Long-term cardiovascular outcomes of COVID-19 in adults: a systematic

review and meta-analysis

Supplementary files

Search strategy

Database(s): PubMed

Search Strategy:

# | Searches

Results

CCCCCCCCCCCC((covID 19[Title/Abstract]) OR (SARS-CoV-2 Infection[Title/Abstract])) OR (Infection, SARS-CoV-
2[Title/Abstract])) OR (SARS CoV 2 Infection[Title/Abstract])) OR (SARS-CoV-2 Infections[Title/Abstract])) OR
(2019 Novel Coronavirus Disease[Title/Abstract])) OR (2019 Novel Coronavirus Infection[Title/Abstract])) OR
1| (2019-nCoV Disease|[Title/Abstract])) OR (Disease, 2019-nCoV/[Title/Abstract])) OR (COVID 19 Virus
Infection[Title/Abstract])) OR (Coronavirus Disease 19[Title/Abstract])) OR (COVID-19 Virus
Disease[Title/Abstract])) OR (2019-nCoV Infection[Title/Abstract])) OR (COVID-19 Pandemic[Title/Abstract]))

OR (COVID-19 Pandemics[Title/Abstract])

263894

(((((((((long-COVID[Title/Abstract]) OR (long-haul COVID[Title/Abstract])) OR (post-acute COVID
syndrome[Title/Abstract])) OR (post-acute COVID19 syndrome|[Title/Abstract])) OR (persistent COVID-

2 | 19[Title/Abstract])) OR (long COVID[Title/Abstract])) OR (long hauler COVIDI[Title/Abstract])) OR (post-acute
sequelae of SARS-CoV-2 infection[Title/Abstract])) OR (long haul COVIDI[Title/Abstract])) OR (chronic COVID

syndrome(Title/Abstract])

2020

3|1or2

264203

((((((((associated disease) OR (sequelae[Title/Abstract])) OR (sequels[Title/Abstract])) OR (coexistent
disease[Title/Abstract])) OR (concomitant disease[Title/Abstract])) OR (associated conditions[Title/Abstract]))
OR (coexistent conditions[Title/Abstract])) OR (concomitant conditions[Title/Abstract])) OR (persistent

symptom([Title/Abstract])

4457591

((((((((Cohort Study|[Title/Abstract]) OR (Cohort Study Studies, Cohort[Title/Abstract])) OR (Study,
Cohort[Title/Abstract])) OR (Analyses, Cohort[Title/Abstract])) OR (Historical Cohort Studies[Title/Abstract]))
OR (Cohort Study, Historical[Title/Abstract])) OR (Historical Cohort Study|[Title/Abstract])) OR (Studies,

Historical Cohort[Title/Abstract])) OR (Incidence Studies[Title/Abstract])

275344
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Database(s): Embase

Search Strategy:

# | Searches Results

'COVID 19':ab,ti OR 'SARS-CoV-2 Infection":ab,ti OR 'Infection, SARS-CoV-2"ab,ti OR
'SARS CoV 2 Infection":ab,ti OR 'SARS-CoV-2 Infections:ab,ti OR '2019 Novel
Coronavirus Disease":ab,ti OR '2019 Novel Coronavirus Infection:ab,ti OR '2019-nCoV
Disease"ab,ti OR '2019 nCoV Disease":ab,ti OR '2019-nCoV Diseases":ab,ti OR 'Disease,
2019-nCoV'"ab,ti OR 'COVID-19 Virus Infection:ab,ti OR "COVID 19 Virus
Infection:ab,ti OR 'COVID-19 Virus Infections:.ab,ti OR 'Infection, COVID-19 Virus'ab;ti
OR 'Virus Infection, COVID-19":ab,ti OR 'Coronavirus Disease 2019":ab,ti OR 'Disease

