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  Preface  =
	

Diabetes affects most families around the world being one of the most important 
sources of morbidity and mortality.  In this overview, Dr. Rajib Biswas provides 
answers to many questions that all healthcare professionals ask regarding the best 
way to prevent, diagnosis and treat diabetes, and all its related morbidities. The 
book is clearly written and increases our knowledge to enable more active 
professional approaches to disease management. 

We are honored to publish this important resource book in cooperation with 
Rimikri, and hope that it will lead many to a better life. What we can say though is 
that changes to our diet and lifestyle can substantially reduce the incidence of 
diabetes. There is not a fixed genetic destiny for this disease.  Public health ethics 
is essential as we combat the epidemic expansion of this disease, and we urge all 
health care professionals and citizens to take responsibility to make healthy lifestyle 
choices using wisdom wisely. 

 

 
Darryl R.J. Macer, Ph.D. (Cantab), Hon.D, MPH 
President, American University of Sovereign Nations 
http://www.ausn.info 
Director, Eubios Ethics Institute, New Zealand, Japan and Thailand 
http://www.eubios.info 
Email: darryl@eubios.info  
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  About 
    Eubios Ethics Institute 

=
Eubios Ethics Institute is a nonprofit group that aims to stimulate the international 
discussion of ethical issues, and how we may use technology in ways consistent 
with "good life" (eu-bios). It aims at an integrated and cross-cultural approach to 
bioethics, and has a global network of partners. Eubios Ethics Institute was founded 
by in 1990 in Christchurch, New Zealand and in Tsukuba Science City, Japan. In 
2005 we added Bangkok, Thailand to the network. Since the beginning Eubios 
Ethics Institute has cooperated with many individuals and groups, including 
UNESCO and UNU, Asian Bioethics Association, youth networks, and seeks to 
empower people to be free thinkers to change the world, motivating youth to be 
leaders, and homing the skills of professionals.  

http://www.eubios.info 
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  Introduction  =
	

Diabetes is one of the largest global health emergencies. Advances are taking place 
in better understanding, preventing and treating diabetes and its complications 
every day. It is a crucial duty of the healthcare professionals dealing with diabetes 
patients to keep track with these advances so that they can come up with the best 
service possible. In this book, I have discussed both the basics and advanced 
understandings regarding diabetes from its anatomical and physiological 
background to its disease process, diagnosis, complications, treatment and 
prevention. 

I believe the clear understanding of the disease process is a prerequisite not only 
for better diabetes care but also for adapting the effective prevention strategies that 
could help halt the inexorable rise of type 2 diabetes. 

I wholeheartedly invite constructive criticism from readers, so that any error can 
be corrected in future edition. 

 

Rajib Biswas  
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1 Introduction 
Diabetes: A global emergency 
=

aá~ÄÉíÉë= áë=çåÉ=çÑ=íÜÉ= ä~êÖÉëí=ÖäçÄ~ä=ÜÉ~äíÜ=ÉãÉêÖÉåÅáÉë=çÑ=íÜÉ=ONëí=ÅÉåíìêóK=b~ÅÜ=óÉ~ê=ãçêÉ=~åÇ=ãçêÉ=éÉçéäÉ= äáîÉ=ïáíÜ=íÜáë=
ÅçåÇáíáçåK=aá~ÄÉíÉë=çÑ=~ää=íóéÉë=Å~å=äÉ~Ç=íç=ÅçãéäáÅ~íáçåë=áå=ã~åó=é~êíë=çÑ=íÜÉ=ÄçÇó=~åÇ=Å~å=áåÅêÉ~ëÉ=íÜÉ=çîÉê~ää=êáëâ=çÑ=ÇóáåÖ=
éêÉã~íìêÉäóK=få=~ÇÇáíáçå=íç=íÜÉ=QNR=ãáääáçå=~Çìäíë=ïÜç=~êÉ=Éëíáã~íÉÇ=íç=ÅìêêÉåíäó=Ü~îÉ=Çá~ÄÉíÉëI=íÜÉêÉ=~êÉ=PNU=ãáääáçå=~Çìäíë=
ïáíÜ=áãé~áêÉÇ=ÖäìÅçëÉ=íçäÉê~åÅÉI=ïÜáÅÜ=éìíë=íÜÉã=~í=ÜáÖÜ=êáëâ=çÑ=ÇÉîÉäçéáåÖ=íÜÉ=ÇáëÉ~ëÉ=áå=íÜÉ=ÑìíìêÉK=bÑÑÉÅíáîÉ=íççäë=~êÉ=~î~áä~ÄäÉ=
íç=éêÉîÉåí=íóéÉ=O=Çá~ÄÉíÉë=~åÇ=íç=áãéêçîÉ=ã~å~ÖÉãÉåí=íç=êÉÇìÅÉ=íÜÉ=ÅçãéäáÅ~íáçåë=~åÇ=éêÉã~íìêÉ=ÇÉ~íÜ=íÜ~í=Å~å=êÉëìäí=Ñêçã=
~ää=íóéÉë=çÑ=Çá~ÄÉíÉëKUINP

 Definition 
=
aá~ÄÉíÉë=ãÉääáíìë=áë=~=ÅäáåáÅ~ä=ëóåÇêçãÉ=ÅÜ~ê~ÅíÉêáëÉÇ=Äó=~å=
áåÅêÉ~ëÉ=áå=éä~ëã~=ÄäççÇ=ÖäìÅçëÉ=EÜóéÉêÖäóÅ~Éãá~FKN==

lêI= aá~ÄÉíÉë= ãÉääáíìë= EajF= áë= ~= ëóåÇêçãÉ= çÑ= ÅÜêçåáÅ=
ÜóéÉêÖäóÅ~Éãá~= ÇìÉ= íç= êÉä~íáîÉ= áåëìäáå= ÇÉÑáÅáÉåÅóI=
êÉëáëí~åÅÉ=çê=ÄçíÜKR=

eóéÉêÖäóÅ~Éãá~= êÉëìäíë= áå= ÄçíÜ= ~ÅìíÉ= ~åÇ= äçåÖJíÉêã=
éêçÄäÉãëK= ^ÅìíÉäóI= ÜáÖÜ= ÖäìÅçëÉ= ~åÇ= ä~Åâ= çÑ= áåëìäáå= Å~å=
êÉëìäí= áå= ã~êâÉÇ= ëóãéíçãëI= ãÉí~ÄçäáÅ= ÇÉÅçãéÉåë~íáçå=
~åÇ=Üçëéáí~äáë~íáçåK=̀ ÜêçåáÅ=ÜóéÉêÖäóÅ~Éãá~=áë=êÉëéçåëáÄäÉ=
Ñçê= Çá~ÄÉíÉëJëéÉÅáÑáÅ= ÚãáÅêçî~ëÅìä~êÛ= ÅçãéäáÅ~íáçåë=
~ÑÑÉÅíáåÖ=íÜÉ=ÉóÉë=EêÉíáåçé~íÜóFI=âáÇåÉóë=EåÉéÜêçé~íÜóF=~åÇ=
ÑÉÉí= EåÉìêçé~íÜóFK= qÜÉêÉ= áë= ~= Åçåíáåìçìë= ÇáëíêáÄìíáçå= çÑ=
ÄäççÇ= ÖäìÅçëÉ= áå= íÜÉ= éçéìä~íáçåI= ïáíÜ= åç= ÅäÉ~ê= Çáîáëáçå=
ÄÉíïÉÉå=éÉçéäÉ=ïáíÜ=åçêã~ä=~åÇ=~Äåçêã~ä=î~äìÉëK==

aá~ÄÉíÉë=áë=~=ã~àçê=ÄìêÇÉå=ìéçå=ÜÉ~äíÜJÅ~êÉ=Ñ~ÅáäáíáÉë=áå=~ää=
ÅçìåíêáÉëK=däçÄ~ääóI=Çá~ÄÉíÉë= Å~ìëÉÇ=QKS=ãáääáçå=ÇÉ~íÜë= áå=
OMNNI= ~åÇ= ÜÉ~äíÜJÅ~êÉ= ÉñéÉåÇáíìêÉ= ~ííêáÄìíÉÇ= íç= Çá~ÄÉíÉë=
ï~ë=Éëíáã~íÉÇ=íç=ÄÉ=~í=äÉ~ëí=rpAQSR=ÄáääáçåI=çê=NNB=çÑ=íçí~ä=
ÜÉ~äíÜJÅ~êÉ=ÉñéÉåÇáíìêÉK=

 Epidemiology 
=
qÜÉ=áåÅáÇÉåÅÉ=çÑ=Çá~ÄÉíÉë=áë=êáëáåÖK=däçÄ~ääóI=áí=áë=Éëíáã~íÉÇ=
íÜ~í= PSS= ãáääáçå= éÉçéäÉ= Ü~Ç= Çá~ÄÉíÉë= áå= OMNN=
E~ééêçñáã~íÉäó= UKPB= çÑ= íÜÉ= ïçêäÇ= éçéìä~íáçåI= çê= P= åÉï=
Å~ëÉë= ÉîÉêó= NM= ëÉÅçåÇëFKN= qÜÉ= fåíÉêå~íáçå~ä= aá~ÄÉíÉë=
cÉÇÉê~íáçå=EfacF=Éëíáã~íÉÇ=íÜ~í=PUO=ãáääáçå=éÉçéäÉ=EUKPB=çÑ=
íÜÉ=ÖäçÄ~ä=éçéìä~íáçåF=Ü~Ç=Çá~ÄÉíÉë=áå=OMNPI=~åÇ=Éëíáã~íÉë=
~å=áåÅêÉ~ëÉ=íç=RVO=ãáääáçå=ENMKNBF=áå=OMPRKR=

få=OMNRI=~ÅÅçêÇáåÖ=íç=facI=QNR=ãáääáçå=~Çìäíë=~êÉ=Éëíáã~íÉÇ=
íç= ÅìêêÉåíäó= Ü~îÉ= Çá~ÄÉíÉë= ~åÇ= PNU= ãáääáçå= ~Çìäíë= ïáíÜ=
áãé~áêÉÇ=ÖäìÅçëÉ=íçäÉê~åÅÉKU=

=
Figure:	Top	ten	countries/territories	for	number	of	adults	with	diabetes.8	

Type 1 diabetes 
qÜÉ= áåÅáÇÉåÅÉ= çÑ= íóéÉ= N= Çá~ÄÉíÉë= áë= ~äëç= áåÅêÉ~ëáåÖI= ëìÅÜ=
íÜ~í= ÄÉíïÉÉå= NVSM= ~åÇ= NVVSI= PB= ãçêÉ= ÅÜáäÇêÉå= ïÉêÉ=
Çá~ÖåçëÉÇ=ïçêäÇïáÇÉ=É~ÅÜ=óÉ~êKN=

qóéÉ= N= Çá~ÄÉíÉë= áë= ÖÉåÉê~ääó= ãçêÉ= Åçããçå= áå= ÅçìåíêáÉë=
ÅäçëÉê= íç= íÜÉ= éçä~ê= êÉÖáçåëKN= cáåä~åÇ= ~åÇ= çíÜÉê= kçêíÜÉêå=
bìêçéÉ~å= ÅçìåíêáÉë= Ü~îÉ= íÜÉ= ÜáÖÜÉëí= ê~íÉë= çÑ= íóéÉ= N=
Çá~ÄÉíÉëKR=cáåä~åÇI=Ñçê=áåëí~åÅÉI=Ü~ë=íÜÉ=ÜáÖÜÉëí=ê~íÉ=çÑ=íóéÉ=
N= Çá~Öåçëáë= éÉê= óÉ~ê= ~í= ~êçìåÇ= QM= éÉê= NMM= MMM= çÑ= íÜÉ=
éçéìä~íáçåI=ïÜÉêÉ~ë=áå=`Üáå~=íÜÉ=áåÅáÇÉåÅÉ=áë=çåäó=MKN=éÉê=
NMM=MMM=çÑ=íÜÉ=éçéìä~íáçåKN=
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1 China  109.6 million 

India  69.2 million 

United States of America  29.3 million 

Brazil  14.3 million 

Russian Federation  12.1 million 

Mexico  11.5 million 

Indonesia  10.0 million 

Egypt  7.8 million 

Japan  7.2 million 

Bangladesh  7.1 million 
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=

qóéÉ=N=Çá~ÄÉíÉë=áë=ãçëí=Åçããçå=áå=`~ìÅ~ëá~åë=~åÇ=ãçêÉ=
éÉçéäÉ=~êÉ=Çá~ÖåçëÉÇ=áå=íÜÉ=ïáåíÉê=ãçåíÜëKN=

qóéÉ= N= Çá~ÄÉíÉë= áë= ~= ÇáëÉ~ëÉ= çÑ= áåëìäáå= ÇÉÑáÅáÉåÅó= ~åÇ= áë=
ëìÄÇáîáÇÉÇ= áåíç= íóéÉ= N^= EáããìåÉãÉÇá~íÉÇF= ~åÇ= íóéÉ= N_=
EåçåJáããìåÉJãÉÇá~íÉÇFK= qÜÉ= ÖêÉ~í= ã~àçêáíó= çÑ= íÜçëÉ=
~ÑÑÉÅíÉÇI= ÉëéÉÅá~ääó= áå= tÉëíÉêå= ÅçìåíêáÉëI= Ü~îÉ= íóéÉ= N^=
ÇáëÉ~ëÉKR=

få=bìêçéÉI= íÜÉ=~ååì~ä= áåÅêÉ~ëÉ= áå= íÜÉ= áåÅáÇÉåÅÉ=çÑ= íóéÉ=N=
Çá~ÄÉíÉë= áë= çÑ= íÜÉ= çêÇÉê= çÑ= OÓPBI= ~åÇ= áë= ãçëí= ã~êâÉÇ= áå=
ÅÜáäÇêÉå=ìåÇÉê=íÜÉ=~ÖÉ=çÑ=R=óÉ~êëK=qÜÉ=fac=Éëíáã~íÉÇ=áå=OMNP=
íÜ~í= MKR= ãáääáçå= ÅÜáäÇêÉå= ~ÖÉÇ= MÓ= NQ= óÉ~êë= ~êÉ= ÅìêêÉåíäó=
~ÑÑÉÅíÉÇ= Äó= Çá~ÄÉíÉëI= ~åÇ= íÜÉ= ÑáÖìêÉ= áë= áåÅêÉ~ëáåÖ= Äó= PB=
~ååì~ääóKR=

=

Figure:	Estimated	new	cases	of	type	1	diabetes	(<	15	years)	per	100,000	
children	per	year,	2015.		
From	International	Diabetes	Federation.	IDF	Diabetes	Atlas,	7th	edn.	
Brussels:	International	Diabetes	Federation;	2015	
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=

Type 2 diabetes 
qÜÉ=ÖäçÄ~ä=é~åÇÉãáÅ=çÑ=Çá~ÄÉíÉë=éêáåÅáé~ääó=áåîçäîÉë=íóéÉ=O=
Çá~ÄÉíÉëK= qÜÉ= éêÉî~äÉåÅÉ= çÑ= ïÜáÅÜ= î~êáÉë= ÅçåëáÇÉê~Ääó=
~êçìåÇ= íÜÉ= ïçêäÇI= ÄÉáåÖ= ~ëëçÅá~íÉÇ= ïáíÜ= ÇáÑÑÉêÉåÅÉë= áå=
ÖÉåÉíáÅ= ~ë= ïÉää= ~ë= ÉåîáêçåãÉåí~ä= Ñ~Åíçêë= ëìÅÜ= ~ë= ÖêÉ~íÉê=
äçåÖÉîáíóI= çÄÉëáíóI= ìåë~íáëÑ~Åíçêó= ÇáÉíI= ëÉÇÉåí~êó= äáÑÉëíóäÉI=
áåÅêÉ~ëáåÖ=ìêÄ~åáò~íáçåI=ÉÅçåçãáÅ=ÇÉîÉäçéãÉåíN=~åÇ=~äëç=
ÄÉÅ~ìëÉ=çÑ=ÄÉííÉê=Çá~ÖåçëáëKQ=qÜÉ=fac=Éëíáã~íÉë=íÜÉ=ÖäçÄ~ä=
äáÑÉíáãÉ=êáëâ=çÑ=Çá~ÄÉíÉë=~í=OMBI=ïáíÜ=íÜÉ=ÜáÖÜÉëí=ê~íÉë=~åÇ=
ãçëí=ê~éáÇ=áåÅêÉ~ëÉ=áå=íÜÉ=jáÇÇäÉ=b~ëíI=pçìíÜJÉ~ëí=^ëá~=~åÇ=
íÜÉ=tÉëíÉêå=m~ÅáÑáÅKR=

^= éêçåçìåÅÉÇ= êáëÉ= áå= íÜÉ= éêÉî~äÉåÅÉ= çÑ= íóéÉ= O= Çá~ÄÉíÉë=
çÅÅìêë=áå=ãáÖê~åí=éçéìä~íáçåë=íç=áåÇìëíêá~äáëÉÇ=ÅçìåíêáÉëI=
~ë= áå=^ëá~å=~åÇ=^ÑêçJ=`~êáÄÄÉ~å= áããáÖê~åíë= íç= íÜÉ=rh=çê=
rp^KN= qÜÉêÉ= ~êÉ= ëçãÉíáãÉë= OÓPJÑçäÇ= ÇáÑÑÉêÉåÅÉë= áå=
éêÉî~äÉåÅÉ= ÄÉíïÉÉå= éçéìä~íáçåë= Ñêçã= ÇáÑÑÉêÉåí= ÉíÜåáÅ=
Ä~ÅâÖêçìåÇë=ïÜç=ëÜ~êÉ=íÜÉ=ë~ãÉ=ÉåîáêçåãÉåíKR=

qóéÉ= O= Çá~ÄÉíÉë= áë= åçï= ÄÉáåÖ= çÄëÉêîÉÇ= áå= ÅÜáäÇêÉå= ~åÇ=
~ÇçäÉëÅÉåíëI= é~êíáÅìä~êäó= áå= ëçãÉ= ÉíÜåáÅ= ÖêçìéëI= ëìÅÜ= ~ë=
eáëé~åáÅë=~åÇ=^ÑêçJ^ãÉêáÅ~åëK==

=

Figure:	Prevalence	(%)	of	diabetes	in	those	aged	20–79	years,	2011,	based	
on	estimates	from	the	International	Diabetes	Federation.	

 

 
Figure:	Prevalence	of	diabetes	in	south-east	Asia.8	
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2 Functional Anatomy 
The Pancreas  
=

qÜÉ= é~åÅêÉ~ë= Eé~åJïÜçäÉI= ÅêÉ~ëJÑäÉëÜF= áë= ~= ëçÑí= äçÄìä~íÉÇ=
Öä~åÇ;=äáÉë=íê~åëîÉêëÉäó=~Åêçëë=íÜÉ=éçëíÉêáçê=~ÄÇçãáå~ä=ï~ääI=
ÄÉÜáåÇ=íÜÉ=éÉêáíçåÉìãK==

Extension  
qÜáë=ÖêÉóáëÜJéáåâ=Öä~åÇ=ÉñíÉåÇë=Ñêçã=íÜÉ=ÅçåÅ~îáíó=çÑ=íÜÉ=
ÇìçÇÉåìã=Eçå=íÜÉ=êáÖÜíF=íç=íÜÉ=Üáäìã=çÑ=íÜÉ=ëéäÉÉå=Eçå=íÜÉ=
äÉÑíFK==

Situation  
qÜÉ=é~åÅêÉ~ë=äáÉë=éçëíÉêáçê=íç=íÜÉ=ÖêÉ~íÉê=Åìêî~íìêÉ=çÑ=íÜÉ=
ëíçã~ÅÜI=~í=íÜÉ=ÉéáÖ~ëíêáÅ=~åÇ=äÉÑí=ÜóéçÅÜçåÇêá~Å=êÉÖáçåëK==

EsÉêíÉÄê~ä=äÉîÉäF==
• eÉ~Ç=äáÉë=çééçëáíÉ=íÜÉ=iN=~åÇ=iO=îÉêíÉÄê~ÉK==
• q~áä=äáÉë=çééçëáíÉ=íÜÉ=äçïÉê=ÄçêÇÉê=çÑ=qNO=îÉêíÉÄê~K==

Size and shape  
qÜÉ=é~åÅêÉ~ë=áë=gJëÜ~éÉÇ=çê=êÉíçêíJëÜ~éÉÇK=fíë=äÉåÖíÜ=î~êáÉë=
Ñêçã=NO=íç=NR=ÅãI=íÜáÅâåÉëë=Ñêçã=NKR=íç=O=ÅãI=~åÇ=áíë=ÄêÉ~ÇíÜ=
Ñêçã=P=íç=Q=ÅãK=fíë=ïÉáÖÜí=áë=~Äçìí=UM=íç=VM=ÖãK==

Type of gland  
fí=áë=~=ãáñÉÇ=çê=ÇçìÄäÉ=Öä~åÇI=ÄÉÅ~ìëÉI=áí=áë=é~êíäó=ÉñçÅêáåÉ=
~åÇ=é~êíäó=ÉåÇçÅêáåÉK==

fíë= ÉñçÅêáåÉ= éçêíáçå= ëÉÅêÉíÉë= é~åÅêÉ~íáÅ= àìáÅÉ= EÅçåí~áåáåÖ=
ÉåòóãÉë= Å~é~ÄäÉ= çÑ= ÜóÇêçäóòáåÖ= Å~êÄçÜóÇê~íÉëI= éêçíÉáåëI=
~åÇ=Ñ~íëF=~åÇ=íÜÉ=ÉåÇçÅêáåÉ=éçêíáçå=EáëäÉíë=çÑ=i~åÖÉêÜ~åëF=
ëÉÅêÉíÉë=ÜçêãçåÉë=EëìÅÜ=~ë=áåëìäáå=~åÇ=ÖäìÅ~ÖçåFK==

Presenting parts  
cêçã=êáÖÜí=íç=äÉÑíI=íÜÉ=é~åÅêÉ~ë=áë=ÇáîáÇÉÇ=áåíç=~=ÜÉ~ÇI=åÉÅâI=
ÄçÇóI=~åÇ=í~áäK=

Pancreatic ducts  
NK j~áå= ÇìÅí= EçÑ= táêëìåÖFW= fí= çéÉåë= ~í= íÜÉ= ã~àçê=

ÇìçÇÉå~ä=é~éáää~=çÑ=ÇìçÇÉåìã=~ÑíÉê= àçáåáåÖ=ïáíÜ=
íÜÉ=ÄáäÉ=ÇìÅí=Eáå=ãçëí=éÉçéäÉF=ÑçêãáåÖ=íÜÉ=ÜÉé~íçJ
é~åÅêÉ~íáÅ=~ãéìää~=çê=~ãéìää~=çÑ=s~íÉêK==

- qÜÉ=ã~áå=ÇìÅí=êÉÅÉáîÉë= áå= áíë=ÅçìêëÉ=~=åìãÄÉê=çÑ=
ëã~ääÉê=ÇìÅíë=EÑêçã=î~êáçìë=äçÄìäÉë=ÅçãéçëáåÖ=íÜÉ=
Öä~åÇFI= ïÜáÅÜ= àçáå= áí= ~í= êáÖÜí= ~åÖäÉëI= êÉëÉãÄäáåÖ=
eÉêêáåÖ=ÄçåÉ=é~ííÉêåK=

OK ^ÅÅÉëëçêó= ÇìÅí= EçÑ= p~åíçêáåáFW= EïÜÉå= éêÉëÉåíëF= fí=
ÉãéíáÉë= áåíç= íÜÉ=ÇìçÇÉåìãI=~Äçìí=OKR=Åã=~ÄçîÉ=
íÜÉ=ã~áå=ÇìÅí=çå=íÜÉ=ãáåçê=ÇìçÇÉå~ä=é~éáää~K==

qÜÉëÉ=ÇìÅíë=ÅçåîÉó=íÜÉ=é~åÅêÉ~íáÅ=ëÉÅêÉíáçå=íç=íÜÉ=OåÇ=é~êí=
çÑ=íÜÉ=ÇìçÇÉåìãK==

=

=
Figure:	Pancreatic	structure.1,	21		
=
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 Histological structure 
=

qÜÉ=é~åÅêÉ~ë=êÉëÉãÄäÉë=íÜÉ=ë~äáî~êó=Öä~åÇë=áå=ëíêìÅíìêÉK=fí=
áë= ÅçãéçëÉÇ= çÑ= íïç=ã~àçê= íóéÉë= çÑ= íáëëìÉëI= ENF= íÜÉ= ~ÅáåáI=
ïÜáÅÜ=ëÉÅêÉíÉ=ÇáÖÉëíáîÉ=àìáÅÉë=áåíç=íÜÉ=ÇìçÇÉåìãI=~åÇ=EOF=
íÜÉ= áëäÉíë= çÑ= i~åÖÉêÜ~åëI= ïÜáÅÜ= ëÉÅêÉíÉ= áåëìäáå= ~åÇ=
ÖäìÅ~Öçå=ÇáêÉÅíäó=áåíç=íÜÉ=ÄäççÇKO=

Capsule  
qÜÉ=é~åÅêÉ~ë=áë=ëìêêçìåÇÉÇ=Äó=~=íÜáå=Å~éëìäÉ=çÑ=ÅçååÉÅíáîÉ=
íáëëìÉ=íÜ~í=ëÉåÇë=ëÉéí~=áåíç=áíë=ëìÄëí~åÅÉëI=ïÜáÅÜ=ëìÄÇáîáÇÉ=
íÜÉ=Öä~åÇ=áåíç=äçÄìäÉëK==

Exocrine pancreas  
qÜÉ= ÉñçÅêáåÉ= é~åÅêÉ~ë= áë= Åä~ëëáÑáÉÇ= ~ë= ~= ÅçãéçìåÇ=
íìÄìäç~Åáåçìë= Öä~åÇK= qÜÉ= Öä~åÇìä~ê= ÉéáíÜÉäá~ä= ÅÉääë= íÜ~í=
ëóåíÜÉëáòÉ= ÇáÖÉëíáîÉ= ÉåòóãÉë= ~êÉ= ~êê~åÖÉÇ= áå= Öê~éÉJäáâÉ=
ÅäìëíÉêë=Å~ääÉÇ=~Åáåá=çê=~äîÉçäáK=b~ÅÜ=~Åáåìë=áë=ÅçãéçëÉÇ=çÑ=
ëÉîÉê~ä= ëÉêçìë= ÅÉääë= EÅçäìãå~ê= áå= ëÜ~éÉF= ëìêêçìåÇáåÖ= ~=
äìãÉåK==

Endocrine pancreas  
`çãéçëÉÇ=çÑ=åìãÉêçìë=áëäÉíë=çÑ=i~åÖÉêÜ~åë=ENÓO=ãáääáçåFK=
qÜÉó= ~ééÉ~ê= ~ë= êçìåÇÉÇ= ÅäìëíÉê= çÑ= ÅÉääë= ïÜáÅÜ= ~êÉ=
ÉãÄÉÇÇÉÇ=ïáíÜáå=íÜÉ=ÉñçÅêáåÉ=é~åÅêÉ~íáÅ=íáëëìÉK==
fëäÉíë=Åçåí~áå=ëÉîÉê~ä=ÇáÑÑÉêÉåí=ÉåÇçÅêáåÉ=ÅÉää=íóéÉëK==

• ÄÉí~=ÅÉääë=EéêçÇìÅÉ=áåëìäáå=~åÇ=~ãóäáåOF=SMBK=
• ~äéÜ~=ÅÉääë=EéêçÇìÅÉ=ÖäìÅ~ÖçåF=ORBK=
• ÇÉäí~=ÅÉää=EëÉÅêÉíÉ=ëçã~íçëí~íáåF=NMB=~åÇ==
• m=ÅÉääë=EëÉÅêÉíÉ=é~åÅêÉ~íáÅ=éçäóéÉéíáÇÉFK==

qÜÉ=ÅäçëÉ=áåíÉêêÉä~íáçåë=~ãçåÖ=íÜÉëÉ=ÅÉää=íóéÉë=áå=íÜÉ=áëäÉíë=
çÑ=i~åÖÉêÜ~åë=~ääçï=ÅÉääJíçJÅÉää=ÅçããìåáÅ~íáçå=~åÇ=ÇáêÉÅí=
Åçåíêçä=çÑ=ëÉÅêÉíáçå=çÑ=ëçãÉ=çÑ=íÜÉ=ÜçêãçåÉë=Äó=íÜÉ=çíÜÉê=
ÜçêãçåÉëK= cçê= áåëí~åÅÉI= áåëìäáå= áåÜáÄáíë= ÖäìÅ~Öçå=
ëÉÅêÉíáçåI= ~ãóäáå= áåÜáÄáíë= áåëìäáå= ëÉÅêÉíáçåI= ~åÇ=
ëçã~íçëí~íáå= áåÜáÄáíë= íÜÉ= ëÉÅêÉíáçå= çÑ= ÄçíÜ= áåëìäáå= ~åÇ=
ÖäìÅ~ÖçåKO=

 
Figure:	Physiological	anatomy	of	an	islet	of	Langerhans	in	the	pancreas.2	

 

 Functions 

Exocrine portion:  
qÜÉ=é~åÅêÉ~ë=éêçÇìÅÉë=NOMM=Ó=NRMM=ãi=çÑ=é~åÅêÉ~íáÅ=àìáÅÉ=
Eée= TKN= Ó= UKOF= éÉê= Ç~óI= ÅçåëáëíáåÖ= ãçëíäó= çÑ= ï~íÉêI=
ÄáÅ~êÄçå~íÉ=áçåëI=~åÇ=ëÉîÉê~ä=ÇáÖÉëíáîÉ=ÉåòóãÉëK=båòóãÉë=
áå=é~åÅêÉ~íáÅ=àìáÅÉW==

NK mêçíÉçäóíáÅ= ÉåòóãÉë= J= qêóéëáåçÖÉåI=
ÅÜóãçíêóéëáåçÖÉåI= éêçÅ~êÄçñóéÉéíáÇ~ëÉI= ~åÇ=
Éä~ëí~ëÉK==

OK `~êÄçÜóÇê~íÉ= ëéäáííáåÖ= ÉåòóãÉë= J= m~åÅêÉ~íáÅ=
~ãóä~ëÉK==

PK c~í= ëéäáííáåÖ= ÉåòóãÉë= J= iáé~ëÉI= éÜçëéÜçäáé~ëÉI=
ÅÜçäÉëíÉêçä=ÉëíÉê~ëÉK==

Endocrine portion:  
NK fåëìäáå=J=fåëìäáå=áë=~å~ÄçäáÅI=áåÅêÉ~ëáåÖ=íÜÉ=ëíçê~ÖÉ=

çÑ=ÖäìÅçëÉ=EäçïÉêë=ÄäççÇ=ÖäìÅçëÉ=äÉîÉäFI=Ñ~ííó=~ÅáÇëI=
~åÇ=~ãáåç=~ÅáÇëKP=

OK däìÅ~Öçå= J= däìÅ~Öçå= áë= Å~í~ÄçäáÅI= ãçÄáäáòáåÖ=
ÖäìÅçëÉ=Eê~áëÉë=ÄäççÇ=ÖäìÅçëÉ=äÉîÉä=Äó=~ÅÅÉäÉê~íáåÖ=
ÄêÉ~âÇçïå=çÑ= ÖäóÅçÖÉå= áåíç= ÖäìÅçëÉ= áå= íÜÉ= äáîÉêFI=
Ñ~ííó= ~ÅáÇëI= ~åÇ= íÜÉ= ~ãáåç= ~ÅáÇë= Ñêçã= ëíçêÉë= áåíç=
íÜÉ=ÄäççÇëíêÉ~ãKP=

PK pçã~íçëí~íáå=J=áåÜáÄáíë=ëÉÅêÉíáçå=çÑ=ÄçíÜ=ÖäìÅ~Öçå=
~åÇ=áåëìäáåK=

QK m~åÅêÉ~íáÅ= éçäóéÉéíáÇÉ= J= ëíáãìä~íÉë= ëÉÅêÉíáçå= çÑ=
Ö~ëíêáÅ=~åÇ=áåíÉëíáå~ä=ÉåòóãÉëK=

=

=

=

=

=

=

=

=

=

=

=

=

=

=
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=

3 Blood glucose  
homeostasis 
=

_äççÇ=ÖäìÅçëÉ=áë=íáÖÜíäó=êÉÖìä~íÉÇ=~åÇ=ã~áåí~áåÉÇ=ïáíÜáå=~=
å~êêçï=ê~åÖÉK=aÉëéáíÉ=íÜÉ=î~êóáåÖ=ÇÉã~åÇë=çÑ=ÑççÇI=Ñ~ëíáåÖ=
~åÇ=ÉñÉêÅáëÉ=áí=áë=ÅäçëÉäó=êÉÖìä~íÉÇ=áå=ÜÉ~äíÜ=~åÇ=ê~êÉäó=ëíê~ó=
çìíëáÇÉ=íÜÉ=ê~åÖÉ=çÑ=PKRÓUKM=ããçäLi=ESPÓNQQ=ãÖLÇiFKR=qÜáë=
áë=ÉëëÉåíá~ä=Ñçê=ÉåëìêáåÖ=~=Åçåíáåìçìë=ëìééäó=çÑ=ÖäìÅçëÉ=íç=
íÜÉ=ÅÉåíê~ä=åÉêîçìë=ëóëíÉãK=qÜÉ=éêáåÅáé~ä=çêÖ~å=çÑ=ÖäìÅçëÉ=
ÜçãÉçëí~ëáë=áë=íÜÉ=äáîÉêI=ïÜáÅÜ=~ÄëçêÄë=~åÇ=ëíçêÉë=ÖäìÅçëÉ=
E~ë= ÖäóÅçÖÉåF= áå= íÜÉ= éçëíJ~ÄëçêéíáîÉ= ëí~íÉ= ~åÇ= êÉäÉ~ëÉë= áí=
áåíç= íÜÉ= ÅáêÅìä~íáçå= ÄÉíïÉÉå= ãÉ~äë= íç= ã~íÅÜ= íÜÉ= ê~íÉ= çÑ=
ÖäìÅçëÉ=ìíáäáò~íáçå=Äó=éÉêáéÜÉê~ä=íáëëìÉëK=

däìÅçëÉ=ÜçãÉçëí~ëáë=áë=~ÅÜáÉîÉÇ=íÜêçìÖÜ=íÜÉ=ÅççêÇáå~íÉÇ=
~Åíáçåë= çÑ=ãìäíáéäÉ= çêÖ~åëI= Äìí=ã~áåäó= êÉÑäÉÅíë= ~= Ä~ä~åÅÉ=
ÄÉíïÉÉå=íÜÉ=Éåíêó=çÑ=ÖäìÅçëÉ=áåíç=íÜÉ=ÅáêÅìä~íáçå=Ñêçã=íÜÉ=
äáîÉêI= ëìééäÉãÉåíÉÇ= Äó= áåíÉëíáå~ä= ~Äëçêéíáçå= çÑ= ÖäìÅçëÉ=
~ÑíÉê=ãÉ~äëI=~åÇ=íÜÉ=ìéí~âÉ=çÑ=ÖäìÅçëÉ=Äó=éÉêáéÜÉê~ä=íáëëìÉëI=
é~êíáÅìä~êäó=ëâÉäÉí~ä=ãìëÅäÉ=~åÇ=Äê~áåKNIR=

 Glucose production5  
=
^Äçìí=OMM=Ö=çÑ=ÖäìÅçëÉ=áë=éêçÇìÅÉÇ=~åÇ=ìíáäáòÉÇ=É~ÅÜ=Ç~óK=
jçêÉ=íÜ~å=VMB=áë=ÇÉêáîÉÇ=Ñêçã=äáîÉê=ÖäóÅçÖÉå=~åÇ=ÜÉé~íáÅ=
ÖäìÅçåÉçÖÉåÉëáëI= ~åÇ= íÜÉ= êÉã~áåÇÉê= Ñêçã= êÉå~ä=
ÖäìÅçåÉçÖÉåÉëáëK==

 Glucose utilization5  
=
qÜÉ= Äê~áå= áë= íÜÉ= ã~àçê= ÅçåëìãÉê= çÑ= ÖäìÅçëÉK= fíë=
êÉèìáêÉãÉåí=áë=N=ãÖLâÖ=ÄçÇó=ïÉáÖÜí=éÉê=ãáåìíÉI=çê=NMM=Ö=
Ç~áäó= áå= ~= TM= âÖ= éÉêëçåK= däìÅçëÉ= ìéí~âÉ= Äó= íÜÉ= Äê~áå= áë=
çÄäáÖ~íçêó=~åÇ=áë=åçí=ÇÉéÉåÇÉåí=çå=áåëìäáåI=~åÇ=íÜÉ=ÖäìÅçëÉ=
ìëÉÇ=áë=çñáÇáòÉÇ=íç=Å~êÄçå=ÇáçñáÇÉ=~åÇ=ï~íÉêK==

qáëëìÉë= ëìÅÜ= ~ë= ãìëÅäÉ= ~åÇ= Ñ~í= Ü~îÉ= áåëìäáåJêÉëéçåëáîÉ=
ÖäìÅçëÉ= íê~åëéçêíÉêë= ~åÇ= ~ÄëçêÄ= ÖäìÅçëÉ= áå= êÉëéçåëÉ= íç=
éçëíéê~åÇá~ä=éÉ~âë=áå=ÖäìÅçëÉ=~åÇ=áåëìäáåK=^í=çíÜÉê=íáãÉëI=
ÉåÉêÖó= êÉèìáêÉãÉåíë= ~êÉ= ä~êÖÉäó= ãÉí= Äó= Ñ~ííóJ~ÅáÇ=
çñáÇ~íáçåK==

däìÅçëÉ= í~âÉå= ìé= Äó= ãìëÅäÉ= áë= ëíçêÉÇ= ~ë= ÖäóÅçÖÉå= çê=
ãÉí~ÄçäáòÉÇ=íç=ä~Åí~íÉ=çê=Å~êÄçå=ÇáçñáÇÉ=~åÇ=ï~íÉêK==

c~í= ìëÉë= ÖäìÅçëÉ= ~ë= ~= ëìÄëíê~íÉ= Ñçê= íêáÖäóÅÉêáÇÉ= ëóåíÜÉëáë;=
äáéçäóëáë=êÉäÉ~ëÉë=Ñ~ííó=~ÅáÇë=Ñêçã=íêáÖäóÅÉêáÇÉ=íçÖÉíÜÉê=ïáíÜ=
ÖäóÅÉêçäI=~=ëìÄëíê~íÉ=Ñçê=ÜÉé~íáÅ=ÖäìÅçåÉçÖÉåÉëáëK=

 Hormonal regulation1,5  
=
fåëìäáå=áë=íÜÉ=éêáã~êó=êÉÖìä~íçê=çÑ=ÖäìÅçëÉ=ãÉí~Äçäáëã=~åÇ=
ëíçê~ÖÉKN= fíë= ~Åíáçåë=ÇáÑÑÉê= áå= íÜÉ= Ñ~ëíáåÖ= ~åÇ=éçëíéê~åÇá~ä=
ëí~íÉëK==

=

Figure:	Fasting	and	postprandial	effects	of	insulin.	In	the	fasting	state,	
insulin	concentrations	are	low	and	it	acts	mainly	as	a	hepatic	hormone,	
modulating	glucose	production	(via	glycogenolysis	and	gluconeogenesis)	
from	the	liver.	Hepatic	glucose	production	rises	as	insulin	levels	fall.	In	the	
postprandial	state,	insulin	concentrations	are	high	and	it	then	suppresses	
glucose	production	from	the	liver	and	promotes	the	entry	of	glucose	into	
peripheral	tissues	(increased	glucose	utilization).5	

få= íÜÉ= Ñ~ëíáåÖ= ëí~íÉI= áíë=ã~áå= ~Åíáçå= áë= íç= êÉÖìä~íÉ= ÖäìÅçëÉ=
êÉäÉ~ëÉ= Äó= íÜÉ= äáîÉêI= ~åÇ= áå= íÜÉ= éçëíéê~åÇá~ä= ëí~íÉ= áí=
~ÇÇáíáçå~ääó=éêçãçíÉë=ÖäìÅçëÉ=ìéí~âÉ=Äó=Ñ~í=~åÇ=ãìëÅäÉK==
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=

Post-prandial state 
qÜÉ=éçëíJéê~åÇá~ä= êáëÉ= áå=éçêí~ä= îÉáå= áåëìäáå= ~åÇ=ÖäìÅçëÉI=
íçÖÉíÜÉê= ïáíÜ= ~= Ñ~ää= áå= éçêí~ä= ÖäìÅ~Öçå= ÅçåÅÉåíê~íáçåëI=
ëìééêÉëëÉë=ÜÉé~íáÅ= ÖäìÅçëÉ=éêçÇìÅíáçå= ~åÇ= êÉëìäíë= áå=åÉí=
ÜÉé~íáÅ= ÖäìÅçëÉ= ìéí~âÉK= aÉéÉåÇáåÖ= çå= íÜÉ= ëáòÉ= çÑ= íÜÉ=
Å~êÄçÜóÇê~íÉ= äç~ÇI= ~êçìåÇ= çåÉJèì~êíÉê= íç= çåÉJíÜáêÇ= çÑ=
áåÖÉëíÉÇ=ÖäìÅçëÉ=áë=í~âÉå=ìé=áå=íÜÉ=äáîÉêK=få=~ÇÇáíáçåI=áåëìäáå=
ëíáãìä~íÉë= ÖäìÅçëÉ= ìéí~âÉ= áå= ëâÉäÉí~ä= ãìëÅäÉ= ~åÇ= Ñ~íI=
ãÉÇá~íÉÇ=Äó=íÜÉ=ÖäìÅçëÉ=íê~åëéçêíÉêI=dirq=QK==

qÜ~í= áë=~ÑíÉê= áåÖÉëíáçå=çÑ=~=ãÉ~ä=Åçåí~áåáåÖ=Å~êÄçÜóÇê~íÉI=
åçêã~ä=ÄäççÇ=ÖäìÅçëÉ=äÉîÉäë=~êÉ=ã~áåí~áåÉÇ=ÄóW==

NK ëìééêÉëëáçå=çÑ=ÜÉé~íáÅ=ÖäìÅçëÉ=éêçÇìÅíáçå==
OK ëíáãìä~íáçå=çÑ=ÜÉé~íáÅ=ÖäìÅçëÉ=ìéí~âÉ=
PK ëíáãìä~íáçå= çÑ= ÖäìÅçëÉ= ìéí~âÉ= Äó= éÉêáéÜÉê~ä=

íáëëìÉëK==

Fasting state 
tÜÉå= áåíÉëíáå~ä= ÖäìÅçëÉ= ~Äëçêéíáçå= ÇÉÅäáåÉë= ÄÉíïÉÉå=
ãÉ~äëI=éçêí~ä= îÉáå= áåëìäáå=~åÇ=ÖäìÅçëÉ=ÅçåÅÉåíê~íáçåë= Ñ~ää=
ïÜáäÉ=ÖäìÅ~Öçå=äÉîÉäë=êáëÉK=qÜáë= äÉ~Çë=íç=áåÅêÉ~ëÉÇ=ÜÉé~íáÅ=
ÖäìÅçëÉ= çìíéìí= îá~= ÖäìÅçåÉçÖÉåÉëáë= ~åÇ= ÖäóÅçÖÉå=
ÄêÉ~âÇçïåK=qÜÉ=äáîÉê=åçï=êÉëìãÉë=åÉí=ÖäìÅçëÉ=éêçÇìÅíáçå=
~åÇ=ÖäìÅçëÉ=ÜçãÉçëí~ëáë=áë=ã~áåí~áåÉÇK==

qÜÉ= ÉÑÑÉÅí= çÑ= ÅçìåíÉêJêÉÖìä~íçêó= ÜçêãçåÉë= EÖäìÅ~ÖçåI=
~ÇêÉå~äáåÉ=EÉéáåÉéÜêáåÉFI=Åçêíáëçä=~åÇ=ÖêçïíÜ=ÜçêãçåÉF=áë=
íç=áåÅêÉ~ëÉ=ÖäìÅçëÉ=éêçÇìÅíáçå=Äó=íÜÉ=äáîÉê=~åÇ=êÉÇìÅÉ=áíë=
ìíáäáò~íáçå=áå=Ñ~í=~åÇ=ãìëÅäÉ=Ñçê=~=ÖáîÉå=äÉîÉä=çÑ=áåëìäáåK=qÜÉ=
ã~áå= ëìÄëíê~íÉë= Ñçê= ÖäìÅçåÉçÖÉåÉëáë= ~êÉ= ÖäóÅÉêçä= ~åÇ=
~ãáåç=~ÅáÇëK=

=
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4 Insulin 
Chemistry and secretion 
=

fåëìäáå=ï~ë=ÇáëÅçîÉêÉÇ=áå=NVON=~åÇ=áëçä~íÉÇ=Ñêçã=íÜÉ=é~åÅêÉ~ë=áå=NVOO=Äó=_~åíáåÖ=~åÇ=_ÉëíK=fí=íê~åëÑçêãÉÇ=íÜÉ=ã~å~ÖÉãÉåí=çÑ=
íóéÉ=N=Çá~ÄÉíÉëI=ìåíáä=íÜÉå=~=Ñ~í~ä=ÇáëçêÇÉêK=eáëíçêáÅ~ääóI=áåëìäáå=Ü~ë=ÄÉÉå=~ëëçÅá~íÉÇ=ïáíÜ=“ÄäççÇ=ëìÖ~êIÒK=eçïÉîÉêI=áåëìäáå=~ÑÑÉÅíë=
Ñ~í=~åÇ=éêçíÉáå=ãÉí~Äçäáëã=~äãçëí=~ë=ãìÅÜ=~ë=áí=~ÑÑÉÅíë=Å~êÄçÜóÇê~íÉ=ãÉí~ÄçäáëãK=fåëìäáå=ëÉÅêÉíáçå=áë=~ëëçÅá~íÉÇ=ïáíÜ=ÉåÉêÖó=
~ÄìåÇ~åÅÉK=tÜÉå= ~= éÉêëçåÛë= ÇáÉí= áåÅäìÇÉë= ~= ÖêÉ~í= ~ÄìåÇ~åÅÉ= çÑ= ÑççÇë= íÜ~í= éêçîáÇÉ= ÉåÉêÖóI= ÉëéÉÅá~ääó= ÉñÅÉëë= ~ãçìåíë= çÑ=
Å~êÄçÜóÇê~íÉëI=áåëìäáå=ëÉÅêÉíáçå=áåÅêÉ~ëÉëKNIO=

=

 
Insulin chemistry and 
synthesis 

=
fåëìäáå=áë=~=ëã~ää=éêçíÉáåI=ÅçÇÉÇ=Ñçê=çå=ÅÜêçãçëçãÉ=NN=~åÇ=
ëóåíÜÉëáòÉÇ=áå=íÜÉ=β=ÅÉääë=çÑ=íÜÉ=é~åÅêÉ~íáÅ=áëäÉíëKOIR=eìã~å=
áåëìäáå= áë= ÅçãéçëÉÇ= çÑ= íïç= ~ãáåç= ~ÅáÇ= ÅÜ~áåëI= íÜ~í= ~êÉ=
ÅçååÉÅíÉÇ= íç= É~ÅÜ= çíÜÉê= Äó= ÇáëìäÑáÇÉ= äáåâ~ÖÉëK=tÜÉå= íÜÉ=
ÅÜ~áåë=~êÉ=ëéäáí=~é~êíI=íÜÉ=ÑìåÅíáçå~ä=~Åíáîáíó=çÑ=íÜÉ=áåëìäáå=
ãçäÉÅìäÉ=áë=äçëíK==

=
Figure:	Insulin	secretion	in	part	of	a	beta	cell.5		

=

=

=

Figure:	A	schematic	of	the	human	proinsulin	molecule,	which	is	cleaved	in	
the	Golgi	apparatus	of	the	pancreatic	beta	cells	to	form	connecting	
peptide	(C	peptide),	and	insulin,	which	is	composed	of	the	A	and	B	chains	
connected	by	disulfide	bonds.	The	C	peptide	and	insulin	are	packaged	in	
granules	and	secreted	in	equimolar	amounts,	along	with	a	small	amount	
of	proinsulin.2	
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 Mechanism of insulin secretion2,5 
=

=

Figure:	Mechanism	of	insulin	secretion.5	
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^=ëáãéäáÑáÉÇ=ÑáÖìêÉ=çÑ=íÜÉ=ëÉÅêÉíáçå=éêçÅÉëëW=

=
Figure:	The	basic	mechanisms	of	glucose	stimulation	of	insulin	secretion	
by	beta	cells	of	the	pancreas.	GLUT,	glucose	transporter.2	
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Control of insulin 
secretion1,2 
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 The incretin effect 
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=
Figure:	The	incretin	effect	describes	the	observation	that	insulin	secretion	
is	greater	when	glucose	is	given	by	mouth	than	when	glucose	is	
administered	intravenously	to	achieve	the	same	rise	in	blood	glucose	
concentrations.	The	additional	stimulus	to	insulin	secretion	is	mediated	by	
release	of	peptides	from	the	gut	and	these	actions	are	exploited	in	
incretin-based	therapies.1	
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Increased blood glucose 
stimulates insulin secretion 
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=
Figure:	An	increase	in	plasma	insulin	concentration	after	a	sudden	
increase	in	blood	glucose	to	two	to	three	times	the	normal	range.	Note	an	
initial	rapid	surge	in	insulin	concentration	and	then	a	delayed	but	higher	
and	continuing	increase	in	concentration	beginning	15	to	20	minutes	
later.2	

=

 Insulin secretion rate 
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Figure:	Approximate	insulin	secretion	at	different	plasma	glucose	levels.2	
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áåëìäáå=ëÉÅêÉíáçåI=~åÇ=íÜÉ=áåëìäáå=áå=íìêå=áåÅêÉ~ëÉë=íÜÉ=ê~íÉ=
çÑ= íê~åëéçêí=çÑ=ÖäìÅçëÉ= áåíç= äáîÉêI=ãìëÅäÉI=~åÇ=çíÜÉê=ÅÉääëI=
íÜÉêÉÄó=êÉÇìÅáåÖ=ÄäççÇ=ÖäìÅçëÉ=ÅçåÅÉåíê~íáçå=Ä~Åâ=íçï~êÇ=
íÜÉ=åçêã~ä=î~äìÉK=

=

 Circulation2,5 
=
^ÑíÉê=ëÉÅêÉíáçåI=áåëìäáå=ÉåíÉêë=íÜÉ=éçêí~ä=ÅáêÅìä~íáçå=~åÇ=áë=
Å~êêáÉÇ=íç=íÜÉ=äáîÉêI=áíë=éêáãÉ=í~êÖÉí=çêÖ~åKR=tÜÉå=áåëìäáå=áë=
ëÉÅêÉíÉÇ= áåíç= íÜÉ=ÄäççÇI= áí=ÅáêÅìä~íÉë=~äãçëí=ÉåíáêÉäó= áå=~å=
ìåÄçìåÇ=ÑçêãK=fí=Ü~ë=~=éä~ëã~=Ü~äÑJäáÑÉ=íÜ~í=~îÉê~ÖÉë=çåäó=
~Äçìí=S=ãáåìíÉë=~åÇ=ÅäÉ~êÉÇ=Ñêçã=íÜÉ=ÅáêÅìä~íáçå=ïáíÜáå=NM=
íç=NR=ãáåìíÉëK=

bñÅÉéí= Ñçê= íÜÉ= éçêíáçå= çÑ= íÜÉ= áåëìäáå= íÜ~í= ÅçãÄáåÉë= ïáíÜ=
êÉÅÉéíçêë=áå=íÜÉ=í~êÖÉí=ÅÉääëI=íÜÉ=áåëìäáå=áë=ÇÉÖê~ÇÉÇ=Äó=íÜÉ=
ÉåòóãÉ= áåëìäáå~ëÉ=ã~áåäó= áå= íÜÉ= äáîÉê= E~Äçìí= RMB= RFI= íç= ~=
äÉëëÉê= ÉñíÉåí= áå= íÜÉ= âáÇåÉóë= ~åÇ=ãìëÅäÉëI= ~åÇ= ëäáÖÜíäó= áå=
ãçëí=çíÜÉê=íáëëìÉëK==

qÜáë=ê~éáÇ=êÉãçî~ä=Ñêçã=íÜÉ=éä~ëã~=áë=áãéçêí~åí=ÄÉÅ~ìëÉI=
~í= íáãÉëI= áí= áë= ~ë= áãéçêí~åí= íç= ê~éáÇäó= íìêå=çÑÑ= íÜÉ= Åçåíêçä=
ÑìåÅíáçåë=çÑ=áåëìäáå=~ë=áí=áë=íç=íìêå=íÜÉã=çåK=

`JéÉéíáÇÉ=áë=çåäó=é~êíá~ääó=Éñíê~ÅíÉÇ=Äó=íÜÉ=äáîÉê=E~åÇ=ÜÉåÅÉ=
éêçîáÇÉë=~=ìëÉÑìä=áåÇÉñ=çÑ=íÜÉ=ê~íÉ=çÑ=áåëìäáå=ëÉÅêÉíáçåF=Äìí=
áë=ã~áåäó=ÇÉÖê~ÇÉÇ=Äó=íÜÉ=âáÇåÉóëK==

=

 Glucose transport 

=
`Éää=ãÉãÄê~åÉë=~êÉ=åçí=áåÜÉêÉåíäó=éÉêãÉ~ÄäÉ=íç=ÖäìÅçëÉK=^=
Ñ~ãáäó=çÑ=ëéÉÅá~äáòÉÇ=ÖäìÅçëÉ=íê~åëéçêíÉê=EdirqJNI=OI=PI=QF=
éêçíÉáåë=Å~êêó=ÖäìÅçëÉ=íÜêçìÖÜ=íÜÉ=ãÉãÄê~åÉ=áåíç=ÅÉääëK==

dirqJN= Éå~ÄäÉë= Ä~ë~ä= åçåJáåëìäáåJëíáãìä~íÉÇ= ÖäìÅçëÉ=
ìéí~âÉ=áåíç=ã~åó=ÅÉääëK=

dirqJO=íê~åëéçêíë=ÖäìÅçëÉ=áåíç=íÜÉ=β=ÅÉääI=~=éêÉêÉèìáëáíÉ=Ñçê=
ÖäìÅçëÉ=ëÉåëáåÖI=~åÇ=áë=~äëç=éêÉëÉåí=áå=íÜÉ=êÉå~ä=íìÄìäÉë=~åÇ=
ÜÉé~íçÅóíÉëK==
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=

=
Figure:	Transcellular	uptake	of	glucose	across	the	intestinal	epithelia.	
Glucose	is	co-transported	across	the	apical	membrane	with	sodium	ions	
by	the	sodium-dependent	glucose	transporter	(SGLT).	This	is	secondary	
active	transport,	as	the	sodium	is	travelling	down	its	electrochemical	
gradient.	The	sodium	gradient	is	maintained	by	the	primary	active	
transport	of	sodium	across	the	basolateral	membrane	by	the	Na+/K+	
ATPase	(thus	intracellular	Na+	is	kept	low).	Transcellular	transport	of	
glucose	is	achieved	by	facilitated	diffusion	across	the	basolateral	
membrane	as	glucose	is	moved	down	its	concentration	gradient	by	GLUT-
2.5	

dirqJP=Éå~ÄäÉë=åçåJáåëìäáåJãÉÇá~íÉÇ=ÖäìÅçëÉ=ìéí~âÉ=áåíç=
Äê~áå=åÉìêçåë=~åÇ=éä~ÅÉåí~K==

dirqJQ=ãÉÇá~íÉë=ãìÅÜ=çÑ=íÜÉ=éÉêáéÜÉê~ä=~Åíáçå=çÑ=áåëìäáåK=
fí= áë= íÜÉ= ÅÜ~ååÉä= íÜêçìÖÜ=ïÜáÅÜ= ÖäìÅçëÉ= áë= í~âÉå= ìé= áåíç=
ãìëÅäÉ=~åÇ=~ÇáéçëÉ=íáëëìÉ=ÅÉääë=ÑçääçïáåÖ=ëíáãìä~íáçå=çÑ=íÜÉ=
áåëìäáå=êÉÅÉéíçêK=

GLUT- 4 mediated peripheral action of insulin and the 
insulin receptor2,5 

=

qÜáë=áë=~=ÖäóÅçéêçíÉáå=EQMM=âa~FI=ÅçÇÉÇ=Ñçê=çå=íÜÉ=ëÜçêí=~êã=

çÑ=ÅÜêçãçëçãÉ=NVI=ïÜáÅÜ=ëíê~ÇÇäÉë=íÜÉ=ÅÉää=ãÉãÄê~åÉ=çÑ=
ã~åó=ÅÉääëK==

fí=Åçåëáëíë=çÑ=~=ÇáãÉê=ïáíÜ=íïç=αJ=ëìÄìåáíëI=ïÜáÅÜ=áåÅäìÇÉ=
íÜÉ= ÄáåÇáåÖ= ëáíÉë= Ñçê= áåëìäáåI= ~åÇ= íïç= βJëìÄìåáíëI= ïÜáÅÜ=
íê~îÉêëÉ=íÜÉ=ÅÉää=ãÉãÄê~åÉK=αJ=~åÇ=βJëìÄìåáíë=~êÉ=äáåâÉÇ=Äó=
ÇáëìäéÜáÇÉ=ÄêáÇÖÉë=Eíçé=êáÖÜíFK=qÜÉ=βJëìÄìåáíë=ëíê~ÇÇäÉ=íÜÉ=
ÅÉää=ãÉãÄê~åÉK=qÜÉ= íê~åëéçêíÉê=éêçíÉáå=dirqJQ= EÄçííçã=
äÉÑíF=áë=ëíçêÉÇ=áå=áåíê~ÅÉääìä~ê=îÉëáÅäÉëK=

tÜÉå= áåëìäáå= ÄáåÇë= íç= íÜÉ= αJëìÄìåáíëI= áí= áåÇìÅÉë= ~=
ÅçåÑçêã~íáçå~ä= ÅÜ~åÖÉ= áå= íÜÉ= βJëìÄìåáíë=
E~ìíçéÜçëéÜçêóä~íáçåFI= êÉëìäíáåÖ= áå= ~Åíáî~íáçå= çÑ= íóêçëáåÉ=
âáå~ëÉK= qÜÉ= êÉÅÉéíçê= íóêçëáåÉ= âáå~ëÉ= ~Åíáîáíó= ÄÉÖáåë= ~=
Å~ëÅ~ÇÉ=çÑ=ÅÉää=éÜçëéÜçêóä~íáçå=íÜ~í=áåÅêÉ~ëÉë=çê=ÇÉÅêÉ~ëÉë=
íÜÉ= ~Åíáîáíó= çÑ= ÉåòóãÉëI= áåÅäìÇáåÖ= áåëìäáå= êÉÅÉéíçê=
ëìÄëíê~íÉëI= íÜ~í= ãÉÇá~íÉ= íÜÉ= ÉÑÑÉÅíë= çå= ÖäìÅçëÉI= Ñ~íI= ~åÇ=
éêçíÉáå=ãÉí~ÄçäáëãK==

låÉ= ÅçåëÉèìÉåÅÉ= çÑ= íÜáë= áë= ãáÖê~íáçå= çÑ= íÜÉ= dirqJQJ
Åçåí~áåáåÖ= áåíê~ÅÉääìä~ê= îÉëáÅäÉ= íç= íÜÉ= ÅÉää= ëìêÑ~ÅÉ= ~åÇ=
áåÅêÉ~ëÉÇ=íê~åëéçêí=çÑ=ÖäìÅçëÉ=áåíç=íÜÉ=ÅÉääK==

qÜÉ= áåëìäáåJêÉÅÉéíçê= ÅçãéäÉñ= áë= íÜÉå= áåíÉêå~äáòÉÇ= Äó= íÜÉ=
ÅÉääI=áåëìäáå=áë=ÇÉÖê~ÇÉÇI=~åÇ=íÜÉ=êÉÅÉéíçê=áë=êÉÅóÅäÉÇ=íç=íÜÉ=
ÅÉää=ëìêÑ~ÅÉK=

páãéäáÑáÉÇ= ÑáÖìêÉ= çÑ= ~Åíáî~íáçå= çÑ= í~êÖÉí= ÅÉää= êÉÅÉéíçê= Äó=
áåëìäáåOÓ=

=
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5 Metabolic effects 
of insulin 
=

fåëìäáå=éä~óë=~å=áãéçêí~åí=êçäÉ=áå=ëíçêáåÖ=íÜÉ=ÉñÅÉëë=ÉåÉêÖóK=
få= íÜÉ= Å~ëÉ=çÑ= ÉñÅÉëë= Å~êÄçÜóÇê~íÉëI= áí= Å~ìëÉë= íÜÉã= íç=ÄÉ=
ëíçêÉÇ= ~ë= ÖäóÅçÖÉåI= ã~áåäó= áå= íÜÉ= äáîÉê= ~åÇ= ãìëÅäÉëK=
cìêíÜÉêãçêÉI=~ää= íÜÉ=ÉñÅÉëë=Å~êÄçÜóÇê~íÉë= íÜ~í=Å~ååçí=ÄÉ=
ëíçêÉÇ= ~ë= ÖäóÅçÖÉå= ~êÉ= ÅçåîÉêíÉÇ= ìåÇÉê= íÜÉ= ëíáãìäìë= çÑ=
áåëìäáå=áåíç=Ñ~íë=~åÇ=ëíçêÉÇ=áå=~ÇáéçëÉ=íáëëìÉK=få=íÜÉ=Å~ëÉ=çÑ=
éêçíÉáåëI=áåëìäáå=Ü~ë=~=ÇáêÉÅí=ÉÑÑÉÅí=áå=éêçãçíáåÖ=~ãáåç=~ÅáÇ=
ìéí~âÉ=Äó=ÅÉääë= ~åÇ=ÅçåîÉêëáçå=çÑ= íÜÉëÉ=~ãáåç=~ÅáÇë= áåíç=
éêçíÉáåK=få=~ÇÇáíáçåI= áí= áåÜáÄáíë=íÜÉ=ÄêÉ~âÇçïå=çÑ=éêçíÉáåë=
íÜ~í=~êÉ=~äêÉ~Çó=áå=íÜÉ=ÅÉääëK=

=

 
Effect in carbohydrate 
metabolism 

=
fããÉÇá~íÉäó=~ÑíÉê=~=ÜáÖÜJÅ~êÄçÜóÇê~íÉ=ãÉ~ä=áë=ÅçåëìãÉÇI=
ÖäìÅçëÉ= íÜ~í= áë= ~ÄëçêÄÉÇ= áåíç= íÜÉ= ÄäççÇ= Å~ìëÉë= ê~éáÇ=
ëÉÅêÉíáçå= çÑ= áåëìäáåI= ïÜáÅÜ= áå= íìêå= Å~ìëÉë= ê~éáÇ= ìéí~âÉI=
ëíçê~ÖÉI=~åÇ=ìëÉ=çÑ=ÖäìÅçëÉ=Äó=~äãçëí=~ää=íáëëìÉë=çÑ=íÜÉ=ÄçÇó=
Äìí=ÉëéÉÅá~ääó=Äó=íÜÉ=ãìëÅäÉëI=~ÇáéçëÉ=íáëëìÉI=~åÇ=äáîÉêK==

Muscles 
aìêáåÖ= ãìÅÜ= çÑ= íÜÉ= Ç~óI= ãìëÅäÉ= íáëëìÉ= ÇÉéÉåÇë= åçí= çå=
ÖäìÅçëÉ=Äìí=çå=Ñ~ííó=~ÅáÇë=Ñçê=áíë=ÉåÉêÖóK=j~áåäó=ÄÉÅ~ìëÉ=íÜÉ=
åçêã~ä= êÉëíáåÖ= ãìëÅäÉ= ãÉãÄê~åÉ= áë= çåäó= ëäáÖÜíäó=
éÉêãÉ~ÄäÉ= íç= ÖäìÅçëÉI= ÉñÅÉéí= ïÜÉå= íÜÉ= ãìëÅäÉ= ÑáÄÉê= áë=
ëíáãìä~íÉÇ= Äó= áåëìäáå;= ÄÉíïÉÉå= ãÉ~äëI= íÜÉ= ~ãçìåí= çÑ=
áåëìäáå=íÜ~í=áë=ëÉÅêÉíÉÇ=áë=íçç=ëã~ää=íç=éêçãçíÉ=ëáÖåáÑáÅ~åí=
~ãçìåíë=çÑ=ÖäìÅçëÉ=Éåíêó=áåíç=íÜÉ=ãìëÅäÉ=ÅÉääëK==

eçïÉîÉêI=ìåÇÉê= íïç= ÅçåÇáíáçåë= íÜÉ=ãìëÅäÉë=Çç=ìëÉ= ä~êÖÉ=
~ãçìåíë=çÑ=ÖäìÅçëÉK==

NK aìêáåÖ=ãçÇÉê~íÉ=çê=ÜÉ~îó=ÉñÉêÅáëÉK=qÜáë=ìë~ÖÉ=çÑ=
ÖäìÅçëÉ=ÇçÉë=åçí=êÉèìáêÉ=ä~êÖÉ=~ãçìåíë=çÑ=áåëìäáå=
ÄÉÅ~ìëÉ= ãìëÅäÉ= Åçåíê~Åíáçå= áåÅêÉ~ëÉë=
íê~åëäçÅ~íáçå= çÑ= ÖäìÅçëÉ= íê~åëéçêíÉê= Q= Edirq= QF=
Ñêçã= áåíê~ÅÉääìä~ê= ëíçê~ÖÉ= ÇÉéçíë= íç= íÜÉ= ÅÉää=
ãÉãÄê~åÉI=ïÜáÅÜI=áå=íìêåI=Ñ~Åáäáí~íÉë=ÇáÑÑìëáçå=çÑ=
ÖäìÅçëÉ=áåíç=íÜÉ=ÅÉääK==

OK aìêáåÖ=íÜÉ=ÑÉï=Üçìêë=~ÑíÉê=~=ãÉ~äK=^í=íÜáë=íáãÉ=íÜÉ=
ÄäççÇ= ÖäìÅçëÉ= ÅçåÅÉåíê~íáçå= áë= ÜáÖÜ= ~åÇ= íÜÉ=
é~åÅêÉ~ë=áë=ëÉÅêÉíáåÖ=ä~êÖÉ=èì~åíáíáÉë=çÑ=áåëìäáåK=

=
Figure:	The	effect	of	insulin	in	enhancing	the	concentration	of	glucose	
inside	muscle	cells.	The	lower	curve	labeled	“control”	shows	the	
concentration	of	free	glucose	measured	inside	the	cell,	demonstrating	
that	the	glucose	concentration	remained	almost	zero	despite	increased	
extracellular	glucose	concentration	up	to	as	high	as	750	mg/100	ml.	In	
contrast,	the	curve	labeled	“insulin”	demonstrates	that	the	intracellular	
glucose	concentration	rose	to	as	high	as	400	mg/100	ml	when	insulin	was	
added.	Thus,	it	is	clear	that	insulin	can	increase	the	rate	of	transport	of	
glucose	into	the	resting	muscle	cell	by	at	least	15-fold.2		

 

Increase Decrease

Carbohydrate metabolism
Glucose transport (muscle, 
adipose tissue)
Glucose phosphorylation
Glycogen synthesis
Glycolysis
Pyruvate dehydrogenase 
activity
Pentose phosphate  
shunt

Gluconeogenesis
Glycogenolysis

Lipid metabolism
Triglyceride synthesis
Fatty acid synthesis (liver)
Lipoprotein lipase activity 
(adipose tissue)

Lipolysis
Lipoprotein lipase (muscle)
Ketogenesis
Fatty acid oxidation (liver)

Protein metabolism
Amino acid transport
Protein synthesis

Protein degradation

 Metabolic actions of insulin1

0

400

Insulin

Control

300

200

100

0 900600300

In
tr

ac
el

lu
la

r g
lu

co
se

(m
g/

10
0 

m
l)

Extracellular glucose
(mg/100 ml)

12



Liver 
qÜÉ=äáîÉê=êÉãçîÉë=ÖäìÅçëÉ=Ñêçã=íÜÉ=ÄäççÇ=ïÜÉå=áí=áë=éêÉëÉåí=
áå=ÉñÅÉëë=~ÑíÉê=~=ãÉ~ä=~åÇ=êÉíìêåë=áí=íç=íÜÉ=ÄäççÇ=ïÜÉå=íÜÉ=
ÄäççÇ= ÖäìÅçëÉ= ÅçåÅÉåíê~íáçå= Ñ~ääë= ÄÉíïÉÉå=ãÉ~äëK= fåëìäáå=
Å~ìëÉë= ãçëí= çÑ= íÜÉ= ÖäìÅçëÉ= ~ÄëçêÄÉÇ= ~ÑíÉê= ~= ãÉ~ä= íç= ÄÉ=
ê~éáÇäó=ëíçêÉÇ=áå=íÜÉ=äáîÉê=áå=íÜÉ=Ñçêã=çÑ=ÖäóÅçÖÉåK==

qÜÉåI=ÄÉíïÉÉå=ãÉ~äëI=ïÜÉå= ÑççÇ= áë=åçí=~î~áä~ÄäÉ=~åÇ= íÜÉ=
ÄäççÇ= ÖäìÅçëÉ= ÅçåÅÉåíê~íáçå= ÄÉÖáåë= íç= Ñ~ääI= áåëìäáå=
ëÉÅêÉíáçå=ÇÉÅêÉ~ëÉë= ê~éáÇäó= ~åÇ= íÜÉ= äáîÉê= ÖäóÅçÖÉå= áë= ëéäáí=
Ä~Åâ=áåíç=ÖäìÅçëÉI=ïÜáÅÜ=áë=êÉäÉ~ëÉÇ=Ä~Åâ=áåíç=íÜÉ=ÄäççÇ=íç=
âÉÉé=íÜÉ=ÖäìÅçëÉ=ÅçåÅÉåíê~íáçå=Ñêçã=Ñ~ääáåÖ=íçç=äçïK==

Brain1,2 

jçëí=çÑ=íÜÉ=Äê~áå=ÅÉääë=~êÉ=éÉêãÉ~ÄäÉ=íç=ÖäìÅçëÉ=~åÇ=Å~å=ìëÉ=
ÖäìÅçëÉ= ïáíÜçìí= íÜÉ= áåíÉêãÉÇá~íáçå= çÑ= áåëìäáåK= qÜÉ= Äê~áå=
Ü~ë=äáííäÉ=Å~é~Åáíó=íç=ëíçêÉ=ÉåÉêÖó=áå=íÜÉ=Ñçêã=çÑ=ÖäóÅçÖÉå=çê=
íêáÖäóÅÉêáÇÉ= ~åÇ= íÜÉ= ÄäççÇÓÄê~áå= Ä~êêáÉê= áë= ä~êÖÉäó=
áãéÉêãÉ~ÄäÉ= íç= Ñ~ííó= ~ÅáÇëI= ëç= íÜÉ= Äê~áå= ÇÉéÉåÇë= çå= íÜÉ=
äáîÉê= Ñçê= ~= Åçåëí~åí= ëìééäó= çÑ= ÖäìÅçëÉ= Ñçê= çñáÇ~íáçå= ~åÇ=
ÜÉåÅÉ= ÖÉåÉê~íáçå= çÑ= ~ÇÉåçëáåÉ= íêáéÜçëéÜ~íÉ= E^qmFKN= qÜÉ=
Äê~áå= ÅÉääë= ìëÉ= çåäó= ÖäìÅçëÉ= Ñçê= ÉåÉêÖóK= qÜÉêÉÑçêÉI= áí= áë=
ÉëëÉåíá~ä=íÜ~í=íÜÉ=ÄäççÇ=ÖäìÅçëÉ=äÉîÉä=~äï~óë=ÄÉ=ã~áåí~áåÉÇ=
~ÄçîÉ=~=ÅêáíáÅ~ä=äÉîÉäK=

=

 Effect in fat metabolism 
=
içåÖJíÉêã= ÉÑÑÉÅí= çÑ= áåëìäáå= ÇÉÑáÅáÉåÅó= Å~ìëÉë= ÉñíêÉãÉ=
~íÜÉêçëÅäÉêçëáëI= çÑíÉå= äÉ~ÇáåÖ= íç= ÜÉ~êí= ~íí~ÅâëI= ÅÉêÉÄê~ä=
ëíêçâÉëI=~åÇ=çíÜÉê=î~ëÅìä~ê=~ÅÅáÇÉåíëK=

~Äåçêã~äáíáÉë=çÑ= Ñ~í=ãÉí~Äçäáëã=Å~ìëÉ=ÅçåÇáíáçåë=ëìÅÜ=~ë=
~ÅáÇçëáë= ~åÇ= ~êíÉêáçëÅäÉêçëáëK= få= é~íáÉåíë= ïáíÜ= éêçäçåÖÉÇI=
ìåíêÉ~íÉÇ= Çá~ÄÉíÉëI= ÇáãáåáëÜÉÇ= ~Äáäáíó= íç= ëóåíÜÉëáòÉ=
éêçíÉáåë= äÉ~Çë=íç=ï~ëíáåÖ=çÑ= íÜÉ=íáëëìÉë=~åÇ=ã~åó=ÅÉääìä~ê=
ÑìåÅíáçå~ä=ÇáëçêÇÉêëK==

Insulin promotes fat synthesis and storage 
fåëìäáå= áåÅêÉ~ëÉë= ìíáäáò~íáçå= çÑ= ÖäìÅçëÉ= Äó= ãçëí= çÑ= íÜÉ=
ÄçÇóÛë= íáëëìÉëI= ïÜáÅÜ= ~ìíçã~íáÅ~ääó= ÇÉÅêÉ~ëÉë= íÜÉ=
ìíáäáò~íáçå=çÑ=Ñ~íI=íÜìë=ÑìåÅíáçåáåÖ=~ë=~=Ñ~í=ëé~êÉêKO=

eçïÉîÉêI= áåëìäáå= ~äëç= éêçãçíÉë= Ñ~ííó= ~ÅáÇ= ëóåíÜÉëáëI=
ÉëéÉÅá~ääó=ïÜÉå=ãçêÉ=Å~êÄçÜóÇê~íÉë=~êÉ=áåÖÉëíÉÇ=íÜ~å=Å~å=
ÄÉ=ìëÉÇ=Ñçê=áããÉÇá~íÉ=ÉåÉêÖóI=íÜìë=éêçîáÇáåÖ=íÜÉ=ëìÄëíê~íÉ=
Ñçê= Ñ~í= ëóåíÜÉëáëKO= ^ÇáéçÅóíÉë= E~åÇ= íÜÉ= äáîÉêF= ëóåíÜÉëáëÉ=
íêáÖäóÅÉêáÇÉ= Ñêçã= åçåJÉëíÉêáÑáÉÇ= EÚÑêÉÉÛF= Ñ~ííó= ~ÅáÇë= Ecc^ëF=
~åÇ= ÖäóÅÉêçäKN= ^ÑíÉê= íÜÉ= äáîÉê= ÖäóÅçÖÉå= ÅçåÅÉåíê~íáçå=
êÉ~ÅÜÉë= R= íç= S= éÉêÅÉåíI= ÑìêíÜÉê= ÖäóÅçÖÉå= ëóåíÜÉëáë= áë=
áåÜáÄáíÉÇK=^äãçëí=~ää=íÜáë=ëóåíÜÉëáë=çÅÅìêë=áå=íÜÉ=äáîÉê=ÅÉääëI=
~åÇ= íÜÉ= Ñ~ííó=~ÅáÇë=~êÉ= íÜÉå= íê~åëéçêíÉÇ= Ñêçã=íÜÉ= äáîÉê=Äó=
ï~ó= çÑ= íÜÉ= ÄäççÇ= äáéçéêçíÉáåë= íç= íÜÉ= ~ÇáéçëÉ= ÅÉääë= íç= ÄÉ=
ëíçêÉÇKO= qÜ~í= áëI= ÜáÖÜ= áåëìäáå= äÉîÉäë= ~ÑíÉê= ãÉ~äë= éêçãçíÉ=
íêáÖäóÅÉêáÇÉ=~ÅÅìãìä~íáçåKN=

Insulin deficiency increases use of fat for energy 
^ää= ~ëéÉÅíë= çÑ= Ñ~í= ÄêÉ~âÇçïå= ~êÉ= ÖêÉ~íäó= ÉåÜ~åÅÉÇ= áå= íÜÉ=
~ÄëÉåÅÉ= çÑ= áåëìäáåK= qÜáë= çÅÅìêë= åçêã~ääó= ÄÉíïÉÉå= ãÉ~äë=
ïÜÉå= ëÉÅêÉíáçå= çÑ= áåëìäáå= áë= ãáåáã~äI= Äìí= áí= ÄÉÅçãÉë=
ÉñíêÉãÉ=áå=éÉêëçåë=ïáíÜ=Çá~ÄÉíÉë=ãÉääáíìëKO=

få=íÜÉ=~ÄëÉåÅÉ=çÑ=áåëìäáåI=~ää=íÜÉ=ÉÑÑÉÅíë=çÑ=áåëìäáå=íÜ~í=Å~ìëÉ=

ëíçê~ÖÉ=çÑ=Ñ~í=~êÉ=êÉîÉêëÉÇKO=

qÜÉ=ãçëí= áãéçêí~åí= ÉÑÑÉÅí= áë= íÜ~í= íÜÉ= ÉåòóãÉ= ÜçêãçåÉJ
ëÉåëáíáîÉ=äáé~ëÉ=áå=íÜÉ=Ñ~í=ÅÉääë=ÄÉÅçãÉë=ëíêçåÖäó=~Åíáî~íÉÇK=
qÜáë=~Åíáî~íáçå=Å~ìëÉë=ÜóÇêçäóëáë=çÑ=íÜÉ=ëíçêÉÇ=íêáÖäóÅÉêáÇÉëI=
êÉäÉ~ëáåÖ=ä~êÖÉ=èì~åíáíáÉë=çÑ=Ñ~ííó=~ÅáÇë=~åÇ=ÖäóÅÉêçä=áåíç=íÜÉ=
ÅáêÅìä~íáåÖ=ÄäççÇK=fí=ÄÉÖáåë=íç=êáëÉ=ïáíÜáå=ãáåìíÉëKO=

qÜÉëÉ= ÑêÉÉ= Ñ~ííó= ~ÅáÇë= íÜÉå= ÄÉÅçãÉ= íÜÉ= ã~áå= ÉåÉêÖó=
ëìÄëíê~íÉ=ìëÉÇ=Äó=ÉëëÉåíá~ääó=~ää=íáëëìÉë=çÑ=íÜÉ=ÄçÇó=ÉñÅÉéí=
íÜÉ=Äê~áåKO==

lÅÅ~ëáçå~ääó=íÜÉ=éä~ëã~=äáéçéêçíÉáåë=áåÅêÉ~ëÉ=~ë=ãìÅÜ=~ë=
íÜêÉÉÑçäÇ= áå= íÜÉ= ~ÄëÉåÅÉ= çÑ= áåëìäáå= Eåçêã~ä= MKS= éÉêÅÉåíFK=
qÜáë= ÜáÖÜ= äáéáÇ= ÅçåÅÉåíê~íáçåÔÉëéÉÅá~ääó= íÜÉ= ÜáÖÜ=
ÅçåÅÉåíê~íáçå=çÑ= ÅÜçäÉëíÉêçäÔéêçãçíÉë= íÜÉ=ÇÉîÉäçéãÉåí=
çÑ=~íÜÉêçëÅäÉêçëáë=áå=éÉçéäÉ=ïáíÜ=ëÉîÉêÉ=Çá~ÄÉíÉëKO=

qÜ~í= áëI= áå= íÜÉ= Ñ~ëíáåÖ= ëí~íÉI= äçï= áåëìäáå= äÉîÉäë= éÉêãáí=
äáéçäóëáë=~åÇ= íÜÉ= êÉäÉ~ëÉ= áåíç= íÜÉ=ÅáêÅìä~íáçå=çÑ=cc^ë= E~åÇ=
ÖäóÅÉêçäFI= ïÜáÅÜ= Å~å= ÄÉ= çñáÇáëÉÇ= Äó= ã~åó= íáëëìÉëK= qÜÉáê=
é~êíá~ä= çñáÇ~íáçå= áå= íÜÉ= äáîÉê= éêçîáÇÉë= ÉåÉêÖó= íç= ÇêáîÉ=
ÖäìÅçåÉçÖÉåÉëáë= ~åÇ= ~äëç= éêçÇìÅÉë= âÉíçåÉ= ÄçÇáÉë=
E~ÅÉíç~ÅÉí~íÉI=ïÜáÅÜ=Å~å=ÄÉ=êÉÇìÅÉÇ=íç=PJÜóÇêçñóÄìíóê~íÉ=
çê= ÇÉÅ~êÄçñóä~íÉÇ= íç= ~ÅÉíçåÉFI= ïÜáÅÜ= ~êÉ= ÖÉåÉê~íÉÇ= áå=
ÜÉé~íçÅóíÉ=ãáíçÅÜçåÇêá~K=hÉíçåÉ=ÄçÇáÉë=~êÉ=çêÖ~åáÅ=~ÅáÇë=
ïÜáÅÜI= ïÜÉå= ÑçêãÉÇ= áå= ëã~ää= ~ãçìåíëI= ~êÉ= çñáÇáëÉÇ= ~åÇ=
ìíáäáëÉÇ=~ë=ãÉí~ÄçäáÅ=ÑìÉäKN==

eçïÉîÉêI= íÜÉ= ê~íÉ= çÑ= ìíáäáë~íáçå= çÑ= âÉíçåÉ= ÄçÇáÉë= Äó=
éÉêáéÜÉê~ä= íáëëìÉë= áë= äáãáíÉÇI= ~åÇ= ïÜÉå= íÜÉ= ê~íÉ= çÑ=
éêçÇìÅíáçå= Äó= íÜÉ= äáîÉê= ÉñÅÉÉÇë= íÜÉáê= êÉãçî~äI=
ÜóéÉêâÉíçå~Éãá~= êÉëìäíëK= qÜáë= çÅÅìêë= éÜóëáçäçÖáÅ~ääó=
ÇìêáåÖ= ëí~êî~íáçåI= ïÜÉå= äçï= áåëìäáå= äÉîÉäë= ~åÇ= ÜáÖÜ=
Å~íÉÅÜçä~ãáåÉ=äÉîÉäë=áåÅêÉ~ëÉ=äáéçäóëáë=~åÇ=ÇÉäáîÉêó=çÑ=cc^ë=
íç=íÜÉ=äáîÉêKN=

=

Figure:	The	effect	of	a	lack	of	insulin	on	the	plasma	concentrations	of	free	
fatty	acids,	glucose,	and	acetoacetic	acid.	Note	that	almost	immediately	
after	removal	of	the	pancreas,	the	free	fatty	acid	concentration	in	the	
plasma	begins	to	rise,	more	rapidly	even	than	the	concentration	of	
glucose.	Also	excess	usage	of	fats	during	insulin	deficiency	causes	ketosis	
and	acidosis.	Some	of	the	acetoacetic	acid	is	also	converted	into	𝛽-
hydroxybutyric	acid	and	acetone.	These	two	substances,	along	with	the	
acetoacetic	acid,	are	called	ketone	bodies,	and	their	presence	in	large	
quantities	in	the	body	fluids	is	called	ketosis.2	

=
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=
Figure:	Major	metabolic	pathways	of	fuel	metabolism	and	the	actions	of	insulin.1	

⨁	indicates	stimulation	and	⊝	indicates	suppression	by	insulin.	In	response	to	a	rise	in	blood	glucose,	e.g.	after	a	meal,	insulin	is	released,	suppressing	
gluconeogenesis	and	promoting	glycogen	synthesis	and	storage.	Insulin	promotes	the	peripheral	uptake	of	glucose,	particularly	in	skeletal	muscle,	and	
encourages	storage	(as	muscle	glycogen).	It	also	promotes	protein	synthesis	and	lipogenesis,	and	suppresses	lipolysis.	The	release	of	intermediate	metabolites,	
including	amino	acids	(glutamine,	alanine),	3-carbon	intermediates	in	oxidation	(lactate,	pyruvate)	and	free	fatty	acids	(FFAs),	is	controlled	by	insulin.	In	the	
absence	of	insulin,	e.g.	during	fasting,	these	processes	are	reversed	and	favour	gluconeogenesis	in	liver	from	glycogen,	glycerol,	amino	acids	and	other	3-
carbon	precursors.

 
Effect in protein 
metabolism 

=
fåëìäáå=éêçãçíÉë=éêçíÉáå=ëóåíÜÉëáë=~åÇ=ëíçê~ÖÉ=Äó=

NK fåëìäáå=ëíáãìä~íÉë=íê~åëéçêí=çÑ=ã~åó=çÑ=íÜÉ=~ãáåç=
~ÅáÇë=áåíç=íÜÉ=ÅÉääë=

OK fåëìäáå=áåÅêÉ~ëÉë=íê~åëä~íáçå=çÑ=ãÉëëÉåÖÉê=Rk^=
PK fåëìäáå= ~äëç= áåÅêÉ~ëÉë= íÜÉ= ê~íÉ= çÑ= íê~åëÅêáéíáçå= çÑ=

ëÉäÉÅíÉÇ=ak^=ÖÉåÉíáÅ=ëÉèìÉåÅÉë==
QK fåëìäáå=áåÜáÄáíë=Å~í~Äçäáëã=çÑ=éêçíÉáåë=
RK få= íÜÉ= äáîÉêI= áåëìäáå= ÇÉéêÉëëÉë= íÜÉ= ê~íÉ= çÑ=

ÖäìÅçåÉçÖÉåÉëáë=

fåëìäáå=ÇÉÑáÅáÉåÅó=Å~ìëÉë=éêçíÉáå=ÇÉéäÉíáçå=~åÇ=áåÅêÉ~ëÉÇ=
éä~ëã~= ~ãáåç= ~ÅáÇK= `~í~Äçäáëã= çÑ= éêçíÉáåë= áåÅêÉ~ëÉëI=
éêçíÉáå=ëóåíÜÉëáë=ëíçéëI=~åÇ=ä~êÖÉ=èì~åíáíáÉë=çÑ=~ãáåç=~ÅáÇë=
~êÉ= ÇìãéÉÇ= áåíç= íÜÉ= éä~ëã~K= qÜáë= ÇÉÖê~Ç~íáçå= çÑ= ~ãáåç=
~ÅáÇë= ~äëç= äÉ~Çë= íç= ÉåÜ~åÅÉÇ=ìêÉ~= ÉñÅêÉíáçå= áå= íÜÉ= ìêáåÉK=
qÜÉ=êÉëìäíáåÖ=éêçíÉáå=ï~ëíáåÖ=áë=çåÉ=çÑ=íÜÉ=ãçëí=ëÉêáçìë=çÑ=
~ää= íÜÉ= ÉÑÑÉÅíë= çÑ= ëÉîÉêÉ= Çá~ÄÉíÉë= ãÉääáíìëK= fí= Å~å= äÉ~Ç= íç=
ÉñíêÉãÉ= ïÉ~âåÉëë= ~åÇ= ã~åó= ÇÉê~åÖÉÇ= ÑìåÅíáçåë= çÑ= íÜÉ=
çêÖ~åëK=

Insulin and growth hormone interact synergistically to 
promote growth 
^Çãáëëáçå= çÑ= ÉáíÜÉê= ÖêçïíÜ= ÜçêãçåÉ= çê= áåëìäáå= çåÉ= ~í= ~=
íáãÉ=Å~ìëÉë=~äãçëí=åç=ÖêçïíÜK=qÜÉ=íïç=ÜçêãçåÉë=ÑìåÅíáçå=
ëóåÉêÖáëíáÅ~ääó=~ë=~=ÅçãÄáå~íáçå=çÑ=íÜÉëÉ=ÜçêãçåÉë=Å~ìëÉë=
Çê~ã~íáÅ=ÖêçïíÜK=

=
Figure:	The	effect	of	growth	hormone,	insulin,	and	growth	hormone	plus	
insulin	on	growth	in	a	depancreatized	and	hypophysectomized	rat.2	

=
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=

 Classification of diabetes5 
 
aá~ÄÉíÉë= ã~ó= ÄÉ= éêáã~êó= EáÇáçé~íÜáÅF= çê= ëÉÅçåÇ~êóK=

mêáã~êó=Çá~ÄÉíÉë=áë=Åä~ëëáÑáÉÇ=áåíçW==

NK íóéÉ= N= Çá~ÄÉíÉëI= ïÜáÅÜ= Ü~ë= ~å= áããìåÉ=

é~íÜçÖÉåÉëáë= ~åÇ= áë= ÅÜ~ê~ÅíÉêáòÉÇ= Äó= ëÉîÉêÉ=

áåëìäáå=ÇÉÑáÅáÉåÅó==

OK íóéÉ=O=Çá~ÄÉíÉëI=ïÜáÅÜ=êÉëìäíë=Ñêçã=~=ÅçãÄáå~íáçå=

çÑ= áåëìäáå= êÉëáëí~åÅÉ= ~åÇ= äÉëë= ëÉîÉêÉ= áåëìäáå=

ÇÉÑáÅáÉåÅóK==

qóéÉ=N=~åÇ=íóéÉ=O=Çá~ÄÉíÉë=êÉéêÉëÉåí=íïç=ÇáëíáåÅí=ÇáëÉ~ëÉë=

Ñêçã=íÜÉ=ÉéáÇÉãáçäçÖáÅ~ä=éçáåí=çÑ=îáÉïI=Äìí=Ñêçã=~=ÅäáåáÅ~ä=

éçáåí= çÑ= îáÉï= íÜÉ= íïç= ÅçåÇáíáçåë= ëÜçìäÇ= ÄÉ= ëÉÉå= ~ë= ~=

ëéÉÅíêìãI=ÇáëíáåÅí=~í= íÜÉ= íïç=ÉåÇë=Äìí=çîÉêä~ééáåÖ= áå= íÜÉ=

ãáÇÇäÉK==

eóÄêáÇ= Ñçêãë= ~êÉ= áåÅêÉ~ëáåÖäó= êÉÅçÖåáòÉÇI= ~åÇ= é~íáÉåíë=

ïáíÜ=áããìåÉJãÉÇá~íÉÇ=Çá~ÄÉíÉë=EíóéÉ=NF=ã~óI=Ñçê=Éñ~ãéäÉI=

~äëç=ÄÉ=çîÉêïÉáÖÜí=~åÇ=áåëìäáåêÉëáëí~åíK=qÜáë=áë=ëçãÉíáãÉë=

êÉÑÉêêÉÇ=íç=~ë=ÚÇçìÄäÉ=Çá~ÄÉíÉëÛK=fí=áë=ãçêÉ=êÉäÉî~åí=íç=ÖáîÉ=

é~íáÉåíë= íÜÉ= êáÖÜí= íêÉ~íãÉåí= çå= ÅäáåáÅ~ä= ÖêçìåÇë= íÜ~å= íç=

ïçêêó=~Äçìí=Üçï=íç=ä~ÄÉä=íÜÉáê=Çá~ÄÉíÉëK==

^äíÜçìÖÜ=ëÉÅçåÇ~êó=Çá~ÄÉíÉë=~ÅÅçìåíë= Ñçê=Ä~êÉäó=NÓOB=çÑ=

~ää= åÉï= Å~ëÉë= ~í= éêÉëÉåí~íáçåI= áí= ëÜçìäÇ= åçí= ÄÉ= ãáëëÉÇ=

ÄÉÅ~ìëÉ=íÜÉ=Å~ìëÉ=Å~å=ëçãÉíáãÉë=ÄÉ=íêÉ~íÉÇK==

^ää= Ñçêãë= çÑ= Çá~ÄÉíÉë= ÇÉêáîÉ= Ñêçã= áå~ÇÉèì~íÉ= áåëìäáå=

ëÉÅêÉíáçå=êÉä~íáîÉ=íç=íÜÉ=åÉÉÇë=çÑ=íÜÉ=ÄçÇóI=~åÇ=éêçÖêÉëëáîÉ=

áåëìäáå=ëÉÅêÉíçêó= Ñ~áäìêÉ= áë=ÅÜ~ê~ÅíÉêáëíáÅ=çÑ=ÄçíÜ=Åçããçå=

Ñçêãë= çÑ= Çá~ÄÉíÉëK= qÜìëI= ëçãÉ= é~íáÉåíë= ïáíÜ= áããìåÉJ

ãÉÇá~íÉÇ=Çá~ÄÉíÉë= íóéÉ=N=ã~ó=åçí=~í= Ñáêëí= êÉèìáêÉ= áåëìäáåI=

ïÜÉêÉ~ë=ã~åó=ïáíÜ=íóéÉ=O=Çá~ÄÉíÉë=ïáää=ÉîÉåíì~ääó=Çç=ëçK=

=

 

 

Aetiological classification of diabetes mellitus, based on classification by the American Diabetes Association (ADA)6 

I. Type 1 diabetes (β-cell destruction, usually leading to absolute insulin deficiency) 

A. Immune mediated  
B. Idiopathic  

II. Type 2 diabetes (may range from predominantly insulin resistance with relative insulin deficiency to a predominantly secretory defect with insulin resistance)  

III. Other specific types 

A. Genetic defects of β -cell function  

1. Chromosome 12, HNF-1α (MODY3)  
2. Chromosome 7, glucokinase (MODY2)  

3. Chromosome 20, HNF-4α (MODY1)  
4. Chromosome 13, insulin promoter factor-1 (IPF-1; MODY4)  

5. Chromosome 17, HNF-1β (MODY5)  
6. Chromosome 2, NeuroD1 (MODY6)  
7. Mitochondrial DNA  
8. Others  

B. Genetic defects in insulin action  
1. Type A insulin resistance  
2. Leprechaunism  
3. Rabson-Mendenhall syndrome  
4. Lipoatrophic diabetes  
5. Others  

C. Diseases of the exocrine pancreas  
1. Pancreatitis  
2. Trauma/pancreatectomy  
3. Neoplasia  
4. Cystic fibrosis  
5. Hemochromatosis  
6. Fibrocalculous pancreatopathy  
7. Others  

D. Endocrinopathies (Excess endogenous production of hormonal  
    antagonists to insulin1) 

1. Acromegaly (– Growth hormone) 
2. Cushing’s syndrome (– Glucocorticoids) 
3. Glucagonoma (– Glucagon) 
4. Pheochromocytoma (– Catecholamines) 
5. Hyperthyroidism (– Thyroid hormone) 
6. Somatostatinoma  
7. Aldosteronoma  
8. Others  

E. Drug or chemical induced  
1. Vacor (pyrinuron5) 
2. Pentamidine  
3. Nicotinic acid (niacin) 
4. Glucocorticoids  
5. Thyroid hormone  
6. Diazoxide  

7. β-adrenergic agonists  
8. Thiazides  
9. Dilantin  

10. !-Interferon  
11. Immunosuppressive agents:5 glucocorticoids, ciclosporin, tacrolimus,  
      sirolimus 

12. Anti-psychotic agents:5 clozapine, olanzapine 

13. Others (beta blocker5, phenytoin1,5, protease inhibitor5) 
F. Infections  

1. Congenital rubella  
2. Cytomegalovirus  
3. Others  

G. Uncommon forms of immune-mediated diabetes  
1. “Stiff-man” syndrome  
2. Anti-insulin receptor antibodies  
3. Others (IPEX (immunodysregulation polyendocrinopathy X) syndrome)1 

H. Other genetic syndromes sometimes associated with diabetes  
1. Down syndrome  
2. Klinefelter syndrome  
3. Turner syndrome  
4. Wolfram syndrome (DIDMOAD – diabetes insipidus1) 
5. Friedreich ataxia  
6. Huntington chorea  
7. Laurence-Moon-Biedl syndrome  
8. Myotonic dystrophy  
9. Porphyria  
10. Prader-Willi syndrome  
11. Others (optic atrophy, nerve deafness)1 

IV. Gestational diabetes mellitus  

Patients with any form of diabetes may require insulin treatment at some stage of their disease. Such use of insulin does not, of itself, classify the patient.  

Adapted from: ADA Diabetes Care, Vol. 33, Suppl. 1 Jan. 2010 
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6 Etiology and 
Pathogenesis of diabetes 
=

få=ÄçíÜ=çÑ=íÜÉ=Åçããçå=íóéÉë=çÑ=Çá~ÄÉíÉëI=ÉåîáêçåãÉåí~ä=Ñ~Åíçêë=áåíÉê~Åí=ïáíÜ=ÖÉåÉíáÅ=ëìëÅÉéíáÄáäáíó=íç=ÇÉíÉêãáåÉ=ïÜáÅÜ=éÉçéäÉ=
ÇÉîÉäçé=íÜÉ=ÅäáåáÅ~ä=ëóåÇêçãÉI=~åÇ=íÜÉ=éêÉÅáéáí~íáåÖ=ÉåîáêçåãÉåí~ä=Ñ~Åíçêë=~åÇ=é~íÜçéÜóëáçäçÖó=ÇáÑÑÉê=ëìÄëí~åíá~ääó=ÄÉíïÉÉå=
íóéÉ=N=~åÇ=íóéÉ=O=Çá~ÄÉíÉëK==

aá~ÄÉíÉë=Ü~ë=ã~åó=Å~ìëÉë=Äìí=áë=ãçëí=Åçããçåäó=ÇìÉ=íç=íóéÉ=N=çê=íóéÉ=O=Çá~ÄÉíÉëK==

qóéÉ= N= Çá~ÄÉíÉë= ï~ë= éêÉîáçìëäó= íÉêãÉÇ= ÚáåëìäáåJÇÉéÉåÇÉåí= Çá~ÄÉíÉë= ãÉääáíìëÛ= EfaajF= ~åÇ= áë= áåî~êá~Ääó= ~ëëçÅá~íÉÇ= ïáíÜ=
éêçÑçìåÇ=áåëìäáå=ÇÉÑáÅáÉåÅó=êÉèìáêáåÖ=êÉéä~ÅÉãÉåí=íÜÉê~éóK=qóéÉ=O=Çá~ÄÉíÉë=ï~ë=éêÉîáçìëäó=íÉêãÉÇ=ÚåçåJáåëìäáåJÇÉéÉåÇÉåí=
Çá~ÄÉíÉë=ãÉääáíìëÛ= EkfaajF=ÄÉÅ~ìëÉ=é~íáÉåíë= êÉí~áå= íÜÉ=Å~é~Åáíó= íç= ëÉÅêÉíÉ= ëçãÉ= áåëìäáå=Äìí=ÉñÜáÄáí= áãé~áêÉÇ=ëÉåëáíáîáíó= íç=
áåëìäáå=Eáåëìäáå=êÉëáëí~åÅÉF=~åÇ=áåáíá~ääó=Å~å=ìëì~ääó=ÄÉ=íêÉ~íÉÇ=ïáíÜçìí=áåëìäáå=êÉéä~ÅÉãÉåí=íÜÉê~éóK=eçïÉîÉêI=OMB=çê=ãçêÉ=çÑ=
é~íáÉåíë=ïáíÜ=íóéÉ=O=Çá~ÄÉíÉë=ïáää=ìäíáã~íÉäó=ÇÉîÉäçé=éêçÑçìåÇ=áåëìäáå=ÇÉÑáÅáÉåÅó=êÉèìáêáåÖ=êÉéä~ÅÉãÉåí=íÜÉê~éóI=ëç=íÜ~í=faaj=
~åÇ=kfaaj=ïÉêÉ=ãáëåçãÉêëK=

=

 
Aetiology 
Type 1 diabetes 

=
qóéÉ= N= Çá~ÄÉíÉë= ÄÉäçåÖë= íç= ~= Ñ~ãáäó= çÑ= Üìã~å= äÉìÅçÅóíÉ=
~åíáÖÉå= Eei^FJ~ëëçÅá~íÉÇ= áããìåÉ= ãÉÇá~íÉÇ= çêÖ~åJ
ëéÉÅáÑáÅ=ÇáëÉ~ëÉëKR=dÉåÉíáÅ= Ñ~Åíçêë= ~ÅÅçìåí= Ñçê= ~Äçìí=çåÉJ
íÜáêÇ= çÑ= íÜÉ= ëìëÅÉéíáÄáäáíó= ~åÇ= íÜÉ= áåÜÉêáí~åÅÉ= áë=
éçäóÖÉåáÅKNIR= ^ìíç~åíáÄçÇáÉë= ÇáêÉÅíÉÇ= ~Ö~áåëí= é~åÅêÉ~íáÅ=
áëäÉí=ÅçåëíáíìÉåíë=~ééÉ~ê=áå=íÜÉ=ÅáêÅìä~íáçå=ïáíÜáå=íÜÉ=Ñáêëí=
ÑÉï=óÉ~êë=çÑ=äáÑÉI=~åÇ=çÑíÉå=éêÉÇ~íÉ=ÅäáåáÅ~ä=çåëÉí=Äó=ã~åó=
óÉ~êëKR=

Genetic susceptibility and inheritance5 

fåÅêÉ~ëÉÇ=ëìëÅÉéíáÄáäáíó=íç=íóéÉ=N=Çá~ÄÉíÉë=áë=áåÜÉêáíÉÇ=Äìí=
íÜÉ=ÇáëÉ~ëÉ=áë=åçí=ÖÉåÉíáÅ~ääó=éêÉÇÉíÉêãáåÉÇK=_ÉÅ~ìëÉI=íÜÉ=
áÇÉåíáÅ~ä=íïáå=çÑ=~=é~íáÉåí=ïáíÜ=íóéÉ=N=Çá~ÄÉíÉë=Ü~ë=~=PMÓRMB=
ÅÜ~åÅÉ=çÑ=ÇÉîÉäçéáåÖ=íÜÉ=ÇáëÉ~ëÉI=ïÜáÅÜ=áãéäáÉë=íÜ~í=åçåJ
ÖÉåÉíáÅ=Ñ~Åíçêë=ãìëí=~äëç=ÄÉ=áåîçäîÉÇK==

qÜÉ= êáëâ= çÑ= ÇÉîÉäçéáåÖ= Çá~ÄÉíÉë= Äó= ~ÖÉ= OMI= ÅìêáçìëäóI= áë=
ÖêÉ~íÉê=ïáíÜ=~=Çá~ÄÉíáÅ= Ñ~íÜÉê= EPÓTBF= íÜ~å=ïáíÜ=~=Çá~ÄÉíáÅ=
ãçíÜÉê= EOÓPBFK= b~êäáÉê= çåëÉí= áå= íÜÉ= é~êÉåí= áë= ~ëëçÅá~íÉÇ=
ïáíÜ=áåÅêÉ~ëÉÇ=êáëâ=áå=íÜÉ=ÅÜáäÇK==

páåÅÉ= íóéÉ=N=Çá~ÄÉíÉë=Å~å=éêÉëÉåí=~í=~åó=~ÖÉI= íÜÉ= äáÑÉíáãÉ=
êáëâ=Ñçê=~=ëáÄäáåÖ=çê=ÅÜáäÇ=áë=~í=äÉ~ëí=ÇçìÄäÉ=íÜÉ=êáëâ=Äó=~ÖÉ=OMK=

=

HLA system  
eìã~å= äÉìÅçÅóíÉ= ~åíáÖÉå= Eei^F= êÉÖáçå=ïáíÜáå= íÜÉ=ã~àçê=
ÜáëíçÅçãé~íáÄáäáíó= ÅçãéäÉñ= çå= íÜÉ= ëÜçêí= ~êã= çÑ=
ÅÜêçãçëçãÉ= S= Ü~ë= íÜÉ= ÖêÉ~íÉëí= ÅçåíêáÄìíáçå= íç= íóéÉ= N=
Çá~ÄÉíÉëK=qÜáë=äçÅìë=áë=ÇÉëáÖå~íÉÇ=faaj=NKN=qÜÉ=ei^=ÖÉåÉë=
~êÉ=ÜáÖÜäó=éçäóãçêéÜáÅ=~åÇ=ãçÇìä~íÉ=íÜÉ=áããìåÉ=ÇÉÑÉåÅÉ=
ëóëíÉã= çÑ= íÜÉ= ÄçÇóKP= cçìê= ÖÉåÉë= ~êÉ= áãéçêí~åíW= çåÉ= ESèF=
ÇÉíÉêãáåÉë= áëäÉí= ëÉåëáíáîáíó= íç=Ç~ã~ÖÉ= EÉÖ= Ñêçã=îáêìëÉë=çê=
ÅêçëëJêÉ~Åíáîáíó=Ñêçã=ÅçïëÛ=ãáäâJáåÇìÅÉÇ=~åíáÄçÇáÉëFKQ=

jçêÉ=íÜ~å=VMB=çÑ=é~íáÉåíë=ïáíÜ=íóéÉ=N=Çá~ÄÉíÉë=Å~êêó=ei^J
aRPJanOI=ei^JaRQJanU=çê=ÄçíÜI=~ë=Åçãé~êÉÇ=ïáíÜ=ëçãÉ=
PRB=çÑ=íÜÉ=Ä~ÅâÖêçìåÇ=éçéìä~íáçåKR==

Relative with type 1 diabetes % overall risk

Identical twin 35

Non-identical twin 20

HLA-identical sibling 16

Non-HLA-identical sibling 3

Father 9

Mother 3

Both parents Up to 30

 Risk of type 1 diabetes among first-degree 
relatives of patients with type 1 diabetes1
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HLA-DQ5 

All DQB1 alleles with an aspartic acid at residue 57 confer neutral to 
protective effects, with the strongest effect from DQB1*0602 (DQ6), 
while DQB1 alleles with an alanine at the same position (i.e. DQ2 and 
DQ8) confer strong susceptibility. 

=

qÜÉ=ei^=Ü~éäçíóéÉë=aRP=~åÇLçê=aRQ=~êÉ=~ëëçÅá~íÉÇ=ïáíÜ=
áåÅêÉ~ëÉÇ= ëìëÅÉéíáÄáäáíó= íç= íóéÉ= N= Çá~ÄÉíÉë= áå= `~ìÅ~ëá~åë=
~åÇ= ~êÉ= áå= Úäáåâ~ÖÉ= ÇáëÉèìáäáÄêáìãÛI= áKÉK= íÜÉó= íÉåÇ= íç= ÄÉ=
íê~åëãáííÉÇ= íçÖÉíÜÉêI=ïáíÜ= íÜÉ=åÉáÖÜÄçìêáåÖ=~ääÉäÉë=çÑ= íÜÉ=
ei^Jan^N=~åÇ=an_N=ÖÉåÉëK=E[VMB=Å~êêó=ei^=aRP=œ=aRQ=
QF= qÜÉ= ä~ííÉê= ã~ó= ÄÉ= íÜÉ= ã~áå= ÇÉíÉêãáå~åíë= çÑ= ÖÉåÉíáÅ=
ëìëÅÉéíáÄáäáíóI= ëáåÅÉ= íÜÉëÉ= ei^= Åä~ëë= ff= ÖÉåÉë= ÅçÇÉ= Ñçê=
éêçíÉáåë=çå=íÜÉ=ëìêÑ~ÅÉ=çÑ=ÅÉääë=ïÜáÅÜ=éêÉëÉåí=ÑçêÉáÖå=~åÇ=
ëÉäÑ=~åíáÖÉåë=íç=q=äóãéÜçÅóíÉëKN==

dÉåçíóéáÅ=ÅçãÄáå~íáçåë=Ü~îÉ=~=ã~àçê=áåÑäìÉåÅÉ=çå=êáëâ=çÑ=
ÇáëÉ~ëÉK= cçê= Éñ~ãéäÉI= ei^JaRPJanOLei^JaRQJanU=
ÜÉíÉêçòóÖçíÉë=Ü~îÉ=~=ÅçåëáÇÉê~Ääó=áåÅêÉ~ëÉÇ=êáëâ=çÑ=ÇáëÉ~ëÉI=
~åÇ=ëçãÉ=ei^=Åä~ëë=f=~ääÉäÉë=~äëç=ãçÇáÑó=íÜÉ=êáëâ=ÅçåÑÉêêÉÇ=
Äó=Åä~ëë=ff=ëìëÅÉéíáÄáäáíó=ÖÉåÉëKR=

Other genes or gene regions  
`~åÇáÇ~íÉ=ÖÉåÉ=~åÇ=ÖÉåçãÉJïáÇÉ=~ëëçÅá~íáçå=ëíìÇáÉë=Ü~îÉ=
~äëç= áãéäáÅ~íÉÇ=çíÜÉê=ÖÉåÉë= áå= íóéÉ=N=Çá~ÄÉíÉëI=ÉKÖK=`aORI=
ïÜáÅÜ= ~êÉ= áåîçäîÉÇ= áå= áããìåÉ= êÉÅçÖåáíáçå= çÑ= é~åÅêÉ~íáÅ=
áëäÉí=~åíáÖÉåëI=qJÅÉää=ÇÉîÉäçéãÉåí=~åÇ=áããìåÉ=êÉÖìä~íáçåKN==

qÜÉ=ÖêÉ~íÉëí=ÖÉåÉíáÅ=ÅçåíêáÄìíáçå=ëíáää=ÅçãÉë=Ñêçã=íÜÉ=ei^=
êÉÖáçå= Äìí= íÜáë= áë=ãçÇìä~íÉÇ= Äó= ~= ä~êÖÉ= åìãÄÉê= çÑ= ÖÉåÉë=
ïáíÜ= ëã~ää= ÉÑÑÉÅíë= EãçêÉ= íÜ~å= RM=åçåJei^= ÖÉåÉë= çê= ÖÉåÉ=
êÉÖáçåë= íÜ~í= áåÑäìÉåÅÉ= êáëâ= Ü~îÉ= ÄÉÉå= áÇÉåíáÑáÉÇ= íç= Ç~íÉFK=
qÜÉëÉ=áåÅäìÇÉR==

• íÜÉ=ÖÉåÉ=ÉåÅçÇáåÖ=áåëìäáå=EfkpF=çå=ÅÜêçãçëçãÉ=NN=
~åÇ==

• ~=åìãÄÉê=çÑ=ÖÉåÉë= áåîçäîÉÇ= áå= áããìåÉ= êÉëéçåëÉëI=
áåÅäìÇáåÖ==

o íÜÉ= ÅóíçíçñáÅ= qJäóãéÜçÅóíÉJ~ëëçÅá~íÉÇ=
éêçíÉáåJQ=E`qi^QF=ÖÉåÉI==

o íÜÉ= äóãéÜçáÇJëéÉÅáÑáÅ= éêçíÉáå= íóêçëáåÉ=
éÜçëéÜ~í~ëÉ=EmqmkOOF=ÖÉåÉ=~åÇ==

o íÜÉ=áåíÉêäÉìâáå=EfiFJOR=αJ=ëìÄìåáí=çÑ=íÜÉ=fiJO=
êÉÅÉéíçê=ÅçãéäÉñ=äçÅìë=EfiOR^F=

Autoimmunity and type 1 diabetes1,5 

qÜÉ= ÖÉåÉë= ~ëëçÅá~íÉÇ= ïáíÜ= íóéÉ= N= Çá~ÄÉíÉë= çîÉêä~é= ïáíÜ=
çíÜÉê= çêÖ~åJëéÉÅáÑáÅ= ~ìíçáããìåÉ= ÇáëçêÇÉêëI= ÅçåëáëíÉåí=
ïáíÜ= ÅäìëíÉêáåÖ= çÑ= íÜÉëÉ= ÅçåÇáíáçåë= áå= áåÇáîáÇì~äë= çê=
Ñ~ãáäáÉëK=^ëëçÅá~íÉÇ=çíÜÉê=~ìíçáããìåÉ=ÇáëçêÇÉêë=áåÅäìÇÉ=

NK íÜóêçáÇ=ÇáëÉ~ëÉI==
OK ÅçÉäá~Å=ÇáëÉ~ëÉI==
PK ^ÇÇáëçåÛë=ÇáëÉ~ëÉI==
QK éÉêåáÅáçìë=~å~Éãá~=~åÇ=
RK îáíáäáÖç==

LADA 
i~íÉåí=~ìíçáããìåÉ=Çá~ÄÉíÉë=çÑ=~Çìäíë=Ei^a^F=áë=~=Ñçêã=çÑ=
íóéÉ=N=ajI=ïáíÜ=ëäçïÉê=éêçÖêÉëëáçå=íç=áåëìäáå=ÇÉéÉåÇÉåÅÉ=
áå=ä~íÉê=äáÑÉKQ=

 
Chicken or egg?4 

Most type II diabetes-associated genes have a function in the 

vasculature, and stress in β-cells can result from vascular defects in 
the pancreas, so maybe vascular events trigger DM. 

