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Erstmals finden der Kongress der Zen-
traleuropäischen Diabetesgesellschaft 
(CEDA) und das Donau-Symposium 
(FID) gemeinsam mit der Jahrestagung 
der Nordrhein-Westfälischen Gesell-
schaft für Endokrinologie und Diabe-
tologie in Düsseldorf statt. Es freut mich 
ganz besonders, dass wir diese beiden 
Jubiläumsveranstaltungen hier durch-
führen dürfen.
Die Landeshauptstadt von Nordrhein-
Westfalen hat durch das Deutsche Dia
betes-Zentrum an der Heinrich-Heine-
Universität eine lange Tradition in der 
Diabetesforschung und durch das Uni-
versitätsklinikum für Endokrinologie 
und Diabetologie einen langjährigen 
Schwerpunkt in der endokrinologischen 
Forschung. Aber nicht nur das Deutsche 

Diabetes-Zentrum und das Universitäts-
klinikum Düsseldorf sind hier angesie-
delt. Düsseldorf ist auch Sitz der Euro-
pean Association for the Study of Diabe-
tes (EASD) und somit ein international 
vernetzter Standort der Diabetologie. 
Auch auf lokaler Ebene werden neue 
Projekte umgesetzt wie das Regionale 
Innovationsnetzwerk Diabetes (RIN), 
in dem in einem interdisziplinären Ver-
bund neue Ansätze für eine verbesserte 
Versorgung der Menschen mit Diabetes 
entwickelt werden.
Das Themenspektrum beider Tagungen 
reicht von neuen Ansätzen zur Vorsor-
ge und Therapie des Diabetes über Fra-
gen der Gesundheitsökonomie bis hin 
zu aktuellen Entwicklungen in der En-
dokrinologie.

Mit Düsseldorf als Austragungsort wan-
dert nun auch das Donau-Symposium 
stromaufwärts von der Donau und dem 
Rhein-Main-Donau-Kanal an den Rhein. 
Folgen Sie dem Strom und kommen Sie 
nach Düsseldorf!

Prof. Dr. Michael Roden

Kongresspräsident und Past-Präsident 
FID/CEDA, 30. Kongress der Födera-
tion internationaler Donausymposi-
en/10. Kongress der Zentraleuropäischen 
Diabetesgesellschaft, 20. Jahrestagung 
der Nordrhein-Westfälischen Gesell-
schaft für Endokrinologie und Diabe-
tologie

www.fid-nrw2015.org

Sehr geehrte Leserin, sehr geehrter Leser,  
liebe FID-Mitglieder! M. Roden

20. Jahrestagung der Nordrhein-Westfälischen Gesellschaft für Endokrinologie und Diabetologie

20th Annual Meeting of the North Rhine-Westphalia Society of Endocrinology and Diabetology

Freitag, 06.02.2015

11.00 – 12.00 Vorstandssitzung der NRW Gesellschaft für E&D

12.10 – 14.00 Poster-Session
Vorsitz: K. Müssig (Düsseldorf)

14.00 – 15.20 Session Schilddrüse
Vorsitz: M. Roden (Düsseldorf), J. Feldkamp (Bielefeld)

14.00 – 14.20 M. Schott (Düsseldorf): Aktuelles über autoimmune Schilddrüsenerkrankungen

14.20 – 14.40 V. Tiedje (Essen): Management des fortgeschrittenen Schilddrüsenkarzinoms

14.40 – 15.00 J. W. Dietrich (Bochum): Ist ein universeller TSH-Referenzbereich noch zeitgemäß?

15.00 – 15.20 W. T. Knoefel (Düsseldorf): Chirurgische Vorgehen bei Verdacht auf Schilddrüsenkarzinom
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Freitag, 06.02.2015

15.20 – 15.50 Coffee break

15.50 – 16.50 Session Obesity 
Vorsitz: M. Pfohl (Duisburg), J. Szendrödi (Düsseldorf)

15.50 – 16.10 G. Yeo (Cambridge): News of the genetics of obesity

16.10 – 16.30 I. Bechmann (Leipzig): Microglia, the brain’s immune cell, in obesity

16.30 – 16.50 M. Faust (Köln): New treatments of obesity

16.50 – 17.10 Session Register
Vorsitz: H. Schatz (Bochum), S. Schneider (Köln)

16.50 – 17.00 S. Schinner (Düsseldorf): Conn-Register

17.00 – 17.10 B. Herrmann (Bochum): Akromegalie-Register

17.10 – 18.30 Forschung in Endokrinologie und Diabetologie (Wintertreffen)
Vorsitz: K. Hengst (Münster), D. Führer (Essen)
Kurzvorträge à 10 Minuten

18.30 – 20.00 Satelliten-Symposium

ab 20.30 Dinner

Samstag, 07.02.2015

08.30 – 09.00 Mitgliederversammlung der NRW Gesellschaft für E&D

09.00 – 09.30 Verleihung des Carl-Oberdisse-Preises sowie der Poster- und Vortragspreise 
Vorsitz: H. Klein (Bochum)

09.30 – 10.30 Session Knochen
Vorsitz: R. Fritzen (Düsseldorf), H. Lahner (Essen)

09.30 – 09.50 J. Pfeilschifter (Bochum): DVO-Leitlinie Osteoporose 2014

09.50 – 10.10 U. Deuß (Köln): Hyperkalzämie – Diagnostik und Therapie

10.10 – 10.30 T. N. Fehm (Düsseldorf): Metastasen-Therapie

10.30 – 11.00 Coffee break

11.00 – 12.40 Novel Therapeutic Approaches
Vorsitz: M. Grüneberg (Herne), W. Krone (Köln)

11.00 – 11.25 B. Lobnig (Düsseldorf): Differentielle Therapie mit Insulinanaloga

11.25 – 11.50 S. Petersenn (Hamburg): Pasireotid

11.50 – 12.15 M. Schneider (Düsseldorf): Prednison MR

12.15 – 12.40 H. Lahner (Essen): Somatostatinanaloga bei neuroendokrinen Tumoren

12.40 – 13.00 Coffee break

13.00 – 14.20 Rare Disorders as Common Disease Models
Vorsitz: H. Klein (Bochum), R. Ensenauer (Düsseldorf)

13.00 – 13.20 S. A. Wudy (Gießen): 21-Hydroxylase-Mangel

13.20 – 13.40 W. Karges (Aachen): Medulläres Schilddrüsenkarzinom

13.40 – 14.00 T. Meissner (Düsseldorf): Hyperinsulinismus

14.00 – 14.20 J. Szendrödi (Düsseldorf): Mitochondriale Erkrankungen in der Endokrinologie

09.00 – 12.00 Fortbildungsveranstaltung für Diabetesberater/innen
Vorsitz: K. Müssig (Düsseldorf), H. Overmann (Düsseldorf)

09.00 – 09.45 B. Lobnig (Düsseldorf): Therapiestrategien beim steroidinduzierten Diabetes mellitus

09.45 – 10.30 P. Kronsbein (Mönchengladbach): Botschaften der Ernährungsberatung in der Therapie des Diabetes mellitus

10.30 – 11.15 A. Richter (Düsseldorf): Diabetisches Fuß-Syndrom

11.15 – 12.00 M. Schlensak (Düsseldorf): Adipositas und metabolische Chirurgie

14.20 – 14.45 Joint closing session including presentation of next FID congress venue
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30. Donau-Symposium / 10. Kongress der Zentraleuropäischen Diabetesgesellschaft

30th Congress of the Federation of International Danube Symposia on Diabetes mellitus /

10th Congress of the Central European Diabetes Association

Thursday, 05.02.2015

12.30 – 14.00 Lunch symposium

14.00 – 14.30 Welcome address
M. Roden (Düsseldorf), R. Lehmann (Zürich)

14.30 – 15.15 Opening lecture
Chair: R. Lehmann (Zürich), M. Roden (Düsseldorf), M. v. Herrath (La Jolla, CA)

15.15 – 15.50 Coffee break

15.50 – 17.30 Session 1: Update on Current and Novel Diabetes Treatment
Chair: W. Waldhäusl (Vienna), Z. Kamenov (Sofia)

15.50 – 16.15 H. Klein (Bochum): Guidelines or personalized treatment

16.15 – 16.40 V. Pirags (Riga): New oral glucose lowering drugs

16.40 – 17.05 T. Heise (Neuss): New insulins

17.05 – 17.30 H. Schatz (Bochum): Next generation diabetes treatment

17.30 – 18.00 Coffee break

18.00 – 19.30 Satellite symposium

20.00 Welcome reception

Friday, 06.02.2015

08.30 – 09.00 FID Board Meeting

09.00 – 10.20 Session 2: Hot Topics in Diabetes
supported by the German Center for Diabetes Research (DZD e. V.)
Chair: M. v. Herrath (La Jolla, CA), H. Al-Hasani (Düsseldorf)

09.00 – 09.25 H. de Angelis (Munich): Omics as a diagnostic tool – use and misuse!

09.25 – 09.50 M. Roden (Düsseldorf): Novel guidelines for nonalcoholic fatty liver diseases

09.50 – 10.20 P. Nawroth (Heidelberg): New diabetes-related complications – the lung as a culprit

10.20 – 10.50 Coffee break

10.50 – 12.10 Session 3: From Diabetic Neuropathy to the Diabetic Foot Syndrome
Chair: D. Ziegler (Düsseldorf), T. Klupa (Krakov)

10.50 – 11.20 D. Ziegler (Düsseldorf): Markers of early diabetic neuropathy

11.20 – 11.45 P. Kempler (Budapest): What’s new in autonomic neuropathy?

11.45 – 12.10 B. Mankovsky (Kiev): Management of diabetic foot syndrome

12.10 – 14.00 Poster session
Chair: I. Veresiu (Cluj-Napoca), K. Lalic (Belgrad)

14.00 – 16.00 Session 4: Clinical Management of Complications
Chair: E. Standl (Munich), C. Herder (Düsseldorf)

14.00 – 14.30 M. Ouwens (Düsseldorf): Mechanisms underlying diabetic vascular disease

14.30 – 15.00 T. Temelkova-Kurktschiev (Sofia): Cardiovascular risk management

15.00 – 15.30 N. M. Lalic (Belgrad): Cerebral vascular diseases in diabetes

15.30 – 16.00 W. Kleophas (Düsseldorf): Diabetic nephropathy

16.00 – 16.30 Coffee break
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16.30 – 18.10 Session 5: Chronic Care Models
Chair: T. Stulnig (Vienna), S. Raptis (Athens)

16.30 – 16.55 B. Bongaerts (Düsseldorf): Effectiveness of chronic care models in Europe: Systematic review

16.55 – 17.20 W. Rathmann (Düsseldorf): Insulin and oral antidiabetic treatment in primary care practices: retrospective 
database analyses

17.20 – 17.45 P. Diem (Bern): Glucose self-monitoring in type 2 diabetes: PRO

17.45 – 18.10 L. Czupryniak (Lodz): Glucose self-monitoring in type 2 diabetes: CON

18.10 – 19.40 Satellite symposium

From 20.30 Dinner

Saturday, 07.02.2015

08.30 – 09.15 FID Plenary meeting

09.15 – 10.30 Session 6: Oral presentations
Chair: M. Tschöp (Munich), M. Blüher (Leipzig)

10.30 – 11.00 Coffee break

11.00 – 12.40 Session 7: Health Services Research in Diabetes
Chair: O. Kuß (Düsseldorf), I. Konrade (Riga)

11.00 – 11.25 A. Icks (Düsseldorf): Patients’ times spent on diabetes

11.25 – 11.50 J. Skrha (Prague): Health outcomes research in Central Europe

11.50 – 12.15 E. Hatziagelaki (Athens): Health outcomes research in Southern Europe

12.15 – 12.40 M. Kaltheuner (Leverkusen): Results of the diabetes network from North Rhine-Westphalia

12.40 – 13.00 Coffee break

13.00 – 14.20 Session 8: News on Islet Function and Type 1 Diabetes
Chair: V. Burkart (Düsseldorf), R. Weitgasser (Salzburg)

13.00 – 13.20 N. C. Schloot (Düsseldorf): Autoimmunity in human type 1 diabetes

13.20 – 13.40 E. Lammert (Düsseldorf): Therapies targeting pancreatic islets

13.40 – 14.00 R. Lehmann (Zürich): Closed loop insulin systems

14.00 – 14.20 L. Heinemann (Düsseldorf): Development of novel devices

14.20 – 14.45 Joint closing session including presentation of next FID congress venue

Das große Portal 
für alle Diabetes-Profi s

 die wichtigsten Neuigkeiten

 kostenlose CME-Fort bildung*

 wertvolle Fachinformationen*

 übersichtlich nach Themen  geordnet

 wöchentlicher Diabetologie- Newsletter frei Haus

Registrieren Sie sich jetzt kostenfrei 
für den Zugri�  auf alle Inhalte!

