Supplements COVID-19 DDSI/ TDSI Networks

Supplements:

Drug-disease severity and target-disease severity interaction
networks in COVID-19 patients

Table S1: Assignmentof ATC codes to the drug groups and subgroups

Group Subgroup Included ATC codes
Analgesics Antimigraine preparations N02C

Nonsteroidal anti-inflammatory [ MO1A, CO1EB16, RO2A X02

drugs (NSAIDs)

Opioids NO2A

Other analgesics and | NO2B

antipyretics
Antacids Antacids AO02A
Antiepileptics Antiepileptics NO3
Antihemorrhagics Antifibrinolytics B02A

Vitamin K and other | B02B

hemostatics
Antihistamines Antihistamines RO6A

Antihyperglycemics

Alphaglucosidase inhibitors

A10BF, A10BD17

Biguanides

A10BA, A10BD01, A10BDQ2,

A10BD03, A10BDO05,
A10BDO07, A10BD08,
A10BD10, A10BD11,
A10BD13, A10BD14,
A10BD15, A10BD16,
A10BD17, A10BD18,
A10BD20, A10BD22,
A10BD23, A10BD25,
A10BD26

Dipeptidyl peptidase 4 (DPP-4) | A10BH, A10BD19, A10BD21,

inhibitors A10BD24, A10BD25,
A10BD26, A10BDO07,
A10BD08, A10BD09,
A10BD10, A10BD11,
A10BD12, A10BD13,
A10BD18, A10BD22

Glucagon like peptide 1 (GLP.- | A10BJ

1) analogues

Other blood glucose lowering | A10BX

drugs, excl. insulins

Sodium glucose co-transporter
2 (SGLT 2) inhibitors

A10BK, A10BD14, A10BD15,

A10BD16,
A10BD20,
A10BD23,
A10BD25,

A10BD19,
A10BD21,
A10BD24,
A10BD19,

A10BD20, A10BD21
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Group

Subgroup

Included ATC codes

Sulfonylureas

A10BB, A10BD01, A10BD02,
A10BD04,

A10BD06,A10BD14
Thiazolidinediones A10BG, A10BD09, A10BD12,
A10BDO03, A10BD04,
A10BD05, A10BD06,
A10BD26
Anti-infectives Antibiotics Jo1
Antifungals D01B
Antivirals JO5
Antiobesity Antiobesity A08
Anti-Parkinson drugs Anticholinergic agents NO4A
Dopaminergic agents N04B
Otheranti-Parkinson drugs N04C
Anticoagulants Direct factor Xa inhibitors BO1AF
Vitamin K antagonists BO1AA
Heparin BO1AB
Direct thrombin inhibitors BO1AE
Otherantithrombotic agents BO1AX
Antiplatelet Platelet aggregation inhibitors | BO1AC
Acetylsalicylic acid BO1ACO06, NO02BAO01,
MO1BAO03, NO2BA5SL,
BO1AC56, C10BX08,
C10BX12, C10BX06,

CO7FX04, N02AJO7, NO2AJ02,

CO7FX03, NO02AJ18,
C10BX02, C10BXO05,
C10BX01, C10BX04,
CO7FX02
Calcium homeostasis Parathyroid hormones and | HO5A
analogues
Anti-parathyroid agents HO5B
Cardiovascular drugs Antihypertensives C02

Beta blockers

C07, C09BX, C09DX

Calciumchannelblockers

C08, C09BB, CO7FB, C09DB,

C10BX03, C10BX09,
C10BX14, C10BX18,
C10BX07, C10BX11,
C10BX09

Cardiac therapy Co1

Cold drugs Bxpectorants R05C
Cough suppressants RO5D
Bxpectorants and  cough | RO5F

suppressants
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Group Subgroup Included ATC codes
Cold other R0O5X
Corticosteroids Corticosteroids, inhalative RO3AKO7, RO3AKO0S,
RO3AKO9, RO3AK10,
RO3AK11, RO3AK12,
RO3AK13, RO3AK14,
RO3AL08, RO3AL09,
RO3AL11, RO3AL12, RO3BA
Corticosteroids systemic HO2B, HO2AB, MOI1BA,
AO07EA, A01AC