 
Environmental predisposition1  
^äíÜçìÖÜ=ÖÉåÉíáÅ=ëìëÅÉéíáÄáäáíó=~ééÉ~êë=íç=ÄÉ=~=éêÉêÉèìáëáíÉ=
Ñçê= íóéÉ= N= Çá~ÄÉíÉëI= íÜÉ= ÅçåÅçêÇ~åÅÉ= ê~íÉ= ÄÉíïÉÉå=
ãçåçòóÖçíáÅ=íïáåë= áë= äÉëë=íÜ~å=QMBI=~åÇ=ïáÇÉ=ÖÉçÖê~éÜáÅ=
~åÇ= ëÉ~ëçå~ä= î~êá~íáçåë= áå= áåÅáÇÉåÅÉ= ëìÖÖÉëí= íÜ~í=
ÉåîáêçåãÉåí~ä= Ñ~Åíçêë= Ü~îÉ= ~å= áãéçêí~åí= êçäÉ= áå=
éêÉÅáéáí~íáåÖ= ÇáëÉ~ëÉKN= fëäÉí= ~ìíç~åíáÄçÇáÉë= EëÉÉ= ~ÄçîÉF=
~ééÉ~ê= áå= íÜÉ= Ñáêëí= ÑÉï=óÉ~êë=çÑ= äáÑÉI= áåÇáÅ~íáåÖ=éêÉå~í~ä=çê=
É~êäó=éçëíå~í~ä=áåíÉê~Åíáçåë=ïáíÜ=íÜÉ=ÉåîáêçåãÉåíKR==

^äíÜçìÖÜ= ÜóéçíÜÉëÉë= ~ÄçìåÇI= íÜÉ= å~íìêÉ= çÑ= íÜÉëÉ=
ÉåîáêçåãÉåí~ä=Ñ~Åíçêë=áë=ìåÅÉêí~áåK=qÜÉó=ã~ó=íêáÖÖÉê=íóéÉ=N=
Çá~ÄÉíÉë=íÜêçìÖÜ=ÇáêÉÅí=íçñáÅáíó=íç=β=ÅÉääë=çê=Äó=ëíáãìä~íáåÖ=
~å=~ìíçáããìåÉ=êÉ~Åíáçå=ÇáêÉÅíÉÇ=~Ö~áåëí=β=ÅÉääëK=mçíÉåíá~ä=
Å~åÇáÇ~íÉë=Ñ~ää=áåíç=íÜêÉÉ=ã~áå=Å~íÉÖçêáÉëW==

NK îáêìëÉëI==
OK ëéÉÅáÑáÅ=ÇêìÖë=çê=ÅÜÉãáÅ~äëI=~åÇ==
PK ÇáÉí~êó=ÅçåëíáíìÉåíëK==

Viruses 
sáêìëÉë= áãéäáÅ~íÉÇ= áå= íÜÉ= ~ÉíáçäçÖó= çÑ= íóéÉ= N= Çá~ÄÉíÉë=
áåÅäìÇÉ= ãìãéëI= `çñë~ÅâáÉ= _QI= êÉíêçîáêìëÉëI= êìÄÉää~= Eáå=
ìíÉêçFI=ÅóíçãÉÖ~äçîáêìë=~åÇ=béëíÉáåÓ_~êê=îáêìëK==

Chemicals and dietary constituents 
s~êáçìë=ÇáÉí~êó=åáíêçë~ãáåÉë=EÑçìåÇ=áå=ëãçâÉÇ=~åÇ=ÅìêÉÇ=
ãÉ~íëF= ~åÇ= ÅçÑÑÉÉ= Ü~îÉ= ÄÉÉå= éêçéçëÉÇ= ~ë= éçíÉåíá~ääó=
Çá~ÄÉíçÖÉåáÅ=íçñáåëK==

_çîáåÉ=ëÉêìã=~äÄìãáå=E_p^FI=~=ã~àçê=ÅçåëíáíìÉåí=çÑ=ÅçïÛë=
ãáäâI= Ü~ë= ÄÉÉå= áãéäáÅ~íÉÇI= ëáåÅÉ= ÅÜáäÇêÉå= ïÜç= ~êÉ= ÖáîÉå=
ÅçïÛë=ãáäâ=É~êäó=áå=áåÑ~åÅó=~êÉ=ãçêÉ=äáâÉäó=íç=ÇÉîÉäçé=íóéÉ=N=
Çá~ÄÉíÉë=íÜ~å=íÜçëÉ=ïÜç=~êÉ=ÄêÉ~ëíÑÉÇK=_p^=ã~ó=Åêçëë=íÜÉ=
åÉçå~í~ä=Öìí=~åÇ=ê~áëÉ=~åíáÄçÇáÉë=ïÜáÅÜ=ÅêçëëJêÉ~Åí=ïáíÜ=~=
ÜÉ~íJëÜçÅâ=éêçíÉáå=ÉñéêÉëëÉÇ=Äó=β=ÅÉääëK==
fí=Ü~ë=~äëç=ÄÉÉå=éêçéçëÉÇ=íÜ~í=~=ÅäÉ~åÉê=ÉåîáêçåãÉåí=ïáíÜ=
êÉÇìÅÉÇ= ÉñéçëìêÉ= íç= ãáÅêççêÖ~åáëãë= áå= É~êäó= ÅÜáäÇÜççÇ=
äáãáíë= ã~íìê~íáçå= çÑ= íÜÉ= áããìåÉ= ëóëíÉã= ~åÇ= áåÅêÉ~ëÉë=
ëìëÅÉéíáÄáäáíó=íç=íóéÉ=N=Çá~ÄÉíÉëI=~ë=Ñçê=çíÜÉê=~ìíçáããìåÉ=
ÇáëÉ~ëÉë= ëìÅÜ= ~ë= ~íçéáÅL~ääÉêÖáÅ= ÅçåÇáíáçåë= EíÜÉ= ÚÜóÖáÉåÉ=
ÜóéçíÜÉëáëÛFNIR=~åÇ=ãçêÉ=ê~éáÇ=ïÉáÖÜí=Ö~áå=áå=ÅÜáäÇÜççÇ=~åÇ=
~ÇçäÉëÅÉåÅÉ= äÉ~ÇáåÖ=íç= áåÅêÉ~ëÉÇ= áåëìäáå=êÉëáëí~åÅÉ=ãáÖÜí=
~ÅÅÉäÉê~íÉ=ÅäáåáÅ~ä=çåëÉí=EíÜÉ=Ú~ÅÅÉäÉê~íçê=ÜóéçíÜÉëáëÛFKR=

RÉä~íáîÉ= ÇÉÑáÅáÉåÅó= çÑ= îáí~ãáå= a= ã~ó= ~äëç= ÄÉ= éçëëáÄäÉ=
Å~åÇáÇ~íÉë=Äìí=íÜÉ=êçäÉ=áå=íÜÉ=Å~ìë~íáçå=çÑ=íÜÉ=ÇáëÉ~ëÉ=Ü~ë=
óÉí=íç=ÄÉ=ÅçåÑáêãÉÇKR=

Pre-type 1 diabetes and prevention of type 1 diabetes5  
`ÜáäÇêÉå=ïÜç=íÉëí=éçëáíáîÉ=Ñçê=íïç=çê=ãçêÉ=~ìíç~åíáÄçÇáÉë=
Ü~îÉ= ~= [UMB= êáëâ= çÑ= éêçÖêÉëëáçå= íç= Çá~ÄÉíÉëI= ~åÇ= íÜÉ= êáëâ=
~ééêç~ÅÜÉë=NMMB=áå=íÜçëÉ=ïÜç=~ÇÇáíáçå~ääó=äçëÉ=íÜÉáê=ÑáêëíJ
éÜ~ëÉ= áåëìäáå= êÉëéçåëÉ= íç= áåíê~îÉåçìë= ÖäìÅçëÉ= ~åÇLçê=
ÇÉîÉäçé= ÖäìÅçëÉ= áåíçäÉê~åÅÉK=qÜÉ= ~Äáäáíó= íç=éêÉÇáÅí= íóéÉ= N=
Çá~ÄÉíÉë=ïáíÜ=íÜáë=ÇÉÖêÉÉ=çÑ=éêÉÅáëáçå=Ü~ë=çéÉåÉÇ=íÜÉ=ï~ó=
íç= íêá~äë= çÑ= ÇáëÉ~ëÉ= éêÉîÉåíáçåI= Äìí= áåíÉêîÉåíáçå= ÄÉÑçêÉ=
ÅäáåáÅ~ä=çåëÉí=çÑ=Çá~ÄÉíÉë=Ü~ë=ëç=Ñ~ê=éêçîÉÇ=ìåëìÅÅÉëëÑìäK=
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Aetiology 
Type 2 diabetes 

 
qóéÉ=O=Çá~ÄÉíÉë=áë=Åçããçå=áå=~ää=éçéìä~íáçåë=ÉåàçóáåÖ=~å=
~ÑÑäìÉåí= äáÑÉëíóäÉI= ~åÇ= Ü~ë= áåÅêÉ~ëÉÇ= áå= é~ê~ääÉä= ïáíÜ= íÜÉ=
~Ççéíáçå=çÑ=~=tÉëíÉêå=äáÑÉëíóäÉ=~åÇ=áåÅêÉ~ëáåÖ=çÄÉëáíóK=qÜÉ=
Ñçìê= ã~àçê= ÇÉíÉêãáå~åíë= ~êÉ= áåÅêÉ~ëáåÖ= ~ÖÉI= çÄÉëáíóI=
ÉíÜåáÅáíó=~åÇ=Ñ~ãáäó=ÜáëíçêóK=få=éççê=ÅçìåíêáÉëI=Çá~ÄÉíÉë=áë=~=
ÇáëÉ~ëÉ=çÑ=íÜÉ=êáÅÜI=Äìí=áå=êáÅÜ=ÅçìåíêáÉëI=áí=áë=~=ÇáëÉ~ëÉ=çÑ=íÜÉ=
éççê;= çÄÉëáíó= áë= íÜÉ= Åçããçå= Ñ~ÅíçêK= låëÉí= ã~ó= ÄÉ=
~ÅÅÉäÉê~íÉÇ=Äó= íÜÉ=ëíêÉëë=çÑ=éêÉÖå~åÅóI=ÇêìÖ= íêÉ~íãÉåí=çê=
áåíÉêÅìêêÉåí=áääåÉëëKR=

Genetic susceptibility and inheritance  
cáêëíI= äÉíÛë= Ü~îÉ= ~= äççâ= ~í= íÜÉ= êáëâ= çÑ= ÇÉîÉäçéáåÖ= íóéÉ= O=
Çá~ÄÉíÉë=Ñçê=ëáÄäáåÖë=çÑ=~å=áåÇáîáÇì~ä=ïáíÜ=íóéÉ=O=Çá~ÄÉíÉëK=

dÉåÉíáÅ=Ñ~Åíçêë=~êÉ=áãéçêí~åí=áå=íóéÉ=O=Çá~ÄÉíÉëI=~ë=ëÜçïå=
Äó=ã~êâÉÇ=ÇáÑÑÉêÉåÅÉë= áå=ëìëÅÉéíáÄáäáíó= áå=ÇáÑÑÉêÉåí=ÉíÜåáÅ=
Öêçìéë= ~åÇ= Äó= ëíìÇáÉë= áå= ãçåçòóÖçíáÅ= íïáåë= ïÜÉêÉ=
ÅçåÅçêÇ~åÅÉ=ê~íÉë=Ñçê=íóéÉ=O=Çá~ÄÉíÉë=~ééêç~ÅÜ=NMMBKN==

fÇÉåíáÅ~ä=íïáåë=çÑ=é~íáÉåíë=ïáíÜ=íóéÉ=O=Çá~ÄÉíÉë=Ü~îÉ=ãçêÉ=
íÜ~å=~=RMB=ÅÜ~åÅÉ=çÑ=ÇÉîÉäçéáåÖ=Çá~ÄÉíÉë;=íÜÉ=êáëâ=íç=åçåJ
áÇÉåíáÅ~ä=íïáåë=çê=ëáÄäáåÖë=áë=çÑ=íÜÉ=çêÇÉê=çÑ=ORBI=ÅçåÑáêãáåÖ=
~=ëíêçåÖ=áåÜÉêáíÉÇ=ÅçãéçåÉåí=íç=íÜÉ=ÇáëÉ~ëÉKR==

=

qóéÉ=O=Çá~ÄÉíÉë=áë=~=éçäóÖÉåáÅ=ÇáëçêÇÉê=~åÇI=~ë=ïáíÜ=íóéÉ=N=
Çá~ÄÉíÉëKR= dÉåçãÉJïáÇÉ= ~ëëçÅá~íáçå= ëíìÇáÉë= Ü~îÉ=
áÇÉåíáÑáÉÇ=çîÉê=SR=ÖÉåÉë=çê=ÖÉåÉ=êÉÖáçåë=íÜ~í=~êÉ=~ëëçÅá~íÉÇ=
ïáíÜ=íóéÉ=O=Çá~ÄÉíÉëI=É~ÅÜ=ÉñÉêíáåÖ=~=ëã~ää=ÉÑÑÉÅíKN==

jçëí= çÑ= íÜÉ= ÖÉåÉë= âåçïå= íç= ÅçåíêáÄìíÉ= íç= êáëâ= çÑ= íóéÉ= O=
Çá~ÄÉíÉë=~êÉ=áåîçäîÉÇ=áå=βJÅÉää=ÑìåÅíáçå=çê=áå=êÉÖìä~íáçå=çÑ=
ÅÉää=ÅóÅäáåÖ=~åÇ=íìêåçîÉêI=ëìÖÖÉëíáåÖ=íÜ~í=~äíÉêÉÇ=êÉÖìä~íáçå=
çÑ=βJÅÉää=ã~ëë=áë=~=âÉó=Ñ~ÅíçêKN=^äëçI=íÜÉêÉ=áë=åç=çîÉêä~é=ïáíÜ=
íÜÉ=áããìåÉ=ÑìåÅíáçå=ÖÉåÉë=áÇÉåíáÑáÉÇ=Ñçê=íóéÉ=N=Çá~ÄÉíÉëKR==

qÜÉêÉ= áë= åç=ã~àçê= ÖÉåÉ= ëìëÅÉéíáÄáäáíóI= áåîçäîáåÖ= íÜÉ=ei^=
êÉÖáçåK=eçïÉîÉêI=íê~åëÅêáéíáçå=Ñ~ÅíçêJTJäáâÉ=O=Eq`cTJiOF=áë=
íÜÉ=ãçëí= Åçããçå=î~êá~åí= çÄëÉêîÉÇ= áå= íóéÉ= O=Çá~ÄÉíÉë= áå=
bìêçéÉ~åëI= ~åÇ= h`knN= E~= éçí~ëëáìã= îçäí~ÖÉJÖ~íÉÇ=
ÅÜ~ååÉäF= áå= ^ëá~åëK= q`cTJiO= Å~êêáÉë= ~å= áåÅêÉ~ëÉÇ= êáëâ= çÑ=
~êçìåÇ=PRBI=ïÜáäÉ=çíÜÉê=Åçããçå=î~êá~åíë=~ÅÅçìåí=Ñçê=åç=
ãçêÉ=íÜ~å=NMÓOMBKR=qÜÉ=éçéìä~íáçå=ïáíÜ=íïç=ÅçéáÉë=çÑ=íÜÉ=
êáëâ=î~êá~åí=Ñçê=íÜáë=ÖÉåÉ=Ü~îÉ=~=åÉ~êäó=íïçÑçäÇ=áåÅêÉ~ëÉ=áå=
êáëâ= çÑ= ÇÉîÉäçéáåÖ= íóéÉ= O= Çá~ÄÉíÉëKN= q`cTJiO= ãçÇìä~íÉë=
é~åÅêÉ~íáÅ=áëäÉí=ÅÉää=ÑìåÅíáçåKR==

m~ê~ÇçñáÅ~ääóI= íÜÉ=ÖÉåÉë= Ñçê= íóéÉ=O=Çá~ÄÉíÉë=~ÅÅçìåí= Ñçê=~=
êÉä~íáîÉäó=ëã~ää=Ñê~Åíáçå=çÑ=áíë=çÄëÉêîÉÇ=ÜÉêáí~ÄáäáíóK=qÜÉó=Çç=
åçí= ~ääçï= ëìÄíóéÉë= çÑ= íÜÉ= ÅçåÇáíáçå= íç= ÄÉ= áÇÉåíáÑáÉÇ=ïáíÜ=
~åó= ÅçåÑáÇÉåÅÉ;= åçê= Çç= íÜÉó= éêçîáÇÉ= ìëÉÑìä= ÇáëÉ~ëÉ=

éêÉÇáÅíáçåK=

eçïÉîÉêI= íÜÉ= ÅÜ~åÅÉ= çÑ= ÇÉîÉäçéáåÖ= Çá~ÄÉíÉë= áë= ~äëç=
áåÑäìÉåÅÉÇ=îÉêó=éçïÉêÑìääó=Äó=ÉåîáêçåãÉåí~ä=Ñ~ÅíçêëKN==

Environmental and other risk factors  

Diet and obesity1  
béáÇÉãáçäçÖáÅ~ä= ëíìÇáÉë= ëÜçï= íÜ~í= íóéÉ= O= Çá~ÄÉíÉë= áë=
~ëëçÅá~íÉÇ=ïáíÜ=çîÉêÉ~íáåÖI=ÉëéÉÅá~ääó=ïÜÉå=ÅçãÄáåÉÇ=ïáíÜ=
çÄÉëáíó= ~åÇ= ìåÇÉê~ÅíáîáíóK= jáÇÇäÉJ~ÖÉÇ= éÉçéäÉ= ïáíÜ=
Çá~ÄÉíÉë=É~í=ëáÖåáÑáÅ~åíäó=ãçêÉ=~åÇ=~êÉ=Ñ~ííÉê=~åÇ=äÉëë=~ÅíáîÉ=
íÜ~å=íÜÉáê=åçåJÇá~ÄÉíáÅ=ëáÄäáåÖëK==

qÜÉ=êáëâ=çÑ=ÇÉîÉäçéáåÖ=íóéÉ=O=Çá~ÄÉíÉë=áåÅêÉ~ëÉë=íÉåÑçäÇ=áå=
éÉçéäÉ=ïáíÜ=~=_jf=çÑ=[PM=âÖLãOK=

=

=
Figure:	Risks	of	diabetes	and	in	overweight	and	obese	women.1		

eçïÉîÉêI= ~äíÜçìÖÜ= íÜÉ= ã~àçêáíó= çÑ= é~íáÉåíë= ïáíÜ= íóéÉ= O=
Çá~ÄÉíÉë=~êÉ=çÄÉëÉI=çåäó=~=ãáåçêáíó=çÑ=çÄÉëÉ=éÉçéäÉ=ÇÉîÉäçé=
Çá~ÄÉíÉëI= ~ë= íÜÉ= ã~àçêáíó= çÑ= çÄÉëÉ= é~íáÉåíë= ~êÉ= ~ÄäÉ= íç=
áåÅêÉ~ëÉ=áåëìäáå=ëÉÅêÉíáçå=íç=ÅçãéÉåë~íÉ=Ñçê=íÜÉ=áåÅêÉ~ëÉÇ=
ÇÉã~åÇ=êÉëìäíáåÖ=Ñêçã=çÄÉëáíó=~åÇ=áåëìäáå=êÉëáëí~åÅÉK==

qÜçëÉ=ïÜç=ÇÉîÉäçé=Çá~ÄÉíÉë=ã~ó=Ü~îÉ=ÖÉåÉíáÅ~ääó=áãé~áêÉÇ=
βJÅÉää=ÑìåÅíáçåI=êÉÇìÅÉÇ=βJÅÉää=ã~ëëI=çê=~=ëìëÅÉéíáÄáäáíó=çÑ=β=
ÅÉääë= íç= ~íí~Åâ= Äó= íçñáÅ= ëìÄëí~åÅÉë= ëìÅÜ= ~ë= cc^ë= çê=
áåÑä~ãã~íçêó=ÅóíçâáåÉëK==

Low birth weight5 

^å=~ëëçÅá~íáçå=Ü~ë=ÄÉÉå=åçíÉÇ=ÄÉíïÉÉå=äçï=ïÉáÖÜí=~í=ÄáêíÜ=

Age at onset of type 2 diabetes 
in proband

Age-corrected risk of type 2 
diabetes for siblings (%)

25–44 53

45–54 37

55–64 38

65–80 31

 Risk of developing type 2 diabetes for 
siblings of and individuals with type 2 diabetes1

BMI (kg/m
2
) Classification* Risk of obesity comorbidity

18.5–24.9 Reference 
range

Negligible

25.0–29.9 Overweight Mildly increased

> 30.0 Obese
30.0–34.9 Class I Moderate
35.0–39.9 Class II Severe
> 40.0 Class III Very severe

*Classification of the WHO and International Obesity Task Force. The 
Western Pacific Region Office of WHO recommends that, amongst Asians, 
BMI > 23.0 is overweight and > 25.0 is obese.

 Quantifying obesity with body mass index 
(weight/height2

)
1

0

Relative risk for
type 2 diabetes

< 25 25 – 30 > 30
Normal weight Overweight Obese

Body mass index (kg/m2)

1
2
3
4
5
6
7
8
9

10
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=

~åÇ=~í=NO=ãçåíÜë=çÑ=~ÖÉ=~åÇ=ÖäìÅçëÉ=áåíçäÉê~åÅÉ=ä~íÉê=áå=äáÑÉI=
é~êíáÅìä~êäó=áå=íÜçëÉ=ïÜç=Ö~áå=ÉñÅÉëë=ïÉáÖÜí=~ë=~ÇìäíëK==

qÜÉ=ÅçåÅÉéí=áë=íÜ~í=éççê=åìíêáíáçå=É~êäó=áå=äáÑÉ=áãé~áêë=βJÅÉää=
ÇÉîÉäçéãÉåí= ~åÇ= ÑìåÅíáçåI= éêÉÇáëéçëáåÖ= íç= Çá~ÄÉíÉë= áå=
ä~íÉê=äáÑÉK==

içï= ÄáêíÜ= ïÉáÖÜí= Ü~ë= ~äëç= ÄÉÉå= ëÜçïå= íç= éêÉÇáëéçëÉ= íç=
ÜÉ~êí=ÇáëÉ~ëÉ=~åÇ=ÜóéÉêíÉåëáçåK=

Inflammation5==
pìÄÅäáåáÅ~ä= áåÑä~ãã~íçêó= ÅÜ~åÖÉë= ~êÉ= ÅÜ~ê~ÅíÉêáëíáÅ= çÑ=
ÄçíÜ= íóéÉ= O= Çá~ÄÉíÉë= ~åÇ= çÄÉëáíó;= áå= Çá~ÄÉíÉëI= ÜáÖÜJ
ëÉåëáíáîáíó= `JêÉ~ÅíáîÉ= éêçíÉáå= E`RmF= äÉîÉäë= ~êÉ= ãçÇÉëíäó=
ÉäÉî~íÉÇ= áå= ~ëëçÅá~íáçå= ïáíÜ= ê~áëÉÇ= ÑáÄêáåçÖÉå= ~åÇ=
áåÅêÉ~ëÉÇ= éä~ëãáåçÖÉå= ~Åíáî~íçê= áåÜáÄáíçêJN= Em^fJNFI=
ÅçåíêáÄìíáåÖ=íç=Å~êÇáçî~ëÅìä~ê=êáëâK==

`áêÅìä~íáåÖ= äÉîÉäë= çÑ= íÜÉ= éêçJáåÑä~ãã~íçêó= ÅóíçâáåÉë=
íìãçìê=åÉÅêçëáë=Ñ~Åíçê=~äéÜ~=EqkcJαF=~åÇ=fiJS=~êÉ=ÉäÉî~íÉÇ=
áå=ÄçíÜ=Çá~ÄÉíÉë=~åÇ=çÄÉëáíóK=

Age1  
qóéÉ=O=Çá~ÄÉíÉë=áë=ãçêÉ=Åçããçå=áå=íÜÉ=ãáÇÇäÉJ~ÖÉÇ=~åÇ=
ÉäÇÉêäóK==

=
få=íÜÉ=rhI=áí=~ÑÑÉÅíë=NMB=çÑ=íÜÉ=éçéìä~íáçå=çîÉê=SRI=~åÇ=çîÉê=
TMB=çÑ=~ää=Å~ëÉë=çÑ=Çá~ÄÉíÉë=çÅÅìê=~ÑíÉê=íÜÉ=~ÖÉ=çÑ=RM=óÉ~êëK==

Abnormalities of insulin secretion and action5==
bîÉå=ã~ëëáîÉäó=çÄÉëÉ=áåÇáîáÇì~äë=ïáíÜ=~=Ñìääó=ÑìåÅíáçåáåÖ=βJ
ÅÉää= ã~ëë= Çç= åçí= åÉÅÉëë~êáäó= ÇÉîÉäçé= Çá~ÄÉíÉëI= ïÜáÅÜ=
áãéäáÉë=íÜ~í=ëçãÉ=ÇÉÖêÉÉ=çÑ=βJÅÉää=ÇóëÑìåÅíáçå=áë=åÉÅÉëë~êóK=
pçI= íÜÉ= êÉä~íáîÉ= êçäÉ= çÑ= ëÉÅêÉíçêó= Ñ~áäìêÉ= îÉêëìë= áåëìäáå=
êÉëáëí~åÅÉ=áå=íÜÉ=é~íÜçÖÉåÉëáë=çÑ=íóéÉ=O=Çá~ÄÉíÉë=Ü~ë=ÄÉÉå=
ãìÅÜ=ÇÉÄ~íÉÇK==

fåëìäáå= êÉëáëí~åÅÉ= áëI= ÜçïÉîÉêI= ~ëëçÅá~íÉÇ= ïáíÜ= ÅÉåíê~ä=
çÄÉëáíó= ~åÇ= ~ÅÅìãìä~íáçå= çÑ= áåíê~ÅÉääìä~ê= íêáÖäóÅÉêáÇÉ= áå=
ãìëÅäÉ=~åÇ=äáîÉê=áå=íóéÉ=O=Çá~ÄÉíÉëI=~åÇ=~=ÜáÖÜ=éêçéçêíáçå=
çÑ=é~íáÉåíë=Ü~îÉ=åçå~äÅçÜçäáÅ=Ñ~ííó=äáîÉê=ÇáëÉ~ëÉ=Ek^ciaFK==

fí=Ü~ë= äçåÖ=ÄÉÉå= ëí~íÉÇ= íÜ~í=é~íáÉåíë=ïáíÜ= íóéÉ=O=Çá~ÄÉíÉë=
êÉí~áå=ìé=íç=RMB=çÑ=íÜÉáê=βJÅÉää=ã~ëë=~í=íÜÉ=íáãÉ=çÑ=Çá~ÖåçëáëI=
~ë= Åçãé~êÉÇ= ïáíÜ= ÜÉ~äíÜó= ÅçåíêçäëI= Äìí= íÜÉ= ëÜçêíÑ~ää= áë=
ÖêÉ~íÉê= íÜ~å= íÜáë= ïÜÉå= íÜÉó= ~êÉ= ã~íÅÜÉÇ= ïáíÜ= ÜÉ~äíÜó=
áåÇáîáÇì~äë=ïÜç=~êÉ=Éèì~ääó=çÄÉëÉK==

få=~ÇÇáíáçåI=é~íáÉåíë=ïáíÜ=íóéÉ=O=Çá~ÄÉíÉë=~äãçëí=~ää=ëÜçï=
áëäÉí=~ãóäçáÇ=ÇÉéçëáíáçå=~í=~ìíçéëóI=ÇÉêáîÉÇ=Ñêçã=~=éÉéíáÇÉ=
âåçïå=~ë=~ãóäáå=çê=áëäÉí=~ãóäçáÇ=éçäóéÉéíáÇÉ=Ef^mmFI=ïÜáÅÜ=
áë=ÅçJëÉÅêÉíÉÇ=ïáíÜ=áåëìäáåK=fí=áë=åçí=âåçïå=áÑ=íÜáë=áë=~=Å~ìëÉ=
çê=ÅçåëÉèìÉåÅÉ=çÑ=βJÅÉää=ëÉÅêÉíçêó=Ñ~áäìêÉK==

^Äåçêã~äáíáÉë= çÑ= áåëìäáå= ëÉÅêÉíáçå= ã~åáÑÉëí= É~êäó= áå= íÜÉ=
ÅçìêëÉ=çÑ= íóéÉ=O=Çá~ÄÉíÉëK=^å=É~êäó= ëáÖå= áë= äçëë=çÑ= íÜÉ= Ñáêëí=
éÜ~ëÉ= çÑ= íÜÉ= åçêã~ä= ÄáéÜ~ëáÅ= êÉëéçåëÉ= íç= áåíê~îÉåçìë=
áåëìäáåK= bëí~ÄäáëÜÉÇ= Çá~ÄÉíÉë= áë= ~ëëçÅá~íÉÇ= ïáíÜ=
ÜóéÉêëÉÅêÉíáçå= çÑ= áåëìäáå= Äó= ~= ÇÉéäÉíÉÇ= βJÅÉää= ã~ëëK=
`áêÅìä~íáåÖ= áåëìäáå= äÉîÉäë= ~êÉ= íÜÉêÉÑçêÉ= ÜáÖÜÉê= íÜ~å= áå=
ÜÉ~äíÜó= ÅçåíêçäëI= ~äíÜçìÖÜ= ëíáää= áå~ÇÉèì~íÉ= íç= êÉëíçêÉ=
ÖäìÅçëÉ= ÜçãÉçëí~ëáëK= RÉä~íáîÉ= áåëìäáå= ä~Åâ= áë= ~ëëçÅá~íÉÇ=
ïáíÜ=áåÅêÉ~ëÉÇ=ÖäìÅçëÉ=éêçÇìÅíáçå=Ñêçã=íÜÉ=äáîÉê=EçïáåÖ=íç=
áå~ÇÉèì~íÉ=ëìééêÉëëáçå=çÑ=ÖäìÅçåÉçÖÉåÉëáëF=~åÇ=êÉÇìÅÉÇ=
ÖäìÅçëÉ=ìéí~âÉ=Äó=éÉêáéÜÉê~ä=íáëëìÉëK=eóéÉêÖäóÅ~Éãá~=~åÇ=
äáéáÇ= ÉñÅÉëë= ~êÉ= íçñáÅ= íç= β= ÅÉääëI= ~í= äÉ~ëí= áå= îáíêçI= ~=
éÜÉåçãÉåçå=âåçïå=~ë=ÖäìÅçíçñáÅáíóI=~åÇ=íÜáë=áë=íÜçìÖÜí=íç=
êÉëìäí= áå= ÑìêíÜÉê= βJ= ÅÉää= äçëë= ~åÇ= ÑìêíÜÉê= ÇÉíÉêáçê~íáçå= çÑ=
ÖäìÅçëÉ=ÜçãÉçëí~ëáëK=`áêÅìä~íáåÖ=áåëìäáå=äÉîÉäë=~êÉ=íóéáÅ~ääó=
ÜáÖÜÉê=íÜ~å=áå=åçåJÇá~ÄÉíáÅë=ÑçääçïáåÖ=Çá~Öåçëáë=~åÇ=íÉåÇ=
íç=êáëÉ=ÑìêíÜÉêI=çåäó=íç=ÇÉÅäáåÉ=~Ö~áå=~ÑíÉê=ãçåíÜë=çê=óÉ~êë=
ÇìÉ=íç=ëÉÅêÉíçêó=Ñ~áäìêÉI=~å=çÄëÉêî~íáçå=ëçãÉíáãÉë=êÉÑÉêêÉÇ=
íç=~ë=íÜÉ=Úpí~êäáåÖ=ÅìêîÉÛ=çÑ=íÜÉ=é~åÅêÉ~ëK=qóéÉ=O=Çá~ÄÉíÉë=áë=
íÜìë= ~= ÅçåÇáíáçå= áå= ïÜáÅÜ= áåëìäáå= ÇÉÑáÅáÉåÅó= êÉä~íáîÉ= íç=
áåÅêÉ~ëÉÇ=ÇÉã~åÇ= äÉ~Çë= íç=ÜóéÉêëÉÅêÉíáçå=çÑ= áåëìäáå=Äó=~=
ÇÉéäÉíÉÇ= βJÅÉää= ã~ëë= ~åÇ= éêçÖêÉëëáçå= íçï~êÇë= ~ÄëçäìíÉ=
áåëìäáå= ÇÉÑáÅáÉåÅóI= êÉèìáêáåÖ= áåëìäáå= íÜÉê~éóK= fíë= íáãÉ=
ÅçìêëÉ=î~êáÉë=ïáÇÉäó=ÄÉíïÉÉå=áåÇáîáÇì~äëK=

 
Aetiology 
Monogenic diabetes mellitus1,5 

=
^=åìãÄÉê=çÑ=ìåìëì~ä=ÖÉåÉíáÅ=ÇáëÉ~ëÉë=~êÉ=~ëëçÅá~íÉÇ=ïáíÜ=
Çá~ÄÉíÉëK= `çåëáÇÉê~ÄäÉ= éêçÖêÉëë= Ü~ë= ÄÉÉå= ã~ÇÉ= áå=
ìåÇÉêëí~åÇáåÖ= ìåÅçããçå= î~êá~åíë= çÑ= Çá~ÄÉíÉëK= fåÑ~åíë=
ïÜç=ÇÉîÉäçé=Çá~ÄÉíÉë=ÄÉÑçêÉ=S=ãçåíÜë=çÑ=~ÖÉ=~êÉ=äáâÉäó=íç=
Ü~îÉ=~=ãçåçÖÉåáÅ=ÇÉÑÉÅí=~åÇ=åçí=íêìÉ=íóéÉ=N=Çá~ÄÉíÉëK==

 

 

Rare genetic causes of type 2 diabetes5 

Disorder Features 

Insulin receptor 
mutations 

Obesity, marked insulin resistance, 
hyperandrogenism in women, acanthosis nigricans 
(areas of hyperpigmented skin)  

Maternally inherited 
diabetes and 
deafness (MIDD) 

Mutation in mitochondrial DNA. Diabetes onset 
before age 40. Variable deafness, neuromuscular 
and cardiac problems, pigmented retinopathy 

Wolfram syndrome 
(diabetes insipidus, 
diabetes mellitus, 
optic atrophy and 
deafness, DIDMOAD) 

Recessively inherited. Mutation in the 
transmembrane gene, WFS1. Insulin-requiring 
diabetes and optic atrophy in the first decade. 
Diabetes insipidus and sensorineural deafness in 
the second decade, progressing to multiple 
neurological problems. Few live beyond middle age 

Severe obesity and 
diabetes 

Alström, Bardet–Biedl and Prader–Willi syndromes. 
Retinitis pigmentosa, mental insufficiency and 
neurological disorders 

Disorders of 
intracellular insulin 
signalling (all with 
severe insulin 
resistance) 

Leprechaunism, Rabson–Mendenhall syndrome, 
pseudoacromegaly, partial lipodystrophy: lamin A/C 
gene mutation 

Genetic defects of β-
cell function 

See box in the next page (Genetic defects of beta 
cell function) 

=

=

• Prevalence: increases with age, affecting ~10% of people 

over 65 years. Half of these people are undiagnosed. 

Impaired β-cell function and exaggerated insulin resistance 

with ageing both contribute.

• Glycosuria: the renal threshold for glucose rises with age, so 

glycosuria may not develop until the blood glucose 

concentration is markedly raised.

• Pancreatic carcinoma: may present in old age with the 

development of diabetes, in association with weight loss and 

diminished appetite.

 Diagnosis of diabetes mellitus in old age1
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=

få=ê~êÉ=Ñ~ãáäáÉëI=Çá~ÄÉíÉë=áë=Å~ìëÉÇ=Äó=ëáåÖäÉ=ÖÉåÉ=ÇÉÑÉÅíë=çÑ=
βJÅÉää= ÑìåÅíáçå= ïáíÜ= ~ìíçëçã~ä= Ççãáå~åí= áåÜÉêáí~åÅÉK=
qÜÉëÉ= ëìÄíóéÉë= ÅçåëíáíìíÉ= äÉëë= íÜ~å= RB= çÑ= ~ää= Å~ëÉë= çÑ=
Çá~ÄÉíÉë=~åÇ=íóéáÅ~ääó=éêÉëÉåí=~ë=Úã~íìêáíóJçåëÉí=Çá~ÄÉíÉë=
çÑ= íÜÉ=óçìåÖÛ=EjlavFI= áKÉK=åçåJáåëìäáåJêÉèìáêáåÖ=Çá~ÄÉíÉë=
éêÉëÉåíáåÖ=ÄÉÑçêÉ=íÜÉ=~ÖÉ=çÑ=OR=óÉ~êëK=pÉîÉê~ä=î~êá~åíë=Ü~îÉ=
ÄÉÉå= ÇÉëÅêáÄÉÇI= É~ÅÜ= ~ëëçÅá~íÉÇ= ïáíÜ= ÇáÑÑÉêÉåí= ÅäáåáÅ~ä=
éÜÉåçíóéÉëK= qÜÉëÉ= ëÜçìäÇ= ÄÉ= ÅçåëáÇÉêÉÇ= áå= éÉçéäÉ=
éêÉëÉåíáåÖ=ïáíÜ=É~êäó=çåëÉí=Çá~ÄÉíÉë=áå=~ëëçÅá~íáçå=ïáíÜ=~å=
~ÑÑÉÅíÉÇ=é~êÉåí=~åÇ=É~êäóJçåëÉí=Çá~ÄÉíÉë=áå=~ééêçñáã~íÉäó=
RMB=çÑ=êÉä~íáîÉëKNIR==

 

 

aá~ÄÉíÉë=ëççå=~ÑíÉê=ÄáêíÜ=

sÉêó=ê~êÉäóI=Çá~ÄÉíÉë=Å~å=ÇÉîÉäçé=~í=çê=ëççå=~ÑíÉê=ÄáêíÜK=qÜáë=
åÉçå~í~ä= Çá~ÄÉíÉë= áë= ìëì~ääó= ÖÉåÉíáÅ= áå= çêáÖáåI= Å~ìëáåÖ=
áåëìäáå=ÇÉÑáÅáÉåÅó=~åÇ=Çá~ÄÉíáÅ=âÉíç~ÅáÇçëáëK==

NK qê~åëáÉåí= åÉçå~í~ä= Çá~ÄÉíÉë= ãÉääáíìë= EqkajF=
çÅÅìêë=ëççå=~ÑíÉê=ÄáêíÜ=~åÇ=êÉëçäîÉë=~í=~=ãÉÇá~å=çÑ=
NO= ïÉÉâë;= ëçãÉ= RMB= çÑ= Å~ëÉë= ìäíáã~íÉäó= êÉä~éëÉ=
ä~íÉê= áå= äáÑÉK= jçëí= Ü~îÉ= ~å= ~Äåçêã~äáíó= çÑ=
áãéêáåíáåÖ= çÑ= íÜÉ= w^`= ~åÇ= evj^f= ÖÉåÉë= çå=
ÅÜêçãçëçãÉ=SèK==

OK få=éÉêã~åÉåí=åÉçå~í~ä=Çá~ÄÉíÉë=ãÉääáíìë=EmkajF=
íÜÉ=ãçëí=Åçããçå=Å~ìëÉ=ERMBF=áë=ãìí~íáçåë=áå=íÜÉ=
h`kgNN=ÖÉåÉ=ÉåÅçÇáåÖ=íÜÉ=háêSKO=ëìÄìåáí=çÑ=íÜÉ=βJ
ÅÉää=éçí~ëëáìãÓ^qm=Eh^qm=ÅÜ~ååÉäF=ÅÜ~ååÉäK==

kÉìêçäçÖáÅ~ä=ÑÉ~íìêÉë=~êÉ=ëÉÉå=áå=OMB=çÑ=é~íáÉåíëK=aá~ÄÉíÉë=
áë= ÇìÉ= íç= ÇÉÑÉÅíáîÉ= áåëìäáå= êÉäÉ~ëÉ= ê~íÜÉê= íÜ~å= βJÅÉää=
ÇÉëíêìÅíáçåK=eçïÉîÉêI= ëìäéÜçåóäìêÉ~=ÇêìÖë=çîÉêÅçãÉ=íÜÉ=
ÇÉÑÉÅí= áå= éçí~ëëáìã= ÅÜ~ååÉä= ëáÖå~ääáåÖI= ëç= íÜ~í= áåëìäáå=
íÜÉê~éó=áë=åçí=åÉÅÉëë~êó=áå=íÜÉëÉ=Å~ëÉëK=^äëçI=é~íáÉåíë=Å~å=
ÄÉ= íêÉ~íÉÇ= ëìÅÅÉëëÑìääó= ïáíÜ= ëìäéÜçåóäìêÉ~ëI= ÉîÉå= ~ÑíÉê=
ã~åó=óÉ~êë=çÑ=áåëìäáå=íÜÉê~éóK=

=

 

 

Genetic defects of beta cell function5 

Features HNF-4a Glucokinase HNF-1a IPF-1 HNF-1b 
Chromosomal location 20q  7p 12q 13q 17q 

Proportion of all cases 5% 15% 70% <1% 2% 

Onset Teens/thirties Present from birth Teens/twenties Teens/thirties Teens/twenties 
Progression Progressive 

hyperglycaemia 
Little deterioration with 
age 

Progressive 
hyperglycaemia 

Progression unclear Progression unclear 

Microvascular 
complications 

Frequent Rare Frequent Few data Frequent 

Other features None Reduced birth weight Sensitivity to 
sulphonylureas 

Pancreatic agenesis in 
homozygotes 

Renal cysts, proteinuria, 
chronic kidney disease 

The glucokinase gene is intimately involved in the glucose-sensing mechanism within the pancreatic β cell. The hepatic nuclear factor (HNF) genes and the insulin promoter 

factor-1 (IPF-1) gene control nuclear transcription in the β cell, where they regulate its development and function. Abnormal nuclear transcription genes may cause pancreatic 
agenesis or moresubtle progressive pancreatic damage. A handful of families with autosomal dominant diabetes have been described with mutations in neurogenic 
differentiation factor-1 (NeuroD1). 

= =

Functional defect Main type* Gene mutated*

β-cell glucose sensing MODY2 GCK

The set point for basal insulin release is altered, causing a high 
fasting glucose, but sufficient insulin is released after meals.  
As a result, the HbA1c is often normal and microvascular 
complications are rare. Treatment is rarely required

β-cell transcriptional 

regulation

MODY3 HNF-1α
MODY5 HNF-1β
MODY1 HNF-4α

Diabetes develops during adolescence/early adulthood and can 
be managed with diet and tablets for many years, but ultimately, 
insulin treatment is required. The HNF-1α  and 4α  forms respond 
particularly well to sulphonylurea drugs. All types are associated 
with microvascular complications. HNF-1β mutations also cause 
renal cysts and renal failure

*Other gene mutations have been found in rare cases. For further 
information, see http://diabetesgenes.org.

 Monogenic diabetes mellitus: maturity-

onset diabetes of the young (MODY)
1
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Pathology 
Type 1 diabetes1 

=
qóéÉ=N=Çá~ÄÉíÉë= áë=~=q=ÅÉääJãÉÇá~íÉÇ=~ìíçáããìåÉ=ÇáëÉ~ëÉ=
áåîçäîáåÖ=ÇÉëíêìÅíáçå=çÑ=íÜÉ=áåëìäáåJëÉÅêÉíáåÖ=β=ÅÉääë=áå=íÜÉ=
é~åÅêÉ~íáÅ=áëäÉíëK=

mêçÖêÉëëáîÉ= äçëë= çÑ= β= ÅÉää= ÑìåÅíáçå= í~âÉë= éä~ÅÉ= çîÉê= ~=
éêçäçåÖÉÇ= éÉêáçÇ= EãçåíÜë= íç= óÉ~êëFI= Äìí= ã~êâÉÇ=
ÜóéÉêÖäóÅ~Éãá~I= ~ÅÅçãé~åáÉÇ=Äó= íÜÉ= Åä~ëëáÅ~ä= ëóãéíçãë=
çÑ= Çá~ÄÉíÉëI= çÅÅìêë= çåäó= ïÜÉå= UMÓVMB= çÑ= íÜÉ= ÑìåÅíáçå~ä=
Å~é~Åáíó=çÑ=β=ÅÉääë=Ü~ë=ÄÉÉå=äçëíK==

qÜÉ=é~íÜçäçÖó=áå=íÜÉ=éêÉJÇá~ÄÉíáÅ=é~åÅêÉ~ë=áë=ÅÜ~ê~ÅíÉêáëÉÇ=
Äó=ÚáåëìäáíáëÛ=EêÉëÉãÄäÉë=íÜ~í=áå=çíÜÉê=~ìíçáããìåÉ=ÇáëÉ~ëÉë=
ëìÅÜ= ~ë= íÜóêçáÇáíáëRFI= ïáíÜ= áåÑáäíê~íáçå= çÑ= íÜÉ= áëäÉíë= Äó=
ãçåçåìÅäÉ~ê=ÅÉääë=Åçåí~áåáåÖ==

NK ~Åíáî~íÉÇ=ã~ÅêçéÜ~ÖÉëI==
OK ÜÉäéÉê=ÅóíçíçñáÅ=~åÇ=ëìééêÉëëçê=q=äóãéÜçÅóíÉëI==
PK å~íìê~ä=âáääÉê=ÅÉääë=~åÇ==
QK _=äóãéÜçÅóíÉëK==

pÉîÉê~ä= áëäÉí= ~åíáÖÉåë= Ü~îÉ= ÄÉÉå= ÅÜ~ê~ÅíÉêáòÉÇ= ~åÇ= íÜÉëÉ=
áåÅäìÇÉR==

NK áåëìäáå=áíëÉäÑI==
OK íÜÉ=ÉåòóãÉ=Öäìí~ãáÅ=~ÅáÇ=ÇÉÅ~êÄçñóä~ëÉ=Ed^aFI==
PK éêçíÉáå=íóêçëáåÉ=éÜçëéÜ~í~ëÉ=Ef^JOF=~åÇ==
QK íÜÉ=Å~íáçå=íê~åëéçêíÉê=wåqUK=

=
Figure:	Islet	autoantibodies.	Islet	cell	antibodies	(ICA)	are	detected	by	a	
fluorescent	antibody	technique	that	detects	binding	of	autoantibodies	to	
islet	cells.	Much	of	this	staining	reaction	is	due	to	antibodies	specific	for	
glutamic	acid	decarboxylase	(GAD)	and	protein	tyrosine	phosphatase	(IA-
2,	also	known	as	ICA512).	Not	all	the	staining	seen	with	ICA	is	due	to	these	
two	autoantibodies,	so	it	is	assumed	that	other	islet	autoantibodies	are	
also	involved.	Insulin	autoantibodies	also	appear	in	the	circulation	but	do	
not	contribute	to	the	ICA	reaction.5	

fåáíá~ääóI=íÜÉëÉ=äÉëáçåë=~êÉ=é~íÅÜó=~åÇI=ìåíáä=~=îÉêó=ä~íÉ=ëí~ÖÉI=
äçÄìäÉë= Åçåí~áåáåÖ= ÜÉ~îáäó= áåÑáäíê~íÉÇ= áëäÉíë= ~êÉ= ëÉÉå=
~Çà~ÅÉåí=íç=ìå~ÑÑÉÅíÉÇ=äçÄìäÉëK==

qÜÉ=ÇÉëíêìÅíáîÉ=éêçÅÉëë=áë=β=ÅÉää=ëéÉÅáÑáÅI=íÜÉ=ÖäìÅ~Öçå=~åÇ=
çíÜÉê=ÜçêãçåÉJëÉÅêÉíáåÖ=ÅÉääë=áå=íÜÉ=áëäÉí=êÉã~áåáåÖ=áåí~ÅíK==

fëäÉí= ÅÉää= ~åíáÄçÇáÉë= ~êÉ= éêÉëÉåí= ÄÉÑçêÉ= íÜÉ= ÅäáåáÅ~ä=
éêÉëÉåí~íáçå=çÑ=íóéÉ=N=Çá~ÄÉíÉëI=~åÇ=íÜÉáê=ÇÉíÉÅíáçå=Å~å=ÄÉ=
ìëÉÑìä=áå=ÅçåÑáêãáåÖ=~=Çá~Öåçëáë=çÑ=íóéÉ=N=Çá~ÄÉíÉëI=Äìí=íÜÉó=
~êÉ=éççêäó=éêÉÇáÅíáîÉ=çÑ=ÇáëÉ~ëÉ=éêçÖêÉëëáçå=~åÇ=Çáë~ééÉ~ê=
çîÉê=íáãÉ=

=

=
Figure:	Pathogenesis	of	type	1	diabetes.	Proposed	sequence	of	events	in	the	development	of	type	1	diabetes.1

=
=  
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Pathology 
Type 2 diabetes 

=
qóéÉ=O=Çá~ÄÉíÉë= áë=~=Çá~Öåçëáë=çÑ=ÉñÅäìëáçåI= áKÉK= áí= áë=ã~ÇÉ=
ïÜÉå=íóéÉ=N=Çá~ÄÉíÉë=~åÇ=çíÜÉê=íóéÉë=çÑ=Çá~ÄÉíÉë=~êÉ=êìäÉÇ=
çìíI=~åÇ=áë=ÜáÖÜäó=ÜÉíÉêçÖÉåÉçìëK==

=

Figure:	The	natural	history	of	typical	type	2	diabetes.	In	the	early	stage	of	
the	disorder,	the	response	to	progressive	insulin	resistance	is	an	increase	
in	insulin	secretion	by	the	pancreatic	cells,	causing	hyperinsulinaemia.	
Eventually,	the	𝛽	cells	are	unable	to	compensate	adequately	and	blood	
glucose	rises,	producing	hyperglycaemia.	With	further	𝛽-cell	failure,	
glycaemic	control	deteriorates	and	treatment	requirements	escalate.1	

fåáíá~ääóI= áåëìäáå= êÉëáëí~åÅÉ= äÉ~Çë= íç= ÉäÉî~íÉÇ= áåëìäáå=
ëÉÅêÉíáçå=áå=çêÇÉê=íç=ã~áåí~áå=åçêã~ä=ÄäççÇ=ÖäìÅçëÉ=äÉîÉäëK=
eçïÉîÉêI=áå=ëìëÅÉéíáÄäÉ=áåÇáîáÇì~äëI=íÜÉ=é~åÅêÉ~íáÅ=β=ÅÉääë=
~êÉ=ìå~ÄäÉ=íç=ëìëí~áå=íÜÉ=áåÅêÉ~ëÉÇ=ÇÉã~åÇ=Ñçê=áåëìäáå=~åÇ=
~=ëäçïäó=éêçÖêÉëëáîÉ=áåëìäáå=ÇÉÑáÅáÉåÅó=ÇÉîÉäçéëK==

pçãÉ= é~íáÉåíë= ÇÉîÉäçé= Çá~ÄÉíÉë= ~í= ~= óçìåÖ= ~ÖÉI= ìëì~ääó=
ÇêáîÉå=Äó= áåëìäáå= êÉëáëí~åÅÉ=ÇìÉ= íç= çÄÉëáíó= ~åÇ= ÉíÜåáÅáíó;=
çíÜÉêëI= é~êíáÅìä~êäó= íÜÉ= ÉäÇÉêäóI= ÇÉîÉäçé= Çá~ÄÉíÉë= ÇÉëéáíÉ=
ÄÉáåÖ= åçåJçÄÉëÉ= ~åÇ=ã~ó= Ü~îÉ=ãçêÉ= éêçåçìåÅÉÇ= βJÅÉää=
Ñ~áäìêÉK==

qÜÉ=âÉó=ÑÉ~íìêÉ= áë=~= ÚêÉä~íáîÉÛ= áåëìäáå=ÇÉÑáÅáÉåÅóI=ëìÅÜ=íÜ~í=
íÜÉêÉ= áë= áåëìÑÑáÅáÉåí= áåëìäáå= éêçÇìÅíáçå= íç= çîÉêÅçãÉ= íÜÉ=
êÉëáëí~åÅÉ= íç= áåëìäáå= ~ÅíáçåK= qÜáë= Åçåíê~ëíë= ïáíÜ= íóéÉ= N=
Çá~ÄÉíÉëI=áå=ïÜáÅÜ=íÜÉêÉ=áë=ê~éáÇ=äçëë=çÑ=áåëìäáå=éêçÇìÅíáçå=
~åÇ= ~å= ~ÄëçäìíÉ= ÇÉÑáÅáÉåÅóI= êÉëìäíáåÖ= áå= âÉíç~ÅáÇçëáë= ~åÇ=
ÇÉ~íÜ=áÑ=íÜÉ=áåëìäáå=áë=åçí=êÉéä~ÅÉÇK==

 

 

Pancreatic β-cell failure  
få=íÜÉ=É~êäó=ëí~ÖÉë=çÑ=íóéÉ=O=Çá~ÄÉíÉëI=êÉÇìÅíáçå=áå=íÜÉ=íçí~ä=
ã~ëë= çÑ= é~åÅêÉ~íáÅ= áëäÉí= íáëëìÉ= áë= ãçÇÉëíK= ^í= íÜÉ= íáãÉ= çÑ=
Çá~ÖåçëáëI=~êçìåÇ=RMB=çÑ=βJÅÉää=ÑìåÅíáçå=Ü~ë=ÄÉÉå=äçëí=~åÇ=
íÜáë=ÇÉÅäáåÉë=éêçÖêÉëëáîÉäóK=

=
Figure:	Progressive	pancreatic	𝛽-cell	failure	in	patients	with	type	2	
diabetes	in	the	United	Kingdom	Prospective	Diabetes	Study	(UKPDS).	
Beta-cell	function	was	estimated	using	the	homeostasis	model	
assessment	(HOMA)	and	was	already	below	50%	at	the	time	of	diagnosis.	
Thereafter,	long-term	incremental	increases	in	fasting	plasma	glucose	
were	accompanied	by	progressive	𝛽-cell	dysfunction.	If	the	slope	of	this	
progression	is	extrapolated,	it	appears	that	pancreatic	dysfunction	may	
have	been	developing	for	many	years	before	diagnosis	of	diabetes.1	

pçãÉ=é~íÜçäçÖáÅ~ä=ÅÜ~åÖÉë=~êÉ= íóéáÅ~ä=çÑ= íóéÉ=O=Çá~ÄÉíÉëI=
íÜÉ=ãçëí=ÅçåëáëíÉåí=çÑ=ïÜáÅÜ=áë=ÇÉéçëáíáçå=çÑ=~ãóäçáÇ=áå=íÜÉ=
áëäÉíëK=få=~ÇÇáíáçåI=ÉäÉî~íÉÇ=éä~ëã~=ÖäìÅçëÉ=~åÇ=cc^ë=ÉñÉêí=
íçñáÅ= ÉÑÑÉÅíë= çå= é~åÅêÉ~íáÅ= β= ÅÉääë= íç= áãé~áê= áåëìäáå=
ëÉÅêÉíáçåK==

eçïÉîÉêI=ïÜáäÉ=βJÅÉää=åìãÄÉêë=~êÉ=êÉÇìÅÉÇI=βJÅÉää=ã~ëë=áë=
ìåÅÜ~åÖÉÇ=~åÇ=ÖäìÅ~Öçå=ëÉÅêÉíáçå=áë=áåÅêÉ~ëÉÇI=ïÜáÅÜ=ã~ó=
ÅçåíêáÄìíÉ=íç=ÜóéÉêÖäóÅ~Éãá~K==

 
Pathology 
Other forms of diabetes1 

=
få=ãçëí=Å~ëÉëI= íÜÉêÉ= áë=~å=çÄîáçìë=Å~ìëÉ=çÑ=ÇÉëíêìÅíáçå=çÑ=
é~åÅêÉ~íáÅ=β=ÅÉääëK=pçãÉ=~ÅèìáêÉÇ=ÇáëçêÇÉêëI=åçí~Ääó=çíÜÉê=
ÉåÇçÅêáåÉ= ÇáëÉ~ëÉë= ëìÅÜ= ~ë= ~ÅêçãÉÖ~äó= çê= `ìëÜáåÖÛë=
ëóåÇêçãÉI= Å~å= éêÉÅáéáí~íÉ= íóéÉ= O= Çá~ÄÉíÉë= áå= ëìëÅÉéíáÄäÉ=
áåÇáîáÇì~äëK==

=

=
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=

7 Insulin resistance and 
The metabolic syndrome  
=

qóéÉ= O= Çá~ÄÉíÉëI= çê= áíë= ~åíÉÅÉÇÉåíI= áãé~áêÉÇ= ÖäìÅçëÉ= íçäÉê~åÅÉI= áë= çåÉ= çÑ= ~= ÅäìëíÉê= çÑ= ÅçåÇáíáçåë= íÜçìÖÜí= íç= ÄÉ= Å~ìëÉÇ= Äó=
êÉëáëí~åÅÉ= íç= áåëìäáå= ~ÅíáçåK= qÜìëI= é~íáÉåíë= ïáíÜ= íóéÉ= O= Çá~ÄÉíÉë= çÑíÉå= Ü~îÉ= ~ëëçÅá~íÉÇ= ÇáëçêÇÉêë= áåÅäìÇáåÖ= ÜóéÉêíÉåëáçåI=
ÇóëäáéáÇ~Éãá~I=ÅÜ~ê~ÅíÉêáëÉÇ=Äó=ÉäÉî~íÉÇ=äÉîÉäë=çÑ=ëã~ää=ÇÉåëÉ=äçïJÇÉåëáíó=äáéçéêçíÉáå=EiaiF=ÅÜçäÉëíÉêçä=~åÇ=íêáÖäóÅÉêáÇÉëI=~åÇ=
~=äçï=äÉîÉä=çÑ=ÜáÖÜJÇÉåëáíó=äáéçéêçíÉáå=EeaiF=ÅÜçäÉëíÉêçäI=åçå~äÅçÜçäáÅ=Ñ~ííó=äáîÉê=~åÇI=áå=ïçãÉåI=éçäóÅóëíáÅ=çî~êá~å=ëóåÇêçãÉK=
qÜáë=ÅäìëíÉê=Ü~ë=ÄÉÉå=íÉêãÉÇ=íÜÉ=Úáåëìäáå=êÉëáëí~åÅÉ=ëóåÇêçãÉÛ=çê=ÚãÉí~ÄçäáÅ=ëóåÇêçãÉÛI=~åÇ=áë=ãìÅÜ=ãçêÉ=Åçããçå=áå=é~íáÉåíë=
ïÜç=~êÉ=çÄÉëÉKN=

 Insulin resistance 

Risk factors 

 

 

Risk factors of insulin resistance4 

Metabolic syndrome;  
Obese;  
Asian;  
TB drugs; 
SSRI;  
Pregnancy; 

Acromegaly;  
Cushing’s;  
Renal failure;  
Cystic fibrosis;  
Polycystic ovary;  
Werner’s syndrome 

Gujaratis, Punjabis, Sri Lankans, Pakistanis and Bangladeshis have a low 
threshold for diagnosing obesity (BMI >23) and for vigorous intervention.=

=
lÄÉëáíó=áåÅêÉ~ëÉë=íÜÉ=êáëâ=çÑ=íóéÉ=O=Çá~ÄÉíÉë=UMÓNMMJÑçäÇK=lå=
~îÉê~ÖÉI=íÜÉ=áåÜ~Äáí~åíë=çÑ=~ÑÑäìÉåí=ÅçìåíêáÉë=Ö~áå=ïÉáÖÜí=~í=
íÜÉ=ê~íÉ=çÑ=N=ÖLÇ~ó=çê=ãçêÉ=ÄÉíïÉÉå=íÜÉ=~ÖÉë=çÑ=OR=~åÇ=RR=
óÉ~êëK=qÜáë=Ö~áåI=ÇìÉ=íç=~=íáåó=ÉñÅÉëë=áå=ÉåÉêÖó=áåí~âÉ=çîÉê=
ÉñéÉåÇáíìêÉ= EVM= âÅ~ä= çê= çåÉ= ÅÜçÅçä~íÉJÅç~íÉÇ= ÇáÖÉëíáîÉ=
ÄáëÅìáí=éÉê=Ç~óFI=áë=çÑíÉå=ÇìÉ=íç=êÉÇìÅÉÇ=ÉñÉêÅáëÉ=ê~íÜÉê=íÜ~å=
áåÅêÉ~ëÉÇ=ÑççÇ=áåí~âÉKR=

Causes: 4 

NK lÄÉëáíóW=mçëëáÄäó=áåÅêÉ~ëÉÇ=ê~íÉ=çÑ=êÉäÉ~ëÉ=çÑ=åçåJ
ÉëíÉêáÑáÉÇ=Ñ~ííó=~ÅáÇë=Å~ìëáåÖ=éçëíJêÉÅÉéíçê=ÇÉÑÉÅíë=
áå=áåëìäáåÛë=~ÅíáçåK==

OK dÉåÉíáÅëW= ãìí~íáçåë= áå= ÖÉåÉë= ÉåÅçÇáåÖ= áåëìäáå=
êÉÅÉéíçêëK==

PK `áêÅìä~íáåÖ= ~ìíç~åíáÄçÇáÉë= íç= íÜÉ= Éñíê~= ÅÉääìä~ê=
Ççã~áå=çÑ=íÜÉ=áåëìäáå=êÉÅÉéíçêK=

qÜÉ=éêáã~êó=Å~ìëÉ=çÑ=áåëìäáå=êÉëáëí~åÅÉ=êÉã~áåë=ìåÅäÉ~ê;=áí=
áë=äáâÉäó=íÜ~í=íÜÉêÉ=~êÉ=ãìäíáéäÉ=ÇÉÑÉÅíë=áå=áåëìäáå=ëáÖå~ääáåÖI=
~ÑÑÉÅíáåÖ=ëÉîÉê~ä=íáëëìÉëK=N=

Adipocyte1 

låÉ= íÜÉçêó= áë= ÅÉåíêÉÇ= ~êçìåÇ= íÜÉ= ~ÇáéçÅóíÉ;= íÜáë= áë=
é~êíáÅìä~êäó= ~ééÉ~äáåÖI= ~ë= çÄÉëáíó= áë= ~= ã~àçê= Å~ìëÉ= çÑ=

áåÅêÉ~ëÉÇ= áåëìäáå= êÉëáëí~åÅÉK= fåíê~J~ÄÇçãáå~ä= ÚÅÉåíê~äÛ=
~ÇáéçëÉ= íáëëìÉ= áë= ãÉí~ÄçäáÅ~ääó= ~ÅíáîÉI= ~åÇ= êÉäÉ~ëÉë= ä~êÖÉ=
èì~åíáíáÉë= çÑ= cc^ëI= ïÜáÅÜ= ã~ó= áåÇìÅÉ= áåëìäáå= êÉëáëí~åÅÉ=
ÄÉÅ~ìëÉ= íÜÉó= ÅçãéÉíÉ= ïáíÜ= ÖäìÅçëÉ= ~ë= ~= ÑìÉä= ëìééäó= Ñçê=
çñáÇ~íáçå=áå=éÉêáéÜÉê~ä=íáëëìÉë=ëìÅÜ=~ë=ãìëÅäÉK==

få=~ÇÇáíáçåI=~ÇáéçëÉ=íáëëìÉ=êÉäÉ~ëÉë=~=åìãÄÉê=çÑ=ÜçêãçåÉë=
EáåÅäìÇáåÖ=~=î~êáÉíó=çÑ=éÉéíáÇÉëI=Å~ääÉÇ=Ú~ÇáéçâáåÉëÛ=ÄÉÅ~ìëÉ=
íÜÉó=~êÉ=ëíêìÅíìê~ääó=ëáãáä~ê=íç=áããìåçäçÖáÅ~ä=ÚÅóíçâáåÉëÛF=
ïÜáÅÜ=~Åí=çå= ëéÉÅáÑáÅ= êÉÅÉéíçêë= íç= áåÑäìÉåÅÉ= ëÉåëáíáîáíó= íç=
áåëìäáå=áå=çíÜÉê=íáëëìÉëK==

_ÉÅ~ìëÉ= íÜÉ= îÉåçìë=Çê~áå~ÖÉ=çÑ= îáëÅÉê~ä= ~ÇáéçëÉ= íáëëìÉ= áë=
áåíç=íÜÉ=éçêí~ä=îÉáåI=ÅÉåíê~ä=çÄÉëáíó=ã~ó=Ü~îÉ=~=é~êíáÅìä~êäó=
éçíÉåí= áåÑäìÉåÅÉ= çå= áåëìäáå= ëÉåëáíáîáíó= áå= íÜÉ= äáîÉêI= ~åÇ=
íÜÉêÉÄó=~ÇîÉêëÉäó=~ÑÑÉÅí=ÖäìÅçåÉçÖÉåÉëáë=~åÇ=ÜÉé~íáÅ=äáéáÇ=
ãÉí~ÄçäáëãK==

Physical activity 
mÜóëáÅ~ä= ~Åíáîáíó= áë= ~åçíÜÉê= áãéçêí~åí= ÇÉíÉêãáå~åí= çÑ=
áåëìäáå= ëÉåëáíáîáíóK= få~Åíáîáíó= áë= ~ëëçÅá~íÉÇ= ïáíÜ=
ÇçïåêÉÖìä~íáçå= çÑ= áåëìäáåJëÉåëáíáîÉ= âáå~ëÉë= ~åÇ= ã~ó=
éêçãçíÉ= ~ÅÅìãìä~íáçå= çÑ= cc^ë= ïáíÜáå= ëâÉäÉí~ä= ãìëÅäÉK=
pÉÇÉåí~êó=éÉçéäÉ=~êÉ=íÜÉêÉÑçêÉ=ãçêÉ=áåëìäáåJêÉëáëí~åí=íÜ~å=
~ÅíáîÉ=éÉçéäÉ=ïáíÜ= íÜÉ= ë~ãÉ=ÇÉÖêÉÉ=çÑ=çÄÉëáíóK=jçêÉçîÉêI=
éÜóëáÅ~ä= ~Åíáîáíó= ~ääçïë= åçåJáåëìäáåJÇÉéÉåÇÉåí= ÖäìÅçëÉ=
ìéí~âÉ= áåíç= ãìëÅäÉI= êÉÇìÅáåÖ= íÜÉ= ÚÇÉã~åÇÛ= çå= íÜÉ=
é~åÅêÉ~íáÅ=β=ÅÉääë=íç=éêçÇìÅÉ=áåëìäáåK==

Fat deposition in the liver 
aÉéçëáíáçå=çÑ=Ñ~í=áå=íÜÉ=äáîÉê=áë=~=Åçããçå=~ëëçÅá~íáçå=ïáíÜ=
ÅÉåíê~ä= çÄÉëáíó= ~åÇ= áë= Éñ~ÅÉêÄ~íÉÇ= Äó= áåëìäáå= êÉëáëí~åÅÉ=
~åÇLçê=ÇÉÑáÅáÉåÅóK==

j~åó=é~íáÉåíë=ïáíÜ=íóéÉ=O=Çá~ÄÉíÉë=Ü~îÉ=ÉîáÇÉåÅÉ=çÑ=Ñ~ííó=
áåÑáäíê~íáçå= çÑ= íÜÉ= äáîÉê= EåçåJ~äÅçÜçäáÅ= Ñ~ííó= äáîÉê= ÇáëÉ~ëÉ=
Ek^ciaFFK= qÜáë= ÅçåÇáíáçå= ã~ó= áãéêçîÉ= ïáíÜ= ÉÑÑÉÅíáîÉ=
íêÉ~íãÉåí= çÑ= íÜÉ= Çá~ÄÉíÉë= ~åÇ= ÇóëäáéáÇ~Éãá~I= Äìí= ÇÉëéáíÉ=
íÜáëI= ~= ÑÉï= é~íáÉåíë= éêçÖêÉëë= íç= åçåJ~äÅçÜçäáÅ=
ëíÉ~íçÜÉé~íáíáë=~åÇ=ÅáêêÜçëáëK==
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The metabolic syndrome 
(syndrome X) 

=

Definition 
^ÅÅçêÇáåÖ=íç=íÜÉ=fac=ÇÉÑáåáíáçåTI=Ñçê=~=éÉêëçå=íç=ÄÉ=ÇÉÑáåÉÇ=
~ë=Ü~îáåÖ=íÜÉ=ãÉí~ÄçäáÅ=ëóåÇêçãÉ=íÜÉó=ãìëí=Ü~îÉW==

Central obesity 
(defined as waist circumference* with ethnicity specific values)  
plus any two of the following four factors:  

Raised 
triglycerides 

≥ 150 mg/dL (1.7 mmol/L)  
or specific treatment for this lipid abnormality 

Reduced HDL 
cholesterol 

< 40 mg/dL (1.03 mmol/L) in males  
< 50 mg/dL (1.29 mmol/L) in females  
or specific treatment for this lipid abnormality 

Raised blood 
pressure 

systolic BP ≥ 130 or diastolic BP ≥ 85 mm Hg  
or treatment of previously diagnosed hypertension 

Raised fasting 
plasma 
glucose 

(FPG) ≥ 100 mg/dL (5.6 mmol/L),  
or previously diagnosed type 2 diabetes  
If above 5.6 mmol/L or 100 mg/dL, OGTT is strongly 
recommended but is not necessary to define 
presence of the syndrome. 

* If BMI is >30kg/m², central obesity can be assumed and waist 
circumference does not need to be measured. 

=

Incidence 
úOMB=~êÉ=~ÑÑÉÅíÉÇQ;=~Äçìí=çåÉJíÜáêÇ=çÑ=íÜÉ=~Çìäí=éçéìä~íáçå=
Ü~ë= ÑÉ~íìêÉë= çÑ= íÜÉ= ëóåÇêçãÉI= åçí= åÉÅÉëë~êáäó= ~ëëçÅá~íÉÇ=
ïáíÜ=Çá~ÄÉíÉëKR=

Etiology4 

ïÉáÖÜíI= ÖÉåÉíáÅëI= ~åÇ= áåëìäáå= êÉëáëí~åÅÉ= áãéçêí~åí= áå=
~ÉíáçäçÖóK==

Possible consequences4 

NK s~ëÅìä~ê= ÉîÉåíë= EjfFÔÄìí= ã~ó= åçí= áåÅêÉ~ëÉ= êáëâ=
ÄÉóçåÇ=áåÇáîáÇì~ä=êáëâ=Ñ~Åíçêë;==

OK aj;==
PK kÉìêç=ÇÉÖÉåÉê~íáçå;==
QK jáÅêç=~äÄìãáåìêá~;==
RK d~ääëíçåÉë;==
SK `~åÅÉêë=EÉÖ=é~åÅêÉ~ëF;==
TK cÉêíáäáíó=éêçÄäÉãë=Eã~äÉ=C=ÑÉã~äÉF=

Treatment4 

• bñÉêÅáëÉ;==
• tÉáÖÜí=êÉÇìÅíáçå=œ=jÉÇáíÉêê~åÉ~å=E\âÉíçÖÉåáÅF=ÇáÉíI==
• ^åíáÜóéÉêíÉåëáîÉëI==
• eóéçÖäóÅ~ÉãáÅë=EãÉíÑçêãáå=œ=Öäáí~òçåÉëFI==
• pí~íáåëK==

bñéä~áå=íÜ~í=ÄÉåÉÑáíë=~êÉ=ãçêÉ=íÜ~å=ëáãéäó=ÅÜÉãáÅ~äW=íÜÉêÉ=
áë= ~å= áåíêáÖìáåÖ= íïçJï~ó= áåíÉê= ~Åíáçå=ÄÉíïÉÉå=ÇÉéêÉëëáçå=
~åÇ=áåëìäáå=êÉëáëí~åÅÉK=

 
Criticism  

Wise doctors and nurses will use this fact and work on many different 
levels to lead patients out of illness into health. Examples are 
motivational therapy and weekly phone interventions.4 

Critics argue that the metabolic syndrome is not a distinct entity, but one 
end of a continuum in the relationship between lifestyle and body weight 
on the one hand, and genetic make-up on the other, and that diagnosis 
adds little to standard clinical practice in terms of diagnosis, prognosis 
or therapy.5 

=

 

 

Waist circumference for central obesity4,7 

Country/Ethnic group Male Female 
Europeans ≥94cm ≥80 cm 

South (S) Asians ≥90cm ≥80 cm 
Chinese ≥90cm ≥80cm 

Japanese  ≥90cm ≥80cm   
S & Central Americans use S Asian pro tem 
Africans + Middle East use European pro tem 

  Originally different values were proposed for Japanese people but 
new data support the use of the values shown above. 

=

=

=

=

=

=
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8 Clinical approach  
To the patient with diabetes  
=

 Presentation5 

=
mêÉëÉåí~íáçå=ã~ó=ÄÉ=~ÅìíÉI=ëìÄ~ÅìíÉ=çê=~ëóãéíçã~íáÅI=çê=~=
é~íáÉåí= ã~ó= éêÉëÉåí= ïáíÜ= çåÉ= çÑ= íÜÉ= ÅçãéäáÅ~íáçåë= çÑ=
Çá~ÄÉíÉëK==

Acute presentation  
vçìåÖ= éÉçéäÉ= çÑíÉå= éêÉëÉåí=ïáíÜ= ~= OÓSJïÉÉâ= Üáëíçêó= ~åÇ=
êÉéçêí=íÜÉ=Åä~ëëáÅ=íêá~Ç=çÑ=ëóãéíçãëW==

• éçäóìêá~= ÇìÉ= íç= íÜÉ= çëãçíáÅ= ÇáìêÉëáë= íÜ~í= êÉëìäíë=
ïÜÉå=ÄäççÇ=ÖäìÅçëÉ=äÉîÉäë=ÉñÅÉÉÇ=íÜÉ=êÉå~ä=íÜêÉëÜçäÇ==

• íÜáêëí= ÇìÉ= íç= íÜÉ= êÉëìäíáåÖ= äçëë= çÑ= ÑäìáÇ= ~åÇ=
ÉäÉÅíêçäóíÉë==

• ïÉáÖÜí= äçëë= ÇìÉ= íç= ÑäìáÇ= ÇÉéäÉíáçå= ~åÇ= íÜÉ=
~ÅÅÉäÉê~íÉÇ=ÄêÉ~âÇçïå=çÑ=Ñ~í=~åÇ=ãìëÅäÉ=ëÉÅçåÇ~êó=
íç=áåëìäáå=ÇÉÑáÅáÉåÅóK==

hÉíçåìêá~= áë= çÑíÉå= éêÉëÉåí= áå= óçìåÖ= éÉçéäÉ= ~åÇ= ã~ó=
éêçÖêÉëë= íç= âÉíç~ÅáÇçëáë= áÑ= íÜÉëÉ= É~êäó= ëóãéíçãë= ~êÉ= åçí=
êÉÅçÖåáòÉÇ=~åÇ=íêÉ~íÉÇK==

Subacute presentation  
qÜÉ= ÅäáåáÅ~ä= çåëÉí= ã~ó= ÄÉ= çîÉê= ëÉîÉê~ä= ãçåíÜë= çê= óÉ~êëI=
é~êíáÅìä~êäó=áå=çäÇÉê=é~íáÉåíëK==

qóéáÅ~ä=éêÉëÉåí~íáçåë=Ó=
• qÜáêëíI==
• éçäóìêá~=~åÇ==
• ïÉáÖÜí=äçëë==

é~íáÉåíë=ã~ó=Åçãéä~áå=çÑ=ëìÅÜ=ëóãéíçãë=~ë==
• ä~Åâ=çÑ=ÉåÉêÖóI==
• îáëì~ä= ÄäìêêáåÖ= EçïáåÖ= íç= ÖäìÅçëÉJáåÇìÅÉÇ= ÅÜ~åÖÉë=

áå=êÉÑê~ÅíáçåFI=çê==
• éêìêáíìë= îìäî~É= çê= Ä~ä~åáíáë= íÜ~í= áë= ÇìÉ= íç= `~åÇáÇ~=

áåÑÉÅíáçåK==

 

 

Complications as the presenting feature  
qÜÉëÉ=áåÅäìÇÉW==

• ëí~éÜóäçÅçÅÅ~ä=ëâáå=áåÑÉÅíáçåë==
• êÉíáåçé~íÜó=åçíÉÇ=ÇìêáåÖ=~=îáëáí=íç=íÜÉ=çéíáÅá~å==
• ~=éçäóåÉìêçé~íÜó=Å~ìëáåÖ=íáåÖäáåÖ=~åÇ=åìãÄåÉëë=áå=

íÜÉ=ÑÉÉí==
• ÉêÉÅíáäÉ=ÇóëÑìåÅíáçå==
• ~êíÉêá~ä=ÇáëÉ~ëÉI=êÉëìäíáåÖ=áå=ãóçÅ~êÇá~ä=áåÑ~êÅíáçå=çê=

éÉêáéÜÉê~ä=Ö~åÖêÉåÉK==

Asymptomatic diabetes  
däóÅçëìêá~= çê= ~= ê~áëÉÇ=ÄäççÇ= ÖäìÅçëÉ=ã~ó=ÄÉ=ÇÉíÉÅíÉÇ=çå=
êçìíáåÉ= Éñ~ãáå~íáçå= EÉKÖK= Ñçê= áåëìê~åÅÉ= éìêéçëÉëF= áå=
áåÇáîáÇì~äë= ïÜç= Ü~îÉ= åç= ëóãéíçãë= çÑ= áääJÜÉ~äíÜK= qÜáë= áë=
ãçêÉ= Åçããçå= áå= çäÇÉê= éÉçéäÉI= ïÜç= Ü~îÉ= ~= ê~áëÉÇ= êÉå~ä=
íÜêÉëÜçäÇ= Ñçê= ÖäìÅçëÉK= tÜÉå= éêÉëÉåíI= ÖäóÅçëìêá~= áë= åçí=
Çá~ÖåçëíáÅ= çÑ= Çá~ÄÉíÉë= Äìí= áåÇáÅ~íÉë= íÜÉ= åÉÉÇ= Ñçê= ÑìêíÜÉê=
áåîÉëíáÖ~íáçåëK= c~ãáäá~ä= êÉå~ä= ÖäóÅçëìêá~= áë= ~= ãçåçÖÉåáÅ=
ÇáëçêÇÉê= ~ÑÑÉÅíáåÖ= ÑìåÅíáçå= çÑ= íÜÉ= ëçÇáìãÓÖäìÅçëÉ= ÅçJ
íê~åëéçêíÉê= EpdiqOF= ~åÇ= ÑçìåÇ= áå= ~Äçìí= NWQMM= çÑ= íÜÉ=
éçéìä~íáçåK=

=

 
Physical examination 
At diagnosis5 

=
bîáÇÉåÅÉ=çÑ=ïÉáÖÜí= äçëë=~åÇ=ÇÉÜóÇê~íáçå=ã~ó=ÄÉ=éêÉëÉåíI=
~åÇ= íÜÉ=ÄêÉ~íÜ=ã~ó= ëãÉää=çÑ= âÉíçåÉëK=läÇÉê=é~íáÉåíë=ã~ó=
éêÉëÉåí=ïáíÜ=Éëí~ÄäáëÜÉÇ=ÅçãéäáÅ~íáçåëI=~åÇ=íÜÉ=éêÉëÉåÅÉ=
çÑ=íÜÉ=ÅÜ~ê~ÅíÉêáëíáÅ=êÉíáåçé~íÜó=áë=Çá~ÖåçëíáÅ=çÑ=Çá~ÄÉíÉëK==

få= çÅÅ~ëáçå~ä= é~íáÉåíëI= íÜÉêÉ= ïáää= ÄÉ= éÜóëáÅ~ä= ëáÖåë= çÑ= ~å=
áääåÉëë=Å~ìëáåÖ=ëÉÅçåÇ~êó=Çá~ÄÉíÉë=EëÉÉ=íÜÉ=Åä~ëëáÑáÅ~íáçå=çÑ=
Çá~ÄÉíÉëFK==

m~íáÉåíë=ïáíÜ=ëÉîÉêÉ=áåëìäáå=êÉëáëí~åÅÉ=ã~ó=Ü~îÉ=~Å~åíÜçëáë=
åáÖêáÅ~åëI=ïÜáÅÜ=áë=ÅÜ~ê~ÅíÉêáòÉÇ=Äó=Ää~ÅâáëÜ=éáÖãÉåí~íáçå=
~í=íÜÉ=å~éÉ=çÑ=íÜÉ=åÉÅâ=~åÇ=áå=íÜÉ=~ñáää~ÉK=

=

=

=

=
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Figure:	Clinical	examination	of	the	patient	with	diabetes.1		

=

Observation

Abdomen
Hepatomegaly
(fatty infiltration of liver)

9

• Weight loss in insulin deficiency
• Obesity in type 2 diabetes
• Mucosal candidiasis
• Dehydration– dry mouth,
  ↓tissue turgor
• Air hunger– Kussmaul breathing
  in ketoacidosis

Legs
Muscle-wasting
Sensory abnormality
Hair loss
Tendon reflexes

10

Hands
(see opposite)

1

Exudative
maculopathy

7

Blood pressure 3

2Skin
Bullosis

Pigmentation
Granuloma annulare

Vitiligo

Axillae 4

6

Acanthosis nigricans
in insulin resistance

Necrobiosis lipoidica

‘Prayer sign’

Neuropathic foot ulcer

Charcot neuroarthropathy

8

11 Feet (see opposite)
Inspection
Peripheral pulses
Sensation

5Neck
Carotid pulses

Bruits
Thyroid enlargement

Head
Xanthelasma

Cranial nerve palsy/
eye movements/ptosis

Eyes (see opposite)
Visual acuity

Cataract/lens opacity
Fundoscopy

Insulin injection sites
(see opposite)
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Diagnosis and  
Investigations 

aá~ÄÉíÉë= áë= É~ëó= íç=Çá~ÖåçëÉ=ïÜÉå=çîÉêí= ëóãéíçãë=~êÉ=éêÉëÉåí=~åÇ=~= ê~åÇçã=ÄäççÇ=ÖäìÅçëÉ=ãÉ~ëìêÉãÉåí=çÑ=[NN=ããçäLi=
ÅçåÑáêãë=íÜÉ=Çá~ÖåçëáëK==

få=íÜÉ=~ÄëÉåÅÉ=çÑ=ÅäÉ~ê=ëóãéíçãëI=Çá~ÄÉíÉë=Å~å=ÄÉ=Çá~ÖåçëÉÇ=Äó=~åó=çÑ=íÜêÉÉ=ãÉ~ëìêÉë=çÑ=ÖäìÅçëÉ=ãÉí~ÄçäáëãW==
NK íÜÉ=çê~ä=ÖäìÅçëÉ=íçäÉê~åÅÉ=íÉëí=EldqqFI==

OK Ñ~ëíáåÖ=éä~ëã~=ÖäìÅçëÉ=~åÇ==

PK Ü~ÉãçÖäçÄáå=^N`=EeÄ^N`FK=
=

råÑçêíìå~íÉäóI=íÜÉêÉ=áë=äáãáíÉÇ=çîÉêä~é=ÄÉíïÉÉå=íÜÉëÉ=ãÉ~ëìêÉëI=ÉëéÉÅá~ääó=áå=íÜÉ=ÚÖêÉó=òçåÉÛ=ÄÉíïÉÉå=Çá~ÄÉíÉë=~åÇ=åçêã~äáíóKR=

 
=

 

 

WHO diagnostic criteria for diabetes9,10 

1. HbA1C  ≥6.5% 
The test should be performed in a laboratory using a method that is NGSP certified and 
standardized to the DCCT assay.* 

Or, 

2. FPG  ≥ 7.0 mmol/L (126 mg/dL) Fasting is defined as no caloric intake for at least 8 h.* Or, 

3. 
2-h plasma 
glucose during an 
OGTT. 

≥ 11.1 mmol/L (200 mg/dL) 
The test should be performed as described by the World Health Organization, using a 
glucose load containing the equivalent of 75 g anhydrous glucose dissolved in water.* 

Or, 

4. 
Random plasma 
glucose 

≥ 11.1 mmol/L (200 mg/dL) + classic symptoms of hyperglycemia or hyperglycemic crisis 

* In the absence of unequivocal hyperglycemia and acute metabolic decompensation, these criteria should be confirmed by repeat testing on a different day. 
Random is defined as without regard to time since the last meal. 
Hemoglobin A1c test should be performed in a laboratory using a method approved by the National Glycohemoglobin Standardization Program and correlated to the 
reference assay of the Diabetes Control and Complications Trial. Point-of- care hemoglobin A1c should not be used for diagnostic purposes.  
OGTT is not recommended for routine clinical use. 

=

=

 

 

Plasma glucose level spectrum in different forms of diabetes10,11,12,13 

=
* Venous plasma glucose 1 and 2 hours after ingestion of 75 g oral glucose load 

=
=

Pre-diabetes  
páåÅÉ= ~åó= ã~êâÉê= çÑ= ~Äåçêã~ä= ÖäìÅçëÉ= ãÉí~Äçäáëã= áë=
~ëëçÅá~íÉÇ=ïáíÜ=~å=áåÅêÉ~ëÉÇ=êáëâ=çÑ=éêçÖêÉëëáçå=íç=Çá~ÄÉíÉë=
~åÇLçê=Å~êÇáçî~ëÅìä~ê=ÇáëÉ~ëÉI=áí=Å~å=ÄÉ=~êÖìÉÇ=íÜ~í=~=ëáåÖäÉ=
~Äåçêã~äáíó=áë=ëìÑÑáÅáÉåí=Ñçê=~Çãáëëáçå=áåíç=~=êáëâ=Å~íÉÖçêóI=
ïÜáÅÜ= íÜÉ= ^ãÉêáÅ~å= aá~ÄÉíÉë= ^ëëçÅá~íáçå= E^a^F= Ü~ë=
ä~ÄÉääÉÇ=ÚéêÉJÇá~ÄÉíÉëÛK=lå=íÜáë=Ä~ëáëI=US=ãáääáçå=^ãÉêáÅ~åë=
ëìÑÑÉê=Ñêçã=éêÉJÇá~ÄÉíÉëI=áå=~ÇÇáíáçå=íç=íÜÉ=OR=ãáääáçå=ïáíÜ=
âåçïå= çê= ìåÇá~ÖåçëÉÇ= Çá~ÄÉíÉëK= qÜÉ= tçêäÇ= eÉ~äíÜ=
lêÖ~åáò~íáçå=EtelF=~åÇ=çíÜÉê=éêçÑÉëëáçå~ä=çêÖ~åáò~íáçåë=
~îçáÇ=ìëÉ=çÑ=íÜÉ=íÉêã=ÚéêÉJÇá~ÄÉíÉëÛI=çå=íÜÉ=ÖêçìåÇë=íÜ~í=íÜÉ=
ã~àçêáíó=ïáää=åÉîÉêI=áå=Ñ~ÅíI=ÇÉîÉäçé=Çá~ÄÉíÉëI=~åÇ=íÜ~í=íÜÉ=
ÉîáÇÉåÅÉ=íç=ëìééçêí=ëÅêÉÉåáåÖ=~åÇ=áåíÉêîÉåíáçå=áë=ä~ÅâáåÖK==

Impaired glucose tolerance  
fãé~áêÉÇ=ÖäìÅçëÉ=íçäÉê~åÅÉ=EfdqF=áë=åçí=~=ÅäáåáÅ~ä=Éåíáíó=Äìí=
~=êáëâ=Ñ~Åíçê=Ñçê=ÑìíìêÉ=Çá~ÄÉíÉë=~åÇ=Å~êÇáçî~ëÅìä~ê=ÇáëÉ~ëÉK=
qÜÉ=Çá~Öåçëáë=Å~å=çåäó=ÄÉ=ã~ÇÉ=ïáíÜ=~=ÖäìÅçëÉ= íçäÉê~åÅÉ=
íÉëíI=~åÇ=áë=ÅçãéäáÅ~íÉÇ=Äó=éççê=êÉéêçÇìÅáÄáäáíó=çÑ=íÜÉ=âÉó=
OJÜçìê=î~äìÉ=áå=íÜáë=íÉëíK=qÜÉ=Öêçìé=áë=ÜÉíÉêçÖÉåÉçìë;=ëçãÉ=
é~íáÉåíë=~êÉ=çÄÉëÉI=ëçãÉ=Ü~îÉ=äáîÉê=ÇáëÉ~ëÉ=~åÇ=çíÜÉêë=~êÉ=
çå=ãÉÇáÅ~íáçå=íÜ~í=áãé~áêë=ÖäìÅçëÉ=íçäÉê~åÅÉK=fåÇáîáÇì~äë=
ïáíÜ= fdq= Ü~îÉ= íÜÉ= ë~ãÉ= êáëâ= çÑ= Å~êÇáçî~ëÅìä~ê= ÇáëÉ~ëÉ= ~ë=
íÜçëÉ=ïáíÜ=Ñê~åâ=Çá~ÄÉíÉëI=Äìí=Çç=åçí=ÇÉîÉäçé=íÜÉ=ëéÉÅáÑáÅ=
ãáÅêçî~ëÅìä~ê=ÅçãéäáÅ~íáçåëK==

5.1                           5.6                            6.1                                               6.9 7.0                                               7.8                                                      8.5                                  10                                   11 11.1

92                                                            110                                              125 126                                             140                                                     153                                 180                                 190 200mg/dL
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Impaired fasting glucose  
qÜáë=Çá~ÖåçëíáÅ=Å~íÉÖçêó= EÑ~ëíáåÖ=éä~ëã~=ÖäìÅçëÉ=ÄÉíïÉÉå=
SKN= ~åÇ= SKV= ããçäLiF= Ü~ë= íÜÉ= éê~ÅíáÅ~ä= ~Çî~åí~ÖÉ= íÜ~í= áí=
~îçáÇë= íÜÉ= åÉÉÇ= Ñçê= ~= ÖäìÅçëÉ= íçäÉê~åÅÉ= íÉëíK= fí= áë= åçí= ~=
ÅäáåáÅ~ä=Éåíáíó=Äìí=áåÇáÅ~íÉë=ÑìíìêÉ=êáëâ=çÑ=Ñê~åâ=Çá~ÄÉíÉë=~åÇ=
Å~êÇáçî~ëÅìä~ê=ÇáëÉ~ëÉK=fãé~áêÉÇ=Ñ~ëíáåÖ=ÖäìÅçëÉ=EfcdF=çåäó=
çîÉêä~éë=ïáíÜ= fdq= íç= ~= äáãáíÉÇ= ÉñíÉåíI= ~åÇ= íÜÉ= ~ëëçÅá~íÉÇ=
êáëâë=çÑ=Å~êÇáçî~ëÅìä~ê=ÇáëÉ~ëÉ=~åÇ=ÑìíìêÉ=Çá~ÄÉíÉë=~êÉ=åçí=
ÇáêÉÅíäó=Åçãé~ê~ÄäÉK=^=äçïÉê=ÅìíJçÑÑ=çÑ=RKS=ããçäLi=Eê~íÜÉê=
íÜ~å=SKN=ããçäLiF=Ü~ë=ÄÉÉå=êÉÅçããÉåÇÉÇ=Äó=íÜÉ=^a^=~åÇ=
ïçìäÇI= áÑ= áãéäÉãÉåíÉÇI= ÖêÉ~íäó= áåÅêÉ~ëÉ= íÜÉ= åìãÄÉê= çÑ=
íÜçëÉ=áå=íÜáë=Å~íÉÖçêóK==

Haemoglobin A1C  
e~ÉãçÖäçÄáå=^N`=EeÄ^N`;=~äëç=êÉÑÉêêÉÇ=íç=~ë=^N`=áå=íÜÉ=rp^F=
áë=~å=áåíÉÖê~íÉÇ=ãÉ~ëìêÉ=çÑ=~å=áåÇáîáÇì~äDë=éêÉî~áäáåÖ=ÄäççÇ=
ÖäìÅçëÉ=ÅçåÅÉåíê~íáçå=çîÉê=ëÉîÉê~ä=ïÉÉâëK=pí~åÇ~êÇáò~íáçå=
çÑ= íÜáë= ãÉ~ëìêÉ= Ü~ë= Éå~ÄäÉÇ= áí= íç= ÄÉ= éêçéçëÉÇ= ~ë= ~å=
~äíÉêå~íáîÉ= Çá~ÖåçëíáÅ= íÉëí= Ñçê= Çá~ÄÉíÉë= Äó= íÜÉ= ^a^K= ^ë=
ÅìêêÉåíäó= éêçéçëÉÇI= ~å= eÄ^NÅ= çÑ= [SKRB= EQU= ããçäLãçäF=
ïçìäÇ=ÄÉ=ÅçåëáÇÉêÉÇ=Çá~ÖåçëíáÅ=çÑ=Çá~ÄÉíÉëI=ïÜÉêÉ~ë=~=äÉîÉä=
çÑ=RKTÓSKQB=EPVÓQS=ããçäLãçäF=ïçìäÇ=ÇÉåçíÉ=áåÅêÉ~ëÉÇ=êáëâ=
çÑ=Çá~ÄÉíÉëK=^=tel=Åçåëìäí~íáçå=~äëç=ÅçåÅäìÇÉÇ=íÜ~í=eÄ^NÅ=
ÚÅ~å=ÄÉ=ìëÉÇ=~ë=~=Çá~ÖåçëíáÅ=íÉëí=Ñçê=Çá~ÄÉíÉëÛK=qÜÉ=^a^=Ü~ë=
êÉÅçããÉåÇÉÇ=íÜ~í=eÄ^NÅ=ëÜçìäÇ=ÄÉ=ìëÉÇ=íçÖÉíÜÉê=ïáíÜ=fdq=
~åÇ=fcd=~ë=~=ã~êâÉê=çÑ=ÚéêÉJÇá~ÄÉíÉëÛI=ïáíÜ=~=ê~åÖÉ=çÑ=RKSÓ
SKQB=EPUÓQS=ããçäLãçäFK==

Other investigations  
kç= ÑìêíÜÉê= íÉëíë= ~êÉ= åÉÉÇÉÇ= íç= Çá~ÖåçëÉ= Çá~ÄÉíÉëK= líÜÉê=
êçìíáåÉ= áåîÉëíáÖ~íáçåë= áåÅäìÇÉ= ìêáåÉ= íÉëíáåÖ= Ñçê= éêçíÉáåI= ~=
Ñìää=ÄäççÇ=ÅçìåíI=ìêÉ~=~åÇ=ÉäÉÅíêçäóíÉëI= äáîÉê=ÄáçÅÜÉãáëíêó=
~åÇ= ê~åÇçã= äáéáÇëK= qÜÉ= ä~ííÉê= íÉëí= áë= ìëÉÑìä= íç= ÉñÅäìÇÉ=
~ëëçÅá~íÉÇ= ÜóéÉêäáéáÇ~Éãá~= ~åÇI= áÑ= ÉäÉî~íÉÇI= ëÜçìäÇ= ÄÉ=
êÉéÉ~íÉÇ=~ë=~=Ñ~ëíáåÖ=ãÉ~ëìêÉãÉåí=~ÑíÉê=Çá~ÄÉíÉë=Ü~ë=ÄÉÉå=
ÄêçìÖÜí=ìåÇÉê=ÅçåíêçäK=aá~ÄÉíÉë=ã~ó=ÄÉ=ëÉÅçåÇ~êó=íç=çíÜÉê=

ÅçåÇáíáçåëI= éêÉÅáéáí~íÉÇ= Äó= ìåÇÉêäóáåÖ= áääåÉëëI= ~åÇ=
~ëëçÅá~íÉÇ=ïáíÜ= ~ìíçáããìåÉ= ÇáëÉ~ëÉ= çê= ÜóéÉêäáéáÇ~Éãá~K=
eóéÉêíÉåëáçå= áë= éêÉëÉåí= áå= RMB= çÑ= é~íáÉåíë= ïáíÜ= íóéÉ= O=
Çá~ÄÉíÉë=~åÇ=~=ÜáÖÜÉê=éêçéçêíáçå=çÑ=^ÑêáÅ~å=~åÇ=`~êáÄÄÉ~å=
é~íáÉåíëK=

=

=
Figure:	Spectrum	of	glucose	homeostasis	and	diabetes	mellitus.9	(These	
traverses	should	be	viewed	not	as	abrupt	categories	but	as	a	spectrum).	
Arrows	indicate	that	changes	in	glucose	tolerance	may	be	bidirectional	in	
some	types	of	diabetes.	For	example,	individuals	with	type	2	DM	may	
return	to	the	impaired	glucose	tolerance	category	with	weight	loss;	in	
gestational	DM,	diabetes	may	revert	to	impaired	glucose	tolerance	or	
even	normal	glucose	tolerance	after	delivery.		
The	fasting	plasma	glucose	(FPG),	the	2-h	plasma	glucose	(PG)	after	a	
glucose	challenge,	and	the	HbA1c	for	the	different	categories	of	glucose	
tolerance	are	shown	at	the	lower	part	of	the	figure.	These	values	do	not	
apply	to	the	diagnosis	of	gestational	DM.		
*Some	use	the	term	increased	risk	for	diabetes	or	intermediate	
hyperglycemia	(World	Health	Organization)	rather	than	prediabetes.	

=

=
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9 Investigations  
and screening 
=

 Urine testing 

 

 Glucose 

qÉëíáåÖ= íÜÉ=ìêáåÉ= Ñçê= ÖäìÅçëÉ=ïáíÜ=ÇáéëíáÅâë= áë= ~= Åçããçå=
ëÅêÉÉåáåÖ= éêçÅÉÇìêÉ= Ñçê= ÇÉíÉÅíáåÖ= Çá~ÄÉíÉëK= fÑ= éçëëáÄäÉI=
íÉëíáåÖ= ëÜçìäÇ= ÄÉ= éÉêÑçêãÉÇ= çå= ìêáåÉ= é~ëëÉÇ= NÓO= Üçìêë=
~ÑíÉê= ~= ãÉ~ä= íç= ã~ñáãáëÉ= ëÉåëáíáîáíóK= däóÅçëìêá~= ~äï~óë=
ï~êê~åíë=ÑìêíÜÉê=~ëëÉëëãÉåí=Äó=ÄäççÇ=íÉëíáåÖK==

Disadvantages: 
qÜÉ=ÖêÉ~íÉëí=Çáë~Çî~åí~ÖÉ=çÑ=ìêáå~êó=ÖäìÅçëÉ=ãÉ~ëìêÉãÉåí=
áë= íÜÉ= áåÇáîáÇì~ä= î~êá~íáçå= áå= êÉå~ä= íÜêÉëÜçäÇ= Ñçê= ÖäìÅçëÉK=
qÜÉ= ãçëí= ÑêÉèìÉåí= Å~ìëÉ= çÑ= ÖäóÅçëìêá~= áë= ~= äçï= êÉå~ä=
íÜêÉëÜçäÇI= ïÜáÅÜ= áë= Åçããçå= ÇìêáåÖ= éêÉÖå~åÅó= ~åÇ= áå=
óçìåÖ= éÉçéäÉ;= íÜÉ= êÉëìäíáåÖ= ÚêÉå~ä= ÖäóÅçëìêá~Û= áë= ~= ÄÉåáÖå=
ÅçåÇáíáçå=ìåêÉä~íÉÇ=íç=Çá~ÄÉíÉëK==

^åçíÜÉê=Çáë~Çî~åí~ÖÉ=áë=íÜ~í=ëçãÉ=ÇêìÖë=EëìÅÜ=~ë=βJä~Åí~ã=
~åíáÄáçíáÅëI= äÉîçÇçé~= ~åÇ= ë~äáÅóä~íÉëF= ã~ó= áåíÉêÑÉêÉ= ïáíÜ=
ìêáåÉ=ÖäìÅçëÉ=íÉëíëK==

 Ketones 

hÉíçåÉ= ÄçÇáÉë= Å~å= ÄÉ= áÇÉåíáÑáÉÇ= Äó= íÜÉ= åáíêçéêìëëáÇÉ=
êÉ~ÅíáçåI=ïÜáÅÜ=ãÉ~ëìêÉë=~ÅÉíç~ÅÉí~íÉI=ìëáåÖ=ÉáíÜÉê=í~ÄäÉíë=
çê=ÇáéëíáÅâëK==

hÉíçåìêá~=ã~ó=ÄÉ=ÑçìåÇ=áå=åçêã~ä=éÉçéäÉ=J=
NK ïÜç=Ü~îÉ=ÄÉÉå= Ñ~ëíáåÖ=çê= ÉñÉêÅáëáåÖ= ëíêÉåìçìëäó=

Ñçê=äçåÖ=éÉêáçÇëI==
OK ïÜç=Ü~îÉ=ÄÉÉå=îçãáíáåÖ=êÉéÉ~íÉÇäóI=çê==
PK ïÜç=Ü~îÉ=ÄÉÉå=É~íáåÖ=~=ÇáÉí=ÜáÖÜ=áå=Ñ~í=~åÇ=äçï=áå=

Å~êÄçÜóÇê~íÉK==

hÉíçåìêá~=áë=íÜÉêÉÑçêÉ=åçí=é~íÜçÖåçãçåáÅ=çÑ=Çá~ÄÉíÉë=ÄìíI=
áÑ= ~ëëçÅá~íÉÇ=ïáíÜ= ÖäóÅçëìêá~I= íÜÉ= Çá~Öåçëáë= çÑ= Çá~ÄÉíÉë= áë=
ÜáÖÜäó=äáâÉäóK=få=Çá~ÄÉíáÅ=âÉíç~ÅáÇçëáëI=âÉíçåÉë=Å~å=~äëç=ÄÉ=
ÇÉíÉÅíÉÇ=áå=éä~ëã~=ìëáåÖ=íÉëí=ëíáÅâë=EëÉÉ=ÄÉäçïFK==

 Protein 

pí~åÇ~êÇ= ÇáéëíáÅâ= íÉëíáåÖ= Ñçê= ~äÄìãáå= ÇÉíÉÅíë= ìêáå~êó=
~äÄìãáå= ~í= ÅçåÅÉåíê~íáçåë= ~ÄçîÉ= PMM= ãÖLiI= Äìí= ëã~ääÉê=
~ãçìåíë=EãáÅêç~äÄìãáåìêá~F=Å~å=çåäó=ÄÉ=ãÉ~ëìêÉÇ=ìëáåÖ=
ëéÉÅáÑáÅ=~äÄìãáå=ÇáéëíáÅâë=çê=Äó=èì~åíáí~íáîÉ=ÄáçÅÜÉãáÅ~ä=
ä~Äçê~íçêó=ãÉ~ëìêÉãÉåíK==

jáÅêç~äÄìãáåìêá~=çê=éêçíÉáåìêá~I=áå=íÜÉ=~ÄëÉåÅÉ=çÑ=ìêáå~êó=
íê~Åí= áåÑÉÅíáçåI= áë= ~å= áãéçêí~åí= áåÇáÅ~íçê= çÑ= Çá~ÄÉíáÅ=
åÉéÜêçé~íÜó= ~åÇLçê= áåÅêÉ~ëÉÇ= êáëâ= çÑ= ã~Åêçî~ëÅìä~ê=
ÇáëÉ~ëÉK==

=
=
=
=
=

ACR1 PCR2

Typical 
dipstick 
results3 Significance

< 3.5 (female)
< 2.5 (male)

– Normal

~3.5–15 – Microalbuminuria

~15–50 ~15–50 + to ++ Dipsticks positive; 
equivalent to 24-hr 
protein excretion  
< 0.5 g

50–200 > 250 ++ to +++ Glomerular disease 
more likely

> 200 > 300 +++ to ++++ Nephrotic range: 
always glomerular 
disease, equivalent 
to 24-hr protein 
excretion > 3 g

1Urinary albumin (mg/L)/urine creatinine (mmol/L). 2Urine protein (mg/L)/
urine creatinine (mmol/L). (If urine creatinine is measured in mg/dL, 
reference values for PCR and ACR can be derived by dividing by 11.31.) 
3Dipstick results are affected by urine concentration and are occasionally 
weakly positive on normal samples.

 Quantifying proteinuria in random 
urine samples 1
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 Blood testing 
 

 Glucose 

i~Äçê~íçêó= ÖäìÅçëÉ= íÉëíáåÖ= áå= ÄäççÇ= êÉäáÉë= ìéçå= ~å=
Éåòóã~íáÅ=êÉ~Åíáçå=EÖäìÅçëÉ=çñáÇ~ëÉF=~åÇ=áë=ÅÜÉ~éI=ìëì~ääó=
~ìíçã~íÉÇ= ~åÇ= ÜáÖÜäó= êÉäá~ÄäÉK= eçïÉîÉêI= ÄäççÇ= ÖäìÅçëÉ=
äÉîÉäë=ÇÉéÉåÇ=çå=ïÜÉíÜÉê=íÜÉ=é~íáÉåí=Ü~ë=É~íÉå=êÉÅÉåíäóI=ëç=
áí=áë=áãéçêí~åí=íç=ÅçåëáÇÉê=íÜÉ=ÅáêÅìãëí~åÅÉë=áå=ïÜáÅÜ=íÜÉ=
ÄäççÇ= ë~ãéäÉ= ï~ë= í~âÉåK= _äççÇ= ÖäìÅçëÉ= Å~å= ~äëç= ÄÉ=
ãÉ~ëìêÉÇ=ïáíÜ=ÅçäçêáãÉíêáÅ=çê=çíÜÉê= íÉëíáåÖ= ëíáÅâëI=ïÜáÅÜ=
~êÉ=çÑíÉå=êÉ~Ç=ïáíÜ=~=éçêí~ÄäÉ=ÉäÉÅíêçåáÅ=ãÉíÉêK=qÜÉëÉ=~êÉ=
ìëÉÇ=Ñçê=Å~éáää~êó=EÑáåÖÉêéêáÅâF=íÉëíáåÖ=íç=ãçåáíçê=Çá~ÄÉíÉë=
íêÉ~íãÉåíK==

qç= ã~âÉ= íÜÉ= Çá~Öåçëáë= çÑ= Çá~ÄÉíÉëI= íÜÉ= ÄäççÇ= ÖäìÅçëÉ=
ÅçåÅÉåíê~íáçå= ëÜçìäÇ= ÄÉ= Éëíáã~íÉÇ= ìëáåÖ= ~å= ~ÅÅìê~íÉ=
ä~Äçê~íçêó=ãÉíÜçÇ=ê~íÜÉê=íÜ~å=~=éçêí~ÄäÉ=íÉÅÜåáèìÉK==

däìÅçëÉ=ÅçåÅÉåíê~íáçåë=~êÉ=äçïÉê=áå=îÉåçìë=íÜ~å=~êíÉêá~ä=çê=
Å~éáää~êó= EÑáåÖÉêéêáÅâF= ÄäççÇK= tÜçäÉ= ÄäççÇ= ÖäìÅçëÉ=
ÅçåÅÉåíê~íáçåë= ~êÉ= äçïÉê= íÜ~å= éä~ëã~= ÅçåÅÉåíê~íáçåë=
ÄÉÅ~ìëÉ= êÉÇ= ÄäççÇ= ÅÉääë= Åçåí~áå= êÉä~íáîÉäó= äáííäÉ= ÖäìÅçëÉK=
sÉåçìë= éä~ëã~= î~äìÉë= ~êÉ= ìëì~ääó= íÜÉ= ãçëí= êÉäá~ÄäÉ= Ñçê=
Çá~ÖåçëíáÅ=éìêéçëÉëK==

 Ketones 

_äççÇ=âÉíçåÉ=ãçåáíçêáåÖ=áë=áåÅêÉ~ëáåÖäó=~î~áä~ÄäÉK=rêáå~êó=
âÉíçåÉ= ãÉ~ëìêÉãÉåíë= ÇÉëÅêáÄÉÇ= ~ÄçîÉ= ~êÉ= ëÉãáJ
èì~åíáí~íáîÉI=ÇáÑÑáÅìäí=íç=éÉêÑçêã=~åÇ=êÉíêçëéÉÅíáîÉ=EáKÉK=íÜÉ=
ìêáåÉ= Ü~ë= ~ÅÅìãìä~íÉÇ= çîÉê= ëÉîÉê~ä= ÜçìêëFI= ~åÇ= Çç= åçí=
ãÉ~ëìêÉ= íÜÉ= ã~àçê= âÉíçåÉ= áå= ÄäççÇ= ÇìêáåÖ= Çá~ÄÉíáÅ=
âÉíç~ÅáÇçëáë=Eah^FI=ÄÉí~JÜóÇêçñóÄìíóê~íÉ=EβJ=le_FK==

tÜçäÉ= ÄäççÇ= âÉíçåÉ= ãçåáíçêáåÖ= ÇÉíÉÅíë= βJle_= ~åÇ= áë=
ìëÉÑìä= áå= ~ëëáëíáåÖ= ïáíÜ= áåëìäáå= ~ÇàìëíãÉåí= ÇìêáåÖ=
áåíÉêÅìêêÉåí=áääåÉëë=çê=ëìëí~áåÉÇ=ÜóéÉêÖäóÅ~Éãá~=íç=éêÉîÉåí=
çê= ÇÉíÉÅí=ah^K=_äççÇ= âÉíçåÉ=ãçåáíçêáåÖ= áë= ~äëç= ìëÉÑìä= áå=
ãçåáíçêáåÖ=êÉëçäìíáçå=çÑ=ah^=áå=Üçëéáí~äáëÉÇ=é~íáÉåíëK==

=

 Glycated haemoglobin 

däóÅ~íÉÇ=Ü~ÉãçÖäçÄáå=éêçîáÇÉë=~å=~ÅÅìê~íÉ=~åÇ=çÄàÉÅíáîÉ=
ãÉ~ëìêÉ=çÑ= ÖäóÅ~ÉãáÅ= Åçåíêçä= áåíÉÖê~íÉÇ=çîÉê= ~=éÉêáçÇ=çÑ=
ïÉÉâë=íç=ãçåíÜëK==

få=Çá~ÄÉíÉëI= íÜÉ=ëäçï=åçåJÉåòóã~íáÅ=Åçî~äÉåí=~íí~ÅÜãÉåí=
çÑ= ÖäìÅçëÉ= íç= Ü~ÉãçÖäçÄáå= EÖäóÅ~íáçåF= áåÅêÉ~ëÉë= íÜÉ=
~ãçìåí=áå=íÜÉ=eÄ^N=EeÄ^NÅF=Ñê~Åíáçå=êÉä~íáîÉ=íç=åçåÖäóÅ~íÉÇ=
~Çìäí= Ü~ÉãçÖäçÄáå= EeÄ^MFK= qÜÉëÉ= Ñê~Åíáçåë= Å~å= ÄÉ=
ëÉé~ê~íÉÇ= Äó= ÅÜêçã~íçÖê~éÜó;= ä~Äçê~íçêáÉë= ã~ó= êÉéçêí=
ÖäóÅ~íÉÇ= Ü~ÉãçÖäçÄáå= ~ë= íçí~ä= ÖäóÅ~íÉÇ= Ü~ÉãçÖäçÄáå=
EdeÄFI=eÄ^N=çê=eÄ^NÅK==

få=ãçëí=ÅçìåíêáÉëI=eÄ^NÅ=áë=íÜÉ=éêÉÑÉêêÉÇ=ãÉ~ëìêÉãÉåíK=qÜÉ=
ê~íÉ= çÑ= Ñçêã~íáçå= çÑ= eÄ^NÅ= áë= ÇáêÉÅíäó= éêçéçêíáçå~ä= íç= íÜÉ=
~ãÄáÉåí=ÄäççÇ=ÖäìÅçëÉ=ÅçåÅÉåíê~íáçå;=~=êáëÉ=çÑ=NB=áå=eÄ^NÅ=
ÅçêêÉëéçåÇë= íç= ~å= ~ééêçñáã~íÉ= ~îÉê~ÖÉ= áåÅêÉ~ëÉ= çÑ= O=
ããçäLi= EPS= ãÖLÇiF= áå= ÄäççÇ= ÖäìÅçëÉK= ^äíÜçìÖÜ= eÄ^NÅ=
ÅçåÅÉåíê~íáçå=êÉÑäÉÅíë=íÜÉ=áåíÉÖê~íÉÇ=ÄäççÇ=ÖäìÅçëÉ=Åçåíêçä=
çîÉê=íÜÉ=äáÑÉëé~å=çÑ=ÉêóíÜêçÅóíÉë=ENOM=Ç~óëFI=eÄ^NÅ=áë=ãçëí=
ëÉåëáíáîÉ=íç=ÅÜ~åÖÉë=áå=ÖäóÅ~ÉãáÅ=Åçåíêçä=çÅÅìêêáåÖ=áå=íÜÉ=
ãçåíÜ= ÄÉÑçêÉ= ãÉ~ëìêÉãÉåíKN= däóÅ~íÉÇ= Ü~ÉãçÖäçÄáå=
EeÄ^NÅF=êÉä~íÉë=íç=ãÉ~å=ÖäìÅçëÉ=äÉîÉä=çîÉê=éêÉîáçìë=U=ïÉÉâë=
ER_`=½JäáÑÉFKQ=

s~êáçìë=~ëë~ó=ãÉíÜçÇë=~êÉ=ìëÉÇ=íç=ãÉ~ëìêÉ=eÄ^NÅI=Äìí=ãçëí=
ä~Äçê~íçêáÉë= Ü~îÉ= ÄÉÉå= êÉéçêíáåÖ= eÄ^NÅ= î~äìÉë= E~ë= BF=
~äáÖåÉÇ= ïáíÜ= íÜÉ= êÉÑÉêÉåÅÉ= ê~åÖÉ= íÜ~í= ï~ë= ìëÉÇ= áå= íÜÉ=
aá~ÄÉíÉë=`çåíêçä=~åÇ=`çãéäáÅ~íáçåë=qêá~ä=Ea``qFK==

qç= ~ääçï= ïçêäÇïáÇÉ= Åçãé~êáëçåë= çÑ= eÄ^NÅ= î~äìÉëI= íÜÉ=
fåíÉêå~íáçå~ä= cÉÇÉê~íáçå= çÑ= `äáåáÅ~ä= `ÜÉãáëíêó= ~åÇ=
i~Äçê~íçêó= jÉÇáÅáåÉ= Efc``F= Ü~ë= ÇÉîÉäçéÉÇ= ~= ëí~åÇ~êÇ=
ãÉíÜçÇ;= fc``Jëí~åÇ~êÇáëÉÇ= eÄ^NÅ= î~äìÉë= ~êÉ= êÉéçêíÉÇ= áå=
ããçäLãçäK==

få= OMNNI= ã~åó= ÅçìåíêáÉë= ~ÇçéíÉÇ= íÜÉ= fc``= êÉÑÉêÉåÅÉ=
ãÉíÜçÇK==

=

eÄ^NÅ= Éëíáã~íÉë= ã~ó= ÄÉ= ÉêêçåÉçìëäó= ÇáãáåáëÜÉÇ= áå=
~å~Éãá~= çê= ÇìêáåÖ= éêÉÖå~åÅóI= ~åÇ= ã~ó= ÄÉ= ÇáÑÑáÅìäí= íç=
áåíÉêéêÉí=ïáíÜ= ëçãÉ= ~ëë~ó=ãÉíÜçÇë= áå= é~íáÉåíë=ïÜç=Ü~îÉ=
ìê~Éãá~=çê=~=Ü~ÉãçÖäçÄáåçé~íÜóK==

Measurement* Interpretation

< 0.6 mmol/L Normal; no action required

0.6–1.5 mmol/L Suggests metabolic control may be 
deteriorating; continue to monitor and 
seek medical advice if sustained/
progressive

1.5–3.0 mmol/L With high blood glucose (> 10 mmol/L), 
there is a high risk of diabetic 
ketoacidosis; seek medical advice

> 3.0 mmol/L Severe ketosis; in the presence of high 
glucose (> 10 mmol/L) suggests 
presence of diabetic ketoacidosis; seek 
urgent medical help

 Interpretation of capillary blood ketone 
measurements

*To convert to mg/dL, divide values by 0.098.

