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This document contains all supplementary tables and figures for the above-mentioned paper. The figures
within each domain all share the same caption, and so to avoid cluttering captions are given only once, under
the domain heading.

Supplementary tables

Table S1: Maximum doses in periods when eGFR is as indicated. ATC codes in
brackets.

H#it Drug eGFR thredshold Max. daily dose
## 1 Toxicity issue <NA> <NA>
## 2 Apixaban (BO1AF02) <U+2264> 30 5 mg.
## 3 Dabigatran (BO1AEQ7) <U+2264> 30 0 mg.
#i#t 4 Rivaroxaban (BO1AF01) <U+2264> 30 0 mg.
## 5 Metformin (A10BA02) <U+2264> 30 0 mg.
## 6 Ibuprofene (MO1AEO1) <U+2264> 30 0 mg.
## 7 Celecoxib (MO1AHO1) <U+2264> 30 0 mg.
## 8 Methotrexate (L04AX03) <U+2264> 30 0 mg.
## 9 Lithium citrate (NO5ANO1) <U+2264> 30 0 mg.

Table S2 (extended version of table 1): Univariate summary statistics of the
three data sets. Values are median (inter-quartile range) and N (%).

## variate develop test test_new in_tablel
### 1 n 42250 10201 5980 yes
## 2 time_at_risk (median [IQR]) 3.5 [1.7, 7.7] 3.5 [1.7, 7.2] 2.9 [1.5, 6.4] yes
## 3 daily_rate_not_zero (%) 3786 (9.0) 1080 (10.6) 740 (12.4) yes
## 4 daily_rate_geq_1 (%) 2241 (5.3) 588 (5.8) 333 (5.6) yes
## 5 daily_rate_geq_2 (%) 1236 (2.9) 288 (2.8) 108 (1.8) yes
## 6 daily_rate_geq_3 (%) 783 (1.9) 171 (1.7) 56 (0.9) yes
## 7 daily_rate_geq 5 (%) 366 (0.9) 64 (0.6) 9 (0.2) yes
## 8 inapp_dose_of _MO1AEO1 (%) 1713 (4.1) 343 (3.4) 244 (4.1) yes
## 9 inapp_dose_of _MO1AHO1 (%) 67 (0.2) 21 (0.2) 18 (0.3) yes
## 10 inapp_dose_of_BO1AFO01 (%) 341 (0.8) 174 (1.7) 115 (1.9) yes
## 11 inapp_dose_of _A10BA02 (%) 1452 (3.4) 340 (3.3) 277 (4.6) yes
## 12 inapp_dose_of_BO1AE07 (%) 257 (0.6) 76 (0.7) 55 (0.9) yes
## 13 inapp_dose_of_NO5ANO1 (%) 68 (0.2) 17 (0.2) 12 (0.2) yes
## 14 inapp_dose_of _LO04AX03 (%) 19 (0.0) 5 (0.0) <5 yes
## 15 inapp_dose_of _BO1AF02 (%) 124 (0.3) 184 (1.8) 73 (1.2) yes
## 16 n_previous_admissions (%): 0 4988 (11.8) 1082 (10.6) 1074 (18.0) yes
## 17 n_previous_admissions (%): 1-2 10100 (23.9) 2367 (23.2) 1873 (31.3) yes
## 18 n_previous_admissions (%): 3-4 7712 (18.3) 1919 (18.8) 1232 (20.6) yes
## 19 n_previous_admissions (%): 5-6 5490 (13.0) 1303 (12.8) 685 (11.5) yes
## 20 n_previous_admissions (%): >6 13960 (33.0) 3530 (34.6) 1116 (18.7) yes
## 21 n_distinct_drugs_before_index (%): O 6165 (14.6) 1228 (12.0) 762 (12.7) yes
## 22 n_distinct_drugs_before_index (%): 1-2 9111 (21.6) 1984 (19.4) 1254 (21.0) yes
## 23 n_distinct_drugs_before_index (%): 3-4 8761 (20.7) 2078 (20.4) 1355 (22.7) yes
## 24 n_distinct_drugs_before_index (%): 5-6 7197 (17.0) 1852 (18.2) 1095 (18.3) yes
## 25 n_distinct_drugs_before_index (%): >6 11016 (26.1) 3059 (30.0) 1514 (25.3) yes
## 26 admitted_tue (%) 7092 (16.8) 1765 (17.2) 1016 (17.0) yes
## 27 admitted_mon (%) 7667 (18.1) 1803 (17.7) 1066 (17.8) yes
## 28 admitted_thu (%) 6665 (15.8) 1626 (15.9) 927 (15.5) yes
## 29 admitted_sat (%) 3809 (9.0) 960 (9.4) 606 (10.1) yes
## 30 admitted_sun (%) 4140 (9.8) 989 (9.7) 598 (10.0) yes
## 31 admitted_wed (%) 6718 (15.9) 1616 (15.8) 936 (15.7) yes
## 32 admitted_fri (%) 6159 (14.6) 1452 (14.2) 831 (13.9) yes
## 33 n_persons (%) 27253 (64.5) 8412 (82.5) 5341 (89.3) yes
## 34 n_women (%) 13759 (32.6) 4049 (39.7) 2629 (44.0) yes
## 35 nl8_diag_any @A) 13470 (31.9) 3391 (33.2) 732 (12.2) yes
## 36 icd10_chapter_4 (%) 19716 (46.7) 5096 (50.0) 2415 (40.4) yes
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## 105 atc_level2_DO7 (%) 29 (0.1) 8 (0.1) <5 no

