
Published by Baishideng Publishing Group Inc

World Journal of 
Diabetes
World J Diabetes  2016 September 15; 7(17): 342-422

ISSN 1948-9358 (online)



EDITORS-IN-CHIEF
Lu Qi, Boston
Jingbo Zhao, Aarhus 

ASSOCIATE EDITORS
Giovanni Dapri, Brussels
Undurti N Das, Federal Way
Min Du, Laramie
Edward B Jude, Ashton under Lyne 
Gregory I Liou, Augusta
Juan F Navarro-Gonzalez, Santa  Cruz de Tenerife
Katarzyna Szkudelska, Poznan
Richard Welbourn, Taunton
Silvano Zanuso, Chatam Maritime 

GUEST EDITORIAL BOARD 
MEMBERS
Juei-Tang Cheng, Tainan
Chih-Hsung Chu, Kaohsiung
Low-Tone Ho, Taipei
Cheng-Cheng Hsiao, Keelung
Yung-Hsi Kao, Taoyuan
Chi-Feng Liu, Taipei
Shing-Hwa Liu, Taipei
Wayne HH Sheu, Taichung
Eing-Mei Tsai, Kaohsiung
Chin-Hsiao Tseng, Taipei
Wei-Chung V Yang, Taipei
Wen-Chin Yang, Taipei
Tzung-Hai Yen, Taipei

MEMBERS OF THE EDITORIAL 
BOARD

Argentina
Eduardo Spinedi, La Plata

Australia
Sof Andrikopoulos, Heidelberg
Hugh R Barrett, Western
Bernhard T Baune, Townsville
Grant D Brinkworth, Adelaide
Melinda T Coughlan, Melbourne
Josephine M Forbes, Melbourne
Paul A Fournier, Perth
Angela Gialamas, Adelaide
Mark D Gorrell, Sydney
Graeme J Hankey, Perth
Anandwardhan A Hardikar, Melbourne
Michael Horowitz, Adelaide
Karin Jandeleit-Dahm, Balwyn
Martha Lappas, Victoria
Peter J Little, Victoria
Xin Liu, Brisbane
Dianna J Magliano, Caufield
Louise JM Maple-Brown, Casuarina
Robyn McDermott, Adelaide
Beverly S Muhlhausler, Semaphore
Christopher J Nolan, Canberra
Luciano Pirola, Melbourne
Karly C Sourris, Melbourne
Greg Tesch, Victoria
Jack R Wall, Penrith
Owen L Woodman, Victoria

Austria
Christian H Anderwald, Vienna
Helmuth M Borkenstein, Graz

Latife Bozkurt, Vienna
Walter H Horl, Vienna
Friedrich Mittermayer, Vienna
Markus Paulmichl, Salzburg
Stefan Pilz, Graz
Thomas M Stulnig, Vienna
Ludwig Wagner, Vienna

Belgium
Christophe De Block, Edegem
Ekaterine Tskitishvili, Liege
F A Van Assche, Leuven
Luc F Van Gaal, Edegem

Brazil
Monica L Andersen, Sao Paulo
Claudia RL Cardoso, Rio de Janeiro
Ricardo V Cohen, Sao Paulo
Cassyano J Correr, Curitiba
Cintia C Curioni, Rio de Janeiro
Freddy G Eliaschewitz, Sao Paulo
Rodrigo Jorge, Ribeirao Preto
Luciana A Naves, Brasilia
Matheus Roriz Cruz, Porto Alegre
Júlio C Voltarelli, Sao Paulo
Jacqueline N Zanoni, Maringá

Canada
Jean-Luc Ardilouze, Sherbrooke

I

Editorial Board
2016-2019

The World Journal of Diabetes Editorial Board now consists of 676 members, representing a team of worldwide 
experts in diabetes mellitus. They are from 56 countries, including Argentina (1), Australia (26), Austria (9), Belgium 
(5), Brazil (11), Canada (24), Chile (3), China (39), Cuba (1), Czech Republic (2), Denmark (12), Egypt (3), Finland 
(5), France (11), Germany (26), Greece (16), Hungary (4), Iceland (1), India (24), Iran (6), Iraq (2), Ireland (4), Israel 
(9), Italy (54), Japan (30), Jordan (1), Kuwait (3), Lebanon (1), Malaysia (1), Malta (1), Mexico (4), Netherlands (7), 
New Zealand (3), Nigeria (2), Norway (2), Oman (3), Pakistan (2), Poland (8), Portugal (1), Qatar (1), Romania (2), 
Singapore (4), Slovakia (1), South Africa (1), South Korea (15), Spain (25), Sweden (6), Switzerland (3), Thailand (4), 
Tunisia (1), Turkey (13), United Arab Emirates (3), United Kingdom (28), United States (199), Venezuela (2), and 
Yemen (1).

February 29, 2016WJD|www.wjgnet.com

World Journal of 
DiabetesW J D



Subrata Chakrabarti, London
David ZI Cherney, Toronto
Mervyn Deitel, Toronto
Jean-Pierre Despres, Québec
David J Hill, Ontario
Tian-Ru Jin, Toronto
Arulmozhi D Kandasamy, Alberta
Jennifer L Kuk, Toronto
Ismail Laher, Vancouver
Zhong-Cheng Luo, Montreal
Roger S McIntyre, Toronto
David Meyre, Hamilton
JF Ndisang, Saskatoon
Raj S Padwal, Alberta
Ciriaco A Piccirillo, Montreal
AM James Shapiro, Edmonton 
Guang Sun, St. John's
Valerie Taylor, Ontario
Cory Toth, Calgary
André Tremblay, Montréal
VVincent C Woo, Manitoba
James R Wright, Alberta
 Xi-Long Zheng, Calgary

Chile
Sebastian S Martin, Valparaiso
Armando Rojas Rubio, Talca
Luis Sobrevia, Santiago

China
Jie Chen, Nanjing
Bernard Man Yung Cheung, Hong Kong
William CS Cho, Hong Kong
Tian-Pei Hong, Beijing
Qin Huang, Shanghai
Po-Sing Leung, Hong Kong
Chao Liu, Nanjing
Jian-Kang Liu, Xi’an
Lie-Gang Liu, Wuhan
Ronald CW Ma, Hong Kong
Zengchang Pang, Qingdao
Jin-Sheng Qi, Shijiazhuang
Jin-Xiong She, Shijiazhuang
Wing Y So, Hong Kong
Cheuk C Szeto, Hong Kong
Kathryn CB Tan, Hong Kong
Cong-Yi Wang, Wuhan
Yu Wang, Hong Kong
Guang-Da Xiang, Wuhan
Bao-Feng Yang, Harbin
Shu-Yu Yang, Xiamen
Xi-Lin Yang, Hong Kong
Zai-Qing Yang, Wuhan
Shan-Dong Ye, Hefei
Shi-Sheng Zhou, Dalian
Zhi-Guang Zhou, Changsha

Cuba
Luis Sarmiento-Pérez, Havana

Czech Republic
Michal Krcma, Plzen
Terezie Pelikanova, Prague

Denmark
Charlotte Brons, Gentofte
Flemming Dela, Copenhagen N
Kristine Faerch, Gentofte
Louise G Grunnet, Gentofte
R Scott Heller, Gentofte
Filip K Knop, Hellerup
Helle Markholst, Måløv
Ole H Mortensen, Copenhagen N
Oluf Pedersen, Copenhagen K
Esben T Vestergaard, Aarhus N
Milan Zdravkovic, Soborg

Egypt
Mamdouh MA Hssan, Dokki
Moshira AH Rateb, Cairo
Mona F Schaalan, Cairo

Finland
Siamak Bidel, Helsinki
Gang Hu, Helsinki
Thomas Kietzmann, Oulu
Qing Qiao, Espoo
Karoliina Wehkalampi, Helsinki

France
Jean C Ansquer, Dijon
Bertrand Cariou, Nantes
Sylvie Dejager, Rueil-Malmaison
Naim A Khan, Dijon
Jean-Philippe Lavigne, Nimes
Michel Marre, Paris
Marie-Claude Morice, Massy
Riccardo Perfetti, Paris
Gérard Said, Paris
Didier Vieau, Villeneuve
Sophie Visvikis-Siest, Nancy

Germany
Christa Buechler, Regensburg
Roland Büttner, Heidelberg
Michael Froehner, Dresden
Ioanna Gouni-Berthold, Cologne
Hammes Hans-Peter, Mannheim
Nadja Herbach, Munich
Nadj Herbach, Munchen
Andrea Icks, Düsseldorf
Thomas Jax, Neuss
Michael Kluge, Munich
Florian Lang, Tuebingen

Matthias Laudes, Koln
Ralf Lobmann, Stuttgart
Rafael T Mikolajczyk, Bremen
Andreas S Mueller, Halle
Karsten Müssig, Tübingen
Nahid Parvizi, Mariensee
Thomas P Reinehr, Datteln
Michael Ristow, Jena
Sven Schinner, Duesseldorf
Peter EH Schwarz, Dresden
Ovidiu A Stirban, Oeynhausen
Diego J Walther, Berlin
Silvia A Wein, Kiel
Christian Wrede, Berlin
Dan Ziegler, Düsseldorf

Greece
George P Chrousos, Athens
Moses S Elisaf, Ioannina
Panagiotis Georgoulias, Larissa
Nikolaos Kadoglou, Thessaloniki
Gerasimos E Krassas, Krini
Spilios Manolakopoulos, Athens
Peppa Melpomeni, HaIDari
Nikolaos Papanas, Alexandroupolis
Dimitrios Papazoglou, Alexandroupolis
Sokratis Pastromas, Athens
Christina Piperi, Goudi
Nicholas K Tentolouris, Athens
Konstantinos A Toulis, Salonika
Apostolos Tsapas, Thessaloniki
Konstantinos Tziomalos, Thessaloniki
Elias Zintzaras, Larissa

Hungary
Mária Bagyánszki, Szeged
Gyorgy Jermendy, Budapest
Karoly Racz, Budapest
Gyula Soltesz, Pécs

Iceland
Saher Hamed, Haifa

India
Sarika Arora, New Delhi
Pitchai Balakumar, Sivakasi
Muthuswamy Balasubramanyam, Chennai
Anuradha Carani Venkatraman, Nagar
Subhabrata Chakrabarti, Hyderabad 
Abhay S Chakraborti, Kolkata
Tapan K Chaudhuri, New Delhi
Kanwaljit Chopra, Chandigarh
Malabika Datta, Delhi
Debidas Ghosh, West Bengal
Ravinder Goswami, New Delhi
Jothydev Kesavadev, Kerala
KVS H Kumar, Lucknow

II February 29, 2016WJD|www.wjgnet.com



III February 29, 2016WJD|www.wjgnet.com

Anoop Misra, New Delhi
Analava Mitra, Kharagpur
Viswanathan Mohan, Chennai
Pallavi Panchu, Bangalore
Deepak N Patel, Mumbai
Usharani Pingali, Hyderabad
Ambady Ramachandran, Chennai
Vadde Ramakrishna, Kadapa
Rajat Sandhir, Chandigarh
Manju Sharma, New Delhi
Suman B Sharma, Delhi

Iran
Mohammad K Arababadi, Rafsanjan
Leila Azadbakht, Isfahan
Hamid Baradaran, Tehran
Behrooz Broumand, Tehran
Majid Ghayour-Mobarhan, Mashhad
Mohsen Janghorbani, Isfahan

Iraq
Saad AR Hussain, Baghdad
Abbas A Mansour, Basrah

Ireland
Amar Agha, Dublin
Michael Aviram, Haifa
Raymond E Farah, Safed 
Mark P Hehir, Dublin

Israel
Gal Dubnov-Raz, Hashomer
Shimon Efrat, Tel Aviv
Oren Froy, Rehovot
Farid M Nakhoul, Lower Galilee
Orit Pinhas-Hamiel, Ramat-Gan
Eleazar Shafrir, Jerusalem
Gerald H Tomkin, Dublin
Haim Werner, Tel Aviv
Marina S Zimlichman, Holon

Italy
Luigi A Angrisani, Napoli
Roberto Baldelli, Rome
Giuseppe Barbaro, Rome
Alessandro Bartolomucci, Parma
Giuseppina Basta, Pisa
Simona Bertoli, Milano
Federico Bilotta, Rome
Fabio Broglio, Torino
Riccardo Calafiore, Perugia
Sergio Coccheri, Bologna
Massimo Collino, Torino
Marco A Comaschi, Genoa
Renzo Cordera, Genova
Francesco Dotta, Siena

Fiorucci Fiorucci, Perugia
Maurizio Galderisi, Naples
Amalia Gastaldelli, Pisa
Ezio Ghigo, Turin
Carla Giordano, Palermo
Paolo Gisondi, Verona
Riccarda Granata, Turin
Giorgio Iervasi, Pisa
Claudia Kusmic, Pisa
Francesco Landi, Rome
Monica R Loizzo, Cosenza
Paolo Magni, Milan
Mariano Malaguarnera, Catania
Melania Manco, Rome
Giulio M Marchesini, Bologna
Piero Marchetti, Pisa
Massimo Massi-Benedetti, Perugia
Moschetta Moschetta, Bari
Antonio E Nicolucci, Milano
Lucia Pacifico, Rome
Stefano Palomba, Reggio Emilia
Giampaolo Papi, Carpi
Renato Pasquali, Bologna
Piermarco M Piatti, Milano
Dario Pitocco, Rome
Antonio E Pontiroli, Milano
Manfredi Rizzo, Palermo
Carmelo L Rosa, Catania
Raffaella Rosso, Genoa
Giuseppe Schillaci, Perugia
Leonardo A Sechi, Sassari
Imad Sheiban, Verona
Cesare R Sirtori, Milano
Giovanni Tarantino, Naples
Giovanni Targher, Verona
Francesco G Tieh, Chieti
Donadon Valter, Pordenone
Alberto Verrotti, Chieti
Andrea Viggiano, Napoli
Gian V Zuccotti, Milan

Japan
Masato Asahina, Chiba
Takuya Awata, Tochigi
Yuichiro Eguchi, Saga
Goji Hasegawa, Kyoto
Satoshi Inoue, Tokyo
Eiji Ishimura, Osaka
Masayuki Iwano, Nara
Takashi Kadowaki, Tokyo
Eisuke Kagawa, Hiroshima
Masahito Katahira, Nagoya
Eiji N Kawasaki, Nagasaki
Noriyuki Koibuchi, Gunma
Kazuhiko Kotani, Tochigi
Daisuke Koya, Ishikawa
Norikazu Maeda, Osaka
Takayuki Masaki, Oita
Yuji Matsuzawa, Osaka
Kazuaki Nishio, Tokyo
Kenji Okumura, Nagoya
Motoaki Saito, Yonago
Toshiyasu Sasaoka, Toyama

Michio Shimabukuro, Okinawa
Kohzo Takebayashi, Saitama
Hiroyuki Tamemoto, Abiko
Takashi Togo, Yokohama
Jun Udagawa, Izumo
Yoshinari Uehara, Fukuoka
Takuya Watanabe, Tokyo
Toshihiko Yada, Tochigi
Tohru Yorifuji, Kyoto

Jordan
Yousef S Khader, Irbid

Kuwait
Kamal AAS Al-Shoumer, Surra
Ibrahim F Benter, Safat
Abu S Mustafa, Safat

Lebanon
Ramzi F Sabra, Beirut

Malaysia
Mafauzy Mohamed, Kota Bharu

Malta
Charles Savona-Ventura, Msida

Mexico
Manuel Gonzalez-Ortiz, Guadalajara
Fernando Guerrero-Romero, Dgo
Jesus A Olivares-Reyes, Mexico
Rocío Salceda, Mexico

Netherlands
Sander Kersten, Wageningen
Nanne Kleefstra, Zwolle
Edwin CM Mariman, Maastricht
Frans Pouwer, Tilburg
Han Roelofsen, Groningen
Suat Simsek, Alkmaar
Marcel T Twickler, Halsterseweg

New Zealand
Paul Hofman, Auckland
Peter E Lobie, Grafton
Elaine Rush, Auckland

Nigeria
Adejuwon A Adeneye, Ikeja
Anthonia O Ogbera, Ikeja



IV February 29, 2016WJD|www.wjgnet.com

Norway
Akhtar Hussain, Oslo
Odd E Johansen, Hovik

Oman
Jumana S Saleh, Muscat
Mohammed A Shafaee, Muscat
Radha Shenoy, Muscat

Pakistan
Shahid Hameed, Islamabad
Jamil A Malik, Islamabad

Poland
Marcin Baranowski, Bialystok
Jerzy Beltowski, Lublin
Alicia H Dydejczyk, Krakow
Maciej Owecki, Poznań
Ewa Pankowska, Warsaw
Agnieszka Piwowar, Wroclaw
Dorota A Zieba, Krakow

Portugal
Graca M Pereira, Braga

Qatar
Hong Ding, Doha

Romania
Elena Ganea, Bucharest
Adriana Georgescu, Bucharest

Singapore
Thameem T Dheen, Singapore
Yung-Seng Lee, Singapore
Daniel PK Ng, Singapore
Rob M van Dam, Singapore

Slovakia
Katarína Šebeková, Bratislava

South Africa
Md S Islam, Durban

South Korea
Hueng-Sik Choi, Gwangju

Kyung M Choi, Seoul
Won M Hwang, Seoul
Eui-Bae Jeung, Cheongju
Ju-Hee Kang, Incheon
Sin-Gon Kim, Seongbuk-Gu
Sung-Jin Kim, Seoul
Young-Gyu Ko, Seoul
Kang-Beom Kwon, Chonbuk
Sangyeoup Lee, Yangsan
Myung Gull Lee, Gyeonggi-Do
Soo Lim, Seongnam
Byung-Hyun Park, Jeonbuk
Seungjoon Park, Seoul
Jeesuk Yu, Chungnam

Spain
Vivencio Barrios, Madrid
M. Luisa Bonet, Palma de Mallorca
Justo P Castano, Cordoba
Manuel A Diosdado, Cádiz
Javier Espino, Badajoz
Ricardo V García-Mayor, Vigo
José M Gómez-Sáez, Barcelona
Oreste Gualillo, Santiago de Compostela
Emilio Herrera, Madrid
Amelia Marti, Pamplona
Navarra JA Martínez, Pamplona
Maria L Martinez-Chantar, Derio
Merce Miranda, Tarragona
Alberto Ortiz, Madrid
Maria J Ramirez, Pamplona
Eugenia Resmini, Barcelona
Pedro Romero-Aroca, Reus
Jordi Salas-Salvado, Reus
Gines M Salido, Caceres
Victor Sanchez-Margalet, Seville
Helmut Schroder, Barcelona
Carmen Segundo, Cadiz
Rafael Simo, Barcelona
Manuel Vazquez-Carrera, Barcelona

Sweden
Joanna Hlebowicz, Malmö
Peter Lindgren, Stockholm
Kaj S Stenlof, Göteborg
Ann-Britt Wirehn, Linköping
Wei-Li Xu, Stockholm
Shao-Nian Yang, Stockholm

Switzerland
Kaspar Berneis, Zurich
Kim-Anne Le, Lausanne
Christian Toso, Geneva

Thailand
Narattaphol Charoenphandhu, Bangkok
Arthorn Riewpaiboon, Bangkok 

Rawee Teanpaisan, Hat-Yai
Viroj Wiwanitkit, Bangkok

Tunisia 
Khaled Hamden, Sfax

Turkey
Ugur Cavlak, Denizli
Teoman Dogru, Etlik
Ersin Fadillioglu, Ankara
Abdurrahman F Fidan, Afyonkarahisar
Muammer Karadeniz, Bornova-Izmir
Cevde Kaya, Istanbul
Fahrettin Kelestimur, Kayseri
Altan Onat, Istanbul
Semir Ozdemir, Antalya
Mustafa Sahin, Ankara
Ilker Tasci, Ankara
Belma Turan, Ankara
Serap Yalin, Mersin

United Arab Emirates
Ernest Akingunola Adeghate, Al Ain
Mukesh M Agarwal, Al Ain
Samir M Awadallah, Sharjah

United Kingdom
Nisreen Alwan, Leeds
Bing Chen, Liverpool
Fay Crawford, Edinburgh
Timothy M Curtis, Belfast
Umesh Dashora, Edinburgh
Gareth W Davison, Belfast
Peter Flatt, Coleraine
Kathleen M Gillespie, Bristol
Peter J Grant, Leeds
Lorna W Harries, Exeter
Nigel Hoggard, Aberdeen
Nigel Irwin, Coleraine
Pappachan Joseph, London
Andreas F Kolb, Aberdeen
Moffat J Nyirenda, Edinburgh
Jeetesh V Patel, Birmingham
Snorri B Rafnsson, Edinburgh
Thozhukat Sathyapalan, Yorkshire
Latika Sibal, Newcastle
Rajagopalan Sriraman, Lincoln
Ramasamyiyer Swaminathan, London
Abd A Tahrani, Birmingham
Neil G Thomas, Birmingham
Cecil Thompson, London
Paul H Whiting, Leicester

United States
Varun Agrawal, Springfield



V February 29, 2016WJD|www.wjgnet.com

Pascale Alard, Louisville
Omar Ali, Milwaukee
Mohamed AS Al-Shabrawey, Augusta
Judith Aponte, New York
Balamurugan N Appakalai, Louisville
Hwyda A Arafat, Philadelphia
Carl V Asche, Salt Lake City
Sanford A Asher, Pittsburgh
Anthony Atala, Winston-Salem
Sami T Azar, New York
George L Bakris, Chicago
Alistair J Barber, Hershey
Daniel C Batlle, Chicago
David SH Bell, Birmingham
Rita Bortell, Worcester
Sebastien G Bouret, Los Angeles
Donald W Bowden, Winston-Salem
David L Brown, Stony Brook
Jack D Caldwell, Erie
Anna C Calkin, Los Angeles
Roberto A Calle, Groton
Keith R Campbell, Pullman
Carlos Campos, New Braunfels
Heping Cao, New Orleans
Krista Casazza, Birmingham
Aaron B Caughey, Portland
Eileen R Chasens, Pittsburgh
Munmun Chattopadhyay, Ann Arbor
Xiao-Li Chen, St Paul
Craig I Coleman, Hartford
Robert Conley, Indianapolis
Colleen Croniger, Cleveland
Doyle M Cummings, Greenville
William C Cushman, Memphis
Patricia Darbishire, West Lafayette
Guillaume Darrasse-Jèze, New York
Ravi KM Dasu, Sacramento
Michael H Davidson, Chicago
Prakash Deedwania, San Francisco
Hong-Wen Deng, Kansas City
Teresa P DiLorenzo, Bronx
Scot Dowd, Lubbock
Samuel Durso, Baltimore
Krystal Edwards, Dallas
Alexander M Efanov, Indianapolis
Azza B El-Remessy, Augusta
Amy Z Fan, Atlanta
Melissa S Faulkner, Tucson
George S Ferzli, Staten Island
Paolo Fiorina, Boston
James E Foley, East Hanover
Samuel N Forjuoh, Temple
Alessia Fornoni, Miami
Trudy Gaillard, Columbus
Pietro Galassetti, Irvine
Claudia Gragnoli, Hershey
Jennifer B Green, Durham
Alok K Gupta, Piscataway
Gary J Grover, Piscataway
Werner Gurr, New Haven
Samy L Habib, San Antonio
Abdel Hamad, Baltimore
Tiffany Hilton, Pittsford

Michael F Holick, Boston
Zhaoyong Hu, Houston
Rachel Hudacko, Suffern
Yasuo Ido, Boston
Brian K Irons, Lubbock
Pamela Itkin-Ansari, La Jolla
Hieronim Jakubowski, Newark
Hong-Lin Jiang, Blacksburg
Ping Jiao, Providence
Shengkan Jin, Piscataway
Arpita Kalla, St Louis
Richard E Katholi, Springfield
Melina R Kibbe, Chicago
Bhumsoo Kim, Ann Arbor
Tomoshige Kino, Bethesda
Julienne K Kirk, Winston-Salem
Renu A Kowluru, Detroit
Lewis H Kuller, Pittsburgh
Rajesh Kumar, Temple
Blandine Laferrere, New York
Cong-Jun Li, Beltsville
Ching-Shwun Lin, San Francisco
James F List, Princeton
Dongmin Liu, Blacksburg
Zhen-Qi Liu, Charlottesville
Maria F Lopes-Virella, Charleston
Cai Lu, Louisville
George W Lyerly Jr, Conway
Jian-Xing Ma, Oklahoma City
Xin-Laing Ma, Philadelphia
Rong Ma, Fort Worth
David Maggs, San Diego
Kenneth Maiese, Newark
Kevin C Maki, Glen Ellyn
Sridhar Mani, Bronx
Suresh Mathews, Auburn
Lauraar R McCabe, East Lansing
Sarah Messiah, Miami
Thomas O Metz, Richland
Shannon Miller, Orlando
Murielle Mimeault, Omaha
Raghu G Mirmira, Indianapolis
Prasun J Mishra, Bethesda
Reema Mody, Grayslake
Arshag D Mooradian, Jacksonville
Mohammad-Reza Movahed, Tucson
Yingjun J Mu, Rahway
Nair G Muraleedharan, East Lansing
Manuel F Navedo, Seattle
Charles B Nemeroff, Atlanta
Joshua J Neumiller, Spokane
Steven J Nicholls, Cleveland
Hirofumi Noguchi, Dallas
Craig S Nunemaker, Charlottesville
Patrick J O'Connor, Minneapolis
Wei-Hong Pan, Baton Rouge
Naushira Pandya, Fort Lauderdale
Michael R Peluso, Corvallis
Inga Peter, New York
Axel Pflueger, Rochester
Gretchen A Piatt, Pittsburgh
John D Piette, Ann Arbor

Leonid Poretsky, New York
Parviz M Pour, Omaha
Wei Qiu, Boston
Teresa Quattrin, Buffalo
Cristina Rabadán-Diehl, Bethesda
Rajendra S Raghow, Memphis
Swapnil N Rajpathak, Bronx
Armin Rashidi, Norfolk
Mohammed S Razzaque, Boston
Beverly AS Reyes, Philadelphia
Shuo L Rios, Los Angeles
David Rodbard, Potomac
Helena W Rodbard, Rockville
June H Romeo, Cleveland
Raul J Rosenthal, Florida
Juan M Saavedra, Bethesda
Frank AJL Scheer, Boston
Richard E Scranton, Tiverton
Vallabh R Shah, Albuquerque
Aziz Shaibani, Houston
Guo-Ping Shi, Boston
Carol A Shively, Winston-Salem
Anders AF Sima, Detroit
Rajan Singh, Los Angeles
Pramil N Singh, Loma Linda
Dawn D Smiley, Atlanta
Matthew D Solomon, Stanford
Rakesh K Srivastava, Tyler
Bangyan L Stiles, Los Angeles
Erin St Onge, Apopka
Yu-Xiang Sun, Houston
Salim Surani, Corpus Christi
Arthur LM Swislocki, Martinez
Ya-Xiong Tao, Auburn
John A Tayek, Torrance
John G Teeter, New Haven
Carlos M Telleria, Vermillion
Christophe G Thanos, Providence
Ronald G Tilton, Galveston
Serena Tonstad, Loma Linda
Michael Traub, Staten Island
Margrit Urbanek, Chicago
Vladimir N Uversky, Indianapolis
Gabriel Uwaifo, Baton Rouge
Volker Vallon, San Diego
Shambhu D Varma, Baltilmore
Chengming Wang, Auburn
Hong-Jun Wang, Boston
Mark E Williams, Boston
Guang-Yu Wu, New Orleans
Zhong-Jian Xie, San Francisoco
Ming-Zhao Xing, Baltimore
Hariom Yadav, Bethesda
Lijun Yang, Gainesville
Ruojing Yang, Rahway
Subhashini Yaturu, Albany
Joseph Yeboah, Charlottesville
Dengping Yin, Nashville
Yi-Sang Yoon, Rochester
Yi-Hao Yu, New York
Kevin CJ Yuen, Portland
Ian S Zagon, Hershey



VI February 29, 2016WJD|www.wjgnet.com

Robert YL Zee, Boston
Cui-Lin Zhang, Rockville
James X Zhang, Richmond
Sarah X Zhang, Oklahoma City
Guixiang Zhao, Atlanta
Yang Zhao, Carmel

Ming-Hui Zou, Oklahoma City

Venezuela
José F Arévalo, San Bernardino

Fuad Lechin, Caracas

Yemen
Khaled AA Ahmed, Ibb



-----=

 

Contents Monthly  Volume 7  Number 17  September 15, 2016

September 15, 2016|Volume 7|Issue 17|WJD|www.wjgnet.com I

REVIEW
342	 Entrapment neuropathies in diabetes mellitus

Rota E, Morelli N

354	 Update on the treatment of type 2 diabetes mellitus

Marín-Peñalver JJ, Martín-Timón I, Sevillano-Collantes C, del Cañizo-Gómez FJ

396	 Evidence for current diagnostic criteria of diabetes mellitus

Kumar R, Nandhini LP, Kamalanathan S, Sahoo J, Vivekanadan M

MINIREVIEWS
406	 In vivo  corneal confocal microscopy in diabetes: Where we are and where we can get

Maddaloni E, Sabatino F

412	 Diabetes mellitus and cognitive impairments

Saedi E, Gheini MR, Faiz F, Arami MA



Contents
World Journal of Diabetes

Volume 7  Number 17  September 15, 2016

FLYLEAF

EDITORS FOR 
THIS ISSUE

Responsible Assistant Editor: Xiang Li       	                  Responsible Science Editor: Fang-Fang Ji
Responsible Electronic Editor: Huan-Liang Wu                   Proofing Editorial Office Director: Xiu-Xia Song
Proofing Editor-in-Chief: Lian-Sheng Ma

NAME OF JOURNAL 
World Journal of  Diabetes

ISSN
ISSN 1948-9358 (online)

LAUNCH DATE
April 15, 2010

FREQUENCY 
Monthly

EDITORS-IN-CHIEF
Lu Qi, MD, PhD, Assistant Professor, Department 
of  Nutrition, Harvard School of  Public Health, 665 
Huntington Ave., Boston, MA 02115, United States 

Jingbo Zhao, PhD, Associate Professor, Aalborg 
Hospital Science and Innovation Centre, Aalborg 
Hospital, Aarhus University Hospital, Aalborg 9000, 
Denmark

EDITORIAL BOARD MEMBERS
All editorial board members resources online at http://
www.wjgnet.com/1948-9358/editorialboard.htm

EDITORIAL OFFICE
Xiu-Xia Song, Director
Fang-Fang Ji, Vice Director
World Journal of  Diabetes
Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-2238242
Fax: +1-925-2238243
E-mail: editorialoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com

PUBLISHER
Baishideng Publishing Group Inc
8226 Regency Drive, 
Pleasanton, CA 94588, USA
Telephone: +1-925-2238242
Fax: +1-925-2238243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com

PUBLICATION DATE
September 15, 2016

COPYRIGHT
© 2016 Baishideng Publishing Group Inc. Articles 
published by this Open-Access journal are distributed 
under the terms of  the Creative Commons Attribution 
Non-commercial License, which permits use, distribution, 
and reproduction in any medium, provided the original 
work is properly cited, the use is non-commercial and is 
otherwise in compliance with the license.

SPECIAL STATEMENT 
All articles published in journals owned by the Baishideng 
Publishing Group (BPG) represent the views and opin-
ions of  their authors, and not the views, opinions or 
policies of  the BPG, except where otherwise explicitly 
indicated.

INSTRUCTIONS TO AUTHORS
http://www.wjgnet.com/bpg/gerinfo/204

ONLINE SUBMISSION 
http://www.wjgnet.com/esps/

ABOUT COVER

September 15, 2016|Volume 7|Issue 17|WJD|www.wjgnet.com II

AIM AND SCOPE

Editorial Board Member of World Journal of Diabetes , Omar Ali, MD, Associate 
Professor, Department of Pediatrics, Medical College of Wisconsin, Milwaukee, 
WI 53226, United States 

World Journal of  Diabetes (World J Diabetes, WJD, online ISSN 1948-9358, DOI: 10.4239), 
is a peer-reviewed open access academic journal that aims to guide clinical practice and 
improve diagnostic and therapeutic skills of  clinicians.

WJD covers topics concerning α, β, δ and PP cells of  the pancreatic islet, the effect 
of  insulin and insulinresistance, pancreatic islet transplantation, adipose cells and obesity.

We encourage authors to submit their manuscripts to WJD. We will give priority to 
manuscripts that are supported by major national and international foundations and those 
that are of  great clinical significance.

World Journal of  Diabetes is now indexed in Emerging Sources Citation Index (Web of  
Science), PubMed, and PubMed Central.

I-Ⅵ	 Editorial Board 

INDEXING/
ABSTRACTING 



Eugenia Rota, Nicola Morelli

Eugenia Rota, Nicola Morelli, Department of Neurology, 
Ospedale G. da Saliceto, 29121 Piacenza, Italy

Author contributions: Rota E performed the majority of the 
writing; Morelli N made a substantive intellectual contribution, 
performing a critical revision of the content of the review and 
preparing the figure and table.

Conflict-of-interest statement: There is no conflict of interest 
associated with the author or the coauthor.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Correspondence to: Eugenia Rota, MD, Department of Neuro
logy, Ospedale G. da Saliceto, Via Taverna 49, 29121 Piacenza, 
Italy. eugenia.rota.md@gmail.com
Telephone: +39-0523-303310
Fax: +39-0523-303322

Received: March 25, 2016
Peer-review started: March 26, 2016
First decision: May 13, 2016
Revised: July 9, 2016
Accepted: July 20, 2016
Article in press: July 22, 2016
Published online: September 15, 2016

Abstract
Neuropathy is a common complication of diabetes 
mellitus (DM) with a wide clinical spectrum that encom
passes generalized to focal and multifocal forms. 
Entrapment neuropathies (EN), which are focal forms, 
are so frequent at any stage of the diabetic disease, that 
they may be considered a neurophysiological hallmark 

of peripheral nerve involvement in DM. Indeed, EN may 
be the earliest neurophysiological abnormalities in DM, 
particularly in the upper limbs, even in the absence of a 
generalized polyneuropathy, or it may be superimposed 
on a generalized diabetic neuropathy. This remarkable 
frequency of EN in diabetes is underlain by a peculiar 
pathophysiological background. Due to the metabolic 
alterations consequent to abnormal glucose metabolism, 
the peripheral nerves show both functional impairment 
and structural changes, even in the preclinical stage, 
making them more prone to entrapment in anatomically 
constrained channels. This review discusses the most 
common and relevant EN encountered in diabetic pa
tient in their epidemiological, pathophysiological and dia
gnostic features. 

Key words: Diabetes mellitus; Neuropathy; Diabetic 
neuropathy; Median entrapment neuropathy at the 
wrist; Ulnar entrapment neuropathy at the elbow; Ulnar 
entrapment neuropathy at the wrist; Carpal tunnel 
syndrome; Electrodiagnosis; Tarsal tunnel syndrome
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Core tip: Diabetic neuropathy syndromes include 
both generalized and focal/multifocal forms. Entrap
ment neuropathies (EN) are remarkably frequent 
in the focal forms and may be the earliest neuro
physiological abnormalities in diabetes, even in the 
absence of a generalized polyneuropathy. Based on 
a pathophysiological hypothesis, diabetic patients’ 
peripheral nerves, damaged by the altered glucose 
metabolism, show both functional impairment and 
structural changes. This makes them more susceptible 
to chronic compression in anatomically constrained 
channels. Therefore, EN may be considered a neuro
physiological hallmark of peripheral nerve involvement in 
diabetes mellitus.
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INTRODUCTION
Neuropathy is a major complication of diabetes mellitus 
(DM) and is as common as protean. Moreover, it not 
only leads to an impaired quality of life, but also to an 
increased morbidity and mortality[1]. Diabetic neuropathy 
(DN) is the most common form of neuropathy in 
Western countries, with a wide prevalence in literature, 
ranging from 5% to 90%[2,3]. Such a large discrepancy 
is mainly due to the different methods, i.e., sets of 
electrophysiological and clinical criteria and demographic 
data adopted[4]. The EURODIAB IDDM Complication 
Study reports a 28% prevalence of DN across Europe[4]. 
Considering that DM affects about 246 million people 
worldwide, it can be estimated that 20-30 million people 
have a DN[5].

There are numerous and heterogeneous neuropathic 
syndromes associated with DM. Indeed, the Toronto 
Diabetic Neuropathy Expert Group[1,6] updated the 
classification of DNs, providing definitions, minimal 
criteria for diagnoses and severity estimations. The 
Toronto Consensus Panels on DN[1,6] accepted Thomas[7] 
and Boulton et al[8]’s separation of DNs into generalized 
and focal/multifocal neuropathies (Table 1).

Generalized DNs can be further classified into at 
least two major subgroups, i.e., typical and atypical[1,6]. 
The most common generalized DN is the typical sym
metric sensorimotor polyneuropathy, which is known 
to be length-dependent[9]. The atypical forms of genera
lized DN are usually intercurrent, painful varieties and 
can develop acutely at any time during the course of a 
patient’s disease[10].

Focal and multifocal neuropathies in DM: Entrapment 
syndromes vs mononeurites/multiple mononeuropathies
The focal and multifocal neuropathies associated with 
DM can be broadly subdivided into two categories[6], 
which are characterized by different clinical features 
and underpinned by various pathophysiological back
grounds. Entrapment of the nerve, favoured by chro
nic compression, is the pivotal causative factor in the 
first group: This includes median neuropathy at the 
wrist (MNW), ulnar neuropathy at the elbow (UNE) 
and peroneal neuropathy at the knee[6]. The second 
group encompasses cranial mononeuropathies or mono
neurites, multiple mononeuropathies and thoracic, 
cervical and, most frequently, lumbosacral radiculo
plexus neuropathies. The latter is also known as diabetic 
amyotrophy or Bruns Garland syndrome, where the 
pathophysiology involves inflammatory factors, micro
vasculitis and ischemia[11-13]. The 3rd and 6th are the 
most commonly affected cranial nerves, whilst the 
7th is more rarely involved. Some pathological studies 
have demonstrated a centro-fascicular lesion in the 

intracavernous portion of the 3rd cranial nerve, sparing 
the peripheral fibres (and, consequently, the pupillary 
reaction), attributable to ischemic damage[5,14].

