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Zusammenfassung

Hintergrund: Die automatische und akkurate Segmentierung der
Niere und ihrer Kompartimente Kortex, Medulla und Sinus ist eine
Voraussetzung fir die bevolkerungsweite Erforschung potenziell
neuer bildgebungsbasierter Biomarker der Niere.

Methode: Wir haben ein robustes Deep-Learning-Framework
zur (Sub-)Segmentierung der Niere entwickelt, das auf einem
hierarchischen 3-D ,convolutional neural network® (CNN) basiert.
Das CNN ist fiir mehrskalige Probleme der kombinierten Lokali-
sation und Segmentierung optimiert und wurde auf abdominale
Magnetresonanztomografien aus der bevélkerungsbasierten
NAKO Gesundheitsstudie angewendet.

Ergebnisse: Die Ubereinstimmung zwischen Modellvorhersagen
und manuellen Segmentierungen war gut bis ausgezeichnet. Die
Medianwerte fiir das auf die Kérperoberflache normierte Volumen
von Gesamtniere, Kortex, Medulla und Sinus bei 9 934 Probandin-
nen und Probanden betrugen 158, 115, 43 und 24 mL/m?. Die Ver-
teilungen dieser Marker wurden sowohl fiir die Gesamtpopulation
als auch fiir eine Subgruppe von Personen ohne Nierenerkrankung
oder damit in Beziehung stehenden Erkrankungen errechnet. Multi-
variable adjustierte Regressionsanalysen zeigten, dass Diabetes
mellitus, mannliches Geschlecht und eine hohere geschatzte
glomerulare Filtrationsrate (eGFR, ,estimated glomerular filtration
rate”) wichtige Pradiktoren fir ein hoheres Gesamt- und Kortex-
volumen waren. Zum Beispiel war jeder Anstieg der glomerularen

Filtrationsrate (GFR) um eine Einheit (das heiBt um
1 mL/min pro 1,73 m?Kérperoberflache) mit einer
signifikanten Zunahme des Gesamtnierenvolumens
um 0,98 mL/m? verbunden. Die Volumina waren bei
Personen mit chronischer Nierenerkrankung niedri-
ger als bei denjenigen ohne.

Schlussfolgerung: Die Extraktion von bildbasierten
Biomarkern durch CNN-basierte Sub-Segmentierung
der Niere mit Daten aus einer populationsbasierten
Studie liefert verlassliche Ergebnisse und bildet eine
solide Grundlage fiir weitere Untersuchungen.
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D ie chronische Nierenerkrankung (CKD) ist eine weit
verbreitete Krankheit, die als das anhaltende Vorlie-
gen von Anomalien der Nierenfunktion oder -struktur de-
finiert wird (1, 2). In Deutschland sind schédtzungsweise
12,7 % der Erwachsenen von einer CKD betroffen (3). Kli-
nische Routineuntersuchungen und bevélkerungsbezo-
gene Forschungen konzentrieren sich auf die Beurteilung
der Nierenfunktion. In der Regel geschieht dies durch
Schétzung der glomerulédren Filtrationsrate (eGFR, ,esti-
mated glomerular filtration rate“) unter Verwendung von
Serumkreatinin-, Cystatin-C-Werten oder beidem (4, 5).
Dieser Ansatz bertiicksichtigt jedoch nicht, dass die Ser-
umkreatininwerte erst ansteigen, wenn etwa 50 % der Fil-
trationsleistung der Nieren bereits verloren sind (6), und

dass Informationen {iiber die Nierenstruktur
und -morphologie vernachlédssigt werden. Die
Identifizierung zusitzlicher renaler Biomar-
ker, wie zum Beispiel bildgebungsbasierte
Strukturmarker, die neben der Filtration wei-
tere Eigenschaften erfassen, ist daher dulSerst
wiinschenswert.

Native und kontrastmitteluntersttitzte
Bildgebungsverfahren haben sich als wertvol-
le Instrumente zur Quantifizierung von Struk-
turgroBen verschiedener Organe erwiesen,
einschlieflich des Gesamtvolumens der Niere
(TKV) und der kortikomedulldaren Differen-
zierung (7-15). Wéahrend kontrastmittelunter-
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stitzte Methoden fiir die kortikomedulldre Differen-
zierung optimal sind, werden diese in populationsbasier-
ten Studien typischerweise nicht eingesetzt. Aufgrund
der seit kurzem durchfiithrbaren nativen Bildgebung in
grolen Bevolkerungsstudien ist nun die Entwicklung
und Charakterisierung bildbasierter Marker der Niere
moglich (16). Dies erfordert eine automatisierte Segmen-
tierung der Nieren, die sowohl mit traditionellen maschi-
nellen Lernverfahren (17-20) als auch mit modernen
Deep-Learning-Ansdtzen (21-29) durchgefithrt werden
kann. Zu den moéglichen klinischen Anwendungen einer
automatischen Magnetresonanztomografie (MRT)-Seg-
mentierung von Nierenmarkern gehoren eine verbesserte
Erkennung und Uberwachung von CKD. Der Zusammen-
hang zwischen Volumina automatisch segmentierter
Nierenkompartimente und der eGFR ist jedoch weitge-
hend unklar. In einem ersten Schritt wurden in dieser Be-
obachtungsstudie mehrere tausend MRT-Aufnahmen des
Abdomens aus der NAKO Gesundheitsstudie und moder-
ne Deep-Learning-Ansétze verwendet, um die Volumina
der Nieren und ihrer Subkompartimente zu quantifizie-
ren, die Verteilungen der volumetrischen Parameter in
dieser groBen populationsbasierten Stichprobe abzulei-
ten und ihre relevanten biochemischen und klinischen
Korrelate zu identifizieren (30, 31).

Methoden

Studienpopulation

Die NAKO Gesundheitsstudie ist eine prospektive, bevol-
kerungsbasierte Studie, in die zwischen 2014 und 2019
205 415 Teilnehmende im Alter von 19-74 Jahren einge-
schlossen wurden (31). Alle Teilnehmenden gaben ihr
schriftliches Einverstdndnis. Die zustdndigen Ethikkom-
missionen genehmigten die Studie (30). Die Erfassung der
in diesem Projekt verwendeten Teilnehmendenmerkmale
bei der Eingangsuntersuchung ist in eSupplement-Metho-
denteil 1 beschrieben. Die eGFR (mL/min/1,73m?) wurde
anhand der CKD-EPI-Gleichung fiir Serumkreatinin und
Cystatin C berechnet (5).

Bildgebung, Nierenvoluminabestimmung,
Qualitatskontrolle und Validierung

Bei einer Subgruppe von 30 861 Teilnehmenden wurde zu
Beginn der Studie eine Ganzkorper-MRT bei 3,0 Tesla
(Skyra, Siemens Healthineers, Erlangen, Deutschland) in
einem von flnf spezialisierten MRT-Zentren mit identi-
schen Gerdten und Protokollen durchgefiihrt (16). Eine
detaillierte Qualitdtskontrolle der Bildqualitit stellte die
Vollstdndigkeit und Qualitit der Bilder sicher (16). Fur die-
se Studie wurden die Wasser- und Fettbilder der
3-D-T1-Dixon-Aufnahme des thorakoabdominellen Be-
reichs mit vollstdndiger Nierenabdeckung aus dem ersten
veroffentlichten Teil der NAKO-Bilddaten verwendet
(N =11 207; eSupplement-Grafik I).

Die Segmentierung der Niere in vier Kompartimente
(Kortex, Medulla, Sinus, Zysten) — unter Verwendung ei-
nes hierarchischen, mehrskaligen U-Netzes — ist im eSup-
plement-Methodenteil 2 beschrieben. Zwei erfahrene Ra-
diologen ermittelten durch sorgféltige manuelle Segmen-
tierung die zugrunde liegenden Referenzdaten fiir das
Modelltraining. Die berechneten Volumina wurden auf
die Korperoberfliche (BSA, ,body surface area“; mL/m?)
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Abbildung: Beispiel einer automatischen Nierensegmentierung in Kortex-, Medulla-
und Sinuskompartimente

Dargestellt ist ein wassergewichtetes Bild in einer einer 2-D-Graustufen-Sagittalansicht, die
durch multiplanare Rekonstruktion der 3-D-T1-Dixon-Daten erzeugt wurde. Kortex, Medulla
und Sinus sind als Farbiiberlagerungen in Rot, Gelb beziehungsweise Tirkis dargestellt.
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Statistiken der Ubereinstimmung fiir volumetrische Nierenmarker

Das Streudiagramm zeigt die Ergebnisse fiir die Volumina von Gesamtniere, Kortex,
Medulla und Sinus (mL) der Bilder von 20 zuféllig ausgewéhlten Personen, die nicht Teil des
Trainingsdatensatzes waren. Dargestellt ist der Mittelwert aus der unabhéngigen Bewertung
zweier Radiologen im Vergleich zur Vorhersage mittels CNN. Die rot gestrichelt Linie
stammt aus linearen Modellanpassungen, die schwarz gestrichelte Linie stellt die Identitats-
linie dar. Die Legende zeigt die Spearman-Korrelationskoeffizienten fiir jedes farbcodierte
Kompartiment und weist auf eine gute bis ausgezeichnete Ubereinstimmung hin.

CNN, Convolutional Neural Network; TKV, Gesamtnierenvolumen

normiert (32). Wie zuvor wurde das TKV als die Summe
der Volumina von Kortex und Medulla beider Nieren defi-
niert (12). Nach einer griindlichen Qualitdtskontrolle stan-
den die Daten von 9 955 Personen fiir die statistische Ana-
lyse zur Verfligung, darunter 4 471 Personen mit vollstdn-
digen Angaben zu allen ausgewerteten Variablen und
2945 Personen ohne CKD und ohne hdufige Begleiter-
krankungen (eSupplement-Grafik 1).

Die Ubereinstimmung zwischen der manuellen Seg-
mentierung und der 3-D-Segmentierung mittels Convolu-
tional Neural Network (CNN) wurde anhand zufillig aus-
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Verteilung des Gesamtnierenvolumens (TKV) bei Personen mit und ohne
eGFR-basierter Nierenerkrankung

Dargestellt sind Histogramme der BSA-normierten Gesamtnierenvolumina (TKV, mL/m?)

je nach Vorliegen (gelb, 33 Personen) bzw. Nicht-Vorliegen (blau) einer eGFR-basierten
Nierenerkrankung, definiert als eGFR < 60 mL/min/1,73 m?, in der Subgruppe der
Personen mit vollstdndigen Basisdaten (N = 4 471). Die gelben und blauen Verteilungen
Uberlappen sich in der Mitte, wodurch eine dritte, griinliche Farbe entsteht. Die gestrichelten
vertikalen Linien stellen den Mittelwert der blauen beziehungsweise gelben Verteilung dar,
die durchgezogenen Linien die jeweilige Dichteschatzung. Die Grafik illustiert, dass
Personen ohne eGFR-basierte Nierenerkrankung (blau) ein hdheres durchschnittliches
Gesamtnierenvolumen haben als Personen mit eGFR-basierter Nierenerkrankung (gelb),
und dass die Verteilung der Personen mit eGFR-basierter Nierenerkrankung ein geringeres
Nierenvolumen aufweist als erwartet.

BSA, Kdrperoberflache; eGFR, geschatzte glomerulare Filtrationsrate;

TKV, Gesamtnierenvolumen

gewdhlter Bilder von 20 Personen tiberpriift, die nicht zur
urspriinglichen Trainingsgruppe gehorten. Korrelations-
koeffizienten (Spearman, Pearson) wurden als gut (= 0,6),
sehr gut (=0,8) und exzellent (>0,95) eingestuft. Dice-
Ahnlichkeitskoeffizienten und Bland-Altman-Diagramme
wurden ebenfalls bewertet (33, 34).

Statistische Analyse

Die Methoden fiir alle statistischen Analysen sind in eSup-
plement-Methodenteil 3 detailliert beschrieben. Subgrup-
pen wurden mittels zweiseitigem t-Test auf einem statisti-
schen Signifikanzniveau von 0,05 verglichen. Univariate
und multivariate Assoziationsanalysen wurden mittels li-
nearer Regression unter Berticksichtigung verschiedener
hierarchischer Modelle durchgefiihrt.

Ergebnisse

Segmentierung der Nieren

Die Nieren von 9 955 Teilnehmenden wurden erfolgreich
in Kortex, Medulla und Sinus segmentiert (Abbildung).
Die Ubereinstimmung der Volumina von Gesamtniere
(TKV), Kortex, Medulla und Sinus war sowohl zwischen
den manuellen Segmentierungen der beiden Radiologen

als auch den entsprechenden CNN-Vorhersagen gut bis
ausgezeichnet (Grafik 1, eSupplement-Grafik 2). So lag
zum Beispiel der Spearman-Korrelationskoeffizient fiir
das TKV zwischen 0,94 fiir den Vergleich zwischen den Ra-
diologen und 0,99 (Radiologe 1 versus CNN und Radiolo-
genmittelwert versus CNN). Bland-Altman-Diagramme
zeigten, dass es keine groBeren systematischen Abwei-
chungen zwischen den manuellen Messungen und den
Vorhersagen gab (eSupplement-Grafik 3), obwohl die ma-
nuellen Messungen im Durchschnitt hohere TKV-, Kor-
tex- und Medullavolumina, aber niedrigere Sinusvolumi-
na als die Vorhersagen ergaben.

Verteilungen und Korrelationen von Markern der
Nierenbildgebung

Die Hilfte der Studienteilnehmenden war ménnlich, das
Durchschnittsalter betrug 52 Jahre (Standardabweichung
[SD]=11) und der durchschnittliche Body-Mass-Index
(BMI) lag bei 26,6 kg/m? (SD =4,5) (Tabelle). Der Anteil
der Personen, die in einem standardisierten Fragebogen
eine bestehende drztliche Diagnose eines Diabetes melli-
tus und einer Nierenerkrankung angaben, betrug 5 % be-
ziehungsweise 2 %. Die mittlere eGFR lag bei 99,3 mL/
min/1,73m? (SD =14,7).

Die Verteilungen des BSA-normalisierten TKV sowie
der Kortex-, Medulla- und Sinusvolumina sind fiir die Ge-
samtstichprobe und getrennt fiir Médnner und Frauen in
der Tabelle und der eSupplement-Tabelle 1 dargestellt.
Wihrend Ménner im Vergleich zu Frauen im Mittel grofe-
re Nieren-, Kortex- und Sinusvolumina aufwiesen, wurde
dies fiir die Medulla nicht beobachtet (eSupplement-Gra-
fik 4). Der mediane Anteil des TKV, der auf den Kortex ent-
fiel, betrug 72,4 % (Interquartilspanne Q1-Q3: 70,1-75,3 %).
Die geschlechtsspezifischen Unterschiede waren ausge-
prégter, wenn die Volumina nicht auf die BSA normiert
wurden (eSupplement-Tabelle 2). Dies deutet darauf hin,
dass Groflen- und Gewichtsunterschiede einen Grofteil
der geschlechtsspezifischen Unterschiede im TKV erkla-
ren. In Ubereinstimmung mit fritheren Untersuchungen
(35) beobachteten wir groRere mittlere BSA-normierte
Volumina der linken im Vergleich zur rechten Niere
(eSupplement-Grafik 5).