## 106 atc_level2_GO03 (%) 83 (0.2) 29 (0.3) 19 (0.3) no
## 107 atc_level2_G04 (%) 836 (2.0) 265 (2.6) 150 (2.5) no
## 108 atc_level2_HO1 (%) 84 (0.2) 15 (0.1) 12 (0.2) no
## 109 atc_level2_HO02 (%) 3867 (9.2) 1054 (10.3) 575 (9.6) no
## 110 atc_level2_HO03 (%) 1600 (3.8) 477 (4.7) 267 (4.5) no
## 111 atc_level2_HO5 (%) 236 (0.6) 62 (0.6) 5 (0.1) no
## 112 atc_level2_J02 (%) 286 (0.7) 84 (0.8) 70 (1.2) no
## 113 atc_level2_J04 (%) 22 (0.1) <5 0 (0.0) no
## 114 atc_level2_J05 (%) 244 (0.6) 65 (0.6) 36 (0.6) no
## 115 atc_level2_J06 (%) 23 (0.1) 7 (0.1) <5 no
## 116 atc_level2_LO1 (%) 121 (0.3) 27 (0.3) 15 (0.3) no
## 117 atc_level2_L02 (%) 166 (0.4) 61 (0.6) 34 (0.6) no
## 118 atc_level2_L03 (%) 12 (0.0) <5 <5 no
## 119 atc_level2_L04 (%) 964 (2.3) 207 (2.0) 46 (0.8) no
## 120 atc_level2_MO1 (%) 1628 (3.9) 401 (3.9) 308 (5.2) no
## 121 atc_level2_M03 (%) 247 (0.6) 93 (0.9) 62 (1.0) no
## 122 atc_level2_M04 (%) 2341 (5.5) 700 (6.9) 276 (4.6) no
## 123 atc_level2_MO5 (%) 99 (0.2) 24 (0.2) 17 (0.3) no
## 124 atc_level2_NO1 (%) 378 (0.9) 99 (1.0) 61 (1.0) no
## 125 atc_level2_NO03 (%) 1917 (4.5) 557 (5.5) 281 (4.7) no
## 126 atc_level2_N04 (%) 174 (0.4) 42 (0.4) 22 (0.4) no
## 127 atc_level2_NO5 (%) 5284 (12.5) 1454 (14.3) 823 (13.8) no
## 128 atc_level2_N06 (%) 3314 (7.8) 843 (8.3) 424 (7.1) no
## 129 atc_level2_NO7 (%) 260 (0.6) 87 (0.9) 42 (0.7) no
## 130 atc_level2_P01 (%) 1456 (3.4) 268 (2.6) 125 (2.1) no
## 131 atc_level2_RO1 (%) 19 (0.0) 10 (0.1) 5 (0.1) no
## 132 atc_level2_R03 (%) 627 (1.5) 191 (1.9) 113 (1.9) no
## 133 atc_level2_R0O5 (%) 691 (1.6) 113 (1.1) 60 (1.0) no
## 134 atc_level2_R06 (%) 974 (2.3) 262 (2.6) 96 (1.6) no
## 135 atc_level2_S01 (%) 169 (0.4) 40 (0.4) 22 (0.4) no
## 136 atc_level2_V03 (%) 2827 (6.7) 748 (7.3) 279 (4.7) no
## 137 atc_level2_V08 (%) 37 (0.1) 6 (0.1) 5 (0.1) no