Diuretics

(in the ATC not further
specified diuretics, therefore

CO7C, C08G, C09BA, CO9DA,
coz2L

not part ofany subgroup)

Loop diuretics (high ceiling | CO3C, CO3EB
diuretics)

Low-ceiling diuretics Co3B

Potassium-sparing diuretics

CO3DA, C03DB, CO3E

Thiazids

CO3A, C07B, C07D, CO3EAO01,

gastro-oesophageal reflux

disease (GORD)

CO3EA02, CO3EA04,
CO3EA06, CO3EA07,
CO3EA13, C10BX13,
C10BX14
Immunglobolins Immunglobolins Jo6B
Immunosuppressants Immunosuppressants Lo4
Muscle relaxants Muscle relaxants, peripherally [ MO3A
acting agents
Muscle relaxants, centrally [ MO3B
acting agents
Muscle relaxants, directly [ M03C
acting agents
Obstructiveairway diseases Adrenergic, inhalants RO3A
Other drugs for obstructive | RO3B
airway diseases, inhalants
Adrenergic for systemic use RO3C
Other systemic drugs for | RO3D
obstructive airway diseases
Insulins Insulins A10A
Pancreatic hormone Pancreatic hormone HO4
Drugs for peptic ulcer and | H2-receptorantagonists A02BA
gastro-esophageal reflux -
disease (GORD) Prostaglandins A02BB
Proton pump inhibitors (PPIs) [ A02BC, BO1AC56
Combinations for eradicationof | A02BD
Helicobacter pylori
Otherdrugs forpepticulcerand | A02BX
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Group Subgroup Included ATC codes
Pituitary and hypothalamic | Anterior  pituitary lobe | HO1A
hormonesand analogues hormonesand analogues
Posterior  pituitary lobe | HO1B
hormones
Hypothalamic hormones HO1C
Psychoanaleptics Antidepressants NO6A, NO6CA
Psychostimulants, agents used | NO6B, NO6CB
for ADHD and nootropics
Anti-dementia drugs N06D
Psycholeptics Antipsychotics NOSA
Anxolytics NO5B
Sedatives NO5C
RAAS systemagents ACE inhibitors C09A, C09B, C10BX04,
C10BX06,C10BX07,
C10BX17, C10BX18,
C10BX12, C10BX13,
C10BX15, C10BX14
Renin inhibitors C09X, C09DX
Sartans (angiotensin Il receptor | C09C, C09D,  C10BX16,
blockers) C10BX10
Respiratory other Respiratory other RO7

Statins Statins C10AA, C10BA, C10BX
Supplements Melatonin NO5CHO01
Vitamin A A11CA,A11CB
Vitamin B AllD, A1llE, AIl11HAQ2,
A11HA04
Vitamin C Al11G, A11EB
Vitamin D A11CC, A12AX,A11CB
Zinc A12CB, A16AX05, BO5XA12,
BO5XA18
Thyroid therapy Thyroid preparations HO3A
Antithyroid preparations HO3B
lodine therapy HO3C
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Table S2: Important network metrics of DDS1and TDSI network

Main node (hub): node with the highest weight, i.e. the largestshare of patients taking this drug, weight

in % is indicated in the brackets;

Main edge: edgewith the highestweight, i.e. the largest share of patients taking this drug combination,

weightin % is indicated in the brackets;

Diameter: maximum distance betweenany two nodes; or: the longest shortest path;
Node betweenness centrality: betweenness, indicating how often a node lies on theshortest path
between two other nodes, nodes with the highestdifferences in betweenness between the severity

cohortsare shown

Non-sewere

Sewere

Main node (hub) (weightin %)

Anatomical/ pharmacological groups

Blood and blood

Blood and blood

forming organs (85.6) | forming organs (94.8)
Drug group Analgesics (59.7) Analgesics (60.9)
Drug subgroup Other analgesics and | Other analgesics and
antipyretics (56.4) antipyretics (54.8)
Moleculartarget Prostaglandin G/H | Prostaglandin G/H
synthase 1 (68.9) synthase 1 (75.0)

Main edge (weightin %)