1

DCCT units (%) IFCC units (mmol/mol)

4 20

5 31

6 42

7 53

8 64

9 75

10 86

IFCC HbA1c (mmol/mol) = [DCCT HbA1c(%)−2.15] × 10.929

 Conversion between DCCT and IFCC units 

for HbA1c

(DCCT = Diabetes Control and Complications Trial; IFCC = International 
Federation of Clinical Chemistry and Laboratory Medicine

1
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10 Presenting problems  
of Hyperglycaemia 
=

eóéÉêÖäóÅ~Éãá~= áë= ~= îÉêó= Åçããçå= ÄáçÅÜÉãáÅ~ä=
~Äåçêã~äáíóK= fí= áë= ÑêÉèìÉåíäó= ÇÉíÉÅíÉÇ= çå= êçìíáåÉ=
ÄáçÅÜÉãáÅ~ä= ~å~äóëáë=çÑ= ~ëóãéíçã~íáÅ=é~íáÉåíëI= ÑçääçïáåÖ=
êçìíáåÉ= ÇáéëíáÅâ= íÉëíáåÖ= çÑ= ìêáåÉ= ëÜçïáåÖ= ÖäóÅçëìêá~I= çê=
ÇìêáåÖ= ëÉîÉêÉ= áääåÉëë= EÚëíêÉëë= ÜóéÉêÖäóÅ~Éãá~ÛFK=
^äíÉêå~íáîÉäóI= ÜóéÉêÖäóÅ~Éãá~= ã~ó= éêÉëÉåí= ïáíÜ= íÜÉ=
ëóãéíçãëK=

lÅÅ~ëáçå~ääóI=é~íáÉåíë=éêÉëÉåí=~ë=~å=ÉãÉêÖÉåÅó=ïáíÜ=~ÅìíÉ=
ãÉí~ÄçäáÅ=ÇÉÅçãéÉåë~íáçåK=qÜÉ=âÉó=Öç~äë=~êÉ=íç=Éëí~ÄäáëÜ=
ïÜÉíÜÉê= íÜÉ= é~íáÉåí= Ü~ë= Çá~ÄÉíÉëI= ~åÇ= áÑ= ëçI=ïÜ~í= íóéÉ= çÑ=
Çá~ÄÉíÉë=áí=áë=~åÇ=Üçï=áí=ëÜçìäÇ=ÄÉ=íêÉ~íÉÇK==

Establishing the diagnosis of diabetes  
däóÅ~Éãá~=Å~å=ÄÉ=Åä~ëëáÑáÉÇ=áåíç=íÜêÉÉ=Å~íÉÖçêáÉëW==

NK åçêã~äI==
OK áãé~áêÉÇ=EéêÉJÇá~ÄÉíÉëF=~åÇ==
PK Çá~ÄÉíÉëK==

qÜÉ=ÖäìÅçëÉ=ÅìíJçÑÑ=íÜ~í=ÇÉÑáåÉë=Çá~ÄÉíÉë=áë=Ä~ëÉÇ=ìéçå=íÜÉ=
äÉîÉä=~ÄçîÉ=ïÜáÅÜ=íÜÉêÉ=áë=~=ëáÖåáÑáÅ~åí=êáëâ=çÑ=ãáÅêçî~ëÅìä~ê=
ÅçãéäáÅ~íáçåë=EêÉíáåçé~íÜóI=åÉéÜêçé~íÜóI=åÉìêçé~íÜóFK==

mÉçéäÉ= Å~íÉÖçêáëÉÇ= ~ë= Ü~îáåÖ= éêÉJÇá~ÄÉíÉë= Ü~îÉ= ÄäççÇ=
ÖäìÅçëÉ= äÉîÉäë=íÜ~í=Å~êêó=~=åÉÖäáÖáÄäÉ=êáëâ=çÑ=ãáÅêçî~ëÅìä~ê=
ÅçãéäáÅ~íáçåë= Äìí= ~êÉ= ~í= áåÅêÉ~ëÉÇ= êáëâ= çÑ= ÇÉîÉäçéáåÖ=
Çá~ÄÉíÉëK= ^äëçI= ÄÉÅ~ìëÉ= íÜÉêÉ= áë= ~= Åçåíáåìçìë= êáëâ= çÑ=
ã~Åêçî~ëÅìä~ê= ÇáëÉ~ëÉ= E~íÜÉêçã~= çÑ= ä~êÖÉ= ÅçåÇìáí= ÄäççÇ=
îÉëëÉäëF= ïáíÜ= áåÅêÉ~ëáåÖ= ÖäóÅ~Éãá~= áå= íÜÉ= éçéìä~íáçåI=
éÉçéäÉ= ïáíÜ= éêÉJÇá~ÄÉíÉë= Ü~îÉ= áåÅêÉ~ëÉÇ= êáëâ= çÑ=
Å~êÇáçî~ëÅìä~ê= ÇáëÉ~ëÉ= EãóçÅ~êÇá~ä= áåÑ~êÅíáçåI= ëíêçâÉ= ~åÇ=
éÉêáéÜÉê~ä=î~ëÅìä~ê=ÇáëÉ~ëÉFK==

tÜÉå= ~= éÉêëçå= Ü~ë= ëóãéíçãë= çÑ= Çá~ÄÉíÉëI= íÜÉ= Çá~Öåçëáë=
Å~å=ÄÉ=ÅçåÑáêãÉÇ=ïáíÜ==

NK ÉáíÜÉê= ~= Ñ~ëíáåÖ= ÖäìÅçëÉ= ≥= TKM= ããçäLi= ENOS=
ãÖLÇiF=çê==

OK ~=ê~åÇçã=ÖäìÅçëÉ=≥=NNKN=ããçäLi=EOMM=ãÖLÇiF=

^ëóãéíçã~íáÅ= áåÇáîáÇì~äë= ëÜçìäÇ= Ü~îÉ= ~= ëÉÅçåÇ=
ÅçåÑáêã~íçêó= íÉëíK= aá~ÄÉíÉë= ëÜçìäÇ= åçí= ÄÉ= Çá~ÖåçëÉÇ= Äó=
Å~éáää~êó=ÄäççÇ=ÖäìÅçëÉ=êÉëìäíëK==

qÜÉ=tçêäÇ=eÉ~äíÜ=lêÖ~åáò~íáçå= EtelF= ÖìáÇÉäáåÉë= EOMNNF=
áåíêçÇìÅÉÇ=íÜÉ=ìëÉ=çÑ=eÄ^NÅ=Ñçê=Çá~Öåçëáë=çÑ=Çá~ÄÉíÉëI=ïáíÜ=
~å= fc``= eÄ^NÅ= çÑ= ãçêÉ= íÜ~å= QU= ããçäLãçä= ~äëç= ÄÉáåÖ=
Çá~ÖåçëíáÅK==

mêÉJÇá~ÄÉíÉë=Å~å=ÄÉ=Çá~ÖåçëÉÇ=ÉáíÜÉê=~ë= Úáãé~áêÉÇ= Ñ~ëíáåÖ=
ÖäìÅçëÉÛ=EfcdFI=Ä~ëÉÇ=ìéçå=~=Ñ~ëíáåÖ=éä~ëã~=ÖäìÅçëÉ=êÉëìäíI=
çê= Úáãé~áêÉÇ= ÖäìÅçëÉ= íçäÉê~åÅÉÛ= EfdqFI= Ä~ëÉÇ= ìéçå= íÜÉ=
Ñ~ëíáåÖ= ~åÇ= OJÜçìê= çê~ä= ÖäìÅçëÉ= íçäÉê~åÅÉ= íÉëí= êÉëìäíë=
EldqqFK= qÜáë= áë= åçí= ~ëëçÅá~íÉÇ= ïáíÜ= ~= ëìÄëí~åíá~ä= êáëâ= çÑ=
ãáÅêçî~ëÅìä~ê=ÇáëÉ~ëÉI=Äìí=áë=ÅçååÉÅíÉÇ=ïáíÜ=~å=áåÅêÉ~ëÉÇ=
êáëâ= çÑ= ä~êÖÉ= îÉëëÉä= ÇáëÉ~ëÉ= EÉKÖK= ~íÜÉêçã~= äÉ~ÇáåÖ= íç=
ãóçÅ~êÇá~ä=áåÑ~êÅíáçåF=~åÇ=ïáíÜ=~=ÖêÉ~íÉê=êáëâ=çÑ=ÇÉîÉäçéáåÖ=
Çá~ÄÉíÉë= áå= ÑìíìêÉK= m~íáÉåíë= ïáíÜ= éêÉÇá~ÄÉíÉë= ëÜçìäÇ= ÄÉ=
~ÇîáëÉÇ=çÑ=íÜÉáê=êáëâ=çÑ=éêçÖêÉëëáçå=íç=Çá~ÄÉíÉëI=ÖáîÉå=~ÇîáÅÉ=
~Äçìí=äáÑÉëíóäÉ=ãçÇáÑáÅ~íáçå=íç=êÉÇìÅÉ=íÜáë=êáëâ=E~ë=Ñçê=íóéÉ=O=
Çá~ÄÉíÉëFI= ~åÇ= ÄÉ= ÉåëìêÉÇ= çÑ= ~ÖÖêÉëëáîÉ= ã~å~ÖÉãÉåí= çÑ=
Å~êÇáçî~ëÅìä~ê= êáëâ= Ñ~Åíçêë= ëìÅÜ= ~ë= ÜóéÉêíÉåëáçå= ~åÇ=
ÇóëäáéáÇ~Éãá~K==

=

få= ëçãÉ= éÉçéäÉI= ~å= ~Äåçêã~ä= ÄäççÇ= ÖäìÅçëÉ= êÉëìäí= áë=
çÄëÉêîÉÇ=ìåÇÉê=ÅçåÇáíáçåë=ïÜáÅÜ=áãéçëÉ=~=ÄìêÇÉå=çå=íÜÉ=
é~åÅêÉ~íáÅ= β= ÅÉääëI= ÉKÖK= ÇìêáåÖ= éêÉÖå~åÅóI= áåÑÉÅíáçåI=
ãóçÅ~êÇá~ä= áåÑ~êÅíáçå= çê= çíÜÉê= ëÉîÉêÉ= ëíêÉëëI= çê= ÇìêáåÖ=
íêÉ~íãÉåí=ïáíÜ=Çá~ÄÉíçÖÉåáÅ=ÇêìÖë=ëìÅÜ=~ë=ÅçêíáÅçëíÉêçáÇëK=
qÜáë= ÚëíêÉëë= ÜóéÉêÖäóÅ~Éãá~Û= ìëì~ääó= Çáë~ééÉ~êë= ~ÑíÉê= íÜÉ=
~ÅìíÉ=áääåÉëë=Ü~ë=êÉëçäîÉÇK=eçïÉîÉêI=ÄäççÇ=ÖäìÅçëÉ=ëÜçìäÇ=
ÄÉ=êÉãÉ~ëìêÉÇ=~åÇ=~å=ldqq=ïáää=çÑíÉå=ëÜçï=éÉêëáëíÉåÅÉ=çÑ=
áãé~áêÉÇ=ÖäìÅçëÉ=íçäÉê~åÅÉK==

qÜÉ= Çá~ÖåçëíáÅ= ÅêáíÉêá~= êÉÅçããÉåÇÉÇ= Ñçê= Çá~ÄÉíÉë= áå=
éêÉÖå~åÅó=~êÉ=ãçêÉ=ëíêáåÖÉåí=íÜ~å=íÜçëÉ=Ñçê=åçåéêÉÖå~åí=
ëìÄàÉÅíëK= mêÉÖå~åí= ïçãÉå= ïáíÜ= ~Äåçêã~ä= ÖäìÅçëÉ=
íçäÉê~åÅÉ=ëÜçìäÇ=ÄÉ=êÉÑÉêêÉÇ=ìêÖÉåíäó=íç=~=ëéÉÅá~äáëí=ìåáí=Ñçê=

Diabetes is confirmed by either:

• Plasma glucose in random sample or 2 hrs after a 75 g 
glucose load ≥ 11.1 (200 mg/dL) or

• Fasting plasma glucose ≥ 7.0 mmol/L (126 mg/dL)

In asymptomatic patients, two diagnostic tests are required to 
confirm diabetes.

‘Pre-diabetes’ is classified as:

• Impaired fasting glucose = fasting plasma glucose ≥ 6.0 
(108 mg/dL) and < 7.0 mmol/L (126 mg/dL)

• Impaired glucose tolerance = fasting plasma glucose 
< 7.0 mmol/L (126 mg/dL) and  2-hr glucose after 75 g oral 
glucose drink 7.8–11.1 mmol/L (140–200 mg/dL)

 Diagnosis of diabetes and pre-diabetes1
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=

Ñìää=Éî~äì~íáçåK=tÜÉå=~=Çá~Öåçëáë=çÑ=Çá~ÄÉíÉë=áë=ÅçåÑáêãÉÇI=
çíÜÉê=áåîÉëíáÖ~íáçåë=ëÜçìäÇ=áåÅäìÇÉ=éä~ëã~=ìêÉ~I=ÅêÉ~íáåáåÉ=
~åÇ=ÉäÉÅíêçäóíÉëI=äáéáÇëI=äáîÉê=~åÇ=íÜóêçáÇ=ÑìåÅíáçå=íÉëíëI=~åÇ=
ìêáåÉ=íÉëíáåÖ=Ñçê=âÉíçåÉëI=éêçíÉáå=çê=ãáÅêç~äÄìãáåìêá~K==

 Clinical assessment  
=

eóéÉêÖäóÅ~Éãá~=Å~ìëÉë=~=ïáÇÉ=î~êáÉíó=çÑ=ëóãéíçãëK==

=
qÜÉ= Åä~ëëáÅ~ä= ÅäáåáÅ~ä= ÑÉ~íìêÉë= çÑ= íÜÉ= íïç= ã~áå= íóéÉë= çÑ=
Çá~ÄÉíÉë=~êÉ=Åçãé~êÉÇ=ÄÉäçïK==
lÅÅ~ëáçå~ääó= áí=ã~ó=ÄÉ=ÇáÑÑáÅìäí= íç=ÇáÑÑÉêÉåíá~íÉ=ïÜÉíÜÉê=~=
é~íáÉåí=Ü~ë=íóéÉ=N=çê=O=ajK=cÉ~íìêÉë=íÜ~í=ëìÖÖÉëí=íóéÉ=N=aj=
áåÅäìÇÉ=Q=Ó=

• ïÉáÖÜí=äçëë;==
• éÉêëáëíÉåí= ÜóéÉêÖäóÅ~Éãá~= ÇÉëéáíÉ= ÇáÉí= ~åÇ=

ãÉÇáÅ~íáçåë;==
• éêÉëÉåÅÉ= çÑ= ~ìíç~åíáÄçÇáÉëW= áëäÉí= ÅÉää= ~åíáÄçÇáÉë=

Ef`^F= ~åÇ= ~åíáJÖäìí~ãáÅ= ~ÅáÇ= ÇÉÅ~êÄçñóä~ëÉ= Ed^aF=
~åíáÄçÇáÉë;==

• âÉíçåìêá~=çå=ìêáåÉ=ÇáéëíáÅâK=
 

 

 

Classical features of type 1 and type 2 diabetes 

Features Type 1 Type 2 
Typical age of onset <40 years, often 

starts before puberty 
>50 years 

Duration of symptoms Weeks Months to years 
Body weight Normal or low Obese 
Ketonuria Yes No 
Higher-risk ethnicity5 Northern European  Asian, African, 

Polynesian and 
Native American 

Rapid death without 
treatment with insulin 

Yes No 

Seasonal onset5 Yes No 
Genetics4,5 HLA DR3 and DR4 

linked in >90% 
No HLA 
association 

Pathogenesis5 Autoimmune disease No immune 
disturbance 

Autoantibodies Positive in 80-90% Negative 
Presentation Polydipsia, polyuria, 

weight loss, ketosis 
Asymptomatic/ 
complications, eg. 
MI 

Diabetic complications at 
diagnosis 

No 25% 

Family history of 
diagnosis 

Uncommon Common 

Other autoimmune 
diseases 

Common Uncommon 

Biochemical5 C-peptide disappears C-peptide persists 

HLA, human leucocyte antigen. 

póãéíçãë= çÑ= íÜáêëíI= éçäóìêá~I= åçÅíìêá~= ~åÇ= ê~éáÇ= ïÉáÖÜí=
äçëë=~êÉ=éêçãáåÉåí=áå=íóéÉ=N=Çá~ÄÉíÉëI=Äìí=~êÉ=çÑíÉå=~ÄëÉåí=
áå= é~íáÉåíë= ïáíÜ= íóéÉ= O= Çá~ÄÉíÉëI= ã~åó= çÑ= ïÜçã= ~êÉ=
~ëóãéíçã~íáÅ= çê= Ü~îÉ= åçåJëéÉÅáÑáÅ= Åçãéä~áåíë= ëìÅÜ= ~ë=
ÅÜêçåáÅ= Ñ~íáÖìÉ= ~åÇ= ã~ä~áëÉK= råÅçåíêçääÉÇ= Çá~ÄÉíÉë= áë=
~ëëçÅá~íÉÇ=ïáíÜ=~å=áåÅêÉ~ëÉÇ=ëìëÅÉéíáÄáäáíó=íç=áåÑÉÅíáçå=~åÇ=
é~íáÉåíë= ã~ó= éêÉëÉåí= ïáíÜ= ëâáå= ëÉéëáë= EÄçáäëF= çê= ÖÉåáí~ä=
Å~åÇáÇá~ëáëI=~åÇ=Åçãéä~áå=çÑ=éêìêáíìë=îìäî~É=çê=Ä~ä~åáíáëK==

tÜáäÉ=íÜÉ=ÇáëíáåÅíáçå=ÄÉíïÉÉå=íóéÉ=N=~åÇ=íóéÉ=O=Çá~ÄÉíÉë=áë=
ìëì~ääó=çÄîáçìëI=çîÉêä~é=çÅÅìêëI=é~êíáÅìä~êäó=áå=~ÖÉ=~í=çåëÉíI=
Çìê~íáçå=çÑ=ëóãéíçãë=~åÇ=Ñ~ãáäó=ÜáëíçêóK=qÜÉêÉ=~êÉ=ã~åó=
é~íáÉåíë= áå=ïÜçã=íÜÉ= íóéÉ=çÑ=Çá~ÄÉíÉë= áë=åçí= áããÉÇá~íÉäó=
~éé~êÉåíK=cçê=Éñ~ãéäÉI=é~íáÉåíë=ïáíÜ=íóéÉ=O=Çá~ÄÉíÉë=ã~ó=
éêÉëÉåí= ïáíÜ= ã~êâÉÇ= ~åÇ= ê~éáÇ= ïÉáÖÜí= äçëë= ~åÇ= ÉîÉå=
Çá~ÄÉíáÅ= âÉíç~ÅáÇçëáëI= ~åÇ= íóéÉ= O= Çá~ÄÉíÉë= áë= áåÅêÉ~ëáåÖäó=
Çá~ÖåçëÉÇ=áå=ÅÜáäÇêÉå=~åÇ=óçìåÖ=~ÇìäíëK==

qóéÉ=N=Çá~ÄÉíÉë=Å~å=çÅÅìê=~í=~åó=~ÖÉI=åçí= àìëí= áå=óçìåÖÉê=
éÉçéäÉI=~åÇ=ã~ó=ÇÉîÉäçé=ãçêÉ=áåëáÇáçìëäó;=íÜÉ=éêÉëÉåÅÉ=çÑ=
é~åÅêÉ~íáÅ=~ìíç~åíáÄçÇáÉë=ÅçåÑáêãë=íÜÉ=Çá~Öåçëáë=çÑ=ëäçïJ
çåëÉí=íóéÉ=N=Çá~ÄÉíÉëI=íÉêãÉÇ=ä~íÉåí=~ìíçáããìåÉ=Çá~ÄÉíÉë=
çÑ= ~Çìäíë= Ei^a^FKN= fÑ= âÉíçíáÅ= œ= ~= éççê= êÉëéçåëÉ= íç= çê~ä=
ÜóéçÖäóÅ~ÉãáÅë= E~åÇ= é~íáÉåí= áë= ëäáã= çê= Ü~ë= ~= Ñ~ãáäó= çê=
éÉêëçå~ä= Üáëíçêó= çÑ= ~ìíçáããìåáíóFI= íÜáåâ= çÑ= ä~íÉåí=
~ìíçáããìåÉ=Çá~ÄÉíÉë= áå=~Çìäíë= Ei^a^F=~åÇ=ãÉ~ëìêÉ= áëäÉí=
ÅÉää=~åíáÄçÇáÉëKQ===

m~åÅêÉ~íáÅ=~ìíç~åíáÄçÇáÉë=~êÉ=ÇÉíÉÅí~ÄäÉ=~í=ÜáÖÜ=íáíêÉ=áå=UMÓ
VMB=çÑ=é~íáÉåíë=ïáíÜ= íóéÉ=N=Çá~ÄÉíÉëI= ëç= ~=åÉÖ~íáîÉ= êÉëìäí=
ëÜçìäÇ=éêçãéí=ÅçåëáÇÉê~íáçå=çÑ=çíÜÉê=~ÉíáçäçÖáÉëK==

líÜÉê= Å~ìëÉë= çÑ= Çá~ÄÉíÉëI= ëìÅÜ= ~ë= jlavI= ëÜçìäÇ= åçí= ÄÉ=
ÑçêÖçííÉåI=é~êíáÅìä~êäó=áå=íÜçëÉ=éêÉëÉåíáåÖ=áå=ÅÜáäÇÜççÇ=çê=
~ë=óçìåÖ=~ÇìäíëK==

^=Üáëíçêó=çÑ=é~åÅêÉ~íáÅ=ÇáëÉ~ëÉI=é~êíáÅìä~êäó=áå=é~íáÉåíë=ïáíÜ=
~=Üáëíçêó=çÑ=~äÅçÜçä=ÉñÅÉëëI=ã~âÉë=áåëìäáå=ÇÉÑáÅáÉåÅó=ãçêÉ=
äáâÉäóK=pçãÉíáãÉë=íÜÉ=ÇÉÑáåáíáîÉ=Åä~ëëáÑáÅ~íáçå=çÑ=íÜÉ=íóéÉ=çÑ=
Çá~ÄÉíÉë= áë= çåäó= ã~ÇÉ= ä~íÉêI= çåÅÉ= íÜÉ= å~íìê~ä= Üáëíçêó= çê=
êÉëéçåëáîÉåÉëë=íç=ÇáÑÑÉêÉåí=íÜÉê~éáÉë=ÄÉÅçãÉë=~éé~êÉåíK==

mÜóëáÅ~ä=ëáÖåë=áå=é~íáÉåíë=ïáíÜ=íóéÉ=O=Çá~ÄÉíÉë=~í=Çá~Öåçëáë=
ÇÉéÉåÇ= çå= íÜÉ= ãçÇÉ= çÑ= éêÉëÉåí~íáçåK= få= tÉëíÉêå=
éçéìä~íáçåëI= ãçêÉ= íÜ~å= UMB= ~êÉ= çîÉêïÉáÖÜíI= ~åÇ= íÜÉ=
çÄÉëáíó= áë=çÑíÉå=ÅÉåíê~ä= EíêìåÅ~ä=çê=~ÄÇçãáå~äFK=lÄÉëáíó= áë=
ãìÅÜ=äÉëë=ÉîáÇÉåí=áå=^ëá~åëK=eóéÉêíÉåëáçå=áë=éêÉëÉåí=áå=~í=
äÉ~ëí= RMB= çÑ= é~íáÉåíë= ïáíÜ= íóéÉ= O= Çá~ÄÉíÉëK= ^äíÜçìÖÜ=
ÇóëäáéáÇ~Éãá~= áë= ~äëç= ÅçããçåI= ëâáå= äÉëáçåë= ëìÅÜ= ~ë=
ñ~åíÜÉä~ëã~=~åÇ=ÉêìéíáîÉ=ñ~åíÜçã~ë=~êÉ=ê~êÉK==

^å= áåÅêÉ~ëáåÖ= åìãÄÉê= çÑ= é~íáÉåíë= åçï= éêÉëÉåí= ïáíÜ=
k^ciaI= ìëì~ääó= áÇÉåíáÑáÉÇ= Äó= íÜÉáê= ÉäÉî~íÉÇ= ÄäççÇ=
íê~åë~ãáå~ëÉ= î~äìÉëI= Äìí= íÜÉó=ã~ó= ~äëç= Ü~îÉ= åçåJíÉåÇÉê=
ÜÉé~íçãÉÖ~äóK=

• Thirst, dry mouth

• Polyuria

• Nocturia

• Tiredness, fatigue, lethargy

• Change in weight (usually weight loss)

• Blurring of vision

• Pruritus vulvae, balanitis (genital candidiasis)

• Nausea

• Headache

• Hyperphagia; predilection for sweet foods

• Mood change, irritability, difficulty in concentrating, apathy

 Symptoms of hyperglycaemia1
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therapies11 

Manage
 
ment and

=

qÜÉ=Öç~äë=çÑ=íÜÉê~éó=Ñçê=íóéÉ=N=çê=íóéÉ=O=Çá~ÄÉíÉë=ãÉääáíìë=EajF=~êÉ=íç
NIV
==

NK Éäáãáå~íÉ=ëóãéíçãë=êÉä~íÉÇ=íç=ÜóéÉêÖäóÅÉãá~I==

OK êÉÇìÅÉ=çê=Éäáãáå~íÉ=íÜÉ=äçåÖJíÉêã=ãáÅêçî~ëÅìä~ê=~åÇ=ã~Åêçî~ëÅìä~ê=ÅçãéäáÅ~íáçåë=çÑ=aj=~åÇ==

PK ~ääçï=íÜÉ=é~íáÉåí=íç=~ÅÜáÉîÉ=~ë=åçêã~ä=~=äáÑÉëíóäÉ=~ë=éçëëáÄäÉK==

qç=êÉ~ÅÜ=íÜÉëÉ=Öç~äëI=íÜÉ=éÜóëáÅá~å=ëÜçìäÇ=áÇÉåíáÑó=~=í~êÖÉí=äÉîÉä=çÑ=ÖäóÅÉãáÅ=Åçåíêçä=Ñçê=É~ÅÜ=é~íáÉåíI=éêçîáÇÉ=íÜÉ=é~íáÉåí=ïáíÜ=

íÜÉ= ÉÇìÅ~íáçå~ä= ~åÇ= éÜ~êã~ÅçäçÖáÅ= êÉëçìêÅÉë= åÉÅÉëë~êó= íç= êÉ~ÅÜ= íÜáë= äÉîÉäI= ~åÇ=ãçåáíçêLíêÉ~í= ajJêÉä~íÉÇ= ÅçãéäáÅ~íáçåëK=

póãéíçãë=çÑ=Çá~ÄÉíÉë=ìëì~ääó=êÉëçäîÉ=ïÜÉå=íÜÉ=éä~ëã~=ÖäìÅçëÉ=áë=YNNKN=ããçäLi=EOMM=ãÖLÇiFI=~åÇ=íÜìë=ãçëí=aj=íêÉ~íãÉåí=

ÑçÅìëÉë=çå=~ÅÜáÉîáåÖ=íÜÉ=ëÉÅçåÇ=~åÇ=íÜáêÇ=Öç~äëK=qÜÉ=Å~êÉ=êÉèìáêÉë=~=ãìäíáÇáëÅáéäáå~êó=íÉ~ãK=`Éåíê~ä=íç=íÜÉ=ëìÅÅÉëë=çÑ=íÜáë=íÉ~ã=

~êÉ=íÜÉ=é~íáÉåíÛë=é~êíáÅáé~íáçåI=áåéìíI=~åÇ=ÉåíÜìëá~ëãI=~ää=çÑ=ïÜáÅÜ=~êÉ=ÉëëÉåíá~ä=Ñçê=çéíáã~ä=Çá~ÄÉíÉë=ã~å~ÖÉãÉåíK
V
=

The role of patient education and community care5 
qÜÉ= Å~êÉ= çÑ= Çá~ÄÉíÉë= áë= Ä~ëÉÇ= çå= ëÉäÑJã~å~ÖÉãÉåí= Äó= íÜÉ= é~íáÉåíI= ïÜç= áë= ÜÉäéÉÇ= ~åÇ= ~ÇîáëÉÇ= Äó= íÜçëÉ= ïáíÜ= ëéÉÅá~äáòÉÇ=

âåçïäÉÇÖÉK= qÜÉ=èìÉëí= Ñçê= áãéêçîÉÇ= ÖäóÅ~ÉãáÅ= Åçåíêçä= Ü~ë=ã~ÇÉ= áí= ÅäÉ~ê= íÜ~í=ïÜ~íÉîÉê= íÜÉ= íÉÅÜåáÅ~ä= ÉñéÉêíáëÉ= ~ééäáÉÇI= íÜÉ=

çìíÅçãÉ=ÇÉéÉåÇë=çå=ïáääáåÖ=ÅççéÉê~íáçå=Äó=íÜÉ=é~íáÉåíK=qÜáëI=áå=íìêåI=ÇÉéÉåÇë=çå=~å=ìåÇÉêëí~åÇáåÖ=çÑ=íÜÉ=êáëâë=çÑ=Çá~ÄÉíÉë=~åÇ=

íÜÉ=éçíÉåíá~ä=ÄÉåÉÑáíë=çÑ=ÖäóÅ~ÉãáÅ=Åçåíêçä=~åÇ=çíÜÉê=ãÉ~ëìêÉë=ëìÅÜ=~ë=ã~áåí~áåáåÖ=~=äÉ~å=ïÉáÖÜíI=ëíçééáåÖ=ëãçâáåÖ=~åÇ=í~âáåÖ=

Å~êÉ=çÑ=íÜÉ=ÑÉÉíK=fÑ=~ÅÅìê~íÉ=áåÑçêã~íáçå=áë=åçí=ëìééäáÉÇI=ãáëáåÑçêã~íáçå=Ñêçã=ÑêáÉåÇë=~åÇ=çíÜÉê=é~íáÉåíë=ïáää=í~âÉ=áíë=éä~ÅÉK=cçê=

íÜáë=êÉ~ëçåI=íÜÉ=ÄÉëí=íáãÉ=íç=ÉÇìÅ~íÉ=íÜÉ=é~íáÉåí=áë=ëççå=~ÑíÉê=Çá~ÖåçëáëK=lêÖ~åáòÉÇ=ÉÇìÅ~íáçå=éêçÖê~ããÉë=áåîçäîÉ=~ää=ÜÉ~äíÜÅ~êÉ=

ïçêâÉêëI= áåÅäìÇáåÖ=åìêëÉ= ëéÉÅá~äáëíëI=ÇáÉíáÅá~åë=~åÇ=éçÇá~íêáëíëI= ~åÇ= ëÜçìäÇ= áåÅäìÇÉ=çåÖçáåÖ= ëìééçêí=~åÇ=ìéÇ~íÉë=ïÜÉêÉîÉê=

éçëëáÄäÉK==

Treatment methods1

qêÉ~íãÉåí=ãÉíÜçÇë=Ñçê=Çá~ÄÉíÉë=áåÅäìÇÉ=J=

NK ÇáÉí~êóLäáÑÉëíóäÉ=ãçÇáÑáÅ~íáçåI==

OK çê~ä=~åíáJÇá~ÄÉíáÅ=ÇêìÖë=~åÇ==

PK áåàÉÅíÉÇ=íÜÉê~éáÉëK==

få=åÉï=Å~ëÉë=çÑ=Çá~ÄÉíÉëI=~ÇÉèì~íÉ=ÖäóÅ~ÉãáÅ=Åçåíêçä=Å~å=

ÄÉ= çÄí~áåÉÇ= Äó= ÇáÉí= ~åÇ= äáÑÉëíóäÉ= ~ÇîáÅÉ= ~äçåÉ= áå=

~ééêçñáã~íÉäó= RMBI= OMÓPMB= ïáää= åÉÉÇ= çê~ä= ~åíáJÇá~ÄÉíáÅ=

ãÉÇáÅ~íáçåI=~åÇ=OMÓPMB=ïáää=êÉèìáêÉ=áåëìäáåK==

få= é~íáÉåíë= ïáíÜ= ëìëéÉÅíÉÇ= íóéÉ= N= Çá~ÄÉíÉëI= ìêÖÉåí=

íêÉ~íãÉåí=ïáíÜ=áåëìäáå=áë=êÉèìáêÉÇ=~åÇ=éêçãéí=êÉÑÉêê~ä=íç=~=

ëéÉÅá~äáëí=áë=ìëì~ääó=åÉÉÇÉÇK=få=é~íáÉåíë=ïáíÜ=ëìëéÉÅíÉÇ=íóéÉ=

O=Çá~ÄÉíÉëI=ÑáêëíJäáåÉ=íÜÉê~éó=áåîçäîÉë=~ÇîáÅÉ=~Äçìí=ÇáÉí~êó=

~åÇ= äáÑÉëíóäÉ=ãçÇáÑáÅ~íáçåK
N
=aáÉí= ~åÇ= äáÑÉëíóäÉ= ÅÜ~åÖÉë= ~êÉ=

íÜÉ=âÉó=íç=ëìÅÅÉëëÑìä=íêÉ~íãÉåí=çÑ=íóéÉ=O=Çá~ÄÉíÉëI=~åÇ=åç=

~ãçìåí= çÑ= ãÉÇáÅ~íáçå= ïáää= ëìÅÅÉÉÇ= ïÜÉêÉ= íÜÉëÉ= Ü~îÉ=

Ñ~áäÉÇK
R
=lê~ä=~åíáJÇá~ÄÉíáÅ=ÇêìÖë=~êÉ=ìëì~ääó=~ÇÇÉÇ=áå=íÜçëÉ=

ïÜç=Çç=åçí=~ÅÜáÉîÉ=ÖäóÅ~ÉãáÅ=í~êÖÉíë=~ë=~=êÉëìäí=çÑ=ÇáÉí~êó=

~åÇ=äáÑÉëíóäÉ=ãçÇáÑáÅ~íáçå=EïáíÜáå=QÓS=ïÉÉâë
R
FI=çê=ïÜç=Ü~îÉ=

ëÉîÉêÉ= ëóãéíçã~íáÅ= ÜóéÉêÖäóÅ~Éãá~= ~í= Çá~Öåçëáë= ~åÇ= ~=

ÜáÖÜ=eÄ^
NÅ
K=eçïÉîÉêI=íÜÉ=ÖìáÇÉäáåÉë=áå=ëçãÉ=ÅçìåíêáÉë=~êÉ=

íç= áåíêçÇìÅÉ= ãÉÇáÅ~íáçå= áããÉÇá~íÉäó= ìéçå= Çá~Öåçëáë= çÑ=

Çá~ÄÉíÉë=ïáíÜçìí=ï~áíáåÖ= íç=~ëëÉëë= íÜÉ= áãé~Åí=çÑ=ÇáÉí=~åÇ=

äáÑÉëíóäÉ=ÅÜ~åÖÉëK
N
==

få= É~ÅÜ= áåÇáîáÇì~äI= íÜÉ= êÉÖáãÉå= ~ÇçéíÉÇ= áë= ÉÑÑÉÅíáîÉäó= ~=

íÜÉê~éÉìíáÅ= íêá~ä= ~åÇ= ëÜçìäÇ= ÄÉ= êÉîáÉïÉÇ= êÉÖìä~êäóK= få=

é~ê~ääÉä= ïáíÜ= íêÉ~íãÉåí= çÑ= ÜóéÉêÖäóÅ~Éãá~I= çíÜÉê= êáëâ=

Ñ~Åíçêë=Ñçê=ÅçãéäáÅ~íáçåë=çÑ=Çá~ÄÉíÉë=åÉÉÇ=íç=ÄÉ=~ÇÇêÉëëÉÇI=

áåÅäìÇáåÖ= íêÉ~íãÉåí= çÑ= ÜóéÉêíÉåëáçå= ~åÇ= ÇóëäáéáÇ~Éãá~I=

~åÇ=~ÇîáÅÉ=çå=ëãçâáåÖ=ÅÉëë~íáçåK==

qÜÉ= áãéçêí~åÅÉ= çÑ= äáÑÉëíóäÉ= ÅÜ~åÖÉë= ëìÅÜ= ~ë= ìåÇÉêí~âáåÖ=

êÉÖìä~ê= éÜóëáÅ~ä= ~ÅíáîáíóI= çÄëÉêîáåÖ= ~= ÜÉ~äíÜó= ÇáÉí= ~åÇ=

êÉÇìÅáåÖ= ~äÅçÜçä= Åçåëìãéíáçå= ëÜçìäÇ= åçí= ÄÉ=

ìåÇÉêÉëíáã~íÉÇ=áå=áãéêçîáåÖ=ÖäóÅ~ÉãáÅ=ÅçåíêçäI=Äìí=ã~åó=

éÉçéäÉI=é~êíáÅìä~êäó=íÜÉ=ãáÇÇäÉJ~ÖÉÇ=~åÇ=ÉäÇÉêäóI=ÑáåÇ=íÜÉã=

ÇáÑÑáÅìäí= íç=ëìëí~áåK=m~íáÉåíë=ëÜçìäÇ=~äëç=ÄÉ=ÉåÅçìê~ÖÉÇ=íç=

ëíçé=ëãçâáåÖK=

Choice of treatment1

oÉÖ~êÇäÉëë= çÑ= ~ÉíáçäçÖóI= íÜÉ= ÅÜçáÅÉ= çÑ= íêÉ~íãÉåí= áë=

ÇÉíÉêãáåÉÇ= Äó= íÜÉ= ~ÇÉèì~Åó= çÑ= êÉëáÇì~ä= βJÅÉää= ÑìåÅíáçåK=
eçïÉîÉêI= íÜáë= Å~ååçí= ÄÉ= ÇÉíÉêãáåÉÇ= É~ëáäó= Äó=

ãÉ~ëìêÉãÉåí= çÑ= éä~ëã~= áåëìäáå= ÅçåÅÉåíê~íáçå= ÄÉÅ~ìëÉ= ~=

äÉîÉä=ïÜáÅÜ=áë=~ÇÉèì~íÉ=áå=çåÉ=é~íáÉåí=ã~ó=ÄÉ=áå~ÇÉèì~íÉ=

áå=~åçíÜÉêI=ÇÉéÉåÇáåÖ=ìéçå=ëÉåëáíáîáíó=íç=áåëìäáåK==
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12 Diet and  
lifestyle management 
=

qÜÉ=ÇáÉí=Ñçê=éÉçéäÉ=ïáíÜ=Çá~ÄÉíÉë=áë=åç=ÇáÑÑÉêÉåí=Ñêçã=íÜ~í=ÅçåëáÇÉêÉÇ=ÜÉ~äíÜó=Ñçê=ÉîÉêóçåÉKR=qÜ~í=áëI=ÑççÇë=ã~ÇÉ=àìëí=Ñçê=Çá~ÄÉíáÅë=
~êÉ=åçí=åÉÉÇÉÇKQ=
qç=~ÅÜáÉîÉ=íÜÉ=êÉÅçããÉåÇÉÇ=Åçãéçëáíáçå=çÑ=ÇáÉíI=ÑççÇ=Ñçê=éÉçéäÉ=ïáíÜ=Çá~ÄÉíÉë=ëÜçìäÇ=ÄÉWQIR==

• äçï=áå=ëìÖ~ê=EíÜçìÖÜ=åçí=ëìÖ~êJÑêÉÉF==
• ÜáÖÜ=áå=ëí~êÅÜó=Å~êÄçÜóÇê~íÉ=EÉëéÉÅá~ääó=ÑççÇë=ïáíÜ=~=äçï=

ÖäóÅ~ÉãáÅ=áåÇÉñFI=áKÉK=ëäçïÉê=~Äëçêéíáçå==
• ÜáÖÜ=áå=ÑáÄêÉ==
• äçï=áå=Ñ~í=EÉëéÉÅá~ääó=ë~íìê~íÉÇ=Ñ~íF=
• ãçÇÉê~íÉ=éêçíÉáåQ=

Aims of dietary management1  
• ^ÅÜáÉîÉ=ÖççÇ=ÖäóÅ~ÉãáÅ=Åçåíêçä==
• RÉÇìÅÉ=ÜóéÉêÖäóÅ~Éãá~=~åÇ=~îçáÇ=ÜóéçÖäóÅ~Éãá~==
• ^ëëáëí=ïáíÜ=ïÉáÖÜí=ã~å~ÖÉãÉåíW==

o tÉáÖÜí= ã~áåíÉå~åÅÉ= Ñçê= íóéÉ= N= Çá~ÄÉíÉë= ~åÇ= åçåJçÄÉëÉ=
íóéÉ=O=Çá~ÄÉíÉë==

o tÉáÖÜí=äçëë=Ñçê=çîÉêïÉáÖÜí=~åÇ=çÄÉëÉ=íóéÉ=O=Çá~ÄÉíÉë==
• RÉÇìÅÉ=íÜÉ=êáëâ=çÑ=ãáÅêçJ=~åÇ=ã~Åêçî~ëÅìä~ê=ÅçãéäáÅ~íáçåë==
• båëìêÉ=~ÇÉèì~íÉ=åìíêáíáçå~ä=áåí~âÉ==
• ^îçáÇ= Ú~íÜÉêçÖÉåáÅÛ= ÇáÉíë= çê= íÜçëÉ= íÜ~í= ~ÖÖê~î~íÉ= ÅçãéäáÅ~íáçåëI=

ÉKÖK=ÜáÖÜ=éêçíÉáå=áåí~âÉ=áå=åÉéÜêçé~íóK=

qÜÉó=ëÜçìäÇ=Ü~îÉ=~ÅÅÉëë=íç=~=ÇáÉíáíá~å=~í=Çá~ÖåçëáëI=~í=êÉîáÉï=~åÇ=~í=íáãÉë=
çÑ= íêÉ~íãÉåí= ÅÜ~åÖÉK=kìíêáíáçå~ä= ~ÇîáÅÉ= ëÜçìäÇ=ÄÉ= í~áäçêÉÇ= íç= áåÇáîáÇì~äë= ~åÇ= í~âÉ=~ÅÅçìåí=çÑ= íÜÉáê= ~ÖÉ=~åÇ= äáÑÉëíóäÉK=j~åó=
éÉçéäÉ=ïáíÜ=íóéÉ=O=Çá~ÄÉíÉë=êÉèìáêÉ=ÇáÉí~êó=~ÇîáÅÉ=Ñçê=~ÅÜáÉîáåÖ=ïÉáÖÜí= äçëëI=íç=áåÅäìÇÉ=Å~äçêáÅ=êÉëíêáÅíáçå=~åÇI= áå=é~êíáÅìä~êI=
êÉÇìÅÉÇ=Ñ~í=áåí~âÉK=píêìÅíìêÉÇ=ÉÇìÅ~íáçå=éêçÖê~ããÉë=~êÉ=~î~áä~ÄäÉ=Ñçê=ÄçíÜ=Åçããçå=íóéÉë=çÑ=Çá~ÄÉíÉëKN=

 Carbohydrate 
_çíÜ= íÜÉ= ~ãçìåí= ~åÇ= ëçìêÅÉ= çÑ= Å~êÄçÜóÇê~íÉ= ÇÉíÉêãáåÉ=
éçëíJéê~åÇá~ä=ÖäìÅçëÉKN=qÜÉ=ÖäìÅçëÉ=éÉ~â=ëÉÉå=áå=íÜÉ=ÄäççÇ=
~ÑíÉê=É~íáåÖ=é~ëí~=áë=ãìÅÜ=Ñä~ííÉê=íÜ~å=íÜ~í=ëÉÉå=~ÑíÉê=É~íáåÖ=
íÜÉ= ë~ãÉ= ~ãçìåí= çÑ= Å~êÄçÜóÇê~íÉ= ~ë=ïÜáíÉ= éçí~íçK= m~ëí~=
Ü~ë=~=äçïÉê=ÚÖäóÅ~ÉãáÅ=áåÇÉñÛK=cççÇë=ïáíÜ=~=äçï=ÖäóÅ~ÉãáÅ=
áåÇÉñ=éêÉîÉåí=ê~éáÇ=ëïáåÖë=áå=ÅáêÅìä~íáåÖ=ÖäìÅçëÉI=~åÇ=~êÉ=
íÜìë=éêÉÑÉêêÉÇ=íç=íÜçëÉ=ïáíÜ=~=ÜáÖÜÉê=ÖäóÅ~ÉãáÅ=áåÇÉñKR==

qÜÉêÉÑçêÉI= íÜÉ= ÄÉëí= ÇáÉí= Ñçê= çÄÉëÉ= é~íáÉåíë= ïáíÜ= íóéÉ= O=
Çá~ÄÉíÉë=áë=äçïJÅ~êÄçÜóÇê~íÉ=ÇáÉíëKQ=

=

 

How do low carbohydrate, ketogenic diets (<20g of 
carbohydrate daily; LCKD) compare with low-
glycaemic index, reduced-calorie diet (eg 
500kcal/day deficit from weight maintenance diet)?4 

In one randomized study over 24 weeks, LCKD had greater 
improvements in HbA1c (–15 vs –5mmol/L), weight (–11kg vs –7kg), 
and HDL. Diabetes drugs were reduced or eliminated in 95% of LCKD 
vs 62% of LGID participants.  

NB: effects on renal function and mortality are unknown so these diets remain 
controversial. 

=

=

=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
Figure:	Proportion	of	key	food	groups	recommended	for	a	
healthy,	well-balanced	diet.1	
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 Fat 
qÜÉ=áåí~âÉ=çÑ=íçí~ä=Ñ~í=ëÜçìäÇ=ÄÉ=êÉëíêáÅíÉÇ=íç=äÉëë=íÜ~å=PRB=
çÑ=ÉåÉêÖó= áåí~âÉI=ïáíÜ= äÉëë= íÜ~å=NMB=~ë= ë~íìê~íÉÇ= Ñ~íI=~åÇ=
NMÓOMB= Ñêçã=ãçåçìåë~íìê~íÉÇ= Ñ~í= íÜêçìÖÜ=Åçåëìãéíáçå=
çÑ=çáäë=~åÇ=ëéêÉ~Çë=ã~ÇÉ=Ñêçã=çäáîÉI=ê~éÉëÉÉÇ=çê=ÖêçìåÇåìí=
çáäëKN==

=
Figure:	Schematic	representation	of	fatty	acids.1	Standard	nomenclature	
specifies	the	number	of	carbon	atoms	and	indicates	the	number	and	
position	of	the	double	bond(s)	relative	to	the	methyl	(–CH3,	ω)	end	of	the	
molecule	after	a	colon.	

 Salt 
mÉçéäÉ=ïáíÜ=Çá~ÄÉíÉë=ëÜçìäÇ=Ñçääçï=íÜÉ=~ÇîáÅÉ=ÖáîÉå=íç=íÜÉ=
ÖÉåÉê~ä=éçéìä~íáçåW=å~ãÉäóI= íç= äáãáí= ëçÇáìã= áåí~âÉ= íç=åç=
ãçêÉ=íÜ~å=S=Ö=Ç~áäóKN==

 Alcohol 
^äÅçÜçä=áë=êÉÅçÖåáëÉÇ=~ë=Ü~îáåÖ=ÄçíÜ=ÄÉåÉÑáÅá~ä=~åÇ=Ü~êãÑìä=
ÉÑÑÉÅíë=çå=Å~êÇáçî~ëÅìä~ê=ÇáëÉ~ëÉ=~åÇ= íÜáë=~äëç=~ééÉ~êë= íç=
~ééäó= áå= é~íáÉåíë=ïáíÜ= Çá~ÄÉíÉëK= ^äÅçÜçä= Å~å= íÜÉêÉÑçêÉ= ÄÉ=
í~âÉå= áå=ãçÇÉê~íáçå= áå= Çá~ÄÉíÉë=ïáíÜ= íÜÉ= ~áã=çÑ= âÉÉéáåÖ=
ïáíÜáå=å~íáçå~ä=ÖìáÇÉäáåÉë=êÉä~íáåÖ=íç=êÉÅçããÉåÇ~íáçåë=Ñçê=
éÉçéäÉ=ïáíÜçìí=Çá~ÄÉíÉëK==
få=íÜÉ=rhI=íÜÉ=ïÉÉâäó=êÉÅçããÉåÇÉÇ=ã~ñáãìã=áë==

• NQ=r=Ñçê=ïçãÉå=~åÇ==
• ON=r=Ñçê=ãÉåK==

Risks 
^äÅçÜçä= Å~å= êÉÇìÅÉ= ÜóéçÖäóÅ~Éãá~= ~ï~êÉåÉëë= ~åÇI= Äó=
ëìééêÉëëáåÖ=ÖäìÅçåÉçÖÉåÉëáëI=áåÅêÉ~ëÉ=ÜóéçÖäóÅ~Éãá~=êáëâK==

 Exercise 
^ää=é~íáÉåíë=ïáíÜ=Çá~ÄÉíÉë=ëÜçìäÇ=ÄÉ=ã~ÇÉ=~ï~êÉ=çÑ=íÜÉ=ÜáÖÜ=
Å~äçêáÉ= ÅçåíÉåí= çÑ= ~äÅçÜçä= ~åÇ= íÜÉ= áãéäáÅ~íáçåë= Ñçê= ÄçÇó=
ïÉáÖÜí=ã~å~ÖÉãÉåíI=ïÜáÅÜ=~êÉ=çÑíÉå=çîÉêäççâÉÇK=
kç=íêÉ~íãÉåí=Ñçê=Çá~ÄÉíÉë=áë=ÅçãéäÉíÉ=ïáíÜçìí=ÉñÉêÅáëÉK=^ää=
é~íáÉåíë= ïáíÜ= Çá~ÄÉíÉë= ëÜçìäÇ= ÄÉ= ~ÇîáëÉÇ= íç= ~ÅÜáÉîÉ= ~=
ëáÖåáÑáÅ~åí=äÉîÉä=çÑ=éÜóëáÅ~ä=~Åíáîáíó=~åÇ=íç=ã~áåí~áå=íÜáë=áå=
íÜÉ= äçåÖ= íÉêãK= ^åó= áåÅêÉ~ëÉ= áå= ~Åíáîáíó= äÉîÉäë= áë= íç= ÄÉ=
ÉåÅçìê~ÖÉÇ= Äìí= é~êíáÅáé~íáçå= áå= ãçêÉ= Ñçêã~ä= ÉñÉêÅáëÉ=
éêçÖê~ããÉë=áë=ÄÉëíKNIR==
pìéÉêîáëÉÇ=~åÇ=ëíêìÅíìêÉÇ=ÉñÉêÅáëÉ=éêçÖê~ããÉë=ã~ó=ÄÉ=çÑ=

é~êíáÅìä~ê= ÄÉåÉÑáí= íç= éÉçéäÉ=ïáíÜ= íóéÉ= O= Çá~ÄÉíÉëK= pÉîÉê~ä=
íêá~äë=Ü~îÉ=ëÜçïå=íÜ~í=êÉÖìä~ê=ÉñÉêÅáëÉ=êÉÇìÅÉë=íÜÉ=êáëâ=çÑ=
éêçÖêÉëëáçå= íç= íóéÉ=O=Çá~ÄÉíÉë=Äó=PMÓSMBI=~åÇ= íÜÉ= äçïÉëí=
äçåÖJíÉêã=ãçêÄáÇáíó=~åÇ=ãçêí~äáíó=ê~íÉë=~êÉ=ëÉÉå=áå=íÜçëÉ=
ïáíÜ= Éëí~ÄäáëÜÉÇ= ÇáëÉ~ëÉ= ïÜç= Ü~îÉ= íÜÉ= ÜáÖÜÉëí= äÉîÉäë= çÑ=
Å~êÇáçêÉëéáê~íçêó=ÑáíåÉëëKR==
_çíÜ= ~ÉêçÄáÅ= ~åÇ= êÉëáëí~åÅÉ= íê~áåáåÖ= áãéêçîÉ= áåëìäáå=
ëÉåëáíáîáíó= ~åÇ= ãÉí~ÄçäáÅ= Åçåíêçä= áå= íóéÉ= N= ~åÇ= íóéÉ= O=
Çá~ÄÉíÉëI= ~äíÜçìÖÜ= êÉéçêíÉÇ= ÉÑÑÉÅíë= çå= ãÉí~ÄçäáÅ= Åçåíêçä=
~êÉ=áåÅçåëáëíÉåíKR==
m~íáÉåíë= çå= áåëìäáå= çê= ëìäéÜçåóäìêÉ~ë= ëÜçìäÇ= ÄÉ= ï~êåÉÇ=
íÜ~í=íÜÉêÉ=áë=~å=áåÅêÉ~ëÉÇ=êáëâ=çÑ=ÜóéçÖäóÅ~Éãá~=Ñçê=ìé=íç=SÓ
NO=Üçìêë=ÑçääçïáåÖ=ÜÉ~îó=ÉñÉêíáçåKR=

Guidelines 
s~êáçìë=ÖìáÇÉäáåÉë=Éñáëí=Ñçê=éÜóëáÅ~ä=~Åíáîáíó=áå=íÜÉ=ÖÉåÉê~ä=
éçéìä~íáçåK==

US Department of Health and Human services (2008):  
cçê=~Çìäíë=ENUÓSQ=óÉ~êëFW==

NK ~= ïÉÉâäó= ãáåáãìã= çÑ= OKR= Üçìêë= çÑ= ãçÇÉê~íÉJ
áåíÉåëáíó=ÉñÉêÅáëÉ=çê==

OK TR=ãáåìíÉë=çÑ=îáÖçêçìëJáåíÉåëáíó=ÉñÉêÅáëÉI=çê==
PK ~=ÅçãÄáå~íáçå=íÜÉêÉçÑK==

qÜÉ= ~ÉêçÄáÅ= EãçÇÉê~íÉJáåíÉåëáíóF= ~Åíáîáíó= ëÜçìäÇ= ÄÉ=
éÉêÑçêãÉÇ= Ñçê= ~í= äÉ~ëí= NM=ãáåìíÉë= É~ÅÜ= íáãÉ= ~åÇ= ëéêÉ~Ç=
íÜêçìÖÜçìí=íÜÉ=ïÉÉâI=ïáíÜ=~í=äÉ~ëí=PM=ãáåìíÉë=çå=~í=äÉ~ëí=R=
Ç~óë=çÑ=íÜÉ=ïÉÉâK==

läÇÉê=~ÇìäíëW==
qÜÉó= ëÜçìäÇ= ~äëç= Ñçääçï= íÜÉëÉ= ÖìáÇÉäáåÉë= ~ë= Ñ~ê= ~ë= íÜÉáê=
~ÄáäáíáÉë=~ääçïK==
RÉÅÉåíäóI=áí=Ü~ë=~äëç=ÄÉÉå=ëìÖÖÉëíÉÇ=íÜ~í=~=ÅçãÄáå~íáçå=çÑ=
ÄçíÜ= ~ÉêçÄáÅ= ~åÇ= êÉëáëí~åÅÉ= ÉñÉêÅáëÉ=ã~ó= äÉ~Ç= íç= ÖêÉ~íÉê=
áãéêçîÉãÉåíë=áå=ÖäóÅ~ÉãáÅ=ÅçåíêçäK==

få=íóéÉ=N=Çá~ÄÉíÉëW=
bñÉêÅáëÉ=Å~å=áåÅêÉ~ëÉ=íÜÉ=êáëâ=çÑ=ÜóéçÖäóÅ~Éãá~I=ëç=é~íáÉåíë=
ëÜçìäÇ=ëÉÉâ=ëéÉÅá~äáëí=~ÇîáÅÉ=çå=í~âáåÖ=Éñíê~=Å~êÄçÜóÇê~íÉI=
êÉÇìÅáåÖ=áåëìäáå=ÇçëÉë=~åÇ=ÅÜççëáåÖ=~å=áåàÉÅíáçå=ëáíÉK==

 Glycaemic index1 

Definition  
qÜÉ= ÖäóÅ~ÉãáÅ= áåÇÉñ= EdfF= çÑ= ~= Å~êÄçÜóÇê~íÉJÅçåí~áåáåÖ=
ÑççÇ=áë=~=ãÉ~ëìêÉ=çÑ=íÜÉ=ÅÜ~åÖÉ=áå=ÄäççÇ=ÖäìÅçëÉ=ÑçääçïáåÖ=
áíë=áåÖÉëíáçå=êÉä~íáîÉ=íç=íÜÉ=êáëÉ=áå=ÄäççÇ=ÖäìÅçëÉ=çÄëÉêîÉÇ=
ÑçääçïáåÖ=~=äáèìáÇ=çê~ä=ÖäìÅçëÉ=íçäÉê~åÅÉ=íÉëíK==
aáÑÑÉêÉåí= ÑççÇë= Å~å= ÄÉ= ê~åâÉÇ= Äó= íÜÉáê= ÉÑÑÉÅí= çå= éçëíJ
éê~åÇá~ä=ÖäóÅ~Éãá~K==
`çåëìãéíáçå=çÑ=ÑççÇë=ïáíÜ=~=äçï=df=áë=ÉåÅçìê~ÖÉÇ=ÄÉÅ~ìëÉ=
íÜÉó= éêçÇìÅÉ= ~= ëäçïI= Öê~Çì~ä= êáëÉ= áå= ÄäççÇ= ÖäìÅçëÉK=
bñ~ãéäÉë= áåÅäìÇÉ= ëí~êÅÜó= ÑççÇë= ëìÅÜ= ~ë= Ä~ëã~íá= êáÅÉI=
ëé~ÖÜÉííáI=éçêêáÇÖÉI=åççÇäÉëI=Öê~å~êó=ÄêÉ~ÇI=~åÇ=ÄÉ~åë=~åÇ=
äÉåíáäëK==
eçïÉîÉêI= ÇáÑÑÉêÉåí= ãÉíÜçÇë= çÑ= ÑççÇ= éêçÅÉëëáåÖ= ~åÇ=
éêÉé~ê~íáçå= Å~å= áåÑäìÉåÅÉ= íÜÉ= df= çÑ= ÑççÇëI= ~ë= Å~å= íÜÉ=
êáéÉåÉëë=çÑ=ëçãÉ=ÑççÇë=~åÇ=ÇáÑÑÉêÉåÅÉë=áå=ëíê~áåë=çÑ=êáÅÉK=få=
~ÇÇáíáçåI= ïÜáäÉ= ÅçåëáÇÉê~íáçå= çÑ= df= áë= ìëÉÑìä= áå= ÅÜççëáåÖ=
ÄÉíïÉÉå=íóéÉë=çÑ=Å~êÄçÜóÇê~íÉI=áí=ÇçÉë=åçí=~ÇÇêÉëë=íÜÉ=íçí~ä=
~ãçìåí=ÅçåëìãÉÇK==
RÉÅÉåí= ëíìÇáÉë= ëìÖÖÉëí= ëÜçêíJíÉêã= ES= ãçåíÜëFI= îÉêó= äçï=
Å~êÄçÜóÇê~íÉ=ÇáÉíë=EÅçåí~áåáåÖ=~ë=äáííäÉ=~ë=RM=Ö=Å~êÄçÜóÇê~íÉ=
éÉê=Ç~ó=Ó=NPB=çÑ=Ç~áäó=ÉåÉêÖóF=~êÉ=ë~ÑÉ=~åÇ=ÉÑÑÉÅíáîÉ=ãÉ~åë=

CH3 COOH
Polyunsaturated fatty acid, e.g. linoleic acid (18:2 ω6)

CH3 COOH
Monounsaturated fatty acid, e.g. oleic acid (18:1 ω9)

CH3 COOH
Saturated fatty acid, e.g. myristic acid (14:0 )

18

141
CH2
CH
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çÑ= êÉÇìÅáåÖ= ïÉáÖÜí= ~åÇ= áãéêçîáåÖ= ÖäóÅ~ÉãáÅ= ÅçåíêçäK=
eçïÉîÉêI=ÜáÖÜ=Çêçéçìí=ê~íÉë=~åÇ=éççê=~ÇÜÉêÉåÅÉ=ëìÖÖÉëí=
íÜ~í=íÜáë=íóéÉ=çÑ=ÇáÉí=áë=åçí=ïáÇÉäó=~ééäáÅ~ÄäÉK==

 
Prescribing a diet5 

Most people find it extremely difficult to modify their eating habits, 
and repeated advice and encouragement are needed if this is to be 
achieved.  
A diet history is taken, and the diet prescribed should involve the least 
possible interference with the person's lifestyle. Advice from 
dieticians is more likely to affect medium-term outcome than advice 
from doctors.  
People taking insulin or oral agents have traditionally been advised to 
eat roughly the same amount of food (particularly carbohydrate) at 
roughly the same time each day, so that treatment can be balanced 
against food intake and exercise.5 In type 1 diabetes, the 
development of modern insulin regimens, particularly using insulin 
analogues or continuous subcutaneous insulin infusion (CSII), has 
allowed increased flexibility in the timing and choice of carbohydrate 
intake.1 

It is now possible to match the amount of carbohydrate in a meal with 
a dose of short-acting insulin using methods such as Dose 
Adjustment for Normal Eating (DAFNE), although this is demanding 
and requires extensive patient education.1 Knowledgeable and 
motivated patients with type 1 diabetes, who have feedback from 
regular blood glucose monitoring, can vary the amount of 
carbohydrate consumed, or mealtimes, by learning to adjust their 
exercise pattern and treatment. This is the basis of the DAFNE 
regimen.5 This approach enables motivated individuals with type 1 
diabetes to achieve and maintain good glycaemic control, while 
avoiding post-prandial hyper- and hypoglycaemia.1 

=

 Weight management1 

få= é~íáÉåíë= ïáíÜ= Çá~ÄÉíÉëI= ïÉáÖÜí= ã~å~ÖÉãÉåí= áë=
áãéçêí~åíI= ~ë= ~= ÜáÖÜ= éÉêÅÉåí~ÖÉ= çÑ= éÉçéäÉ= ïáíÜ= íóéÉ= O=

Çá~ÄÉíÉë=~êÉ=çîÉêïÉáÖÜí=çê=çÄÉëÉI=~åÇ=ã~åó=~åíáJÇá~ÄÉíáÅ=
ÇêìÖëI= áåÅäìÇáåÖ= áåëìäáåI= ÉåÅçìê~ÖÉ=ïÉáÖÜí= Ö~áåK=lÄÉëáíóI=
é~êíáÅìä~êäó= ÅÉåíê~ä= çÄÉëáíó= ïáíÜ= áåÅêÉ~ëÉÇ= ï~áëí=
ÅáêÅìãÑÉêÉåÅÉI= ~äëç= éêÉÇáÅíë= áåëìäáå= êÉëáëí~åÅÉ= ~åÇ=
Å~êÇáçî~ëÅìä~ê=êáëâK==

=
Figure:	Therapeutic	options	for	obesity.	Relevant	comorbidities	include	
type	2	diabetes,	hypertension,	cardiovascular	disease,	sleep	apnoea,	and	
waist	circumference	>	102	cm	in	men	or	88	cm	in	women.	This	is	an	
approximate	consensus	of	the	numerous	national	guidelines,	which	vary	
slightly	in	their	recommendations	and	are	revised	every	few	years.1	

- tÉáÖÜí= äçëë= Å~å= ÄÉ= ~ÅÜáÉîÉÇ= íÜêçìÖÜ= ~= êÉÇìÅíáçå= áå=
ÉåÉêÖó= áåí~âÉ= ~åÇ= ~å= áåÅêÉ~ëÉ= áå= ÉåÉêÖó= ÉñéÉåÇáíìêÉ=
íÜêçìÖÜ=éÜóëáÅ~ä=~ÅíáîáíóK==

- iáÑÉëíóäÉ=áåíÉêîÉåíáçåë=çê=éÜ~êã~ÅçíÜÉê~éó=Ñçê=çÄÉëáíó=
ïÜÉå=~ëëçÅá~íÉÇ=ïáíÜ=ïÉáÖÜí=êÉÇìÅíáçå=Ü~îÉ=ÄÉåÉÑáÅá~ä=
ÉÑÑÉÅíë= çå= eÄ^NÅI= Äìí= äçåÖJíÉêã= ÄÉåÉÑáíë= áå= íÉêãë= çÑ=
ÖäóÅ~ÉãáÅ=Åçåíêçä=~åÇ=ãáÅêçî~ëÅìä~ê=ÇáëÉ~ëÉ=Ü~îÉ=åçí=
ÄÉÉå=~ÇÉèì~íÉäó=~ëëÉëëÉÇK==

- jçêÉ= êÉÅÉåíäóI= Ä~êá~íêáÅ= ëìêÖÉêó= Ü~ë= ÄÉÉå= ëÜçïå= íç=
áåÇìÅÉ=ã~êâÉÇ=ïÉáÖÜí= äçëë= áå= çÄÉëÉ= áåÇáîáÇì~äë=ïáíÜ=
íóéÉ= O= Çá~ÄÉíÉë= ~åÇ= íÜáë= áë= çÑíÉå= ~ëëçÅá~íÉÇ= ïáíÜ=
ëáÖåáÑáÅ~åí= áãéêçîÉãÉåíë= áå=eÄ^NÅ=~åÇ=ïáíÜÇê~ï~ä=çÑ=
çê=êÉÇìÅíáçå=áå=Çá~ÄÉíÉë=ãÉÇáÅ~íáçåëK==

 
Figure:	Bariatric	surgical	procedures.	[A]	Laparoscopic	banding,	with	the	option	of	a	reservoir	band	and	subcutaneous	access	to	restrict	the	stomach	further	
after	compensatory	expansion	has	occurred.	[B]	Sleeve	gastrectomy.	[C]	Roux-en-Y	gastric	bypass.	[D]	Biliopancreatic	diversion	with	duodenal	switch.		
Diabetes	may	improve	rapidly	after	surgery,	particularly	after	gastric	bypass,	and	although	this	may	be	attributed	to	severe	energy	restriction	in	the	
perioperative	period,	it	is	possible	that	increased	release	of	incretin	hormones	such	as	glucagonlike	peptide	(GLP)-1	may	contribute	to	the	improvement	in	
glucose	control.1
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Recommended composition of the diet for people with diabetes1,5 

Component of diet Recommended % 
(of energy intake) 

How the recommended diet may be achieved 

Protein 10-15% Do not exceed ~1 g/kg ideal body weight/day 

Total fat <35%  Limit: fat/oil in cooking, fried foods, processed meats (burgers, salami, sausages), high-fat snacks 
(crisps, cake, nuts, chocolate, biscuits, pastry). Encourage: lower-fat dairy products (skimmed milk, 
reduced-fat cheese, low-fat yoghurt), lean meat 

Saturated and transunsaturated 
fat 

<10%   

n-6 polyunsaturated fat <10%   
n-3 polyunsaturated fat No absolute quantity 

recommended. 
Encourage: fish, especially oily fish, once or twice weekly. Not recommended: fish oil supplements 

Cis-monounsaturated fat 10–20%   (olive oil, avocado) 

Total carbohydrate 45-60% 40–60% of total energy intake Encourage: artificial (intense) sweeteners instead of sugar (sugar-
free fizzy drinks, squashes and cordials). Limit: fruit juices, confectionery, cake, biscuits 

Sucrose Up to 10%  provided this is eaten in the context of a healthy diet (e.g. fibre-rich breakfast cereals, baked beans) 

Fibre  No absolute quantity recommended. Soluble fibre has beneficial effects on glycaemic and lipid 
metabolism. Insoluble fibre has no direct effects on glycaemic metabolism, but benefits satiety and 
gastrointestinal health  
 

Vitamins and antioxidants 5 portions per day Best taken as fruit and vegetables in a mixed diet. There is no evidence for the use of supplements 
Alcohol  Not forbidden. Its energy content should be taken into account, as should its tendency to cause 

delayed hypoglycaemia in those treated with insulin 
Salt <6 g/day lower in hypertension 

The overweight or obese should be encouraged to lose weight by a combination of changes in food intake and physical activity. 

=

 

 

Dietary carbohydrates1 

Class Components Examples Source 
Free sugars Monosaccharides 

Disaccharides 
Glucose, fructose  
Sucrose, lactose, maltose  
 

Intrinsic: fruits, milks, vegetables Extrinsic (extracted, refined): beet or 
cane sucrose, high-fructose corn syrup 

Short-chain carbohydrates Oligosaccharides Maltodextrins,  
fructo-oligosaccharides 

 

Starch polysaccharides Rapidly digestible  
Slowly digestible  
Resistant 

 Cereals (wheat, rice), root vegetables (potato), legumes (lentils, beans, 
peas) 

Non-starch polysaccharides 
(NSP, dietary fibre) 

Fibrous Viscous Cellulose  
Hemicellulose  
Pectins  
Gums 

Plants 

Sugar alcohols  Sorbitol, xylitol Sorbitol: stone fruits (apples, peaches, prunes) Xylitol: maize, berry 
fruits Both used as low-calorie sugar alternatives 

=
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13 Non-insulin glucose 
lowering agents 
=

`çåíêçääáåÖ=Çá~ÄÉíÉë=áë=åçí=àìëí=~=ã~ííÉê=çÑ=ëï~ääçïáåÖ=í~ÄäÉíëI=~åÇ=íÜÉëÉ=ëÜçìäÇ=åÉîÉêI=áå=ÖÉåÉê~äI=ÄÉ=éêÉëÅêáÄÉÇ=ìåíáä=äáÑÉëíóäÉ=
ÅÜ~åÖÉë=Ü~îÉ=ÄÉÉå=áãéäÉãÉåíÉÇKR==
cçê= ã~åó= óÉ~êëI= íÜÉêÉ= ïÉêÉ= çåäó= ~= ÑÉï= ÅÜçáÅÉë= çÑ= ÇêìÖë= ~î~áä~ÄäÉ= Ñçê= íóéÉ= O= Çá~ÄÉíÉë= Ó= íÜÉ= ÄáÖì~åáÇÉ= ãÉíÑçêãáåI= íÜÉ=
ëìäéÜçåóäìêÉ~ë=~åÇ=áåëìäáåK=^Å~êÄçëÉ=ï~ë=~äëç=~î~áä~ÄäÉ=Äìí=äáííäÉ=ìëÉÇ=áå=ãçëí=ÅçìåíêáÉëK=páåÅÉ=íÜÉ=ä~íÉ=NVVMëI=ÜçïÉîÉêI=ëÉîÉê~ä=
åÉï=Åä~ëëÉë=çÑ=~ÖÉåíë=Ü~îÉ=ÄÉÉå=~ééêçîÉÇ=Ñçê=ìëÉ=áå=íóéÉ=O=Çá~ÄÉíÉëI=ïáíÜ=ãçêÉ=áå=ÇÉîÉäçéãÉåíKN=

 

 

Classification of noninsulin glucose-lowering agents1,9,10,14,15 

Glucose lowering agent Duration of action (hours) Max. approved daily dose 

Biguanides 
 Metformin (IR 500, 850, 1000mg, ER 500, 750, 1000mg) 12 ~2g 

Insulin secretagogues 
 Sulfonylureas 1st generation: Tolbutamide 

2nd generation 

• Glipizide (10mg IR, 10mg XL) 

• Glimepiride (4mg) 

• Gliclazide (common in UK, not available in US), 

• Glibenclamide (common in USA, as glyburide outside 
USA) (5mg and micronized 6mg) 

 
 
16-24 
>24 
18-24 
18-24 

 
 
40mg IR, 20mg XL 
8mg 
40-320mg 
20mg, micronized 12mg 

 Meglitinides (glinides) Repaglinide (2mg) 
Nateglinide (120mg) 

 16mg 
360mg 

Thiazolidinediones (glitazones) 
 Pioglitazone (45mg) 

Rosiglitazone (4mg) § 
24 
24 

45mg 
8mg 

α-Glucosidase inhibitors 

 Acarbose (100mg) 
Miglitol (100mg) 

3 300mg 
300mg 

Incretin-based therapies 

 DPP-IV (Dipeptidyl 
peptidase-4) inhibitors 
(gliptins) 

Sitagliptin (100mg) 
Saxagliptin (5mg) 
Linagliptin (5mg) 
Alogliptin (25mg) 

>24 100mg 
5mg 
5mg 
25mg 

 GLP-1 receptor agonists Exenatide (10 𝜇g pen) 
Liraglutide (18mg/3mL pen) 
Albiglutide (50mg pen) 
Dulaglutide (1.5/0.5mL pen) 

 20𝜇g 
1.8mg 
50mg* 
1.5mg* 

Bile acid sequestrant 

 Colesevelam (625mg tab., 1.875g suspension)  3.75g 
Dopamine-2 agonists 

 Bromocriptine (0.8mg)  4.8mg 
SGLT2 (Sodium-glucose cotransporter 2) inhibitors 

 Canagliflozin (300mg) 
Dapagliflozin (10mg) 
Empagliflozin (25mg) 

24 
24 

300mg 
10mg 
25mg 

Amylin mimetics/agonists 

 Pramlintide (120𝜇g pen)  120𝜇g 

ER and XL, extended release; IR, immediate release. 
*Administered once weekly. §Not licensed in Europe for type 2 diabetes. 
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 Biguanides 
jÉíÑçêãáå= áë= íÜÉ= çåäó= ÄáÖì~åáÇÉ= ÅìêêÉåíäó= áå= ìëÉ= ~åÇ=
êÉã~áåë= íÜÉ= ÄÉëí= î~äáÇ~íÉÇ= éêáã~êó= íêÉ~íãÉåí= Ñçê= íóéÉ= O=
Çá~ÄÉíÉëKNIR=

Mechanism of action 
^= Ñìää= Éñéä~å~íáçå= çÑ= íÜÉ= ãÉÅÜ~åáëã= çÑ= ~Åíáçå= çÑ= íÜÉ=
ÄáÖì~åáÇÉë= êÉã~áåë= ÉäìëáîÉI= Äìí= íÜÉáê= éêáã~êó= ÉÑÑÉÅí= áë= íç=
~Åíáî~íÉ=íÜÉ=ÉåòóãÉ=^jmJ~Åíáî~íÉÇ=éêçíÉáå=âáå~ëÉ=E^jmhF=
~åÇ=êÉÇìÅÉ=ÜÉé~íáÅ=ÖäìÅçëÉ=éêçÇìÅíáçåKNQ=

jÉíÑçêãáå= ~Åíë= ~ë= ~= ïÉ~â= áåÜáÄáíçê= çÑ= ãáíçÅÜçåÇêá~ä=
êÉëéáê~íáçåI=ïÜáÅÜ=áåÅêÉ~ëÉë=áåíê~ÅÉääìä~ê=^jm=~åÇ=êÉÇìÅÉë=
^qmK= qÜáë= Ü~ë= ÇáêÉÅí= ÉÑÑÉÅíë= çå= íÜÉ= Ñäìñ= íÜêçìÖÜ=
ÖäìÅçåÉçÖÉåÉëáëI= ~åÇ= ~Åíáî~íÉë= íÜÉ= áåíê~ÅÉääìä~ê= ÉåÉêÖó=
ëÉåëçê= ^jmJ~Åíáî~íÉÇ= éêçíÉáå= âáå~ëÉ= E^jmhFI= äÉ~ÇáåÖ= íç=
ãìäíáéäÉ=ÄÉåÉÑáÅá~ä=ãÉí~ÄçäáÅ=ÉÑÑÉÅíëKN==

qÜÉ= ÄáÖì~åáÇÉ= ÄäççÇ= ÖäìÅçëÉJäçïÉêáåÖ= ~Åíáçå= ÇçÉë= åçí=
ÇÉéÉåÇ= çå= ÑìåÅíáçåáåÖ= é~åÅêÉ~íáÅ= ÄÉí~= ÅÉääë= Eáåëìäáå=
áåÇÉéÉåÇÉåíNFK=

Primary physiological action 
fíë=ÉÑÑÉÅí=áë=íç=êÉÇìÅÉ=íÜÉ=ê~íÉ=çÑ=ÖäìÅçåÉçÖÉåÉëáëI=~åÇ=ÜÉåÅÉ=
ÜÉé~íáÅ=ÖäìÅçëÉ=çìíéìíI=~åÇ=íç=áåÅêÉ~ëÉ=áåëìäáå=ëÉåëáíáîáíó=
íÜ~í=áë=áåëìäáåJãÉÇá~íÉÇ=ÖäìÅçëÉ=ìéí~âÉK=NIR=fí=~äëç=Ü~ë=ÉÑÑÉÅíë=
çå=Öìí=ÖäìÅçëÉ=ìéí~âÉ=~åÇ=ìíáäáë~íáçåKN=

jÉíÑçêãáå= êÉÇìÅÉë= Ñ~ëíáåÖ= éä~ëã~= ÖäìÅçëÉ= EcmdF= ~åÇ=
áåëìäáå= äÉîÉäëI= áãéêçîÉë= íÜÉ= äáéáÇ= éêçÑáäÉI= ~åÇ= éêçãçíÉë=
ãçÇÉëí=ïÉáÖÜí=äçëëKV==

Advantages 
fí= ÇçÉë= åçí= ~ÑÑÉÅí= áåëìäáå= ëÉÅêÉíáçåI= ÇçÉë= åçí= áåÇìÅÉ=
ÜóéçÖäóÅ~Éãá~=~åÇ=ÇçÉë=åçí=éêÉÇáëéçëÉ=íç=ïÉáÖÜí=Ö~áåK=fí=
áë= íÜìë= é~êíáÅìä~êäó= ÜÉäéÑìä= áå= íÜÉ= çîÉêïÉáÖÜíI= ~äíÜçìÖÜ=
åçêã~äJïÉáÖÜí= áåÇáîáÇì~äë=~äëç=ÄÉåÉÑáíI=~åÇ=ã~ó=ÄÉ=ÖáîÉå=
áå= ÅçãÄáå~íáçå= ïáíÜ= ëìäéÜçåóäìêÉ~ëI= íÜá~òçäáÇáåÉÇáçåÉëI=
ÇáéÉéíáÇóä=éÉéíáÇ~ëÉJQ=EammQF=áåÜáÄáíçêë=çê=áåëìäáåK==

jÉíÑçêãáå=ï~ë=~ë=ÉÑÑÉÅíáîÉ=~ë=ëìäéÜçåóäìêÉ~=çê= áåëìäáå= áå=
ÖäìÅçëÉ=Åçåíêçä=~åÇ= íÜÉ=rhmap=Erh=mêçëéÉÅíáîÉ=aá~ÄÉíáÅ=
píìÇóF=êÉéçêíÉÇ=íÜ~í=ãÉíÑçêãáå=íÜÉê~éó=ÇÉÅêÉ~ëÉë=íÜÉ=êáëâ=
çÑ= ã~Åêçî~ëÅìä~ê= EéêçîÉÇ= ìåÉñéÉÅíÉÇäó= ÄÉåÉÑáÅá~ä= áå=
êÉÇìÅáåÖ= Å~êÇáçî~ëÅìä~ê= êáëâF= ~ë= ïÉää= ~ë= ãáÅêçî~ëÅìä~ê=
ÇáëÉ~ëÉ;=íÜáë=áë=áå=Åçåíê~ëí=íç=íÜÉ=çíÜÉê=íÜÉê~éáÉëI=ïÜáÅÜ=çåäó=
ãçÇáÑáÉÇ= ãáÅêçî~ëÅìä~ê= ãçêÄáÇáíóKRINQ= qÜáë= ÉÑÑÉÅí= Ü~ë=
êÉÅÉåíäó=ÄÉÉå=èìÉëíáçåÉÇKR=

Disadvantages 
NK ^ééêçñáã~íÉäó= ORB= çÑ= é~íáÉåíë= ÇÉîÉäçé= ãáäÇ=

Ö~ëíêçáåíÉëíáå~ä=ëáÇÉJÉÑÑÉÅíë==
~K Çá~êêÜçÉ~I==
ÄK ~ÄÇçãáå~ä=Åê~ãéëI==
ÅK Ääç~íáåÖ=~åÇ==
ÇK å~ìëÉ~=

OK låäó=RB=~êÉ=ìå~ÄäÉ=íç=íçäÉê~íÉ=áí=ÉîÉå=~í=äçï=ÇçëÉKN==

aá~êêÜçÉ~=ëÜçìäÇ=åÉîÉê=ÄÉ=áåîÉëíáÖ~íÉÇ=áå=~=Çá~ÄÉíáÅ=é~íáÉåí=
ïáíÜçìí= íÉëíáåÖ= íÜÉ= ÉÑÑÉÅí= çÑ= ëíçééáåÖ= ãÉíÑçêãáå= çê=
ÅÜ~åÖáåÖ=íç=~=ëäçïJêÉäÉ~ëÉ=éêÉé~ê~íáçåKR==

i~ÅíáÅ=~ÅáÇçëáë=Ü~ë=çÅÅìêêÉÇ=áå=é~íáÉåíë=ïáíÜ=ëÉîÉêÉ=ÜÉé~íáÅ=
çê=êÉå~ä=ÇáëÉ~ëÉKR=i~ÅíáÅ=~ÅáÇçëáë=Å~å=ëçãÉíáãÉë=çÅÅìê=ïáíÜ=
ãÉíÑçêãáå=íÜÉê~éóK=fí=áë=ãçêÉ=äáâÉäó=íç=çÅÅìê=áå=ÅçåÇáíáçåë=
çÑ= íáëëìÉ= Üóéçñá~= ïÜÉå= íÜÉêÉ= áë= áåÅêÉ~ëÉÇ= éêçÇìÅíáçå= çÑ=

ä~ÅíáÅ= ~ÅáÇ= ~åÇ= áå= êÉå~ä= Ñ~áäìêÉ= ïÜÉå= íÜÉêÉ= áë= ÇÉÅêÉ~ëÉÇ=
ÅäÉ~ê~åÅÉ=çÑ=ãÉíÑçêãáåKNQ=^=`çÅÜê~åÉ=êÉîáÉï=ëÜçïÉÇ=äáííäÉ=
êáëâ=çÑ= ä~ÅíáÅ=~ÅáÇçëáë=ïáíÜ=ëí~åÇ~êÇ=ÅäáåáÅ~ä=ìëÉI=Äìí=ãçëí=
ÅäáåáÅá~åë= ïáíÜÇê~ï= íÜÉ= ÇêìÖ= ïÜÉå= ëÉêìã= ÅêÉ~íáåáåÉ=
ÉñÅÉÉÇë=NRM=μãçäLiKR==

jÉíÑçêãáå= áåíÉêÑÉêÉë= ïáíÜ= íÜÉ= Å~äÅáìãJÇÉéÉåÇÉåí=
~Äëçêéíáçå= çÑ= îáí~ãáå= _NOJáåíêáåëáÅ= Ñ~Åíçê= ÅçãéäÉñ= áå= íÜÉ=
íÉêãáå~ä=áäÉìãI=~åÇ=îáí~ãáå=_NO=ÇÉÑáÅáÉåÅó=Å~å=çÅÅìê=~ÑíÉê=
ã~åó=óÉ~êë=çÑ=ãÉíÑçêãáå=ìëÉK=sáí~ãáå=_NO=äÉîÉäë=~êÉ=úPMB=
äçïÉê=ÇìêáåÖ=ãÉíÑçêãáå=íêÉ~íãÉåíKV=mÉêáçÇáÅ=ëÅêÉÉåáåÖ=Ñçê=
îáí~ãáå=_NO=ÇÉÑáÅáÉåÅó=ëÜçìäÇ=ÄÉ=ÅçåëáÇÉêÉÇI=ÉëéÉÅá~ääó= áå=
é~íáÉåíë=ïáíÜ=éÉêáéÜÉê~ä=åÉìêçé~íÜó=çê=ã~ÅêçÅóíáÅ=~åÉãá~K=
fåÅêÉ~ëÉÇ= áåí~âÉ= çÑ= Å~äÅáìã=ã~ó=éêÉîÉåí= íÜÉ=ãÉíÑçêãáåJ
áåÇìÅÉÇ=_NO=ã~ä~ÄëçêéíáçåKNQ=

Clinical use  
jÉíÑçêãáå=ïçêâë=ãçëíäó=çå=Ñ~ëíáåÖ=ÖäìÅçëÉKQ=fí=áë=ÉãéäçóÉÇ=
~ë= ÑáêëíJäáåÉ= íÜÉê~éó= áå=~ää=é~íáÉåíë=ïÜç= íçäÉê~íÉ= áíI= ~åÇ= áíë=
ìëÉ= áë= ã~áåí~áåÉÇ= ïÜÉå= ~ÇÇáíáçå~ä= ~ÖÉåíë= ~êÉ= ~ÇÇÉÇ= ~ë=
ÖäóÅ~Éãá~= ÇÉíÉêáçê~íÉëK= fí= áë= åçï=ïáÇÉäó= ìëÉÇ= ~ë= ÑáêëíJäáåÉ=
íÜÉê~éó= Ñçê= íóéÉ= O= Çá~ÄÉíÉëI= áêêÉëéÉÅíáîÉ= çÑ= ÄçÇó= ïÉáÖÜíK=
jÉíÑçêãáå= áë= ~äëç= ÖáîÉå= áåÅêÉ~ëáåÖäó= ~ë= ~å= ~ÇàìåÅí= íç=
áåëìäáå=íÜÉê~éó=áå=çÄÉëÉ=é~íáÉåíë=ïáíÜ=íóéÉ=N=Çá~ÄÉíÉëKN==

Dose 
jÉíÑçêãáå=áë=ìëì~ääó=áåíêçÇìÅÉÇ=~í=äçï=ÇçëÉ=ERMM=ãÖ=íïáÅÉ=
Ç~áäóN= ~ÑíÉê= ÑççÇQF= íç=ãáåáãáëÉ= íÜÉ= êáëâ= çÑ= Ö~ëíêçáåíÉëíáå~ä=
ëáÇÉ=ÉÑÑÉÅíëK==

qÜÉ= ìëì~ä= ã~áåíÉå~åÅÉ= ÇçëÉ= áë= N= Ö= íïáÅÉ= Ç~áäóKN= ^å=
ÉñíÉåÇÉÇJêÉäÉ~ëÉ= Ñçêã= áë= ~î~áä~ÄäÉ= ~åÇ= ã~ó= Ü~îÉ= ÑÉïÉê=
Ö~ëíêçáåíÉëíáå~ä=ëáÇÉ=ÉÑÑÉÅíëKV=

^äíÜçìÖÜ=íÜÉ=êÉÅçããÉåÇÉÇ=ã~ñáã~ä=Ççë~ÖÉ=áë=OKRR=Ö=Ç~áäóI=
äáííäÉ=ÄÉåÉÑáí=áë=ëÉÉå=~ÄçîÉ=~=íçí~ä=Ççë~ÖÉ=çÑ=OMMM=ãÖ=Ç~áäóK=
`çããçå=ëÅÜÉÇìäÉë=ïçìäÇ=ÄÉ=RMM=ãÖ=çåÅÉ=çê= íïáÅÉ=Ç~áäó=
áåÅêÉ~ëÉÇ= íç= NMMM=ãÖ= íïáÅÉ=Ç~áäóK= qÜÉ=ã~ñáã~ä=Ççë~ÖÉ= áë=
URM=ãÖ=íÜêÉÉ=íáãÉë=~=Ç~óKNQ=

Contraindications 
háÇåÉóI= äáîÉêI= çê= Å~êÇáçJêÉëéáê~íçêó= áåëìÑÑáÅáÉåÅó;=
~äÅçÜçäáëãKRINQ=

^ë=ãÉíÑçêãáå=áë=ÅäÉ~êÉÇ=Äó=íÜÉ=âáÇåÉóëI=áí=Å~å=~ÅÅìãìä~íÉ=
áå= êÉå~ä= áãé~áêãÉåíI= ëç= íÜÉ=ÇçëÉ= ëÜçìäÇ=ÄÉ=Ü~äîÉÇ=ïÜÉå=
Éëíáã~íÉÇ= ÖäçãÉêìä~ê= Ñáäíê~íáçå= ê~íÉ= EÉdcRF= áë= PMÓQR=
ãiLãáåI= ~åÇ= áí= ëÜçìäÇ=åçí=ÄÉ=ìëÉÇ=ÄÉäçï=~å=ÉdcR= çÑ= PM=
ãiLãáåKN==

fíë= ìëÉ= áë= ~äëç= Åçåíê~áåÇáÅ~íÉÇ= áå= é~íáÉåíë= ïáíÜ= áãé~áêÉÇ=
ÜÉé~íáÅ=ÑìåÅíáçå=~åÇ=áå=íÜçëÉ=ïÜç=Çêáåâ=~äÅçÜçä=áå=ÉñÅÉëëI=
áå= ïÜçã= íÜÉ= êáëâ= çÑ= ä~ÅíáÅ= ~ÅáÇçëáë= áë= ëáÖåáÑáÅ~åíäó=
áåÅêÉ~ëÉÇKN==

Cautions 
fí=ëÜçìäÇ=ÄÉ=ÇáëÅçåíáåìÉÇI=~í=äÉ~ëí=íÉãéçê~êáäóI=áÑ=~åó=çíÜÉê=
ëÉêáçìë=ãÉÇáÅ~ä=ÅçåÇáíáçå=ÇÉîÉäçéëI=ÉëéÉÅá~ääó=çåÉ=Å~ìëáåÖ=
ëÉîÉêÉ= ëÜçÅâ= çê= Üóéçñá~= EÉÖK= jfI= ëÉéëáëFK= få= ëìÅÜ=
ÅáêÅìãëí~åÅÉëI= íêÉ~íãÉåí= ïáíÜ= áåëìäáå= ëÜçìäÇ= ÄÉ=
ëìÄëíáíìíÉÇ=áÑ=êÉèìáêÉÇKN=

^äëç=ÇáëÅçåíáåìÉ=ãçêåáåÖ=ÄÉÑçêÉ=d^I= áå=é~íáÉåíë=ïÜç=Å~å=
í~âÉ= åçíÜáåÖ= çê~ääó= ~åÇ= éêáçê= íç= áåíê~î~ëÅìä~ê=
~Çãáåáëíê~íáçå=çÑ= áçÇáå~íÉÇ=Åçåíê~ëí=~ÖÉåí=ÄÉÅ~ìëÉ=çÑ=íÜÉ=
êáëâ=çÑ=êÉå~ä=Ñ~áäìêÉ=~åÇ=ëìÄëÉèìÉåí=ä~ÅíáÅ=~ÅáÇçëáëK=RÉëí~êí=
åç= É~êäáÉê= íÜ~å= QU= Üçìêë= ~ÑíÉê= íÉëí= çÑ= êÉå~ä= ÑìåÅíáçå= Ü~ë=
ëÜçïå=åç=ÇÉíÉêáçê~íáçåKQIRIV=
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 Sulphonylureas 
pìäéÜçåóäìêÉ~ë= ~êÉ= Úáåëìäáå= ëÉÅêÉí~ÖçÖìÉëÛI= áKÉK= íÜÉó=
éêçãçíÉ=é~åÅêÉ~íáÅ=βJÅÉää=áåëìäáå=ëÉÅêÉíáçåN=áå=êÉëéçåëÉ=íç=
ÖäìÅçëÉ=~åÇ=çíÜÉê=ëÉÅêÉí~ÖçÖìÉëKR==

páãáä~ê= íç= ãÉíÑçêãáåI= íÜÉ= äçåÖJíÉêã= ÄÉåÉÑáíë= çÑ=
ëìäéÜçåóäìêÉ~ë=áå=äçïÉêáåÖ=ãáÅêçî~ëÅìä~ê=ÅçãéäáÅ~íáçåë=çÑ=
Çá~ÄÉíÉë=ïÉêÉ=Éëí~ÄäáëÜÉÇ=áå=íÜÉ=rhmapKN==

Mechanism of action  
qÜÉ= ã~àçê= ~Åíáçå= çÑ= ëìäÑçåóäìêÉ~ë= áë= íç= áåÅêÉ~ëÉ= áåëìäáå=
êÉäÉ~ëÉ= Ñêçã= íÜÉ=é~åÅêÉ~ëK= qÜÉó= ÄáåÇ= íç= ~= NQMJâa~=ÜáÖÜJ
~ÑÑáåáíó= ëìäÑçåóäìêÉ~= êÉÅÉéíçê= íÜ~í= Å~ìëÉë= ÅäçëìêÉ= çÑ= íÜÉ=
é~åÅêÉ~íáÅ=βJÅÉää=^qmJëÉåëáíáîÉ=éçí~ëëáìã=Eh^qmF=ÅÜ~ååÉäK=fí=
áåÜáÄáíë=íÜÉ=ÉÑÑäìñ=çÑ=hH=íÜêçìÖÜ=íÜÉ=ÅÜ~ååÉä=~åÇ=êÉëìäíë=áå=
ÇÉéçä~êáò~íáçåK= aÉéçä~êáò~íáçå= çéÉåë= ~= îçäí~ÖÉJÖ~íÉÇ=
Å~äÅáìã= ÅÜ~ååÉä= ~åÇ= êÉëìäíë= áå= Å~äÅáìã= áåÑäìñ= ~åÇ= íÜÉ=
êÉäÉ~ëÉ=çÑ=éêÉÑçêãÉÇ=áåëìäáåKNINQ=

Adverse effect 
qÜÉ=ã~áå=~ÇîÉêëÉ=ÉÑÑÉÅíë=çÑ=ëìäéÜçåóäìêÉ~ë=~êÉ=Ó=

NK ïÉáÖÜí=Ö~áå=~åÇ==
OK ÜóéçÖäóÅ~Éãá~K==

qÜÉ=ïÉáÖÜí=Ö~áå=áë=åçí=áÇÉ~ä=áå=é~íáÉåíë=ïáíÜ=Çá~ÄÉíÉë=ïÜç=
~êÉ= ~äêÉ~Çó= çîÉêïÉáÖÜí= çê= çÄÉëÉI= ~åÇ= ~êÉ= ÄÉëí= ~îçáÇÉÇ=
~äíÜçìÖÜ= ëìäéÜçåóäìêÉ~ë= ~êÉ= ÉÑÑÉÅíáîÉ= íêÉ~íãÉåíë= áå= íÜáë=
ÖêçìéKNIR==

eóéçÖäóÅ~Éãá~=çÅÅìêë=ÄÉÅ~ìëÉ=íÜÉ=ÅäçëìêÉ=çÑ=h^qm=ÅÜ~ååÉäë=
ÄêáåÖë= ~Äçìí= ìåêÉÖìä~íÉÇ= áåëìäáå= ëÉÅêÉíáçåI= ÉîÉå= ïáíÜ=
åçêã~ä=çê=äçï=ÄäççÇ=ÖäìÅçëÉ=äÉîÉäëKN=béáëçÇÉë=~êÉ=ÖÉåÉê~ääó=
ãáäÇI=Äìí=Ñ~í~ä=ÜóéçÖäóÅ~Éãá~=ã~ó=çÅÅìê=ÉëéÉÅá~ääó=áå=íÜÉ=
ÉäÇÉêäóK=pÉîÉêÉ=Å~ëÉë=ëÜçìäÇ=~äï~óë=ÄÉ=~ÇãáííÉÇ=íç=Üçëéáí~äI=
ãçåáíçêÉÇ=Å~êÉÑìääóI=~åÇ=íêÉ~íÉÇ=ïáíÜ=~=Åçåíáåìçìë=ÖäìÅçëÉ=
áåÑìëáçå=ëáåÅÉ=ëçãÉ=ëìäéÜçåóäìêÉ~ë=Ü~îÉ=äçåÖ=Ü~äÑJäáîÉëKR=

^= êÉä~íÉÇ= áëçÑçêã=çÑ= ^qmJëÉåëáíáîÉ= éçí~ëëáìã= ÅÜ~ååÉäë= áë=
éêÉëÉåí= áå= íÜÉ= ãóçÅ~êÇáìã= ~åÇ= íÜÉ= Äê~áåK= ^ää= çÑ= íÜÉëÉ=
~ÖÉåíë=ÉñÅÉéí=ÖäóÄìêáÇÉ=Ü~îÉ=~=äçï=~ÑÑáåáíó=Ñçê=íÜáë=áëçÑçêãK=
aÉëéáíÉ= ÅçåÅÉêåë= íÜ~í= íÜáë= ~ÖÉåí= ãáÖÜí= ~ÑÑÉÅí= íÜÉ=
ãóçÅ~êÇá~ä=êÉëéçåëÉ=íç=áëÅÜÉãá~=~åÇ=çÄëÉêî~íáçå~ä=ëíìÇáÉë=
ëìÖÖÉëíáåÖ=íÜ~í=ëìäÑçåóäìêÉ~ë=áåÅêÉ~ëÉ=Å~êÇáçî~ëÅìä~ê=êáëâI=
ëíìÇáÉë=Ü~îÉ=åçí=ëÜçïå=~å=áåÅêÉ~ëÉÇ=Å~êÇá~Å=ãçêí~äáíó=ïáíÜ=
ÖäóÄìêáÇÉ=çê=çíÜÉê=~ÖÉåíë=áå=íÜáë=Åä~ëëKVINQ=

Clinical use  
pìäéÜçåóäìêÉ~ë=~êÉ=~å=ÉÑÑÉÅíáîÉ=íÜÉê~éó=Ñçê=äçïÉêáåÖ=ÄäççÇ=
ÖäìÅçëÉ=~åÇ=~êÉ=çÑíÉå=ìëÉÇ=~ë=~å=~ÇÇJçå=íç=ãÉíÑçêãáåI= áÑ=
ÖäóÅ~Éãá~=áë=áå~ÇÉèì~íÉäó=ÅçåíêçääÉÇ=çå=ãÉíÑçêãáå=~äçåÉKN==

qÜÉëÉ=ÇêìÖë=~êÉ=ÅÜÉ~é=~åÇ=ãçêÉ=ÉÑÑÉÅíáîÉ=íÜ~å=ã~åó=çíÜÉê=
çê~ä= ~ÖÉåíë= áå= ~ÅÜáÉîáåÖ= ëÜçêíJíÉêã= ENÓP= óÉ~êëF= ÖäìÅçëÉ=
ÅçåíêçäK=qÜÉó=~êÉ=ãçëí=ÉÑÑÉÅíáîÉ=áå=áåÇáîáÇì~äë=ïáíÜ=íóéÉ=O=
aj=çÑ=êÉä~íáîÉäó=êÉÅÉåí=çåëÉí=EYR=óÉ~êëF=ïÜç=Ü~îÉ=êÉëáÇì~ä=
ÉåÇçÖÉåçìë=áåëìäáå=éêçÇìÅíáçå=~åÇ=íÜÉáê=ÉÑÑÉÅí=ïÉ~êë=çÑÑ=~ë=
íÜÉ= βJÅÉää= ã~ëë= ÇÉÅäáåÉëK= cáêëíJÖÉåÉê~íáçå= ëìäÑçåóäìêÉ~ë=
EÅÜäçêéêçé~ãáÇÉI= íçä~ò~ãáÇÉI= íçäÄìí~ãáÇÉF=Ü~îÉ=~= äçåÖÉê=
Ü~äÑJäáÑÉI= ~= ÖêÉ~íÉê= áåÅáÇÉåÅÉ= çÑ= ÜóéçÖäóÅÉãá~I= ~åÇ= ãçêÉ=
ÑêÉèìÉåí=ÇêìÖ=áåíÉê~ÅíáçåëI=~åÇ=~êÉ=åç=äçåÖÉê=ìëÉÇK=pÉÅçåÇJ
ÖÉåÉê~íáçå=ëìäÑçåóäìêÉ~ë=Ü~îÉ=~=ãçêÉ=ê~éáÇ=çåëÉí=çÑ=~Åíáçå=
~åÇ=ÄÉííÉê=ÅçîÉê~ÖÉ=çÑ=íÜÉ=éçëíéê~åÇá~ä=ÖäìÅçëÉ=êáëÉI=Äìí=íÜÉ=
ëÜçêíÉê= Ü~äÑJäáÑÉ= çÑ= ëçãÉ= ~ÖÉåíë= ã~ó= êÉèìáêÉ= ãçêÉ= íÜ~å=
çåÅÉJ~JÇ~ó=ÇçëáåÖKRIV=

qÜÉó=~êÉ=áåÉÑÑÉÅíáîÉ=áå=é~íáÉåíë=ïáíÜçìí=~=ÑìåÅíáçå~ä=βJÅÉää=
ã~ëëI=~åÇ=~êÉ=ìëì~ääó=~îçáÇÉÇ=áå=éêÉÖå~åÅóKR=

Dose 
qÜÉ=ÇçëÉÓêÉëéçåëÉ=çÑ=~ää=ëìäéÜçåóäìêÉ~ë=áë=ëíÉÉéÉëí=~í=äçï=
ÇçëÉë;=äáííäÉ=~ÇÇáíáçå~ä=ÄÉåÉÑáí=áë=çÄí~áåÉÇ=ïÜÉå=íÜÉ=ÇçëÉ=áë=
áåÅêÉ~ëÉÇ=íç=ã~ñáã~ä=äÉîÉäëKN=

pìäÑçåóäìêÉ~ë=áåÅêÉ~ëÉ=áåëìäáå=~ÅìíÉäó=~åÇ=íÜìë=ëÜçìäÇ=ÄÉ=
í~âÉå=ëÜçêíäó=ÄÉÑçêÉ=~=ãÉ~ä;=ïáíÜ=ÅÜêçåáÅ=íÜÉê~éóI=íÜçìÖÜI=
íÜÉ=áåëìäáå=êÉäÉ~ëÉ=áë=ãçêÉ=ëìëí~áåÉÇKV==

däáãÉéáêáÇÉ=~åÇ=ÖäáéáòáÇÉ=Å~å=ÄÉ=ÖáîÉå=áå=~=ëáåÖäÉ=Ç~áäó=ÇçëÉ=
~åÇ=~êÉ=éêÉÑÉêêÉÇ=çîÉê=ÖäóÄìêáÇÉI=ÉëéÉÅá~ääó=áå=íÜÉ=ÉäÇÉêäóKV==

Caution 
jçëí= ëìäÑçåóäìêÉ~ë= ~êÉ= ãÉí~ÄçäáòÉÇ= áå= íÜÉ= äáîÉê= ~åÇ= ~êÉ=
ÅäÉ~êÉÇ=Äó= íÜÉ=âáÇåÉóK=qÜìëI= íÜÉáê=ìëÉ= áå= áåÇáîáÇì~äë=ïáíÜ=
ëáÖåáÑáÅ~åí=ÜÉé~íáÅ=çê=êÉå~ä=ÇóëÑìåÅíáçå=áë=åçí=~Çîáë~ÄäÉKRIV=

pçãÉ=ëìäÑçåóäìêÉ~ë=Ü~îÉ=ëáÖåáÑáÅ~åí=ÇêìÖ=áåíÉê~Åíáçåë=ïáíÜ=
~äÅçÜçä=~åÇ=ëçãÉ=ãÉÇáÅ~íáçåë=áåÅäìÇáåÖ=ï~êÑ~êáåI=~ëéáêáåI=
âÉíçÅçå~òçäÉI=αJÖäìÅçëáÇ~ëÉ=áåÜáÄáíçêëI=~åÇ=ÑäìÅçå~òçäÉKV=

 Meglitinides 

jÉÖäáíáåáÇÉëNIQIRIVI= ÉKÖK= êÉé~ÖäáåáÇÉ= ~åÇ= å~íÉÖäáåáÇÉI= ~êÉ=
áåëìäáå= ëÉÅêÉí~ÖçÖìÉëK= jÉÖäáíáåáÇÉë= ~êÉ= íÜÉ= åçåJ
ëìäéÜçåóäìêÉ~= ãçáÉíó= çÑ= ÖäáÄÉåÅä~ãáÇÉK= qÜÉó= ~êÉ=
ÉëëÉåíá~ääó=ëìäéÜçåóäìêÉ~JäáâÉ=ÇêìÖëK=

Mechanism of action 
^ë=ïáíÜ=íÜÉ=ëìäéÜçåóäìêÉ~ëI=íÜÉó=~Åí=îá~=ÅäçëìêÉ=çÑ=íÜÉ=hHJ
^qm=ÅÜ~ååÉä=áå=íÜÉ=β=ÅÉääëK=qÜÉó=~êÉ=ëÜçêíJ~ÅíáåÖ=~ÖÉåíë=íÜ~í=
éêçãçíÉ=áåëìäáå=ëÉÅêÉíáçå=áå=êÉëéçåëÉ=íç=ãÉ~äëK=

qÜÉáê= ÉÑÑÉÅíë= ~êÉ= ëáãáä~ê= íç= íÜçëÉ= çÑ= íÜÉ= ëÜçêíJ~ÅíáåÖ=
ëìäéÜçåóäìêÉ~=íçäÄìí~ãáÇÉ=Äìí=íÜÉó=~êÉ=ãìÅÜ=ãçêÉ=ÅçëíäóK=

Clinical use 
_ÉÅ~ìëÉ=çÑ=íÜÉáê=ëÜçêí=Ü~äÑJäáÑÉI=íÜÉëÉ=~ÖÉåíë=~êÉ=ÖáîÉå=ïáíÜ=
É~ÅÜ=ãÉ~ä= çê= áããÉÇá~íÉäó= ÄÉÑçêÉ= íç= êÉÇìÅÉ=ãÉ~äJêÉä~íÉÇ=
ÖäìÅçëÉ= ÉñÅìêëáçåëK= ^ë= íÜÉó= í~êÖÉí= éçëíJéê~åÇá~ä=
ÜóéÉêÖäóÅ~Éãá~I= íÜÉó= Ü~îÉ= ~= êçäÉ= áå= íÜçëÉ= ïáíÜ= áêêÉÖìä~ê=
ãÉ~äíáãÉë=áÑ=ÖäóÅ~ÉãáÅ=Åçåíêçä=áë=éççêK=

 𝜶-glucosidase inhibitors 
mçëíéê~åÇá~ä= ÜóéÉêÖäóÅÉãá~I= ëÉÅçåÇ~êó= íç= áãé~áêÉÇ=
ÜÉé~íáÅ= ~åÇ= éÉêáéÜÉê~ä= ÖäìÅçëÉ= Çáëéçë~äI= ÅçåíêáÄìíÉë=
ëáÖåáÑáÅ~åíäó=íç=íÜÉ=ÜóéÉêÖäóÅÉãáÅ=ëí~íÉ=áå=íóéÉ=O=ajK=qÜÉëÉ=
ÇêìÖëI= í~âÉå= àìëí= ÄÉÑçêÉ= É~ÅÜ= ãÉ~äI= êÉÇìÅÉ= éçëíéê~åÇá~ä=
ÜóéÉêÖäóÅÉãá~=Äó=ÇÉä~óáåÖ=ÖäìÅçëÉ=~Äëçêéíáçå;=íÜÉó=Çç=åçí=
~ÑÑÉÅí=ÖäìÅçëÉ=ìíáäáò~íáçå=çê=áåëìäáå=ëÉÅêÉíáçåKV==

Mechanism of action 
αJdäìÅçëáÇ~ëÉ= áåÜáÄáíçêë= êÉÇìÅÉ= ÖäìÅçëÉ= ~Äëçêéíáçå= Äó=
áåÜáÄáíáåÖ= íÜÉ= ÉåòóãÉ= EÇáë~ÅÅÜ~êáÇ~ëÉëNF= íÜ~í= ÅäÉ~îÉë=
çäáÖçë~ÅÅÜ~êáÇÉë= áåíç= ëáãéäÉ= ëìÖ~êë= áå= íÜÉ= áåíÉëíáå~ä=
äìãÉåKQIV==

^Å~êÄçëÉ= ~åÇ= ãáÖäáíçä= ~êÉ= éçíÉåí= áåÜáÄáíçêë= çÑ=
ÖäìÅç~ãóä~ëÉI=αJ~ãóä~ëÉI=~åÇ=ëìÅê~ëÉ=Äìí=Ü~îÉ=äÉëë=ÉÑÑÉÅí=
çå=áëçã~äí~ëÉ=~åÇ=Ü~êÇäó=~åó=çå=íêÉÜ~ä~ëÉ=~åÇ=ä~Åí~ëÉKNQ=
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Side effects 
qÜÉ=ã~áå=ëáÇÉJÉÑÑÉÅíë=~êÉ=Ñä~íìäÉåÅÉ=EäÉëë=áÑ=ëäçï=ÇçëÉ=ÄìáäÇJ
ìéQFI= ~ÄÇçãáå~ä= Ääç~íáåÖ= EÇáëíÉåëáçå= ~åÇ= é~áåQF= ~åÇ=
Çá~êêÜçÉ~KN=qÜÉëÉ=êÉëìäí=Ñêçã=íÜÉ=~ééÉ~ê~åÅÉ=çÑ=ìåÇáÖÉëíÉÇ=
Å~êÄçÜóÇê~íÉ=áå=íÜÉ=Åçäçå=íÜ~í=áë=íÜÉå=ÑÉêãÉåíÉÇ=áåíç=ëÜçêíJ
ÅÜ~áå= Ñ~ííó= ~ÅáÇëI= êÉäÉ~ëáåÖ= Ö~ëKNQ= qÜÉó= Å~å= ÄÉ= êÉÇìÅÉÇ=
ëçãÉïÜ~í=Äó=Öê~Çì~ä=ìéï~êÇ=ÇçëÉ=íáíê~íáçåKV=

qÜÉëÉ= ~ÇîÉêëÉ= ÉÑÑÉÅíë= íÉåÇ= íç= ÇáãáåáëÜ=ïáíÜ= çåÖçáåÖ= ìëÉ=
ÄÉÅ~ìëÉ= ÅÜêçåáÅ= ÉñéçëìêÉ= íç= Å~êÄçÜóÇê~íÉ= áåÇìÅÉë= íÜÉ=
ÉñéêÉëëáçå= çÑ= αJÖäìÅçëáÇ~ëÉ= áå= íÜÉ= àÉàìåìã= ~åÇ= áäÉìãI=
áåÅêÉ~ëáåÖ= Çáëí~ä= ëã~ää= áåíÉëíáåÉ= ÖäìÅçëÉ= ~Äëçêéíáçå= ~åÇ=
ãáåáãáòáåÖ=íÜÉ=é~ëë~ÖÉ=çÑ=Å~êÄçÜóÇê~íÉ=áåíç=íÜÉ=ÅçäçåKNQ=