* nach Registrierung mit Berufsnachweis92
.0
01

8

www. .de



Kirchheim- 

Verlag

F I D

127Diabetes, Stoffwechsel und Herz, Band 24, 2/2015  www.diabetologie-online.de

Die Jahrestagung der Zentraleuropäi-
schen Diabetesgesellschaft fand in die-
sem Jahr vom 5. bis 7. Februar auf dem 
medizinischen Campus der Heinrich-
Heine-Universität Düsseldorf statt. Erst-
mals erfolgte die Tagung gemeinsam mit 
der Jahrestagung der Nordrhein-West-
fälischen Gesellschaft für Endokrino-
logie und Diabetologie. Beide Tagun-
gen waren Jubiläumsveranstaltungen: 
In Düsseldorf wurden nicht nur das 
30. Donau-Symposium (FID) und der 
10. Kongress der Zentraleuropäischen 
Diabetesgesellschaft (CEDA), sondern 
auch die 20. Jahrestagung der Nord-
rhein-Westfälischen Gesellschaft für En-

dokrinologie und Diabetologie ausgetra-
gen. Ausgerichtet wurde der Kongress 
von Professor Dr. Michael Roden und 
dem Deutschen Diabetes-Zentrum in 
Kooperation mit der European Associa
tion for the Study of Diabetes (EASD), 
dem Bundesministerium für Gesund-
heit (BMG) und dem Deutschen Zent-
rum für Diabetesforschung (DZD e. V.). 

Darüber hinaus unterstützten die Un-
ternehmen AstraZeneca, Boehringer 
Ingelheim Pharma, Lilly Deutschland, 
Eli Lilly, Novo Nordisk Pharma, Sano-
fi-Aventis Deutschland, GID Germany, 
MSD Sharp & Dohme, Abbott Diabetes 
Care sowie Novartis Oncology/Sandoz 
Biopharmaceuticals die Veranstaltung.

Einblick in die aktuelle Forschung

Unter der Schirmherrschaft von Barba-
ra Steffens, Ministerin für Gesundheit, 
Emanzipation, Pflege und Alter des Lan-
des Nordrhein-Westfalen gaben mehr 
als 50 Referentinnen und Referenten 
mit ihren Vorträgen auf Deutsch oder 
Englisch einen aktuellen Einblick in ihre 
Forschung. Das international hochkarä-
tig besetzte Programm reichte von neu-
en Ansätzen zur Vorsorge und Therapie 
des Diabetes über Fragen der Gesund-
heitsökonomie bis hin zu aktuellen Ent-
wicklungen in der Endokrinologie. Über 

200 Ärzte und Wissenschaftler nahmen 
an der Veranstaltung teil.
Professor Dr. Anja Steinbeck, Rektorin 
der Heinrich-Heine-Universität Düssel-
dorf, eröffnete gemeinsam mit Professor 
Roden, dem Tagungspräsidenten und 
Past-Präsidenten der FID/CEDA, und 
Professor Dr. Roger Lehmann, dem Prä-
sidenten der CEDA/FID, die Veranstal-

tung. Professor Dr. Matthias von Her-
rath, La Jolla, CA (USA), hielt die Ope-
ning Lecture. In seinem Vortrag gab er 
einen Überblick von der Basisforschung 
bis zu den aktuellen klinischen Heraus-
forderungen der Immunologie der Beta-
zelle bei Diabetes.

Umfangreiches Vortragsprogramm

Das Vortragsprogramm der Zentraleu-
ropäischen Diabetesgesellschaft setzte 
sich aus acht Sitzungen zusammen. In 
der ersten Sitzung standen neue thera-
peutische Ansätze im Fokus. Professor 
Dr. Harald Klein, Bochum, stellte die 
Leitlinien zur Behandlung des Diabetes 
mellitus der personalisierten Behandlung 
gegenüber, während der Altpräsident 
der CEDA/FID Professor Dr. Helmut 
Schatz, Bochum, über neue Ansätze der 
Diabetestherapie referierte. Professor 
Dr. Valdis Pirags, Riga, gab in seiner Prä-
sentation einen Überblick über neue ora-

le glukosesenkende Medikamente, und 
Dr. Tim Heise, Neuss, fasste Informa-
tionen über neue Insuline zusammen.
Die nächste Sitzung erfolgte in Koope-
ration und mit Unterstützung des Deut-
schen Zentrums für Diabetesforschung 
(DZD e. V.). Unter dem Vorsitz von Pro-
fessor Dr. Matthias Blüher, Leipzig, und 
Professor Dr. Matthias Tschöp, Mün-

Jubiläumskongress der Zentraleuropäischen Diabetesgesellschaft in Düsseldorf

O. Spörkel M. Roden

Abb. 1 : Links: Die FID-Tagung 2015 fand auf dem medizinischen Campus der Heinrich-Heine-Universität Düsseldorf statt. Rechts: Am ersten 
Abend bot das Get-together im Deutschen Diabetes-Zentrum Möglichkeiten zum Austausch.
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chen, erläuterte Professor Dr. Martin 
Hrabé de Angelis, München, epigene-
tische sowie generationsübergreifende 
Einflüsse bei metabolischen Erkrankun-
gen. Professor Dr. Werner Waldhäusl, 
Wien (Österreich), ging auf die Diabetes-
rehabilitation und den therapeutischen 
Erfolg in der Praxis ein und hob das 
Risiko von inadäquaten Dosierungen 
von Insulin und Antihypertensiva her-
vor. Professor Dr. Peter Nawroth, Hei-
delberg, schilderte in seiner Präsentation 
einen neuen Zusammenhang zwischen 
Erkrankungen der Lunge und des Dia-
betes und legte mögliche Ursachen dar.
In der darauffolgenden Sitzung wurden 
Folgeerkrankungen des Diabetes wie die 
diabetische Neuropathie und das Diabe-
tische Fußsyndrom beleuchtet. Professor 
Dr. Dan Ziegler, Düsseldorf, stellte neue 

Biomarker zur frühzeitigen Diagnose der 
diabetischen Neuropathie aus Hautbi-
opsien und Hornhautmikroskopie im 
Rahmen der Deutschen Diabetes-Studie 
vor. Professor Dr. Peter Kempler, Buda-
pest (Ungarn), ging auf neue Entwick-
lungen aus dem Bereich der autonomen 
Neuropathie ein. Professor Dr. Boris 
Mankovsky, Kiew (Ukraine), erläuterte 
Behandlungsstrategien des Diabetischen 
Fußsyndroms.

Management der Begleit- und  
Folgeerkrankungen

Die Sitzung zum Management der Be-
gleit- und Folgeerkrankungen des Diabe-
tes erfolgte mit Professor Dr. Eberhard 
Standl, München, und PD Dr. Christian 
Herder, Düsseldorf, als Vorsitz. Profes-
sor Dr. Margriet Ouwens, Düsseldorf, 
ging in ihrem Vortrag auf die Mechanis-
men ein, die diabetesbedingten Gefäßer-

krankungen zugrunde liegen. Professor 
Dr. Theodora Temelkova-Kurktschiev, 
Sofia (Bulgarien), referierte über das 
multifaktorielle, kardiovaskuläre Risi-
komanagement des Typ-2-Diabetes. Pro-
fessor Dr. Nebojsa Lalic, Belgrad (Serbi-
en), und Professor Dr. Werner Kleophas, 
Düsseldorf, gaben einen Überblick über 
zerebrovaskuläre Erkrankungen und die 
Nephropathie bei Diabetes.
In Kooperation und mit Unterstützung 
des Bundesministeriums für Gesundheit 
(BMG) fanden zwei interessante Sitzun-
gen zu den gesellschaftlichen Herausfor-
derungen des Diabetes statt. In der Sit-
zung Chronic Care Models unter Vorsitz 
von Professor Dr. Thomas Stulnig, Wien 
(Österreich), und Professor Dr. Sotiri-
os Raptis, Athen (Griechenland), gab 
Dr. Brenda Bongaerts, Düsseldorf, in 

ihrem Vortrag einen systemischen Über-
blick über die Effektivität von Chronic 
Care Models in Europa. Die präsentier-
ten vorläufigen Daten zeigten, dass ein 
erhöhter Bedarf an weiteren Interven-
tionsstudien besteht und eine höhere 
Qualität des Reportings sowie langfris-
tige Evaluationen erforderlich sind. PD 
Dr. Wolfgang Rathmann, Düsseldorf, re-
ferierte über die Therapien in Primärver-
sorgungspraxen. Der Referent betonte 
u. a., dass es aufgrund des progressiven 
Krankheitsverlaufs des Typ-2-Diabetes 
schwer ist, die HbA1c-Werte mit traditi-
onellen blutzuckersenkenden Medika-
menten und Insulin in der Primärver-
sorgung zu halten. Professor Dr. Peter 
Diem, Bern (Schweiz), und Professor 
Dr. Leszek Czupryniak, Lodz (Polen), 
diskutierten Pro und Contra zur Selbst-
messung der Blutglukose (SMBG) bei 
Typ-2-Diabetes.
In der Sitzung Versorgungsforschung 
bei Diabetes, geleitet von Professor 

Dr. Andrea Icks und Professor Dr. Oli-
ver Kuss, beide Düsseldorf, stellten Pro-
fessor Dr. Jan Skrha, Prag (Tschechien), 
und Professor Dr. Erifili Hatziagelaki, 
Athen (Griechenland), die Health Out-
come Forschung in Zentral- und Süd-
europa vor. Dr. Matthias Kaltheuner, 
Leverkusen, präsentierte u. a. Ergebnisse 
des Netzwerks Diabetischer Fuß. Profes-
sor Dr. Andrea Icks gab in ihrem Vortrag 
einen Überblick darüber, wie viel Zeit 
Menschen mit Diabetes für ihre Diabe-
teserkrankung aufwenden.
In der abschließenden Sitzung über 
Neues zur Inselzellfunktion und Typ-1-
Diabetes hatten Professor Dr. Raimund 
Weitgasser, Salzburg (Österreich), und 
Professor Dr. Stephan Martin, Düssel-
dorf, den Vorsitz. Professor Dr. Lutz 
Heinemann, Düsseldorf, schilderte das 
Vorgehen bei der Entwicklung neuer 
Geräte und Medizinprodukte und de-
monstrierte die Schritte von der Idee bis 
zum fertigen Produkt unter besonderer 
Berücksichtigung der Zulassungsver-
fahren im EU- und US-Markt. Profes-
sor Dr. Eckhard Lammert, Düsseldorf, 
zeigte Therapieformen auf, die sich auf 
die pankreatischen Inselzellen beziehen. 
Professor Dr. Roger Lehmann, Zürich 
(Schweiz), stellte den aktuellen Stand 
im Bereich der Closed-Loop-Systeme 
vor, in denen durch das Zusammen-
schalten von Insulinpumpe und Glu-
kosemessung ein geschlossener Kreis 
erzeugt wird und die Insulintherapie 
weitestgehend automatisiert erfolgen 
kann. Studien deuten darauf hin, dass 
im Vergleich zu einer herkömmlichen in-
tensivierten Insulintherapie der Einsatz 
eines Closed-Loop-Systems zu einer ver-
besserten nächtlichen Glukosekontrolle 
und weniger Hypoglykämien führt. Pro-
fessor Dr.  Nanette Schloot, Düsseldorf, 
präsentierte Daten über Autoimmunität 
und Typ-1-Diabetes.