Anatomical/ pharmacological groups

Blood and blood
forming organs -

Blood and blood
forming organs -

nervoussystem(63.1) | nervoussystem(62.6)
Drug group Analgesics — | Analgesics -

anticoagulants (33.1) anticoagulants (34.8)
Drug subgroup Other analgesics and | Other analgesics and

antipyretics — heparin
(24.4)

antipyretics -
antibiotics (28.7)

Moleculartarget

Prostaglandin G/H

Prostaglandin G/H

synthase 1 — | synthase 1 -
Prostaglandin G/H | Prostaglandin G/H
synthase 2 (65.4) synthase2 (67.3)
Diameter
Anatomical/ pharmacological groups 2.82 5.22
Drug group 1.55 3.48
Drug subgroup 1.04 2.61
Moleculartarget 13 2.88
Node betweenness centrality
Anatomical/pharmacological groups
Antiparasitic products 70 25.9
Dermatologicals 0 20.1
Musculo-skeletal system 0 155
Systemic hormonal preparations 11.2
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Non-sewere Sewere

Antineoplastic and immunomodulating | 1 9.8
agents
Genito urinary systemand sexhormones 8 13
Sensoryorgans 0.7 3.9
Various 0 24

Drug group
Calcium homeostasis 108.7 0
Muscle relaxants 80.1 0
Pituitary and hypothalamic hormones and | 52.3 91.2
analogues
Anti-infectives 29.3 0
Thyroid therapy 0 26.6
Anti-Parkinson drugs 3 28.7
Antihistamines 42.7 19
Diuretics 18 0
Antiplatelet 16.9 0
Supplements 139 0

Drug subgroups
Adrenergics for systemic use 1135 0
Antihypertensives 108 12.3
Anti-parathyroid agents 76.8 0
Otheranalgesics andantipyretics 79.2 22.8
Immunosuppressants 747 244
Vitamin B 75.7 259
Biguanides 143 62.7
Glucagon like peptide 1 (GLP-1) analogues | 53.2 6.4
Calcium channel blockers 2.7 44.7
Other blood glucose lowering drugs, excl. | 42 0
insulins

Molecular targets
Annexin A1 1687.4 235.9
DNA 1043.8 0
Glucagon-like peptide 1 receptor 1110.8 1133
P-glycoproteinl 11914 224.8
Reverse transcriptase/RNaseH 1145.9 1955
Solute carrier family 12 member 1 12255 320
Coagulationfactor X 1701.3 848.2
Transcriptionfactor AP-1 853.3 2.9
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Non-sewere Sewere
Dipeptidylpeptidase 4 958 128.4
Antithrombin-IlI 1405.8 638.2

Table S3: Disease specific differences in the nodes of the DDSI network

Only nodes with significant differences are shown, as confirmed by Chisquare test.

Heart: patients suffering fromcardiac conditions (chronic heart failure, atrial fibrillation, coronary

heart dis-easeand/or coronary sclerosis)

Diabetes: patients suffering frompre-diabetes, diabetes type 1 or diabetes type 2

Drug groups gg\—/sleD\ﬁrge[% 1 ﬁ)zv]ere Clonle= p value
Heart

Anti-hyperglycemics 27.78 12.07 0.03
Diabetesand heart

Anti-hyperglycemics 71.43 33.33 0.007
Drug subgroups

Heart

Dipeptidylpeptidase 4 inhibitors 12.7 1.72 0.034
Diabetes andheart

Dipeptidylpeptidase 4 inhibitors 32.65 4.76 0.029

Table S4: Disease specific differences in the edges of the DDSI network

Only edges with significant differences are shown, as confirmed by Chisquaretest.