^äíÜçìÖÜ=åçí=~=éêçÄäÉã=ïáíÜ=ãçåçíÜÉê~éó=çê=ÅçãÄáå~íáçå=
íÜÉê~éó= ïáíÜ= ~= ÄáÖì~åáÇÉI= ÜóéçÖäóÅÉãá~=ã~ó= çÅÅìê= ïáíÜ=
ÅçåÅìêêÉåí=ëìäÑçåóäìêÉ~=íêÉ~íãÉåíKNQ=fÑ=ÜóéçÖäóÅÉãá~=Ñêçã=
çíÜÉê=Çá~ÄÉíÉë=íêÉ~íãÉåíë=çÅÅìêë=ïÜáäÉ=í~âáåÖ=íÜÉëÉ=~ÖÉåíëI=
íÜÉ= é~íáÉåí= ëÜçìäÇ= ÅçåëìãÉ= ÖäìÅçëÉ= EÇÉñíêçëÉ= ~åÇ= åçí=
ëìÅêçëÉI=ïÜçëÉ=ÄêÉ~âÇçïå=ã~ó=ÄÉ=ÄäçÅâÉÇNQF=ÄÉÅ~ìëÉ=íÜÉ=
ÇÉÖê~Ç~íáçå=~åÇ=~Äëçêéíáçå=çÑ=ÅçãéäÉñ=Å~êÄçÜóÇê~íÉë=ïáää=
ÄÉ=êÉí~êÇÉÇKV==

Contraindications 
qÜÉëÉ= ~ÖÉåíë= ëÜçìäÇ= åçí= ÄÉ= ìëÉÇ= áå= áåÇáîáÇì~äë= ïáíÜ=
áåÑä~ãã~íçêó= ÄçïÉä= ÇáëÉ~ëÉI= Ö~ëíêçé~êÉëáëI= çê= ~= ëÉêìã=
ÅêÉ~íáåáåÉ=[NTT=μãçäLi=EO=ãÖLÇiFKV==

Clinical use 
qÜáë=Åä~ëë=çÑ=~ÖÉåíë=áë=åçí=~ë=éçíÉåí=~ë=çíÜÉê=çê~ä=~ÖÉåíë=áå=
äçïÉêáåÖ= íÜÉ= eÄ^NÅ= ~åÇ= ãçÇÉëíäó= áãéêçîÉ= çîÉê~ää=
ÖäóÅ~ÉãáÅ= Åçåíêçä= Äìí= áë= ìåáèìÉ= ÄÉÅ~ìëÉ= áí= êÉÇìÅÉë= íÜÉ=
éçëíéê~åÇá~ä= ÖäìÅçëÉ= êáëÉ= ÉîÉå= áå= áåÇáîáÇì~äë= ïáíÜ= íóéÉ= N=
ajKNIV==

qÜÉó=Å~å=ÄÉ=ÅçãÄáåÉÇ=ïáíÜ=~=ëìäéÜçåóäìêÉ~KN=fí=áë=~å=~ÇÇJ
çå=ÇêìÖI=çÑíÉå=Çáë~ééçáåíáåÖ>Q=

qÜÉó=~êÉ=ìëÉÇ=ïáÇÉäó=áå=íÜÉ=c~ê=b~ëí=Äìí=áåÑêÉèìÉåíäó=áå=íÜÉ=
rhKN==

Dose 
RMãÖ= ÅÜÉïÉÇ= ~í= ëí~êí= çÑ= É~ÅÜ= ãÉ~äK= j~ñáãìã=
OMMãÖLUÜçìêëKQ=

qÜÉê~éó=ëÜçìäÇ=ÄÉ=áåáíá~íÉÇ=~í=~=äçï=ÇçëÉ=ïáíÜ=íÜÉ=ÉîÉåáåÖ=
ãÉ~ä= ~åÇ= áåÅêÉ~ëÉÇ= íç= ~= ã~ñáã~ä= ÇçëÉ= çîÉê= ïÉÉâë= íç=
ãçåíÜëKV=

 Thiazolidinediones 
^äëç=Å~ääÉÇ=qwaëI=ÚÖäáí~òçåÉëÛ=çê=mm^R	𝛾=~ÖçåáëíëKN==

Mechanism of action1,9,14 

qÜá~òçäáÇáåÉÇáçåÉë= êÉÇìÅÉ= áåëìäáå= êÉëáëí~åÅÉK= qÜÉó= ~êÉ=
äáÖ~åÇë= çÑ= mm^RJ𝛾= EéÉêçñáëçãÉ= éêçäáÑÉê~íçêJ~Åíáî~íÉÇ=
êÉÅÉéíçêJÖ~ãã~FI= é~êí= çÑ= íÜÉ= ëíÉêçáÇ= ~åÇ= íÜóêçáÇ=
ëìéÉêÑ~ãáäó= çÑ= åìÅäÉ~ê= êÉÅÉéíçêë= EïÜáÅÜ= Ñçêãë= ~=
ÜÉíÉêçÇáãÉê= ïáíÜ= íÜÉ= êÉíáåçáÇ= u= êÉÅÉéíçêFK= qÜÉëÉ= mm^R=
êÉÅÉéíçêë=~êÉ=ÑçìåÇ=áå=ãìëÅäÉI=Ñ~íI=~åÇ=äáîÉê=EéêÉëÉåí=ã~áåäó=
áå=~ÇáéçëÉ=íáëëìÉFK=qÜÉ=mm^RJ	𝛾=êÉÅÉéíçê=áë=ÑçìåÇ=~í=ÜáÖÜÉëí=
äÉîÉäë=áå=~ÇáéçÅóíÉë=Äìí=áë=ÉñéêÉëëÉÇ=~í=äçïÉê=äÉîÉäë=áå=ã~åó=
çíÜÉê=íáëëìÉëK=mm^RJ	𝛾=êÉÅÉéíçêë=ãçÇìä~íÉ=íÜÉ=ÉñéêÉëëáçå=çÑ=
íÜÉ=ÖÉåÉë=áåîçäîÉÇ=áå=äáéáÇ=~åÇ=ÖäìÅçëÉ=ãÉí~ÄçäáëãI=áåëìäáå=
ëáÖå~ä= íê~åëÇìÅíáçåI= ~åÇ= ~ÇáéçÅóíÉ= ~åÇ= çíÜÉê= íáëëìÉ=

ÇáÑÑÉêÉåíá~íáçåK=`~ìëáåÖ=êÉÇìÅÉÇ=ÜÉé~íáÅ=Ñ~í=~ÅÅìãìä~íáçåI=
~åÇ=éêçãçíáåÖ=Ñ~ííó=~ÅáÇ=ëíçê~ÖÉK=

qÜá~òçäáÇáåÉÇáçåÉë=áåÅêÉ~ëÉ=éêÉJ~ÇáéçÅóíÉ=ÇáÑÑÉêÉåíá~íáçåI=
êÉëìäíáåÖ=áå=~å=áåÅêÉ~ëÉ=áå=Ñ~í=ã~ëë=~åÇ=áå=ÄçÇó=ïÉáÖÜí=íÜ~í=
áë= qwaë= éêçãçíÉ= ~= êÉÇáëíêáÄìíáçå= çÑ= Ñ~í= Ñêçã= ÅÉåíê~ä= íç=
éÉêáéÜÉê~ä=äçÅ~íáçåëK==

lÄëÉêîÉÇ=ÉÑÑÉÅíë=çÑ=íÜÉ=íÜá~òçäáÇáåÉÇáçåÉë=áåÅäìÇÉ=Ó==
• áåÅêÉ~ëÉÇ= ÖäìÅçëÉ= íê~åëéçêíÉê= ÉñéêÉëëáçå= Edirq= N=

~åÇ=dirq=QFI==
• ÇÉÅêÉ~ëÉÇ=ÑêÉÉ=Ñ~ííó=~ÅáÇ=äÉîÉäëI==
• ÇÉÅêÉ~ëÉÇ=ÜÉé~íáÅ=ÖäìÅçëÉ=çìíéìíI==
• áåÅêÉ~ëÉÇ= ~ÇáéçåÉÅíáå= ~åÇ= ÇÉÅêÉ~ëÉÇ= êÉäÉ~ëÉ= çÑ=

êÉëáëíáå=Ñêçã=~ÇáéçÅóíÉëI=~åÇ==
• áåÅêÉ~ëÉÇ= ÇáÑÑÉêÉåíá~íáçå= çÑ= éêÉ~ÇáéçÅóíÉë= íç=

~ÇáéçÅóíÉëK==
• qÜá~òçäáÇáåÉÇáçåÉë= Ü~îÉ= ~äëç= ÄÉÉå= ëÜçïå= íç=

ÇÉÅêÉ~ëÉ= äÉîÉäë= çÑ= éä~ëãáåçÖÉå= ~Åíáî~íçê= áåÜáÄáíçê=
íóéÉ= NI= ã~íêáñ= ãÉí~ääçéêçíÉáå~ëÉJVI= `JêÉ~ÅíáîÉ=
éêçíÉáåI=~åÇ=áåíÉêäÉìâáåJSK=

qwaë=ÉåÜ~åÅÉ= íÜÉ=~Åíáçåë=çÑ= ÉåÇçÖÉåçìë= áåëìäáåI= áå=é~êí=
ÇáêÉÅíäó= Eáå= íÜÉ= ~ÇáéçëÉ= ÅÉääëF= ~åÇ= áå= é~êí= áåÇáêÉÅíäó= EÄó=
~äíÉêáåÖ=êÉäÉ~ëÉ=çÑ=Ú~ÇáéçâáåÉëÛI=ëìÅÜ=~ë=~ÇáéçåÉÅíáåI=ïÜáÅÜ=
~äíÉê= áåëìäáå= ëÉåëáíáîáíó= áå= íÜÉ= äáîÉêFK= `áêÅìä~íáåÖ= áåëìäáå=
äÉîÉäë= ÇÉÅêÉ~ëÉ= ïáíÜ= ìëÉ= çÑ= íÜÉ= íÜá~òçäáÇáåÉÇáçåÉëI=
áåÇáÅ~íáåÖ=~=êÉÇìÅíáçå=áå=áåëìäáå=êÉëáëí~åÅÉK==

Health concerns 
qwaë=Ü~îÉ=ÄÉÉå=éêÉëÅêáÄÉÇ=ïáÇÉäó=ëáåÅÉ=íÜÉ=ä~íÉ=NVVMëI=Äìí=
êÉÅÉåíäó=~=åìãÄÉê=çÑ=~ÇîÉêëÉ=ÉÑÑÉÅíë=Ü~îÉ=ÄÉÅçãÉ=~éé~êÉåí=
~åÇ=íÜÉáê=ìëÉ=Ü~ë=ÇÉÅäáåÉÇKN==

qÜÉ= éêçíçíóéÉ= çÑ= íÜáë= Åä~ëë= çÑ= ÇêìÖëI= íêçÖäáí~òçåÉI= ï~ë=
ïáíÜÇê~ïå= Ñêçã= íÜÉ= rKpK= ã~êâÉí= ~ÑíÉê= êÉéçêíë= çÑ=
ÜÉé~íçíçñáÅáíó= ~åÇ= ~å= ~ëëçÅá~íáçå= ïáíÜ= ~å= áÇáçëóåÅê~íáÅ=
äáîÉê=êÉ~Åíáçå=íÜ~í=ëçãÉíáãÉë=äÉÇ=íç=ÜÉé~íáÅ=Ñ~áäìêÉKV==

RçëáÖäáí~òçåÉ= ï~ë= êÉéçêíÉÇ= íç= áåÅêÉ~ëÉ= íÜÉ= êáëâ= çÑ=
ãóçÅ~êÇá~ä= áåÑ~êÅíáçå= ~åÇ= ï~ë= ïáíÜÇê~ïå= áå= OMNMKN=
pìÄëÉèìÉåí= ëíìÇó= Ñ~áäÉÇ= íç= ÅçåÑáêã= íÜÉëÉ= ÑáåÇáåÖëI= ëç=rp=
êÉëíêáÅíáçåë= Ü~îÉ= ÄÉÉå= äáÑíÉÇ= ïÜáäÉ= ëíáää= ìå~î~áä~ÄäÉ= áå=
bìêçéÉKNQ==

Adverse effects 
qÜá~òçäáÇáåÉÇáçåÉë=~êÉ=~ëëçÅá~íÉÇ=ïáíÜVINQ=Ó==

• tÉáÖÜí=Ö~áå=EOÓP=âÖFK=tÉáÖÜí=Ö~áå=çÅÅìêëI=ÉëéÉÅá~ääó=
ïÜÉå= ìëÉÇ= áå= ÅçãÄáå~íáçå= ïáíÜ= ~= ëìäÑçåóäìêÉ~= çê=
áåëìäáåK=pçãÉ=çÑ=íÜÉ=ïÉáÖÜí=Ö~áå=áë=ÑäìáÇ=êÉíÉåíáçå=Äìí=
íÜÉêÉ=áë=~äëç=~å=áåÅêÉ~ëÉ=áå=íçí~ä=Ñ~í=ã~ëëK=

• ^= ëã~ää= êÉÇìÅíáçå= áå= íÜÉ= ÜÉã~íçÅêáíI= ~åÇ= ~= ãáäÇ=
áåÅêÉ~ëÉ=áå=éä~ëã~=îçäìãÉK==

• ^åÉãá~I=ïÜáÅÜ=ãáÖÜí=ÄÉ=ÇìÉ=íç=~=Çáäìíáçå~ä=ÉÑÑÉÅí=çÑ=
áåÅêÉ~ëÉÇ=éä~ëã~=îçäìãÉ=ê~íÜÉê=íÜ~å=~=êÉÇìÅíáçå=áå=
êÉÇ=ÅÉää=ã~ëëK=

• mÉêáéÜÉê~ä= ÉÇÉã~= ~åÇ= `ec= ~êÉ= ãçêÉ= Åçããçå= áå=
áåÇáîáÇì~äë=íêÉ~íÉÇ=ïáíÜ=íÜÉëÉ=~ÖÉåíëK=

• içëë=çÑ=ÄçåÉ=ãáåÉê~ä=ÇÉåëáíó=~åÇ=áåÅêÉ~ëÉÇ=~íóéáÅ~ä=
ÉñíêÉãáíó=ÄçåÉ=Ñê~ÅíìêÉë=áå=ïçãÉå=~êÉ=ÇÉëÅêáÄÉÇ=Ñçê=
ÄçíÜ=ÅçãéçìåÇëI=ïÜáÅÜ= áë=éçëíìä~íÉÇ= íç=ÄÉ=ÇìÉ= íç=
ÇÉÅêÉ~ëÉÇ=çëíÉçÄä~ëí=Ñçêã~íáçåK=

• j~Åìä~ê= ÉÇÉã~= áë= ~= ê~êÉ= ëáÇÉ= ÉÑÑÉÅí= íÜ~í= áãéêçîÉë=
ïÜÉå=íÜÉ=ÇêìÖ=áë=ÇáëÅçåíáåìÉÇK=
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=

máçÖäáí~òçåÉ= EíÜÉ= çåäó= êÉã~áåáåÖ= ~ÖÉåí= áå= íÜáë= Åä~ëë= áå=
bìêçéÉF=ÇçÉë=åçí=~ééÉ~ê=íç=áåÅêÉ~ëÉ=íÜÉ=êáëâ=çÑ=ãóçÅ~êÇá~ä=
áåÑ~êÅíáçå=Äìí=áí=ÇçÉë=Éñ~ÅÉêÄ~íÉN==

• Å~êÇá~Å=Ñ~áäìêÉ=Äó=Å~ìëáåÖ=ÑäìáÇ=êÉíÉåíáçåI=
• áåÅêÉ~ëÉë=íÜÉ=êáëâ=çÑ=ÄçåÉ=Ñê~ÅíìêÉ=~åÇ==
• éçëëáÄäó=áåÅêÉ~ëÉÇ=êáëâ=çÑ=Ää~ÇÇÉê=Å~åÅÉêK==

Clinical use and advantages 

qwaë= ÇçåÛí= áåÅêÉ~ëÉ= éä~ëã~= áåëìäáå= ÅçåÅÉåíê~íáçåë= ëçI=
ÜóéçÖäóÅ~Éãá~= ÇçÉë= åçí= çÅÅìêK= qÜÉ= ÅçãÄáå~íáçå= çÑ= ~=
íÜá~òçäáÇáåÉÇáçåÉ=~åÇ=ãÉíÑçêãáå=Ü~ë=íÜÉ=~Çî~åí~ÖÉ=çÑ=åçí=
Å~ìëáåÖ=ÜóéçÖäóÅÉãá~KNINQ==

qÜÉëÉ=ÇêìÖë=~äëç=Ü~îÉ=ëçãÉ=~ÇÇáíáçå~ä=ÉÑÑÉÅíë=~é~êí= Ñêçã=
ÖäìÅçëÉ=äçïÉêáåÖKVINQ==

• máçÖäáí~òçåÉ=äçïÉêë=íêáÖäóÅÉêáÇÉë=~åÇ=áåÅêÉ~ëÉë=eai=
ÅÜçäÉëíÉêçä= ïáíÜçìí= ~ÑÑÉÅíáåÖ= íçí~ä= ÅÜçäÉëíÉêçä= ~åÇ=
äçïJÇÉåëáíó=äáéçéêçíÉáå=EiaiF=ÅÜçäÉëíÉêçäK==

• RçëáÖäáí~òçåÉ= áåÅêÉ~ëÉë= íçí~ä= ÅÜçäÉëíÉêçäI= eai=
ÅÜçäÉëíÉêçäI=~åÇ=iai=ÅÜçäÉëíÉêçä=Äìí=ÇçÉë=åçí=Ü~îÉ=
ëáÖåáÑáÅ~åí=ÉÑÑÉÅí=çå=íêáÖäóÅÉêáÇÉëK==

• qÜÉëÉ= ÇêìÖë= Ü~îÉ= ÄÉÉå= ëÜçïå= íç= áãéêçîÉ= íÜÉ=
ÄáçÅÜÉãáÅ~ä=~åÇ=ÜáëíçäçÖáÅ=ÑÉ~íìêÉë=çÑ=åçå~äÅçÜçäáÅ=
Ñ~ííó=äáîÉê=ÇáëÉ~ëÉK==

• qÜÉó= ëÉÉã= íç=Ü~îÉ= ~= éçëáíáîÉ= ÉÑÑÉÅí= çå= ÉåÇçíÜÉäá~ä=
ÑìåÅíáçåW= éáçÖäáí~òçåÉ= êÉÇìÅÉë= åÉçáåíáã~ä=
éêçäáÑÉê~íáçå= ~ÑíÉê= Åçêçå~êó= ëíÉåí= éä~ÅÉãÉåíI= ~åÇ=
êçëáÖäáí~òçåÉ= Ü~ë= ÄÉÉå= ëÜçïå= íç= êÉÇìÅÉ=
ãáÅêç~äÄìãáåìêá~K=

máçÖäáí~òçåÉ=Å~å=ÄÉ=îÉêó=ÉÑÑÉÅíáîÉ=~í=äçïÉêáåÖ=ÄäççÇ=ÖäìÅçëÉ=
áå= ëçãÉ= é~íáÉåíë= ~åÇ= ~ééÉ~êë= ãçêÉ= ÉÑÑÉÅíáîÉ= áå= áåëìäáåJ
êÉëáëí~åí=é~íáÉåíëK= få=~ÇÇáíáçåI= áí=Ü~ë=~=ÄÉåÉÑáÅá~ä=ÉÑÑÉÅí= áå=
êÉÇìÅáåÖ= Ñ~ííó= äáîÉê= ~åÇ= k^peK= máçÖäáí~òçåÉ= áë= ìëì~ääó=
~ÇÇÉÇ= íç= ãÉíÑçêãáå= ïáíÜ= çê= ïáíÜçìí= ëìäéÜçåóäìêÉ~=
íÜÉê~éóK=fí=ã~ó=ÄÉ=ÖáîÉå=ïáíÜ=áåëìäáå=íÜÉê~éóI=ïÜÉå=áí=Å~å=
ÄÉ=îÉêó=ÉÑÑÉÅíáîÉI=Äìí=íÜÉ=ÅçãÄáå~íáçå=çÑ=áåëìäáå=~åÇ=qwaë=
ã~êâÉÇäó= áåÅêÉ~ëÉë= ÑäìáÇ= êÉíÉåíáçå= ~åÇ= êáëâ= çÑ= Å~êÇá~Å=
Ñ~áäìêÉI=ëç=ëÜçìäÇ=ÄÉ=ìëÉÇ=ïáíÜ=Å~ìíáçåKN==

Contraindication4,9,14 

NK m~ëí=çê=éêÉëÉåí=``c=~åÇ=ïáíÜ=kve^=Åä~ëë=fff=çê=fs=
Å~êÇá~Å=ëí~íìë==

OK ^ÅíáîÉ= äáîÉê= ÇáëÉ~ëÉ= çêI= éêÉíêÉ~íãÉåí= ÉäÉî~íáçå= çÑ=
~ä~åáåÉ= ~ãáåçíê~åëÑÉê~ëÉ= E^iqF= OKR= íáãÉë= ÖêÉ~íÉê=
íÜ~å=åçêã~ä=

PK lëíÉçéçêçëáë=

Caution4,9 

• ca^= êÉÅçããÉåÇë= ãÉ~ëìêÉãÉåí= çÑ= äáîÉê= ÑìåÅíáçå=
íÉëíë=éêáçê= íç= áåáíá~íáåÖ= íÜÉê~éó=~åÇ=Çç=icq=ÉîÉêó=U=
ïÉÉâë=Ñçê=N=óÉ~êI=ëíçé=áÑ=^iq=ìé=[P=ÑçäÇK=

• jçåáíçê=ïÉáÖÜíI=~åÇ=ëíçé=áÑ=ïÉáÖÜí=Ö~áå=çê=çÉÇÉã~=

qÜá~òçäáÇáåÉÇáçåÉë=Ü~îÉ=ÄÉÉå=ëÜçïå= íç= áåÇìÅÉ=çîìä~íáçå=
áå=éêÉãÉåçé~ìë~ä=ïçãÉå=ïáíÜ=éçäóÅóëíáÅ=çî~êó=ëóåÇêçãÉK=
tçãÉå= ëÜçìäÇ= ÄÉ= ï~êåÉÇ= ~Äçìí= íÜÉ= êáëâ= çÑ= éêÉÖå~åÅó=
ÄÉÅ~ìëÉ=íÜÉ=ë~ÑÉíó=çÑ=íÜá~òçäáÇáåÉÇáçåÉë=áå=éêÉÖå~åÅó=áë=åçí=
Éëí~ÄäáëÜÉÇK=

 

 DPP-4 inhibitors 

Mechanism of action 
qÜÉ= ÚÖäáéíáåëÛI= çê=ammJQ= áåÜáÄáíçêëI= áåÜáÄáí= ÇÉÖê~Ç~íáçå= çÑ=
å~íáîÉ= dimJN= ~åÇ= íÜìë= ÉåÜ~åÅÉ= íÜÉ= áåÅêÉíáå= ÉÑÑÉÅí= ~åÇ=
íÜÉêÉÑçêÉ= ÉåÜ~åÅÉ= ÅçåÅÉåíê~íáçåë= çÑ= ÉåÇçÖÉåçìë= dimJN=
~åÇ=dfmKN=qÜÉëÉ=ÉåÜ~åÅÉ=íÜÉ=áåÅêÉíáå=ÉÑÑÉÅíKNIV==

qÜÉ=ÉåòóãÉ=ÇáéÉéíáÇóä=éÉéíáÇ~ëÉJQ=EammQFI=ïÜáÅÜ=áë=ïáÇÉäó=
ÉñéêÉëëÉÇ=çå=íÜÉ=ÅÉää=ëìêÑ~ÅÉ=çÑ=ÉåÇçíÜÉäá~ä=ÅÉääë=~åÇ=ëçãÉ=
äóãéÜçÅóíÉëI=ÇÉÖê~ÇÉë=~=ïáÇÉ=ê~åÖÉ=çÑ=éÉéíáÇÉë=Eåçí=dimJ
N= ëéÉÅáÑáÅFK= fí= ê~éáÇäó= áå~Åíáî~íÉë= ÖäìÅ~ÖçåJäáâÉ= éÉéíáÇÉJN=
EdimJNF=~ë=íÜáë=áë=êÉäÉ~ëÉÇ=áåíç=íÜÉ=ÅáêÅìä~íáçåK==

aáéÉéíáÇóä= éÉéíáÇ~ëÉJQ= áåÜáÄáíçêë= áåÅêÉ~ëÉ= áåëìäáå=
ëÉÅêÉíáçå=~åÇ=äçïÉê=ÖäìÅ~Öçå=ëÉÅêÉíáçåëI=~åÇ=áåÜáÄáíáçå=çÑ=
íÜáë=ÉåòóãÉ=íÜìë=éçíÉåíá~íÉë=íÜÉ=ÉÑÑÉÅí=çÑ=ÉåÇçÖÉåçìë=dimJ
N=ëÉÅêÉíáçåKR=qÜÉ= äÉîÉäë=çÑ=dimJN=~Åíáçå= áå= íÜÉ=é~íáÉåí=~êÉ=
ÖêÉ~íÉê=ïáíÜ=íÜÉ=dimJN=êÉÅÉéíçê=~Öçåáëíë=íÜ~å=ïáíÜ=ammJQ=
áåÜáÄáíçêëKV=

ammJQ=áåÜáÄáíçêë=éêçãçíÉ=áåëìäáå=ëÉÅêÉíáçå=áå=íÜÉ=~ÄëÉåÅÉ=
çÑ= ÜóéçÖäóÅÉãá~= çê= ïÉáÖÜí= Ö~áå= ~åÇ= ~ééÉ~ê= íç= Ü~îÉ= ~=
éêÉÑÉêÉåíá~ä=ÉÑÑÉÅí=çå=éçëíéê~åÇá~ä=ÄäççÇ=ÖäìÅçëÉKV==

Adverse effects 
qÜÉ= ã~áå= ëáÇÉJÉÑÑÉÅí= áë= å~ìëÉ~I= ~åÇ= íÜÉêÉ= Ü~îÉ= ÄÉÉå=
çÅÅ~ëáçå~ä=êÉéçêíë=çÑ=~ÅìíÉ=é~åÅêÉ~íáíáëKR==

^äíÜçìÖÜI=áåáíá~ä=ÅçåÅÉêåë=~Äçìí=íÜÉ=é~åÅêÉ~íáÅ=ëáÇÉ=ÉÑÑÉÅíë=
çÑ= dimJN= êÉÅÉéíçê= ~Öçåáëíë= ~åÇ= ammJfs= áåÜáÄáíçêë=
Eé~åÅêÉ~íáíáëI=éçëëáÄäÉ=éêÉã~äáÖå~åí= äÉëáçåëF=~ééÉ~ê= íç=ÄÉ=
ìåÑçìåÇÉÇKV=

Clinical use 
qÜÉëÉ=ÇêìÖë=~êÉ=îÉêó=ïÉää=íçäÉê~íÉÇ=~åÇ=~êÉ=ïÉáÖÜíJåÉìíê~äKN=
qÜÉó=Ü~îÉ=~=ãçÇÉê~íÉ=ÉÑÑÉÅí=áå=äçïÉêáåÖ=ÄäççÇ=ÖäìÅçëÉ=~åÇ=
Çç=åçí=Å~ìëÉ=ÜóéçÖäóÅ~Éãá~KR==

qÜÉó=~êÉ=ãçëí=ÉÑÑÉÅíáîÉ=áå=íÜÉ=É~êäó=ëí~ÖÉë=çÑ=íóéÉ=O=Çá~ÄÉíÉëI=
ïÜÉå= áåëìäáå= ëÉÅêÉíáçå= áë= êÉä~íáîÉäó= éêÉëÉêîÉÇI= ~åÇ= ~êÉ=
ÅìêêÉåíäó= êÉÅçããÉåÇÉÇ= Ñçê= ëÉÅçåÇJäáåÉ= ìëÉ= áå=
ÅçãÄáå~íáçå=ïáíÜ=ãÉíÑçêãáå=çê=~=ëìäéÜçåóäìêÉ~KR==

qÜÉó=ã~ó=ÄÉ=~å=~äíÉêå~íáîÉ= íç= áåëìäáå= EáÑ= ÉdcR= [RMFI= ÉÖ= áÑ=
çÄÉëÉ=EíÜÉó=ÇÉÅêÉ~ëÉ=~ééÉíáíÉFQ=

qÜÉáê=éä~ÅÉ=áå=íÜÉ=ã~å~ÖÉãÉåí=çÑ=íóéÉ=O=Çá~ÄÉíÉë=Ü~ë=óÉí=íç=
ÄÉ=Ñìääó=Éëí~ÄäáëÜÉÇ=~åÇ=Åçëí=êÉã~áåë=~=Åçåëíê~áåíK=̂ äíÜçìÖÜ=
íÜÉ= ëÜçêíJíÉêã= ë~ÑÉíó= êÉÅçêÇ= áë= ÖççÇI= ammQ= áë= ïáÇÉäó=
ÇáëíêáÄìíÉÇ=áå=íÜÉ=ÄçÇóI=~åÇ=íÜÉ=äçåÖJíÉêã=ÅçåëÉèìÉåÅÉë=çÑ=
áåÜáÄáíáçå=çÑ=íÜáë=ÉåòóãÉ=áå=çíÜÉê=íáëëìÉë=~êÉ=ìåâåçïåKR=

Caution 
RÉÇìÅÉÇ= ÇçëÉë= ëÜçìäÇ= ÄÉ= ÖáîÉå= íç= é~íáÉåíë= ïáíÜ= êÉå~ä=
áåëìÑÑáÅáÉåÅóKV=

=

=
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=

 GLP-1 receptor agonists 
=
qÜÉ= dimJN= êÉÅÉéíçê= ~Öçåáëíë= Ü~îÉ= ~= ëáãáä~ê= ëíêìÅíìêÉ= íç=
dimJN=Äìí=Ü~îÉ=ÄÉÉå=ãçÇáÑáÉÇ=íç=êÉëáëí=ÄêÉ~âÇçïå=Äó=ammJ
QKN==

Mechanism of action 
qÜÉó=ÉåÜ~åÅÉ=íÜÉ=áåÅêÉíáå=ÉÑÑÉÅíK==

bñÉå~íáÇÉI= ~= ëóåíÜÉíáÅ= îÉêëáçå= çÑ= ~= éÉéíáÇÉ= áåáíá~ääó=
áÇÉåíáÑáÉÇ=áå=íÜÉ=ë~äáî~=çÑ=íÜÉ=dáä~=ãçåëíÉê=EÉñÉåÇáåJ=QFI=áë=
~å= ~å~äçÖìÉ= çÑ= dimJNK= råäáâÉ= å~íáîÉ= dimJNI= ïÜáÅÜ= Ü~ë= ~=
Ü~äÑJäáÑÉ=çÑ=[R=ãáåI=ÇáÑÑÉêÉåÅÉë=áå=íÜÉ=ÉñÉå~íáÇÉ=~ãáåç=~ÅáÇ=
ëÉèìÉåÅÉ= êÉåÇÉê= áí= êÉëáëí~åí= íç= íÜÉ= ÉåòóãÉ= íÜ~í=ÇÉÖê~ÇÉë=
dimJN=EÇáéÉéíáÇóä=éÉéíáÇ~ëÉ=fs=xammJfszFK=qÜìëI=ÉñÉå~íáÇÉ=
Ü~ë= éêçäçåÖÉÇ= dimJNJäáâÉ= ~Åíáçå= ~åÇ= ÄáåÇë= íç= dimJN=
êÉÅÉéíçêë=ÑçìåÇ=áå=áëäÉíëI=íÜÉ=Ö~ëíêçáåíÉëíáå~ä=íê~ÅíI=~åÇ=íÜÉ=
Äê~áåKV==

iáê~ÖäìíáÇÉI= ~åçíÜÉê= dimJN= êÉÅÉéíçê= ~ÖçåáëíI= áë= ~äãçëí=
áÇÉåíáÅ~ä= íç= å~íáîÉ= dimJN= ÉñÅÉéí= Ñçê= ~å= ~ãáåç= ~ÅáÇ=
ëìÄëíáíìíáçå= ~åÇ= ~ÇÇáíáçå= çÑ= ~= Ñ~ííó= ~Åóä= Öêçìé= EÅçìéäÉÇ=
ïáíÜ= ~= γJÖäìí~ãáÅ= ~ÅáÇ= ëé~ÅÉêF= íÜ~í= éêçãçíÉ= ÄáåÇáåÖ= íç=
~äÄìãáå=~åÇ=éä~ëã~=éêçíÉáåë=~åÇ=éêçäçåÖ=áíë=Ü~äÑJäáÑÉKV==

dimJN= êÉÅÉéíçê= ~Öçåáëíë= áåÅêÉ~ëÉ= ÖäìÅçëÉJëíáãìä~íÉÇ=
áåëìäáå= ëÉÅêÉíáçåI= ëìééêÉëë= ÖäìÅ~ÖçåI= ~åÇ= ëäçï= Ö~ëíêáÅ=
ÉãéíóáåÖI= íÜìë= ÄäìåíáåÖ= íÜÉ= éçëíéê~åÇá~ä= êáëÉ= áå= éä~ëã~=
ÖäìÅçëÉK=qÜÉëÉ=~ÖÉåíë=Çç=åçí=éêçãçíÉ=ïÉáÖÜí=Ö~áå;=áå=Ñ~ÅíI=
ãçëí=é~íáÉåíë=ÉñéÉêáÉåÅÉ=ãçÇÉëí=ïÉáÖÜí=äçëë=~åÇ=~ééÉíáíÉ=
ëìééêÉëëáçåKRIV==

Advantage 
qÜÉ=âÉó=~Çî~åí~ÖÉ=çîÉê=íÜÉ=ammJQ=áåÜáÄáíçêëW=ÄÉÅ~ìëÉ=íÜÉ=
dimJN= ~Åíáîáíó= ~ÅÜáÉîÉÇ= áë= ëìéê~JéÜóëáçäçÖáÅ~äI= áí= ÇÉä~óë=
Ö~ëíêáÅ= ÉãéíóáåÖ= ~åÇI= ~í= íÜÉ= äÉîÉä= çÑ= íÜÉ= ÜóéçíÜ~ä~ãìëI=
ÇÉÅêÉ~ëÉë=~ééÉíáíÉK=qÜìëI=áåàÉÅí~ÄäÉ=dimJN=~å~äçÖìÉë=äçïÉê=
ÄäççÇ= ÖäìÅçëÉ= ~åÇ= êÉëìäí= áå= ïÉáÖÜí= äçëë= Ó= ~å= ~ééÉ~äáåÖ=
íÜÉê~éóI=~ë=íÜÉ=ã~àçêáíó=çÑ=é~íáÉåíë=ïáíÜ=íóéÉ=O=Çá~ÄÉíÉë=~êÉ=
çÄÉëÉKN=qÜÉó=ïçêâ=ïÉää= áå=TMB=Äìí=Ü~îÉ=äáãáíÉÇ=ÄÉåÉÑáí= áå=
PMB=çÑ=íÜçëÉ=íêÉ~íÉÇKR==

^ÖÉåíë=áå=íÜáë=Åä~ëë=Çç=åçí=Å~ìëÉ=ÜóéçÖäóÅ~Éãá~K=

tÜÉíÜÉê= dimJN= êÉÅÉéíçê= ~Öçåáëíë= ÉåÜ~åÅÉ= ÄÉí~= ÅÉää=
ëìêîáî~äI=éêçãçíÉ=ÄÉí~=ÅÉää=éêçäáÑÉê~íáçå=EÇçÉë=éêçãçíÉ=áå=
êçÇÉåíëFI=çê=~äíÉê=íÜÉ=å~íìê~ä=Üáëíçêó=çÑ=íóéÉ=O=aj=áå=Üìã~å=
áë=åçí=âåçïåKRIV=

Disadvantage 
qÜÉëÉ=~ÖÉåíë=~êÉ=åçí=çê~ääó=~ÅíáîÉ=~åÇ=Ü~îÉ=íç=ÄÉ=ÖáîÉå=Äó=
ëìÄÅìí~åÉçìë= áåàÉÅíáçåN= ~åÇ= íÜÉáê= ã~áå= ÅäáåáÅ~ä=
Çáë~Çî~åí~ÖÉ=áë=íÜÉ=åÉÉÇ=Ñçê=ëìÄÅìí~åÉçìë=áåàÉÅíáçåKR=

_ÉÅ~ìëÉ= dimJN= êÉÅÉéíçê= ~Öçåáëíë= ëäçï= Ö~ëíêáÅ= ÉãéíóáåÖI=
íÜÉó=ã~ó=áåÑäìÉåÅÉ=íÜÉ=~Äëçêéíáçå=çÑ=çíÜÉê=ÇêìÖëKV=

Adverse effects 
råï~åíÉÇ= ÉÑÑÉÅíë= áåÅäìÇÉ= å~ìëÉ~I= ~ÅìíÉ= é~åÅêÉ~íáíáë= ~åÇ=
~ÅìíÉ=âáÇåÉó=áåàìêóKR==

Clinical use 
^í= éêÉëÉåíI= íÜÉó= ~êÉ= ìëÉÇ= ~ë= ~å= ~äíÉêå~íáîÉ= íç= áåëìäáåI=
é~êíáÅìä~êäó= áå= íÜÉ= çîÉêïÉáÖÜíK= ^= çåÅÉJïÉÉâäó= îÉêëáçå= çÑ=
ÉñÉå~íáÇÉ=Ü~ë=ÄÉÉå=ÇÉîÉäçéÉÇKR=

Doses 
`ìêêÉåíäó=~î~áä~ÄäÉ=dimJN=êÉÅÉéíçê=~Öçåáëíë=áåÅäìÇÉN==

• bñÉå~íáÇÉ=ERμÖ=ëìÄÅìí~åÉçìëäó=ÄÇ=¼Ü=ÄÉÑçêÉ=ãÉ~äI=
E[SÜ=~é~êí;=~îçáÇ=áÑ=ÉdcR=YPM;=áåÅêÉ~ëÉ=~ÑíÉê=[Q=ïÉÉâë=
íç=NMμÖ=ÄÇQFI==

• bñÉå~íáÇÉ=jR=EçåÅÉ=ïÉÉâäóF=~åÇ==
• iáê~ÖäìíáÇÉ=EçåÅÉ=Ç~áäóFK=

 SGLT2 inhibitors 
 
qÜÉ= ëçÇáìãLÖäìÅçëÉ= íê~åëéçêíÉê= O= EpdiqOF= áë= ~= ëçÇáìãJ
ÇÉéÉåÇÉåí= ÖäìÅçëÉ= íê~åëéçêí= éêçíÉáåI= ïÜáÅÜ= áë= ÉñéêÉëëÉÇ=
~äãçëí=ÉñÅäìëáîÉäó=áå=íÜÉ=éêçñáã~äI=ÅçåîçäìíÉÇ=íìÄìäÉ=áå=íÜÉ=
âáÇåÉóK= tÜçëÉ= ÑìåÅíáçå= áë= íç= êÉ~ÄëçêÄ= ÖäìÅçëÉ= Ñêçã= íÜÉ=
êÉå~ä= Ñáäíê~íÉ= ~åÇ= êÉëíçêÉ= áí= íç= íÜÉ= ÅáêÅìä~íáçåK= fíë= ~Åíáîáíó=
íÜìë= ÇÉíÉêãáåÉë= íÜÉ= êÉå~ä= íÜêÉëÜçäÇ= Ñçê= ÖäìÅçëÉI= ïÜáÅÜ=
åçêã~ääó=~îÉê~ÖÉë=~êçìåÇ=NM=ããçäLiKRIV==

Mechanism of action 
kçêã~ääó=ÖäìÅçëÉ=áë=ÑáäíÉêÉÇ=ÑêÉÉäó=áå=íÜÉ=êÉå~ä=ÖäçãÉêìäá=~åÇ=
êÉ~ÄëçêÄÉÇ=áå=íÜÉ=éêçñáã~ä=íìÄìäÉëK=qÜÉëÉ=~ÖÉåíë=äçïÉê=íÜÉ=
ÄäççÇ=ÖäìÅçëÉ=Äó=ëÉäÉÅíáîÉäó=áåÜáÄáíáåÖ=íÜáë=ÅçJíê~åëéçêíÉêK=
qÜáë= áåÜáÄáíë= ÖäìÅçëÉ= êÉ~ÄëçêéíáçåI= äçïÉêë= íÜÉ= êÉå~ä=
íÜêÉëÜçäÇ= Ñçê= ÖäìÅçëÉI= ~åÇ= äÉ~Çë= íç= áåÅêÉ~ëÉÇ= ìêáå~êó=
ÖäìÅçëÉ= ÉñÅêÉíáçåK= fí= êÉëìäíë= áå= ~ééêçñáã~íÉäó= ORB= çÑ= íÜÉ=
ÑáäíÉêÉÇ= ÖäìÅçëÉ= åçí= ÄÉáåÖ= êÉ~ÄëçêÄÉÇK= qÜìëI= íÜÉ= ÖäìÅçëÉJ
äçïÉêáåÖ= ÉÑÑÉÅí= áë= áåëìäáå= áåÇÉéÉåÇÉåí= ~åÇ= åçí= êÉä~íÉÇ= íç=
ÅÜ~åÖÉë=áå=áåëìäáå=ëÉåëáíáîáíó=çê=ëÉÅêÉíáçåKNIV=

qÜáë=Ü~ë= íÜÉ=ÉÑÑÉÅí=çÑ= êÉãçîáåÖ=ÄçíÜ=ÖäìÅçëÉ=~åÇ=Å~äçêáÉë=
Ñêçã= íÜÉ= ÅáêÅìä~íáçåI= íÜìë= äçïÉêáåÖ= ÄäççÇ= ÖäìÅçëÉ= ~åÇ=
Ñ~Åáäáí~íáåÖ=ïÉáÖÜí= äçëëK=pã~ää= êÉÇìÅíáçåë= áå=ëóëíçäáÅ=ÄäççÇ=
éêÉëëìêÉ=Ü~îÉ=~äëç=ÄÉÉå=êÉéçêíÉÇKR==

Adverse effects 
aìÉ= íç= íÜÉ= áåÅêÉ~ëÉÇ= ìêáå~êó= ÖäìÅçëÉI= ìêáå~êó= çê= î~Öáå~ä=
áåÑÉÅíáçåë= ~êÉ= ãçêÉ= ÅçããçåI= áåÅäìÇáåÖ= ~å= áåÅêÉ~ëÉ= áå=
ÖÉåáí~ä= Å~åÇáÇá~ëáë= ~åÇ= ~= ëã~ää= áåÅêÉ~ëÉ= áå= ìêáå~êó= íê~Åí=
áåÑÉÅíáçåëKRIV= ^äëç= íÜÉ= ÇáìêÉíáÅ= ÉÑÑÉÅí= Å~å= äÉ~Ç= íç= êÉÇìÅÉÇ=
áåíê~î~ëÅìä~ê=îçäìãÉKV==

Advantages 
qÜáë= ~ééêç~ÅÜ= íç= íÜÉê~éó= Ü~ë= íÜÉ= éçíÉåíá~ä= ~Çî~åí~ÖÉ= çÑ=
äçïÉêáåÖ=ÖäìÅçëÉ=Äó=~=ãÉÅÜ~åáëã=åçí=ãÉÇá~íÉÇ=Äó=áåëìäáåK=
låÉ= êÉÅÉåí= ëíìÇó= ëÜçïÉÇ= ~= ÇÉÅêÉ~ëÉ= áå= Å~êÇáçî~ëÅìä~ê=
ãçêí~äáíó=ïÜÉå=Éãé~ÖäáÑäçòáå=ï~ë=~ÇÇÉÇ=íç=ëí~åÇ~êÇ=Å~êÉKV=

Clinical use 
_ÉÅ~ìëÉ= íÜÉëÉ= ~ÖÉåíë= ~êÉ= íÜÉ=åÉïÉëí= Åä~ëë= íç= íêÉ~í= íóéÉ= O=
ajI=ÅäáåáÅ~ä=ÉñéÉêáÉåÅÉ=áë=äáãáíÉÇ=~åÇ=ÜÉ=ãçëí=~ééêçéêá~íÉ=
éçëáíáçå= Ñçê= pdiqO= áåÜáÄáíçêë= áå= íÜÉ= íÜÉê~éó= çÑ= íóéÉ= O=
Çá~ÄÉíÉë=Ü~ë=óÉí=íç=ÄÉ=Éëí~ÄäáëÜÉÇKNIV=

=

=
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 Other agents 

Bile acid–binding resins9 

_áäÉ= ~ÅáÇëI= Äó= ëáÖå~äáåÖ= íÜêçìÖÜ= åìÅäÉ~ê= êÉÅÉéíçêëI= ã~ó=
Ü~îÉ= ~= êçäÉ= áå= ãÉí~ÄçäáëãK= _áäÉ= ~ÅáÇ= ãÉí~Äçäáëã= áë=
~Äåçêã~ä=áå=íóéÉ=O=ajK==
qÜÉó= ~êÉ= ÄáäÉ= ~ÅáÇ= ëÉèìÉëíê~åí= ~åÇ= ÅÜçäÉëíÉêçäJäçïÉêáåÖ=
ÇêìÖI=íÜ~í=áë=~ééêçîÉÇ=~ë=~å=~åíáÜóéÉêÖäóÅÉãáÅ=íÜÉê~éó=Ñçê=
éÉêëçåë= ïáíÜ= íóéÉ= O= Çá~ÄÉíÉë= ïÜç= ~êÉ= í~âáåÖ= çíÜÉê=
ãÉÇáÅ~íáçåë= çê= Ü~îÉ= åçí= ~ÅÜáÉîÉÇ= ~ÇÉèì~íÉ= Åçåíêçä= ïáíÜ=
ÇáÉí=~åÇ=ÉñÉêÅáëÉKNQ=

qÜÉ= ãçëí= Åçããçå= ëáÇÉ= ÉÑÑÉÅíë= ~êÉ= Ö~ëíêçáåíÉëíáå~ä=
EÅçåëíáé~íáçåI=~ÄÇçãáå~ä=é~áåI=~åÇ=å~ìëÉ~FK==
_áäÉ=~ÅáÇÓÄáåÇáåÖ=êÉëáåë=Å~å=áåÅêÉ~ëÉ=éä~ëã~=íêáÖäóÅÉêáÇÉë=
~åÇ=ëÜçìäÇ=ÄÉ=ìëÉÇ=Å~ìíáçìëäó=áå=é~íáÉåíë=ïáíÜ=~=íÉåÇÉåÅó=
Ñçê=ÜóéÉêíêáÖäóÅÉêáÇÉãá~K==

qÜÉ=êçäÉ=çÑ=íÜáë=Åä~ëë=çÑ=ÇêìÖë=áå=íÜÉ=íêÉ~íãÉåí=çÑ=íóéÉ=O=aj=
áë=åçí=óÉí=ÇÉÑáåÉÇK==

Bromocriptine9  
^= Ñçêãìä~íáçå= çÑ= íÜÉ= Ççé~ãáåÉ= êÉÅÉéíçê= ~Öçåáëí=
ÄêçãçÅêáéíáåÉ=E`óÅäçëÉíF=Ü~ë=ÄÉÉå=~ééêçîÉÇ=Äó=íÜÉ=ca^=Ñçê=
íÜÉ= íêÉ~íãÉåí= çÑ= íóéÉ= O= ajK= eçïÉîÉêI= áíë= êçäÉ= áå= íÜÉ=
íêÉ~íãÉåí=çÑ=íóéÉ=O=aj=áë=ìåÅÉêí~áåK=

Pramlintide14  
mê~ãäáåíáÇÉ=áë=~å=áëäÉí=~ãóäçáÇ=éçäóéÉéíáÇÉ=Ef^mmI=~ãóäáåF=
~å~äçÖK=f^mm=áë=~=PTJ~ãáåçJ~ÅáÇ=éÉéíáÇÉ=éêÉëÉåí=áå=áåëìäáå=
ëÉÅêÉíçêó= Öê~åìäÉë= ~åÇ= ëÉÅêÉíÉÇ= ïáíÜ= áåëìäáåK= fí= Ü~ë=
~ééêçñáã~íÉäó= QSB= ÜçãçäçÖó= ïáíÜ= íÜÉ= Å~äÅáíçåáå= ÖÉåÉJ
êÉä~íÉÇ= éÉéíáÇÉ= ~åÇ= éÜóëáçäçÖáÅ~ääó= ~Åíë= ~ë= ~= åÉÖ~íáîÉ=
ÑÉÉÇÄ~Åâ=çå=áåëìäáå=ëÉÅêÉíáçåK==

^í=éÜ~êã~ÅçäçÖáÅ=ÇçëÉëI=f^mm=êÉÇìÅÉë=ÖäìÅ~Öçå=ëÉÅêÉíáçåI=
ëäçïë=Ö~ëíêáÅ=ÉãéíóáåÖ=Äó=~=î~Ö~ääó=ãÉÇáÅ~íÉÇ=ãÉÅÜ~åáëãI=
~åÇ=ÅÉåíê~ääó=ÇÉÅêÉ~ëÉë=~ééÉíáíÉK==

mê~ãäáåíáÇÉ= áë= ~ééêçîÉÇ= Ñçê= ìëÉ= áå= áåëìäáåJíêÉ~íÉÇ= íóéÉ= N=
~åÇ=íóéÉ=O=é~íáÉåíë=ïÜç=~êÉ=ìå~ÄäÉ=íç=~ÅÜáÉîÉ=íÜÉáê=í~êÖÉí=
éçëíéê~åÇá~ä=ÄäççÇ=ÖäìÅçëÉ=äÉîÉäëK==

mê~ãäáåíáÇÉ=áë=áåàÉÅíÉÇ=áããÉÇá~íÉäó=ÄÉÑçêÉ=É~íáåÖ;=Ççë~ÖÉë=
ê~åÖÉ=Ñêçã=NR=íç=SM=𝜇Ö=ëìÄÅìí~åÉçìëäó=Ñçê=íóéÉ=N=é~íáÉåíë=
~åÇ=Ñêçã=SM=íç=NOM=𝜇Ö=Ñçê=íóéÉ=O=é~íáÉåíëK=qÜÉê~éó=ïáíÜ=íÜáë=
~ÖÉåí=ëÜçìäÇ=ÄÉ=áåáíá~íÉÇ=~í=íÜÉ=äçïÉëí=Ççë~ÖÉ=~åÇ=íáíê~íÉÇ=
ìéï~êÇK==

_ÉÅ~ìëÉ=çÑ=íÜÉ=êáëâ=çÑ=ÜóéçÖäóÅÉãá~I=ÅçåÅìêêÉåí=ê~éáÇJ=çê=
ëÜçêíJ~ÅíáåÖ=ãÉ~äíáãÉ=áåëìäáå=Ççë~ÖÉë=ëÜçìäÇ=ÄÉ=ÇÉÅêÉ~ëÉÇ=
Äó=RMB=çê=ãçêÉK=mê~ãäáåíáÇÉ=ëÜçìäÇ=~äï~óë=ÄÉ=áåàÉÅíÉÇ=Äó=
áíëÉäÑ= ìëáåÖ= ~= ëÉé~ê~íÉ= ëóêáåÖÉ;= áí= Å~ååçí= ÄÉ= ãáñÉÇ= ïáíÜ=
áåëìäáåK==

qÜÉ=ã~àçê=~ÇîÉêëÉ=ÉÑÑÉÅíë=çÑ=éê~ãäáåíáÇÉ=~êÉ=ÜóéçÖäóÅÉãá~=
~åÇ= Ö~ëíêçáåíÉëíáå~ä= ëóãéíçãëI= áåÅäìÇáåÖ= å~ìëÉ~I=
îçãáíáåÖI=~åÇ=~åçêÉñá~K==

páåÅÉ= íÜÉ= ÇêìÖ= ëäçïë= Ö~ëíêáÅ= ÉãéíóáåÖI= êÉÅçîÉêó= Ñêçã=
ÜóéçÖäóÅÉãá~=Å~å=ÄÉ=éêçÄäÉã~íáÅ=ÄÉÅ~ìëÉ=çÑ=íÜÉ=ÇÉä~ó=áå=
~Äëçêéíáçå=çÑ=Ñ~ëíJ~ÅíáåÖ=Å~êÄçÜóÇê~íÉëK==

pÉäÉÅíÉÇ=é~íáÉåíë=ïáíÜ=íóéÉ=N=Çá~ÄÉíÉë=ïÜç=Ü~îÉ=éêçÄäÉãë=
ïáíÜ= éçëíéê~åÇá~ä= ÜóéÉêÖäóÅÉãá~= Å~å= ìëÉ= éê~ãäáåíáÇÉ=
ÉÑÑÉÅíáîÉäó= íç= Åçåíêçä= íÜÉ= ÖäìÅçëÉ= êáëÉ= ÉëéÉÅá~ääó= áå= íÜÉ=
ëÉííáåÖ=çÑ=~=ÜáÖÜJÅ~êÄçÜóÇê~íÉ=ãÉ~äK==

qÜÉ= ÇêìÖ= áë= åçí= íÜ~í= ìëÉÑìä= áå= íóéÉ= O= é~íáÉåíë= ïÜç= Å~å=
áåëíÉ~Ç=ìëÉ=íÜÉ=dimJN=êÉÅÉéíçê=~ÖçåáëíëK=

Intestinal enzyme inhibitors5  
fåíÉëíáå~ä= ÉåòóãÉ= áåÜáÄáíçêë= áåÅäìÇÉ= ~Å~êÄçëÉI= ~= ëÜ~ã=
ëìÖ~ê= íÜ~í= ÅçãéÉíáíáîÉäó= áåÜáÄáíë= αJ= ÖäìÅçëáÇ~ëÉ= ÉåòóãÉë=
ëáíì~íÉÇ= áå= íÜÉ= ÄêìëÜ= ÄçêÇÉê= çÑ= íÜÉ= áåíÉëíáåÉI= êÉÇìÅáåÖ=
~Äëçêéíáçå=çÑ=ÇáÉí~êó=Å~êÄçÜóÇê~íÉK=råÇáÖÉëíÉÇ=ëí~êÅÜ=ã~ó=
íÜÉå=ÉåíÉê=íÜÉ=ä~êÖÉ=áåíÉëíáåÉI=ïÜÉêÉ=áí=ïáää=ÄÉ=ÄêçâÉå=Ççïå=
Äó= ÑÉêãÉåí~íáçåK= ^ÄÇçãáå~ä= ÇáëÅçãÑçêíI= Ñä~íìäÉåÅÉ= ~åÇ=
Çá~êêÜçÉ~=Å~å=êÉëìäíI=~åÇ=Ççë~ÖÉ=åÉÉÇë=Å~êÉÑìä=~ÇàìëíãÉåí=
íç=~îçáÇ=íÜÉëÉ=ëáÇÉJÉÑÑÉÅíëK==

Orlistat5 

lêäáëí~í=áë=~=äáé~ëÉ=áåÜáÄáíçê=íÜ~í=êÉÇìÅÉë=íÜÉ=~Äëçêéíáçå=çÑ=
Ñ~í= Ñêçã= íÜÉ= ÇáÉíK= fí= ÄÉåÉÑáíë= Çá~ÄÉíÉë= áåÇáêÉÅíäó= Äó=
éêçãçíáåÖ= ïÉáÖÜí= äçëë= áå= é~íáÉåíë= ìåÇÉê= Å~êÉÑìä= ÇáÉí~êó=
ëìéÉêîáëáçå= çå= ~= äçïJÑ~í= ÇáÉíK= qÜáë= áë= åÉÅÉëë~êó= íç= ~îçáÇ=
ìåéäÉ~ë~åí=ëíÉ~íçêêÜçÉ~K

=

Insulin

Sulphonylureas 
and 
meglitinides Metformin Acarbose

Thiazolidinediones 
(glitazones)

DPP-4 inhibitors 
(gliptins)

GLP-1 
receptor 
agonists

SGLT2 
inhibitors

Fasting blood 
glucose

↓ ↓ ↓ ↓ ↓ ↓ ↓

Post-prandial 
blood glucose

↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓

Plasma insulin ↑ ↑ ↓ ↓ ↓ ↑ ↑ ↓
Body weight ↑ ↑ → → ↑ → ↓ ↓
Risk of 
hypoglycaemia

++ + – – – – – –

Tolerability Good Good Moderate Moderate Moderate Good Moderate Limited 
experience

(DPP-4 = dipeptidyl peptidase 4; GLP-1 = glucagon-like peptide 1; SGLT2 = sodium and glucose transporter 2)

 Effects of drugs used in the treatment of type 2 diabetes1

44



 

 

Properties of available glucose-lowering agents that may guide individualized treatment choices in patients with type 2 diabetes9,10 

Class Compound (s) 
Cellular 
mechanism(s) 

Primary 
physiological 
action(s) 

Advantages Disadvantages Contraindications 

Oral 

Biguanides* • Metformin 
Activates AMP-
kinase (? 
other) 

↓ Hepatic glucose 
production 

• Extensive experience  

• Rare hypoglycemia  

• ↓ CVD eventsa  

• Relatively higher A1C efficacy 

• Gastrointestinal side 
effects (diarrhea, 
abdominal cramping, 
nausea)  

• Vitamin B12 
deficiency 

• Lactic acidosis risk 
(rare) 

eGFR 30 
mL/min/1.73 m2, 
acidosis, hypoxia, 
dehydration, CHF, 
radiographic 
contrast studies, 
hospitalized 
patients etc. 

Sulfonylureas* 

2nd generation 

• Glyburide  

• Glipizide  

• Glimepiride 

Closes KATP 
channels on 

!-cell plasma 
membranes 

↑ Insulin secretion	

• Extensive experience  

• ↓ Microvascular riska  

• Relatively higher A1C efficacy 

• Short onset of action9 

• ↓	postprandial glucose9 

• Hypoglycemia  

• ↑ Weight 
Renal/liver disease 

Meglitinides 
(glinides) *** 

• Repaglinide  

• Nateglinide 

Closes KATP 

channels on ! 
-cell plasma 
membranes 

↑ Insulin secretion	
• ↓ Postprandial glucose 

excursions 

• Dosing flexibility 

• Hypoglycemia  

• ↑ Weight  

• Frequent dosing 
schedule  

Renal/liver disease 

TZDs*** 
• Pioglitazone‡  

• Rosiglitazone§ 

Activates the 
nuclear 
transcription 

factor PPAR-" 

• ↑ Insulin 
sensitivity  

• ↑ glucose 
utilization9  

• Rare hypoglycemia 	
• Relatively higher A1C efficacy 	
• Durability 	
• ↓ Triglycerides (pioglitazone) 	
• ? ↓ CVD events (PROactived, 

pioglitazone) 	
• ↓ Risk of stroke and MI in 

patients without diabetes and with 
insulin resistance and history of 
recent stroke or TIA (pioglitazone)	

• ↑ Weight  

• Peripheral 
edema/heart failure  

• Bone fractures  

• ↑ LDL-C 
(rosiglitazone) 

• Macular edema9 

CHF, liver disease 

#-Glucosidase 
inhibitors** 

• Acarbose 

• Miglitol 

Inhibits 

intestinal $-
glucosidase 

Slows intestinal 
carbohydrate 
digestion/absorption	

• Rare hypoglycemia  

• ↓ Postprandial glucose 
excursions  

• ? ↓ CVD events in prediabetesb  

• Nonsystemic 

• Generally modest A1C 
efficacy 	

• GI side effects 
(flatulence, diarrhea) 	

• Frequent dosing 
schedule	

Renal/liver disease 

DPP-4 
inhibitors*** 

• Sitagliptin  

• Saxagliptin  

• Linagliptin  

• Alogliptin 

Inhibits DPP-4 
activity, 
increasing 
postprandial 
incretin (GLP-
1, GIP) 
concentrations 

• ↑ Insulin 
secretion 
(glucose 
dependent)  

• ↓ Glucagon 
secretion 
(glucose 
dependent) 

• Rare hypoglycemia  

• Well tolerated 

• Angioedema/urticaria 
and other immune-
mediated 
dermatological effects  

• ? Acute pancreatitis  

• ↑ Heart failure 
hospitalizations 
(saxagliptin; ? 
alogliptin) 

Reduced dose 
with renal disease; 
one associated 
with increase 
heart failure risk; 
possible 
association with 
ACE inhibitor– 
induced 
angioedema 

Bile acid 
sequestrants*** 

• Colesevelam 

Binds bile 
acids in 
intestinal tract, 
increasing 
hepatic bile 
acid 
production	

• ? ↓ Hepatic 
glucose 
production  

• ? ↑ Incretin 
levels 

• Rare hypoglycemia  

• ↓ LDL-C 

• Modest A1C efficacy 

• Constipation  

• ↑ Triglycerides  

• May ↓ absorption of 
other medications 

 

Dopamine-2 
agonists*** 

• Bromocriptine 
(quick 
release)§ 

Activates 
dopaminergic 
receptors 

• Modulates 
hypothalamic 
regulation of 
metabolism  

• ↑ Insulin 
sensitivity 

• Rare hypoglycemia  

• ? ↓ CVD events (Cycloset Safety 
Trial) 

• Modest A1C efficacy  

• Dizziness/syncope  

• Nausea  

• Fatigue 

• Rhinitis 

 

…cont.	
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Class Compound (s) 
Cellular 
mechanism(s) 

Primary 
physiological 
action(s 

Advantages Disadvantages Contraindications 

Oral (cont.) 

SGLT2 
inhibitors*** 
 

• Canagliflozin  

• Dapagliflozin‡  

• Empagliflozin 

Inhibits SGLT2 
in the proximal 
nephron 

• Blocks 
glucose 
reabsorption 
by the 
kidney, 
increasing 
glucosuria 

• Rare hypoglycemia  

• ↓ Weight  

• ↓ Blood pressure  

• Associated with lower CVD event rate 
and mortality in patients with CVD 
(empagliflozinc) 

• Insulin secretion and action 
independent9 

• Genitourinary infections  

• Polyuria  

• Volume 
depletion/dehydration/ 
hypotension/dizziness  

• ↑ LDL-C  

• ↑ Creatinine (transient)  

• DKA, urinary tract 
infections leading to 
urosepsis, pyelonephritis 

Limited clinical 
experience; 
moderate renal 
insufficiency 

Parenteral  

GLP-1 
receptor 
agonists*** 

• Exenatide  

• Exenatide 
extended 
release  

• Liraglutide  

• Albiglutide  

• Lixisenatide  

• Dulaglutide 

Activates GLP-
1 receptors 

• ↑ Insulin 
secretion 
(glucose 
dependent)  

• ↓ Glucagon 
secretion 
(glucose 
dependent)  

• Slows 
gastric 
emptying  

• ↑ Satiety 

• Rare hypoglycemia  

• ↓ Weight  

• ↓ Postprandial glucose excursions  

• ↓ Some cardiovascular risk factors  

• Associated with lower CVD event rate 
and mortality in patients with CVD 
(liraglutide LEADER) 

• Gastrointestinal side 
effects 
(nausea/vomiting/diarrhea)  

• ↑ Heart rate  

• ? Acute pancreatitis  

• C-cell 
hyperplasia/medullary 
thyroid tumors in animals  

• Injectable  

• Training requirements 

• ↑risk of hypoglycemia 
with insulin 
secretagogues9 

Renal disease, 
agents that also 
slow GI motility; 
medullary 
carcinoma of 
thyroid 

Amylin 
mimetics*** 

• Pramlintide§ 

Activates 
amylin 
receptors 

• ↓ Glucagon 
secretion 	

• Slows 
gastric 
emptying 	

• ↑ Satiety	

• ↓ Postprandial glucose excursions  

• ↓ Weight 

• Modest A1C efficacy  

• GI side effects 
(nausea/vomiting)  

• Hypoglycemia unless 
insulin dose is 
simultaneously reduced  

• Injectable  

• Frequent dosing schedule  

• Training requirements 

Agents that also 
slow GI motility 

Insulins**** 

• Rapid-acting 
analogs –
Lispro, 
Aspart,  
Glulisine, 
Inhaled 
insulin 

• Short-acting - 
Human 
Regular  

• Intermediate-
acting - 
Human NPH 

• Basal insulin 
analogs  

Activates 
insulin 
receptors 

• ↑ Glucose 
disposal 	

• ↓ Hepatic 
glucose 
production 	

• Suppresses 
ketogenesis	

• Nearly universal response 	
• Theoretically unlimited efficacy 	
• ↓ Microvascular riska	

• Hypoglycemia  

• Weight gain  

• Training requirements  

• Patient and provider 
reluctance  

• Injectable (except inhaled 
insulin) 

• Pulmonary toxicity 
(inhaled insulin) 

 

Cost of agents: *Low, **Moderate, ***High. ****Variable 

a UKPDS, UK Prospective Diabetes Study. Cycloset trial of quick-release bromocriptine 
b STOP-NIDDM, Study to Prevent Non-Insulin-Dependent Diabetes Mellitus 
cEMPA-REG OUTCOME, (Empagliflozin) Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus Patients 
dPROactive, Prospective Pioglitazone Clinical Trial in Macrovascular Events 

GIP, glucose-dependent insulinotropic peptide; HDL-C, HDL cholesterol; IRIS, Insulin Resistance Intervention After Stroke Trial;  
PPAR-g, peroxisome proliferator–activated receptor g;  

‡lnitial concerns regarding bladder cancer risk are decreasing after subsequent study.  
§Not licensed in Europe for type 2 diabetes.  
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14 Principles of therapy 
Guidelines 
=

qÜáë=ã~âÉë=Ñçê=~å=ÉñÅáíáåÖ=íáãÉ=áå=Çá~ÄÉíÉë=éÜ~êã~ÅçíÜÉê~éóI=Äìí=Éñ~Åíäó=ÜçïI=ïÜÉå=~åÇ=áå=ïÜ~í=çêÇÉê=íÜÉëÉ=~ÖÉåíë=ëÜçìäÇ=ÄÉ=
ìëÉÇ=êÉã~áåë=ìåÅÉêí~áåK=qÜÉ=çäÇÉê=ÇêìÖë=~êÉ=ÅÜÉ~éÉê=~åÇ=Ü~îÉ=Éëí~ÄäáëÜÉÇ=ÄÉåÉÑáíë=Ñçê=êÉÇìÅáåÖ=ãáÅêçî~ëÅìä~ê=ÇáëÉ~ëÉX=íÜÉó=
~êÉ=íÜÉêÉÑçêÉ=ìëì~ääó=êÉÅçããÉåÇÉÇ=~ë=ÑáêëíJäáåÉ=íÜÉê~éóK=rëÉ=çÑ=íÜÉ=åÉïÉê=ÇêìÖë=áë=åçí=ëìééçêíÉÇ=Äó=ÉîáÇÉåÅÉ=Ñçê=êÉÇìÅíáçå=áå=
ãáÅêçî~ëÅìä~ê=ÇáëÉ~ëÉ=EÄÉÅ~ìëÉ=íÜÉ=íêá~äë=Ü~îÉ=åçí=óÉí=ÄÉÉå=ÇçåÉF=~åÇ=íÜÉó=~êÉ=ãìÅÜ=ãçêÉ=ÉñéÉåëáîÉI=ëç=~êÉ=çÑíÉå=êÉëÉêîÉÇ=Ñçê=
ä~íÉê=íÜÉê~éó=~ÑíÉê=Ñ~áäìêÉ=çÑ=ãÉíÑçêãáå=~åÇ=ëìäéÜçåóäìêÉ~ëKN==

låÉ=ÖìáÇÉäáåÉ=ïÜáÅÜ=Ñçääçïë=íÜÉëÉ=éêáåÅáéäÉë=áë=ëÜçïå=ÄÉäçïN=Ó==

=

Management	of	hyperglycaemia	in	type	2	diabetes.	Purple	boxes	indicate	the	usual	approach,	and	green	boxes	show	alternatives	which	are	selected	according	

to	individual	circumstances.	*Hypoglycaemia	risk	includes	driving,	occupational	hazards	and	risk	of	falls.	Note	that	SGLT2	inhibitors	were	not	available	when	

this	guideline	was	produced.	(DPP-4	=	dipeptidyl	peptidase	4;	GLP-1	=	glucagon-like	peptide	1).	Adapted	from	SIGN	116	

eçïÉîÉêI=íÜáë=ÇçÉë=åçí=åÉÅÉëë~êáäó=êÉÑäÉÅí=íÜÉ=çéíáãìã=éçëáíáçåáåÖ=çÑ=íÜÉëÉ=åÉïÉê=ÇêìÖëK=^ë=ä~êÖÉ=íêá~äëI=ïÜáÅÜ=~áã=íç=Éëí~ÄäáëÜ=
íÜÉáê=Å~êÇáçî~ëÅìä~ê=ÄÉåÉÑáíI=êÉéçêí=áå=íÜÉ=åÉñí=ÑÉï=óÉ~êëI=íÜÉëÉ=êÉÅçããÉåÇ~íáçåë=ã~ó=ÅÜ~åÖÉ=Çê~ã~íáÅ~ääóK==

=

= =

Thiazolidinedione
if no cardiac failure

Oral (continue MF/SU if tolerated)
DPP-4 inhibitor

if weight gain a concern

DPP-4 inhibitor
if hypoglycaemia a concern*
or if weight gain a concern

Insulin
initially basal; add
prandial if required

Injectable (continue MF/SU if tolerated)
GLP-1 agonist

if obese and usually
< 10 yrs from diagnosis

Third-line options Add or substitute with one of:

Sulphonylurea
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Thiazolidinedione
if hypoglycaemia a concern*

and if no cardiac failure

Second-line options Add one of:

Metformin (MF)

Set glycaemic target:
HbA1C < 53 mmol/mol (7%) or individualised as agreed

Establish and maintain lifestyle adjustments:
diet, exercise, etc.

Sulphonylurea (SU)
if intolerant of metformin

or if weight loss/osmotic symptoms

First-line options Start one of:
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=

^åçíÜÉê=êÉÅçããÉåÇÉÇ=éÜ~êã~ÅçäçÖáÅ~ä=íÜÉê~éó=~Ç~éíÉÇ=Äó=^a^=áë=ëÜçïå=ÄÉäçïNM=Ó=
=

=

Figure:	Antihyperglycemic	therapy	in	type	2	diabetes:	general	recommendations.	The	order	in	the	chartwas	determined	by	historical	availability	and	the	route	

of	administration,	with	injectables	to	the	right;	it	is	not	meant	to	denote	any	specific	preference.	Potential	sequences	of	antihyperglycemic	therapy	for	patients	

with	type	2	diabetes	are	displayed,	with	the	usual	transition	moving	vertically	from	top	to	bottom	(although	horizontal	movement	within	therapy	stages	is	also	

possible,	depending	on	the	circumstances).	DPP-4-i,	DPP-4	inhibitor;	fxs,	fractures;	GI,	gastrointestinal;	GLP-1	RA,	GLP-1	receptor	agonist;	GU,	genitourinary;	

HF,	heart	failure;	Hypo,	hypoglycemia;	SGLT2-i,	SGLT2	inhibitor;	SU,	sulfonylurea;	TZD,	thiazolidinedione.

=
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15 
Insulin
Characteristics and 
treatment 
=

=

fåëìäáå=áë=ÑçìåÇ=áå=ÉîÉêó=îÉêíÉÄê~íÉ=~åÇ=íÜÉ=âÉó=é~êíë=çÑ=íÜÉ=ãçäÉÅìäÉ=ëÜçï=ÑÉï=ëéÉÅáÉë=ÇáÑÑÉêÉåÅÉëK=pã~ää=ÇáÑÑÉêÉåÅÉë=áå=íÜÉ=
~ãáåç= ~ÅáÇ= ëÉèìÉåÅÉ=ã~ó= ~äíÉê= íÜÉ= ~åíáÖÉåáÅáíó= çÑ= íÜÉ=ãçäÉÅìäÉK= råíáä= íÜÉ= NVUMëI= áåëìäáå= ï~ë= çÄí~áåÉÇ= Äó= Éñíê~Åíáçå= ~åÇ=
éìêáÑáÅ~íáçå=Ñêçã=é~åÅêÉ~í~=çÑ=Åçïë=EÄçîáåÉ=áåëìäáåF=~åÇ=éáÖë=EéçêÅáåÉ=áåëìäáåFI=~åÇ=ëçãÉ=é~íáÉåíë=ëíáää=éêÉÑÉê=íç=ìëÉ=~åáã~ä=
áåëìäáåëK=RÉÅçãÄáå~åí=ak^=íÉÅÜåçäçÖó=Éå~ÄäÉÇ=ä~êÖÉJëÅ~äÉ=éêçÇìÅíáçå=çÑ=Üìã~å=áåëìäáåK=qÜáë=áë=éêçÇìÅÉÇ=Äó=~ÇÇáåÖ=~=ak^=
ëÉèìÉåÅÉ= ÅçÇáåÖ= Ñçê= áåëìäáå=çê=éêçáåëìäáå= áåíç= ÅìäíìêÉÇ=óÉ~ëí=çê=Ä~ÅíÉêá~ä= ÅÉääëK=jçêÉ= êÉÅÉåíäóI= íÜÉ= ~ãáåç=~ÅáÇ= ëÉèìÉåÅÉ=çÑ=
áåëìäáå=Ü~ë=ÄÉÉå=~äíÉêÉÇ=íç=éêçÇìÅÉ=~å~äçÖìÉë=çÑ=áåëìäáåI=ïÜáÅÜ=ÇáÑÑÉê=áå=íÜÉáê=ê~íÉ=çÑ=~Äëçêéíáçå=Ñêçã=íÜÉ=ëáíÉ=çÑ=áåàÉÅíáçåKNIR==

=

The pharmacokinetics and dose forms of these various insulin preparations1,9,10,14

Preparations Onset (h) Peak (h) Effective duration (h) Dose form/ product 

Rapid-acting insulin analogs 

Lispro <0.25 0.5–1.5 2–4 U-100 vial, U-100 3 mL cartridges, U-100 prefilled pen, U-200
prefilled pen

Aspart <0.25 0.5–1.5 2–4 U-100 vial, U-100 3 mL cartridges, U-100 prefilled pen

Glulisine <0.25 0.5–1.5 2–4 U-100 vial, U-100 prefilled pen

Inhaled insulin Inhalation cartridges 
Short-acting 

Human Regular (Soluble) 0.5-1.0 2–3 3–6 U-100 vial

Intermediate-acting 

Human NPH 2–4 4–10 10–16 U-100 vial, U-100 prefilled pen

Concentrated Human Regular insulin 

U-500 Human Regular
insulin

U-500 vial, U-500 prefilled pen

Basal insulin analogs (Long acting) 

Glargine 2–4 – a 20–24 U-100 vial, U-100 prefilled pen, U-300 prefilled pen

Detemir 1–4 – a 12–24 b U-100 vial, U-100 prefilled pen

Degludec U-100 prefilled pen, U-200 prefilled pen

Premixed products 

NPH/Regular 70/30 0.5–1 Duelc 10-16 U-100 vial, U-100 prefilled pen

Protimine/Lispro 50/50 <0.25 Duelc 10-16 U-100 vial, U-100 prefilled pen

Protimine/Lispro 75/25 <0.25 Duelc 10-26 U-100 vial, U-100 prefilled pen

Protimine/Aspart 70/30 <0.25 Duelc 15-18 U-100 vial, U-100 prefilled pen
aGlargine and Detemir have minimal peak activity 
bDuration is dose dependent (shorter at lower dose) 
cDuel: two peak – one at 2–3 h and second one several hours later 

=

=

=

49



=

=

`çããÉêÅá~ä= áåëìäáå= éêÉé~ê~íáçåë= ÇáÑÑÉê= áå= ~= åìãÄÉê= çÑ=
ï~óëI= ëìÅÜ= ~ë= ÇáÑÑÉêÉåÅÉë= áå= íÜÉ= êÉÅçãÄáå~åí= ak^=
éêçÇìÅíáçå= íÉÅÜåáèìÉëI= ~ãáåç= ~ÅáÇ= ëÉèìÉåÅÉI=
ÅçåÅÉåíê~íáçåI= ëçäìÄáäáíóI= ~åÇ= íÜÉ= íáãÉ= çÑ= çåëÉí= ~åÇ=
Çìê~íáçå=çÑ=íÜÉáê=ÄáçäçÖáÅ=~ÅíáçåKNQ=
=

 Principal types14 

=

cçìê=éêáåÅáé~ä=íóéÉë=çÑ=áåàÉÅíÉÇ=áåëìäáåë=~êÉ=~î~áä~ÄäÉW==
NK ê~éáÇJ~ÅíáåÖI= ïáíÜ= îÉêó= Ñ~ëí= çåëÉí= ~åÇ= ëÜçêí=

Çìê~íáçå;==
OK ëÜçêíJ~ÅíáåÖI=ïáíÜ=ê~éáÇ=çåëÉí=çÑ=~Åíáçå;==
PK áåíÉêãÉÇá~íÉJ~ÅíáåÖ;=~åÇ==
QK äçåÖJ~ÅíáåÖI=ïáíÜ=ëäçï=çåëÉí=çÑ=~ÅíáçåK=

Figure:	Extent	and	duration	of	action	of	various	types	of	insulin	as	
indicated	by	the	glucose	infusion	rates	(mg/kg/min)	required	to	maintain	
a	constant	glucose	concentration.	The	durations	of	action	shown	are	
typical	of	an	average	dose	of	0.2–0.3	U/kg.	The	durations	of	regular	and	
NPH	insulin	increase	considerably	when	dosage	is	increased.14	

fåàÉÅíÉÇ= ê~éáÇJ~ÅíáåÖ= ~åÇ= ëÜçêíJ~ÅíáåÖ= áåëìäáåë= ~êÉ=
ÇáëéÉåëÉÇ= ~ë= ÅäÉ~ê= ëçäìíáçåë= ~í= åÉìíê~ä= ée= ~åÇ= Åçåí~áå=
ëã~ää=~ãçìåíë=çÑ=òáåÅ=íç= áãéêçîÉ=íÜÉáê=ëí~Äáäáíó=~åÇ=ëÜÉäÑ=
äáÑÉK==

fåàÉÅíÉÇ= áåíÉêãÉÇá~íÉJ~ÅíáåÖ= kme= áåëìäáåë= Ü~îÉ= ÄÉÉå=
ãçÇáÑáÉÇ=íç=éêçîáÇÉ=éêçäçåÖÉÇ=~Åíáçå=~åÇ=~êÉ=ÇáëéÉåëÉÇ=~ë=
~= íìêÄáÇ= ëìëéÉåëáçå= ~í= åÉìíê~ä= ée= ïáíÜ= éêçí~ãáåÉ= áå=
éÜçëéÜ~íÉ= ÄìÑÑÉê= EåÉìíê~ä= éêçí~ãáåÉ= e~ÖÉÇçêå= xkmez=
áåëìäáåFK==

fåëìäáå=Öä~êÖáåÉ=~åÇ=áåëìäáå=ÇÉíÉãáê=~êÉ=ÅäÉ~êI=ëçäìÄäÉ=äçåÖJ
~ÅíáåÖ=áåëìäáåëK=

 Rapid-acting insulin14 
qÜÉ=ê~éáÇJ~ÅíáåÖ=áåëìäáåë=éÉêãáí=ãçêÉ=éÜóëáçäçÖáÅ=éê~åÇá~ä=
áåëìäáå= êÉéä~ÅÉãÉåí= ÄÉÅ~ìëÉ= íÜÉáê= ê~éáÇ= çåëÉí= ~åÇ= É~êäó=
éÉ~â= ~Åíáçå= ãçêÉ= ÅäçëÉäó= ãáãáÅ= åçêã~ä= ÉåÇçÖÉåçìë=
éê~åÇá~ä= áåëìäáå= ëÉÅêÉíáçå= íÜ~å= êÉÖìä~ê= áåëìäáåI= ~åÇ= íÜÉó=
Ü~îÉ=íÜÉ=~ÇÇáíáçå~ä=ÄÉåÉÑáí=çÑ=~ääçïáåÖ=áåëìäáå=íç=ÄÉ=í~âÉå=
áããÉÇá~íÉäó= ÄÉÑçêÉ= íÜÉ= ãÉ~ä= ïáíÜçìí= ë~ÅêáÑáÅáåÖ= ÖäìÅçëÉ=
ÅçåíêçäKNQ==

fåëìäáå=~å~äçÖìÉë=ëìÅÜ=~ë=íÜÉ=ê~éáÇJ~ÅíáåÖ=áåëìäáåë=Eáåëìäáå=
äáëéêçI= áåëìäáå= ~ëé~êí= ~åÇ= áåëìäáå= ÖäìäáëáåÉF= ÉåíÉê= íÜÉ=
ÅáêÅìä~íáçå=ãçêÉ=ê~éáÇäó=íÜ~å=Üìã~å=ëçäìÄäÉ= áåëìäáåI=~åÇ=
~äëç=Çáë~ééÉ~ê=ãçêÉ=ê~éáÇäóKR==

Advantage 
qÜÉáê= Çìê~íáçå= çÑ= ~Åíáçå= áë= ê~êÉäó= ãçêÉ= íÜ~å= QÓR= ÜçìêëI=
ïÜáÅÜ=ÇÉÅêÉ~ëÉë=íÜÉ=êáëâ=çÑ=ä~íÉ=éçëíãÉ~ä=ÜóéçÖäóÅÉãá~K==

pÜçêí= ~ÅíáåÖ= áåëìäáå= ~å~äçÖìÉë= Ü~îÉ= ÄÉÉå= ÉåÖáåÉÉêÉÇ= íç=
ÇáëëçÅá~íÉ=ãçêÉ=ê~éáÇäó=ÑçääçïáåÖ=áåàÉÅíáçå=ïáíÜçìí=~äíÉêáåÖ=
íÜÉ=ÄáçäçÖáÅ~ä=ÉÑÑÉÅíKR==

qÜÉ= áåàÉÅíÉÇ= ê~éáÇJ~ÅíáåÖ= áåëìäáåë= Ü~îÉ= íÜÉ= äçïÉëí=
î~êá~Äáäáíó=çÑ=~Äëçêéíáçå=E~ééêçñáã~íÉäó=RBF=çÑ=~ää=~î~áä~ÄäÉ=
ÅçããÉêÅá~ä= áåëìäáåë= EÅçãé~êÉÇ= ïáíÜ= ORB= Ñçê= êÉÖìä~ê=
áåëìäáå= ~åÇ= ORB= íç= çîÉê= RMB= Ñçê= äçåÖJ~ÅíáåÖ= ~å~äçÖ=
Ñçêãìä~íáçåë=~åÇ=áåíÉêãÉÇá~íÉ=áåëìäáåI=êÉëéÉÅíáîÉäóFK==

qÜÉó= ~êÉ= íÜÉ= éêÉÑÉêêÉÇ= áåëìäáåë= Ñçê= ìëÉ= áå= Åçåíáåìçìë=
ëìÄÅìí~åÉçìë=áåëìäáå=áåÑìëáçå=ÇÉîáÅÉëK==

cçê=íÜÉ=ãçëí=é~êíI=áåëìäáå=~å~äçÖìÉë=Ü~îÉ=êÉéä~ÅÉÇ=ëçäìÄäÉ=
~åÇ= áëçéÜ~åÉ= áåëìäáåëI= ÉëéÉÅá~ääó= Ñçê= éÉçéäÉ= ïáíÜ= íóéÉ= N=
Çá~ÄÉíÉëI= ÄÉÅ~ìëÉ= íÜÉó= ~ääçï= ãçêÉ= ÑäÉñáÄáäáíó= ~åÇ=
ÅçåîÉåáÉåÅÉK= råäáâÉ= ëçäìÄäÉ= áåëìäáåI= ïÜáÅÜ= ëÜçìäÇ= ÄÉ=
áåàÉÅíÉÇ= PM= ãáåìíÉë= ÄÉÑçêÉ= É~íáåÖI= ê~éáÇJ~ÅíáåÖ= áåëìäáå=
~å~äçÖìÉë=Å~å=ÄÉ=~ÇãáåáëíÉêÉÇ=áããÉÇá~íÉäó=ÄÉÑçêÉI=ÇìêáåÖ=
çê= ÉîÉå= ~ÑíÉê= ãÉ~äëK= içåÖ= ~ÅíáåÖ= áåëìäáå= ~å~äçÖìÉë= ~êÉ=
ÄÉííÉê=~ÄäÉ=íÜ~å=áëçéÜ~åÉ=áåëìäáå=íç=ã~áåí~áå=ÚÄ~ë~äÛ=áåëìäáå=
äÉîÉäë= Ñçê= ìé= íç= OQ= ÜçìêëI= ëç= åÉÉÇ= çåäó= ÄÉ= áåàÉÅíÉÇ= çåÅÉ=
Ç~áäóK=aÉëéáíÉ=íÜÉëÉ=éÜ~êã~ÅçâáåÉíáÅ=ÄÉåÉÑáíëI= íÜÉ=áãé~Åí=
çÑ= áåëìäáå= ~å~äçÖìÉë= çå= ÖäóÅ~ÉãáÅ= Åçåíêçä= ~åÇ= ~ÇîÉêëÉ=
ÉîÉåíë=~ééÉ~êë=íç=ÄÉ=ãáåçêKN==

Insulin lispro 
fåëìäáå= äáëéêçI= íÜÉ= Ñáêëí= ãçåçãÉêáÅ= áåëìäáå= ~å~äçÖ= íç= ÄÉ=
ã~êâÉíÉÇI=áë=éêçÇìÅÉÇ=Äó=êÉÅçãÄáå~åí=íÉÅÜåçäçÖó=ïÜÉêÉáå=
íïç=~ãáåç=~ÅáÇë=åÉ~ê=íÜÉ=Å~êÄçñóä=íÉêãáå~ä=çÑ=íÜÉ=_=ÅÜ~áå=
Ü~îÉ=ÄÉÉå=êÉîÉêëÉÇ=áå=éçëáíáçåW=mêçäáåÉ=~í=éçëáíáçå=_OU=Ü~ë=
ÄÉÉå=ãçîÉÇ= íç= _OVI= ~åÇ= äóëáåÉ= ~í= éçëáíáçå= _OV= Ü~ë= ÄÉÉå=
ãçîÉÇ=íç=_OUK==

RÉîÉêëáåÖ=íÜÉëÉ=íïç=~ãáåç=~ÅáÇë=ÇçÉë=åçí=áåíÉêÑÉêÉ=áå=~åó=
ï~ó=ïáíÜ=áåëìäáå=äáëéêçÛë=ÄáåÇáåÖ=íç=íÜÉ=áåëìäáå=êÉÅÉéíçêI=áíë=
ÅáêÅìä~íáåÖ= Ü~äÑJäáÑÉI= çê= áíë= áããìåçÖÉåáÅáíóI= ïÜáÅÜ= ~êÉ=
ëáãáä~ê= íç= íÜçëÉ= çÑ= Üìã~å= êÉÖìä~ê= áåëìäáåK= eçïÉîÉêI= íÜÉ=
~Çî~åí~ÖÉ= çÑ= íÜáë= ~å~äçÖ= áë= áíë= îÉêó= äçï= éêçéÉåëáíóÔáå=
Åçåíê~ëí=íç=Üìã~å=áåëìäáåÔíç=ëÉäÑJ~ëëçÅá~íÉ=áå=~åíáé~ê~ääÉä=
Ñ~ëÜáçå=~åÇ=Ñçêã=ÇáãÉêëK==

qç=ÉåÜ~åÅÉ=íÜÉ=ëÜÉäÑ=äáÑÉ=çÑ=áåëìäáå=áå=îá~äëI=áåëìäáå=äáëéêç=áë=
ëí~ÄáäáòÉÇ=áåíç=ÜÉñ~ãÉêë=Äó=~=ÅêÉëçä=éêÉëÉêî~íáîÉK==

tÜÉå= áåàÉÅíÉÇ= ëìÄÅìí~åÉçìëäóI= íÜÉ= ÇêìÖ= èìáÅâäó=
ÇáëëçÅá~íÉë= áåíç= ãçåçãÉêë= ~åÇ= áë= ê~éáÇäó= ~ÄëçêÄÉÇ= ïáíÜ=
çåëÉí= çÑ= ~Åíáçå=ïáíÜáå= RÓNR=ãáåìíÉë= ~åÇ= éÉ~â= ~Åíáîáíó= ~ë=
É~êäó= ~ë= N= ÜçìêK= qÜÉ= íáãÉ= íç= éÉ~â= ~Åíáçå= áë= êÉä~íáîÉäó=
Åçåëí~åíI=êÉÖ~êÇäÉëë=çÑ=íÜÉ=ÇçëÉK==

Insulin aspart  
fåëìäáå= ~ëé~êí= áë= ÅêÉ~íÉÇ= Äó= íÜÉ= ëìÄëíáíìíáçå= çÑ= íÜÉ= _OU=
éêçäáåÉ= ïáíÜ= ~= åÉÖ~íáîÉäó= ÅÜ~êÖÉÇ= ~ëé~êíáÅ= ~ÅáÇK= qÜáë=
ãçÇáÑáÅ~íáçå= êÉÇìÅÉë= íÜÉ= åçêã~ä= mêç_OU= ~åÇ= däó_OP=
ãçåçãÉêJãçåçãÉê=áåíÉê~ÅíáçåI=íÜÉêÉÄó=áåÜáÄáíáåÖ=áåëìäáå=
ëÉäÑJ~ÖÖêÉÖ~íáçåK==

fíë= ~Äëçêéíáçå= ~åÇ= ~Åíáîáíó= éêçÑáäÉ= ~êÉ= ëáãáä~ê= íç= íÜçëÉ= çÑ=
áåëìäáå= äáëéêçI= ~åÇ= áí= áë= ãçêÉ= êÉéêçÇìÅáÄäÉ= íÜ~å= êÉÖìä~ê=
áåëìäáåI= Äìí= áí= Ü~ë= ÄáåÇáåÖ= éêçéÉêíáÉëI= ~ÅíáîáíóI= ~åÇ=
ãáíçÖÉåáÅáíó= ÅÜ~ê~ÅíÉêáëíáÅë= ëáãáä~ê= íç= íÜçëÉ= çÑ= êÉÖìä~ê=
áåëìäáå=áå=~ÇÇáíáçå=íç=Éèìáî~äÉåí=áããìåçÖÉåáÅáíóK==
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Insulin glulisine 
fåëìäáå=ÖäìäáëáåÉ= áë= Ñçêãìä~íÉÇ=Äó=ëìÄëíáíìíáåÖ=~= äóëáåÉ= Ñçê=
~ëé~ê~ÖáåÉ= ~í= _P= ~åÇ= Öäìí~ãáÅ= ~ÅáÇ= Ñçê= äóëáåÉ= ~í= _OVK= fíë=
~ÄëçêéíáçåI= ~ÅíáçåI= ~åÇ= áããìåçäçÖáÅ= ÅÜ~ê~ÅíÉêáëíáÅë= ~êÉ=
ëáãáä~ê=íç=íÜçëÉ=çÑ=çíÜÉê=áåàÉÅíÉÇ=ê~éáÇJ~ÅíáåÖ=áåëìäáåëK==

^ÑíÉê=ÜáÖÜJÇçëÉ=áåëìäáå=ÖäìäáëáåÉ=áåíÉê~Åíáçå=ïáíÜ=íÜÉ=áåëìäáå=
êÉÅÉéíçêI= íÜÉêÉ= ã~ó= ÄÉ= ÇçïåëíêÉ~ã= ÇáÑÑÉêÉåÅÉë= áå= fRpJO=
é~íÜï~ó= ~Åíáî~íáçå= êÉä~íáîÉ= íç= å~íáîÉ= áåëìäáåK= qÜÉ= ÅäáåáÅ~ä=
ëáÖåáÑáÅ~åÅÉ=çÑ=ëìÅÜ=ÇáÑÑÉêÉåÅÉë=áë=ìåÅäÉ~êK=

 Short-acting insulin 

eìã~å=áåëìäáå= áë=~ÄëçêÄÉÇ=ëäçïäóI=êÉ~ÅÜáåÖ=~=éÉ~â=SMÓVM=
ãáåìíÉë=~ÑíÉê=ëìÄÅìí~åÉçìë=áåàÉÅíáçåI=~åÇ=áíë=~Åíáçå=íÉåÇë=
íç=éÉêëáëí=~ÑíÉê=ãÉ~äëI=éêÉÇáëéçëáåÖ=íç=ÜóéçÖäóÅ~Éãá~KR==

RÉÖìä~ê= áåëìäáå= áë= ~= ëÜçêíJ~ÅíáåÖ= ëçäìÄäÉ= Åêóëí~ääáåÉ= òáåÅ=
áåëìäáå=íÜ~í=áë=åçï=ã~ÇÉ=Äó=êÉÅçãÄáå~åí=ak^=íÉÅÜåáèìÉë=
íç=éêçÇìÅÉ=~=ãçäÉÅìäÉ=áÇÉåíáÅ~ä=íç=Üìã~å=áåëìäáåK==

Pharmacokinetics 
få= ÜáÖÜ= ÅçåÅÉåíê~íáçåëI= ÉÖI= áå= íÜÉ= îá~äI= êÉÖìä~ê= áåëìäáå=
ãçäÉÅìäÉë= ëÉäÑJ~ÖÖêÉÖ~íÉ= áå= ~åíáé~ê~ääÉä= Ñ~ëÜáçå= íç= Ñçêã=
ÇáãÉêë= íÜ~í= ëí~ÄáäáòÉ= ~êçìåÇ= òáåÅ= áçåë= íç= ÅêÉ~íÉ= áåëìäáå=
ÜÉñ~ãÉêëK=qÜÉ=ÜÉñ~ãÉêáÅ=å~íìêÉ=çÑ=êÉÖìä~ê=áåëìäáå=Å~ìëÉë=~=
ÇÉä~óÉÇ= çåëÉí= ~åÇ= éêçäçåÖë= íÜÉ= íáãÉ= íç= éÉ~â= ~ÅíáçåKNQ=
^Äëçêéíáçå=áë=ÇÉä~óÉÇ=ÄÉÅ~ìëÉ=ëçäìÄäÉ=áåëìäáå=áë=áå=íÜÉ=Ñçêã=
çÑ= ëí~ÄäÉ= ÜÉñ~ãÉêë= Eëáñ= áåëìäáå= ãçäÉÅìäÉë= ~êçìåÇ= ~= òáåÅ=
ÅçêÉF= ~åÇ= åÉÉÇë= íç= ÇáëëçÅá~íÉ= íç= ãçåçãÉêë= çê= ÇáãÉêë=
ÄÉÑçêÉ=áí=Å~å=ÉåíÉê=íÜÉ=ÅáêÅìä~íáçåKR==

^ÑíÉê=ëìÄÅìí~åÉçìë=áåàÉÅíáçåI=íÜÉ=áåëìäáå=ÜÉñ~ãÉêë=~êÉ=íçç=
ä~êÖÉ= ~åÇ= Äìäâó= íç= ÄÉ= íê~åëéçêíÉÇ= ~Åêçëë= íÜÉ= î~ëÅìä~ê=
ÉåÇçíÜÉäáìã=áåíç=íÜÉ=ÄäççÇëíêÉ~ãK=^ë=íÜÉ=áåëìäáå=ÇÉéçí=áë=
ÇáäìíÉÇ=Äó=áåíÉêëíáíá~ä=ÑäìáÇ=~åÇ=íÜÉ=ÅçåÅÉåíê~íáçå=ÄÉÖáåë=íç=
Ñ~ääI= íÜÉ= ÜÉñ~ãÉêë= ÄêÉ~â= Ççïå= áåíç= ÇáãÉêë= ~åÇ= Ñáå~ääó=
ãçåçãÉêëK==

qÜáë= êÉëìäíë= áå= íÜêÉÉ= ê~íÉë= çÑ= ~Äëçêéíáçå= çÑ= íÜÉ= áåàÉÅíÉÇ=
áåëìäáåI=ïáíÜ=íÜÉ=Ñáå~ä=ãçåçãÉêáÅ=éÜ~ëÉ=Ü~îáåÖ=íÜÉ=Ñ~ëíÉëí=
ìéí~âÉ=çìí=çÑ=íÜÉ=áåàÉÅíáçå=ëáíÉK==

Disadvantage 
qÜÉ= ÅäáåáÅ~ä= ÅçåëÉèìÉåÅÉ= áë= íÜ~í= ïÜÉå= êÉÖìä~ê= áåëìäáå= áë=
~ÇãáåáëíÉêÉÇ= ~í= ãÉ~äíáãÉI= íÜÉ= ÄäççÇ= ÖäìÅçëÉ= êáëÉë= Ñ~ëíÉê=
íÜ~å= íÜÉ= áåëìäáå= ïáíÜ= êÉëìäí~åí= É~êäó= éçëíéê~åÇá~ä=
ÜóéÉêÖäóÅÉãá~= ~åÇ= ~å= áåÅêÉ~ëÉÇ= êáëâ= çÑ= ä~íÉ= éçëíéê~åÇá~ä=
ÜóéçÖäóÅÉãá~K= qÜÉêÉÑçêÉI= êÉÖìä~ê= áåëìäáå= ëÜçìäÇ= ÄÉ=
áåàÉÅíÉÇ= PMÓQR= çê= ãçêÉ= ãáåìíÉë= ÄÉÑçêÉ= íÜÉ= ãÉ~ä= íç=
ãáåáãáòÉ=íÜÉ=ãáëã~íÅÜáåÖK==

Clinical use  
pÜçêíJ~ÅíáåÖI= êÉÖìä~ê= ëçäìÄäÉ= áåëìäáå= áë= íÜÉ= çåäó= íóéÉ= íÜ~í=
ëÜçìäÇ=ÄÉ=~ÇãáåáëíÉêÉÇ=áåíê~îÉåçìëäó=ÄÉÅ~ìëÉ=íÜÉ=Çáäìíáçå=
Å~ìëÉë=íÜÉ=ÜÉñ~ãÉêáÅ=áåëìäáå=íç=áããÉÇá~íÉäó=ÇáëëçÅá~íÉ=áåíç=
ãçåçãÉêëK==

fí=áë=é~êíáÅìä~êäó=ìëÉÑìä=Ñçê=Ó=RINQ==
• áåíê~îÉåçìë=íÜÉê~éó=áå=íÜÉ=ã~å~ÖÉãÉåí=çÑ=Çá~ÄÉíáÅ=

âÉíç~ÅáÇçëáëI=
• ïÜÉå= íÜÉ= áåëìäáå= êÉèìáêÉãÉåí= áë= ÅÜ~åÖáåÖ= ê~éáÇäóI=

ëìÅÜ= ~ë= ~ÑíÉê= ëìêÖÉêóI= áå= ä~ÄçìêI= ÇìêáåÖ= ~ÅìíÉ=
áåÑÉÅíáçåë=çê=ÇìêáåÖ=ãÉÇáÅ~ä=ÉãÉêÖÉåÅáÉëK=

fí=Å~å=~äëç=ÄÉ=ìëÉÇ=Ñçê=éêÉJãÉ~ä=áåàÉÅíáçå=áå=ãìäíáéäÉJÇçëÉ=
êÉÖáãÉåë=~åÇ=áå=é~íáÉåíë=ìëáåÖ=áåëìäáå=éìãéëKR==

Disadvantage 
^ë=ïáíÜ=~ää=çäÇÉê=áåëìäáå=Ñçêãìä~íáçåëI=íÜÉ=Çìê~íáçå=çÑ=~Åíáçå=
~ë=ïÉää=~ë=íÜÉ=íáãÉ=çÑ=çåëÉí=~åÇ=íÜÉ=áåíÉåëáíó=çÑ=éÉ~â=~Åíáçå=
áåÅêÉ~ëÉ=ïáíÜ=íÜÉ=ëáòÉ=çÑ=íÜÉ=ÇçëÉK=`äáåáÅ~ääóI=íÜáë=áë=~=ÅêáíáÅ~ä=
áëëìÉ= ÄÉÅ~ìëÉ= íÜÉ= éÜ~êã~ÅçâáåÉíáÅë= ~åÇ=
éÜ~êã~ÅçÇóå~ãáÅë= çÑ= ëã~ää= ÇçëÉë= çÑ= êÉÖìä~ê= ~åÇ= kme=
áåëìäáåë=ÇáÑÑÉê=ÖêÉ~íäó=Ñêçã=íÜçëÉ=çÑ=ä~êÖÉ=ÇçëÉëK==

qÜÉ= ÇÉä~óÉÇ= ~ÄëçêéíáçåI= ÇçëÉJÇÉéÉåÇÉåí= Çìê~íáçå= çÑ=
~ÅíáçåI= ~åÇ= î~êá~Äáäáíó= çÑ= ~Äëçêéíáçå= E˜= ORBF= çÑ= êÉÖìä~ê=
Üìã~å= áåëìäáå= ÑêÉèìÉåíäó= êÉëìäíë= áå= ~= ãáëã~íÅÜáåÖ= çÑ=
áåëìäáå=~î~áä~Äáäáíó=ïáíÜ=åÉÉÇI=~åÇ=áíë=ìëÉ=áë=ÇÉÅäáåáåÖK==

^äëçI=íÜÉ=ëÜçêíJ~ÅíáåÖ=~å~äçÖìÉë=Ü~îÉ=äáííäÉ=ÉÑÑÉÅí=çå=çîÉê~ää=
ÖäìÅçëÉ=Åçåíêçä=áå=ãçëí=é~íáÉåíëI=ã~áåäó=ÄÉÅ~ìëÉ=áãéêçîÉÇ=
éçëíéê~åÇá~ä=ÖäìÅçëÉ=áë=Ä~ä~åÅÉÇ=Äó=ÜáÖÜÉê=äÉîÉäë=ÄÉÑçêÉ=íÜÉ=
åÉñí=ãÉ~äK=^=`çÅÜê~åÉ=êÉîáÉï=Ü~ë=ÅçåÅäìÇÉÇ=íÜ~í=íÜÉêÉ=áë=
äáííäÉ=ÉîáÇÉåÅÉ=çÑ=íÜÉáê=ÄÉåÉÑáí=áå=íóéÉ=O=Çá~ÄÉíÉëKR=

 
Intermediate-acting and  
long-acting insulins 

qÜÉ= ~Åíáçå= çÑ= Üìã~å= áåëìäáå= Å~å= ÄÉ= éêçäçåÖÉÇ= Äó= íÜÉ=
~ÇÇáíáçå=çÑ=òáåÅ=çê=éêçí~ãáåÉ=ÇÉêáîÉÇ=Ñêçã=ÑáëÜ=ëéÉêãK=qÜÉ=
ãçëí=ïáÇÉäó= ìëÉÇ= Ñçêã= áë=kme= EáëçéÜ~åÉ= áåëìäáåFI=ïÜáÅÜ=
Ü~ë= íÜÉ= ~Çî~åí~ÖÉ= íÜ~í= áí= Å~å= ÄÉ= éêÉãáñÉÇ= ïáíÜ= ëçäìÄäÉ=
áåëìäáå= íç= Ñçêã= ëí~ÄäÉ= ãáñíìêÉë= EÄáéÜ~ëáÅ= áåëìäáåëF;= íÜÉ=
ÅçãÄáå~íáçå=çÑ=PMB=ëçäìÄäÉ=ïáíÜ=TMB=kme=áë=ãçëí=ïáÇÉäó=
ìëÉÇK=içåÖJ~ÅíáåÖ=~å~äçÖìÉë=Ü~îÉ=íÜÉáê=ëíêìÅíìêÉ=ãçÇáÑáÉÇ=
íç=ÇÉä~ó=~Äëçêéíáçå=çê=íç=éêçäçåÖ=íÜÉáê=Çìê~íáçå=çÑ=~ÅíáçåKR=

^äíÜçìÖÜ=éçéìä~ê=~åÇ=ïáÇÉäó=ìëÉÇI=íÜÉëÉ=áåëìäáåë=~êÉ=ãìÅÜ=
ãçêÉ= ÉñéÉåëáîÉ= íÜ~åI= ~åÇ= Ü~îÉ= äáííäÉ= ÇÉãçåëíê~íÉÇ=
~Çî~åí~ÖÉ= çîÉêI= Üìã~å= kmeI= ÉëéÉÅá~ääó= áå= íÜÉ=
ã~å~ÖÉãÉåí=çÑ=íóéÉ=O=Çá~ÄÉíÉëI=~äíÜçìÖÜ=íÜÉó=~êÉ=ìëÉÑìä=áå=
íÜçëÉ= çå= áåíÉåëáÑáÉÇ= íÜÉê~éó= çê= ïáíÜ= íêçìÄäÉëçãÉ=
ÜóéçÖäóÅ~Éãá~K=kf`b=~ÇîáëÉë=íÜ~í=áåëìäáå=~å~äçÖìÉë=ëÜçìäÇ=
ÄÉ= êÉëÉêîÉÇ= Ñçê= íÜçëÉ=ïÜç= Ñ~áä= íç= êÉëéçåÇ=ïÉää= íç= Üìã~å=
kme=áåëìäáåKR=

NPH insulin 
qÜÉ=Çìê~íáçå=çÑ=~Åíáçå=çÑ=ëÜçêíJ~ÅíáåÖI=ìåãçÇáÑáÉÇ=áåëìäáå=
EÚëçäìÄäÉÛ=çê=ÚêÉÖìä~êÛ=áåëìäáåFI=ïÜáÅÜ=áë=~=ÅäÉ~ê=ëçäìíáçåI=Å~å=
ÄÉ=ÉñíÉåÇÉÇ=Äó=íÜÉ=~ÇÇáíáçå=çÑ=NÓ=

NK éêçí~ãáåÉ= ~åÇ= òáåÅ= ~í= åÉìíê~ä= ée= EáëçéÜ~åÉ= çê=
kme=áåëìäáåF=çê==

OK ÉñÅÉëë=òáåÅ=áçåë=EäÉåíÉ=áåëìäáåëFK==
- qÜÉëÉ= ãçÇáÑáÉÇ= ÚÇÉéçíÛ= áåëìäáåë= ~êÉ= ÅäçìÇó=

éêÉé~ê~íáçåëK==

kme=EåÉìíê~ä=éêçí~ãáåÉ=e~ÖÉÇçêåI=çê=áëçéÜ~åÉF=áåëìäáå=áë=
~å=áåíÉêãÉÇá~íÉJ~ÅíáåÖ=áåëìäáå=ïÜçëÉ=~Äëçêéíáçå=~åÇ=çåëÉí=
çÑ=~Åíáçå=~êÉ=ÇÉä~óÉÇ=Äó=ÅçãÄáåáåÖ=~ééêçéêá~íÉ=~ãçìåíë=çÑ=
áåëìäáå= ~åÇ= éêçí~ãáåÉ= ëç= íÜ~í= åÉáíÜÉê= áë= éêÉëÉåí= áå= ~å=
ìåÅçãéäÉñÉÇ=Ñçêã=E“áëçéÜ~åÉÒFK==

^ÑíÉê= ëìÄÅìí~åÉçìë= áåàÉÅíáçåI= éêçíÉçäóíáÅ= íáëëìÉ= ÉåòóãÉë=
ÇÉÖê~ÇÉ=íÜÉ=éêçí~ãáåÉ=íç=éÉêãáí=~Äëçêéíáçå=çÑ=áåëìäáåK==

kme=áåëìäáå=áë=ìëì~ääó=ãáñÉÇ=ïáíÜ=êÉÖìä~êI=äáëéêçI=~ëé~êíI=çê=
ÖäìäáëáåÉ=áåëìäáå=~åÇ=ÖáîÉå=íïç=íç=Ñçìê=íáãÉë=Ç~áäó=Ñçê=áåëìäáå=
êÉéä~ÅÉãÉåíK==

qÜÉ= ÇçëÉ= êÉÖìä~íÉë= íÜÉ= ~Åíáçå= éêçÑáäÉ;= ëéÉÅáÑáÅ~ääóI= ëã~ää=
ÇçëÉë= Ü~îÉ= äçïÉêI= É~êäáÉê= éÉ~âë= ~åÇ= ~= ëÜçêí= Çìê~íáçå= çÑ=
~Åíáçå=ïáíÜ=íÜÉ=ÅçåîÉêëÉ=íêìÉ=Ñçê=ä~êÖÉ=ÇçëÉëK==
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qÜÉ= ~Åíáçå= çÑ= kme= áë= ÜáÖÜäó= ìåéêÉÇáÅí~ÄäÉI= ~åÇ= áíë=
î~êá~Äáäáíó= çÑ= ~Äëçêéíáçå= áë= çîÉê= RMBK= qÜÉ= ÅäáåáÅ~ä= ìëÉ= çÑ=
kme= áë= ï~åáåÖ= ÄÉÅ~ìëÉ= çÑ= áíë= ~ÇîÉêëÉ= éÜ~êã~ÅçâáåÉíáÅë=
ÅçãÄáåÉÇ= ïáíÜ= íÜÉ= ~î~áä~Äáäáíó= çÑ= äçåÖJ~ÅíáåÖ= áåëìäáå=
~å~äçÖë= íÜ~í= Ü~îÉ= ~= ãçêÉ= éêÉÇáÅí~ÄäÉ= ~åÇ= éÜóëáçäçÖáÅ=
~ÅíáçåK==

Insulin glargine 
fåëìäáå=Öä~êÖáåÉ=áë=~=ëçäìÄäÉI=“éÉ~âäÉëëÒ=EáÉI=Ü~îáåÖ=~=Äêç~Ç=
éä~ëã~=ÅçåÅÉåíê~íáçå=éä~íÉ~ìFI=äçåÖJ~ÅíáåÖ=áåëìäáå=~å~äçÖK==

qÜáë= éêçÇìÅí= ï~ë= ÇÉëáÖåÉÇ= íç= éêçîáÇÉ= êÉéêçÇìÅáÄäÉI=
ÅçåîÉåáÉåíI=Ä~ÅâÖêçìåÇ=áåëìäáå=êÉéä~ÅÉãÉåíK==

qÜÉ=~íí~ÅÜãÉåí=çÑ= íïç=~êÖáåáåÉ=ãçäÉÅìäÉë= íç= íÜÉ=_JÅÜ~áå=
Å~êÄçñóä= íÉêãáå~ä= ~åÇ= ëìÄëíáíìíáçå= çÑ= ~= ÖäóÅáåÉ= Ñçê=
~ëé~ê~ÖáåÉ= ~í= íÜÉ= ^ON= éçëáíáçå= ÅêÉ~íÉÇ= ~å= ~å~äçÖ= íÜ~í= áë=
ëçäìÄäÉ= áå=~å=~ÅáÇáÅ= ëçäìíáçå=Äìí=éêÉÅáéáí~íÉë= áå= íÜÉ=ãçêÉ=
åÉìíê~ä= ÄçÇó= ée= ~ÑíÉê= ëìÄÅìí~åÉçìë= áåàÉÅíáçåKNQ= fåëìäáå=
Öä~êÖáåÉ= áë= ëçäìÄäÉ= áå= íÜÉ= îá~ä= ~ë= ~= ëäáÖÜíäó= ~ÅáÇáÅ= Eée= QF=
ëçäìíáçå= Äìí= éêÉÅáéáí~íÉë= ~í= ëìÄÅìí~åÉçìë= éeI= íÜìë=
éêçäçåÖáåÖ=áíë=Çìê~íáçå=çÑ=~ÅíáçåKR==

fåÇáîáÇì~ä=áåëìäáå=ãçäÉÅìäÉë=ëäçïäó=ÇáëëçäîÉ=~ï~ó=Ñêçã=íÜÉ=
Åêóëí~ääáåÉ= ÇÉéçí= ~åÇ= éêçîáÇÉ= ~= äçïI= Åçåíáåìçìë= äÉîÉä= çÑ=
ÅáêÅìä~íáåÖ=áåëìäáåK==

fåëìäáå=Öä~êÖáåÉ=Ü~ë=~=ëäçï=çåëÉí=çÑ=~Åíáçå=ENÓNKR=ÜçìêëF=~åÇ=
~ÅÜáÉîÉë=~=ã~ñáãìã=ÉÑÑÉÅí=~ÑíÉê=QÓS=ÜçìêëK=qÜáë=ã~ñáãìã=
~Åíáîáíó=áë=ã~áåí~áåÉÇ=Ñçê=NNÓOQ=Üçìêë=çê=äçåÖÉêK==

dä~êÖáåÉ= áë= ìëì~ääó= ÖáîÉå= çåÅÉ= Ç~áäóI= ~äíÜçìÖÜ= ëçãÉ= îÉêó=
áåëìäáåJëÉåëáíáîÉ= çê= áåëìäáåJêÉëáëí~åí= áåÇáîáÇì~äë= ÄÉåÉÑáí=
Ñêçã=ëéäáí=EíïáÅÉ=~=Ç~óF=ÇçëáåÖK==

qç=ã~áåí~áå=ëçäìÄáäáíóI=íÜÉ=Ñçêãìä~íáçå=áë=ìåìëì~ääó=~ÅáÇáÅ=
Eée= QKMFI= ~åÇ= áåëìäáå= Öä~êÖáåÉ= ëÜçìäÇ= åçí= ÄÉ= ãáñÉÇ= ïáíÜ=
çíÜÉê=áåëìäáåëK=pÉé~ê~íÉ=ëóêáåÖÉë=ãìëí=ÄÉ=ìëÉÇ=íç=ãáåáãáòÉ=

íÜÉ=êáëâ=çÑ=Åçåí~ãáå~íáçå=~åÇ=ëìÄëÉèìÉåí=äçëë=çÑ=ÉÑÑáÅ~ÅóK==

qÜÉ= ~Äëçêéíáçå= é~ííÉêå= çÑ= áåëìäáå= Öä~êÖáåÉ= ~ééÉ~êë= íç= ÄÉ=
áåÇÉéÉåÇÉåí=çÑ=íÜÉ=~å~íçãáÅ=ëáíÉ=çÑ=áåàÉÅíáçåI=~åÇ=íÜáë=ÇêìÖ=
áë=~ëëçÅá~íÉÇ=ïáíÜ=äÉëë=áããìåçÖÉåáÅáíó=íÜ~å=Üìã~å=áåëìäáå=
áå=~åáã~ä=ëíìÇáÉëK==

Insulin detemir 
qÜáë= áåëìäáå= áë= íÜÉ= ãçëí= êÉÅÉåíäó= ÇÉîÉäçéÉÇ= äçåÖJ~ÅíáåÖ=
áåëìäáå=~å~äçÖK==

Ñ~ííó= ~ÅáÇ= Úí~áäÛ= íÜ~í= ~ääçïë= áí= íç= ÄáåÇ= êÉîÉêëáÄäó= íç= ëÉêìã=
~äÄìãáåI= ~åÇ= áíë= ëäçï= ÇáëëçÅá~íáçå= Ñêçã= íÜÉ= ÄçìåÇ= ëí~íÉ=
éêçäçåÖë=áíë=Çìê~íáçå=çÑ=~ÅíáçåK==

fåëìäáå= ÇÉíÉãáê= Ü~ë= íÜÉ= ãçëí= êÉéêçÇìÅáÄäÉ= ÉÑÑÉÅí= çÑ= íÜÉ=
áåíÉêãÉÇá~íÉJ= ~åÇ= äçåÖJ~ÅíáåÖ= áåëìäáåëI= ~åÇ= áíë= ìëÉ= áë=
~ëëçÅá~íÉÇ=ïáíÜ=äÉëë=ÜóéçÖäóÅÉãá~=íÜ~å=kme=áåëìäáåK==

fåëìäáå=ÇÉíÉãáê=Ü~ë=~=ÇçëÉJÇÉéÉåÇÉåí=çåëÉí=çÑ=~Åíáçå=çÑ=NÓ
O=Üçìêë=~åÇ=Çìê~íáçå=çÑ=~Åíáçå=çÑ=ãçêÉ=íÜ~å=NO=ÜçìêëK==

fí= áë= ÖáîÉå= íïáÅÉ= Ç~áäó= íç= çÄí~áå= ~= ëãççíÜ= Ä~ÅâÖêçìåÇ=
áåëìäáå=äÉîÉäK=

Insulin degludec5  
fåëìäáå= ÇÉÖäìÇÉÅ= áë= ~= åÉïÉêI= äçåÖJíÉêã= áåëìäáå= íÜ~í= Ü~ë=
éêçîÉÇ= åçåJáåÑÉêáçê= íç= áåëìäáå= Öä~êÖáåÉI= ïáíÜ= ~= ëã~ää=
êÉÇìÅíáçå=áå=åçÅíìêå~ä=ÜóéçÖäóÅ~Éãá~K=

 Inhaled insulin5 

qÜÉ=Ñáêëí=áåÜ~äÉÇ=áåëìäáå=ï~ë=ïáíÜÇê~ïå=Ñêçã=íÜÉ=ã~êâÉí=áå=
OMMT=çå=íÜÉ=ÖêçìåÇë=çÑ= äáãáíÉÇ=ÅäáåáÅ~ä=ÇÉã~åÇI=~äíÜçìÖÜ=
äìåÖ= Å~åÅÉê= ï~ë= ~äëç= çÄëÉêîÉÇK= ^= åÉï= Ñçêãìä~íáçå=
E^ÑêÉòò~®F=êÉÅÉáîÉÇ=ca^=~ééêçî~ä=áå=gìäó=OMNQK=

=
=

=
Figure:	Amino	acid	structure	of	human	insulin.5	Modification	of	human	insulin	produces	rapid-acting	insulins,	of	which	two	examples	(lispro	and	aspart)	are	
shown,	and	long-acting	insulins	(glargine	and	detemir).		