Supplementary figures

Figure S1: Mapping of admission hour, two alternatives.

Top: Mapping of admission hour (x axis) to unit circle (blue) and distance from midday (red). Bottom:
The unit-circle mapping loses the interval nature of the admission hour on the original scale, whereas the
distance-to-midday maintains this quality.
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Figure S2: The so-called rulegraph of the our Snakemake pipeline illustrating
the end-to-end workflow with dependencies between processing, training and
visualisation steps.
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Figure S3: MLP, daily rate > 0.
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Figure S4: Linear, daily rate >
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Figure S5: MLP, daily rate >= 1.
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Figure S6: Linear, daily rate >= 1.
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Figure S7: MLP, daily rate >= 2.
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Figure S8:

Linear, daily rate >= 2.
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Figure S9: MLP, daily rate >= 3.
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Figure S10: Linear, daily rate >= 3.
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Figure S11: MLP, daily rate >= 5.
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Figure S12: Linear, daily rate >= 5.
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Figure S13: Ref. model, MLP, daily rate > 0.
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Figure S14: Ref. model, Linear, daily rate > 0.
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Figure S15: Ref. model,

activation
tanh ----- 900~ -- o - -
sigmoid o00e0 0000 0 seeco .
0 25 50 75 100
class_handling
smote ew o e '
random under ----|- 1+ - |40900000000000000- 9a00- - — - -¢- - — - -~$88I008000000000000 - -$000050000 00-900d0- - -
random over o0 o0 o L
none . o0 © oose ® o :
near miss o e . - :
class weighting . . . - oo |
25 50 75 100

256 000 ssccsece o oo '
128 o o ose0e o ooee .
64 oloele ) .
32 o\l o e :
16 ---=---- D €00 © - 0000000000004~ - - 00~ - - |- - - o0 - - |- - B
8 oo . ecoees oceo oo w0 o .
0 25 50 75 100
optimiser_name
RMSprop s ssse oo .
Adam ----- oo - -
0 25 50 75 100

MLP, daily rate >= 1.

batch_size
512 oo o * e :
256 e o0 cosces o0 '
128 ----0tt@--[tH-[---F{1- -9 gop- - -|-eewe0 |- goewg - - - - - - - oo eosccessesceesento - - -
64 e oo ooe 3
32 ¢ o 000 e oweo eseee cessssesecss:esoscoessoce T
0 25 50 75 100
12_penalty
1e-02 . o
te-03 o7 ‘. It
. o '
1e-04 ¥y .. . 1
[ coee '
1e-05 ogvese oo svses | 2 t
B EECEERCETR ) a;.*""'””o-"” .‘,,l,!!-!.i.,"u”.,.,..” -
0 25 50 75 100
n_hidden_layers
4 o 900 00 cose 85 oo '
R e e - -0 008 - - 6 - -
» — \J 3
PR B B 18! 3
0 25 50 75 100
network_shape
rectangular -- o -
0 25 50 75 100

20



Figure S16: Ref. model, Linear, daily rate >= 1.
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ROC curves

Receiver-operating characteristic (ROC) curves in the development and test sets.