Heart: patients suffering fromcardiac conditions (chronic heart failure, atrial fibrillation, coronary

heart dis-easeand/or coronary sclerosis)

Diabetes: patients suffering frompre-diabetes, diabetes type 1 or diabetes type 2
Arterial hypertension: patients with arterial hypertension

Non-sewere

Sewere COVID-19

drugs

Drug group combinations COVID-19 [%] [%] p value
Diabetes
Anti- Anticoagulants 46.67 23.53 0.029
hyperglycemics
Heart
Anti- Anticoagulants 23.81 6.9 0.011
hyperglycemics
Diabetes andheart
Anti- Anticoagulants 61.22 19.05 0.003
hyperglycemics

Statins 53.06 23.81 0.046
Arterial hypertension
Antiplateletagents | Cardiovascular 22.53 375 0.030
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Drug group combinations lc\l:oonvsleDvir; [%] ﬁ;ov]e eSO p value
GORD all 12.64 25 0.033
Anti-infectives 11.54 23.44 0.035

Insulins Psychoanaleptics | 1.65 7.81 0.048

Drug subgroup combinations

Diabetes

Antipsychotics Sartans 19 11.76 0.048

Heart

Antipsychotics Antiepileptics 0.79 10.34 0.006
Proton pump 3.97 15.52 0.014
inhibitors
Otheranalgesics | 7.94 20.69 0.026
Loop diuretics 3.17 12.07 0.042

Artertalhypertension

Antipsychotics Opioids 1.65 10.94 0.004
ﬁﬂ;elgg\r,gef 055 7.81 0.006
Loop diuretics 2.75 125 0.007
protan purmp 275 125 0.007
Antiepileptics 11 7.81 0.019
ACE inhibitors 1.65 7.81 0.048
Beta blockers 44 125 0.049

';*C‘;gty'sa"cy"c Frotan purmp 10.44 23.44 0.017
Beta blockers 14.84 28.12 0.029
Fotassumsparing | 1 g5 7.81 0.048

Loop diuretics Heparin 7.14 18.75 0.016
Opioids 44 14.06 0.019

Plateletinhibitors | ot PP | 12,00 25 0.024
Beta blockers 15.93 29.69 0.027

Insulins Antidepressants | 1.65 7.81 0.048
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Main target nodes in COVID-19

Prostaglandin G/H synthase 1
Prostaglandin G/H synthase 2

Coagulation factor X

Transient receptor potential cation channel subfamily V member 1
Prostaglandin E synthase 3

Beta-2 adrenergic receptor

Beta-1 adrenergic receptor

Antithrombin-1ll

Potassium-transporting ATPase alpha chain 1

N(G).N(G ylargi dimeth i 1
3-hydroxy-3-methylglutaryl-cosnzyme A reductase
Inhibitor of nuclear factor kappa-B kinase subunit beta
Muscarinic acetylcholine receptor M1

Tumor necrosis factor-inducible gene 6 protein

Myc proto-oncogene protein

Solute carrier family 12 member 1

Ribosemal protein S6 kinase alpha-3

Proliferating cell nuclear antigen

NF-kappa-B inhibitor alpha

G1/S-specific cyclin-D1

Extracellular signal-regulated kinase (ERK)
Endathelin-1 receptor

Cyclin A

Cellular tumar antigen p53

Caspase-3

Caspase-1

Aldo-keto reductase family 1 member C1

78 kDa glucose-regulated protein

5'-AMP-activated protein kinase

Dopamine D2 receptor

o
)
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-
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60
relative frequencies [%]

Figure S1: Main target nodes

Severity

. severe
. non-severe
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Targets nodes with significant differences in COVID-19

Inhibitor of nuclear factor kappa-B kinase subunit beta
Tumor necrosis factor-inducible gene 6 protein
Solute carrier family 12 member 1
Ribosomal protein 56 kinase alpha-3
Proliferating cell nuclear antigen
NF-kappa-B inhibitor alpha

G1/8-specific cyelin-D1

Extracellular signal-regulated kinase (ERK)
Endothelin-1 receptor

Cyclin A

Cellular tumor antigen p53

Caspase-3

Caspase-1

Aldo-keto reductase family 1 member C1
78 kDa glucose-regulated protein
5-AMP-activated protein kinase

Solute carrier family 12 member 2

Mu-type opioid receptor
S-hydroxytryptamine receptor 1A
5-hydroxytryptamine receptor 3A

P-selectin

Solute carrier family 12 member 7

Solute carrier family 12 member 6

Solute carrier family 12 member &

Solute carrier family 12 member 4
Fibroblast growth factor 2
5-hydroxytryptamine receptor 4