The two groups, i.e., entrapment neuropathies (EN) 
and mononeuropathies/multiple mononeuropathies, 
have different clinical characteristics[15]. Indeed, mono
neurites or multiple mononeuropathies usually have an 
acute onset, where pain is a common feature, and a 
self-limiting clinical course within a 6-mo period, even if 
forms like diabetic amyotrophy may be highly disabling. 
On the other hand, EN have a gradual onset, a slow 
progression and persist without intervention[15].

EN: General epidemiological remarks
EN are remarkably common in DM[15,16] at any stage and 
may be asymptomatic. Therefore, patients with signs 
and symptoms suggestive of an entrapment should be 
thoroughly investigated, as surgery may be indicated[15]. 

A study by Stamboulis et al[17] aimed at establishing 
whether symptomatic mononeuropathies are more 
frequent in diabetic patients without symptoms of 
polyneuropathy than in the general population. A large 
cohort of 642 consecutive outpatients with various 
acute symptomatic mononeuropathies (radial, ulnar or 
peroneal neuropathy, Bell’s palsy or median neuropathy 
at the carpal tunnel) were screened for the presence 
of DM. The results showed that in 522/642 patients 
with symptomatic carpal tunnel syndrome (CTS) and 
in 38/522 with Bell’s palsy, DM frequency (7.7% and 
10.5%, respectively) did not differ significantly from that 
expected in the general population[17]. Conversely, the 
respective DM rates (27.8%, 12.2% and 30.4%) were 
significantly higher than in the general population in 18 
patients with radial neuropathy at (or distally to) the 
spiral groove[17]. The same finding was observed in 41 
patients with ulnar neuropathy and in 23 patients with 
peroneal neuropathy at the fibular head[17]. This suggests 
that diabetic patients are more prone to focal limb 
neuropathies caused by acute external compression. 
However, this study focused on acute symptomatic 
mononeuropathies, whilst the majority of EN in DM are 
chronic and often asymptomatic.

Some cross-sectional and population studies reported 
a high prevalence of both symptomatic and asympto
matic MNW and ulnar nerve entrapments, with an 
increased lifetime risk for CTS, compared to the general 

343 September 15, 2016|Volume 7|Issue 17|WJD|www.wjgnet.com

Rota E et al . Entrapment neuropathies in diabetes mellitus

  Diabetic neuropathies

  Generalized Typical (symmetrical, lenght-dependent, 
sensorimotor neuropathy)
Atypical (painful varieties)

  Focal/multifocal Multiple mononeuropathy
Entrapment neuropathy

Lumbosacral/thoracic/cervical 
radiculoplexus neuropathy

Table 1  Diabetic neuropathies classification (according to 
Dyck et al [6], on behalf of the Toronto Expert Panel on 
Diabetic Neuropathy, 2011)
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showed more prominent involvement of large fibres[25]. 
Hence, some kind of a “continuum” of peripheral nerve 
damage, associated with glucose dysmetabolism, 
may be hypothesized. A subtle impairment of nerve 
function, which begins in the preclinical stage of DM 
and progresses into the more advanced stages of 
the disease, is involved in this dysmetabolism, where 
sustained hyperglycemia alters biochemical pathways 
in the neurons, making the nerves more susceptible to 
entrapment. 

There is clear evidence of the pathogenetic role the 
activated polyol pathway plays in diabetic nerves. Both 
the neurons and Schwann cells of patients with chronic 
hyperglycemia undergo a shift from the physiologic 
conversion of glucose into glucose-6-phosphate by 
hexokinase into an alternative pathway, where excess 
glucose is transformed into sorbitol by the aldose-
reductase. Sorbitol, due to its low plasma membrane 
permeability, may act as an osmotic driver and, con
sequently, promote axonal and nerve trunk swelling 
in DM[29]. Moreover, the activated polyol pathway may 
induce a decrease in Na/K ATPase activity, leading 
to intra-axonal Na accumulation and a reduced Na 
gradient across the plasmatic membrane[30].

Prolonged hyperglycemia may also enhance oxidative 
stress as radical scavengers are recharged too slowly 
to counterbalance the higher activity of the electron 
transport chain induced by the glucose overload[29]. The 
nerve axons, which are rich in mitochondria, are parti
cularly vulnerable to oxidative damage in DM. Such a 
“double cellular crisis” of energy failure and oxidative 
damage has also been proven in Schwann cells[31].

Furthermore, neurodegeneration may also be 
promoted by advanced glycation end products, which 
accumulate due to the non-enzymatic glycosylation of 
proteins and may even damage the function of pericytes 
and impair the nerve vascular supply[29]. A study on 
an animal model also led to the hypothesis that endo
nevrium and perinevrium metabolic and phenotypic ab
normalities may be underlying causal factors in the high 
sensitivity of diabetic nerves to entrapment[32].

The “double crush” hypothesis revisited
All these metabolic alterations lead to both functional 
impairment and structural changes, mainly swelling, in 
the nerves, making them more prone to entrapment 
in anatomically constrained channels[33]. In other 
words, there is a sort of “two hit” model. The glucose 
derangement hits the peripheral nerve first, which then 
becomes more susceptible to a second “hit”, by the 
local factors related to entrapment, such as increased 
pressure, strain and/or elongation in the anatomically 
narrow sites. This may well be in agreement with 
Upton’s “double crush hypothesis”. In 1973, Drs. Upton 
and McComas[34] hypothesized in the journal Lancet 
that, if non-symptomatic impairment of axoplasmic flow 
occurs at more than one site along a nerve, it might well 
sum-up to cause a symptomatic neuropathy[33,35]. This 

population. Herein, we should only like to emphasize 
that the presence of MNW was detected in 28% of DM 
patients at diagnosis[18] and that this proportion rose 
to 62.5% in patients with an average disease duration 
of 14.5 years[19]. This finding seems to confirm an 
association between EN, previously reported as not 
being age-dependent[20], and longer disease duration. 
Furthermore, subclinical UNE was electro-diagnosed 
in a remarkably high percentage, i.e., 34%, of DM 
patients[19], suggesting that the ulnar nerve is very 
susceptible to focal entrapment in DM, as is the median 
nerve. These findings and others (see CTS and ulnar 
entrapments), suggest that EN in DM, mostly at the 
upper limbs, are not late complications, but rather early 
neurophysiological abnormalities, where the frequency 
increases with the disease duration and/or in the 
presence of generalized DN.

THE PATHOPHYSIOLOGY OF EN: OLD 
AND NEW EVIDENCE
Epidemiological findings suggest that peripheral nerves 
are strikingly susceptible to focal entrapment in the 
presence of DM. Such a liability to chronic compression 
in DM may be attributable to metabolic factors and 
endoneurial ischemia, which damage the nerves already 
in the long preclinical stage[21], as was first proven in 
animal models[22]. Therefore, a focal EN may be the first 
and, at times, only manifestation of a peripheral nerve 
involvement not only in DM, but also in prediabetes.

Growing evidence has shown that, on the one hand, 
impaired glucose tolerance may cause peripheral neur
opathy itself and, on the other, abnormal glucose meta
bolism underlies a relevant proportion of apparently 
“idiopathic” sensory neuropathies[23-25]. The effects of 
sustained impaired glucose tolerance and progressive 
insulinopenia, also in the absence of hyperglycemia, 
were studied in an animal model (Goto-KakizaKi rat), 
which showed a functional and structural neuropathy 
associated with impaired NGF support and neuropeptide 
synthesis[26]. Indeed, insulin deficiency has been proven 
to be a pivotal pathogenetic factor in DN, owing to its 
unique trophic properties that act on sensory neuron 
and axon receptors[27]. Not only has it been shown that 
abnormal direct neuronal insulin signaling contributes to 
neuro-degeneration, but studies are ongoing on other 
important molecular factors that influence neuronal and 
axon growth, such as PTEN (phosphatase and tensin 
homolog deleted on chromosome 10)[28].

On the other hand, observational studies have 
reported an increased prevalence of impaired glucose 
tolerance (up to 34%) in subjects with painful sensory 
neuropathy[23,24]. In another study, where patients 
with peripheral neuropathy of unknown origin were 
administered Oral Glucose Tolerance Test, 56% had 
abnormal results. Moreover, patients with impaired 
glucose tolerance had predominantly small fibre 
neuropathy, compared to those with overt DM, who 
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hypothesis relied on the clinical observation that most 
patients observed by the authors had an MNW, which 
was often bilateral, or an ulnar neuropathy, associated 
with cervical radiculopathy. Drs. Upton and McComas[34] 

supposed that axoplasmic flow could also be impaired 
by the metabolic damage, based on the frequent 
association between DM and CTS. Hence, in a revisited 
and extended “double crush hypothesis” (Figure 1), not 
only proximal nerve impingement, but also metabolic 
dysfunction and nerve swelling subsequent to DN, may 
be involved in the “first crush”. This predisposes nerves 
to chronic compression, i.e., the “second crush”, in 
anatomically constrained sites, like carpal and/or tarsal 
tunnels[15].

This mechanism seems to be consistent with the 
frequent association of both generalized and focal 
DN, where an EN is superimposed on a generalized 
form of DN. Indeed, the metabolic derangement and 
the microvessel alterations, subsequent to chronic 
hyperglycemia, lead to exhaustion of the ATP supply 
and an earlier fibre dissolution in the distal nerve 
compartment[36]. This may be in line with the well-
known dying-back pathophysiological mechanisms 
that underlie generalized typical, symmetrical, length-
dependent diabetic neuropathy. However, the same 
subclinical damage to distal nerve segments and the 
early demyelination of small sensory fibres may be 
taken into account when interpreting a slow conduction 
velocity and/or conduction blocks across the carpal 
tunnel, in the distal median nerve in MNW, which is 
often the earliest EN. 

Diabetic neuropathy: Axonal or demyelinating?
The question thus arises whether the nature of DN 
is axonal or demyelinating. The results of a study 
aimed at answering this question[37] suggested that 
both mechanisms are involved. Demyelination seems 
to appear earlier in diabetic patients with or without 
symptoms of polyneuropathy, whilst axonal loss seems 
prevalent in more advanced DN, where it may be 
responsible for most of the symptoms. Moreover, the 
abnormal conduction velocity in the distal segment of the 

sural nerve, observed by Cappellari et al[38] in impaired 
glucose tolerance subjects without clinical neuropathy, 
also suggests that the myelin dysfunction of the distal 
sensory fibres represents the earliest detectable nerve 
response to hyperglycemia. Furthermore, a peculiar 
pattern of “abnormal median or ulnar/normal sural”, 
i.e., reduced sensory action potential of median or 
ulnar nerve in the presence of normal sensory action 
potential of sural nerve, was detected in 82% and 80% 
respectively of newly diagnosed diabetic patients[18]. 
Such a peculiar pattern was found in a high proportion 
of patients with acute inflammatory polyneuropathy 
and was thus considered suggestive of an early distal 
nerve involvement[39]. Hence, if the small myelinated 
nerve fibres may be assumed to be the most susceptible 
to entrapment, this may explain the finding of median 
neuropathy in a very distal segment of the nerve across 
the carpal tunnel, as the earliest neurophysiological 
alteration in patients with abnormal glucose metabolism 
(impaired glucose tolerance and DM). This is observed 
even in the absence of an overt DN. On the other 
hand, demyelination has been described as the first 
human nerve response to chronic compression in the 
pioneering studies carried out by Dellon et al[22] and 
Mackinnon et al[40], who detected markedly thinner 
myelin after compressive injuries. A Schwann cell pro
liferation, accompanied by increased apoptosis, has 
also been observed in animal models some weeks after 
compression[41]. These and other experimental findings 
reviewed by Tapadia et al[41], suggest that myelinated 
neurons may be particularly susceptible to mechanical 
stress, a pivotal factor in EN. Therefore, in the presence 
of a DN the peripheral nerves, that are already suffering 
from endoneurial ischemia and altered axonal excita
bility, are made more vulnerable to pressure. 

This may lead, on the one hand, to an induction of 
demyelination and, on the other, cause local vascular 
impairment and superimposed axonal damage in 
anatomical tunnels[42]. This seems to imply that, in EN, 
once an entrapment has occurred, the chronic com
pression may enhance the pre-existing nerve metabolic 
damage within a sort of vicious circle, leading to 

Diabetes mellitus
Other metabolic/endocrine injuries
Radiculopathy

Increased pressure in the carpal tunnel
and in other anatomically constrained
channels

Normal nerve Nerve with
subclinical damage

Nerve with entrapment
neuropathy

Figure 1  The “Double Crush” hypothesis revisited.
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worsening, unless surgery is performed. Furthermore, 
regeneration is impaired in DM patients. Indeed, the 
microangiopathic changes in small vessels, the metabolic 
derangement of neurons and Schwann cells, defects 
in the inflammatory cells within the injury milieu and 
lack of trophic factors, may contribute to the failure of 
regenerative programmes[43].

EN: Often asymptomatic
Another peculiar finding of EN in DM deserves mention. 
It is well known that DN are often asymptomatic. 
Indeed EN, mainly MNE and UNE, may frequently 
occur as subclinical neurophysiological alterations, in 
the absence of clinical symptoms, as demonstrated by 
some studies[18,19,44,45]. MNW was asymptomatic in 36% 
of the patients in a cohort of some newly diagnosed 
DM patients[18], similar to that obtained by Celiker et 
al[44]. This suggests that the presence of lesions in 
the proximal nerve segment and/or an alteration of 
the threshold of the sensory nerve fibres may render 
patients with DN less prone to develop a clinically 
evident CTS than normal controls[18,20,44,45].

EN DIAGNOSIS: GENERAL 
METHODOLOGICAL ASPECTS
Electro-diagnostic studies are the mainstay in the 
diagnostic work-up of EN. Sensory and motor con
duction studies provide an array of documentation on 
neuropathy. They distinguish the generalized forms 
from focal forms and show focal neurophysiologic 
abnormalities in anatomically constrained channels 
along the suspected nerve. Moreover, electrodiagnostic 
studies allow for the demonstration of the axonal or 
demyelinating features of the neuropathy, the staging 
of its severity and, last but not least, the exclusion of 
other concomitant diseases. One remarkable charac
teristic of electromyography is that it is able to detect a 
superimposed radiculopathy (such as a cervical C7-C8 
radiculopathy concomitant with CTS) in the afore
mentioned “double crush” syndrome[34].

There is growing evidence in favour of the use of 
imaging techniques as ancillary or complementary 
methods in the diagnostic process of neuropathies, 
above all for EN. Ultrasonography has been proven 
to offer several advantages in assessing peripheral 
nerves, including its cost-effectiveness, time-efficient 
evaluation of long nerve segments, ability to perform 
dynamic maneuvers, lack of contraindications, portability 
and non-invasiveness[46]. The last decade has witnessed 
an extensive use of neuromuscular ultrasonography, 
particularly in the assessment of EN, where the most 
common and reproducible sonographic finding is nerve 
enlargement, just proximal to the site of entrapment[47]. 
This enlargement is typically fusiform, rather than 
discretely focal, and is usually measured by the nerve 
cross-sectional area. Although the cause of nerve 
enlargement has not yet been completely clarified, it 

has been hypothesized to be the result of axoplasmic 
damming, as observed in entrapment and chronic 
nerve compression models[47]. Moreover, inflammatory 
and/or vascular components may contribute to nerve 
enlargement. Along with nerve enlargement, just 
proximal to the site of entrapment, other less common 
findings have been reported and include hypoechoic 
nerve echo-texture, nerve flattening and pinching at 
the entrapment site, enlargement of single or multiple 
fascicles and/or increased vascularity within the nerve[47]. 
A recent study[48] was carried out to identify ultrasound 
findings in type II DM patients complaining of neuropathic 
symptoms and signs. Nerve ultrasound revealed an 
increased cross-sectional area in the peripheral nerves 
both at compression sites, even in the absence of clinical 
symptoms, and at non-compression sites. The authors 
hypothesize that cross-sectional area enlargement at 
compression sites indicates subclinical nerve damage 
and probably susceptibility to entrapment. Whilst 
cross-sectional area increase at non-compression sites 
suggests early morphological abnormalities, even when 
nerve conduction studies are unremarkable[48]. However, 
further studies should be carried out to confirm these 
results and to identify any correlations between ultra
sonographic and electrodiagnostic findings.

The current role of magnetic resonance imaging (MRI) 
neurography in diabetic neuropathy is mainly that of 
excluding the presence of a lesion as the cause of nerve 
entrapment in cases of focal or regionally distributed 
multifocal neuropathy, mostly when clinical and ele
ctrodiagnostic findings are inconclusive. Furthermore, 
MRI neurography can diagnose those extra-neural 
affections that mimic neuropathic symptoms, such as 
Charcot arthropathy, osteomyelitis, plantar fasciitis, 
etc[49].

MEDIAN ENTRAPMENT NEUROPATHY 
AT THE WRIST AND CARPAL TUNNEL 
SYNDROME
Median nerve entrapment neuropathy at the wrist 
(MNW) is the prototype of EN and is caused by the 
compression and traction of the median nerve within 
the carpal tunnel, an osteofibrous outlet located 
between the transverse carpal ligament and the carpal 
bones. It may be asymptomatic or accompanied by 
sensory complaints (pain, numbness, paraesthesias) or 
motor symptoms (weakness, clumsiness) in the section 
of the hand supplied by the median nerve. CTS is the 
commonest median neuropathy, with a 10% lifetime 
risk in the general population[50]. Prevalence rates vary 
widely across studies, depending on various factors, 
such as the geographic area, age, anthropometric data, 
exposure to risk factors for CTS and the diagnostic 
criteria used. Recently, a CTS prevalence of 2.3% to 
4.3% has been reported in two large cohorts of French 
workers[51]. Some studies[18-20,42,52] report the prevalence 
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of both MNW and CTS to be several-fold higher in DM 
patients than in the general population, above all in 
DM patients with polyneuropathy and/or long disease 
duration. CTS has been detected in 14% of diabetic 
subjects without polyneuropathy and in 30% of subjects 
with polyneuropathy[42]. Moreover, an MNW was found 
in 28% of newly diagnosed DM patients, compared to 
62.5% of patients with an average disease duration of 
14.5 years[18,19]. Similar results were reported in another 
study carried out on 146 DM patients, where CTS 
was diagnosed in 39% of the sample, 28% of males 
and 46% of females[53]. The risk of hand syndromes, 
including CTS, stenosing flexor tenosynovitis and 
Dupuytren disease, was evaluated in a population-based 
cohort study (606152 diabetic patients and 609970 
matched for age and gender)[54], where the hazard 
ratio for CTS was: 1.31 (95%CI: 1.28-1.34) in DM 
patients. In the longitudinal Fremantle Diabetes Study, 
aimed at determining the incidence and predictors of 
carpal tunnel decompression in 1284 DM patients, the 
incidence of CTS was 5.5 cases per 1000 patient-year, 
at least 4.2-fold that of the general population[52]. In a 
previous review, aimed at evidencing any increase in 
the prevalence of specific conditions in CTS patients, a 
two-fold increased risk (OR = 2.2; 95%CI: 1.5-3.1) for 
DM was detected[55]. Therefore, DM is an independent 
risk factor for CTS[55]. A surprisingly high lifetime risk of 
CTS has been reported in type 1 DM patients, where it 
may rise to 85% after 54 disease years[56].

A case-control Italian study[57] reported that, not 
only overt DM, but also abnormal glucose metabolism 
was present in a high percentage of the subjects with 
idiopathic CTS. This finding led the authors to propose 
insulin resistance screening for all patients with CTS, as 
they found insulin resistance in 80% of patients: 45% 
had impaired glucose tolerance, 14% newly diagnosed 
DM and 20% insulin resistance only[57].

The dominant hand is the most commonly affected 
in CTS, with a prevalence for females, where the tunnel 
tends to be smaller, and in obese DM patients[53,58].

Such a strong association between MNW/CTS and 
DM is underpinned by the fact that DM nerves are very 
prone to compression due to metabolic and vascular 
factors occurring in a DM already in the preclinical stage. 
Indeed, increased pressure in the carpal tunnel, which 
rises up to 8-10-fold in the flexion/extension movements 
of the wrist, and nerve traction may reduce the intra
neural microcirculation, damage the myelin sheath 
and the axonal function, as well as the connectival 
structures, in a vicious circle where the nerve swelling, 
due to oedema and hypoxia, are a pivotal aggravating 
factor in the pathophysiology of CTS[59] (Figure 2).

Median nerve entrapment in the carpal tunnel 
with neural mobilization during anatomical stress may 
lead to conduction failure also in the non-diabetic 
population. This has recently been demonstrated by a 
study where recruitment properties of the median nerve 
were studied by the stimulus-response curve before 
and after intermittent-repetitive neural mobilization, 

in subjects with and without CTS[60]. Only subjects 
with CTS exhibited a strikingly abnormal stimulus-
response curve. This finding suggests that compressive 
forces may alter energy-dependent processes during 
anatomical stress in elongation, leading to conduction 
block in axons[60]. Taken as a whole, these findings do 
seem to imply that once an entrapment has occurred 
in MNW/CTS, anatomical stress may enhance the pre-
existing metabolic and ischemic nerve damage within 
a sort of vicious circle, leading to axonal degeneration 
and to a worsening of the entrapment, unless surgery is 
performed.

When the severity of an electrophysiologically 
confirmed CTS was compared between patients with 
DM (and no concomitant metabolic syndrome) and 
patients with metabolic syndrome, it was observed to 
be more severe in those with a metabolic syndrome[61]. 
This finding suggests the presence of other disease 
modifying factors related to the metabolic syndrome.

Nerve conduction studies are the mainstay in the 
diagnostic approach to the MNW and CTS. Although 
quantitative sensory testing for the different modalities 
(temperature, pain, vibration perception threshold, per
ception testing) may be more sensitive than standard 
clinical tests[62], it has considerable subjective com
ponents making it unreliable for diagnosis[15,63].

Electrophysiological studies, that measure median 
nerve sensory and motor conduction parameters, not 

Increased carpal tunnel pressure

Median nerve compression

Impaired axonal
function

Reduced endoneurial
microcirculation

Altered myelin
sheath

Edema
nerve swelling

Hypoxia

Up-regulation of
angiogenetic factors

Axonal degeneration Demyelination

Figure 2   Carpal tunnel pathophysiology (modified from Aboonq[59], 2015).
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only allow for a diagnosis of MNW, but also the staging 
of its severity, as they may detect focal abnormalities 
within the carpal tunnel itself. The techniques for an 
electrodiagnosis of CTS were described and assessed 
by Werner et al[64], in an American Association of Neuro
muscular and Electrodiagnostic Medicine monograph. 
The sensory response is particularly useful to diagnose 
CTS, as sensory fibres have a larger proportion of large 
myelinated fibres, with a higher energy requirement, that 
are more susceptible to ischemic and metabolic damage. 
Comparison of the median nerve sensory latency with 
ulnar or radial latency has been demonstrated to be 
more effective than the use of absolute median nerve 
latency in documenting the median nerve entrapment 
within the carpal tunnel[64].

An electrodiagnosis of CTS may be particularly chal
lenging in DM patients with a polyneuropathy, where the 
comparative tests between the ulnar and radial nerve 
may necessitate that the values be adjusted from those 
used in the general population to more conservative 
cut-off values[64]. Moreover, segmental and comparative 
median nerve conduction tests (the disto-proximal 
latency ratio) showed a high sensitivity of 90% in DM 
patients affected by polyneuropathy, which is similar 
to that of the median-ulnar sensory latency to digit 4 
comparison[65].

The measures needed to achieve a minimum stan
dard of care for the use of electrodiagnostic testing in 
the suspicion of a CTS have been defined according to 
the guidelines developed by the American Association of 
Neuromuscular and Electrodiagnostic Medicine[66]. 

MNW is the entrapment neuropathy most frequently 
studied with ultrasonography. Enlargement of the 
median nerve cross-sectional area at the distal wrist 
crease is an accurate parameter for the diagnosis of CTS, 
with a sensitivity and specificity of > 85% in several 
studies[47]. The median nerve has a lower mobility in 
patients affected by CTS than healthy controls and 
this decreased range of movement can be quantified 
in both lateral and distal-proximal planes, according to 
set grading scales[47]. A recent study[67] suggests that 
ultrasonography be used to make a differential diagnosis 
between EN and diabetic neuropathy in DM patients. 
There was a wider median nerve cross-sectional area 
in DM patients with polyneuropathy than in controls, in 
particular in the CTS subgroup, where there was a larger 
cross-sectional area at the wrist and wrist-to-forearm[67].

The treatment of CTS is mainly surgical, aimed 
at decompression of the median nerve by sectioning 
the carpal transverse ligament. Surgical nerve release 
can be done either by an open approach (OCTR) or 
endoscopically (ECTR). Although the two approaches 
differ only slightly as to pain relief and improvement of 
functional status, there may be a functionally significant 
benefit of ECTR over OCTR in improving grip strength[68]. 
Several non-surgical approaches, including oral steroids, 
splinting, ultrasound, yoga and carpal bone mobilization, 
have been suggested for patients with mild-moderate 
symptoms, with significant short-term benefit, although 

long-term efficacy remains to be ascertained[69]. In 
the DM population, where the metabolic derangement 
may impair nerve regeneration[43], the question arises 
whether the treatment, above all surgery, would main
tain the same long-term efficacy as it does in the general 
population. Such a question has been addressed by 
some studies. The outcome of CTS surgical release was 
evaluated at one month and one year in DM patients 
and was observed to be inferior and slower than in non-
diabetic controls[70]. Such a difference was attributed 
to metabolic factors and impaired nerve regeneration, 
which are likely to be responsible for the slower recovery 
in DM patients[70]. A worse surgical outcome was 
reported at 10 post-surgical years for DM patients with 
CTS, compared to idiopathic CTS patients[71]. However, 
another recent study was carried out on 35 patients 
and 31 normal controls with a 5-year follow-up. It 
reported that after surgical release of CTS, DM subjects 
had a long-term improvement in sensory, motor fun
ction and cold intolerance, comparable to that of non-
diabetic controls[72]. Interestingly, the improvement in 
cold intolerance would be consistent with a potential 
for long-term regeneration of small fibers[72]. Thomsen 
et al[73] also assessed the neurophysiologic recovery 
after carpal tunnel release in the same sample of DM 
patients, who had significantly impaired nerve con
duction parameters, both before and after surgical carpal 
tunnel release, compared to non-diabetic patients. 
Nevertheless, neurophysiologic recovery after carpal 
tunnel surgery did not differ between the two patient 
groups or between diabetic patients, with or without 
peripheral neuropathy. Thus, relevant neurophysiologic 
impairment of the median nerve, or signs of peripheral 
neuropathy, is not likely to preclude significant recovery 
after carpal tunnel release in DM patients[73]. Even the 
quality of life, evaluated with generic and disease-
specific questionnaires (SF-36 and Boston Carpal Tunnel 
Questionnaire, respectively), that was more impaired 
in DM CTS patients than in non-diabetic CTS subjects 
and the general population, had the same post-surgical 
scores for both DM and non-diabetic patients[74]. 
Therefore, the authors stated that DM patients should 
be given the same surgical option for CTS treatment as 
non-diabetic patients[73,74].

UNE AND ULNAR ENTRAPMENT 
NEUROPATHY AT THE WRIST (UNW)
The second most frequent entrapment neuropathy 
involves the UNE, in the retroepicondylar groove or 
under the humeroulnar aponeurotic arcade, i.e., the 
cubital tunnel. A study by Mondelli et al[75] investigated 
the UNE incidence in the general population, where 
there was a crude incidence of 24.7 per 100000 person-
years and a standardized incidence of 20.9 per 100000 
person-years. A prospective study[76] was carried out 
on a group of subjects with suspected UNE given 
electrodiagnostic and ultrasonographic examination. 
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It reported that the entrapment was localized in the 
retroepicondylar groove in 76% of the cases, where 
it was mainly demyelinating and at the humeroulnar 
aponeurotic arcade in 17%, where it was mostly axonal. 
UNE may occur without symptoms or be accompanied 
by painful paraesthesias in the fourth and/or fifth digit 
or by hypothenar or interosseus muscle weakness and 
wasting.

Clinical and neurophysiologic findings of a severe 
ulnar neuropathy were previously reported in a group 
of patients affected by DM with severe systemic com
plications[77]. Another four patients with type I DM and 
clinical findings suggestive of severe ulnar neuropathy 
have been described, where nerve conduction studies 
detected a partial conduction block or abnormal temporal 
dispersion within the forearm segment of the ulnar 
nerve, along with a mild underlying polyneuropathy[78]. 
The authors raised the question whether the UNE was 
due to an increased propensity to focal compression 
of the ulnar nerve within the humeroulnar arcade, or 
whether it represented a localized manifestation of 
the generalized polyneuropathy[78]. According to the 
advances made in DN pathophysiology, this seems to 
be only an apparent contradiction, in as much as, in 
reality, the metabolic derangement of diabetic nerves 
may underpin their remarkable liability to compression.

A more recent study[19] assessed the prevalence 
and electrophysiological features of ulnar entrapment 
neuropathy, according to the American Association 
of Electrodiagnostic Medicine protocol[79]. A cohort 
of 64 consecutive DM patients were studied and 
UNE was electrodiagnosed in 34% (18% were not 
polyneuropathic); UNW was detected in 11% of this 
sample[19]. On the basis of such a high proportion of 
patients (45%) with neurophysiological alterations 
consistent with ulnar EN at both sites (elbow and wrist), 
the authors concluded that the ulnar nerve, similarly 
to the median nerve, is very susceptible to focal 
entrapment in DM. Moreover, they suggested that upper 
limb sensory and motor NCS, including motor conduction 
velocity across the elbow, be routinely evaluated in the 
staging of DM patients[19].

Furthermore, the frequent neurophysiological ab
normalities detected on the ulnar nerve by this electro
diagnostic study[19] were mostly asymptomatic and only 
a small proportion of patients with a diagnosis of UNE 
showed the clinical signs of EN. This finding that UNE 
was mainly subclinical is in agreement with previous 
evidence related to MNW, which was asymptomatic in 
one third of DM patients[18,20,44,45]. It is also in line with the 
hypothesis that there is an alteration of the threshold of 
the sensory nerve fibres in DM and this may well explain 
the lower propensity for DN patients to develop a clinical 
symptomatology[18,20,44,45].

Furthermore, in the same study[19], UNW was con
comitant with MNW in all but one case. Indeed, the 
question arises as to the association between UNW 
and MNW, where the discrepancy in literature is most 
likely to be due to the different methods adopted[80]. 

Indeed, in DM patients, where the frequency of MNW 
is high, concomitant involvement of Guyon’s canal 
(UNW) has been shown to reduce the sensitivity of the 
median-ulnar comparative studies[81]. Therefore, the 
neurophysiological diagnosis of concomitant CTS and 
UNW may present a challenge, above all in DN patients. 
A retrospective case-control study[82], carried out on 
an electrodiagnostic database, included 1924 patients 
evaluated for CTS and 1024 DM patients investigated 
for CTS and/or polyneuropathy. A logistic regression 
analysis showed that the presence of CTS was asso
ciated with a two-fold risk of UNW in both idiopathic 
CTS and DM CTS groups. These finding suggest that 
the presence of concomitant UNW and CTS should be 
carefully pursued in nerve conduction studies, above all 
in DM patients.

A study by Mondelli et al[75] compared the prevalence 
of DM in two consecutive samples of patients with UNE 
and CTS and reported that it was remarkably similar, 
i.e., 6.0% and 6.6% respectively. Indeed, patients with 
UNE and DM were clinically and neurophysiologically 
indistinguishable from other UNE patients (both idiopathic 
and post-traumatic). The only difference was a smaller 
amplitude of the sensory response in the DM patients, 
which may well be attributable to the underlying axonal 
polyneuropathy[75]. These findings strengthen the 
similarities between median and ulnar EN in DM, which 
obviously act in the same way on peripheral nerves 
at both the upper and lower limbs, predisposing them 
to compression in anatomically narrow sites, were the 
nerves are exposed to increased pressure and repetitive 
strain.

EN AT THE LOWER LIMBS
It seems that entrapments of the ulnar and median 
nerve are not only a typical electrophysiological feature 
of polyneuropathy in DM, but also the early subclinical 
sign of peripheral nerve damage, even when a gen
eralized diabetic neuropathy is not yet evident. Whilst 
EN at the lower limbs seem to be less frequent feature 
of DM. Indeed, the evidence of an increased frequency 
of common peroneal nerve entrapment in DM at the 
level the fibular head and of the tarsal tunnel syndrome 
is less overwhelming, compared to upper limb focal 
neuropathies.

In the past it was reported that DM was the under
lying cause of peroneal neuropathy in only 5%-12% of 
patients[83]. However, a more recent study was carried 
out to determine whether peripheral neuropathy could 
explain the apparent association between DM and 
disability in ageing subjects. It reported that reduced 
peroneal motor response amplitude at multiple sites and 
weakness of foot dorsiflexion were found in two thirds of 
the sample of DN patients over 65[15,84]. 

A similar impairment of peroneal nerve conduction 
parameters was observed in subjects 65 years or older 
in a study[85], carried out to determine whether DM was 
associated with objective measures of physical and 
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peripheral function. It concluded that DM patients had 
a decreased conduction velocity and motor response 
amplitude at the lower limbs, along with a reduced 
walking speed, compared to the non-diabetic sub
jects[85]. However, if direct neurophysiological signs of 
entrapment, e.g., conduction block or reduced motor 
conduction velocity across the fibular head, are not 
carefully searched for and detected, peroneal axonal 
damage may be consequent to DN itself or to an 
L5 radiculopathy or a lumbar spinal stenosis. These 
conditions may even be superimposed on DN, making 
for a complex differential diagnosis. 

The diagnosis of tarsal tunnel syndrome is even 
more challenging, as it is characterized by entrapment 
of the tibialis nerve as it curves behind the medial 
malleolus underneath the flexor retinaculum. There 
may be a selective or prevailing entrapment of the 
medial or lateral plantar nerves, two of the terminal 
branches of tibial nerve, in a tarsal tunnel syndrome. 
Indeed, this is more difficult to demonstrate without the 
adoption of a complex electrodiagnostic protocol with 
segmental analysis of the motor conduction velocity in 
the distal tracts of the tibial nerve[86]. Such shortcomings 
in neurophysiological investigation protocols seem to be 
common to several studies on neuropathy at the lower 
limbs in DM, making them unreliable when investigating 
entrapment. Therefore, these methodological limits 
could be considered a plausible explanation for the less 
detailed evidence on entrapment in the lower limbs, 
than what is available for the upper extremities in the 
general population and even more so in DM patients. 
Indeed, similarities between CTS and tarsal tunnel 
syndrome might be expected as they have a common 
pathophysiological background that predisposes the 
nerves to external compression.

Surgical nerve release seems to find a rationale 
in the “revisited” Upton and McComas’s “double 
crush” hypothesis (Figure 1)[15,34], where DN (with 
nerve swelling) represents the “first crush” and nerve 
compression at the tarsal tunnel or peroneal head the 
“second crush”[87], despite the often limited electro
diagnostic evidence for entrapment superimposed 
to the length-dependent DN. This hypothesis has 
received recent support by nerve ultrasonography that 
demonstrated an increased cross-sectional area in 
nerves affected by neuropathy[47]. Moreover, ultrasound 
imaging was used to quantify the magnitude and 
timing of tibial nerve excursion during ankle dorsiflexion 
in patients with DM and was compared to matched 
healthy controls[88]. The results showed that the nerve 
cross-sectional area was increased at the ankle in the 
DM group, where the tibial nerve longitudinal excursion 
at the ankle and knee was reduced proportionally to 
the severity of neuropathy. Moreover, on the basis 
that a larger tibial nerve size within the tarsal tunnel in 
patients with DM may restrict longitudinal excursion, 
it has been hypothesized that such altered tibial nerve 
biomechanics may be related to painful symptoms 
during functional activities[88].

Surgical decompression of nerves at the lower limbs
Several studies have been based on the “double crush” 
hypothesis (Figure 1), from the pioneering work by 
Dellon[89] to more recent studies[90,91], which evaluated 
the efficacy of surgical decompression in DN patients. 
Considering Valdivia Valdivia et al[90]’s retrospective 
review, the results of neurolysis on multiple sites of 
chronic nerve compression in the lower extremity 
were analyzed in 158 consecutive patients, 96 with 
DM and 62 with idiopathic neuropathy. A significant 
post-operative improvement was reported in sensation 
and balance at a minimum follow-up of 1 year; even 
pain improved, as demonstrated by a decrease in the 
Visual Analogic Scale score. There was no statically 
significant difference in outcomes between patients 
with DM vs idiopathic neuropathy in response to nerve 
decompression[90]. Another study by Liao et al[91] 

investigated into the effect surgical decompression 
had on painful DN as to the pain distribution, where 
a total of 306 patients, with painful diabetic lower-
extremity neuropathy were treated with Dellon surgical 
nerve decompression. Patients had pre- and post-
surgical (were appropriate) clinical evaluation and high-
resolution ultrasonography (cross-sectional area), as 
well as nerve conduction studies (tibial and common 
peroneal nerve conduction velocity). Surgical patients 
were retrospectively assigned into two subgroups, i.e., 
focal and diffuse pain, according to the distribution 
of the diabetic neuropathic pain. The control group 
included 92 non-surgical patients with painful DN. 
After surgical decompression, the surgical group had a 
higher reduction in pain (measured as Visual Analogic 
Scale score) and an improvement in nerve conduction 
and cross-sectional area than did the control group. As 
was expected, based on the rationale on the surgical 
decompression approach, a greater improvement in 
Visual Analogic Scale and cross-sectional area was 
observed in the focal pain group than in the diffuse 
pain group. The authors concluded that decompression 
of multiple lower-extremity peripheral nerves was 
effective in patients with painful DN to a greater extent 
in patients with focal symptoms[91].