Figure S17: MLP, daily rate > 0.
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Figure S18: Linear, daily rate > 0.
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Figure S19: MLP, daily rate >= 1.
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Figure S20: Linear, daily rate >= 1.
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Figure S21: MLP, daily rate >= 2.

Development Test Test (unseen during training)

1.00

True positive rate
o o
19 ~
o [4)]

o
o
a

0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00
False positive rate

Figure S22: Linear, daily rate >= 2.
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Figure S23: MLP, daily rate >= 3.
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Figure S24: Linear, daily rate >= 3.
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Figure S25: MLP, daily rate >= 5.
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Figure S26: Linear, daily rate >= 5.
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Figure S27: Ref. model, MLP, daily rate > 0.
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Figure S28: Ref. model, Linear, daily rate > 0.

Development Test Test (unseen during training)

True positive rate
o o
o ~
o (4]

o
M)
a

000 »°

0.00 0.25 0.50 0.75 1.00
False positive rate

Figure S29: Ref. model, MLP, daily rate >= 1.
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Figure S30: Ref. model, Linear, daily rate >= 1.
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Calibration curves in the development and test sets.

Figure S31: MLP, daily rate > 0.
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Figure S32: Linear, daily rate > 0.
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Figure S33: MLP, daily rate >= 1.
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Figure S34: Linear, daily rate >= 1.
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Figure S35: MLP, daily rate >= 2.
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Figure S36: Linear, daily rate >= 2.
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Figure S37: MLP, daily rate >= 3.
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Figure S38: Linear, daily rate >= 3.
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Figure S39: MLP, daily rate >= 5.
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Figure S40: Linear, daily rate >= 5.
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Figure S41: Ref. model, MLP, daily rate > 0.
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Figure S42: Ref. model, Linear, daily rate > 0.

Development Test Test (unseen during training)
40.0%

30.0% 4
20.0%

10.0% ¥ #
&
,’—:‘ + ++
ot Fa

-

0% 10% 20% 0% 10% 20% 0% 10% 20%
Bin-wise mean prediction

u "

served event proportion with 95% Jeffrey inte

Figure S43: Ref. model, MLP, daily rate >= 1.
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Figure S44: Ref. model, Linear, daily rate >= 1.
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Decision curves

Decision curves based on the test set. The curves show the clinical utility (in the unit of standardised net
benefit) of intervening in all patients (magenta), no patients (dark grey, follows the x axis) and patients
identified by the model (blue).
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Figure S45: MLP, daily rate > 0.
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Figure S46: Linear, daily rate > 0.
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Figure S48: Linear, daily rate >= 1.
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Figure S49: MLP, daily rate >= 2.
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Figure S51: MLP, daily rate >= 3.
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Figure S52: Linear, daily rate >= 3.
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Figure S54: Linear, daily rate >= 5.
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Figure S55: Ref. model, MLP, daily rate > 0.
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Figure S56: Ref. model, Linear, daily rate > 0.
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Figure S57: Ref. model, MLP, daily rate >= 1.
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Figure S58: Ref. model, Linear, daily rate >= 1.
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SHAP plots

The individual shap plots below all visualise the the distributions as density bands of shap values by feature.
Blue represents low feature values (0 for binary features) and red high feature values (1 for binary features).
Continuous features were binned into deciles.
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Figure S59: MLP, daily rate > 0
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Figure S60: Linear, daily rate > 0

DEMO/CLIN: Admitted fri

DEMO/CLIN: Admitted mon

DEMO/CLIN: Admitted sat

DEMO/CLIN: Admitted sun

DEMO/CLIN: Admitted thu

DEMO/CLIN: Admitted tue

DEMO/CLIN: Admitted wed

DEMO/CLIN: Age at admission
DEMO/CLIN: Elixhauser score ahrq
DEMO/CLIN: Hour of admission cyclical
DEMO/CLIN: No. distinct drugs before index
DEMO/CLIN: No. previous admissions
DEMO/CLIN: Sex female

