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ESM Methods

Use of hierarchical shrinkage priors

We adopted a Bayesian modelling approach based on hierarchical shrinkage priors [1], in which the clinical
covariates used to control for confounding in the models were assigned a Gaussian prior (which induces some
shrinkage), while the biomarkers were penalised through the horseshoe prior to promote sparsity [2], [3].
Standard methods for penalized regression include ridge regression (equivalent to a Gaussian prior on all
coefficients) or LASSO regression (equivalent to a double exponential prior). Hierarchical shrinkage priors
(such as the horseshoe) are more flexible than either of these, allowing the model for instance to learn a
spike-and-slab distribution of effect sizes (in which a few variables have large effects but most have near zero
effects) if that is what the data support. Developments in Bayesian computation, implemented in programs
such as Stan and PyMC3, have made it possible to use these more flexible priors, even when some variables
have high posterior correlations.

Note on the expected information for discrimination

For logistic regression models besides reporting the area under the ROC curve (AUC), we also presented the
expected information for discrimination A expressed in bits [4]. The expected information for discrimination
is the average weight of evidence (log-likelihood ratio) favouring true (case or control) over false (control or
case) status, where the average is taken over the sampling distributions of the weight of evidence in cases and
controls. A key advantage of using the information for discrimination is that the contributions of independent
predictors are additive. Therefore, this is a better measure of the incremental contribution of biomarkers to
the predictive performance, as it captures the amount of additional information that they contain over and
beyond the initial set of clinical covariates. Computations were done with the R package wevid (version 0.6:
https://CRAN.R-project.org/package=wevid).

Note on the projection predictive method

To recover a sparse model, we applied a projection approach according to which the high-dimensional posterior
draws of the model containing all biomarkers (full model) are projected to lower-dimensional subspaces [5],
[6]. The advantages of the projection predictive method for variable selection have been discussed by Piironen
and Vehtari [7]. The method compares the predictive distribution of each candidate model based on a subset
of variables to the predictive distribution of the full model, using the Kullback-Leibler (KL) divergence to
evaluate the discrepancy between the candidate model and the full model. By fitting the candidate model to
the predictive distribution rather than to the target variable, overfitting is reduced.


https://CRAN.R-project.org/package=wevid
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Physicians and nurses at health care centers participating in the collection of FinnDiane patients.

FinnDiane Study Centers

Physicians and nurses

Anjalankoski Health Centre

S. Koivula, T. Uggeldahl

Central Finland Central Hospital,
Jyvaskyla

T. Forslund, A. Halonen, A. Koistinen, P. Koskiaho, M. Laukkanen, J. Saltevo, M.
Tiihonen

Central Hospital of Aland Islands,
Mariehamn

M. Forsen, H. Granlund, A-C. Jonsson, B. Nyroos

Central Hospital of Kanta-Hame,
Hameenlinna

P. Kinnunen, A. Orvola, T. Salonen, A. Vahanen

Central Hospital of Lansi-Pohja,
Kemi

H. Laukkanen, P. Nylanden, A. Sademies

Central Ostrabothnian Hospital
District, Kokkola

S. Anderson, B. Asplund, U. Byskata, P. Liedes, M. Kuusela, T. Virkkala

City of Espoo Health Centre

Espoonlahti

A. Nikkola, E. Ritola

Tapiola M. Niska, H. Saarinen
Samaria E. Oukko-Ruponen, T. Virtanen
Viherlaakso A. Lyytinen

City of Helsinki Health Centre
Puistola H. Kari, T. Simonen
Suutarila A. Kaprio, J. Karkkdinen, B. Rantaeskola
To6016 P. Kaaridinen, J. Haaga, A-L. Pietildainen

City of Hyvinkaa Health Centre

S. Klemetti, T. Nyandoto, E. Rontu, S. Satuli-Autere

City of Vantaa Health Centre

Korso

R. Toivonen, H. Virtanen

Lansimaki

R. Ahonen, M. Ivaska-Suomela, A. Jauhiainen

Martinlaakso

M. Laine, T. Pellonpas, R. Puranen

Myyrmaki A. Airas, J. Laakso, K. Rautavaara
Rekola M. Erola, E. Jatkola
Tikkurila R. Lonnblad, A. Malm, J. Makeld, E. Rautamo