Perzentile der Verteilung der Volumina der Nierenkom-
partimente aus einer sehr groBen, bevolkerungsbasierten
Stichprobe ohne héufige, die Nierenfunktion beeintriach-
tigende Erkrankungen wurden bisher nicht verdffentlicht.
Daher wurden diese Werte fiir die Subgruppe von 2 945
Personen ohne Diabetes mellitus, Hypertonie, Gicht und
ohne selbstberichtete und eGFR-definierte CKD (< 60 mL/
min/1,73m?) berechnet. Die Wertebereiche und Perzentile
der nichtnormierten und der BSA-normierten TKV, Kor-
tex-, Medulla- und Sinus-Volumina in eSupplement-Tabel-
le 3 konnen nun als Grundlage fiir kiinftige epidemiologi-
sche und klinische Bildgebungsstudien dienen. Die Ver-
teilung des TKV bei Personen mit CKD, definiert als
eGFR<60, war im Vergleich zu Personen mit einer
eGFR = 60 mL/min/1,73m? deutlich zu niedrigeren Wer-
ten verschoben (Grafik 2). Diese Verschiebung war bei der
selbstberichteten Nierenerkrankung erkennbar weniger
ausgepragt (Grafik 3).

Die Korrelationen und bivariaten Assoziationen der
volumetrischen Marker mit Anthropometrie, Erkrankun-
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gen und eGFR sind in den eSupplement-Ergebnissen, der
eSupplement-Tabelle 4 und den eSupplement-Grafiken
6-11 detailliert beschrieben. Die durchschnittliche BSA-
normierte TKV betrug 161,4 (SD = 23,2) mL/m? fiir Perso-
nen ohne eGFR-definierte Nierenerkrankung und 131,8
(SD =25,1) mL/m? fiir Personen mit Nierenerkrankung
(p <0,001). Die entsprechenden Werte betrugen 161,3
(SD =23,3) und 155,2 (SD = 25,6) mL/m? bei Personen oh-
ne beziehungsweise mit selbst berichteter Nierenerkran-
kung (p = 0,04).

Multivariable bereinigte Assoziationen von Nierenmarkern
mit Anthropometrie, Erkrankungen und eGFR

Wir fiihrten multivariate Regressionen der BSA-normierten
volumetrischen Marker durch, adjustiert fiir demografi-
sche, anthropometrische und krankheitsbezogene Varia-
blen. Ein vollstindiges Modell, das die Pradiktoren Studi-
enzentrum, Alter, Geschlecht, GroRe, BMI, eGFR, Diabetes
mellitus, Gicht und Hypertonie enthielt, erklarte 36 % der
Varianz der TKV. Dabei kam der groBte Einzelbeitrag von
der eGFR, die fiir allein 25 % der Varianz der TKV verant-
wortlich war (eSupplement-Tabelle 5). In Bezug auf das Vor-
liegen von Diabetes mellitus, Gicht und Bluthochdruck
wurden die stdrksten Korrelationen fiir den Zusammen-
hang von Diabetes mellitus mit dem BSA-normierten TKV
und Kortexvolumen beobachtet (eSupplement-Grafik 12).
So hatten zum Beispiel Personen mit Diabetes mellitus im
Durchschnitt ein um 10 mL/m? héheres BSA-normiertes
TKV als Personen ohne Diabetes mellitus (p < 0,001, eSup-
plement-Tabelle 5). Dies steht im Einklang mit einer glome-
ruldren Hyperfiltration bei Personen mit Diabetes mellitus,
da die Glomeruli vorrangig im Kortex liegen. Im vollstindig
angepassten Modell war pro 10 mL/min/1,73m? hherer
eGFR das BSA-normalisierte TKV im Mittel um 9,8 mL/m?
hoher (p <0,001).

Multivariable bereinigte Assoziationen der eGFR

mit Nierenvolumen, Anthropometrie und Erkrankungen
SchlieBlich wurde untersucht, ob volumetrische Marker
die Variabilitdt der eGFR, des am hdufigsten verwendeten
Nierenfunktionsmarkers, erkldaren konnen. Das vollstdn-
dige Modell, das sowohl das BSA-korrigierte TKV als auch
die oben aufgefiihrten Pradiktoren enthielt, konnte 55 %
der Varianz der eGFR erkldren (eSupplement-Tabelle 6).
In den vier vollstdndig adjustierten Modellen fur die je-
weiligen Volumina der Nierenkompartimente zeigte das
jeweilige Volumen des Nierenkompartiments eine signi-
fikante positive Assoziation (p <0,001) mit der eGFR,
wihrend Alter, GroRRe, BMI und das Vorhandensein von
Gicht und Hypertonie negative Assoziationen mit der
eGFR ergaben.

Diskussion
Unsere Studie zu MRT-basierten Nierenmarkern von
11 207 Personen aus der Allgemeinbevolkerung liefert die
folgenden Erkenntnisse:

® Die automatische Segmentierung der Nieren und ih-
rer Kompartimente aus Tausenden von MRT-Aufnahmen
des Abdomens einer bevolkerungsbasierten Studie ist
machbar und effizient.

® In der Studie konnten Volumenverteilungen der Nie-
renkompartimente fiir die Gesamtgruppe sowie fiir eine
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Tabelle

Basischarakteristika der 9 955 Studienteilnehmenden mit
qualitativ hochwertigen Bildgebungsdaten

mannliches Geschlecht 50 (4 982)

Alter (in Jahren) 51,9 (11,4)

KérpergroBe (cm) 171,6 (9,4)

Kérpergewicht (kg) 78,5 (15,3)

Body-Mass-Index (kg/m?) 26,6 (4,5)

Kérperoberflache (m?) 1,9 (0,2)

Diagnose: Hypertonie 27 (2 728)

Diagnose: Nierenerkrankung 2 (159)

Diagnose: Diabetes mellitus 5 (540)

Diagnose: Gicht 4 (408)

eGFR < 60 mL/min/1,73m? 1(33)

eGFR (mL/min/1,73m?) 99,3 (14,7)

beide Nieren, BSA-| Nierenvolumen 157,8 (143,8-173,6)

normalisiert

(mL/m?) Kortexvolumen 114,7 (104,1-126,6)
Medullavolumen 42,9 (36,7-49,2)
Sinusvolumen 23,8 (19,5-28,9)

Stegige Variablen (auRer Volumina) werden mit Mittelwert (SD) beschrie-
ben, fir die Volumina werden Mediane (1. und 3. Quartil) verwendet, und
fir kategorielle Variablen werden Anteile (absolute Anzahlen) berichtet.
Anzahl fehlender Werte: KorpergréRe 21; Kérpergewicht 21; Body-Mass-
Index 21; Korperoberflache 21; Hypertonie 20; Nierenerkrankung 19;
Diabetes mellitus 14; Gicht 27; eGFR < 60 mL/min/1,73m? 5 451;

eGFR 5 451; BSA-normalisierte bildgebungsbasierte Biomarker 21
(aufgrund fehlender Werte zur Kérperoberflache).

eGFR, geschatzte glomerulére Filtrationsrate (berechnet mit Serum
Kreatinin und Cystatin C); BSA, Kdrperoberflache.

Subgruppe von Personen ohne CKD und haufig assoziier-
ten Erkrankungen berechnet werden.

e Die identifizierten anthropometrischen, biochemi-
schen und klinischen Korrelate der volumetrischen Mar-
ker sind im Vergleich mit bestehenden Literaturangaben
plausibel.

Die Bildgebungsmarker unterschieden sich signifikant
zwischen Personen mit und ohne eGFR-basierter CKD.
Die vorgestellte Methode schafft eine Grundlage fiir wei-
tere Studien zu bildbasierten Nierenmarkern und deren
moglichen klinischen Verwendungen, wie zum Beispiel
einer verbesserten Erkennung und Uberwachung von
Nierenerkrankungen und einer besseren Therapiesteue-
rung.

Die Segmentierungen aus unserer Studie stimmen mit
der publizierten Literatur tiberein. Beispielsweise wurden
in einer Arbeit, die auf kontrastmittelverstarkten Compu-
tertomografie(CT)-Bildern einer Kohorte von 1 344 poten-
ziellen Nierenspendern basierte, durchschnittliche TKV-
Werte von 269 cm® bei Frauen und 325 cm?® bei Ménnern
(17) im Vergleich zu 272 cm® und 335 cm® (1 cm®=1mL) in
unserer Stichprobe berichtet. Die Segmentierung der
MRT-Bilder von 1852 Teilnehmenden der Framingham
Heart Study ergab TKV-Werte von 278 beziehungsweise
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Verteilung des Gesamtnierenvolumens (TKV) bei Personen mit und ohne
selbstberichtete Nierenerkrankung

Dargestellt sind Histogramme der BSA-normierten Gesamtnierenvolumina (TKV, mL/m?)
je nach Vorliegen (gelb, 77 Personen) beziehungsweise Nichtvorliegen (blau) einer
selbstberichteten Nierenerkrankung in der Untergruppe der Personen mit vollstandigen
Basisinformationen (N = 4 471). Die gelbe und die blaue Verteilung iiberlappen sich in
der Mitte, sodass eine dritte, grinliche Farbe entsteht. Die gestrichelten vertikalen Linien
stellen den Mittelwert der blauen beziehungsweise gelben Verteilung dar, die durchgezoge-
nen Linien die jeweilige Dichteschatzung. Ahnlich wie bei der Kategorisierung nach
eGFR-basierter Nierenerkrankung (Grafik 2), wenn auch weniger auffallig, bedeutet dies,
dass Personen ohne selbstberichtete Nierenerkrankung (blau) ein hoheres durchschnitt-
liches Gesamtnierenvolumen haben als Personen mit Nierenerkrankung (gelb), und

dass die Verteilung der Personen mit selbstberichteter Nierenerkrankung ein geringeres
Nierenvolumen aufweist als erwartet.

BSA, Korperoberflache; eGFR, geschatzte glomerulare Filtrationsrate; KidnDis, selbstbe-
richtete Nierenerkrankung;TKV, Gesamtnierenvolumen

365 cm? (12). Das relative Kortexvolumen von 73 % in un-
serer Studie stimmt gut mit Werten aus anderen Studien
tiberein, die auf kontrastverstdrkten CT-Bildern basieren.
Ein Wert von 72 % kann zum Beispiel aus zwei solchen
Studien abgeleitet werden (17, 29), wahrend histologische
Messungen an Méusen einen Wert von 66 % ergaben (36).
In dhnlicher Weise waren die Dice-Indizes fiir TKV fiir
die Ubereinstimmung zwischen den Radiologen und der
Vorhersage vergleichbar mit den Werten einer fritheren
Analyse, bei der ein CNN auf MRT-Daten einer groen
Kohorte angewendet wurde (26), sowie mit zwei fritheren
CT-basierten Studien (17, 29). Die Dice-Indizes fiir die
Medulla waren jedoch niedriger als in einer fritheren
CT-basierten Studie (29).

Die meisten Assoziationen von anthropometrischen
und klinischen Variablen mit Bildgebungsmarkern
stimmten ebenfalls mit fritheren Erkenntnissen tiberein.
Trotz der insgesamt guten Ubereinstimmung besteht je-
doch ein interessanter Unterschied zwischen unserer Stu-
die und der CT-basierten Studie von Wang et al. in der
univariaten Beziehung zwischen kortikalem und medullé-
rem Volumen und Alter (17). Wahrend wir eine signifikan-

te inverse Korrelation zwischen Medullavolumen und Al-
ter fanden, die nach Adjustierung fiir die eGFR ver-
schwand, berichteten Wang et al. tiber signifikante positi-
ve Korrelationen zwischen Medullavolumen und Alter so-
wohl in univariaten als auch in multivariaten Modellen
(18). Umgekehrt zeigte sich in unserer Analyse ein Zusam-
menhang zwischen Kortexvolumen und Alter erst nach
Adjustierung fiir die eGFR, wihrend Wang et al. feststell-
ten, dass sich ein negativer univariater Zusammenhang
zwischen Kortexvolumen und Alter nach Adjustierung fiir
die eGFR in einen positiven umkehrte. Somit unterstiitzen
unsere Ergebnisse eine Zunahme des Medullavolumens
mit dem Alter nicht, wogegen sie in fritheren Studien be-
obachtet wurde (37, 38).

Mogliche Erkldrungen fiir die beobachteten Unter-
schiede in der Beziehung zwischen Alter und kortikalem
und medulldrem Volumen sind die Tatsache, dass in un-
serer Studie der Sinus zusitzlich als Kompartiment seg-
mentiert wurde. Auerdem zeigen alters- oder eGFR-ab-
héngige strukturelle und funktionelle Verdnderungen im
Kontext kontrastverstdrkter CT und kortikomedulldrer
Differenzierung im MRT jeweils unterschiedliche Effekte
(39, 40). Diese Unterschiede verdeutlichen, dass die aus
der Bildgebung abgeleiteten Volumina moglicherweise
von Eigenschaften und Parametern der verwendeten Bild-
gebungsmodalititen abhidngen, wobei die Nierenfunkti-
on die kortikomedulldre Differenzierung und damit die
Segmentierung beeinflussen kann. In Ermangelung von
auf Histologie beruhenden Referenzdaten kann es daher
angemessener sein, von ,bildgebungsabgeleiteten korti-
kalen“ und , bildgebungsabgeleiteten medulldren Volumi-
na“ zu sprechen. Dies wiirde betonen, dass es sich um
Schétzungen der tatsdchlichen morphologischen Eigen-
schaften handelt, die auch von der jeweiligen Bildge-
bungsmodalitdt und den zugrunde liegenden funktionel-
len Eigenschaften abhédngen.

Trotz der starken und signifikanten Unterschiede im
TKV zwischen Personen mit und ohne selbst berichteter
oder GFR-basierter CKD hatten nicht alle Personen mit
CKD ein geringes Nierenvolumen. Umgekehrt berichte-
ten nicht alle Personen mit geringen Nierenvolumina
tiber eine CKD, und nicht alle hatten eine niedrige eGFR.
Solche Diskrepanzen konnen auf ein geringes Bewusst-
sein fiir eine CKD zuriickzufiihren sein oder darauf, dass
das Vorliegen einer Nierenerkrankung die Nierengrof3e
und -filtration unterschiedlich beeinflussen kann. Kiinfti-
ge Studien sollten daher untersuchen, ob bildgebende
Verfahren oder biochemische Nierenmarker besser geeig-
net sind, um eine CKD zu diagnostizieren und ihren Ver-
lauf vorherzusagen.

Zu den Stédrken unserer Studie gehoren die Studiengro-
Re, die stark standardisierte Bilderfassung, -verarbeitung
und -qualitdtskontrolle sowie die bevolkerungsbasierte
Studienpopulation. Unsere Analyse schloss jedoch Perso-
nen mit groflen Nierenzysten aus und erlaubt daher keine
Riuickschliisse auf spezifische Nephropathien wie die poly-
zystische Nierenerkrankung. Aullerdem wurde die Seg-
mentierung nur auf der Basis struktureller Fett-Wasser-
Bilder durchgefiihrt. Es gibt zahlreiche andere funktionel-
le und quantitative Modalitdten fiir die Bildgebung der
Nieren, und kiinftige modalitétsiibergreifende Auswer-
tungen konnten zusitzliche Erkenntnisse liefern (14, 15).
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Weitere Einschriankungen bestehen darin, dass feine
Details der Medulla wie einzelne Pyramiden nicht aufge-
16st werden konnten. Obwohl die kontrastmittelverstérk-
te CT- oder MRT-Bildgebung fiir die Subsegmentierung
der Nierenkompartimente besser geeignet ist, sind die in
unserer Studie ohne Kontrastmittelanreicherung erzielten
Werte plausibel und stimmen sehr gut mit den Ergebnis-
sen fritherer Studien mit kontrastmittelverstarkter CT-
Bildgebung tiberein (17, 29). Wir gehen daher davon aus,
dass der hier angewandte automatische Ansatz zur Nie-
rensegmentierung auch fiir die kiinftige Identifizierung
und Untersuchung fortgeschrittener Bildgebungsmerk-
male niitzlich ist.