Platelet factor 4

Hepatocyte growth factor

Fibroblast growth factor receptor 4
Fibroblast growth factor receptor 2
Fibroblast growth factor receptor 1
Fibroblast growth factor 4

Fibroblast growth factor 19

Fibroblast growth factor 1

Solute carrier family 12 member 3
Lymphacyte antigen 96

Calcium-activated potassium channel subunit alpha-1
Thrombomodulin

Protein $100-A7

Platelet glycopratein b alpha chain

Fatty acid-binding protein, intestinal

Cystic fibrosis transmembrane conductance regulator
Apoptosis regulator Bel-2

Vitamin K- a
Osteocalcin
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Main edges in COVID-19

Prostaglandin G/H synthase 1<-

->Prostaglandin G/H synthase 2

Prostaglandin G/H synthase 1<-

->Translent receptor potential cation channel subfamily V member 1
Prostaglandin G/H synthase 2<-

->Transient receptor potential cation channel subfamily V member 1
Prostaglandin E synthase 3<-

->Translent receptor potential cation channel subfamily V member 1

->Prostaglandin G/H synthase 2

Prostaglandin E synthase 3<-

->Prostaglandin G/H synthase 1

Beta-1 adrenergic receptor<-
->Beta-2 adrenergic receptor

Antithrombin-Ili<-
->Coagulation factor X

Coagulation factor X<-

->Prostaglandin G/H synthase 1

N(G),N(G} ylargi i minohy 1<-
->Potassium-transperting ATPase alpha chain 1
Coagulation factor X<-

->Prostaglandin G/H synthase 2

Beta-2 adrenergic receptor<-

->Prostaglandin G/H synthase 1

Beta-1 adrenergic receptor<-

->Prostaglandin G/H synthase 1

Beta-2 adrenergic receptor<-

->Prostaglandin G/H synthase 2

Beta-1 adrenergic receptor<-

->Prostaglandin G/H synthase 2

Antithrombin-Ill<-

->Prostaglandin G/H synthase 1

Inhibitor of nuclear factor kappa-B kinase subunit beta<-
->Prostaglandin G/H synthase 1

Inhibitor of nuclear factor kappa-B kinase subunit beta<-
->Prostaglandin G/H synthase 2

Potassium-transporting ATPase alpha chain 1<-
“>Prostaglandin G/H synthase 1

i thylaminol 1<-
lin G/H synthase 1
Antithrombin-l1<-
->Prostaglandin G/H synthase 2

Prostaglandin G/H synthase 2<-
->Tumor necrosis factor-inducible gene 6 protein
Prostaglandin G/H synthase 1<-
->Tumor necrosis factor-inducible gene 6 protein
Mye proto-oncogene protein<-
->Prostaglandin G/H synthase 2

Myc proto-oncogene protein<-

->Prostaglandin G/H synthase 1
5-AMP-activated protein kinase<-

->Cellular tumor antigen p53

5'-AMP-activated protein kinase<-
->Caspase-3

5-AMP-activated protein kinase<-

->Caspase-1

5-AMP-activated protein kinase<-

->Aldo-keto reductase family 1 member C1
5'-AMP-activated protein kinase<-

->78 kDa glucose-regulated protein

Severity

. severe
. non-severe

N(G),N(G)-dimethyl

->Prostaglan

o
~
=3
-
=3

60
relative frequencies [%]

Figure S3: Main targetedges
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Solute carrier family 12 member 1<-> Solute carrier family 12 member 2
Prostaglandin GiH synthase 1<-> Salute carrier family 12 member 1
Prostaglandin G/H synihase 1<-> Solute carrier family 12 member 2
Prostaglandin G/H synihase 2<-> Solute carvier family 12 member 2

Dapamine D2 receptor<-> Solute carrier family 12 member 1
Dopamine D2 receplor<-> Solute carrier family 12 member 2
Aipha-2A adrenergic receplor<-> Solute carrier family 12 member 1
Alpha-2A adrenergic receptor<-> Solute carier family 12 member 2
Histaming H1 receplor<-> Solute carrier family 12 member 2
Histamine H1 receplor<-> Salute carrier family 12 member 1