Poster-Präsentationen der  
Nachwuchsforscher

Mit Unterstützung der European Associ-
ation for the Study of Diabetes (EASD) 
erfolgten die Präsentationen der Nach-
wuchsforscher. In der Poster-Präsenta-
tion der Tagung zeigten junge Wissen-
schaftler in 32 Beiträgen ihre Ergebnisse. 
Die Poster wurden in einer Poster-Ses-

Abb. 2: Das Highlight des Gesellschaftsabends im Robert-Schumann-Saal war der Auftritt der 
Sugar Daddies.
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sion vorgestellt und eingehend disku-
tiert. Darüber hinaus stellten vier Wis-
senschaftler ihre Ergebnisse als Kurz-
vorträge vor.
Nach Eröffnung durch Professor Dr. Ha-
rald Klein, Vorstand der Nordrhein-
Westfälischen Gesellschaft für Endokri-
nologie und Diabetologie, fanden die 
Sitzungen der Jahrestagung der Nord-
rhein-Westfälischen Gesellschaft für En-
dokrinologie und Diabetologie mit den 
Themen Schilddrüse, Adipositas, Kno-
chen, neue therapeutische Ansätze bei 
endokrinen Erkrankungen sowie seltene 
Erkrankungen als Krankheitsmodelle 
statt. Ein besonderes Highlight war die 
Sitzung über Adipositas. Dr. Giles Yeo, 
Cambridge (United Kingdom), beschrieb 
neueste Erkenntnisse über die geneti-
schen Ursachen der Adipositas und Pro-
fessor Dr. Ingo Bechmann, Leipzig, die 
Bedeutung des Gehirns und der Mikro
glia bei Adipositas. Dr. Michael Faust, 
Köln, stellte in seinem Referat neue The-
rapieoptionen bei Adipositas vor.
Darüber hinaus fand eine zertifizier-
te Fortbildung für Diabetesberaterin-
nen und -berater mit mehreren Fach-
vorträgen statt. Unter dem Vorsitz von 
Professor Dr. Karsten Müssig und Hu-
bert Overmann, Düsseldorf, berichtete 
Dr. Brigitte Lobnig, Düsseldorf, über die 
derzeitigen Therapiestrategien beim ste-
roidinduzierten Diabetes mellitus. Pro-
fessor Dr. Peter Kronsbein, Mönchen-
gladbach, hob in seinem Beitrag die Be-
deutung der Ernährungsberatung in der 
Therapie des Diabetes mellitus hervor, 
während Dr. Andreas Richter, Düssel-
dorf, über das Diabetische Fußsyndrom 
referierte. Dr. Matthias Schlensak, Düs-
seldorf, zeigte Möglichkeiten der Chir-
urgie bei Adipositas auf.
Möglichkeiten zum Austausch gab es 
auch beim Get-together im Deutschen 
Diabetes-Zentrum am 5. Februar und 
einen Tag später beim Gesellschafts-
abend, der in diesem Jahr im Robert-
Schumann-Saal in Düsseldorf stattfand.

Dr. Olaf Spörkel
Prof. Dr. Michael Roden
Deutsches Diabetes-Zentrum (DDZ)
Leibniz-Zentrum für Diabetes-
Forschung
an der Heinrich-Heine Universität 
Düsseldorf
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3) Eastern Virginia Medical School, Sterlitz Diabe-
tes Center, Norfolk VA, United States

Background and aims: Due to the 
number of the involved persons, the 
cross-sectional study on the quality 
of life in patients with diabetes melli-
tus and diabetic neuropathy done be-
tween June and December 2012 is the 
greatest of this kind in our country. We 
have used the linguistically validated 
Romania translation of the Norfolk 
Qol-DN questionnaire (Vinik EJ et al., 
2005), distributed, after obtaining the 
informed consent, to 23 543 patients 
with diabetes. The questionnaire was 
conceived as a tool able to identify the 
type of the affected nerve fiber infor-
mation (“fiber specific”), grouped in 
sub-domains and has proved a very 
good sensitivity and specificity in dis-
criminating between patients with and 
without diabetic neuropathy and lay-
ering its severity.
Material and methods: In the current 
study we have analyzed from 19 892 val-
idated questionnaires the demograph-
ic and clinical characteristics of the 
group of patients who answered “Yes” 
to the question “Do you have neuropa-
thy (nerve affecting)?” and “No” to the 
question “Have you ever been told that 
you suffer from neuropathy?”, group 1 
(1 941 persons, 9.8 % of the total), com-
pared with those who answered “No” to 
both questions, group 0 (6 069, 30.5 %) 
and those who answered “Yes” to both 
questions, group 2 (11 618, 58.4 %). We 
have tested the significance of the dif-
ferences with the SPSS 15 program, by 
one-way analysis of variance, post-hoc 
test Scheffé and the Chi2 test.
Results: The proportion of women in 
the groups 1 and 2 was significantly 
greater than in the group 0. The total 
score and the sub-domains scores were 
much higher in groups 1 and 2 com-
pared to group 0. The percentage of pa-

A B S T R A C T  1

Phenotype-directed personalisation 
of therapy in type 2 diabetes melli-
tus patients and criteria of prescrip-
tion

T. Mikijanska1, V. Snigirovs1, V. Pirags1

1) University of Latvia, Riga, Latvia

Background: Type 2 diabetes mellitus 
(T2DM) is a chronic and progressive 
disease that is rapidly increasing in prev-
alence over the world. Despite a num-
ber of guidelines and advices for physi-
cians on how to start treatment, not all 
patients achieve target glycaemia and 
glycated hemoglobin (HbA1c) level. The 
aim of this study is to research person-
alisation of therapy of T2DM patients 
and criteria of prescription.
Material and methods: We studied 228 
patients with T2DM treated in Pauls 
Stradins Clinical University Hospital 
in Endocrinology department from 
Jan. 2013 to Sep. 2014. The greatest 
attention was paid to the patients’ bio-
chemical analyses, such as triglycerides 
(TG), C-peptide, HbA1c and prescribed 
treatment, as well as BMI and the doctor 
who treated each patient.
Phenotypically patients were divided 
into 4 major groups. The first group in-
cluded 73 patients with chronic kidney 
disease (GFR < 60 ml/min/1,73m2), the 
second 31 patients with obesity (BMI 
> 30 kg/m2), 66 persons represented 
older patients group (> 65 years old) 
and 58 with early diabetes (< 10 years).
Results: For patients with obesity, treat-
ment was started with insulin and met-
formin combination; chronic kidney dis-
ease group with insulin monotherapy; 
in groups of old patients (> 65 years) 
and early diabetes patients with insulin 
monotherapy.
Insulin monotherapy was used for pa-
tients with C-peptide 0,1 – 0,9 ng/l; for 

patients with C-peptide 1 – 2 ng/ml was 
used metformin combination with in-
sulin, but patients with C-peptide more 
than 2 ng/ml were treated more often 
with DPP-4/metformin combination 
with insulin.
There was no correlation between HbA1c 
level and prescribed therapy.
For patients with TG level from 1,7 – 
5,6 mmol/l was used metformin togeth-
er with insulin, with TG < 1,7 mmol/l 
only insulin, but with TG > 5,7 mmol/l 
DPP-4/metformin combination with in-
sulin.
We found some correlation between pre-
scribed therapy and treating physicians: 
3 of 5 physicians treated their patients 
more often with insulin. One treated 
patients mostly with combination of 
insulin and metformin, while last with 
combination of DPP-4/metformin and 
insulin.
Conclusion: As T2DM is a special medi-
cal condition that requires an individual-
ized approach to each patient to achieve 
adequate glycaemia and HbA1c levels, 
most likely future T2DM treatment 
guidelines will be based on metabolic 
characteristics of each patient, although 
currently most physicians tend to pre-
scribe therapy based on their experience.
Keywords: type 2 diabetes mellitus treat-
ment, type 2 diabetes mellitus, endocri-
nology, diabetes

A B S T R A C T  2

Why do the patients with diabetes 
believe about themselves that they 
have neuropathy? (QoL-DN Survey 
in Romania)
I. A. Veresiu1, C. Bondor1, N. Gavan2, B. Florea1,  
E. Vinik3, A. Vinik3

1) University of Medicine and Pharmacy “Iuliu 
Hatieganu”, Diabetes, Nutrition and Metabolic 
Diseases, Cluj-Napoca, Romania

2) Society of Diabetic Neuropathy, Cluj-Napoca, 
Romania
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tients who mentioned ulcerations, gan-
grene or amputations in the past (13.25, 
3.7, 3.3 %) were significantly greater in 
group 1 compared with group 0 (3.67, 
1.0, 1.0 %). The individual symptoms 
analyses revealed a significant frequency 
in group 1, higher than in group 0 but 
lower than in group 2 (except the loca-
tion in the upper limbs).
Conclusion: The conclusions of our 
study are that a relatively important 
number of patients in our study have 
symptoms which they consider to be 
due to diabetic neuropathy, with an im-
portant impact on the quality of life, 
but which they either do not commu-
nicate to doctors or are not correctly 
interpreted.
Keywords: diabetes, neuropathy, quality 
of life

A B S T R A C T  3

Kardiovaskuläre autonome Dys­
funktion und Kleinfaserneuro­
pathie in gut kontrollierten 
Typ-2-Diabetikern: Es besteht ein 
Zusammenhang

A. Körei1, Z. Putz1, I. Istenes1, T. Martos1, M. Kem-
pler1, Z. Darai1, O. Vági1, R. Nagy1, K. Keresztesv,  
P. Kempler1

1) 1st Department of Medicine, Semmelweis Uni-
versity, Budapest, Hungary

Beschädigung der dünnen Nervenfasern 
ist die früheste Veränderung im Verlauf 
der Entwicklung der diabetischen Neu-
ropathie. Kardiovaskuläre autonome 
Neuropathie ist bei diabetischen Patien-
ten mit einer fünffach erhöhten Sterb-
lichkeit gegenüber Diabetikern ohne 
kardiovaskuläre Neuropathie verbun-
den. Es wurde bewiesen, dass schmerz-
hafte Symptome mit einer größeren 
Abnahme der Herzfrequenzvariabilität 
(HRV) assoziiert sind. Allerdings hat 
man kaum Assoziation zwischen dem 
Ergebnis der traditionellen kardiovas-
kulären Reflextests und der Kleinfaser-
funktion gefunden.
Ziel unserer Untersuchung war die 
detaillierte Charakterisierung des Zu-
sammenhanges zwischen Temperatur-
empfindungsschwellen, die die Funkti-
on der dünnen Fasern reflektieren, und 
den kardiovaskulären Reflextests bei 
Typ-2-Diabetikern.
Unsere Studie schloss 26 Typ-2-Diabe-
tiker mit einem Durchschnittsalter von 

64 ± 7 Jahren ein. Durchschnittliche Dia
betesdauer und HbA1c-Spiegel der Pa-
tienten waren 5 Jahre (Interquartilbe-
reich: 8 Jahre) bzw. 6,9 % (Interquartil-
bereich (IQB): 6,2; 7,4). Die periphere 
Kleinfaserfunktion wurde durch Bestim-
mung des Temperaturreizes mit Hilfe des 
Q-Sense-Gerätes (Medoc Ltd.) bewertet. 
Wärme- und Kälteempfindungsschwel-
len wurden für jede Hand und jeden 
Fußrücken bestimmt. Die kardiovasku-
läre autonome Funktion wurde mit den 
standardisierten kardiovaskulären Re-
flextests beurteilt, die die Reaktion der 
Herzfrequenz auf Ein- und Ausatmung, 
Valsalva-Manöver, 30/15-Quotienten 
und die orthostatische Blutdruckab-
nahme (Cardiosys, MDE Heidelberg) 
umfassten.
Wärmeempfindungstemperaturen der 
oberen und unteren Extremitäten kor-
relierten mit den Veränderungen der 
Herzfrequenz auf Ein- und Ausatmung 
(r = -0,413 und r = -0,436, p < 0,05). 
Wärmeempfindungsschwellen der obe-
ren Extremitäten zeigten eine signifi-
kante Assoziation mit dem Valsalva-
Quotienten (r = -0,419, p < 0,05). Dar-
über hinaus ergab sich eine signifikante 
Differenz zwischen den kleinfaserneu-
ropathiepositiven und -negativen Pa-
tienten bezüglich der orthostatischen 
Hypotonie (-9,2 (IQB: 1; 14) mmHg 
versus 0 (IQB: 0) mmHg, p = 0,004). 
Diese zwei Gruppen unterschieden sich 
in Bezug auf Alter (p = 0,737), glykä-
mische Kontrolle (p = 0,238), Diabe-
tesdauer (p = 0,167), BMI (p = 0,784), 
Rauchen (p = 0,677), systolische und 
diastolische Blutdruckwerte (p = 0,670 
und p = 0,285) nicht.
Unsere Ergebnisse weisen darauf hin, 
dass die Beschädigung der Kleinfasern 
mit Beeinträchtigung der kardialen au-
tonomen Funktion assoziiert ist und mit 
Resultaten der Reflextests bei gut kon
trollierten Diabetikern korreliert. Or-
thostatische Hypotonie ist in erster Linie 
bei Diabetikern zu erwarten, die abnor-
me Temperaturempfindungsschwellen 
haben. Die Kleinfaserfunktion sollte bei 
Patienten mit autonomer Dysfunktion 
bewertet werden, während kardiovasku-
läre Reflextests bei Patienten mit Tem-
peraturempfindungsstörungen durch-
zuführen sind.
Keywords: cardiovascular autonomic 
neuropathy, small-fibre neuropathy

A B S T R A C T  4

Serum levels of IL-6 and sICAM-1 
are associated with painful poly­
neuropathy and pain intensity in 
the elderly: KORA F4 Study

C. Herder1,2, B. W. C. Bongaerts1, W. Rathmann1,  
M. Heier3, B. Kowall1, W. Koenig4, B. Thorand3,5,  
M. Roden1,2,6, C. Meisinger3, D. Ziegler1,2,6