• Lispro	is	created	by	reversing	the	order	of	the	amino	acids	proline	and	lysine	in	positions	28	and	29	of	the	B	chain.		

• Aspart	is	a	similar	analogue	created	by	replacing	proline	at	position	28	of	the	B	chain	with	an	aspartic	acid	residue.		
• Glargine	is	created	by	replacing	asparagine	in	position	21	of	the	A	chain	with	a	glycine	residue	and	adding	two	arginines	to	the	end	of	the	B	chain.		
• Detemir	discards	threonine	in	position	30	of	the	B	chain	and	adds	a	fatty	acyl	chain	to	lysine	in	position	B29.
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 Mixtures of insulins 
=
_ÉÅ~ìëÉ=áåíÉêãÉÇá~íÉJ~ÅíáåÖ=kme=áåëìäáåë=êÉèìáêÉ=ëÉîÉê~ä=
Üçìêë= íç= êÉ~ÅÜ= ~ÇÉèì~íÉ= íÜÉê~éÉìíáÅ= äÉîÉäëI= íÜÉáê= ìëÉ= áå=
Çá~ÄÉíáÅ=é~íáÉåíë=ìëì~ääó=êÉèìáêÉë=ëìééäÉãÉåíë=çÑ=ê~éáÇJçê=
ëÜçêíJ~ÅíáåÖ=áåëìäáå=ÄÉÑçêÉ=ãÉ~äëK==

cçê= ÅçåîÉåáÉåÅÉI= íÜÉëÉ= ~êÉ= çÑíÉå= ãáñÉÇ= íçÖÉíÜÉê= áå= íÜÉ=
ë~ãÉ= ëóêáåÖÉ= ÄÉÑçêÉ= áåàÉÅíáçåK= fåëìäáå= äáëéêçI= ~ëé~êíI= ~åÇ=
ÖäìäáëáåÉ= Å~å= ÄÉ= ~ÅìíÉäó= ãáñÉÇ= EáÉI= àìëí= ÄÉÑçêÉ= áåàÉÅíáçåF=
ïáíÜ=kme=áåëìäáå=ïáíÜçìí=~ÑÑÉÅíáåÖ=íÜÉáê=ê~éáÇ=~ÄëçêéíáçåKNQ=
qÜÉëÉ= ~êÉ= ìëÉÑìä= Ñçê= é~íáÉåíë= ïÜç= Ü~îÉ= ÇáÑÑáÅìäíó= ãáñáåÖ=
áåëìäáåëI= Äìí= ~êÉ= áåÑäÉñáÄäÉ= ~ë= íÜÉ= áåÇáîáÇì~ä= ÅçãéçåÉåíë=
Å~ååçí= ÄÉ= ~ÇàìëíÉÇ= áåÇÉéÉåÇÉåíäóK= qÜÉó= åÉÉÇ= íç= ÄÉ=
êÉëìëéÉåÇÉÇ= Äó= ëÜ~âáåÖ= íÜÉ= îá~ä= ëÉîÉê~ä= íáãÉë= ÄÉÑçêÉ=
~Çãáåáëíê~íáçåKN==

eçïÉîÉêI= éêÉãáñÉÇ= éêÉé~ê~íáçåë= Ü~îÉ= íÜìë= Ñ~ê= ÄÉÉå=
ìåëí~ÄäÉK=qç=êÉãÉÇó=íÜáëI=áåíÉêãÉÇá~íÉ=áåëìäáåë=ÅçãéçëÉÇ=
çÑ=áëçéÜ~åÉ=ÅçãéäÉñÉë=çÑ=éêçí~ãáåÉ=ïáíÜ=áåëìäáå=äáëéêç=~åÇ=
áåëìäáå= ~ëé~êí= Ü~îÉ= ÄÉÉå= ÇÉîÉäçéÉÇK= qÜÉëÉ= áåíÉêãÉÇá~íÉ=
áåëìäáåë=Ü~îÉ= íÜÉ=ë~ãÉ=Çìê~íáçå=çÑ=~Åíáçå=~ë=kme=áåëìäáå=
~åÇ=Ü~îÉ=ÄÉÉå=ÇÉëáÖå~íÉÇ=~ë=Ó=

• “kmiÒ=EåÉìíê~ä=éêçí~ãáåÉ=äáëéêçF=~åÇ=
• “km^Ò=EåÉìíê~ä=éêçí~ãáåÉ=~ëé~êíF=

qÜÉ=ca^=Ü~ë=~ééêçîÉÇ=éêÉãáñÉÇ=Ñçêãìä~íáçåë=~êÉ=Ó=
• TRBLORB=kmiLáåëìäáå=äáëéêç=~åÇ==
• TMBLPMB=km^Láåëìäáå=~ëé~êíK==

^ÇÇáíáçå~ä=ê~íáçë=~êÉ=~î~áä~ÄäÉ=~Äêç~ÇK==

cáñÉÇJãáñíìêÉ= áåëìäáåë= ~äëç= Ü~îÉ= ~äíÉêÉÇ=
éÜ~êã~ÅçÇóå~ãáÅ= éêçÑáäÉëI= ëìÅÜ= íÜ~í= íÜÉ= éÉ~â= áåëìäáå=
~Åíáçå= ~åÇ= íáãÉ= íç= éÉ~â= ÉÑÑÉÅí= ~êÉ= ëáÖåáÑáÅ~åíäó= êÉÇìÅÉÇ=
Åçãé~êÉÇ=ïáíÜ=áåàÉÅíáåÖ=íÜÉ=ë~ãÉ=áåëìäáåë=ëÉé~ê~íÉäóKN==

fåëìäáå= Öä~êÖáåÉ= ~åÇ= ÇÉíÉãáê= ãìëí= ÄÉ= ÖáîÉå= ~ë= ëÉé~ê~íÉ=
áåàÉÅíáçåëK=qÜÉó=~êÉ=åçí=ãáëÅáÄäÉ=~ÅìíÉäó=çê=áå=~=éêÉãáñÉÇ=
éêÉé~ê~íáçå=ïáíÜ=~åó=çíÜÉê=áåëìäáå=Ñçêãìä~íáçåK==

mêÉãáñÉÇ=Ñçêãìä~íáçåë=çÑ=TMBLPMB=kmeLêÉÖìä~ê=ÅçåíáåìÉ=
íç=ÄÉ=~î~áä~ÄäÉK=qÜÉëÉ=éêÉé~ê~íáçåë=Ü~îÉ=~ää=íÜÉ=äáãáí~íáçåë=
çÑ= êÉÖìä~ê= áåëìäáåI= å~ãÉäóI= ÜáÖÜäó= ÇçëÉJÇÉéÉåÇÉåí=
éÜ~êã~ÅçâáåÉíáÅ= ~åÇ= éÜ~êã~ÅçÇóå~ãáÅ= éêçÑáäÉëI= ~åÇ=
î~êá~Äáäáíó=áå=~ÄëçêéíáçåK=

=

 Concentration of insulins 
=
^ää=áåëìäáåë=áå=íÜÉ=rp^I=`~å~Ç~=~åÇ=áå=ãçëí=ÅçìåíêáÉëI=íÜÉ=
ÅçåÅÉåíê~íáçå= áå= ~î~áä~ÄäÉ= Ñçêãìä~íáçåë= Ü~ë= ÄÉÉå=
ëí~åÇ~êÇáëÉÇ=~í=NMM=rLãi=ErNMMFKNIQINQ==

^=äáãáíÉÇ=ëìééäó=çÑ=rRMM=êÉÖìä~ê=Üìã~å=áåëìäáå=áë=~î~áä~ÄäÉ=
Ñçê=ìëÉ= áå= ê~êÉ=Å~ëÉë=çÑ= ëÉîÉêÉ= áåëìäáå= êÉëáëí~åÅÉ= áå=ïÜáÅÜ=
ä~êÖÉê=ÇçëÉë=çÑ=áåëìäáå=~êÉ=êÉèìáêÉÇKNQ=

=

 Insulin delivery systems 
=
fåëìäáå=ÇÉäáîÉêó=ëóëíÉãë=~êÉNQ=Ó=

NK pí~åÇ~êÇ=ÇÉäáîÉêó=Äó=ëìÄÅìí~åÉçìë=áåàÉÅíáçå=
OK mçêí~ÄäÉ=éÉå=áåàÉÅíçêë=
PK `çåíáåìçìë=ëìÄÅìí~åÉçìë=áåëìäáå=áåÑìëáçå=ÇÉîáÅÉë=

E`pffI=fåëìäáå=éìãéëF=~åÇ=
QK fåÜ~äÉÇ=áåëìäáå=

få=ãçëí=é~íáÉåíëI=áåëìäáå=áë=áåàÉÅíÉÇ=ëìÄÅìí~åÉçìëäó=ëÉîÉê~ä=
íáãÉë= ~= Ç~óK= líÜÉê= êçìíÉë= çÑ= ~Çãáåáëíê~íáçå= Eáåíê~îÉåçìë=
~åÇ= áåíê~éÉêáíçåÉ~äF= ~êÉ= êÉëÉêîÉÇ= Ñçê= ëéÉÅáÑáÅ=
ÅáêÅìãëí~åÅÉëK= `äáåáÅ~ä= íêá~äë= ïáíÜ= áåíê~éìäãçå~êó=
EáåÜ~ä~íáçåFI=íê~åëÇÉêã~ä=~åÇ=çê~ä=áåëìäáåë=~êÉ=çåÖçáåÖ=Äìí=
~ë=óÉí=åçåÉ=Ü~ë=éêçîÉå=ÅçããÉêÅá~ääó=îá~ÄäÉKN=

 

 
Subcutaneous multiple dose 
insulin therapy1 

bîÉå=íÜçìÖÜ=ãçëí=áåàÉÅíáçåë=~êÉ=îáêíì~ääó=é~áåäÉëëI=é~íáÉåíë=
~êÉ= ìåÇÉêëí~åÇ~Ääó= ~ééêÉÜÉåëáîÉ= ~åÇ= íêÉ~íãÉåí= ÄÉÖáåë=
ïáíÜ= ~= äÉëëçå= áå= áåàÉÅíáçå= íÉÅÜåáèìÉK= päáã= ~Çìäíë= ~åÇ=
ÅÜáäÇêÉå=ìëì~ääó= ìëÉ= ~= PNJÖ~ìÖÉ= SJ=ãã=åÉÉÇäÉ= ~åÇ= Ñ~ííÉê=
~Çìäíë=~=PMJÖ~ìÖÉ=UJãã=åÉÉÇäÉKR==

Sites 
få=ãçëí=é~íáÉåíëI=áåëìäáå=áë=áåàÉÅíÉÇ=ëìÄÅìí~åÉçìëäó=ëÉîÉê~ä=
íáãÉë=~=Ç~ó=áåíç=íÜÉ=Ó=

• ~åíÉêáçê=~ÄÇçãáå~ä=ï~ääI==
• ìééÉê=~êãëI==
• çìíÉê=íÜáÖÜë=~åÇ==
• ÄìííçÅâëK==

Rate of absorption 
qÜÉ=ê~íÉ=çÑ=~Äëçêéíáçå=çÑ=áåëìäáå=ã~ó=ÄÉ=áåÑäìÉåÅÉÇ=Äó=Ó=

• áåëìäáå=Ñçêãìä~íáçåI==
• ëáíÉI= ÇÉéíÜ= ~åÇ= îçäìãÉ= çÑ= áåàÉÅíáçå= E~Äëçêéíáçå= áë=

ãçêÉ= ê~éáÇ= Ñêçã= íÜÉ= ~ÄÇçãÉå= íÜ~å= Ñêçã= íÜÉ= ~êãI=
~åÇ=áë=ëäçïÉëí=Ñêçã=íÜÉ=íÜáÖÜRFI=

• ëâáå= íÉãéÉê~íìêÉ= Eï~êãáåÖFNI= ëìÄÅìí~åÉçìë= ÄäççÇ=
ÑäçïRI=

• äçÅ~ä=ã~ëë~ÖÉ=~åÇ==
• ÉñÉêÅáëÉK==

Side effects and caution 
• ^ÅÅáÇÉåí~ä= áåíê~ãìëÅìä~ê= áåàÉÅíáçå= çÑíÉå= çÅÅìêë= áå=

ÅÜáäÇêÉå=~åÇ=íÜáå=~ÇìäíëK==
• qÜÉ= áåàÉÅíáçå= ëáíÉ= ëÜçìäÇ= ÄÉ= ÅÜ~åÖÉÇ= êÉÖìä~êäó= íç=

éêÉîÉåí=~êÉ~ë=çÑ=äáéçÜóéÉêíêçéÜó=EÑ~ííó=äìãéëFKR=
• ^Äëçêéíáçå=áë=ÇÉä~óÉÇ=Ñêçã=~êÉ~ë=çÑ=äáéçÜóéÉêíêçéÜó=

~í=áåàÉÅíáçå=ëáíÉëI=ïÜáÅÜ=êÉëìäíë=Ñêçã=íÜÉ=äçÅ~ä=íêçéÜáÅ=
~Åíáçå=çÑ=áåëìäáåK=

• låÅÉ=~ÄëçêÄÉÇ=áåíç=íÜÉ=ÄäççÇI=áåëìäáå=Ü~ë=~=Ü~äÑJäáÑÉ=
çÑ= àìëí= ~= ÑÉï=ãáåìíÉëK= fí= áë= êÉãçîÉÇ=ã~áåäó= Äó= íÜÉ=
äáîÉê= ~åÇ= ~äëç= íÜÉ= âáÇåÉóëI= ëç= éä~ëã~= áåëìäáå=
ÅçåÅÉåíê~íáçåë= ~êÉ= ÉäÉî~íÉÇ= áå= é~íáÉåíë= ïáíÜ= äáîÉê=
ÇáëÉ~ëÉ=çê=êÉå~ä=Ñ~áäìêÉK=R~êÉäóI=íÜÉ=ê~íÉ=çÑ=ÅäÉ~ê~åÅÉ=
Å~å= ÄÉ= ~ÑÑÉÅíÉÇ= Äó= ÄáåÇáåÖ= íç= áåëìäáå= ~åíáÄçÇáÉë=
EáåÇìÅÉÇ=Äó=ìëÉ=çÑ=~åáã~ä=áåëìäáåëFK==
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Procedure of subcutaneous insulin administration 
• kÉÉÇäÉ=ëáíÉÇ=~í=êáÖÜí=~åÖäÉ=íç=íÜÉ=ëâáå==
• pìÄÅìí~åÉçìë=Eåçí=áåíê~ãìëÅìä~êF=áåàÉÅíáçå==
• aÉäáîÉêó= ÇÉîáÅÉëW= Öä~ëë= ëóêáåÖÉ= EêÉèìáêÉë= êÉJ

ëíÉêáäáë~íáçåFI=éä~ëíáÅ=ëóêáåÖÉ=EÇáëéçë~ÄäÉFI=éÉå=ÇÉîáÅÉ=
EêÉìë~ÄäÉI=ëçãÉ=Çáëéçë~ÄäÉFI=áåÑìëáçå=éìãé=

 CSII, Open loop system1,5,14 

`çåíáåìçìë= ëìÄÅìí~åÉçìë= áåëìäáå= áåÑìëáçå= E`pffF= ÇÉîáÅÉë=
~êÉ=ÉñíÉêå~ä=çéÉåJäççé=éìãéë=Ñçê=áåëìäáå=ÇÉäáîÉêóK==

ÚléÉåJäççéÛ=ëóëíÉãë=~êÉ=Ä~ííÉêóJéçïÉêÉÇ=éçêí~ÄäÉ=éìãéë=
éêçîáÇáåÖ=Åçåíáåìçìë=ëìÄÅìí~åÉçìë=E`pffFI=áåíê~éÉêáíçåÉ~ä=
çê=áåíê~îÉåçìë=áåÑìëáçå=çÑ=áåëìäáå=ïáíÜçìí=êÉÑÉêÉåÅÉ=íç=íÜÉ=
ÄäççÇ= ÖäìÅçëÉ= ÅçåÅÉåíê~íáçåK= rëì~ääó= ~= ëã~ää= éìãé= áë=
ëíê~ééÉÇ=~êçìåÇ=íÜÉ=ï~áëí=íÜ~í=áåÑìëÉë=~=Åçåëí~åí=íêáÅâäÉ=çÑ=
áåëìäáå=îá~=~=åÉÉÇäÉ=áå=íÜÉ=ëìÄÅìí~åÉçìë=íáëëìÉëK==

qÜÉ= ê~íÉ= çÑ= áåëìäáå= áåÑìëáçå= áë= î~êá~ÄäÉ;= áí= Å~å= ÄÉ=
éêçÖê~ããÉÇ= íç= ã~íÅÜ= íÜÉ= é~íáÉåíÛë= Çáìêå~ä= î~êá~íáçå= áå=
êÉèìáêÉãÉåíë=~åÇ=íÜÉå=ã~åì~ääó=ÄççëíÉÇ=~í=ãÉ~äíáãÉëK==

qÜáë=~ééêç~ÅÜ=áë=é~êíáÅìä~êäó=ìëÉÑìä=áå=íÜÉ=çîÉêåáÖÜí=éÉêáçÇI=
ëáåÅÉ=íÜÉ=Ä~ë~ä=çîÉêåáÖÜí=áåÑìëáçå=ê~íÉ=Å~å=ÄÉ=éêçÖê~ããÉÇ=
íç=Ñáí=É~ÅÜ=é~íáÉåíDë=åÉÉÇëK==

få=éê~ÅíáÅÉI= íÜÉ= ÚäççéÛ= áë=ÅäçëÉÇ=Äó= íÜÉ=é~íáÉåí=éÉêÑçêãáåÖ=
ÄäççÇ= ÖäìÅçëÉ= Éëíáã~íáçåëI= ~åÇ= íÜÉ= ìëÉ= çÑ= íÜÉëÉ= ÇÉîáÅÉë=
êÉèìáêÉë= ~= ÜáÖÜ= ÇÉÖêÉÉ= çÑ= é~íáÉåí= ãçíáî~íáçåK= qÜÉëÉ=
áåÅêÉ~ëáåÖäó= ëçéÜáëíáÅ~íÉÇ= ëóëíÉãë= Å~å= ~ÅÜáÉîÉ= ÉñÅÉääÉåí=
ÖäóÅ~ÉãáÅ= Åçåíêçä= Äìí= ïáÇÉëéêÉ~Ç= íÜÉê~éÉìíáÅ= ìëÉ= áë=
äáãáíÉÇ=Äó=ÅçëíK==

aáë~Çî~åí~ÖÉë=áåÅäìÇÉ=íÜÉ=åìáë~åÅÉ=çÑ=ÄÉáåÖ=~íí~ÅÜÉÇ=íç=~=
Ö~ÇÖÉíI=ëâáå=áåÑÉÅíáçåëI=íÜÉ=êáëâ=çÑ=âÉíç~ÅáÇçëáë=áÑ=íÜÉ=Ñäçï=çÑ=
áåëìäáå= áë=ÄêçâÉå= EëáåÅÉ= íÜÉëÉ=é~íáÉåíë=Ü~îÉ=åç=éêçíÉÅíáîÉ=
êÉëÉêîçáê=çÑ=áåàÉÅíÉÇ=ÇÉéçí=áåëìäáåFI=~åÇ=ÅçëíK==

fåÑìëáçå=éìãéë=ëÜçìäÇ=çåäó=ÄÉ=ìëÉÇ=Äó=ëéÉÅá~äáòÉÇ=ÅÉåíêÉë=
~ÄäÉ=íç=çÑÑÉê=~=êçìåÇJíÜÉJÅäçÅâ=ëÉêîáÅÉ=íç=íÜÉáê=é~íáÉåíëK=qÜáë=
Ñçêã= çÑ= íêÉ~íãÉåí= Ü~ë= êÉîçäìíáçåáòÉÇ= íÜÉ= äáîÉë= çÑ= ëçãÉ=
éÉçéäÉ=ïáíÜ=íóéÉ=N=Çá~ÄÉíÉëK=

qÜÉ= Ú^êíáÑáÅá~ä=m~åÅêÉ~ëÛ=éêçàÉÅí=~áãë= íç=ÅäçëÉ= íÜÉ= äççé=Äó=
ìëáåÖ= ãáåá~íìêáëÉÇ= ÖäìÅçëÉ= ëÉåëçêë= íç= ÅçããìåáÅ~íÉ=
ïáêÉäÉëëäó= ïáíÜ= íÜÉ= áåëìäáå= éìãéI= ïÜáÅÜ= ïçìäÇ=
~ìíçã~íáÅ~ääó=~Çàìëí= áíë= ê~íÉI=Äìí= íÜáë=Ü~ë=åçí=óÉí= êÉ~ÅÜÉÇ=
ïáÇÉëéêÉ~Ç=ÅäáåáÅ~ä=éê~ÅíáÅÉK=

 Treatment with insulin 

Type 1 diabetes 
^a^=êÉÅçããÉåÇ~íáçåëNM=Ó=

• jçëí=éÉçéäÉ=ïáíÜ=íóéÉ=N=Çá~ÄÉíÉë=ëÜçìäÇ=ÄÉ=íêÉ~íÉÇ=
ïáíÜ=ãìäíáéäÉ=Ç~áäó=áåàÉÅíáçåë=çÑ=éê~åÇá~ä=áåëìäáå=~åÇ=
Ä~ë~ä= áåëìäáå= çê= Åçåíáåìçìë= ëìÄÅìí~åÉçìë= áåëìäáå=
áåÑìëáçåK==

• jçëí= áåÇáîáÇì~äë= ïáíÜ= íóéÉ= N= Çá~ÄÉíÉë= ëÜçìäÇ= ìëÉ=
ê~éáÇJ~ÅíáåÖ=áåëìäáå=~å~äçÖë=íç=êÉÇìÅÉ=ÜóéçÖäóÅÉãá~=
êáëâK=

Type 2 diabetes  
^a^=êÉÅçããÉåÇ~íáçåëNM=Ó=

• `çåëáÇÉê=áåáíá~íáåÖ=áåëìäáå=íÜÉê~éó=EïáíÜ=çê=ïáíÜçìí=
~ÇÇáíáçå~ä=~ÖÉåíëF=áå=é~íáÉåíë=ïáíÜ=åÉïäó=Çá~ÖåçëÉÇ=
íóéÉ= O= Çá~ÄÉíÉë=ïÜç= ~êÉ= ëóãéíçã~íáÅ= ~åÇLçê= Ü~îÉ=
^N`=≥NMB=EUS=ããçäLãçäF=~åÇLçê=ÄäççÇ=ÖäìÅçëÉ=äÉîÉäë=
≥PMM=ãÖLÇi=ENSKT=ããçäLiFK==

• fÑ= åçåáåëìäáå= ãçåçíÜÉê~éó= ~í= ã~ñáãìã= íçäÉê~íÉÇ=
ÇçëÉ=ÇçÉë=åçí=~ÅÜáÉîÉ=çê=ã~áåí~áå=íÜÉ=̂ N`=í~êÖÉí=~ÑíÉê=
P=ãçåíÜëI=~ÇÇ=~=ëÉÅçåÇ=çê~ä=~ÖÉåíI=~=ÖäìÅ~ÖçåJäáâÉ=
éÉéíáÇÉ=N=êÉÅÉéíçê=~ÖçåáëíI=çê=Ä~ë~ä=áåëìäáåK==

• cçê= é~íáÉåíë= ïáíÜ= íóéÉ= O= Çá~ÄÉíÉë= ïÜç= ~êÉ= åçí=
~ÅÜáÉîáåÖ=ÖäóÅÉãáÅ=Öç~äëI=áåëìäáå=íÜÉê~éó=ëÜçìäÇ=åçí=
ÄÉ=ÇÉä~óÉÇK==

qÜÉ=ÖêÉ~í=ã~àçêáíó=çÑ=é~íáÉåíë=éêÉëÉåíáåÖ=çîÉê=íÜÉ=~ÖÉ=çÑ=QM=
ïáää=Ü~îÉ=íóéÉ=O=Çá~ÄÉíÉë=Äìí=ÅäáåáÅá~åë=ëÜçìäÇ=ÄÉ=~äÉêí=Ñçê=
íÜÉ=çÅÅ~ëáçå~ä=íóéÉ=N=é~íáÉåí=éêÉëÉåíáåÖ=ä~íÉK=jçëí=é~íáÉåíë=
çå=í~ÄäÉíë=ïáää=ÉîÉåíì~ääó=êÉèìáêÉ=áåëìäáå=~åÇ=áí=áë=ÜÉäéÑìä=íç=
Éñéä~áå=íÜáë=Ñêçã=íÜÉ=çìíëÉíKR==

kf`b=êÉÅçããÉåÇë=kme=~ë=íÜÉ=áåáíá~ä=áåëìäáå=íç=ìëÉ=áå=íóéÉ=
O=Çá~ÄÉíÉëI=~åÇ=ãÉíÑçêãáå=áë=~=ìëÉÑìä=~ÇàìåÅí=áå=íÜçëÉ=~ÄäÉ=
íç=íçäÉê~íÉ=áíK=kme=áåëìäáå=~í=åáÖÜíI=íçÖÉíÜÉê=ïáíÜ=ãÉíÑçêãáå=
ÇìêáåÖ=íÜÉ=Ç~óI=áë=áåáíá~ääó=~ë=ÉÑÑÉÅíáîÉ=~ë=ãìäíáÇçëÉ=áåëìäáå=
êÉÖáãÉåë= áå=ÅçåíêçääáåÖ=ÖäìÅçëÉ= äÉîÉäë=~åÇ= áë= äÉëë= äáâÉäó= íç=
éêçãçíÉ=ïÉáÖÜí=Ö~áåK=^ÇÇáíáçå=çÑ=~=ãçêåáåÖ=ÇçëÉ=çÑ=áåëìäáå=
ã~ó= ÄÉÅçãÉ= åÉÅÉëë~êó= íç= Åçåíêçä= éçëíéê~åÇá~ä=
ÜóéÉêÖäóÅ~Éãá~K= qïáÅÉJÇ~áäó= áåàÉÅíáçåë= çÑ= éêÉJãáñÉÇ=
ëçäìÄäÉ= ~åÇ= kme= EÄáéÜ~ëáÅ= áëçéÜ~åÉF= áåëìäáå= ~êÉ= ïáÇÉäó=
ìëÉÇ= ~åÇ= ÉÑÑÉÅíáîÉK= jçêÉ= ~ÖÖêÉëëáîÉ= íêÉ~íãÉåíI= ïáíÜ=
ãìäíáéäÉ= áåàÉÅíáçåë= çê= Åçåíáåìçìë= áåÑìëáçå= éìãéëI= áë=
áåÅêÉ~ëáåÖäó=ìëÉÇ=áå=óçìåÖÉê=é~íáÉåíë=ïáíÜ=íóéÉ=O=Çá~ÄÉíÉëKR=

Insulin treatment in special circumstances  
• aá~ÄÉíáÅ=âÉíç~ÅáÇçëáë=
• eóéÉêçëãçä~ê=ÜóéÉêÖäóÅÉãáÅ=ëóåÇêçãÉ=

=

= =
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 Insulin dosing regimens 
=
få= ÜÉ~äíÜó= áåÇáîáÇì~äëI= ~= ëÜ~êé= áåÅêÉ~ëÉ= áå= áåëìäáå= çÅÅìêë=
~ÑíÉê=ãÉ~äë;=íÜáë=áë=ëìéÉêáãéçëÉÇ=çå=~=Åçåëí~åí=Ä~ÅâÖêçìåÇ=
çÑ=ëÉÅêÉíáçåKR==

=

Figure:	Glucose	and	insulin	profiles	in	normal	subjects.5	

fåëìäáå=íÜÉê~éó=~ííÉãéíë=íç=êÉéêçÇìÅÉ=íÜáë=é~ííÉêå=Äìí=áÇÉ~ä=
Åçåíêçä=áë=ÇáÑÑáÅìäí=íç=~ÅÜáÉîÉ=Ñçê=Ñçìê=êÉ~ëçåëRW==

NK få=åçêã~ä=ëìÄàÉÅíëI=áåëìäáå=áë=ëÉÅêÉíÉÇ=ÇáêÉÅíäó=áåíç=
íÜÉ=éçêí~ä=ÅáêÅìä~íáçå=~åÇ=êÉ~ÅÜÉë=íÜÉ=äáîÉê=áå=ÜáÖÜ=
ÅçåÅÉåíê~íáçå;=~Äçìí=RMB=çÑ=íÜÉ=áåëìäáå=éêçÇìÅÉÇ=
Äó=íÜÉ=é~åÅêÉ~ë=áë=ÅäÉ~êÉÇ=çå=Ñáêëí=é~ëë~ÖÉ=íÜêçìÖÜ=
íÜÉ= äáîÉêK= _ó= Åçåíê~ëíI= áåëìäáå= áåàÉÅíÉÇ=
ëìÄÅìí~åÉçìëäó= é~ëëÉë= áåíç= íÜÉ= ëóëíÉãáÅ=
ÅáêÅìä~íáçå= ÄÉÑçêÉ= êÉ~ÅÜáåÖ= íÜÉ= äáîÉêK= fåëìäáåJ
íêÉ~íÉÇ=é~íáÉåíë=íÜÉêÉÑçêÉ=Ü~îÉ=äçïÉê=éçêí~ä=äÉîÉäë=
çÑ=áåëìäáå=~åÇ=ÜáÖÜÉê=ëóëíÉãáÅ=äÉîÉäë=êÉä~íáîÉ=íç=íÜÉ=
éÜóëáçäçÖáÅ~ä=ëáíì~íáçåK==

OK pìÄÅìí~åÉçìë= ëçäìÄäÉ= áåëìäáå= í~âÉë= SMÓVM=ãáå= íç=
~ÅÜáÉîÉ=éÉ~â=éä~ëã~=äÉîÉäëI=ëç=áí=áë=ëäçïÉê=íç=êÉ~ÅÜ=
áíë=éÉ~âI=~åÇ=ëäçïÉê=íç=äÉ~îÉ=íÜÉ=ÅáêÅìä~íáçåK==

PK qÜÉ= ~Äëçêéíáçå= çÑ= ëìÄÅìí~åÉçìë= áåëìäáå= áåíç= íÜÉ=
ÅáêÅìä~íáçå=áë=î~êá~ÄäÉK==

QK _~ë~ä=áåëìäáå=äÉîÉäë=~êÉ=Åçåëí~åí=áå=ÜÉ~äíÜó=éÉçéäÉ=
Äìí=áåàÉÅíÉÇ=áåëìäáå=áåî~êá~Ääó=éÉ~âë=~åÇ=ÇÉÅäáåÉëI=
ïáíÜ=êÉëìäíáåÖ=ëïáåÖë=áå=ãÉí~ÄçäáÅ=Åçåíêçä=áå=íÜçëÉ=
ïáíÜ=Çá~ÄÉíÉëK=

kç= áåëìäáå= êÉÖáãÉå= êÉéêçÇìÅÉë= íÜÉ= éêÉÅáëÉ= áåëìäáå=
ëÉÅêÉíçêó=é~ííÉêå=çÑ=íÜÉ=é~åÅêÉ~íáÅ=áëäÉíK=eçïÉîÉêI=íÜÉ=ãçëí=
éÜóëáçäçÖáÅ= êÉÖáãÉåë= Éåí~áä= ãçêÉ= ÑêÉèìÉåí= áåëìäáå=
áåàÉÅíáçåëI= ÖêÉ~íÉê= êÉäá~åÅÉ= çå= ëÜçêíJ~ÅíáåÖ= áåëìäáåI= ~åÇ=
ãçêÉ=ÑêÉèìÉåí=Å~éáää~êó=éä~ëã~=ÖäìÅçëÉ=ãÉ~ëìêÉãÉåíëKV=

qÜÉ=ÅÜçáÅÉ=çÑ=êÉÖáãÉå=ÇÉéÉåÇë=çåR=Ó=
NK íÜÉ=ÇÉëáêÉÇ=ÇÉÖêÉÉ=çÑ=ÖäóÅ~ÉãáÅ=ÅçåíêçäI==
OK íÜÉ=ëÉîÉêáíó=çÑ=ìåÇÉêäóáåÖ=áåëìäáå=ÇÉÑáÅáÉåÅóI==
PK íÜÉ=é~íáÉåíÛë=äáÑÉëíóäÉI=~åÇ==
QK Üáë=çê=ÜÉê=~Äáäáíó=íç=~Çàìëí=íÜÉ=áåëìäáå=ÇçëÉK==

 Twice-daily administration 

qïáÅÉJÇ~áäó= ~Çãáåáëíê~íáçå= çÑ= ~= ëÜçêíJ~ÅíáåÖ= ~åÇ=
áåíÉêãÉÇá~íÉJ~ÅíáåÖ=áåëìäáå=Eìëì~ääó=ëçäìÄäÉ=~åÇ=áëçéÜ~åÉ=
áåëìäáåëFI= ÖáîÉå= áå= ÅçãÄáå~íáçå= ÄÉÑçêÉ= ÄêÉ~âÑ~ëí= ~åÇ= íÜÉ=
ÉîÉåáåÖ= ãÉ~äI= áë= íÜÉ= ëáãéäÉëí= êÉÖáãÉå= ~åÇ= áë= ëíáää= ìëÉÇ=
Åçããçåäó=áå=ã~åó=ÅçìåíêáÉëKN==

• jçêåáåÖW==OLPêÇ=çÑ=íÜÉ=íçí~ä=Ç~áäó=êÉèìáêÉãÉåíK==
EëÜçêíJ~ÅíáåÖ=íç=áåíÉêãÉÇá~íÉJ~ÅíáåÖ=Z=N=W=OF=

• _ÉÑçêÉ=ÉîÉåáåÖ=ãÉ~äW=RÉã~áåáåÖ=NLPêÇ=E~=NW=NFNIV=
=

Disadvantage9 

• qÜÉ=Çê~ïÄ~Åâ= íç= ëìÅÜ= ~= êÉÖáãÉå= áë= íÜ~í= áí= ÑçêÅÉë= ~=
êáÖáÇ= ëÅÜÉÇìäÉ= çå= íÜÉ= é~íáÉåíI= áå= íÉêãë= çÑ= Ç~áäó=
~Åíáîáíó=~åÇ=íÜÉ=ÅçåíÉåí=~åÇ=íáãáåÖ=çÑ=ãÉ~äëK==

• ^äíÜçìÖÜ=áí=áë=ëáãéäÉ=~åÇ=ÉÑÑÉÅíáîÉ=~í=~îçáÇáåÖ=ëÉîÉêÉ=
ÜóéÉêÖäóÅÉãá~I= áí= ÇçÉë= åçí= ÖÉåÉê~íÉ= åÉ~êJåçêã~ä=
ÖäóÅÉãáÅ=Åçåíêçä=áå=áåÇáîáÇì~äë=ïáíÜ=íóéÉ=N=ajK==

• fÑ= íÜÉ=é~íáÉåíÛë=ãÉ~ä=é~ííÉêå=çê= ÅçåíÉåí= î~êáÉë=çê= áÑ=
éÜóëáÅ~ä= ~Åíáîáíó= áë= áåÅêÉ~ëÉÇI= ÜóéÉêÖäóÅÉãá~= çê=
ÜóéçÖäóÅÉãá~=ã~ó=êÉëìäíK==

• jçîáåÖ= íÜÉ= äçåÖJ~ÅíáåÖ= áåëìäáå= Ñêçã= ÄÉÑçêÉ= íÜÉ=
ÉîÉåáåÖ= ãÉ~ä= íç= ÄÉÇíáãÉ= ã~ó= ~îçáÇ= åçÅíìêå~ä=
ÜóéçÖäóÅÉãá~=~åÇ=éêçîáÇÉ=ãçêÉ= áåëìäáå=~ë=ÖäìÅçëÉ=
äÉîÉäë= êáëÉ= áå= íÜÉ= É~êäó= ãçêåáåÖ= EëçJÅ~ääÉÇ= Ç~ïå=
éÜÉåçãÉåçåFK==

Adjustments9 

qÜÉ= áåëìäáå= ÇçëÉ= áå= ëìÅÜ= êÉÖáãÉåë= ëÜçìäÇ= ÄÉ= ~ÇàìëíÉÇ=
Ä~ëÉÇ=çå=pj_d=EëÉäÑJãçåáíçêáåÖ=çÑ=ÄäççÇ=ÖäìÅçëÉF=êÉëìäíë=
ïáíÜ=íÜÉ=ÑçääçïáåÖ=ÖÉåÉê~ä=~ëëìãéíáçåëW==

NK íÜÉ=Ñ~ëíáåÖ=ÖäìÅçëÉ=áë=éêáã~êáäó=ÇÉíÉêãáåÉÇ=Äó=íÜÉ=
éêáçê=ÉîÉåáåÖ=äçåÖJ~ÅíáåÖ=áåëìäáå;==

OK íÜÉ=éêÉJäìåÅÜ=ÖäìÅçëÉ=áë=~=ÑìåÅíáçå=çÑ=íÜÉ=ãçêåáåÖ=
ëÜçêíJ~ÅíáåÖ=áåëìäáå;==

PK íÜÉ=éêÉJëìééÉê=ÖäìÅçëÉ=áë=~=ÑìåÅíáçå=çÑ=íÜÉ=ãçêåáåÖ=
äçåÖJ~ÅíáåÖ=áåëìäáå;=~åÇ==

QK íÜÉ= ÄÉÇíáãÉ= ÖäìÅçëÉ= áë= ~= ÑìåÅíáçå= çÑ= íÜÉ= éêÉJ
ëìééÉêI=ëÜçêíJ~ÅíáåÖ=áåëìäáåK==

Clinical use9 

qÜáë=áë=åçí=~å=çéíáã~ä=êÉÖáãÉå=Ñçê=íÜÉ=é~íáÉåí=ïáíÜ=íóéÉ=N=
ajI=Äìí=áë=ëçãÉíáãÉë=ìëÉÇ=Ñçê=é~íáÉåíë=ïáíÜ=íóéÉ=O=ajK=

==

 Multiple injection regimens 

jìäíáéäÉJÅçãéçåÉåí= áåëìäáå= êÉÖáãÉåë= êÉÑÉê= íç= íÜÉ=
ÅçãÄáå~íáçå=çÑ=Ä~ë~ä=áåëìäáå=~åÇ=Äçäìë=áåëìäáå=EéêÉéê~åÇá~ä=
ëÜçêíJ~ÅíáåÖ= áåëìäáåFKV= jìäíáéäÉ= áåàÉÅíáçå= êÉÖáãÉåë=
EáåíÉåëáîÉ= áåëìäáå= íÜÉê~éóF= ~êÉ= éçéìä~êI=ïáíÜ= ëÜçêíJ~ÅíáåÖ=
áåëìäáå=ÄÉáåÖ=í~âÉå=ÄÉÑçêÉ=É~ÅÜ=ãÉ~äI=~åÇ=áåíÉêãÉÇá~íÉJ=çê=
äçåÖJ~ÅíáåÖ= áåëìäáå= ÄÉáåÖ= áåàÉÅíÉÇ= çåÅÉ= çê= íïáÅÉ= Ç~áäó=
EÄ~ë~äJÄçäìë=êÉÖáãÉåFKN==

^=ãìäíáéäÉJáåàÉÅíáçå=êÉÖáãÉå=ïáíÜ=ëÜçêíJ~ÅíáåÖ=áåëìäáå=~åÇ=
~= äçåÖÉêJ~ÅíáåÖ= áåëìäáå= ~í= åáÖÜí= áë= ~ééêçéêá~íÉ= Ñçê= ãçëí=
óçìåÖÉê=é~íáÉåíëKR=
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=

Examples9 

låÉ=ëìÅÜ=êÉÖáãÉåI=Åçåëáëíë=çÑ==
• Ä~ë~ä=áåëìäáå=ïáíÜ=Öä~êÖáåÉ=çê=ÇÉíÉãáê=~åÇ==
• éêÉéê~åÇá~ä=äáëéêçI=ÖäìäáëáåÉI=çê=áåëìäáå=~ëé~êíK==

qÜÉ= áåëìäáå= ~ëé~êíI= ÖäìäáëáåÉI= çê= äáëéêç= ÇçëÉ= áë= Ä~ëÉÇ= çå=
áåÇáîáÇì~äáòÉÇ= ~äÖçêáíÜãë= íÜ~í= áåíÉÖê~íÉ= íÜÉ= éêÉéê~åÇá~ä=
ÖäìÅçëÉ=~åÇ=íÜÉ=~åíáÅáé~íÉÇ=Å~êÄçÜóÇê~íÉ=áåí~âÉK==

 
Meal component of the preprandial insulin dose9 

To determine the meal component of the preprandial insulin dose, 
the patient uses an insulin-to-carbohydrate ratio. A common ratio for 
type 1 DM is – 

• 1–1.5 units/10 g of carbohydrate (but this must be 
determined for each individual). 

To this insulin dose is added the supplemental or correcting insulin 
based on the preprandial blood glucose. To calculate that – 

• one formula uses 1 unit of insulin for every 2.7 mmol/L [50 
mg/dL] over the preprandial glucose target;  

• another formula uses [body weight in kg] × [blood glucose – 
desired glucose in mg/dL]/1500). 

^å= ~äíÉêå~íáîÉ= ãìäíáéäÉJÅçãéçåÉåí= áåëìäáå= êÉÖáãÉå=
Åçåëáëíë=çÑ==

• ÄÉÇíáãÉ=kme=áåëìäáåI==
• ~=ëã~ää=ÇçëÉ=çÑ=kme=áåëìäáå=~í=ÄêÉ~âÑ~ëí=EOMÓPMB=çÑ=

ÄÉÇíáãÉ=ÇçëÉFI=~åÇ==
• éêÉéê~åÇá~ä=ëÜçêíJ~ÅíáåÖ=áåëìäáåK==

líÜÉê=î~êá~íáçåë=çÑ=íÜáë=êÉÖáãÉå=~êÉ=áå=ìëÉK=

Disadvantages9 

• kme= Ü~ë= ~= ëáÖåáÑáÅ~åí= éÉ~âI=ã~âáåÖ= ÜóéçÖäóÅÉãá~=
ãçêÉ=ÅçããçåK==

• cêÉèìÉåí=pj_d=EãçêÉ=íÜ~å=íÜêÉÉ=íáãÉë=éÉê=Ç~óF= áë=
~ÄëçäìíÉäó= ÉëëÉåíá~ä= Ñçê= íÜÉëÉ= íóéÉë= çÑ= áåëìäáå=
êÉÖáãÉåëK==

Advantages5 

• qÜÉ= áåëìäáå=~åÇ= íÜÉ= ÑççÇ=Öç= íçÖÉíÜÉêI= ëç= íÜ~í=ãÉ~ä=
íáãÉë=~åÇ=ëáòÉë=Å~å=î~êó=ïáíÜçìí=ÖêÉ~íäó=ÇáëíìêÄáåÖ=
ãÉí~ÄçäáÅ=ÅçåíêçäK==

• qÜÉ=ÑäÉñáÄáäáíó=áë=çÑ=ÖêÉ~í=î~äìÉ=íç=é~íáÉåíë=ïÜç=Ü~îÉ=
Äìëó=àçÄëI=ïçêâ=ëÜáÑíë=~åÇ=íê~îÉä=êÉÖìä~êäóK==

• píêáÅí= ÖäìÅçëÉ= Åçåíêçä= Ñêçã= Çá~Öåçëáë= áå= íóéÉ= N=
Çá~ÄÉíÉë=éêçäçåÖë=βJÅÉää=ÑìåÅíáçåI=êÉëìäíáåÖ=áå=ÄÉííÉê=
ÖäìÅçëÉ=äÉîÉäë=~åÇ=äÉëë=ÜóéçÖäóÅ~Éãá~K==

• q~êÖÉí=ÄäççÇ=ÖäìÅçëÉ=î~äìÉë=ëÜçìäÇ=åçêã~ääó=ÄÉ=QÓT=
ããçäLi=ÄÉÑçêÉ=ãÉ~äë=~åÇ=QÓNM=ããçäLi=~ÑíÉê=ãÉ~äëI=
~ëëìãáåÖ= íÜ~í= íÜáë= Å~å= ÄÉ= ~ÅÜáÉîÉÇ= ïáíÜçìí=
íêçìÄäÉëçãÉ=ÜóéçÖäóÅ~Éãá~K=

Caution5 

pçãÉ=êÉÅçîÉêó=çÑ=ÉåÇçÖÉåçìë=áåëìäáå=ëÉÅêÉíáçå=ã~ó=çÅÅìê=
çîÉê=íÜÉ=Ñáêëí=ÑÉï=ãçåíÜë=EíÜÉ=ÚÜçåÉóãççå=éÉêáçÇÛF=áå=íóéÉ=
N=é~íáÉåíë=~åÇ=íÜÉ=áåëìäáå=ÇçëÉ=ã~ó=åÉÉÇ=íç=ÄÉ=êÉÇìÅÉÇ=çê=
ÉîÉå=ëíçééÉÇ=Ñçê=~=éÉêáçÇK=RÉèìáêÉãÉåíë=êáëÉ=íÜÉêÉ~ÑíÉêK==

=

Figure1,9:	Profiles	of	plasma	insulin	associated	with	different	insulin	
regimens.	[B]	breakfast,	[L]	lunch,	[S]	supper,	[HS]	bedtime.	The	schematic	
profiles	are	compared	with	the	insulin	responses	(mean	±	one	standard	
deviation)	observed	in	non-diabetic	adults	shown	in	the	top	panel	(shaded	
area).	These	are	theoretical	patterns	of	plasma	insulin	and	may	differ	
considerably	in	magnitude	and	duration	of	action	between	individuals.	

When to use insulin analogues5 

eóéçÖäóÅ~Éãá~=ÄÉíïÉÉå=ãÉ~äë=~åÇ=é~êíáÅìä~êäó=~í=åáÖÜí=áë=
íÜÉ=äáãáíáåÖ=Ñ~Åíçê=Ñçê=ã~åó=é~íáÉåíë=çå=ãìäíáéäÉJáåàÉÅíáçå=
êÉÖáãÉåëK= qÜÉ= ãçêÉ= ÉñéÉåëáîÉ= ê~éáÇJ~ÅíáåÖ= áåëìäáå=
~å~äçÖìÉë=~êÉ=~=ìëÉÑìä=ëìÄëíáíìíÉ=Ñçê=ëçäìÄäÉ=áåëìäáå=áå=ëçãÉ=
é~íáÉåíëI= ~åÇ= êÉÇìÅÉ= íÜÉ= ÑêÉèìÉåÅó= çÑ= åçÅíìêå~ä=
ÜóéçÖäóÅ~Éãá~=ÇìÉ= íç= êÉÇìÅÉÇ=Å~êêóJçîÉê= ÉÑÑÉÅí= Ñêçã= íÜÉ=
Ç~óíáãÉK==

qÜÉó= ~êÉ= çÑíÉå= ìëÉÇ= çå= ÖêçìåÇë= çÑ= ÅçåîÉåáÉåÅÉI= ëáåÅÉ=
é~íáÉåíë=Å~å=áåàÉÅí=ëÜçêíäó=ÄÉÑçêÉ=ãÉ~äëI=Äìí=çîÉê~ää=Åçåíêçä=
áë=ìåÅÜ~åÖÉÇ=áÑ=ëí~åÇ~êÇ=áåëìäáåë=~êÉ=áåàÉÅíÉÇ=~í=íÜÉ=ë~ãÉ=
íáãÉK==
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Guide to adjusting insulin dosage according to blood 
glucose test results5 

Time Blood glucose persistently 
too high 

Blood glucose persistently 
too low 

Before 
breakfast 

Increase evening long-
acting insulin 

Reduce evening long-acting 
insulin 

Before 
lunch 

Increase morning short-
acting insulin 

Reduce morning short-
acting insulin or increase 
mid-morning snack 

Before 
evening 
meal 

Increase morning long-
acting insulin or lunch 
short-acting insulin 

Reduce morning long-acting 
insulin or lunch short-acting 
insulin or increase mid-
afternoon snack 

Before bed Increase evening short-
acting insulin 

Reduce evening short-
acting insulin 

=

 Clinical use1 

Type 1 diabetes 
jçëí= éÉçéäÉ= ïáíÜ= íóéÉ= N= Çá~ÄÉíÉë= êÉèìáêÉ= íïç= çê= ãçêÉ=
áåàÉÅíáçåë=çÑ=áåëìäáå=Ç~áäóK==

Type 2 diabetes 
få= íóéÉ= O= Çá~ÄÉíÉëI= áåëìäáå= áë= ìëì~ääó= áåáíá~íÉÇ= ~ë= ~= çåÅÉJ=
Ç~áäó= äçåÖ= ~ÅíáåÖ= áåëìäáåI= ÉáíÜÉê= ~äçåÉ= çê= áå= ÅçãÄáå~íáçå=
ïáíÜ= çê~ä= ÜóéçÖäóÅ~ÉãáÅ= ~ÖÉåíëK= eçïÉîÉêI= áå= íáãÉI=ãçêÉ=
ÑêÉèìÉåí=áåëìäáå=áåàÉÅíáçåë=~êÉ=ìëì~ääó=êÉèìáêÉÇK==

 
Complications of insulin 
therapy 

=
`çãéäáÅ~íáçåë=çÑ=áåëìäáå=íÜÉê~éó=~êÉN=Ó=

• eóéçÖäóÅ~Éãá~=Eãçëí=áãéçêí~íåíF=
• tÉáÖÜí=Ö~áå==
• mÉêáéÜÉê~ä= çÉÇÉã~= Eáåëìäáå= íêÉ~íãÉåí= Å~ìëÉë= ë~äí=

~åÇ=ï~íÉê=êÉíÉåíáçå=áå=íÜÉ=ëÜçêí=íÉêãF==
• fåëìäáå=~åíáÄçÇáÉë=EïáíÜ=~åáã~ä=áåëìäáåëF==
• içÅ~ä=~ääÉêÖó=Eê~êÉF==
• iáéçÜóéÉêíêçéÜó=çê=äáéç~íêçéÜó=~í=áåàÉÅíáçå=ëáíÉë=

^=Åçããçå=éêçÄäÉã=áë= Ñ~ëíáåÖ=ÜóéÉêÖäóÅ~Éãá~= EÚíÜÉ=Ç~ïå=
éÜÉåçãÉåçåÛFI=ïÜáÅÜ=~êáëÉë=íÜêçìÖÜ=~=ÅçãÄáå~íáçå=çÑ=íÜÉ=
åçêã~ä=ÅáêÅ~Çá~å=êÜóíÜã=~åÇ=êÉäÉ~ëÉ=çÑ=ÅçìåíÉêJêÉÖìä~íçêó=
ÜçêãçåÉë=EÖêçïíÜ=ÜçêãçåÉ=~åÇ=ÅçêíáëçäF=ÇìêáåÖ=íÜÉ=ä~íÉê=
é~êí=çÑ=íÜÉ=åáÖÜíI=~ë=ïÉää=~ë=ÇáãáåáëÜáåÖ=äÉîÉäë=çÑ=çîÉêåáÖÜí=
áëçéÜ~åÉ=áåëìäáåK==

 
Hypoglycaemia during insulin 
treatment5 

qÜáë=áë=íÜÉ=ãçëí=Åçããçå=ÅçãéäáÅ~íáçå=çÑ=áåëìäáå=íÜÉê~éó=
~åÇ=äáãáíë=ïÜ~í=Å~å=ÄÉ=~ÅÜáÉîÉÇ=ïáíÜ=áåëìäáå=íêÉ~íãÉåíK=fí=
áë= ~= ã~àçê= Å~ìëÉ= çÑ= ~åñáÉíó= Ñçê= é~íáÉåíë= ~åÇ= êÉä~íáîÉëK= fí=
êÉëìäíë=Ñêçã=~å=áãÄ~ä~åÅÉ=ÄÉíïÉÉå=áåàÉÅíÉÇ=áåëìäáå=~åÇ=~=
é~íáÉåíDë= åçêã~ä= ÇáÉíI= ~Åíáîáíó= ~åÇ= Ä~ë~ä= áåëìäáå=
êÉèìáêÉãÉåíK= qÜÉ= íáãÉë= çÑ= ÖêÉ~íÉëí= êáëâ= ~êÉ= ÄÉÑçêÉ=ãÉ~äëI=
ÇìêáåÖ= íÜÉ= åáÖÜí= ~åÇ= ÇìêáåÖ= ÉñÉêÅáëÉK= fêêÉÖìä~ê= É~íáåÖ=
Ü~ÄáíëI=ìåìëì~ä=ÉñÉêíáçå=~åÇ=~äÅçÜçä=ÉñÅÉëë=ã~ó=éêÉÅáéáí~íÉ=

ÉéáëçÇÉë;=çíÜÉê=Å~ëÉë=~ééÉ~ê=íç=ÄÉ=ÇìÉ=ëáãéäó=íç=î~êá~íáçå=
áå=áåëìäáå=~ÄëçêéíáçåK=

 Injection site5 

• pÜ~ääçï= áåàÉÅíáçåë= êÉëìäí= áå= áåíê~ÇÉêã~ä= áåëìäáå=
ÇÉäáîÉêó= ~åÇ= é~áåÑìäI= êÉÇÇÉåÉÇ= äÉëáçåë= çê= ÉîÉå=
ëÅ~êêáåÖK==

• fåàÉÅíáçå=ëáíÉ=~ÄëÅÉëëÉë=çÅÅìê=Äìí=~êÉ=ÉñíêÉãÉäó=ê~êÉK==
• c~ííó= äìãéëI=âåçïå=~ë=äáéçÜóéÉêíêçéÜóI=ã~ó=çÅÅìê=

~ë=íÜÉ=êÉëìäí=çÑ=çîÉêìëÉ=çÑ=~=ëáåÖäÉ=áåàÉÅíáçå=ëáíÉ=ïáíÜ=
~åó=íóéÉ=çÑ=áåëìäáåK==

 
Immunopathology of insulin 
therapy 

^í=äÉ~ëí=ÑáîÉ=ãçäÉÅìä~ê=Åä~ëëÉë=çÑ=áåëìäáå=~åíáÄçÇáÉë=ã~ó=ÄÉ=
éêçÇìÅÉÇ=áå=Çá~ÄÉíáÅë=ÇìêáåÖ=íÜÉ=ÅçìêëÉ=çÑ=áåëìäáå=íÜÉê~éóW=
fÖ^I= fÖaI= fÖbI= fÖdI=~åÇ= fÖjK=qÜÉêÉ=~êÉ= íïç=ã~àçê= íóéÉë=çÑ=
áããìåÉ=ÇáëçêÇÉêë=áå=íÜÉëÉ=é~íáÉåíëWNQ=

NK fåëìäáå=~ääÉêÖó=~åÇ=
OK fåëìäáå=êÉëáëí~åÅÉ=

Insulin allergy14 

içÅ~ä=~ääÉêÖáÅ=êÉëéçåëÉë=ëçãÉíáãÉë=çÅÅìê=É~êäó=áå=íÜÉê~éó=
Äìí= ìëì~ääó= êÉëçäîÉ= ëéçåí~åÉçìëäóKR= fåëìäáå= ~ääÉêÖóI= ~å=
áããÉÇá~íÉ= íóéÉ= ÜóéÉêëÉåëáíáîáíóI= áë= ~= ê~êÉ= ÅçåÇáíáçå= áå=
ïÜáÅÜ= äçÅ~ä= çê= ëóëíÉãáÅ= ìêíáÅ~êá~= êÉëìäíë= Ñêçã= Üáëí~ãáåÉ=
êÉäÉ~ëÉ=Ñêçã=íáëëìÉ=ã~ëí=ÅÉääë=ëÉåëáíáòÉÇ=Äó=~åíáJáåëìäáå=fÖb=
~åíáÄçÇáÉëK==
få= ëÉîÉêÉ= Å~ëÉëI= ~å~éÜóä~ñáë= êÉëìäíë= Äìí= íÜÉó= ~êÉ=
ÉñÅÉéíáçå~ääó=ê~êÉK==
_ÉÅ~ìëÉ= ëÉåëáíáîáíó= áë= çÑíÉå= íç= åçåáåëìäáå= éêçíÉáå=
Åçåí~ãáå~åíëI= íÜÉ= Üìã~å= ~åÇ= ~å~äçÖ= áåëìäáåë= Ü~îÉ=
ã~êâÉÇäó= êÉÇìÅÉÇ= íÜÉ= áåÅáÇÉåÅÉ= çÑ= áåëìäáå= ~ääÉêÖóI=
ÉëéÉÅá~ääó=äçÅ~ä=êÉ~ÅíáçåëK==

Immune insulin resistance 
^= äçï= íáíÉê= çÑ= ÅáêÅìä~íáåÖ= fÖd= ~åíáJáåëìäáå= ~åíáÄçÇáÉë= íÜ~í=
åÉìíê~äáòÉ= íÜÉ= ~Åíáçå= çÑ= áåëìäáå= íç= ~= åÉÖäáÖáÄäÉ= ÉñíÉåí=
ÇÉîÉäçéë=áå=ãçëí=áåëìäáåJíêÉ~íÉÇ=é~íáÉåíëK=R~êÉäóI=íÜÉ=íáíÉê=
çÑ=áåëìäáå=~åíáÄçÇáÉë=äÉ~Çë=íç=áåëìäáå=êÉëáëí~åÅÉ=~åÇ=ã~ó=ÄÉ=
~ëëçÅá~íÉÇ= ïáíÜ= çíÜÉê= ëóëíÉãáÅ= ~ìíçáããìåÉ= éêçÅÉëëÉë=
ëìÅÜ= ~ë= äìéìë= ÉêóíÜÉã~íçëìëKNQ= fåëìäáå= êÉëáëí~åÅÉ=
~ëëçÅá~íÉÇ= ïáíÜ= ~åíáÄçÇáÉë= ÇáêÉÅíÉÇ= ~Ö~áåëí= íÜÉ= áåëìäáå=
êÉÅÉéíçê= Ü~ë= ÄÉÉå= êÉéçêíÉÇ= áå= é~íáÉåíë= ïáíÜ= ~Å~åíÜçëáë=
åáÖêáÅ~åëKR=

qÜÉ= ãçëí= Åçããçå= Å~ìëÉ= çÑ= ãáäÇ= áåëìäáå= êÉëáëí~åÅÉ= áë=
çÄÉëáíóKR=

lÅÅ~ëáçå~ä=ìåëí~ÄäÉ=é~íáÉåíë=êÉèìáêÉ=ã~ëëáîÉ=áåëìäáå=ÇçëÉëI=
ëçãÉíáãÉë=ïáíÜ=~=ÑäìÅíì~íáåÖ=êÉèìáêÉãÉåíK=pçãÉ=é~íáÉåíë=
ÄÉåÉÑáí= Ñêçã= ìëÉ= çÑ= rRMMJëíêÉåÖíÜ= áåëìäáåI= ïÜáÅÜ= ~ääçïë=
íÜÉã=íç=áåàÉÅí=íÜÉ=ë~ãÉ=ÇçëÉ=çÑ= áåëìäáå=áå=çåÉ=ÑáÑíÜ=çÑ=íÜÉ=
ìëì~ä=îçäìãÉKR=

 Weight gain5 

j~åó= é~íáÉåíë= ëÜçï= ïÉáÖÜí= Ö~áå= çå= áåëìäáå= íêÉ~íãÉåíI=
ÉëéÉÅá~ääó= áÑ= íÜÉ= áåëìäáå=ÇçëÉ= áë= áåÅêÉ~ëÉÇ= áå~ééêçéêá~íÉäóI=
Äìí=íÜáë=Å~åI=íç=ëçãÉ=ÉñíÉåíI=ÄÉ=çîÉêÅçãÉ=Äó=~å=ÉãéÜ~ëáë=
çå= íÜÉ= åÉÉÇ= Ñçê= ÇáÉí= ~åÇ= ÉñÉêÅáëÉI= ïáíÜ= íÜÉ= ~ÇÇáíáçå= çÑ=
ãÉíÑçêãáåK=m~íáÉåíë=ïÜç=~êÉ=áå=éççê=Åçåíêçä=ïÜÉå=áåëìäáå=
áë=ëí~êíÉÇ=~êÉ=ãçêÉ=äáâÉäó=íç=Ö~áå=ïÉáÖÜíK==
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16 
Transplantation: 
Whole-pancreas and 
pancreatic islet 
=

 
Whole-pancreas 
transplantation1,5 

tÜçäÉJé~åÅêÉ~ë= íê~åëéä~åí~íáçå= áë= Å~êêáÉÇ= çìí= áå= ~= ëã~ää=

åìãÄÉê=çÑ=é~íáÉåíë=ïáíÜ=Çá~ÄÉíÉë=É~ÅÜ=óÉ~ê=~åÇ=Ü~ë=ÄÉÉå=

éÉêÑçêãÉÇ= Ñçê= ëçãÉ=PM=óÉ~êëI=ìëì~ääó= áå=Çá~ÄÉíáÅ=é~íáÉåíë=

ïÜç=êÉèìáêÉ=áããìåçëìééêÉëëáçå=Ñçê=~=âáÇåÉó=íê~åëéä~åíK==

pìêÖáÅ~ä= ~Çî~åÅÉë= Ü~îÉ= ÖêÉ~íäó= áãéêçîÉÇ= íÜÉ= çìíÅçãÉ= çÑ=

íÜáë=éêçÅÉÇìêÉK= få=ÉñéÉêáÉåÅÉÇ=Ü~åÇëI=Öê~Ñí= ÑìåÅíáçå= ä~ëíë=

äçåÖÉê=ïáíÜ=ÅçåëáÇÉê~ÄäÉ=áãéêçîÉãÉåí=áå=èì~äáíó=çÑ=äáÑÉK==

m~íáÉåí=ëìêîáî~ä=áë=ÄÉííÉê=áå=íÜçëÉ=ïÜç=êÉÅÉáîÉ=ëáãìäí~åÉçìë=

é~åÅêÉ~ë= ~åÇ= âáÇåÉó= Öê~ÑíëI= ã~áåäó= ÄÉÅ~ìëÉ= çÑ= íÜÉ= ÇÉä~ó=

áåîçäîÉÇ= áå= ï~áíáåÖ= Ñçê= ~= é~åÅêÉ~ë= íç= ÄÉÅçãÉ= ~î~áä~ÄäÉ=

ÑçääçïáåÖ=êÉå~ä=íê~åëéä~åí~íáçåK==

qÜÉêÉ=áë=ëçãÉ=ÉîáÇÉåÅÉ=çÑ=éêçíÉÅíáçå=~Ö~áåëí=çê=êÉîÉêë~ä=çÑ=

ëçãÉ=ÅçãéäáÅ~íáçåë=çÑ=Çá~ÄÉíÉëI=Äìí=íÜáë=ÅçãÉë=~í=íÜÉ=Åçëí=

çÑ= äçåÖJíÉêã= áããìåçëìééêÉëëáçåK= ^äëçI= áí= éêÉëÉåíë=

éêçÄäÉãë=êÉä~íáåÖ=íç=ÉñçÅêáåÉ=é~åÅêÉ~íáÅ=ëÉÅêÉíáçåëK==

tÜáäÉ= êÉëìäíë= ~êÉ= ëíÉ~Çáäó= áãéêçîáåÖI= íÜÉó= êÉã~áå= äÉëë=

Ñ~îçìê~ÄäÉ=íÜ~å=Ñçê=êÉå~ä=íê~åëéä~åí~íáçåK==

^í=éêÉëÉåíI=íÜÉ=éêçÅÉÇìêÉ=áë=ìëì~ääó=ìåÇÉêí~âÉå=çåäó=Ó=

NK få= é~íáÉåíë= ïáíÜ= ÉåÇJëí~ÖÉ= êÉå~ä= Ñ~áäìêÉ= ïÜç=

êÉèìáêÉ= ~= ÅçãÄáåÉÇ= é~åÅêÉ~ëLâáÇåÉó=

íê~åëéä~åí~íáçå=~åÇ==

OK få=ïÜçã=Çá~ÄÉíÉë=Åçåíêçä= áë=é~êíáÅìä~êäó=ÇáÑÑáÅìäíI=

ÉKÖK=ÄÉÅ~ìëÉ=çÑ=êÉÅìêêÉåí=ÜóéçÖäóÅ~Éãá~K=

=

 Islet transplantation1,5 

fëäÉí=íê~åëéä~åí~íáçå=áë=éÉêÑçêãÉÇ=Äó=Ü~êîÉëíáåÖ=é~åÅêÉ~íáÅ=

áëäÉíë= Ñêçã= Å~Ç~îÉêë= Eíïç= çê= íÜêÉÉ= é~åÅêÉ~í~= ~êÉ= ìëì~ääó=

åÉÉÇÉÇFX= íÜÉëÉ= ~êÉ= íÜÉå= áåàÉÅíÉÇ= áåíç= íÜÉ= éçêí~ä= îÉáå= ~åÇ=
ëÉÉÇ=íÜÉãëÉäîÉë=áåíç=íÜÉ=äáîÉêK==

qÜáë=Ñçêã=çÑ=íêÉ~íãÉåí=Ü~Ç=äáãáíÉÇ=ëìÅÅÉëë=Ñçê=ã~åó=óÉ~êë=

Äìí=áãéêçîÉÇ=íêÉ~íãÉåí=éêçíçÅçäë=Ü~îÉ=åçï=~ÅÜáÉîÉÇ=ãçêÉ=

éêçãáëáåÖ=êÉëìäíëK==

qÜÉ=ã~áå= áåÇáÅ~íáçå= Ñçê= áëäÉí= íê~åëéä~åí~íáçå= áë= Çáë~ÄäáåÖ=

ÜóéçÖäóÅ~Éãá~K=

mêçÖêÉëë= áë= ÄÉáåÖ= ã~ÇÉ= íçï~êÇë= ãÉÉíáåÖ= íÜÉ= åÉÉÇë= çÑ=

ëìééäóI=éìêáÑáÅ~íáçå=~åÇ=ëíçê~ÖÉ=çÑ=áëäÉíëI=Äìí=íÜÉ=éêçÄäÉãë=

çÑ=íê~åëéä~åí=êÉàÉÅíáçåI=~åÇ=çÑ=ÇÉëíêìÅíáçå=Äó=íÜÉ=é~íáÉåíÛë=

~ìíç~åíáÄçÇáÉë= ~Ö~áåëí= β= ÅÉääëI= êÉã~áå= ~åÇ= íÜÉ= ã~áå=

Çáë~Çî~åí~ÖÉ=áë=íÜÉ=åÉÉÇ=Ñçê=éçïÉêÑìä=áããìåçëìééêÉëëáîÉ=

íÜÉê~éóI=ïáíÜ=áíë=~ëëçÅá~íÉÇ=Åçëíë=~åÇ=ÅçãéäáÅ~íáçåëK=

kÉîÉêíÜÉäÉëëI= íÜÉ= ÇÉîÉäçéãÉåí= çÑ= ãÉíÜçÇë= çÑ= áåÇìÅáåÖ=

íçäÉê~åÅÉ= íç= íê~åëéä~åíÉÇ= áëäÉíë= ~åÇ= íÜÉ= éçíÉåíá~ä= ìëÉ= çÑ=

ëíÉã= ÅÉääë= ãÉ~åë= íÜ~í= íÜáë= ã~ó= ëíáää= éêçîÉ= íÜÉ= ãçëí=

éêçãáëáåÖ=~ééêç~ÅÜ=áå=íÜÉ=äçåÖ=íÉêãK=

=

=

=
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17 Patient education and  
Self assessment 
=

Educating patients  
fí= áë= ÉëëÉåíá~ä= íÜ~í= éÉçéäÉ=ïáíÜ= Çá~ÄÉíÉë= ìåÇÉêëí~åÇ= íÜÉáê=
ÇáëçêÇÉê= ~åÇ= äÉ~êå= íç= Ü~åÇäÉ= ~ää= ~ëéÉÅíë= çÑ= íÜÉáê=
ã~å~ÖÉãÉåí=~ë=ÅçãéêÉÜÉåëáîÉäó=~åÇ=èìáÅâäó=~ë=éçëëáÄäÉK=
fÇÉ~ääóI= íÜáë= Å~å= ÄÉ= ~ÅÜáÉîÉÇ= Äó= ~=ãìäíáÇáëÅáéäáå~êó= íÉ~ã=
EÇçÅíçêI= ÇáÉíáíá~åI= ëéÉÅá~äáëí= åìêëÉ= ~åÇ= éçÇá~íêáëíN= ~åÇ=
ÑÉääçï=é~íáÉåíë=EéÉÉê=~ÇîáëÉêëFQF=áå=íÜÉ=çìíé~íáÉåí=ëÉííáåÖK==

R~åÇçãáòÉÇ= íêá~äë= ëÜçï= íÜ~í= Öêçìé= äÉ~êåáåÖ= Ñêçã= ÑÉääçï=
é~íáÉåíë=áë=ÄÉííÉê=~í=äçïÉêáåÖ=eÄ^NÅ=íÜ~å=ïÉääJêìå=Çá~ÄÉíáÅ=
ÅäáåáÅëW= ïÉ= ÇçÅíçêë= ~êÉ= åçí= ~ää= íÜ~í= áãéçêí~åí>Q= qÜçëÉ=
êÉèìáêáåÖ= áåëìäáå= åÉÉÇ= íç= äÉ~êå= Üçï= íç=ãÉ~ëìêÉ= ÇçëÉë= çÑ=
áåëìäáå= ~ÅÅìê~íÉäó= ïáíÜ= ~å= áåëìäáå= ëóêáåÖÉ= çê= éÉå= ÇÉîáÅÉI=
Üçï=íç= áåàÉÅíI=~åÇ=Üçï=íç=~Çàìëí= íÜÉ=ÇçëÉ=çå= íÜÉ=Ä~ëáë=çÑ=
ÄäççÇ= ÖäìÅçëÉ= î~äìÉë= ~åÇ= áå= êÉä~íáçå= íç= Ñ~Åíçêë= ëìÅÜ= ~ë=
ÉñÉêÅáëÉI=áääåÉëë=~åÇ=ÉéáëçÇáÅ=ÜóéçÖäóÅ~Éãá~K==

qÜÉó= ãìëí= íÜÉêÉÑçêÉ= ~ÅèìáêÉ= ~= ïçêâáåÖ= âåçïäÉÇÖÉ= çÑ=
Çá~ÄÉíÉëI=ÄÉ=Ñ~ãáäá~ê=ïáíÜ=íÜÉ=ëóãéíçãë=çÑ=ÜóéçÖäóÅ~Éãá~I=
~åÇ= Ü~îÉ= êÉ~Çó= ~ÅÅÉëë= íç=ãÉÇáÅ~ä= ~ÇîáÅÉ= ïÜÉå= íÜÉ= åÉÉÇ=
~êáëÉëK==

fåÑçêã~íáçå= ëÜçìäÇ= ÄÉ= éêçîáÇÉÇ= ~Äçìí= ÇêáîáåÖ= Eå~íáçå~ä=
ëí~íìíçêó=êÉÖìä~íáçåë=~åÇ=éê~ÅíáÅ~ä=ë~ÑÉíó=ãÉ~ëìêÉëFK==

=

Self-assessment of glycaemic control  
få=éÉçéäÉ=ïáíÜ=íóéÉ=O=Çá~ÄÉíÉë=íÜÉêÉ=áë=åçí=ìëì~ääó=~=åÉÉÇ=Ñçê=
êÉÖìä~ê=ëÉäÑJ~ëëÉëëãÉåí=çÑ=ÄäççÇ=ÖäìÅçëÉI=ìåäÉëë=íÜÉ=é~íáÉåí=
áë= íêÉ~íÉÇ=ïáíÜ= áåëìäáåI= çê= ~í= êáëâ= çÑ= ÜóéçÖäóÅ~Éãá~=ïÜáäÉ=
í~âáåÖ=ëìäéÜçåóäìêÉ~ëK==

_äççÇ= ÖäìÅçëÉ= íÉëíáåÖ= Å~å= ÄÉ= ìëÉÇ= Ñçê= ëÉäÑJÉÇìÅ~íáçå= EáKÉK=
ÇÉãçåëíê~íáåÖ= Üçï= ÇáÑÑÉêÉåí= ÑççÇ= ~åÇ= ÉñÉêÅáëÉ= êÉÖáãÉë=
~ÑÑÉÅí=ÄäççÇ=ÖäìÅçëÉFI=~åÇ=ã~ó=ÄÉ=ìëÉÑìä=áå=~ÅìíÉ=áääåÉëëK==

_äççÇ= ÖäìÅçëÉ= í~êÖÉíë= î~êó= ~ÅÅçêÇáåÖ= íç= áåÇáîáÇì~ä=
ÅáêÅìãëí~åÅÉëI=ÄìíI=áå=ÖÉåÉê~äI=éêÉJãÉ~ä=î~äìÉë=ÄÉíïÉÉå=Q=
~åÇ=T=ããçäLi=ETO=~åÇ=NOS=ãÖLÇiF=~åÇ=OJÜçìê=éçëíJãÉ~ä=
î~äìÉë=ÄÉíïÉÉå=Q=~åÇ=U=ããçäLi=êÉéêÉëÉåí=çéíáã~ä=ÅçåíêçäK==

fåëìäáåJíêÉ~íÉÇ=é~íáÉåíë=ëÜçìäÇ=ÄÉ= í~ìÖÜí=Üçï=íç=ãçåáíçê=
íÜÉáê= çïå= ÄäççÇ= ÖäìÅçëÉ= ìëáåÖ= Å~éáää~êó= ÄäççÇ= ÖäìÅçëÉ=
ãÉíÉêëK=fããÉÇá~íÉ=âåçïäÉÇÖÉ=çÑ=ÄäççÇ=ÖäìÅçëÉ=äÉîÉäë=Å~å=
ÄÉ= ìëÉÇ= Äó= é~íáÉåíë= íç= ÖìáÇÉ= íÜÉáê= áåëìäáå= ÇçëáåÖ= ~åÇ= íç=
ã~å~ÖÉ= ÉñÉêÅáëÉ= ~åÇ= áääåÉëëK= qÜáë= Å~å= ÄÉ= ëìééäÉãÉåíÉÇ=
ïáíÜ=ÄäççÇ=íÉëíáåÖ=Ñçê=âÉíçåÉë=ïÜÉå=ÄäççÇ=ÖäìÅçëÉ=áë=ÜáÖÜ=
~åÇLçê=ÇìêáåÖ=áåíÉêÅìêêÉåí=áääåÉëëK==

rêáåÉ= íÉëíáåÖ= Ñçê= ÖäìÅçëÉ= áë= åçí= êÉÅçããÉåÇÉÇ= ÄÉÅ~ìëÉ=
î~êá~Äáäáíó=áå=êÉå~ä=íÜêÉëÜçäÇ=ãÉ~åë=íÜ~í=ëçãÉ=é~íáÉåíë=ïáíÜ=
áå~ÇÉèì~íÉ=ÖäóÅ~ÉãáÅ=Åçåíêçä=ïáää=åçí=ÑáåÇ=ÖäìÅçëÉ=áå=íÜÉáê=
ìêáåÉK

• Licensing regulations vary considerably between countries. In 
the UK, diabetes requiring insulin therapy or any complication 
that could affect driving should be declared to the Driver and 
Vehicle Licensing Agency; ordinary driving licences are 
‘period-restricted’ for insulin-treated drivers; and vocational 
licences (large goods vehicles and public service vehicles) 
may be granted but require very strict criteria to be met

• The main risk to driving performance is hypoglycaemia. 
Visual impairment and other complications may occasionally 
cause problems

• Insulin-treated diabetic drivers should:
Check blood glucose before driving and 2-hourly during 
long journeys
Keep an accessible supply of fast-acting carbohydrate in 
the vehicle
Take regular snacks or meals during long journeys
Stop driving if hypoglycaemia develops
Refrain from driving until at least 45 mins after treatment 
of hypoglycaemia (delayed recovery of cognitive function)
Carry identification in case of injury

 Diabetes and driving1
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Long-term supervision of 
diabetes 

=
aá~ÄÉíÉë=áë=~=ÅçãéäÉñ=ÇáëçêÇÉê=ïÜáÅÜ=éêçÖêÉëëÉë=áå=ëÉîÉêáíó=
ïáíÜ=íáãÉI=ëç=éÉçéäÉ=ïáíÜ=Çá~ÄÉíÉë=ëÜçìäÇ=ÄÉ=ëÉÉå=~í=êÉÖìä~ê=
áåíÉêî~äë= Ñçê= íÜÉ= êÉã~áåÇÉê= çÑ= íÜÉáê= äáîÉëI= ÉáíÜÉê= ~í= ~=
ëéÉÅá~äáëí=Çá~ÄÉíáÅ=ÅäáåáÅ=çê=áå=éêáã~êó=Å~êÉ=ïÜÉêÉ=Ñ~ÅáäáíáÉë=
~êÉ=~î~áä~ÄäÉ=~åÇ=ëí~ÑÑ=~êÉ=íê~áåÉÇ=áå=Çá~ÄÉíÉë=Å~êÉK==

^=ÅÜÉÅâäáëí=Ñçê=ÑçääçïJìé=îáëáíë=áë=ÖáîÉå=ÄÉäçï=J==

=

qÜÉ= ÑêÉèìÉåÅó= çÑ= îáëáíë= áë= î~êá~ÄäÉI= ê~åÖáåÖ= Ñêçã= ïÉÉâäó=
ÇìêáåÖ=éêÉÖå~åÅó=íç=~ååì~ääó= áå=íÜÉ=Å~ëÉ=çÑ=é~íáÉåíë=ïáíÜ=
ïÉääJÅçåíêçääÉÇ=íóéÉ=O=Çá~ÄÉíÉëK==

Therapeutic goals  
qÜÉ=í~êÖÉí=eÄ^NÅ=ÇÉéÉåÇë=çå=íÜÉ= áåÇáîáÇì~ä=é~íáÉåíK=b~êäó=
çå=áå=Çá~ÄÉíÉë=EáKÉK=é~íáÉåíë=ã~å~ÖÉÇ=Äó=ÇáÉí=çê=çåÉ=çê=íïç=
çê~ä=~ÖÉåíëFI=~=í~êÖÉí=çÑ=QU=ããçäLãçä=ESKRBF=çê=äÉëë=ã~ó=ÄÉ=
~ééêçéêá~íÉK= eçïÉîÉêI= ~= ÜáÖÜÉê= í~êÖÉí= çÑ= RU= ããçäLãçä=
ETKRBF=ã~ó=ÄÉ=ãçêÉ=~ééêçéêá~íÉ=áå=çäÇÉê=é~íáÉåíë=ïáíÜ=éêÉJ
ÉñáëíáåÖ= Å~êÇáçî~ëÅìä~ê= ÇáëÉ~ëÉI= çê= íÜçëÉ= íêÉ~íÉÇ= ïáíÜ=
áåëìäáå=~åÇ=íÜÉêÉÑçêÉ=~í=êáëâ=çÑ=ÜóéçÖäóÅ~Éãá~K==

få=ÖÉåÉê~äI= íÜÉ=ÄÉåÉÑáíë=çÑ= äçïÉê= í~êÖÉí=eÄ^NÅ= Eéêáã~êáäó=~=
äçïÉê= êáëâ= çÑ= ãáÅêçî~ëÅìä~ê= ÇáëÉ~ëÉF= åÉÉÇ= íç= ÄÉ= ïÉáÖÜÉÇ=

~Ö~áåëí= ~åó= áåÅêÉ~ëÉÇ= êáëâë= Eéêáã~êáäó= ÜóéçÖäóÅ~Éãá~= áå=
áåëìäáåJíêÉ~íÉÇ=é~íáÉåíëFK==

qóéÉ= O= Çá~ÄÉíÉë= áë= ìëì~ääó= ~= éêçÖêÉëëáîÉ= ÅçåÇáíáçå= EcáÖK=
ONKTFI=ìåäÉëë=íÜÉêÉ=~êÉ=ã~àçê=ÇáÉí=~åÇ=äáÑÉëíóäÉ=ÅÜ~åÖÉëI=ëç=
íÜ~í=íÜÉêÉ=áë=ìëì~ääó=~=åÉÉÇ=íç=áåÅêÉ~ëÉ=Çá~ÄÉíÉë=ãÉÇáÅ~íáçå=
çîÉê=íáãÉ=íç=~ÅÜáÉîÉ=íÜÉ=áåÇáîáÇì~äáëÉÇ=í~êÖÉí=eÄ^NÅK==

=
Figure:	Time	course	of	changes	in	HbA1c	during	the	United	Kingdom	
Prospective	Diabetes	Study	(UKPDS).	In	the	UKPDS	there	was	loss	of	
glycaemic	control	with	time	in	patients	receiving	monotherapy,	
independently	of	their	randomisation	to	conventional	or	intensive	
glycaemic	control,	consistent	with	progressive	decline	in	𝛽-cell	function.1	

få= éÉçéäÉ= ïáíÜ= íóéÉ= O= Çá~ÄÉíÉëI= íêÉ~íãÉåí= çÑ= ÅçÉñáëíáåÖ=
ÜóéÉêíÉåëáçå= ~åÇ= ÇóëäáéáÇ~Éãá~= áë= ìëì~ääó= êÉèìáêÉÇK= qÜáë=
Å~å= ÄÉ= ÇÉÅáÇÉÇ= Äó= ~ëëÉëëáåÖ= ~ÄëçäìíÉ= êáëâ= çÑ= ~=
Å~êÇáçî~ëÅìä~ê= ÇáëÉ~ëÉ= ÉîÉåí= ~åÇ= ~ÇàìëíáåÖ= í~êÖÉíë= íç=
áåÇáîáÇì~ä=ÅáêÅìãëí~åÅÉëK==

Assess vascular risk 
q~êÖÉí= ÄäççÇ= éêÉëëìêÉ= YNQMLUM= ããeÖKNIQ= få= ëéÉÅá~ä=
ÅçåÇáíáçåëW==

• NPMLUM= ããeÖ= áÑW= ëíêçâÉI= jfI= êÉíáåçé~íÜóI=
ãáÅêç~äÄìãáåìêá~=E^R_=çê=^`bJáFQIN=

• YNORLYTR= ïáíÜ= êÉå~ä= ÇáëÉ~ëÉW= �ÅêÉ~íáåáåÉI=
ãáÅêç~äÄìãáåìêá~I=çê=ÇáéëíáÅâ=éêçíÉáåìêá~FK=Q=

_äççÇ= éêÉëëìêÉ= Åçåíêçä= áë= ÅêáíáÅ~ä= Ñçê= éêÉîÉåíáåÖ= ã~Åêç=
î~ëÅìä~ê=ÇáëÉ~ëÉ=~åÇ=êÉÇìÅáåÖ=ãçêí~äáíóKQ=

Check plasma lipids 
cçê= äáéáÇJäçïÉêáåÖI= íÜÉêÉ= áë= ~= êÉÇìÅíáçå= áå= Å~êÇáçî~ëÅìä~ê=
êáëâ=ÉîÉå=ïáíÜ=åçêã~ä=ÅÜçäÉëíÉêçä=äÉîÉäëI=Äìí=ëí~íáå=íÜÉê~éó=
áë=ìëì~ääó=êÉÅçããÉåÇÉÇ=ïÜÉå=íÜÉ=NMJóÉ~ê=Å~êÇáçî~ëÅìä~ê=
ÉîÉåí=êáëâ=áë=~í=äÉ~ëí=OMBK=^ë=~=ÖÉåÉê~ä=êìäÉI=íÜáë=ãÉ~åë=íÜ~í=
~åóçåÉ=ïáíÜ=íóéÉ=O=Çá~ÄÉíÉë=ïÜç=áë=çîÉê=íÜÉ=~ÖÉ=çÑ=QM=óÉ~êë=
ëÜçìäÇ=êÉÅÉáîÉ=~=ëí~íáåI=áêêÉëéÉÅíáîÉ=çÑ=Ä~ëÉäáåÉ=ÅÜçäÉëíÉêçä=
äÉîÉäëK=pçãÉ=ÖìáÇÉäáåÉë=Çç=åçí=ëìÖÖÉëí=~= í~êÖÉí= äÉîÉä=çåÅÉ=
íÜÉ=é~íáÉåí=áë=ëí~êíÉÇ=çå=~=ëí~íáå=Äìí=çíÜÉêë=ëìÖÖÉëí=~=íçí~ä=
ÅÜçäÉëíÉêçä=çÑ= äÉëë= íÜ~å=QKM=ããçäLi= EúNRM=ãÖLÇiF=~åÇ=~å=
iai=ÅÜçäÉëíÉêçä=çÑ=äÉëë=íÜ~å=OKM=ããçäLi=EúTR=ãÖLÇiFK==

páãáä~ê=í~êÖÉíë=~êÉ=~ééêçéêá~íÉ=áå=íóéÉ=N=Çá~ÄÉíÉëI=~äíÜçìÖÜ=
íÜÉêÉ=áë=~=ëÜçêí~ÖÉ=çÑ=Ç~í~=Ñêçã=ÅäáåáÅ~ä=íêá~äë=áå=íÜáë=ÖêçìéK=
páãî~ëí~íáå= QMãÖ= åçÅíÉ;= áÑ= íêáÖäóÅÉêáÇÉ= [QKRããçäLiW=
_Éò~äáé®=OMMãÖLUÜ=EHlã~Åçê®=çãÉÖ~=P=áÑ=ëíáää=áåÅêÉ~ëÉÇFQ=

 

 

Lifestyle issues

• General health
• Work or school
• Smoking
• Alcohol intake

• Stress or depression
• Sexual health
• Exercise

Body weight and BMI

Blood pressure

• Individualised target of 130–140/70–80 mmHg, depending 
on risk factors and presence of nephropathy

Urinalysis

• Analyse fasting specimen for glucose, ketones, albumin (both 
macro- and micro-albuminuria)

Biochemistry

• Renal, liver and thyroid function
• Lipid profile and estimated 10-yr cardiovascular risk to guide 

need for lipid-lowering therapy

Glycaemic control

• Glycated haemoglobin (HbA1c); individualised target between 
48 and 58 mmol/mol (6.5 and 7.5%)

• Inspection of home blood glucose monitoring record (if 
carried out by patient)

Hypoglycaemic episodes

• Number and cause of severe (requiring assistance for 
treatment) events and frequency of mild (self-treated) 
episodes and biochemical hypoglycaemia

• Awareness of hypoglycaemia
• Driving advice

Assessment of injection sites if insulin-treated

Eye examination

• Visual acuities (near and distance)
• Ophthalmoscopy (with pupils dilated) or digital photography

Examination of lower limbs and feet

• Assessment of foot risk 

 How to review a patient in the 

diabetes clinic1
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Adjustment of therapy 
m~íáÉåíë= ïÜçëÉ= ÖäóÅ~ÉãáÅ= Åçåíêçä= ÇÉíÉêáçê~íÉë= ~ÑíÉê= ~=
éÉêáçÇ= çÑ= ë~íáëÑ~Åíçêó= Åçåíêçä= åÉÉÇ= íÜÉáê= íÜÉê~éó= íç= ÄÉ=
~ÇàìëíÉÇK= eçïÉîÉêI= íÜáë= áë= åçí= ~= ÜçãçÖÉåÉçìë= Öêçìé;= áí=
áåÅäìÇÉë==

• ëçãÉ=é~íáÉåíë=ïáíÜ= ä~íÉJçåëÉí= íóéÉ= N= Çá~ÄÉíÉë=ïÜç=
ÇÉîÉäçé=~å=~ÄëçäìíÉ=ÇÉÑáÅáÉåÅó=çÑ=áåëìäáåI==

• ëçãÉ= ïáíÜ= íóéÉ= O= Çá~ÄÉíÉë= ïÜçëÉ= βJÅÉää= Ñ~áäìêÉ= áë=
~Çî~åÅÉÇI=~åÇ==

• çíÜÉêë=ïÜç= ~êÉ= åçí= ~ÇÜÉêáåÖ= íç= íÜÉ= êÉÅçããÉåÇÉÇ=
äáÑÉëíóäÉ=ÅÜ~åÖÉë=çê=ãÉÇáÅ~íáçåK==

tÉáÖÜí= äçëë= ëìÖÖÉëíë= ïçêëÉåáåÖ= βJÅÉää= ÑìåÅíáçåK= aìêáåÖ=
ÅçåíáåìáåÖ=ÑçääçïJìéI=íÜÉ=ã~àçêáíó=çÑ=é~íáÉåíë=ïáää=êÉèìáêÉ=
ÅçãÄáå~íáçåë=çÑ=~åíáJÇá~ÄÉíáÅ=ÇêìÖëI=çÑíÉå=ïáíÜ=~ÇÇáíáçå~ä=
áåëìäáå= êÉéä~ÅÉãÉåíI= íç= çÄí~áå= ë~íáëÑ~Åíçêó= ÖäóÅ~ÉãáÅ=
ÅçåíêçäK=

=

=

=

 Prevention5 

dÉåÉíáÅ=éêÉÇáëéçëáíáçå=ÇÉíÉêãáåÉë=ïÜÉíÜÉê=~å=áåÇáîáÇì~ä=áë=
ëìëÅÉéíáÄäÉ= íç= íóéÉ= O= Çá~ÄÉíÉë;= áÑ= ~åÇ= ïÜÉå= Çá~ÄÉíÉë=
ÇÉîÉäçéë=ä~êÖÉäó=ÇÉéÉåÇë=çå=äáÑÉëíóäÉK==

^=Çê~ã~íáÅ=êÉÇìÅíáçå=áå=íÜÉ=áåÅáÇÉåÅÉ=çÑ=åÉï=Å~ëÉë=çÑ=~ÇìäíJ
çåëÉí=Çá~ÄÉíÉë=ï~ë=ÇçÅìãÉåíÉÇ=áå=íÜÉ=pÉÅçåÇ=tçêäÇ=t~ê=
ïÜÉå=ÑççÇ=ï~ë=ëÅ~êÅÉI=~åÇ=ÅäáåáÅ~ä=íêá~äë=áå=áåÇáîáÇì~äë=ïáíÜ=
áãé~áêÉÇ=ÖäìÅçëÉ=íçäÉê~åÅÉ=Ü~îÉ=ëÜçïå=íÜ~í=ÇáÉíI=ÉñÉêÅáëÉ=
çê= ~ÖÉåíë= ëìÅÜ= ~ë= ãÉíÑçêãáå= Ü~îÉ= ~= ã~êâÉÇ= ÉÑÑÉÅí= áå=
ÇÉÑÉêêáåÖ=íÜÉ=çåëÉí=çÑ=íóéÉ=O=Çá~ÄÉíÉëK==

bëí~ÄäáëÜÉÇ=Çá~ÄÉíÉë=Å~å=ÄÉ=êÉîÉêëÉÇI=ÉîÉå=áÑ= íÉãéçê~êáäóI=
Äó= ëìÅÅÉëëÑìä= ÇáÉí~êó= ÅÜ~åÖÉë= ~åÇ= ïÉáÖÜí= äçëëI= çê= Äó=
Ä~êá~íêáÅ=ëìêÖÉêóK==

aá~ÄÉíÉë= áë= íÜÉêÉÑçêÉ= ä~êÖÉäó= éêÉîÉåí~ÄäÉI= ~äíÜçìÖÜ= íÜÉ=
ãçëí= ÉÑÑÉÅíáîÉ= ãÉ~ëìêÉë= ïçìäÇ= ÄÉ= ÇáêÉÅíÉÇ= ~í= íÜÉ= ïÜçäÉ=
éçéìä~íáçå=~åÇ=áãéäÉãÉåíÉÇ=É~êäó=áå=äáÑÉK==

mêÉîÉåíáçå=áë=ïÉää=ïçêíÜïÜáäÉI=Ñçê=Çá~ÄÉíÉë=Çá~ÖåçëÉÇ=áå=~=
ã~å=ÄÉíïÉÉå=íÜÉ=~ÖÉë=çÑ=QM=~åÇ=RV=êÉÇìÅÉë=äáÑÉ=ÉñéÉÅí~åÅó=
Äó=RÓNM=óÉ~êëK=_ó=Åçåíê~ëíI=íóéÉ=O=Çá~ÄÉíÉë=Çá~ÖåçëÉÇ=~ÑíÉê=
íÜÉ=~ÖÉ=çÑ=TM=Ü~ë=~=äáãáíÉÇ=ÉÑÑÉÅí=çå=äáÑÉ=ÉñéÉÅí~åÅóK=

=
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Figure:	Clinical	examination	of	the	patient	with	diabetes.1	

8 Insulin injection sites
Main areas used

• Anterior abdominal wall
• Upper thighs/buttocks
• Upper outer arms

Inspection

• Bruising
• Subcutaneous fat deposition 

(lipohypertrophy)
• Subcutaneous fat loss (lipoatrophy; 

associated with injection of unpurified 
animal insulins – now rare)

• Erythema, infection (rare)

7 Examination of the eyes
Visual acuity

• Distance vision using Snellen chart at 
6 metres

• Near vision using standard reading 
chart

Visual acuity can alter reversibly with 
acute hyperglycaemia due to osmotic 
changes affecting the lens. Most patients 
with retinopathy do not have altered 
visual acuity, except after a vitreous 
haemorrhage or in some cases of 
maculopathy.

Lens opacification

• Look for the red reflex using the 
ophthalmoscope held 30 cm from  
the eye

Fundal examination

• Either use a three-field retinal camera 
or dilate pupils with a mydriatic (e.g. 
tropicamide) and examine with 
ophthalmoscope in a darkened room

• Note features of diabetic retinopathy, 
 including  photocoagulation  

scars from previous laser treatment

Diabetes can affect every system in 
the body. In routine clinical practice, 
examination of the patient with dia-
betes is focused on 1  hands, 3  
blood pressure, 4  and 5  axillae 
and neck, 7  eyes, 8  insulin injec-
tion sites and 11  feet.

Background retinopathy. 

Proliferative retinopathy. 

1 Examination of the hands
Several abnormalities are more common 
in diabetes:
• Limited joint mobility 

(‘cheiroarthropathy’) causes painless 
stiffness. The inability to extend  
(to 180°) the metacarpophalangeal  
or interphalangeal joints of at  
least one finger bilaterally  
can be demonstrated in the  
‘prayer sign’

• Dupuytren’s contracture
causes nodules or thickening of the 
skin and knuckle pads

• Carpal tunnel syndrome
presents with wrist pain radiating into 
the hand

• Trigger finger (flexor tenosynovitis)
• Muscle-wasting/sensory changes  

may be present in peripheral 
sensorimotor neuropathy, although 
this is more common in the  
lower limbs

Lipohypertrophy of the upper arm. 