However, unfortunately, these two studies show 
relevant methodological shortcomings. Firstly, there 
was no demonstration of a precise site of entrapment 
by direct electrodiagnostic signs along nerves, which 
showed only axonal damage subsequent to DN. 
Furthermore, serial measurements of nerve motor 
conduction velocities may show a variability[92] which 
was not taken into account in the post-surgical 
evaluation of the improved conduction velocity along 
tibial and common peroneal nerves. In addition, most 
of the outcome measures evaluated by these studies 
are subjective, making the definition of focal pain in the 
study of Liao et al[91], 2014 questionable. Therefore, we 
are of the opinion that further neurophysiological stu
dies should be carried out in an effort to better charac
terize EN superimposed on DN at the lower limbs. 
Moreover, further prospective studies, based on detailed 
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electrodiagnostic and ultrasonographic protocols 
aimed at localizing the sites of nerve compression are 
welcome to better assess the efficacy of surgical nerve 
decompression in patients suffering from painful DN.

CONCLUSION
EN are so common in DM, at any stage, that they may 
considered a neurophysiological hallmark of peripheral 
nerve involvement in DM. Indeed, EN, particularly 
in the upper limbs, may represent the earliest neuro
physiological abnormalities, which are often asymp
tomatic, even in the absence of a generalized poly
neuropathy or, usually later in the natural history of DM, 
they may be superimposed on a generalized DN. 

The remarkable frequency of EN in DM is underpinned 
by a peculiar pathophysiological background. The 
peripheral nerves, due to the metabolic alterations 
consequent to altered glucose metabolism, even in 
the preclinical stage, show both functional impairment 
and structural changes, mainly swelling, which makes 
them more prone to entrapment in anatomically 
constrained channels. The diagnosis of EN relies mainly 
on nerve conduction studies and may sometimes be 
challenging, mostly in DM patients with a generalized 
polyneuropathy. Despite this, we believe that an EN 
diagnosis is a must, not only for the staging of DM, but 
also due to the fact that the treatment of choice for 
numerous EN cases may have to be surgical.
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Abstract
To achieve good metabolic control in diabetes and keep 
long term, a combination of changes in lifestyle and 
pharmacological treatment is necessary. Achieving near-

normal glycated hemoglobin significantly, decreases risk 
of macrovascular and microvascular complications. At 
present there are different treatments, both oral and 
injectable, available for the treatment of type 2 diabetes 
mellitus (T2DM). Treatment algorithms designed to 
reduce the development or progression of the com
plications of diabetes emphasizes the need for good 
glycaemic control. The aim of this review is to perform 
an update on the benefits and limitations of different 
drugs, both current and future, for the treatment of 
T2DM. Initial intervention should focus on lifestyle 
changes. Moreover, changes in lifestyle have proven to 
be beneficial, but for many patients is a complication 
keep long term. Physicians should be familiar with the 
different types of existing drugs for the treatment of 
diabetes and select the most effective, safe and better 
tolerated by patients. Metformin remains the first choice 
of treatment for most patients. Other alternative or 
second-line treatment options should be individualized 
depending on the characteristics of each patient. This 
article reviews the treatments available for patients with 
T2DM, with an emphasis on agents introduced within 
the last decade.

Key words: Type 2 diabetes mellitus; Treatment; Oral 
antidiabetic agents; Injectable antidiabetic agents; Older 
people; Renal impairment; Future treatments 
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Core tip: To achieve good metabolic control in diabetes 
and keep long term, a combination of changes in 
lifestyle and pharmacological treatment is necessary. 
Physicians should be familiar with the different types of 
existing drugs for the treatment of diabetes and select 
the most effective, safe and better tolerated by patients. 
This article reviews current and future treatments for 
patients with type 2 diabetes mellitus, its use in clinical 
practice and in special situations such as kidney failure 
and elderly patient, with an emphasis on agents 
introduced within the last decade.
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INTRODUCTION
Type 2 diabetes mellitus (T2DM) is a disease that 
affects more than 400 million people around the world. 
In 2040, there will be more than 640 million people 
with diabetes worldwide[1]. The prevalence of T2DM 
is expected to double within the next 20 years, due 
to the increase of the age, obesity and the number 
of ethnic groups of high risk in the population[2], with 
significant increases in cardiovascular disease[3], 
end-stage renal disease (ESRD)[4], retinopathy and 
neuropathy. Additionally, to achieve good metabolic 
control in diabetes and keep long term, a combination 
of changes in lifestyle and pharmacological treatment is 
necessary. Achieving near-normal glycated hemoglobin 
(HbA1c) significantly decreases risk of macrovascular 
and microvascular complications[4]. However, only about 
50% of diabetic patients reach their HbA1c target[5]. 
Algorithms for the treatment of diabetes highlight the 
need for good glycaemic control to reduce the develop
ment or progression of diabetes complications. In 
recent years has increased the number hypoglycaemic 
agents available for the treatment of T2DM. A recent 
position statement of the American Diabetes Association 
(ADA) and the European Association for the Study of 
Diabetes (EASD) on a patient-centered approach in the 
management of patients with T2DM[6] gives an overview 
on how different conditions and co-morbidities may 
influence the choice of different hypoglycaemic agents. 
The ADA/EASD suggests that initial intervention should 
focus on lifestyle changes. Moreover, changes in lifestyle 
have proven to be beneficial[7], but for many patients 
is a complication keep long term, due to differing 
experiences or perceptions[8]. In general, drug therapy 
includes not only initial hypoglycaemic agents, but 
other intensification strategies to maintain glycaemic 
control over time, often requiring several drugs with 
different mechanisms of action[9]. Physicians should be 
familiar with the different types of existing drugs for 
the treatment of diabetes and select the most effective, 
safe and better tolerated by patients.

This article reviews current and future treatments 
for patients with T2DM, its use in clinical practice and 
in special situations such as kidney failure and elderly 
patient, with an emphasis on agents introduced within 
the last decade. The aim of this review is to perform an 
update on the benefits and limitations of different drugs, 
both current and future, for the treatment of T2DM.

LIFESTYLE CHANGES
Dietary intake and physical exercise are the two main 

determinants of the energy balance[10], and they are 
considered as a basic base in the treatment of patients 
with diabetes. Adequate rest is also very important 
for maintaining energy levels and well-being, and all 
patients should be advised to sleep approximately 7 h 
per night[9]. Evidence supports an association of 6 to 9 
h of sleep per night with a reduction in cardiometabolic 
risk factors[11], whereas sleep deprivation aggravates 
insulin resistance, hypertension, hyperglycaemia, and 
dyslipidaemia[12]. On the other hand, a screening of 
patients with suspected obstructive sleep apnoea should 
be performed, and refer them to a sleep specialist for 
evaluation and treatment[9].

Although the pharmacological options are each 
time more extensive and they offer more therapeutics 
possibilities, especially in the T2DM, the interventions 
in the life style are essentials in the approach of these 
patients and they are needed to get the therapeutics 
goals[13].

Diet
When nutritional intervention is contemplated, the co-
morbidities that can coexist in a diabetic patient also 
have to be considered. The recommendations on dietary 
aspects can contribute to achieve the desired blood 
glucose, blood pressure, lipid profile and weight[10,14], as 
well as improve sleep apnoea, depression and quality of 
life related to health; in addition, it has been observed 
that the incidence of urinary incontinence in women is 
reduced[15-18].

Numerous randomized controlled trials have de
monstrated the metabolic benefits of nutritional recom­
mendations in reducing HbA1c; being variables the 
results got depending mainly on the length of the 
disease[19,20].

Energetic contribution: Total caloric intake diet 
will depend on several factors, being determining the 
presence of overweight or obesity. Body mass index 
(BMI) is a tool commonly utilized in clinical practice to 
classify patients and it is calculated by the following 
equation: [weight (kg)/height (m2)] (Table 1).

Most T2DM patients have some degree of over
weight or obesity[21]. It has been connected to insulin 
resistance and defects in insulin secretion. These 
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  Body mass index (kg/m2)

  Normal weight  18.5-24.9
  Overweight grade 1     25-26.9
  Overweight grade 2     27-29.9
  Obesity grade 1     30-34.9
  Obesity grade 2     35-39.9
  Obesity grade 3 (morbid)     40-49.9
  Obesity grade 4 (extreme)    ≥ 50

Table 1  Classification of degree of obesity by body mass 
index 

Adapted from World Health Organization (WHO) 1995, WHO 2000 and 
WHO 2004.
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a better adjustment of the postprandial blood glucose 
for those who take insulin. With this method, patients 
consumed a known amount of carbohydrates divided 
among different meals and calculated it in grams 
of carbohydrates per portion (Table 3). This type of 
measurement is more important in patients with basal-
bolus treatment or with continuous insulin infusion[28].

It is preferable that the intake of carbohydrates 
comes from products such as fruits, vegetables, le
gumes, whole grains and dairy vs those involve the 
added contribution of salt, fat or simple sugars[10].

Index and glycaemic load: There is large confusion 
in the interpretation about the effect of the diet with low 
glycaemic index and there is not unanimity in the results 
of the different studies. Even though these diets are 
recommended by some associations because there are 
studies in which have been observed a better glycaemic 
control when it is compared above all with high gly
caemic index food[29], there are articles that have 
questioned this assertion. They based this divergence 
on: The different definition of glycaemic index, they 
do not take into account the fiber contribution, and 
the different glycaemic response to the same food 
in different individuals. They consider that cannot be 
determinate that the observed effect is exclusively due 
to the food’s glycaemic load[30] (Table 3).

Fiber: Dietary fiber intake, especially the fiber that 
provide the natural resources, has shown that improve 
the control of cardiovascular risk factors, and improved 
the glycaemic control, turning into a lower risk of 
cardiovascular mortality in people with diabetes[27,31]. 
However, some studies have shown that the effect on 
diabetes has a modest significance and it is achieved 
with high amounts of fiber a day but this is far away 
from a real consumption in daily life (greater than 50 
g/d)[32].

Generally, and taking into account the modest 
beneficial effects on cardiovascular risk factors, in 
diabetic patients is suggested a consumption of fiber 
and whole grains at least similar to that recommended 
for the general population; about 25 g/d for women, 
and 38 g/d for men or 14 g per 1000 kcal[28].

Sucrose and fructose: Contrary to what one might 

alterations favour the appearance and worsening of 
diabetes[22], so in these cases in addition to an adequate 
distribution of macro and micronutrients, we should look 
for as a main objective a weight reduction by reducing 
the caloric intake. To achieve this objective, it has been 
proposed that the caloric intake of the diet prescribed to 
a diabetic patient with obesity should contain between 
500 and 1000 kcal less of its energy needs[23]. This 
weight reduction will improve the insulin sensitivity, 
being a favourable factor to improve the glycaemic 
control parameters[24]. In the case of patients for whom 
there is no excess weight, the diet should be isocaloric.

There are different formulas for calculating baseline 
energy needs of people (Table 2). To these basal needs, 
a factor depending on the physical activity must be 
added. The randomized trial LOOK AHEAD, showed that 
weight loss after an intervention in lifestyles, improve 
blood pressure, and blood glucose control and lipid 
profile[25], especially in patients with a recent diagnosis 
of disease[3]. When this study was prolonged, it was 
found that intensive nutritional intervention did not 
provide an improvement in the rate of cardiovascular 
events or weight loss when it is compared against a 
standard nutritional intervention[26].

Macronutrient distribution: There is not enough 
evidence to suggest an ideal percentage in the distri
bution of carbohydrates, lipids and proteins. There 
are several studies that have sought to distribute the 
best ratio macronutrients without finding valid results, 
and several dietary patterns that have been analysed 
as the Mediterranean diet, vegetarian or vegan diet, 
Dietary Approaches to Stop Hypertension (DASH), low-
fat diet and low carbohydrates diet observing a modest 
effectiveness of managing diabetes. The benefits 
happen only when they are accompanied by a lose 
weight so more studies are needed[27].

Carbohydrates: Although there is no consensus on the 
percentage of carbohydrates that people with diabetes 
should eat, it has been shown that the amount and 
the type of carbohydrates are the main determinants 
for glycaemic control. Counting carbohydrates has 
proven to be very important in all patients. It allows 

  Harris-Benedict equation1

  Males: BMR (kcal/d) = 66 + 13.7 × weight (kg) + 5 × height (cm) - 6.8 × age 
  Females: BMR (kcal/d) = 655 + 9.6 × weight (kg) + 1.8 × height (cm) - 4.7 × age
  Mifflin St Jeor equation2

  Males: BMR (kcal/d) = 10 × weight (kg) + 6.25 × height (cm) - 5 × age + 5
  Females: BMR (kcal/d) = 10 × weight (kg) + 6.25 × height (cm) - 5 × age - 161

Table 2  Different formulas for calculating baseline energy 
needs of people

1Harris JA, Benedict FG. Proceedings of the National Academy of Sciences 
of the United States of America. Nutr Rev 1918; 4: 370-373. 2Mifflin MD, St 
Jeor ST, Hill LA, Scott BJ, Daugherty SA, Koh YO. Am J Clin Nutr 1990; 51: 
2241-2247. BMR: Basal metabolic rate.

  GI: Observed increase in blood glucose after eating 50 g of a food, 
  compared with the observed increase after intake of 50 g of white bread 
  or glucose
  Glycaemic load: GI × total amount of carbohydrates (grams) of the usual 
  food portion
  Carbohydrates portion: amount of food containing 10 g of carbohydrates

Table 3  Glycaemic index, glycaemic load and carbohydrates 
portion

Glycaemic Research Institute. Available from: URL: http://www.
glycemic.com/GlycemicIndex-LoadDefined.htm. GI: Glycaemic index.
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think sucrose intakes of 10%-35% of total energy 
do not have a negative effect on glycaemic or lipid 
responses when sucrose is substituted for isocaloric 
amounts of starch[33]. Consume free fructose (naturally 
occurring from foods such as fruit) did not get worsen 
the glycaemic control more than other forms of sugar, 
although it should avoid further intake of 12% of daily 
calories[28]. Restriction is advised of these sugars in the 
diet to avoid excessive caloric intake that can contribute 
to weight gain if are taken in large quantities. Moreover, 
sugary drinks contain large amounts of fast absorbing 
carbohydrates and have demonstrated a cardiovascular 
risk and diabetes increase in the healthy population 
that consumes them. Especially harmful when are 
sweetened with fructose free. Although there are not 
many studies in diabetic patients, there is no reason 
to think they will not have the same consequences. 
Therefore, the consumption of these drinks is contraindi
cated[34].

Non caloric sweeteners: Opposite of natural simple 
sugars there are sweeteners with lower calorific value. 
Most are artificial. They do not have caloric contribution, 
except aspartame (containing 4 kcal/g), and do not 
increase blood glucose. These sweeteners can be used 
by diabetic patients. If they are employed to replace 
glucose, bring the benefit of reducing the kilocalories in 
the diet[35].

Proteins: It is interesting to make a differentiation 
between diabetic patients with and without kidney 
disease. In people without kidney disease, protein intake 
usually recommended is between 15%-20%; however, 
reviewing scientific studies no firm conclusion could 
be reached with respect to this issue. In the literature 
we can find different randomized clinical trials faced on 
this issue results. On the one hand there are studies 
that demonstrate that if 28%-40% of the energy of 
the diet is taken as proteins there is an improvement 
of the HbA1c, triglycerides, total cholesterol and/or 
LDL cholesterol[36], while others studies have not 
shown a benefit in any of these aspects[37]. In patients 
with kidney disease, whether if we refer to micro or 
macroalbuminuria, reducing protein intake below the 
usual has been undergone various tests and meta-
analysis and the evidence has not shown that improve 
glycaemic control, cardiovascular risk factors or renal 
disease progression following low-protein diets[27]. With 
regard to the origin of proteins, there is no difference 
between animal and vegetable origin in relation to 
proteinuria[28].

Finally, the proteins in patients with T2DM, although 
they do not have effect on blood glucose control itself, 
seems to increase the insulin response so it is not 
advisable to use proteins in situations of hypoglycaemia.

Fat: Epidemiological studies have related fats with 
the risk of developing obesity and cardiovascular 
risk[38]. As in the rest of immediate principles there is 

no optimal fat proportion and, as a general rule, the 
recommendations for the general population (between 
20%-35%) are applied for diabetic patient, paying 
special attention if the patient is overweight, then the 
percentage should be at the lower limits. Despite these 
recommendations, diabetic patients often take more fat 
than the recommended[39].

We can distinguish between saturated and unsa
turated fats (monounsaturated and polyunsaturated). 
In addition, has to be specified that trans fatty acids 
may be a type of unsaturated fat but with harmful 
effects on the body for its different structure. Distinguish 
between these types is important because it has been 
demonstrated that the quality is more relevant than the 
amount of fat consumed.

There are few studies in diabetic patients about 
consumption of saturated fatty acids or cholesterol; 
in this regard the recommendations for patients with 
diabetes are the same as for the general population: A 
contribution of saturated fat < 10%, with a minimum 
intake of trans fatty acids and with a contribution 
of cholesterol < 300 mg/dL[10] preferably choosing 
monounsaturated and polyunsaturated fatty acids 
(including omega-3 fatty acids). Some studies, that 
have studied the Mediterranean dietary pattern, have 
demonstrated that monounsaturated fatty acids can 
improve cardiovascular risk factors and glycaemic 
control[40], especially if they are replaced with saturated 
fatty acids.

Omega-3 fatty acids: Although there are unlike 
results, in general we cannot say that omega-3 sup
plements have shown clear cardiovascular benefit[41]. 
However, consumption of products high in omega-3 can 
be positive in preventing cardiovascular disease[42].

Alcohol: Alcohol should be drunk in moderation and it 
should not exceed one serving per day for women, or 
two servings per day in the case of men. To avoid excess 
of energy when they are consumed, this contribution 
must be exchanged for other products. This moderate 
consumption does not harm the glycaemic control but 
rather in some studies has been found the contrary, with 
moderation can improve glycaemic control and reduce 
cardiovascular events.

Despite the above facts, it is very important to 
note that alcoholic beverages may contribute to the 
appearance of late hypoglycaemia especially in patients 
in treatment with hypoglycaemic drugs, so we should 
warn the patient to pay attention to any symptoms of 
hypoglycaemia[28].

Sodium: The recommendation for the general popu
lation to reduce sodium intake to less than 2300 mg/d 
shall also apply to patients with diabetes mellitus. When 
these also have hypertension, which is very common, 
reduced sodium intake should be individualized[43].

Specific supplements: The potential benefits of 
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dietary supplements for diabetic patients with various 
specific nutrients have been subjected to trials. In 
despite of this, reliable data has not been observed to 
confirm benefits in glycaemic control supplementing 
because of supplement the diet with antioxidants as 
vitamin and carotenes, micronutrients such as chro
mium or other herbs. The recommendations of vita
mins and minerals are not different from the general 
population, they are provided by a varied diet[38].

Exercise 
The physical activity and exercise are one of the basic 
strategies in the treatment of diabetes. Promoting 
exercise, within a specific plan, provides in general 
terms multiple benefits: Increased insulin sensitivity in 
tissues, improvement of glycaemic control[44], benefits 
in lipid profile and blood pressure, maintenance or 
weight loss, cardiovascular benefits, better quality 
of life, psychological well-being and improvement of 
depression[10].

Benefits of glycaemic control: In some studies it has 
observed a significant decrease in HbA1c in patients 
with T2DM who do exercise. The difference in the 
degree of improvement observed in the different studies 
will depend on the characteristics of the patient and the 
type of training, thus, it is more effective when training 
programs are based on aerobic exercises of programs 
based on muscle strength in isolation[45].

Other benefits: The physical exercise also brings 
improvement in other metabolic parameters. It helps 
control cardiovascular risk factors (dyslipidaemia, hyper
tension, weight maintenance, psychological benefits, 
reduces mortality, improvement cardiorespiratory fitness 
and peripheral neuropathy[10,45]. 

Types of exercise: Both aerobic and resistance 
exercises have demonstrated benefits in people with 
diabetes through increased glucose uptake and de
creased insulin resistance.

Though aerobic exercise in isolation seems to get 
better benefits that resistance exercise[45], in patients 
with diabetes is recommended the combination of both 

types because the effect is greater than if each one is 
performed in isolation[46,47].

This type of training has been traditionally recom
mended for patients with T2DM. A frequency of at 
least 3 d per week is recommended, preferably if it 
can be increased to 5 d with no more than two con
secutive days between periods of activity, because the 
increase of the sensitivity and the glucose tolerance is 
maintained for about 12-24 h. It should be done with 
moderate intensity which is 40%-60% of maximum 
aerobic capacity. This corresponds to 55%-69% of 
maximum heart rate according to age (maximum heart 
rate = 220-age)[47]. Another method for measuring the 
intensity can be the subjective perception of the effort 
that assigns values to 20 points according to the patient 
judgment about the activity performed (Table 4). A 
moderate-intensity exercise can also be an activity that 
can be conducted while maintaining an uninterrupted 
conversation.

The effect of exercise in T2DM is clearly related to 
the volume done, thus, in different societies, it is recom
mended at least a minimum of 150 min per week[43,47]. 
Despite following the same recommendations, it has 
recently published a review where it is expounded that 
shorter performance exercises, with reference to the 
accumulated time during the week, keeps some benefit 
although this is less[48].

This type of exercise should be performed 2-3 times 
a week on non-consecutive days. For optimal gains in 
strength and insulin action, training should be moderate 
(50% of 1 repetition maximum) or vigorous (75%-80% 
of 1 repetition maximum). Each session should include 
from 5 to 10 exercises involving the use of large muscle 
groups. Ten to fifteen repetitions of each exercise 
(30-45 s) have to be made. Between each series should 
be left between 1-2 min for the recovery. Supervision by 
a professional can ensure an appropriate enforcement 
and progression of the exercise that optimized the 
benefits and reduce the risk of complications[47].

Although they have not demonstrated benefits 
in glycaemic control, these exercises are also recom
mended and can be very useful in older patients with 
T2DM[49].

Unstructured physical activity: It is also recom
mended to advise patients to increase energy expendi
ture in activities of daily life. It requires an increase of 
unstructured physical activity (walking more in the day, 
climb the stairs...)[50].

Prescription of a specific plan: Exercise should be 
prescribed individually for each patient and taking into 
accounts the characteristics of the person. Initially, 
the guidelines should recommend a slow progression 
and, if it is necessary, the patient has to start with 
low volumes of work. Recommendations should take 
into account the type of diabetes and the treatment 
utilized, the possibility that patients have diabetic 
foot, retinopathy, neuropathy, nephropathy or some 

  Intensity % oxygen 
consumption

% maximum heart 
rate1

Subjective 
perceived exertion

  Very light < 20 < 35 < 10
  Light 20-39 35-54 10-11
  Moderate 40-59 55-69 12-13
  High 60-84 70-89 14-16
  Very high > 85 > 90 17-19
  Maximum 100 100 20

Table 4  Relationship between maximum oxygen consumption, 
% of maximum heart rate and subjective perceived exertion

1Maximum heart rate = 220-age. Available from: URL: American Diabetes 
Association. Physical Activity/Exercise and Diabetes. Diabetes Care 2004; 
27 (Suppl 1): S58-S62.
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degree of cardiovascular risk[49]. Training plans that 
are supervised by professionals have proved to be 
more effective as this study have demonstrated. In it, 
is compared a supervised program against a general 
advice, and although in both an increase in physical 
activity is observed, some better effects in HbA1c and 
cardiovascular risk factors in the supervised group have 
been seen[51].

Before starting the exercise would be advisable 
to pre-clinical evaluation, paying special attention to 
physical ability, complications of diabetes and comor
bidities that constrain the realization of physical 
activity. For patients at high cardiovascular risk or 
for those who start high-intensity exercises, the ADA 
recommends performing an effort test with a grade of 
recommendation C[47].

Exercise and diabetes complications: The presence 
of diabetes complications involves a number of con
siderations at the time of writing prescriptions of 
physical exercise in these patients.

The physical exercise has proved benefits in redu­
cing the appearance of peripheral neuropathy[52]. 
When it is already present, it is recommended to avoid 
exercises that cause impacts of repetition in the lower 
extremities and especially in patients with foot ulcers 
and wounds[53]. Furthermore, recent studies have 
demonstrated that moderate intensity walking do not 
increase the risk of ulcers.

In respect of the weight-bearing exercises, it can be 
performed while there are no ulcers or foot lesions. In 
any case it should pay attention and examine the feet 
and always wear suitable shoes.

The presence of retinopathy advises against the 
practice of physical activities that increase intratho
racic pressure (Valsalva manoeuvre), or high-inten
sity exercises by the risk of retinal detachment or 
intravitreal haemorrhage. The exercises with low and 
moderate intensity (walking, swimming...) are perfectly 
authorized and they can be done safely. Contact 
exercises like boxing should be avoided because of the 
risk of impact[50].

Exercise for diabetic patients is beneficial at any 
stage of renal function. In epidemiological studies it 
has been shown to improve renal function. Promotes 
muscle strengthening in case of kidney failure that 
helps to counteract sarcopenia, and improves various 
parameters in patients on dialysis, so with supervision 
and restraint exercise is recommended and although 
they have been transient increases in microalbuminuria 
with sessions of exercise (because of increasing blood 
pressure) is not considered as a marker of persistent 
microalbuminuria[50].

Physical activity has many beneficial cardiovascular 
effects but must take into account some considerations 
when there is vascular disease. Patients with diabetes 
that present a moderate or high cardiovascular risk 
should be included in supervised cardiac rehabilitation 
programs, because exist an association with mortality. 

In addition, during the exercise there is an increased 
activity of the sympathetic nervous system and catecho
lamines and decrease vagal tone[47,50].

In people with peripheral arterial disease benefits 
from the practice of sports aerobics and resistance 
also exist because of the improvement of the mobility, 
functional capacity, pain tolerance and quality of life[47].

Moderate physical exercise can improve the autono
mic nervous system both in patients with autonomic 
neuropathy and those who do not have it[54], however it 
may represent a prescription limitation because it may 
favour silent ischemia, doubling mortality, impairing 
exercise tolerance and decreasing the maximum 
heart rate and thus a prior cardiovascular study is 
recommended[55].

Exercise with uncontrolled blood sugar 
Hyperglycaemia: In T2DM is very strange developing 
a true insulin deficiency, as in type 1 diabetic, so if 
the patient feels well is not necessary to postpone the 
exercise by hyperglycaemia, although they must ensure 
an adequate hydration state[56].

In non-diabetic person with aerobic exercise the 
increase of the glucose uptake is offset with similar 
increase of the hepatic glucose, but in diabetic person 
the muscle uptake is greater than the liver’s production 
although the risk of hypoglycaemia is minimal if hypogly
caemic drugs are not taken[47]. However, if in addition to 
the effect of exercise add up the effects of hypoglycaemic 
drugs, we recommend a series of precautions mainly 
based on carbohydrate intake and adjust drug doses. If 
the levels before exercise are less than 100 mg/dL should 
take a supplement of 15 g of carbohydrates before 
exercise. This measure should only be recommended if 
blood glucose lowering drugs (secretagogues or insulin) 
are taken. If the control is with other drugs, supplements 
are not required if the exercise is less than an hour[56]. It 
is important to note that regardless of the initial levels, if 
the exercise is prolonged a monitoring could be required 
and also intakes over the same period.

Before physical activity, to prevent the appearance 
of hypoglycaemia during exercise, doses of drugs such 
as insulin secretagogues or insulin (especially the latter) 
can be decreased. These measures can be associated 
with dietary measures mentioned above. During the 
hours after exercise glucose needs increase, so after 
exercise delayed hypoglycaemia can happens. This 
hypoglycaemia should be expected and may require 
reducing the dose of drugs after exercise and/or 
increase the intake after it[47].

ORAL AGENTS
Metformin
Metformin is considered the agent of first line for 
treatment of T2DM, in the absence of contraindi
cations[6,13,57].

Mechanism of action[58]: Metformin can change 
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the composition of gut microbiota[59] and activate 
mucosal AMP-activated protein-kinase (AMPK) that 
maintain the integrity of the intestinal barrier. These 
effects, in combination with the activation of AMPK[60] 
in hepatocytes appear to be the mechanism by which 
metformin decrease lipopolysaccharide (LPS) levels in 
circulation and in the liver.

After being delivered to the liver from the intestines, 
metformin can inhibit gluconeogenesis through four 
different mechanisms[61]: (1) by activating hepatic AMPK 
through liver-kinase B1 and decreased energy charge 
(9, 10); (2) through the inhibition of glucagon-induced 
cAMP production by blocking adenylcyclase (11); (3) in 
high concentrations (5 mmol/L) inhibit NADH coenzyme 
Q oxidoreductase (complex I) in the mitochondrial 
electron transport chain (12) to reduce ATP levels and 
increase AMP/ATP ratio. This increased ratio should 
activate AMPK; and (4) the inhibition of mitochondrial 
glycerol phosphate dehydrogenase (mG3PDH)[58], 
will affect transport of NADH from the cytoplasm into 
mitochondrion, suppressing gluconeogenesis process 
from lactate.

Also, metformin works through the Peutz-Jeghers 
protein LKB1. LKB1 is a tumour suppressor, and 
activation of AMPK through LKB1[62] may play a role in 
inhibiting cell growth.

Indications and contraindications: Metformin is 
the drug of first-line for many patients with T2DM. It 
decreases fasting blood glucose by approximately 20% 
and HbA1c by 1.5%. It can be given in combination 
with sulfonylureas, glinides, alpha-glucosidase inhibitors, 
insulin, thiazolidinediones (TZD), glucagon-like peptide-1 
receptor agonist (RA-GLP1), dipeptidylpeptidase 4 
inhibitors (iDPP4), and sodium-glucose co-transporter 
2 inhibitors (iSGLT2). Metformin is contraindicated in 
patients with factors that predispose to lactic acidosis. 
The predisposing factors are: A renal function damaged, 
concomitant liver disease or excessive alcohol intake, 
unstable or acute heart failure and personal history of 
lactic acidosis.

The precise serum creatinine and estimated glo
merular filtration rate (eGFR) limits for the use of 
metformin remain uncertain. In the metformin prescri
bing information is contraindicated when creatinine level 
is above 1.4 mg/dL in woman and 1.5 mg/dL in men, 
and with eGFR < 60 mL/min. However, in observational 
studies of T2DM patients and eGFR 45-60 mL/min, 
improved clinical outcomes have been reported. 
Nowadays[63-65], in patients with eGFR above 45 mL/min, 
metformin can be utilized. The absolute contraindication 
is with GFR < 30 mL/min. With eGFR 30-45 mL/min, in 
clinical practice, currently we reduce metformin dose by 
a half. It is very important to advise patients with eGFR 
30-60 mL/min to stop taking metformin if they develop 
any condition associated with dehydration, sepsis or 
hypoxemia. Also metformin should be stopped prior to 
intravenous iodinated contrast.

Side effects: The most frequents are gastrointestinal, 
such as anorexia, nausea, abdominal discomfort and 
diarrhoea; they are usually mild and transient. Also, 
metformin reduces intestinal absorption of vitamin B12.

Less common is lactic acidosis. In a review[66] of 
347 randomized trials and prospective cohort studies, 
there were no cases of lactic acidosis. However, is 
very important because of the high case-fatality rate. 
Predisposing factors are all situations that predispose 
to hypoperfusion and hypoxemia (sepsis, heart failure, 
dehydration, acute or progressive renal impairment).

Cardiovascular effects: Metformin does not have 
adverse cardiovascular effects, and it appears to 
decrease cardiovascular events as we saw in UKPDS, 
and during the post-interventional observation period 
of the UKPDS, in which reductions in the risk of macro
vascular complications were maintained in the met
formin group.

Metformin also has a lipid-lowering activity, and it 
result in a decrease in free fatty acid concentration, 
serum triglyceride, small decrease in LDL cholesterol 
and a modest increase in HDL cholesterol.

Cancer incidence: Observational data suggest that 
metformin decreases cancer incidence[67,68]. In different 
meta-analyses in T2DM patients, use of metformin 
compared with non-use or with use of other diabetes 
treatment, was related with a reduced risk of all cancers 
and lower cancer mortality[69,70]. The majority of the 
trials were not designed to explore cancer outcomes, 
so we must be prudent in the interpretation of their 
results.

Insulin secretagogues: Sulfonylureas and meglitinides
Sulfonylureas and meglitinides or glinides (insulin 
secretagogues) are two different classes of oral hypogly
caemic drugs but they have a common mechanism of 
action, and both stimulate pancreatic beta cells to release 
insulin.

Sulfonylureas are a classic first or second-line 
therapy for patients with T2DM[71], and since their intro
duction to clinical practice in the 1950s they have been 
widely utilized[72]. They are utilized as a reference to 
compare the efficacy and safety of other hypoglycaemic 
drugs excluding insulin.

Meglitinides stimulate insulin release through similar 
mechanisms but they have a different subunit binding 
site, with a more rapid absorption and more rapid 
stimulus to insulin secretion. However they require 
more frequent dosing[73].

Mechanism of action: Both sulfonylureas and 
glinides base their mechanism of action in increasing 
insulin secretion, which is regulated by ATP-sensitive 
potassium channels (KATP potassium channel) located 
in the membrane of pancreatic beta cells[74]. Although 
the receptor’s binding site is different for sulfonylureas 
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and glinides, they both induce channel closure and cell 
depolarization leading to an increase in cytoplasmic 
calcium level and consequently insulin secretion[37].

Pharmacokinetics: Differences in pharmacokinetic 
and binding properties of insulin secretagogues result 
in the specific responses that each drug produces. 
Sulfonylureas can be divided into first- and second-
generation agents. Glyburide (known as glibenclamide in 
Europe), glipizide, gliclazide and glimepiride are second-
generation sulfonylureas[57]. New generation agents are 
more potent and have fewer adverse effects[37]. Although 
second-generation sulfonylureas are equally effective, 
there are differences in absorption, metabolism, and 
duration of action as well as in effective dose; for exa
mple, glyburide has active metabolites that can prolong 
his action.

There are two different glinides: Repaglinide and 
nateglinide. Repaglinide is a member of the meglitinide 
family different from the sulfonylurea. Nateglinide is a 
derivate of phenylalanine and it is structurally difference 
from sulfonylureas and meglitinide. They both cause 
less hypoglycaemia and less weight gain due to their 
shorter half-life and a different sulfonylureas receptor 
binding site, leading to faster absorption and a more 
rapid stimulus to insulin secretion[37].

As a result of their pharmacokinetics, the major 
effect of sulfonylureas is the reduction of fasting plasma 
glucose concentrations, whereas meglitinides mainly 
reduce postprandial glucose[75].

Advantages and effectiveness: Sulfonylureas 
and meglitinides can be effective when employed as 
monotherapy, or in combination with other oral hypogly
caemic drugs or insulin. Sulfonylureas are the most cost-
effective glucose-lowering agents, have been on the 
market for a long time[37], and are widely utilized because 
of their long term efficacy and safety history, low cost 
and extensive clinical trial data demonstrating good 
glucose-lowering efficacy[76,77]. The glucose-lowering 
effectiveness is said to be high for sulfonylureas 
(expected HbA1c reduction 1.0%-1.5%) and generally 
lower for meglitinides (0.5%-1.0%)[9,57].

In the Consensus of ADA/EASD 2015 sulfonylureas 
and glinides appear as an alternative to metformin 
when metformin is contraindicated or not tolerated, 
and they represent an alternate treatment option in 
double and triple therapy[57], whereas in the Consensus 
of the American Association of Clinical Endocrinologist 
(AACE) 2016, sulfonylureas and glinides appear as the 
last alternative both in monotherapy and combined 
treatment[9].

Side effects: Loss of efficacy, hypoglycaemia and 
weight gain represent the main problems related to the 
use of these drugs. 

Over time insulin secretagogues lose effectiveness 
(secondary failure), caused by an exacerbation of islet 
dysfunction with beta cell failure[78,79]. As a result, the 

percentage of patients maintaining adequate glycaemic 
control decreases progressively. Although this effect 
may also be related to disease progression, it has 
shown an increase in secondary failure than other 
agents[80].

Weight gain can be via many of the same me
chanisms that are triggered by insulin therapy, and it 
has been observed in different studies[81,82]. However, 
metformin might counter the weight gain effect when 
used in combination[81,83]. Different generations of 
sulfonylureas have shown to cause weight gain and its 
magnitude appears to correlate with the propensity to 
cause hypoglycaemia. It may also occur with megliti
nides as they have similar profiles[76], but it seems to 
occur in a lesser extent due to their short action[78].

Hypoglycaemia is the most common adverse 
effect[83,84], especially with long-acting sulfonylureas 
(such as glyburide/glimepiride)[85]. New generation 
sulfonylureas have shown to have a significantly lower 
risk of hypoglycaemia. Meglitinides generally have 
less risk of hypoglycaemia[37], thus being useful for 
individuals in whom the goal of avoiding hypoglycaemic 
events is important.

The risk factors for hypoglycaemia are inconsistent 
eating patterns in older individuals (meglitinides can be 
useful in these patients), malnutrition, alcohol ingestion, 
renal insufficiency, hepatic failure, hypothyroidism or 
drug interactions[86,87]. The risk of hypoglycaemia, as 
well as considerations of the risk-to benefit-relationship, 
is particularly relevant in older individuals where results 
from trials have suggested that aggressive control may 
not have significant benefits and may present some 
risk[6].

Cardiovascular disease: Sulfonylureas have been 
associated with increased cardiovascular risk, especially 
when it comes to glyburide/glibenclamide. Some 
studies[88,89] support this association, which can be 
explained by the interference with ischemic precondi
tioning, a protective autoregulatory mechanism in the 
heart. However, other studies like UKPDS, ADVANCE and 
ACCORD and many meta-analyses failed to proof an 
increased risk in cardiovascular mortality or morbidity[76]. 
Therefore, it remains unclear whether sulfonylureas are 
associated with an increased cardiovascular risk but 
as glibenclamide may indeed be when compared with 
other sulfonylureas, clinicians should consider possible 
differences in risk of mortality if a sulfonylurea is to be 
utilized. 

Other considerations: Most insulin secretagogues 
undergo significant renal clearance except for megliti­
nides, and the risk of hypoglycaemia is higher in 
patients who have chronic kidney disease (CKD) 
especially with glyburide/glibenclamide which has a 
prolonged duration of action and active metabolites[58]. 
In patients with liver disease, sulfonylurea is not 
specifically contraindicated and meglitinides can also 
be employed. When liver disease is severe, insulin 
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secretagogues have an increased risk of hypoglycaemia 
and should be avoided[57,90].

Sulfonylureas have several drug-drug interactions 
as they are metabolized by cytochrome p450[84]. 
Repaglinide with gemfibrozil is contraindicated because 
of its higher risk of hypoglycaemia.