1) German Diabetes Center, Düsseldorf, Germany

2) German Center for Diabetes Research, Düssel-
dorf, Germany

3) Helmholtz Zentrum München, Neuherberg, 
Germany

4) University of Ulm Medical Center, Ulm, 
Germany

5) German Center for Diabetes Research, Neuher-
berg, Germany

6) University Hospital Düsseldorf, Germany

Background and aims: Distal sensorimo
tor polyneuropathy (DSPN) represents 
the most common diabetic microvascu-
lar complication affecting at least one 
third of patients with type 2 diabetes. 
Painful DSPN is encountered in a con-
siderable proportion of patients with 
DSPN and leads to substantial impair-
ment in quality of life due to limited 
treatment options. Factors contributing 
to painful DSPN are incompletely un-
derstood. The aim of our study was to 
investigate whether circulating levels of 
biomarkers of subclinical inflammation 
were associated with painful DSPN in 
old age.
Methods: The study population consist-
ed of individuals with painless (n = 337) 
and painful DSPN (n = 54) from a source 
population of men and women aged 
61 – 82 years who participated in the 
population-based KORA F4 survey 
(2006 – 2008). We measured circulat-
ing levels of seven immune mediators 
and assessed their associations with the 
presence of painful DSPN and pain in-
tensity using multiple regression models.
Results: After adjustment for age and 
sex (model 1), we found positive associ-
ations between serum concentrations of 
interleukin (IL)-6 and the soluble inter-
cellular adhesion molecule (sICAM)-1 
and painful DSPN (P = 0.005 and 
P = 0.004, respectively), whereas no as-
sociations were observed for C-reactive 
protein (CRP), IL-18, tumour necrosis 
factor-α (TNF-α), adiponectin and IL-1 
receptor antagonist (IL-1RA, P between 
0.07 and 0.38). Associations between 
IL-6, sICAM-1 and painful DSPN re-



Kirchheim- 

Verlag

F I D

217Diabetes, Stoffwechsel und Herz, Band 24, 3/2015  www.diabetologie-online.de

mained significant in model 2 after ad-
ditional adjustment for waist circumfer-
ence, height, hypertension, cholesterol, 
smoking, alcohol intake, physical ac-
tivity, history of myocardial infarction 
and/or stroke, presence of other neuro-
logical conditions and use of non-steroi-
dal anti-inflammatory drugs (P = 0.016 
and P = 0.005, respectively). High serum 
levels of IL-6 and sICAM-1 were also 
positively associated with pain intensi-
ty (P = 0.003 and P = 0.041, respective-
ly), whereas no significant associations 
were found for the other biomarkers (P 
between 0.06 and 0.91).
Conclusion: Our data indicate a differ-
ential association of biomarkers of sub-
clinical and vascular inflammation with 
the presence of painful DSPN and pain 
intensity in older individuals from the 
general population. Mechanistic studies 
exploring the relationship between in-
flammation, peripheral and central sen-
sitisation appear relevant to improve our 
limited understanding of the underlying 
pathophysiology and to identify poten-
tial novel therapeutic targets.
Keywords: inflammation, cytokines, 
polyneuropathy, epidemiological study
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Dietary modulators of insulin sen-
sitivity and insulin secretion during 
the first two years in patients with 
newly diagnosed type 1 and type 2 
diabetes

K. S. Weber1,2, B. Nowotny1,2, K. Strassburger2,3,  
A. E. Buyken4, M.-C. Simon1,2, G. Pacini5,  
J. Szendrödi1,2,6, K. Müssig1,2,6, M. Roden1,2,6

1) German Diabetes Center at Heinrich Heine 
University, Leibniz Institute for Diabetes Research, 
Institute for Clinical Diabetology, Düsseldorf, 
Germany

2) German Center for Diabetes Research, Partner 
Düsseldorf, Germany

3) German Diabetes Center at Heinrich Heine 
University, Leibniz Institute for Diabetes Research, 
Institute for Biometrics and Epidemiology, Düssel-
dorf, Germany

4) University of Bonn, DONALD Study, IEL – Nutri-
tional Epidemiology, Bonn, Germany

5) National Research Council, Metabolic Unit, 
Institute of Biomedical Engineering, Padua, Italy

6) University Hospital, Department of Endocrinol-
ogy and Diabetology, Düsseldorf, Germany

Background and aims: Dietary habits 
relate to the prevention and the man-
ifestation of diabetes. However, their 
impact on the early development of in-
sulin sensitivity and insulin secretion in 

type 1 (T1D) and type 2 diabetes melli-
tus (T2D) remain to be elucidated. Thus, 
we analyzed the impact of the consump-
tion frequencies of selected food groups 
on insulin sensitivity and secretion in 
patients with diabetes during the first 
two years after diagnosis.
Material and methods: In a prospective 
observational study, glycemic control, in-
sulin sensitivity and secretion from intra-
venous glucose tolerance and glucagon 
stimulation testing, and food consump-
tion frequencies derived from a food pro-
pensity questionnaire were measured in 
127 (31 % T1D) patients with diabetes. 
Multivariable regression models were 
used to assess the prospective associa-
tions of food consumption frequencies 
at baseline with changes in glycemic con-
trol, insulin sensitivity and secretion be-
tween baseline and two-year follow-up.
Results: Patients with T1D and T2D ex-
hibited good glycemic control (A1c in 
T1D: 7.1 ± 1.6 % and T2D: 6.4 ± 1.0 %) 
at diagnosis and two years later (A1c in 
T1D: 7.0 ± 1.2 % and T2D: 6.7 ± 1.2 %). 
In T1D, increased consumption frequen-
cy of refined grains by one time/day at 
baseline associated with an increase in 
A1c by 0.60 % (95 % CI: 0.04; 1.16, 
P = 0.035) within the first two years af-
ter diabetes diagnosis when adjusted for 
age, sex, body mass index, and type of 
glucose-lowering medication. In T2D, 
increased consumption frequency of 
meat and meat products by one time/day 
at baseline related to a lower beta cell 
adaptation index by 7.25 % (95 % CI: 
-13.16; -0.93, P = 0.026) after two years.
Conclusion: During the initial course 
of the disease, intake of refined grains 
may negatively affect glycemic control in 
T1D, whereas intake of meat and meat 
products may contribute to impaired 
beta cell function in T2D.
Keywords: insulin resistance, beta-cell 
function, HbA1c, lifestyle
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Proteolytic cleavage of osteopon-
tin in adipose tissue enhances its 
inflammatory effects on human 
adipocytes which can be blocked 
with a monoclonal antibody

L. Leitner1, K. Schuch1,2, A. Jürets1, B. K. Itariu1,  
M. Keck3, V. Grablowitz4, O. C. Aszmann3, G. Prager3, 
G. Staffler5, M. Zeyda1, T. M. Stulnig1

1) Medical University of Vienna, Department of 
Internal Medicine III, Vienna, Austria

2) FH Campus Wien, University of Applied Sci-
ences, Department Health, Section Biomedical 
Science, Vienna, Austria

3) Medical University of Vienna, Department of 
Surgery, Vienna, Austria

4) Hospital Göttlicher Heiland, Department of Sur-
gery, Vienna, Austria

5) AFFiRiS AG, Vienna, Austria

Background and aims: Obesity-driven 
adipose tissue (AT) inflammation re-
sults in adipocyte dysfunction and insu-
lin resistance. Osteopontin (OPN) is an 
inflammatory cytokine, which is highly 
upregulated in AT in obesity where it 
contributes to chronic subclinical in-
flammation and has been shown to di-
rectly affect adipocyte function by in-
ducing inflammatory signaling and de-
creased insulin sensitivity. Based on the 
fact that OPN’s activity could be ampli-
fied by matrix-metalloprotease (MMP) 
cleavage, this study aimed at investigat-
ing the presence of OPN cleavage pro
ducts in human adipose tissue in obesity 
and its impact on adipocyte function.
Material and methods: AT from se-
verely obese and non-obese donors 
was analyzed for gene expression of 
OPN and MMPs. OPN fragments in 
AT were detected via Western blot and 
immunohistochemistry. Primary human 
in-vitro differentiated adipocytes were 
stimulated with human recombinant 
OPN or MMP-7 cleaved OPN (MMP-
cOPN). Inflammatory signaling, gene 
expression, insulin-stimulated signal-
ing respectively glucose uptake and in-
tegrin receptor binding were analyzed 
including their blockade by a monoclo-
nal antibody directed against the free 
MMP-cleavage site of OPN (CMIP 9-3).
Results: OPN expression in human obesi-
ty highly correlates with MMP-9 expres-
sion, known to be capable of OPN cleav-
age. Moreover, we detected increased lev-
els of OPN cleavage products including 
free MMP cleavage sites in AT of obese 
compared to lean individuals. Stimulat-
ing adipocytes with OPN, most likely via 
binding of αv-integrin chains, resulted 
in p38 and ERK phosphorylation and 
increased expression of MMP-9 and 
CCL-5 while adiponectin, GLUT-4 and 
PPARγ expression was decreased, in par-
allel with decreased insulin-stimulated 
glucose uptake. All these effects were en-
hanced by MMP-cleavage of OPN. CMIP 
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9-3 significantly blocked inflammatory 
effects of MMP-cOPN on adipocytes.
Conclusions: Our findings show that 
MMP cleavage takes place in obese adi
pose tissue thereby enhancing OPN’s in-
flammatory and pro-diabetic activity in 
adipocytes. Specifically targeting MMP-
cleaved OPN opens avenues for preven-
tion and treatment of obesity-induced 
insulin resistance and type 2 diabetes.
This work is supported by the Federal 
Ministry of Economy, Family and Youth 
and the National Foundation for Re-
search, Technology and Development 
(to T. M. S.).
Keywords: osteopontin, matrix metal-
loproteinase, adipocyte, inflammation, 
diabetes
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Adiponectin may mediate the as-
sociation between omentin, circu-
lating lipids and insulin sensitivity: 
KORA F4 Study
C. Herder1,2, D. M. Ouwens1,2,3, M. Carstensen1,2, 
B. Kowall1,2, C. Huth4,5, C. Meisinger4,5, W. Rath-
mann1,2, M. Roden1,2,6, B. Thorand4,5

1) German Diabetes Center, Düsseldorf, Germany

2) German Center for Diabetes Research (DZD), 
Düsseldorf, Germany

3) Ghent University Hospital, Ghent, Belgium

4) Helmholtz Zentrum München, Neuherberg, 
Germany

5) German Center for Diabetes Research (DZD), 
Neuherberg, Germany

6) University Hospital Düsseldorf, Germany

Background and aims: Reduced circu-
lating omentin levels have been report-
ed in obesity and type 2 diabetes, but 
data were mostly derived from univar-
iate analyses in small study samples. 
This study aimed to investigate the re-
lationship between omentin, abnormal 
glucose tolerance and related metabol-
ic factors in a large population-based 
cross-sectional study.
Methods: Serum omentin was measured 
by ELISA in 1 092 participants of the 
German KORA F4 survey (2006 – 2008). 
Associations between omentin serum 
levels, glucose tolerance (assessed with 
an oral glucose tolerance test) and dia-
betes-related factors were assessed using 
logistic and linear regression models, 
respectively.
Results: Serum levels of omentin were 
not related to categories of glucose tol-
erance. However, serum omentin was 

positively associated with whole-body 
insulin sensitivity index (ISI(compos-
ite)) and HDL cholesterol and showed 
inverse associations with two-hour post-
load glucose, fasting insulin, HOMA-IR, 
body mass index (BMI) and triglycerides 
(all P ≤ 0.03 after adjustment for age, 
sex and lifestyle factors). Further ad-
justment for BMI and/or serum lipids 
attenuated the associations with para
meters of glucose metabolism. Adjust-
ment for waist-hip ratio or waist-height 
ratio as alternative indices of obesity or 
adjustment for kidney function assessed 
by estimated glomerular filtration rate 
(CKD-EPI) had no impact on our re-
sults. Finally, adding serum adiponectin 
to regression models virtually abolished 
all aforementioned associations. In con-
trast, adjustment for omentin did not 
alter the positive association between 
adiponectin levels and ISI(composite).
Conclusion: The data from this large 
population-based cohort show that cir-
culating omentin levels are associated 
with insulin sensitivity. Our observa-
tions further suggest that omentin acts 
via upregulation of adiponectin, which 
in turn affects lipid metabolism and 
thereby also indirectly enhances insulin 
sensitivity, but mechanistic studies are 
required to corroborate this hypothesis.
Keywords: omentin, adiponectin, insulin 
resistance, diabetes, lipids
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Non-obese diabetic mice lacking 
the innate immune receptor TLR4 
exhibit hyperlipidemia and altered 
gut morphology
M.-C. Simon1, J. Wartha1, A. Strom1, W. Fingberg1, 
J. Weiss2, M. Roden1,3, V. Burkart1