11 Examination of the feet
Inspection

• Look for evidence of callus formation 
on weight-bearing areas, clawing of 
the toes (in neuropathy), loss of the 
plantar arch, discoloration of the skin 
(ischaemia), localised infection and 
ulcers

• Deformity may be present, especially 
in Charcot neuroarthropathy

• Fungal infection may affect skin 
between toes, and nails

Circulation

• Peripheral pulses, skin temperature 
and capillary refill may be abnormal

Sensation

• Abnormal in stocking distribution in 
typical peripheral sensorimotor 
neuropathy

• Testing light touch with 
monofilaments is sufficient for risk 
assessment; test other sensation 
modalities (vibration, pain, 
proprioception) only when neuropathy 
is being evaluated

Reflexes

• Loss of ankle reflexes in typical 
sensorimotor neuropathy

• Test plantar and ankle reflexes

Monofilaments. The monofilament is 
applied gently until slightly deformed at 5 
points on each foot. Callus should be 
avoided as sensation is reduced. If the 
patient feels fewer than 8 out of 10 touches, 
the risk of foot ulceration is increased 
5–10-fold. 
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18 Psychological 
Implications5 

=
m~íáÉåíë=ëí~êíáåÖ=í~ÄäÉí=çê= áåëìäáå=íêÉ~íãÉåí=ëÜçìäÇ=äáîÉ=~ë=
åçêã~ä=~= äáÑÉ=~ë=éçëëáÄäÉ=Äìí= íÜáë= áë=åçí=~äï~óë=É~ëóK=q~ÅíI=
Éãé~íÜóI=ÉåÅçìê~ÖÉãÉåí=~åÇ=éê~ÅíáÅ~ä=ëìééçêí=~êÉ=åÉÉÇÉÇ=
Ñêçã=~ää=ãÉãÄÉêë= çÑ= íÜÉ= ÅäáåáÅ~ä= íÉ~ãK=aá~ÄÉíÉëI= äáâÉ= ~åó=
ÅÜêçåáÅ=ÇáëÉ~ëÉI=Ü~ë=éëóÅÜçäçÖáÅ~ä=ëÉèìÉä~ÉK=jçëí=é~íáÉåíë=
ïáää= ÉñéÉêáÉåÅÉ= éÉêáçÇë= çÑ= åçí= ÅçéáåÖI= çÑ= ÜÉäéäÉëëåÉëëI= çÑ=
ÇÉåá~ä=~åÇ=çÑ=~ÅÅÉéí~åÅÉI=çÑíÉå=ÑäìÅíì~íáåÖ=çîÉê=íáãÉK=líÜÉê=
éêçÄäÉãë=áåÅäìÇÉ=íÜÉ=ÑçääçïáåÖW==

• vçì=Å~ååçí=í~âÉ=~=ÚÜçäáÇ~óÛ=Ñêçã=Çá~ÄÉíÉë=Ó=óÉí=íÜÉ=
Üìã~å= éëóÅÜÉ= áë= éççêäó= ÇÉîÉäçéÉÇ= íç= ÅçéÉ= ïáíÜ=
ìåêÉãáííáåÖ=~ÇîÉêëáíóK==

• `çåÅÉëëáçåë= çê= ëóãé~íÜó= ~êÉ= çÑíÉå= ÇÉåáÉÇ= íç= íÜÉ=
éÉêëçå=ïáíÜ=Çá~ÄÉíÉëI=ëáåÅÉ=áíë=éêÉëÉåÅÉ=áë=áåîáëáÄäÉK==

• qÜÉ=íêÉ~íãÉåí=áë=ÅçãéäÉñ=~åÇ=ÇÉã~åÇáåÖI=~åÇ=íÜÉ=
éÉêëçå=ïáíÜ=Çá~ÄÉíÉë=ãìëí=ã~âÉ=íê~ÇÉçÑÑë=ÄÉíïÉÉå=
ëÜçêíJíÉêã=~åÇ=äçåÖJíÉêã=ïÉääÄÉáåÖK==

• bãÄ~êê~ëëáåÖ= äçëë= çÑ= Åçåíêçä= çîÉê= éÉêëçå~ä=
ÄÉÜ~îáçìê= çê= ÅçåëÅáçìëåÉëë= Å~å= çÅÅìê= áå= áåëìäáåJ
íêÉ~íÉÇ=é~íáÉåíë=ïÜÉå=ãáåçê=ãáëÅ~äÅìä~íáçå=äÉ~Çë=íç=
ÜóéçÖäóÅ~Éãá~K=

• oáëâJí~âáåÖ=ÄÉÜ~îáçìê=áë=áåÇìäÖÉÇ=áå=Äó=~ää=Üìã~åë=
ïÜÉå=Éãçíáçå=áë=áå=ÅçåÑäáÅí=ïáíÜ=äçÖáÅ~ä=íÜçìÖÜí=Äìí=
áíë=ÉÑÑÉÅíë=Å~å=ÄÉ=ãìÅÜ=ÖêÉ~íÉê= Ñçê= íÜÉ=éÉêëçå=ïáíÜ=
Çá~ÄÉíÉë= Eé~êíáÅìä~êäó= íÜÉ= êáëâë= çÑ= ìåéä~ååÉÇ=
éêÉÖå~åÅóI=~äÅçÜçä=~åÇ=íçÄ~ÅÅçFK==

• mççê=ëÉäÑJáã~ÖÉ=áë=~=îÉêó=Åçããçå=éêçÄäÉãK==
• b~íáåÖ=ÇáëçêÇÉêë=~êÉ=ãçêÉ=Åçããçå=áå=éÉçéäÉ=ïáíÜ=

Çá~ÄÉíÉë= Ó= PMÓQMB= çÑ= óçìåÖ= ïçãÉå= ïáää= êÉéçêí=
ÇáëçêÇÉêÉÇ=É~íáåÖ=~í=ëçãÉ=ëí~ÖÉ=çÑ=íÜÉáê=Çá~ÄÉíÉëK==

• lãáëëáçå=çÑ=í~ÄäÉíë=çê=áåëìäáå=áë=Åçããçå=ëáåÅÉ=åçåJ
~ÇÜÉêÉåÅÉ=íç=íêÉ~íãÉåí=êÉÖáãÉåë= áë=ìåáîÉêë~ä= áå=~ää=
áääåÉëëK=_ÉíïÉÉå=N=áå=Q=~åÇ=N=áå=R=í~ÄäÉíë=éêÉëÅêáÄÉÇ=
Ñçê=Çá~ÄÉíÉë=áë=åçí=ÅçåëìãÉÇ=ïáíÜáå=íÜÉ=ÇÉëáÖå~íÉÇ=
íêÉ~íãÉåí= éÉêáçÇK= fåëìäáå= çãáëëáçå= áë= åçí=
ìåÅçããçå= áå= óçìåÖ= ïçãÉåI= áå= ïÜçã= íÜÉ=
ãçíáî~íáçå= íç= ëí~ó= ëäáã= ã~ó= çîÉêÅçãÉ= ÅçåÅÉêåë=
~Äçìí=äçåÖJíÉêã=ÅçãéäáÅ~íáçåëK==

 Adolescence 
=
i~éëÉë= áåíç= éççê= ãÉí~ÄçäáÅ= ÅçåíêçäI= çê= ÇêçééáåÖ= çìí= çÑ=
ãÉÇáÅ~ä= Å~êÉ= Ñçê= ~= íáãÉ= ~åÇ= êÉJÉãÉêÖáåÖ= ïáíÜ=
ÅçãéäáÅ~íáçåëI=~êÉ=îÉêó=Åçããçå=áå=~ÇçäÉëÅÉåÅÉK=aá~ÄÉíáÅ=
ëìããÉê= Å~ãéë= EÉKÖK= íÜçëÉ= êìå= Äó= aá~ÄÉíÉë= rhF= ÜÉäé=
éêÉîÉåí=~=ÑÉÉäáåÖ=çÑ=áëçä~íáçå=~åÇ=åçí=âåçïáåÖ=~åóçåÉ=ÉäëÉ=
ïáíÜ=íÜÉ=ë~ãÉ=éêçÄäÉãK=pÉé~ê~íÉ=~ÇçäÉëÅÉåí=ÅäáåáÅë=~ääçïW==

• íêÉ~íãÉåí=ïáíÜçìí=ã~êÖáå~äáò~íáçå=áå=~=ä~êÖÉê=Öêçìé=
çÑ=çäÇÉê=éÉçéäÉ==

• ãÉÉíáåÖ=éÉÉêë=ïáíÜ=ëáãáä~ê=éêçÄäÉãë=áå=íÜÉ=ï~áíáåÖ=
êççã==

• Öê~Çì~ä=ëÉé~ê~íáçå=Ñêçã=é~êÉåíë=~åÇ=~ëëìãéíáçå=çÑ=
éÉêëçå~ä=êÉëéçåëáÄáäáíó=Ñçê=íÜÉ=áääåÉëë==

• ~ÖÉJ~ééêçéêá~íÉ=äáíÉê~íìêÉ=íç=ÄÉ=ã~ÇÉ=~î~áä~ÄäÉK==

=

 Practical aspects 
=
m~íáÉåíë=åÉÉÇ= íç= áåÑçêã= íÜÉ=ÇêáîáåÖ= ~åÇ= îÉÜáÅäÉ= äáÅÉåëáåÖ=
~ìíÜçêáíó= ~åÇ= íÜÉáê= áåëìê~åÅÉ= Åçãé~åáÉë= ~ÑíÉê= Çá~ÖåçëáëK=
qÜÉó=ïçìäÇ=~äëç=ÄÉ=ïáëÉ=íç=áåÑçêã=íÜÉáê=Ñ~ãáäóI=ÑêáÉåÇë=~åÇ=
ÉãéäçóÉêëI= áå= Å~ëÉ= ìåÉñéÉÅíÉÇ= ÜóéçÖäóÅ~Éãá~= çÅÅìêëK=
fåëìäáå= íêÉ~íãÉåí= Å~å= ÄÉ= ìåÇÉêí~âÉå= Äó= éÉçéäÉ= áå= ãçëí=
ï~äâë=çÑ=äáÑÉK=̂ =ÑÉï=àçÄë=~êÉ=ìåëìáí~ÄäÉX=íÜÉëÉ=áåÅäìÇÉ=ÇêáîáåÖ=
ÜÉ~îó=ÖççÇë=çê=éìÄäáÅ=ëÉêîáÅÉ=îÉÜáÅäÉëI=ïçêâáåÖ=~í=ÜÉáÖÜíëI=
éáäçíáåÖ=~áêÅê~ÑíI=çê=ïçêâáåÖ=ÅäçëÉ=íç=Ç~åÖÉêçìë=ã~ÅÜáåÉêó=
áå=ãçíáçåK=`Éêí~áå=éêçÑÉëëáçåëI=ëìÅÜ=~ë=íÜÉ=éçäáÅÉ=~åÇ=íÜÉ=
~êãÉÇ=ÑçêÅÉëI=~êÉ=Ä~êêÉÇ=íç=~ää=Çá~ÄÉíáÅ=é~íáÉåíëK=qÜÉêÉ=~êÉ=
ÑÉï=çíÜÉê= äáãáí~íáçåëI= ~äíÜçìÖÜ=~=ÅçåëáÇÉê~ÄäÉ=~ãçìåí=çÑ=
áääáåÑçêãÉÇ=éêÉàìÇáÅÉ= ÉñáëíëK=açÅíçêë= Å~å= ëçãÉíáãÉë=ÜÉäé=
ëìééçêí=é~íáÉåíë=áå=íÜÉ=Ñ~ÅÉ=çÑ=ãáëáåÑçêãÉÇ=ïçêâ=éê~ÅíáÅÉëK=

=
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19 
Metabolic 
disturbance 
and emergencies 
=

 
Metabolic disturbances  
In type 1 diabetes 

m~íáÉåíë=ïáíÜ=íóéÉ=N=Çá~ÄÉíÉë=éêÉëÉåí=ïÜÉå=éêçÖêÉëëáîÉ=βJ
ÅÉää=ÇÉëíêìÅíáçå=Ü~ë=ÅêçëëÉÇ=~=íÜêÉëÜçäÇ=~í=ïÜáÅÜ=~ÇÉèì~íÉ=
áåëìäáå= ëÉÅêÉíáçå=~åÇ=åçêã~ä=ÄäççÇ=ÖäìÅçëÉ= äÉîÉäë= Å~å=åç=
äçåÖÉê=ÄÉ=ëìëí~áåÉÇK==

^ÄçîÉ=~=ÅÉêí~áå=äÉîÉäI=ÜáÖÜ=ÖäìÅçëÉ=äÉîÉäë=ã~ó=ÄÉ=íçñáÅ=íç=íÜÉ=
êÉã~áåáåÖ= β= ÅÉääëI= ëç= íÜ~í= éêçÑçìåÇ= áåëìäáå= ÇÉÑáÅáÉåÅó=
ê~éáÇäó= ÉåëìÉëI= Å~ìëáåÖ= íÜÉ=ãÉí~ÄçäáÅ= ëÉèìÉä~É= ëÜçïå= áå=
ÑáÖìêÉ=ÄÉäçïK==

eóéÉêÖäóÅ~Éãá~= äÉ~Çë= íç= ÖäóÅçëìêá~= ~åÇ= ÇÉÜóÇê~íáçåI=

Å~ìëáåÖ= Ñ~íáÖìÉI= éçäóìêá~I= åçÅíìêá~I= íÜáêëí= ~åÇ= éçäóÇáéëá~I=
ëìëÅÉéíáÄáäáíó= íç= ìêáå~êó= ~åÇ= ÖÉåáí~ä= íê~Åí= áåÑÉÅíáçåëI= ~åÇ=
ä~íÉê= í~ÅÜóÅ~êÇá~= ~åÇ=ÜóéçíÉåëáçåK=råêÉëíê~áåÉÇ= äáéçäóëáë=
~åÇ=éêçíÉçäóëáë= êÉëìäí= áå=ïÉáÖÜí= äçëëK= hÉíç~ÅáÇçëáë= çÅÅìêë=
ïÜÉå=ÖÉåÉê~íáçå=çÑ=âÉíçåÉ=ÄçÇáÉë=ÉñÅÉÉÇë=íÜÉ=Å~é~Åáíó=Ñçê=
íÜÉáê=ãÉí~ÄçäáëãK=bäÉî~íÉÇ=ÄäççÇ=eH=áçåë=ÇêáîÉ=hH=çìí=çÑ=íÜÉ=
áåíê~ÅÉääìä~ê= Åçãé~êíãÉåíI= ïÜáäÉ= ëÉÅçåÇ~êó=
ÜóéÉê~äÇçëíÉêçåáëã=ÉåÅçìê~ÖÉë=ìêáå~êó=äçëë=çÑ=hHK==

qÜìë=é~íáÉåíë=ìëì~ääó=éêÉëÉåí=ïáíÜ=~=ëÜçêí=Üáëíçêó=EíóéáÅ~ääó=
~=ÑÉï=ïÉÉâëF=çÑ=ÜóéÉêÖäóÅ~ÉãáÅ=ëóãéíçãë=EíÜáêëíI=éçäóìêá~I=
åçÅíìêá~=~åÇ=Ñ~íáÖìÉFI=áåÑÉÅíáçåë=~åÇ=ïÉáÖÜí=äçëëI=~åÇ=ã~ó=
Ü~îÉ=ÇÉîÉäçéÉÇ=âÉíç~ÅáÇçëáëK=

=
Figure:	Acute	metabolic	complications	of	insulin	deficiency.	(FFA	=	free	fatty	acids.)1

↓Glucose uptake
and utilisation ↑Glycogenolysis

Hyperglycaemia

Glycosuria

Osmotic diuresis

Dehydration

Hyperosmolarity

Secondary
hyperaldosteronism

K+ deficiency

↑Gluconeogenesis

↑Lipolysis↑Proteolysis

↑FFA and glycerol
to liver

↓Renal function ↑Lactate

↑Ketogenesis

Metabolic acidosis

Insufficient insulin
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Metabolic disturbances  
In type 2 diabetes 

m~íáÉåíë=ïáíÜ=íóéÉ=O=Çá~ÄÉíÉë=Ü~îÉ=~=ëäçï=çåëÉí=çÑ=ÚêÉä~íáîÉÛ=
áåëìäáå=ÇÉÑáÅáÉåÅóK=RÉä~íáîÉäó=ëã~ää=~ãçìåíë=çÑ=áåëìäáå=~êÉ=
êÉèìáêÉÇ=íç=ëìééêÉëë=äáéçäóëáëI=~åÇ=ëçãÉ=ÖäìÅçëÉ=ìéí~âÉ=áë=
ã~áåí~áåÉÇ= áå= ãìëÅäÉI= ëç= íÜ~íI= áå= Åçåíê~ëí= ïáíÜ= íóéÉ= N=
Çá~ÄÉíÉëI=äáéçäóëáë=~åÇ=éêçíÉçäóëáë=~êÉ=åçí=ìåêÉëíê~áåÉÇ=~åÇ=
ïÉáÖÜí=äçëë=~åÇ=âÉíç~ÅáÇçëáë=ëÉäÇçã=çÅÅìêK==

få=íóéÉ=O=Çá~ÄÉíÉëI=ÜóéÉêÖäóÅ~Éãá~=íÉåÇë=íç=ÇÉîÉäçé=ëäçïäó=
çîÉê=ãçåíÜë=çê=óÉ~êë;=ÄÉÅ~ìëÉ=çÑ=íÜáë=áåëáÇáçìë=çåëÉí=ã~åó=
Å~ëÉë=çÑ=íóéÉ=O=Çá~ÄÉíÉë=~êÉ=ÇáëÅçîÉêÉÇ=ÅçáåÅáÇÉåí~ääó=~åÇ=~=
ä~êÖÉ= åìãÄÉê= ~êÉ= ìåÇÉíÉÅíÉÇK= ^í= Çá~ÖåçëáëI= é~íáÉåíë= ~êÉ=
çÑíÉå=~ëóãéíçã~íáÅ=çê=ÖáîÉ=~=äçåÖ=Üáëíçêó=EíóéáÅ~ääó=ã~åó=
ãçåíÜëF= çÑ= Ñ~íáÖìÉI= ïáíÜ= çê= ïáíÜçìí= ÚçëãçíáÅ= ëóãéíçãëÛ=

EíÜáêëí=~åÇ=éçäóìêá~FK=få=ëçãÉ=é~íáÉåíë=ïáíÜ=íóéÉ=O=Çá~ÄÉíÉëI=
éêÉëÉåí~íáçå= áë= ä~íÉ= ~åÇ= é~åÅêÉ~íáÅ= βJÅÉää= Ñ~áäìêÉ= Ü~ë=
êÉ~ÅÜÉÇ= ~å= ~Çî~åÅÉÇ= ëí~ÖÉ= çÑ= áåëìäáå= ÇÉÑáÅáÉåÅóK= qÜÉëÉ=
é~íáÉåíë=ã~ó=éêÉëÉåí=ïáíÜ=ïÉáÖÜí= äçëë=Äìí= âÉíç~ÅáÇçëáë= áë=
ìåÅçããçåK= eçïÉîÉêI= áå= ëçãÉ= ÉíÜåáÅ= ÖêçìéëI= ëìÅÜ= ~ë=
^ÑêáÅ~å=^ãÉêáÅ~åëI=Ü~äÑ=çÑ=íÜçëÉ=ïÜçëÉ=Ñáêëí=éêÉëÉåí~íáçå=áë=
ïáíÜ=Çá~ÄÉíáÅ=âÉíç~ÅáÇçëáë=Ü~îÉ=íóéÉ=O=Çá~ÄÉíÉëK==

fåíÉêÅìêêÉåí= áääåÉëëI= ÉKÖK= ïáíÜ= áåÑÉÅíáçåëI= áåÅêÉ~ëÉë= íÜÉ=
éêçÇìÅíáçå= çÑ= ëíêÉëë= ÜçêãçåÉë= ïÜáÅÜ= çééçëÉ= áåëìäáå=
~ÅíáçåI= ëìÅÜ= ~ë= ÅçêíáëçäI= ÖêçïíÜ= ÜçêãçåÉ= ~åÇ=
Å~íÉÅÜçä~ãáåÉëK=qÜáë=Å~å=éêÉÅáéáí~íÉ=~å=~ÅìíÉ=Éñ~ÅÉêÄ~íáçå=
çÑ= áåëìäáå= êÉëáëí~åÅÉ= ~åÇ= áåëìäáå= ÇÉÑáÅáÉåÅóI= ~åÇ= êÉëìäí= áå=
ãçêÉ= ëÉîÉêÉ= ÜóéÉêÖäóÅ~Éãá~= ~åÇ= ÇÉÜóÇê~íáçå=
EÜóéÉêÖäóÅ~ÉãáÅ=ÜóéÉêçëãçä~ê=ëí~íÉFK==

=

=
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20 Diabetic 
ketoacidosis (DKA) 
=

=
=
aá~ÄÉíáÅ=âÉíç~ÅáÇçëáë=Eah^F=áë=~=ãÉí~ÄçäáÅ=ÉãÉêÖÉåÅó=áå=ïÜáÅÜ=ÜóéÉêÖäóÅ~Éãá~=áë=~ëëçÅá~íÉÇ=ïáíÜ=~=ãÉí~ÄçäáÅ=~ÅáÇçëáë=ÇìÉ=íç=
ÖêÉ~íäó=ê~áëÉÇ=E[R=ããçäLiF=âÉíçåÉ=äÉîÉäëKR=fí=êÉã~áåë=~=ëÉêáçìë=Å~ìëÉ=çÑ=ãçêÄáÇáíóI=éêáåÅáé~ääó=áå=éÉçéäÉ=ïáíÜ=íóéÉ=N=Çá~ÄÉíÉëKN=fí=
áë=íÜÉ=Ü~ääã~êâ=çÑ=íóéÉ=N=Çá~ÄÉíÉëK=fí=áë=ìëì~ääó=ëÉÉå=áå=íÜÉ=ÑçääçïáåÖ=ÅáêÅìãëí~åÅÉëRW==

• éêÉîáçìëäó=ìåÇá~ÖåçëÉÇ=Çá~ÄÉíÉë==
• áåíÉêêìéíáçå=çÑ=áåëìäáå=íÜÉê~éó==
• íÜÉ=ëíêÉëë=çÑ=áåíÉêÅìêêÉåí=áääåÉëëK=

jçêí~äáíó=áë=äçï=áå=íÜÉ=rh=E~ééêçñáã~íÉäó=OBF=Äìí=êÉã~áåë=ÜáÖÜ=áå=ÇÉîÉäçéáåÖ=ÅçìåíêáÉë=~åÇ=~ãçåÖ=åçåJÜçëéáí~äáëÉÇ=é~íáÉåíëK=
jçêí~äáíó=áå=ah^=áë=ãçëí=Åçããçåäó=Å~ìëÉÇ=áå=ÅÜáäÇêÉå=~åÇ=~ÇçäÉëÅÉåíë=Äó=ÅÉêÉÄê~ä=çÉÇÉã~=~åÇ=áå=~Çìäíë=Äó=Üóéçâ~ä~Éãá~I=
~ÅìíÉ=êÉëéáê~íçêó=ÇáëíêÉëë=ëóåÇêçãÉ=~åÇ=ÅçãçêÄáÇ=ÅçåÇáíáçåë=ëìÅÜ=~ë=~ÅìíÉ=ãóçÅ~êÇá~ä=áåÑ~êÅíáçåI=ëÉéëáë=çê=éåÉìãçåá~KR==

ah^=áë=ÅÜ~ê~ÅíÉêáëíáÅ=çÑ=íóéÉ=N=Çá~ÄÉíÉë=~åÇ=áë=çÑíÉå=íÜÉ=éêÉëÉåíáåÖ=éêçÄäÉã=áå=åÉïäó=Çá~ÖåçëÉÇ=é~íáÉåíëK=eçïÉîÉêI=~å=áåÅêÉ~ëáåÖ=
åìãÄÉê=çÑ=é~íáÉåíë=éêÉëÉåíáåÖ=ïáíÜ=ah^=Ü~îÉ=ìåÇÉêäóáåÖ=íóéÉ=O=Çá~ÄÉíÉëK=qÜáë=~ééÉ~êë=íç=ÄÉ=é~êíáÅìä~êäó=éêÉî~äÉåí=áå=^ÑêáÅ~åJ
^ãÉêáÅ~å=~åÇ=eáëé~åáÅ=éçéìä~íáçåëKN==

qÜÉ=ã~àçêáíó=çÑ=Å~ëÉë=êÉ~ÅÜáåÖ=Üçëéáí~ä=ÅçìäÇ=Ü~îÉ=ÄÉÉå=éêÉîÉåíÉÇ=Äó=É~êäáÉê=Çá~ÖåçëáëI=ÄÉííÉê=ÅçããìåáÅ~íáçå=ÄÉíïÉÉå=é~íáÉåí=
~åÇ=ÇçÅíçêI=~åÇ=ÄÉííÉê=é~íáÉåí=ÉÇìÅ~íáçåKR=få=Éëí~ÄäáëÜÉÇ=íóéÉ=N=Çá~ÄÉíÉëI=ah^=ã~ó=ÄÉ=éêÉÅáéáí~íÉÇ=Äó=~å=áåíÉêÅìêêÉåí=áääåÉëë=
ÄÉÅ~ìëÉ=çÑ=Ñ~áäìêÉ=íç=áåÅêÉ~ëÉ=áåëìäáå=ÇçëÉ=~ééêçéêá~íÉäó=íç=ÅçãéÉåë~íÉ=Ñçê=íÜÉ=ëíêÉëë=êÉëéçåëÉK=pçãÉíáãÉëI=íÜÉêÉ=áë=åç=ÉîáÇÉåÅÉ=
çÑ=~=éêÉÅáéáí~íáåÖ=áåÑÉÅíáçå=~åÇ=ah^=ÇÉîÉäçéë=ÄÉÅ~ìëÉ=çÑ=Éêêçêë=áå=ëÉäÑJã~å~ÖÉãÉåíKN=qÜÉ=ãçëí=Åçããçå=Éêêçê=çÑ=ã~å~ÖÉãÉåí=
áë=Ñçê=é~íáÉåíë=íç=êÉÇìÅÉ=çê=çãáí=áåëìäáå=ÄÉÅ~ìëÉ=íÜÉó=ÑÉÉä=ìå~ÄäÉ=íç=É~íI=çïáåÖ=íç=å~ìëÉ~=çê=îçãáíáåÖKR=få=óçìåÖ=é~íáÉåíë=ïáíÜ=
êÉÅìêêÉåí=ÉéáëçÇÉë=çÑ=ah^I=ìé=íç=OMB=ã~ó=Ü~îÉ=éëóÅÜçäçÖáÅ~ä=éêçÄäÉãë=ÅçãéäáÅ~íÉÇ=Äó=É~íáåÖ=ÇáëçêÇÉêëKN=fåëìäáå=ã~ó=åÉÉÇ=
~ÇàìëíáåÖ=ìé=çê=Ççïå=Äìí=ëÜçìäÇ=åÉîÉê=ÄÉ=ëíçééÉÇKR=

=

=

=
Figure:	The	triad	of	DKA	(hyperglycemia,	acidemia,	and	ketonemia)	and	other	conditions	with	which	the	individual	components	are	associated.19=
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 Pathogenesis of DKA1,5,9,16 

=
qÜÉ=ÄáçÅÜÉãáÅ~ä= ÑÉ~íìêÉë=çÑ=ah^=êÉëìäí= Ñêçã=íÜÉ=ÅçãÄáåÉÇ=ÉÑÑÉÅíë=çÑ=ÇÉÑáÅáÉåí=ÅáêÅìä~íáåÖ= áåëìäáå=~Åíáîáíó=~åÇ=íÜÉ=ÉñÅÉëëáîÉ=
ëÉÅêÉíáçå=çÑ=ÅçìåíÉêJêÉÖìä~íçêó=ÜçêãçåÉëK=qÜÉëÉ=Üçêãçå~ä=áãÄ~ä~åÅÉë=ãçÄáäáòÉ=íÜÉ=ÇÉäáîÉêó=çÑ=ëìÄëíê~íÉë=Ñêçã=ãìëÅäÉ=E~ãáåç=
~ÅáÇëI=ä~Åí~íÉI=éóêìî~íÉF=~åÇ=~ÇáéçëÉ=íáëëìÉ=EÑêÉÉ=Ñ~ííó=~ÅáÇëI=ÖäóÅÉêçäF=íç=íÜÉ=äáîÉêI=ïÜÉêÉ=íÜÉó=~êÉ=~ÅíáîÉäó=ÅçåîÉêíÉÇ=íç=ÖäìÅçëÉ=
çê=íç=âÉíçåÉ=ÄçÇáÉëK=_çíÜ=~êÉ=ìäíáã~íÉäó=êÉäÉ~ëÉÇ=áåíç=íÜÉ=ÅáêÅìä~íáçå=~í=ê~íÉë=íÜ~í=ÖêÉ~íäó=ÉñÅÉÉÇ=íÜÉ=Å~é~Åáíó=çÑ=íáëëìÉë=íç=ìëÉ=
íÜÉãK=qÜÉ=ÉåÇ=êÉëìäíë=~êÉ=ÜóéÉêÖäóÅÉãá~I=âÉíç~ÅáÇçëáëI=~åÇ=~å=çëãçíáÅ=ÇáìêÉëáë=íÜ~í=éêçãçíÉë=ÇÉÜóÇê~íáçå=~åÇ=ÉäÉÅíêçäóíÉ=äçëëK=
hÉíç~ÅáÇçëáë=áë=~=ëí~íÉ=çÑ=ìåÅçåíêçääÉÇ=Å~í~Äçäáëã=~ëëçÅá~íÉÇ=ïáíÜ=áåëìäáå=ÇÉÑáÅáÉåÅóK

 
=

~= fåëìäáå= ÇÉÑáÅáÉåÅó= áë= ~= åÉÅÉëë~êó= éêÉÅçåÇáíáçå= ëáåÅÉ= çåäó= ~=ãçÇÉëí= ÉäÉî~íáçå= áå= áåëìäáå= äÉîÉäë= áë= ëìÑÑáÅáÉåí= íç= áåÜáÄáí=
ÜÉé~íáÅ=âÉíçÖÉåÉëáëI=~åÇ=ëí~ÄäÉ=é~íáÉåíë=Çç=åçí=êÉ~Çáäó=ÇÉîÉäçé=âÉíç~ÅáÇçëáë=ïÜÉå=áåëìäáå=áë=ïáíÜÇê~ïåK=

Ä= däìÅ~ÖçåI=Å~íÉÅÜçä~ãáåÉëI=ÅçêíáëçäI=~åÇ=ÖêçïíÜ=ÜçêãçåÉK=
Å= få=ah^W=↑däìÅ~Öçå=→=~Åíáî~íÉë=ÉåòóãÉ=Å~êåáíáåÉ=é~äãáíçóäíê~åëÑÉê~ëÉ=fK==

qÜáë=ÉåòóãÉ=íê~åëéçêíë=cc^=íç=ãáíçÅÜçåÇêá~=
#	%&'()*'%+

=âÉíçåÉ=ÄçÇáÉë=EÑáÖìêÉ=ÄÉäçïFK=
Ç= ↑däìÅ~Öçå=~åÇ=↓áåëìäáå=ëÜáÑí=íÜÉ=Ü~åÇäáåÖ=çÑ=éóêìî~íÉ=íçï~êÇë=ÖäìÅçëÉ=ëóåíÜÉëáë=~åÇ=~ï~ó=Ñêçã=ÖäóÅçäóëáëK=
É= ↑hÉíçåÉ=→=få=ìêáåÉ=~åÇ=áå=ÄêÉ~íÜ=E~ÅÉíçåÉ=ÄêÉ~íÜFK=
Ñ= fåëìäáå=ÇÉÑáÅáÉåÅó=êÉÇìÅÉë=äÉîÉä=çÑ=íÜÉ=dirqQ=ÖäìÅçëÉ=íê~åëéçêíÉêI=ïÜáÅÜ=áãé~áêë=ÖäìÅçëÉ=ìéí~âÉ=áåíç=ëâÉäÉí~ä=ãìëÅäÉ=

~åÇ=Ñ~í=~åÇ=êÉÇìÅÉë=áåíê~ÅÉääìä~ê=ÖäìÅçëÉ=ãÉí~ÄçäáëãK=
Ö= ↑däìÅçëÉ=→=çëãçíáÅ=ÇáìêÉëáëI=ÑäìáÇ=~åÇ=ÉäÉÅíêçäóíÉ=äçëëI=ÇÉÜóÇê~íáçåI=↑=éä~ëã~=çëãçä~êáíóI=↓=êÉå~ä=éÉêÑìëáçåK=
Ü= ^í= éÜóëáçäçÖáÅ~ä= éeI= âÉíçåÉ= ÄçÇáÉë= Éñáëí= ~ë= âÉíç~ÅáÇë= ~åÇ= åÉìíê~äáòÉÇ= Äó= ÄáÅ~êÄçå~íÉK= ↓_áÅ~êÄçå~íÉI= ↑ä~ÅíáÅ= ~ÅáÇI=

↑âÉíç~ÅáÇë=→=jÉí~ÄçäáÅ=~ÅáÇçëáë=Eáí=ÑçêÅÉë=ÜóÇêçÖÉå=áçåë=áåíç=ÅÉääëI=Çáëéä~ÅáåÖ=éçí~ëëáìã=áçåëFK=
=

↓ Insulin (relative/absolute)

↑ Counter regulatory hormones

↑ Gluconeogenesis, glycogenolysis

↑ Glucose
↑ Keton bodies

(β hydroxybutyrate, 

acetoacetate, acetone)

↑ β oxidation

↑ FFA, glycerol ↑ Amino acid, lactate, pyruvate

Hormonal imbalance

> than the ability of tissue to use

Result

Hyperglycemia,

Ketoacidosis

Dehydration and electrolyte loss

MuscleAdipose tissue

b

a

d

f

e

g

h
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c
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=

qÜÉ=ÑêÉÉ=Ñ~ííó=~ÅáÇë=~êÉ=ÄêçâÉå=Ççïå=íç=~ÅÉíóäJÅçÉåòóãÉ=^=
E`ç^F=ïáíÜáå=íÜÉ=äáîÉê=ÅÉääëI=~åÇ=íÜáëI=áå=íìêåI=áë=ÅçåîÉêíÉÇ=íç=
âÉíçåÉ=ÄçÇáÉë=ïáíÜáå=íÜÉ=ãáíçÅÜçåÇêá~K==

=

Figure:	Ketogenesis.5=

 Outcome 

qÜÉ=êÉëìäíáåÖ=Å~êÇáå~ä=ÄáçÅÜÉãáÅ~ä=ÑÉ~íìêÉë=~êÉNW==

NK ÜóéÉêâÉíçå~Éãá~= E≥= P= ããçäLiF= ~åÇ= âÉíçåìêá~=
EãçêÉ=íÜ~å=OH=çå=ëí~åÇ~êÇ=ìêáåÉ=ëíáÅâëF==

OK ÜóéÉêÖäóÅ~Éãá~=EÄäççÇ=ÖäìÅçëÉ=≥=NN=ããçäLi=EúOMM=
ãÖLÇiFF==

PK ãÉí~ÄçäáÅ= ~ÅáÇçëáë= EîÉåçìë= ÄáÅ~êÄçå~íÉ= Y= NR=
ããçäLi=~åÇLçê=îÉåçìë=ée=Y=TKPFK==

qÜÉ=ã~ÖåáíìÇÉ= çÑ= íÜÉ= ÜóéÉêÖäóÅ~Éãá~= ÇçÉë= åçí= ÅçêêÉä~íÉ=
ïáíÜ= íÜÉ= ëÉîÉêáíó= çÑ= íÜÉ= ãÉí~ÄçäáÅ= ~ÅáÇçëáë;= ãçÇÉê~íÉ=
ÉäÉî~íáçå= çÑ= ÄäççÇ= ÖäìÅçëÉ= ã~ó= ÄÉ= ~ëëçÅá~íÉÇ= ïáíÜ= äáÑÉJ
íÜêÉ~íÉåáåÖ= âÉíç~ÅáÇçëáëK= få= ëçãÉ= Å~ëÉëI= ÜóéÉêÖäóÅ~Éãá~=
éêÉÇçãáå~íÉë= ~åÇ= ~ÅáÇçëáë= áë= ãáåáã~äI= ïáíÜ= é~íáÉåíë=
éêÉëÉåíáåÖ=áå=~=ÜóéÉêçëãçä~ê=ëí~íÉK==

sçãáíáåÖ= äÉ~Çë= íç= ÑìêíÜÉê= äçëë= çÑ= ÑäìáÇ= ~åÇ= ÉäÉÅíêçäóíÉëK==
RÉëéáê~íçêó= ÅçãéÉåë~íáçå= Ñçê= íÜÉ= ~ÅáÇçëáë= äÉ~Çë= íç=
ÜóéÉêîÉåíáä~íáçåI=Öê~éÜáÅ~ääó=ÇÉëÅêáÄÉÇ=~ë=Ú~áê=ÜìåÖÉêÛK==

qÜÉ= ÜóéÉêÖäóÅ~Éãá~= Å~ìëÉë= ~= éêçÑçìåÇ= çëãçíáÅ= ÇáìêÉëáë=
äÉ~ÇáåÖ=íç=ÇÉÜóÇê~íáçå=~åÇ=ÉäÉÅíêçäóíÉ=äçëëI=é~êíáÅìä~êäó=çÑ=
ëçÇáìã=~åÇ=éçí~ëëáìãK= mçí~ëëáìã= äçëë= áë= Éñ~ÅÉêÄ~íÉÇ=Äó=
ëÉÅçåÇ~êó=ÜóéÉê~äÇçëíÉêçåáëã=~ë=~=êÉëìäí=çÑ=êÉÇìÅÉÇ=êÉå~ä=
éÉêÑìëáçåK==

aÉÜóÇê~íáçå=çÅÅìêë=ÇìêáåÖ=âÉíç~ÅáÇçëáë=~ë=~=ÅçåëÉèìÉåÅÉ=
çÑ= íïç= é~ê~ääÉä= éêçÅÉëëÉëK= eóéÉêÖäóÅ~Éãá~= êÉëìäíë= áå=
çëãçíáÅ=ÇáìêÉëáëI=~åÇ=ÜóéÉêâÉíçå~Éãá~=êÉëìäíë=áå=~ÅáÇçëáë=
~åÇ=îçãáíáåÖK=mä~ëã~=çëãçä~äáíó=êáëÉë=~åÇ=êÉå~ä=éÉêÑìëáçå=
Ñ~ääë= ~åÇ= ~= îáÅáçìë= ÅáêÅäÉ= áë= Éëí~ÄäáëÜÉÇ= ~ë= íÜÉ= âáÇåÉó=
ÄÉÅçãÉë=äÉëë=~ÄäÉ=íç=ÅçãéÉåë~íÉ=Ñçê=íÜÉ=~ÅáÇçëáëK=

=

Figure:	Dehydration	occurs	during	ketoacidosis	as	a	consequence	of	two	
parallel	processes.5=

mêçÖêÉëëáîÉ= ÇÉÜóÇê~íáçå= áãé~áêë= êÉå~ä= ÉñÅêÉíáçå= çÑ=
ÜóÇêçÖÉå=áçåë=~åÇ=âÉíçåÉëI=~ÖÖê~î~íáåÖ=íÜÉ=~ÅáÇçëáëK=^ë=íÜÉ=
ée= Ñ~ääë= ÄÉäçï= TKM= ExeHz= [NMM= åãçäLiFI= éeJÇÉéÉåÇÉåí=
ÉåòóãÉ= ëóëíÉãë= áå= ã~åó= ÅÉääë= ÑìåÅíáçå= äÉëë= ÉÑÑÉÅíáîÉäóK=
råíêÉ~íÉÇI=ëÉîÉêÉ=âÉíç~ÅáÇçëáë=áë=áåî~êá~Ääó=Ñ~í~äK=

qÜÉ= ~îÉê~ÖÉ= äçëë= çÑ= ÑäìáÇ= ~åÇ= ÉäÉÅíêçäóíÉë= áå= ãçÇÉê~íÉäó=
ëÉîÉêÉ=ah^=áå=~å=~ÇìäíK=

=

^Äçìí=Ü~äÑ=íÜÉ=ÇÉÑáÅáí=çÑ=íçí~ä=ÄçÇó=ï~íÉê=áë=ÇÉêáîÉÇ=Ñêçã=íÜÉ=
áåíê~ÅÉääìä~ê=Åçãé~êíãÉåí=~åÇ=çÅÅìêë=Åçãé~ê~íáîÉäó=É~êäó=
áå= íÜÉ=ÇÉîÉäçéãÉåí=çÑ=~ÅáÇçëáë=ïáíÜ=êÉä~íáîÉäó= ÑÉï=ÅäáåáÅ~ä=
ÑÉ~íìêÉë;=íÜÉ=êÉã~áåÇÉê=êÉéêÉëÉåíë=äçëë=çÑ=Éñíê~ÅÉääìä~ê=ÑäìáÇ=
ëìëí~áåÉÇ= ä~êÖÉäó= áå= íÜÉ= ä~íÉê= ëí~ÖÉëI= ïÜÉå= ã~êâÉÇ=
Åçåíê~Åíáçå= çÑ= Éñíê~ÅÉääìä~ê= ÑäìáÇ= îçäìãÉ= çÅÅìêëI= ïáíÜ=
Ü~ÉãçÅçåÅÉåíê~íáçåI= ~= ÇÉÅêÉ~ëÉÇ= ÄäççÇ= îçäìãÉI= ~åÇ=
Ñáå~ääó= ~= Ñ~ää= áå= ÄäççÇ= éêÉëëìêÉ= ïáíÜ= ~ëëçÅá~íÉÇ= êÉå~ä=
áëÅÜ~Éãá~=~åÇ=çäáÖìêá~K==

bîÉêó=é~íáÉåí=áå=ah^=áë=éçí~ëëáìãJÇÉéäÉíÉÇI=Äìí=íÜÉ=éä~ëã~=
ÅçåÅÉåíê~íáçå= çÑ= éçí~ëëáìã= ÖáîÉë= îÉêó= äáííäÉ= áåÇáÅ~íáçå= çÑ=
íÜÉ=íçí~ä=ÄçÇó=ÇÉÑáÅáíK=mä~ëã~=éçí~ëëáìã=ã~ó=ÉîÉå=ÄÉ=ê~áëÉÇ=
áåáíá~ääó=ÇìÉ=íç=Çáëéêçéçêíáçå~íÉ=äçëë=çÑ=ï~íÉêI=Å~í~Äçäáëã=çÑ=
éêçíÉáå=~åÇ=ÖäóÅçÖÉåI=~åÇ=Çáëéä~ÅÉãÉåí=çÑ=éçí~ëëáìã=Ñêçã=
íÜÉ= áåíê~ÅÉääìä~ê=Åçãé~êíãÉåí=Äó=eH= áçåëK=eçïÉîÉêI= ëççå=
~ÑíÉê=íêÉ~íãÉåí=áë=ëí~êíÉÇI=íÜÉêÉ=áë=äáâÉäó=íç=ÄÉ=~=éêÉÅáéáíçìë=
Ñ~ää=áå=íÜÉ=éä~ëã~=éçí~ëëáìã=ÇìÉ=íç=Çáäìíáçå=çÑ=Éñíê~ÅÉääìä~ê=
éçí~ëëáìã= Äó= ~Çãáåáëíê~íáçå= çÑ= áåíê~îÉåçìë= ÑäìáÇëI= íÜÉ=
ãçîÉãÉåí=çÑ=éçí~ëëáìã=áåíç=ÅÉääë=áåÇìÅÉÇ=Äó=áåëìäáåI=~åÇ=
íÜÉ=ÅçåíáåìáåÖ=êÉå~ä=äçëë=çÑ=éçí~ëëáìãK==
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Vomiting

Ketones

 Average loss of fluid and electrolytes in adult 
diabetic ketoacidosis of moderate severity1
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 Clinical assessment1,5,9 

=

 

 

Clinical features of diabetic ketoacidosis1,9 

Symptoms 
Nausea/vomiting  
Thirst/polyuria  
Abdominal pain  
Shortness of breath 

Weight loss 
Weakness 
Leg cramps 
Blurred vision 

Physical Findings 

Tachycardia 
Dehydration 
Hypotension (postural or supine) 
Tachypnea/ Kussmaul respirations/ respiratory distress 
Smell of acetone 
Cold extremities/ peripheral cyanosis/ Hypothermia 
Abdominal tenderness (may resemble acute pancreatitis or surgical 
abdomen)  
Lethargy/ obtundation/ cerebral edema/ confusion/ drowsiness/ possibly 
coma (10%) 

Precipitating events 
Inadequate insulin administration  
Infection (pneumonia/ UTI/ gastroenteritis/ sepsis)  
Infarction (cerebral, coronary, mesenteric, peripheral)  
Drugs (cocaine)  
Pregnancy 

=

qÜÉ=ëóãéíçãë=~åÇ=éÜóëáÅ~ä=ëáÖåë=çÑ=ah^=ìëì~ääó=ÇÉîÉäçé=
çîÉê= OQ= ÜçìêëV= Äìí= ã~ó= çÅÅìê= áå= ~= ÑÉï= Üçìêë= áå= ÚÄêáííäÉÛ=
Çá~ÄÉíÉëKNS=

ah^=ã~ó=ÄÉ= íÜÉ= áåáíá~ä= ëóãéíçã=ÅçãéäÉñ= íÜ~í= äÉ~Çë= íç=~=
Çá~Öåçëáë=çÑ= íóéÉ=N=ajI=Äìí=ãçêÉ= ÑêÉèìÉåíäóI= áí=çÅÅìêë= áå=
áåÇáîáÇì~äë=ïáíÜ=Éëí~ÄäáëÜÉÇ=Çá~ÄÉíÉëK==

k~ìëÉ~= ~åÇ= îçãáíáåÖ= ~êÉ= çÑíÉå= éêçãáåÉåíI= ~åÇ= íÜÉáê=
éêÉëÉåÅÉ=áå=~å=áåÇáîáÇì~ä=ïáíÜ=Çá~ÄÉíÉë=ï~êê~åíë=ä~Äçê~íçêó=
Éî~äì~íáçå=Ñçê=ah^K==

^ÄÇçãáå~ä=é~áå=áë=ëçãÉíáãÉë=~=ÑÉ~íìêÉ=çÑ=ah^I=é~êíáÅìä~êäó=
áå= ÅÜáäÇêÉåK= fí= ã~ó= ÄÉ= ëÉîÉêÉ= ~åÇ= Å~å= êÉëÉãÄäÉ= ëìêÖáÅ~ä=
~ÅìíÉ= ~ÄÇçãÉå= ëìÅÜ= ~ë= ~ÅìíÉ= é~åÅêÉ~íáíáë= çê= êìéíìêÉÇ=
îáëÅìëK==

få= íÜÉ= Ñìäãáå~íáåÖ= Å~ëÉI= íÜÉ= ëíêáâáåÖ= ÑÉ~íìêÉë= ~êÉ= íÜçëÉ=çÑ=
ë~äí= ~åÇ= ï~íÉê= ÇÉéäÉíáçåI= ïáíÜ= äçëë= çÑ= ëâáå= íìêÖçêI= ÑìêêÉÇ=
íçåÖìÉ= ~åÇ= Åê~ÅâÉÇ= äáéëI= í~ÅÜóÅ~êÇá~I= ÜóéçíÉåëáçå= ~åÇ=
êÉÇìÅÉÇ=áåíê~JçÅìä~ê=éêÉëëìêÉK==

eóéÉêÖäóÅÉãá~=äÉ~Çë=íç=ÖäìÅçëìêá~I=îçäìãÉ=ÇÉéäÉíáçåI=~åÇ=
í~ÅÜóÅ~êÇá~K= eóéçíÉåëáçå= Å~å= çÅÅìê= ÄÉÅ~ìëÉ= çÑ= îçäìãÉ=
ÇÉéäÉíáçå= áå= ÅçãÄáå~íáçå= ïáíÜ= éÉêáéÜÉê~ä= î~ëçÇáä~í~íáçåK=
bîáÇÉåÅÉ=çÑ=ã~êâÉÇ=ÇÉÜóÇê~íáçå=áë=éêÉëÉåí=~åÇ=íÜÉ=ÉóÉÄ~ää=
áë=ä~ñ=íç=éêÉëëìêÉ=áå=ëÉîÉêÉ=Å~ëÉëK=

eóéÉêîÉåíáä~íáçå= áë= éêÉëÉåí= Äìí= ÄÉÅçãÉë= äÉëë= ã~êâÉÇ= áå=
îÉêó= ëÉîÉêÉ= ~ÅáÇçëáëI= çïáåÖ= íç= êÉëéáê~íçêó= ÇÉéêÉëëáçåK=
hìëëã~ìä=êÉëéáê~íáçåë=~åÇ=~=Ñêìáíó=çÇçê=EëáÅâäóJëïÉÉí=ëãÉää=
çÑ=~ÅÉíçåÉF=çå=íÜÉ=é~íáÉåíÛë=ÄêÉ~íÜ=EëÉÅçåÇ~êó=íç=ãÉí~ÄçäáÅ=
~ÅáÇçëáë= ~åÇ= áåÅêÉ~ëÉÇ= ~ÅÉíçåÉF= ~êÉ= Åä~ëëáÅ= ëáÖåë= çÑ= íÜÉ=
ÇáëçêÇÉêK==

pçãÉ= é~íáÉåíë= ~êÉ= ãÉåí~ääó= ~äÉêí= ~í= éêÉëÉåí= Äìí= äÉíÜ~êÖó=
ãÉåí~ä=~é~íÜóI=ÅçåÑìëáçå=çê=~=êÉÇìÅÉÇ=ÅçåëÅáçìë=äÉîÉä=ã~ó=
ÄÉ= éêÉëÉåí= ~åÇ= ~äíÜçìÖÜ= Åçã~= áë= ìåÅçããçåI= ÅÉåíê~ä=

åÉêîçìë= ëóëíÉã= ÇÉéêÉëëáçå= ã~ó= ÉîçäîÉ= áåíç= Åçã~= ïáíÜ=
ëÉîÉêÉ= ah^= Äìí= ëÜçìäÇ= ~äëç= éêçãéí= Éî~äì~íáçå= Ñçê= çíÜÉê=
êÉ~ëçåë= Ñçê= ~äíÉêÉÇ= ãÉåí~ä= ëí~íìë= EÉKÖKI= áåÑÉÅíáçåI=
ÜóéçñÉãá~FK==

`ÉêÉÄê~ä=ÉÇÉã~I=~å=ÉñíêÉãÉäó=ëÉêáçìë=ÅçãéäáÅ~íáçå=çÑ=ah^I=
áë=ëÉÉå=ãçëí=ÑêÉèìÉåíäó=áå=ÅÜáäÇêÉåK==

qÜÉ= ëâáå= áë= Çêó= ~åÇ= íÜÉ= ÄçÇó= íÉãéÉê~íìêÉ= áë= çÑíÉå=
ëìÄåçêã~äK=páÖåë=çÑ=áåÑÉÅíáçåI=ïÜáÅÜ=ã~ó=éêÉÅáéáí~íÉ=ah^I=
ëÜçìäÇ= ÄÉ= ëçìÖÜí= çå= éÜóëáÅ~ä= Éñ~ãáå~íáçåI= ÉîÉå= áå= íÜÉ=
~ÄëÉåÅÉ=çÑ= ÑÉîÉêK= få= áåÑÉÅíÉÇ=é~íáÉåíëI=éóêÉñá~=ã~ó=åçí=ÄÉ=
éêÉëÉåí= áåáíá~ääó= ÄÉÅ~ìëÉ= çÑ= î~ëçÇáä~í~íáçå= ëÉÅçåÇ~êó= íç=
~ÅáÇçëáëK=móêÉñá~=ã~ó=ÇÉîÉäçé=ä~íÉêK=qáëëìÉ=áëÅÜÉãá~=EÜÉ~êíI=
Äê~áåF=Å~å=~äëç=ÄÉ=~=éêÉÅáéáí~íáåÖ=Ñ~ÅíçêK==

pÉêìã= ~ãóä~ëÉ= ã~ó= ÄÉ= ÉäÉî~íÉÇ= Äìí= ê~êÉäó= áåÇáÅ~íÉë=
ÅçÉñáëíáåÖ=é~åÅêÉ~íáíáëK==

lãáëëáçå=çÑ=áåëìäáå=ÄÉÅ~ìëÉ=çÑ=~å=É~íáåÖ=ÇáëçêÇÉêI=ãÉåí~ä=
ÜÉ~äíÜ=ÇáëçêÇÉêëI=çê=~å=ìåëí~ÄäÉ=éëóÅÜçëçÅá~ä=ÉåîáêçåãÉåí=
ã~ó=ëçãÉíáãÉë=ÄÉ=~=Ñ~Åíçê=éêÉÅáéáí~íáåÖ=ah^K=

fåÇÉÉÇI= ~= é~íáÉåí= ïáíÜ= Ç~åÖÉêçìë= âÉíç~ÅáÇçëáë= êÉèìáêáåÖ=
ìêÖÉåí= íêÉ~íãÉåí=ã~ó=ï~äâ= áåíç= íÜÉ=ÅçåëìäíáåÖ=êççãK=cçê=
íÜáë= êÉ~ëçåI= íÜÉ= íÉêã= ÚÇá~ÄÉíáÅ= âÉíç~ÅáÇçëáëÛ= áë= íç= ÄÉ=
éêÉÑÉêêÉÇ=íç=ÚÇá~ÄÉíáÅ=Åçã~ÛI=ïÜáÅÜ=áãéäáÉë=íÜ~í=íÜÉêÉ=áë=åç=
ìêÖÉåÅó= ìåíáä= ìåÅçåëÅáçìëåÉëë= ëìéÉêîÉåÉëK= få= Ñ~ÅíI= áí= áë=
áãéÉê~íáîÉ=íÜ~í=ÉåÉêÖÉíáÅ=íêÉ~íãÉåí=áë=ëí~êíÉÇ=~í=íÜÉ=É~êäáÉëí=
éçëëáÄäÉ=ëí~ÖÉK==

 
Diagnosis and laboratory 
abnormalities 

=

aáÖåçëáë=áë=ÅçåÑáêãÉÇ=Äó=ÇÉãçåëíê~íáåÖRINU=Ó=
NK hÉíçå~Éãá~=≥=PKMããçäLi=çê=ëáÖåáÑáÅ~åí=âÉíçåìêá~=

EãçêÉ=íÜ~å=OH=çå=ëí~åÇ~êÇ=ìêáåÉ=ëíáÅâëF==
OK _äççÇ= ÖäìÅçëÉ= [= NNKMããçäLi= çê= âåçïå= Çá~ÄÉíÉë=

ãÉääáíìë==
PK _áÅ~êÄçå~íÉ=Ee`lP

ÓF=Y=NRKMããçäLi=~åÇLçê=îÉåçìë=
ée=Y=TKP=

eóéÉêÖäóÅ~Éãá~= áë= ÇÉãçåëíê~íÉÇ= Äó= ÇáéëíáÅâI= ïÜáäÉ= ~=
îÉåçìë= ÄäççÇ= ë~ãéäÉ= áë= ëÉåí= íç= íÜÉ= ä~Äçê~íçêó= Ñçê=
ÅçåÑáêã~íáçåK= hÉíçå~Éãá~= áë= ÅçåÑáêãÉÇ=Äó= ÅÉåíêáÑìÖáåÖ= ~=
ÄäççÇ= ë~ãéäÉ=~åÇ= íÉëíáåÖ= íÜÉ=éä~ëã~=ïáíÜ=~=ÇáéëíáÅâ= íÜ~í=
ãÉ~ëìêÉë= âÉíçåÉëK= e~åÇJÜÉäÇ= ëÉåëçêë= ãÉ~ëìêáåÖ= βJ=
ÜóÇêçñóÄìíóê~íÉ= áå= PMë= ~êÉ= ~î~áä~ÄäÉK= ^å= ~êíÉêá~ä= ÄäççÇ=
ë~ãéäÉ=áë=í~âÉå=Ñçê=ÄäççÇ=Ö~ë=~å~äóëáëKR==

kç=íáãÉ=ëÜçìäÇ=ÄÉ=äçëí=~åÇ=íêÉ~íãÉåí=áë=ëí~êíÉÇ=~ë=ëççå=~ë=
íÜÉ= Ñáêëí=ÄäççÇ=ë~ãéäÉ=Ü~ë=ÄÉÉå= í~âÉåKR=qÜÉ= ÑçääçïáåÖ=~êÉ=
áãéçêí~åí= Äìí= ëÜçìäÇ= åçí= ÇÉä~ó= íÜÉ= áåëíáíìíáçå= çÑ=
áåíê~îÉåçìë=ÑäìáÇ=~åÇ=áåëìäáå=êÉéä~ÅÉãÉåíWN==

• sÉåçìë=ÄäççÇW=Ñçê=ìêÉ~=~åÇ=ÉäÉÅíêçäóíÉëI=ÖäìÅçëÉ=~åÇ=
ÄáÅ~êÄçå~íÉ=EëÉîÉêÉ=~ÅáÇçëáë=áë=áåÇáÅ~íÉÇ=Äó=~=îÉåçìë=
éä~ëã~=ÄáÅ~êÄçå~íÉ=Y=NO=ããçäLiFK==

• rêáåÉ=çê=ÄäççÇ=~å~äóëáë=Ñçê=âÉíçåÉëK==
• b`dK==
• fåÑÉÅíáçå=ëÅêÉÉåW= Ñìää=ÄäççÇ=ÅçìåíI=ÄäççÇ=~åÇ=ìêáåÉ=

ÅìäíìêÉI= `JêÉ~ÅíáîÉ= éêçíÉáåI= ÅÜÉëí= uJê~óK= ^äíÜçìÖÜ=
äÉìÅçÅóíçëáë= áåî~êá~Ääó= çÅÅìêë= áå= ah^I= íÜáë=
êÉéêÉëÉåíë=~=ëíêÉëë=êÉëéçåëÉ=~åÇ=ÇçÉë=åçí=åÉÅÉëë~êáäó=
áåÇáÅ~íÉ=áåÑÉÅíáçåK=
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Laboratory values in diabetic ketoacidosis (DKA) and 
hyperglycemic hyperosmolar state (HHS) (Representative 
ranges at presentation)9 

=

Laboratory abnormalities9 
• lÅÅ~ëáçå~ääóI= íÜÉ= ëÉêìã= ÖäìÅçëÉ= áë= çåäó=ãáåáã~ääó=

ÉäÉî~íÉÇK==
• pÉêìã= ÄáÅ~êÄçå~íÉ= áë= ÑêÉèìÉåíäó= YNM=ããçäLiI= ~åÇ=

~êíÉêá~ä=ée= ê~åÖÉë=ÄÉíïÉÉå=SKU= ~åÇ=TKPI= ÇÉéÉåÇáåÖ=
çå=íÜÉ=ëÉîÉêáíó=çÑ=íÜÉ=~ÅáÇçëáëK==

• aÉëéáíÉ= ~= íçí~äJÄçÇó= éçí~ëëáìã= ÇÉÑáÅáíI= íÜÉ= ëÉêìã=
éçí~ëëáìã=~í= éêÉëÉåí~íáçå=ã~ó=ÄÉ=ãáäÇäó= ÉäÉî~íÉÇI=
ëÉÅçåÇ~êó=íç=íÜÉ=~ÅáÇçëáëK==

• qçí~äJÄçÇó=ëíçêÉë=çÑ=ëçÇáìãI=ÅÜäçêáÇÉI=éÜçëéÜçêìëI=
~åÇ= ã~ÖåÉëáìã= ~êÉ= êÉÇìÅÉÇ= áå= ah^= Äìí= ~êÉ= åçí=
~ÅÅìê~íÉäó= êÉÑäÉÅíÉÇ= Äó= íÜÉáê= äÉîÉäë= áå= íÜÉ= ëÉêìã=
ÄÉÅ~ìëÉ=çÑ=ÜóéçîçäÉãá~=~åÇ=ÜóéÉêÖäóÅÉãá~K==

• bäÉî~íÉÇ= ÄäççÇ= ìêÉ~= åáíêçÖÉå= E_rkF= ~åÇ= ëÉêìã=
ÅêÉ~íáåáåÉ= äÉîÉäë= êÉÑäÉÅí= áåíê~î~ëÅìä~ê= îçäìãÉ=
ÇÉéäÉíáçåK= fåíÉêÑÉêÉåÅÉ= Ñêçã= ~ÅÉíç~ÅÉí~íÉ= ã~ó=
Ñ~äëÉäó=ÉäÉî~íÉ=íÜÉ=ëÉêìã=ÅêÉ~íáåáåÉ=ãÉ~ëìêÉãÉåíK==

• iÉìâçÅóíçëáëI= ÜóéÉêíêáÖäóÅÉêáÇÉãá~I= ~åÇ=
ÜóéÉêäáéçéêçíÉáåÉãá~=~êÉ=Åçããçåäó=ÑçìåÇ=~ë=ïÉääK==

• eóéÉê~ãóä~ëÉãá~= ã~ó= ëìÖÖÉëí= ~= Çá~Öåçëáë= çÑ=
é~åÅêÉ~íáíáëI= ÉëéÉÅá~ääó= ïÜÉå= ~ÅÅçãé~åáÉÇ= Äó=
~ÄÇçãáå~ä= é~áåK= eçïÉîÉêI= áå= ah^= íÜÉ= ~ãóä~ëÉ= áë=
ìëì~ääó=çÑ=ë~äáî~êó=çêáÖáå=~åÇ=íÜìë=áë=åçí=Çá~ÖåçëíáÅ=çÑ=
é~åÅêÉ~íáíáëK= pÉêìã= äáé~ëÉ= ëÜçìäÇ= ÄÉ= çÄí~áåÉÇ= áÑ=
é~åÅêÉ~íáíáë=áë=ëìëéÉÅíÉÇK==

• qÜÉ= ãÉ~ëìêÉÇ= ëÉêìã= ëçÇáìã= áë= êÉÇìÅÉÇ= ~ë= ~=
ÅçåëÉèìÉåÅÉ= çÑ= íÜÉ= ÜóéÉêÖäóÅÉãá~= ENKSJããçäLi=
xNKSJãÉèz= êÉÇìÅíáçå= áå=ëÉêìã=ëçÇáìã=Ñçê=É~ÅÜ=RKSJ
ããçäLi= xNMMJãÖLÇiz= êáëÉ= áå= íÜÉ= ëÉêìã=ÖäìÅçëÉFK= ^=
åçêã~ä=ëÉêìã=ëçÇáìã=áå=íÜÉ=ëÉííáåÖ=çÑ=ah^=áåÇáÅ~íÉë=
~=ãçêÉ=éêçÑçìåÇ=ï~íÉê=ÇÉÑáÅáíK==

• få= “ÅçåîÉåíáçå~äÒ= ìåáíëI= íÜÉ= Å~äÅìä~íÉÇ= ëÉêìã=
çëãçä~äáíó=EO=×=xëÉêìã=ëçÇáìã=H=ëÉêìã=éçí~ëëáìãz=H=
éä~ëã~=ÖäìÅçëÉ=xãÖLÇizL=NU=H=_rkLOKUF=áë=ãáäÇäó=íç=
ãçÇÉê~íÉäó= ÉäÉî~íÉÇI= ~äíÜçìÖÜ= íç= ~= äÉëëÉê= ÇÉÖêÉÉ=
íÜ~å=íÜ~í=ÑçìåÇ=áå=eepK==

• qÜÉ=âÉíçåÉ=ÄçÇóI=βJÜóÇêçñóÄìíóê~íÉI=áë=ëóåíÜÉëáòÉÇ=

~í= ~= íÜêÉÉÑçäÇ= ÖêÉ~íÉê= ê~íÉ= íÜ~å= ~ÅÉíç~ÅÉí~íÉ;=
ÜçïÉîÉêI=~ÅÉíç~ÅÉí~íÉ=áë=éêÉÑÉêÉåíá~ääó=ÇÉíÉÅíÉÇ=Äó=~=
Åçããçåäó= ìëÉÇ= âÉíçëáë= ÇÉíÉÅíáçå= êÉ~ÖÉåí=
EåáíêçéêìëëáÇÉFK= pÉêìã= âÉíçåÉë= ~êÉ= éêÉëÉåí= ~í=
ëáÖåáÑáÅ~åí=äÉîÉäë=Eìëì~ääó=éçëáíáîÉ=~í=ëÉêìã=Çáäìíáçå=
çÑ= ≥NWUFK= qÜÉ= åáíêçéêìëëáÇÉ= í~ÄäÉíI= çê= ëíáÅâI= áë= çÑíÉå=
ìëÉÇ= íç= ÇÉíÉÅí= ìêáåÉ= âÉíçåÉë;= ÅÉêí~áå= ãÉÇáÅ~íáçåë=
ëìÅÜ=~ë=Å~éíçéêáä=çê=éÉåáÅáää~ãáåÉ=ã~ó=Å~ìëÉ=Ñ~äëÉJ
éçëáíáîÉ= êÉ~ÅíáçåëK= pÉêìã= çê= éä~ëã~= ~ëë~óë= Ñçê= βJ
ÜóÇêçñóÄìíóê~íÉ= ~êÉ= éêÉÑÉêêÉÇ= ÄÉÅ~ìëÉ= íÜÉó= ãçêÉ=
~ÅÅìê~íÉäó=êÉÑäÉÅí=íÜÉ=íêìÉ=âÉíçåÉ=ÄçÇó=äÉîÉäK==

• qÜÉ=ãÉí~ÄçäáÅ= ÇÉê~åÖÉãÉåíë= çÑ=ah^= Éñáëí= ~äçåÖ= ~=
ëéÉÅíêìãI= ÄÉÖáååáåÖ= ïáíÜ= ãáäÇ= ~ÅáÇçëáë= ïáíÜ=
ãçÇÉê~íÉ=ÜóéÉêÖäóÅÉãá~=ÉîçäîáåÖ=áåíç=ãçêÉ=ëÉîÉêÉ=
ÑáåÇáåÖëK==

• qÜÉ= ÇÉÖêÉÉ= çÑ= ~ÅáÇçëáë= ~åÇ= ÜóéÉêÖäóÅÉãá~= Çç= åçí=
åÉÅÉëë~êáäó= ÅçêêÉä~íÉ= ÅäçëÉäó= ÄÉÅ~ìëÉ= ~= î~êáÉíó= çÑ=
Ñ~Åíçêë= ÇÉíÉêãáåÉ= íÜÉ= äÉîÉä= çÑ= ÜóéÉêÖäóÅÉãá~= Eçê~ä=
áåí~âÉI=ìêáå~êó=ÖäìÅçëÉ=äçëëFK==

• hÉíçåÉãá~= áë= ~= ÅçåëáëíÉåí= ÑáåÇáåÖ= áå= ah^= ~åÇ=
ÇáëíáåÖìáëÜÉë=áí=Ñêçã=ëáãéäÉ=ÜóéÉêÖäóÅÉãá~K==

=

 Assessment of severity5,18 

=
qÜÉ=éêÉëÉåÅÉ=çÑ=çåÉ=çê=ãçêÉ=çÑ=íÜÉ=ÑçääçïáåÖ=ã~ó=áåÇáÅ~íÉ=
ëÉîÉêÉ=ah^K==

• _äççÇ=âÉíçåÉë=[=SããçäLi==
• _áÅ~êÄçå~íÉ=äÉîÉä=Y=RããçäLi==
• sÉåçìëL~êíÉêá~ä=ée=[=TKM==
• eóéçâ~ä~Éãá~=çå=~Çãáëëáçå=EY=PKRããçäLiF==
• d`p=Y=NO=çê=~Äåçêã~ä=̂ smr=ëÅ~äÉ=EÚ^äÉêíI=sçáÅÉI=m~áåI=

råêÉëéçåëáîÉÛ=ëÅ~äÉF==
• lñóÖÉå= ë~íìê~íáçå= Y= VOB=çå= ~áê= E~ëëìãáåÖ= åçêã~ä=

Ä~ëÉäáåÉ=êÉëéáê~íçêó=ÑìåÅíáçåF==
• póëíçäáÅ=_m=Y=VMããeÖ==
• mìäëÉ=[=NMM=çê=Y=SMÄéã==
• ^åáçå=Ö~é=[=NS==

x^åáçå=d~é=Z=Ek~H=H=hHF=Ó=E`äJ=H=e`lP=JF=z=
=

 Differential diagnosis9,17 

==
qÜÉ=ÇáÑÑÉêÉåíá~ä=Çá~Öåçëáë=çÑ=ah^=áåÅäìÇÉë=Ó=

• ëí~êî~íáçå=âÉíçëáëI==
• ~äÅçÜçäáÅ= âÉíç~ÅáÇçëáë= EÄáÅ~êÄçå~íÉ= ìëì~ääó= [NR=

ãÉèLiFI=~åÇ==
• çíÜÉê= Ñçêãë= çÑ= áåÅêÉ~ëÉÇ= ~åáçåJÖ~é= ~ÅáÇçëáë=

áåÅäìÇáåÖ=ä~ÅíáÅ=~ÅáÇçëáëI=áåÖÉëíáçå=çÑ=ÇêìÖë=ëìÅÜ=~ë=
ë~äáÅóä~íÉI= ãÉíÜ~åçäI= ÉíÜóäÉåÉ= ÖäóÅçäI= ~åÇ=
é~ê~äÇÉÜóÇÉI= ~åÇ= ÅÜêçåáÅ= êÉå~ä= Ñ~áäìêÉ= EïÜáÅÜ= áë=
ãçêÉ=íóéáÅ~ääó=ÜóéÉêÅÜäçêÉãáÅ=~ÅáÇçëáë=ê~íÜÉê=íÜ~å=
ÜáÖÜJ~åáçå=Ö~é=~ÅáÇçëáëFK=

DKA HHS

Glucose,a mmol/L  
(mg/dL)

13.9−33.3 (250−600) 33.3−66.6 (600−1200)

Sodium, meq/L 125−135 135−145

Potassiuma, b Normal to ↑ Normal

Magnesium a Normal Normal

Chloridea Normal Normal

Phosphatea,b Normal Normal

Creatinine Slightly ↑ Moderately ↑

Osmolality (mOsm/mL) 300−320 330−380

Plasma ketones a ++++ +/−

Serum bicarbonate,a 
meq/L

<15 Normal to slightly ↓

Arterial pH 6.8−7.3 >7.3

Arterial PCO
2
,a mmHg 20−30 Normal

Anion gap a(Na – [Cl + 
HCO

3
])

↑ Normal to slightly ↑

aLarge changes occur during treatment of DKA.  bAlthough plasma levels may be normal 
or high at presentation, total-body stores are usually depleted.
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 Management 
=
ah^= áë= ~=ãÉÇáÅ~ä= ÉãÉêÖÉåÅó=ïÜáÅÜ= ëÜçìäÇ= ÄÉ= íêÉ~íÉÇ= áå=
Üçëéáí~äI=éêÉÑÉê~Ääó=áå=~=ÜáÖÜJÇÉéÉåÇÉåÅó=~êÉ~K=fÑ=~î~áä~ÄäÉI=
íÜÉ= Çá~ÄÉíÉë= ëéÉÅá~äáëí= íÉ~ã= ëÜçìäÇ= ÄÉ= áåîçäîÉÇK=RÉÖìä~ê=
ÅäáåáÅ~ä= ~åÇ= ÄáçÅÜÉãáÅ~ä= êÉîáÉï= áë= ÉëëÉåíá~äI= é~êíáÅìä~êäó=
ÇìêáåÖ=íÜÉ=Ñáêëí=OQ=Üçìêë=çÑ=íêÉ~íãÉåíKN==

New principles in the management of DKA by JBDS:18 

NK ^áã= íç= íêÉ~í= íÜÉ= Å~ìëÉ= çÑ= íÜÉ= ~ÅáÇçëáëI= áKÉK= íÜÉ=
âÉíçå~Éãá~==

OK fåëìäáå=áë=íç=ÄÉ=ÖáîÉå=~ë=~=ëí~åÇ~êÇ=ÇçëÉ=éÉê=âÖ=ìåíáä=
íÜÉ=âÉíçåÉë=~êÉ=ÅäÉ~êÉÇ==

PK rëÉ= ÄÉÇëáÇÉ= ãÉíÉêë= Eqêìëí= ~ééêçîÉÇ= çåäóF= Ñçê=
ÖäìÅçëÉ=~åÇ=âÉíçåÉ=ãÉ~ëìêÉãÉåíë==

QK rëÉ=ÄäççÇ=Ö~ë=ã~ÅÜáåÉë=çå=earLb^r=Ñçê=îÉåçìë=
ée= EíÜÉêÉ= åç= ëáÖåáÑáÅ~åí= ÇáÑÑÉêÉåÅÉ= Ñêçã= ~êíÉêá~ä=
éeFI=îÉåçìë=e`lP

ÓI=~åÇ=rCbëK==
RK rëÉ= MKVB= ëçÇáìã= ÅÜäçêáÇÉ= ëçäìíáçå= Ñçê=

êÉëìëÅáí~íáçåI=åçí=ÅçääçáÇK=aç=åçí=ìëÉ=e~êíã~ååÛë=
EÜçïÉîÉêI=fqr=é~íáÉåíë=ã~ó=ÇáÑÑÉêFK==

SK låäó= ìëÉ= ~= î~êá~ÄäÉ= ê~íÉ= áåíê~îÉåçìë= áåëìäáå=
áåÑìëáçå=ïáíÜ=NMB=ÖäìÅçëÉ=ïÜÉå=íÜÉ=ÄäççÇ=ÖäìÅçëÉ=
áë=YNQããçäLi==

TK dáîÉ= ÄçíÜ= MKVB= ëçÇáìã= ÅÜäçêáÇÉ= ~åÇ= ÖäìÅçëÉ=
íçÖÉíÜÉê= áÑ= âÉíçåÉë= ~êÉ= éêÉëÉåí= E[NKMããçäLi= ~åÇ=
ÖäìÅçëÉ=YNQããçäLiF==

UK m~íáÉåíë=ëÜçìäÇ=ÄÉ=ëÉÉå=Äó=íÜÉ=Çá~ÄÉíÉë=ëéÉÅá~äáëí=
íÉ~ã=ïáíÜáå=çåÉ=ïçêâáåÖ=Ç~ó=çÑ=~Çãáëëáçå==

VK réçå= ÇáëÅÜ~êÖÉ= é~íáÉåíë= ëÜçìäÇ= ÄÉ= çÑÑÉêÉÇ=
~ééêçéêá~íÉ= çìíé~íáÉåí= Ñçääçï= ìéI= Ü~îÉ= ~ÅÅÉëë= íç=
éëóÅÜçäçÖáÅ~ä= ëìééçêí= ~åÇ= ÄÉ= çÑÑÉêÉÇ= ëíêìÅíìêÉÇ=
ÉÇìÅ~íáçå

 

Guideline for management of DKA– 

 

=

Time: 0–60 mins

1. Commence 0.9% sodium chloride
If systolic BP > 90 mmHg, give 1 L over 60 mins
If systolic BP < 90 mmHg, give 500 mL over 10–15 mins, 
then re-assess. If BP remains < 90 mmHg, seek senior 
review

2. Commence insulin treatment
50 U human soluble insulin in 50 mL 0.9% sodium chloride 
infused intravenously at 0.1 U/kg body weight/hr
Continue with SC basal insulin analogue if usually taken by 
patient

3. Perform further investigations: see text
4. Establish monitoring schedule

Hourly capillary blood glucose and ketone testing
Venous bicarbonate and potassium after 1 and 2 hrs, then 
every 2 hrs
Plasma electrolytes every 4 hrs
Clinical monitoring of O2 saturation, pulse, BP, respiratory 
rate and urine output every hour

5. Treat any precipitating cause

Time: 60 mins to 12 hrs

• IV infusion of 0.9% sodium chloride with potassium chloride 
added as indicated below

1 L over 2 hrs
1 L over 2 hrs
1 L over 4 hrs
1 L over 4 hrs
1 L over 6 hrs

• Add 10% glucose 125 mL/hr IV when glucose < 14 mmol/L
• Be more cautious with fluid replacement in elderly, young 

people, pregnant patients and those with renal or heart failure. 
If plasma sodium is > 155 mmol/L, 0.45% sodium chloride may 
be used.

 Management of diabetic ketoacidosis*

*Adapted from Joint British Diabetes Societies guideline, NHS Diabetes (2010), See the end of this section for updated 2013 guideline.

• Adjust potassium chloride infusion

Plasma potassium 
(mmol/L)

Potassium replacement 
(mmol/L of infusion)

> 5.5 Nil
3.5–5.5 40
< 3.5 Senior review – additional 

potassium required

Time: 12–24 hrs

• Ketonaemia and acidosis should have resolved (blood ketones 
< 0.3 mmol/L, venous bicarbonate > 18 mmol/L). Request 
senior review if not improving

• If patient is not eating and drinking
Continue IV insulin infusion at lower rate of  
2–3 U/kg/hr
Continue IV fluid replacement and biochemical  
monitoring

• If ketoacidosis has resolved and patient is able to eat and  
drink

Re-initiate SC insulin with advice from diabetes team. Do 
not discontinue IV insulin until 30 mins after SC short-acting 
insulin injection

Additional procedures

• Catheterisation if no urine passed after 3 hrs
• Central venous line if cardiovascular system compromised, to 

allow fluid replacement to be adjusted accurately – also 
consider in elderly, pregnant, renal or cardiac failure, other 
serious comorbidities, severe DKA

• Measure arterial blood gases and repeat chest X-ray if O2 
saturation < 92%

• ECG monitoring in severe cases
• Thromboprophylaxis with low molecular weight heparin

,1
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 Insulin1 

Rate 
^=ÑáñÉÇJê~íÉ=áåíê~îÉåçìë=áåëìäáå=áåÑìëáçå=çÑ=MKN=rLâÖ=ÄçÇó=
ïÉáÖÜíLÜê=áë=êÉÅçããÉåÇÉÇK==

Alternative 
bñÅÉéíáçå~ääóI=áÑ=áåíê~îÉåçìë=~Çãáåáëíê~íáçå=áë=åçí=ÑÉ~ëáÄäÉI=
ëçäìÄäÉ= áåëìäáå= Å~å= ÄÉ= ÖáîÉå= Äó= áåíê~ãìëÅìä~ê= áåàÉÅíáçå=
Eäç~ÇáåÖ=ÇçëÉ=çÑ=NMÓOM=rI=ÑçääçïÉÇ=Äó=R=r=ÜçìêäóFI=çê=~=Ñ~ëíJ
~ÅíáåÖ= áåëìäáå= ~å~äçÖìÉ= Å~å= ÄÉ= ÖáîÉå= Üçìêäó= Äó=
ëìÄÅìí~åÉçìë= áåàÉÅíáçå= Eáåáíá~ääó= MKP= rLâÖ= ÄçÇó= ïÉáÖÜíI=
íÜÉå=MKN=rLâÖ=ÜçìêäóFK==

Target 
qÜÉ=ÄäççÇ=ÖäìÅçëÉ=ÅçåÅÉåíê~íáçå=ëÜçìäÇ=Ñ~ää=Äó=PÓS=ããçäLi=
E~ééêçñáã~íÉäó=RRÓNNM=ãÖLÇiF=éÉê=ÜçìêI=çê=ÄäççÇ=âÉíçåÉ=
ÅçåÅÉåíê~íáçåë=Ñ~ää=Äó=~í=äÉ~ëí=MKR=ããçäLiLÜêK==

Caution 
^=ãçêÉ=ê~éáÇ=ÇÉÅêÉ~ëÉ=áå=ÄäççÇ=ÖäìÅçëÉ=ëÜçìäÇ=ÄÉ=~îçáÇÉÇI=
~ë= íÜáë= ãáÖÜí= éêÉÅáéáí~íÉ= ÜóéçÖäóÅ~Éãá~= ~åÇ= íÜÉ= ëÉêáçìë=
ÅçãéäáÅ~íáçå=çÑ=ÅÉêÉÄê~ä=çÉÇÉã~I=é~êíáÅìä~êäó=áå=ÅÜáäÇêÉåK==

c~áäìêÉ= çÑ= ÄäççÇ= ÖäìÅçëÉ= íç= Ñ~ää= ïáíÜáå= N= Üçìê= çÑ=
ÅçããÉåÅáåÖ= áåëìäáå= áåÑìëáçå= ëÜçìäÇ= äÉ~Ç= íç= ~= êÉJ
~ëëÉëëãÉåí=çÑ=áåëìäáå=ÇçëÉK==

Cause of failure 
hÉíçëáëI= ÇÉÜóÇê~íáçåI= ~ÅáÇ~Éãá~I= áåÑÉÅíáçå= ~åÇ= ëíêÉëë=
ÅçãÄáåÉ= íç= éêçÇìÅÉ= ëÉîÉêÉ= áåëìäáå= êÉëáëí~åÅÉ= áå= ëçãÉ=
Å~ëÉëI=Äìí=ãçëí=ïáää=êÉëéçåÇ=íç=~=äçïJÇçëÉ=áåëìäáå=êÉÖáãÉåK==

After blood glucose falls 
tÜÉå=íÜÉ=ÄäççÇ=ÖäìÅçëÉ=Ü~ë=Ñ~ääÉåI=NMB=ÇÉñíêçëÉ=áåÑìëáçå=áë=
áåíêçÇìÅÉÇ= ~åÇ= áåëìäáå= áåÑìëáçå= ÅçåíáåìÉÇ= íç= ÉåÅçìê~ÖÉ=
ÖäìÅçëÉ= ìéí~âÉ= áåíç= ÅÉääë= ~åÇ= êÉëíçê~íáçå= çÑ= åçêã~ä=
ãÉí~ÄçäáëãK==

få=êÉÅÉåí=óÉ~êëI=áí=Ü~ë=~äëç=ÄÉÅçãÉ=áåÅêÉ~ëáåÖäó=Åçããçå=íç=
ÅçåíáåìÉ= ïáíÜ= íÜÉ= ìëÉ= çÑ= äçåÖJ~ÅíáåÖ= áåëìäáå= ~å~äçÖìÉë=
~ÇãáåáëíÉêÉÇ= ëìÄÅìí~åÉçìëäó= ÇìêáåÖ= íÜÉ= áåáíá~ä=
ã~å~ÖÉãÉåí=çÑ=ah^;=íÜáë=éêçîáÇÉë=Ä~ÅâÖêçìåÇ=áåëìäáå=Ñçê=
ïÜÉå=íÜÉ=áåíê~îÉåçìë=áåëìäáå=áë=ÇáëÅçåíáåìÉÇK==

Follow-up 
RÉëíçê~íáçå=çÑ=íÜÉ=ìëì~ä=áåëìäáå=êÉÖáãÉåI=Äó=ëìÄÅìí~åÉçìë=
áåàÉÅíáçåI=ëÜçìäÇ=åçí=ÄÉ=áåëíáíìíÉÇ=ìåíáä=íÜÉ=é~íáÉåí=áë=ÄçíÜ=
ÄáçÅÜÉãáÅ~ääó=ëí~ÄäÉ=~åÇ=~ÄäÉ=íç=É~í=~åÇ=Çêáåâ=åçêã~ääóK==

 Fluid replacement1 

Duration 
få=~ÇìäíëI=ê~éáÇ=ÑäìáÇ=êÉéä~ÅÉãÉåí= áå=íÜÉ=Ñáêëí= ÑÉï=Üçìêë= áë=
ìëì~ääó=êÉÅçããÉåÇÉÇK==

Caution 
`~ìíáçå= áë= êÉÅçããÉåÇÉÇ= áå= ÅÜáäÇêÉå= ~åÇ= óçìåÖ= ~Çìäíë=
ÄÉÅ~ìëÉ=çÑ=íÜÉ=êáëâ=çÑ=ÅÉêÉÄê~ä=çÉÇÉã~K==

Replacement fluid 
jçëí= ÅìêêÉåí= ÖìáÇÉäáåÉë= Ñ~îçìê= ÅçêêÉÅíáçå= çÑ= íÜÉ=
Éñíê~ÅÉääìä~ê=ÑäìáÇ=ÇÉÑáÅáí=ïáíÜ=áëçíçåáÅ=ë~äáåÉ=EMKVB=ëçÇáìã=
ÅÜäçêáÇÉFK==

fÑ= íÜÉ= éä~ëã~= ëçÇáìã= áë= ÖêÉ~íÉê= íÜ~å= NRR=ããçäLiI= MKQRB=
ë~äáåÉ=ã~ó=ÄÉ=ìëÉÇ=áåáíá~ääóK==

=

 Potassium1 

Objective 
`~êÉÑìä= ãçåáíçêáåÖ= çÑ= éçí~ëëáìã= áë= ÉëëÉåíá~ä= íç= íÜÉ=
ã~å~ÖÉãÉåí= çÑ= Çá~ÄÉíáÅ= âÉíç~ÅáÇçëáë= ÄÉÅ~ìëÉ= ÄçíÜ= Üóéç=
~åÇ= ÜóéÉêâ~ä~Éãá~= Å~å= çÅÅìê= ~åÇ= ~êÉ= éçíÉåíá~ääó= äáÑÉJ
íÜêÉ~íÉåáåÖK==

Duration 
mçí~ëëáìã=êÉéä~ÅÉãÉåí=áë=åçí=ìëì~ääó=êÉÅçããÉåÇÉÇ=ïáíÜ=
íÜÉ= áåáíá~ä= äáíêÉ= çÑ= ÑäìáÇ= ÄÉÅ~ìëÉ= éêÉêÉå~ä= Ñ~áäìêÉ= ã~ó= ÄÉ=
éêÉëÉåí=ëÉÅçåÇ~êó=íç=ÇÉÜóÇê~íáçåK==

Replacement fluid 
qêÉ~íãÉåí= ïáíÜ= MKVB= ëçÇáìã= ÅÜäçêáÇÉ= ïáíÜ= éçí~ëëáìã=
ÅÜäçêáÇÉ= QM= ããçäLi= áë= êÉÅçããÉåÇÉÇ= áÑ= íÜÉ= ëÉêìã=
éçí~ëëáìã=áë=ÄÉäçï=RKR=ããçäLi=~åÇ=íÜÉ=é~íáÉåí=áë=é~ëëáåÖ=
ìêáåÉK==

Caution 
fÑ= íÜÉ= éçí~ëëáìã= Ñ~ääë= ÄÉäçï= PKR= ããçäLiI= íÜÉ= éçí~ëëáìã=
êÉéä~ÅÉãÉåí=êÉÖáãÉå=åÉÉÇë=íç=ÄÉ=êÉîáÉïÉÇK==

`~êÇá~Å= êÜóíÜã= ëÜçìäÇ= ÄÉ= ãçåáíçêÉÇ= áå= ëÉîÉêÉ= ah^=
ÄÉÅ~ìëÉ= çÑ= íÜÉ= êáëâ= çÑ= ÉäÉÅíêçäóíÉJáåÇìÅÉÇ= Å~êÇá~Å=
~êêÜóíÜãá~K==

=

 Bicarbonate1 

^ÇÉèì~íÉ=ÑäìáÇ=~åÇ=áåëìäáå=êÉéä~ÅÉãÉåí=ëÜçìäÇ=êÉëçäîÉ=íÜÉ=
~ÅáÇçëáëK= qÜÉ= ìëÉ= çÑ= áåíê~îÉåçìë= ÄáÅ~êÄçå~íÉ= íÜÉê~éó= áë=
ÅìêêÉåíäó=åçí=êÉÅçããÉåÇÉÇK==

^ÅáÇçëáë= ã~ó= êÉÑäÉÅí= ~å= ~Ç~éíáîÉ= êÉëéçåëÉI= áãéêçîáåÖ=
çñóÖÉå=ÇÉäáîÉêó=íç=íÜÉ=íáëëìÉëI=~åÇ=ëç=ÉñÅÉëëáîÉ=ÄáÅ~êÄçå~íÉ=
ã~ó= áåÇìÅÉ= ~= é~ê~ÇçñáÅ~ä= áåÅêÉ~ëÉ= áå= ÅÉêÉÄêçëéáå~ä= ÑäìáÇ=
~ÅáÇçëáë= ~åÇ= Ü~ë= ÄÉÉå= áãéäáÅ~íÉÇ= áå= íÜÉ= é~íÜçÖÉåÉëáë= çÑ=
ÅÉêÉÄê~ä=çÉÇÉã~=áå=ÅÜáäÇêÉå=~åÇ=óçìåÖ=~ÇìäíëK=

=

 Subsequent management5 

qÜÉ=ãçêí~äáíó=çÑ=ah^=áë=~êçìåÇ=RB=~åÇ=áë=áåÅêÉ~ëÉÇ=áå=çäÇÉê=
é~íáÉåíëK= fíë= íêÉ~íãÉåí= áë= áåÅçãéäÉíÉ= ïáíÜçìí= ~= Å~êÉÑìä=
Éåèìáêó=áåíç=íÜÉ=Å~ìëÉë=çÑ=íÜÉ=ÉéáëçÇÉ=~åÇ=~ÇîáÅÉ=~ë=íç=Üçï=
íç=~îçáÇ=áíë=êÉÅìêêÉåÅÉK=

=
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 Problems of management5 

Hypotension 
qÜáë=ã~ó=äÉ~Ç=íç=êÉå~ä=ëÜìíÇçïåK=pçÇáìã=ÅÜäçêáÇÉ=MKVB=áë=
íÜÉ=ÑäìáÇ=çÑ=ÅÜçáÅÉ=íç=áåÅêÉ~ëÉ=ÅáêÅìä~íáåÖ=îçäìãÉ=~åÇ=íÜìë=
ÄäççÇ= éêÉëëìêÉ= ~åÇ= êÉå~ä= éÉêÑìëáçåK= ^= ÅÉåíê~ä= îÉåçìë=
éêÉëëìêÉ=äáåÉ=áë=ìëÉÑìä=áå=íÜáë=ëáíì~íáçåK=^=Ää~ÇÇÉê=Å~íÜÉíÉê=áë=
áåëÉêíÉÇ= áÑ= åç= ìêáåÉ= áë= éêçÇìÅÉÇ= ïáíÜáå= O= Ü= Äìí= êçìíáåÉ=
Å~íÜÉíÉêáò~íáçå=áë=åçí=åÉÅÉëë~êóK==

Coma 
fí= áë= ÉëëÉåíá~ä= íç= é~ëë= ~= å~ëçÖ~ëíêáÅ= íìÄÉ= íç= éêÉîÉåí=
~ëéáê~íáçåI= ëáåÅÉ=Ö~ëíêáÅ= ëí~ëáë= áë= Åçããçå=~åÇ=Å~êêáÉë= íÜÉ=
êáëâ=çÑ=~ëéáê~íáçå=éåÉìãçåá~=áÑ=~=Çêçïëó=é~íáÉåí=îçãáíëK==

Cerebral oedema 
qÜáë=áë=~=ê~êÉ=Äìí=ëÉêáçìë=ÅçãéäáÅ~íáçå=~åÇ=Ü~ë=ãçëíäó=ÄÉÉå=
êÉéçêíÉÇ=áå=ÅÜáäÇêÉå=çê=óçìåÖ=~ÇìäíëK=bñÅÉëëáîÉ=êÉÜóÇê~íáçå=
~åÇ=ìëÉ=çÑ=ÜóéÉêíçåáÅ=ÑäìáÇë=ëìÅÜ=~ë=UKQB=ÄáÅ~êÄçå~íÉ=ã~ó=
ëçãÉíáãÉë=ÄÉ=êÉëéçåëáÄäÉK=qÜÉ=ãçêí~äáíó=áë=ÜáÖÜK==

Hypothermia 
pÉîÉêÉ= ÜóéçíÜÉêãá~= ïáíÜ= ~= ÅçêÉ= íÉãéÉê~íìêÉ= YPPø`=ã~ó=
çÅÅìê=~åÇ=Å~å=ÄÉ=çîÉêäççâÉÇ=ìåäÉëë=~=êÉÅí~ä=íÉãéÉê~íìêÉ=áë=
í~âÉå=ïáíÜ=~=äçïJêÉ~ÇáåÖ=íÜÉêãçãÉíÉêK==

Late complications 
qÜÉëÉ= áåÅäìÇÉ=éåÉìãçåá~=~åÇ=ÇÉÉéJîÉáå=íÜêçãÄçëáë=~åÇ=
çÅÅìê=ÉëéÉÅá~ääó=áå=íÜÉ=Åçã~íçëÉ=çê=ÉäÇÉêäó=é~íáÉåíK==

Complications of therapy 
qÜÉëÉ= áåÅäìÇÉ= ÜóéçÖäóÅ~Éãá~= ~åÇ= Üóéçâ~ä~Éãá~I= ÇìÉ= íç=
äçëë= çÑ= hH= áå= íÜÉ= ìêáåÉ= Ñêçã= çëãçíáÅ= ÇáìêÉëáëK= lîÉêJ
ÉåíÜìëá~ëíáÅ=ÑäìáÇ=êÉéä~ÅÉãÉåí=ã~ó=éêÉÅáéáí~íÉ=éìäãçå~êó=
çÉÇÉã~=áå=íÜÉ=îÉêó=óçìåÖ=çê=íÜÉ=îÉêó=çäÇK=eóéÉêÅÜäçê~ÉãáÅ=
~ÅáÇçëáë= ã~ó= ÇÉîÉäçé= áå= íÜÉ= ÅçìêëÉ= çÑ= íêÉ~íãÉåí= ëáåÅÉ=
é~íáÉåíë= Ü~îÉ= äçëí= ~= ä~êÖÉ= î~êáÉíó= çÑ= åÉÖ~íáîÉäó= ÅÜ~êÖÉÇ=
ÉäÉÅíêçäóíÉëI=ïÜáÅÜ=~êÉ=êÉéä~ÅÉÇ=ïáíÜ=ÅÜäçêáÇÉK=qÜÉ=âáÇåÉóë=
ìëì~ääó=ÅçêêÉÅí=íÜáë=ëéçåí~åÉçìëäó=ïáíÜáå=~=ÑÉï=Ç~óëK==

=

=

 
 
Protocol for the management of adult patients with DKA19 – 
=

=

=

=

K <3.3
mmol/L

DKA

Yes

No

Replace IV until
<3.3 mmol/L

Give IV bolus
and start

insulin infusion
at 0.1 U/kg/h

0.9% NaCl IV
bolus 1L/h

x 1–2h

0.45% NaCl + KCl 20–30 mEq/L infusion at 250–500
mL/h

If BG ↓ by less 
than 10% in 1st 
hour,  give insulin

bolus 0.1 U/kg

BG <200 –250
mg/dL

↓ insulin to
0.05 U/kg/h

Change to 
D5–0.45% NaCl

at 150–250 mL/h

– BG <200–250
mg/dL and

-
– serum HCO 

≤15 mEq/L

If current rate ≥2 U/h, ↓ insulin infusion by 50% and
continue D5–0.45% NaCl at 150–250 mL/h

If current rate <2 U/h, continue insulin infusion and
change fluids to D10–0.45% NaCl at 150–250 mL/h

– BG <200–250 mg/dL;
– serum HCO  ≥15 mEq/L 
   and
– anion gap <10–12

– Stop IV insullin;
– stop IV fluids; and
– start SC insulin 
   0.5–0.8 U/kg

pH ≤6.9
Infuse 1–2 ampoules of
NaHCO  over 1–2 hours3

3

3
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Management of diabetic ketoacidosis 

A. Hour 1: Immediate management upon diagnosis: 0 to 60 minutes.  
T = 0 at time intravenous fluids are commenced. If there is a problem with intravenous access, critical care support should be requested immediately 

Aims • Commence IV 0.9% sodium chloride solution  

• Commence a FRIII but only after fluid therapy has been commenced  

• Establish monitoring regime appropriate to patient; generally hourly blood glucose (BG) and hourly ketone measurement, with at least 2 hourly 
serum potassium and bicarbonate for the first six hours  

• Clinical and biochemical assessment of the patient  

• Involve the diabetes specialist team at the earliest possible stage 

Action 1 - 
Intravenous access 
and initial 
investigations 

• Rapid ABC (Airway, Breathing, Circulation)  

• Large bore IV cannula (use ports to reduce infection risk) and commence IV fluid replacement (See Action 2)  

• Clinical assessment  

• Respiratory rate; temperature; blood pressure; pulse; oxygen saturation  

• Glasgow Coma Scale. NB: a drowsy patient in the context of DKA is serious and the patient requires critical care input. Consider an NG tube 
with airway protection to prevent aspiration  

• Full clinical examination  

• Initial investigations should include:  
Blood ketones  
Capillary blood glucose  
Venous plasma glucose  
Urea and electrolytes  
Venous blood gases  

Full blood count  
Blood cultures  
ECG  
Chest radiograph if clinically indicated  
Urinalysis and culture  

Continuous cardiac monitoring  
Continuous pulse oximetry  
Consider precipitating causes and treat appropriately  
Establish usual medication for diabetes  
Pregnancy test in women of child bearing age 

 
 

Action 2 – 
Restoration of 
circulating volume 

Assess the severity of dehydration using pulse and blood pressure. As a guide 90mmHg may be used as a measure of hydration but take age, 
gender and concomitant medication into account.  
Systolic BP (SBP) on admission below 90mmHg Hypotension is likely to be due to low circulating volume, but consider other causes such as 
heart failure, sepsis, etc.  

• Give 500ml of 0.9% sodium chloride solution over 10-15 minutes. If SBP remains below 90mmHg this may be repeated whilst awaiting senior 
input. In practice most patients require between 500 to 1000ml given rapidly.  

• If there has been no clinical improvement reconsider other causes of hypotension and seek an immediate senior assessment. Consider 
involving the ITU/critical care team.  

• Once SBP above 90mmHg follow fluid replacement as shown below 
Systolic BP on admission 90mmHg and over  
Below is a table outlining a typical fluid replacement regimen for a previously well 70kg adult. This is an illustrative guide only. A slower infusion 
rate should be considered in young adults.  

Fluid Volume 

0.9% sodium chloride 1L * 1000ml over 1st hour 

0.9% sodium chloride 1L with potassium chloride 1000ml over next 2 hours 

0.9% sodium chloride 1L with potassium chloride 1000ml over next 2 hours 

0.9% sodium chloride 1L with potassium chloride 1000ml over next 4 hours 

0.9% sodium chloride 1L with potassium chloride  1000ml over next 4 hours 

0.9% sodium chloride 1L with potassium chloride 1000ml over next 6 hours 

Re-assessment of cardiovascular status at 12 hours is mandatory, further fluid may be required  
*Potassium chloride may be required if more than 1 litre of sodium chloride has been given already to resuscitate 
hypotensive patients 

Exercise caution in patients - Young people aged 18-25 years, Elderly, Pregnant, Heart or kidney failure, Other serious co-morbidities. In these 
situations admission to a Level 2/HDU facility should be considered. Fluids should be replaced cautiously, and if appropriate, guided by the 
central venous pressure measurements.  
 

Action 3 - 
Potassium 
replacement 

Hypokalaemia and hyperkalaemia are life threatening conditions and are common in DKA. Serum potassium is often high on admission (although 
total body potassium is low) but falls precipitously upon treatment with insulin. Regular monitoring is mandatory. 

Potassium level in first 24 hours (mmol/L) Potassium replacement in mmol/L of infusion solution 

> 5.5 Nil 

3.5–5.5 40 

< 3.5  Senior review as additional potassium needs to be given 

 
 

=
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Action 4 - 
Commence a fixed 
rate intravenous 
insulin infusion 
(FRIII) 

• If a weight is not available from the patient, estimate it in kilograms  

• If the patient is pregnant, use her present weight and call for immediate senior obstetric help as well  

• Start a continuous FRIII via an infusion pump. This is made of 50 units of human soluble insulin (Actrapid®, Humulin S®) made up to 50ml 
with 0.9% sodium chloride solution. Ideally this should be provided as a ready-made infusion  

• Infuse at a fixed rate of 0.1 unit/kg/hr (i.e. 7ml/hr if weight is 70kg) 

• Only give a bolus (stat) dose of intramuscular insulin (0.1 unit/kg) if there is a delay in setting up a FRIII  

• If the patient normally takes Lantus®, Levemir® or Tresiba® subcutaneously continue this at the usual dose and usual time (although the 
option exists to continue human basal insulin as well)  

• Insulin may be infused in the same line as the intravenous replacement fluid provided that a Y connector with a one way, anti-siphon valve is 
used and a large-bore cannula has been placed 

B. 60 minutes to 6 hours 

Aims • Clear the blood of ketones and suppress ketogenesis  

• Achieve a rate of fall of ketones of at least 0.5mmol/L/hr  

• In the absence of ketone measurement, bicarbonate should rise by 3.0mmol/L/hr and blood glucose should fall by 3.0mmol/L/hr  

• Maintain serum potassium in the normal range  

• Avoid hypoglycaemia  

Action 1 – Re-
assess patient, 
monitor vital signs 

• During this time, patients should be reviewed hourly initially to ensure that adequate progress is being made in reducing the ketone and/or 
glucose concentrations  

• Consider urinary catheterisation if the patient is incontinent or anuric (i.e. not passed urine by 60 minutes)  

• Consider naso-gastric tube insertion if the patient is obtunded or persistently vomiting  

• If the oxygen saturation falls, then perform an arterial blood gas measurement and request a repeat chest radiograph  

• Regular observations and Early Warning Score (EWS) charting as appropriate  

• Maintain an accurate fluid balance chart, the minimum urine output should be no less than 0.5ml/kg/hr  

• Continuous cardiac monitoring in those with severe DKA  

• Give low molecular weight heparin as per NICE guidance  

Action 2 – Review 
metabolic 
parameters 

• Measure blood ketones and capillary glucose hourly (note: if meter reads “blood glucose over 20mmol/L" or “Hi” venous blood should be sent 
to the laboratory hourly or measured using venous blood in a blood gas analyser until the bedside meter is within its QA range)  

• Review patient’s response to FRIII hourly by calculating the rate of change of ketone level fall (or rise in bicarbonate or fall in glucose).  

• Assess the resolution of ketoacidosis  

- If blood ketone measurement is available and blood ketones are not falling by at least 0.5mmol/L/hr call a prescribing clinician to 
increase the insulin infusion rate by 1.0 unit/hr increments hourly until the ketones are falling at target rates (also check infusion**)  

- If blood ketone measurement is not available, use venous bicarbonate. If the bicarbonate is not rising by at least 3.0mmol/L/hr call a 
prescribing clinician to increase the insulin infusion rate by 1 unit/hr increments hourly until the bicarbonate is rising at this rate**  

- Alternatively use plasma glucose. If the glucose is not falling by at least 3.0mmol/L/hr call a prescribing clinician to increase the 
insulin infusion rate by 1.0 unit/hr increments hourly until glucose falls at this rate. Glucose level is not an accurate indicator of 
resolution of acidosis in euglycaemic ketoacidosis, so the acidosis resolution should be verified by venous gas analysis**  
** If ketones and glucose are not falling as expected always check the insulin infusion pump is working and connected and that the correct 
insulin residual volume is present (to check for pump malfunction)  

• Measure venous blood gas for pH, bicarbonate and potassium at 60 minutes, 2 hours and 2 hourly thereafter 

• If the potassium is outside the reference range, assess the appropriateness of the potassium replacement and check it hourly. If it remains 
abnormal after a further hour, seek immediate senior medical advice (see Action 3) 

• Continue the FRIII until the ketone measurement is less than 0.6mmol/L, venous pH over 7.3 and/or venous bicarbonate over 18mmol/L  

• Do not rely on urinary ketone clearance to indicate resolution of DKA, because these will still be present when the DKA has resolved  

• If the glucose falls below 14.0mmol/L, commence 10% glucose given at 125ml/hour alongside the 0.9% sodium chloride solution  

• Monitor and replace potassium because it may fall rapidly  

Action 3  • Identify and treat precipitating factors 

Action 4 Patients presenting with newly diagnosed type 1 diabetes should be given Lantus® or Levemir® (or human NPH insulin, depending on local 
policy) at a dose of 0.25 units/Kg subcutaneously once daily to mitigate against rebound ketosis when they are taken off the FRIII 

C. 6 to 12 hours 
Aim • Ensure that clinical and biochemical parameters are improving  

• Continue IV fluid replacement  

• Continue insulin administration  

• Assess for complications of treatment e.g. fluid overload, cerebral oedema  

• Continue to treat precipitating factors as necessary  

• Avoid hypoglycaemia  

Action 1 – Re-
assess patient, 
monitor vital signs 

• If the patient is not improving then seek senior advice  

• Ensure a referral has been made to the specialist diabetes team  
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Action 2 – Review 
biochemical and 
metabolic 
parameters 

• At 6 hours check the venous pH, bicarbonate, potassium, as well as blood ketones and glucose  

• Resolution of DKA is defined as ketones less than 0.6mmol/L and venous pH over 7.3 (do not use bicarbonate as a surrogate at this stage 
because the hyperchloraemic acidosis associated with large volumes of 0.9% sodium chloride will lower bicarbonate levels)  

• If DKA resolved go to section E.  

• If DKA not resolved refer to Action 2 in Section B.  

D. 12 to 24 hours 

Expectation • By 24 hours the ketonaemia and acidosis should have resolved  
Aim • Ensure that the clinical and biochemical parameters are improving or have normalised  

• Continue IV fluids if the patient is not eating and drinking  

• If the patient is not eating and drinking and there is no ketonaemia move to a VRIII as per local guidelines  

• Re-assess for complications of treatment e.g. fluid overload, cerebral oedema  

• Continue to treat any precipitating factors as necessary  

• Transfer to subcutaneous insulin if the patient is eating and drinking normally. Ensure that the subcutaneous insulin is started before the IV 
insulin is discontinued. Ideally give the subcutaneous fast acting insulin at a meal and discontinue IV insulin one hour later  

Action 1 Re-assess patient, monitor vital signs  

Action 2 – Review 
biochemical and 
metabolic 
parameters 

• At 12 hours check venous pH, bicarbonate, potassium, as well as blood ketones and glucose  

• Resolution of DKA is defined as ketones less than 0.6mmol/L, and venous pH over 7.3  

• If DKA resolved go to section E.  

• If DKA not resolved refer to Action 2 in Section B and seek senior specialist advice as a matter of urgency.  

• Note: Do not rely on bicarbonate alone to assess the resolution of DKA at this point due to the possible hyperchloraemia secondary to high volumes 
of 0.9% sodium chloride solution. The hyperchloraemic acidosis will lower the bicarbonate and thus lead to difficulty is assessing whether the ketosis 
has resolved. The hyperchloraemic acidosis may cause renal vasoconstriction and be a cause of oliguria.  

• Expectation: Patients should be eating and drinking and back on normal insulin. If this expectation is not met within this time period it is important to 
identify and treat the reasons for the failure to respond to treatment. It is unusual for DKA not to have resolved by 24 hours with appropriate 
treatment and requires senior and specialist input.  

E. Conversion to subcutaneous insulin 

 The patient should be converted to an appropriate subcutaneous regime when biochemically stable (blood ketones less than 0.6mmol/L, pH over 
7.3) and the patient is ready and able to eat. Conversion to subcutaneous insulin is ideally managed by the diabetes specialist team. If the 
patient is newly diagnosed, it is essential they are seen by a member of the specialist team prior to discharge.  
Specialist diabetes team input  
In line with the Best Practice Tariff, if they are not already involved, the local diabetes team should be informed and the patient reviewed within 
24 hours of admission. Specialist diabetes team input is important to allow re-education, to reduce the chance of recurrence, and to facilitate 
appropriate follow up. 

=
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21 Hyperglycaemic 
hyperosmolar state 
=

qÜáë=ÅçåÇáíáçåI=áå=ïÜáÅÜ=ëÉîÉêÉ=ÜóéÉêÖäóÅ~Éãá~=ÇÉîÉäçéë=ïáíÜçìí=ëáÖåáÑáÅ~åí=âÉíçëáëI=áë=íÜÉ=ÅÜ~ê~ÅíÉêáëíáÅ=ãÉí~ÄçäáÅ=ÉãÉêÖÉåÅó=
çÑ=ìåÅçåíêçääÉÇ=íóéÉ=O=Çá~ÄÉíÉëKR=fí=ï~ë=éêÉîáçìëäó=êÉÑÉêêÉÇ=íç=~ë=ÜóéÉêçëãçä~ê=åçåJâÉíçíáÅ=EelkhF=Åçã~=ÄìíI=~ë=áå=ah^I=Åçã~=
áë=åçí=áåî~êá~ÄäÉKN=m~íáÉåíë=éêÉëÉåí=áå=ãáÇÇäÉ=çê=ä~íÉê=äáÑÉI=çÑíÉå=ïáíÜ=éêÉîáçìëäó=ìåÇá~ÖåçëÉÇ=Çá~ÄÉíÉëK=`çããçå=éêÉÅáéáí~íáåÖ=
Ñ~Åíçêë= áåÅäìÇÉ= Åçåëìãéíáçå= çÑ= ÖäìÅçëÉJêáÅÜ= ÑäìáÇëI= ÅçåÅìêêÉåí= ãÉÇáÅ~íáçå= ëìÅÜ= ~ë= íÜá~òáÇÉ= ÇáìêÉíáÅë= çê= ëíÉêçáÇëI= ~åÇ=
áåíÉêÅìêêÉåí=áääåÉëëKR==

=

 DKA and HHS 
=

qÜÉ=ÜóéÉêçëãçä~ê=ÜóéÉêÖäóÅ~ÉãáÅ= ëí~íÉ= ~åÇ=âÉíç~ÅáÇçëáë=
êÉéêÉëÉåí=íïç=ÉåÇë=çÑ=~=ëéÉÅíêìã=ê~íÜÉê=íÜ~å=íïç=ÇáëíáåÅí=
ÇáëçêÇÉêëK= qÜÉ= ÄáçÅÜÉãáÅ~ä= ÇáÑÑÉêÉåÅÉë= ã~ó= é~êíäó= ÄÉ=
Éñéä~áåÉÇ=~ë=ÑçääçïëW==

Age 
qÜÉ= ÉñíêÉãÉ= ÇÉÜóÇê~íáçå= ÅÜ~ê~ÅíÉêáëíáÅ= çÑ= íÜÉ=
ÜóéÉêçëãçä~ê=ÜóéÉêÖäóÅ~ÉãáÅ=ëí~íÉ=ã~ó=ÄÉ=êÉä~íÉÇ=íç=~ÖÉK=
läÇ= éÉçéäÉ= ÉñéÉêáÉåÅÉ= íÜáêëí= äÉëë= ~ÅìíÉäó= ~åÇ= ÄÉÅçãÉ=
ÇÉÜóÇê~íÉÇ= ãçêÉ= êÉ~ÇáäóK= få= ~ÇÇáíáçåI= íÜÉ= ãáäÇ= êÉå~ä=
áãé~áêãÉåí=~ëëçÅá~íÉÇ=ïáíÜ=~ÖÉ=êÉëìäíë=áå=áåÅêÉ~ëÉÇ=ìêáå~êó=
äçëëÉë=çÑ=ÑäìáÇ=~åÇ=ÉäÉÅíêçäóíÉëK==

The degree of insulin deficiency 
qÜáë= áë= äÉëë= ëÉîÉêÉ= áå= íÜÉ= ÜóéÉêçëãçä~ê= ÜóéÉêÖäóÅ~ÉãáÅ=
ëí~íÉK= båÇçÖÉåçìë= áåëìäáå= äÉîÉäë= ~êÉ= ëìÑÑáÅáÉåí= íç= áåÜáÄáí=
ÜÉé~íáÅ= âÉíçÖÉåÉëáë= Äìí= áåëìÑÑáÅáÉåí= íç= áåÜáÄáí= ÜÉé~íáÅ=
ÖäìÅçëÉ=éêçÇìÅíáçåKR=

 
Hyperglycaemic 
hyperosmolar state 

=

eóéÉêÖäóÅ~ÉãáÅ=ÜóéÉêçëãçä~ê=ëí~íÉ=EeepF=áë=ÅÜ~ê~ÅíÉêáëÉÇ=
ÄóN=Ó==

NK pÉîÉêÉ= ÜóéÉêÖäóÅ~Éãá~= E[= PM= ããçäLi= ESMM= ãÖL=
ÇiFFI==

OK eóéÉêçëãçä~äáíó=EëÉêìã=çëãçä~äáíó=[=POM=ãlëãL=
âÖFI=

PK aÉÜóÇê~íáçå=
QK ^ÄëÉåÅÉ= çÑ= ëáÖåáÑáÅ~åí= ÜóéÉêâÉíçå~Éãá~= EY= P=

ããçäLiF= çê= ~ÅáÇçëáë= Eée= [= TKPI= ÄáÅ~êÄçå~íÉ= [= NR=
ããçäLiFK==

 Incidence 
=

^äíÜçìÖÜ= íóéáÅ~ääó= çÅÅìêêáåÖ= áå= íÜÉ= ÉäÇÉêäóI= eep= áë=
áåÅêÉ~ëáåÖäó= ëÉÉå= áå= óçìåÖÉê= ~ÇìäíëK= jçêí~äáíó= ê~íÉë= ~êÉ=
ÜáÖÜÉê=íÜ~å=áå=ah^I=ìé=íç=OMB=áå=íÜÉ=rp^I=ã~áåäó=ÄÉÅ~ìëÉ=
çÑ=íÜÉ=~ÖÉ=~åÇ=ãçêÉ=ÑêÉèìÉåí=éêÉëÉåÅÉ=çÑ=ÅçãçêÄáÇáíáÉëKNIR=

 Predisposing factors 
=

`çããçå=éêÉÅáéáí~íáåÖ=Ñ~Åíçêë=áåÅäìÇÉN==
• fåÑÉÅíáçåI==
• jóçÅ~êÇá~ä=áåÑ~êÅíáçåI==
• `ÉêÉÄêçî~ëÅìä~ê=ÉîÉåíë=çê==
• aêìÖ=íÜÉê~éó=EÉKÖK=ÅçêíáÅçëíÉêçáÇëFK==

 Clinical features 
=

qÜÉ=éêçíçíóéáÅ~ä=é~íáÉåí=ïáíÜ=eep=áë=~å=ÉäÇÉêäó=áåÇáîáÇì~ä=
ïáíÜ= íóéÉ= O= ajI= ïáíÜ= ~= ëÉîÉê~äJïÉÉâ= Üáëíçêó= çÑ= éçäóìêá~I=
ïÉáÖÜí=äçëëI=~åÇ=ÇáãáåáëÜÉÇ=çê~ä=áåí~âÉ=íÜ~í=Åìäãáå~íÉë=áå=
ãÉåí~ä= ÅçåÑìëáçåI= äÉíÜ~êÖóI= çê= Åçã~KV= qÜÉ= ÅÜ~ê~ÅíÉêáëíáÅ=
ÅäáåáÅ~ä= ÑÉ~íìêÉë= çå= éêÉëÉåí~íáçå= ~êÉ= ÇÉÜóÇê~íáçå= ~åÇ=
ëíìéçê= çê= Åçã~K= fãé~áêãÉåí= çÑ= ÅçåëÅáçìëåÉëë= áë= ÇáêÉÅíäó=
êÉä~íÉÇ=íç=íÜÉ=ÇÉÖêÉÉ=çÑ=ÜóéÉêçëãçä~äáíóKR==

qÜÉ= éÜóëáÅ~ä= Éñ~ãáå~íáçå= êÉÑäÉÅíë= éêçÑçìåÇ= ÇÉÜóÇê~íáçå=
~åÇ=ÜóéÉêçëãçä~äáíó=~åÇ=êÉîÉ~äë=ÜóéçíÉåëáçåI=í~ÅÜóÅ~êÇá~I=
~åÇ=~äíÉêÉÇ=ãÉåí~ä=ëí~íìëK=kçí~Ääó=~ÄëÉåí=~êÉ=ëóãéíçãë=çÑ=
å~ìëÉ~I=îçãáíáåÖI=~åÇ=~ÄÇçãáå~ä=é~áå=~åÇ= íÜÉ=hìëëã~ìä=
êÉëéáê~íáçåë=ÅÜ~ê~ÅíÉêáëíáÅ=çÑ=ah^KV=
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=

eep= áë=çÑíÉå=éêÉÅáéáí~íÉÇ=Äó=~= ëÉêáçìëI= ÅçåÅìêêÉåí= áääåÉëë=
ëìÅÜ=~ë=ãóçÅ~êÇá~ä=áåÑ~êÅíáçå=çê=ëíêçâÉK=pÉéëáëI=éåÉìãçåá~I=
~åÇ=çíÜÉê=ëÉêáçìë=áåÑÉÅíáçåë=~êÉ=ÑêÉèìÉåí=éêÉÅáéáí~åíë=~åÇ=
ëÜçìäÇ= ÄÉ= ëçìÖÜíK= få= ~ÇÇáíáçåI= ~= ÇÉÄáäáí~íáåÖ= ÅçåÇáíáçå=
Eéêáçê= ëíêçâÉ= çê= ÇÉãÉåíá~F= çê= ëçÅá~ä= ëáíì~íáçå= íÜ~í=
ÅçãéêçãáëÉë= ï~íÉê= áåí~âÉ= ìëì~ääó= ÅçåíêáÄìíÉë= íç= íÜÉ=
ÇÉîÉäçéãÉåí=çÑ=íÜÉ=ÇáëçêÇÉêKV=

 Pathogenesis 
=

^ë= ïáíÜ= ah^I= íÜÉêÉ= áë= ÖäóÅçëìêá~I= äÉ~ÇáåÖ= íç= ~å= çëãçíáÅ=
ÇáìêÉëáëI=ïáíÜ= äçëë=çÑ=ï~íÉêI= ëçÇáìãI=éçí~ëëáìã=~åÇ=çíÜÉê=

ÉäÉÅíêçäóíÉëK= eçïÉîÉêI= áå= eepI= ÜóéÉêÖäóÅ~Éãá~= ìëì~ääó=
ÇÉîÉäçéë=çîÉê=~=äçåÖÉê=éÉêáçÇ=E~=ÑÉï=Ç~óë=íç=ïÉÉâëFI=Å~ìëáåÖ=
ãçêÉ=éêçÑçìåÇ=ÜóéÉêÖäóÅ~Éãá~=~åÇ=ÇÉÜóÇê~íáçå=EÑäìáÇ=äçëë=
ã~ó=ÄÉ=NMÓOO=äáíêÉë=áå=~=éÉêëçå=ïÉáÖÜáåÖ=NMM=âÖFKN==

qÜÉ= êÉ~ëçå= íÜ~í= é~íáÉåíë= ïáíÜ= eep= Çç= åçí= ÇÉîÉäçé=
ëáÖåáÑáÅ~åí=âÉíç~ÅáÇçëáë=áë=íÜ~í=ïÜáäÉ=ah^=áë=~=ëí~íÉ=çÑ=åÉ~ê=
~ÄëçäìíÉ= áåëìäáåçéÉåá~I= íÜÉêÉ= áë= ëìÑÑáÅáÉåí= ~ãçìåí= çÑ=
áåëìäáå=éêÉëÉåí=áå=eep=íç=éêÉîÉåí=äáéçäóëáë=~åÇ=âÉíçÖÉåÉëáë=
Äìí= åçí= ~ÇÉèì~íÉ= íç= Å~ìëÉ= ÖäìÅçëÉ= ìíáäáò~íáçå= E~ë= áí= í~âÉë=
NLNM= ~ë= ãìÅÜ= áåëìäáå= íç= ëìééêÉëë= äáéçäóëáë= ~ë= áí= ÇçÉë= íç=
ëíáãìä~íÉ=ÖäìÅçëÉ=ìíáäáò~íáçåFK=få=~ÇÇáíáçåI=áå=eep=íÜÉêÉ=áë=~=
ëã~ääÉê=áåÅêÉ~ëÉ=áå=ÅçìåíÉê=êÉÖìä~íçêó=ÜçêãçåÉëKNINV=

^=ãáñÉÇ=éáÅíìêÉ=çÑ=eep=~åÇ=ah^=Å~å=çÅÅìêKN=

=

=
Figure:	Pathogenesis	of	DKA	and	HHS:	stress,	infection,	or	insufficient	insulin.19,20	

 

 Laboratory features9 

=
få= íÜÉ= ä~Äçê~íçêó= ÑÉ~íìêÉë= áå= eepI= ãçëí= åçí~ÄäÉ= ~êÉ= íÜÉ=
ã~êâÉÇ= ÜóéÉêÖäóÅÉãá~= Eéä~ëã~= ÖäìÅçëÉ= ã~ó= ÄÉ= [RRKR=
ããçäLi=xNMMM=ãÖLÇizFI=ÜóéÉêçëãçä~äáíó=E[PRM=ãçëãçäLiFI=
~åÇ=éêÉêÉå~ä=~òçíÉãá~K==

qÜÉ=ãÉ~ëìêÉÇ=ëÉêìã=ëçÇáìã=ã~ó=ÄÉ=åçêã~ä=çê=ëäáÖÜíäó=äçï=
ÇÉëéáíÉ= íÜÉ=ã~êâÉÇ= ÜóéÉêÖäóÅÉãá~K= qÜÉ= ÅçêêÉÅíÉÇ= ëÉêìã=
ëçÇáìã= áë= ìëì~ääó= áåÅêÉ~ëÉÇ= E~ÇÇ= NKS= ãÉè= íç= ãÉ~ëìêÉÇ=
ëçÇáìã=Ñçê=É~ÅÜ=RKSJããçäLi=xNMMJãÖLÇiz=êáëÉ=áå=íÜÉ=ëÉêìã=
ÖäìÅçëÉFK==

få=Åçåíê~ëí= íç=ah^I=~ÅáÇçëáë=~åÇ=âÉíçåÉãá~=~êÉ=~ÄëÉåí=çê=
ãáäÇK=^=ëã~ää=~åáçåJÖ~é=ãÉí~ÄçäáÅ=~ÅáÇçëáë=ã~ó=ÄÉ=éêÉëÉåí=
ëÉÅçåÇ~êó= íç= áåÅêÉ~ëÉÇ= ä~ÅíáÅ=~ÅáÇK=jçÇÉê~íÉ=âÉíçåìêá~I= áÑ=
éêÉëÉåíI=áë=ëÉÅçåÇ~êó=íç=ëí~êî~íáçåK=
=

=

 

 

Admission biochemical data  with HHS or DKA20 

=

Absolute insulin 
deficienty

↑ Counterregulatory
hormones

Relative insulin
deficiency

Absent or minimal
ketogenesis

↓ Protein synthesis     ↑ Proteolysis ↑ Lipolysis

↑ FFA to liver

↑ Ketogenesis

↓ Alkali reserve

↑ Ketoacidosis

Triacylglycerol

Hyperlipidemia

DKA

HHS

Impaired renal function

Dehydration

Loss of water and electrolytes

Glycosuria (osmotic diuresis)

Hyperglycemia

↓ Glucose utilization ↑ Gluconeogenesis ↑ Glycogenolysis

↑ Gluconeogenic substrates

Decreased fluid intake Hyperosmolarity

++

AKDSHH

039)ld/gm(esoculG 83 616 36

Na (mEq/l) 149 3.2 134 1.0

K (mEq/l) 3.9 0.2 4.5 0.13

16)ld/gm(NUB 11 32 3

4.1)ld/gm(eninitaerC 0.1 1.1 0.1

3.7Hp 0.03 7.12 0.04

81)l/qEm(etanobraciB 1.1 9.4 1.4

3- -hydroxybutyrate (mmol/l) 0.2 9.1 0.85

083*ytilalomsolatoT 5.7 323 2.5

80.0)l/lomn(IRI 0.01 0.07 0.01

41.1)l/lomn(editpep-C 0.1 0.21 0.03

5.1)l/lomn(sdicayttafeerF 0.19 1.6 0.16

Human growth hormone (ng/ml)              1.9 0.2 6.1 1.2

075)lm/gn(lositroC 49 500 61

72.0†)l/lomn(IRI 0.05 0.09 0.01

57.1†)l/lomn(editpep-C 0.23 0.25 0.05

986)lm/gn(nogaculG 215 580 147

82.0)lm/gn(senimalohcataC 0.09 1.78 0.4

9.71.1)lm/gn(enomrohhtworG

Gap: anion gap 7111)l/qEm(21

*According to the formula 2(Na K) urea (mmol/l) glucose (mmol/l). †Values following intravenous

administration of tolbutamide. IRI, immunoreactive insulin.