Resiimee

Die berechneten Verteilungen von Kortex-, Medulla- und
Sinusvolumen kénnen als Referenz fiir kiinftige Studien
dienen, einschlielllich ihrer Beziehung zu molekularen
Markern und prospektiven klinischen Ereignissen. Bildge-
bende Marker der Nierenstruktur zeigten starke Assozia-
tionen mit biochemischen Markern der Nierenfunktion
und unterschieden sich deutlich zwischen Personen mit
und ohne CKD in der Allgemeinbevolkerung.
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Imaging markers from population-scale, MRI-based automated kidney segmentation

Distribution and correlates of volumes of the kidney and its compartment: the NAKO Study
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eMethods

eMethods 1: Study sample and data.

For the purpose of this study, NAKO participants with images from the first release of the
NAKO imaging data were included (N=11,207; eFigure 1).

Participant characteristics collected as part of the baseline visit were age (years), sex, body
height (cm), body weight (kg), body mass index (BMI, kg/m?), and self-reported diagnosis of
diseases (hypertension, kidney disease, diabetes, gout). Serum creatinine (enzymatic,
Dimension VISTA, Siemens Healthineers, Germany; umol/L) and cystatin C (nephelometric,
Dimension VISTA, Siemens Healthineers, Germany; mg/L) were analyzed in the central
laboratory of the University Medicine in Greifswald. The biochemical assays were performed
according to the manufacturer’s recommendations and subjected to stringent quality control,
yielding overall coefficients of variation for low and high concentrations of 4.65% and 1.59%

for creatinine and 2.69% and 3.31% for cystatin C, respectively.



eMethods 2: Kidney segmentation.

Segmentation by CNN

The kidney was divided into four mutually exclusive compartments as a model for the
composition of the kidneys as quantifiable by structural MRI: cortex, medulla, sinus, and cysts.
The definition of cortex and medulla as separate compartments was based on the observed
differences in the MR contrast T1 within the kidney, also known as the corticomedullary
differentiation (e1,e2). The cyst compartment accounted for any abnormalities such as cysts,
tumours and other space-occupying masses. It was mainly used for quality control purposes
(see below) and not further evaluated in this study.

For automated segmentation, we employed a freely available, hierarchical, multiscale
3D convolutional neural network (CNN) framework (e3). This approach represents the state-
of-the-art, and is also applied in other large population studies with MR images such as the
UK Biobank (e4). It uses nested patches of fixed matrix size. In each scale, a UNet architecture
is used, where the matrix size of the UNet is always of size 323 voxels for all scales. We used
a scale pyramid of depth four, where the patch size of the coarsest scale is a cube with side
length of 80% of the full image. The physical size of the finest patch is selected such that a
resolution of 2x2x4 mm? is achieved at the final output. As input, we stacked the derived water
and fat images of the T1-"Dixon” sequence. The architecture of the basis UNet is close to (e5),
with feature dimensions (8,16,16,32,64) and max-pooling in the encoding layers and
transposed convolutions in the decoding layers. Each UNet has n+8 output channels, where
the first n corresponds to the number of labels — here: n=4 compartments - and are used for
intermediate loss computations. The logits of the total n+8 outputs are forwarded as input to
the next scale. All labels were trained with ordinary binary cross-entropy per channel. The
network was trained with the Adam optimizer with learning rate of 0.001 and default
momentum parameters. Overall, 10 million patches were presented to the network at a batch
size of 32. The total training time on a NVidia RTX A6000 was approximately 4 days.
Application of the trained model is possible without GPU-support, taking less than two minutes
per case on a 16-core CPU machine. Application to all datasets was performed on a highly
parallelized server farm and took approximately 5 days in total. All data management and

processing were performed using the NORA medical-imaging framework (www.nora-

imaging.org).

Ground truth creation/manual segmentation
All visualizations and segmentations were performed using the tools provided by the NORA
platform mentioned above. The process began with a thorough examination of the images to

identify any kidney abnormalities and assess the general shape and orientation of the kidneys.


http://www.nora-imaging.org/
http://www.nora-imaging.org/

Windowing techniques were employed to enhance the contrast between the cortex, medulla,
and adjacent tissues. Subsequently, the different compartments were manually segmented in
a transversal view, starting with the cortex. To facilitate accurate delineation of kidney
structures, a circular pen tool with an adjustable radius was utilized. This tool allowed for
flexible adjustments to match the boundaries between the compartments. Once the cortex
segmentation was completed, the same procedure was applied to segment the medulla and
sinus. To ensure accuracy and consistency, the segmentations were iteratively examined and
corrected in coronal and sagittal views. Throughout the segmentation process, great attention
was given to maintaining anatomical integrity and preserving the spatial relationship between
different kidney compartments. The labelling process was meticulous and required significant
time and attention to detail. On average, our experienced radiologists spent approximately 60
minutes to complete a full segmentation of a single case from scratch.

To maintain a manageable effort of manual segmentation while incorporating a diverse
range of relevant data (reflecting the heterogeneity in image quality and patient morphology)
into the ground truth dataset, we implemented an active learning procedure (e6). This
approach allowed us to optimize the segmentation effort by selecting the most informative and
representative samples for manual annotation. Two radiologists manually segmented the
kidneys and their compartments in 30 randomly selected images during a consensus reading,
which served as the initial training data. The initially trained model was then applied to another
set of 30 randomly selected images, and the predicted segmentations were manually
inspected, corrected, and edited by labelling experts. This resulted in a larger set of ground
truth segmentations, which was used to retrain the model. For each round of training, the
ground truth dataset was split 1:3 into validation and training sets. This process was repeated
until the validation performance matched the training performance at 200 cases (measured by
the difference of the DICE coefficients). The trained model was then applied to the full dataset
of >11,000 individuals, and a quality control step was performed. Each case was visually
examined using an automatically generated overview report, taking approximately 5 seconds
per case. Problematic cases were identified and either excluded from further analysis due to
poor image quality (as described in the paragraph below) or manually corrected and added to
the final ground truth set. Problematic cases were particularly those with low visceral fat, where
organ boundaries were indistinct and difficult to delineate. Consequently, the final ground truth
dataset was expanded to include a total of 300 fully annotated images. The final model was

then trained using the procedure and parameters described above.

Calculation of compartment volumes
The network outputs are probability maps for the four defined compartments (cortex, medulla,

sinus, and cysts), ranging from 0 to 1. In order to robustly extract the full kidneys (i.e. the union



of all compartments), the sum of all compartments’ probabilities was calculated and all voxels
with a sum of >0.5 were designated to be kidney tissue. To remove potential false positives
outside the kidneys, the two largest spatially connected chunks were chosen to define the
respective left and right kidney segmentations. Within these segmentations, the individual
components were selected based on a maximum decision for the prediction probabilities.
From these, compartmental volumes (mL) were calculated. In agreement with prior reports
(e7), the most common parameter of kidney volume, TKV, was defined as the full parenchymal
volume, i.e., the sum of cortex and medulla volumes of both kidneys combined. Finally, as a
normalized measure for comparison with other studies, we also computed the relative cortex
volume, i.e., the ratio of the cortical and parenchymal volume. To account for the influence of
body height and weight on imaging-based kidney markers, we applied the commonly used
Mosteller formula for the normalisation of the volumes to body surface area (BSA, m?),

calculated as sqrt((weight in kg*height in cm)/3600) (e8).

Software and Data Availability

The patchwork toolbox is openly available from https://bitbucket.org/reisert/patchwork. Upon
acceptance of the paper all code needed for applying the proposed approach will be made
freely available. The CNN segmentation model is available from the authors upon reasonable
request. All image post-processing was performed using MATLAB (The MathWorks, Inc.,

Natick, Massachusetts).



eMethods 3: Statistical analysis.

Continuous variables were described with mean and SD, with median and quartiles (Q1, Q3),
or with specified percentiles. For categorical variables, frequency and proportions were
calculated. Box plots, scatter plots, or density plots were used for visualization. Bivariate
Spearman correlation coefficients were used to describe pairwise correlation between imaging
parameters. For the comparison of imaging markers between subgroups, a two-sided t-test
was utilized at a nominal significance level of 0.05.

Multivariable associations including pre-specified kidney-related and available
variables were assessed via fitting of linear regression models. First, we fitted models for BSA-
normalized imaging markers (each considered as a separate outcome) to thoroughly assess
their associations with baseline characteristics (exposure variables). Different hierarchical
models were considered, starting from univariable evaluation of baseline characteristics to a
model including study center, age, sex, height, BMI, eGFR based on serum creatinine and
cystatin C, diabetes, gout, and hypertension. Second, we fitted models for serum creatinine
and cystatin C-based eGFR as the outcome to assess the association of different imaging
markers and baseline characteristics (age, sex, height and BMI) with kidney function
parameters in detail to assess whether imaging markers can be used to better explain
variability in eGFR than baseline characteristics alone. Again, we considered hierarchical
models starting from univariable evaluations to multivariable models. If appropriate, we
additionally calculated likelihood ratio tests to statistically compare model fits, as well as
variance inflation factors to assess multi-collinearity among variables included in a model.

All statistical analyses were conducted using software package R version 4.0.5 (R
Core Team (2021) — R: A language and environment for statistical computing. R Foundation

for Statistical Computing, Vienna, Austria, http://www.R-project.org/).
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eResults

eResults 1: Correlations and bivariate associations of kidney imaging markers with

anthropometry, diseases, and eGFR.

Most raw imaging markers of the kidneys and their compartments were strongly positively
correlated with each other (median correlation 0.64; eFigure 6, upper left), as were the
anthropometric parameters height, weight, BMI, and BSA (median correlation 0.69).
Correlations of BSA-normalized imaging markers with each other were generally lower than
those of non-normalized imaging markers (median correlation 0.43; eTable 4, eFigure 6,
lower right). The strongest pairwise Spearman correlation coefficient of the imaging
parameters was detected for BSA-normalized TKV and cortex volumes (0.93; eTable 4).

Whereas BSA-normalized TKV, cortex, and sinus displayed positive pairwise
correlations with most of the anthropometric parameters, BSA-normalized medulla showed
mostly inverse correlations. Age was inversely correlated with BSA-normalized TKV, cortex,
and especially medulla (-0.38), and it was positively correlated with sinus (0.25; eTable 4).
Conversely, eGFR was positively correlated with TKV, cortex, and medulla volumes (range:
0.22-0.49), but inversely with sinus volume (-0.09; eTable 4, eFigure 6).

Since BSA-normalized imaging markers seem to better discern correlations beyond
those introduced by anthropometric differences, we subsequently assessed the distribution of
BSA-normalized imaging markers of the kidney stratified by the presence vs. absence of
diabetes, gout, as well as by kidney disease both defined by self-report as well as by eGFR
<60 mL/min/1.73m? in a subset with complete information (N=4,471). There was a significant
difference in TKV associated with the presence of kidney disease: average BSA-normalized
TKV was 161.4 (SD 23.2) in those without and 131.8 (SD 25.1) mL/m? in those with eGFR-
defined kidney disease (p<0.001). The corresponding values were 161.3 (SD 23.3) in those
without and 155.2 (SD 25.6) mL/m? in those with self-reported kidney disease (p=0.04;
eFigure 7). Conversely, average TKV was greater among persons with diabetes as compared
to those without. The distribution of TKV was similar among persons with and without gout.

For cortex, only eGFR-based (117.8 vs. 104.8 mL/m?) but not self-reported kidney
disease (117.7 vs. 116.5 mL/m?) showed clearly different volumes in persons without versus
those with kidney disease (eFigure 8), consistent with low awareness of chronic kidney
disease in the general population. Medulla was the kidney compartment for which volumes
showed the most pronounced difference in subjects with versus without eGFR-based kidney
disease (43.6 vs. 27.0 mL/m?; eFigure 9). Lastly, sinus volumes showed no major differences
by kidney disease status, while they were greater in persons with diabetes and gout compared

to individuals without these conditions (eFigure 10). Differences in BSA-normalized TKV



between the left and right kidneys of >4 SD were apparent in a subset of individuals with
kidney disease (eFigure 11), likely arising from unilateral small kidneys. This subset was

manually checked to confirm the observations.
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eFigures

eFigure 1: Flowchart with overview of the project.
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Abbreviations: MRI: magnetic resonance imaging; BMI: body mass index; BSA: body surface

area; eGFR: estimated glomerular filtration rate; CKD: chronic kidney disease.
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eFigure 2: Statistics for reader agreement of kidney imaging markers.

Scatter plots show results for total kidney, cortex, medulla, and sinus volumes (mL) from
images of 20 randomly selected individuals that were not part of the training set. Comparisons
are shown for the results of the two readers against each other (top left), of each reader against
the CNN predictions (top right and lower left), and of the average of the two readers against
the CNN prediction (lower right). Red dashed lines were obtained from linear model fits, the
black dashed lines represent the line of identity. The legend shows Spearman correlation

coefficients for each color-coded compartment and shows good to excellent agreement.
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Abbreviations: CNN: convolutional neural network; TKV: total kidney volume.
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eFigure 3: Bland-Altman plots of inter-reader agreement.
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Abbreviations: CNN: convolutional neural network.
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eFigure 4:
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men (M, N=4,972), blue for women (F, N=4,962)). After correction for BSA, men have higher

total, cortex, and sinus volumes as compared to women, whereas this is not observed for

medulla.

Abbreviations: BSA: body surface area.
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eFigure 5: Differences between left and right kidney volumes of NAKO study
participants.
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Abbreviations: BSA: body surface area.
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eFigure 6: Pairwise correlations between kidney imaging markers, demographic and

anthropometric parameters.
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The upper left triangle shows color-coded Spearman correlation coefficients for the
segmented total kidney, cortex, medulla and sinus volumes (mL; raw imaging data), whereas
the lower right triangle shows correlations based on their BSA-corrected counterparts (mL/m?;
BSA-normalized imaging data) in the subset of persons with complete baseline information
(N=4,471). Correlations between kidney compartment volumes are less extreme after
normalization for BSA.

Abbreviations: BMI: body mass index; BSA: body surface area; eGFR: estimated glomerular

filtration rate; TKV: total kidney volume.
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eFigure 7: Distribution of total kidney volume by diseases of NAKO study

participants.
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The different panels show distributions of BSA-normalized TKV (mL/m?) by the presence
(yellow) or absence (blue) of eGFR <60 mL/min/1.73m? (33 cases; top left), self-reported
kidney disease (77 cases; top right), diabetes (282 cases; lower left) and gout (177 cases;
lower right) in the subset of persons with complete baseline information (N=4,471). Dashed
lines represent the mean of the respective distribution and the solid lines the respective density
estimate. While the distributions of BSA-normalized TKV are similar in those with and without
gout, persons with diabetes tend to have larger TKV, whereas those with self-reported kidney
disease and especially eGFR <60 mL/min/1.73m? have lower TKV.

Abbreviations: eGFR: estimated glomerular filtration rate; BSA: body surface area; TKV: total
kidney volume.
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eFigure 8: Distribution of cortex volume by diseases of NAKO study participants.
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The different panels show distributions of BSA-normalized cortex volume (mL/m?) by the
presence (yellow) or absence (blue) of eGFR <60 mL/min/1.73m? (33 cases; top left), self-
reported kidney disease (77 cases; top right), diabetes (282 cases; lower left) and gout (177
cases; lower right) in the subset of persons with complete baseline information (N=4,471).
Dashed vertical lines represent the mean of the respective distribution and the solid curved
lines the respective density estimate. While the distributions of BSA-normalized cortex volume
was on average smaller in participants with eGFR <60 mL/min/1.73m?, no clear difference
was visible between participants with and without self-reported kidney disease. The group of
participants with diabetes showed on average larger cortex volumes than participants without
diabetes.