1) Institute for Clinical Diabetology, German 
Diabetes Center Leibniz-Center for Diabetes Re-
search at the Heinrich-Heine University, Düssel-
dorf, Germany

2) Institute for Clinical Biochemistry and Patho-
biochemistry, German Diabetes Center Leib-
niz-Center for Diabetes Research at the Hein-
rich-Heine University, Düsseldorf, Germany

3) University Hospital Düsseldorf, Department 
of Endocrinology and Diabetology, Düsseldorf, 
Germany

Background and aims: Our previous 
studies in non-obese diabetic (NOD) 
mice lacking the innate immune recep-
tor toll-like receptor (TLR) 4 showed an 
accelerated diabetes development and 
point to a role of the receptor in the in-

duction of diabetes-promoting autoim-
munity as well as metabolic disorders 
such as hyperlipidemia. Peripheral levels 
of fatty acids (FA) and triglycerides (TG) 
are largely dependent on the efficiency 
of lipid resorption via the intestinal bar-
rier which is supposed to be affected by 
TLR4. We therefore tested the hypothesis 
that TLR4 deficient mice exhibit gastro-
intestinal abnormalities driving diabetes 
development. In a comparative approach 
we investigated the impact of the TLR4 
expression status on gut morphology in 
NOD mice and in mice of a control strain 
without risk to develop diabetes.
Methods: Female TLR4 expressing 
(TLR4+/+) and TLR4 deficient (TLR4-
/-) C57BL10 and prediabetic (normo-
glycemic) NOD mice were monitored 
for diabetes development and peripheral 
lipid levels. In parallel, morphometric 
analyses of frozen sections from the in-
testine were performed.
Results: Female TLR4-/-NOD mice de-
veloped diabetes earlier (mean age of 
diabetes manifestation 152 ± 28 days) 
and exhibited higher peripheral levels of 
triglycerides (TG) (78.4 ± 3.6 mg/dl) and 
free fatty acids (FFA) (0.75 ± 0.04 mmol/l) 
than their TLR4 expressing littermates 
(mean age of diabetes manifestation 
208 ± 40 days).
Conclusion: Our results demonstrate 
that hyperlipidemia in TLR4 deficient 
NOD mice is associated with atrophy of 
the ileal tunica muscularis, the intestinal 
muscle layer regulating gut motility. Our 
findings point to the involvement of the 
TLR4 in the development of gastrointes-
tinal disorders and accelerated diabetes 
in this model of T1D.
Keywords: non-obese diabetic mouse, 
toll-like receptor 4, animal model of 
type 1 diabetes, gut morphology
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Intranasal insulin lowers liver fat 
content and stimulates hepatic 
energy metabolism in healthy 
humans, but not in type 2 diabetes 
patients

S. Gancheva1,2, C. Koliaki1,2,3, A. Bierwagen1,2,  
P. Nowotny1,2, M. Heni4,5,6, A. Fritsche4,5,6,  
H.-U. Haering4,5,6, J. Szendroedi1,2,3, M. Roden1,2,3
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2) German Center for Diabetes Research 
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3) University Hospital Düsseldorf, Department 
of Endocrinology and Diabetology, Düsseldorf, 
Germany

4) Eberhard Karls University, Tübingen, Depart-
ment of Internal Medicine, Tuebingen, Germany

5) German Center for Diabetes Research 
(DZD e. V.), Neuherberg, Germany

6) Paul Langerhans Institute Tuebingen, Germany

Background and aims: Studies in rodents 
suggest that insulin controls hepatic glu-
cose metabolism through brain-liver 
crosstalk. Human studies using intra-
nasal insulin to mimic central insulin 
delivery provided conflicting results, by 
reporting either reduction of endoge-
nous glucose production (EGP) or no 
acute changes in glucose metabolism.
Material and methods: In this random-
ized controlled cross-over trial we in-
vestigated effects of intranasal insulin 
on hepatic insulin sensitivity and energy 
metabolism in 10 patients with type 2 dia
betes (T2D) and 10 lean healthy humans 
(CON). All participants were studied on 
two study days according to identical pro-
tocols, except for the intranasal adminis-
tration of 160 IU human insulin (Actrapid, 
Novo Nordisk, Denmark) or placebo. On 
a third day, a subgroup of 8 CON received 
0.1 IU of human insulin intravenously in 
order to study the metabolic effects of a 
transient increase in serum insulin, ob-
served upon intranasal insulin applica-
tion. Rates of EGP were monitored using 
[6,6-2H2]glucose. Hepatocellular lipids 
(HCL) and hepatic concentrations of ad-
enosine triphosphate (ATP) and inorganic 
phosphate were assessed with 31P/1H mag-
netic resonance (MR) spectroscopy on a 
clinical MR-scanner (Philips Healthcare, 
Best, The Netherlands).
Results: Intranasal insulin transiently in-
creased serum insulin, followed by grad-
ual lowering of blood glucose in CON 
only. Fasting hepatic insulin sensitivity 
index (HIS) was not affected by intra-
nasal insulin in CON and patients with 
T2D. Only in CON, HCL decreased by 
35 %, whereas absolute hepatic ATP 
concentrations increased by 18 % at 
three hours after intranasal insulin. In 
the subgroup of CON, who received 
intravenous insulin, similar changes in 
serum insulin, blood glucose and plasma 
free fatty acids were observed compared 
to intranasal insulin condition. Intrave-
nous insulin administration resulted in a 
34 % increase in HCL, without altering 
hepatic ATP concentrations.

Conclusion: Intranasal insulin does not 
affect HIS but rapidly reduces HCL and 
stimulates hepatic energy metabolism in 
healthy humans, which is independent 
of peripheral insulinemia. These effects 
are blunted in patients with T2D, which 
may result from the impairment of the 
indirect effects of insulin on peripheral 
metabolism.
Keywords: intranasal insulin, hepatic 
insulin sensitivity, liver fat, hepatic 
energy metabolism
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Serum progranulin concentrations 
decrease after a 6-month exercise 
program in overweight or obese 
sedentary subjects
T. Temelkova-Kurktschiev1, T. Stefanov2,  
A. Vekova2, I. Bonova2, S. Tzvetkov2, D. Kurktschiev1, 
M. Blüher3

1) Robert Koch Medical Center, Sofia, Bulgaria

2) National Sports Academy, Sofia, Bulgaria

3) University of Leipzig , Department of Medicine, 
Leipzig, Germany

Background and aims: Progranulin, a 
multifunctional protein with crucial role 
in multiple physiologic and pathologic 
processes, was recently suggested to 
link obesity with inflammation, insu-
lin resistance and atherosclerosis. Exer-
cise reduces circulating progranulin in 
type 2 diabetes. We examined the effect 
of exercise on circulating progranulin in 
non-diabetic subjects, and the relation 
of progranulin with cardiometabolic pa-
rameters.
Material and methods: Serum progra
nulin was measured in 79 overweight 
or obese, sedentary non-diabetic indi-
viduals who participated in a 6-month 
exercise program (exercise group = EG, 
n = 51) or served as controls (n = 28). The 
relation of progranulin with various car-
diometabolic risk factors was examined 
in a non-diabetic population (n = 104) 
with a wide range of age and body mass 
index (BMI).
Results: After the exercise program cir-
culating progranulin decreased in the 
EG (P < 0.001) and controls (P = 0.002), 
the progranulin decrease in the EG be-
ing significantly greater (P = 0.023) vs. 
controls. The change (Δ) in progranulin 
correlated with ΔBMI, Δwaist, ΔC-reac-
tive protein (CRP), Δleptin and Δmax-
imal aerobic capacity (inversely). In 

multivariable linear regression analy-
ses ΔCRP was an independent determi-
nant of Δprogranulin after the exercise 
program. Serum progranulin correlat-
ed with age, BMI, waist, fat mass, total 
cholesterol, LDL cholesterol, insulin, 
HOMA-insulin resistance, leucocytes 
count and CRP.
Conclusions: A 6-month exercise pro-
gram reduces serum progranulin in 
overweight or obese, sedentary non-
diabetic subjects and these changes are 
independently associated with reduced 
low-grade inflammation. Serum pro-
granulin correlates with various car-
diometabolic risk factors, in particular 
with subclinical inflammation. These 
data further suggest a role of progranu
lin as proinflammatory adipokine link-
ing chronic inflammation to cardiome
tabolic diseases.
Keywords: progranulin, adipokines, 
exercise, obesity, chronic inflammation, 
atherosclerosis
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Eicosapentaenoic acid but not 
docosahexaenoic acid promotes a 
brite phenotype in primary human 
adipocytes
M. Elsen1, D. Dinnies1, T. Jelenik2, M. Roden2,3,  
T. Romacho1, J. Eckel1

1) German Diabetes-Center, Paul-Langerhans 
Group for Integrative Physiology, Düsseldorf, 
Germany

2) German Diabetes-Center, Institute for Clinical 
Diabetology, Düsseldorf, Germany

3) Heinrich-Heine University Düsseldorf, Depart-
ment of Endocrinology and Diabetology, Düssel-
dorf, Germany

Background and aims: Both, increas-
ing brown adipose tissue (BAT) mass/
activity and inducing UCP1-express-
ing brown-like (brite/beige) adipocytes 
within white adipose tissue (WAT) re
present strategies to counteract obesity. 
Studies in rodents have shown that sup-
plementation with the n-3 polyunsatu-
rated fatty acids (PUFAs) eicosapentae-
noic adic (EPA) and docosahexaenoic 
acid (DHA) reduces obesity. Further-
more, adaptive thermogenesis in BAT 
and oxidative metabolism in WAT are 
increased after n-3 PUFA intake. There-
fore, we aimed to assess the direct effect 
of the n-3 PUFAs EPA (20:5n-3) and 
DHA (22:6n-3) in comparison to ara-
chidonic acid (ARA, 20:4n-6) and oleic 
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acid (OA, 18:1n-9) on WAT browning 
in humans.
Material and methods: Primary human 
adipose-derived stem cells (hASCs) iso-
lated from the subcutaneous depot were 
challenged with EPA, DHA, ARA or OA 
at 20 µM during adipocyte differentia-
tion (12 days). Lipid accumulation was 
measured by Oil Red O staining, adi
pogenic and brown marker gene ex-
pression were assessed by qRT-PCR as 
well as Western Blot, and mitochondrial 
function was measured using the XFe96 
Flux Analyzer.
Results: Treatment of hASCs with EPA, 
DHA, and ARA increased lipid accu-
mulation and HSL protein levels, indi-
cating enhanced adipogenesis. As ex-
pected, adiponectin protein levels were 
only higher in hASCs exposed to EPA 
and DHA. Interestingly, hASCs treated 
with ARA displayed larger lipid drop-
lets. Importantly, UCP1 and CPT1B 
mRNA levels were solely upregulated by 
EPA, while ARA significantly enhanced 
mRNA expression of the WAT-specific 
marker TCF21. The beneficial effects 
of EPA on UCP1 and CPT1B expres-
sion were abrogated when EPA was 
combined with ARA. Protein levels of 
OXPHOS complexes in total, an indi-
cator of mitochondrial density, were 
not altered by any of the fatty acids. 
However, citrate synthase activity was 
increased in EPA treated hASCs. More-
over, maximum respiratory capacity was 
reduced in hASCs challenged with ARA 
compared control.
Conclusion: In summary, solely the n-3 
PUFA EPA but not DHA promotes a 
brite gene expression pattern and im-
proves mitochondrial function, pro-
viding a potential mechanism for the 
beneficial anti-obesity effects of dietary 
n-3 PUFAs. Moreover, these results may 
help to improve nutritional recommen-
dations for a healthy ratio of EPA/ARA 
intake.
Keywords: primary human adipocytes, 
polyunsaturated fatty acids, brite adipo-
cytes, mitochondrial function

A B S T R A C T  1 2

Decline of extracellular superoxide 
dismutase (SOD3) concentrations 
in recently diagnosed diabetic sub-
jects over 2 years