Alpha-glucosidase inhibitors
There are three currently available agents, acarbose, 
miglitol and voglibose[37]. Their properties are different 
from other antidiabetics owing to its unique mode of 
action. Acarbose has been used for over 20 years in the 
treatment of hyperglycaemia[91].

The alpha-glucosidase inhibitors reduce postprandial 
triglycerides but their effect on LDL and HDL cholesterol 
levels and fasting triglycerides is insignificant and 
inconsistent[75,92]. Alpha-glucosidase inhibitors rarely 
induce hypoglycaemia, because these agents do not 
stimulate insulin release, and do not significantly affect 
body weight[82].

Acarbose has demonstrated to have beneficial 
effects by reducing the risk of cardiovascular disease 
and slowing the progression to diabetes in patients with 
impaired glucose tolerance[93,94].

Mechanism of action: Alpha-glucosidases are enzyme 
complexes located in the brush border membrane of 
the small intestine and hydrolyse oligosaccharides into 
monosaccharides[95]. Alpha-glucosidases inhibitors are 
structurally similar to natural oligosaccharides with higher 
affinity for alpha-glucosidases[91], and they produce 
a reversible inhibition of membrane-bound intestinal 
alpha-glucoside hydrolase enzymes. This cause delayed 
carbohydrate absorption and digestion, and results 
in a reduction in postprandial hyperglycaemia. The 
undigested carbohydrates in the lower parts of the small 
intestine increase plasma RA-GLP1 levels[95]. Because 
reduced blood glucose concentrations, alpha-glucosidase 
inhibitors do not enhance insulin secretion[91,95].

Efficacy: In general, alpha-glucosidase inhibitors have 
modest HbA1c lowering effects. In the Consensus of 
ADA/EASD 2015, alpha-glucosidase inhibitors are not 
included in the algorithm due to their lower efficacy 
and limiting side effects compared to other options[57], 
whereas in the Consensus of AACE 2016, alpha-
glucosidase inhibitors appear only before sulfonylureas 
and glinides as monotherapy and combined treatment[9].

Side effects: The side effects are mainly gastrointestinal 
and include flatulence, diarrhoea and abdominal pain. 
These symptoms are usually mild, but they may reduce 
compliance and they are the most common reason for 
discontinuation treatment[94,95]. These symptoms occur 
when undigested carbohydrates arrive to the colon and 
as a result, there is a fermentation by bacteria in the 
large bowel and intestinal gas production[91]. For this 
reason, they are contraindicated in patients with chronic 
intestinal disorders associated with impaired digestion or 

absorption, and with conditions that may worsen when 
an intestinal gas increase appears (hernias, intestinal 
obstruction and intestinal ulcers). Treatment should be 
discontinued immediately if there is or is suspected ileus 
or sub ileus. To maximize the potential for these agents 
to be well tolerated, start with a low dose and increase 
slowly[37].

Alpha-glucosidase inhibitors are not recommended 
for patients with creatinine clearance < 25 mL/min 
and they can produce asymptomatic elevation of 
liver enzymes, for this it is necessary a control of liver 
enzymes[96]. In hypoglycaemia (when it is associated 
with sulfonylureas, glinides and insulin), like inhibitors of 
α-glucosidase delay absorption and digestion of sucrose, 
patients must take glucose.

Thiazolidinediones
Two TZD are currently available in United States: 
Rosiglitazone and pioglitazone. In Europe, since 2010, 
rosiglitazone was suspended by the European Medicines 
Agency, based on the overall risks of rosiglitazone 
exceed their benefits. French and Germany Medicines 
Agencies also discontinued pioglitazone in 2011.

Mechanism of action: TZD increase insulin sensitivity 
by acting on muscle, adipose tissue and liver to increase 
glucose utilization and decrease glucose production. 
TZD bind to peroxisome proliferator-activated receptors 
(PPARs). PPAR-g is found predominantly in central 
nervous system, macrophages, vascular endothelium, 
adipose tissue and pancreatic beta-cells. The concen
tration of PPAR gamma is increased in the skeletal 
muscle of obese and diabetic patients[97]. In the central 
nervous system PPAR-gamma activation mediates 
weight gain by stimulating increased feeding[98]; this is, 
in part, the reason for weight gain associated with TZD.

PPAR-alpha is found predominantly in liver, skeletal 
muscle, heart and vascular walls. Rosiglitazone is purely 
PPAR-gamma agonist, while pioglitazone has also some 
PPAR-alpha effects; therefore they have different effects 
on lipids. Pioglitazone produces a more favourable 
lipid profile: LDL-cholesterol remained constant during 
treatment while rosiglitazone raises them; in addition 
decreased more triglyceride levels than rosiglitazone. 
HDL-cholesterol increased more or less 10% with both 
of them. 

TZD also may improve blood glucose levels by 
preserving pancreatic beta-cell function. They are 
probably similar in efficacy to metformin in mono
therapy but we don’t usually choose them because of 
their adverse effects and cost. Also, they are effective 
in combination therapy, but again, we typically prefer 
combination with other drugs with less adverse effects. 
TZD should not be given to diabetic patients with a 
history of heart failure or low bone mass.

The ratio between benefit and risk at cardiovascular 
system of rosiglitazone and pioglitazone remains unclear. 
Meta-analyses and observational studies (RECORD 
study, BARI 2D, PROactive trial) suggest caution with 
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rosiglitazone use and also with pioglitazone.

Side effects 
Weight gain: The weight gain is the result of diverse 
mechanisms as: Fluid retention, the activation of PPAR-g 
in the central nervous system (which increases feeding) 
and the up regulation of genes that facilitate adipocyte 
lipid storage (in part weight gain may be also a result 
from the proliferation of new adipocytes[99]). It’s time 
and dose dependent.

Heart failure: PPAR-g is more abundant in the 
collecting tubules of the nephron; the PPAR-gamma 
stimulation (induced by TZD treatment) activate sodium 
reabsorption in the luminal membrane of the collecting 
tubule cells[100], leading to a fluid retention that may 
lead to the precipitation of heart failure or worsening 
it. Peripheral oedema occurs in 4%-6% of patients in 
treatment with TZD, and this percentage is higher in 
patients with heart failure history. Because of the risk 
of heart failure the American Heart Association and the 
ADA published a consensus statement in 2003[101].

Because of their mechanism of action (they improve 
blood glucose by increasing insulin sensitivity) TZD 
monotherapy cause hypoglycaemia less frequently than 
sulfonylureas or insulin.

In preclinical studies pioglitazone increased bladder 
tumours in rats. Latter the Prospective Pioglitazone 
Clinical Trial in Macrovascular Events (PROactive) 
saws more cases of bladder cancer: 14 vs 5, in the 
treatment group[102]. In an analysis of an ongoing 
10-years observational study, there wasn’t a significant 
association between pioglitazone and cancer[103], but 
the risk of bladder cancer was significantly increased in 
those with the longest exposure and highest cumulative 
dose. Using data from the Adverse Even Reporting 
System of the United States FDA, again risk of bladder 
cancer was higher with pioglitazone[104]. Because of 
these in 2011 German and French Medicines Agencies 
suspended the use of pioglitazone.

Decrease bone density and increase fracture risk. 
The activation of PPAR-gamma has been demonstrated 
to down regulate components of the IGF-1 system, 
and IGF-1 is an important regulator of osteoblast 
proliferation and differentiation[105]. The absolute 
increase in risk fracture seems to be small and occurred 
with both of them, rosiglitazone and pioglitazone; the 
fractures are more frequently in the distal upper or 
lower extremities. These treatments should not be 
utilized in women with low bone density or with risk 
factors for fracture.

Troglitazone suspended its commercialization 
due of severe hepatocellular injury[106]. FDA currently 
recommends periodic monitoring of liver function in 
patients in treatment with rosiglitazone or pioglitazone.

Dipeptidyl peptidase-4 inhibitors
The incretin agents (GLP1 and GIP), secreted by 
intestine L cells, increase insulin secretion and inhibit 

glucagon in response to nutrient inputs. The glucoregu
latory effects of incretins are the basis for treatment 
with inhibitors of DPP4 in patients with T2DM. Agents 
that inhibit DPP4, an enzyme that rapidly inactivates 
incretins, increase active levels of these hormones and, 
in doing so, improve islet function and glycaemic control 
in T2DM.

iDPP4 are used as monotherapy in patients inade
quately controlled by diet and exercise, and dual 
therapy in combination with metformin, TZDs and 
insulin. iDPP4 are well tolerated; they have a low risk 
of producing hypoglycaemia, and maintain the pati
ent’s weight. We have five iDPP: Sitagliptin, Vildagliptin, 
Saxagliptin, Linagliptin and Alogliptin. 

Sitagliptin: Sitagliptin, which is approved for the 
treatment of T2DM in many countries, can be employed 
alone or dual therapy with sulfonylurea, metformin or 
TZD or third therapy. The normal dose of sitagliptin is 
100 mg once daily; half dose is utilized in patients with 
an eGFR 30-50 mL/min, and quarter dose in those with 
an eGFR < 30 mL/min[107].

Monotherapy with this drug there are multiple 
studies, with significant reduction in HbA1c. The results 
of a study with sitagliptin monotherapy for 18 wk were: 
HbA1c significantly decreased with sitagliptin 100 and 
200 mg compared to placebo (low HbA1c vs placebo: 
-0.48% and -0.60% respectively). Sitagliptin also 
significantly reduced fasting blood glucose vs placebo. 
Patients with baseline HbA1c higher (> or = 9%) had 
greater reductions in HbA1c subtracted sitagliptin 
placebo (-1.20% for 100 mg and -1.04% in the case 
of 200 mg) than those with HbA1c < 8% (-0.44% and 
-0.33%, respectively) or > or = 8% to 8.9% (-0.61% 
and -0.39%, respectively). Sitagliptin had a neutral 
effect on body weight[108].

In dual therapy studies the results confirm that 
sitagliptin was as effective as glipizide in patients inade
quately controlled with metformin. In one of them the 
following results were found a year: From a mean base
line of 7.5%, HbA1c changes from baseline were -0.67% 
at week 52 in both groups, confirming non-inferiority. 
The proportions achieving an HbA1c < 7% were 63% 
(sitagliptin) and 59% (glipizide). Fasting plasma glu
cose changes from baseline were -0.56 mmol/L (-10.0 
mg/dL) and -0.42 mmol/L (-7.5 mg/dL) for sitagliptin 
and glipizide, respectively[109]. With sitagliptin were 
observed less hypoglycaemia and less weight gain than 
with glipizide.

Vildagliptin: This is an iDPP4 which FDA was not 
approved so that is not being used in the United States. 
The usual dose is 50 mg twice daily when utilized as 
monotherapy, with metformin, or with a TZD, and 
50 mg once daily (in the morning) when utilized with 
a sulfonylurea. No dose adjustment is necessary in 
patients with mild renal impairment (creatinine clearance 
≥ 50 mL/min). In patients with moderate or severe 
renal impairment, the dose is 50 mg once daily.
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In some studies comparing the efficacy and safety 
of vildagliptin compared with placebo target the 
treatment difference (vildagliptin-placebo) in adjusted 
mean change (AM Delta) ± SE in HbA1c from baseline 
to endpoint it was -0.7% ± 0.1% (P < 0.001) and 
-1.1% ± 0.1% (P < 0.001) in patients receiving 50 
or 100 mg of vildagliptin, respectively. The difference 
between treatments in the Delta GPA (GPA) was -0.8 
± 0.3 mmol/L (P = 0.003) and -1.7 ± 0.3 mmol/L (P < 
0.001) in patients receiving 50 or 100 mg of vildagliptin, 
respectively[110].

Saxagliptin: Saxagliptin is approved as a drug for 
home treatment of T2DM or dual therapy for patients 
not controlled with a sulfonylurea, metformin or TZD. 
The dose is 2.5 or 5 mg of saxagliptin once daily. The 
dose of 2.5 mg is recommended for patients with an 
eGFR ≤ 50 mL/min and patients taking drugs inhibitors 
of cytochrome P450 3A4/5 (e.g., ketoconazole), 
Saxagliptin monotherapy is effective, achieving reduc
tions in HbA1c of 0.5 in naive patients vs placebo[111,112]. 
There are studies with saxagliptin (2.5, 5 and 10 mg) 
in dual therapy with metformin showed a statistically 
significant adjusted mean HbA1c decrease from base­
line to week 24 compared to placebo (-0.59%, -0.69%, 
and -0.58% vs +0.13%; all P < 0.0001)[113]. There 
are also studies showing the efficacy of sitagliptin in 
combination with sulfonylureas and TZD.

Linagliptin: The dose of linagliptin is 5 mg once daily. 
It is eliminated mainly through the enterohepatic 
system so it is not necessary to adjust the dose in 
patients with renal or hepatic impairment. Inducers of 
CYP3A4 or P-glycoprotein (e.g., rifampicin) may reduce 
the effectiveness of this agent. In patients receiving 
these drugs should avoid the use of linagliptin.

In a monotherapy study vs placebo, linagliptin 
achieved a reduction in HbA1c of 0.44% against rising 
0.25% with placebo in 6 mo[114]. In a 24 wk study in 
triple therapy in patients treated with metformin and 
sulfonylureas that was added linagliptin or placebo, 
appeared a reduction in HbA1c of 0.72% in the group 
with linagliptin vs 0.1% in the group with placebo[115].

Alogliptin: The usual dose of alogliptin is 25 mg once 
daily, with dose reductions to 12.5 mg once daily in 
patients with creatinine clearance between 30 and 60 
mL/min and to 6.25 mg daily in patients with creatinine 
clearance < 30 mL/min or undergoing dialysis[116].

In a study to twelve weeks in patients treated 
with metformin with poor control of their diabetes, 
alogliptin group achieved a reduction in HbA1c of 0.64% 
compared to an increase of 0.22% in the placebo 
group[117]. In another 26 wk studies, with alogliptin (12.5 
or 25 mg once a day) vs placebo in patients with poorly 
controlled T2DM on a stable dose of glyburide (n = 500) 
or insulin (alone or in combination with metformin, n 
= 390) there were greater reductions in HbA1c in the 
alogliptin groups (mean change in HbA1c from baseline 

-0.39, -0.53 and +0.01 percentage points for the 
12.5, 25 mg, and placebo groups, respectively, in the 
glyburide trial, and -0.63, -0.71 and -0.13 percentage 
points, respectively, in the insulin trial)[118,119].

Side effects: These drugs are considered very 
safe since both the risk of hypoglycaemia and other 
adverse effects are rare. All of them at increased risk 
of hypoglycaemia in combination with sulfonylureas 
or insulin. In comparative studies have not observed 
any significant differences between them in the risk of 
hypoglycaemia. With vildagliptin and alogliptin have 
been reported cases of hepatic dysfunction unusually 
still advisable to monitor liver enzymes during the 
first three months of treatment. If an increase in trans­
aminases of three times the upper limit of normal or 
greater persists, the drugs should be discontinued.

At present, there is insufficient data to know whether 
there is a causal relationship between acute pancreati
tis and iDPP4[120-123]. They should be discontinued in 
patients with persistent severe abdominal pain. In 
patients with pancreatitis should not start these drugs, 
or if there is a history of this disease.

Commonly reported side effects include headache, 
nasopharyngitis, and upper respiratory tract infec
tion[124,125]. Some, but not all, studies have reported a 
slight increased risk of gastrointestinal side effects with 
sitagliptin[108,109,126].

Cardiovascular effects: Sitagliptin, saxagliptin 
and alogliptin have been studied for cardiovascular 
safety. They are TECOS, SAVOR-TIMI and EXAMINE 
studies respectively, with thousands of patients at high 
cardiovascular risk with a median follow up of 18 to 36 m.

In the TECOS study with sitagliptin 14735 patients 
with T2DM and established cardiovascular disease 
(history of major diseases of the coronary artery, 
ischemic cerebrovascular disease or peripheral arterial 
atherosclerotic disease) were randomized a group 
with sitagliptin and one with placebo, plus other dia
betes medications (mainly metformin, sulfonylurea, 
insulin)[127]. After three years, the primary cardiovascular 
combined outcome (cardiovascular death, nonfatal 
myocardial infarction, nonfatal stroke, or hospitalization 
for unstable angina) was observed in a similar proportion 
of diabetics (11.4% and 11.6% in the sitagliptin and 
placebo group’s human resources, respectively, 0.98; 
95%CI: 0.89-1.08). There was no significant difference 
in any of the individual components of the composite 
endpoint or the rate of hospitalization for heart failure 
(3.1% in each group).

In the test with saxagliptin (SAVOR-TIMI), 16492 
patients with T2DM and either a history of cardio
vascular disease or multiple risk factors for vascular 
disease were randomized to the branch of saxagliptin 
or placebo, and other medicines for diabetes (such as 
metformin, sulfonylureas, insulin). After a two-year 
follow-up, the first target (combination of cardiovascular 
death, nonfatal ischemic stroke or nonfatal myocardial 
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infarction) appeared in a similar number of diabetics 
in proportion, 7.3% and 7.2% in the saxagliptin and 
placebo, respectively; hazard ratio (HR) 1.00, 95%CI: 
0.89-1.12[128]. Significantly more patients in the field 
of saxagliptin were hospitalized for heart failure (3.5% 
vs 2.8%; HR = 1.27, 95%CI: 1.07-1.51). It stresses 
significantly the hospitalization for heart failure in the 
saxagliptin study[129] increase. However, the possible 
association between heart failure and iDPP4 has 
been linked to other epidemiological data and claims 
data[130,131].

In the EXAMINE trial alogliptin, 5380 patients 
with T2DM and either an acute myocardial infarction 
or unstable angina requiring recent hospitalization 
were randomized to alogliptin or placebo, along with 
other antidiabetic (mainly metformin, sulfonylureas, 
insulin)[132]. At 18 mo follow-up, the primary composite 
endpoint including cardiovascular death, nonfatal 
stroke, or nonfatal myocardial appeared in a very 
similar proportion of patients (11.3% and 11.8% in the 
branches of alogliptin and placebo respectively; HR 0.96, 
95% of the unilateral CI: 1.16). In a post hoc analysis 
of the data, there was no significant difference in the 
rate of hospitalization for heart failure (3.1% and 2.9% 
in the branches of alogliptin and placebo, respectively; 
HR = 1.07, 95%CI: 0.79-1.46)[133].

Sodium glucose co-transporter-2 inhibitor
iSGLT2 inhibit renal reabsorption of glucose, increase its 
excretion and reduce hyperglycaemia in patients with 
T2DM. Therefore, reducing the reabsorption of glucose 
by inhibition of SGLT2 is a new way to treat T2DM. The 
increase in glucosuria and diuresis produced results in a 
reduction in weight and blood pressure[134].

Kidneys from healthy people filter approximately 
180 g of glucose each day through renal glomerulus 
and reabsorbed in the then proximal convoluted tubule. 
This is possible by passive and active co-carriers 
which are known as glucose transporter (GLUT) and 
SGLT[135] conveyors. There are two types of SGLT; 
SGLT1 located mainly in the small intestine and the 
kidney proximal convoluted tubule, and SGLT2 located 
only in the proximal tubule (segment 1 and 2), that are 
responsible for about 90% of glucose reabsorption[7]. 
The other 10% of the glucose is reabsorbed by SGLT1 in 
segment 3. SGLT2 inhibitors block the SGLT2 transporter 
in the proximal tubule, to lower glucose reabsorption 
and increase its excretion in the urine. Glucose is 
excreted in the urine and plasma levels are reduced 
by improving glycaemia figures plasma[136-138]. It is an 
independent mechanism of insulin, there is low risk for 
hypoglycaemia, and no risk of fatigue or overstimulation 
of the beta cells[139]. Due to its mode of action is based 
on normal glomerular-tubular function; the iSGLT2 
efficiency is lower in patients with renal failure[140]. The 
three most representative drugs family iSGLT2 are: 
Dapagliflozin, canagliflozin and empagliflozin.

Dapagliflozin: Dapagliflozin was the first iSGLT2 

employee, and has many published data from clinical 
trials. In phase 3 trials comparing placebo for 24 wk and 
dapagliflozin (2.5, 5 and 10 mg once daily) used alone or 
added to metformin[141], pioglitazone[142], glimepiride[143] 
or insulin[144] was observed that HbA1c and fasting 
plasma glucose in patients with T2DM was reduced. 
In tests longer-term (102 wk) added to metformin, 
dapagliflozin resulted in a sustained decrease in HbA1c, 
glucose fasting blood glucose and weight without 
increasing the risk of hypoglycaemia in patients with 
T2DM not controlled on metformin alone[145]. The initial 
decrease in HbA1c observed at 24 wk with both doses 
of dapagliflozin (5 or 10 mg) added to metformin 
was maintained at 102 wk, and was superior to 
placebo (-0.58%, -0.78% and 0.02% against). Also 
the low fasting plasma glucose with both doses of 
dapagliflozin, remained and was higher than placebo 
(-1.47 mmol/L and -1.36 mmol/L vs -0.58 mmol/L). 
This drug has studies which compared with patients 
whose hyperglycaemia glipizide was poorly controlled 
by metformin[146]. After 52 wk, a drop in HbA1c starting 
from the baseline of -0.52% is target with dapagliflozin (≤ 
10 mg/d) and glipizide (≤ 20 mg/d). Weight reduction 
was greater with dapagliflozin (-3.2 kg) vs glipizide (+1.4 
kg). Dapagliflozin (≤ 10 mg/d) in T2DM patients was 
non-inferior to glipizide (≤ 20 mg/d) in reduction of 
HbA1c at 52 wk (both -0.52%). At 4 years the HbA1c 
reduction is attenuated in both groups, but more in the 
glipizide vs dapagliflozin (+0.2% vs -0.1%). There were 
differences in weight change, with weight loss in the 
dapagliflozin group vs weight gain in the glipizide group 
(-3.95 kg vs +1.12 kg). In the dapagliflozin group 
decreases the mean average of systolic blood pressure, 
but did no change in the glipizide group (difference: 
-3.7 mmHg)[146].

Canagliflozin: Canagliflozin was the first of this 
family of drugs approved by the FDA and began its 
commercialization in March 2013 for use in T2DM. It 
is an effective drug in monotherapy and after 26 wk of 
treatment with canagliflozin 100 mg and 300 mg once 
daily significantly reduced HbA1c (-0.77% and -1.03% 
respectively) in patients with T2DM not controlled with 
diet and exercise compared to placebo (0.14%, P < 
0.001)[147]. Also, significantly reduced fasting blood 
glucose, -27 mg/dL to -34 mg/dL with both doses of 
canagliflozin (placebo = 9 mg/dL, P < 0.001). Get for 
this reason a larger number of patients in target HbA1c 
< 7.0% compared to placebo (44.5% to 62.4% vs 
20.6%; P < 0.001). At week 52 in the double therapy, 
300 mg canagliflozin under more HbA1c that sitagliptin 
(-0.73%, -0.88%, -0.73%, respectively)[148]. Data 
reduction in body weight with canagliflozin 100 and 
300 mg vs placebo at week 26 were -3.7, -4.2, -1.2 
kg, respectively (P < 0.001) and vs sitagliptin at week 
52 were -3.8, - 4.2, -1.3 kg, respectively (P < 0.001). 
Also, in combination therapy, improved canagliflozin 
reducing body weight, HbA1c, and tolerance was 
better than in diabetics treated with metformin plus 
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sulfonylurea more than 52 wk[149]. At week 26, HbA1c 
decreased significantly with canagliflozin 100 and 300 
mg vs placebo (-0.85%, -1.06%, -0.13%; P < 0.001); 
this improvement was maintained at week 52 (-0.74%, 
-0.96%, +0.01%). Both doses of canagliflozin (100 
mg/d and 300 mg/d) showed non-inferiority in HbA1c 
reduction (-0.82% and -0.93%) compared to glimepiride 
for 52 wk of treatment in diabetic subjects treated with 
metformin. Canagliflozin 300 mg/d was more effective 
than glimepiride in decreasing HbA1c, and both doses 
of canagliflozin were higher than glimepiride in lowering 
body weight (-3.7 kg to 100 mg/d, -4.0 kg with 300 
mg/d vs + 0.7 kg with glimepiride)[149]. Data from this 
study, objectified to 104 wk, showed that reductions in 
HbA1c remained with canagliflozin 100 and 300 mg and 
glimepiride vs placebo at week 104 (-0.65%, -0.55% 
and -0.76%), and both canagliflozin dose were better 
than glimepiride in weight reduction (-4.1 kg with 
100 mg/d, -4.2 kg with 300 mg/d vs + 0.9 kg with 
glimepiride)[150].

Empagliflozin: Empagliflozin is a drug that has eight 
multinational clinical trials, including a very important 
safety trial of cardiovascular risk. Data empagliflozin 
12 wk at doses 5-25 mg/d are increased excretion 
of glucose and a decrease of fasting blood glucose 
(-31.1 mg/dL. at 25 mg vs an increase +0.8 mg/dL. 
placebo), HbA1c (-0.63% vs 25 mg vs an increase of 
+0.09%) and body weight (-2.0 kg to 25 mg vs -0.8 
kg) in T2DM[151]. Both doses of empagliflozin (10 mg 
or 25 mg daily) added to metformin received greater 
reductions in HbA1c vs sitagliptin (-0.34% to -0.63% 
vs -0.40%) and these were maintained for 90 wk. The 
fasting glucose reduction was also higher after 90 wk 
of treatment with two doses of empaglifozin against 
sitagliptin (-21 mg/dL and -32 mg/dL vs -16 mg/dL), 
and these effects were maintained over the treatment 
period[152]. The weight was reduced from the baseline 
of -2.2 to -4.0 kg with empaglifozin, -1.3 kg with 
metformin, and sitagliptin -0.4 kg after 90 wk[153]. In a 
randomized, double-blind empagliflozin (10, 25 mg) or 
placebo add-on to basal insulin for 78 wk; compared 
with placebo, 10 and 25 mg/d of empagliflozin 
significantly lower body weight (-2.2 kg, -2.0 kg, and 
+0.7 kg respectively), and decreased HbA1c (-0.48%, 
-0.64%, and -0.02%, respectively), and systolic blood 
pressure (-4.1 mmHg, -2.4 mmHg, and +0.1 mmHg, 
respectively)[154]. Therefore, a long-term empagliflozin is 
an effective treatment for patients with T2DM.

Pleiotropic effects: iSGLT2 achieve a decrease in 
body weight between 1-5 kg medium[155]. Weight loss 
is greater if, in addition, the use of these drugs able to 
decrease the dose of insulin. Patients fastest achieve 
greater weight reduction[156]. The results of studies over 
4 years in T2DM patients treated with dapagliflozin 
vs glimepiride, both in combination with metformin, 
showed a reduction of 3.65 kg in the dapagliflozin group 
compared with the branch of glimepiride that gained an 

average of 0.73 kg[155]. There has been demonstrated 
in multiple studies that the loss of weight produced 
by these medicaments is principally secondary to a 
loss of fat mass (especially visceral abnormal fat) and 
not due to a volume depletion. Also, one has found a 
reduction of the abdominal perimeter[154]. In studies 
with canagliflozin it was observed that the 0.66% 
reduction in body weight was fat mass, and 0.33% was 
lean body mass. The association of iSGLT2 with anti-
diabetic drugs that increase the weight (pioglitazone, 
insulin) can get minimize this gain[144]. iSGLT2 also 
reduce the systolic (-1.66 mmHg to -6.9 mmHg) and 
diastolic (-0.88 mmHg to -3.5 mmHg) blood pressure. 
This decrease occurs because the initial osmotic diuresis, 
and subsequent inhibition of the renin-angiotensin 
system[157], and the decrease is independent from the 
levels of glucose or from the weight of the patients. 
Also the effects on blood pressure were not dose-
dependent and were not accompanied by any notable 
changes in heart rate or increases in hypotension and/
or syncope[158,159]. Some analysis from phase IIb studies 
with empagliflozin revealed even greater decreases 
in systolic blood pressure of 13.4 mmHg to 17 mmHg 
amongst a subgroup of patients with a baseline systolic 
blood pressure > 140 mmHg compared to the overall 
population. In a study of dapagliflozin it was that the 
effects on blood pressure were more important in 
patients with a baseline systolic blood pressure > 140 
mmHg.

It‘s not clear the effect of these medicaments on the 
lipid profile. The same results do not exist with all the 
iSGLT2. In some studies are lipid-friendly and in others 
are lipid-neutral drugs. Canagliflozin, for example, 
increases HDL cholesterol by 7.1%, LDL cholesterol by 
7.1%, and reduces triglycerides by 2.3%, over 52 and 
104 wk[160]. These modifications in lipid profiles were 
not observed with other iSGLT2 such dapagliflozin[161].

This new drugs also have a paper reducing the 
serum uric acid levels. They can decrease the levels in a 
range from -5.9% to -17.8% with the effect sustained 
for 2 years[162]. 

Finally, SGLT2 is associated with glomerular hyper
filtration; thus blockade of SGLT2 has potential nephr­
oprotective action[163].

Side effects: The iSGLT2 has a similar incidence of 
adverse events in clinical trials which are given with 
other oral antidiabetic agents. The overall incidence of 
adverse events moves between 57.3% to 83.0%, and 
serious adverse events is between 1.0% and 12.6%[155].

Increased glucosuria produces the urogenital tract 
infections that are the most common side effects of 
these drugs[164], especially in women and uncircumcised 
men. Genital mycotic infections in women were vulvova
ginal candidiasis, vulvitis, vulvovaginitis, and vulvova
ginal mycotic infection. In male patients balanitis and 
balanoposthitis occur. In trials with dapagliflozin 2.5, 
5 and 10 mg doses, the incidence of urogenital tract 
infections was 4.1%; 5.7% and 4.8% depending on the 
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dose of the drug vs 0.9% in placebo patients[165].
Another adverse effects of these agents also 

derived from his mechanism of action is the orthostatic 
hypotension and the volume depletion. These drugs are 
associated with an osmotic diuresis that can produce it. 
In randomized controlled trials the occurrence of these 
side effects was very low (< 3%)[166]. The extra diuresis 
experienced per day does not cause nicturia[167].

iSGLT2 have a non-insulin based mechanism and 
because of that the risk of hypoglycaemia is minimal 
with them. This risk can increase in therapy combined 
with sulfonylureas or insulin. 

The use of iSGLT2 is associated with changes in bone 
turnover markers, with reduction in bone formation 
without changes in bone mineral density. There are 
long-term studies do not confirm these changes 
related to skeletal system[150,154]. A 2-year study with 
dapagliflozin, no objective changes in bone turnover 
markers compared with placebo when combined with 
metformin[162].

There have been reports of euglycaemic ketoacidosis 
in some patients treated with iSGLT2[168]. They are 
studying the mechanisms by which this complication 
may occur. This is frames ketoacidosis with blood 
glucose levels < 200 mg/dL. The possible cause of the 
euglycaemic ketoacidosis can be attributed to the recent 
use of insulin, reducing calorie intake, alcohol abuse, 
chronic liver disease and glycogen storage disorders[169].

Cardiovascular effects: All iSGLT2 have launched 
important studies of cardiovascular safety. It has now 
ended with empagliflozin conducted with promising 
results for this therapeutic group.

EMPA-REG is an international prospective, placebo-
controlled trial of empagliflozin cardiovascular outcomes 
in patients with T2DM and know cardiovascular disease. 
In the trial he managed to reach the main objective 
of non-inferiority and also showed, after 3.1 years of 
median follow-up, the superiority of empagliflozin group 
(10 or 25 mg/d) vs placebo in what with respect to the 
primary composite cardiovascular endpoint (-14%), 
hospitalizations for heart failure (-35%), cardiovascular 
mortality (-38%) and mortality from all causes 
(-32%, each P < 0.001). The decrease in mortality 
appeared from early stages (< 6 mo) and referred to 
all subgroups, without any apparent heterogeneity. 
These reductions in mortality appear to be related to 
the diuretic and natriuretic effect of empagliflozin, and 
not with concomitant reductions in HbA1c, body weight, 
blood pressure, waist circumference and serum uric acid 
levels in the field of empagliflozin respect to placebo. 
Tolerance and safety of empagliflozin was good, 
objectifying only a moderate increase in benign genital 
fungal infections, adverse event known iSGLT2[170].

INJECTABLE AGENTS
RA-GLP1
Human GLP1 is secreted in response to food intake and 

stimulates insulin release[171]. Two incretins have been 
identified: GLP1, which is produced and released mainly 
by L-cells located in the distal ileum and GIP, which is 
secreted by enteroendocrine K-cells in the proximal gut.

GLP1 treatment in T2DM patients increased insulin 
secretion glucose dependent and decrease secretion 
of glucagon, slowed gastric emptying, raised satiety, 
and reduce food intake[172]. GLP1 also protect against 
myocardial ischemia[173,174]. In blood vessels promotes 
endothelium-independent artery relaxation protecting 
against endothelial dysfunction. Also have effect in 
protecting renal function by increasing diuresis and 
natriuresis[175,176]. All of these actions allow lower blood 
pressure and have positive effects on cardiovascular risk 
markers such as plasminogen activator inhibitor and 
brain natriuretic peptide.

The use of GLP1 therapy is limited by its rapid 
breakdown by DPP4; it has a short half-life: 1-2 min. 
Multiple RA-GLP1 have been developed with the 
physiological effects of GLP1 and an extended duration 
of action. RA-GLP1 agonists have proven efficacy for 
lowering HbA1c, fasting plasma glucose, body weight 
and systolic blood pressure, with a reduced risk of 
hypoglycaemia[6]. EASD/ADA and AACE guidelines 
recommended their use in combination with metformin, 
or as triple therapy in combination with metformin, 
sulfonylureas, TZD or insulin[9,42].

RA-GLP1 are classified by their duration in short-
acting or long-acting. Short acting RA-GLP1 are exena
tide twice daily and lixisenatide; their provide short-
lived GLP1 receptor activation; tend to have a more 
accentuated effect on postprandial hyperglycaemia and 
gastric emptying and less effect on fasting glucose. Long 
acting RA-GLP1 are liraglutide, once-weekly formulation 
of exenatide Exenatide LAR), albiglutide and dulaglutide; 
they activate the GLP1 receptor continuously, compared 
with short-acting effect on gastric emptying and post
prandial glucose. Exenatide, exenatide LAR and lixisena
tide derived from the exendin-4 molecule, a peptide with 
a 53% homology with human GLP1[177-179]. Liraglutide, 
albiglutide and dulaglutide are 97%, 95% and 90% 
identity.

Exenatide: Exenatide was the first RA-GLP1 to be 
approved for glycaemic control. Is a synthetic 39-amino 
acid peptide identical to the exendine-4 molecule 
isolated from salivary glands of the Gila monster; 
shares approximately 53% homology with native GLP1. 
The usual dose is 5-10 µg twice-daily subcutaneous 
injection.

Exenatide in monotherapy lowered HbA1c by 
0.7%-0.9% and fasting plasma glucose by 17.5-18.7 
mg/dL. The efficacy and safety of exenatide has been 
proved in several clinical studies[180-183]. Up to 46% of 
patients treated with exenatide achieved HbA1c ≤ 7% 
objective compared with up to 13% of placebo group. 
Moreover, mean change in body weight from baseline 
was greater in the exenatide group (-1.6 to -2.8 kg) 
than in the placebo group (-0.3 to -0.9 kg)[180-182]. When 
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compared exenatide with insulin glargine or biphasic 
insulin aspart in patients with T2DM not controlled with 
oral agents, there were similar reductions in HbA1c in 
the exenatide and insulin groups (approximately -1.0%) 
suggesting non-inferiority of exenatide compared to 
insulin in relation to HbA1c reduction[184,185]. Exenatide 
showed weight loss and reduction in postprandial 
glycaemia compared with any insulin therapy, and lower 
rate of nocturnal hypoglycaemia compared with insulin 
glargine. In the glargine comparison study, insulin was 
titrated based upon achieving a target fasting glucose 
level < 100 mg/dL (5.6 mmol/L). 

Lixisenatide: Lixisenatide is a RA-GLP1 that shares 
some structural elements with exendin-4. Compared 
with native GLP1, it has a prolonged half-life (2.7 to 
4.3 h). Is available in Europe, not in United States, for 
use in combination with oral agents or insulin; is not 
considered a first-line therapy. Is available in a prefilled 
pen containing 14 doses of 10 or 20 mcg of lixisenatide. 
The initial dose is 10 mcg subcutaneously once daily 
within one hour prior to any meal of the day; after 2 wk 
the dose can be increased to 20 mcg.

Lixisenatide has been studied as monotherapy and 
in combination with one or two oral agents (metformin, 
pioglitazone, sulfonylureas). In a 24-wk double-blind 
trial of lixisenatide 20 mcg once daily vs placebo in 680 
T2DM patients inadequately controlled with metformin 
(mean HbA1c 8.1%), the mean reduction in HbA1c 
was significantly greater with lixisenatide (-0.9% vs 
-0.4%)[186], and in another 24-wk no inferiority trial of 
once-daily subcutaneous lixisenatide 20 mcg once daily 
vs exenatide 10 mcg twice daily in 634 T2DM patients 
inadequately controlled with metformin alone (mean 
baseline HbA1c 8%), lixisenatide was no inferior to 
exenatide (mean change HbA1c -0.79% vs -0.96% 
with exenatide)[187].

Lixisenatide has been also used in combination with 
basal insulin therapy[188-190]. In a 24-wk double-blind trial, 
in 495 patients with T2DM not controlled with insulin 
glargine and metformin (mean HbA1c 8.4%), HbA1c 
reduction was significantly greater in the lixisenatide 
group compared to placebo (-0.6% vs -0.3%).

Liraglutide: Liraglutide is a human RA-GLP1, obtained 
through modifications of the human GLP1, with a large 
half life, which is administered once a day. Is available 
for use as monotherapy (adjunct to life style changes) 
or in combination with oral agents and basal insulin 
in adults with T2DM. The initial dose is 0.6 mg once 
daily subcutaneously the first week; and after the dose 
should be increased to 1.2 mg; and if HbA1c remain 
above the goal range the dose can be increased to 1.8 
mg. It can be administered at any time of the day, with 
or without meals. 