1| 2019, Coronavirus"ab,ti OR 'Coronavirus Disease-19"ab,ti OR '‘Coronavirus Disease 282772
19"ab,ti OR 'Severe Acute Respiratory Syndrome Coronavirus 2 Infection":ab,ti OR
'SARS Coronavirus 2 Infection:ab,ti OR 'COVID-19 Virus Disease:ab,ti OR 'COVID 19
Virus Disease":ab,ti OR 'COVID-19 Virus Diseases:ab,ti OR 'Disease, COVID-19
Virus"ab,ti OR 'Virus Disease, COVID-19"ab,ti OR '2019-nCoV Infection":ab,ti OR '2019
nCoV Infection:ab,ti OR '2019-nCoV Infections"ab,ti OR 'Infection, 2019-nCoV":ab,ti
OR 'COVID19":ab,ti OR 'COVID-19 Pandemic:ab,ti OR 'COVID 19 Pandemic:ab,ti OR
'Pandemic, COVID-19"ab,ti OR 'COVID-19 Pandemics'

'long-COVID":ab,ti OR 'long-haul COVID":ab,ti OR 'post-acute COVID syndrome':ab,ti
OR 'persistent COVID-19"ab,ti OR 'post-acute COVID19 syndrome"ab,ti OR 'long

2 | hauler COVID":ab,ti OR 'long COVID":abti OR 'post-acute sequelae of SARS-CoV-2 2009
infection”:ab,ti OR 'long haul COVID"ab,ti OR 'chronic COVID syndrome'

3|1or2 283175
‘associated disease:ab,ti OR 'sequelae”ab,ti OR 'sequels’:ab,ti OR 'coexistent
4 | disease’:ab,ti OR ‘concomitant disease":ab,ti OR "associated conditions"ab,ti OR 111912

‘coexistent conditions":ab,ti OR 'concomitant conditions':ab,ti OR 'persistent symptom'

'‘Cohort Study":ab,ti OR 'Studies, Cohort":ab,ti OR 'Study, Cohort":ab,ti OR 'Analysis,
Cohort"ab,ti OR 'Analyses, Cohort:ab,ti OR 'Cohort Analyses":.ab,ti OR 'Cohort
Analysis":ab,ti OR 'Historical Cohort Studies"ab,ti OR 'Cohort Studies, Historical:ab,ti OR
> | "Cohort Study, Historical':ab,ti OR "Historical Cohort Study':ab,ti OR 'Study, Historical 418276
Cohort:ab,ti OR 'Studies, Historical Cohort:ab,ti OR 'Incidence Studies:ab,ti OR
'Incidence Study':ab,ti OR 'Studies, Incidence":ab,ti OR 'Study, Incidence'
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266

Web of Science

Search strategy:

Searches

Results

TS = (COVID 19 OR SARS-CoV-2 Infection OR Infection, SARS-CoV-2 OR SARS CoV 2
Infection OR SARS-CoV-2 Infections OR 2019 Novel Coronavirus Disease OR 2019
Novel Coronavirus Infection OR 2019-nCoV Disease OR 2019 nCoV Disease OR 2019-
nCoV Diseases OR Disease, 2019-nCoV OR COVID-19 Virus Infection OR COVID 19
Virus Infection OR COVID-19 Virus Infections OR Infection, COVID-19 Virus OR Virus
Infection, COVID-19 OR Coronavirus Disease 2019 OR Disease 2019, Coronavirus OR
Coronavirus Disease-19 OR Coronavirus Disease 19 OR Severe Acute Respiratory
Syndrome Coronavirus 2 Infection OR SARS Coronavirus 2 Infection OR COVID-19
Virus Disease OR COVID 19 Virus Disease OR COVID-19 Virus Diseases OR Disease,
COVID-19 Virus OR Virus Disease, COVID-19 OR 2019-nCoV Infection OR 2019 nCoV
Infection OR 2019-nCoV Infections OR Infection, 2019-nCoV OR COVID19 OR
COVID-19 Pandemic OR COVID 19 Pandemic OR Pandemic, COVID-19 OR COVID-19
Pandemics )