A. Strom1, S. Püttgen1, J. Brügemann1, I. Ziegler1, 
B. Ringel1, J. Szendrödi1, M. Roden1, D. Ziegler1

1) German Diabetes Center, Düsseldorf, Germany

Introduction: Oxidative stress is thought 
to play a key role in the pathogenesis 
of diabetic neuropathy. We determined 
the course of extracellular superoxide 
dismutase (SOD3) concentrations in re-
lation to nerve conduction in recently 
diagnosed diabetic subjects over 2 years.
Material and methods: We prospec-
tively assessed serum concentrations of 
SOD3 and nerve conduction attributes 
over 2 years in 40 type 1 diabetes (T1D) 
and 88 type 2 diabetes (T2D) subjects 
of the German Diabetes Study (GDS). 
Baseline characteristic [T1D/T2D] – age: 
35.0 ± 12.0/54.2 ± 9.7 [SD] years; male: 
55/73 %; BMI: 24.8 ± 4.0/31.3 ± 5.8 kg/
m², diabetes duration: 5.4 ± 3.7/5.0 ± 3.7 
months; HbA1c: 7.0 ± 1.6/6.5 ± 1.0 % 
(53.5  ±  17.5 /47.0  ±  10.8  mmol /
mol). Two-year fol low-up – 
BMI:  26.2 ± 3.8/31.5 ± 5.5 kg/
m², HbA1c: 7.0 ± 1.2/6.6 ± 1.1 % 
(53.0 ± 13.4/46.6 ± 12.0 mmol/mol).
Results: SOD3 concentrations at base-
line (T1D: 51.5 ± 30.7 ng/ml; T2D: 
54.8 ± 32.5 ng/ml) and two years fol-
low-up (T1D: 35.5 ± 16.1 ng/ml; T2D: 
33.1 ± 15.4 ng/ml) were similar be-
tween the groups. However, compared 
to baseline, SOD3 levels declined in 
both groups (P < 0.0001). Linear re-
gression analyses (adjusted for sex, 
age, and BMI) revealed that at baseline 
in patients with T2D low SOD3 con-
centrations were associated with re-
duced peroneal (β = 0.412/P < 0.0001), 
median (β = 0.257/P < 0.05), and ul-
nar (β = 0.407/P < 0.0001) motor 
nerve conduction velocity (NCV) 
and sural (β = 0.407/P = 0.001) sen-
sory NCV. In addition, reduced 
median (β = 0.326/P = 0.008), ul-
nar (β = 0.364/P = 0.001), and sural 
(β = 0.373/P = 0.001) sensory nerve am-
plitude were associated with low base-
line SOD3 concentrations. Low baseline 
SOD3 concentrations were associated 
with reduced ulnar motor NCV over 
2 years (β = 0.372/P = 0.001). No asso-
ciations between the changes in SOD3 
and changes in NCV were found.
Conclusions: In conclusion, in patients 
with recently diagnosed T2D, low SOD3 
serum concentrations were associated 
with nerve conduction slowing, declined 

over 2 years despite good glycemic con-
trol, and predicted the progression of 
ulnar motor NCV deficits.
Keywords: diabetic neuropathy, oxida-
tive stress, SOD3
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Soluble dipeptidyl peptidase-4 
promotes endothelial dysfunction 
through the release of vasoconstric-
tor prostanoids: protective effect of 
dipeptidyl peptidase inhibitors

T. Romacho1, S. Vallejo2, L. Villalobos2, I. Indraku-
suma1, N. Wronkowitz1, H. Sell1, J. Eckel1, C. F. San-
chez-Ferrer1, C. Peiro2

1) German Diabetes Center, Paul Langerhans 
Group for Integrative Physiology, Düsseldorf, 
Germany

2) Universidad Autonoma de Madrid, Pharmaco
logy and Therapeutics, Madrid, Spain

Background and aims: Soluble dipep-
tidyl peptidase (sDPP)-4 is a novel adi
pokine whose release is increased in 
patients with the metabolic syndrome. 
The potential cardioprotective effects of 
DPP-4 inhibitors are currently under de-
bate, little is known on the direct effects 
of DPP-4 on the vascular wall. We aimed 
to explore if sDPP-4 can directly impair 
vascular reactivity, as an early hallmark 
of endothelial dysfunction.
Material and methods: Vascular reactiv-
ity was explored in mesenteric microves-
sels from 3 months old female mice with 
a small vessel myograph. TXA2 release 
was monitored in human coronary en-
dothelial (HCAEC) cells by EIA. COX-2 
expression was assessed in HCAEC by 
qRT-PCR.
Results: sDPP-4 (20 – 500 ng/ml) did 
not affect the contractility to noradren-
aline (3 – 30 μM) neither the endothe-
lium independent relaxations induced 
by sodium nitroprusside (1 – 100 μM) 
in microvessels. However, sDPP-4 im-
paired in a concentration-dependent 
manner the endothelium-dependent 
relaxation elicited by acetylcholine 
(ACh; 1 nM – 10 μM) with pD2 values 
of 6.88 ± 0.17, 6.86 ± 0.25, 6.24 ± 0.18, 
5.54 ± 0.31 for 0, 20, 100 and 200 ng/
ml sDPP-4, respectively. At 500 ng/ml, 
sDPP-4 reduced the maximal relaxation 
induced by ACh from 78.20 ± 8.83 % 
to 20.29 ± 3.94 %. The inhibition of 
cyclooxygenase and the blockade of 
thromboxane TP receptors with indo
methacin (10 μM), celecoxib (3 μM) 
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and SQ29548 (100 nM), respectively, 
prevented the impaired relaxation to 
ACh evoked by a submaximal concen-
tration of sDPP-4 (200 ng/ml). Accord-
ingly, sDPP-4 (500 ng/ml) stimulated the 
release of thromboxane A2 (TXA2) in 
cultured human coronary artery endo-
thelial cells (HCAEC), although sDPP-4 
did not induce the expression of COX-2 
in the cells. Both DPP-4 inhibitors K579 
(100 nM) and linagliptin (10 nM) pre-
vented both TXA2 release and the im-
paired relaxation caused by sDPP-4. Im-
portantly, GB83 an antagonist of the 
protease activated receptor 2 (PAR2; 
10 nM), prevented the deleterious effect 
of DPP-4 on endothelium-dependent re-
laxation.
Conclusion: sDPP-4 arises as a promi-
nent player in endothelial dysfunction 
by inducing the release of COX-derived 
vasoconstrictor prostanoids. Moreover 
we propose that this deleterious effect 
is mediated through the activation of 
PAR2 and can be prevented by DPP-4 
inhibitors. Therefore, DPP-4 inhibitors 
and PAR2 antagonists might prevent 
the deleterious actions of sDPP-4 on en-
dothelial function in clinical conditions 
where sDPP-4 is upregulated such as 
metabolic alterations such as obesity 
and/or type 2 diabetes.
Keywords: DPP-4, adipokines, obe-
sity, endothelial dysfunction, throm
boxane A2, cyclooxygenases
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Glucose metabolism after renal 
denervation

S. Eckert1, G. Fischer1, D. Horstkotte1

1) University, Cardiology, Bad Oeynhausen, Ger-
many

Objective: Renal denervation has been 
established in the treatment of resistant 
hypertension. Reduction in blood pres-
sure is seen first after months up to one 
year. In addition single findings suggest 
a positive influence on glucose meta
bolism.
However, effects of renal denervation on 
glucose metabolism are unclear.
Design and method: In this prospec-
tive cohort study with 47 patients suf-
fering from resistent hypertension, 20 
women and 27 men, 62 years old (SEM 
± 1.4), first diagnosed 13.8 years ago 

(SEM ± 1.7), receiving 5.3 (SEM ± 0.2) 
hypertension lowering agents, HbA1c 
concentration was measured and a oral 
glucose tolerance test was carried out at 
standardised conditions before interven-
tion and after 6 and 12 months. Data 
analysis were performed with Graphpad 
Prism Software using the Student’s t-test.
Results: In patients with type 2 diabe-
tes we found a significant reduction 
in systolic blood pressure values at 
six and twelve months after renal de-
nervation (baseline 178 ± 8 mmHg to 
152 ± 21 mmHg after twelve months), 
no differences in HbA1c concentration 
in patients with or without diabetes and 
a significant reduction of postprandial 
blood glucose levels (oral glucose tol-
erance test) in patients with impaired 
glucose tolerance (76 ± 20 mg/dl to 
28 ± 26 mg/dl.
Conclusions: We performed cathe-
ter-based renal denervation in 47 pa-
tients without any complication. The 
procedure is effective and safe in pa-
tients either with or without type 2 dia-
betes mellitus. In patients with impaired 
glucose tolerance a significant reduction 
of postprandial blood glucose levels is 
observed.
Keywords: resistant hypertension, renal 
denervation, blood pressure, HbA1c
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13C-MRS natural abundance liver 
glycogen measurements at 3.0 T
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1) Institute of Clinical Diabetology, German Dia-
betes Center, Düsseldorf, Germany

2) German Diabetes Center, Düsseldorf, Germany

3) Department of Endocrinology and Diabetolo-
gy, University Hospital, Düsseldorf, Germany

Introduction: The assessment of hepatic 
glycogen fluxes is of great interest re-
garding the pathophysiology of meta-
bolic diseases like type 2 diabetes [1, 2]. 
13C MRS is the only method to non-in-
vasively measure changes in net hepatic 
concentrations, with experiments tra-
ditionally conducted on MR-systems 
designed for spectroscopy. Results with 
clinical scanners prove more challeng-
ing due to limited ranges of sequence 
parameters and RF pulses. However, 
the expansion to FDA approved scan-

ners could play a vital role in clinical 
research. Therefore, the goal of this 
study was to develop a robust 13C MRS 
method to detect net hepatic glycogen 
breakdown on a 3.0 T clinical scanner.
Subjects: Healthy, lean volunteers (n = 7, 
age: 26 ± 1 yr, BMI: 21.9 ± 0.8 kg/m2), 
maintained a diet of 60 % carbohydrates 
for three days prior to the study. On the 
night before the 19 hr fast, a 800 kcal 
meal was consumed.
Material and methods: 13C liver glyco-
gen MRS measurements were made the 
next morning at 13 hr, 16.5 hr, and 19 hr 
into the fast. A 7 cm 13C coil with 1H de-
coupling (PulseTeq, UK) was positioned 
over the liver and verified with scout im-
ages. Pulse acquire measurements (TR: 
230 ms, BW: 8 kHz, NSA: 4 000, de-
coupling: CW, scan time: 15 min) with 
a COV = 12 % [3] were acquired on a 
3.0 T Achieva MRI (Philips Healthcare, 
The Netherlands). Coil loading was cor-
rected via integration of the right most 
peak of a 13C enriched sample of for-
mic acid placed in the coil housing. Gly-
cogen concentration was determined 
from the integration of the C1-glyco-
gen resonance after the addition of two 
scans (2 x 4 000) (NUTS, Acorn NMR 
Inc, USA). The glycogen signal was cor-
rected for distance, and quantified via 
aqueous glycogen phantom measure-
ments of 70 and 140 mM measured at 
a distances of 15 – 37 mm. Corrections 
for liver volume were made with a high 
resolution T2 weighted turbo spin echo 
sequence.
Results: A 13C MRS spectrum with 
the proton decoupled C1-glycogen 
peak is shown along with the invert-
ed methyl and methylene peaks from 
adipose tissue. Glycogen concentra-
tions were detected with SNRs rang-
ing from 32 : 1 at 514 mM, to 5 : 1 at 
106 mM, with an average linewidth of 
58.77 ± 6.98 Hz. Liver volume correct-
ed rates of net hepatic glycogen break-
down were 5.53 ± 0.22 μmol/kg BW/
min (mean ± SEM), with a range of 
3.16 – 7.44 μmol/kg BW/min.
Discussion: A method for accessing net 
hepatic glycogen breakdown through 
13C MRS on a 3.0 T clinical scanner is 
shown. In vivo hepatic glycogen peaks 
were measured at SNRs that allowed 
for reproducible and accurate abso-
lute quantification. Results of net he-
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patic glycogen breakdown, corrected 
for liver volume and body weight, were 
also consistent with previous studies [2]. 
These findings prove that methods out-
lined here can be implemented for use 
in clinical studies, to detect changes in 
the rate of net hepatic glycogen break-
down caused by intervention in healthy 
lean subjects.
References: 1. Rothman DL et al., Sci-
ence 1991; 2. Flück C et al., Pediatric 
Diabetes 2003; 3. Begovatz P et al., 
ESMRMB 2012, abstract #92
Keywords: liver, glycogen, glucose pro-
duction
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Associations between the anti­
inflammatory adipokine Sfrp5 and 
chemotactic proteins in humans
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6) University Hospital Düsseldorf, Department 
of Endocrinology and Diabetology, Düsseldorf, 
Germany