Abbreviations: eGFR: estimated glomerular filtration rate; KidnDis: self-reported kidney

disease; BSA: body surface area.
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eFigure 9: Distribution of medulla volume by diseases of NAKO study participants.
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The different panels show distributions of BSA-normalized medulla volume (mL/m?) by the

presence (yellow) or absence (blue) of eGFR <60 mL/min/1.73m? (33 cases; top left), self-

reported kidney disease (77 cases; top right), diabetes (282 cases; lower left) and gout (177

cases; lower right) in the subset of persons with complete baseline information (N=4,471).

Dashed vertical lines represent the mean of the respective distribution and the solid curved

lines the respective density estimate. In all four panels, participants with the reported

conditions have on average smaller volumes than participants without.

Abbreviations: eGFR: estimated glomerular filtration rate; KidnDis: self-reported kidney

disease; BSA: body surface area.
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eFigure 10: Distribution of sinus volume by diseases of NAKO study participants.
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reported kidney disease (77 cases; top right), diabetes (282 cases; lower left) and gout (177
cases; lower right) in the subset of persons with complete baseline information (N=4,471).
Dashed vertical lines represent the mean of the respective distribution and the solid curved
lines the respective density estimate. In all four panels, participants with the reported
conditions have on average similar or slightly larger volumes than participants without.
Abbreviations: eGFR: estimated glomerular filtration rate; KidnDis: self-reported kidney
disease; BSA: body surface area.
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eFigure 11: Differences between left and right kidney volumes by diseases of NAKO

study participants.
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distribution and the solid curved lines the respective density estimate. In all four panels, no
larger differences between participants with and without the reported conditions are present.
Abbreviations: eGFR: estimated glomerular filtration rate; KidnDis: self-reported kidney
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eFigure 12: Forest plot showing the multi-variable adjusted effects of clinical and anthropometric characteristics on BSA-normalized

imaging markers.
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eTables

eTable 1: Median and interquartile values of BSA-normalized kidney imaging markers in the subset of NAKO participants with high-
quality imaging data, separate for women and men, and in the subset of persons without CKD and commonly associated conditions.

Imaging marker
(mL/m?2)

Subset of persons with high-quality imaging data

Overall

Women

Men

Subset of persons
without CKD and
commonly associated
conditions

N=9.934

N=4.962

N=4,972

N=2,945

Kidney volume

157.8 (143.8-173.6)

152.5 (138.3-167.5)

163.4 (149.8-178)

159.1 (145.5-174.6)

Cortex volume

114.7 (104.1-126.6)

108.6 (99.5-118.8)

121.2 (110.8-132.8)

114.6 (104.5-125 5)

Medulla volume

42.9 (36.7-49.2)

43.8 (38-50)

41.9 (35.5-48.3)

44.5 (38.9-50.5)

Sinus volume

23.8 (19.5-28.9)

21.4 (17.7-25.5)

26.4 (22-31.6)

23 (19-27.7)

Kidney volume

80.4 (72.9-89)

77.3 (69.7-85.6)

83.6 (76.2-91.7)

81.1 (73.9-89.3)

Cortex volume

58.6 (52.8-65.5)

54.9 (49.9-60.2)

62.7 (57.1-69.2)

58.5 (53.1-64.7)

Medulla volume

21.4 (17.9-25.2)

22.4 (18.8-26.1)

20.5 (17.2-24.3)

22.3 (19-26)

Sinus volume

12.8 (10.4-15.7)

115 (9.5-13.9)

14.1 (11.7-17.2)

12.4 (10.2-15.2)

Kidney volume

77.3 (70.1-85.3)

75.1 (68-82.8)

79.5 (72.4-87.4)

78.2 (70.9-85.8)

Cortex volume

55.9 (50.6-61.9)

53.7 (48.7-59.1)

58.2 (52.9-64.4)

56.1 (50.7-61.6)

Medulla volume

21.3 (18.3-24.3)

21.4 (18.6-24.3)

21.1 (18-24.2)

22 (19.3-24.9)

Right kidney | Left kidney [Both kidneys

Sinus volume 10.9 (8.9-13.3) 9.8 (8.1-11.8) 12.1 (10.1-14.5) 10.5 (8.6-12.7)
g = Kidney volume 3.2 (-1.6-8) 2.2 (-2.7-7.1) 4.1 (-0.5-8.9) 3.3 (-1.6-7.9)
$ © |Cortex volume 2.8 (-1.2-7) 1.1 (-2.6-5.1) 4.5 (0.5-8.5) 2.7 (-1.3-6.6)
E £ |Medulla volume 0.2 (-1.9-2.3) 0.8 (-1.3-3.2) -0.4 (-2.4-1.5) 0.3 (-1.8-2.5)
2 = ISinus volume 1.8 (0.5-3.3) 1.7 (0.4-3.1) 2 (0.7-3.5) 1.9 (0.7-3.3)

Volume measurements are normalized to BSA (mL/m2). Value present median (interquartiles Q1 and Q3). The subset of persons without CKD and commonly
associated conditions comprises the subset of persons with high-quality imaging data, complete baseline information and without self-reported diagnoses of

kidney disease, diabetes, hypertension, and gout as well as eGFR based on serum creatinine and cystatin C 260 mL/min/1.73mz.

Abbreviations: BSA: body surface area; CKD: chronic kidney disease; eGFR: estimated glomerular filtration rate.

23




eTable 2: Median and interquartile values of raw kidney imaging markers in the subset of NAKO participants with high-quality imaging

data, separate for women and men, and in the subset of persons without CKD and commonly associated conditions.

Imaging marker

Subset of persons with high-quality imaging data

Subset of persons without
CKD and commonly

(mL) Overall Females Males associated conditions
N=9955 N=4973 N=4982 N=2945

“% Kidney volume 301.6 (264.5-345.9) 272.4 (244.1-303.8) 334.9 (299.4-371.7) 303.1 (265.9-345.2)
5 |Cortex volume 218.9 (189.4-254.5) 193.6 (174.4-216.1) 248.1 (220.8-279.9) 216.7 (189.3-250.2)
E Medulla volume 81.6 (69.8-94.2) 78.3 (67.4-89.5) 85.6 (73.1-98.7) 84 (72.9-96.8)
@ |Sinus volume 45.6 (35.7-57.6) 38.2 (30.9-46.8) 54.2 (44.4-66.1) 43.5 (34.6-54.9)
> Kidney volume 154 (134.2-177) 138.5 (122.7-155.1) 171.2 (153.2-191.4) 154.5 (134.8-176.6)
5 |Cortex volume 112 (95.9-131.6) 97.9 (87.3-109.9) 128.4 (114-145.9) 111.3 (95.6-129.2)
% Medulla volume 41 (34.5-47.9) 39.9 (33.7-46.4) 42.3 (35.5-49.4) 42.4 (36.1-49.2)
-

Sinus volume

245 (19.1-31.2)

20.6 (16.6-25.4)

29.1 (23.7-35.7)

23.6 (18.5-29.9)

2 |Kidney volume 147.8 (129.3-169.4) 133.7 (119.9-150.1) 162.9 (145.7-182.6) 149 (129.6-168.7)
é Cortex volume 106.6 (92.7-123.4) 95.5 (86-107.4) 119.4 (105.8-135) 106 (92.6-121.8)
£ |Medulla volume 40.4 (34.6-46.8) 37.9 (33-43.8) 43.1 (36.9-49.6) 41.6 (35.9-48.1)
& |[Sinus volume 21 (16.3-26.5) 17.5 (14-21.6) 24.9 (20.3-30.4) 19.9 (15.7-25.2)
o = |Kidney volume 6.2 (-3.1-15.6) 3.8 (-4.8-12.6) 8.5 (-1-18.1) 6.2 (-3-15.5)

§ %C» Cortex volume 5.3 (-2.3-13.6) 2 (-4.6-9.2) 9.3 (1-17.6) 5 (-2.5-12.9)

;E £ |Medulla volume 0.4 (-3.7-4.4) 1.5 (-2.4-5.6) -0.8 (-4.9-3.1) 0.6 (-3.5-4.6)

8 = [Sinus volume 3.4 (1-6.3) 3(0.7-5.5) 4 (1.4-7.1) 3.5 (1.2-6.3)

Value present median (interquartiles Q1 and Q3). The subset of persons without CKD and commonly associated conditions comprises the subset of persons
with high-quality imaging data, complete baseline information and without self-reported diagnoses of kidney disease, diabetes, hypertension, and gout as well as
eGFR based on serum creatinine and cystatin C 260 mL/min/1.73m2,

Abbreviations: CKD: chronic kidney disease; eGFR: estimated glomerular filtration rate.
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eTable 3: Distribution of kidney imaging markers in the subset of persons without CKD and commonly associated conditions.

Distribution of imaging markers for specific percentiles
Imaging marker 0% | 1% 2.50% | 5% | 10% | 25% | 50% | 75% | 90% | 95% | 97.50% | 99% 100%
raw data (mL)
% Kidney volume 168.9 192.9 207.4 221.2 236.7 265.9 303.1 345.2 383.8 411.8 435.4 468.3 597.8
5 Cortex volume 123.8 140 149.6 158 168.9 189.3 216.7 250.2 283.8 304 324.2 357.5 418.8
E Medulla volume 28.5 47 52.7 57.4 63.4 72.9 84 96.8 109.1 117.1 125.9 134.9 182.2
@ Sinus volume 10.4 18.4 20.9 23.9 27.9 34.6 43.5 54.9 67.4 75.2 82.1 92.4 126.6
P Kidney volume 78 95.7 102.5 109.7 118.7 134.8 154.5 176.6 197.3 212.5 226.2 243.2 321.9
5 Cortex volume 58.7 69 73.5 78.5 84.5 95.6 111.3 129.2 147.6 160 171.6 187.1 225
% Medulla volume 11.9 22 24.9 27.7 30.8 36.1 42.4 49.2 56.1 60.6 65.2 69.8 106.1
- Sinus volume 5.9 9.7 11.3 12.8 14.8 185 23.6 29.9 36.7 41.3 46.3 51.2 74.4
P Kidney volume 78 93.7 100.4 108 116 129.6 149 168.7 189 203.3 213.6 231.3 288.1
é Cortex volume 57.2 67.3 72.5 76.9 82.9 92.6 106 121.8 136.9 147.5 159.2 174.8 220.7
% Medulla volume 13.8 23.7 25.9 28.3 31.3 35.9 41.6 48.1 54.4 58.7 63.1 68.4 90.8
4 Sinus volume 2.6 7.6 9 104 12.3 15.7 19.9 25.2 31 34.4 38.5 41.8 56.4
BSA-normalized data (mL/m?2)

:%‘ Kidney volume 91.1 114.1 120.4 126.1 134 145.5 159.1 174.6 189.6 199.9 208.4 220.9 251.5
5 Cortex volume 67 83.3 87.8 91.8 95.8 104.5 114.6 125.5 137.2 144.1 151.3 160.7 186.2
E Medulla volume 13.1 25.3 28.1 30.7 33.8 38.9 44.5 50.5 56.9 60.8 64.4 69.5 81.6
® Sinus volume 6.2 10.5 12.2 13.9 15.8 19 23 27.7 33 36 394 44 53.3
% Kidney volume 44.8 56.1 59.2 63 66.9 73.9 81.1 89.3 97.2 103.1 108.3 115 158.7
5 Cortex volume 32.8 40.9 43.2 45.8 48.2 53.1 58.5 64.7 71.1 75.4 78.9 84.7 106.4
% Medulla volume 5.5 115 13 145 16.3 19 22.3 26 29.6 32 34.4 37 52.3
- Sinus volume 3.6 5.8 6.6 7.4 8.3 10.2 12.4 15.2 18.3 20 21.9 25 334
Ey Kidney volume 39.9 54 58 61.1 64.8 70.9 78.2 85.8 93.9 98.7 103.5 109.6 144.1
é Cortex volume 31 39.7 42.1 43.9 46.5 50.7 56.1 61.6 67.5 71.5 74.8 79.8 1104
£ Medulla volume 7.1 125 14.2 15.6 16.9 19.3 22 24.9 28 30 31.7 34.2 42
x Sinus volume 1.6 4.5 5.3 6.1 7 8.6 10.5 12.7 15 16.6 18.3 20.1 26.9

The subset of persons without CKD and commonly associated conditions comprises the subset of persons with high-quality imaging data, complete baseline information and without self-reported diagnoses of kidney disease, diabetes,

hypertension, and gout as well as eGFR based on serum creatinine and cystatin C 260 mL/min/1.73m2.

Abbreviations: BSA: body surface area; CKD: chronic kidney disease; eGFR: estimated glomerular filtration rate.
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eTable 4: Pairwise correlations between kidney imaging markers, demographic and anthropometric parameters.

Spearman correlation coefficients for BSA-normalized imaging markers

Cortex Medulla
TKV, vol., vol., Sinus vol.,
Age Height Weight BMI BSA eGFR BSA-norm. |BSA-norm. |BSA-norm. [BSA-norm.
Age (years) 1
Height (cm) -0.24 1
Weight (kg) 0.02 0.55 1
BMI (kg/m2) 0.20 0.00 0.81 1
BSA (m?) -0.04 0.70 0.98 0.68 1
eGFR (mL/min/1.73m?) -0.61 0.13 -0.12 -0.24 -0.07 1
TKV, BSA-norm. (mL/m?) -0.18 0.23 0.09 -0.05 0.13 0.50 1
Cortex volume, BSA-norm. (mL/m2) -0.05 0.29 0.25 0.11 0.28 0.37 0.93 1
Medulla volume, BSA-norm. (mL/m?) -0.37 0.02 -0.28 -0.35 -0.23 0.54 0.70 0.41 1
Sinus volume, BSA-norm. (mL/m?) 0.32 0.23 0.34 0.26 0.34 -0.08 0.33 0.46 -0.05 1
Spearman correlation coefficients for raw imaging markers
Cortex Medulla Sinus
Age Height Weight BMI BSA eGFR TKV volume volume volume
Age (years) 1
Height (cm) -0.24 1
Weight (kg) 0.02 0.55 1
BMI (kg/m2) 0.20 0.00 0.81 1
BSA (m?2) -0.04 0.70 0.98 0.68 1
eGFR (mL/min/1.73m2) -0.61 0.13 -0.12 -0.24 -0.07 1
TKV (mL) -0.16 0.59 0.64 0.36 0.68 0.32 1
Cortex volume (mL) -0.06 0.60 0.71 0.45 0.74 0.22 0.97 1
Medulla volume (mL) -0.38 0.38 0.23 0.01 0.28 0.49 0.72 0.53 1
Sinus volume (mL) 0.25 0.43 0.61 0.44 0.62 -0.09 0.60 0.67 0.19 1

Correlation coefficients were estimated from the subset of persons with complete information (N=4.471) and illustrated in eFigure 6 .

Abbreviations: BMI: body mass index; BSA: body surface area; eGFR: estimated glomerular filtration rate; TKV: total kidney volume.
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eTable 5: Associations of clinical and anthropometric characteristics with BSA-normalized imaging markers.