286244

TS=(long-COVID OR long-haul COVID OR post-acute COVID syndrome OR persistent
COVID-19 OR post-acute COVID19 syndrome OR long hauler COVID OR long COVID
OR post-acute sequelae of SARS-CoV-2 infection OR long haul COVID OR chronic
COVID syndrome)

28372

lor2

286456

AB=(associated disease OR sequelae OR sequels OR coexistent disease OR
concomitant disease OR associated conditions OR coexistent conditions OR
concomitant conditions OR persistent symptom)

3515752

AB=(Cohort Study OR Studies, Cohort OR Study, Cohort OR Analysis, Cohort OR
Analyses, Cohort OR Cohort Analyses OR Cohort Analysis OR Historical Cohort Studies
OR Cohort Studies, Historical OR Cohort Study, Historical OR Historical Cohort Study
OR Study, Historical Cohort OR Studies, Historical Cohort OR Incidence Studies OR
Incidence Study OR Studies, Incidence OR Study, Incidence)

1632353
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Cochrane COVID-19 Study Register
Results: 850
A series of separate searches were run. Results were added to RIS File. Only studies that

included results were added.

Search 1: 70
longcovid* or "long covid*" or longcoronavirus* or longcoronavirinae or "long coronavirinae"

or longCov or "long Cov" or longsars or "long sars"

Search 2: 256

ongoing symptom or persistent symptom

Search 3: 44

Sequelae

Search 4: 480
postcovid* or "post covid*" or postcoronavirus® or postcoronavirinae or "post coronavirinae"

or postCov or "post Cov" or postsars or "post sars"




ProQuest Coronavirus Research Database

Number of results: 132

noft(("long covid" OR longcovid OR longcoronavirus OR "long coronavirus" OR "long COVID*"
OR (persist* AND covid) OR "post acute covid" OR "post covid" OR "post-covid" OR "post
infection" OR postviral* OR "post viral*" OR postvirus* OR "post virus*" OR "sequela* covid"
OR (post discharg® AND covid) "long sars*" OR "post-acute SARS-CoV-2" OR "Late sequelae
covid*" OR "post acute COVID*" OR "Covid* syndrome" OR "post-acute sequelae SARS-CoV-2
infection" OR "long haul*" OR long-haul* OR longcovid OR "long coronavirus" OR "long COVID-
19" OR (persist* AND covid) OR "post acute covid" OR "post-covid"))

COVID-19 Living Overview of the Evidence (L-OVE) subset of Episteminokos database:

Search results: 45

("long covid" OR "post acute covid" OR "post covid" OR "post-covid" OR longcovid OR
longcoronavirus OR "long coronavirus" OR "long covid syndrome" or "post-acute sequelae

SARS-CoV-2 infection")

WHO COVID-19 Global literature on coronavirus disease

Number of results: 134

(tw:(("long covid" OR longcovid OR longcoronavirus OR "long coronavirus" OR "long COVID*"
OR (persist* AND covid) OR "post acute covid" OR "post covid" OR "post-covid" OR "post
infection" OR postviral* OR "post viral*" OR postvirus* OR "post virus*" OR “sequela* covid”
OR (post discharg* AND covid) "long sars*" OR "post-acute SARS-CoV-2" OR "Late sequelae

covid*" OR "post acute COVID*" or "Covid* syndrome" or "post-acute sequelae SARS-CoV-2



infection" or "long haul*" or long-haul* or longcovid or "long coronavirus" or "long COVID-19"

or (persist* and covid) or "post acute covid" or "post-covid")))



Table S1: Risk of bias in Cohort Studies
NEWCASTLE-OTTAWA QUALITY ASSESSMENT SCALE COHORT STUDIES

