic
physician
YES
110 patients
appropriately Appropriate
supported/ investigations
referred onwards
ABNORMAL CT 3 patients fixed
changes
Offered 312
follow-up
15 patients 6 pailonta wih 21 patients <15%
: 77 patients lung involvement ——
alternative post-COVID CT 9
discussed at MDT or no functional
diagnosis changes =
impairment
S [,
5 patients not
treated due to
comorbidity
35 paitents
with
pOst-COVID ILD and
assessed for
treatment 30 patients
completed
treatment and
follow-up

Flowchart of the study population recruited between February and May 2020. COVID = coronavirus disease; CT = computed tomography;
ILD =interstitial lung disease; MDT = multidisciplinary team meeting; SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2.
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Figure 2. Steroid dosing by week. Data are presented as median and interquartile range.

Annals ATS, 2021
https://www.atsjournals.org/doi/abs/10.1513/AnnalsATS.202008-10020C

Published in: Katherine Jane Myall; Bhashkar Mukherjee; Ana Margarida Castanheira; Jodie L. Lam; Giulia Benedetti; Sze Mun Mak; Rebecca Preston; Muhunthan
Thillai; Amy Dewar; Philip L. Molyneaux; Alex G. West; Annals ATS 18799-806.

DOI: 10.1513/AnnalsATS.202008-10020C

Copyright © 2021 by the American Thoracic Society

One PowerPoint slide of each figure may be downloaded and used for educational not promotional purposes by an author for slide presentations only. The ATS citation line must appear in at least 10-point type on all
figures in all presentations. Pharmaceutical and Medical Education companies must request permission to download and use slides, and authors and/or publishing companies using the slides for new article creations
for books or journals must apply for permission. For permission requests, please contact the Publisher at dgern@thoracic.org or 212-315-6441.




p=0.014 p=0.004
8 150 1
——
—eo— (X 3
]
87 gg $3e ]
e f [
- olo ;\? 100 o [ ! |
= ° ~ o
O 4 o4o 0 0fo $
z 3 2 _
Eg L 50 ——
2 - o N
O T T O T T
Pre-treatment Post-treatment Pre-treatment Post-treatment
p <0.001 p <0.001
15 - 150 - ——
——
J
(’7; 10 9 100 - —— °
~ o ~ q
(OO PN O 0Ql10qg
8 O °53
| fo¥Wo) Q |
F 51 2 F 50 - aga0
S%0
O T T 0 T T
Pre-treatment Post-treatment Pre-treatment  Post-treatment
p=0.025 p=0.02
4 — 200 - —
R —
) 5 150 ——
T —~ [ ]
3 . S
2 GENNNC - = ST %
g oo O ol®
8 1 0 olo 0 [ N 4 .
¥ 50 A 2 ——
Sl —
O T T O T T

Pre-treatment

Post-treatment

Pre-treatment

Post-treatment

Figure 3. Change in lung function after treatment with oral prednisolone in patients with interstitial lung disease after infection with SARS-CoV-2.
FVC =forced vital capacity; KCO = transfer coefficient; SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2; Sl = International System of
Units; transfer; TICO = transfer factor of the lung for carbon monoxide.
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Where facts are few, experts are many




Limitations and Opportunities

What are the determinants of PASC?
What is the effect of age, race, or sex?
Social determinants of Health and SES

Natural history of the condition

Need a comparison group.




Future Directions

m Prospective cohort studies of COVID-19 survivors, including
asymptomatic and those with PASC. What is the proportion of the
population who develop PASC?

Underlying biological cause of these prolonged symptoms?
Underlying cause of vulnerability

Etiology of unexplained prolonged dyspnea?

nteraction with underlying health status,

Physiologic studies addressing ventilatory control, sleep, PLMS

Dedicated clinics with registries.
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