Outcome Model Covariate Beta SE P Cl.lower Cl.upper AIC Rsquared LRT.P VIF
Total kidney volume, BSA-norm. (mL/m?2) Univariate Age -0.33 0.03 1.87E-27 -0.39 -0.27 40741.76 0.026 NA NA
Total kidney volume, BSA-norm. (mL/m?2) Univariate Male sex 12.13 0.67 7.88E-70 10.81 13.45 40547.48 0.067 NA NA
Total kidney volume, BSA-norm. (mL/m?2) Univariate Height 0.55 0.04 3.41E-52 0.48 0.62 40628.44 0.050 NA NA
Total kidney volume, BSA-norm. (mL/m?2) Univariate Weight 0.12 0.02 4.86E-08 0.08 0.17 40829.89 0.007 NA NA
Total kidney volume, BSA-norm. (mL/m?2) Univariate BMI -0.31 0.08 3.35E-05 -0.46 -0.17 40842.46 0.004 NA NA
Total kidney volume, BSA-norm. (mL/m?2) Univariate BSA 12.98 1.55 8.13E-17 9.94 16.03 40790.27 0.015 NA NA
Total kidney volume, BSA-norm. (mL/m?2) Univariate eGFR[crea+cysC] 0.79 0.02 1.00E-276 0.75 0.83 39595.55 0.246 NA NA
Total kidney volume, BSA-norm. (mL/m?2) Univariate Kidney disease -6.10 2.68 2.29E-02 -11.36 -0.85 40854.50 0.001 NA NA
Total kidney volume, BSA-norm. (mL/m?2) Univariate eGFR <60 mL/min/1.73m?2 -29.57 4.05 3.50E-13 -37.52 -21.63 40806.75 0.012 NA NA
Total kidney volume, BSA-norm. (mL/m?2) Univariate Diabetes 9.46 1.43 3.89E-11 6.66 12.27 40815.99 0.010 NA NA
Total kidney volume, BSA-norm. (mL/m?2) Univariate Gout -0.94 1.79 6.00E-01 -4.45 2.57 40859.41 0.000 NA NA
Total kidney volume, BSA-norm. (mL/m?2) Univariate Hypertension 0.92 0.76 2.27E-01 -0.57 2.41 40858.22 0.000 NA NA
Total kidney volume, BSA-norm. (mL/m?2) Univariate Center: Essen -1.84 0.81 2.30E-02 -3.42 -0.25 40840.46 0.007 NA NA
Total kidney volume, BSA-norm. (mL/m?2) Univariate Center: Dusseldorf -2.76 1.56 7.77E-02 -5.83 0.31 40840.46 0.007 NA NA
Total kidney volume, BSA-norm. (mL/m?2) Univariate Center: Berlin-Mitte -5.63 1.57 3.44E-04 -8.72 -2.55 40840.46 0.007 NA NA
Total kidney volume, BSA-norm. (mL/m?2) Univariate Center: Saarbriicken -8.14 2.57 1.51E-03 -13.17 -3.12 40840.46 0.007 NA NA
Total kidney volume, BSA-norm. (mL/m?2) Univariate Center: Minster -6.26 2.92 3.22E-02 -11.99 -0.53 40840.46 0.007 NA NA
Total kidney volume, BSA-norm. (mL/m2) Univariate Center: Mannheim -6.92 5.66 2.22E-01 -18.02 4.19 40840.46 0.007 NA NA
Total kidney volume, BSA-norm. (mL/m?2) Adjusted for demography, anthropometry Age -0.32 0.03 1.29E-23 -0.38 -0.26 40373.67 0.107 NA 1.15
Total kidney volume, BSA-norm. (mL/m?2) Adjusted for demography, anthropometry Male sex 11.85 0.96 4.01E-34 9.96 13.74 40373.67 0.107 NA 2.13
Total kidney volume, BSA-norm. (mL/m?2) Adjusted for demography, anthropometry Height 0.03 0.05 5.48E-01 -0.07 0.13 40373.67 0.107 NA 2.25
Total kidney volume, BSA-norm. (mL/m?2) Adjusted for demography, anthropometry BMI -0.34 0.07 5.26E-06 -0.48 -0.19 40373.67 0.107 NA 1.07
Total kidney volume, BSA-norm. (mL/m?2) Adjusted for demography, anthropometry Center: Essen -2.57 0.77 8.42E-04 -4.08 -1.06 40373.67 0.107 NA 1.04
Total kidney volume, BSA-norm. (mL/m?2) Adjusted for demography, anthropometry Center: Dusseldorf -5.49 1.49 2.36E-04 -8.41 -2.56 40373.67 0.107 NA 1.00
Total kidney volume, BSA-norm. (mL/m?2) Adjusted for demography, anthropometry Center: Berlin-Mitte -8.82 1.51 6.05E-09 -11.78 -5.85 40373.67 0.107 NA 1.00
Total kidney volume, BSA-norm. (mL/m?2) Adjusted for demography, anthropometry Center: Saarbriicken -8.50 2.44 4.83E-04 -13.28 -3.73 40373.67 0.107 NA 1.00
Total kidney volume, BSA-norm. (mL/m?2) Adjusted for demography, anthropometry Center: Minster -8.57 2.78 2.05E-03 -14.01 -3.12 40373.67 0.107 NA 1.00
Total kidney volume, BSA-norm. (mL/m2) Adjusted for demography, anthropometry Center: Mannheim -9.72 5.38 7.07E-02 -20.26 0.82 40373.67 0.107 NA 6.00
Total kidney volume, BSA-norm. (mL/m?2) Adjusted for demography, anthropometry, eGFR |Age 0.44 0.03 5.73E-40 0.38 0.51 39024.55 0.340 8.80E-296 1.73
Total kidney volume, BSA-norm. (mL/m?2) Adjusted for demography, anthropometry, eGFR |Male sex 8.86 0.83 4.41E-26 7.22 10.49 39024.55 0.340 8.80E-296 2.15
Total kidney volume, BSA-norm. (mL/m?2) Adjusted for demography, anthropometry, eGFR |Height 0.16 0.04 3.04E-04 0.07 0.25 39024.55 0.340 8.80E-296 2.26
Total kidney volume, BSA-norm. (mL/m?2) Adjusted for demography, anthropometry, eGFR |BMI 0.12 0.06 5.59E-02 0.00 0.25 39024.55 0.340 8.80E-296 1.10
Total kidney volume, BSA-norm. (mL/m?2) Adjusted for demography, anthropometry, eGFR |eGFR[crea+cysC] 0.98 0.02 5.81E-295 0.93 1.02 39024.55 0.340 8.80E-296 1.63
Total kidney volume, BSA-norm. (mL/m?2) Adjusted for demography, anthropometry, eGFR |Center: Essen -0.60 0.66 3.64E-01 -1.90 0.70 39024.55 0.340 8.80E-296 1.05
Total kidney volume, BSA-norm. (mL/m?2) Adjusted for demography, anthropometry, eGFR |Center: Dusseldorf -4.03 1.28 1.67E-03 -6.55 -1.52 39024.55 0.340 8.80E-296 1.00
Total kidney volume, BSA-norm. (mL/m?2) Adjusted for demography, anthropometry, eGFR |Center: Berlin-Mitte -6.30 1.30 1.37E-06 -8.85 -3.74 39024.55 0.340 8.80E-296 1.00
Total kidney volume, BSA-norm. (mL/m?2) Adjusted for demography, anthropometry, eGFR |Center: Saarbriicken -6.15 2.09 3.33E-03 -10.26 -2.05 39024.55 0.340 8.80E-296 1.00
Total kidney volume, BSA-norm. (mL/m?2) Adjusted for demography, anthropometry, eGFR |Center: Miinster -6.23 2.39 9.14E-03 -10.91 -1.55 39024.55 0.340 8.80E-296 1.00
Total kidney volume, BSA-norm. (mL/m2) Adjusted for demography, anthropometry, eGFR [Center: Mannheim -5.17 4.62 2.64E-01 -10.91 -1.55 39024.55 0.340 8.80E-296 1.00
Total kidney volume, BSA-norm. (mL/m?2) Fully adjusted Age 0.38 0.03 3.81E-29 0.31 0.44 38902.63 0.358 1.52E-27 1.81
Total kidney volume, BSA-norm. (mL/m?2) Fully adjusted Male sex 8.25 0.82 2.39E-23 6.64 9.87 38902.63 0.358 1.52E-27 2.16
Total kidney volume, BSA-norm. (mL/m?2) Fully adjusted Height 0.18 0.04 3.39E-05 0.10 0.27 38902.63 0.358 1.52E-27 2.26
Total kidney volume, BSA-norm. (mL/m?2) Fully adjusted BMI -0.04 0.07 4.94E-01 -0.17 0.08 38902.63 0.358 1.52E-27 1.17
Total kidney volume, BSA-norm. (mL/m?2) Fully adjusted eGFR[crea+cysC] 0.98 0.02 8.80E-303 0.93 1.03 38902.63 0.358 1.52E-27 1.64
Total kidney volume, BSA-norm. (mL/m?2) Fully adjusted Diabetes 10.26 1.19 1.18E-17 7.92 12.60 38902.63 0.358 1.52E-27 1.07
Total kidney volume, BSA-norm. (mL/m?2) Fully adjusted Gout 1.85 1.47 2.08E-01 -1.03 4.74 38902.63 0.358 1.52E-27 1.05
Total kidney volume, BSA-norm. (mL/m?2) Fully adjusted Hypertension 3.94 0.68 6.43E-09 2.61 5.26 38902.63 0.358 1.52E-27 1.23
Total kidney volume, BSA-norm. (mL/m?2) Fully adjusted Center: Essen -0.27 0.66 6.76E-01 -1.56 1.01 38902.63 0.358 1.52E-27 1.06
Total kidney volume, BSA-norm. (mL/m?2) Fully adjusted Center: Dusseldorf -3.42 1.27 6.98E-03 -5.90 -0.94 38902.63 0.358 1.52E-27 1.00
Total kidney volume, BSA-norm. (mL/m?2) Fully adjusted Center: Berlin-Mitte -6.16 1.29 1.66E-06 -8.68 -3.65 38902.63 0.358 1.52E-27 1.00
Total kidney volume, BSA-norm. (mL/m?2) Fully adjusted Center: Saarbriicken -5.38 2.07 9.33E-03 -9.43 -1.32 38902.63 0.358 1.52E-27 1.00
Total kidney volume, BSA-norm. (mL/m?2) Fully adjusted Center: Minster -5.75 2.36 1.47E-02 -10.37 -1.13 38902.63 0.358 1.52E-27 1.00
Total kidney volume, BSA-norm. (mL/m2) Fully adjusted Center: Mannheim -5.21 4.56 2.54E-01 -14.15 3.73 38902.63 0.358 1.52E-27 1.00
Cortex volume, BSA-norm. (mL/m?) Univariate Age -0.04 0.02 8.57E-02 -0.09 0.01 38383.16 0.001 NA NA
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Cortex volume, BSA-norm. (mL/m?) Univariate Male sex 13.93 0.49 2.93E-165 12.97 14.88 37635.07 0.155 NA NA
Cortex volume, BSA-norm. (mL/m?) Univariate Height 0.52 0.03 1.34E-81 0.47 0.57 38019.83 0.079 NA NA
Cortex volume, BSA-norm. (mL/m?) Univariate Weight 0.29 0.02 2.04E-69 0.26 0.33 38075.81 0.067 NA NA
Cortex volume, BSA-norm. (mL/m?) Univariate BMI 0.40 0.06 1.95E-12 0.29 0.51 38336.56 0.011 NA NA
Cortex volume, BSA-norm. (mL/m?) Univariate BSA 22.85 1.14 3.58E-86 20.62 25.08 37998.82 0.083 NA NA
Cortex volume, BSA-norm. (mL/m?) Univariate eGFR[crea+cysC] 0.43 0.02 3.17E-136 0.40 0.46 37768.65 0.129 NA NA
Cortex volume, BSA-norm. (mL/m?) Univariate Kidney disease -1.22 2.03 5.50E-01 -5.20 2.77 38385.76 0.000 NA NA
Cortex volume, BSA-norm. (mL/m?) Univariate eGFR <60 mL/min/1.73m?2 -13.03 3.09 2.45E-05 -19.08 -6.98 38368.31 0.004 NA NA
Cortex volume, BSA-norm. (mL/m?) Univariate Diabetes 12.40 1.07 1.87E-30 10.29 14.50 38254.49 0.029 NA NA
Cortex volume, BSA-norm. (mL/m?) Univariate Gout 6.23 1.35 4.30E-06 3.58 8.89 38364.98 0.005 NA NA
Cortex volume, BSA-norm. (mL/m?) Univariate Hypertension 5.30 0.57 2.85E-20 4.18 6.42 38300.98 0.019 NA NA
Cortex volume, BSA-norm. (mL/m?) Univariate Center: Essen -1.73 0.61 4.75E-03 -2.92 -0.53 38339.47 0.013 NA NA
Cortex volume, BSA-norm. (mL/m?) Univariate Center: Dusseldorf -3.61 1.18 2.29E-03 -5.93 -1.29 38339.47 0.013 NA NA
Cortex volume, BSA-norm. (mL/m?) Univariate Center: Berlin-Mitte -6.48 1.19 5.40E-08 -8.81 -4.15 38339.47 0.013 NA NA
Cortex volume, BSA-norm. (mL/m?) Univariate Center: Saarbriicken -8.01 1.94 3.69E-05 -11.81 -4.21 38339.47 0.013 NA NA
Cortex volume, BSA-norm. (mL/m?) Univariate Center: Minster -5.18 2.21 1.92E-02 -9.51 -0.84 38339.47 0.013 NA NA
Cortex volume, BSA-norm. (mL/m?2) Univariate Center: Mannheim -6.72 4.28 1.17E-01 -15.11 1.68 38339.47 0.013 NA NA
Cortex volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry Age -0.06 0.02 8.86E-03 -0.11 -0.02 37545.68 0.175 NA 1.15
Cortex volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry Male sex 13.44 0.70 2.33E-78 12.06 14.82 37545.68 0.175 NA 2.13
Cortex volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry Height 0.03 0.04 4.82E-01 -0.05 0.10 37545.68 0.175 NA 2.25
Cortex volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry BMI 0.27 0.05 8.99E-07 0.16 0.37 37545.68 0.175 NA 1.07
Cortex volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry Center: Essen -1.72 0.56 2.14E-03 -2.82 -0.62 37545.68 0.175 NA 1.04
Cortex volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry Center: Dusseldorf -4.74 1.09 1.34E-05 -6.87 -2.61 37545.68 0.175 NA 1.00
Cortex volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry Center: Berlin-Mitte -6.49 1.10 4.17E-09 -8.66 -4.33 37545.68 0.175 NA 1.00
Cortex volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry Center: Saarbriicken -7.74 1.77 1.31E-05 -11.22 -4.26 37545.68 0.175 NA 1.00
Cortex volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry Center: Minster -6.26 2.02 2.01E-03 -10.22 -2.29 37545.68 0.175 NA 1.00
Cortex volume, BSA-norm. (mL/m?2) Adjusted for demography, anthropometry Center: Mannheim -7.49 3.92 5.59E-02 -15.17 0.19 37545.68 0.175 NA 6.00
Cortex volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry, eGFR |Age 0.45 0.02 1.04E-71 0.40 0.50 36421.22 0.359 5.84E-247 1.73
Cortex volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry, eGFR |Male sex 11.43 0.62 1.41E-72 10.21 12.65 36421.22 0.359 5.84E-247 2.15
Cortex volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry, eGFR |Height 0.11 0.03 6.19E-04 0.05 0.18 36421.22 0.359 5.84E-247 2.26
Cortex volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry, eGFR |BMI 0.58 0.05 3.11E-32 0.48 0.67 36421.22 0.359 5.84E-247 1.10
Cortex volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry, eGFR |eGFR[crea+cysC] 0.66 0.02 2.82E-246 0.62 0.69 36421.22 0.359 5.84E-247 1.63
Cortex volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry, eGFR |Center: Essen -0.40 0.50 4.23E-01 -1.37 0.57 36421.22 0.359 5.84E-247 1.05
Cortex volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry, eGFR |Center: Dusseldorf -3.76 0.96 9.00E-05 -5.64 -1.88 36421.22 0.359 5.84E-247 1.00
Cortex volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry, eGFR |Center: Berlin-Mitte -4.80 0.97 8.56E-07 -6.71 -2.89 36421.22 0.359 5.84E-247 1.00
Cortex volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry, eGFR |Center: Saarbriicken -6.16 1.57 8.47E-05 -9.23 -3.09 36421.22 0.359 5.84E-247 1.00
Cortex volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry, eGFR |Center: Miinster -4.68 1.78 8.76E-03 -8.18 -1.18 36421.22 0.359 5.84E-247 1.00
Cortex volume, BSA-norm. (mL/m?2) Adjusted for demography, anthropometry, eGFR [Center: Mannheim -4.43 3.46 2.00E-01 -8.18 -1.18 36421.22 0.359 5.84E-247 1.00
Cortex volume, BSA-norm. (mL/m?) Fully adjusted Age 0.38 0.02 1.40E-52 0.33 0.43 36182.52 0.393 9.18E-53 1.81
Cortex volume, BSA-norm. (mL/m?) Fully adjusted Male sex 10.74 0.61 1.49E-67 9.55 11.94 36182.52 0.393 9.18E-53 2.16
Cortex volume, BSA-norm. (mL/m?) Fully adjusted Height 0.13 0.03 3.40E-05 0.07 0.20 36182.52 0.393 9.18E-53 2.26
Cortex volume, BSA-norm. (mL/m?) Fully adjusted BMI 0.40 0.05 4.32E-16 0.30 0.49 36182.52 0.393 9.18E-53 1.17
Cortex volume, BSA-norm. (mL/m?) Fully adjusted eGFR[crea+cysC] 0.67 0.02 5.24E-262 0.63 0.70 36182.52 0.393 9.18E-53 1.64
Cortex volume, BSA-norm. (mL/m?) Fully adjusted Diabetes 9.62 0.88 2.12E-27 7.89 11.34 36182.52 0.393 9.18E-53 1.07
Cortex volume, BSA-norm. (mL/m?) Fully adjusted Gout 3.82 1.09 4.40E-04 1.69 5.95 36182.52 0.393 9.18E-53 1.05
Cortex volume, BSA-norm. (mL/m?) Fully adjusted Hypertension 4.37 0.50 2.88E-18 3.39 5.35 36182.52 0.393 9.18E-53 1.23
Cortex volume, BSA-norm. (mL/m?) Fully adjusted Center: Essen -0.05 0.48 9.11E-01 -1.00 0.89 36182.52 0.393 9.18E-53 1.06
Cortex volume, BSA-norm. (mL/m?) Fully adjusted Center: Dusseldorf -3.10 0.93 9.23E-04 -4.93 -1.27 36182.52 0.393 9.18E-53 1.00
Cortex volume, BSA-norm. (mL/m?) Fully adjusted Center: Berlin-Mitte -4.69 0.95 7.97E-07 -6.54 -2.83 36182.52 0.393 9.18E-53 1.00
Cortex volume, BSA-norm. (mL/m?) Fully adjusted Center: Saarbriicken -5.35 1.52 4.60E-04 -8.34 -2.36 36182.52 0.393 9.18E-53 1.00