DEMO/CLIN: Sex male

DX: Blood and immune

DX: Cardiovascular

DX: Chronic kidney disease, stage 1

DX: Chronic kidney disease, stage 2

DX: Chronic kidney disease, stage 3

DX: Chronic kidney disease, stage 4

DX: Chronic kidney disease, stage 5

DX: Chronic kidney disease, unspecified
DX: Congenital

DX: Dermatology

DX: Digestive system

DX: Ear and mastoid

DX: Endocrine, nutritional, metabolic

DX: External causes

DX: Eye and adnexa

DX: Genitourinary

DX: Infections

DX: Injury, poisoning, etc.

DX: Miscellaenous symptions/findings

DX: Musculoskelatal and connective tissue
DX: Neoplasms

DX: Nervous system

DX: Obstetrics

DX: Other determinants

DX: Perinatal

DX: Psychiatry

DX: Respiratory

MED: Agents acting on the renin—-angiotensin system
MED: All other therapeutic products

MED: Analgesics

MED: Anesthetics

MED: Anti-parkinson drugs

MED: Antianemic preparations

MED: Antibacterials for systemic use

MED: Antidiarrheals, intestinal antiinflammatory/antiinfective agents
MED: Antiemetics and antinauseants

MED: Antiepileptics

MED: Antifungals for dermatological use
MED: Antigout preparations

MED: Antihemorrhagics

MED: Antihistamines for systemic use

MED: Antihypertensives

MED: Antiinflammatory and antirheumatic products
MED: Antimycobacterials

MED: Antimycotics for systemic use

MED: Antineoplastic agents

MED: Antiprotozoals

MED: Antithrombotic agents

MED: Antivirals for systemic use

MED: Beta blocking agents

MED: Blood substitutes and perfusion solutions
MED: Calcium channel blockers

MED: Calcium homeostasis

MED: Cardiac therapy

MED: Contrast media

MED: Corticosteroids for systemic use
MED: Corticosteroids, dermatological preparations
MED: Cough and cold preparations

MED: Digestives, incl. Enzymes

MED: Diuretics

MED: Drugs for acid related disorders

MED: Drugs for constipation

MED: Drugs for functional gastrointestinal disorders
MED: Drugs for obstructive airway diseases
MED: Drugs for treatment of bone diseases
MED: Drugs used in diabetes

MED: Endocrine therapy

MED: Immune sera and immunoglobulins
MED: Immunostimulants

MED: Immunosuppressants

MED: Lipid modifying agents

MED: Mineral supplements

MED: Muscle relaxants

MED: Nasal preparations

MED: Ophthalmologicals

MED: Other alimentary tract and metabolism products
MED: Other nervous system drugs

MED: Pituitary and hypothalamic hormones and analogues
MED: Psychoanaleptics

MED: Psycholeptics

MED: Sex hormones and modulators of the genital system
MED: Thyroid therapy

MED: Urologicals

MED: Vitamins

0% 20%
Absolute change in risk

38

40%



39



Figure S61: MLP, daily rate >=1
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Figure S62: Linear, daily rate >=1
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Figure S63: MLP, daily rate >= 2
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Figure S64: Linear, daily rate >= 2
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DX: Genitourinary

DX: Infections
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MED: Antithrombotic agents

MED: Antivirals for systemic use

MED: Beta blocking agents

MED: Blood substitutes and perfusion solutions
MED: Calcium channel blockers

MED: Calcium homeostasis

MED: Cardiac therapy

MED: Contrast media
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MED: Immunosuppressants

MED: Lipid modifying agents

MED: Mineral supplements

MED: Muscle relaxants

MED: Nasal preparations

MED: Ophthalmologicals

MED: Other alimentary tract and metabolism products
MED: Other nervous system drugs