Background and aims: Secreted frizzled 
related-protein 5 (Sfrp5) has been identi-
fied as adipokine with anti-inflammato-
ry properties in mice. Accordingly, Sfrp5 
lowers the secretion of interleukin (IL)-6 
after stimulation with the proinflam-
matory cytokine tumor necrosis factor 
(TNF)-α in primary human adipocytes. 
However, it is unclear whether Sfrp5 
also regulates other inflammatory pro-
teins that have been implicated in the 
development of obesity, type 2 diabetes 
(T2D) and its complications in humans. 
This study aimed to assess (i) whether 
serum Sfrp5 levels are associated with 
obesity and T2D and (ii) whether serum 
Sfrp5 is correlated with a range of circu-
lating cytokines and chemokines in our 
study population.
Material and methods: Serum con-
centrations of Sfrp5, cytokines and 

chemokines were determined by ELISA 
or magnetic-bead based assays in mor-
bidly obese men without T2D (n = 28, 
age (mean ± SEM) 41.3 ± 2.3 years, BMI 
41.1 ± 1.5 kg/m2) and with T2D (n = 45, 
age 51.9 ± 1.6 years, BMI 43.5 ± 0.9 kg/
m2) and in 26 normal-weight men (age 
52.3 ± 3.1 years, BMI 23.4 ± 0.6 kg/m2). 
Pearson correlation analyses were used 
to investigate whether Sfrp5 was asso-
ciated with circulating levels of 39 cy-
tokines and chemokines in three models 
(unadjusted, age-adjusted as well as age- 
and BMI-adjusted).
Results: Morbidly obese men with T2D 
had the lowest serum levels of Sfrp5 
(174.9 ± 33.3 ng/ml) compared to those 
without T2D (236.5 ± 56.2 ng/ml) and 
normal-weight men who had the high-
est levels of Sfrp5 (262.7 ± 42.4 ng/ml).
Serum Sfrp5 correlated positive-
ly with both total (r = 0.24, p < 0.05) 
and high-molecular weight adiponec-
tin (r = 0.32, p < 0.05). Furthermore, se-
rum Sfrp5 showed positive associations 
with eotaxin/CCL11 (r = 0.42, p < 0.01), 
MCP-1/CCL2 (r = 0.31, p < 0.05), 
MIP-1β/CCL4 (r = 0.32, p < 0.05) and 
RANTES/CCL5 (r = 0.38, p < 0.05). Ad-
justment for age and BMI had almost no 
impact on all these associations.
Conclusion: Serum levels of Sfrp5 are 
decreased in obesity and T2D. Serum 
Sfrp5 is positively correlated with the 
anti-inflammatory adipokine adiponec-
tin, but also with pro-inflammatory 
chemokines that are involved in insu-
lin resistance and atherosclerosis in hu-
mans. Further studies are required to in-
vestigate the potential dual role of Sfrp5 
in the regulation of these chemokines 
and its relevance in particular for car-
diovascular phenotypes.
Keywords: Sfrp5, obesity, inflammation
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Reproducibility of ATP and Pi 
concentrations in the liver of over­
weight humans using 31P MRS
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2) German Center for Diabetes Research (DZD), 
Düsseldorf, Germany

3) Department of Endocrinology and Diabetolo-
gy, University Hospital, Düsseldorf, Germany

Background and aims: Hepatic energy 
metabolism plays an important role in 
insulin resistance and liver diseases. 31P 
MR spectroscopy is able to monitor the 
energy metabolism non-invasive by mea-
suring ATP and Pi in-vivo.
In order to observe the success of med-
ical treatment or lifestyle changes, high 
reproducibility of the measurements 
needs to be achieved. Previous studies 
only measured the intra- (1) and inter-
day (2, 3, 4) reproducibility in normal 
weight volunteers. This study aimed to 
investigate the reproducibility of 31P 
measurements in the human liver in 
obese patients.
Material and methods: Nine healthy 
(26 ± 4 years; BMI: 22.2 ± 1.3 kg/m²) 
and ten obese volunteers (61 ± 3 years; 
BMI: 28.1 ± 1.5 kg/m²) consented to the 
approved protocol were examined in 
a 3-Tesla MRI scanner (Philips Achie-
va 3.0T X-series, The Netherlands). 31P 
spectra were acquired using a 14-cm 
diameter 31P surface coil, with the built-
in 1H body coil used for NOE enhance-
ment and decoupling (TR: 4 sec; acqui-
sition time: 13 min). Localization in the 
liver was achieved using ISIS. The volun-
teers were measured two times within a 
period of less than one month.
Results: The reproducibility after 
18 ± 9 days was 6.3 ± 5.7 % for γ-ATP and 
10.2 ± 10.5 % for Pi in the lean subjects. 
In the obese volunteers the reproducibil-
ity after 15 ± 7 days was 17.2 ± 13.3 % 
for γ-ATP and 14.1 ± 9.2 % for Pi. The 
stability after 350 ± 107 days in the lean 
subjects was 12.9 ± 9.6 % for ATP and 
16.9 ± 14.9 % for Pi.
Conclusion: Our values for obese volun
teers are comparable to results from pre-
vious studies in normal weight volun
teers (4). Nevertheless, the interday 
variability for obese patients is higher 
compared to lean volunteers. Based on 
this finding, it is more difficult to detect 
small changes in ATP and Pi reliably in 
the liver of overweight subjects.
References: 1. Chmelík M et al., Magn 
Reson Med 2008; 60: 796-802. 2. Laufs 
A et al., Magn Reson Med 2014; 71: 
1670-1675. 3. Wylezinska M et al., 
NMR Biomed 2011; 24: 231-237. 
4. Solga SF et al., Liver Int 2008; 28: 
675-681
Keywords: 31P MRS, liver, energy 
metabolism, adenosine triphosphate
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Family with mutation in NEUROD1 
identified through targeted 
next-generation sequencing in the 
MODY cohort from Poland

M. Szopa1, A. Ludwig-Galezowska1, D. Latala-
Stankowska1, J. Machlowska1, J. Skupien1, 
P. Radkowski1, M. Borowiec1, M. Malecki1

1) Jagiellonian University Medical College, 
Krakow, Poland

Background and aims: Monogenic dia-
betes constitutes a heterozygous group of 
single gene disorders. A genetic diagnosis 
often leads to significant alterations in 
treatment, allows for better prediction of 
disease prognosis and progression, and 
has implications for family members. Ge-
netic testing usually has been restricted 
to small fragments of genes suggested 
by patients phenotype. Nowadays, next 
generation sequencing-based exome se-
quencing (NGS) seems to provide addi-
tional diagnostic potential as it enables 
simultaneous analysis of multiple genes 
in a single test. Our aim was to search 
for monogenic background of diabetes in 
patients from the MODY registry cohort 
of Poland in whom results of standard 
Sanger sequencing in HNF1A or GCK 
genes were negative.
Material and methods: We designed a 
custom Agilent Sure Select exon-capture 
assay with baits for 13 known MODY 
genes (GCK, HNF1A, HNF4A, HNF1B, 
NEUROD1, INS, CEL, PDX1, PAX4, 
BLK, KLF11, KCNJ11, ABCC8), two 
gene mutations which cause lipodys-
trophy, mitochondrial genome and 20 
neonatal diabetes genes. A total of 96 
patient samples were analyzed: 10 with 
known mutations and 86 with a clini-
cally suggestive phenotype but lacking a 
positive genetic diagnosis. All previously 
identified mutations were detected, val-
idating our assay.
Results: High or medium impact muta-
tions were identified in 71 samples (74 % 
of the studied patient cohort). Among 
them the mutation in NEUROD1 was 
detected in one patient. It was a SNP 
(cGc/cCc) in the second exon causing a 
substitution of arginine to proline in po-
sition 103. Sanger sequencing confirmed 
the existence of the mutation.
We collected blood from 10 members of 
probant’s family. Four diabetic family 
members carried the mutation, while 6 

not suffering from diabetes carried wild 
type variant. Among those with mutated 
variant was a 3 year old girl who had an 
episode of hypoglycemia when she was 
born. Since the time of analysis DNA 
from another 11 family members was 
collected and is being analyzed now.
Conclusions: The study shows that iden-
tification by NGS a rare mutation will 
allow a presymptomatic diagnosis in the 
younger generation and will improve 
medical follow up of the predisposed 
individuals.
Keywords: NEUROD1, NGS, MODY
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Offspring of parents with obesity. 
Complex investigations. Risk of 
carbohydrate disturbances and 
diabetes
R. Wasikowa1, M. Dziura1, A. Basiak1

1) Medical University Wroclaw, Wroclaw, Poland

Aim of the study: To examine offspring 
of patients with simple obesity. To as-
certain, if there are some disturbances 
in the carbohydrate or lipid metabo-
lism or unknown type 2 diabetes in these 
subjects.
Method and subjects: Examined were 
132 families,108 families with obesity, 
and 24 families without obesity, the con-
trol group. 14 additional were excluded 
because of ascertained at the time of ex-
amination unknown type 2 diabetes in 
the parents. In all of the offsprings and 
their parents performed were: weight, 
height, BMI, WHR, HDL, TGD, LDL, 
glycaemia, HbA1c, in the offsprings ad-
ditionally HOMA.The control group 
included 30 healthy subjects with a neg-
ative anamnesis of obesity and/or dia-
betes in the family.
Results: Observed was overweight and 
obesity in a high percentage, increased 
BMI, WHR, significant differences in the 
level of HDL, TGD, LDL and HOMA 
between the examined and control 
group. Additionally introduced was 
HHR < HWRWMI < HJMI < Zot Zot4, 
ZL. In 7 of the examined offsprings as-
certained was unknown type 2 diabetes, 
in 8 morning hyperglycaemia, in 5 glu-
cose intolerance.
Conclusion: 1) In offsprings of obese 
parents observed are obesity and distur-
bances in the carbohydrate, lipid metab-

olism and unknown diabetes. 2) In off-
springs of obese patients very important 
and necessary are repeated prophylactic 
investigations. 3) Useful will be an edu-
cation about the prevention of obesity 
and diabetes, or a better analysis of the 
obesity is in our opinion important the 
examination of HHR(height to hip ra-
tio) and HWR (height to waist ratio).
Keywords: obesity, diabetes, family ex-
aminations, diagnostic factor
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Microarray analysis of liver gene 
expression in severely obese 
patients treated with long chain 
n-3 PUFA
B. Itariu1,2, M. Bilban3, G. Prager4, F. Langer4,  
T. Stulnig1,2

1) Medical University of Vienna, Medicine III, 
Vienna, Austria

2) Medical University of Vienna, Christian Dop-
pler-Laboratory for Cardio-Metabolic Immuno-
therapy, Vienna, Austria

3) Medical University of Vienna, Department of 
Laboratory Medicine, Vienna, Austria

4) Medical University of Vienna, Department of 
Surgery, Vienna, Austria

Background and aims: Long chain n-3 
polyunsaturated fatty acids (n-3 PUFA) 
habe beneficial metabolic and cardio-
vascular effects, due to their triglyceride 
lowering and anti-inflammatory proper
ties. Severely obese patients are at an in-
creased risk of premature death caused 
by metabolic and cardio-vascular diseas-
es. Our aim was to assess the effects of 
an 8 week treatment with n-3 PUFA on 
liver gene expression in severely obese 
patients, with a focus on genes related 
to cardio-metabolic disorders.
Material and methods: Twenty nine se-
verely obese patients (6 m/23 f) were 
treated with either 3.6 g/d n-3 PUFA 
(n = 14) or the same amount of butter-
fat as a control (n = 15) for 8 weeks in 
a randomized manner. All patients un-
derwent elective bariatric surgery after 
the treatment, during which liver biop-
sy specimens were collected. Whole ge-
nome gene expression was analyzed by 
microarray analysis (Affimetrix Gene 
Chip Prime View Human Gene Expres-
sion Array®). Data were first normalized 
then analyzed by gene set enrichment 
analysis (GSEA).
Results: Pathways involved in blood 
pressure regulation, fatty acid oxida-
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tion, triglyceride synthesis, glucagon 
receptor signaling and Hedgehog sig-
naling were downregulated after n-3 
PUFA treatment. Gene sets related to 
carbohydrate metabolism, immune reg-
ulation, inflammatory response and of 
note, apoptosis showed a marked up-
regulation. Specifically, n-3 PUFA treat-
ment decreased expression of fat mass 
and obesity associated (FTO), glucagon 
receptor (GCR) and thromboxane A2 
receptor (TBXA2R), and increased gene 
expression of CCAAT/enhancer binding 
protein beta (CEBPB), lipopolysaccha-
ride-binding protein (LBP) and perilip-
in 2 (PLIN2), all P < 0,05.
Conclusion: This microarray analysis 
was the first to investigate effects of n-3 
PUFA treatment on human liver gene 
expression. The data points to the con-
clusion that n-3 PUFA have pleiotropic 
effects with regards to metabolic, im-
mune and endocrine pathways.
This work was supported by the Austri-
an National Bank (P12735) and by the 
Federal Ministry of Economy, Family 
and Youth and the National Foundation 
for Research, Technology and Develop-
ment (all to T.M.S.).
Keywords: obesity, n-3 PUFA, liver, gene 
expression, microarray
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Secreted frizzled-related protein 4 
impairs insulin action in skeletal 
muscle