Study Selection Comparability AHRQ Total #
Outcome

standard of stars

Xie, 2022 * % % * % % * % % High 9

Potts, 2022 * % % * % % * % % High 9

Subramanian, 2022 * % % * % % * % % High 9

Walker, 2021 * % X * % % * % % High 9

Cohen, 2022 * % % * % % * % % High 9

Rivera, 2022 * % * % * % % High 7

Ayoubkhani, 2021 * % % * % X * % X High 9

Dautherty, 2021 * % X * % % 1. 0.0 ¢ High 9

Note: NA= Not Applicable, Red=poor/low, orange=fair/moderate, green=good/high, AHRQ= Agency for Healthcare
Research and Quality Thresholds for converting the Newcastle-Ottawa scales to AHRQ standards (good, fair, and poor):
Good/high quality: 3 or 4 stars in selection domain AND 1 or 2 stars in comparability domain AND 2 or 3 stars in
outcome/exposure domain fair/moderate quality: 2 stars in selection domain AND 1 or 2 stars in comparability domain
AND 2 or 3 stars in outcome/exposure domain |poor/|ow quality: O or 1 star in selection domain OR O stars in

comparability domain OR 0 or 1 stars in outcome/exposure domain



® Figure S1. SARS-CoV-2 group versus comparison group for risk difference per 100
individuals (A)and hazard ratio (B) for coronary disease in long COVID-19.

A:
Study TE seTE Hazard Ratio HR  95%-Cl Weight
Daugherty/2021 0.80 0.1566 - 223 [1.64;3.03] 18.3%
Cohen/2022 0.73 0.0889 s 2.08 [1.75;2.48] 20.1%
Collaborative/2021 0.65 0.0533 H 191 [1.72;212] 20.7%
Rezel/2022 -0.22 0.1008 £H 0.80 [0.66;0.97] 19.8%
Bowe/2022 0.45 0.0308 1.57 [1.48;1.67] 21.0%
Random effects model e 1.61 [1.13; 2.31] 100.0%
Prediction interval [0.40; 6.51]
Heterogeneity: /% = 94%, > = 0.1585, p < 0.01 ' ' ' Tl
0.2 0.5 1 2 57
B:
EXperimental Lontrol KISK vitterence
Study Events Total Events Total (events per 100 obs.) RD 95%-Cl  Weight
Daugherty/2021 311 193113 147 193113 0.08 [0.06;0.11] 33.9%
Cohen/2022 1014 87337 532 87337 0.55 [0.46;0.64] 32.8%
Collaborative/2021 593 77347 2797 386669 + 0.04 [-0.02;0.11] 33.3%
Random effects model 357797 667119 : 0.22 [-0.06; 0.50] 100.0%
Prediction interval _— [-3.38; 3.83]

Heterogeneity: /% = 99%, t* < 0.0001, p < 0.01 f I I I I !
-6 -4 -2 0 2 4 b



® Figure S2. SARS-CoV-2 group versus comparison group for risk difference per 100
individuals (A)and hazard ratio (B) for Stroke in long COVID-19.

A:
Study TE seTE Hazard Ratio HR  95%-Cl Weight
Daugherty/2021 0.90 0.1570 R 2.46 [1.81; 3.35] 18.9%
Cohen/2022 0.65 0.0764 B 1.92 [1.65; 2.23] 20.2%
Collaborative/2021 1.04 0.0388 2.82 [2.61; 3.04] 20.5%
Rezel/2022 -0.31 0.1049 == 1 0.73 [0.59; 0.90] 19.8%
Bowe/2022 0.40 0.0325 1.49 [140; 1.59] 20.5%
Random effects model - 1.71 [1.07; 2.72] 100.0%
Prediction interval [0.27; 10.61]
Heterogeneity: I° = 98%, t° = 0.2734, p < 0.01 F ' ' ' '
0102 051 2 5 20
B:
CXpPEHmernwal COrnuol IRISK UIlIEIence
Study Events Total Events Total (events per 100 obs.) RD 95%-Cl  Weight
Daugherty/2021 331 193113 141 193113 f:] 0.10 [0.08;0.12] 33.5%
Cohen/2022 1318 87337 744 87337 @ 066 [0.56;0.76] 33.2%
Collaborative/2021 1128 77347 3938 386669 o] 044 [0.35;053] 33.3%
Random effects model 357797 667119 ¢> 0.40 [-0.21; 1.01] 100.0%
Prediction interval [-7.48; 8.28]
Heterogeneity: /2 = 100%, t° < 0.0001, p < 0.01 I I I |

-10 -5 0 5 10



® Figure S3. SARS-CoV-2 group versus comparison group for risk difference per 100
individuals (A)and hazard ratio (B) for arrhythmia in long COVID-19.