MED: Pituitary and hypothalamic hormones and analogues
MED: Psychoanaleptics

MED: Psycholeptics

MED: Sex hormones and modulators of the genital system
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Figure S65: MLP, daily rate >=
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MED: Corticosteroids for systemic use
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Figure S66: Linear, daily rate >= 3
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Figure S67: MLP, daily rate >= 5
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Figure S68: Linear, daily rate >= 5
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Figure S69: Ref. model, MLP, daily rate > 0
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Figure S70: Ref. model, Linear, daily rate > 0
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Figure S71: Ref. model, MLP, daily rate >=1
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Figure S72: Ref. model, Linear, daily rate >=1
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TRIPOD Checklist: Prediction Model Development

Section/Topic Item Checklist Item Page
Title and abstract
' Identify the study as developing and/or validating a multivariable prediction model,
Title 1 . .
the target population, and the outcome to be predicted.
Provide a summary of objectives, study design, setting, participants, sample size,
Abstract 2 . . . ;
predictors, outcome, statistical analysis, results, and conclusions.
Introduction
Explain the medical context (including whether diagnostic or prognostic) and
3a rationale for developing or validating the multivariable prediction model, including
Background f t isti del
and objectives references 70 exising mModets. -
Specify the objectives, including whether the study describes the development or
3b o
validation of the model or both.
Methods
Describe the study design or source of data (e.g., randomized trial, cohort, or
4a registry data), separately for the development and validation data sets, if
Source of data applicable.
4b Specify the key study dates, including start of accrual; end of accrual; and, if
applicable, end of follow-up.
53 Specify key elements of the study setting (e.g., primary care, secondary care,
Particivants general population) including number and location of centres.
P 5b Describe eligibility criteria for participants.
5c Give details of treatments received, if relevant.
6a Clearly define the outcome that is predicted by the prediction model, including
Outcome how and when assessed.
6b Report any actions to blind assessment of the outcome to be predicted.
7 Clearly define all predictors used in developing or validating the multivariable
a - - -
Predictors prediction model, including how and when they were measured.
7b Report any actions to blind assessment of predictors for the outcome and other
predictors.
Sample size 8 Explain how the study size was arrived at.
Missing data 9 Describe how missing data were handled (e.g., complete-case analysis, single
9 imputation, multiple imputation) with details of any imputation method.
10a Describe how predictors were handled in the analyses.
Statistical 10b Specify type of model, all model-building procedures (including any predictor
analysis selection), and method for internal validation.
methods 10d Specify all measures used to assess model performance and, if relevant, to
compare multiple models.
Risk groups 11 Provide details on how risk groups were created, if done.
Results
Describe the flow of participants through the study, including the number of
13a participants with and without the outcome and, if applicable, a summary of the
Particivants follow-up time. A diagram may be helpful.
P Describe the characteristics of the participants (basic demographics, clinical
13b features, available predictors), including the number of participants with missing
data for predictors and outcome.
14a Specify the number of participants and outcome events in each analysis.
Model - — - -
If done, report the unadjusted association between each candidate predictor and
development 14b
outcome.
Present the full prediction model to allow predictions for individuals (i.e., all
Model 15a regression coefficients, and model intercept or baseline survival at a given time
specification point).
15b Explain how to the use the prediction model.
Model 16 Report performance measures (with Cls) for the prediction model.
performance
Discussion
S Discuss any limitations of the study (such as nonrepresentative sample, few
Limitations 18 . .
events per predictor, missing data).
. 19b Give an overall interpretation of the results, considering objectives, limitations, and
Interpretation o . .
results from similar studies, and other relevant evidence.
Implications 20 Discuss the potential clinical use of the model and implications for future research.
Other information
Supplementary 21 Provide information about the availability of supplementary resources, such as
information study protocol, Web calculator, and data sets.
Funding 22 Give the source of funding and the role of the funders for the present study.

We recommend using the TRIPOD Checklist in conjunction with the TRIPOD Explanation and Elaboration document.