T. Hörbelt1, P. Fahlbusch1, J. Ruige2, M. Ouwens1

1) German Diabetes Center, Düsseldorf, Germany

2) General Hospital Sint-Niklaas, Sint-Niklaas, Bel-
gium

Background and aims: Secreted friz-
zled-related protein 4 (sFRP4) is a regu
lator of the activity of the Wnt signaling 
pathway. The expression of sFRP4 is in-
creased in adipose tissue from patients 
with type 2 diabetes. The current study 
examined whether sFRP4 interferes 
with insulin action and the expression 
of genes involved in glucose and lipid 
metabolism in primary human skeletal 
muscle cells (hSkMC).
Methods: The effects of recombinant 
sFRP4 on insulin action were examined 
by Western blot analysis using hSkMC 
from four different donors. Expression 
of genes regulating glucose and lipid me-

tabolism were examined by real-time 
PCR.
Results: Exposing hSkMC to sFRP4 
impaired insulin-stimulated Akt-
phosphorylation by 50 % (P < 0.05). 
Furthermore, sFRP4 exposure increases 
the levels of CPT1B (1.8-fold), pyruvate 
dehydrogenase kinase 3 (PDK3; 2.5-
fold), phosphorylase kinase gamma 1 
(PHKG1; 2.7-fold), AMPKα2 (1.7-fold), 
and phosphoribosyl pyrophosphate syn-
thetase 1 (PRPS1; 1.7-fold), and lowered 
the levels of HSL (1.3-fold), AMPKβ 
(1.9-fold), and the fatty acid transport-
er solute carrier family 27 member 6 
(SLC27A6; 2.3-fold) (n = 4; all P < 0.05).
Conclusion: Exposing hSkMC to sFRP4 
induces insulin resistance. Furthermore, 
the alterations in gene expression sug-
gest that this Wnt regulator impacts on 
energy substrate metabolism in skeletal 
muscle.
Keywords: insulin resistance, skeletal 
muscle, Sfrp4
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Secretory products from epicardial 
adipose tissue impair mitochondrial 
respiration in cardiomyocytes via 
upregulation of miR-208a
M. Blumensatt1, D. Herzfeld de Wiza1, H. Mueller1, 
M. Ouwens1

1) German Diabetes Center, Düsseldorf, Germany

Background and aims: Alterations in 
cardiac energy substrate metabolism 
contribute to the development of dia-
betic cardiomyopathy. We have recently 
found that secretory products from epi-
cardial adipose tissue (EAT) from pa-
tients with type 2 diabetes impair car-
diomyocyte function as illustrated by the 
induction of insulin resistance, contrac-
tile dysfunction, and changes in micro
RNA expression. The present study ex-
amines whether EAT affects mitochon-
drial respiration in cardiomyocytes and 
whether this can be ascribed to changes 
in cardiac microRNA expression.
Material and methods: Biopsies from 
EAT from patients with or without 
type 2 diabetes were collected from 
males of Caucasian origin undergoing 
open-heart surgery, and used to generate 
conditioned media (CM). Mitochondri-
al respiration was measured in prima-
ry adult rat cardiomyocytes exposed to 
CM using a Seahorse analyzer. The car-

diac mouse cell line HL-1 was used for 
transfection with precursor-miRNAs to 
investigate the impact of miRNAs on 
mitochondrial respiration and fatty acid 
oxidation. MicroRNA, mtDNA copy 
number, and gene expression was mea-
sured by qRT-PCR.
Results: Exposing primary adult rat car-
diomyocytes to CM from patients with 
type 2 diabetes reduced maximal mito-
chondrial respiration (20 %), and spare 
respiratory capacity (40 %), and increased 
the levels of miR-208a (1.8-fold) as com-
pared to cells exposed to CM from pa-
tients without type 2 diabetes. Expression 
of the precursor for miR-208a in HL-1 
cardiomyocytes reduced maximal mito-
chondrial respiration (19 %), and spare 
respiratory capacity (25 %). Further-
more, miR-208a lowered palmitate-in-
duced maximal respiration by 22 %. This 
decrease in mitochondrial function asso-
ciated with changes in the expression of 
several subunits of AMP-activated protein 
kinase, a central regulator of cell energy 
metabolism, and reduced of carnitine pal-
mitoyltransferase 1, a regulator of mito-
chondrial β-oxidation. Furthermore, miR-
208a reduces the mtDNA copy number 
and decreases the expression of mitochon-
drial transcription factor TFAM.
Conclusion: Secretory products from 
epicardial adipose tissue impair mito-
chondrial respiration in cardiomyocytes 
via upregulation of miR-208a. This 
miRNA inhibits mitochondrial energy 
metabolism via the down-regulation of 
fatty acid oxidation.
Keywords: diabetic cardiomyopathy, 
mitochondrial function, adipokines, 
miRNA
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Effects of chronic variable stress 
and dietary fat on insulin sensitivity

S. Müller-Lühlhoff1, T. Jelenik2, S. Hartwig1,  
S. Lehr1, P. Nowotny2, M. Roden2,3, H. Al-Hasani1,  
T. R. Castañeda1

1) German Diabetes Center, Clinical Biochemistry 
and Pathobiochemistry, Düsseldorf, Germany

2) German Diabetes Center, Clinical Diabetology, 
Düsseldorf, Germany

3) University Clinics Düsseldorf, Department of 
Endocrinology and Diabetology, Düsseldorf, 
Germany

Background and aims: Stress is a state of 
threat to homeostasis that may contri
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bute to metabolic disorders such as vis-
ceral obesity and type 2 diabetes. How-
ever, there is a lack of studies analyzing 
the long-term consequences of chronic 
stress on insulin sensitivity and its rela-
tion to fat consumption. Our aim was to 
characterize how chronic variable stress 
(CVS) in relation to dietary fat affects 
insulin sensitivity in mice.
Material and methods: Three months 
old, body weight (BW)-matched male 
C57BL/6 mice were exposed to a ran-
dom series of stressors for 15 days (CVS), 
the unstressed control mice were housed 
separately (Ctrl). Body composition 
was analyzed with NMR. After CVS, 
blood was collected (8:00 – 12:00 am) 
for corticosterone and insulin analysis. 
Subsequently, mice were consuming a 
low- (Chow) or a high-fat diet (HFD) 
for three months and insulin sensitivity 
was measured in vivo with hyperinsu-
linemic-euglycemic clamps. Plasma hor-
mones were analyzed with multiplex im-
munoassay. Statistical differences were 
considered significant at p < 0.05 (two-
tailed unpaired t-test).
Results: CVS mice (n = 24) had lower BW 
(25.49 ± 0.33 g, p < 0.001) and lean mass 
(23.08 ± 0.37 g, p < 0.001) with no chang-
es in fat mass (2.23 ± 0.08 g) compared to 
the Ctrl group (n = 24), (28.32 ± 0.36 g, 
25.37 ± 0.39 g, 2.25 ± 0.09 g, respective-
ly). Plasma levels of corticosterone were 
higher in the CVS group (n = 22 – 24) 
(109.9 ± 13.71 vs. 60.37 ± 7.55 ng/
ml, p < 0.01) as well as insulin lev-
els (0.65 ± 0.06 vs. 0.47 ± 0.03 ng/ml, 
p < 0.01) compared to the Ctrl group 
(n = 19 – 24). When fed Chow, the CVS 
group (n = 10) showed a trend to lower 
basal endogenous glucose production 
(EGP) (20.01 ± 1.12 vs. 23.86 ± 1.48 mg/
kg/min, p = 0.055), while insulin-stimu-
lated glucose disposal (Rd) in periph-
eral tissues was increased in CVS com-
pared to Ctrl (363 ± 29 vs. 275 ± 17 % 
of basal, p < 0.05). On HFD, basal EGP 
was unchanged, while Rd (135 ± 12 vs. 
192 ± 14 % of basal, p < 0.01) was de-
creased with CVS. Suppression of EGP 
by insulin was unaffected by CVS. CVS-
Chow mice showed lower plasma adi-
ponectin (5.87 ± 0.43 vs. 11.29 ± 1.34 µg/
ml, p < 0.01) and a trend towards lower 
resistin (0.13 ± 0.005 vs. 0.14 ± 0.005 µg/
ml, p = 0.06) compared to Ctrl. CVS-
HFD mice showed lower plasma adi-

ponectin (7.99 ± 0.89 vs. 15.74 ± 3.27 µg/
ml, p < 0.05) and a trend towards higher 
resistin (0.16 ± 0.02 vs. 0.11 ± 0.02 µg/
ml, p = 0.06) compared to Ctrl.
Conclusion: When fat consumption is 
low, chronic stress improves insulin sen-
sitivity through higher peripheral glu-
cose disposal. On the contrary, HFD 
consumption exacerbates insulin resis-
tance under these conditions. Changes 
in adipokine profiles could be a possi-
ble mechanism underlying the effects 
of CVS and dietary fat on peripheral 
insulin sensitivity.
Acknowledgements: DDZ Training & 
Feasibility Grant 2012
Keywords: chronic variable stress, 
insulin sensitivity, dietary fat, adipokines
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Reduced oxidative respiration of 
peripheral blood mononuclear cells 
associates with insulin resistance

K. Kaul1, T. Jelenik1, B. Menart1, R. Rütter1,  
B. Nowotny1, J. Szendrödi1, M. Roden1,2

1) Institute for Clinical Diabetology, German Dia-
betes Center, Düsseldorf, Germany

2) Heinrich-Heine University, Department of 
Endocrinology and Diabetology , Düsseldorf, 
Germany

Background and aim: Impaired oxida-
tive metabolism and subclinical inflam-
mation contribute to the development 
of insulin resistance. In adipose tissue, 
pro-inflammatory polarization of lym-
phocytes and macrophages has been 
linked to insulin resistance. According 
to the Warburg effect, pro-inflammatory 
TH1 lymphocytes and M1 macrophages 
present with higher non-oxidative respi-
ration, even during oxygen excess. We 
hypothesized that whole-body insulin 
resistance may associate with lower ox-
idative respiration may associate with 
higher pro-inflammatory polarization 
in circulating lymphocytes and macro-
phages.
Methods: Patients with recently dia
gnosed type 2 diabetes (T2D), recruited 
from the German Diabetes Center Study 
(GDS), and 10 age-matched healthy vol-
unteers (CON) underwent hyperinsulin-
emic-euglycemic clamps to assess whole-
body insulin sensitivity (M-value). Leu-
kocytes were isolated from fasting blood 

samples using density gradient centri
fugation. Oxidative capacity was mea-
sured with high-resolution respirometry 
in isolated leukocytes, using multiple 
substrate protocols. Respiration in the 
absence of exogenous substrates repre
sents basal respiration. Tricarboxylic 
acid cycle activity was assessed by us-
ing saturating concentrations of malate, 
glutamate, succinate and adenosine di-
phosphate. Beta-oxidation, the first step 
of fatty acid catabolism was measured 
in response to octanoyl carnitine. Fi-
nally maximal respiration capacity in 
the uncoupled state u was investigated 
using the uncoupler carbonyl cyanide-
4-trifluoromethoxy phenylhydrazone 
(FCCP). Mitochondrial content was as-
sessed by citrate synthase activity (CSA) 
in the leukocytes. Heparinized blood 
was used for the quantification of the 
ratio of Th1 : Th2 lymphocyte and the 
ratio of M1 : M2 macrophage subsets.
Results: Rates of oxygen consumption 
by leukocytes was markedly lower in pa-
tients with T2D than in CON (State u: 
4.0 ± 1 vs. 8.3 ± 1.3 pmol/s/mg protein, 
P < 0.05). Beta-oxidation was also low-
er in leukocytes of T2D (3.9 ± 0.7 vs. 
6.2 ± 0.6 pmol/s/mg protein, P < 0.05). 
CSA did not differ between groups. The 
ratios of Th1 : Th2 and M1 : M2 expres-
sion were higher in leukocytes of T2D 
(1.4 ± 0.3 vs. 0.7 ± 0.1 and 0.2 ± 0.01 
vs. 0.1 ± 0.01, P < 0.05) in line with a 
pro-inflammatory phenotype. Leuko-
cyte state u respiration related positively 
to whole-body insulin sensitivity (M-val-
ue: R = 0.45, P < 0.05). Beta-oxidation 
was also related positively to M-val-
ue (R = 0.57, P < 0.05) and negatively 
with total blood cholesterol (R = -0.47, 
P < 0.05).
Conclusion: In conclusion, lower oxida-
tive respiration in circulating leukocytes 
may reflect both the pro-inflammatory 
polarization of leukocytes and the im-
paired oxidative capacity in other tis-
sues, which have been related insulin 
resistance. Leukocyte respiration may 
serve as a surrogate of whole-body me-
tabolism and represent a novel target 
for addressing insulin resistance in T2D.
Keywords: inflammation, metabolism, 
polarization, insulin resistance