P receptar 2C<-> Sol ier family 12 member 2
5+.ydmy|rymmms receptor 2G> Soule carrier emly 12 member 1

receplor 2A<-> family 12 member 2

s recepior 2As-> family 12 member 1

Solute carrer family 12 member 1> Tumar necrasis factor-ndusible gene 6 prolein

receptor 1hc> family 12 member 1

Solute family 12 member 2<-> Violtag pe calcium channel subunit alpha-18

‘Solule carrir family 12 member 2<-» Tumor necrosis factor-inducible gene & prolein
Alpha-1 adrenergic receptors<-> Solute carrier family 12 member 1

receptor 1A<-> Sob family 12 member 2

receptor 3A<-> Solul family 12 member 1

Dopanming D4 receptor<-> Solite carier family 12 member 2

Dapamine D4 receptor<-> Solute carrier family 12 member 1

ine receptor 18<-> Sclute carrier family 12 member 1

S-hydronylryptamine receptor 7<-> Solule carrier family 12 member 2
5-hydroxyiryplamine receptor 7<-> Solute carrier family 12 member 1
§-hydromylryplamine receptor 6<-> Solula carrier family 12 member 2
5-hydroxytryptamine receplor 6<-> Solute carrier family 12 member 1

5 receptor 1E<-> ier family 12 member 2

receptor 1E<-> Soluta carrier family 12 member 1

Inhiior of nuclear facor eppa-2 klnan subunit beta<-> Mineralocorticoid receplor
phocyte antigen B6<-> Mu-type opioid recepiar

Kappa (ypn > L 6
Delta-type > L a6

Mineralocarticoid receplar<-» Tumor necrasis factor-inducible gene & pratein
ineralacorticoid raceptor<-> Ribosomal prolein S6 kinase alpha-3
Mineralocorticold receptor<-> Pralferating cell nuclear antigen
Mineralocorticoid receptar<-> NF-kappa-B inhibitor alpha

G1/S-specific cyclin-Di<-> Mineralocorticold receptor

Extracellular signal-regulated kinase (ERK)<-> Mineralocorlicoid receptor
Endothelin-1 receptor<->» Wineralocorticoid receptar

fin A<-> Mineralocorticoid receptar

Cellular tumor antigen p53<-> Mineralocorticold receptor

Caspase-3<- Mineralocorticoid receptor

Caspase-1<-> Mineralocorticoid receptar

Aldo-keto reductase family 1 member C1<-> Mineralocorticoid receplor
78 kDa glucese-regulated protein<-» Mineralocorticoid recepior
5-AMP-activated protein kinase<-> Mineralocorticoid receptor

Dopanine D4 receplor<-> Estrogen receplor alpha

Histone deacetylase 2<-> Minsralocorticoid receptor

Lymphacyte antigen 86<-> Muscarinic plor M1

Dopamine D2 receptors-» L. 96

MNuclear receptor subfamily 1 group | member 2<-> Platelet factor 4

Histamine H1 receptor<-> Lymphacyle anfigen 96

Hepatocyte growth factor<-> Nutlsar receplor subfamily 1 group | member 2
Fibroblast growth factor receptor 4<-> Nuclear receptor subfamily 1 group | member 2
Fibroblast growth factor receptor 2<-> Nuclear receptor subfamily 1 group | member 2
Fibroblast growth factor receptor 1<-> Nuclear receplor sublamilly 1 group | member 2
Fibroblast growth factor 4<-> Nuelear receplor sublamily 1 group | member 2
Fibrablast growth factor 2<-> Nuclear repeplor subfamily 1 group | member 2
Fibroblast growth factor 19<-> Nuclaar receplor subfarmily 1 group | member 2
Fibroblast growth factor 1<-> Nuclear receptor subfamily 1 group | member 2
Dapamine D4 receptar<-> Tall-like recptar 4

Dopamine D4 receplor<-> Liver carboxylesterase 1

Cyclic AMP- rEsponswE element-binding protein 1<-> Dopamine DA receptor

Pty ppion ieplor A<= Lymplecyia cnkan 20

receptor 2C<-> L3

receptor 24<-> Lympl P
S-hydroxytryptamine racapﬁor IA<-> Lymphacyl antigen 36

Figure S4: Targetedges with highly significant differences (p<0.001)
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