Cortex volume, BSA-norm. (mL/m?) Fully adjusted Center: Minster -4.24 1.74 1.48E-02 -7.64 -0.83 36182.52 0.393 9.18E-53 1.00
Cortex volume, BSA-norm. (mL/m?2) Fully adjusted Center: Mannheim -4.50 3.36 1.81E-01 -11.09 2.10 36182.52 0.393 9.18E-53 1.00
Medulla volume, BSA-norm. (mL/m?) Univariate Age -0.29 0.01 6.28E-125 -0.32 -0.27 32346.81 0.119 NA NA
Medulla volume, BSA-norm. (mL/m?) Univariate Male sex -1.79 0.29 4.60E-10 -2.35 -1.23 32873.44 0.009 NA NA
Medulla volume, BSA-norm. (mL/m?) Univariate Height 0.03 0.02 4.98E-02 0.00 0.06 32908.45 0.001 NA NA
Medulla volume, BSA-norm. (mL/m?) Univariate Weight -0.17 0.01 2.57E-81 -0.19 -0.15 32547.32 0.078 NA NA
Medulla volume, BSA-norm. (mL/m?) Univariate BMI -0.72 0.03 1.85E-125 -0.78 -0.66 32344.37 0.119 NA NA
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Medulla volume, BSA-norm. (mL/m?) Univariate BSA -9.88 0.63 1.24E-54 -11.11 -8.65 32669.87 0.053 NA NA
Medulla volume, BSA-norm. (mL/m?) Univariate eGFR[crea+cysC] 0.36 0.01 0.00E+00 0.34 0.37 31335.85 0.297 NA NA
Medulla volume, BSA-norm. (mL/m?) Univariate Kidney disease -4.89 1.10 8.99E-06 -7.05 -2.73 32892.58 0.004 NA NA
Medulla volume, BSA-norm. (mL/m?) Univariate eGFR <60 mL/min/1.73m?2 -16.54 1.66 3.34E-23 -19.79 -13.29 32813.80 0.022 NA NA
Medulla volume, BSA-norm. (mL/m?) Univariate Diabetes -2.98 0.59 4.40E-07 -4.13 -1.82 32886.78 0.006 NA NA
Medulla volume, BSA-norm. (mL/m?) Univariate Gout -7.18 0.73 1.10E-22 -8.60 -5.75 32816.16 0.021 NA NA
Medulla volume, BSA-norm. (mL/m?) Univariate Hypertension -4.42 0.31 3.37E-46 -5.02 -3.82 32708.56 0.045 NA NA
Medulla volume, BSA-norm. (mL/m?) Univariate Center: Essen -0.08 0.33 8.05E-01 -0.74 0.57 32917.55 0.001 NA NA
Medulla volume, BSA-norm. (mL/m?) Univariate Center: Dusseldorf 0.85 0.64 1.87E-01 -0.41 2.11 32917.55 0.001 NA NA
Medulla volume, BSA-norm. (mL/m?) Univariate Center: Berlin-Mitte 0.84 0.65 1.93E-01 -0.43 2.12 32917.55 0.001 NA NA
Medulla volume, BSA-norm. (mL/m?) Univariate Center: Saarbriicken -0.13 1.06 9.00E-01 -2.21 1.94 32917.55 0.001 NA NA
Medulla volume, BSA-norm. (mL/m?) Univariate Center: Minster -1.19 1.20 3.23E-01 -3.55 1.17 32917.55 0.001 NA NA
Medulla volume, BSA-norm. (mL/m2) Univariate Center: Mannheim -0.20 2.33 9.32E-01 -4.78 4.38 32917.55 0.001 NA NA
Medulla volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry Age -0.26 0.01 3.10E-94 -0.28 -0.23 31868.79 0.211 NA 1.15
Medulla volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry Male sex -1.58 0.37 2.19E-05 -2.31 -0.85 31868.79 0.211 NA 2.13
Medulla volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry Height 0.00 0.02 8.07E-01 -0.03 0.04 31868.79 0.211 NA 2.25
Medulla volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry BMI -0.60 0.03 8.46E-95 -0.66 -0.55 31868.79 0.211 NA 1.07
Medulla volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry Center: Essen -0.82 0.30 5.85E-03 -1.40 -0.24 31868.79 0.211 NA 1.04
Medulla volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry Center: Dusseldorf -0.75 0.58 1.92E-01 -1.88 0.38 31868.79 0.211 NA 1.00
Medulla volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry Center: Berlin-Mitte -2.32 0.58 7.21E-05 -3.47 -1.18 31868.79 0.211 NA 1.00
Medulla volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry Center: Saarbriicken -0.76 0.94 4.18E-01 -2.61 1.08 31868.79 0.211 NA 1.00
Medulla volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry Center: Minster -2.42 1.07 2.42E-02 -4.52 -0.32 31868.79 0.211 NA 1.00
Medulla volume, BSA-norm. (mL/m2) Adjusted for demography, anthropometry Center: Mannheim -2.23 2.08 2.84E-01 -6.30 1.85 31868.79 0.211 NA 6.00
Medulla volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry, eGFR |Age -0.01 0.01 5.61E-01 -0.03 0.02 30945.18 0.359 2.66E-203 1.73
Medulla volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry, eGFR |Male sex -2.56 0.34 3.75E-14 -3.22 -1.90 30945.18 0.359 2.66E-203 2.15
Medulla volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry, eGFR |Height 0.05 0.02 8.68E-03 0.01 0.08 30945.18 0.359 2.66E-203 2.26
Medulla volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry, eGFR |BMI -0.45 0.03 3.70E-65 -0.51 -0.40 30945.18 0.359 2.66E-203 1.10
Medulla volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry, eGFR |eGFR[crea+cysC] 0.32 0.01 9.71E-203 0.30 0.34 30945.18 0.359 2.66E-203 1.63
Medulla volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry, eGFR |Center: Essen -0.18 0.27 5.13E-01 -0.70 0.35 30945.18 0.359 2.66E-203 1.05
Medulla volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry, eGFR |Center: Dusseldorf -0.28 0.52 5.94E-01 -1.30 0.74 30945.18 0.359 2.66E-203 1.00
Medulla volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry, eGFR |Center: Berlin-Mitte -1.50 0.53 4.54E-03 -2.53 -0.46 30945.18 0.359 2.66E-203 1.00
Medulla volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry, eGFR |Center: Saarbriicken 0.01 0.85 9.93E-01 -1.66 1.67 30945.18 0.359 2.66E-203 1.00
Medulla volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry, eGFR |Center: Miinster -1.65 0.97 8.76E-02 -3.55 0.24 30945.18 0.359 2.66E-203 1.00
Medulla volume, BSA-norm. (mL/m2) Adjusted for demography, anthropometry, eGFR [Center: Mannheim -0.74 1.87 6.94E-01 -3.55 0.24 30945.18 0.359 2.66E-203 1.00
Medulla volume, BSA-norm. (mL/m?) Fully adjusted Age 0.00 0.01 8.48E-01 -0.03 0.02 30935.77 0.361 1.50E-03 1.81
Medulla volume, BSA-norm. (mL/m?) Fully adjusted Male sex -2.48 0.34 2.72E-13 -3.14 -1.82 30935.77 0.361 1.50E-03 2.16
Medulla volume, BSA-norm. (mL/m?) Fully adjusted Height 0.05 0.02 7.59E-03 0.01 0.08 30935.77 0.361 1.50E-03 2.26
Medulla volume, BSA-norm. (mL/m?) Fully adjusted BMI -0.44 0.03 1.48E-58 -0.49 -0.39 30935.77 0.361 1.50E-03 1.17
Medulla volume, BSA-norm. (mL/m?) Fully adjusted eGFR[crea+cysC] 0.32 0.01 2.25E-198 0.30 0.34 30935.77 0.361 1.50E-03 1.64
Medulla volume, BSA-norm. (mL/m?) Fully adjusted Diabetes 0.61 0.49 2.15E-01 -0.35 1.57 30935.77 0.361 1.50E-03 1.07
Medulla volume, BSA-norm. (mL/m?) Fully adjusted Gout -1.96 0.60 1.17E-03 -3.15 -0.78 30935.77 0.361 1.50E-03 1.05
Medulla volume, BSA-norm. (mL/m?) Fully adjusted Hypertension -0.47 0.28 9.03E-02 -1.01 0.07 30935.77 0.361 1.50E-03 1.23
Medulla volume, BSA-norm. (mL/m?) Fully adjusted Center: Essen -0.19 0.27 4.74E-01 -0.72 0.33 30935.77 0.361 1.50E-03 1.06
Medulla volume, BSA-norm. (mL/m?) Fully adjusted Center: Dusseldorf -0.32 0.52 5.32E-01 -1.34 0.69 30935.77 0.361 1.50E-03 1.00
Medulla volume, BSA-norm. (mL/m?) Fully adjusted Center: Berlin-Mitte -1.48 0.53 5.04E-03 -2.51 -0.45 30935.77 0.361 1.50E-03 1.00
Medulla volume, BSA-norm. (mL/m?) Fully adjusted Center: Saarbriicken -0.03 0.85 9.68E-01 -1.70 1.63 30935.77 0.361 1.50E-03 1.00
Medulla volume, BSA-norm. (mL/m?) Fully adjusted Center: Minster -1.62 0.97 9.35E-02 -3.52 0.27 30935.77 0.361 1.50E-03 1.00
Medulla volume, BSA-norm. (mL/m2) Fully adjusted Center: Mannheim -0.71 1.87 7.04E-01 -4.38 2.96 30935.77 0.361 1.50E-03 1.00
Sinus volume, BSA-norm. (mL/m?) Univariate Age 0.21 0.01 1.04E-117 0.20 0.23 29757.38 0.112 NA NA
Sinus volume, BSA-norm. (mL/m?) Univariate Male sex 5.22 0.20 1.27E-140 4.83 5.61 29651.98 0.133 NA NA
Sinus volume, BSA-norm. (mL/m?) Univariate Height 0.17 0.01 1.54E-52 0.15 0.19 30056.84 0.051 NA NA
Sinus volume, BSA-norm. (mL/m?) Univariate Weight 0.14 0.01 1.29E-98 0.13 0.15 29845.17 0.095 NA NA
Sinus volume, BSA-norm. (mL/m?) Univariate BMI 0.32 0.02 4.75E-45 0.28 0.37 30091.19 0.043 NA NA
Sinus volume, BSA-norm. (mL/m?) Univariate BSA 10.32 0.45 3.69E-108 9.43 11.21 29801.29 0.103 NA NA
Sinus volume, BSA-norm. (mL/m?) Univariate eGFR[crea+cysC] -0.03 0.01 3.34E-06 -0.05 -0.02 30268.04 0.005 NA NA
Sinus volume, BSA-norm. (mL/m?) Univariate Kidney disease 0.37 0.82 6.52E-01 -1.24 1.98 30289.46 0.000 NA NA
Sinus volume, BSA-norm. (mL/m?) Univariate eGFR <60 mL/min/1.73m?2 1.18 1.25 3.44E-01 -1.27 3.63 30288.77 0.000 NA NA
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Sinus volume, BSA-norm. (mL/m?) Univariate Diabetes 3.24 0.44 1.48E-13 2.39 4.10 30235.03 0.012 NA NA
Sinus volume, BSA-norm. (mL/m?) Univariate Gout 2.94 0.55 8.49E-08 1.86 4.01 30260.96 0.006 NA NA
Sinus volume, BSA-norm. (mL/m?) Univariate Hypertension 2.94 0.23 5.47E-37 2.49 3.39 30128.13 0.035 NA NA
Sinus volume, BSA-norm. (mL/m?) Univariate Center: Essen 0.01 0.25 9.82E-01 -0.48 0.49 30267.21 0.007 NA NA
Sinus volume, BSA-norm. (mL/m?) Univariate Center: Dusseldorf -1.12 0.48 1.96E-02 -2.06 -0.18 30267.21 0.007 NA NA
Sinus volume, BSA-norm. (mL/m?) Univariate Center: Berlin-Mitte -2.44 0.48 4.38E-07 -3.38 -1.49 30267.21 0.007 NA NA
Sinus volume, BSA-norm. (mL/m?) Univariate Center: Saarbriicken -0.24 0.79 7.58E-01 -1.78 1.30 30267.21 0.007 NA NA
Sinus volume, BSA-norm. (mL/m?) Univariate Center: Minster -0.80 0.90 3.71E-01 -2.56 0.96 30267.21 0.007 NA NA
Sinus volume, BSA-norm. (mL/m2) Univariate Center: Mannheim -2.29 1.74 1.88E-01 -5.69 1.12 30267.21 0.007 NA NA
Sinus volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry Age 0.22 0.01 6.88E-131 0.20 0.24 28873.29 0.274 NA 1.15
Sinus volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry Male sex 4.09 0.27 6.62E-52 3.57 4.62 28873.29 0.274 NA 2.13
Sinus volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry Height 0.09 0.01 2.05E-09 0.06 0.11 28873.29 0.274 NA 2.25
Sinus volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry BMI 0.19 0.02 3.54E-21 0.15 0.23 28873.29 0.274 NA 1.07
Sinus volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry Center: Essen 0.31 0.21 1.50E-01 -0.11 0.72 28873.29 0.274 NA 1.04
Sinus volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry Center: Dusseldorf -0.60 0.41 1.46E-01 -1.41 0.21 28873.29 0.274 NA 1.00
Sinus volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry Center: Berlin-Mitte -0.68 0.42 1.04E-01 -1.50 0.14 28873.29 0.274 NA 1.00
Sinus volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry Center: Saarbriicken -0.01 0.67 9.84E-01 -1.33 1.31 28873.29 0.274 NA 1.00
Sinus volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry Center: Minster -0.65 0.77 4.00E-01 -2.15 0.86 28873.29 0.274 NA 1.00
Sinus volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry Center: Mannheim -1.53 1.49 3.05E-01 -4.44 1.39 28873.29 0.274 NA 6.00
Sinus volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry, eGFR |Age 0.30 0.01 2.98E-172 0.28 0.33 28675.63 0.306 2.48E-45 1.73
Sinus volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry, eGFR |Male sex 3.76 0.26 1.18E-45 3.24 4.27 28675.63 0.306 2.48E-45 2.15
Sinus volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry, eGFR |Height 0.10 0.01 8.48E-13 0.07 0.13 28675.63 0.306 2.48E-45 2.26
Sinus volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry, eGFR |BMI 0.25 0.02 2.97E-33 0.21 0.29 28675.63 0.306 2.48E-45 1.10
Sinus volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry, eGFR |eGFR[crea+cysC] 0.11 0.01 3.29E-45 0.10 0.13 28675.63 0.306 2.48E-45 1.63
Sinus volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry, eGFR |Center: Essen 0.53 0.21 1.13E-02 0.12 0.94 28675.63 0.306 2.48E-45 1.05
Sinus volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry, eGFR |Center: Dusseldorf -0.44 0.40 2.80E-01 -1.23 0.36 28675.63 0.306 2.48E-45 1.00
Sinus volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry, eGFR |Center: Berlin-Mitte -0.40 0.41 3.34E-01 -1.20 0.41 28675.63 0.306 2.48E-45 1.00
Sinus volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry, eGFR |Center: Saarbriicken 0.25 0.66 7.01E-01 -1.04 1.54 28675.63 0.306 2.48E-45 1.00
Sinus volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry, eGFR |Center: Miinster -0.38 0.75 6.11E-01 -1.85 1.09 28675.63 0.306 2.48E-45 1.00
Sinus volume, BSA-norm. (mL/m?) Adjusted for demography, anthropometry, eGFR [Center: Mannheim -1.01 1.45 4.87E-01 -1.85 1.09 28675.63 0.306 2.48E-45 1.00
Sinus volume, BSA-norm. (mL/m?) Fully adjusted Age 0.30 0.01 1.32E-157 0.28 0.32 28663.05 0.309 3.33E-04 1.81
Sinus volume, BSA-norm. (mL/m?) Fully adjusted Male sex 3.69 0.26 4.31E-44 3.18 4.21 28663.05 0.309 3.33E-04 2.16
Sinus volume, BSA-norm. (mL/m?) Fully adjusted Height 0.10 0.01 2.26E-13 0.08 0.13 28663.05 0.309 3.33E-04 2.26
Sinus volume, BSA-norm. (mL/m?) Fully adjusted BMI 0.23 0.02 9.79E-27 0.18 0.27 28663.05 0.309 3.33E-04 1.17
Sinus volume, BSA-norm. (mL/m?) Fully adjusted eGFR[crea+cysC] 0.11 0.01 1.53E-45 0.10 0.13 28663.05 0.309 3.33E-04 1.64
Sinus volume, BSA-norm. (mL/m?) Fully adjusted Diabetes 0.88 0.38 2.08E-02 0.13 1.62 28663.05 0.309 3.33E-04 1.07
Sinus volume, BSA-norm. (mL/m?) Fully adjusted Gout -0.19 0.47 6.89E-01 -1.11 0.73 28663.05 0.309 3.33E-04 1.05
Sinus volume, BSA-norm. (mL/m?) Fully adjusted Hypertension 0.70 0.22 1.16E-03 0.28 1.12 28663.05 0.309 3.33E-04 1.23
Sinus volume, BSA-norm. (mL/m?) Fully adjusted Center: Essen 0.57 0.21 5.95E-03 0.17 0.98 28663.05 0.309 3.33E-04 1.06
Sinus volume, BSA-norm. (mL/m?) Fully adjusted Center: Dusseldorf -0.36 0.40 3.74E-01 -1.15 0.43 28663.05 0.309 3.33E-04 1.00
Sinus volume, BSA-norm. (mL/m?) Fully adjusted Center: Berlin-Mitte -0.36 0.41 3.75E-01 -1.16 0.44 28663.05 0.309 3.33E-04 1.00
Sinus volume, BSA-norm. (mL/m?) Fully adjusted Center: Saarbriicken 0.36 0.66 5.86E-01 -0.93 1.65 28663.05 0.309 3.33E-04 1.00
Sinus volume, BSA-norm. (mL/m?) Fully adjusted Center: Minster -0.31 0.75 6.80E-01 -1.78 1.16 28663.05 0.309 3.33E-04 1.00
Sinus volume, BSA-norm. (mL/m2) Fully adjusted Center: Mannheim -0.99 1.45 4.93E-01 -3.84 1.85 28663.05 0.309 3.33E-04 1.00