In clinical studies, administration of liraglutide 
(0.6-1.8 mg/d), alone or added to other antidiabetics 
agents, resulted in a reduction in HbA1c between 
0.6%-1.6%. In a 52-wk trial of monotherapy with 

liraglutide (1.2 or 1.8 mg) vs glimepiride (8 mg) in 746 
patients with recently diagnosed T2DM, the proportions 
of patients achieving an HbA1c ≤ 7% were 43%, 
51% and 28%, respectively. Reductions in HbA1c were 
significantly greater with liraglutide 1.2 and 1.8 mg 
(-0.84% and -1.14% vs -0.51% with glimepiride). 
In addition, the HbA1c reduction with liraglutide (1.8 
mg) was higher than that with other doses[191]. In 
another 26-wk double-blind trial, 413 T2DM patients 
not controlled with basal insulin and metformin were 
randomly assigned to exchange basal insulin with insulin 
degludec or insulin degludec plus liraglutide; all patients 
continued metformin[192]. The reduction in HbA1c was 
significantly greater in the degludec-liraglutide group 
(treatment difference -1.1%). The mean reduction 
in weight with degludec-liraglutide was 2.7 kg vs no 
change with degludec alone.

Exenatide LAR: Administration of exenatide LAR was 
proved more effective than highest dose of exenatide 
twice-daily[193,194], sitagliptin and pioglitazone[195], and 
insulin glargine[196] in T2DM patients treated with oral 
hypoglycaemic agents. Is available for use as adjunct to 
lifestyle changes to improve glycaemic control in T2DM. 
The usual dose is 2 mg subcutaneously once weekly at 
any time of the day with or without meals.

Albiglutide: It is a RA-GLP1 with a half-life of five to 
seven days, which allows once-weekly administration. 
It is available for use as monotherapy or in combination 
with oral agents or basal insulin. Is available in prefilled 
pen that contain a powder (30 or 50 mg), and a diluent 
to make a solution that is injected subcutaneously once 
weekly. The initial dose is 30 mg, and if after 6-8 wk 
blood glucose remain above the goal, the dose can be 
increased to 50 mg.

Albiglutide has been studied as monotherapy and in 
combination with one or two oral agents (metformin, 
pioglitazone, sulfonylureas and insulin). As examples: In 
a one-year trial of albiglutide vs insulin glargine in 779 
T2DM patients inadequately controlled with metformin 
(with or without a sulfonylurea), the mean HbA1c 
reduced from 8.28% to 7.62% in the albiglutide group 
and from 8.36% to 7.55% in the glargine group[197]. 
Albiglutide met its pre-specified non-inferiority margin; 
however the comparison should be interpreted with 
caution because the dose of glargine was not systema
tically up titrated. Glargine was significantly more 
effective than albiglutide in reducing fasting blood 
sugar. In another two-year trial of weekly albiglutide vs 
daily sitagliptin, daily glimepiride, and weekly placebo 
in patients with T2DM inadequately controlled with 
metformin (mean HbA1c 9.1% to 8.2%), the reduction 
in HbA1c from baseline among the four groups was 
-0.6%, -0.3%, -0.4%, and +0.3%, respectively[198]. 
Although statistically significant, the mean reduction in 
HbA1c from baseline in the albiglutide group compared 
with the sitagliptin and glimepiride groups was small 
and of uncertain clinical relevance.
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Dulaglutide: It is the last RA-GLP1 in appear. It has a 
structure that gives it the properties of slow absorption 
and reduced renal clearance rate. It is available for use 
as monotherapy or in combination with oral agents or 
insulin, in a ready-mixed pen at dose of 0.75 mg in 
monotherapy once weekly or 1.5 mg in combination, 
once weekly.

It has been compared with other antiabetic agents 
such metformin, iDPP4, insulin and other RA-GLP1, 
with a reduction in HbA1c ranging from -0.78% to 
-1.51%. In a 52-wk trial of weekly dulaglutide (0.75 
or 1.5 mg weekly) vs sitagliptin in 1098 T2DM patients 
not controlled with metformin, the reduction in mean 
HbA1c was significantly greater with either dose of 
dulaglutide (mean HbA1c reduced from 8.2% to 7.3% 
with dulaglutide 0.75 mg weekly, from 8.1% to 7.0% 
with dulaglutide 1.5 mg weekly, and from 8% to 7.6% 
with sitagliptin)[199]. The mean change in body weight 
was significantly better with dulaglutide (-2.6 kg and -3 
kg vs -1.53 kg with sitagliptin).

Precautions and side effects: All RA-GLP-1 should 
not be used in patients with history of pancreatitis 
and are not approved for use in T1DM. Exenatide and 
lixisenatide should not be utilized in patients with an 
eGFR < 30 mL/min and with severe gastrointestinal 
disease. Liraglutide, albiglutide and dulaglutide should 
not be used in patients with personal or family history of 
medullary thyroid cancer or multiple endocrine neopla
sia 2A or 2B.

The mayor side effect are gastrointestinal, parti
cularly nausea, vomiting and diarrhoea. It appears 
with lower frequency with exenatide LAR or lixisenatide 
than exenatide twice daily; albiglutide had lower rates 
than liraglutide and liraglutide and dulaglutide are 
similar. The risk of hypoglycaemic events is small, and 
may occur when RA-GLP-1 is given in conjunction with 
other treatments that cause hypoglycaemia, e.g., basal 
insulin, sulfonylureas.

Injection site reactions are more common with RA-
GLP-1 than with insulin. Between RA-GLP1 are more 
common with exenatide LAR and with albiglutide. These 
reactions can be abscess, cellulitis and necrosis with 
or without subcutaneous nodules. Antibodies to RA-
GLP1 may occur. In the majority of patients, the titre 
of antibodies decreases over time and does not affect 
glycaemic control. In a meta-analysis of 17 trials, the 
proportion of patients with antibodies against RA-GLP1 
was higher in the albiglutide group compared with 
placebo (6.4% albiglutide 30 mg weekly vs 2% with 
placebo)[200].

Head-to-head comparisons of RA-GLP1: They have 
been published 9 phase III clinical trials, comparing 
different pairs of RA-GLP1[201]. One of them is with 
taspoglutide: T-emerge 2; we are not going to include 
it in the present review because it development was 
halted because of serious hypersensitivity reactions and 
gastrointestinal adverse events. 

DURATION-1[193]: Exenatide twice daily vs exenatide 

LAR. Duration: 30 wk. Inclusion criteria: ≥ 16 years, 
therapy with lifestyle changes, or with 1-2 oral 
agents (metformin, sulfonylureas and/or TZD), HbA1c 
7.1%-11.0%, fasting plasma glucose < 16 mmol/L, and 
body mass index (BMI) 25-45 kg/m2.

DURATION-5[194]: Exenatide twice daily vs exena
tide LAR. Duration 24 wk. Inclusion criteria: ≥ 18 
years, therapy with lifestyle changes, or with met
formin, sulfonylureas, TZD or a combination, HbA1c 
7.1%-11.0%, fasting plasma glucose < 15.5 mmol/L, 
and BMI 25-45 kg/m2.

DURATION-6[202]: Exenatide LAR vs liraglutide 
once daily. Duration 26 wk. Inclusion criteria: ≥ 18 
years, therapy with lifestyle changes and oral agents 
(metformin, sulfonylureas, metformin + sulfonylureas 
or metformin + pioglitazone), HbA1c 7.1%-11.0%, and 
BMI ≤ 45 kg/m2 and stable body weight.

LEAD-6[203]: Exenatide twice daily vs liraglutide once 
daily. Duration 26 wk. Inclusion criteria: 18-80 years, 
treated with metformin, sulfonylureas or both, HbA1c 
7.0%-11.0%, and BMI ≤ 45 kg/m2.

GetGoal-X[188]: Exenatide twice daily vs lixisenatide 
once daily. Duration 24 wk. Inclusion criteria: 21-84 year, 
therapy with metformin, and HbA1c 7.0%-11.0%.

HARMONY 7[204]: Albiglutide once weekly vs liraglutide 
once daily. Duration 32 wk. Inclusion criteria: ≥ 18 
years, therapy with metformin, sulfonylureas, TZD or a 
combination, HbA1c 7.0%-10.0%, and BMI 20-45 kg/m2.

AWARD-6[205]: Dulaglutide once weekly vs liraglu
tide once daily. Duration 26 wk. Inclusion criteria: ≥ 18 
years, therapy with metformin, and HbA1c 7.0%-10.0%.

Kapitza et al[206]: Lixisenatide once daily vs liraglutide 
once daily. Duration 28 wk. Inclusion criteria: 37-74 
years, therapy with metformin, and HbA1c 6.5%-9.0%.

Effects on HbA1c: In the DURATION-1 and DURA
TION-5 exenatide LAR produced more consistent and 
greater reductions in HbA1c than exenatide twice 
daily. In the GetGoal-X exenatide twice daily showed 
greater HbA1c reduction than lixisenatide. Liraglutide 
in LEAD-6 and DURATION-6 reach greater HbA1c 
reductions tan exenatide twice daily or exenatide LAR, 
and in HARMONY 7 shows also greater reductions tan 
albiglutide. Liraglutide and dulaglutide did not differ in 
AWARD-6 study.

Effects on weight: It varies among RA-GLP1 and 
studies. In DURATION-1 and DURATION-5, there were 
no significant differences in weight loss between the 
two exenatide preparations. In LEAD-6, liraglutide and 
exenatide twice daily loss similar weight as in GetGoal-X 
study, between exenatide twice daily and lixisenatide, 
the difference was non-significant. Only in AWARD-6 
and in the study by Kapitza et al[206], liraglutide revealed 
significantly greater reductions than dulaglutide and 
lixisenatide.

Cardiovascular effects: Improvements in both 
systolic and diastolic blood pressure have been reported 
in clinical trials; however in these head-to-head trials 
there were no statistically significant differences 
between treatments. Increases in resting heart rate 
have been reported. With exenatide twice-daily the 
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heart rate increases, but it is lower than with exenatide 
LAR or liraglutide; dulaglutide is similar to liraglutide. 
With lixisenatide and albiglutide has not shown an 
increase in heart rate.

Insulin
Insulin is utilized in the treatment of patients with 
all types of diabetes[207]. Human insulin preparations 
(NPH and regular insulin) do not imitate endogenous 
insulin secretion (basal and postprandial). Then, 
insulin analogues (aspart, lispro, glulisine, detemir, 
glargine, degludec and U-300) were developed. They 
have increased the flexibility and efficacy of diabetes 
management. The very rapid-acting insulin analogs 
have both: Faster and shorter duration of action 
than regular insulin for pre-meal coverage, while the 
long-acting analogs have a longer duration of action 
allowing once-daily dosing; also shows less day-to-day 
variability[208] (Table 5).

Insulin preparations: Long-acting insulins (glargine 
and detemir), and ultra-long-acting insulins (degludec 
and Glargine U-300) can be combined with rapid-
acting insulins (aspart, lispro or glulisine) in basal bolus 
therapy.

Insulin glargine and human insulin are the same 
except for a substitution of glycine for asparagine 
in position A21 and by the addition of two arginine 
molecules in the B-chain of the insulin molecule[209]. 
These modifications originate a change in the pH such 
that, after administration, glargine precipitates in the 
subcutaneous tissue making hexamers, which delays 
absorption and extends duration of action. Glargine has 
a duration of action that usually lasts 24 h. Glargine 
cannot be mixed with rapid-acting insulins as the 
kinetics of both the rapid acting insulin and glargine and 
will be modified.

Insulin detemir is another insulin analog developed 
by removing a threonine an acylating a lysine with 

14-carbon fatty acid; the fatty acid side chain allows 
albumin binding and results in prolongation of action. 
Clinical trials in patients with type 1 diabetes have 
suggested that twice-per-day injections may be 
necessary to achieve acceptable basal rate coverage 
and optimal glycaemic control[210]. In T2DM, where 
endogenous insulin secretion may mask any deficiencies 
in basal insulin, the data are less clear. Nevertheless the 
duration of action is dose-dependent; at higher doses 
mean duration of action is longer. Detemir cannot be 
mixed with rapid-acting insulins.

When glargine and detemir are administered in 
high doses, both show a peak on pharmacokinetic 
and pharmacodynamics profile[211]; also there is still 
interindividual variability and low doses are insufficient 
to cover a 24-h period[212]. Therefore, new ultra-long 
insulins were developed: Degludec, glargine U300 and 
LY2605541 (PEGylated Lispro). Lilly had discontinued 
the development of the last one because of hepatic lipid 
accumulation.

Insulin degludec is a modified B chain analogue 
that forms hexamers and di-hexamers when is admini
strated. Compared with other long-acting insulins 
(glargine and detemir), the insulin degludec profile is 
flatter with a half life greater than 25 h, and action that 
exceeds 42 h, which results in a reduction of confirmed 
and nocturnal hypoglycaemias[213]. Glargine U300 is the 
same glargine molecule concentrated three times; so 
it has the same mechanism to slow its absorption as 
insulin glargine.

At present there are no head-to-head comparisons 
of insulin degludec and Glargine U-300. We are going to 
analyse clinical trials of both of them but comparisons 
between them should not be make because the studies 
are different: for example hypoglycaemia definition use 
in degludec is plasma glucose threshold of 3.1 mmol/L 
(55.85 mg/dL) and in Glargine U-300 is 3.9 mmol/L 
(70.26 mg/dL).

Clinical trials in T2DM: BEGIN basal-bolus type 2 
study is a 52-wk, randomised, treat-to-target, parallel-
group, open-label, non-inferiority trial. Compared the 
efficacy and safety of once-daily insulin degludec with 
once-daily insulin glargine in a basal-bolus regimen with 
mealtime insulin aspart, with or without metformin, 
pioglitazone, or both in participants with T2DM[214]. 
After 1 year, HbA1c decreased by 1.1% in the degludec 
group and 1.2% in the glargine group. Rates of overall 
confirmed hypoglycaemia (plasma glucose < 55 
mg/dL) were lower with degludec, as well as rates of 
confirmed nocturnal hypoglycaemia. These results were 
maintained in a 26-wk extension of this study with 
fewer hypoglycaemic episodes (24% overall reduction 
and 31% confirmed nocturnal episodes reduction)[215].

BEGIN Once Long was a 1 year phase 3 trial with 
type 2 insulin naive patients not controlled with oral 
hypoglycaemic agents. Again insulin degludec shows 
non inferiority in reducing HbA1c, and demonstrate a 
lower rate of nocturnal hypoglycaemia compared with 

  Insulin type Onset of action Peak effect Duration of 
action

  Lispro, aspart, 
  glulisine

5 to 15 min 45 to 75 min 2 to 4 h

  Regular About 30 min 2 to 4 h 5 to 8 h
  NPH About 2 h 4 to 12 h 18 to 28 h
  Insulin glargine About 2 h No peak 20 to 24 h
  Insulin detemir About 2 h No peak 6 to 24 h1

  NPL About 2 h Six hours 15 h
  Insulin 
  degludec

About 2 h No peak > 40 h

  Insulin U-300 About 2 h No peak > 36 h

Table 5  Type of insulin by onset of action, peak effect and 
duration of action

1Duration of action is dose-dependent. At higher doses (≥ 0.8 units/
kg), mean duration of action is longer and less variable. Modified from: 
McCulloch DK. General principles of insulin therapy in diabetes mellitus. 
Uptodate, March 24, 2016. Available from: URL: http://www.uptodate.
com/contents/general-principles-of-insulin-therapy-in-diabetes-mellitus.
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glargine[216].
EDITION 1, 2 and 3[217-219] evaluated Gla-U300 in 

T2DM patients through 6 mo. The primary endpoint 
in the three studies was meeting the non-inferiority 
criterion in reduction HbA1c levels; which is confirmed 
in all studies; and the secondary endpoint was the 
percentage of patients with one or more confirmed 
or several nocturnal hypoglycaemias between week 9 
and month 6. In EDITION 1 fewer patients reported 
one or more confirmed (< 3.9 mmol/L or < 70 mg/dL) 
or severe nocturnal hypoglycaemic events between 
week 9 and month 6 with Gla-U300 [36% vs 46% with 
Gla-U100; relative risk 0.79 (95%CI: 0.67-0.93); P < 
0.005]. In EDITION 2, again the percentage of patients 
with nocturnal hypoglycaemia was lower in those with 
Gla-U300 than with Gla-U100 with a risk reduction of 
23%. In EDITION 3, the percentage of patients with 
nocturnal hypoglycaemia was statistically similar in 
patients with Gla-U300 and Gla-U100.

In conclusion, insulin degludec showed similar 
efficacy in reducing HbA1c to insulin glargine, with 
a decreased risk of confirmed and nocturnal hypo
glycaemia. 

OTHER TREATMENTS
Colesevelam
Colesevelam is a bile acid sequestrant that reduces LDL 
cholesterol in patients with hypercholesterolemia. 

Mechanism of action: Possibly colesevelam interferes 
glucose absorption at gastrointestinal level.

Efficacy: In T2DM patients not controlled, colesevelam 
added to treatment of oral hypoglycaemic agents 
or insulin resulted in a reduction of HbA1c levels of 
0.5%[220-222].

Side effects: nausea, constipation and dyspepsia 
are frequent side effects. Also increases triglyceride 
concentrations by approximately 20%. We do not 
recommend colesevelam to treat T2DM patients due 
the modest glucose-lowering effectiveness, expense, 
and limited clinical experience.

Bromocriptine
Bromocriptine is a dopamine agonist that has been used 
for the treatment of hyperprolactinemia and Parkinson 
disease. 

Mechanism of action: The mechanism of action in 
reducing blood glucose is unknown. A quick release 
formulation of bromocriptine (Cycloset) was approved 
by the FDA for the treatment of T2DM[223]. 

Efficacy: In short-term clinical trials in T2DM patients, 
bromocriptine (up to 4.8 mg daily) as monotherapy or 
added to sulfonylureas reduce HbA1c compared with 
placebo in 0.4%-0.5%[223,224].

Side effects: Nausea, vomiting and headache[225] 
are frequent side effects. We do not recommend bro
mocriptine to treat T2DM patients due its glucose 
lowering effect and very frequent side effects.

Pramlintide
Pramlintide is an amylin analog that is administered 
by mealtime subcutaneous injection. It is available for 
use for both T1 and insulin-treated T2DM; is only be 
used in patients also taking prandial insulin. Pramlintide 
replicates amylin actions and controls glucose without 
causing weight gain.

Mechanism of action: Pramlintide control postprandial 
blood glucose levels by slowing gastric emptying, pro
moting satiety, and reducing the postprandial glucagon 
increase in patients with diabetes[226]. The effects 
are glucose-dependent. Pramlintide does not cause 
hypoglycaemia in the absence of therapies that may 
cause hypoglycaemia. Supraphysiologic doses of 
pramlintide do not provoke hypoglycaemia in normal 
subjects, and pramlintide does not interfere with 
recovery from insulin-induced hypoglycaemia[227].

Efficacy: There are several randomized controlled 
trials in T2DM that shows its efficacy; for example 
when added pramlintide to existing insulin therapy 
with or without a sulfonylurea or metformin, reductions 
in HbA1c (mean 0.62%) and weight (1.4 kg) were 
seen with 120 mcg but not 90 mcg of pramlintide 
given twice daily[228]. In a 24-wk trial or without oral 
agents had similar glycaemic efficacy as the addition of 
premeal rapid acting insulin analogs (HbA1c reduction 
of approximately 1%)[229]. Patients randomly assigned 
to pramlintide maintained their weight, whereas 
those assigned to rapid acting insulin gained weight 
(mean 4.7 kg). Pramlintide was associated with 
fewer hypoglycaemic events compared with prandial 
insulin. In addition to modest reductions in HbA1c and 
body weight, pramlintide has been associated with 
reductions in postprandial glucose excursions and in 
surrogate markers of cardiovascular risk and oxidative 
stress[230,231].

Side effects: The most frequent side effect is nausea 
and generally dissipates by four weeks. Pramlintide 
should not be administered to patients with severe 
hypoglycaemia unawareness. Pramlintide should only 
be administered before meals that contain at least 250 
calories or 30 g of carbohydrates. The recommended 
initial dose for T2DM is 60 mcg, titrated upward as 
tolerated to 120 mcg with each meal.

TREATMENT OF T2DM IN OLDER 
PATIENTS
Elderly people with diabetes have a risk of developing 
macrovascular and microvascular complications, similar 
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to that of younger patients with diabetes. In addition, 
they have a higher rate of lower limb amputations, and 
other complications than any other age group[232,233]; 
and those ≥ 75 years have a higher rate of most 
complications than those between 65 and 74 years. 
Older people > 75 years have a significant increase in 
death by hypoglycaemia, and visits to the emergency 
room for hypoglycaemia, compared to the general 
population with diabetes[234]. 

Therefore, older people with diabetes have a number 
of characteristics that will influence their treatment, 
such as[235]: (1) presence of high co-morbidities; 
(2) presence of cognitive and functional impairment 
(falls); (3) polypharmacy; (4) visual and hearing 
impairment; (5) decreased physical activity; (6) high 
risk of hypoglycaemia; (7) common situations of social 
isolation and dependence. Depression; (8) nutrition-
related problems; and (9) heterogeneity in terms of 
clinical presentation of the diabetes (diabetes duration, 
co-morbidities, functional status, life expectancy).

Based on all the above, the treatment of diabetes 
in the elderly people should achieve the following 
objectives: (1) to avoid disability, ensuring the best 
quality of life; (2) to avoid side effects of treatment, 
especially the most associated with impaired quality of 
life such as hypoglycaemia and falls; and (3) to have a 
global vision of the patient, introducing competitive risks 
in the decision-making process.

The initial treatment of T2DM in elderly patients 
is similar to that of younger patients, and includes 
changes in the lifestyle, with weight reduction, although 
most of elderly patients with T2DM will need drug 
treatment throughout his life.

Lifestyle modification
Changes in lifestyle are very important in the treatment 
of diabetes at any age, but they deserve special 
considerations for the elderly. In the Diabetes Prevention 
Program, people < 60 years of age improved their 
glycaemic control over time, due in part to better adapt 
to changes in lifestyle, compared with other younger 
age groups[236,237].

Nutritional needs: Although calorie needs decrease 
with age, macronutrient needs will be similar through
out adulthood. Older people with diabetes are at 
risk of malnutrition from anorexia, altered taste and 
smell, difficulty swallowing, oral and dental problems, 
and functional alterations; major difficulties in the 
preparation and consumption of food. The Mini Nutri
tional Assessment, a questionnaire designed to detect 
malnutrition, is very easy to use and has proved useful 
in diabetics elderly patients[238]. 

Nutritional recommendations should take into 
account the customs of the patients, their preferences 
and their personal goals and skills. When the regular 
intake does not meet the nutritional needs, a number 
of modifications, such as recommending fewer meals 
but more frequent, change the texture of foods, forti

fying common foods, or add nutritional supplements 
between meals will be necessary. Overweight and 
obesity are common among the elderly. BMI is not 
useful in some older people due to changes in body 
composition with age[239]. Sarcopenia can occur in 
either overweight or underweight elderly. Moreover, 
obesity is often accompanied by decreased physical 
activity and increased frailty[240]. The unintentional 
weight loss in overweight or obese older people could 
worsen sarcopenia, bone mineral density and nutritional 
deficits[241,242]. Strategies that combine physical activity 
with nutritional therapy in older patients with diabetes, 
will lead to improved physical performance and a 
reduction of cardiometabolic risk[240,241].

The caloric intake in the elderly should be between 
25 and 35 kcal/kg per day[243]. Protein should provide 
15%-20% of total calories, fat 30% maximum, 
avoiding saturated fats and trans fats, and promoting 
the consumption of monounsaturated fats and omega 
3 fatty acids, and carbohydrates 50%-55% based 
on complex carbohydrates. A dietary fiber intake of 
about 14 g/1000 kcal is recommended, and they may 
also require calcium and vitamin D and vitamin B12 
supplements. Fluid intake should be 30 mL/kg per day, 
with a minimum intake of 1500 mL/d, which may be 
increased in situations such as fever, infections, high 
temperatures, or excessive losses in urine and feces; or 
decreased in case of advanced renal insufficiency, or in 
states of fluid retention such as heart failure and liver 
cirrhosis[243].

Physical activity: In older people with diabetes, 
muscle mass and strength decrease with age, worsening 
by complications of diabetes, co-morbidities and 
hospitalizations. People with diabetes of long duration 
and high levels of HbA1c, have less muscle strength per 
unit of muscle mass, that people without diabetes of 
similar age and BMI, and that people with diabetes of 
short duration and better glycaemic control[244]. Increased 
physical activity will improve the functional status of the 
elderly with or without diabetes[245]. In the elderly, mild 
physical activity is related with increased physical health 
and psychosocial well-being[246], so that in these people 
with diabetes, healthy, it is recommended to perform 
the same exercise as other adults with diabetes[42]. Older 
patients with poorer health, will benefit even a modest 
increase in physical activity. Finally, patients at risk of 
falls should be referred to a physiotherapist for muscle 
and exercise balance.

Pharmacologic treatment
Older patients have an increased risk of adverse events 
related to drugs due to pharmacokinetic changes as 
decreased renal elimination, and pharmacodynamics 
changes, age related, such as increased sensitivity to 
certain medications, which can affect at their disposal. 
These changes may result in an increased risk of 
hypoglycaemia, the need to reduce the dose of certain 
medicines and monitor renal function to minimize 
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adverse effects[247,248]. It is important to select drugs 
with a strong benefit/risk ratio, to provide efficacy, 
persistence and safety of treatment. Usually, in older 
people with diabetes is recommended to start treatment 
with antidiabetic at low doses, and titrate the dose 
progressively according to response, without reaching 
the maximum dose, due to the risk of increased side 
effects without increasing efficiency[249]. 

Knowledge of the advantages and disadvantages 
of each family of antidiabetic drugs will help clinicians 
individualize treatment of elderly patients with T2DM[6].

Metformin: Metformin remains the drug of choice 
for first-line treatment of T2DM in any age group, 
including the elderly. Its low risk of hypoglycaemia, its 
potential benefits in patients with stable cardiovascular 
disease[250] or heart failure, and its low cost, makes 
it a beneficial drug for older people. However its side 
effects such as gastrointestinal intolerance, vitamin B12 
deficiency and weight loss, do not recommend its use 
in frailty patients. Although the risk of lactic acidosis is 
minimal, it is recommended to monitor renal function 
frequently, reduce the dose if the eGFR is between 
30-60 mL/min[242], and do not use it with eGFR < 30 
mL/min[249-251]. Moreover, metformin should not be 
used in situations of tissue hypoxia, acute intercurrent 
disease, respiratory failure, acute heart failure, hepatic 
failure, administration of iodinated contrast, and risk of 
functional renal impairment (vomiting, diarrhoea). It is 
recommended to start with a low dose of 425 mg/d and 
titrate up to 1700 mg/d maximum, because with higher 
doses does not increase efficiency but increases side 
effects.

Sulfonylureas: They are also cheaper drugs, but 
due to its high risk of hypoglycaemia, should be 
utilized carefully in elderly. Hypoglycaemia appears 
more frequently with long-acting sulfonylureas such 
as chlorpropamide, glibenclamide and glimepiride, 
especially in older adults who develop severe and 
prolonged hypoglycaemia. We must stop using long-
acting sulfonylureas in older adults[252], being preferable 
the use of shorter-acting sulfonylureas such as gliclazide 
and glipizide[253]. Circumstances that influence the 
occurrence of sulfonylureas-induced hypoglycaemia in 
the elderly are: (1) after exercise; (2) missed meals, 
eat poorly, without meal time, or abuse alcohol; (3) 
existence of impaired renal or cardiac function or 
intercurrent gastrointestinal disease; (4) after being 
in the hospital[254]; and (5) by associating salicylates, 
sulfonamides, fibric acid derivates such as gemfibrozil, 
and warfarin[255].

On the other hand, these drugs produce weight 
gain, and its use is limited in renal failure because of 
the high risk of hypoglycaemia. Furthermore, the large 
amount of drug interactions, interfere their use in the 
elderly.

Meglitinides: Repaglinide and nateglinide are designed 

to control postprandial glycaemia, so that its duration is 
short and they require more frequent administrations 
with meals than sulfonylureas. Moreover, are more 
expensive, which limits its use in older people, espe
cially in patients with polypharmacy. They lead a lower 
risk of hypoglycaemia than sulfonylureas[256], especially 
in patients who do not a set meal schedule[72], but 
they have a similar risk for weight gain. In addition, 
repaglinide, for its mainly biliary elimination, can be 
utilized in patients with moderate or advanced renal 
impairment[257], and could be utilized as first-line in 
patients with impaired renal function when they are 
intolerant to metformin and sulfonylureas, or are contrain
dicated. It should not be associated with drugs that act 
by activating or inhibiting cytochrome P450, such as 
gemfibrozil, because of the high risk of hypoglycaemia. 

Alpha-glycosidase inhibitors: Acarbose and miglitol 
are drugs that are intended to control postprandial 
blood glucose, with low risk of hypoglycemia, which 
are theoretically attractive to treat older people[258]. 
However gastrointestinal effects, low efficiency, more 
frequent daily doses, and cost limit their use. They can 
alter the levels of digoxin and acenocumarol.

Thiazolidinediones: Although TZD do not increase 
the risk of hypoglycaemia, and pioglitazone may be 
beneficial in patients in secondary prevention[259], the 
high cost and side effects that induce as weight gain, 
macular oedema, fluid retention, increased risk of heart 
failure and bone fractures, and possible risk of bladder 
cancer[260], limit their use in the elderly[261].

DPP-4 inhibitors: iDPP4 inhibitors are once-a-day oral 
agents which can be used safely in elderly patients. 
They are very beneficial agents for the treatment of 
T2DM in the elderly since they control both basal and 
postprandial hyperglycaemia, with good tolerability, 
low risk of hypoglycaemia, and without significant 
drug interactions, or weight gain. These agents do not 
require dose adjustment in patients with advanced 
age. Although vildagliptin has demonstrated efficacy 
and safety in patients ≥ 75 years[262], data safety in 
these patients is very limited. Linagliptin do not require 
dose adjustment in patients with renal impairment; 
vildagliptin at doses of 50 mg/d can be employed at any 
degree of renal failure; saxagliptin half-dose (2.5 mg/d) 
can be used in ESRD; and sitagliptin dose should be 
adjusted to the degree of renal insufficiency: 50 mg/d 
if the eGFR is between 30-50 mL/min, and 25 mg/d if 
< 30 mL/min. Finally, vildagliptin requires monitoring of 
liver function.

iSGLT2: The iSGLT2 dapagliflozin, canagliflozin and 
empagliflozin, represent a new class of oral hypogly
caemic agents that increase the urinary excretion 
of glucose. This effect results in lower blood glucose 
levels in an insulin-independent manner, with a lower 
risk of hypoglycaemia, as well as mild diuresis[263]. The 
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increase in glycosuria and diuresis produced, results in 
a reduction in weight and blood pressure. Because of 
these actions can be very attractive in the treatment 
of T2DM in the elderly[264,265]. However should not 
be utilized with an eGFR < 60 mL/min. Moreover, 
by inducing osmotic diuresis may increase the risk 
of dehydration, electrolyte abnormalities and weight 
loss that could limit its use in frail elderly patients. A 
common side effect of iSGLT2 is an increased incidence 
of genital and urinary infections, so they must be 
used with caution in elderly patients at increased risk 
of developing these infections or those with urinary 
incontinence[266].

RA-GLP1: The RA-GLP1 exenatide, liraglutide, lixisena
tide, albiglutide and dulaglutide, will control both basal 
and postprandial hyperglycaemia with a low risk of 
hypoglycaemia. The drug-related effects such as nausea, 
vomiting, decreased appetite and weight loss can be a 
problem for frail elderly patients; however may be an 
option in those not vulnerable, obese elderly patients 
with good performance status where weight loss is a 
priority[200], as in those with knee osteoarthritis, sleep 
apnoea syndrome, hypoventilation, etc. Its use is not 
recommended in patients with an eGFR < 50 mL/min. 
There is little experience in patients ≥ 75 years, and its 
high cost and subcutaneous administration will limit its 
use in older patients.

Insulin: Insulin treatment can be utilized to achieve the 
goals of glycaemic control in selected older patients with 
T2DM, with similar efficacy and risk of hypoglycaemia 
than in younger patients. Before prescribing insulin 
in elderly subjects, we should think about the risk of 
hypoglycaemia related with this agent. The use of 
multiple daily injections of insulin, or by continuous 
subcutaneous insulin infusion in healthy elderly patients 
(mean age 66 years), has proven to be effective with 
a low rate of hypoglycaemia[267]. Also, the addition of 
long-acting insulin in elderly patients with T2DM (mean 
age 69 years) was as effective in achieving the HbA1c 
goals, without increased rate of hypoglycaemia, than 
in younger people (mean age 53 years)[268]. However 
there are few publications on the use of these insulin 
regimens in patients ≥ 75 years or in elderly patients 
with several co-morbidities, and/or a functional limi
tation. Visual or manual dexterity problems can be 
difficult to insulin therapy in some older patients. The 
use of insulin delivery devices will facilitate this work, 
selecting the one that best suits the skills and abilities of 
the patient. The risk of hypoglycaemia and weight gain 
will be lower with the use of insulin analogues compared 
to human insulins, and are preferred in elderly, despite 
their higher cost[208,269], especially if there is a high risk of 
hypoglycaemia as in the frail or institutionalized elderly. 
Also, when necessary, the insulin analogs are preferable 
to short regular human insulin, due to its lower rate 
of hypoglycaemia[270]. Insulinization, especially in frail 
elderly, should start with a single daily dose of long-

acting insulin (0.1-0.2 IU/kg), lower than in younger 
patients, to avoid hypoglycaemia. Figure 1 shows the 
International Diabetes Federation Global Guidelines for 
managing older people with T2DM[271].

TREATMENT OF T2DM IN PATIENTS 
WITH CKD
Before choosing a hypoglycaemic agent, we must 
consider the existence of an impairment renal function 
(Figure 2). Management of T2DM in patients with 
renal impairment is a complex process that requires 
a comprehensive approach. Clinicians must be aware 
that as renal function worsens, abnormalities in glucose 
homeostasis develop, affecting secretion, clearance, and 
peripheral tissue sensitivity to insulin[272]. CKD diagnosis 
adds risk factors for hypoglycaemia to those already 
present in patients with diabetes due to accumulation 
of uremic toxins, which lead to lower hepatic and 
renal insulin degradation, and also as a result of 
decreased renal gluconeogenesis, uremic malnutrition, 
and deficient catecholamine release[273]. Some of the 
additional factors are altered drug metabolism, drug-
drug interactions, albuminuria, autonomic neuropathy, 
anorexia, malnutrition, infections, problems linked 
to dialysis, related cardiac and hepatic disease, and 
impaired renal glucose release[274,275]. On the other 
hand, both hypoglycaemia and CKD are related with 
increased morbidity and mortality from cardiovascular 
disease[276-278]. Many drugs are available for treatment 
of T2DM. Although all drugs can be utilized in patients 
with mild renal impairment[6,279], therapeutic choices for 
patients with moderate to severe CKD and ESRD are 
reduced, since drug or metabolite accumulation may 
occur due to a reduced GFR resulting in increasing side 
effects. In this case, some drugs are not recommended, 
while others can be used with dose adjustment.

Pharmacologic treatment
Metformin: The incidence of lactic acidosis in the 
setting of metformin therapy is low, and the drug is not 
necessarily responsible when lactic acidosis occurs in 
patients taking this medication[65]. Although drug levels 
are higher in those with kidney disease, levels are still 
maintained largely within the therapeutic range[280,281] 
and lactate levels are not substantially increased when 
metformin is utilized in those with reduced GFR[282-285]. 
The recommendations for use of metformin based on 
eGFR are shown in Figure 3[247]. However, the main 
problem for metformin treatment in CKD patients is 
the prevention of intoxication. Dosage guidelines for 
CKD patients have recently been published[286]. These 
recommend the following maximum daily doses related 
to creatinine clearance: 3 g (120 mL/min); 2 g (60 
mL/min); 1 g (30 mL/min); 500 mg (15 mL/min). 
Moreover, Lipska et al[247] have proposed a possible 
approach to metformin prescribing in the setting of 
CKD. The physician contemplating metformin treatment 
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in a CKD patient should also address other problems. 
He should be advised to temporarily cease therapy if he 
develops sudden weight loss or acute illness, particularly 
if accompanied by vomiting and diarrhoea. X-ray 
contrast can occasionally cause acute renal insufficiency. 
In accordance with recent guidelines[287], patients 
with an eGFR < 45 mL/min should stop metformin 
48 h before contrast investigations, and restart 48 h 
after. Other contraindications, e.g., liver disease and 
pregnancy, remain.

Sulfonylureas: Sulfonylureas can cause unregulated 
insulin release and lead to severe hypoglycaemia that 
can be particularly serious in the presence of CKD[288], 
due to the accumulation of active metabolites. Long-
acting sulfonylureas like glyburide and chlorpropamide 
are more notorious for causing hypoglycaemia[289]. 
Shorter-acting sulfonylureas as glimepiride, glipizide 

and gliclazide agents are relatively safe and preferred in 
patients with CKD[290]. Major therapeutic considerations 
of sulfonylureas in patients with CKD and diabetes 
are[279,291-293]: (1) Glibenclamide should be prescribed 
with caution in patients with an eGFR 60-90 mL/min, 
and cannot be used in patients with an eGFR < 60 
mL/min; (2) Glimepiride can be utilized in patients with 
an eGFR of < 60 mL/min, and dosage adjustment is 
required if the eGFR is < 30 mL/min. Begin at 1 mg daily 
or switch to another drug if the eGFR is < 15 mL/min; 
(3) Gliclazide is less than 1% excreted unchanged by 
the kidneys and does not have active metabolites[294]. It 
is recommended in subjects with an eGFR of 30-60 mL/
min, need to reduce dose if the eGFR is < 30 mL/min, 
and it’s not recommended if the eGFR is < 15 mL/min; 
and (4) Glipizide does not increase hypoglycaemia in 
patients with CKD. Can be utilized in all stages of CKD 
with caution and with dose reduction.