Heinola Health Centre

P. Hentunen, J. Lagerstam

Helsinki University Central
Hospital, Department of Medicine,
Division of Nephrology

A. Ahola, J. Fagerudd, M. Feodoroff, D. Gordin, O. Heikkild, K Hietala, L.
Kyllénen, J. Kyto, S. Lindh, K. Pettersson-Fernholm, M. Rosengard-Barlund, M.
Rénnback, A. Sandelin, A-R Salonen, L. Salovaara, L. Thorn, J. Tuomikangas, T.
Vesisenaho, J. Wadén

Herttoniemi Hospital, Helsinki

V. Sipila

Hospital of Lounais-Hame, Forssa

T. Kalliomaki, J. Koskelainen, R. Nikkanen, N. Savolainen, H. Sulonen, E. Valtonen

lisalmi Hospital

E. Toivanen

Jokilaakso Hospital, Jamsa

A. Parta, I. Pirttiniemi

Jorvi Hospital, Helsinki University
Central Hospital

S. Aranko, S. Ervasti, R. Kauppinen-Makelin, A. Kuusisto, T. Leppala, K. Nikkila, L.
Pekkonen

Jyvaskyla Health Centre, Kyllo

K. Nuorva, M. Tiihonen

Kainuu Central Hospital, Kajaani

S. Jokelainen, P. Kemppainen, A-M. Mankinen, M. Sankari

Kerava Health Centre

H. Stuckey, P. Suominen

Kirkkonummi Health Centre

A. Lappalainen, M. Liimatainen, J. Santaholma

Kiveld Hospital, Helsinki

A. Aimolahti, E. Huovinen

Koskela Hospital, Helsinki

V. llkka, M. Lehtimaki

Kotka Heath Centre

E. Pdlikkd-Kontinen, A. Vanhanen

Kouvola Health Centre

E. Koskinen, T. Siitonen




FinnDiane Study Centers

Physicians and nurses

Kuopio University Hospital

E. Huttunen, R. Ikdheimo, P. Karhapaa, P. Kekaldinen, M. Laakso, T. Lakka, E.
Lampainen, L. Moilanen, L. Niskanen, U. Tuovinen, |. Vauhkonen, E. Voutilainen