1.0
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 Management1 

The principles of management 
• jÉ~ëìêÉ=çê=Å~äÅìä~íÉ=ëÉêìã=çëãçä~äáíó=ÑêÉèìÉåíäó==
• dáîÉ= ÑäìáÇ= êÉéä~ÅÉãÉåí= ïáíÜ= MKVB= ëçÇáìã= ÅÜäçêáÇÉ=

EfsFK=rëÉ=MKQRB=ëçÇáìã=ÅÜäçêáÇÉ=çåäó=áÑ=çëãçä~äáíó=áë=
áåÅêÉ~ëáåÖI=ÇÉëéáíÉ=éçëáíáîÉ=ÑäìáÇ=Ä~ä~åÅÉK=q~êÖÉí=Ñ~ää=
áå=éä~ëã~=ëçÇáìã=áë=≤=NM=ããçäLi=~í=OQ=Üçìêë==

• ^áã=Ñçê=éçëáíáîÉ=ÑäìáÇ=Ä~ä~åÅÉ=çÑ=PÓS=i=Äó=NO=ÜçìêëI=
~åÇ= êÉéä~ÅÉãÉåí= çÑ= êÉã~áåáåÖ= Éëíáã~íÉÇ= äçëë= çîÉê=
åÉñí=NO=Üçìêë==

• fåáíá~íÉ= áåëìäáå= fs= áåÑìëáçå= EMKMR= rLâÖ= ÄçÇó=
ïÉáÖÜíLÜçìêF=çåäó=ïÜÉå=ÄäççÇ=ÖäìÅçëÉ=áë=åçí=Ñ~ääáåÖ=
ïáíÜ= MKVB= ëçÇáìã= ÅÜäçêáÇÉ= ~äçåÉ= lo= áÑ= íÜÉêÉ= áë=
ëáÖåáÑáÅ~åí= âÉíçå~Éãá~= EPβJÜóÇêçñóÄìíóê~íÉ= [= N=
ããçäLi= çê= ìêáåÉ= âÉíçåÉë= [= OHFK= oÉÇìÅÉ= ÄäççÇ=
ÖäìÅçëÉ=Äó=åç=ãçêÉ=íÜ~å=R=ããçäLiLÜçìê==

• qêÉ~í=ÅçÉñáëíáåÖ=ÅçåÇáíáçåë=
• dáîÉ=éêçéÜóä~ÅíáÅ=~åíáÅç~Öìä~íáçå==
• ^ëëìãÉ=ÜáÖÜ=êáëâ=çÑ=Ñççí=ìäÅÉê~íáçå=

Aim of therapy 
qÜÉ=~áãë=~êÉ=íç=Ó=

• åçêã~äáëÉ=çëãçä~äáíóI==
• êÉéä~ÅÉ=ÑäìáÇ=~åÇ=ÉäÉÅíêçäóíÉ=äçëëÉëI=~åÇ==
• åçêã~äáëÉ=ÄäççÇ=ÖäìÅçëÉI==

~í=íÜÉ=ë~ãÉ=íáãÉ=éêÉîÉåíáåÖ=ÅçãéäáÅ~íáçåë=ëìÅÜ=~ë==
• ~êíÉêá~ä=çê=îÉåçìë=íÜêçãÄçëáëI==
• ÅÉêÉÄê~ä=çÉÇÉã~=~åÇ==
• ÅÉåíê~ä=éçåíáåÉ=ÇÉãóÉäáåçëáë=

`çãçêÄáÇáíáÉë= ~äëç= åÉÉÇ= íç= ÄÉ= í~âÉå= áåíç= ~ÅÅçìåíX= Ñçê=
Éñ~ãéäÉI= ê~éáÇ= ÑäìáÇ= êÉéä~ÅÉãÉåí=ã~ó=éêÉÅáéáí~íÉ=Å~êÇá~Å=
Ñ~áäìêÉ=áå=é~íáÉåíë=ïáíÜ=Åçêçå~êó=~êíÉêó=ÇáëÉ~ëÉK==

Management  
eáëíçêáÅ~ääóI= ã~å~ÖÉãÉåí= çÑ= eep= Ü~ë= ÑçääçïÉÇ= ah^=
ÖìáÇÉäáåÉëI= Äìí= áåÅêÉ~ëáåÖ= êÉÅçÖåáíáçå= çÑ= íÜÉ= ÇáÑÑÉêÉåÅÉë=
ÄÉíïÉÉå=eep=~åÇ=ah^=Ü~ë=äÉÇ=íç=åÉï=~ééêç~ÅÜÉë=áå=eepK=
få=é~êíáÅìä~êI=ê~éáÇ=ëÜáÑíë= áå=çëãçä~äáíó=ëÜçìäÇ=ÄÉ=~îçáÇÉÇ=
íÜêçìÖÜ=ãçêÉ=ãÉ~ëìêÉÇ= ÑäìáÇ= êÉéä~ÅÉãÉåí= êÉÖáãÉåë= íÜ~í=
~êÉ=ÖìáÇÉÇ=Äó=ëÉêá~ä=Å~äÅìä~íáçåë=çÑ=ëÉêìã=çëãçä~äáíóK==

^= âÉó= êÉÅçããÉåÇ~íáçå= áë= íÜ~í= MKVB= ëçÇáìã= ÅÜäçêáÇÉ=
ëçäìíáçå=~äçåÉ=áë=ìëÉÇ=Ñçê=áåáíá~ä=íêÉ~íãÉåíI=~åÇ=íÜ~í=áåëìäáå=
áë=áåíêçÇìÅÉÇ=çåäó=ïÜÉå=íÜÉ=ê~íÉ=çÑ=Ñ~ää=áå=ÄäççÇ=ÖäìÅçëÉ=Ü~ë=
éä~íÉ~ìÉÇK==

Calculation of osmolarity 
fÑ= çëãçä~äáíó= Å~ååçí= ÄÉ= ãÉ~ëìêÉÇ= ÑêÉèìÉåíäóI= çëãçä~êáíó=
Å~å=ÄÉ=Å~äÅìä~íÉÇ=~ë=Ñçääçïë=~åÇ=ìëÉÇ=~ë=~=ëìêêçÖ~íÉ=EÄ~ëÉÇ=
çå=éä~ëã~=î~äìÉë=áå=ããçäLiFW==

mä~ëã~=çëãçä~êáíó=Z=Oxk~H=zHxÖäìÅçëÉzHxìêÉ~z=

qÜÉ=åçêã~ä=î~äìÉ=áë=OUMÓOVM=ããçäLi=~åÇ=ÅçåëÅáçìëåÉëë=áë=
áãé~áêÉÇ= ïÜÉå= áí= áë= ÜáÖÜ= E[= PQM= ããçäLiFI= ~ë= Åçããçåäó=
çÅÅìêë=áå=eepK==

Poor prognostic signs  
mççê=éêçÖåçëíáÅ=ëáÖåë=áåÅäìÇÉ=Ó=

• ÜóéçíÜÉêãá~I==
• ÜóéçíÉåëáçå=EëóëíçäáÅ=ÄäççÇ=éêÉëëìêÉ=Y=VM=ããeÖFI==
• í~ÅÜóJ=çê=Äê~ÇóÅ~êÇá~I==
• ëÉîÉêÉ=ÜóéÉêå~íê~Éãá~=EëçÇáìã=[=NSM=ããçäLiFI==
• ëÉêìã=çëãçä~äáíó=[=PSM=ãlëãLâÖI=~åÇ==
• íÜÉ=éêÉëÉåÅÉ=çÑ=çíÜÉê=ëÉêáçìë=ÅçãçêÄáÇáíáÉëK==

=

=

=

=
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22 Complications of 
Diabetes  
=

m~íáÉåíë=ïáíÜ=äçåÖJëí~åÇáåÖ=Çá~ÄÉíÉë=~êÉ=~í=êáëâ=çÑ=ÇÉîÉäçéáåÖ=~=î~êáÉíó=çÑ=ÅçãéäáÅ~íáçåëK=jçêÉçîÉêI=~ë=ã~åó=~ë=ORB=çÑ=éÉçéäÉ=
ïáíÜ= íóéÉ= O= Çá~ÄÉíÉë= Ü~îÉ= ÉîáÇÉåÅÉ= çÑ= Çá~ÄÉíáÅ= ÅçãéäáÅ~íáçåë= ~í= íÜÉ= íáãÉ= çÑ= áåáíá~ä= Çá~ÖåçëáëK= qÜìëI= Çá~ÄÉíÉë=ã~ó= ÄÉ= Ñáêëí=
ëìëéÉÅíÉÇ=ïÜÉå=~=é~íáÉåí=îáëáíë=~å=çéíçãÉíêáëí=çê=éçÇá~íêáëíI=çê=éêÉëÉåíë=ïáíÜ=ÜóéÉêíÉåëáçå=çê=~=î~ëÅìä~ê=ÉîÉåí=ëìÅÜ=~ë=~å=~ÅìíÉ=
ãóçÅ~êÇá~ä=áåÑ~êÅíáçå=çê=ëíêçâÉK=_äççÇ=ÖäìÅçëÉ=ëÜçìäÇ=íÜÉêÉÑçêÉ=ÄÉ=ÅÜÉÅâÉÇ=áå=~ää=é~íáÉåíë=éêÉëÉåíáåÖ=ïáíÜ=ëìÅÜ=é~íÜçäçÖóK==

aÉëéáíÉ= ~ää= íÜÉ= íêÉ~íãÉåíë= åçï= ~î~áä~ÄäÉI= íÜÉ= çìíÅçãÉ= Ñçê= é~íáÉåíë= ïáíÜ= Çá~ÄÉíÉë= êÉã~áåë= Çáë~ééçáåíáåÖK= içåÖJíÉêã=
ÅçãéäáÅ~íáçåë= çÑ= Çá~ÄÉíÉë= ëíáää= Å~ìëÉ= ëáÖåáÑáÅ~åí=ãçêÄáÇáíó= ~åÇ=ãçêí~äáíóKN= qÜÉ=ã~àçê= Å~ìëÉ= çÑ= ÇÉ~íÜ= áå= íêÉ~íÉÇ= é~íáÉåíë= áë=
Å~êÇáçî~ëÅìä~ê=éêçÄäÉãë=ESMÓTMBF=ÑçääçïÉÇ=Äó=êÉå~ä=Ñ~áäìêÉ=ENMBF=~åÇ=áåÑÉÅíáçåë=ESBFK=qÜÉêÉ=áë=åç=ÇçìÄí=íÜ~í=íÜÉ=Çìê~íáçå=~åÇ=
ÇÉÖêÉÉ=çÑ=ÜóéÉêÖäóÅ~Éãá~=éä~ó=~=ã~àçê=êçäÉ=áå=íÜÉ=éêçÇìÅíáçå=çÑ=ÅçãéäáÅ~íáçåëK=fãéêçîÉÇ=ÖäìÅçëÉ=Åçåíêçä=Å~å=êÉÇìÅÉ=íÜÉ=ê~íÉ=
çÑ=éêçÖêÉëëáçå=çÑ=ÄçíÜ=åÉéÜêçé~íÜó=~åÇ=êÉíáåçé~íÜóI=~åÇ=íÜÉ=a``q=íêá~ä=ëÜçïÉÇ=~=SMB=êÉÇìÅíáçå=áå=ÇÉîÉäçéáåÖ=ÅçãéäáÅ~íáçåë=
çîÉê=V=óÉ~êë=ïÜÉå=íÜÉ=eÄ^NÅ=ï~ë=âÉéí=~í=~êçìåÇ=TB=áå=íóéÉ=N=Çá~ÄÉíÉëKR

=

bñÅÉëë=ãçêí~äáíó=áå=Çá~ÄÉíÉë=áë=Å~ìëÉÇ=ã~áåäó=Äó=ä~êÖÉ=ÄäççÇ=
îÉëëÉä= ÇáëÉ~ëÉI= é~êíáÅìä~êäó= ãóçÅ~êÇá~ä= áåÑ~êÅíáçå= ~åÇ=
ëíêçâÉK= j~Åêçî~ëÅìä~ê= ÇáëÉ~ëÉ= ~äëç= Å~ìëÉë= ëìÄëí~åíá~ä=
ãçêÄáÇáíó= Ñêçã= ãóçÅ~êÇá~ä= áåÑ~êÅíáçåI= ëíêçâÉI= ~åÖáå~I=
Å~êÇá~Å=Ñ~áäìêÉ=~åÇ=áåíÉêãáííÉåí=Åä~ìÇáÅ~íáçåK==

qÜÉ= é~íÜçäçÖáÅ~ä= ÅÜ~åÖÉë= çÑ= ~íÜÉêçëÅäÉêçëáë= áå= Çá~ÄÉíáÅ=
é~íáÉåíë=~êÉ=ëáãáä~ê=íç=íÜçëÉ=áå=íÜÉ=åçåJÇá~ÄÉíáÅ=éçéìä~íáçå=
Äìí=çÅÅìê=É~êäáÉê=áå=äáÑÉ=~åÇ=~êÉ=ãçêÉ=ÉñíÉåëáîÉ=~åÇ=ëÉîÉêÉK=
aá~ÄÉíÉë= ~ãéäáÑáÉë= íÜÉ= ÉÑÑÉÅíë= çÑ= íÜÉ= çíÜÉê= ã~àçê=
Å~êÇáçî~ëÅìä~ê= êáëâ= Ñ~ÅíçêëW= ëãçâáåÖI= ÜóéÉêíÉåëáçå= ~åÇ=
ÇóëäáéáÇ~Éãá~K==

=

Microvascular/neuropathic

Retinopathy, cataract
• Impaired vision

Nephropathy
• Renal failure

Peripheral neuropathy
• Sensory loss
• Pain
• Motor weakness

Autonomic neuropathy
• Gastrointestinal problems (gastroparesis; altered bowel habit)
• Postural hypotension

Foot disease
• Ulceration
• Arthropathy

Macrovascular

Coronary circulation
• Myocardial ischaemia/infarction

Cerebral circulation
• Transient ischaemic attack
• Stroke

Peripheral circulation
• Claudication
• Ischaemia

 Complications of diabetes1

 Mortality in diabetes1
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=
Figure:	Association	between	HbA1c	and	risk	of	microvascular	and	
macrovascular	diabetes	complications.	These	data	were	obtained	
amongst	participants	in	the	UK	Prospective	Diabetes	Study	and	were	
adjusted	for	effects	of	age,	sex	and	ethnicity;	the	incidences	show	what	
could	be	expected	amongst	white	men	aged	50–54	years	at	diagnosis	of	
type	2	diabetes,	followed	up	for	10	years.	Microvascular	disease	included	
retinopathy	requiring	photocoagulation,	vitreous	haemorrhage	and	renal	
failure.	Macrovascular	disease	included	fatal	and	non-fatal	myocardial	
infarction	and	sudden	death.	A	1%	change	in	HbA1c	is	equivalent	to	a	
reduction	of	11	mmol/mol.1	

jçêÉçîÉêI=é~íáÉåíë=ïáíÜ=íóéÉ=O=Çá~ÄÉíÉë=~êÉ=ãçêÉ=äáâÉäó=íç=
Ü~îÉ= ~ÇÇáíáçå~ä= Å~êÇáçî~ëÅìä~ê= êáëâ= Ñ~ÅíçêëI= ïÜáÅÜ= ÅçJ
ëÉÖêÉÖ~íÉ= ïáíÜ= áåëìäáå= êÉëáëí~åÅÉ= áå= íÜÉ= ãÉí~ÄçäáÅ=
ëóåÇêçãÉK==

 Pathophysiology5 

=
qÜÉ= ãÉÅÜ~åáëãë= äÉ~ÇáåÖ= íç= Ç~ã~ÖÉ= ~êÉ= áää= ÇÉÑáåÉÇK= qÜÉ=
ÑçääçïáåÖ= ~êÉ= ÅçåëÉèìÉåÅÉë= çÑ= ÜóéÉêÖäóÅ~Éãá~= ~åÇ= ã~ó=
éä~ó=~=êçäÉW==

• kçåJÉåòóã~íáÅ= ÖäóÅçëóä~íáçå= çÑ= ~= ïáÇÉ= î~êáÉíó= çÑ=
éêçíÉáåëI= ëìÅÜ= ~ë= Ü~ÉãçÖäçÄáåI= Åçää~ÖÉåI= äçïJ
ÇÉåëáíó=äáéçéêçíÉáå=EiaiF=~åÇ=íìÄìäáå=áå=éÉêáéÜÉê~ä=
åÉêîÉëK=qÜáë= äÉ~Çë= íç=~å=~ÅÅìãìä~íáçå=çÑ=~Çî~åÅÉÇ=
ÖäóÅçëóä~íÉÇ= ÉåÇJéêçÇìÅíëI= Å~ìëáåÖ= áåàìêó= ~åÇ=
áåÑä~ãã~íáçå= îá~= ëíáãìä~íáçå= çÑ= éêçJáåÑä~ãã~íçêó=
Ñ~ÅíçêëI=ëìÅÜ=~ë=ÅçãéäÉãÉåí=~åÇ=ÅóíçâáåÉëK==

• mçäóçä= é~íÜï~óK= qÜÉ= ãÉí~Äçäáëã= çÑ= ÖäìÅçëÉ= Äó=
áåÅêÉ~ëÉÇ= áåíê~ÅÉääìä~ê= ~äÇçëÉ= êÉÇìÅí~ëÉ= äÉ~Çë= íç=
~ÅÅìãìä~íáçå= çÑ= ëçêÄáíçä= ~åÇ= ÑêìÅíçëÉK= qÜáë= Å~ìëÉë=
ÅÜ~åÖÉë= áå= î~ëÅìä~ê= éÉêãÉ~ÄáäáíóI= ÅÉää= éêçäáÑÉê~íáçå=
~åÇ= Å~éáää~êó= ëíêìÅíìêÉ= îá~= ëíáãìä~íáçå= çÑ= éêçíÉáå=
âáå~ëÉ=`=~åÇ=íê~åëÑçêãáåÖ=ÖêçïíÜ=Ñ~Åíçê=ÄÉí~=EqdcJ
βFK=

• ^Äåçêã~ä=ãáÅêçî~ëÅìä~ê= ÄäççÇ= ÑäçïK= qÜáë= áãé~áêë=
íÜÉ= ëìééäó= çÑ= åìíêáÉåíë= ~åÇ= çñóÖÉåK=jáÅêçî~ëÅìä~ê=
çÅÅäìëáçå= áë= ÇìÉ= íç= î~ëçÅçåëíêáÅíçêëI= ëìÅÜ= ~ë=
ÉåÇçíÜÉäáåë= ~åÇ= íÜêçãÄçÖÉåÉëáëI= ~åÇ= äÉ~Çë= íç=
ÉåÇçíÜÉäá~ä=Ç~ã~ÖÉK==

• líÜÉê= Ñ~ÅíçêëK= qÜÉëÉ= áåÅäìÇÉ= íÜÉ= Ñçêã~íáçå= çÑ=

êÉ~ÅíáîÉ= çñóÖÉå= ëéÉÅáÉë= ~åÇ= ëíáãìä~íáçå= çÑ= ÖêçïíÜ=
Ñ~Åíçêë=qdcJβ=~åÇ=î~ëÅìä~ê=ÉåÇçíÜÉäá~ä=ÖêçïíÜ=Ñ~Åíçê=
EsbdcFK= qÜÉëÉ= ÖêçïíÜ= Ñ~Åíçêë= ~êÉ= êÉäÉ~ëÉÇ= Äó=
áëÅÜ~ÉãáÅ= íáëëìÉë= ~åÇ= Å~ìëÉ= ÉåÇçíÜÉäá~ä= ÅÉääë= íç=
éêçäáÑÉê~íÉK=

• e~ÉãçÇóå~ãáÅ= ÅÜ~åÖÉëK= qÜÉëÉ= í~âÉ= éä~ÅÉI= Ñçê=
Éñ~ãéäÉI=áå=íÜÉ=âáÇåÉóK==

fí=Ü~ë=ÄÉÉå=éêçéçëÉÇ=íÜ~í=~ää=çÑ=íÜÉ=~ÄçîÉ=ãÉÅÜ~åáëãë=ëíÉã=
Ñêçã= ~= ëáåÖäÉ= ÜóéÉêÖäóÅ~Éãá~áåÇìÅÉÇ= éêçÅÉëë= çÑ=
çîÉêéêçÇìÅíáçå= çÑ= ëìéÉêçñáÇÉ= Äó= íÜÉ= ãáíçÅÜçåÇêá~ä=
ÉäÉÅíêçå= ÅÜ~áåK= qÜáë= é~ê~ÇáÖã= çÑÑÉêë= ~å= áåíÉÖê~íÉÇ=
Éñéä~å~íáçå=çÑ=Üçï=ÅçãéäáÅ~íáçåë=çÑ=Çá~ÄÉíÉë=ÇÉîÉäçéK=

 
Macrovascular 
complications5 

=

aá~ÄÉíÉë= áë= ~= êáëâ= Ñ~Åíçê= Ñçê= íÜÉ= ÇÉîÉäçéãÉåí= çÑ=
~íÜÉêçëÅäÉêçëáëK= qÜáë= êáëâ= áë= êÉä~íÉÇ= íç= íÜ~í= çÑ= íÜÉ=
Ä~ÅâÖêçìåÇ=éçéìä~íáçåK=cçê=Éñ~ãéäÉI=éÉçéäÉ=ïáíÜ=Çá~ÄÉíÉë=
áå=g~é~å=~êÉ=äÉëë=äáâÉäó=íÜ~å=bìêçéÉ~å=é~íáÉåíë=íç=ÇÉîÉäçé=
~íÜÉêçëÅäÉêçëáëI= Äìí= ãçêÉ= äáâÉäó= íç= ÇÉîÉäçé= áí= íÜ~å= åçåJ
Çá~ÄÉíáÅ=g~é~åÉëÉK=

 

 

Diabetic risk factors for macrovascular complications 

• Duration  

• Increasing age  

• Systolic hypertension  

• Hyperinsulinaemia due to insulin resistance associated with obesity 
and the metabolic syndrome  

• Hyperlipidaemia, particularly hypertriglyceridaemia/low high-density 
lipoprotein (HDL)  

• Proteinuria (including microalbuminuria)  

• Other factors as for the general population 

=
pÉîÉê~ä= ä~êÖÉ= íêá~äë= Ü~îÉ= ëÜçïå= íÜ~í= áåíÉåëáîÉ= ÖäìÅçëÉJ
äçïÉêáåÖ=íêÉ~íãÉåí=çÑ=Çá~ÄÉíÉë=Ü~ë=~=êÉä~íáîÉäó=ãáåçê=ÉÑÑÉÅí=
çå=Å~êÇáçî~ëÅìä~ê=êáëâ;=áí=áë=îáí~ä=íç=í~ÅâäÉ=~ää=Å~êÇáçî~ëÅìä~ê=
êáëâ= Ñ~Åíçêë= íçÖÉíÜÉê= áå=Çá~ÄÉíÉëI= ~åÇ=åçí= àìëí= íç= ÑçÅìë=çå=
ÖäìÅçëÉ=äÉîÉäëK=líÜÉê=~ëëçÅá~íÉÇ=Ñ~Åíçêë=~êÉ=Ó=

Hypertension 
qÜÉ= rhmap= ÇÉãçåëíê~íÉÇ= íÜ~í= ~ÖÖêÉëëáîÉ= íêÉ~íãÉåí= çÑ=
ÜóéÉêíÉåëáçå= éêçÇìÅÉë= ~= ã~êâÉÇ= êÉÇìÅíáçå= áå= ~ÇîÉêëÉ=
Å~êÇáçî~ëÅìä~ê= çìíÅçãÉëI= ÄçíÜ= ãáÅêçî~ëÅìä~ê= ~åÇ=
ã~Åêçî~ëÅìä~êK= qç= ~ÅÜáÉîÉ= íÜÉ= í~êÖÉí= Ñçê= ÄäççÇ= éêÉëëìêÉI=
íÜÉ=rhmap=ÑçìåÇ=íÜ~í=çåÉJíÜáêÇ=çÑ=é~íáÉåíë=åÉÉÇÉÇ=íÜêÉÉ=
çê=ãçêÉ=~åíáÜóéÉêíÉåëáîÉ=ÇêìÖë=áå=ÅçãÄáå~íáçåI=~åÇ=íïçJ
íÜáêÇë=çÑ=íêÉ~íÉÇ=é~íáÉåíë=åÉÉÇÉÇ=íïç=çê=ãçêÉK==

Smoking 
qÜáë=áë=íÜÉ=~îçáÇ~ÄäÉ=êáëâ=Ñ~ÅíçêK=bÑÑçêíë=íç=ÜÉäé=é~íáÉåíë=ëíçé=
ëãçâáåÖ=ëÜçìäÇ=åÉîÉê=ÄÉ=ÖáîÉå=ìéK==

Lipid abnormalities 
`äáåáÅ~ä=íêá~äë=ëìÖÖÉëí=íÜ~í=íÜÉêÉ=áë=åç=Úë~ÑÉÛ=ÅìíJçÑÑ=Ñçê=ëÉêìã=
ÅÜçäÉëíÉêçäK=fí=ëÉÉãë=ÄÉëí=íç=~áã=Ñçê=íÜÉ=äçïÉëí=~ÅÜáÉî~ÄäÉ=
äÉîÉäI=~åÇ=áå=éê~ÅíáÅÉ=íÜáë=ãÉ~åë=íÜ~í=~äãçëí=~ää=éÉçéäÉ=ïáíÜ=
íóéÉ=O=Çá~ÄÉíÉë=ïáää=ÄÉ=íêÉ~íÉÇ=ïáíÜ=~=ëí~íáåK=

< 6 6–7 7–8 8–9 9–10 > 10
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Low-dose aspirin  
içïJÇçëÉ= ~ëéáêáå= Å~å= êÉÇìÅÉ= ã~Åêçî~ëÅìä~ê= êáëâ= Äìí= áë=
~ëëçÅá~íÉÇ=ïáíÜ=~=ãçêÄáÇáíó=~åÇ=ãçêí~äáíó= Ñêçã=ÄäÉÉÇáåÖK=
qÜÉ=ÄÉåÉÑáíë=çÑ=~ëéáêáå=çìíïÉáÖÜ=íÜÉ=ÄäÉÉÇáåÖ=êáëâ=ïÜÉå=íÜÉ=
êáëâ= çÑ= ~= Å~êÇáçî~ëÅìä~ê= ÉåÇJéçáåí= áë= [PMB= áå= íÜÉ= åÉñí= NM=
óÉ~êëK=qÜáë= êáëâ= áë= êÉ~ÅÜÉÇ= áå=é~íáÉåíë=~ÖÉÇ=ìåÇÉê=QR=ïáíÜ=
íÜêÉÉ= ëíêçåÖ= ~ÇÇáíáçå~ä= Å~êÇáçî~ëÅìä~ê= êáëâ= Ñ~ÅíçêëI= íÜçëÉ=
~ÖÉÇ=QRÓRQ=ïáíÜ=íÜêÉÉ=~ÇÇáíáçå~ä=êáëâ=Ñ~ÅíçêëI=íÜçëÉ=~ÖÉÇ=RQÓ
SR=ïáíÜ= íïç=~ÇÇáíáçå~ä= êáëâ= Ñ~ÅíçêëI=çê= íÜçëÉ=~ÖÉÇ=çîÉê=SR=
ïáíÜ=àìëí=çåÉ=~ÇÇáíáçå~ä=êáëâ=Ñ~ÅíçêK==

ACE inhibitors/angiotensin II receptor antagonists 
qêÉ~íáåÖ=éÉçéäÉ=ïáíÜ=Çá~ÄÉíÉë=~åÇ=~í=äÉ~ëí=çåÉ=çíÜÉê=ã~àçê=
Å~êÇáçî~ëÅìä~ê=êáëâ=Ñ~Åíçê=ïáíÜ=~å=^`b=áåÜáÄáíçê=éêçÇìÅÉë=~=
ORÓPRB= äçïÉêáåÖ= çÑ= íÜÉ= êáëâ= çÑ= ÜÉ~êí= ~íí~ÅâI= ëíêçâÉI= çîÉêí=
åÉéÜêçé~íÜó= çê= Å~êÇáçî~ëÅìä~ê= ÇÉ~íÜK= ^åÖáçíÉåëáå= ff=
êÉÅÉéíçê=~åí~Öçåáëíë=~êÉ=ëçãÉíáãÉë=éêÉÑÉêêÉÇ=áåáíá~ääó=~åÇ=
~êÉ=~äëç=ìëÉÇ=Ñçê=íÜçëÉ=áåíçäÉê~åí=íç=^`b=áåÜáÄáíçêëK=qÜÉ=íïç=
~ÖÉåíë=~êÉ=åçí=ìëÉÇ=íçÖÉíÜÉêK=

 
Microvascular 
complications5 

=
få=Åçåíê~ëí=íç=ã~Åêçî~ëÅìä~ê=ÇáëÉ~ëÉI=ïÜáÅÜ=áë=éêÉî~äÉåí=áå=
íÜÉ= tÉëí= ~ë= ~= ïÜçäÉI= ÇáëÉ~ëÉ= çÑ= ëã~ää= ÄäççÇ= îÉëëÉäë= áë= ~=
ëéÉÅáÑáÅ= ÅçãéäáÅ~íáçå= çÑ= Çá~ÄÉíÉë= ~åÇ= áë= íÉêãÉÇ= Çá~ÄÉíáÅ=
ãáÅêç~åÖáçé~íÜóKNIR= pã~ää= ÄäççÇ= îÉëëÉäë= íÜêçìÖÜçìí= íÜÉ=
ÄçÇó= ~êÉ= ~ÑÑÉÅíÉÇ= Äìí= íÜÉ= ÇáëÉ~ëÉ= éêçÅÉëë= áë= çÑ= é~êíáÅìä~ê=
Ç~åÖÉê=áå=íÜêÉÉ=ëáíÉëRW==

NK êÉíáå~==
OK êÉå~ä=ÖäçãÉêìäìë==
PK åÉêîÉ=ëÜÉ~íÜë=

aá~ÄÉíáÅ=ãáÅêç~åÖáçé~íÜó=ÅçåíêáÄìíÉë=íçN=Ó=
• ãçêí~äáíó= íÜêçìÖÜ= êÉå~ä= Ñ~áäìêÉ= Å~ìëÉÇ= Äó= Çá~ÄÉíáÅ=

åÉéÜêçé~íÜóI=~åÇ==
• ëìÄëí~åíá~ä=ãçêÄáÇáíó=~åÇ=Çáë~Äáäáíó=Äó==

o ÄäáåÇåÉëë=Ñêçã=Çá~ÄÉíáÅ=êÉíáåçé~íÜóI==

o ÇáÑÑáÅìäíó= áå= ï~äâáåÖI= ÅÜêçåáÅ= ìäÅÉê~íáçå= çÑ=
íÜÉ=ÑÉÉí=Ñêçã=éÉêáéÜÉê~ä=åÉìêçé~íÜóI=~åÇ==

o ÄçïÉä= ~åÇ= Ää~ÇÇÉê= ÇóëÑìåÅíáçå= Ñêçã=
~ìíçåçãáÅ=åÉìêçé~íÜóK==

aá~ÄÉíáÅ=êÉíáåçé~íÜóI=åÉéÜêçé~íÜó=~åÇ=åÉìêçé~íÜó=íÉåÇ=íç=
ã~åáÑÉëí=NMÓOM=óÉ~êë=~ÑíÉê=Çá~Öåçëáë=áå=óçìåÖ=é~íáÉåíë=Äìí=
ã~ó= éêÉëÉåí= É~êäáÉê= áå= çäÇÉê= é~íáÉåíëI= éêçÄ~Ääó= ÄÉÅ~ìëÉ=
íÜÉëÉ= áåÇáîáÇì~äë= Ü~îÉ= Ü~Ç= ìåêÉÅçÖåáòÉÇ= Çá~ÄÉíÉë= Ñçê=
ãçåíÜë=çê=ÉîÉå=óÉ~êë=éêáçê=íç=Çá~ÖåçëáëKR=

dÉåÉíáÅ=Ñ~Åíçêë=~ééÉ~ê=íç=ÅçåíêáÄìíÉ=íç=íÜÉ=ëìëÅÉéíáÄáäáíó=íç=
ãáÅêçî~ëÅìä~ê= ÇáëÉ~ëÉK= aá~ÄÉíáÅ= ëáÄäáåÖë= çÑ= Çá~ÄÉíáÅ=
é~íáÉåíë=ïáíÜ=êÉå~ä=~åÇ=ÉóÉ=ÇáëÉ~ëÉ=Ü~îÉ=~=íÜêÉÉJ=íç=ÑáîÉÑçäÇ=
áåÅêÉ~ëÉÇ=êáëâ=çÑ=íÜÉ=ë~ãÉ=ÅçãéäáÅ~íáçå=áå=ÄçíÜ=íóéÉ=N=~åÇ=
íóéÉ=O=é~íáÉåíëKR=

qÜÉêÉ= ~êÉ= ê~Åá~ä= ÇáÑÑÉêÉåÅÉë= áå= íÜÉ= çîÉê~ää= éêÉî~äÉåÅÉ= çÑ=
åÉéÜêçé~íÜóK= få= íÜÉ= rp^I= éêÉî~äÉåÅÉ= áëW= máã~= ^ãÉêáÅ~å=
fåÇá~å=[=eáëé~åáÅLjÉñáÅ~å=[=rp=Ää~Åâ=[=rp=ïÜáíÉ=é~íáÉåíëKR=

qÜÉ= êáëâ= çÑ=ãáÅêçî~ëÅìä~ê= ÇáëÉ~ëÉ= áë= éçëáíáîÉäó= ÅçêêÉä~íÉÇ=
ïáíÜ=íÜÉ=Çìê~íáçå=~åÇ=ÇÉÖêÉÉ=çÑ=ëìëí~áåÉÇ=ÜóéÉêÖäóÅ~Éãá~I=
ÜçïÉîÉê=Å~ìëÉÇ=~åÇ=~í=ïÜ~íÉîÉê=~ÖÉ=áí=ÇÉîÉäçéëKN==

Pathophysiology1  
qÜÉ= Üáëíçé~íÜçäçÖáÅ~ä= Ü~ääã~êâ= çÑ= Çá~ÄÉíáÅ=
ãáÅêç~åÖáçé~íÜó= áë= íÜáÅâÉåáåÖ= çÑ= íÜÉ= Å~éáää~êó= Ä~ëÉãÉåí=
ãÉãÄê~åÉI= ïáíÜ= ~ëëçÅá~íÉÇ= áåÅêÉ~ëÉÇ= î~ëÅìä~ê=
éÉêãÉ~ÄáäáíóI=ïÜáÅÜ=çÅÅìêë=íÜêçìÖÜçìí=íÜÉ=ÄçÇóK==

qÜÉ=ÇÉîÉäçéãÉåí=çÑ= íÜÉ=ÅÜ~ê~ÅíÉêáëíáÅ=ÅäáåáÅ~ä= ëóåÇêçãÉë=
çÑ= Çá~ÄÉíáÅ= êÉíáåçé~íÜóI= åÉéÜêçé~íÜóI= åÉìêçé~íÜó= ~åÇ=
~ÅÅÉäÉê~íÉÇ= ~íÜÉêçëÅäÉêçëáë= áë= íÜçìÖÜí= íç= êÉëìäí= Ñêçã= íÜÉ=
äçÅ~ä=êÉëéçåëÉ=íç=ÖÉåÉê~äáëÉÇ=î~ëÅìä~ê=áåàìêóK=cçê=Éñ~ãéäÉI=
áå= íÜÉ= ï~ää= çÑ= ä~êÖÉ= îÉëëÉäëI= áåÅêÉ~ëÉÇ= éÉêãÉ~Äáäáíó= çÑ=
~êíÉêá~ä= ÉåÇçíÜÉäáìãI= é~êíáÅìä~êäó= ïÜÉå= ÅçãÄáåÉÇ= ïáíÜ=
ÜóéÉêáåëìäáå~Éãá~= ~åÇ= ÜóéÉêíÉåëáçåI= ã~ó= áåÅêÉ~ëÉ= íÜÉ=
ÇÉéçëáíáçå= çÑ= ~íÜÉêçÖÉåáÅ= äáéçéêçíÉáåëK= qÜÉ= ãÉÅÜ~åáëãë=
äáåâáåÖ=ÜóéÉêÖäóÅ~Éãá~=íç=íÜÉëÉ=é~íÜçäçÖáÅ~ä=ÅÜ~åÖÉë=~êÉI=
ÜçïÉîÉêI=éççêäó=ÅÜ~ê~ÅíÉêáëÉÇK==

=

=  
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Preventing diabetes 
complications 

=
qÜÉ=ãáÅêçî~ëÅìä~ê=ÅçãéäáÅ~íáçåë=çÑ=ÄçíÜ=íóéÉ=N=~åÇ=íóéÉ=O=
aj= êÉëìäí= Ñêçã= ÅÜêçåáÅ= ÜóéÉêÖäóÅÉãá~K= bîáÇÉåÅÉ=
áãéäáÅ~íáåÖ= ~= Å~ìë~íáîÉ= êçäÉ= Ñçê= ÅÜêçåáÅ=ÜóéÉêÖäóÅÉãá~= áå=
íÜÉ= ÇÉîÉäçéãÉåí= çÑ= ã~Åêçî~ëÅìä~ê= ÅçãéäáÅ~íáçåë= áë= äÉëë=
ÅçåÅäìëáîÉK=`ea=ÉîÉåíë=~åÇ=ãçêí~äáíó=ê~íÉ=~êÉ=íïç=íç=Ñçìê=
íáãÉë=ÖêÉ~íÉê=áå=é~íáÉåíë=ïáíÜ=íóéÉ=O=aj=~åÇ=ÅçêêÉä~íÉ=ïáíÜ=
Ñ~ëíáåÖ=~åÇ=éçëíéê~åÇá~ä=éä~ëã~=ÖäìÅçëÉ=äÉîÉäë=~ë=ïÉää=íÜÉ=
eÄ^NÅK=líÜÉê=Ñ~Åíçêë=ëìÅÜ=~ë=ÇóëäáéáÇÉãá~=~åÇ=ÜóéÉêíÉåëáçå=
~äëç=éä~ó=áãéçêí~åí=êçäÉë=áå=ã~Åêçî~ëÅìä~ê=ÅçãéäáÅ~íáçåëKV=

 Glycaemic control1 

qÜÉ= ÉîáÇÉåÅÉ= íÜ~í= áãéêçîÉÇ= ÖäóÅ~ÉãáÅ= Åçåíêçä= ÇÉÅêÉ~ëÉë=
íÜÉ= êáëâ= çÑ= ÇÉîÉäçéáåÖ= ãáÅêçî~ëÅìä~ê= ÅçãéäáÅ~íáçåë= çÑ=
Çá~ÄÉíÉë= ï~ë= Éëí~ÄäáëÜÉÇ= Äó= íÜÉ= aá~ÄÉíÉë= `çåíêçä= ~åÇ=
`çãéäáÅ~íáçåë=qêá~ä=Ea``qF=áå=íóéÉ=N=Çá~ÄÉíÉëI=~åÇ=íÜÉ=rh=
mêçëéÉÅíáîÉ=aá~ÄÉíÉë=píìÇó=ErhmapF=áå=íóéÉ=O=Çá~ÄÉíÉëK==

qÜÉ=a``q=ï~ë=~=ä~êÖÉ=ëíìÇó=íÜ~í=ä~ëíÉÇ=V=óÉ~êëK=qÜÉêÉ=ï~ë=~=
SMB= çîÉê~ää= êÉÇìÅíáçå= áå= íÜÉ= êáëâ= çÑ= ÇÉîÉäçéáåÖ= Çá~ÄÉíáÅ=
ÅçãéäáÅ~íáçåë=áå=é~íáÉåíë=ïáíÜ=íóéÉ=N=Çá~ÄÉíÉë=çå=áåíÉåëáîÉ=
íÜÉê~éó=ïáíÜ=ëíêáÅí=ÖäóÅ~ÉãáÅ=ÅçåíêçäI=Åçãé~êÉÇ=ïáíÜ=íÜçëÉ=
çå=ÅçåîÉåíáçå~ä=íÜÉê~éóK==

=

kç= ëáåÖäÉ= Ñ~Åíçê= çíÜÉê= íÜ~å= ÖäóÅ~ÉãáÅ= Åçåíêçä= Ü~Ç= ~=
ëáÖåáÑáÅ~åí= ÉÑÑÉÅí= çå= çìíÅçãÉK= eçïÉîÉêI= íÜÉ= Öêçìé= ïÜç=
ïÉêÉ= áåíÉåëáîÉäó= íêÉ~íÉÇ=íç= äçïÉê=ÄäççÇ=ÖäìÅçëÉ=Ü~Ç=íÜêÉÉ=
íáãÉë=íÜÉ=ê~íÉ=çÑ=ëÉîÉêÉ=ÜóéçÖäóÅ~Éãá~K==

qÜÉ=rhmap=ëÜçïÉÇ=íÜ~íI=áå=íóéÉ=O=Çá~ÄÉíÉëI=íÜÉ=ÑêÉèìÉåÅó=
çÑ=Çá~ÄÉíáÅ=ÅçãéäáÅ~íáçåë=áë=äçïÉê=~åÇ=éêçÖêÉëëáçå=áë=ëäçïÉê=
ïáíÜ= ÖççÇ= ÖäóÅ~ÉãáÅ= Åçåíêçä= ~åÇ= ÉÑÑÉÅíáîÉ= íêÉ~íãÉåí= çÑ=
ÜóéÉêíÉåëáçåI=áêêÉëéÉÅíáîÉ=çÑ=íÜÉ=íóéÉ=çÑ=íÜÉê~éó=ìëÉÇK==

bñíê~éçä~íáçå= Ñêçã=íÜÉ=rhmap=ëìÖÖÉëíë= íÜ~íI= Ñçê=ÉîÉêó=NN=
ããçäLãçä= ENBF= êÉÇìÅíáçå= áå= eÄ^NÅI= íÜÉêÉ= áë= ~= ONB=
êÉÇìÅíáçå=áå=ÇÉ~íÜ=êÉä~íÉÇ=íç=Çá~ÄÉíÉëI=~=NQB=êÉÇìÅíáçå=áå=
ãóçÅ~êÇá~ä= áåÑ~êÅíáçå= ~åÇ= PMÓQMB= êÉÇìÅíáçå= áå= êáëâ= çÑ=
ãáÅêçî~ëÅìä~ê= ÅçãéäáÅ~íáçåëK= qÜÉëÉ= ä~åÇã~êâ= íêá~äë=
ÇÉãçåëíê~íÉÇ=íÜ~í=Çá~ÄÉíáÅ=ÅçãéäáÅ~íáçåë=~êÉ=éêÉîÉåí~ÄäÉ=
~åÇ= íÜ~í= íÜÉ= ~áã= çÑ= íêÉ~íãÉåí= ëÜçìäÇ= ÄÉ= ÚåÉ~êJåçêã~äÛ=

ÖäóÅ~Éãá~K= eçïÉîÉêI= ãçêÉ= êÉÅÉåí= ëíìÇáÉëI= ëìÅÜ= ~ë= íÜÉ=
^Åíáçå= íç= `çåíêçä= `~êÇáçî~ëÅìä~ê= Ráëâ= áå= aá~ÄÉíÉë=
E^``lRaFI= ëÜçïÉÇ= áåÅêÉ~ëÉÇ=ãçêí~äáíó= áå= ~= ëìÄÖêçìé= çÑ=
é~íáÉåíë=ïÜç=ïÉêÉ=~ÖÖêÉëëáîÉäó=íêÉ~íÉÇ=íç=äçïÉê=eÄ^NÅ=íç=~=
í~êÖÉí=çÑ=äÉëë=íÜ~å=QU=ããçäLãçä=ESKRBFK=qÜÉ=é~íáÉåíë=áå=íÜáë=
ëíìÇó= Ü~Ç= éççê= ÖäóÅ~ÉãáÅ= Åçåíêçä= ~í= Ä~ëÉäáåÉI= ~= äçåÖ=
Çìê~íáçå= çÑ= Çá~ÄÉíÉë= ~åÇ= ~= ÜáÖÜ= éêÉî~äÉåÅÉ= çÑ=
Å~êÇáçî~ëÅìä~ê=ÇáëÉ~ëÉK=fí=~ééÉ~êë=íÜ~íI=ïÜáäëí=~=äçï=í~êÖÉí=
eÄ^NÅ= áë= ~ééêçéêá~íÉ= áå= óçìåÖÉê= é~íáÉåíë= ïáíÜ= É~êäáÉê=
Çá~ÄÉíÉë= ïÜç= Çç= åçí= Ü~îÉ= ìåÇÉêäóáåÖ= Å~êÇáçî~ëÅìä~ê=
ÇáëÉ~ëÉI= ~ÖÖêÉëëáîÉ= ÖäìÅçëÉJäçïÉêáåÖ= áë= åçí= ÄÉåÉÑáÅá~ä= áå=
çäÇÉê=é~íáÉåíë=ïáíÜ=äçåÖ=Çìê~íáçå=çÑ=Çá~ÄÉíÉë=~åÇ=ãìäíáéäÉ=
ÅçãçêÄáÇáíáÉëK=

=

=

 Control of other risk factors1 

R~åÇçãáëÉÇ= ÅçåíêçääÉÇ= íêá~äë= Ü~îÉ= ëÜçïå= íÜ~í= ~ÖÖêÉëëáîÉ=
ã~å~ÖÉãÉåí= çÑ= ÄäççÇ= éêÉëëìêÉ= ãáåáãáëÉë= íÜÉ=
ãáÅêçî~ëÅìä~ê= ~åÇ= ã~Åêçî~ëÅìä~ê= ÅçãéäáÅ~íáçåë= çÑ=
Çá~ÄÉíÉëK=^åÖáçíÉåëáåJÅçåîÉêíáåÖ=ÉåòóãÉ=E^`bF=áåÜáÄáíçêë=
~êÉ=î~äì~ÄäÉ=áå=áãéêçîáåÖ=çìíÅçãÉ=áå=ÜÉ~êí=ÇáëÉ~ëÉ=~åÇ=áå=
íêÉ~íáåÖ=Çá~ÄÉíáÅ=åÉéÜêçé~íÜóK==

qÜÉ= ã~å~ÖÉãÉåí= çÑ= ÇóëäáéáÇ~Éãá~= ïáíÜ= ~= ëí~íáå= äáãáíë=
ã~Åêçî~ëÅìä~ê=ÇáëÉ~ëÉ=áå=éÉçéäÉ=ïáíÜ=Çá~ÄÉíÉëK=qÜáë=çÑíÉå=
êÉëìäíë=áå=íÜÉ=åÉÅÉëë~êó=ìëÉ=çÑ=ãìäíáéäÉ=ãÉÇáÅ~íáçåëI=ïÜáÅÜ=
Éñ~ÅÉêÄ~íÉë= íÜÉ= éêçÄäÉã= çÑ= ~ÇÜÉêÉåÅÉ= íç= íÜÉê~éó= Äó=
é~íáÉåíë;=áí=áë=åçí=ìåìëì~ä=Ñçê=~=é~íáÉåí=íç=ÄÉ=í~âáåÖ=íïç=çê=
ãçêÉ=Çá~ÄÉíÉë=íÜÉê~éáÉëI=íïç=çê=ãçêÉ=ÄäççÇ=éêÉëëìêÉ=ÇêìÖë=
~åÇ=~=ëí~íáåK=

‘In patients with type 1 diabetes, strict glycaemic control (mean 
HbA1c 53 mmol/mol (7%)) reduced the development of 
retinopathy and other microvascular complications by  
76% compared with conventional therapy (mean HbA1c 
75 mmol/mol (9%)). On longer-term follow-up, strict glycaemic 
control also reduced cardiovascular events, including myocardial 
infarction, stroke and death from cardiovascular disease.’

• Diabetes  Control  and Complications  Trial  Research  Group. N Engl J Med 1993; 
329:977–986.

• Diabetes  Control  and Complications  Trial/Epidemiology  of Diabetes  Interventions  
and Complications  (DCCT/EDIC)  Study  Research  Group. N Engl J Med 2005; 
353:2643–2653.

For further  information:   www.diabetes.niddk.nih.gov/dm/pubs/control/

 Glycaemic control in type 1 diabetes 1

‘In patients with type 2 diabetes, intensive glycaemic control 
(mean HbA1c 53 mmol/mol (7%)) with oral anti-diabetic drugs or 
insulin reduced the development of microvascular complications, 
particularly retinopathy, by 25% compared with conventional 
treatment (mean HbA1c 64 mmol/mol (8%)). On longer-term 
follow-up, there was a significant reduction in myocardial 
infarction and all-cause mortality in intensively controlled 
patients.’

• UKPDS Group. Lancet  1998; 352:837–853, 854–865.

• Holman  RR, et al. N Engl J Med 2008; 359:1577–1589.

For further  information:   www.dtu.ox.ac.uk

 Glycaemic control in type 2 diabetes 1

• Glycaemic control: the optimal target for glycaemic control 
in older people has yet to be determined. Strict glycaemic 
control should be avoided in frail patients with comorbidities 
and in older patients with long duration of diabetes.

• Cognitive function and affect: may benefit from improving 
glycaemic control.

• Hypoglycaemia: older people have reduced symptomatic 
awareness of hypoglycaemia and limited knowledge of 
symptoms, and are at greater risk of, and from, 
hypoglycaemia.

• Mortality: the mortality rate of older people with diabetes is 
more than double that of age-matched non-diabetic people, 
largely because of increased deaths from cardiovascular 
disease.

 Diabetes management in old age
1
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23 Ophthalmologic 
complications 
=

^í=äÉ~ëí=VMB=çÑ=óçìåÖ=é~íáÉåíë=ïáíÜ=íóéÉ=N=Çá~ÄÉíÉë=ïáää=ÇÉîÉäçé=êÉíáå~ä=ÅÜ~åÖÉë=Äìí=íÜÉëÉ=çåäó=éêçÖêÉëë=íç=ëáÖÜíJíÜêÉ~íÉåáåÖ=
êÉíáåçé~íÜó=áå=~=ãáåçêáíóKR=qÜÉ=Öê~îáíó=çÑ=íÜáë=éêçÄäÉã=áë=ÜáÖÜäáÖÜíÉÇ=Äó=íÜÉ=ÑáåÇáåÖ=íÜ~í=áåÇáîáÇì~äë=ïáíÜ=aj=~êÉ=OR=íáãÉë=ãçêÉ=
äáâÉäó= íç=ÄÉÅçãÉ= äÉÖ~ääó=ÄäáåÇ=íÜ~å= áåÇáîáÇì~äë=ïáíÜçìí=ajK=pÉîÉêÉ=îáëáçå= äçëë= áë=éêáã~êáäó= íÜÉ=êÉëìäí=çÑ=éêçÖêÉëëáîÉ=Çá~ÄÉíáÅ=
êÉíáåçé~íÜó= ~åÇ= ÅäáåáÅ~ääó= ëáÖåáÑáÅ~åí= ã~Åìä~ê= ÉÇÉã~KV= aá~ÄÉíáÅ= êÉíáåçé~íÜó= EaRF= áë= çåÉ= çÑ= íÜÉ= ãçëí= Åçããçå= Å~ìëÉë= çÑ=
ÄäáåÇåÉëë=áå=~Çìäíë=ÄÉíïÉÉå=PM=~åÇ=SR=óÉ~êë=çÑ=~ÖÉ=áå=ÇÉîÉäçéÉÇ=ÅçìåíêáÉëK=qÜÉ=éêÉî~äÉåÅÉ=çÑ=aR= áåÅêÉ~ëÉë=ïáíÜ=Çìê~íáçå=çÑ=
Çá~ÄÉíÉëI=~åÇ=~äãçëí=~ää=áåÇáîáÇì~äë=ïáíÜ=íóéÉ=N=Çá~ÄÉíÉë=~åÇ=íÜÉ=ã~àçêáíó=çÑ=íÜçëÉ=ïáíÜ=íóéÉ=O=Çá~ÄÉíÉë=ïáää=Ü~îÉ=ëçãÉ=ÇÉÖêÉÉ=çÑ=
aR=~ÑíÉê=OM=óÉ~êëKN=pçãÉ=PMÓRMB=ïáää=êÉèìáêÉ=ä~ëÉê=éÜçíçÅç~Öìä~íáçå=íç=éêÉîÉåí=çê=äáãáí=éêçÖêÉëëáçå=íç=éêçäáÑÉê~íáîÉ=êÉíáåçé~íÜóI=
~åÇ=ÖççÇ=Åçåíêçä=çÑ=ÄäççÇ=éêÉëëìêÉ=áë=ÉëëÉåíá~äKR=

aá~ÄÉíÉë=~ÑÑÉÅíë=íÜÉ=ÉóÉ=áå=~=î~êáÉíó=çÑ=ï~óëWR=

NK `~í~ê~Åí=áë=ÇÉå~íìê~íáçå=çÑ=íÜÉ=éêçíÉáå=~åÇ=çíÜÉê=ÅçãéçåÉåíë=çÑ=íÜÉ=äÉåë=çÑ=íÜÉ=ÉóÉI=ïÜáÅÜ=êÉåÇÉêë=áí=çé~èìÉK==
OK aá~ÄÉíáÅ=êÉíáåçé~íÜó=áë=Ç~ã~ÖÉ=íç=íÜÉ=êÉíáå~=~åÇ=áêáë=Å~ìëÉÇ=Äó=Çá~ÄÉíÉëI=ïÜáÅÜ=Å~å=äÉ~Ç=íç=ÄäáåÇåÉëëK==
PK bñíÉêå~ä=çÅìä~ê=é~äëáÉë=ãçëí=Åçããçåäó=~ÑÑÉÅí=íÜÉ=ëáñíÜ=~åÇ=íÜÉ=íÜáêÇ=åÉêîÉëK=qÜáêÇ=åÉêîÉ=é~äëó=áë=åçí=~ëëçÅá~íÉÇ=ïáíÜ=

é~áåK=qÜÉëÉ=åÉêîÉ=é~äëáÉë=ìëì~ääó=êÉÅçîÉê=ëéçåí~åÉçìëäó=ïáíÜáå=~=éÉêáçÇ=çÑ=PÓS=ãçåíÜëK=

 

 
Causes of visual loss in 
people with diabetes1 

`~ìëÉë=çÑ=îáëì~ä=äçëë=áå=é~íáÉåí=ïáíÜ=Çá~ÄÉíÉë=~êÉ=Ó=
NK aá~ÄÉíáÅ=êÉíáåçé~íÜóI=
OK `~í~ê~ÅíI==
PK ^ÖÉJêÉä~íÉÇ=ã~Åìä~ê=ÇÉÖÉåÉê~íáçåI==
QK RÉíáå~ä=îÉáå=çÅÅäìëáçåI==
RK RÉíáå~ä=~êíÉêá~ä=çÅÅäìëáçåI==
SK kçåJ~êíÉêáíáÅ=áëÅÜ~ÉãáÅ=çéíáÅ=åÉìêçé~íÜó=~åÇ==
TK dä~ìÅçã~K==

^êçìåÇ= RMB=çÑ= îáëì~ä= äçëë= áå=éÉçéäÉ=ïáíÜ= íóéÉ= O= Çá~ÄÉíÉë=
êÉëìäíë=Ñêçã=Å~ìëÉë=çíÜÉê=íÜ~å=Çá~ÄÉíáÅ=êÉíáåçé~íÜóK==

pçãÉ=çÑ=íÜÉëÉ=ÅçåÇáíáçåë=~êÉ=íç=ÄÉ=ÉñéÉÅíÉÇ=áå=íÜáë=ÖêçìéI=
~ë= íÜÉó= êÉä~íÉ= íç= Å~êÇáçî~ëÅìä~ê= êáëâ= Ñ~Åíçêë= EÉKÖK=
ÜóéÉêíÉåëáçåI=ÜóéÉêäáéáÇ~Éãá~=~åÇ=ëãçâáåÖFI=~ää=çÑ=ïÜáÅÜ=
~êÉ=éêÉî~äÉåí=áå=éÉçéäÉ=ïáíÜ=íóéÉ=O=Çá~ÄÉíÉëK==

 Diabetic retinopathy 
=

aá~ÄÉíáÅ= êÉíáåçé~íÜó= áë= íÜÉ= ãçëí= Åçããçåäó= Çá~ÖåçëÉÇ=
Çá~ÄÉíÉëJêÉä~íÉÇ= ÅçãéäáÅ~íáçåK= fíë= éêÉî~äÉåÅÉ= áåÅêÉ~ëÉë=
ïáíÜ=íÜÉ=Çìê~íáçå=çÑ=Çá~ÄÉíÉëK=pçãÉ=OMB=çÑ=éÉçéäÉ=ïáíÜ=íóéÉ=
N=Çá~ÄÉíÉë=ïáää=Ü~îÉ=êÉíáå~ä=ÅÜ~åÖÉë=~ÑíÉê=NM=óÉ~êëI=êáëáåÖ=íç=

[VRB=~ÑíÉê=OM=óÉ~êë;=OMÓPMB=çÑ=éÉçéäÉ=ïáíÜ=íóéÉ=O=Çá~ÄÉíÉë=
Ü~îÉ= êÉíáåçé~íÜó= ~í= Çá~ÖåçëáëK= qÜÉ= ãÉí~ÄçäáÅ=
ÅçåëÉèìÉåÅÉë= çÑ= éççêäó= ÅçåíêçääÉÇ= Çá~ÄÉíÉë= Å~ìëÉ=
áåíê~ãìê~ä=éÉêáÅóíÉ=ÇÉ~íÜI=~åÇ=íÜáÅâÉåáåÖ=çÑ=íÜÉ=Ä~ëÉãÉåí=
ãÉãÄê~åÉ= áå= íÜÉ= ëã~ää= ÄäççÇ= îÉëëÉäë= çÑ= íÜÉ= êÉíáå~K= qÜáë=
äÉ~Çë= áåáíá~ääó= íç= áåÅêÉ~ëÉÇ= éÉêãÉ~Äáäáíó= çÑ= íÜÉ= î~ëÅìä~ê=
ï~ääëI= ~åÇ= ä~íÉê= íç= çÅÅäìëáçå= çÑ= íÜÉ= îÉëëÉäë= EÅ~éáää~êó=
ÅäçëìêÉFK= qÜáë= éêçÅÉëë= Ü~ë= ëçãÉïÜ~í= ÇáÑÑÉêÉåí=
ÅçåëÉèìÉåÅÉë=áå=íÜÉ=éÉêáéÜÉê~ä=êÉíáå~=~åÇ=áå=íÜÉ=ã~Åìä~ê=
~êÉ~KR=

 Pathogenesis1 

eóéÉêÖäóÅ~Éãá~= áåÅêÉ~ëÉë=êÉíáå~ä=ÄäççÇ=Ñäçï=~åÇ=Çáëêìéíë=
áåíê~ÅÉääìä~ê= ãÉí~Äçäáëã= áå= êÉíáå~ä= ÉåÇçíÜÉäá~ä= ÅÉääë= ~åÇ=
éÉêáÅóíÉë= EéÉêáÅóíÉë= ïê~é= ~êçìåÇ= íÜÉ= çìíëáÇÉ= çÑ= íÜÉ=
Å~éáää~êó= ï~ää= ~åÇ= áåÑäìÉåÅÉ= ÄäççÇ= Ñäçï= ~åÇ= Å~éáää~êó=
éÉêãÉ~ÄáäáíóFK= qÜáë= äÉ~Çë= íç= áãé~áêÉÇ= î~ëÅìä~ê=
~ìíçêÉÖìä~íáçåI= áåÅêÉ~ëÉÇ= éêçÇìÅíáçå= çÑ= î~ëç~ÅíáîÉ=
ëìÄëí~åÅÉë=~åÇ=ÉåÇçíÜÉäá~ä=ÅÉää=éêçäáÑÉê~íáçåK==
qÜÉ= êÉëìäíáåÖ= Å~éáää~êó= ÜóéçéÉêÑìëáçå= ~åÇ= ÅäçëìêÉ= Å~ìëÉ=
ÅÜêçåáÅ= êÉíáå~ä= áëÅÜ~Éãá~I= ëíáãìä~íáåÖ= íÜÉ= éêçÇìÅíáçå= çÑ=
ÖêçïíÜ= Ñ~ÅíçêëI= áåÅäìÇáåÖ= î~ëÅìä~ê= ÉåÇçíÜÉäá~ä= ÖêçïíÜ=
Ñ~Åíçê= EsbdcFI= ïÜáÅÜ= ÑìêíÜÉê= ëíáãìä~íÉë= ÇÉäÉíÉêáçìë=
ÉåÇçíÜÉäá~ä=ÅÉää=ÖêçïíÜ=EÅ~ìëáåÖ=åÉï=îÉëëÉä=Ñçêã~íáçåF=~åÇ=
áåÅêÉ~ëÉÇ= î~ëÅìä~ê= éÉêãÉ~Äáäáíó= EÅ~ìëáåÖ= êÉíáå~ä= äÉ~â~ÖÉ=
~åÇ=ÉñìÇ~íáçåFK==
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Natural history and clinical 
features1 

aR= áë= ~= éêçÖêÉëëáîÉ= ÅçåÇáíáçåI= çÑíÉå= Åä~ëëáÑáÉÇ= áåíç= íïç=
ëí~ÖÉëW==

NK åçåJéêçäáÑÉê~íáîÉ=EÚÄ~ÅâÖêçìåÇÛF=~åÇ==
OK éêçäáÑÉê~íáîÉK==

Non-proliferative DR 
qÜÉ= É~êäáÉëí= ëáÖåë= çÑ= åçåJéêçäáÑÉê~íáîÉ= aR= ~êÉ=
ãáÅêç~åÉìêóëãë= ~åÇ= êÉíáå~ä= Ü~ÉãçêêÜ~ÖÉëI= ëçãÉíáãÉë=
áå~ÅÅìê~íÉäó= Å~ääÉÇ= ÚÇçíÛ= ~åÇ= ÚÄäçíÛ= Ü~ÉãçêêÜ~ÖÉëI=
êÉëéÉÅíáîÉäó=EcáÖK=^=~åÇ=_FK==
^ë= aR= éêçÖêÉëëÉë= ~åÇ= íÜÉêÉ= áë= ÅçåíáåìáåÖ= Å~éáää~êó=
ÜóéçéÉêÑìëáçåI= Åçííçå= ïççä= ëéçíëI= îÉåçìë= ÄÉ~ÇáåÖ= ~åÇ=
áåíê~JêÉíáå~ä=ãáÅêçî~ëÅìä~ê=~Äåçêã~äáíáÉë=Å~å=ÄÉ=ëÉÉå=EcáÖK=
`ÓbF;=íÜáë=ëí~ÖÉ=áë=êÉÑÉêêÉÇ=íç=~ë=éêÉJéêçäáÑÉê~íáîÉ=aRK==

Proliferative DR 
qÜÉ=ÇáëÉ~ëÉ=ã~ó=íÜÉå=éêçÖêÉëë=íç=éêçäáÑÉê~íáîÉ=aRI=ïÜáÅÜ=áë=
ÅÜ~ê~ÅíÉêáëÉÇ=Äó=ÖêçïíÜ=çÑ=åÉï=ÄäççÇ=îÉëëÉäë=çå=íÜÉ=êÉíáå~=

çê=çéíáÅ=ÇáëÅ=EcáÖK=c=~åÇ=dFK==
qÜÉ=åÉï=îÉëëÉäë=~êÉ=~Äåçêã~ä=~åÇ=çÑíÉå=ÄäÉÉÇI=äÉ~ÇáåÖ=íç=
îáíêÉçìë= Ü~ÉãçêêÜ~ÖÉI= ëìÄëÉèìÉåí= ÑáÄêçëáë= ~åÇ= ëÅ~êêáåÖI=
~åÇ=Ñáå~ääó=íê~Åíáçå~ä=êÉíáå~ä=ÇÉí~ÅÜãÉåíK==

Macular oedema 
få= ~ÇÇáíáçå= íç= éêçäáÑÉê~íáîÉ= ~åÇ= åçåJéêçäáÑÉê~íáîÉ= aRI=
é~íáÉåíë= ã~ó= ~äëç= ÇÉîÉäçé= ÅäáåáÅ~ääó= ëáÖåáÑáÅ~åí= ã~Åìä~ê=
çÉÇÉã~=E`pjl;=ëÉÉ=cáÖK=`FK=qÜáë=Å~å=çÅÅìê=~í=~åó=ëí~ÖÉ=çÑ=
aR=~åÇ=áë=ÅÜ~ê~ÅíÉêáëÉÇ=Äó=áåÅêÉ~ëÉÇ=î~ëÅìä~ê=éÉêãÉ~Äáäáíó=
~åÇ=ÇÉéçëáíáçå=çÑ=Ü~êÇ=ÉñìÇ~íÉë=áå=íÜÉ=ÅÉåíê~ä=êÉíáå~K==

`pjl=áë=íÜÉ=ãçëí=Åçããçå=Å~ìëÉ=çÑ=äçëë=çÑ=îáëáçå=áå=éÉçéäÉ=
ïáíÜ=Çá~ÄÉíÉëK==

Rubeosis iridis 
mêçäáÑÉê~íáîÉ=êÉíáåçé~íÜó=~åÇ=ëÉîÉêÉ=çÅìä~ê=áëÅÜ~Éãá~=ã~ó=
ëíáãìä~íÉ=åÉï=îÉëëÉäë=íç=Öêçï=çå=íÜÉ=~åíÉêáçê=ëìêÑ~ÅÉ=çÑ=íÜÉ=
áêáëW= ÚêìÄÉçëáë= áêáÇáëÛK= qÜÉëÉ= îÉëëÉäë= ã~ó= çÄëíêìÅí= íÜÉ=
Çê~áå~ÖÉ=~åÖäÉ=çÑ=íÜÉ=ÉóÉ=~åÇ=íÜÉ=çìíÑäçï=çÑ=~èìÉçìë=ÑäìáÇI=
Å~ìëáåÖ=ëÉÅçåÇ~êó=Öä~ìÅçã~K

 
Figure:	Diabetic	retinopathy.1	

	[A]	Microaneurysms.	Usually	the	earliest	clinical	abnormality,	these	tiny	aneurysms	arise	mainly	from	the	venous	end	of	capillaries	and	appear	as	discrete,	
circular,	dark	red	dots	near	to,	but	apparently	separate	from,	the	retinal	vessels	and	no	wider	than	a	vessel	at	the	optic	disc	margin	(arrows).		

[B]	Haemorrhages.	Larger	than	a	microaneurysm,	with	indistinct	margins	and	at	least	as	wide	as	a	vessel	at	the	optic	disc	margin,	these	occur	in	deeper	layers	
of	the	retina	(arrows).	They	result	either	from	microaneurysms	that	have	burst	or	from	leaky	capillaries.	Superficial	flame-shaped	haemorrhages	in	the	nerve	
fibre	layer	may	also	occur,	particularly	if	the	patient	is	hypertensive.		

[C]	Hard	exudates.	These	irregularly	shaped	lesions	are	formed	from	leaking	of	cholesterol,	often	through	microaneurysms	(black	arrows).	They	can	be	
associated	with	retinal	oedema;	if	this	affects	the	centre	of	the	macula,	it	can	cause	clinically	significant	macular	oedema	(CSMO,	white	arrows),	which	is	sight-
threatening.		

[D]	Cotton	wool	spots.	These	white,	feathery,	fluffy	lesions	indicate	capillary	infarcts	within	the	nerve	fibre	layer	(arrows).	They	are	most	often	seen	in	rapidly	
advancing	retinopathy	or	in	association	with	uncontrolled	hypertension.		

[E]	Venous	beading.	In	extensive	retinal	ischaemia,	walls	of	veins	develop	saccular	bulges,	looking	like	a	string	of	sausages	(black	arrow).	Intra-retinal	
microvascular	anomalies	(IRMA)	are	spidery	vessels,	often	with	sharp	corners	that	indicate	dilatations	of	pre-existing	capillaries	(white	arrow).		

[F]	and	[G]	Neovascularisation.	New	vessel	formation	in	response	to	widespread	retinal	ischaemia	may	arise	from	the	venous	circulation	either	on	the	optic	disc	
(NVD,	arrows	in	F)	or	elsewhere	in	the	retina	(NVE,	arrows	in	G).	Initially,	fine	tufts	of	delicate	vessels	form	arcades	on	the	surface	of	the	retina;	later,	they	may	
extend	forwards	on	to	the	posterior	surface	of	the	vitreous.	Leaking	of	serous	products	from	new	vessels	stimulates	a	connective	tissue	reaction,	with	gliosis	
and	fibrosis,	that	first	appears	as	a	white,	cloudy	haze	among	the	network	of	new	vessels	and	later	extends	to	obliterate	the	area	with	a	dense	white	sheet.		

[H]	Vitreous	haemorrhage.	New	vessels	are	fragile	and	liable	to	rupture	during	vitreous	movement,	causing	a	pre-retinal	(‘subhyaloid’)	or	a	vitreous	
haemorrhage	(arrows),	which	may	lead	to	sudden	visual	loss.

A B C D

E F G H

85



=

Loss of visual acuity1 

jáÅêç~åÉìêóëãëI= ~Äåçêã~äáíáÉë= çÑ= íÜÉ= îÉáåëI= ~åÇ= ëã~ää=
Ü~ÉãçêêÜ~ÖÉë=~åÇ=ÉñìÇ~íÉë=ëáíì~íÉÇ=áå=íÜÉ=éÉêáéÜÉêó=ïáää=
åçí= áåíÉêÑÉêÉ= ïáíÜ= îáëáçåK= eçïÉîÉêI= áÑ= íÜÉëÉ= ÅÜ~åÖÉë= ~êÉ=
çÄëÉêîÉÇ= åÉ~ê= íÜÉ= ã~Åìä~I= ~åÇ= áå= é~êíáÅìä~ê= áÑ= íÜÉó= ~êÉ=
~ÅÅçãé~åáÉÇ= Äó= äçëë= çÑ= îáëì~ä= ~ÅìáíóI= `pjl= ëÜçìäÇ= ÄÉ=
ëìëéÉÅíÉÇK==

j~Åìä~ê= çÉÇÉã~= Å~å= Å~ìëÉ= áãé~áêãÉåí= çÑ= îáëì~ä= ~Åìáíó=
ÉîÉå= áÑ= íÜáë= áë= ~ëëçÅá~íÉÇ= ïáíÜ= çåäó=ãáäÇ= éÉêáéÜÉê~ä= åçåJ
éêçäáÑÉê~íáîÉ=êÉíáåçé~íÜó=~åÇ=åç=çíÜÉê=çÄîáçìë=é~íÜçäçÖóK=
j~Åìä~ê=çÉÇÉã~=Å~å=çåäó=ÄÉ=ÅçåÑáêãÉÇ=çê=ÉñÅäìÇÉÇ=çå=ëäáí=
ä~ãé=êÉíáå~ä=ÄáçãáÅêçëÅçéóK==

pìÇÇÉå= îáëì~ä= äçëë= çÅÅìêë= ïáíÜ= îáíêÉçìë= Ü~ÉãçêêÜ~ÖÉ= çê=
êÉíáå~ä=ÇÉí~ÅÜãÉåíK==

få=éêÉJéêçäáÑÉê~íáîÉ=~åÇ=éêçäáÑÉê~íáîÉ=êÉíáåçé~íÜóI=ïÜÉíÜÉê=
çê=åçí=îáëì~ä=~Åìáíó=áë=áãé~áêÉÇI=éêçãéí=ä~ëÉê=íêÉ~íãÉåí=áë=
áãéçêí~åí= íç= êÉÇìÅÉ= íÜÉ= êáëâ= çÑ= Ü~ÉãçêêÜ~ÖÉI=
ÑáÄêçëáëLÖäáçëáë=~åÇ=ëÉîÉêÉ=áêêÉîÉêëáÄäÉ=îáëì~ä=áãé~áêãÉåíK==

 Risk factors1 

Ráëâ=Ñ~Åíçêë=Ñçê=Çá~ÄÉíáÅ=êÉíáåçé~íÜó=Ó=
• içåÖ=Çìê~íáçå=çÑ=Çá~ÄÉíÉë=
• mççê=ÖäóÅÉãáÅ=Åçåíêçä=
• eóéÉêíÉåëáçå=
• eóéÉêäáéáÇ~Éãá~=
• mêÉÖå~åÅó=
• kÉéÜêçé~íÜóLêÉå~ä=ÇáëÉ~ëÉ=
• líÜÉêëW=çÄÉëáíóI=ëãçâáåÖ=

 Prevention1 

Glycaemic control  
j~åó= ÉéáÇÉãáçäçÖáÅ~ä= ëíìÇáÉë= Ü~îÉ= ëÜçïå= ~= ÅäÉ~ê=
êÉä~íáçåëÜáé=ÄÉíïÉÉå=ÖäóÅ~ÉãáÅ=Åçåíêçä=~åÇ=íÜÉ=áåÅáÇÉåÅÉ=
çÑ= aRK= i~êÖÉ= ê~åÇçãáëÉÇ= ÅçåíêçääÉÇ= íêá~äë= Ü~îÉ= ëÜçïå=
ÅçåîáåÅáåÖäó=íÜ~í=áãéêçîÉÇ=ÖäóÅ~ÉãáÅ=ÅçåíêçäI=é~êíáÅìä~êäó=
áå= íÜÉ=É~êäó= ëí~ÖÉë=çÑ=ÇáëÉ~ëÉI= êÉÇìÅÉë=ÄçíÜ= íÜÉ= áåÅáÇÉåÅÉ=
~åÇ=éêçÖêÉëëáçå=çÑ=aR=áå=íóéÉ=N=~åÇ=íóéÉ=O=Çá~ÄÉíÉëK==

=

Figure9:	Relationship	of	glycemic	control	and	diabetes	duration	to	diabetic	
retinopathy.	The	progression	of	retinopathy	in	individuals	in	the	Diabetes	
Control	and	Complications	Trial	is	graphed	as	a	function	of	the	length	of	
follow-up	with	different	curves	for	different	HbA1c	values.	

tÜÉå= ÄäççÇ= ÖäìÅçëÉ= áë= äçïÉêÉÇI= íÜÉêÉ= Å~å= ÄÉ= ~= íê~åëáÉåí=
ÇÉíÉêáçê~íáçå= çÑ= êÉíáåçé~íÜóK= qÜáë= êÉä~íÉë= íç= äçëë= çÑ=
ÜóéÉêÖäóÅ~Éãá~JáåÇìÅÉÇ= ÜóéÉêéÉêÑìëáçå= áå= íÜÉ= êÉíáå~ä=
ÅáêÅìä~íáçå= ~åÇ= ~= ÅçåëÉèìÉåí= áåÅêÉ~ëÉ= áå= áëÅÜ~Éãá~K=

eçïÉîÉêI= íÜáë= ÉÑÑÉÅí= ïÉ~êë= çÑÑ= ïáíÜáå= NU= ãçåíÜëK=
fãéêçîÉãÉåí= áå= ÖäóÅ~ÉãáÅ= Åçåíêçä= ëÜçìäÇ= íÜÉêÉÑçêÉ= ÄÉ=
ÉÑÑÉÅíÉÇ=Öê~Çì~ääó=áå=é~íáÉåíë=ïáíÜ=êÉíáåçé~íÜóI=é~êíáÅìä~êäó=
ïÜÉå=ÖäóÅ~ÉãáÅ=Åçåíêçä=áë=áåáíá~ääó=éççêK==

Blood pressure control 
bîáÇÉåÅÉ= Ñêçã= ê~åÇçãáëÉÇ= ÅçåíêçääÉÇ= íêá~äë= ëìÖÖÉëíë= íÜ~í=
ÄäççÇ= éêÉëëìêÉ= Åçåíêçä= áë= ~äëç= ï~êê~åíÉÇ= íç= êÉÇìÅÉ= íÜÉ=
áåÅáÇÉåÅÉ= ~åÇ= éêçÖêÉëëáçå= çÑ= aRK= b~êäó= íêá~äë= ëìÖÖÉëíÉÇ=
ëéÉÅáÑáÅ= ÄÉåÉÑáí= Ñêçã= ~åÖáçíÉåëáå= ff= êÉÅÉéíçê= ~åí~ÖçåáëíëI=
Äìí=ä~íÉê=ëíìÇáÉë=áåÇáÅ~íÉ=íÜ~í=çíÜÉê=~åíáÜóéÉêíÉåëáîÉ=~ÖÉåíë=
~êÉ= ëáãáä~êäó= ÉÑÑÉÅíáîÉK= jçëí= ÖìáÇÉäáåÉë= êÉÅçããÉåÇ=
~ÅÜáÉîáåÖ=~=ÄäççÇ=éêÉëëìêÉ=çÑ=äÉëë=íÜ~å=NPMLUM=ããeÖK==

Lipid profile control 
lÄëÉêî~íáçå~ä=ëíìÇáÉë=ëìÖÖÉëí=íÜ~í=ÜóéÉêäáéáÇ~Éãá~=áë=~=êáëâ=
Ñ~Åíçê= Ñçê= aRI= Äìí= áåíÉêîÉåíáçå= íêá~äë= Ü~îÉ= åçí= ÄÉÉå=
ÅçåÅäìëáîÉK==

Screening  
^ååì~ä=ëÅêÉÉåáåÖ=Ñçê=êÉíáåçé~íÜó=áë=ÉëëÉåíá~ä=áå=~ää=Çá~ÄÉíáÅ=
é~íáÉåíëI=~ë=íÜÉ=ÇáëÉ~ëÉ=áë=~ëóãéíçã~íáÅ=áå=íÜÉ=É~êäó=ëí~ÖÉëI=
ïÜÉå=íêÉ~íãÉåí=áë=ãçëí=ÉÑÑÉÅíáîÉK=pÅêÉÉåáåÖ=áë=é~êíáÅìä~êäó=
áãéçêí~åí= áå= íÜçëÉ= ïáíÜ= êáëâ= Ñ~ÅíçêëK= fí= ëÜçìäÇ= ÄÉ=
ìåÇÉêí~âÉå= Äó= íê~áåÉÇ= éÉêëçååÉä= áå= ~å= çêÖ~åáëÉÇ= ~åÇ=
~ìÇáíÉÇ=éêçÖê~ããÉK==

qÜÉ=éêÉÑÉêêÉÇ=ãÉíÜçÇ=áë=~=ÇáÖáí~ä=éÜçíçÖê~éÜáÅ=ëóëíÉã=Ñçê=
êÉíáå~ä=áã~ÖáåÖI=ïáíÜ=éêçãéí=êÉÑÉêê~ä=çÑ=é~íáÉåíë=ïáíÜ=ëáÖÜí=
íÜêÉ~íÉåáåÖ= êÉíáåçé~íÜó= íç= ~å= çéÜíÜ~äãçäçÖáëí= Ñçê=
Éñ~ãáå~íáçå= ïáíÜ= ëäáí= ä~ãé= ÄáçãáÅêçëÅçéóK= fÑ= ÇáêÉÅí=
çéÜíÜ~äãçëÅçéó= áë=ìëÉÇI= íÜÉ=éìéáäë= ëÜçìäÇ=ÄÉ=Çáä~íÉÇ= Ñçê=
~ÇÉèì~íÉ=Éñ~ãáå~íáçåK==

råÑçêíìå~íÉäóI= ã~åó= éÉçéäÉ= ïáíÜ= Çá~ÄÉíÉë= êÉÅÉáîÉ= åç=
êÉÖìä~ê=ëìéÉêîáëáçå=~åÇ=Çç=åçí=~ííÉåÇ=Ñçê=ÉóÉ=ëÅêÉÉåáåÖK=

aÉîÉäçéãÉåí= çê= éêçÖêÉëëáçå= çÑ= êÉíáåçé~íÜó= ã~ó= ÄÉ=
~ÅÅÉäÉê~íÉÇ=Äó=ê~éáÇ=áãéêçîÉãÉåí=áå=ÖäóÅ~ÉãáÅ=ÅçåíêçäI=Äó=
éêÉÖå~åÅó= ~åÇ= Äó= åÉéÜêçé~íÜóI= ~åÇ= íÜÉëÉ= Öêçìéë= åÉÉÇ=
ÑêÉèìÉåí=ãçåáíçêáåÖKR=

 

Criteria for a successful local screening scheme for 
sight-threatening diabetic retinopathy5 

1. Clearly defined geographical area for the screening programme  
2. Adequate number of people with diabetes for viability (>12 000)  
3. Identified screening programme manager  
4. Identified clinical screening lead  
5. Identified hospital eye service for diagnosis and laser treatment  
6. Computer software capable of supporting call/recall of patients 

and image grading  
7. Centralized appointment administration  
8. Single collated list of all people with diabetes in the area over the 

age of 12  
9. Equipment to obtain adequate disc- and macula-centred images 

of each eye  
10. Single image grading centre  
11. Process to manage people with poor-quality images  
12. Clear route of referral for treatment, and for feedback from 

treatment centre to screening unit  
13. Accreditation of screening staff  
14. Annual reporting of service performance 

Mean HbA 1c = 11% 10%
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 Management 

qÜÉ= ãçëí= ÉÑÑÉÅíáîÉ= íÜÉê~éó= Ñçê= Çá~ÄÉíáÅ= êÉíáåçé~íÜó= áë=
éêÉîÉåíáçåK=dççÇ=ÖäóÅ~ÉãáÅ= EeÄ^NÅ=~êçìåÇ=RP=ããçäLãçä=
ETBFF=Åçåíêçä=~åÇ=~å=~ééêçéêá~íÉ=ÄäççÇ=éêÉëëìêÉ=EY=NPML=UM=
ããeÖF=ëÜçìäÇ=ÄÉ=ã~áåí~áåÉÇ=íç=éêÉîÉåí=çåëÉí=~åÇ=ÇÉä~ó=
éêçÖêÉëëáçå=çÑ=Çá~ÄÉíáÅ=ÉóÉ=ÇáëÉ~ëÉKN==
m~ê~ÇçñáÅ~ääóI= ÇìêáåÖ= íÜÉ= Ñáêëí= SÓNO= ãçåíÜë= çÑ= áãéêçîÉÇ=
ÖäóÅÉãáÅ= ÅçåíêçäI= Éëí~ÄäáëÜÉÇ= Çá~ÄÉíáÅ= êÉíáåçé~íÜó= ã~ó=
íê~åëáÉåíäó= ïçêëÉåK= cçêíìå~íÉäóI= íÜáë= éêçÖêÉëëáçå= áë=
íÉãéçê~êóI= ~åÇ= áå= íÜÉ= äçåÖ= íÉêãI= áãéêçîÉÇ= ÖäóÅÉãáÅ=
Åçåíêçä=áë=~ëëçÅá~íÉÇ=ïáíÜ=äÉëë=Çá~ÄÉíáÅ=êÉíáåçé~íÜóKR==
cäìçêÉëÅÉáå=~åÖáçÖê~éÜó=E~=ÑäìçêÉëÅÉåí=ÇóÉ=áë=áåàÉÅíÉÇ=áåíç=
~å= ~êã= îÉáå= ~åÇ= éÜçíçÖê~éÜÉÇ= áå= íê~åëáí= íÜêçìÖÜ= íÜÉ=
êÉíáå~ä=îÉëëÉäëF=áë=ìëÉÇ=íç=ÇÉÑáåÉ=íÜÉ=ÉñíÉåí=çÑ=íÜÉ=éçíÉåíá~ääó=
ëáÖÜíJíÜêÉ~íÉåáåÖ= Çá~ÄÉíáÅ= êÉíáåçé~íÜóK= lÅìä~ê= ÅçÜÉêÉåÅÉ=
íçãçÖê~éÜó= El`qF= áë= ìëÉÇ= íç= áã~ÖÉ= íÜÉ= ÅçåíÉåí= çÑ= íÜÉ=
ä~óÉêë= çÑ= íÜÉ= êÉíáå~= ~í= íÜÉ= ã~Åìä~I= ~åÇ= áå= é~êíáÅìä~ê= íç=
ãÉ~ëìêÉ= êÉíáå~ä= íÜáÅâåÉëëK= fí= Å~å= ÇÉíÉÅí=ã~Åìä~ê= çÉÇÉã~=
~åÇ=çíÜÉê=ã~Åìä~ê=~Äåçêã~äáíáÉëKR=

Ranibizumab  
kçîÉä= ~ÖÉåíë= ~êÉ= ÉãÉêÖáåÖI= áåÅäìÇáåÖ= ê~åáÄáòìã~ÄI= ~=
ãçåçÅäçå~ä=~åíáÄçÇó=Ñê~ÖãÉåí=íÜ~í=ÄáåÇë=íç=sbdcJ^=~åÇ=áë=
~åíá~åÖáçÖÉåáÅ;=áí=áë=ìëÉÇ=Ñçê=Çá~ÄÉíáÅ=ã~Åìä~ê=çÉÇÉã~K==

Retinal photocoagulation 
fåÇáîáÇì~äë=ïáíÜ=âåçïå=êÉíáåçé~íÜó=ã~ó=ÄÉ=Å~åÇáÇ~íÉë=Ñçê=
éêçéÜóä~ÅíáÅ= ä~ëÉê= éÜçíçÅç~Öìä~íáçå= ïÜÉå= áåáíá~íáåÖ=
áåíÉåëáîÉ= íÜÉê~éóK=låÅÉ= ~Çî~åÅÉÇ= êÉíáåçé~íÜó= áë=éêÉëÉåíI=
áãéêçîÉÇ=ÖäóÅÉãáÅ= Åçåíêçä= áãé~êíë= äÉëë=ÄÉåÉÑáíI= ~äíÜçìÖÜ=
~ÇÉèì~íÉ= çéÜíÜ~äãçäçÖáÅ= Å~êÉ= Å~å= éêÉîÉåí= ãçëí=
ÄäáåÇåÉëëKN==
RÉíáå~ä=éÜçíçÅç~Öìä~íáçå=Eä~ëÉê=íêÉ~íãÉåíF=áë=áåÇáÅ~íÉÇ=áåNJ==

• pÉîÉêÉ= éêçäáÑÉê~íáîÉ= çê= îÉêó= ëÉîÉêÉ= åçåéêçäáÑÉê~íáîÉ=
êÉíáåçé~íÜó;==

• kÉï=îÉëëÉäë=ÉäëÉïÜÉêÉ=ïáíÜ=îáíêÉçìë=Ü~ÉãçêêÜ~ÖÉ;==
• kÉï=îÉëëÉäë=ïáíÜçìí=îáíêÉçìë=Ü~ÉãçêêÜ~ÖÉ=áå=íóéÉ=O=

Çá~ÄÉíÉë;=çê==
• `pjlK==

mÜçíçÅç~Öìä~íáçå=áë=ìëÉÇN=Ó=
• íç=íêÉ~í=äÉ~âáåÖ=ãáÅêç~åÉìêóëãë=~åÇ=~êÉ~ë=çÑ=êÉíáå~ä=

íÜáÅâÉåáåÖ= áå= íÜÉ= ã~Åìä~ê= ~êÉ~I= ~åÇ= íç= êÉÇìÅÉ=
ã~Åìä~ê=çÉÇÉã~=EÑçÅ~ä=ä~ëÉêF==

• íç=ÇÉëíêçó=~êÉ~ë=çÑ=êÉíáå~ä=áëÅÜ~Éãá~=~åÇ=ÜÉåÅÉ=äçïÉê=
áåíê~çÅìä~ê=äÉîÉäë=çÑ=sbdcI=ïÜáÅÜ=éä~ó=~=ã~àçê=êçäÉ=áå=
íÜÉ=ÇÉîÉäçéãÉåí=çÑ=åÉçî~ëÅìä~êáë~íáçå==

• íç= êÉÇìÅÉ= íÜÉ= êáëâ= çÑ= êÉÅìêêÉåí= Ü~ÉãçêêÜ~ÖÉ= Äó=
áåÇìÅáåÖ= Öäáçëáë= ~åÇ= ÑáÄêçëáë= çÑ= åÉï= îÉëëÉäë= Eé~åJ
êÉíáå~ä=éÜçíçÅç~Öìä~íáçå=EmRmFFK==

^êÖçå= ä~ëÉê= éÜçíçÅç~Öìä~íáçå= áë= íÜÉ= ìëì~ä= ãÉíÜçÇK= qÜáë=
ëáãéäÉ= éêçÅÉÇìêÉ= Å~å= ÄÉ= Å~êêáÉÇ= çìí= ìåÇÉê= íçéáÅ~ä=
~å~ÉëíÜÉëá~K=m~íáÉåíë=ëÜçìäÇ=ÄÉ=êÉîáÉïÉÇ=êÉÖìä~êäó=íç=äççâ=
Ñçê= ÑìêíÜÉê= ÇÉîÉäçéãÉåí= çÑ= åÉï= îÉëëÉäë= ~åÇLçê=
ã~Åìäçé~íÜóK= bñíÉåëáîÉ= Äáä~íÉê~ä= éÜçíçÅç~Öìä~íáçå= Å~å=
Å~ìëÉ=ëáÖåáÑáÅ~åí=îáëì~ä=ÑáÉäÇ=äçëëI=ïÜáÅÜ=ã~ó=áåíÉêÑÉêÉ=ïáíÜ=
ÇêáîáåÖ=~Äáäáíó=~åÇ=êÉÇìÅÉ=åáÖÜí=îáëáçåKN==
i~ëÉê= éÜçíçÅç~Öìä~íáçå= áë= îÉêó= ëìÅÅÉëëÑìä= áå= éêÉëÉêîáåÖ=
îáëáçåK= mêçäáÑÉê~íáîÉ= êÉíáåçé~íÜó= áë= ìëì~ääó= íêÉ~íÉÇ= ïáíÜ=
é~åêÉíáå~ä= ä~ëÉê= éÜçíçÅç~Öìä~íáçåI= ïÜÉêÉ~ë= ã~Åìä~ê=
ÉÇÉã~= áë= íêÉ~íÉÇ= ïáíÜ= ÑçÅ~ä= ä~ëÉê= éÜçíçÅç~Öìä~íáçå= ~åÇ=
~åíáÓî~ëÅìä~ê= ÉåÇçíÜÉäá~ä= ÖêçïíÜ= Ñ~Åíçê= íÜÉê~éó= EçÅìä~ê=
áåàÉÅíáçåFKV==

Vitrectomy  
sáíêÉÅíçãó= áë=ìëÉÇ= áå=ëÉäÉÅíÉÇ=Å~ëÉë=çÑ=~Çî~åÅÉÇ=Çá~ÄÉíáÅ=
ÉóÉ= ÇáëÉ~ëÉ= ÇìÉ= íç= íóéÉ= N= Çá~ÄÉíÉë= ïÜÉêÉ= îáëì~ä= äçëë= Ü~ë=
ÄÉÉå=Å~ìëÉÇ=ÄóN=Ó=

• êÉÅìêêÉåí= îáíêÉçìë= Ü~ÉãçêêÜ~ÖÉ= íÜ~í= Ü~ë= Ñ~áäÉÇ= íç=
ÅäÉ~ê=çê==

• Äó= íê~Åíáçå~ä= êÉíáå~ä= ÇÉí~ÅÜãÉåí= íÜêÉ~íÉåáåÖ= íÜÉ=
ã~Åìä~K==

qÜÉ= î~äìÉ=çÑ= îáíêÉÅíçãó= áå= íóéÉ=O=Çá~ÄÉíÉë= áë= äÉëë= ÅÉêí~áåK=
RìÄÉçëáë=áêáÇáë=áë=~=ëÉîÉêÉ=ÅçãéäáÅ~íáçå=êÉèìáêáåÖ=É~êäó=~åÇ=
ÉñíÉåëáîÉ=mRmK==

 

 

 

Grading and management of pathological changes in diabetic retinopathy5 

Retinopathy grade Retinal abnormality (cause) Action needed 
Peripheral retina 

Background (R1) 1. Dot haemorrhages (capillary microaneurysms) (usually appear first)  
2. Blot haemorrhages (leakage of blood into deeper retinal layers)  
3. Hard exudates (exudation of plasma rich in lipids and protein)a  
4. Cotton wool spots/cytoid bodiesb 

Annual screening only 

Preproliferative (R2) 1. Venous beading/loops  
2. Intraretinal microvascular abnormalities (IRMAs)  
3. Multiple deep, round haemorrhages 

Non-urgent referral to an ophthalmologist 

Proliferative (R3) 1. New blood-vessel formation/neovascularization  
2. Preretinal or subhyaloid haemorrhage 
3. Vitreous haemorrhage 

Urgent referral to an ophthalmologist 

Advanced retinopathy 1. Retinal fibrosis  
2. Traction retinal detachment 

Urgent referral to an ophthalmologist – but 
much vision already lost 

Central retina 

Maculopathy (M1) 1. Hard exudates within 1 disc-width of macula  
2. Lines or circles of hard exudates within 2 disc-widths of macula  
3. Microaneurysms or retinal haemorrhages within 1 disc-width of macula if associated 

with an unexplained visual acuity 6/12 or worse  

Prompt referral to an ophthalmologist 

aHard exudates have a bright yellowish-white colour and are often irregular in outline with a sharply defined margin.  
bCotton-wool spots are greyish-white and have indistinct margins and a dull matt surface, unlike the glossy appearance of hard exudates. Peripheral 
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 Cataract 
`~í~ê~Åí= áë= ~= éÉêã~åÉåí= äÉåë= çé~Åáíó= ~åÇ= áë= ~= Åçããçå=
Å~ìëÉ= çÑ= îáëì~ä= ÇÉíÉêáçê~íáçå= áå= íÜÉ= ÉäÇÉêäóKN= `~í~ê~Åí=
ÇÉîÉäçéë=É~êäáÉê=áå=éÉçéäÉ=ïáíÜ=Çá~ÄÉíÉë=íÜ~å=áå=íÜÉ=ÖÉåÉê~ä=
éçéìä~íáçåKR=

Pathogenesis 
qÜÉ=äÉåë=íÜáÅâÉåë=~åÇ=çé~ÅáÑáÉë=ïáíÜ=~ÖÉ;=ïáíÜ=Çá~ÄÉíÉëI=íÜÉ=
áåÅêÉ~ëÉÇ=ãÉí~ÄçäáÅ=áåëìäí=íç=íÜÉ=äÉåë=Å~ìëÉë=íÜÉëÉ=ÅÜ~åÖÉë=
íç=~ÅÅÉäÉê~íÉ=~åÇ=çÅÅìê=éêÉã~íìêÉäóKN=

^=ê~êÉ=íóéÉ=çÑ=ÚëåçïJÑä~âÉÛ=Å~í~ê~Åí=çÅÅìêë=áå=óçìåÖ=é~íáÉåíë=
ïáíÜ=éççêäó=ÅçåíêçääÉÇ=Çá~ÄÉíÉëK= fí=ÅçãÉë=çå=ê~éáÇäóK=qÜáë=
ÇçÉë= åçí= ìëì~ääó= ~ÑÑÉÅí= îáëáçå= Äìí= íÉåÇë= íç= ã~âÉ= ÑìåÇ~ä=
Éñ~ãáå~íáçå=ÇáÑÑáÅìäíKN==

cäìÅíì~íáçåë= áå= ÄäççÇ= ÖäìÅçëÉ= ÅçåÅÉåíê~íáçå= Å~å= Å~ìëÉ=
êÉÑê~ÅíáîÉ=î~êá~ÄáäáíóI=~ë=~=êÉëìäí=çÑ=çëãçíáÅ=ÅÜ~åÖÉë=ïáíÜáå=
íÜÉ= äÉåë= EíÜÉ= ~Äëçêéíáçå= çÑ= ï~íÉê= áåíç= íÜÉ= äÉåë= Å~ìëÉë=
íÉãéçê~êó= ÜóéÉêãÉíêçéá~FK= qÜáë= éêÉëÉåíë= ~ë= ÑäìÅíì~íáåÖ=
ÇáÑÑáÅìäíó= áå= êÉ~ÇáåÖK= fí= êÉëçäîÉë= ïáíÜ= ÄÉííÉê= ãÉí~ÄçäáÅ=
Åçåíêçä=çÑ=íÜÉ=Çá~ÄÉíÉëKR=

Treatment 
bñíê~Åíáçå=~åÇ=áåíê~çÅìä~ê=äÉåë=áãéä~åí~íáçå=áë=áåÇáÅ~íÉÇ=áÑ=
íÜÉ= Å~í~ê~Åí= áë= Å~ìëáåÖ= îáëì~ä= Çáë~Äáäáíó= çê= ~å= áå~Äáäáíó= íç=

îáÉï= íÜÉ= êÉíáå~= ~ÇÉèì~íÉäóK= `~í~ê~Åí= Éñíê~Åíáçå= áë=
ëíê~áÖÜíÑçêï~êÇ= áÑ= íÜÉêÉ= áë= åç= êÉíáåçé~íÜó= éêÉëÉåíK= mêÉJ
ÉñáëíáåÖ=êÉíáåçé~íÜó=ã~ó=ïçêëÉå=~ÑíÉê=Å~í~ê~Åí=Éñíê~ÅíáçåKR=

fåÇáÅ~íáçå=Ñçê=Å~í~ê~Åí=Éñíê~ÅíáçåN=Ó=
• qÜÉ=áåÇáÅ~íáçåë=Ñçê=Å~í~ê~Åí=Éñíê~Åíáçå=~êÉ=ëáãáä~ê=íç=

íÜçëÉ= Ñçê= íÜÉ= åçåJÇá~ÄÉíáÅ= éçéìä~íáçå= ~åÇ= ÇÉéÉåÇ=
çå=íÜÉ=ÇÉÖêÉÉ=çÑ=îáëì~ä=áãé~áêãÉåíK==

• ^å= ~ÇÇáíáçå~ä= áåÇáÅ~íáçå= áå= Çá~ÄÉíÉë= áë= ïÜÉå=
~ÇÉèì~íÉ= ~ëëÉëëãÉåí= çÑ= íÜÉ= ÑìåÇìëI= çê= ä~ëÉê=
íêÉ~íãÉåí=íç=íÜÉ=êÉíáå~I=áë=éêÉîÉåíÉÇK=

 Bedside eye examination5 

sáëì~ä=~Åìáíó=ëÜçìäÇ=ÄÉ=ÅÜÉÅâÉÇ=ìëáåÖ=ÄçíÜ=~=éáåÜçäÉ=~åÇ=
íÜÉ= é~íáÉåíDë= Çáëí~åÅÉ= ëéÉÅí~ÅäÉëK= qÜÉ= çÅìä~ê=ãçîÉãÉåíë=
~êÉ=~ëëÉëëÉÇ=íç=ÇÉíÉÅí=~åó=çÅìä~ê=ãçíçê=é~äëáÉëK=qÜÉ=áêáë=áë=
Éñ~ãáåÉÇ=Ñçê=êìÄÉçëáë=~åÇ=íÜÉå=íÜÉ=éìéáäë=Çáä~íÉÇ=ïáíÜ=NB=
íêçéáÅ~ãáÇÉK=^Äçìí=OM=ãáåìíÉë= ä~íÉêI= íÜÉ=ÉóÉ= áë=Éñ~ãáåÉÇ=
Ñçê=íÜÉ=éêÉëÉåÅÉ=çÑ=~=Å~í~ê~Åí=Äó=äççâáåÖ=~í=íÜÉ=äÉåë=ïáíÜ=~=
HNMKMM= äÉåë= áå= íÜÉ= çéÜíÜ~äãçëÅçéÉ= ~åÇ= îáÉïáåÖ= íÜÉ= äÉåë=
~Ö~áåëí= íÜÉ= êÉÇ= êÉÑäÉñK= qÜÉ= êÉíáå~= áë= íÜÉå= Éñ~ãáåÉÇ=
ëóëíÉã~íáÅ~ääó=äççâáåÖ=~í=íÜÉ=ÇáëÅI=íÜÉå=~ää=Ñçìê=èì~Çê~åíëI=
~åÇ= Ñáå~ääó= íÜÉ= ã~Åìä~K= qÜÉ= ã~Åìä~= áë= Éñ~ãáåÉÇ= ä~ëí=
ÄÉÅ~ìëÉ=íÜáë=áåÇìÅÉë=íÜÉ=ÖêÉ~íÉëí=ÇáëÅçãÑçêíI=~åÇ=éìéáää~êó=
ÅçåëíêáÅíáçåK=

=
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24 Renal complications 
of diabetes 
=

qÜÉ= âáÇåÉó= ã~ó= ÄÉ= Ç~ã~ÖÉÇ= Äó= Çá~ÄÉíÉë= áå= íÜêÉÉ= ã~áå=
ï~óëRW==

NK ÖäçãÉêìä~ê=Ç~ã~ÖÉ==
OK áëÅÜ~Éãá~= êÉëìäíáåÖ= Ñêçã=ÜóéÉêíêçéÜó= çÑ= ~ÑÑÉêÉåí=

~åÇ=ÉÑÑÉêÉåí=~êíÉêáçäÉë==
PK ~ëÅÉåÇáåÖ=áåÑÉÅíáçåK=

aá~ÄÉíáÅ=åÉéÜêçé~íÜó= áë=~å= áãéçêí~åí=Å~ìëÉ=çÑ=ãçêÄáÇáíó=
~åÇ= ãçêí~äáíóKN= fí= áë= íÜÉ= äÉ~ÇáåÖ= Å~ìëÉ= çÑ= ÅÜêçåáÅ= âáÇåÉó=
ÇáëÉ~ëÉ= E`haFI= bpRaI= ~åÇ= `ha= êÉèìáêáåÖ= êÉå~ä=
êÉéä~ÅÉãÉåí= íÜÉê~éóK= cìêíÜÉêãçêÉI= íÜÉ= éêçÖåçëáë= çÑ=
Çá~ÄÉíáÅ= é~íáÉåíë= çå= Çá~äóëáë= áë= éççêI= ïáíÜ= ëìêîáî~ä=
Åçãé~ê~ÄäÉ= íç= ã~åó= Ñçêãë= çÑ= Å~åÅÉêK= ^äÄìãáåìêá~= áå=
áåÇáîáÇì~äë=ïáíÜ=aj=áë=~ëëçÅá~íÉÇ=ïáíÜ=~å=áåÅêÉ~ëÉÇ=êáëâ=çÑ=
Å~êÇáçî~ëÅìä~ê= ÇáëÉ~ëÉK= fåÇáîáÇì~äë= ïáíÜ= Çá~ÄÉíáÅ=
åÉéÜêçé~íÜó=Åçããçåäó=Ü~îÉ=Çá~ÄÉíáÅ=êÉíáåçé~íÜóKV=

=

 Epidemiology1 

=

^Äçìí=PMB=çÑ=é~íáÉåíë=ïáíÜ=íóéÉ=N=Çá~ÄÉíÉë=Ü~îÉ=ÇÉîÉäçéÉÇ=
Çá~ÄÉíáÅ=åÉéÜêçé~íÜó=OM=óÉ~êë=~ÑíÉê=Çá~ÖåçëáëI=Äìí=íÜÉ=êáëâ=
~ÑíÉê=íÜáë=íáãÉ=Ñ~ääë=íç=äÉëë=íÜ~å=NB=éÉê=óÉ~êI=~åÇ=Ñêçã=íÜÉ=

çìíëÉí= íÜÉ= êáëâ= áë= åçí= Éèì~ä= áå= ~ää= é~íáÉåíë= EëÉÉ= íÜÉ= êáëâ=
Ñ~ÅíçêëFK==

fåÇÉÉÇI= ëçãÉ= é~íáÉåíë= Çç= åçí= ÇÉîÉäçé= åÉéÜêçé~íÜóI=
ÇÉëéáíÉ= Ü~îáåÖ= äçåÖJëí~åÇáåÖI= éççêäó= ÅçåíêçääÉÇ= Çá~ÄÉíÉëI=
ëìÖÖÉëíáåÖ= íÜ~í= íÜÉó= ~êÉ= ÖÉåÉíáÅ~ääó= éêçíÉÅíÉÇ= Ñêçã= áíK=
tÜáäëí= î~êá~åíë= áå= ~= ÑÉï= ÖÉåÉë= Ü~îÉ= ÄÉÉå= áãéäáÅ~íÉÇ= áå=
Çá~ÄÉíáÅ=åÉéÜêçé~íÜóI= íÜÉ=ã~àçê=ÇáÑÑÉêÉåÅÉë= áå= áåÇáîáÇì~ä=
êáëâ=êÉã~áå=ìåÉñéä~áåÉÇK==

béáÇÉãáçäçÖáÅ~ä= Ç~í~= Ü~îÉ= áåÇáÅ~íÉÇ= íÜ~í= íÜÉ= çîÉê~ää=
áåÅáÇÉåÅÉ=áë=ÇÉÅäáåáåÖ=~ë=ëí~åÇ~êÇë=çÑ=ÖäóÅ~ÉãáÅ=~åÇ=ÄäççÇ=
éêÉëëìêÉ=Åçåíêçä=Ü~îÉ=áãéêçîÉÇK==

 Risk factors1 

=

Ráëâ=Ñ~Åíçêë=Ñçê=Çá~ÄÉíáÅ=åÉéÜêçé~íÜó=~êÉ=Ó=
• mççê=ÖäóÅ~ÉãáÅ=Åçåíêçä==
• içåÖ=Çìê~íáçå=çÑ=Çá~ÄÉíÉë==
• mêÉëÉåÅÉ=çÑ=çíÜÉê=ãáÅêçî~ëÅìä~ê=ÅçãéäáÅ~íáçåë==
• bíÜåáÅáíó=EÉKÖK=^ëá~åëI=máã~=fåÇá~åëF==
• mêÉJÉñáëíáåÖ=ÜóéÉêíÉåëáçå==
• c~ãáäó=Üáëíçêó=çÑ=Çá~ÄÉíáÅ=åÉéÜêçé~íÜó==
• c~ãáäó=Üáëíçêó=çÑ=ÜóéÉêíÉåëáçå=

 Pathology5 

=

qÜÉ=É~êäáÉëí=ÑìåÅíáçå~ä=~Äåçêã~äáíó=áå=íÜÉ=Çá~ÄÉíáÅ=âáÇåÉó=
áë= êÉå~ä= ÜóéÉêíêçéÜó= ~ëëçÅá~íÉÇ= ïáíÜ= ~= ê~áëÉÇ= dcRK= qÜáë=
~ééÉ~êë= ëççå= ~ÑíÉê= Çá~Öåçëáë= ~åÇ= áë= êÉä~íÉÇ= íç= éççê=
ÖäóÅ~ÉãáÅ=ÅçåíêçäK==

^ë=íÜÉ=âáÇåÉó=ÄÉÅçãÉë=Ç~ã~ÖÉÇ=Äó=Çá~ÄÉíÉëI=íÜÉ=~ÑÑÉêÉåí=
~êíÉêáçäÉ=ÄÉÅçãÉë=î~ëçÇáä~íÉÇ=íç=~=ÖêÉ~íÉê=ÉñíÉåí=íÜ~å=íÜÉ=
ÉÑÑÉêÉåí= ÖäçãÉêìä~ê= ~êíÉêáçäÉK= qÜáë= áåÅêÉ~ëÉë= íÜÉ=
áåíê~ÖäçãÉêìä~ê= Ñáäíê~íáçå= éêÉëëìêÉI= ÑìêíÜÉê= Ç~ã~ÖáåÖ= íÜÉ=
ÖäçãÉêìä~ê=Å~éáää~êáÉëK=qÜáë=ê~áëÉÇ=áåíê~ÖäçãÉêìä~ê=éêÉëëìêÉ=
~äëç= äÉ~Çë= íç= áåÅêÉ~ëÉÇ= äçÅ~ä= ëÜÉ~êáåÖ= ÑçêÅÉëI= ïÜáÅÜ= ~êÉ=
íÜçìÖÜí= íç= ÅçåíêáÄìíÉ= íç=ãÉë~åÖá~ä= ÅÉää= ÜóéÉêíêçéÜó= ~åÇ=
áåÅêÉ~ëÉÇ= ëÉÅêÉíáçå= çÑ= Éñíê~ÅÉääìä~ê= ãÉë~åÖá~ä= ã~íêáñ=

Disease Proportion Comments

Congenital and 

inherited

5% Polycystic kidney 

disease, Alport’s 

syndrome

Renovascular 

disease

5% Mostly atheromatous, 

may be more common

Hypertension 5–20% Causality controversial, 

much may be renal 

disease

Glomerular 

diseases

10–20% IgA nephropathy is most 

common

Interstitial diseases 20–30% Often drug-induced

Systemic 

inflammatory 

diseases

5–10% Systemic lupus 

erythematosus, vasculitis

Diabetes mellitus 20–40% Large racial and 

geographical differences

Unknown 5–20%

 Common causes of end-stage renal failure
1
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=

ã~íÉêá~äK= qÜáë= éêçÅÉëë= ÉîÉåíì~ääó= äÉ~Çë= íç= ÖäçãÉêìä~ê=
ëÅäÉêçëáëK==

qÜÉ=áåáíá~ä=ëíêìÅíìê~ä=äÉëáçå=áå=íÜÉ=ÖäçãÉêìäìë=áë=íÜáÅâÉåáåÖ=
çÑ= íÜÉ=Ä~ëÉãÉåí=ãÉãÄê~åÉK=^ëëçÅá~íÉÇ=ÅÜ~åÖÉë= êÉëìäí= áå=
Çáëêìéíáçå=çÑ=íÜÉ=éêçíÉáå=ÅêçëëJäáåâ~ÖÉë=íÜ~í=åçêã~ääó=ã~âÉ=
íÜÉ=ãÉãÄê~åÉ=~å=ÉÑÑÉÅíáîÉ=ÑáäíÉêK=få=ÅçåëÉèìÉåÅÉI=íÜÉêÉ=áë=~=
éêçÖêÉëëáîÉ= äÉ~â= çÑ= ä~êÖÉ= ãçäÉÅìäÉë= Eé~êíáÅìä~êäó= éêçíÉáåF=
áåíç=íÜÉ=ìêáåÉK==

Albuminuria  
qÜÉ= É~êäáÉëí= ÉîáÇÉåÅÉ= çÑ= íÜáë= áë= ÚãáÅêç~äÄìãáåìêá~Û= Ó=
~ãçìåíë=çÑ=ìêáå~êó=~äÄìãáå=ëç=ëã~ää=~ë=íç=ÄÉ=ìåÇÉíÉÅí~ÄäÉ=
Äó=ëí~åÇ~êÇ=ÇáéëíáÅâëK=jáÅêç~äÄìãáåìêá~=ã~ó=ÄÉ=íÉëíÉÇ=Ñçê=
ïáíÜ= ê~Çáç= áããìåç~ëë~ó= çê= ëéÉÅá~ä= ÇáéëíáÅâëK= fí= áë= ~=
éêÉÇáÅíáîÉ=ã~êâÉê=çÑ=éêçÖêÉëëáçå=íç=åÉéÜêçé~íÜó=áå=íóéÉ=N=
Çá~ÄÉíÉëI= ~åÇ= çÑ= áåÅêÉ~ëÉÇ= Å~êÇáçî~ëÅìä~ê= êáëâ= áå= íóéÉ= O=
Çá~ÄÉíÉëK==

jáÅêç~äÄìãáåìêá~= ã~óI= ~ÑíÉê= ëçãÉ= óÉ~êëI= éêçÖêÉëë= íç=
áåíÉêãáííÉåí= ~äÄìãáåìêá~= ÑçääçïÉÇ= Äó= éÉêëáëíÉåí=
éêçíÉáåìêá~K= iáÖÜíJãáÅêçëÅçéáÅ= ÅÜ~åÖÉë= çÑ=
ÖäçãÉêìäçëÅäÉêçëáë= ÄÉÅçãÉ= ã~åáÑÉëí;= ÄçíÜ= ÇáÑÑìëÉ= ~åÇ=
åçÇìä~ê= ÖäçãÉêìäçëÅäÉêçëáë= Å~å= çÅÅìêK= qÜÉ= ä~ííÉê= áë=
ëçãÉíáãÉë=âåçïå=~ë=íÜÉ=háããÉäëíáÉäÓtáäëçå=äÉëáçåK==

^í= íÜÉ= ä~íÉê= ëí~ÖÉ=çÑ=ÖäçãÉêìäçëÅäÉêçëáëI= íÜÉ=ÖäçãÉêìäìë= áë=
êÉéä~ÅÉÇ= Äó= Üó~äáåÉ= ã~íÉêá~äK= ^í= íÜÉ= ëí~ÖÉ= çÑ= éÉêëáëíÉåí=
éêçíÉáåìêá~I= íÜÉ= éä~ëã~= ÅêÉ~íáåáåÉ= áë= åçêã~ä= Äìí= íÜÉ=
~îÉê~ÖÉ= é~íáÉåí= áë= çåäó= ëçãÉ= RÓNM= óÉ~êë= Ñêçã= ÉåÇJëí~ÖÉ=
âáÇåÉó=ÇáëÉ~ëÉK=qÜÉ=éêçíÉáåìêá~=ã~ó=ÄÉÅçãÉ=ëç=ÜÉ~îó=~ë=íç=
áåÇìÅÉ= ~= íê~åëáÉåí= åÉéÜêçíáÅ= ëóåÇêçãÉI= ïáíÜ= éÉêáéÜÉê~ä=
çÉÇÉã~= ~åÇ= Üóéç~äÄìãáå~Éãá~K= m~íáÉåíë= ïáíÜ=
åÉéÜêçé~íÜó= íóéáÅ~ääó= ëÜçï=~=åçêãçÅÜêçãáÅ=åçêãçÅóíáÅ=
~å~Éãá~=~åÇ=~=ê~áëÉÇ=ÉêóíÜêçÅóíÉ=ëÉÇáãÉåí~íáçå=ê~íÉ=EbpRFK==

=
Figure1:	Nodular	diabetic	glomerulosclerosis.	There	is	thickening	of	
basement	membranes	and	mesangial	expansion,	and	a	Kimmelstiel–	
Wilson	nodule	(arrow),	which	is	pathognomonic	of	diabetic	kidney	
disease.	

eóéÉêíÉåëáçå= áë= ~= Åçããçå= ÇÉîÉäçéãÉåí= ~åÇ= ã~ó= áíëÉäÑ=
Ç~ã~ÖÉ=íÜÉ=âáÇåÉó=ëíáää=ÑìêíÜÉêK==

^=êáëÉ=áå=éä~ëã~=ÅêÉ~íáåáåÉ=áë=~=ä~íÉ=ÑÉ~íìêÉ=íÜ~í=éêçÖêÉëëÉë=
áåÉîáí~Ääó=íç=êÉå~ä=Ñ~áäìêÉI=~äíÜçìÖÜ=íÜÉ=ê~íÉ=çÑ=éêçÖêÉëëáçå=
ã~ó=î~êó=ïáÇÉäó=ÄÉíïÉÉå=áåÇáîáÇì~äëK=

=

qÜÉ= é~ííÉêå= çÑ= éêçÖêÉëëáçå= çÑ= êÉå~ä= ~Äåçêã~äáíáÉë= áå=
Çá~ÄÉíÉë=áë=ëÜçïå=ëÅÜÉã~íáÅ~ääó=ÄÉäçïN=Ó=

=
Figure:	Natural	history	of	diabetic	nephropathy.1	In	the	first	few	years	of	
type	1	diabetes	mellitus,	there	is	hyperfiltration,	which	declines	fairly	
steadily	to	return	to	a	normal	value	at	approximately	10	years	(blue	line).	
In	susceptible	patients	(about	30%),	after	about	10	years,	there	is	
sustained	proteinuria,	and	by	approximately	14	years	it	has	reached	the	
nephrotic	range	(red	line).	Renal	function	continues	to	decline,	with	the	
end	stage	being	reached	at	approximately	16	years.	

=

Figure:	Schematic	representation	of	the	natural	history	of	nephropathy.5	
The	typical	onset	is	15	years	after	diagnosis.	Intermittent	proteinuria	leads	
to	persistent	proteinuria.	In	time,	the	plasma	creatinine	rises	as	the	
glomerular	filtration	rate	falls.	