Lifestyle measures

Then, at each step, if not at individualized target HbA1c

Consider at first line therapy

Metformin
Sulfonylurea or
DPP4 inhibitors

Acarbose or
Glinides or
Insulin or

SGLT2 inhibitors or
Thiazolidinediones

Consider as second line-dual therapy by adding to first line therapy

Sulfonylureas or
DPP-4 inhibitors

Metformin
(if not use first line)

Consider as third line-triple oral therapy, insulin or GLP1 receptor agonists 

DPP-4 inhibitors or
Sulfonylureas

or Basal insulin or
Pre-mix-insulin

GLP1 
receptor 
agonists

Subsequent options

Change oral agent
or Basal insulin or

Pre-mix insulin
or GLP1 receptor 

agonists
or

Basal +
Meal-time

insulin

Acarbose or
Glinides or

GLP1 receptor agonists or
Insulin or

SGLT2 inhibitors or
Thiazolidinediones

Acarbose or
Glinides or

SGLT2 inhibitors or
Thiazolidinediones

Usual approach

Alternative approaches

Other options

Considerations
  Functional capacity
  Frailty
  Dementia
  End of life

Medication choice
  Renal function
  SU with low hypoglycaemia
  Medication side effect profile
  Potential harms of medication 
  which induce weight  loss
  Cost
  Availability
  Local prescribing rules
  Discontinue ineffective treatment

Figure 1  Global Guidelines for managing older people with type 2 diabetes. International Diabetes Federation[272]. SGLT2: Sodium glucose co-transporter-2;  
GLP-1: Glucagon-like peptide-1; DDP-4: Dipeptidyl peptidase-4.
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Meglitinides: Both repaglinide and nateglinide are 
primarily metabolized in the liver, and generally, dose 
adjustment is not required for either of these agents. 
Therefore, their risk of hypoglycaemia is lower, and they 
are more effective for postprandial glycaemic control. 
Thus, at first, they may be employed in patients with 
CKD, without dose adjustment[295]. Repaglinide is mostly 
metabolised by the liver and could therefore be utilized 
in patients with low renal function, although some 
dose adjustment is required[296]. Nateglinide is rapidly 
degraded by the liver to mostly inactive or weakly active 
metabolites which are eliminated in the urine[297], also 
so can be considered patients with poor renal function, 
again with dose reduction. In conclusion, repaglinide 
and nateglinide can be prescribed in all stages of CKD 
with caution and dose reduction is necessary if the 
eGFR is < 30 mL/min[279,291,297,298].

Alpha-glucosidase inhibitors: As only less than 2% 
of an oral dose of acarbose was absorbed as active drug, 
patients with an eGFR < 25 mL/min attained increases 
about fivefold higher for peak plasma concentration 
of acarbose and six fold higher for AUC values than 
subjects with normal renal function[95]. Miglitol is 
systematically absorbed but is no metabolized, and 
is rapidly eliminated by renal excretion as unchanged 
drug[299]. Patients with an eGFR < 25 mL/min taking 
miglitol 25 mg three times daily showed a twofold 
increase in miglitol plasma levels when compared with 
patients with an eGFR > 60 mL/min[300]. Voglibose, 
an alpha-glucosidase inhibitor only commercialized in 
Japan, has no renal excretion, and two studies showed 
that it can be safely utilized in diabetic patients on 
haemodialysis, in combination with pioglitazone or 
mitiglinide[300,301]. In conclusion, alpha-glucosidase 

eGFR 
> 60 mL/min

eGFR 
45-60 mL/min

eGFR 
30-45 mL/min

eGFR 
< 30 mL/min

Metformin

Glibenclamide

Gliclazide

Glimepiride

Glipizide

Repaglinide

Nateglinide

Acarbose

Miglitol

Pioglitazone

Sitagliptin

Vildagliptin

Saxagliptin

Linagliptin

Alogliptin

Dapagliflozin

Canagliflozin

Empagliflozin

Exenatide

Liraglutide

Lixisenatide

Albiglutide

Dulaglutide

Insulin

No dose adjustment is required Dose adjustment is required

Figure 2  Recommendations for use of antidiabetic agents based on estimated glomerular filtration rate. Adapted from Zanchi et al[292]. eGFR: Estimated glo
meru­lar filtration rate.
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inhibitors acarbose and miglitol cannot be used if the 
eGFR is < 25 mL/min or the serum creatinine level is > 
2 mg/dL[279,291,293,302], while voglibose can be used in all 
stages of CKD including haemodialysis[300,301].

Thiazolidinediones: Pioglitazone and rosiglitazone 
(only available in United States) are mainly metabolized 
in the liver and although a significant amount of active 
metabolites are eliminated in the urine; there is no need 
dose adjustment for either of these agents for patients 
with CKD[303]. However, both TZD cause fluid retention 
and increase the risk of heart failure, a problem that 
may be worse in patients with CKD. Although no 
dose adjustment in patients with CKD stages 3 to 5 is 
recommended[290], its use in patients with CKD should 
be balanced with the possibility of worsening of fluid 
retention and fractures, the latter particularly in patients 
with underlying bone disease[290,304,305].

DPP-4 inhibitors: iDPP4 are effective at lowering 
HbA1c in T2DM patients with moderate to severe 
renal impairment[304]. All iDPP4 differ in their renal 

excretion and therefore should be handled differently 
in patients with impairment renal function. Results 
from dedicated pharmacokinetics studies in subjects 
with various degrees of renal impairment suggest 
that the daily doses of all iDPP4 except linagliptin 
should be adjusted according to eGFR[305]. Several 
studies have demonstrated that the glucose-lowering 
efficacy is maintained while a good safety profile when 
reduced doses of these gliptins are utilized in patients 
with renal impairment[306-309]. On the other hand, 
linagliptin not require any dose adjustment in case 
of renal impairment, because is mainly excreted by 
the biliary route[310], and can be used in patients with 
all degrees of CKD[311]. Sitagliptin is largely excreted 
unchanged in the urine (87%) or via the feces (13%). 
No dose adjustment is necessary in patients with an 
eGFR > 50 mL/min, and can be utilized with dose 
reduction in patients with moderate to severe renal 
impairment[279,291,292,312]. The dose should be reduced 
by half in patients with an eGFR 30-50 mL/min, and a 
quarter in those with an eGFR < 30 mL/min or requiring 
dialysis. Around 80% of vildagliptin dose is metabolised 
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mostly in the kidneys into non-active metabolites 
which are then renally excreted (85%) or recovered 
in the feces (15%)[313]. Vildagliptin not need dose 
adjustment in patients whose eGFR is > 50 mL/min 
and with caution in those with ESRD. The dose should 
be reduced by half in patients with moderate to severe 
renal impairment[279,291,292]. Saxagliptin is metabolised 
mainly in the liver to an active metabolite that is renally 
excreted, with approximately 20% of a dose being 
recovered unchanged in the urine and 20%-50% as 
metabolites[314]. No dose adjustment is required for 
patients with an eGFR > 50 mL/min, whereas the dose 
should be reduced by half in patients with moderate 
or severe renal impairment[279,291,292]. Vildagliptin can 
not be utilized in those on renal replacement therapy. 
Linagliptin is excreted almost entirely unchanged in 
bile, and its elimination is essentially via the feces[315]. 
No dose adjustment is required in patients with any 
stage of CKD[279,291,292] including, with caution, those 
requiring renal replacement therapy[316,317]. Alogliptin 
does not suffer appreciable metabolism and around 
80% is eliminated unchanged in urine[318]. No dose 
adjustment is required for patients with an eGFR > 50 
mL/min. Alogliptin dose adjustments are recommended 
for patients with moderate to severe renal impairment, 
including those with ESRD requiring dialysis. The dose 
should be reduced by half in patients with an eGFR 
30-50 mL/min, and a quarter in patients with an eGFR 
< 30 mL/min or ESRD[279].

Sodium-glucose co-transporter 2 inhibitors: iSGLT2 
decrease plasma glucose concentration by inhibiting 
the reabsorption of glucose by the kidney, which in 
turn, is a function of plasma glucose concentration and 
GFR. Because these agents rely on GFR to increase 
urinary glucose excretion, they are expected to have 
a decreased effect as kidney function declines. Studies 
examining the efficacy of iSGLT2 inhibition in patients 
with diabetes have been reported for a number of 
iSGLT2 including canagliflozin[319], dapagliflozin[320], 
empaglifozin[321] and ipragliflozin[322]. As expected, 
the efficacy of iSGLT2 decreases as kidneys function 
decreases[320-322]. Although renal function does not seem 
to be affected[141], its use in patients with moderate 
to severe CKD is not recommended. Dapagliflozin is 
not recommended if the eGFR is < 60 mL/min. In 
patients with an eGFR < 60 mL/min., canagliflozin and 
empagliflozin should not be initiated, but they may be 
continued in patients already taking the medications. 
Patients with an eGFR of 45-60 mL/min should be of 
the lower doses once a day, and both medications are 
contraindicated in patients with an eGFR < 45 mL/min, 
or on dialysis[139].

RA-GLP1: Due to the effect of these agents on gastric 
emptying, side effects are mainly gastrointestinal: 
Nausea, vomiting and diarrhoea. These gastrointestinal 
side effects with recurrent vomiting will lead to dehyd
ration and secondary acute renal failure[323]. Exenatide 

is extensively renally eliminated by glomerular filtration 
and undergoes degradation by the kidneys to small, 
inactive peptide fragments[324]. There is reduced clear
ance in people with renal impairment[325]. Exenatide 
can be utilized in patients with and eGFR > 50 mL/min, 
whereas cannot be used in patients with an eGFR < 30 
mL/min. In subjects with an eGFR of 30-60 mL/min, 
exenatide should only be employed with great caution 
and a lower doses[279,291,302]. Liraglutide is metabolised 
in a similar manner to large proteins, and its shows no 
reduced clearance in patients with renal impairment, 
and undergoes only minimal renal excretion[326]. No 
dose adjustment is required in subjects with an eGFR > 
30 mL/min. Limited data are available in patients with 
an eGFR < 30 mL/min and ESRD, and should not be 
used in these populations[326]. As a peptide, lixisenatide 
is eliminated through glomerular filtration, followed 
by tubular reabsorption and subsequent metabolic 
degradation. No dose adjustment is recommended 
for patients with an eGFR > 50 mL/min, but as there 
is limited therapeutic experience in patients with an 
eGFR 30-50 mL/min, lixisenatide should be utilized with 
caution and is contraindicated in those with an eGFR < 
30 mL/min and with ESRD[327]. Albiglutide is a protein, 
so the expected metabolic pathway is degradation 
to small peptides and amino acids by ubiquitous 
proteolytic enzymes. No dose adjustment is necessary 
in subjects with an eGFR > 30 mL/min. Limited data 
are available in subjects with an eGFR < 30 mL/min and 
should be used with caution in these populations[328]. 
Finally, dulaglutide is presumed to be degraded into its 
component amino acids by general protein pathways. 
No dose adjustment is recommended in subjects with 
renal impairment including ESRD. Limited data are 
available in patients with an eGFR < 30 mL/min, and 
should be employed with caution[329].

Insulin: Insulin is generally considered to be safe in 
patients with a reduced kidney function. Because of 
their low levels of degradation, insulin prolongs its half 
life when there is an impairment in kidney function[330]. 
As a result the risk of hypoglycaemic events is 5 
times higher than in subjects without impairment 
renal function[331]. Almost 50% of circulating insulin 
is cleared by the kidney via glomerular filtration and 
subsequent luminal reabsorption of insulin by proximal 
tubular cells by means of endocytosis, or via diffusion 
of insulin from peritubular capillaries and subsequent 
binding of insulin to the contraluminal membranes of 
tubular cells. In insulin-treated T2DM patients, insulin 
doses should be reduced by 25% when the eGFR 
is between 10-50 mL/min, and by 50% when the 
eGFR is < 10 mL/min[332,333]. As for human insulin, the 
pharmacokinetic/pharmacodynamic profiles for insulin 
analogs may be influenced by many variables including 
renal function, although the available data are rather 
scarce[334]. Reduction of initial glargine/glulisine insulin 
weight-based dosing in hospitalized patients with 
T2DM and renal impairment reduced the frequency 
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of hypoglycaemia by 50% without compromising the 
control of hyperglycaemia[335]. Short-acting insulin 
analog can also be utilized in haemodialysis patients 
with T2DM[336]. 

Figure 3 shows the therapeutic algorithm for the 
treatment of patients with T2DM and CKD, proposed 
by the Spanish Working Group, sponsored by several 
scientific societies[337].

BARIATRIC SURGERY
Bariatric surgery could be an alternative in the treat
ment of obesity. Candidates for bariatric surgery are 
patients with a morbid obesity or those with a BMI 
> 35 kg/m2 who also have co-morbidities, such as 
hypertension, T2DM or obstructive sleep apnoea. After 
this surgery, it was observed a metabolic response 
leading to decrease blood glucose with improvements 
or remission of diabetes. Moreover, bariatric surgery 
also improves the metabolic status, improving lipid 
profile and hypertension, thus decreasing cardiovascular 
risk[338].

The improvement in glycaemic control, has been 
observed before the achievement of clinically significant 
weight loss. Although there are no consistent theories to 
explain the early improvement in T2DM after surgery, it 
seems a direct consequence of gastrointestinal anatomy 
restructuring that produces hormonal change and 
decreases food intake with an acute negative calorie 
balance[339]. This supports the idea that “metabolic 
surgery” is a definition more appropriate, and it 
refers a bariatric surgery in patients with less grade 
obesity than those who are traditionally eligible for 
bariatric surgery[338]. Despite this, it is necessary more 
investigation for known entirely the relationship between 
metabolic effects of bariatric surgery in overweight and 
in patients with obesity class I.

THE FUTURE IN THE TREATMENT OF 
DIABETES
Unfortunately, all anti-diabetic agents have adverse 
effects, and are expensive. Therefore, the investigation 
of novel antidiabetic regimens, with less adverse effects 
and cheaper, is a major challenge for researchers.

Polyphenols
Natural products containing high polyphenol levels as 
blackberries, red grapes, apricots, eggplant, coffee, 
cocoa and green tea can regulate glucose metabolism 
through different paths, such as restoring beta-cell 
integrity, enhancing insulin releasing activity, and 
increasing cellular glucose uptake, which can improve 
insulin resistance[340].

Smart insulin patch
A new smart insulin patch has been created. It is a thin 
square covered with more than 100 tiny needles. The 

patch made of biocompatible materials works fast and 
it’s easy to use. The patch consists of small painless 
needles that are packed together with insulin and 
glucose-sensitive enzymes in microscopic storage units. 
The patch releases these enzymes when blood glucose 
increases. In a mouse model, patch administration 
showed reduced glucose levels up to 9 h[341]. It is sug
gested that the patch could have a longer effect in 
diabetic humans since humans are more sensitive to 
insulin than mice.

Dual-acting peptide
GLP1 and GIP are the two main incretin hormones that 
are released from the intestine in response to food 
intake. Both hormones stimulate glucose-dependent 
insulin secretion. Evidence from animal studies suggests 
that anti-obesity efficacy of GLP1 can be enhanced by 
co-administration with the incretin hormone GIP. Finan 
et al[342] showed that an acylated version of GLP1 and 
GIP dual agonist, reduced weight (-18.8% vs -8.8%, P 
< 0.001), food intake (P < 0.05), fat mass (P < 0.001) 
and blood glucose (P < 0.05), compared to liraglutide. 
Also showed increases in plasma insulin and C-peptide 
more pronounced that liraglutide (P < 0.001 for both). 
No differences in improved glycaemic control between 
these co-agonists and liraglutide were found. In T2DM 
patients they found a dose-dependent reductions 
of HbA1c, being -0.53% in patients treated with 4 
mg of the dual agonist, and -1.11% in those treated 
with 30 mg, compared with placebo (-0.16%). The 
pharmacokinetics and pharmacodynamics results of co-
activation of GLP1 and GIP receptors[343] are considered 
as a promising new strategy for the treatment of obese 
T2DM patients, to prolong the activity of GLP1 and 
GIP dual agonists, and for the future development of a 
possible once-weekly GLP-1 and GIP dual agonists drug 
candidate for the treatment of T2DM.

GLP1 and Glucagon receptor dual agonism: Glu
cagon and GLP1 have distinct receptors that are also 
structurally related[344]. Glucagon stimulates gluconeo
genesis and glycogenolysis in the liver, raising blood 
glucose levels; while GLP1 reduce blood glucose 
levels by increasing insulin synthesis and secretion in 
the pancreas[345]. Administration of oxyntomodulin, a 
GLP1 receptor/glucagon receptor dual agonist peptide, 
to rodents[346-348] and humans[349,350], resulted in a 
improvement of glucose metabolism by decreasing 
food intake and body weight, and increasing energy 
expenditure, more pronounced than those reported by 
GLP1. Moreover, weekly administration of PEGylated 
peptides reduced adiposity and improved glucose 
tolerance in diet-induced obese mice[351], and sustained 
GLP1/glucagon dual agonism reverses obesity in diet-
induce obese mice[352]. These co-agonist compounds 
also normalized glucagon, glucose and lipid metabolism 
and reduced liver steatosis, and is a novel therapeutic 
approach to the treatment of obesity in patients with 
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T2DM.

GLP1 receptor agonist and Glucagon receptor 
antagonism activity: GLP1/Glucagon hybrid peptides, 
a dual acting peptide that bind both receptors, for 
diabetes (DAPD) have been reported previously[344], 
and more recently have been identified in vitro[353]. 
Administration of PEGylated DAPD in mice, showed a 
decrease in blood glucose by increasing insulin secretion 
GLP1-induced, and a rise in fasting glucagon levels 
following a glucagon challenge[354]. Moreover, unlike RA-
GLP1, does not inhibit gastrointestinal motility and has 
not adverse events at this level. 

Basal insulin analogs with glucagon-like peptide-1 
mimetics
The combination of GLP1 mimetics with basal insulin 
reduced the risk of hypoglycaemia and weight gain 
induced for intensive insulin regimens in T2DM patients. 
Preliminary evidence suggests that the addition of a 
basal insulin to a GLP1 mimetic with or without oral 
therapy, provide improvements in basal and postprandial 
glucose control, with less weight gain, reduced risk of 
hypoglycaemia and increased satisfaction[188-190,355-358]. 
Data from the DUAL I extension (insulin-naïve patients 
not controlled with oral hypoglycaemic agents) and 
DUAL II (patients not controlled on basal insulin plus 
oral hypoglycaemic agents) randomized trials, the novel 
fixed combination of insulin degludec and liraglutide 
(IDegLira), effectively lowered HbA1c across a range of 
measures, implying suitability for patients with either 
early or advanced T2DM[359]. LixiLan is a new once-daily 
single injection fixed-ratio combination of lixisenatide, 
and insulin glargine. Results from the Lixilan-L trial, 
showed that LixiLan successfully met the primary 
study endpoint of demonstrating a statistically superior 
reduction in HbA1c compared with insulin glargine[360]. 

G protein-coupled receptor 119
G protein-coupled receptor 119 (GPR119) agonists 
is a G protein-coupled receptor that is expressed pre
dominantly in the pancreas and gastrointestinal tract 
in rodents and humans, as well as in the brain in 
rodents[361]. Activation of the receptor showed a reduc
tion in food intake and body weight gain in rats[361]. 
GPR119 has also been shown to regulate incretin 
and insulinsecretion[362-364]. New agents acting on this 
receptor have been suggested as novel treatments for 
obesity and diabetes[361,363,365].

It is worth pointing out the potential advantages that 
could be obtained by the co-administration of a GPR119 
agonist and a iDPP4. The role of these additional 
hormonal agents will required to clarify in the further 
study[366].

Oral RA-GLP1
Currently, RA-GLP1s are available only as injectables, 

either once daily or once weekly. Semaglutide is a long-
acting RA-GLP1 that is also being developed as a once-
weekly injectable. An oral semaglutide version leading 
to higher solubility and protection from enzymatic 
degradation is also being developed.

The phase 2 study[367] enrolled 632 adults with T2DM 
of 6 to 7 years duration, managed with lifestyle with or 
without metformin, and HbA1c 7.0% to 9.5% (mean, 
7.9%). They were randomized to oral semaglutide 
in doses of 2.5, 5, 10, 20 or 40 mg once daily, or to 
placebo, or to open-label injected once-weekly 1.0-mg 
semaglutide. Patients started at 2.5 or 5 mg once daily 
and the higher-dose groups were titrated up at 4-wk 
intervals. The primary endpoint was change in HbA1c 
from baseline to week 26.

At 26 wk, mean HbA1c decreased dose-dependently 
with oral semaglutide, with drops ranging from 0.7% 
with 2.5 mg to 1.9% with 40 mg. Subcutaneous once-
weekly semaglutide also produced a 1.9% drop in 
HbA1c, while the placebo group experienced a decrease 
of only 0.3% (P = 0.07 for 2.5 mg vs placebo, P < 
0.0001 for other doses). For all the groups taking 5-mg 
oral semaglutide or higher doses, more than 80% of 
the patients achieved HbA1c values less than 7%, and 
the groups treated with 10-mg dose or more achieved 
mean HbA1c less than 6.5%. Fasting plasma glucose 
also dropped significantly, from a baseline of 170 mg/dL, 
with reductions ranging from 17 mg/dL with 2.5 mg to 
51 mg/dL for the other oral doses (P = 0.08 for 2.5 mg, 
P < 0.0001 for other doses) and a reduction of 56 mg/dL 
with 1.0-mg subcutaneous semaglutide vs 1 mg/dL with 
placebo.

The proportion of patients achieving 5% or more 
weight loss was 21% to 71% in the oral group and 
66% in subcutaneous group, compared with 13% in the 
placebo group.

None of the adverse events were considered serious 
and all were reported as mild to moderate in severity. 
Increases in lipase levels were greater in the oral and 
subcutaneous semaglutide groups, compared with 
placebo.

Based on these data, oral semaglutide is now being 
studied in a large phase 3 trial[368].

Oral insulin
Oral administration of insulin is a novel treatment to 
improve glycaemic control in patients with T2DM. Oral 
insulin has a more physiological action than parenteral 
insulin. Due to its first pass through the liver, it reduces 
glycogenolysis, hepatic glucose production, and the risk 
of hypoglycaemia, compared with parenteral insulin. 
Currently, the data available in human trials suggest 
that could be a novel approach to the treatment of 
diabetes[369,370].

There are several oral insulins in development: 
Short-acting insulins as ORMD-0801 (Oramed) and 
Capsulin (Diabetology) in phase 2 studies, and the 
IN-105 (Biocon) in phase 3 studies; and basal insulins, 
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such as the OI287GT (NN1956) (NovoNordisk).

Dual inhibition of SGLT1 and SGLT2
Sotagliflozin is a dual inhibitor of SGLT1 and SGLT2 
with approximately 20-fold selectivity for SGLT2 over 
SGLT1[371]. Animal pharmacology studies showed 
that sotagliflozin produced increased urinary glucose 
excretion, delivery of glucose to the caecum, increased 
postprandial GLP1 and peptide YY release, that were 
related with significant reductions in postprandial 
glucose[372,373]. Sotagliflozin was evaluated in patients 
with T2DM not controlled with metformin[372]. Sotagli
flozin reduced fasting plasma glucose and HbA1c 
with a modest urinary glucose excretion, compared 
with selective iSGLT2. The high glycaemic efficacy 
observed with only modest urinary glucose excretion 
suggested that clinically relevant gastrointestinal SGLT1 
inhibition was present. Phase 1 and phase 2 studies 
have identified special opportunities for synergy with 
iDPP-4 for treatment of patients with T2DM and renal 
impairment.

Other treatments
Technosphere insulin, a new inhaled insulin represent 
an alternative to bolus insulin injections, but can be 
used concomitantly with basal insulin injections. Its 
hypoglycaemic effect is less than the rapid-acting 
insulin, but has less hypoglycaemias[374]. Major adverse 
effects are respiratory, with cough being the most 
prominent, and there is a small decrease in the forced 
expiratory volume in 1 s (FEV1) with technosphere 
insulin, consistent, no progressive, and reversible; so 
that patients must receive pulmonary function test 
periodically throughout therapy. Should be utilized with 
caution in patients who smoke and is contraindicated in 
patients with chronic lung disease.

New chitosan formulations of xanthine derivatives 
(CS-6, CS-7) have been synthesized as antidiabetic 
and antioxidant treatments. Formulations of chitosan 
6 (CS-6) have shown to reduce blood glucose levels 
by 59.3%, with a recorded 4.53% HbA1c level[375]. 
These effects were more intense than the induced by 
pioglitazone (114.5 mg/dL vs 148.5 mg/dL), when used 
as standard antidiabetic medication. These results have 
shown the potential application of chitosan formulations 
of Xanthine 6 derivates (CS-6) in the treatment of 
diabetes mellitus.

Recent studies have shown the dynamic role of zinc, 
an insulin mimetic, as a “cellular second messenger” 
in glucose homeostasis and in the control of insulin 
signaling[376]. Synthesis, secretion and insulin action 
are dependent on zinc and transporters. This suggests 
that zinc plays a role, previously not identified, where 
changes in the state of zinc over time can affect the 
activity of insulin. This is a novel area of ​​investigation, 
and introduces a new class of useful drugs for diabetes 
pharmacotherapy.

Imeglimin is the first of the family of agents called 
“glimins” and, more specifically, is a tetrahydrotriazene 

compound[377]. Laboratory studies[377,378] have shown 
that acts on impaired glucose uptake by muscle tissue, 
excessive hepatic gluconeogenesis, and increased 
apoptosis of beta cells. Imeglimin is still in development 
and human studies are limited. The few human studies 
recently published[377,379-381] show that reduces HbA1c and 
fasting glucose similar to sitagliptin and metformin, with 
a low incidence of side effects, especially hypoglycaemia. 
Currently, there is an ongoing trial that evaluated the 
safety and efficacy of imeglimin with insulin therapy 
or compared directly with insulin in patients newly 
diagnosed or treated with oral monotherapy, whose 
results have not yet been published[382]. Imeglimin 
seems to be a promising antidiabetic agent as mono
therapy in the treatment of T2DM.

Recent studies reported a possible role of the G 
protein coupled receptor 40 (GPR40), also known as 
FFAR 1, in the regulation of beta-cell function[383]. It was 
reported that chronic treatment of male zucker diabetic 
fatty (ZDF) rats (insulin resistant model with elevated 
blood glucose and FFAs levels) with CNX-011-67 
(GPR40 agonist) increased insulin secretion, decreased 
blood glucose and reduced beta-cell apoptosis without 
affecting body weight[384]. From this study data it 
appears that CNX-011-67 could have the potential to 
provide good and durable glycaemic control in T2DM 
patients. Another study provided evidence that activa
tion of GPR40 with CNX-011-67 stimulates glucose 
metabolism, improve glucose responsiveness and 
enhances insulin secretion, with the hope that pharma
cological activation of GPR40 will prove beneficial for 
the treatment of T2DM[384]. TAK-875, a novel highly 
selective, orally bioavailable GPR40 agonist, significantly 
improved glycaemic control in patients with T2DM with 
a minimum risk of hypoglycaemia. The outcomes show 
that activation of FFAR1 is a viable therapeutic target 
for the treatment of T2DM[385]. According to current 
data it can be appreciated that beta-cell failure could be 
delayed or prevented by attaining and maintaining good 
glycaemic control. It is theoretically possible to inhibit 
multiple mechanisms by blocking the pathways leading 
to beta-cell apoptosis, and this is a challenge for the 
future.

Finally, in vivo studies, administration of hot water 
extracts of Salacia chinensis to diet-fed KK-Ay mice, 
resulted in a significant reduction in the basal and 
postprandial blood glucose and HbA1c levels; with 
an improvement of glucose tolerance[386]. The active 
components, salacinol, kotalanol, and neokotalanol 
inhibited human α-glucosidases as potently as they 
inhibited rat small intestinal α-glucosidase. The results 
suggest that these sulfoniums can be good candidates 
as new type of anti-diabetic agents.

CONCLUSION
While lifestyle modifications and metformin are the 
cornerstone of the initial management of T2DM, there 
is an increasing array of second and third-line pharma
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cological agents for this condition. At present there are 
different families of oral and injectable drugs, available 
for the treatment of T2DM. These include sulfonylureas, 
meglitinides, insulin, TZD and alpha-glucosidase inhi
bitors, and recently with the addition of RA-GLP1 
receptor agonists, iDPP4 and iSGLT2. Moreover, insulin 
analogues that better simulate endogenous insulin 
secretion have been developed. Metformin remains 
the first choice of treatment for most patients. Other 
alternative or second-line treatment options should 
be individualized taking into consideration patient 
characteristics as degree of hyperglycaemia, presence 
of co-morbidities, and patient preference and ability 
to access treatments; and properties of the treatment 
such effectiveness and durability of lowering blood 
glucose, risk of hypoglycaemia, effectiveness in 
reducing diabetes complications, effect on body weight, 
side effects and contraindications. Although it does 
not appear that in the near future cure diabetes, novel 
safety and effective agents that will improve the quality 
of life of T2DM patients, are developing.
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Abstract
Diabetes mellitus is a non-communicable metabolic 

derangement afflicting several millions of individuals 
globally. It is associated with several micro and macro­
vascular complications and is also a leading cause of 
mortality. The unresolved issue is that of definition 
of the diagnostic threshold for diabetes. The World 
Health Organization and the American Diabetes Asso­
ciation (ADA) have laid down several diagnostic criteria 
for diagnosing diabetes and prediabetes based on 
the accumulating body of evidence.This review has 
attempted to analyse the scientific evidence supporting 
the justification of these differing criteria. The evidence 
for diagnosing diabetes is strong, and there is a 
concordance between the two professional bodies. 
The controversy arises when describing the normal 
lower limit of fasting plasma glucose (FPG) with little 
evidence favouring the reduction of the FPG by the 
ADA. Several studies have also shown the development 
of complications specific for diabetes in patients with 
prediabetes as defined by the current criteria though 
there is a significant overlap of such prevalence in 
individuals with normoglycemia. Large multinational 
longitudinal prospective studies involving subjects 
without diabetes and retinopathy at baseline will 
ideally help identify the threshold of glycemic measure
ments for future development of diabetes and its 
complications.

Key words: Diabetes; Prediabetes; Post glucose; 
Microvascular complications; Macrovascular compli­
cations
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Core tip: The diagnostic criteria for diabetes and pre
diabetes have evolved along the timeline taking into 
account new evidences which had developed. The 
major professional bodies have converged on to a 
consensus in developing the different thresholds for 
diagnosis of diabetes and associated states. Never
theless,controversy remains on certain issues. There 
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is need to review the evolution of these criteria, the 
logistics behind their adoption and their association with 
different complications.
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INTRODUCTION
Diabetes mellitus (DM) is a classic non-communicable 
disease that contributes to morbidity, mortality and 
poor quality of life apart from imposing economic 
burden on the health care system. The prevalence of 
type 2 DM is rising steadfast at an alarming rate and is 
estimated to affect 592 million individuals globally by 
the year 2035[1]. The International Diabetes Federation 
projections of the prevalence of prediabetes are 
expected to reach 471 million by 2035[1]. It is essential 
to make an early diagnosis and begin intervention to 
avoid complications of DM. But, defining the diagnostic 
threshold for diabetes and prediabetes has been a 
matter of intense debate. In this regard, several pro
fessional bodies have published differing diagnostic 
criteria over the last few decades. Below, is a review 
of the evolution of various diagnostic criteria and their 
validity.

EVOLUTION OF DIAGNOSTIC CRITERIA 
FOR DIABETES
In ancient times, DM was diagnosed by tasting urine.
Then the diagnosis was made by estimation of glucose 
in urine.But urine glycosuria did not correlate with 
glucose level in blood and was replaced by estimation of 
plasma glucose.

World Health Organization criteria (1965)
The World Health Organization (WHO) in 1965 proposed 
the first widely accepted laboratory standard for 
diagnosing DM (Table 1). The committee recommended 
diagnosing DM in persons under the age of 45 years if 
2 h venous plasma glucose was ≥ 7.22 mmol/L after 
loading with oral glucose of 50 or 100 g[2]. In persons 
aged more than 45 years, the committee considered 
that other clinical data should be the main guide to the 
diagnosis. Borderline state was defined if 2 h plasma 
glucose level was between 6.11 to 7.17 mmol/L.

National Diabetes Data Group criteria (1979)
The National Diabetes Data Group (NDDG) in 1979 
proposed new diagnostic criteria for DM[3]. It was based 
on the bimodal distribution of plasma glucose observed 
in Pima Indians and Nauruan population and the risk of 

progression to DM and its complications[4,5]. A subject 
was diagnosed as having DM if fasting plasma glucose 
(FPG) was ≥ 7.78 mmol/L and/or 2-h plasma glucose 
(2-h PG) after 75 g of glucose was ≥ 11.11 mmol/L.

A study on Pima Indians revealed that the 2-h PG 
level differentiated those with DM from those without[4]. 
Subjects fall into two groups, one with a distribution 
of 2-h PG levels below 11.11 mmol/L, and the other 
with a distribution above 13.33 mmol/L. Diabetic 
retinopathy was mainly confined to the second group, 
i.e., in subjects whose 2-h PG level ≥ 13.33 mmol/L 
and this value divided the subjects with diabetes from 
nondiabetics. This bimodal distribution was further 
confirmed in Nauruan population[5]. Similar bimodal 
distribution also exists for FPG, where the glycemic 
threshold of about 7.78 mmol/L divides the two groups.
Later, the bimodal glycemic distribution was reconfirmed 
from other populations with a high prevalence of DM like 
Mexican Americans[6], Pacific Islanders[7], South African 
Indians[8], Egyptians[9], Malaysians[10] and Americans in 
the United States[11]. However, for some populations, no 
such bimodality could be documented[12].

With accumulating evidence from further studies, 
it was recognized that several individuals had 2-h PG 
levels that were intermediate between the normal 
and diabetic range. This group of individuals had 
1%-5% risk of progression to DM per year though the 
majority continued to remain in this state and a few 
reverted to normalcy. It was also noted that there was 
an increased prevalence of atherosclerotic disease and 
electrocardiographic abnormalities and death in this 
population. This provided a window of opportunity to 
identify such individuals to intervene early and prevent 
progression to DM and its complications. To lay emphasis 
on this, the terminology “impaired glucose tolerance” 
(IGT) was first introduced by the NDDG of the National 
Institute of Health, United States. It was defined as a 
state of having venous FPG level of less than 7.8 mmol/L 
and a 2-h PG oral glucose tolerance test (OGTT) value 
between 7.8 mmol/L and 11.1 mmol/L[3]. 

This group also aimed to standardize the protocol 
for OGTT internationally and recommended using 75 g 
of anhydrous glucose load for testing in nonpregnant 
adults. This was based on the observation that 50-g 
dose was not adequate in many individuals to identify 
IGT detected using the larger dose. Also, 100-g dose 
resulted in significant nausea in several study subjects. 
In subjects without diabetes it was reported that 
50 g or 100 g result in aproximaltely similar plasma 
glucose levels, the only difference was that 2 h PG was 
0.83 mmol/L higher for 100 g as compared to 50 g 
oral glucose load[13,14]. Also there were no significant 
differences between 75- and 100-g doses. But in 
subjects with IGT there was higher difference (up to 2.78 
mmol/L) in 2-h PG value between the 50 and 100 g oral 
glucose[3].

WHO criteria (1980 and 1985)
The WHO technical recommendation released in 1980 
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similar conditions. In Pima Indians[26], Egyptians[9] 
and NHANES-III, both FPG and 2-h PG were strongly 
associated with retinopathy. The cutpoint for the 2-h PG 
was justified largely because of the dramatic increase 
in the prevalence of retinopathy approximately around 
that point. The equivalent cutpoint of FPG for 2-h PG 
level predicting retinopathy was computed in population 
studies of the Pima Indians, Egyptians, Pacific popu
lation, and NHANES III participants. 

ADA criteria (2003)
A controversial change was brought out in the 2003 
ADA guidelines, and it was the reduction in the cut-off 
point for defining the upper limit of FPG (Table 1). Based 
on four population-based epidemiological studies, the 
ideal cut-off point was shown to fall between 5.22-5.72 
mmol/L and based on this data, an arbitrary cut-off of 
5.55 mmol/L was chosen as the new threshold[27]. The 
lower threshold value of IFG was reduced from 6.11 to 
5.55 mmol/L.

The phases of IFG and IGT represent metabolic 
states intermediate between normal glucose homeo
stasis and diabetic hyperglycaemia. The physiological 
basis of IFG and IGT are different. IFG is associated 
with insulin resistance at liver while IGT is associated 
with peripheral insulin resistance, at the level of skeletal 
muscle. The rationale for establishing the intermediate 
categories of impaired glucose regulation was based 
on their ability to predict future diabetes and its com
plications. The idea behind selecting the lower limit of 
IFG would be the identification of a threshold of FPG at 
which the risk of development of DM and complication 
or metabolic rises sharply. Data from Mauritius[28] and 
DECODE study[29] indicate that such a threshold of FPG 
does not exist for cardiovascular risk factors, all-cause 
mortality, or future DM. This criterion was based on 

modified the criteria for diagnosing DM (Table 1). A 
venous FPG value above 8 mmol/L and a post glucose 
load 2-h PG value above 11 mmol/L were considered 
diagnostic of DM. This 2-h PG value was chosen 
based on observations that specific complications of 
DM rarely developed below this threshold. The term 
“IGT” suggested by the NDDG was also endorsed by 
WHO and became a part of the recommendation[15]. 
This was further slightly modified in the subsequent 
recommendations in 1985 and fasting and 2-h post 
glucose load venous plasma glucose thresholds were 
redefined as 7.8 mmol/L and 11.1 mmol/L respectively 
(Table 1)[16].

American Diabetes Association criteria (1997) and WHO 
criteria (1999)
In 1997, the American Diabetes Association (ADA) 
lowered the threshold for FPG from 7.8 to 7.0 mmol/L 
and the 2-h post glucose load value was retained (Table 
1)[17]. Impaired fasting glucose (IFG) was defined as 
FPG ≥ 6.1 mmol/L and < 7.0 mmol/L (Table 1). WHO 
adopted these criteria for the diagnosis of diabetes and 
prediabetes in 1999. In the second National Health and 
Nutrition Examination Survey (NHANES-II), only 26% 
of people with newly diagnosed DM by 1985 WHO had 
FPG ≥ 7.8 mmol/L, whereas 97% had 2-h PG ≥ 11.1 
mmol/L[18]. Other studies also reported that as many as 
80% of DM cases discovered in population screening by 
OGTT have FPG < 7.8 mmol/L[19-25]. Thus, the cutpoint 
of FPG > 7.8 mmol/L defined a greater degree of 
hyperglycemia than did the cutpoint of 2-h PG > 11.1 
mmol/L. Thus, FPG appeared to be an insensitive test in 
population screening for undiagnosed DM. 