Kuusamo Health Centre

T. Kaaridinen, E. Isopoussu

Kuusankoski Hospital

E. Kilkki, I. Koskinen, L. Riihela

Laakso Hospital, Helsinki

T. Merildinen, P. Poukka, R. Savolainen, N. Uhlenius

Lahti City Hospital

A. Mékela, M. Tanner

Lapland Central Hospital,
Rovaniemi

L. Hyvdrinen, S. Severinkangas, T. Tulokas

Lappeenranta Health Centre

P. Linkola, I. Pulli

Lohja Hospital

T. Granlund, M. Saari, T. Salonen

Loimaa Health Centre

A. Makela, P. Eloranta

Lansi-Uusimaa Hospital,
Tammisaari

I-M. Jousmaa, J. Rinne

Malmi Hospital, Helsinki

H. Lanki, S. Moilanen, M. Tilly-Kiesi

Mikkeli Central Hospital

A. Gynther, R. Manninen, P. Nironen, M. Salminen, T. Vanttinen

Mantta Regional Hospital

I. Pirttiniemi, A-M. Hanninen

North Karelian Hospital, Joensuu

U-M. Henttula, P. Kekaldinen, M. Pietarinen, A. Rissanen, M. Voutilainen

Nurmijarvi Health Centre

A. Burgos, K. Urtamo

Oulankangas Hospital, Oulainen

E. Jokelainen, P-L. Jylkka, E. Kaarlela, J. Vuolaspuro

Oulu Health Centre

L. Hiltunen, R. Hakkinen, S. Keindanen-Kiukaanniemi

Oulu University Hospital

R. Ikdheimo

Paijat-Hame Central Hospital

H. Haapamaki, A. Helanterd, S. Hamalainen, V. llvesmaki, H. Miettinen

Palokka Health Centre

P. Sopanen, L. Welling

Pieksamaki Hospital

V. Javtsenko, M. Tamminen

Pietarsaari Hospital

M-L. Holmbéck, B. Isomaa, L. Sarelin

Pori City Hospital

P. Ahonen, P. Merensalo, K. Savela

Porvoo Hospital

M. Kallio, B. Rask, S. Ramo

Raahe Hospital

A. Holma, M. Honkala, A. Tuomivaara, R. Vainionpaa

Rauma Hospital

K. Laine, K. Saarinen, T. Salminen

Riihiméaki Hospital

P. Aalto, E. Immonen, L. Juurinen

Salo Hospital

A. Alanko, J. Lapinleimu, P. Rautio, M. Virtanen

Satakunta Central Hospital, Pori

M. Asola, M. Juhola, P. Kunelius, M-L. Lahdenmaki, P. Padakkonen, M. Rautavirta

Savonlinna Central Hospital

E. Korpi-Hydvalti, T. Latvala, E. Leijala

South Karelia Central Hospital,
Lappeenranta

T. Ensala, E. Hussi, R. Harkénen, U. Nyholm, J. Toivanen

Tampere Health Centre

A. Vaden, P. Alarotu, E. Kujansuu, H. Kirkkopelto-Jokinen, M. Helin, S.
Gummerus, L. Calonius, T. Niskanen, T. Kaitala, T. Vatanen

Tampere University Hospital

I. Ala-Houhala, T. Kuningas, P. Lampinen, M. Maatta, H. Oksala, T. Oksanen, K.
Salonen, H. Tauriainen, S. Tulokas

Tiirismaa Health Centre, Hollola

T. Kiveld, L, Petlin, L. Savolainen

Turku Health Centre

I. Himalainen, H. Virtamo, M. Vahatalo

Turku University Central Hospital

K. Breitholz, R. Eskola, K. Metsarinne, U. Pietild, P. Saarinen, R. Tuominen, S.
Ayrapas

Vaajakoski Health Centre

K. Makinen, P. Sopanen

Valkeakoski Regional Hospital

S. Ojanen, E. Valtonen, H. YI6nen, M. Rautiainen, T. Immonen

Vammala Regional Hospital

I. Isomaki, R. Kroneld, M. Tapiolinna-Makela

Vaasa Central Hospital

S. Bergkulla, U. Hautamaki, V-A. Myllyniemi, I. Rusk
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Arran & Ayrshire
Ayr Hospital

University Hospital Crosshouse, Kilmarnock

Dumfries & Galloway
Dumfries & Galloway Royal Infirmary

Fife
Queen Margaret Hospital, Dunfermline

Glasgow

Clinical Research Facility, Western Infirmary
Glasgow Royal Infirmary

Grampian

Centre of Diabetes and Endocrinology, Aberdeen

Highlands & Islands
Highland Clinical Research Facility, Inverness

Lanarkshire
David Matthews Diabetes Centre, Monklands Hospital, Airdrie

Lothian
Department of Diabetes, Royal Infirmary of Edinburgh

Western General Hospital, Edinburgh

NHS National Services Scotland, Edinburgh
St Johns Hospital, Livingston

Tayside
Ninewells Hospital, Dundee

Professor Andrew Collier
Karen Allan

Danielle Gilmour
Margo Henry

Dr Fiona Green
Jean Bell

Dr John Chalmers
Karen Gray

Dr Robert Lindsay
Hilary Peddie

Professor John Petrie

Professor Donald Pearson
Julie Toye

Professor Sandra Macrury
Wendy Mackinnon

Dr Sandeep Thekkepat
Berni Welsh

Linda Macliver

Dina Bell

Dr Allan Patrick
Alison Sudworth
Claire Gallacher

Professor John McKnight
Alex Clark
Roz Graham

Dr Colin Fischbacher
Katie Farley
Professor Colin Palmer

Lynsey Beal
Sheena Pritchard
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