A:
Study TE seTE Hazard Ratio HR 95%-Cl Weight
Daugherty/2021 0.92 0.0619 = 2.50 [2.21;2.82] 20.2%
Cohen/2022 0.65 0.0569 B 1.92 [1.72; 2.15] 20.3%
Subramanian/2022 0.36 0.0897 Sy 1.44 [1.21;1.72] 19.7%
Rezel/2022 -0.16 0.1108 e 0.85 [0.68; 1.06] 19.2%
Bowe/2022 0.54 0.0283 1.71 [1.62; 1.81] 20.6%
Random effects model —_ 1.60 [1.13; 2.26] 100.0%
Prediction interval [0.41; 6.18]
Heterogeneity: 1> = 95%, t° = 0.1497, p < 0.01 r ' '
03 05 1 2 7
B:
Experimental Control Risk Difference
Study Events Total Events Total (events per 100 obs.) RD 95%-ClI Weight
Daugherty/2021 2044 193113 840 193113 ; 0.62 [ 0.57; 0.68] 33.4%
Cohen/2022 2380 87337 1370 87337 1.16 [ 1.02; 1.29] 33.2%
Subramanian/2022 646 486149 2576 1944580 ] 0.00 [-0.01; 0.01] 33.4%
Random effects model 766599 2225030 > 0.59 [-0.27; 1.46] 100.0%
Prediction interval ) : | | . : | [-10.62; 11.81]

Heterogeneity: 2= 100%, 1 < 0.0001,p =0

-5 -10 -5 0 5 10 15



® Figure S4. SARS-CoV-2 group versus comparison group for risk difference per 100
individuals (A)and hazard ratio (B) for cardiomyopathy and myocarditis in long
COVID-19.

A:
Study TE seTE Hazard Ratio HR 95%-Cl  Weight
Daugherty/2021 118 0.1757 -E— 327 [2.32; 461] 16.7%
Cohen/2022 0.39 0.1020 B 147 [120; 1.80] 17.3%
Bowe/2022 0.47 0.0526 160 [144;, 1771 17.5%
Rezel/2022 0.10 0.2061 + 1.11 [0.74;, 1.66] 16.4%
!
Daugherty/2021 3.04 0.8608 —H— 20.97 [3.88; 113.31] 7.7%
Cohen/2022 168 0.8262 —— 536 [1.06; 27.07] 8.1%
Bowe/2022 175 0.2054 e 574 [384; 858] 164%
<
Random effects model _ 277 [1.48; 5.18] 100.0%
Prediction interval [0.33; 23.05]
Heterogeneity: /% = 91%, 1> = 0.5773, p < 0.01 T T '
Test for subgroup differences: qu =19.30,df=1(p <0.01) 0102 051 2 5 50
B:
Experimental Control Risk Difference
Study Events Total Events Total (events per 100 obs.) RD 95%-Cl Weight
Daugherty/2021 334 193113 104 193113 E-l 0.12 [0.10;0.14] 26.1%
Cohen/2022 624 87337 464 87337 = 0.18 [0.11;0.26] 20.8%
Daugherty/2021 75 193113 4 193113 0.04 [0.03;0.05] 26.6%
Cohen/2022 25 87337 5 87337 EI 0.02 [0.01;0.04] 26.5%
[
Random effects model 560900 560900 - 0.09 [0.01; 0.16] 100.0%
Prediction interval —e [-0.26; 0.43]
T T T T T 1

Heterogeneity: 1% = 99%, ©* < 0.0001, p < 0.01
Test for subgroup differences ;(f =7.26,df=1(p <0.01) -06-04-02 0 02 04 08



® Figure S5. SARS-CoV-2 group versus comparison group for risk difference per 100
individuals (A)and hazard ratio (B) for hypertension in long COVID-19.