This revision of the diagnostic criteria for the FPG 
from 7.8 to 7.0 mmol/L was based on the assumption 
that the threshold of the FPG and 2-h PG should identify 

WHO 1965 WHO 1980 WHO 1985 ADA1997
WHO 1999

ADA 2003 IEC 2009
ADA 2010
WHO 2011

  IFG Not defined Not defined Not defined Fasting
≥ 6.11 to < 7 mmol/L 

and post glucose (if 
measured) < 11.1

 mmol/L

Fasting
≥ 5.5 to < 7 mmol/L and 

post glucose (if measured)
< 11.1 mmol/L

Fasting
≥ 5.5 to < 7 mmol/L and post 

glucose (if measured)
< 11.1 mmol/L or

HbA1c (5.7%-6.4%)
  IGT Post glucose 

6.11-7.1 mmol/L
Fasting

< 8 mmol/L
and/or post glucose
≥ 8 to < 11.1 mmol/L

Fasting
< 7.8 mmol/L
and/or post 

glucose
≥ 7.8 to < 11.1 

mol/L

Fasting (if measured)
< 7 mmol/L

and post glucose
≥ 7.8 to 11.1 mmol/L

Fasting (if measured)
< 7 mmol/L and

post glucose
7.8 to 11.1 mmol/L

Fasting (if measured)
< 7 mmol/L and

post glucose
7.8 to 11.1 mmol/L or HbA1c 

(5.7%-6.4%)

  DM Post glucose 
≥ 7.22 mmol/L

Fasting 
≥ 8 mmol/L

and/or 
post glucose

≥ 11.1 mmol/L

Fasting 
≥ 7.8 mmol/L

and/or 
post glucose

≥ 11.1 mmol/L

Fasting 
≥ 7 mmol/L

and/or 
post glucose

≥ 11.1 mmol/L

Fasting 
≥ 7 mmol/L

and/or 
post glucose

≥ 11.1 mmol/L

Fasting 
≥ 7 mmol/L

or
Post glucose

≥ 11.1 mmol/L and/or HbA1c
≥ 6.5%

Table 1  Evolution of diagnostic criteria of diabetes mellitus

IFG: Impaired fasting glucose; IGT: Impaired glucose tolerance; DM: Diabetes mellitus; IEC: International Expert Committee; ADA: American Diabetes 
Association; WHO: World Health Organization; HbA1c: Glycated hemoglobin.
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receiver operating characteristics (ROC) curve analyses 
of Pima Indian, Mauritius, San Antonio and Hoorn study 
data, which identified the baseline FPG levels, which 
maximised sensitivity and specificity for predicting 
DM over a 5-year period[25]. The ROC curve analyses 
indicated that a cut-point of 5.4-5.5 mmol/L gives 
the best combination of sensitivity and specificity for 
predicting future DM.

ADA criteria (2010) and WHO criteria (2011)
International Expert Committee (IEC 2009)[30], ADA 
in 2010 and WHO in 2011 recommended a glycated 
hemoglobin (HbA1c) level of ≥ 6.5% as a diagnostic 
cut-off for DM (Table 1). HbA1c level reflects the 
average plasma glucose level over preceding three 
months. HbA1c is more convient than glucose because 
it does not require fasting samples and is also not 
affected by recent changes in diet or activity. Another 
limitation of plasma glucose assay is lack of consistent 
accuracy of assay[31]. HbA1c has a greater analytic 
stability and less day-to-day variability in comparison 
to plasma glucose[32]. Selvin et al[33] evaluated the 
variabilities of glycemic measurement and found that 
2-h PG levels [within-person coefficient of variation 
(CV), 16.7%; 95%CI: 15.0-18.3] and FPG (CV, 5.7%; 
95%CI: 5.3-6.1) had substantially more variability 
compared with HbA1c (CV, 3.6%; 95%CI: 3.2-4.0) 
levels.

HBA1C VS GLUCOSE CUTPOINTS FOR 
DIAGNOSIS OF DM
Lorenzo et al[34] compared 1999 WHO (2-h PG ≥ 11.11 
mmol/L) and 2003 ADA criteria (FPG ≥ 7 mmol/L) 
with an HbA1c of ≥ 6.5%. It was found that sensivity 
of HbA1c is poorer than plasma glucose because 
HbA1c diagnosed 5.2% of subjects as having diabetes 
compared to FPG (7.1%) and the 2-h PG (15.4%). 
Kramer et al[35] reported the sensitivity and specificity of 
HbA1c cutoff of 6.5% were 44% and 79% respectively 
based on the Rancho Bernardo Study. According to the 
ADA criteria, for this given HbA1c cut point of 6.5%, 
85% of participants were classified as nondiabetic. 
Olson et al[36] compared HbA1c and standard OGTT for 
diagnosis of DM in three datasets from the prospective 
Screening for IGT study (n = 1581), NHANES-III (n 
= 2014), and NHANES 2005-2006 (n = 1111) and 
reported that HbA1c criterion failed to recognize upto 
70% of cases of DM. In conclusion, from above studies, 
HbA1c had the least sensitivity for diagnosis of DM in 
comparison to FPG and 2-h PG. Several studies have 
shown that HbA1c levels, as the plasma glucose levels, 
can predict the development of future DM[37,38]. 

A limitation of HbA1c is that it is affected by red 
blood cell disorders[39]. Another limitation of HbA1c is 
that its levels depend on genetic factors[40,41]. It also 
suffers from analytic imprecision if methods other 
than high-performance liquid chromatography is used 

for estimation and if such tests are not standardized. 
Measurement of HbA1c is currently well standardized 
with the adaptation of “national glycohemoglobin 
standardization program” protocols.

OPTIMAL THRESHOLD OF THE HBA1C 
FOR RETINOPATHY
The most important question is how well HbA1c predicts 
retinopathy.IEC suggested a cutoff of the HbA1c of 6.5% 
for the diagnosis of DM because it was presumed that 
diabetic retinopathy sharply increased above this level. 
Unfortunately, most of the studies are cross-sectional 
and only a few prospective studies looked at the 
relationship between HbA1c and retinopathy (Table 2). 
Longitudinal prospective studies with subjects without 
DM and retinopathy at baseline will ideally give the 
association of HbA1c with retinopathy.

CROSS-SECTIONAL STUDIES OF HBA1C 
FOR RETINOPATHY PREDICTION
Colagiuri et al[42] analysed the pooled data of nine 
studies and find that diabetes-specific retinopathy 
(after exclusion of mild retinopathy) was observed over 
the HbA1c range of 6.3% to 6.7% based on vignitile 
distribution and 6.4% by ROC analysis. He concluded 
that HbA1c ≥ 6.5% is a suitable alternative diagnostic 
criterion for DM. In the Australian Diabetes Obesity and 
Lifestyle study (AusDiab), retinopathy was assessed 
in 2182 participants aged ≥ 25 years. DM was not 
excluded in this study. The thresholds for increasing 
the prevalence of retinopathy was 6.1% for HbA1c[43]. 
Sabanayagam et al[44] examined the relationship of 
HbA1c to retinopathy in population-based sample of 
3190 Malay adults aged 40-80 years in Singapore. 
HbA1c cut-off point of 6.6% detected mild retinopathy 
[87.0% sensitivity, 77.1% specificity and area under 
curve (AUC) 0.899] and 7.0% detected moderate 
retinopathy (82.9% sensitivity, 82.3% specificity and 
AUC 0.904). The prevalence of mild and moderate 
retinopathy was < 1% below the optimal cut-off points. 
Xin et al[45] in Chinese population and Cho et al[46] in 
South Korean population found a threshold of 6.5% 
for detection of retinopathy. In ARIC study[47], lower 
AUC was found (0.561 for any retinopathy, 0.543 for 
mild retinopathy and 0.658 for moderate) to severe 
retinopathy. These studies show that though there is an 
association between HbA1c and retinopathy, an optimal 
threshold could not be established.

LONGITUDINAL STUDIES OF HBA1C FOR 
RETINOPATHY PREDICTION
Tsugawa et al[48] analyzed longitudinal data of 19897 
Japanese adults who underwent a health checkup in 
2006 and were followed up three years later. Logistic 
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regression analysis found that individuals with HbA1c 
levels of 6.5%-6.9% were at significantly higher risk of 
developing retinopathy at 3 years compared with those 
with HbA1c levels of 5.0%-5.4% [adjusted odds ratio, 
2.35 (95%CI: 1.08-5.11)]. The incidence of retinopathy 
was determined in 233 individuals, aged 50 to 74 
years, by ophthalmoscopy and fundus photography at 
baseline and after an average follow-up of 9.4 years in 
the Hoorn study[49]. Incidence of retinopathy was found 
to be significantly increased for HbA1c ranging between 
5.8%-13.1% compared to HbA1c between 4.3%-5.2% 
but no optimal thresold of HbA1c was determined as 
the number of subjects in the study was not adequate.

Thresholds of HbA1c for retinopathy differ widely in 
the studies because of several reasons. First, different 
statistical methods were used in different studies. For 
example, in AusDiab study[43], the cutoff was 6.1% by 
visual inspection, but cutoff was changed when change-
point models were used. Without any adjustment, a 
threshold of 5.2% was calculated by using a change 
point model. After adjustment for age, sex and systolic 
blood pressure, the threshold for HbA1c was observed 
at 5.6% (95%CI: 3.9-6.2, P = 0.092) and after further 
adjustment for diabetes duration, the threshold rose 
to 6.0% (3.9-7.0, P = 0.064). Study on Pima Indians, 
Egyptians and in DETECT-2 study, cutoff of HbA1c 
were determined without any adjustment. Second, the 
threshold of HbA1c depends widely on the definition of 
retinopathy. Mild retinopathy is not specific for DM as it 
has been documented in non diabetic individuals too. 
Thresholds of HbA1c for mild, moderate and severe 
retinopathy can differ.For example, in Malay population 
thresholds of HbA1c were 6.6% and 7.0% respectively 
for mild and moderate retinopathy[44]. Also, the criteria 
for grading of retinopathy was different in different 
studies.

Third, the distributions of HbA1c may not be the 
same for different ethnicities. For example, Tsugawa 
et al[41] in cross-sectional study examined the relation
ships between a HbA1c level and the prevalence of 
retinopathy in black and white United States adults. 
Two thousand eight hundred and four white persons 
and 1008 black persons above 40 years of age were 
included in the study. After adjustment for age, sex, 

hypertension, body mass index (BMI), family history 
of DM, and use of antidiabetes medications or insulin, 
the lowest HbA1c category for which the prevalence of 
retinopathy was significantly higher than the reference 
category (< 5.5%) was 6.0% to 6.4% for white persons 
(risk difference, 4.8% 95%CI: 0.5%-9.1%) and 5.5% 
to 5.9% for black persons (risk difference, 5.3%CI: 
1.0%-9.5%). It was noted that the prevalence of 
retinopathy was higher at a lower HbA1c level in black 
Americans when compared white Americans. However, 
Bower et al[50] did not find any ethnic differences in the 
relationship of HbA1c with retinopathy in non-Hispanic 
white,non-Hispanic black and Hispanic American partici
pants aged ≥ 40 years from the 2005-2008 NHANES. 
Finally, differences in threshold of HbA1c might be due 
to lack of standardization of HbA1c measurements, 
especially in older studies.

HBA1C AND MACROVASCULAR 
COMPLICATIONS
Chronic hyperglycemia is a risk factor for adverse cardio
vascular outcomes and mortality. A meta-analysis of 26 
prospective studies assessed the association between 
HbA1c and major cardiovascular outcomes including 
all-cause mortality, incident cardiovascular diseases 
(CVD), CVD mortality, incident stroke and peripheral 
arterial disease. Only studies that followed up patients 
for more than 5 years were included. It was found that 
for every 1% increase in HbA1c, there was a 15% 
increase in hazard of all-cause mortality, 25% increase 
in CVD mortality, 17% in CVD, 17% in fatal coronary 
heart diseases and 29% increase in peripheral vascular 
diseases[51]. A positive dose response relationship was 
also noticed between HbA1c and the outcome measures 
and HbA1c was independent risk factor for adverse 
cardiovascular outcomes. Similar findings were noted in 
another meta-analysis by Selvin et al[52].

PREDIABETES AND RISK OF 
COMPLICATIONS
The association of complications is not restricted to 

  Ref. Study population characteristics Assessment of retinopathy Method of determining cutoff Cut off

  Tsugawa et al[48]  3 yr
follow-up; number = 19987

Japanese subjects;
age ≥ 21 yr;

diabetes not excluded

Nonmydriatic 45° retinal
photograph

Test for nonlinearity in multivariate 
logistic regression models with 

restricted cubicspline
Multivariate logistic regression with 
categories of HbA1c as independent 

variable

Possible threshold at 
HbA1c levels between 

6% and 7%
6.5%-6.9%

  van Leiden et al[49]

  Hoorn study
7.9-11.0 yr follow-up; number = 233;

age 50-74 yr; analyses
in total study group and in
subjects without diabetes

Ophthalmoscopy and 
fundus photography

Logistic model with categories 
of HbA1c (adjusted for age, sex, 

hypertension, glucose metabolism 
category)

No threshold found

Table 2  Longitudinal studies assessing the glycated hemoglobin thresholds for retinopathy
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glucose levels above the diabetic threshold. It is a 
continuum, which continues in IGT and IFG range.
Indeed, complications have also been documented in 
normal population,although of diminished magnitude. 
Various studies have looked into the paradigm of 
prediabetes forecasting the risks of micro and macro
vascular complications of diabetes.

PREDIABETES AND RISK OF DIABETIC 
RETINOPATHY
The occurrence of microvascular complications asso
ciated with established DM is well known. However, 
such complications of dysglycemia have also been 
noted in patients who currently fall within the spectrum 
of prediabetes. The Diabetes Prevention Programme 
followed up individuals known to have prediabetes and 
analysed a subset of them for development of diabetic 
retinopathy. Eight percent of patients had evidence 
of retinopathy as defined as Early Treatment Diabetic 
Retinopathy Study (ETDRS) level 20[53]. One percent 
of the study population noted to have mild/moderate 
diabetic retinopathy as defined by ETDRS level 
35-43. The Blue mountains eye study, a population-
based survey of common eye diseases conducted in 
Australia, screened 3275 participants without DM for 
retinopathy lesions using six field fundus photographs. 
Microaneurysms were seen in 6.8% of nondiabetic 
population[54]. These studies defined retinopathy based 
on the presence of absence of microaneurysms, and 
it is to be noted that they are not specific for diabetic 
retinopathy and may occur in patients with systemic 
hypertension.In some studies, they have been shown to 
be related to atherosclerosis and carotid disease.

A population-based cross sectional survey of 
prevalence of DM, risk factors and associated conditions 
was done in the AusDiab study[55]. All participants 
detected to have DM and prediabetes and few with normal 
glucose tolerance (as defined by WHO 1999 criteria) 
were screened for retinopathy. Fundus photographs 
included two fields per eye, namely the macula and nasal 
to disc were graded according to Wisconsin criteria. The 
prevalence of diabetic retinopathy was 6.7% (95%CI: 
5.3%-8.4%) in patients with prediabetes[56]. The 
prevalence of retinopathy was 5.8% in the population 
with normal glucose tolerance (95%CI: 3.7%-8.5%)[57].

The gutenberg health study, is a prospective 
population-based observational study conducted in a 
single centre in Germany that initially included 15010 
individuals with the aim of studying ocular, cardiovascular, 
psychosomatic and immune disorders. A sub-cohort of 
5000 individuals were analyzed to study the prevalence 
of retinopathy in those diagnosed to have prediabetes as 
defined by HbA1c value ranging from 5.7%-6.4% and 
its association with cardiovascular risk factors. Twenty 
two percent of participants were diagnosed to have 
prediabetes based on the HbA1c criteria. Eighty three 
percent of those with prediabetes were assessed for 
evidence of retinopathy by 3-field fundus photograph, 

and 8.2% were found to have diabetic retinopathy. 
None of the participants had evidence of proliferative 
diabetic retinopathy. Though there was no statistically 
significant difference in the prevalence of cardiovascular 
risk factors between those with and without retinopathy, 
the number of participants with retinopathy was too 
small to draw any conclusion[58].

DIABETIC REINOPATHY CHANGES IN 
NORMOGLYCEMIA
However, the retinal vascular changes seen in diabetic 
patients, termed isolated retinopathy signs, are often 
seen in individuals without DM or hypertension. The 
prevalence of these signs has been documented to 
range between 2.6%-8.6% in individuals without DM 
or hypertension. Such isolated retinopathy signs are 
often transient and on follow-up of these individuals, 
40%-70% of such signs may resolve spontaneously[59,60]. 

The Beaver Dam Eye study was a cross-sectional 
population-based study that investigated the association 
between retinopathy lesions and hypertension among 
non-diabetic individuals. Among the 4926 persons 
examined, 7.8% had evidence of retinopathy, and 
there was a significant association with systemic hyper
tension[61].  Similar prevalence was also seen in the 
Blue Mountains eye study where 3654 individuals from 
Sydney, Australia were screened for retinopathy using 
six field fundus photography. Retinal hemorrhages and 
microaneurysms were noted in 9.9% of individuals, and 
a significant positive relationship was noted between 
retinopathy and hypertension. However, DM was defined 
based on the FPG level > 7.8 mmol/L alone which could 
have resulted in mislabeling a significant proportion of 
individuals with DM as non-diabetics according to the 
current definitions[54].

A follow-up of this cohort, where 2335 persons were 
re-examined reported a cumulative 5 year incidence of 
retinopathy as 9.7% and no significant association was 
found between incident retinopathy and blood glucose 
level or hypertension. The lack of a demonstrable 
association with hypertension could have resulted from 
inadequate power of the study. Among those with 
retinopathy at baseline, 3.5% had developed DM during 
the intervening five year period, and the retinopathy 
lesions had regressed or remained unchanged in 
72.3%[59]. The ARIC study had reported the three-year 
incidence of retinopathy in non-diabetic subjects as 2.9% 
and also showed an association between retinopathy 
and hypertension and fasting blood glucose levels. 
Forty-three percent of any retinopathy signs seen 
among patients at baseline had regressed at the end of 
three years. This was found to be related to lower levels 
of cardiovascular risk factors[60].

Whether these changes of retinopathy signify an 
increased risk of progression to DM is debatable. Most 
studies have shown no such association. However, 
retinopathy was predictive of incident DM in persons 
with a positive family history of DM during the follow-
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up of the ARIC cohort. The incidence of DM was 10.4% 
among those with a family history of DM compared to 
4.8% among those without a positive family history 
after a follow up of 3 years[62]. Similarly, the Beaver 
Dam study assessed the 15-year cumulative incidence 
of DM and hypertension among those with evidence 
of any retinopathy at baseline and found a significant 
association between incident DM and retinopathy 
among those < 65 years of age (24.3% vs 11.1%)[63].

PREDIABETES AND RISK OF 
NEPHROPATHY
The prevalence of nephropathy is increased in indivi
duals diagnosed to have prediabetes compared to 
normal individuals. The NHANES data analysis revealed 
the prevalence of chronic kidney disease (CKD) (as 
defined by glomerular filtration rate (GFR) using “modifi
cation of diet in renal diseases” equation) in newly 
detected prediabetes to be 17.1% compared to 11.8% 
in those without DM and 24.2% in newly detected DM, 
after adjustment for age, gender and race. However, the 
diagnosis of prediabetes was based on measurement 
of FPG alone which could have underestimated the 
prevalence of prediabetes in the study. The other impor
tant risk factor for CKD, namely hypertension was 
documented based on self-reporting by study parti
cipants which could have again biased the results of the 
study. Nevertheless, the prevalence of CKD increased 
across the spectrum of dysglycemia[64].

Few studies have shown that early kidney injury 
characterized by hyperfiltration is seen in those with 
prediabetes. Among the 1560 individuals included in the 
Renal Iohexol Clearance Survey in Tromso 6 (RENIS-T6) 
study, it was seen that individuals with IFG had evidence 
of hyperfiltration (defined as GFR > 90th percentile 
determined by Iohexol method and adjusted for age, 
weight, height and use of renin-angiotensin inhibitors) 
when compared to those with normal glucose[65]. Simi
lar results were obtained in the Huaian Diabetes Pre
vention program from China, where 5431 subjects 
were included to analyze the association between 
HbA1c level and renal hyperfiltration. The study had 
reported a positive correlation between HbA1c level 
and hyperfiltration independent of other parameters 
like age, sex, hypertension, BMI and lipid profile. 
The odds of hyperfiltration was 2.34 times higher in 
persons with HbA1c level of 6.21%-6.49% compared 
to those with A1c < 5.7%[66]. This indicates that chronic 
hyperglycemia is associated with hyperfiltration in 
addition to the acute effect of hyperglycemia that has 
been even in healthy subjects[67].

Microalbuminuria, another marker of kidney injury, 
has also been found to be associated with prediabetic 
state. A study from New Zealand determined the 
prevalence of microalbuminuria and its association 
with other risk factors like ethnicity, glycemic status, 
hypertension, obesity and life style factors. Individuals 
with IGT had a higher prevalence of microalbuminuria 

when compared to those with normal glycemic 
status (16.1% vs 4.0%) and glycemic status was 
found to be the most important determining factor of 
microalbuminuria in multivariate regression analysis[68]. 
However, contrary to the results of the above-mentioned 
studies, a study from Korea did not find any significant 
association between microalbuminuria and prediabetes. 
Forty-five percent of participants were diagnosed to have 
prediabetes based on ADA criteria for FPG and HbA1c in 
the Fifth Korea National Health and Nutrition Examination 
Survey (KNHANES V). Though the prevalence of 
microalbuminuria was higher in the prediabetic group 
when compared to the normal group (6.3% vs 3.6%), 
this difference was not seen following the adjustment for 
hypertension[69].

PREDIABETES AND RISK OF 
NEUROPATHY
Nerve conduction study conducted in 58 subjects 
from India with prediabetes as defined by the WHO 
criteria detected evidence of neuropathy in 32.8% of 
subjects which was evaluated by quantitative sensory 
testing (QST) and autonomic function tests. Autonomic 
neuropathy was evident in 8% of individuals, and QST 
was abnormal in 27.6% of subjects[70].

PREDIABETES AND RISK OF 
CARDIOVASCULAR DISEASES
Both IGT and IFG are associated with an increased risk 
of developing adverse cardiac events. A few studies 
have shown that patients with IGT have a greater risk 
when compared to patients with IFG. The risk also 
seems comparable to those with DM. Individuals with 
prediabetes were shown to have evidence of subclinical 
arteriosclerosis as measured by cardio-ankle vascular 
index (CAVI) in a recent study from Japan. CAVI is 
a sensitive indicator of arterial wall stiffness that is 
independent of blood pressure changes[71]. The odds of 
having high CAVI score among those with prediabetes 
was 1.29 (95%CI: 1.11-1.48) in men and 1.14 (95%CI: 
1.01-1.28) for women compared to 2.41 (95%CI: 
1.97-2.95) in men and 2.52 (95%CI: 1.94-3.28) for 
women with DM[72].

Subclinical myocardial infarctions, defined as those 
unrecognized by the patient and the physicians are 
harbingers of major cardiovascular events in the future. 
The multi-ethnic study of atherosclerosis was instituted 
to study the prevalence and progression of subclinical 
cardiovascular disease in a population-based cohort 
from the United States[73]. In this cohort, the prevalence 
of unrecognized myocardial infarction detected based 
on electrocardiographic changes was found to be higher 
among those with IFG when compared to those with 
normal fasting glucose level (3.5% vs 1.4%) and this 
relationship persisted even after adjusting for other 
confounding risk factors[74].
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Increased risk of cardiovascular disease and all-
cause mortality with abnormal glucose metabolism was 
documented in the AusDiab study after a median follow-
up of 5.2 years. IFG was found to be an independent 
predictor of CVD mortality with a hazard ratio of 2.5 
(95%CI: 1.2-5.1) after adjusting for other risk factors 
for CVD. However, IGT was not found to be associated 
with increased CVD mortality[75].

A meta-analysis of studies evaluating the risk of 
coronary artery disease (CAD) associated with IFG 
as defined by the ADA and the WHO included 17 
prospective studies. The risk of CAD was found to be 
increased in participants with IFG as defined by both 
criteria. The relative risk of CAD with IFG was 1.11 
(95%CI: 1.02-1.21) using the ADA criteria and was 
1.18 (95%CI: 1.10-1.28) when applying the WHO 
criteria. However, sub group analysis showed that 
the increased risk of CAD with IFG was not seen in 
studies that had excluded individuals with elevated 
2-h plasma glucose. And further, the risk of CAD with 
IFG was not found to be significant when adjusted for 
other CAD risk factors[76]. A similar meta-analysis of 
studies analyzing the risk of stroke with prediabetes, 
an increased risk was seen in those studies which had 
defined prediabetes according to the WHO criteria (FPG 
6.11-6.94 mmol/L). The risk was found to be increased 
in those with IGT and those with both IGT and IFG[77].

CONCLUSION
Current diagnostic criteria for DM or intermediate 
hyperglycemia is based on threshold of FPG, 2-h 
PG and HbA1c for diabetic complications,especially 
retinopathy. Controversies in diagnostic criteria are 
due to differences in inclusion criteria, different ethnic 
populations being studied, background prevalence 
of DM, definition of retinopathy used and statistical 
methods utilized. Therefore, there is a need to adopt 
uniform methodologies in studies across the globe to 
get universally comparable and interpretable results. 
Possibly, large longitudinal prospective studies involving 
subjects from different ethnicities, without diabetes 
and retinopathy at baseline will ideally help to identify 
the threshold of glycemic measurements (FPG, 2 h-PG 
and HbA1c) for future development of diabetes and 
its complications. Definition of retinopathy especially 
related to diabetes must be standardized universally. 
Further research is needed to understand better 
the pathophysiology of IFG and IGT. It is not well 
understood whether IFG and IGT are distinct metabolic 
abnormalities or they are parts of continuum. The 
factors predicting the development of future diabetes 
and its complications from IGT and IFG is also not well 
understood. This risk might be better assessed by the 
use of prediction scores which are weighted according 
to the glycemic measurements, other risk factors, 
and clinical features including complications. Finally, 
the extent to which,future DM and its complications, 
especially cardiovascular diseases can be prevented 

by adoption of modification of thresholds are not yet 
known. 

New data from properly designed studies may help 
in revision of diagnostic criteria in future.
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Abstract
In vivo  corneal confocal microscopy (IVCCM) is a novel, 

reproducible, easy and noninvasive technique that 
allows the study of the different layers of the cornea 
at a cellular level. As cornea is the most innervated 
organ of human body, several studies investigated the 
use of corneal confocal microscopy to detect diabetic 
neuropathies, which are invalidating and deadly 
complications of diabetes mellitus. Corneal nerve 
innervation has been shown impaired in subjects with 
diabetes and a close association between damages of 
peripheral nerves due to the diabetes and alterations 
in corneal sub-basal nerve plexus detected by IVCCM 
has been widely demonstrated. Interestingly, these 
alterations seem to precede the clinical onset of 
diabetic neuropathies, paving the path for prevention 
studies. However, some concerns still prevent the full 
implementation of this technique in clinical practice. In 
this review we summarize the most recent and relevant 
evidences about the use of IVCCM for the diagnosis 
of peripheral sensorimotor polyneuropathy and of 
autonomic neuropathy in diabetes. New perspectives 
and current limitations are also discussed.

Key words: Corneal confocal microscopy; Neuropathy; 
diabetes; Cornea; New technologies
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Core tip: Diabetic neuropathies are common, invalidating 
and often undiagnosed complications affecting a huge 
number of subjects with diabetes. In vivo  corneal 
confocal microscopy is a novel, reproducible, easy and 
noninvasive technique that has been widely studied as 
a useful tool for the diagnosis of neuropathy. Promising 
data suggest its implementation in clinical and research 
practice will help to face the current health emergency 
related to nerve damages in diabetes.
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INTRODUCTION
Diabetic neuropathies are common and invalidating, 
but often undiagnosed, complications affecting up 
to 50% of subjects with diabetes[1,2]. Diabetic neuro­
pathies encompass a wide spectrum of clinical and 
pathophysiological frameworks characterized by a 
progressive loss of nerve fibers, which may affect both 
somatic and autonomic nerves. While the rates of 
myocardial infarction, stroke, low-extremity amputations 
and end-stage renal disease due to diabetes are 
declining[3], this is not the case for trends in the inci­
dence of neuropathies. An early diagnosis and correct 
staging of neuropathy is essential for risk stratification, 
therapeutic decisions and research purposes. To date 
screening and diagnosis of diabetic neuropathies mainly 
relies on symptoms questionnaires, clinical examination, 
quantitative sensory tests and reflex tests[4,5]. Nerve 
conduction studies should also be used to confirm the 
diagnosis and to assess the severity of the disease[2]. 
In vivo corneal confocal microscopy (IVCCM) is a non-
invasive technique to visualize and analyze corneal 
anatomy at high magnification allowing the study 
of the different layers and cells of cornea, the most 
innervated organ of human body[6]. Several studies in 
the last decade investigated the use of IVCCM for the 
diagnosis of sensorimotor and, more recently, autonomic 
neuropathies[7]. In this review we aim to summarize 
the most recent and relevant evidences about IVCCM 
use in people with diabetes, focusing on strength and 
limitations future studies should overcome.

CORNEAL INNERVATION
The eye has historically been considered as a pivotal 
organ for the study of diabetes-related complications. 
The transparency of the ocular structures has always 
been used as a diagnostic tool to investigate and 
actually see in vivo vascular changes in the retina. More 
recently, increasing attention has been paid to corneal 
nerve anatomy for the study of human neuropathies. 
The cornea is provided of the densest innervation 
within the body receiving nerve fibers from 50-450 
sensory trigeminal neurons via the ophthalmic branch 
of trigeminal nerve[8,9]. These fibers travel above the 
choroid, reach the limbus where they organize into a 
nerve plexus[10]. Corneal stromal nerves derive from 
the limbal plexus and branch into fibers with smaller 
diameter that establish close connections with kerato­
cytes and corneal epithelial cells[11]. The fibers become 
denser and smaller in diameter as they reach the corneal 
apex creating a sub-epithelial dense network in the 
epithelium, known as sub-basal corneal nerve plexus.

IVCCM 
The introduction of IVCCM in ophthalmology (Figure 1) 
has represented a breakthrough for the study of ocular 
as well as systemic diseases since this diagnostic tool 
allows for a non-invasive and in vivo visualization of all 
the corneal layers, including nerves. There are currently 
three models of confocal microscope available, namely 
the slit-scanning, the tandem scanning and the laser 
scanning confocal microscope. They provide images 
with different resolution, contrast and magnification with 
high inter-device variability. However all of them result 
in high-resolution scans of the cornea. These features 
make IVCCM an ideal tool to investigate changes in 
corneal and ocular surface. It is used as an aid in the 
diagnosis and to monitor efficacy of therapies in dif­
ferent ocular diseases like, dry eyes, Acanthamoeba 
keratitis or keratoconus or following corneal surgery[12]. 
Several studies have also investigated the role of IVCCM 
as a diagnostic tool to be implemented for the assess­
ment of several systemic diseases. Indeed, changes 
in the corneal sub-basal nerves have been shown to 
correlate with several neurodegenerative diseases, small 
fiber neuropathies, Fabry disease and other conditions 
causing peripheral neuropathy like diabetes, HIV-
infection, genetic diseases, toxic drugs or autoimmune 
diseases[13]. 

IVCCM AND DIABETIC PERIPHERAL 
SENSORIMOTOR NEUROPATHY
Changes in corneal morphology including reduced 
thickness, thinner epithelium, irregular endothelium and 
reduction in corneal nerve bundles have been described 
in diabetes[14]. Therefore, qualitative and quantitative 
analysis of the sub-basal corneal nerve plexus by IVCCM 
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Figure 1  Acquisition of the images with in vivo corneal confocal micro­
scopy. Patient is comfortably seated in front of the machine whilst the operator 
advances the scanning probe against the cornea with a joystick.
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nerve beadings and tortuosity showed the highest inter 
and intra-individual variability, questioning the validity 
of these two measurements for the diagnosis of diabetic 
peripheral neuropathy[21]. However, the measurement 
of nerve tortuosity could be relevant to ameliorate the 
predictive value of fiber length, as tortuosity-stand­
ardized corneal nerve fiber length was better than non-
standardized length in differentiating between individuals 
with and without neuropathy[31].

IVCCM AND DIABETIC AUTONOMIC 
NEUROPATHY
Diabetic autonomic neuropathy is a form of diabetic 
neuropathy that results from the damage of small 
(Aδ, B and C) nerve fibers. It represents one of the 
most overlooked but life-threatening complications of 
diabetes, associated with gastrointestinal, genitourinary, 
vasomotor and cardiac symptoms. In particular cardiac 
autonomic neuropathy affects up to 40% of diabetic 
patients and is associated with silent myocardial 
ischemia, stroke and increased mortality[5]. Because of 
the structural similarity between the corneal nerve fibers 
analyzed with IVCCM and the small fibers conducting 
autonomic signals, IVCCM has been recently tested as a 
diagnostic tool for autonomic neuropathies. We showed 
that subjects affected by type 1 diabetes with cardiac 
autonomic neuropathy, as evaluated by cardiovascular 
autonomic reflex tests (CARTs), had reduced corneal 
nerve fiber density and length when compared to peers 
without cardiac autonomic neuropathy and to healthy 
controls, independently of the presence of peripheral 
neuropathy[32] (Figure 2). Subsequently, Tavakoli et 
al[33] confirmed our observation in a population of both 
type 1 and type 2 diabetic subjects. Subjects were 
evaluated by the Composite Autonomic Symptom 
Scale (COMPASS), by CARTs, by sympathetic skin 
response, and by IVCCM. The Composite Autonomic 
Severity Score (CASS) was also calculated. Corneal 
nerve fiber density, length and branch density were 
significantly reduced in subjects with autonomic deficits 
than in those without. IVCCM showed moderate-to-
strong correlations with COMPASS and CASS, with 
a good sensitivity and specificity for fiber length and 
fiber density for the diagnosis of diabetic autonomic 
neuropathy[33]. Similarly, corneal nerve innervation was 
found to be related to sudomotor function in subjects 
affected by type 2 diabetes[34]. Moreover, a significant 
correlation between corneal sensitivity and measures 
of cardiac autonomic function in subjects with type 1 
diabetes was recently reported[35]. However, in the same 
study no significant relationship with sub-basal nerve 
density was found. 

IVCCM IN DIABETES: WHERE WE CAN 
GET
A growing literature supports IVCCM as an innovative 

has been hypothesized to be a good method for the 
evaluation and quantification of nerve damages in 
people affected by diabetes. Several studies have been 
conducted to test this hypothesis in both type 1 and 
type 2 diabetes[7,15]. Overall, corneal nerve innervation 
has been shown impaired in subjects with diabetes, 
independently by the presence of overt neuropathy[16]. 
Interestingly, IVCCM was able in identifying early 
neuropathy also in subjects with pre-diabetes. Asghar 
et al[17] assessed corneal innervation in thirty-seven 
subjects with impaired glucose tolerance showing that 
IVCCM, but not electrophysiology studies, detected signs 
of nerve damages which correlated with neuropathy 
symptoms, neurological deficits and intraepidermal 
nerve fiber density (IENFD).

A close association between damages of peripheral 
nerves due to the diabetes and alterations in corneal 
sub-basal nerve plexus detected with IVCCM has 
been widely demonstrated by a number of studies. A 
landmark small cross-sectional study by Malik et al[18] 
showed corneal nerve fiber density, length and branch 
density were reduced in eighteen diabetic subjects with 
different grade neuropathy vs healthy controls, with a 
gradual reduction of these parameters with increasing 
neuropathy severity. Similarly, corneal nerve tortuosity 
was found increased in diabetics and in those with 
more severe neuropathy[19]. Subsequently several 
studies by this and other groups confirmed the efficacy 
of IVCCM for the identification of diabetic neuropathy 
in larger populations of type 1[20-23], type 2 diabetes[24]  
or both[25-27]. In particular, baseline features of the 
population enrolled in the LANDMark study, the largest 
study testing IVCCM in 242 type 1 diabetes vs 154 
controls, confirmed the reduced corneal never fiber 
length in those with neuropathy[22]. Longitudinal results 
of this study are not yet available.

As cornea is innervated by small Aδ and C fibers, 
IVCCM was tested with good results as a surrogate 
marker of small fiber neuropathy[28]. Before IVCCM, the 
evaluation of IENFD by skin biopsy was the gold standard 
method to quantitatively assess small fiber damages, 
with obvious limitations for a routine implementation in 
clinical practice due to its invasiveness. A comparable 
diagnostic efficiency between IVCCM and IENFD in type 
1 diabetes has been recently shown in a study by Chen 
et al[29] where the area under the receiver operator curve 
for the identification of neuropathy did not significantly 
differ between the two techniques. 

Among all the parameters of corneal innervation 
evaluated by IVCCM, the great majority of published 
studies agree about the validity and the overall good 
reproducibility of corneal nerve fiber density and 
length. In particular, the latter was shown to be the 
best predictor of diabetic sensorimotor polyneuropathy 
in 81 subjects affected by type 1 diabetes, with an 
optimized threshold for sensitivity and specificity at 14.0 
mm/mm2[30]. This threshold, however, has to be applied 
taking into account the natural age-dependent variation 
in corneal nerve fiber length. On the contrary, corneal 
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technique helpful to face diabetic neuropathies, which 
are prevalent complications of diabetes and cause 
of high healthcare expenditures, reduced quality of 
life, high morbidity and mortality. In particular IVCCM 
could have possible implications for the prevention of 
diabetic neuropathies and for research studies about its 
pathophysiology and treatments.