Association results were obtained from linear regression in complete case set (N=4,471).

Abbreviations: BMI body mass index; BSA body surface area; eGFR estimated glomerular filtration rate (calculated with serum creatinine and cystatin C [crea+cystC]); Definition of eGFR < 60mL/min/1.73m? based on eGFR[crea+cysC]; P association p-value; 95CI 95% confidence interval; R? proportion of variance explained by

model, unadjusted; LRT-P p-value of likelihood ratio test comparing models adjusted for demography, anthropometry and eGFR to models adjusted for demography and anthropometry as well as comparing fully adjusted models to models adjusted for demography, anthropometry and eGFR; VIF variance inflation factor (only
calculated for models >1 variables included). For study centers, the largest study center in Neubrandenburg served as reference.
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eTable 6: Associations of BSA-normalized imaging markers with eGFR.

Outcome Model Covariate Beta SE P Cl.lower Cl.upper AlIC Rsquared LRT.P VIF
eGFR[crea+cysC] (mL/min/1.73m?)  |Univariate Male sex 1.46 0.44 9.33E-04 0.59 2.32 36727.77 0.002 NA NA
eGFR[crea+cysC] (mL/min/1.73m?)  |Univariate Age -0.78 0.02 0.00E+00 -0.81 -0.75 34756.86 0.358 NA NA
eGFR[crea+cysC] (mL/min/1.73m?)  |Univariate Height 0.21 0.02 1.84E-19 0.16 0.25 36657.27 0.018 NA NA
eGFR[crea+cysC] (mL/min/1.73m?)  |Univariate Weight -0.12 0.01 8.91E-17 -0.14 -0.09 36669.49 0.015 NA NA
eGFR[crea+cysC] (mL/min/1.73m?)  |Univariate BMI -0.76 0.05 4.38E-59 -0.85 -0.67 36475.86 0.057 NA NA
eGFR[crea+cysC] (mL/min/1.73m2)  |Univariate BSA -4.87 0.98 7.62E-07 -6.80 -2.94 36714.26 0.005 NA NA
eGFR[crea+cysC] (mL/min/1.73m?)  |Univariate Total kidney volume, BSA-norm. 0.31 0.01 1.00E-276 0.30 0.33 35474.60 0.246 NA NA
eGFR[crea+cysC] (mL/min/1.73m?)  |Univariate Cortex volume, BSA-norm. 0.30 0.01 3.17E-136 0.28 0.32 36121.26 0.129 NA NA
eGFR[crea+cysC] (mL/min/1.73m?)  |Univariate Medulla volume, BSA-norm. 0.84 0.02 0.00E+00 0.80 0.87 35162.27 0.297 NA NA
eGFR[crea+cysC] (mL/min/1.73m?)  |Univariate Sinus volume, BSA-norm. -0.14 0.03 3.34E-06 -0.20 -0.08 36717.10 0.005 NA NA
eGFR[crea+cysC] (mL/min/1.73m?)  |Univariate eGFR <60 mL/min/1.73m? -51.95 2.45 5.06E-95 -56.75 -47.14 36310.76 0.091 NA NA
eGFR[crea+cysC] (mL/min/1.73m?)  |Univariate Kidney disease -13.03 1.68 1.14E-14 -16.32 -9.73 36679.05 0.013 NA NA
eGFR[crea+cysC] (mL/min/1.73m?)  |Univariate Diabetes -5.31 0.90 4.33E-09 -7.08 -3.54 36704.24 0.008 NA NA
eGFR[crea+cysC] (mL/min/1.73m?)  |Univariate Gout -10.26 1.12 6.70E-20 -12.46 -8.07 36655.28 0.018 NA NA
eGFR[crea+cysC] (mL/min/1.73m?)  |Univariate Hypertension -7.90 0.47 9.88E-63 -8.82 -6.99 36459.12 0.061 NA NA
eGFR[crea+cysC] (mL/min/1.73m?)  |Univariate Center: Essen -0.83 0.51 1.03E-01 -1.83 0.17 36723.45 0.006 NA NA
eGFR[crea+cysC] (mL/min/1.73m?)  |Univariate Center: Disseldorf 2.00 0.99 4.26E-02 0.07 3.94 36723.45 0.006 NA NA
eGFR[crea+cysC] (mL/min/1.73m?)  |Univariate Center: Berlin-Mitte 3.75 0.99 1.63E-04 1.80 5.69 36723.45 0.006 NA NA
eGFR[crea+cysC] (mL/min/1.73m?)  |Univariate Center: Saarbriicken -1.86 1.62 2.50E-01 -5.04 1.31 36723.45 0.006 NA NA
eGFR[crea+cysC] (mL/min/1.73m?)  |Univariate Center: Miinster -0.04 1.84 9.85E-01 -3.65 3.58 36723.45 0.006 NA NA
eGFR[crea+cysC] (mL/min/1.73m2) |Univariate Center: Mannheim -0.63 3.57 8.60E-01 -7.63 6.38 36723.45 0.006 NA NA
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry Age -0.78 0.02 0.00E+00 -0.81 -0.75 34582.41 0.385 NA 1.15
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry Male sex 3.07 0.50 1.33E-09 2.08 4.06 34582.41 0.385 NA 2.13
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry Height -0.13 0.03 8.69E-07 -0.19 -0.08 34582.41 0.385 NA 2.25
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry BMI -0.47 0.04 1.04E-33 -0.55 -0.40 34582.41 0.385 NA 1.07
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry Center: Essen -2.02 0.40 5.71E-07 -2.81 -1.23 34582.41 0.385 NA 1.04
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry Center: Disseldorf -1.49 0.78 5.65E-02 -3.02 0.04 34582.41 0.385 NA 1.00
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry Center: Berlin-Mitte -2.58 0.79 1.13E-03 -4.13 -1.03 34582.41 0.385 NA 1.00
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry Center: Saarbruicken -2.41 1.27 5.87E-02 -4.91 0.09 34582.41 0.385 NA 1.00
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry Center: Miinster -2.40 1.45 9.91E-02 -5.24 0.45 34582.41 0.385 NA 1.00
eGFR[crea+cysC] (mL/min/1.73m?) |Adjusted for demography, anthropometry Center: Mannheim -4.66 2.81 9.75E-02 -10.18 0.85 34582.41 0.385 NA 6.00
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Total kidney volume, BSA-norm. |Age -0.69 0.01 0.00E+00 -0.72 -0.67 33233.29 0.545 8.80E-296 1.18
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Total kidney volume, BSA-norm. [Male sex -0.10 0.44 8.23E-01 -0.96 0.77 33233.29 0.545 8.80E-296 2.20
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Total kidney volume, BSA-norm. [Height -0.14 0.02 1.26E-09 -0.19 -0.10 33233.29 0.545 8.80E-296 2.25
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Total kidney volume, BSA-norm. [BMI -0.38 0.03 5.75E-30 -0.45 -0.32 33233.29 0.545 8.80E-296 1.07
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Total kidney volume, BSA-norm. |Total kidney volume, BSA-norm. 0.27 0.01 5.81E-295 0.25 0.28 33233.29 0.545 8.80E-296 1.12
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Total kidney volume, BSA-norm. |Center: Essen -1.33 0.35 1.27E-04 -2.01 -0.65 33233.29 0.545 8.80E-296 1.06
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Total kidney volume, BSA-norm. |Center: Dusseldorf -0.02 0.67 9.74E-01 -1.34 1.30 33233.29 0.545 8.80E-296 1.00
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Total kidney volume, BSA-norm. |Center: Berlin-Mitte -0.22 0.68 7.43E-01 -1.56 1.12 33233.29 0.545 8.80E-296 1.00
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Total kidney volume, BSA-norm. |Center: Saarbriicken -0.14 1.10 9.01E-01 -2.29 2.01 33233.29 0.545 8.80E-296 1.00
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Total kidney volume, BSA-norm. |Center: Miunster -0.11 1.25 9.32E-01 -2.56 2.34 33233.29 0.545 8.80E-296 1.00
eGFR[crea+cysC] (mL/min/1.73m?) |Adjusted for demography, anthropometry plus Total kidney volume, BSA-norm. (Center: Mannheim -2.07 2.42 3.93E-01 -6.81 2.68 33233.29 0.545 8.80E-296 1.00
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Cortex volume, BSA-norm. Age -0.76 0.01 0.00E+00 -0.79 -0.73 33457.94 0.522 5.84E-247 1.15
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Cortex volume, BSA-norm. Male sex -1.49 0.46 1.33E-03 -2.39 -0.58 33457.94 0.522 5.84E-247 2.30
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Cortex volume, BSA-norm. Height -0.14 0.02 2.66E-09 -0.19 -0.10 33457.94 0.522 5.84E-247 2.25
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Cortex volume, BSA-norm. BMI -0.56 0.03 6.39E-59 -0.63 -0.49 33457.94 0.522 5.84E-247 1.07
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Cortex volume, BSA-norm. Cortex volume, BSA-norm. 0.34 0.01 2.82E-246 0.32 0.36 33457.94 0.522 5.84E-247 1.21
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Cortex volume, BSA-norm. Center: Essen -1.43 0.36 5.64E-05 -2.13 -0.74 33457.94 0.522 5.84E-247 1.06
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Cortex volume, BSA-norm. Center: Diisseldorf 0.12 0.69 8.66E-01 -1.24 1.47 33457.94 0.522 5.84E-247 1.00
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Cortex volume, BSA-norm. Center: Berlin-Mitte -0.38 0.70 5.88E-01 -1.75 0.99 33457.94 0.522 5.84E-247 1.00
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Cortex volume, BSA-norm. Center: Saarbriicken 0.21 1.13 8.49E-01 -1.99 2.42 33457.94 0.522 5.84E-247 1.00
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Cortex volume, BSA-norm. Center: Minster -0.28 1.28 8.29E-01 -2.79 2.24 33457.94 0.522 5.84E-247 1.00
eGFR[crea+cysC] (mL/min/1.73m?) |Adjusted for demography, anthropometry plus Cortex volume, BSA-norm. Center: Mannheim -2.12 2.48 3.92E-01 -6.99 2.74 33457.94 0.522 5.84E-247 1.00
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Medulla volume, BSA-norm. Age -0.63 0.02 5.81E-304 -0.66 -0.60 33658.80 0.500 2.66E-203 1.27
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Medulla volume, BSA-norm. Male sex 4.00 0.46 2.76E-18 3.10 4.89 33658.80 0.500 2.66E-203 2.14
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Medulla volume, BSA-norm. Height -0.14 0.02 2.55E-08 -0.18 -0.09 33658.80 0.500 2.66E-203 2.25
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eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Medulla volume, BSA-norm. BMI -0.12 0.04 1.27E-03 -0.19 -0.05 33658.80 0.500 2.66E-203 1.17
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Medulla volume, BSA-norm. Medulla volume, BSA-norm. 0.59 0.02 9.71E-203 0.55 0.62 33658.80 0.500 2.66E-203 1.27
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Medulla volume, BSA-norm. Center: Essen -1.54 0.36 2.41E-05 -2.25 -0.82 33658.80 0.500 2.66E-203 1.05
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Medulla volume, BSA-norm. Center: Diisseldorf -1.05 0.70 1.37E-01 -2.43 0.33 33658.80 0.500 2.66E-203 1.00
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Medulla volume, BSA-norm. Center: Berlin-Mitte -1.22 0.72 8.82E-02 -2.62 0.18 33658.80 0.500 2.66E-203 1.00
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Medulla volume, BSA-norm. Center: Saarbriicken -1.96 1.15 8.76E-02 -4.22 0.29 33658.80 0.500 2.66E-203 1.00
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Medulla volume, BSA-norm. Center: Minster -0.98 1.31 4.55E-01 -3.55 1.59 33658.80 0.500 2.66E-203 1.00
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Medulla volume, BSA-norm. Center: Mannheim -3.36 2.54 1.86E-01 -8.33 1.62 33658.80 0.500 2.66E-203 1.00
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Sinus volume, BSA-norm. Age -0.87 0.02 0.00E+00 -0.90 -0.83 34384.75 0.412 2.48E-45 1.32
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Sinus volume, BSA-norm. Male sex 1.45 0.51 4.29E-03 0.45 2.44 34384.75 0.412 2.48E-45 2.24
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Sinus volume, BSA-norm. Height -0.17 0.03 3.38E-10 -0.22 -0.12 34384.75 0.412 2.48E-45 2.26
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Sinus volume, BSA-norm. BMI -0.55 0.04 9.51E-46 -0.62 -0.47 34384.75 0.412 2.48E-45 1.09
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Sinus volume, BSA-norm. Sinus volume, BSA-norm. 0.40 0.03 3.29E-45 0.34 0.45 34384.75 0.412 2.48E-45 1.38