A:

Study TE seTE Hazard Ratio HR 95%-Cl Weight
Daugherty/2021 0.53 0.0479 +1 170 [1.55;1.87] 85.4%
Cohen/2022 0.53 0.1156 —#—— 1.70 [1.36; 2.13] 14.6%

Random effects model

<>  1.70 [1.56; 1.85] 100.0%

Heterogeneity: %= 0%, = 0,p=1.00 ' '

0.5 1
B:
Experimental Control

Study Events Total Events Total
Daugherty/2021 2231 193113 1374 193113
Cohen/2022 512 87337 347 87337
Random effects model 280450 280450
Heterogeneity: 1¥ = 97%, t° < 0.0001, p < 0.01

Risk Difference
(events per 100 obs.)

-04

0 02040608 1

RD 95%-Cl Weight

0.44 [0.38; 0.50] 50.1%
0.19 [0.12; 0.25] 49.9%

0.32 [0.06; 0.58] 100.0%



® Figure S6. SARS-CoV-2 group versus comparison group for risk difference per 100
individuals (A)and hazard ratio (B) for heart failure in long COVID-19.

A:
Study TE seTE Hazard Ratio HR 95%-ClI Weight
Daugherty/2021 0.96 0.1610 = 262 [191;3.59] 18.9%
Cohen/2022 0.62 0.0714 1.85 [1.61;2.13] 20.8%
Collaborative/2021 0.82 0.0212 228 [2.19;2.38] 21.3%
Rezel/2022 -0.33 0.1968 -+ 0.72 [0.49;1.06] 17.9%
Bowe/2022 0.55 0.0278 1.74 [1.65; 1.84] 21.2%
Random effects model < 1.72 [1.15; 2.59] 100.0%
Prediction interval — [0.36; 8.32]
Heterogeneity: 12 = 96%, 1° = 0.2018, p < 0.01 P ' ' ' '

0102 051 2 5 27
B:
Study “"Events Total Events Total  (eventsper100obs) RD  95%-Cl  Weight
Daugherty/2021 319 193113 128 193113 0.10 [ 0.08; 0.12] 33.3%
Cohen/2022 1450 87337 853 87337 0.68 [ 0.58; 0.79] 33.3%
Collaborative/2021 5152 77347 14123 386669 3.01 [ 282 319 33.3%
Random effects model 357797 667119 1.26 [=-2.50; 5.03] 100.0%
Prediction interval i [-47.58; 50.10]

Heterogeneity: I = 100%, * = 0.0011, p =0 | I ‘ ‘ I ‘ ‘
-60 -40 -20 0 20 40 60



® Figure S7. SARS-CoV-2 group versus comparison group for risk difference per 100
individuals (A)and hazard ratio (B) for cardiogenic shock in long COVID-19.

A:
Study TE seTE Hazard Ratio HR  95%-Cl Weight
Daugherty/2021 1.50 0.5879 ——a—— 449 [1.42;14.21] 7.4%
Cohen/2022 0.64 0.2966 —E— 1.90 [1.06; 3.40] 29.0%
Bowe/2022 0.69 0.2003 —E— 2.00 [1.35; 2.96] 63.6%
Random effects model < 2.09 [1.53; 2.86] 100.0%
Prediction interval [0.27; 15.93]
Heterogeneity: 12 = 0%, t° < 0.0001, p = 0.40 F ' ' ' '
0102 051 2 5 20
B:
Experimental Control Risk Difference
Study Events Total Events Total (events per 100 obs.) RD 95%-Cl  Weight
Daugherty/2021 38 193113 9 193113 0.02 [0.01;0.02] 55.2%
Cohen/2022 89 87337 51 87337 0.04 [0.02;0.07] 44.8%
Random effects model 280450 280450 |

0.03 [-0.01; 0.07] 100.0%
Heterogeneity: 1% = 88%, t° < 0.0001, p < 0.01 ‘ !

-0.1 -0.05 0 0.05 0.1