Prevention
Changes in the corneal sub-basal nerve plexus antici­
pate other clinical and electrophysiology signs of 
neuropathy[35,36]. Two longitudinal studies showed that 
lower corneal nerve fiber length predicts the onset of 
diabetic sensorimotor polyneuropathy in type 1 diabetic 
subjects followed-up for 3.5 and 4 years[37,38]. For the 
identification of new cases of neuropathy, the sensitivity 
and specificity of corneal nerve fiber length were 82% 
and 69%, respectively, with an optimal threshold of 
14.9 mm/mm2 in one study[37], and 63% and 74% with 
an optimal threshold of 14.1 mm/mm2 in the other 
one[38]. This suggests IVCCM allows the identification of 
at-risk patients to implement preventive strategies such 
as tight glycemic control and multifactorial interventions. 
Indeed, a prospective cohort study in subjects with 
type 1 diabetes without overt neuropathy showed 
that modifications in the corneal sub-basal nerve 
plexus over 4 years of follow-up were related to clinical 
and metabolic factors such as age, HbA1c and HDL 
cholesterol. This highlights the capability of IVCCM for 
monitoring the efficacy of preventive strategies aimed 
to modify the natural history of diabetic neuropathy 
before symptoms and signs become measurable by 
classical screening tests[39].

Moreover, Petropoulos et al[40] showed that dege­
neration of corneal nerve fibers are detectable before 
other microvascular complications appear, questioning 
whether early detection of small fibers distress by 
IVCCM could also work as a precocious surrogate 
marker for vascular risk stratification as well as micro
albuminuria or retinopathy. However, to date no studies 
have specifically investigated the predictive value of 
IVCCM with regards to the development of diabetic 
complications other than neuropathy.

Research tool
Besides the clinical implications, IVCCM could be a useful 
research tool to investigate neuropathy pathophysiology. 
The promising data showing early degeneration of 
corneal nerve fibers in impaired glucose tolerance and 
new onset type 2 diabetes[17,24,41] support the hypothesis 
the pathophysiology of diabetic neuropathy starts 
very early in diabetes[42]. Overall the data discussed 
so far pose IVCCM as a research tool to investigate 
the first steps of neuropathy, where other methods 
such as nerve conduction studies are not enough 
sensitive to detect pathological changes. Moreover, 
even though corneal nerve fibers have sensitive but 
not autonomic function, the above reported results 
about the association of IVCCM and diabetic autonomic 
neuropathy overall suggest that molecular cascades 
eventually leading to the damage of the sub-basal 
corneal plexus could also occur to nerves with similar 
structure such as the autonomic ones, even if they have 
different function. They also suggest that IVCCM is a 
surrogate easy and non-invasive marker of autonomic 
dysfunction, which mostly remains undiagnosed because 
of scarce implementation of the recommended diagnostic 
tests. However, these promising findings have still to 
be tested for their usefulness for cardiovascular risk-
stratification in larger and homogenous populations.

Interestingly, some reports show that IVCCM is 
also able in detecting regeneration of small nerve 
fiber after therapeutics. IVCCM showed significant 
improvements in nerve morphology after pancreas 
transplantation[43], after simultaneous kidney-pancreas 
transplantation[44], after improvements in risk factors 
for diabetic neuropathy[45], in subjects treated with 
continuous subcutaneous insulin infusion[46] and in 
phase 2 studies[47]. These studies suggest IVCCM is 
novel noninvasive tool to establish early nerve repair 
consequent to medical intervention that is missed by 
current assessment techniques.

Current pitfalls and limitations
Some pitfalls still exist about the use of IVCCM for 
the diagnosis of diabetic neuropathies. In particular, 
an age-related decline in corneal nerve fibers density 

A B C

Figure 2  Corneal innervation evaluated by in vivo corneal confocal microscopy in a health subjects (A), in a subject affected by type 1 diabetes without 
cardiac autonomic neuropathy (B) and in a subject affected by type 1 diabetes with cardiac autonomic neuropathy (C). Nerve fiber density and length is 
reduced in people with type 1 diabetes and in those with cardiac autonomic neuropathy. 
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and length occurs, claiming for age-standardized 
normative values. Moreover, there are uncertainties 
about racial differences in corneal nerve measures. 
IVCCM implementation and utility is also limited by the 
time and the expertise required for image analysis. 
Some arguments against IVCCM also claim a scarce 
reproducibility of corneal nerve measurements. In this 
regard, it has been recently shown preservation in the 
inter- and intra-observer reproducibility of fiber length 
measurements when using a fully automated analysis 
program, which also eliminates the need for trained 
analyst personnel and reduces the analysis time[25,48].

CONCLUSION
In conclusion, IVCCM currently represents a fascinating 
link between laboratory and clinical sciences through 
which diabetic neuropathies can be analyzed by assess­
ing nerve density, tortuosity and length. We acknow­
ledge our conclusions may be limited by the fact this 
manuscript is not a systematic review. However, to limit 
a possible selection bias, we carefully search throughout 
the literature for human studies testing IVCCM in people 
with diabetes and reported both positive and negative 
results, strength and limitations. As a result of our 
search, we reported that several evidences support the 
role of IVCCM as an easy and non-invasive clinical and 
research tool for the study of diabetic neuropathies, 
but some limitations including bias in image selection, 
reproducibility and the required expertise to perform 
the scan and read the images still need to be fully 
addressed.
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Abstract
There is strong evidence that diabetes mellitus increases 
the risk of cognitive impairment and dementia. Insulin 
signaling dysregulation and small vessel disease in 
the base of diabetes may be important contributing 
factors in Alzheimer’s disease and vascular dementia 
pathogenesis, respectively. Optimal glycemic control in 
type 1 diabetes and identification of diabetic risk factors 
and prophylactic approach in type 2 diabetes are very 
important in the prevention of cognitive complications. 
In addition, hypoglycemic attacks in children and elderly 
should be avoided. Anti-diabetic medications especially 
Insulin may have a role in the management of cognitive 
dysfunction and dementia but further investigation is 
needed to validate these findings.

Key words: Alzheimer’s disease; Cognitive disorders; 
Dementia; Diabetes; Insulin

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Diabetes mellitus increases the risk of cognitive 
impairment and dementia. Impairment of insulin 
signaling is a critically important factor and may be 
the cornerstone of the development of these cognitive 
sequences regardless of diabetic status. Therefore, 
anti-diabetic medications especially insulin therapy may 
have a significant role in the management of various 
cognitive and mental dysfunctions.
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INTRODUCTION
Type 2 diabetes mellitus (T2DM) is one of the most 
common diseases whose prevalence is on the rise. It 
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is believed that within the next 30 years, the number 
of diabetic patients will double in comparison to the 
year 2000[1]. On the other hand, diabetes is amongst 
the diseases with higher complications (perhaps 
even the highest) and these complications lower the 
quality of life in patients significantly[2-4]. Diabetes is a 
systemic disease as it affects various body systems to 
some extent. For instance, diabetes can disrupt proper 
function in cardiovascular, gastrointestinal, immune 
and nervous systems. The functional impairment of 
peripheral nervous system can lead to diabetic foot 
and in worst cases to amputation and hence physical 
disability. Involvement of retina [diabetic retinopathy 
(DR)] can lead to loss of vision and blindness. 

Adverse effects of diabetes on cognitive system and 
memory disorders have been noticed by researchers 
for a long time[2-4]. Equally, dementia is one of the most 
disabling public health problems. It affects the quality 
of life of demented patients and their caregivers. It 
also imposes a huge economic burden on countries. 
Therefore, identification of risk factors of dementia and 
the control of those factors is with utmost importance. 

This review discusses the association between dia
betes and the risk of cognitive impairment with more 
clinical aspects. Therefore, possible underlying me
chanisms of cognitive impairment in diabetic patients 
will be discussed, and the effect of various treatments 
on prophylaxis and improvement of mental dysfunction 
will be reviewed. 

OVERVIEW OF MEMORY AND 
COGNITION
Cognition is defined as “the mental action or process 
of acquiring knowledge and understanding through 
thought, experience, and the senses”[5]. 

Memory is the retention, recording, and process 
of retrieving knowledge. All knowledge gained from 
experience such as known facts, remembered events, 
gained and applied skills would be considered as 
memory[6]. Memory can be categorized into declarative 
and non-declarative memory. Declarative memory 
mostly corresponds to the learning and recalling new 
facts, events, and materials. Non-declarative memory 
refers to the many forms of memories that are reflective 
or incidental[6]. 

The “brain working memory” is defined as the ability 
to keep record of many bits of information at the same 
time and the recall of this information immediately 
if needed for subsequent thoughts[7]. When working 
memory is damaged, a wide range of cognition impair
ments occur and the patient will not be able to appro
priately use his/her own information for thinking in 
different situations[6]. 

The majority of advanced cortical functions arise 
from association cortex. The main association areas 
are: (1) the parieto-occipitotemporal association area; 
(2) the prefrontal association area; and (3) the limbic 

association area[7]. 
Our knowledge about the mechanisms of thinking 

and remembering is little. It seems that each thought 
arises from simultaneous activation of many parts of 
the different areas in the brain such as cerebral cortex, 
limbic system, thalamus and reticular formation of the 
brainstem. The memory is the result of some events 
in the synaptic transmission by changing its basic 
sensitivity[7].

Constant neural activity that arises from traveling 
nerve signals to a temporary memory trace can create 
a “short term memory”. A temporary chemical or 
physical synaptic change that lasts for a few minutes 
up to several weeks makes an “intermediate long term 
memory”. Structural alterations in synapses occur when 
a “long term memory” is created and can be used 
weeks to years later[7]. The hippocampus and, to a 
lesser degree, the thalamus are responsible for deciding 
which thoughts are important enough to be saved as 
memories[7].

It is possible to acquire information about the 
patient’s cognitive, behavioral, linguistic, and executive 
functioning, and memory through Neuropsychological 
tests. These data can be used in the diagnosis of 
cognitive disorders and for localization of the abnormality 
in the brain, as well as, the assessment of therapeutic 
effects of any treatment modality on the cognitive 
dysfunction. Neurocognitive domains and some exa
mples for their assessment are categorized in the Table 
1[8,9].

Neuropsychological evaluation measures the cogni
tive abilities in the patient quantitatively, and its results 
must be interpreted in the setting of the patient’s: Age, 
education, gender, and cultural background. In addition, 
reliability, validity, sensitivity, and specificity of these 
tests are important aspects that should be considered.

ETIOLOGY OF COGNITIVE DISORDERS
Dementia and cognitive dysfunction have many causes. 
Alzheimer’s disease (AD) and other degenerative 
diseases, vascular dementia, alcohol consumption, 
and certain drug abuse are some of these etiologies. 
Additional disorders that can cause memory loss and 
other cognitive impairments are listed in the Table 2[9]. 

ASSOCIATION BETWEEN DIABETES AND 
COGNITIVE DECLINE
Cognitive dysfunction with its wide range, from mild 
cognitive impairment (MCI) through dementia, is one 
of the chronic complications of diabetes mellitus[10]. 

Both diabetes and cognitive impairment occur more 
commonly at older age. There is strong evidence that 
T2D increases the risk of dementia in the form of multi-
infarct dementia, AD and mixed type dementia. There 
are some close associations between diabetes and 
vascular dementia of above 100%-160% compared to 
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via cardiovascular disruption[16]. The results of the 
Edinburgh Type 2 Diabetes Study that was conducted 
for evaluation of this correlation were published in 2013. 
At baseline, any clinical and subclinical macrovascular 
diseases including cardiovascular event history, carotid 
intima-media thickness, ankle brachial index, and serum 
N-terminal probrain natriuretic peptide (NT-proBNP) 
were evaluated. Seven neuropsychological tests were 
also done at baseline, and after 4 years. They found that 
stroke and subclinical markers of cardiovascular and 
atherosclerosis are associated with cognitive decline in 
older patients with type 2 diabetes (T2D)[17]. 

Recent research collaboration between Mayo Clinic 
and Shanghai was reported in 2015. In this study, 
involving a considerable number of patients, the effect 
of diabetes on the cognitive function of patients was 
strongly evident. This was, of course, irrespective of 
patients’ gender, age and possible cardiovascular risk 
factors[18].

In one study, the relationship between T2D and 
cognitive impairment had been evaluated and the 
subjects with diabetes had lower MMSE score than 
those without diabetes (P < 0.01)[19]. Diabetes was 

AD which is about 45% to 90%[10]. The long-term risk of 
dementia increases in patients with diabetes by a factor 
of two[11]. T2D also increases the risk of progression of 
MCI to dementia[11]. Even in pre-diabetic state; there 
is an increased risk of AD and dementia which are not 
related to the future development of diabetes[10]. About 
80% of people with AD may have diabetes or impaired 
fasting glucose[12]. There is a faster deterioration of 
cognition in diabetic patients rather than non-diabetic 
elderly ones[13]. Diabetes is associated with 1.5-2 fold 
increased risk of cerebrovascular accidents[14] and the 
relative risk of stroke increases 1.15 (95%CI: 1.08-1.23) 
for every 1% increase in HbA1C[15].

In recent years, the relation of diabetes to memory 
disorders has been well established. In 2011, Wessels 
et al[16] published results of their comprehensive pro
spective study on a large sample size from 1992 to 
2007. Patients in this cohort were examined at baseline 
and five follow-up assessments throughout the 15 years 
of study. During each evaluation, participants were given 
the Community Screening Interview for Dementia as 
part of a home visit. They followed up 1702 subjects and 
showed that diabetes reduced their cognitive capabilities 

  Cognitive domain Examples of assessments

  Complex attention (sustained attention, 
  divided attention, selective attention, 
  processing speed)

Sustained attention: Maintenance of attention over time 
Selective attention: Maintenance of attention despite competing stimuli and/or distractors

Divided attention: Attending to two tasks within the same time period
Processing speed can be quantified on any task by timing it 

  Executive function (planning, decision 
  making, working memory, mental flexibility)

Planning: Ability to find the exit to a maze; interpret a sequential picture
Decision making: Performance of tasks that assess process of deciding in the face of competing 

alternatives (e.g., simulated gambling)
Working memory: Ability to hold information for a brief period and to manipulate it (e.g., adding up a list 

of numbers or repeating a series of numbers or words backward)
Mental/cognitive flexibility: Ability to shift between two concepts, tasks, or response rules

  Learning and memory [immediate memory, 
  recent memory (including free recall, cued 
  recall, and recognition memory), very-long-
  term memory (semantic, autobiographical), 
  implicit learning]

Immediate memory span: Ability to repeat a list of words or digits. Note: Immediate memory sometimes 
subsumed under “working memory” (see “Executive Function”)

Recent memory: Assesses the process of encoding new information (e.g., word lists, a short story, or 
diagrams)

Free recall (the person is asked to recall as many words, diagrams, or elements of a story as possible
Cued recall (examiner aids recall by providing semantic cues such as “list all the food items on the list” 

Recognition memory (examiner asks about specific items, e.g., “Was ‘apple’ on the list?”) 
Semantic memory (memory for facts)

Autobiographical memory (memory for personal events or people)
Implicit (procedural) learning (unconscious learning of skill)

  Language [expressive language (including 
  naming, word-finding, fluency, and grammar 
  and syntax) and receptive language]

Expressive language: Confrontational naming (identification of objects or pictures)
Fluency [e.g., name as many items as possible in a semantic (e.g., animals) or phonemic (e.g., words 

starting with “f”) category in 1 min]
Grammar and syntax (e.g., omission or incorrect use of articles, prepositions, auxiliary verbs)

Receptive language: Comprehension, performance of actions/activities according to verbal command
  Perceptual-motor (includes abilities 
  subsumed under the terms visual perception, 
  visuoconstructional, perceptual-motor, praxis, 
  and gnosis)

Visual perception: Line bisection tasks can be used to detect basic visual defect or intentional neglect
Visuoconstructional: Assembly of items requiring hand-eye coordination, such as drawing, copying, and 

block assembly
Perceptual-motor: Integrating perception with purposeful movement (e.g., rapidly inserting pegs into a 

slotted board) 
Praxis: Integrity of learned movements, such as ability to imitate gestures (wave goodbye) or pantomime 

use of objects to command (“show me how you would use a hammer”) 
Gnosis: Perceptual integrity of awareness and recognition, such as recognition of faces and colors

  Social cognition (recognition of emotions, 
  theory of mind)

Recognition of emotions: Identification of emotion in images of faces representing a variety of both 
positive and negative emotions

Theory of mind: Ability to consider another person’s mental state (thoughts, desires, intentions) 

Table 1  Neurocognitive domains and some examples for their assessment[8,9]
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also associated with increased odds of cognitive decline 
as determined by MMSE scores [odds ratio (OR), 
1.9; 95%CI: 1.01-3.6]. Also, a statistically significant 
correlation between the duration of the disease and 
cognitive dysfunction was observed (P = 0.001). The 
same correlation was also found for the quality of 
diabetes control (P = 0.002).

In a different study that was carried out on 4206 
subjects by Qiu et al[20], they investigated whether and 
the extent to which vascular and degenerative lesions 
in the brain mediate the association of diabetes with 
poor cognitive performance. They assessed cortical 
and subcortical infarcts and higher white matter lesion 
volume. They also evaluated neurodegenerative pro
cesses on magnetic resonance images. The results of 
this cross-sectional study showed that diabetic patients’ 
speed in processing and executive functions was 
markedly lower than others. However, their memory 
function score was not any better either[20]. 

The role of diabetes in neurodegeneration has been 
confirmed by neuroimaging and neuropathological 
studies. MRI studies have shown that T2D is strongly 
associated with brain atrophy[21]. The rate of global brain 
atrophy in T2D is up to 3 times faster than in normal 
aging[22,23].

SPECIFIC EFFECTS OF T1D AND T2D ON 
COGNITION 
Diabetes Mellitus is related to 40% higher rate of MCI; 
both amnestic and non-amnestic[24]. This is especially 
true when diabetes starts before the age of 65, or when 
the disease is more than 10 years. Treatment with 
insulin and the presence of diabetes complications such 
as retinopathy are other risk factors[25,26].

In children, the relationship between T1D and 
cognitive disorders is also reported[27]. Cognitive flexi
bility, visual perception, psychomotor speed, and 
attention are the main domains which are mostly 
affected early (on within 2 years in T1D), among which 

the mental slowing is the principal deficiency. Learning 
and memory function seem to be intact even in a 
prolonged hyperglycemia in T1D[25]. Young age is an 
important risk factor in developing cognitive deficits in 
T1D. It seems that children whose disease is diagnosed 
under the age of 7 are at a greater risk for more severe 
cognitive dysfunction[28].

Single-photon emission tomography in diabetic 
patients shows an abnormality in many brain regions, 
which correlate especially with diabetic microvascular 
complications and poor glycemic control in T1D. However, 
there is no strong evidence to support the importance 
of brain perfusion abnormalities in the development of 
cognitive dysfunction in T1D[29].

In both types of diabetes, neural slowing, cortical 
atrophy and microstructural abnormalities in white 
matter are prominent[24].

The effect of diabetes on patients’ mood and temper 
has also been investigated. In a recent article by Ho 
et al[30], they have pointed out the effects of diabetes 
on hippocampus neurogenesis and depression and the 
resulting cognitive.

DR AND COGNITIVE IMPAIRMENT
It has been shown that there is an association between 
DR and cognitive impairment. According to some 
studies, the vascular complications of diabetes such as 
retinopathy are the most important predictors for the 
cognitive decline. Based on the similarity in anatomy, 
physiology, and embryology of cerebral and retinal small 
vessels, this association is particularly interesting[31].

In a systematic review which analyzed three studies, 
it has been proven a near three fold increased risk of 
cognitive impairment in patients with DR. However; the 
association between the severity of DR and cognitive 
decline was not clearly demonstrated. Only one study 
showed that the men with more severe cognitive impair
ment had greater degree of retinal involvement. The 
recent memory and the verbal learning were the most 
defective cognitive domains in these studies[32]. 

Some studies have reported an association between 
cognitive impairment and general (not diabetic) retino
pathy independent of other cardiovascular risk factors 
but underlying etiology has not been clearly identi
fied[33,34]. The higher prevalence of cognitive impairment 
even in those with non-DR provides some clues to investi
gate the underlying mechanism for this association in 
wider metabolic abnormalities (hypertension, dyslipide
mia, and inflammatory stress) rather than a pure gluco
toxic effect[32].

In a longitudinal study from using Action to Control 
Cardiovascular Risk in Diabetes (ACCORD) data, the 
association between DR and cognitive impairment in 
T2M was confirmed. This study showed that cognitive 
dysfunction was a predictable consequence of DR. In 
the ACCORD data, the patients with DR had lower Mini-
Mental State Examination (MMSE) score[35].

In one cohort study by Crosby-Nwaobi et al[36], they 

  Degenerative disorders including Alzheimer’s disease
  Vascular dementia
  Depression and anxiety
  Medication side effects
  Disturbed sleep
  Hormones 
  Metabolic disorders
  Diabetes
  Alcohol abuse
  Lyme disease
  Hippocampal sclerosis
  Subdual and epidural hematomas
  Vitamin B12 deficiency
  Seizures
  HIV associated neurocognitive disorder
  Hashimoto’s encephalopathy

Table 2   Memory loss and cognitive impairment etiology[9]

HIV: Human immunodeficiency virus.
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compared patients with Proliferative Diabetic Retinopathy 
with patients with Non Proliferative Diabetic Retinopathy 
or no retinopathy. They found that there is an inverse 
relationship between the severity of DR and the severity 
of cognitive impairments: Those with no or mild form of 
DR had more deficits in attention/orientation, language, 
memory, and visuospatial ability fields in comparison 
with patients with severe DR. However; their study 
showed that cognitive impairment was more promi
nent in those with mild retinopathy than those without 
retinopathy[36].

BRAIN IMAGING IN DIABETES
Brain imaging can be an important tool to clarify the 
underlying pathogenesis for cognitive impairments in 
diabetic patients. Some researchers have been reported 
both focal and global cerebral changes[37].

Slight brain structural abnormalities have been re
ported in T1D[25,38]. A study showed that the gray matter 
density of patients with T1D was less than the control 
group and this finding correlated with severe hypoglycemic 
attacks and higher HbA1c levels. This assessment was 
performed with voxel-based morphometry - a well-known 
quantitative MRI technique[25,38].

The direction of water diffusion in tissues is mea
sured by using diffusion tensor imaging (DTI) that is an 
index for the integrity of white matter[25]. DT1 shows 
microstructural abnormalities particularly in the optic 
radiations and posterior corona radiata in T1D patients. 
These findings correlate with longstanding diabetes and 
high concentrations of HbA1c[39]. These abnormalities 
may be the underlying pathogenesis in the mental 
slowing that is the main cognitive problem in T1D[40]. 
DT1 Technique will be a good research tool for future 
studies in this setting.

There is a relationship between T2D and lacunar 
infarcts/cerebral Atrophy. This association between T2D 
and white matter lesions is less clear[37]. It was reported 
that hippocampal atrophy is a consistent neuroimaging 
finding in patients with T2D[41], but a relatively recent 
study that evaluated the data from one cohort study 
and two case control studies, concluded that these 
patients did not have any specific vulnerability to 
hippocampal atrophy. Nevertheless; they have greater 
global brain atrophy compared to controls[42].

DIABETES MELLITUS, AD AND INSULIN 
ROLE
T2D is a condition in that elevated blood glucose levels 
is resulted from increased glucose production by liver, 
reduced insulin production by pancreas and “insulin 
resistance” in which insulin responsiveness is decreased 
due to abnormal expression of the insulin receptors[43].

The idea that AD is a metabolic disease in which 
brain glucose utilization is impaired is supported by 
some evidences. Conversely; amyloid precursor protein 

(APP) and amyloid-β-peptide (Aβ) have been shown 
to induce mitochondrial activity defects and increase 
oxidative stresses that are able to impair key players of 
the glucose metabolic pathway[44,45].

The prevalence of AD may be higher in patients 
with diabetes; however, the ORs are lower than those 
for vascular dementia[46]. In recent years; there are 
a number of studies that show a connection (via com
paring pathologic samples) between T2D and AD. 
Scientists consider a key role for oxidative stress in 
development of AD in patients with diabetes Mellitus[43]. 
Diabetes Mellitus contributes to AD development by 
favoring tau hyperphosphorylation, accumulation of 
Aβ, increased oxidative stress and oxidative damage 
and mitochondrial dysfunction[44]. In this regard, the 
analysis of oxidation and damage of protein belonging 
to metabolic pathways (glucose metabolism) might 
be of interest in understanding the potential molecular 
mechanisms targeted by oxidative stress that trigger 
common features between T2D and AD. Different 
studies have shown that insulin resistance and reduced 
activation of insulin receptors with decreased neuronal 
plasticity mechanisms and survival are the main 
abnormalities in AD brain[43,47-49]. Figure 1 illustrated 
some aspects of this mechanism[43]. 

T2D is a heterogeneous disorder that is accompanied 
with numerous comorbidities like hypertension and 
dyslipidemia, where each has the same adverse effects 
on the cognitive function[50]. In addition, other insulin 
resistance situations including obesity and metabolic 
syndrome are associated with a wide range of cognitive 
dysfunction and progression of AD[25,51].

Long term effects of insulin resistance consist of 
hypertension, malignancy and cardiovascular disease. It 
has been shown that insulin resistance has a negative 
correlation with verbal cognitive performance[25].

Thus, insulin resistance seems to be the fundamental 
feature that links T2DM to the future development of AD. 
The biochemical and molecular changes in AD is similar 
to the effects of NASH (nonalcoholic steatohepatitis) 
on the liver and T2D on the skeletal muscles[52]. Long 
term outcomes of insulin resistance include cellular 
energy defect, high plasma lipids and hypertension[52]. 
In Addition, chronic hyperinsulinemia predicts later 
development of T2M[53]. Insulin resistance is also a 
definite predictor of serious conditions such as cere
brovascular and cardiovascular diseases, hypertension, 
and malignancy[52]. Hyperinsulinemia is linked to some 
other diseases with different primary target organs 
include: Obesity, nonalcoholic fatty liver disease, 
metabolic syndrome, polycystic ovarian disease, age-
related macular degeneration. Overlap among these 
diseases often occurs and its rate is increasing with 
obesity epidemics[52].

INSULIN SIGNALING
There is significant amount of evidence demonstrating 
that dysregulation of insulin is a key element in trig
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gering of neurodegeneration in T2D. Insulin binds to 
a specific receptor at blood brain barrier and transport 
into the CNS. It is shown that an acute increase in 
serum insulin levels is associated with an increase 
in CSF and intracellular insulin levels[54,55]. Also, it is 
reported that chronic hyperinsulinemia is associated 
with downregulation of insulin receptor at blood brain 
barrier[54] which decrease brain insulin levels and 
consequently trigger or accelerate the process of neural 
aging and neurodegeneration[54,55]. Studies have shown 
that hyperinsulinemia causes an increase in Aβ levels 

as well as the inflammatory agents[56] and alter the 
metabolism of amyloid in the brain[46-57].

It seems, insulin has a neurotropic role in the brain. 
Insulin accomplishes this role by binding to insulin 
receptors on the cell surface. It is interesting that most 
of insulin receptors in the brain are on the surface of the 
cells, located in anatomical regions that are involved in 
memory formation. So it is postulated that insulin might 
play an important role in the memory system[54].

Insulin activates secondary messengers after binding 
to receptors. The most important of these secondary 

Figure 1  Increased oxidative stress level as a central event driving insulin resistance in Alzheimer’ disease brain[43]. Persistently high levels of circulating 
insulin [as observed in the first phase of type 2 diabetes mellitus (T2DM)] may exert a negative influence on memory and other cognitive functions by down regulation 
of insulin receptors (IR) at the blood brain barrier and consequent reduced insulin transport into the brain [as observed in Alzheimer’s disease (AD)], thus leading 
to insulin resistance. From a molecular point of view, the lack of interaction between insulin and IR is associated with an increase of the inhibitory phosphorylation 
on insulin receptor substrate-1/2 (IRS1/2) on Ser312, 616 and 636, which, in turn, negatively impacts on the two main arms of insulin-mediated signaling cascade: 
The PI3K and the MAPK pathways, both involved in the maintenance of synaptic plasticity and cell stress response. Furthermore, turning off insulin signaling 
results in impaired glucose transport (reduced translocation of the glucose transporter at the plasma membrane) and metabolism thus promoting an alteration of 
mitochondrial processes involved in energy production. In turn, impairment of mitochondria functions leads to a vicious circle in which reduced energy production 
is associated with an increase of reactive oxygen and nitrogen species (ROS and RNS) responsible for the oxidative/nitrosative damage of mitochondria as well as 
other cellular components. In addition, increased Aβ production and accumulation, which represents a key feature of AD pathology, also promotes mitochondrial 
impairment. Moreover, insulin resistance-associated impairments in glucose uptake and utilization are associated with increased endoplasmic reticulum (ER) stress, 
which deregulate lipid metabolism, causing accumulation of toxic lipids in the brain. All these events contribute to the increased oxidative stress levels responsible 
of neurodegeneration observed in AD brain. Although insulin resistance and Aβ production can be considered leading causes of the rise of oxidative stress, this 
latter, in turn, promotes IRS-1/2 Ser-312, -616 and -636 phosphorylation as well as the oxidative damage of protein involved in glycolysis, the Krebs cycle and ATP 
synthesis that are crucial events in the reduction of glucose metabolism and thus insulin resistance. Finally, because insulin resistance is associated with increased 
Aβ production and Aβ production is postulated to be responsible for the onset of insulin resistance, it remains to be clarified whether insulin resistance is a cause, 
consequence, or compensatory response to Aβ-induced neurodegeneration. ADP: Adenosine diphosphate; APP: β-Amyloid precursor protein; ATP: Adenosine 
triphosphate; AKT: Akt also known as protein kinase B (PKB); ERK: Extracellular signal-regulated kinase; GLUT: Glucose transporter; MAPK: Mitogen-activated 
protein kinase; MEK: MAPK/Erk kinase; PDK1: 3-phosphoinositide-dependent protein kinase 1; PI3K: Phosphoinositide 3 kinase.
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messengers are phosphatidylinositol-3-kinase and 
Akt[54]. Activation of Akt causes inhibition of GSK-3β, 
which is an important kinase that phosphorylates tau. 
In fact, it is shown that under normal conditions, insulin 
inhibits tau phosphorylation and tau fibril production and 
low CSF insulin levels are associated with an increased 
neurofibrillary tangles[54,55]. Neurofibrillary tangles load 
is the best pathological marker of severity of dementia 
in AD. 

Additionally, it’s known that Aβ protein is degraded 
by several enzymes. The most important of these 
enzymes are neprilysin and insulin-degrading enzyme 
(IDE)[58]. Both insulin and Aβ protein can bind to IDE and 
it is shown that insulin has higher affinity to IDE[54]. It is 
shown that hyperinsulinemia might inhibits peripheral 
degradation of Aβ protein[59]. High level of Aβ protein can 
lead to an increase transport of this protein across blood 
brain barrier, which is shown to be associated with an 
increased production of senile plaques in the brain[59].

In conclusion, it is hypothesized that serum hyperin
sulinemia is associated with lower level of insulin and 
higher level of Aβ protein in the brain, resulting in more 
neurofibrillary tangles, senile plaques, and possibly with 
impaired cognitive state.

IS AD A TYPE OF DIABETES MELLITUS?
AD is considered as type 3 diabetes by some investi
gators because the corner stone of pathogenesis of 
abnormalities in AD has strong similarity with T1D and 
T2D. Like T1D, insulin deficiency is a part of underlying 
mechanisms in AD and like T2D, AD is associated with 
insulin resistance in early stage of development[52,60,61]. 
Consequently, AD can be considered as the brain form 
of diabetes[52]. 

Nevertheless; Talbot et al[62], reported some evidence 
that considering AD as a type of diabetes is not com
pletely true due to the following: First, hyperglycemia 
but not insulin resistance is the main key diagnostic 
feature of diabetes, and CSF glucose is not elevated in 
AD patients. Second, decreased glucose metabolism in 
the brain AD cases is not a direct consequence of brain 
insulin resistance. Instead of that, postsynaptic neuro
transmission changes due to reduced insulin signaling 
are responsible for abnormal glucose metabolism in 
the AD brain. Third, brain insulin deficiency in the AD 
patients has not been established from the review of 
different studies, and only some of them have shown 
this decrement[62].

OTHER MECHANISM OF COGNITIVE 
IMPAIRMENT IN DIABETES MELLITUS
Vascular etiology
T2D is a risk factor for atherosclerosis and small vessel 
disease, so it clearly increases the risk of multi-infarct 
dementia and mixed type dementia. Other risk factors 
of vascular disease contribute to the development of 

dementia in patients with T2D, probably by vascular 
involvement. It has been shown that in patients with 
T2D, presence of hypertension, signs of microvascular 
diseases such as lacuna, DR and microalbuminuria or 
macrovascular complications such as cerebral infarcts 
increase the risks of dementia[54,63].

Chronic inflammation 
Chronic inflammation is present in many patients 
with diabetes and insulin resistance is associated with 
increased levels of inflammatory cytokines, which 
elevated levels of inflammatory cytokines are associated 
with the worsening of the cognition in patients with 
diabetes[46,64]. 

Genetic 
Brain changes and reductions in cognitive scores are 
most pronounced in patients with diabetes who have 
the Apo E epsilon 4 allele. The genetic factors contribute 
to dementia in T2D[65].

THERAPEUTIC APPROACHES
According to the long term prospective studies, good 
control of diabetes is beneficial in the reduction of 
cognitive decline in T1D[25,29], but the effect of this 
approach in T2D is controversial[66-70]. In one cohort study, 
there was a greater decline in cognitive impairment in 
patients on anti-diabetic medications and combination 
therapy was more effective than monotherapy[69].

One substudy of the ACCORD trial that followed up 
a large number of diabetic patients for 40 mo, showed 
no benefits from aggressive glucose control on the 
cognitive function[70]. In addition; three trials showed 
that intensive glycemic control has no benefit on the 
macrovascular events in T2D[66-68].

Association between cognitive decline and hypogly
cemic attacks has been studied in some trials but the 
results are different. Overall, it seems that it is not 
a risk factor in T2D in carefully managed follow up 
studies. However, the prevention from hypoglycemia 
in the elderly is necessary, because it can cause more 
severe organic brain damage due to pre-existing 
atherosclerosis[71]. Also, it is true that, hypoglycemia 
may be a risk factor in children with diagnosed T1D 
within the first few years of life[25]. However, recurrent 
severe hypoglycemia is a significant preventable risk 
factor in these age groups and individualization of 
treatment, especially in the elderly, has a potential 
role in preventing hypoglycemia and consequently 
cognitive decline. While diabetes per se has a major 
impact on the elderly, the medications and the risk 
of hypoglycemia prevent optimization of glycemic 
treatment[72].

In one study, daily acute glucose fluctuation was an 
independent factor for cognitive dysfunction in T2D[73]. 
In another study, there was an association between 
cognitive impairment and postprandial hyperglycemia. 
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There was a greater decline in cognitive impairment 
after adjusting for postprandial hyperglycemia[74].

The thiazolidinedione classes of anti-diabetic medi
cations are insulin sensitizers that work by making the 
cells more sensitive to insulin. Most of the research 
has focused on the effect of thiazolidinedione on 
improvement of cognitive function. The findings suggest 
that there is continuous beneficial effect of insulin 
sensitizers on cognition. Its effect is more pronounced 
on neuron action by reduction of apoptosis, protecting 
neurons from oxidative stress and reducing plaque 
formation and inflammation in mice brain models. 
Despite these findings, clinical trials in human are 
disappointing[10].

Insulin action has a contributing factor in cognitive 
function. Both insulin resistance and hyperinsulinemia 
are associated with cognitive impairment[71]. Excessive 
hyperinsulinemia exacerbates inflammation. Hyperin
sulinemia enhances neurotic plaque formation[75]. Insulin 
secretion reduction is also associated with the onset of 
AD. Insulin definitively is connected with AD pathology 
and vascular dementia[76].

Intranasal insulin was effective in the improvement 
of memory function in memory impaired adults, in some 
studies[9]. Indeed, about 50% of all adults older than 
60 years, even in the absence of diabetes, are insulin 
resistant[56]. It seems insulin puts its effect on cognitive 
function by modulation in aggregation of APP metabolites 
like beta amyloid peptide in neurotic plaques. On the 
other hand, factors associated with insulin resistance 
are suggested to be important in pathogenesis of AD. 
As it has been shown, Apo E negative patients are less 
sensitive to insulin which makes them in need for a 
higher level of insulin to facilitate an effective memory 
function in AD[77].

To date, there are few clinical data on the efficacy 
of metformin in AD and because of conflicting results 
regarding the effect of metformin in the improvement 
or deterioration of cognitive impairment, it needs to be 
clarified by a clinical placebo- controlled trial[78].

Other than hyperglycemia, midlife hypertension, 
midlife obesity, smoking, depression, and physical 
inactivity are attributable risk factors in AD and a 25% 
reduction in all of these factors could reduce the number 
of dementia by up to 3 million[79]. Large scale studies 
have shown that: Good control on blood pressure 
and lipid profile as well as glucose control will prevent 
vascular disease progression[80].

CONCLUSION
There is strong evidence that diabetes increases the risk 
of cognitive impairment and dementia. Insulin signaling 
dysregulation may be an important contributing factor 
in AD pathogenesis. In addition, diabetes is a risk factor 
for atherosclerosis and small vessel disease. It clearly 
increases the risk of vascular dementia. Good control of 
diabetes is beneficial in the reduction of cognitive decline 
in T1D, but the effect of this approach in improving 

cognitive outcomes in T2D is weak. Therefore; optimal 
glycemic control in T1D, identification of diabetic risk 
factors, and prophylactic approach in T2D are very 
important in the Prevention of cognitive complications. 
Lifestyle intervention such as proper diet and physical 
activity is the most important approaches in this way.

As the brain dysfunction in AD could be the result of 
disturbance in glucose metabolism and its dysregulation 
regardless of the diabetic status, future research with 
focus on anti-diabetic medications may open a new 
horizon for the prevention and management of AD. In 
addition, due to similarity in molecular and biochemical 
base of T2M and AD, more investigations in the domain 
of insulin resistance spectrum disorders provide an 
opportunity to find novel treatment strategies. These 
new approaches will be based on the improvement 
in the understanding of the pathogenesis of these 
fundamentally related disorders.
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