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Sinus volume, BSA-norm. Center: Essen -2.14 0.39 6.04E-08 -2.91 -1.37 34384.75 0.412 2.48E-45 1.04
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Sinus volume, BSA-norm. Center: Diisseldorf -1.25 0.76 1.01E-01 -2.75 0.25 34384.75 0.412 2.48E-45 1.00
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Sinus volume, BSA-norm. Center: Berlin-Mitte -2.31 0.77 2.87E-03 -3.83 -0.79 34384.75 0.412 2.48E-45 1.00
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Sinus volume, BSA-norm. Center: Saarbriicken -2.40 1.25 5.38E-02 -4.85 0.04 34384.75 0.412 2.48E-45 1.00
eGFR[crea+cysC] (mL/min/1.73m?)  |Adjusted for demography, anthropometry plus Sinus volume, BSA-norm. Center: Minster -2.14 1.42 1.32E-01 -4.93 0.64 34384.75 0.412 2.48E-45 1.00
eGFR[crea+cysC] (mL/min/1.73m?) |Adjusted for demography, anthropometry plus Sinus volume, BSA-norm. Center: Mannheim -4.06 2.75 1.40E-01 -9.45 1.34 34384.75 0.412 2.48E-45 1.00
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Total kidney volume, BSA-norm. Age -0.66 0.01 0.00E+00 -0.69 -0.63 33171.82 0.552 1.49E-14 1.29
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Total kidney volume, BSA-norm. Male sex 0.12 0.44 7.88E-01 -0.74 0.98 33171.82 0.552 1.49E-14 2.21
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Total kidney volume, BSA-norm. Height -0.15 0.02 3.20E-10 -0.19 -0.10 33171.82 0.552 1.49E-14 2.25
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Total kidney volume, BSA-norm. BMI -0.31 0.03 2.16E-19 -0.38 -0.24 33171.82 0.552 1.49E-14 1.15
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Total kidney volume, BSA-norm. Total kidney volume, BSA-norm. 0.27 0.01 8.80E-303 0.26 0.29 33171.82 0.552 1.49E-14 1.14
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Total kidney volume, BSA-norm. Diabetes -1.84 0.63 3.62E-03 -3.09 -0.60 33171.82 0.552 1.49E-14 1.09
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Total kidney volume, BSA-norm. Gout -3.33 0.77 1.76E-05 -4.85 -1.81 33171.82 0.552 1.49E-14 1.05
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Total kidney volume, BSA-norm. Hypertension -1.94 0.36 5.24E-08 -2.64 -1.25 33171.82 0.552 1.49E-14 1.23
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Total kidney volume, BSA-norm. Center: Essen -1.43 0.34 3.55E-05 -2.10 -0.75 33171.82 0.552 1.49E-14 1.06
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Total kidney volume, BSA-norm. Center: Disseldorf -0.24 0.67 7.24E-01 -1.54 1.07 33171.82 0.552 1.49E-14 1.00
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Total kidney volume, BSA-norm. Center: Berlin-Mitte -0.18 0.68 7.90E-01 -1.51 1.15 33171.82 0.552 1.49E-14 1.00
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Total kidney volume, BSA-norm. Center: Saarbruicken -0.37 1.09 7.34E-01 -2.51 1.77 33171.82 0.552 1.49E-14 1.00
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Total kidney volume, BSA-norm. Center: Minster -0.14 1.24 9.07E-01 -2.58 2.29 33171.82 0.552 1.49E-14 1.00
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Total kidney volume, BSA-norm. Center: Mannheim -1.95 2.40 4.18E-01 -6.66 2.76 33171.82 0.552 1.49E-14 1.00
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Cortex volume, BSA-norm. Age -0.72 0.02 0.00E+00 -0.75 -0.69 33360.10 0.533 2.32E-22 1.26
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Cortex volume, BSA-norm. Male sex -1.34 0.46 3.61E-03 -2.23 -0.44 33360.10 0.533 2.32E-22 2.31
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Cortex volume, BSA-norm. Height -0.15 0.02 4.22E-10 -0.19 -0.10 33360.10 0.533 2.32E-22 2.25
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Cortex volume, BSA-norm. BMI -0.48 0.03 1.32E-41 -0.54 -0.41 33360.10 0.533 2.32E-22 1.14
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Cortex volume, BSA-norm. Cortex volume, BSA-norm. 0.35 0.01 5.24E-262 0.34 0.37 33360.10 0.533 2.32E-22 1.26
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Cortex volume, BSA-norm. Diabetes -2.41 0.65 2.06E-04 -3.69 -1.14 33360.10 0.533 2.32E-22 1.10
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Cortex volume, BSA-norm. Gout -4.30 0.79 5.79E-08 -5.85 -2.75 33360.10 0.533 2.32E-22 1.05
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Cortex volume, BSA-norm. Hypertension -2.46 0.37 1.97E-11 -3.17 -1.74 33360.10 0.533 2.32E-22 1.24
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Cortex volume, BSA-norm. Center: Essen -1.55 0.35 1.14E-05 -2.24 -0.86 33360.10 0.533 2.32E-22 1.06
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Cortex volume, BSA-norm. Center: Disseldorf -0.12 0.68 8.60E-01 -1.46 1.22 33360.10 0.533 2.32E-22 1.00
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Cortex volume, BSA-norm. Center: Berlin-Mitte -0.28 0.69 6.85E-01 -1.64 1.08 33360.10 0.533 2.32E-22 1.00
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Cortex volume, BSA-norm. Center: Saarbrucken -0.02 1.11 9.85E-01 -2.20 2.16 33360.10 0.533 2.32E-22 1.00
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Cortex volume, BSA-norm. Center: Miinster -0.28 1.27 8.23E-01 -2.77 2.20 33360.10 0.533 2.32E-22 1.00
eGFR[crea+cysC] (mL/min/1.73m?) |Fully adjusted, incl. Cortex volume, BSA-norm. Center: Mannheim -1.92 2.45 4.35E-01 -6.73 2.89 33360.10 0.533 2.32E-22 1.00
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Medulla volume, BSA-norm. Age -0.62 0.02 9.59E-281 -0.65 -0.59 33653.88 0.501 1.22E-02 1.35
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Medulla volume, BSA-norm. Male sex 4.07 0.46 7.24E-19 3.18 4.97 33653.88 0.501 1.22E-02 2.15
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Medulla volume, BSA-norm. Height -0.14 0.02 3.36E-08 -0.18 -0.09 33653.88 0.501 1.22E-02 2.25
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Medulla volume, BSA-norm. BMI -0.10 0.04 6.11E-03 -0.18 -0.03 33653.88 0.501 1.22E-02 1.24
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Medulla volume, BSA-norm. Medulla volume, BSA-norm. 0.58 0.02 2.25E-198 0.54 0.62 33653.88 0.501 1.22E-02 1.28
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Medulla volume, BSA-norm. Diabetes 0.70 0.66 2.90E-01 -0.60 2.00 33653.88 0.501 1.22E-02 1.07
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Medulla volume, BSA-norm. Gout -2.01 0.82 1.43E-02 -3.61 -0.40 33653.88 0.501 1.22E-02 1.05
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Medulla volume, BSA-norm. Hypertension -0.70 0.38 6.29E-02 -1.44 0.04 33653.88 0.501 1.22E-02 1.23
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Medulla volume, BSA-norm. Center: Essen -1.56 0.36 1.83E-05 -2.27 -0.85 33653.88 0.501 1.22E-02 1.05
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Medulla volume, BSA-norm. Center: Disseldorf -1.11 0.70 1.15E-01 -2.49 0.27 33653.88 0.501 1.22E-02 1.00
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Medulla volume, BSA-norm. Center: Berlin-Mitte -1.21 0.71 9.01E-02 -2.61 0.19 33653.88 0.501 1.22E-02 1.00
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Medulla volume, BSA-norm. Center: Saarbruicken -2.02 1.15 7.83E-02 -4.28 0.23 33653.88 0.501 1.22E-02 1.00
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eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Medulla volume, BSA-norm. Center: Miinster -0.96 1.31 4.62E-01 -3.53 1.61 33653.88 0.501 1.22E-02 1.00
eGFR[crea+cysC] (mL/min/1.73m2)  |Fully adjusted, incl. Medulla volume, BSA-norm. Center: Mannheim -3.33 2.53 1.89E-01 -8.30 1.64 33653.88 0.501 1.22E-02 1.00
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Sinus volume, BSA-norm. Age -0.84 0.02 0.00E+00 -0.88 -0.81 34358.64 0.416 4.94E-07 1.40
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Sinus volume, BSA-norm. Male sex 1.62 0.51 1.40E-03 0.63 2.61 34358.64 0.416 4.94E-07 2.25
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Sinus volume, BSA-norm. Height -0.17 0.03 4.10E-10 -0.22 -0.11 34358.64 0.416 4.94E-07 2.27
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Sinus volume, BSA-norm. BMI -0.51 0.04 8.15E-38 -0.59 -0.43 34358.64 0.416 4.94E-07 1.16
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Sinus volume, BSA-norm. Sinus volume, BSA-norm. 0.40 0.03 1.53E-45 0.34 0.45 34358.64 0.416 4.94E-07 1.38
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Sinus volume, BSA-norm. Diabetes 0.89 0.72 2.17E-01 -0.52 2.30 34358.64 0.416 4.94E-07 1.08
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Sinus volume, BSA-norm. Gout -3.61 0.88 4.58E-05 -5.34 -1.87 34358.64 0.416 4.94E-07 1.05
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Sinus volume, BSA-norm. Hypertension -1.42 0.41 5.05E-04 -2.21 -0.62 34358.64 0.416 4.94E-07 1.23
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Sinus volume, BSA-norm. Center: Essen -2.18 0.39 2.93E-08 -2.96 -1.41 34358.64 0.416 4.94E-07 1.05
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Sinus volume, BSA-norm. Center: Disseldorf -1.38 0.76 7.04E-02 -2.87 0.11 34358.64 0.416 4.94E-07 1.00
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Sinus volume, BSA-norm. Center: Berlin-Mitte -2.28 0.77 3.17E-03 -3.79 -0.77 34358.64 0.416 4.94E-07 1.00
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Sinus volume, BSA-norm. Center: Saarbruicken -2.53 1.24 4.16E-02 -4.97 -0.10 34358.64 0.416 4.94E-07 1.00
eGFR[crea+cysC] (mL/min/1.73m?)  |Fully adjusted, incl. Sinus volume, BSA-norm. Center: Miinster -2.11 1.42 1.37E-01 -4.88 0.67 34358.64 0.416 4.94E-07 1.00
eGFR[crea+cysC] (mL/min/1.73m?2) |Fully adjusted, incl. Sinus volume, BSA-norm. Center: Mannheim -3.99 2.74 1.46E-01 -9.37 1.39 34358.64 0.416 4.94E-07 1.00
Association results were obtained from linear regression in subset of persons with complete baseline information (N=4,471). Outcome was eGFR calculated with serum creatinine and cystatin C (eGFR[crea+cysC] (mL/min/1.73m?)).

Abbreviations: BMI body mass index; BSA body surface area; Definition of eGFR < 60mL/min/1.73m?2 based on eGFR[crea+cysC] (mL/min/1.73m?); P association p-value; 95CI 95% confidence interval; R2 proportion of variance explained by model, unadjusted; LRT-P p-value of likelihood ratio test comparing models incl
image marker, demography and anthropometry to models without BSA-normalized image marker as well as comparing fully adjusted models with respective model that includes BSA-normalized image marker, demography and anthropometry; VIF variance inflation factor (only calculated for models >1 variables included). For study
centers, the largest study center in Neubrandenburg served as reference.
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