Ischaemic lesions  
^êíÉêáçä~ê= äÉëáçåëI= ïáíÜ= ÜóéÉêíêçéÜó= ~åÇ= Üó~äáåáò~íáçå= çÑ=
íÜÉ= îÉëëÉäëI= Å~å= çÅÅìê= áå= é~íáÉåíë= ïáíÜ= Çá~ÄÉíÉëK= qÜÉ=
~ééÉ~ê~åÅÉë= ~êÉ= ëáãáä~ê= íç= íÜçëÉ= çÑ= ÜóéÉêíÉåëáîÉ= ÇáëÉ~ëÉ=
~åÇ=äÉ~Ç=íç=áëÅÜ~ÉãáÅ=Ç~ã~ÖÉ=íç=íÜÉ=âáÇåÉóëK==

Infective lesions  
rêáå~êó= íê~Åí= áåÑÉÅíáçåë= ~êÉ= êÉä~íáîÉäó= ãçêÉ= Åçããçå= áå=
ïçãÉå=ïáíÜ=Çá~ÄÉíÉëI=Äìí=åçí=áå=ãÉåK=^ëÅÉåÇáåÖ=áåÑÉÅíáçå=
ã~ó= çÅÅìê= ÄÉÅ~ìëÉ= çÑ= Ää~ÇÇÉê= ëí~ëáë= êÉëìäíáåÖ= Ñêçã=
~ìíçåçãáÅ=åÉìêçé~íÜóI=~åÇ=áåÑÉÅíáçåë=ãçêÉ=É~ëáäó=ÄÉÅçãÉ=
Éëí~ÄäáëÜÉÇ= áå= Ç~ã~ÖÉÇ= êÉå~ä= íáëëìÉK= ^ìíçéëó= ã~íÉêá~ä=
ÑêÉèìÉåíäó= êÉîÉ~äë= áåíÉêëíáíá~ä= ÅÜ~åÖÉë= ëìÖÖÉëíáîÉ= çÑ=
áåÑÉÅíáçåI=Äìí=áëÅÜ~Éãá~=ã~ó=éêçÇìÅÉ=ëáãáä~ê=ÅÜ~åÖÉë=~åÇ=

Microalbuminuria
Sustained proteinuria

Nephrotic range proteinuria
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=

íÜÉ= íêìÉ= ÑêÉèìÉåÅó= çÑ= éóÉäçåÉéÜêáíáë= áå= Çá~ÄÉíÉë= áë=
ìåÅÉêí~áåK=råíêÉ~íÉÇ= áåÑÉÅíáçåë= áå= Çá~ÄÉíáÅë= Å~å= êÉëìäí= áå=
êÉå~ä=é~éáää~êó=åÉÅêçëáëI=áå=ïÜáÅÜ=êÉå~ä=é~éáää~É=~êÉ=ëÜÉÇ=áå=
íÜÉ=ìêáåÉI=Äìí=íÜáë=ÅçãéäáÅ~íáçå=áë=åçï=îÉêó=ê~êÉK=

 Diagnosis and screening 

=
jáÅêç~äÄìãáåìêá~= áë= íÜÉ= éêÉëÉåÅÉ= áå= íÜÉ= ìêáåÉ= çÑ= ëã~ää=
~ãçìåíë= çÑ= ~äÄìãáåI= ~í= ~= ÅçåÅÉåíê~íáçå= ÄÉäçï= íÜ~í=
ÇÉíÉÅí~ÄäÉ=ìëáåÖ=~=ëí~åÇ~êÇ=ìêáåÉ=ÇáéëíáÅâK==

=

lîÉêí= åÉéÜêçé~íÜó= áë= ÇÉÑáåÉÇ= ~ë= íÜÉ= éêÉëÉåÅÉ= çÑ=
ã~Åêç~äÄìãáåìêá~=E~äÄìãáå=íç=ÅêÉ~íáåáåÉ=ê~íáç=E^`RF=[=PMM=
ãÖLããçä;=ÇÉíÉÅí~ÄäÉ=çå=ìêáåÉ=ÇáéëíáÅâFK==

=

jáÅêç~äÄìãáåìêá~= áë= ~= ÖççÇ= éêÉÇáÅíçê= çÑ= éêçÖêÉëëáçå= íç=
åÉéÜêçé~íÜó=áå=íóéÉ=N=Çá~ÄÉíÉëK=fí=áë=~=äÉëë=êÉäá~ÄäÉ=éêÉÇáÅíçê=

çÑ= åÉéÜêçé~íÜó= áå= çäÇÉê= é~íáÉåíë=ïáíÜ= íóéÉ= O= Çá~ÄÉíÉëI= áå=
ïÜçã=áí=ã~ó=ÄÉ=~ÅÅçìåíÉÇ=Ñçê=Äó=çíÜÉê=ÇáëÉ~ëÉëI=~äíÜçìÖÜ=
áí= áë= ~= éçíÉåíá~ääó= ìëÉÑìä= ã~êâÉê= çÑ= ~å= áåÅêÉ~ëÉÇ= êáëâ= çÑ=
ã~Åêçî~ëÅìä~ê=ÇáëÉ~ëÉK==

=

Figure9:	Screening	for	microalbuminuria	flow	chart.	Non-diabetes-related	
conditions	that	might	increase	microalbuminuria	are	urinary	tract	
infection,	hematuria,	heart	failure,	febrile	illness,	severe	hyperglycemia,	
severe	hypertension,	and	vigorous	exercise.	

 Management1 

=
qÜÉ=ã~å~ÖÉãÉåí=çÑ=Çá~ÄÉíáÅ=åÉéÜêçé~íÜó=áë=ëáãáä~ê=íç=íÜ~í=
çÑ= çíÜÉê= Å~ìëÉë= çÑ= ÅÜêçåáÅ= âáÇåÉó= ÇáëÉ~ëÉI= ïáíÜ= íÜÉ=
ÑçääçïáåÖ=éêçîáëçëRW==

• ^ÖÖêÉëëáîÉ=íêÉ~íãÉåí=çÑ=ÄäççÇ=éêÉëëìêÉ=ïáíÜ=~=í~êÖÉí=
YNPMLUM=ããeÖ=Ü~ë=ÄÉÉå=ëÜçïå=íç=ëäçï=íÜÉ=ê~íÉ=çÑ=
ÇÉíÉêáçê~íáçå=çÑ=êÉå~ä=Ñ~áäìêÉ=ÅçåëáÇÉê~ÄäóK==

• lê~ä=ÜóéçÖäóÅ~ÉãáÅ=~ÖÉåíë=é~êíá~ääó=ÉñÅêÉíÉÇ=îá~=íÜÉ=
âáÇåÉó= EÉKÖK= ÖäáÄÉåÅä~ãáÇÉ= ~åÇ=ãÉíÑçêãáåF= ëÜçìäÇ=
ÄÉ=~îçáÇÉÇK==

• fåëìäáå= ëÉåëáíáîáíó= áåÅêÉ~ëÉë= ~åÇ= Çê~ëíáÅ= êÉÇìÅíáçåë=
áå=áåëìäáå=Ççë~ÖÉ=ã~ó=ÄÉ=åÉÉÇÉÇK==

• ^ëëçÅá~íÉÇ= Çá~ÄÉíáÅ= êÉíáåçé~íÜó= íÉåÇë= íç= éêçÖêÉëë=
ê~éáÇäóI= ~åÇ= ÑêÉèìÉåí= çéÜíÜ~äãáÅ= ëìéÉêîáëáçå= áë=
ÉëëÉåíá~äK=

qÜÉ= éêÉëÉåÅÉ= çÑ= Éëí~ÄäáëÜÉÇ= ãáÅêç~äÄìãáåìêá~= çê= çîÉêí=
åÉéÜêçé~íÜó=ëÜçìäÇ=éêçãéí=îáÖçêçìë=ÉÑÑçêíë=íç=êÉÇìÅÉ=íÜÉ=
êáëâ= çÑ= éêçÖêÉëëáçå= çÑ= åÉéÜêçé~íÜó= ~åÇ= çÑ= Å~êÇáçî~ëÅìä~ê=
ÇáëÉ~ëÉ=ÄóW==

NK ~ÖÖêÉëëáîÉ=êÉÇìÅíáçå=çÑ=ÄäççÇ=éêÉëëìêÉ==
OK ~ÖÖêÉëëáîÉ=Å~êÇáçî~ëÅìä~ê=êáëâ=Ñ~Åíçê=êÉÇìÅíáçåK==

 Blood pressure reduction 

• få=íóéÉ=N=Çá~ÄÉíÉëI=^`b=áåÜáÄáíçêë=Ü~îÉ=ÄÉÉå=ëÜçïå=
íç= éêçîáÇÉ= ÖêÉ~íÉê= éêçíÉÅíáçå= íÜ~å= Éèì~ä= ÄäççÇ=
éêÉëëìêÉ=êÉÇìÅíáçå=~ÅÜáÉîÉÇ=ïáíÜ=çíÜÉê=ÇêìÖëK=

ACR1 PCR2

Typical 
dipstick 
results3 Significance

< 3.5 (female)
< 2.5 (male)

– Normal

~3.5–15 – Microalbuminuria

~15–50 ~15–50 + to ++ Dipsticks positive; 
equivalent to 24-hr 
protein excretion  
< 0.5 g

50–200 > 250 ++ to +++ Glomerular disease 
more likely

> 200 > 300 +++ to ++++ Nephrotic range: 
always glomerular 
disease, equivalent 
to 24-hr protein 
excretion > 3 g

1Urinary albumin (mg/L)/urine creatinine (mmol/L). 2Urine protein (mg/L)/
urine creatinine (mmol/L). (If urine creatinine is measured in mg/dL, 
reference values for PCR and ACR can be derived by dividing by 11.31.) 
3Dipstick results are affected by urine concentration and are occasionally 
weakly positive on normal samples.

 Quantifying proteinuria in random 
urine samples 1

• Identifies incipient nephropathy in type 1 and type 2 
diabetes; is an independent predictor of macrovascular 
disease in type 2 diabetes

• Risk factors include high blood pressure, poor glycaemic 
control, smoking

• Who to screen:
Patients with type 1 diabetes annually from 5 yrs after 
diagnosis
Patients with type 2 diabetes annually from time of 
diagnosis

• Early morning urine measured for albumin : creatinine ratio 
(ACR). Microalbuminuria present if:
Males ACR 2.5–30 mg/mmol creatinine
Females ACR 3.5–30 mg/mmol creatinine

• An elevated ACR should be followed by a repeat test:
Established microalbuminuria if 2 out of 3 tests positive
An ACR > 30 mg/mmol creatinine is consistent with overt 
nephropathy

 Screening for microalbuminuria1

Annually

Exclude conditions that
  transiently increase
  albumin excretion

Repeat microalbuminuria
  test within 3–6 month
  period

–

+

Begin treatment
YesNo

Test for microalbuminuria
  (spot collection)

Two of three
  microalbuminuria tests
  positive
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• få= íóéÉ=O=Çá~ÄÉíÉëI= ëìÄëÉèìÉåí=ëíìÇáÉë=Ü~îÉ=ëÜçïå=
ëáãáä~ê= ÄÉåÉÑáíë= Ñêçã= ~åÖáçíÉåëáå= ff= êÉÅÉéíçê=
ÄäçÅâÉêë=E^R_ëFK=

^å=^`b= áåÜáÄáíçê= çê= ~åÖáçíÉåëáå= ff= êÉÅÉéíçê= ~åí~Öçåáëí= áë=
íÜÉ= ÇêìÖ= çÑ= ÅÜçáÅÉK= qÜÉëÉ= ÇêìÖë= ëÜçìäÇ= ~äëç= ÄÉ= ìëÉÇ= áå=
åçêãçíÉåëáîÉ=é~íáÉåíë=ïáíÜ=éÉêëáëíÉåí=ãáÅêç~äÄìãáåìêá~K=
RÉÇìÅíáçå=áå=~äÄìãáåìêá~=çÅÅìêë=ïáíÜ=íÜáë=íêÉ~íãÉåíKR=

Blockade of the renin– angiotensin system  
qÜáë= ÄÉåÉÑáí= Ñêçã= ÄäçÅâ~ÇÉ= çÑ= íÜÉ= êÉåáåÓ= ~åÖáçíÉåëáå=
ëóëíÉã= ~êáëÉë= Ñêçã= ~= êÉÇìÅíáçå= áå= íÜÉ= ~åÖáçíÉåëáå= ffJ
ãÉÇá~íÉÇ= î~ëçÅçåëíêáÅíáçå= çÑ= ÉÑÑÉêÉåí= ~êíÉêáçäÉë= áå=
ÖäçãÉêìäáK==

=

Figure:	Schematic	cross-section	of	a	glomerulus	showing	site	of	
angiotensin	II-mediated	vasoconstriction	of	efferent	arterioles.1	

=

qÜÉ= êÉëìäíáåÖ= Çáä~í~íáçå= çÑ= íÜÉëÉ= îÉëëÉäë= ÇÉÅêÉ~ëÉë=
ÖäçãÉêìäá= Ñáäíê~íáçå= éêÉëëìêÉ= ~åÇ= íÜÉêÉÑçêÉ= íÜÉ=
ÜóéÉêÑáäíê~íáçå=~åÇ=éêçíÉáå=äÉ~âK==

Risks 
_çíÜ= ^`b= áåÜáÄáíçêë= ~åÇ= ^R_ë= áåÅêÉ~ëÉ= êáëâ= çÑ=
ÜóéÉêâ~ä~Éãá~=~åÇI=áå=íÜÉ=éêÉëÉåÅÉ=çÑ=êÉå~ä=~êíÉêó=ëíÉåçëáëI=
ã~ó= áåÇìÅÉ= ã~êâÉÇ= ÇÉíÉêáçê~íáçå= áå= êÉå~ä= ÑìåÅíáçåK=
qÜÉêÉÑçêÉI= ÉäÉÅíêçäóíÉë= ~åÇ= êÉå~ä= ÑìåÅíáçå= ëÜçìäÇ= ÄÉ=
ÅÜÉÅâÉÇ=~ÑíÉê=áåáíá~íáçå=çê=É~ÅÜ=ÇçëÉ=áåÅêÉ~ëÉK==

Alternative 
kçåJÇáÜóÇêçéóêáÇáåÉ= Å~äÅáìã= ~åí~Öçåáëíë= EÇáäíá~òÉãI=
îÉê~é~ãáäF=ã~ó=ÄÉ=ëìáí~ÄäÉ=~äíÉêå~íáîÉëK==
e~äîáåÖ= íÜÉ= ~ãçìåí= çÑ= ~äÄìãáåìêá~=ïáíÜ= ~å= ^`b= çê= ^R_=
êÉëìäíë= áå= ~= åÉ~êäó= RMB= êÉÇìÅíáçå= áå= äçåÖJíÉêã= êáëâ= çÑ=
éêçÖêÉëëáçå= íç= ÉåÇJëí~ÖÉ= êÉå~ä= ÇáëÉ~ëÉK= eçïÉîÉêI= ëçãÉ=
é~íáÉåíë=Çç=éêçÖêÉëëI=ïáíÜ=ïçêëÉåáåÖ=êÉå~ä=ÑìåÅíáçåK=RÉå~ä=
êÉéä~ÅÉãÉåí= íÜÉê~éó=ã~ó= ÄÉåÉÑáí= Çá~ÄÉíáÅ= é~íáÉåíë= ~í= ~å=
É~êäáÉê= ëí~ÖÉ= íÜ~å= çíÜÉê= é~íáÉåíë= ïáíÜ= ÉåÇJëí~ÖÉ= êÉå~ä=
Ñ~áäìêÉK==

 Renal replacement therapy 

RÉå~ä= íê~åëéä~åí~íáçå= Çê~ã~íáÅ~ääó= áãéêçîÉë= íÜÉ= äáÑÉ= çÑ=
ã~åóI=~åÇ=~åó=êÉÅìêêÉåÅÉ=çÑ=Çá~ÄÉíáÅ=åÉéÜêçé~íÜó=áå=íÜÉ=
~ääçÖê~Ñí= áë= ìëì~ääó= íçç= ëäçï= íç= ÄÉ= ~= ëÉêáçìë= éêçÄäÉãI= Äìí=
~ëëçÅá~íÉÇ= ã~Åêçî~ëÅìä~ê= ~åÇ= ãáÅêçî~ëÅìä~ê= ÇáëÉ~ëÉ=
ÉäëÉïÜÉêÉ=ã~ó=ëíáää=éêçÖêÉëëK==

 Pancreatic transplantation 

m~åÅêÉ~íáÅ= íê~åëéä~åí~íáçå= EÖÉåÉê~ääó= Å~êêáÉÇ= çìí= ~í= íÜÉ=
ë~ãÉ= íáãÉ= ~ë= êÉå~ä= íê~åëéä~åí~íáçåF= Å~å= éêçÇìÅÉ= áåëìäáå=
áåÇÉéÉåÇÉåÅÉ=~åÇ=ÇÉä~ó=çê=êÉîÉêëÉ=ãáÅêçî~ëÅìä~ê=ÇáëÉ~ëÉI=
Äìí= íÜÉ= ëìééäó= çÑ= çêÖ~åë= áë= äáãáíÉÇ= ~åÇ= íÜáë= çéíáçå= áë=
~î~áä~ÄäÉ=íç=ÑÉïK==

=
Figure:	Plot	of	the	reciprocal	of	serum	creatinine	concentration	against	time	in	a	patient	with	type	1	diabetes	mellitus.	After	approximately	6	years	of	
monitoring	(blue	arrow),	he	entered	an	aggressive	treatment	programme	aimed	at	optimising	blood	pressure	(BP)	and	glycaemic	control.	The	reduction	in	
blood	pressure	was	accompanied	by	a	fall	in	proteinuria	(protein	:	creatinine	ratio,	PCR;	mg/mmol)	and	a	stabilisation	in	renal	function.1

=
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25 Diabetic  
neuropathy 
=

=

aá~ÄÉíáÅ=åÉìêçé~íÜó=Å~ìëÉë= ëìÄëí~åíá~ä=ãçêÄáÇáíó=~åÇ= áåÅêÉ~ëÉë=ãçêí~äáíóK=aÉéÉåÇáåÖ=çå= íÜÉ=ÅêáíÉêá~=ìëÉÇ= Ñçê=Çá~ÖåçëáëI= áí=
~ÑÑÉÅíë= ÄÉíïÉÉå= RM= ~åÇ= VMB=çÑ= é~íáÉåíë=ïáíÜ=Çá~ÄÉíÉëI= ~åÇ=çÑ= íÜÉëÉI= NRÓPMB=ïáää= Ü~îÉ=é~áåÑìä= Çá~ÄÉíáÅ=åÉìêçé~íÜó= EmakFKN=
aá~ÄÉíáÅ=åÉìêçé~íÜó=ã~ó=ã~åáÑÉëí=~ë=éçäóåÉìêçé~íÜóI=ãçåçåÉìêçé~íÜóI=~åÇLçê=~ìíçåçãáÅ=åÉìêçé~íÜóKV==

^ë=ïáíÜ=çíÜÉê= ÅçãéäáÅ~íáçåë=çÑ=ajI= íÜÉ=ÇÉîÉäçéãÉåí=çÑ=åÉìêçé~íÜó= ÅçêêÉä~íÉë=ïáíÜ= íÜÉ=Çìê~íáçå=çÑ=Çá~ÄÉíÉë= ~åÇ=ÖäóÅÉãáÅ=
ÅçåíêçäK=^ÇÇáíáçå~ä=êáëâ=Ñ~Åíçêë=~êÉ=ÄçÇó=ã~ëë=áåÇÉñ=E_jfF=EíÜÉ=ÖêÉ~íÉê=íÜÉ=_jfI=íÜÉ=ÖêÉ~íÉê=íÜÉ=êáëâ=çÑ=åÉìêçé~íÜóF=~åÇ=ëãçâáåÖK=
qÜÉ=éêÉëÉåÅÉ=çÑ=`saI=ÉäÉî~íÉÇ=íêáÖäóÅÉêáÇÉëI=~åÇ=ÜóéÉêíÉåëáçå=áë=~äëç=~ëëçÅá~íÉÇ=ïáíÜ=Çá~ÄÉíáÅ=éÉêáéÜÉê~ä=åÉìêçé~íÜóKV==

_çíÜ=ãóÉäáå~íÉÇ=~åÇ=ìåãóÉäáå~íÉÇ=åÉêîÉ=ÑáÄÉêë=~êÉ=äçëíK=_ÉÅ~ìëÉ=íÜÉ=ÅäáåáÅ~ä=ÑÉ~íìêÉë=çÑ=Çá~ÄÉíáÅ=åÉìêçé~íÜó=~êÉ=ëáãáä~ê=íç=íÜçëÉ=
çÑ=çíÜÉê=åÉìêçé~íÜáÉëI=íÜÉ=Çá~Öåçëáë=çÑ=Çá~ÄÉíáÅ=åÉìêçé~íÜó=ëÜçìäÇ=ÄÉ=ã~ÇÉ=çåäó=~ÑíÉê=çíÜÉê=éçëëáÄäÉ=ÉíáçäçÖáÉë=~êÉ=ÉñÅäìÇÉÇKV=

^äíÜçìÖÜ=íÜÉêÉ=áë=ëçãÉ=ÉîáÇÉåÅÉ=íÜ~í=íÜÉ=ÅÉåíê~ä=åÉêîçìë=ëóëíÉã=áë=~ÑÑÉÅíÉÇ=áå=äçåÖJíÉêã=Çá~ÄÉíÉëI=íÜÉ=ÅäáåáÅ~ä=áãé~Åí=çÑ=Çá~ÄÉíÉë=
áë=ã~áåäó=ã~åáÑÉëí=áå=íÜÉ=éÉêáéÜÉê~ä=åÉêîçìë=ëóëíÉãKN==

m~íÜçäçÖáÅ~ä= ÑÉ~íìêÉë= Å~å= çÅÅìê= áå= ~åó= éÉêáéÜÉê~ä= åÉêîÉëK= qÜÉó= áåÅäìÇÉ= ~ñçå~ä= ÇÉÖÉåÉê~íáçå= çÑ= ÄçíÜ= ãóÉäáå~íÉÇ= ~åÇ=
ìåãóÉäáå~íÉÇ= ÑáÄêÉëI= ïáíÜ= íÜáÅâÉåáåÖ= çÑ= íÜÉ= pÅÜï~åå= ÅÉää= Ä~ë~ä= ä~ãáå~I= é~íÅÜó= ëÉÖãÉåí~ä= ÇÉãóÉäáå~íáçåI= ~åÇ= ~Äåçêã~ä=
áåíê~åÉìê~ä=Å~éáää~êáÉë=EïáíÜ=Ä~ëÉãÉåí=ãÉãÄê~åÉ=íÜáÅâÉåáåÖ=~åÇ=ãáÅêçíÜêçãÄáFKN=qÜÉ=É~êäáÉëí=ÑìåÅíáçå~ä=ÅÜ~åÖÉ=áå=Çá~ÄÉíáÅ=
åÉêîÉë=áë=ÇÉä~óÉÇ=åÉêîÉ=ÅçåÇìÅíáçå=îÉäçÅáíó;=íÜÉ=É~êäáÉëí=ÜáëíçäçÖáÅ~ä=ÅÜ~åÖÉ=áë=ëÉÖãÉåí~ä=ÇÉãóÉäáå~íáçåI=Å~ìëÉÇ=Äó=Ç~ã~ÖÉ=íç=
pÅÜï~åå=ÅÉääëK= få= íÜÉ=É~êäó= ëí~ÖÉëI= ~ñçåë=~êÉ=éêÉëÉêîÉÇI= áãéäóáåÖ=éêçëéÉÅíë=çÑ= êÉÅçîÉêó;= ~í= ~= ä~íÉê= ëí~ÖÉI= áêêÉîÉêëáÄäÉ= ~ñçå~ä=
ÇÉÖÉåÉê~íáçå=ÇÉîÉäçéëKR=

=

=

 Classifications 
=
s~êáçìë= Åä~ëëáÑáÅ~íáçåë= çÑ= Çá~ÄÉíáÅ= åÉìêçé~íÜó= Ü~îÉ= ÄÉÉå=
éêçéçëÉÇK=låÉ=Åä~ëëáÑáÅ~íáçå=áëR=Ó=

• ëóããÉíêáÅ~äI= ã~áåäó= ëÉåëçêó= éçäóåÉìêçé~íÜó=
EÇáëí~äF==

• ~ÅìíÉ=é~áåÑìä=åÉìêçé~íÜó==
• ãçåçåÉìêçé~íÜó=~åÇ=ãçåçåÉìêáíáë=ãìäíáéäÉñ==

o Åê~åá~ä=åÉêîÉ=äÉëáçåë==
o áëçä~íÉÇ=éÉêáéÜÉê~ä=åÉêîÉ=äÉëáçåë==

• Çá~ÄÉíáÅ= ~ãóçíêçéÜó= E~ëóããÉíêáÅ~ä= ãçíçê=
Çá~ÄÉíáÅ=åÉìêçé~íÜóF=

• ~ìíçåçãáÅ=åÉìêçé~íÜóK=
=
=
=
=

^åçíÜÉê= Åä~ëëáÑáÅ~íáçå= áë= ëÜçïå= áå=_çñ= ÄÉäçïI= Äìí=ãçíçêI=
ëÉåëçêó=~åÇ=~ìíçåçãáÅ=åÉêîÉë=ã~ó=ÄÉ=áåîçäîÉÇ=áå=î~êóáåÖ=
ÅçãÄáå~íáçåë= ëç= íÜ~í= ÅäáåáÅ~ääó=ãáñÉÇ= ëóåÇêçãÉë= ìëì~ääó=
çÅÅìêKN==

=

Visceral (autonomic)

• Cardiovascular
• Gastrointestinal
• Genitourinary

• Sudomotor
• Vasomotor
• Pupillary

Somatic

• Polyneuropathy
Symmetrical, mainly sensory and distal
Asymmetrical, mainly motor and proximal (including 
amyotrophy)

• Mononeuropathy (including mononeuritis multiplex)

 Classification of diabetic neuropathy1
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=
Figure:	The	neuropathic	man.5	

 

 
Symmetrical sensory 
polyneuropathy1 

qÜáë= áë= ÑêÉèìÉåíäó= ~ëóãéíçã~íáÅK= qÜÉ= ãçëí= Åçããçå=
ÅäáåáÅ~ä= ëáÖåë= ~êÉ= ÇáãáåáëÜÉÇ= éÉêÅÉéíáçå= çÑ= îáÄê~íáçå=
ëÉåë~íáçå= Çáëí~ääóI= ÚÖäçîÉ= ~åÇ= ëíçÅâáåÖÛ= áãé~áêãÉåí= çÑ= ~ää=
çíÜÉê=ãçÇ~äáíáÉë=çÑ=ëÉåë~íáçåI=~åÇ=äçëë=çÑ=íÉåÇçå=êÉÑäÉñÉë=áå=
íÜÉ=äçïÉê=äáãÄëK==

få=ëóãéíçã~íáÅ=é~íáÉåíëI=ëÉåëçêó=~Äåçêã~äáíáÉë=~êÉ=
éêÉÇçãáå~åíK=póãéíçãë=áåÅäìÇÉ==

NK é~ê~ÉëíÜÉëá~É=áå=íÜÉ=ÑÉÉí=E~åÇI=ê~êÉäóI=áå=íÜÉ=Ü~åÇëFI==
OK é~áå= áå= íÜÉ= äçïÉê= äáãÄë= EÇìääI= ~ÅÜáåÖ= ~åÇLçê=

ä~åÅáå~íáåÖI=ïçêëÉ=~í=åáÖÜíI=~åÇ=ã~áåäó=ÑÉäí=çå=íÜÉ=
~åíÉêáçê=~ëéÉÅí=çÑ=íÜÉ=äÉÖëFI==

PK ÄìêåáåÖ=ëÉåë~íáçåë=áå=íÜÉ=ëçäÉë=çÑ=íÜÉ=ÑÉÉíI==
QK Åìí~åÉçìë= ÜóéÉê~ÉëíÜÉëá~= ~åÇ= ~å= ~Äåçêã~ä= Ö~áí=

EÅçããçåäó=ïáÇÉJÄ~ëÉÇFI==
RK çÑíÉå=~ëëçÅá~íÉÇ=ïáíÜ=~=ëÉåëÉ=çÑ=åìãÄåÉëë= áå=íÜÉ=

ÑÉÉíK==

tÉ~âåÉëë= ~åÇ= ~íêçéÜóI= áå= é~êíáÅìä~ê= çÑ= íÜÉ= áåíÉêçëëÉçìë=
ãìëÅäÉëI=ã~ó=ÇÉîÉäçéI=äÉ~ÇáåÖ=íç=ëíêìÅíìê~ä=ÅÜ~åÖÉë=áå=íÜÉ=
Ñççí=ïáíÜ==

NK äçëë=çÑ=ä~íÉê~ä=~åÇ=íê~åëîÉêëÉ=~êÅÜÉëI==
OK Åä~ïáåÖ=çÑ=íÜÉ=íçÉë=~åÇ=ÉñéçëìêÉ=çÑ=íÜÉ=ãÉí~í~êë~ä=

ÜÉ~ÇëK= qÜáë= êÉëìäíë= áå= áåÅêÉ~ëÉÇ= éêÉëëìêÉ= çå= íÜÉ=
éä~åí~ê= ~ëéÉÅíë= çÑ= íÜÉ=ãÉí~í~êë~ä= ÜÉ~ÇëI=ïáíÜ= íÜÉ=
ÇÉîÉäçéãÉåí= çÑ= Å~ääìë= ëâáå= ~í= íÜÉëÉ= ~åÇ= çíÜÉê=
éêÉëëìêÉ=éçáåíëK==

Electrophysiological tests	
bäÉÅíêçéÜóëáçäçÖáÅ~ä= íÉëíë= ÇÉãçåëíê~íÉ= ëäçïáåÖ= çÑ= ÄçíÜ=
ãçíçê= ~åÇ= ëÉåëçêó= ÅçåÇìÅíáçåI= ~åÇ= íÉëíë= çÑ= îáÄê~íáçå=
ëÉåëáíáîáíó=~åÇ=íÜÉêã~ä=íÜêÉëÜçäÇë=~êÉ=~Äåçêã~äK==

 

 

A diffuse small-fibre neuropathy  
^=ÇáÑÑìëÉ=ëã~ääJÑáÄêÉ=åÉìêçé~íÜó=Å~ìëÉë=~äíÉêÉÇ=éÉêÅÉéíáçå=
çÑ= é~áå= ~åÇ= íÉãéÉê~íìêÉI= ~åÇ= áë= ~ëëçÅá~íÉÇ= ïáíÜ=
ëóãéíçã~íáÅ= ~ìíçåçãáÅ= åÉìêçé~íÜó;= ÅÜ~ê~ÅíÉêáëíáÅ=
ÑÉ~íìêÉë=áåÅäìÇÉ=Ñççí=ìäÅÉêë=~åÇ=`Ü~êÅçí=åÉìêç~êíÜêçé~íÜóK==

=

	
	
	
	
	
	
Figure:	Charcot	foot1	

 

 

 
Asymmetrical motor diabetic 
neuropathy1 

fí=áë=ëçãÉíáãÉë=Å~ääÉÇ=Çá~ÄÉíáÅ=~ãóçíêçéÜóK=

Presentation 
• qÜáë= éêÉëÉåíë= ~ë= ëÉîÉêÉ= ~åÇ= éêçÖêÉëëáîÉ= ïÉ~âåÉëë=

~åÇ= ï~ëíáåÖ= çÑ= íÜÉ= éêçñáã~ä= ãìëÅäÉë= çÑ= íÜÉ= äçïÉê=
E~åÇ=çÅÅ~ëáçå~ääó=íÜÉ=ìééÉêF=äáãÄëK==

• fí=áë=Åçããçåäó=~ÅÅçãé~åáÉÇ=Äó=ëÉîÉêÉ=é~áåI=ã~áåäó=
ÑÉäí=çå=íÜÉ=~åíÉêáçê=~ëéÉÅí=
çÑ= íÜÉ= äÉÖI= ~åÇ=
ÜóéÉê~ÉëíÜÉëá~= ~åÇ=
é~ê~ÉëíÜÉëá~ÉK==

• pçãÉíáãÉë= íÜÉêÉ= ã~ó=
~äëç= ÄÉ= ã~êâÉÇ= äçëë= çÑ=
ïÉáÖÜí= EÚåÉìêçé~íÜáÅ=
Å~ÅÜÉñá~ÛFK==

• qÜÉ= é~íáÉåí= ã~ó= äççâ=
ÉñíêÉãÉäó= áää= ~åÇ= ÄÉ=
ìå~ÄäÉ=íç=ÖÉí=çìí=çÑ=ÄÉÇK==

• qÉåÇçå= êÉÑäÉñÉë= ã~ó= ÄÉ=
~ÄëÉåí= çå= íÜÉ= ~ÑÑÉÅíÉÇ=
ëáÇÉEëFK==

• pçãÉíáãÉë= íÜÉêÉ= ~êÉ=
ÉñíÉåëçê= éä~åí~ê=
êÉëéçåëÉë= ~åÇ= íÜÉ=
ÅÉêÉÄêçëéáå~ä= ÑäìáÇ=
éêçíÉáå=áë=çÑíÉå=ê~áëÉÇK==

Pathogenesis 
qÜáë=ÅçåÇáíáçå=áë=íÜçìÖÜí=íç=áåîçäîÉ=~ÅìíÉ=áåÑ~êÅíáçå=çÑ=íÜÉ=
äçïÉê=ãçíçê=åÉìêçåë=çÑ=íÜÉ=äìãÄçë~Åê~ä=éäÉñìëK==

líÜÉê=äÉëáçåë=áåîçäîáåÖ=íÜáë=éäÉñìëI=ëìÅÜ=~ë=åÉçéä~ëãë=~åÇ=
äìãÄ~ê=ÇáëÅ=ÇáëÉ~ëÉI=ãìëí=ÄÉ=ÉñÅäìÇÉÇK==

Prognosis 
^äíÜçìÖÜ=êÉÅçîÉêó=ìëì~ääó=çÅÅìêë=ïáíÜáå=NO=ãçåíÜëI=ëçãÉ=
ÇÉÑáÅáíë=~êÉ=éÉêã~åÉåíK==

Management 
j~å~ÖÉãÉåí=áë=ã~áåäó=ëìééçêíáîÉK==

Somatic neuropathy

Ocular palsies

Carpal tunnel syndrome

Small muscle wasting

Amyotrophy

Painful neuropathy

Neuropathic foot

Autonomic neuropathy

Gustatory sweating

Cardiac denervation

Postural hypotension

Gastroparesis

Diarrhoea

Atonic bladder
Erectile dysfunction

Arteriovenous shunting

Glove and
stocking

neuropathy
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 Mononeuropathy1 

báíÜÉê=ãçíçê=çê=ëÉåëçêó=ÑìåÅíáçå=Å~å=ÄÉ=~ÑÑÉÅíÉÇ=ïáíÜáå=~=
ëáåÖäÉ=éÉêáéÜÉê~ä=çê=Åê~åá~ä=åÉêîÉK==

Presentation 
• råäáâÉ=íÜÉ=Öê~Çì~ä=éêçÖêÉëëáçå=çÑ=Çáëí~ä=ëóããÉíêáÅ~ä=

~åÇ= ~ìíçåçãáÅ= åÉìêç= é~íÜáÉëI= ãçåçåÉìêçé~íÜáÉë=
~êÉ= ëÉîÉêÉ= ~åÇ= çÑ= ê~éáÇ= çåëÉíI= Äìí= íÜÉó= ÉîÉåíì~ääó=
êÉÅçîÉêK==

• qÜÉ=åÉêîÉë=ãçëí=Åçããçåäó=~ÑÑÉÅíÉÇ=~êÉ=íÜÉ=PêÇ=~åÇ=
SíÜ= Åê~åá~ä= åÉêîÉë= EêÉëìäíáåÖ= áå= Çáéäçéá~FI= ~åÇ= íÜÉ=
ÑÉãçê~ä=~åÇ=ëÅá~íáÅ=åÉêîÉëK==

• R~êÉäóI=áåîçäîÉãÉåí=çÑ=çíÜÉê=ëáåÖäÉ=åÉêîÉë=êÉëìäíë=áå=
é~êÉëáë= ~åÇ= é~ê~ÉëíÜÉëá~É= áå= íÜÉ= íÜçê~ñ= ~åÇ= íêìåâ=
EíêìåÅ~ä=ê~ÇáÅìäçé~íÜáÉëFK==

• kÉêîÉ= ÅçãéêÉëëáçå= é~äëáÉë= ~êÉ= ãçêÉ= Åçããçå= áå=
Çá~ÄÉíÉëI= ÑêÉèìÉåíäó= ~ÑÑÉÅíáåÖ= íÜÉ= ãÉÇá~å= åÉêîÉI=
ÖáîáåÖ=íÜÉ=ÅäáåáÅ~ä=éáÅíìêÉ=çÑ=Å~êé~ä=íìååÉä=ëóåÇêçãÉI=
~åÇ=äÉëë=Åçããçåäó=íÜÉ=ìäå~ê=åÉêîÉK==

• i~íÉê~ä= éçéäáíÉ~ä= åÉêîÉ= ÅçãéêÉëëáçå= çÅÅ~ëáçå~ääó=
Å~ìëÉë=Ñççí=ÇêçéK==

• `çãéêÉëëáçå=é~äëáÉë=ã~ó=ÄÉ=ãçêÉ=Åçããçå=ÄÉÅ~ìëÉ=
çÑ=ÖäóÅçëóä~íáçå=~åÇ=íÜáÅâÉåáåÖ=çÑ=ÅçååÉÅíáîÉ=íáëëìÉ=
~åÇLçê=ÄÉÅ~ìëÉ=çÑ=áåÅêÉ~ëÉÇ=ëìëÅÉéíáÄáäáíó=çÑ=åÉêîÉë=
~ÑÑÉÅíÉÇ=Äó=Çá~ÄÉíáÅ=ãáÅêç~åÖáçé~íÜóK==

 Autonomic neuropathy1 

qÜáë= áë=åçí=åÉÅÉëë~êáäó=~ëëçÅá~íÉÇ=ïáíÜ=éÉêáéÜÉê~ä=ëçã~íáÅ=
åÉìêçé~íÜóK= m~ê~ëóãé~íÜÉíáÅ= çê= ëóãé~íÜÉíáÅ= åÉêîÉë=ã~ó=
ÄÉ=éêÉÇçãáå~åíäó=~ÑÑÉÅíÉÇ=áå=çåÉ=çê=ãçêÉ=îáëÅÉê~ä=ëóëíÉãëK=
qÜÉ=êÉëìäíáåÖ=ëóãéíçãë=~åÇ=ëáÖåë=~êÉ=äáëíÉÇ=áå=_çñ=ÄÉäçï=Ó=

=

Tests of autonomic function 

=

Pathogenesis 
qÜÉ=ÇÉîÉäçéãÉåí=çÑ=~ìíçåçãáÅ=åÉìêçé~íÜó= áë= äÉëë=ÅäÉ~êäó=
êÉä~íÉÇ=íç=éççê=ãÉí~ÄçäáÅ=Åçåíêçä=íÜ~å=ëçã~íáÅ=åÉìêçé~íÜóI=
~åÇ= áãéêçîÉÇ= Åçåíêçä= ê~êÉäó= êÉëìäíë= áå= áãéêçîÉÇ=
ëóãéíçãëK==

Progression 
• táíÜáå= NM= óÉ~êë= çÑ= ÇÉîÉäçéáåÖ= çîÉêí= ëóãéíçãë= çÑ=

~ìíçåçãáÅ=åÉìêçé~íÜóI=PMÓRMB=çÑ=é~íáÉåíë=~êÉ=ÇÉ~ÇI=
ã~åó=Ñêçã=ëìÇÇÉå=Å~êÇáçêÉëéáê~íçêó=~êêÉëíK==

• m~íáÉåíë= ïáíÜ= éçëíìê~ä= ÜóéçíÉåëáçå= E~= Çêçé= áå=
ëóëíçäáÅ=éêÉëëìêÉ=çÑ=PM=ããeÖ=çê=ãçêÉ=çå=ëí~åÇáåÖ=
Ñêçã= íÜÉ= ëìéáåÉ= éçëáíáçåF= Ü~îÉ= íÜÉ= ÜáÖÜÉëí=
ëìÄëÉèìÉåí=ãçêí~äáíóK==

The cardiovascular system5 

s~Ö~ä=åÉìêçé~íÜó=êÉëìäíë=áå=í~ÅÜóÅ~êÇá~=~í=êÉëí=~åÇ=äçëë=çÑ=
ëáåìë= ~êêÜóíÜãá~K=^í= ~= ä~íÉê= ëí~ÖÉI= íÜÉ=ÜÉ~êí=ã~ó=ÄÉÅçãÉ=
ÇÉåÉêî~íÉÇ= EêÉëÉãÄäáåÖ= ~= íê~åëéä~åíÉÇ= ÜÉ~êíFK=
`~êÇáçî~ëÅìä~ê= êÉÑäÉñÉëI= ëìÅÜ= ~ë= íÜÉ= s~äë~äî~=ã~åçÉìîêÉI=
~êÉ=áãé~áêÉÇK=mçëíìê~ä=ÜóéçíÉåëáçå=çÅÅìêë=çïáåÖ=íç=äçëë=çÑ=
ëóãé~íÜÉíáÅ=íçåÉ=íç=éÉêáéÜÉê~ä=~êíÉêáçäÉëK=^=ï~êã=Ñççí=ïáíÜ=
~= ÄçìåÇáåÖ= éìäëÉ= áë= çÑíÉå= ëÉÉå= áå= ~= éçäóåÉìêçé~íÜó= ~ë= ~=
êÉëìäí=çÑ=éÉêáéÜÉê~ä=î~ëçÇáä~í~íáçåK==

The gastrointestinal tract5  
s~Ö~ä= Ç~ã~ÖÉ= Å~å= äÉ~Ç= íç= Ö~ëíêçé~êÉëáëI= çÑíÉå=
~ëóãéíçã~íáÅ= Äìí= ëçãÉíáãÉë= äÉ~ÇáåÖ= íç= áåíê~Åí~ÄäÉ=
îçãáíáåÖK= fãéä~åí~ÄäÉ= ÇÉîáÅÉë= íÜ~í= ëíáãìä~íÉ= Ö~ëíêáÅ=
ÉãéíóáåÖI= ~åÇ= áåàÉÅíáçåë= çÑ= Äçíìäáåìã= íçñáå= áåíç= íÜÉ=

Cardiovascular

• Postural hypotension
• Resting tachycardia

• Fixed heart rate

Gastrointestinal

• Dysphagia, due to oesophageal atony
• Abdominal fullness, nausea and vomiting, unstable 

glycaemia, due to delayed gastric emptying (‘gastroparesis’)
• Nocturnal diarrhoea ± faecal incontinence
• Constipation, due to colonic atony

Genitourinary

• Difficulty in micturition, urinary incontinence, recurrent 
infection, due to atonic bladder

• Erectile dysfunction and retrograde ejaculation

Sudomotor

• Nocturnal sweats without 
hypoglycaemia

• Gustatory sweating

• Anhidrosis; fissures in the 
feet

Vasomotor

• Feet feel cold, due to loss of skin vasomotor responses
• Dependent oedema, due to loss of vasomotor tone and 

increased vascular permeability
• Bullous formation

Pupillary

• Decreased pupil size
• Resistance to mydriatics

• Delayed or absent reflexes 
to light

 Clinical features of autonomic neuropathy1

Simple reflex tests

Normal Borderline Abnormal

Heart rate responses

To Valsalva manœuvre 

(15 secs)
1
: ratio of 

longest to shortest 

R–R interval

≥ 1.21 ≤ 1.20

To deep breathing  

(6 breaths over 1 min): 

maximum–minimum 

heart rate

≥ 15 11–14 ≤ 10

To standing after lying: 

ratio of R–R interval of 

30th to 15th beats

≥ 1.04 1.01–1.03 ≤ 1.00

Blood pressure response
2

To standing: systolic 

BP fall (mmHg)

≤ 10 11–29 ≥ 30

 How to test cardiovascular autonomic 

function

Specialised tests

• Heart rate and blood pressure responses to sustained 

handgrip

• Heart rate variability using power spectral analysis of ECG 

monitoring

• Heart rate and blood pressure variability using time–domain 

analysis of ambulatory monitoring

• MIBG (met-iodobenzylguanidine) scan of the heart

2
Avoid arm with arteriovenous fistula in dialysed patients.

1
Omit in patients with previous laser therapy for proliferative retinopathy.

1
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éóäçêìë=Eíç=é~ê~äóëÉ=íÜÉ=ëéÜáåÅíÉê=é~êíäóFI=Ü~îÉ=É~ÅÜ=ëÜçïå=
ÄÉåÉÑáí= áå= Å~ëÉë= çÑ= íÜáë= éêÉîáçìëäó= áåíê~Åí~ÄäÉ= éêçÄäÉãK=
^ìíçåçãáÅ= Çá~êêÜçÉ~= ÅÜ~ê~ÅíÉêáëíáÅ~ääó= çÅÅìêë= ~í= åáÖÜíI=
~ÅÅçãé~åáÉÇ=Äó=ìêÖÉåÅó=~åÇ=áåÅçåíáåÉåÅÉK=aá~êêÜçÉ~=~åÇ=
ëíÉ~íçêêÜçÉ~= ã~ó= ÄÉ= éêÉëÉåíI= çïáåÖ= íç= ëã~ää= ÄçïÉä=
Ä~ÅíÉêá~ä=çîÉêÖêçïíÜ;=íêÉ~íãÉåí=áë=ïáíÜ=~åíáÄáçíáÅë=ëìÅÜ=~ë=
íÉíê~ÅóÅäáåÉK==

Bladder involvement5  
içëë=çÑ=íçåÉI=áåÅçãéäÉíÉ=ÉãéíóáåÖ=~åÇ=ëí~ëáë=EéêÉÇáëéçëáåÖ=
íç= áåÑÉÅíáçåF= Å~å= çÅÅìê= ~åÇ= ã~ó= ìäíáã~íÉäó= êÉëìäí= áå= ~å=
~íçåáÅI= é~áåäÉëëI= ÇáëíÉåÇÉÇ= Ää~ÇÇÉêK= qêÉ~íãÉåí= áë= ïáíÜ=
áåíÉêãáííÉåí= ëÉäÑJÅ~íÜÉíÉêáò~íáçåI= éÉêã~åÉåí=
Å~íÜÉíÉêáò~íáçå= áÑ= íÜ~í= Ñ~áäëI= ~åÇ= éêçéÜóä~ÅíáÅ= ~åíáÄáçíáÅ=
íÜÉê~éó=Ñçê=íÜçëÉ=éêçåÉ=íç=êÉÅìêêÉåí=áåÑÉÅíáçåK=

Erectile dysfunction  
bêÉÅíáäÉ= Ñ~áäìêÉ= EáãéçíÉåÅÉF= ~ÑÑÉÅíë= PMB=çÑ= Çá~ÄÉíáÅ=ã~äÉë=
~åÇ=áë=çÑíÉå=ãìäíáÑ~Åíçêá~äK==

^äíÜçìÖÜ= åÉìêçé~íÜó= ~åÇ= î~ëÅìä~ê= Å~ìëÉë= ~êÉ= ÅçããçåI=
éëóÅÜçäçÖáÅ~ä= Ñ~ÅíçêëI= áåÅäìÇáåÖ= ÇÉéêÉëëáçåI= ~åñáÉíó= ~åÇ=
êÉÇìÅÉÇ= äáÄáÇçI= ã~ó= ÄÉ= é~êíäó= êÉëéçåëáÄäÉK= ^äÅçÜçä= ~åÇ=
~åíáÜóéÉêíÉåëáîÉ= ÇêìÖëI= ëìÅÜ= ~ë= íÜá~òáÇÉ= ÇáìêÉíáÅë= ~åÇ= βJ
~ÇêÉåçÅÉéíçê= ~åí~Öçåáëíë= EβJÄäçÅâÉêëFI= ã~ó= Å~ìëÉ= ëÉñì~ä=
ÇóëÑìåÅíáçå=~åÇ=é~íáÉåíë=Ü~îÉ=~å=ÉåÇçÅêáåÉ=Å~ìëÉ=ëìÅÜ=~ë=
íÉëíçëíÉêçåÉ=ÇÉÑáÅáÉåÅó=çê=ÜóéÉêéêçä~Åíáå~Éãá~K==

=

=

=

=

=

=

=

=

 Management1 

j~å~ÖÉãÉåí=çÑ=åÉìêçé~íÜáÉë=áë=çìíäáåÉÇ=áå=_çñ=ÄÉäçï=Ó=

=

= =

With reduced libido

• Hypogonadism

• Depression

With intact libido

• Psychological problems, including anxiety

• Vascular insufficiency (atheroma)

• Neuropathic causes (diabetes mellitus, alcohol excess, 

multiple sclerosis)

• Drugs (β-blockers, thiazide diuretics)

 Causes of erectile dysfunction 1

Pain and paraesthesiae from peripheral somatic neuropathies

• Intensive insulin therapy (strict glycaemic control)

• Anticonvulsants (gabapentin, pregabalin, carbamazepine, 

phenytoin)

• Tricyclic antidepressants (amitriptyline, imipramine)

• Other antidepressants (duloxetine)

• Substance P depleter (capsaicin – topical)

• Opiates (tramadol, oxycodone)

• Membrane stabilisers (mexiletine, IV lidocaine)

• Antioxidant (α-lipoic acid)

 Management options for peripheral 
sensorimotor and autonomic neuropathies

Postural hypotension

• Support stockings

• Fludrocortisone

• NSAIDs

• α-adrenoceptor agonist (midodrine)

Gastroparesis

• Dopamine antagonists (metoclopramide, domperidone)

• Erythromycin

• Gastric pacemaker; percutaneous enteral (jejunal) feeding 

Diarrhoea 

• Loperamide

• Broad-spectrum antibiotics

• Clonidine

• Octreotide

Constipation

• Stimulant laxatives (senna)

Atonic bladder

• Intermittent self-catheterisation  

Excessive sweating

• Anticholinergic drugs (propantheline, poldine, oxybutinin)

• Clonidine

• Topical antimuscarinic agent (glycopyrrolate cream)

Erectile dysfunction 

• Phosphodiesterase type 5 inhibitors (sildenafil, vardenafil, 
tadalafil) – oral

• Dopamine agonist (apomorphine) – sublingual

• Prostaglandin E1 (alprostadil) – injected into corpus 

cavernosum or intra-urethral administration of pellets

• Vacuum tumescence devices

• Implanted penile prosthesis

• Psychological counselling; psychosexual therapy

(NSAIDs = non-steroidal anti-inflammatory drugs)

1
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 Additional insights 

=

=

=

Genetic

• Charcot–Marie–Tooth disease (CMT)

• Hereditary neuropathy with liability to pressure palsies (HNPP)

• Hereditary sensory ± autonomic neuropathies (HSN, HSAN)

• Familial amyloid polyneuropathy

• Hereditary neuralgic amyotrophy

Drugs

• Amiodarone

• Antibiotics (dapsone, isoniazid, metronidazole, ethambutol)

• Antiretrovirals

• Chemotherapy (cisplatin, vincristine, thalidomide)

• Phenytoin

Toxins

• Alcohol

• Nitrous oxide (recreational use)

• Rarely: lead, arsenic, mercury, organophosphates, solvents

Vitamin deficiencies

• Thiamin

• Pyridoxine

• Vitamin B12

• Vitamin E

Infections

• HIV

• Leprosy

• Brucellosis

Inflammatory

• Guillain–Barré syndrome

• Chronic inflammatory demyelinating polyradiculoneuropathy

• Vasculitis (polyarteritis nodosa, granulomatosis with 

polyangiitis (also known as Wegener’s granulomatosis), 

rheumatoid arthritis, SLE)

• Paraneoplastic (antibody-mediated)

Systemic medical conditions

• Diabetes

• Renal failure

• Sarcoidosis

Malignant disease

• Infiltration

Others

• Paraproteinaemias

• Amyloidosis

• Critical illness 

polyneuropathy/myopathy

 Causes of polyneuropathy1

Axonal

• Diabetes mellitus

• Alcohol

• Uraemia

• Cirrhosis

• Amyloid

• Myxoedema

• Acromegaly

• Paraneoplastic

• Drugs and toxins  

• Deficiency states  

• Hereditary

• Infection 

• Idiopathic

Demyelinating

• Chronic inflammatory demyelinating polyradiculoneuropathy

• Multifocal motor neuropathy

• Paraprotein-associated demyelinating neuropathy

• Charcot–Marie–Tooth disease type I and type X

 Common causes of axonal and 
demyelinating chronic polyneuropathies 1
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26 Diabetic  
Foot disease 
=

qÜÉ=Ñççí= áë=~= ÑêÉèìÉåí=ëáíÉ=çÑ=ÅçãéäáÅ~íáçåë= áå=é~íáÉåíë=ïáíÜ=Çá~ÄÉíÉë=~åÇ=Ñçê= íÜáë=êÉ~ëçå=Ñççí=Å~êÉ= áë=é~êíáÅìä~êäó= áãéçêí~åíK=
qêÉ~íãÉåí= çÑ= íÜÉ= Ñççí= ÅçãéäáÅ~íáçåë= çÑ= Çá~ÄÉíÉë= ~ÅÅçìåíë= Ñçê= ãçêÉ= áåé~íáÉåí= Ç~óë= íÜ~å= ~åó= çíÜÉê= Çá~ÄÉíÉëJêÉä~íÉÇ=
ÅçãéäáÅ~íáçåKN=^=íçí~ä=çÑ=NMÓNRB=çÑ=Çá~ÄÉíáÅ=é~íáÉåíë=ÇÉîÉäçé=Ñççí=ìäÅÉêë=~í=ëçãÉ=ëí~ÖÉ=áå=íÜÉáê=äáîÉëK=aá~ÄÉíáÅ=Ñççí=éêçÄäÉãë=~êÉ=
êÉëéçåëáÄäÉ=Ñçê=åÉ~êäó=RMB=çÑ=~ää=Çá~ÄÉíÉëJêÉä~íÉÇ=Üçëéáí~ä=~ÇãáëëáçåëK=j~åó=Çá~ÄÉíáÅ=äáãÄ=~ãéìí~íáçåë=ÅçìäÇ=ÄÉ=ÇÉä~óÉÇ=çê=
éêÉîÉåíÉÇ=Äó=ãçêÉ=ÉÑÑÉÅíáîÉ=é~íáÉåí=ÉÇìÅ~íáçå=~åÇ=ãÉÇáÅ~ä=ëìéÉêîáëáçåKR=qáëëìÉ=åÉÅêçëáë=áå=íÜÉ=ÑÉÉí=áë=~=Åçããçå=êÉ~ëçå=Ñçê=
Üçëéáí~ä=~Çãáëëáçå=áå=Çá~ÄÉíáÅ=é~íáÉåíëKN=fëÅÜ~Éãá~I=áåÑÉÅíáçå=~åÇ=åÉìêçé~íÜó=ÅçãÄáåÉ=íç=éêçÇìÅÉ=íáëëìÉ=åÉÅêçëáëK=^äíÜçìÖÜ=~ää=
íÜÉëÉ=Ñ~Åíçêë=ã~ó=ÅçÉñáëíI=íÜÉ=áëÅÜ~ÉãáÅ=~åÇ=íÜÉ=åÉìêçé~íÜáÅ=Ñççí=Å~å=ÄÉ=ÇáëíáåÖìáëÜÉÇK=få=êìê~ä=fåÇá~I=Ñççí=ìäÅÉêë=~êÉ=Åçããçåäó=
ÇìÉ=íç=åÉìêçé~íÜáÅ=~åÇ=áåÑÉÅíáîÉ=Å~ìëÉë=ê~íÜÉê=íÜ~å=î~ëÅìä~ê=Å~ìëÉëKR

=

Figure:	Diabetic	foot	disease.1	Patients	with	diabetes	can	have	neuropathy,	peripheral	vascular	disease	or	both.	Clawing	of	the	toes	is	thought	to	be	caused	by	
intrinsic	muscle	atrophy	and	subsequent	imbalance	of	muscle	function,	and	causes	increased	pressure	on	the	metatarsal	heads	and	pressure	on	flexed	toes,	
leading	to	increased	callus	and	risk	of	ulceration.	A	Charcot	foot	occurs	only	in	the	presence	of	neuropathy,	and	results	in	bony	destruction	and	ultimately	
deformity	(this	X-ray	shows	a	resulting	‘rocker	bottom	foot’).	The	angiogram	shows	disease	of	the	superficial	femoral	arteries	(occlusion	of	the	left	and	stenosis	
of	the	right).

Glove and
stocking

neuropathy

Clawing of toes Digital gangrene

Neuropathic
ulcer

Dry, cracked skin
Callus

Loss of leg hair

Peripheral vascular diseasePeripheral neuropathy

Charcot foot

Proximal arterial
occlusion

Absent pulses
Cold feet
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 Aetiology 
=
cççí=ìäÅÉê~íáçå=çÅÅìêë=~ë=~=êÉëìäí=çÑ=íê~ìã~=EçÑíÉå=íêáîá~äF=áå=
íÜÉ= éêÉëÉåÅÉ= çÑ= åÉìêçé~íÜó= ~åÇLçê= éÉêáéÜÉê~ä= î~ëÅìä~ê=
ÇáëÉ~ëÉI= ïáíÜ= áåÑÉÅíáçå= çÅÅìêêáåÖ= ~ë= ~= ëÉÅçåÇ~êó=
éÜÉåçãÉåçå= ÑçääçïáåÖ= Çáëêìéíáçå= çÑ= íÜÉ= éêçíÉÅíáîÉ=
ÉéáÇÉêãáëK==

jçëí=ìäÅÉêë=ÇÉîÉäçé=~í= íÜÉ= ëáíÉ=çÑ= ~=éä~èìÉ=çÑ= Å~ääìë= ëâáåI=
ÄÉåÉ~íÜ= ïÜáÅÜ= íáëëìÉ= åÉÅêçëáë= çÅÅìêë= ~åÇ= ÉîÉåíì~ääó=
= ÄêÉ~âë= íÜêçìÖÜ= íç= íÜÉ= ëìêÑ~ÅÉK= få= ã~åó= Å~ëÉëI=
ãìäíáéäÉ= ÅçãéçåÉåíë= ~êÉ= áåîçäîÉÇI= Äìí= ëçãÉíáãÉë=
åÉìêçé~íÜó=çê=áëÅÜ~Éãá~=éêÉÇçãáå~íÉëK==

fëÅÜ~Éãá~=~äçåÉ=~ÅÅçìåíë= Ñçê= ~=ãáåçêáíó=çÑ= Ñççí=ìäÅÉêë= áå=
Çá~ÄÉíáÅ= é~íáÉåíëI= ïáíÜ= ãçëí= ÄÉáåÖ= ÉáíÜÉê= åÉìêçé~íÜáÅ= çê=
åÉìêçJáëÅÜ~ÉãáÅK==

 Clinical features 
=

=

Distinguishing features between ischaemia and 
neuropathy in the diabetic foot 

 

 
Distinguishing ischemia and neuropathy5 

Features Neuropathy Ischemia 
Symptoms Usually painless Claudication 

Sometimes painful neuropathy Rest pain 

Inspection High arch Dependent rubor 
Clawing of toes  
No trophic changes 

Trophic changes 

Palpation Warm Cold 

Bounding pulses Pulseless 
Ulceration Painless Painful 

Plantar 

 

Heels and toes 

=

 Management 
=
j~å~ÖÉãÉåí=Å~å=ÄÉ=ÇáîáÇÉÇ=áåíç=Ó=

NK éêáã~êó=éêÉîÉåíáçå=~åÇ==
OK íêÉ~íãÉåí=çÑ=~å=~ÅíáîÉ=éêçÄäÉãK==

 Primary prevention 

^ää=é~íáÉåíë=ëÜçìäÇ=ÄÉ=ÉÇìÅ~íÉÇ=áå=éêÉîÉåíáîÉ=ãÉ~ëìêÉë=

=

qÜÉ= ÑÉÉí= çÑ= é~íáÉåíë= ïáíÜ= Çá~ÄÉíÉë= ëÜçìäÇ= ÄÉ= ëÅêÉÉåÉÇ=
~ååì~ääóI=ÑçääçïáåÖ=íÜÉ=ëíÉéë=çÑ=ÅäáåáÅ~ä=Éñ~ãáå~íáçå=çÑ=íÜÉ=
é~íáÉåí=ïáíÜ=Çá~ÄÉíÉëK==

qïç=ëáãéäÉ=íÉëíë=~êÉ=êÉèìáêÉÇ=íç=Öê~ÇÉ=~=é~íáÉåíÛë=êáëâW==
NK ^= NMÖ= ãçåçÑáä~ãÉåí= ëÜçìäÇ= ÄÉ= ìëÉÇ= íç= ~ëëÉëë=

ëÉåë~íáçå=~í=ÑáîÉ=éçáåíë=çå=É~ÅÜ=ÑççíI=~åÇ==
OK cççí= éìäëÉë= ëÜçìäÇ= ÄÉ= é~äé~íÉÇ= EÇçêë~äáë= éÉÇáë=

~åÇLçê=éçëíÉêáçê=íáÄá~äFK==

`çãÄáåÉÇ= ïáíÜ= íÜÉ= ÅäáåáÅ~ä= ëÅÉå~êáçI= íÜÉëÉ= íÉëíë= ÖìáÇÉ=
~ééêçéêá~íÉ=êÉÑÉêê~ä=~åÇ=ãçåáíçêáåÖ=EcáÖìêÉ=ÄÉäçïFK==

RÉãçî~ä=çÑ=Å~ääìë=ëâáå=ïáíÜ=~=ëÅ~äéÉä=áë=ìëì~ääó=ÄÉëí=ÇçåÉ=Äó=
~=éçÇá~íêáëí=ïÜç=Ü~ë=ëéÉÅá~äáëí= íê~áåáåÖ=~åÇ=ÉñéÉêáÉåÅÉ= áå=
Çá~ÄÉíáÅ=Ñççí=éêçÄäÉãëK==

=

=

Neuropathy Ischaemia

Symptoms None

Paraesthesiae

Pain

Numbness

None

Claudication

Rest pain

Structural damage Ulcer

Sepsis

Abscess

Osteomyelitis

Digital gangrene

Charcot joint

Ulcer

Sepsis

Gangrene

 Clinical features of the diabetic foot1

• Preventive advice to all diabetic patients includes:
Inspect feet every day
Wash feet every day
Moisturise skin if dry
Cut or file toenails regularly
Change socks or stockings every day
Avoid walking barefoot
Check footwear for foreign bodies
Wear suitable, well-fitting shoes
Cover minor cuts with sterile dressings
Do not burst blisters
Avoid over-the-counter corn/callus remedies

• Advice to moderate- and high-risk patients is as above plus:
Do not attempt corn removal
Avoid high and low temperatures

• A podiatrist is an integral part of the diabetes team to ensure 
regular and effective podiatry and to educate patients in care 
of the feet

• Specially manufactured and fitted orthotic footwear is 
required to prevent recurrence of ulceration and to protect 
the feet of patients with Charcot neuroarthropathy

 Care of the feet in patients with diabetes 1
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Figure:	Risk	assessment	and	management	of	foot	problems	in	diabetes.1

 Foot ulcer 

låÅÉ= ~= Ñççí= ìäÅÉê= ÇÉîÉäçéëI= é~íáÉåíë= ëÜçìäÇ= áÇÉ~ääó= ÄÉ=
êÉÑÉêêÉÇ= íç= ~= ãìäíáÇáëÅáéäáå~êó= Ñççí= íÉ~ãI= áåîçäîáåÖ= ~=
Çá~ÄÉíÉë=ëéÉÅá~äáëíI=~=éçÇá~íêáëíI=~=î~ëÅìä~ê=ëìêÖÉçå=~åÇ=~å=
çêíÜçíáëíK==

Treatment  
qêÉ~íãÉåí=áåîçäîÉëW==

NK Ç¨ÄêáÇÉãÉåí=çÑ=ÇÉ~Ç=íáëëìÉ;==
OK éêçãéíI= çÑíÉå= éêçäçåÖÉÇI= íêÉ~íãÉåí= ïáíÜ=

~åíáÄáçíáÅë= áÑ=êÉèìáêÉÇI=~ë= áåÑÉÅíáçå=Å~å=~ÅÅÉäÉê~íÉ=
íáëëìÉ=åÉÅêçëáë=~åÇ=äÉ~Ç=íç=Ö~åÖêÉåÉ;==

PK éêÉëëìêÉ=êÉäáÉÑ=ìëáåÖ=ÇêÉëëáåÖë;==
QK ìëÉ=çÑ=ëéÉÅá~äáëÉÇ=ÄÉëéçâÉ=çêíÜçíáÅ=ÑççíïÉ~ê;=~åÇ==
RK ëçãÉíáãÉë= íçí~ä= Åçåí~Åí= éä~ëíÉê= Å~ëí= çê=

áêêÉãçî~ÄäÉ=~áêÅ~ëí=ÄççíK==

In neuro-ischaemic ulcer 
fÑ= ~å= ìäÅÉê= áë= åÉìêçJáëÅÜ~ÉãáÅI= ~= î~ëÅìä~ê= ~ëëÉëëãÉåí= áë=
çÑíÉå= Å~êêáÉÇ= çìíI= Äó= ìäíê~ëçìåÇ= çê= ~åÖáçÖê~éÜóI= ~ë=
êÉî~ëÅìä~êáë~íáçå= Äó= ~åÖáçéä~ëíó= çê= ëìêÖÉêó= ã~ó= ÄÉ=
êÉèìáêÉÇ=íç=~ääçï=íÜÉ=ìäÅÉê=íç=ÜÉ~äK==

In severe secondary infection or gangrene 
få= Å~ëÉë= çÑ= ëÉîÉêÉ= ëÉÅçåÇ~êó= áåÑÉÅíáçå= çê= Ö~åÖêÉåÉI= ~å=
~ãéìí~íáçå=ã~ó= ÄÉ= êÉèìáêÉÇK= qÜáë= Å~å= ÄÉ= äáãáíÉÇ= íç= íÜÉ=
~ÑÑÉÅíÉÇ=íçÉ=çê=áåîçäîÉ=ãçêÉ=ÉñíÉåëáîÉ=äáãÄ=~ãéìí~íáçåK==

 Charcot foot 

`Ü~êÅçí= åÉìêçJ~êíÜêçé~íÜó= áë= ~= éêçÖêÉëëáîÉ= ÅçåÇáíáçå=
~ÑÑÉÅíáåÖ=íÜÉ=ÄçåÉë=~åÇ=àçáåíë=çÑ=íÜÉ=Ñççí;=áí=áë=ÅÜ~ê~ÅíÉêáëÉÇ=
Äó= É~êäó= áåÑä~ãã~íáçå= ~åÇ= íÜÉå= àçáåí= ÇáëäçÅ~íáçåI=
ëìÄäìñ~íáçåI= ~åÇ= é~íÜçäçÖáÅ~ä= Ñê~ÅíìêÉë= çÑ= íÜÉ= Ñççí= çÑ=
åÉìêçé~íÜáÅ= é~íáÉåíëI= çÑíÉå= êÉëìäíáåÖ= áå= ÇÉÄáäáí~íáåÖ=
ÇÉÑçêãáíóK==

`Ü~êÅçí=åÉìêç~êíÜêçé~íÜó=Å~å=~êáëÉ= áå=~åó=ÅçåÇáíáçå=íÜ~í=
Å~ìëÉë=åÉìêçé~íÜó= EáåÅäìÇáåÖ= ëóéÜáäáëI= ëéáå~ä= ÅçêÇ= áåàìêóI=
ëóêáåÖçãóÉäá~=~åÇ=ëç=çåF=Äìí=Çá~ÄÉíÉë=áë=íÜÉ=ãçëí=Åçããçå=
Å~ìëÉK==

= =
Figure:	Charcot	neuro-arthropathy.1	

Pathology 
qÜÉ= é~íÜçéÜóëáçäçÖáÅ~ä= ãÉÅÜ~åáëãë= êÉã~áå= éççêäó=
ìåÇÉêëíççÇI=Äìí=ã~ó=áåîçäîÉ=ìåéÉêÅÉáîÉÇ=íê~ìã~=äÉ~ÇáåÖ=
íç= éêçÖêÉëëáîÉ= ÇÉëíêìÅíáçå= EíÜÉ= ÚåÉìêçíê~ìã~íáÅÛ= íÜÉçêóFI=
~åÇLçê= áåÅêÉ~ëÉÇ= ÄäççÇ= Ñäçï= êÉëìäíáåÖ= áå= ~= ãáëã~íÅÜ= çÑ=
ÄçåÉ= ÇÉëíêìÅíáçå= ~åÇ= ëóåíÜÉëáë= EíÜÉ= ÚåÉìêçî~ëÅìä~êÛ=
íÜÉçêóFK==

jçêÉ= êÉÅÉåí= ÉîáÇÉåÅÉ= éçáåíë= íç= ÇáëçêÇÉêÉÇ= áåÑä~ãã~íáçå=
ãÉÇá~íÉÇ= îá~= íÜÉ=åìÅäÉ~ê= Ñ~Åíçê= â~éé~=_= Ekcκ_FLêÉÅÉéíçê=
~Åíáî~íçê= çÑ= kcκ_= äáÖ~åÇ= ER^khiF= é~íÜï~óI= çéÉåáåÖ= íÜÉ=
ï~ó=Ñçê=íêá~äë=çÑ=íÜÉ=R^khi=áåÜáÄáíçêI=ÇÉåçëìã~ÄK==

Presentation 
^ÅìíÉ= `Ü~êÅçí= ~êíÜêçé~íÜó= ~äãçëí= ~äï~óë= éêÉëÉåíë= ïáíÜ=
ëáÖåë=çÑ=áåÑä~ãã~íáçå=Ó=~=ÜçíI=êÉÇI=ëïçääÉå=ÑççíK==

Investigation 
NK fåáíá~ä= uJê~ó= ã~ó= ëÜçï= Äçåó= ÇÉëíêìÅíáçå= Äìí= áë=

çÑíÉå= åçêã~äK= ^ë= ~Äçìí= QMB= çÑ= é~íáÉåíë= ïáíÜ= ~=
`Ü~êÅçí= àçáåí= ~äëç= Ü~îÉ= ~= Ñççí= ìäÅÉêI= áí= Å~å= ÄÉ=
ÇáÑÑáÅìäí=íç=ÇáÑÑÉêÉåíá~íÉ=Ñêçã=çëíÉçãóÉäáíáëK==

OK j~ÖåÉíáÅ= êÉëçå~åÅÉ= áã~ÖáåÖ= EjRfF= çÑ= íÜÉ= Ñççí= áë=
çÑíÉå=ÜÉäéÑìäK==

Moderate

Low

High

Active Urgent referral to
specialist team

Current foot ulcer, infection,
critical ischaemia, gangrene or

unexplained hot, red swollen foot

Previous foot ulcer or amputation

Sensation impaired
and

foot pulses absent

Skin callus or
foot deformity?

Yes

No

Inability to self-
care for feet

Sensation impaired
and

foot pulses absent

Sensation
unimpaired,

foot pulses present

Annual assessment
by podiatrist

Annual assessment
by podiatrist

Annual screening by
health-care professional

ManagementScreening
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Treatment 
qÜÉ= ã~áåëí~ó= çÑ= íêÉ~íãÉåí= Ñçê= ~å= ~ÅíáîÉ= `Ü~êÅçí= Ñççí= áë=
áããçÄáäáë~íáçå= ~åÇI= áÇÉ~ääóI= ~îçáÇ~åÅÉ= çÑ=ïÉáÖÜíJÄÉ~êáåÖ=
çå=íÜÉ=~ÑÑÉÅíÉÇ=ÑççíK==

qÜÉ=ê~íáçå~äÉ= áë= íÜ~í= áÑ=åç=éêÉëëìêÉ= áë=~ééäáÉÇ=íÜêçìÖÜ=íÜÉ=
ÑççíI= íÜÉ= ÇÉëíêìÅíáîÉ= éêçÅÉëë= áåîçäîáåÖ= íÜÉ= ÄçåÉë=ïáää= åçí=
êÉëìäí= áå= ëáÖåáÑáÅ~åí= ÇÉÑçêãáíó= ïÜÉå= íÜÉ= ~ÅìíÉ=
áåÑä~ãã~íçêó=éêçÅÉëë=ëìÄëáÇÉëK==

fããçÄáäáë~íáçå=áë=çÑíÉå=~ÅÜáÉîÉÇ=Äó=~=íçí~ä=Åçåí~Åí=éä~ëíÉê=
Å~ëí= çê= Ú~áêÅ~ëíÛ= ÄççíK= qÜÉ= ~ÅìíÉ= éÜ~ëÉ= çÑíÉå= ä~ëíë= PÓS=
ãçåíÜë=~åÇ=ëçãÉíáãÉë=äçåÖÉêK==

få= íÜÉ= éçëíJ~ÅìíÉ= éÜ~ëÉI= íÜÉêÉ= áë= ÅçåëçäáÇ~íáçå= ~åÇ=
êÉãçÇÉääáåÖ=çÑ=Ñê~ÅíìêÉ=Ñê~ÖãÉåíëI=ÉîÉåíì~ääó=êÉëìäíáåÖ=áå=~=
ëí~ÄäÉ=ÑççíK=

=

=

=

=

=

=

=

=

=

=

=

 Additional insights 

=

=

=

Feature Difficulty

Arterial calcification Spuriously high ABPI due to 
incompressible ankle vessels. Inability 
to clamp arteries for the purposes of 
bypass surgery. Resistant to 
angioplasty

Immunocompromise Prone to rapidly spreading cellulitis, 
gangrene and osteomyelitis

Multisystem arterial 
disease

Coronary and cerebral arterial disease 
increase the risks of intervention

Distal disease Diabetic vascular disease has a 
predilection for the calf vessels. 
Although vessels in the foot are often 
spared, performing a satisfactory 
bypass or angioplasty to these small 
vessels is a technical challenge

Sensory neuropathy Even severe ischaemia and/or tissue 
loss may be completely painless. 
Diabetic patients often present late 
with extensive destruction of the foot. 
Loss of proprioception leads to 
abnormal pressure loads and worsens 
joint destruction (Charcot joints)

Motor neuropathy Weakness of the long and short flexors 
and extensors leads to abnormal foot 
architecture, abnormal pressure loads, 
callus formation and ulceration

Autonomic 
neuropathy

Leads to a dry foot deficient in sweat 
that normally lubricates the skin and is 
antibacterial. Scaling and fissuring 
create a portal of entry for bacteria. 
Abnormal blood flow in the bones of 
the ankle and foot may also contribute 
to osteopenia and bony collapse

(ABPI = ankle–brachial pressure index)

 Diabetic vascular disease: 
the ‘diabetic foot’ 1
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27 Other complications 
of diabetes 
=

 Infection 
fåÇáîáÇì~äë=ïáíÜ=aj=Ü~îÉ=~=ÖêÉ~íÉê=ÑêÉèìÉåÅó=~åÇ=ëÉîÉêáíó=

çÑ= áåÑÉÅíáçåK= qÜÉ= êÉ~ëçåë= Ñçê= íÜáë= áåÅäìÇÉ= áåÅçãéäÉíÉäó=

ÇÉÑáåÉÇ= ~Äåçêã~äáíáÉë= áå= ÅÉääJãÉÇá~íÉÇ= áããìåáíó= ~åÇ=

éÜ~ÖçÅóíÉ=ÑìåÅíáçå=~ëëçÅá~íÉÇ=ïáíÜ=ÜóéÉêÖäóÅÉãá~I=~ë=ïÉää=

~ë= ÇáãáåáëÜÉÇ= î~ëÅìä~êáò~íáçåK
V
= låÉ= êÉ~ëçå= ïÜó= éççê=

Åçåíêçä= äÉ~Çë= íç= áåÑÉÅíáçå= áë= íÜ~í= ÅÜÉãçí~ñáë= ~åÇ=

éÜ~ÖçÅóíçëáë= Äó= éçäóãçêéÜçåìÅäÉ~ê= äÉìÅçÅóíÉë= ~êÉ=

áãé~áêÉÇ= ÄÉÅ~ìëÉI= ~í= ÜáÖÜ= ÄäççÇ= ÖäìÅçëÉ= ÅçåÅÉåíê~íáçåëI=

åÉìíêçéÜáä=ëìéÉêçñáÇÉ=ÖÉåÉê~íáçå=áë=áãé~áêÉÇK
R
=

eóéÉêÖäóÅÉãá~= ~áÇë= íÜÉ= Åçäçåáò~íáçå= ~åÇ= ÖêçïíÜ= çÑ= ~=

î~êáÉíó= çÑ= çêÖ~åáëãë= E`~åÇáÇ~= ~åÇ= çíÜÉê= ÑìåÖ~ä= ëéÉÅáÉëFK=

j~åó=Åçããçå=áåÑÉÅíáçåë=~êÉ=ãçêÉ=ÑêÉèìÉåí=~åÇ=ëÉîÉêÉ=áå=

íÜÉ=Çá~ÄÉíáÅ=éçéìä~íáçåI=ïÜÉêÉ~ë=ëÉîÉê~ä=ê~êÉ=áåÑÉÅíáçåë=~êÉ=

ëÉÉå= ~äãçëí= ÉñÅäìëáîÉäó= áå= íÜÉ= Çá~ÄÉíáÅ= éçéìä~íáçåK=

bñ~ãéäÉë= çÑ= íÜáë= ä~ííÉê= Å~íÉÖçêó= áåÅäìÇÉ= êÜáåçÅÉêÉÄê~ä=

ãìÅçêãóÅçëáëI= ÉãéÜóëÉã~íçìë= áåÑÉÅíáçåë= çÑ= íÜÉ=

Ö~ääÄä~ÇÇÉê=~åÇ=ìêáå~êó=íê~ÅíI=~åÇ=“ã~äáÖå~åíÒ=çê=áåî~ëáîÉ=

çíáíáë=ÉñíÉêå~K=fåî~ëáîÉ=çíáíáë=ÉñíÉêå~=áë=ìëì~ääó=ëÉÅçåÇ~êó=íç=

mK= ~ÉêìÖáåçë~= áåÑÉÅíáçå= áå= íÜÉ= ëçÑí= íáëëìÉ= ëìêêçìåÇáåÖ= íÜÉ=

ÉñíÉêå~ä= ~ìÇáíçêó= Å~å~äI= ìëì~ääó= ÄÉÖáåë= ïáíÜ= é~áå= ~åÇ=

ÇáëÅÜ~êÖÉI= ~åÇ=ã~ó= ê~éáÇäó=éêçÖêÉëë= íç=çëíÉçãóÉäáíáë= ~åÇ=

ãÉåáåÖáíáëK= qÜÉëÉ= áåÑÉÅíáçåë= ëÜçìäÇ= ÄÉ= ëçìÖÜíI= áå=

é~êíáÅìä~êI= áå= é~íáÉåíë= éêÉëÉåíáåÖ= ïáíÜ= ëÉîÉêÉ=

ÜóéÉêÖäóÅÉãá~
V
=

måÉìãçåá~I= ìêáå~êó= íê~Åí= áåÑÉÅíáçåëI= ~åÇ= ëâáå= ~åÇ= ëçÑí=

íáëëìÉ= áåÑÉÅíáçåë= ~êÉ= ~ää= ãçêÉ= Åçããçå= áå= íÜÉ= Çá~ÄÉíáÅ=

éçéìä~íáçåK= få= ÖÉåÉê~äI= íÜÉ= çêÖ~åáëãë= íÜ~í= Å~ìëÉ=

éìäãçå~êó= áåÑÉÅíáçåë= ~êÉ= ëáãáä~ê= íç= íÜçëÉ= ÑçìåÇ= áå= íÜÉ=

åçåÇá~ÄÉíáÅ= éçéìä~íáçåX= ÜçïÉîÉêI= Öê~ãJåÉÖ~íáîÉ=

çêÖ~åáëãëI=pK=~ìêÉìëI=~åÇ=jóÅçÄ~ÅíÉêáìã=íìÄÉêÅìäçëáë=~êÉ=

ãçêÉ= ÑêÉèìÉåí=é~íÜçÖÉåëK=rêáå~êó= íê~Åí= áåÑÉÅíáçåë= EÉáíÜÉê=

äçïÉê= íê~Åí= çê= éóÉäçåÉéÜêáíáëF= ~êÉ= íÜÉ= êÉëìäí= çÑ= Åçããçå=

Ä~ÅíÉêá~ä=~ÖÉåíë=ëìÅÜ=~ë=bëÅÜÉêáÅÜá~=ÅçäáI=~äíÜçìÖÜ=ëÉîÉê~ä=

óÉ~ëí= ëéÉÅáÉë= E`~åÇáÇ~= ~åÇ= qçêìäçéëáë= Öä~Äê~í~F= ~êÉ=

Åçããçåäó= çÄëÉêîÉÇK= `çãéäáÅ~íáçåë= çÑ= ìêáå~êó= íê~Åí=

áåÑÉÅíáçåë= áåÅäìÇÉ= ÉãéÜóëÉã~íçìë= éóÉäçåÉéÜêáíáë= ~åÇ=

ÉãéÜóëÉã~íçìë= ÅóëíáíáëK= _~ÅíÉêáìêá~= çÅÅìêë= ÑêÉèìÉåíäó= áå=

áåÇáîáÇì~äë= ïáíÜ= Çá~ÄÉíáÅ= Åóëíçé~íÜóK= pìëÅÉéíáÄáäáíó= íç=

ÑìêìåÅìäçëáëI= ëìéÉêÑáÅá~ä= Å~åÇáÇ~ä= áåÑÉÅíáçåëI= ~åÇ=

îìäîçî~Öáåáíáë= ~êÉ= áåÅêÉ~ëÉÇK= mççê= ÖäóÅÉãáÅ= Åçåíêçä= áë= ~=

Åçããçå=ÇÉåçãáå~íçê=áå=áåÇáîáÇì~äë=ïáíÜ=íÜÉëÉ=áåÑÉÅíáçåëK=

aá~ÄÉíáÅ=áåÇáîáÇì~äë=Ü~îÉ=~å=áåÅêÉ~ëÉÇ=ê~íÉ=çÑ=Åçäçåáò~íáçå=

çÑ= pK= ~ìêÉìë= áå= íÜÉ= ëâáåÑçäÇë= ~åÇ=å~êÉëK=aá~ÄÉíáÅ= é~íáÉåíë=

~äëç=Ü~îÉ=~=ÖêÉ~íÉê=êáëâ=çÑ=éçëíçéÉê~íáîÉ=ïçìåÇ=áåÑÉÅíáçåëK
V=

qÜÉêÉ= áë= åç= ÉîáÇÉåÅÉ= íÜ~í= Çá~ÄÉíáÅ= é~íáÉåíë= ïáíÜ= ÖççÇ=

ÖäóÅ~ÉãáÅ=Åçåíêçä=~êÉ=ãçêÉ=éêçåÉ=íç=áåÑÉÅíáçå=íÜ~å=åçêã~ä=

ëìÄàÉÅíëK= eçïÉîÉêI= éççêäó= ÅçåíêçääÉÇ= Çá~ÄÉíÉë= Éåí~áäë=

áåÅêÉ~ëÉÇ=ëìëÅÉéíáÄáäáíó=íç=íÜÉ=ÑçääçïáåÖ=áåÑÉÅíáçåë
R
W==

Skin  
• ëí~éÜóäçÅçÅÅ~ä= áåÑÉÅíáçåë= EÄçáäëI= ~ÄëÅÉëëÉëI=

Å~êÄìåÅäÉëF==

• ãìÅçÅìí~åÉçìë=Å~åÇáÇá~ëáë==

Gastrointestinal tract  
• éÉêáçÇçåí~ä=ÇáëÉ~ëÉ==
• êÉÅí~ä= ~åÇ= áëÅÜáçêÉÅí~ä= ~ÄëÅÉëë= Ñçêã~íáçå= EïÜÉå=

Åçåíêçä=áë=îÉêó=éççêF==

Urinary tract  
• ìêáå~êó=íê~Åí=áåÑÉÅíáçåë=Eáå=ïçãÉåF==

• éóÉäçåÉéÜêáíáë==
• éÉêáåÉéÜêáÅ=~ÄëÅÉëë==

Lungs  
• ëí~éÜóäçÅçÅÅ~ä=~åÇ=éåÉìãçÅçÅÅ~ä=éåÉìãçåá~==

• dê~ãJåÉÖ~íáîÉ=Ä~ÅíÉêá~ä=éåÉìãçåá~==

• íìÄÉêÅìäçëáë==

Bone  
• ëéçåí~åÉçìë=ëí~éÜóäçÅçÅÅ~ä=ëéáå~ä=çëíÉçãóÉäáíáëK==

fåÑÉÅíáçåë= ã~ó= äÉ~Ç= íç= äçëë= çÑ= ÖäóÅ~ÉãáÅ= Åçåíêçä= ~åÇ=

éêÉÅáéáí~íÉ= ÜóéÉêÖäóÅ~ÉãáÅ= ÉãÉêÖÉåÅáÉëK= fåëìäáåJíêÉ~íÉÇ=

é~íáÉåíë=åÉÉÇ=íç=áåÅêÉ~ëÉ=íÜÉáê=ÇçëÉ=Äó=ìé=íç=ORB=áå=íÜÉ=Ñ~ÅÉ=

çÑ= áåÑÉÅíáçåI= ~åÇ= åçåJáåëìäáåJíêÉ~íÉÇ= é~íáÉåíë= ã~ó= åÉÉÇ=

áåëìäáå=ÅçîÉê=ïÜáäÉ= íÜÉ= áåÑÉÅíáçå= ä~ëíëK=m~íáÉåíë= ëÜçìäÇ=ÄÉ=

íçäÇ= åÉîÉê= íç= çãáí= íÜÉáê= áåëìäáå= ÇçëÉI= ÉîÉå= áÑ= íÜÉó= ~êÉ=

å~ìëÉ~íÉÇ=~åÇ=ìå~ÄäÉ=íç=É~íX=áåëíÉ~ÇI=íÜÉó=ëÜçìäÇ=íÉëí=íÜÉáê=
ÄäççÇ=ÖäìÅçëÉ=ÑêÉèìÉåíäó=~åÇ=ëÉÉâ=ìêÖÉåí=ãÉÇáÅ~ä=~ÇîáÅÉK=

m~íáÉåíë=ëÜçìäÇ=êÉÅÉáîÉ=éåÉìãçÅçÅÅ~ä=î~ÅÅáåÉ=~åÇ=óÉ~êäó=

áåÑäìÉåò~=î~ÅÅáåÉK
R
=
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 Diabetes and cancer5 

`Éêí~áå= íóéÉë= çÑ= Å~åÅÉê= ~êÉ= ãçêÉ= Åçããçå= áå= íóéÉ= O=

Çá~ÄÉíÉëK= qÜÉ= êáëâ= çÑ= Å~êÅáåçã~= çÑ= íÜÉ= ìíÉêìë= ~åÇ= çÑ= íÜÉ=

é~åÅêÉ~ë=áë=~ééêçñáã~íÉäó=ÇçìÄäÉÇI=~åÇ=íÜÉêÉ=áë=~=OMÓRMB=

áåÅêÉ~ëÉ=áå=íÜÉ=êáëâ=çÑ=ÅçäçêÉÅí~ä=~åÇ=ÄêÉ~ëí=Å~åÅÉêK=qÜÉëÉ=

~ëëçÅá~íáçåë= ~ééÉ~ê= íç= ÄÉ= ãÉÇá~íÉÇ= Äó= çÄÉëáíóI= ïÜáÅÜ=

ÅçåÑÉêë= ëáãáä~ê= äÉîÉäë= çÑ= êáëâ= áå= íÜÉ= ~ÄëÉåÅÉ= çÑ=

ÜóéÉêÖäóÅ~Éãá~I= ~äíÜçìÖÜ= íÜÉêÉ= áë= ~äëç= ~å= ÉäÉãÉåí= çÑ=

êÉîÉêëÉ= Å~ìë~íáçå=ïáíÜ= Å~êÅáåçã~=çÑ= íÜÉ=é~åÅêÉ~ëI=ïÜáÅÜ=

Å~å=éêÉÅáéáí~íÉ=çê=Å~ìëÉ=Çá~ÄÉíÉëK==

jÉíÑçêãáåJíêÉ~íÉÇ=é~íáÉåíë=Ü~îÉ=ÄÉÉå= êÉéçêíÉÇ= íç=Ü~îÉ=~=

äçïÉê= Å~åÅÉê= êáëâ= íÜ~å= íÜçëÉ=çå=çíÜÉê= íÜÉê~éáÉëI= ~åÇ= íÜáë=

~ÖÉåí= áë= ìåÇÉê= áåîÉëíáÖ~íáçå= Ñçê= éçëëáÄäÉ= ~åíáJíìãçìê=

éêçéÉêíáÉëK==

 Joints5 

gçáåí=Åçåíê~ÅíìêÉë=áå=íÜÉ=Ü~åÇë=~êÉ=~=Åçããçå=ÅçåëÉèìÉåÅÉ=

çÑ= ÅÜáäÇÜççÇ=Çá~ÄÉíÉëK=qÜÉ= ëáÖå=ã~ó=ÄÉ=ÇÉãçåëíê~íÉÇ=Äó=

~ëâáåÖ= íÜÉ= é~íáÉåí= íç= àçáå= íÜÉ= Ü~åÇë= ~ë= áÑ= áå= éê~óÉêX= íÜÉ=
ãÉí~Å~êéçéÜ~ä~åÖÉ~ä=~åÇ=áåíÉêéÜ~ä~åÖÉ~ä=àçáåíë=Å~ååçí=ÄÉ=

çééçëÉÇK==

qÜáÅâÉåÉÇI= ï~ñó= ëâáå= Å~å= ÄÉ= åçíÉÇ= çå= íÜÉ= Ä~Åâë= çÑ= íÜÉ=

ÑáåÖÉêëK= qÜÉëÉ= ÑÉ~íìêÉë= ã~ó= ÄÉ= ÇìÉ= íç= ÖäóÅçëóä~íáçå= çÑ=

Åçää~ÖÉå= ~åÇ= ~êÉ= åçí= éêçÖêÉëëáîÉK= qÜÉ= ÅçåÇáíáçå= áë=

ëçãÉíáãÉë=êÉÑÉêêÉÇ=íç=~ë=Çá~ÄÉíáÅ=ÅÜÉáêç~êíÜêçé~íÜóK==

lëíÉçéÉåá~= áå= íÜÉ= ÉñíêÉãáíáÉë= áë= ~äëç= ÇÉëÅêáÄÉÇ= áå= íóéÉ= N=

Çá~ÄÉíÉë=Äìí=ê~êÉäó=Ü~ë=ÅäáåáÅ~ä=ÅçåëÉèìÉåÅÉëK=

=

 Skin9 

qÜÉ=ãçëí=Åçããçå=ëâáå=ã~åáÑÉëí~íáçåë=çÑ=aj=~êÉ=ñÉêçëáë=

~åÇ=éêìêáíìë=~åÇ=~êÉ=ìëì~ääó=êÉäáÉîÉÇ=Äó=ëâáå=ãçáëíìêáòÉêëK==

mêçíê~ÅíÉÇ= ïçìåÇ= ÜÉ~äáåÖ= ~åÇ= ëâáå= ìäÅÉê~íáçåë= ~êÉ= ~äëç=

ÑêÉèìÉåí=ÅçãéäáÅ~íáçåëK==

aá~ÄÉíáÅ= ÇÉêãçé~íÜóI= ëçãÉíáãÉë= íÉêãÉÇ= éáÖãÉåíÉÇ=

éêÉíáÄá~ä= é~éìäÉëI= çê= “Çá~ÄÉíáÅ= ëâáå= ëéçíëIÒ= ÄÉÖáåë= ~ë= ~å=
ÉêóíÜÉã~íçìë=ã~ÅìäÉ=çê=é~éìäÉ=íÜ~í=ÉîçäîÉë=áåíç=~å=~êÉ~=çÑ=

ÅáêÅìä~ê= ÜóéÉêéáÖãÉåí~íáçåK= qÜÉëÉ= äÉëáçåë= êÉëìäí= Ñêçã=

ãáåçê=ãÉÅÜ~åáÅ~ä= íê~ìã~= áå= íÜÉ=éêÉíáÄá~ä= êÉÖáçå= ~åÇ= ~êÉ=

ãçêÉ=Åçããçå=áå=ÉäÇÉêäó=ãÉå=ïáíÜ=ajK==

_ìääçìë= ÇáëÉ~ëÉëI= ëìÅÜ= ~ë= Äìääçë~= Çá~ÄÉíáÅçêìã= EëÜ~ääçï=

ìäÅÉê~íáçåë= çê= Éêçëáçåë= áå= íÜÉ= éêÉíáÄá~ä= êÉÖáçåFI= ~êÉ= ~äëç=

ëÉÉåK==

kÉÅêçÄáçëáë= äáéçáÇáÅ~= Çá~ÄÉíáÅçêìã= áë= ~å= ìåÅçããçå=

ÇáëçêÇÉêI=~ÅÅçãé~åóáåÖ=Çá~ÄÉíÉë=áå=éêÉÇçãáå~åíäó=óçìåÖ=

ïçãÉåK= qÜáë= ìëì~ääó= ÄÉÖáåë= áå= íÜÉ= éêÉíáÄá~ä= êÉÖáçå= ~ë= ~å=

ÉêóíÜÉã~íçìë= éä~èìÉ= çê= é~éìäÉë= íÜ~í= Öê~Çì~ääó= Éåä~êÖÉI=

Ç~êâÉåI= ~åÇ= ÇÉîÉäçé= áêêÉÖìä~ê= ã~êÖáåëI= ïáíÜ= ~íêçéÜáÅ=

ÅÉåíÉêë=~åÇ=ÅÉåíê~ä=ìäÅÉê~íáçåK=qÜÉó=~êÉ=çÑíÉå=é~áåÑìäK==

sáíáäáÖç= çÅÅìêë= ~í= áåÅêÉ~ëÉÇ= ÑêÉèìÉåÅó= áå= áåÇáîáÇì~äë=ïáíÜ=

íóéÉ=N=ajK=^Å~åíÜçëáë=åáÖêáÅ~åë=EÜóéÉêéáÖãÉåíÉÇ=îÉäîÉíó=

éä~èìÉë= ëÉÉå= çå= íÜÉ= åÉÅâI= ~ñáää~I= çê= ÉñíÉåëçê= ëìêÑ~ÅÉëF= áë=

ëçãÉíáãÉë= ~= ÑÉ~íìêÉ= çÑ= ëÉîÉêÉ= áåëìäáå= êÉëáëí~åÅÉ= ~åÇ=

~ÅÅçãé~åóáåÖ= Çá~ÄÉíÉëK= dÉåÉê~äáòÉÇ= çê= äçÅ~äáòÉÇ=

Öê~åìäçã~= ~ååìä~êÉ= EÉêóíÜÉã~íçìë= éä~èìÉë= çå= íÜÉ=

ÉñíêÉãáíáÉë= çê= íêìåâF= ~åÇ= ëÅäÉêÉÇÉã~= E~êÉ~ë= çÑ= ëâáå=

íÜáÅâÉåáåÖ= çå= íÜÉ= Ä~Åâ= çê= åÉÅâ= ~í= íÜÉ= ëáíÉ= çÑ= éêÉîáçìë=

ëìéÉêÑáÅá~ä= áåÑÉÅíáçåëF= ~êÉ= ãçêÉ= Åçããçå= áå= íÜÉ= Çá~ÄÉíáÅ=

éçéìä~íáçåK==

iáéç~íêçéÜó= ~åÇ= äáéçÜóéÉêíêçéÜó= Å~å= çÅÅìê= ~í= áåëìäáå=

áåàÉÅíáçå=ëáíÉë=Äìí=~êÉ=åçï=ìåìëì~ä=ïáíÜ=íÜÉ=ìëÉ=çÑ=Üìã~å=

áåëìäáåK=

=
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28 Special situations
in diabetes 
=

Diabetes in pregnancy 
mêÉÖå~åÅó=áå=Çá~ÄÉíÉë=ï~ëI=áå=íÜÉ=é~ëíI=~ëëçÅá~íÉÇ=ïáíÜ=ÜáÖÜ=
ÑÉí~ä= ãçêí~äáíóI= ïÜáÅÜ= Ü~ë= ÄÉÉå= Çê~ã~íáÅ~ääó= êÉÇìÅÉÇ= Äó=
ãÉíáÅìäçìë=ãÉí~ÄçäáÅ= Åçåíêçä= çÑ= íÜÉ= Çá~ÄÉíÉë= ~åÇ= Å~êÉÑìä=
çÄëíÉíêáÅ=ã~å~ÖÉãÉåíK=aÉëéáíÉ=íÜáëI=íÜÉ=ê~íÉë=çÑ=ÅçåÖÉåáí~ä=
ã~äÑçêã~íáçå=~åÇ=éÉêáå~í~ä=ãçêí~äáíó=êÉã~áå=ëÉîÉê~ä=íáãÉë=
ÜáÖÜÉê=íÜ~å=áå=íÜÉ=åçåJÇá~ÄÉíáÅ=éçéìä~íáçåK=qóéÉ=O=Çá~ÄÉíÉë=
áë=åçï=ãìÅÜ=ãçêÉ=éêÉî~äÉåí=áå=íÜÉ=ã~íÉêå~ä=éçéìä~íáçå=~ë=
~=êÉëìäí=çÑ=íÜÉ=ÅÜ~åÖáåÖ=å~íìê~ä=Üáëíçêó=çÑ=íÜáë=ÅçåÇáíáçåKR=

aìêáåÖ=éêÉÖå~åÅóI=ã~íÉêå~ä=ÖäìÅçëÉ=ãÉí~Äçäáëã=ÅÜ~åÖÉë=
íç=çéíáãáëÉ=ÖäìÅçëÉ=~åÇ=çíÜÉê=åìíêáÉåí=ÇÉäáîÉêó=íç=íÜÉ=ÑÉíìëK=
qÜáë= áë= é~êíáÅìä~êäó= ~éé~êÉåí= áå= íÜÉ= ëÉÅçåÇ= Ü~äÑ= çÑ=
éêÉÖå~åÅóI= ïÜÉå= íÜÉêÉ= áë= ~å= áåÅêÉ~ëÉ= áå= ã~íÉêå~ä= íáëëìÉ=
áåëìäáå= êÉëáëí~åÅÉI= ëìÅÜ= íÜ~í= ÖäìÅçëÉ= áë= éêÉÑÉêÉåíá~ääó=
ëìééäáÉÇ= íç= íÜÉ= ÑÉíìë= ê~íÜÉê= íÜ~å=ã~íÉêå~ä= íáëëìÉK= qÜáë= áë=
ä~êÖÉäó=ÇêáîÉå=Äó=íÜÉ=ã~íÉêå~ä=Üçêãçå~ä=ÉåîáêçåãÉåíI=ïáíÜ=
áåÅêÉ~ëÉÇ=çÉëíêçÖÉåë=~åÇ=éêçÖÉëíçÖÉåëI=~åÇI=áå=é~êíáÅìä~êI=
Üìã~å= éä~ÅÉåí~ä= ä~ÅíçÖÉå= EÜmiFK= qÜÉ= ÇÉäáîÉêó= çÑ= íÜÉ=
éä~ÅÉåí~=êÉëìäíë=áå=ê~éáÇ=ÇÉÅäáåÉ=áå=Ümi=ïáíÜ=~=ê~éáÇ=êÉîÉêë~ä=
çÑ=áåëìäáå=êÉëáëí~åÅÉ=ëççå=~ÑíÉê=ÄáêíÜK==

aìêáåÖ= éêÉÖå~åÅóI= Ñ~ëíáåÖ= éä~ëã~= ÖäìÅçëÉ= ÇÉÅêÉ~ëÉë=
ëäáÖÜíäóI= ïÜáäÉ= éçëíJéê~åÇá~ä= ÄäççÇ= ÖäìÅçëÉ= ã~ó= ÄÉ=
áåÅêÉ~ëÉÇK=qÜÉ=êÉå~ä=íÜêÉëÜçäÇ=Ñçê=ÖäóÅçëìêá~=áë=êÉÇìÅÉÇ=áå=
éêÉÖå~åÅóK==

Incidence 
QB= çÑ= éêÉÖå~åÅáÉë= ~êÉ= ÅçãéäáÅ~íÉÇ= Äó= ajW= ÉáíÜÉê= éêÉJ
ÉñáëíáåÖ=íóéÉ=N=çê=O=aj=EYMKRBFI=çê=åÉïJçåëÉí=ÖÉëí~íáçå~ä=
Çá~ÄÉíÉë=EdajF=E[PKRBFKQ=

Risks 4

^ää=Ñçêãë=Å~êêó=~å=áåÅêÉ~ëÉÇ=êáëâ=íç=ãçíÜÉê=~åÇ=ÑçÉíìëW==
NK ãáëÅ~êêá~ÖÉI==
OK éêÉJíÉêã=ä~ÄçìêI==
PK éêÉJÉÅä~ãéëá~I==

QK ÅçåÖÉåáí~ä=ã~äÑçêã~íáçåëI==
RK ã~Åêçëçãá~I=~åÇ==
SK ~= ïçêëÉåáåÖ= çÑ= Çá~ÄÉíáÅ= ÅçãéäáÅ~íáçåëI= ÉÖ=

êÉíáåçé~íÜóI=åÉéÜêçé~íÜóK=

Obstetric and fetal problems
Obstetric problems 
`çåÖÉåáí~ä= ã~äÑçêã~íáçåë= ~ëëçÅá~íÉÇ= ïáíÜ= ã~íÉêå~ä=
Çá~ÄÉíÉë=~ÑÑÉÅí=Å~êÇá~Å=~åÇ=ëâÉäÉí~ä=ÇÉîÉäçéãÉåíI=çÑ=ïÜáÅÜ=
íÜÉ= Å~ìÇ~ä= êÉÖêÉëëáçå= ëóåÇêçãÉ= áë= ~å= Éñ~ãéäÉK= mççêäó=
ÅçåíêçääÉÇ= Çá~ÄÉíÉë= ä~íÉê= áå= ÖÉëí~íáçå= áë= ~ëëçÅá~íÉÇ= ïáíÜ=
ëíáääÄáêíÜI= ëÜçìäÇÉê= ÇóëíçÅá~= çïáåÖ= íç= ÑÉí~ä= ã~Åêçëçãá~I=
éçäóÜóÇê~ãåáçë= ~åÇ= éêÉJÉÅä~ãéëá~K= hÉíç~ÅáÇçëáë= áå=
éêÉÖå~åÅó= Å~êêáÉë= ~= RMB= ÑÉí~ä= ãçêí~äáíóI= Äìí= ã~íÉêå~ä=
ÜóéçÖäóÅ~Éãá~I= ~äíÜçìÖÜ= ÜáÖÜäó= ìåÇÉëáê~ÄäÉI= áë= êÉä~íáîÉäó=
ïÉää=íçäÉê~íÉÇ=Äó=íÜÉ=ÑÉíìëKR=

Fetal macrosomia 
få= íÜÉ= ÑÉíìëI= áåëìäáå= ëÉÅêÉíáçå= áë= ÇêáîÉå= Äó= ÑÉí~ä= ÄäççÇ=
ÖäìÅçëÉ= äÉîÉäëI= ïÜáÅÜ= ~êÉ= ÇÉíÉêãáåÉÇ= Äó= íÜÉ= ã~íÉêå~ä=
ÖäìÅçëÉ= ÅçåÅÉåíê~íáçåëK= qÜìëI= ã~íÉêå~ä= ÜóéÉêÖäóÅ~Éãá~=
ÇêáîÉë=ÑÉí~ä=ÜóéÉêáåëìäáå~Éãá~K=páåÅÉ=áåëìäáå=áë=~=ã~àçê=ÑÉí~ä=
ÖêçïíÜ=Ñ~ÅíçêI=ÜóéÉêáåëìäáå~Éãá~=áå=íìêå=ÇêáîÉë= áåÅêÉ~ëÉÇ=
ÑÉí~ä= ÖêçïíÜI= êÉëìäíáåÖ= áå= áåÅêÉ~ëÉÇ= ÄáêíÜ= ïÉáÖÜí=
EÚã~Åêçëçãá~ÛFKN=

qÜÉ= áåÑ~åí= çÑ= ~= Çá~ÄÉíáÅ= ãçíÜÉê= áë= ãçêÉ= ëìëÅÉéíáÄäÉ= íç=
Üó~äáåÉ= ãÉãÄê~åÉ= ÇáëÉ~ëÉ= íÜ~å= åçåÇá~ÄÉíáÅ= áåÑ~åíë= çÑ=
ëáãáä~ê=ã~íìêáíóK=få=~ÇÇáíáçåI=åÉçå~í~ä=ÜóéçÖäóÅ~Éãá~=ã~ó=
çÅÅìêK= qÜÉ= ãÉÅÜ~åáëã= áë= ~ë= ÑçääçïëW= ã~íÉêå~ä= ÖäìÅçëÉ=
ÅêçëëÉë= íÜÉ= éä~ÅÉåí~= Äìí= áåëìäáå= ÇçÉë= åçí;= íÜÉ= ÑÉí~ä= áëäÉíë=
ÜóéÉêëÉÅêÉíÉ= íç= ÅçãÄ~í= ã~íÉêå~ä= ÜóéÉêÖäóÅ~Éãá~I= ~åÇ= ~=
êÉÄçìåÇ= íç= ÜóéçÖäóÅ~ÉãáÅ= äÉîÉäë= çÅÅìêë= ïÜÉå= íÜÉ=
ìãÄáäáÅ~ä= ÅçêÇ= áë= ÅìíK= qÜÉëÉ= ÅçãéäáÅ~íáçåë= ~êÉ= ÇìÉ= íç=
ÜóéÉêÖäóÅ~Éãá~=áå=íÜÉ=íÜáêÇ=íêáãÉëíÉêKR=

= =
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 Gestational diabetes 

Definition 
dÉëí~íáçå~ä=Çá~ÄÉíÉë=áë=ÇÉÑáåÉÇ=~ë=Çá~ÄÉíÉë=ïáíÜ=Ñáêëí=çåëÉí=
çê=êÉÅçÖåáíáçå=ÇìêáåÖ=éêÉÖå~åÅóK==

qÜáë=ÇÉÑáåáíáçå=ïáää=áåÅäìÇÉ==
• ~= ÑÉï=é~íáÉåíë=ïÜç=ÇÉîÉäçé= íóéÉ= N=Çá~ÄÉíÉë=ÇìêáåÖ=

éêÉÖå~åÅóI= ïÜÉêÉ= éêçãéí= ~Åíáçå= ~åÇ= É~êäó= áåëìäáå=
íêÉ~íãÉåí=ïáää=ÄÉ=êÉèìáêÉÇI=~åÇ==

• ëçãÉ=é~íáÉåíë=ïÜç=ÇÉîÉäçé=íóéÉ=O=Çá~ÄÉíÉëI=çê=Ü~Ç=
ìåâåçïå=éêÉÉñáëíáåÖ= íóéÉ=O=Çá~ÄÉíÉëI= áå=ïÜçã=íÜÉ=
Çá~ÄÉíÉë=ÇçÉë=åçí=êÉãáí=~ÑíÉê=éêÉÖå~åÅóK==

Pathogenesis 
qÜÉ= ã~àçêáíó= çÑ= ÖÉëí~íáçå~ä= Çá~ÄÉíÉë= ÇÉîÉäçéë= ÇìÉ= íç= ~å=
áå~Äáäáíó= íç= áåÅêÉ~ëÉ= áåëìäáå= ëÉÅêÉíáçå= ~ÇÉèì~íÉäó= íç=
ÅçãéÉåë~íÉ=Ñçê=éêÉÖå~åÅóJáåÇìÅÉÇ=áåëìäáå=êÉëáëí~åÅÉI=~åÇ=
ãçëí= ïçãÉå= Å~å= ÉñéÉÅí= íç= êÉíìêå= íç= åçêã~ä= ÖäìÅçëÉ=
íçäÉê~åÅÉ=áããÉÇá~íÉäó=~ÑíÉê=éêÉÖå~åÅóK==

Diagnostic basis 
få= Åçåíê~ëí= íç= åçåJÖÉëí~íáçå~ä= Çá~ÄÉíÉëI= Ñçê= ïÜáÅÜ= íÜÉ=
Çá~ÖåçëíáÅ= íÜêÉëÜçäÇë= Ñçê= Çá~ÄÉíÉë= ~êÉ= Ä~ëÉÇ=ìéçå= êáëâ= çÑ=
ãáÅêçî~ëÅìä~ê= ÅçãéäáÅ~íáçåëI= íÜÉ=Çá~Öåçëáë=çÑ= ÖÉëí~íáçå~ä=
Çá~ÄÉíÉë= áë=Ä~ëÉÇ=ìéçå=ã~íÉêå~ä=ÄäççÇ=ÖäìÅçëÉ=ãÉ~ëìêÉë=
íÜ~í=~êÉ=~ëëçÅá~íÉÇ=ïáíÜ=áåÅêÉ~ëÉÇ=ÑÉí~ä=ÖêçïíÜK==

^å= áåíÉêå~íáçå~ä= ÅçåëÉåëìë= êÉÅçããÉåÇÉÇ= íÜ~í= ÖäìÅçëÉ=
î~äìÉë= Çá~ÖåçëíáÅ= çÑ= ÖÉëí~íáçå~ä= Çá~ÄÉíÉë= ëÜçìäÇ=ÄÉ= äçïÉê=
íÜ~å=íÜçëÉ=Ñçê=åçåJÖÉëí~íáçå~ä=Çá~ÄÉíÉëK==

=

Screening 
`çåíêçîÉêëó=êÉã~áåë=~Äçìí=ïÜç=ëÜçìäÇ=ÄÉ=ëÅêÉÉåÉÇI=~åÇ=áå=
é~êí=íÜÉ=ëÅêÉÉåáåÖ=ëíê~íÉÖó=ÇÉéÉåÇë=çå=íÜÉ=éçéìä~íáçå=êáëâK==

fí=áë=ïáÇÉäó=~ÅÅÉéíÉÇ=íÜ~í=ïçãÉå=~í=ÜáÖÜ=êáëâ=Ñçê=ÖÉëí~íáçå~ä=
Çá~ÄÉíÉë=ëÜçìäÇ=Ü~îÉ=~å=çê~ä=ÖäìÅçëÉ=íçäÉê~åÅÉ=íÉëí=~í=OQÓOU=
ïÉÉâë= ENSJNU= ïÉÉâë= áÑ= éêÉîáçìë= dajQFI= ïáíÜ= ëçãÉ=
ÖìáÇÉäáåÉë= êÉÅçããÉåÇáåÖ= íÜ~í= ~ää= ~êÉ= ëÅêÉÉåÉÇ= Äó=

ãÉ~ëìêáåÖ=eÄ^NÅI= Ñ~ëíáåÖ=ÄäççÇ=ÖäìÅçëÉ=çê= ê~åÇçã=ÄäççÇ=
ÖäìÅçëÉ=~í= íÜÉ= Ñáêëí=ÄççâáåÖ=îáëáíNI=ldqq= áÑ= êáëâ=~ëëçÅá~íÉÇ=
ïáíÜ=Ñ~ÅíçêëQK==

táíÜ= íÜÉ= áåÅêÉ~ëáåÖ= ìëÉ= çÑ=eÄ^NÅ= íç= Çá~ÖåçëÉ= Çá~ÄÉíÉëI= áí=
ëÜçìäÇ= ÄÉ= åçíÉÇ= íÜ~í= eÄ^NÅ= áë= ìåêÉäá~ÄäÉ= ~ÑíÉê= É~êäó=
éêÉÖå~åÅóI=ïÜÉå=áí=Ñ~ääë=ÇìÉ=íç=áåÅêÉ~ëÉÇ=êÉÇ=ÅÉää=íìêåçîÉêK==

Management  
qÜÉ= ~áã= áë= íç= åçêã~äáëÉ= íÜÉ=ã~íÉêå~ä= ÄäççÇ= ÖäìÅçëÉ= ~åÇ=
íÜÉêÉÄó=êÉÇìÅÉ=ÉñÅÉëëáîÉ=ÑÉí~ä=ÖêçïíÜK==

aáÉí~êó=ãçÇáÑáÅ~íáçå=
qÜÉ=Ñáêëí=ÉäÉãÉåí=çÑ=ã~å~ÖÉãÉåí=áë=ÇáÉí~êó=ãçÇáÑáÅ~íáçåI=áå=
é~êíáÅìä~ê=Äó=êÉÇìÅáåÖ=Åçåëìãéíáçå=çÑ=èìáÅâJ~ÅíáåÖ=êÉÑáåÉÇ=
Å~êÄçÜóÇê~íÉK==

tçãÉå=ïáíÜ=ÖÉëí~íáçå~ä=Çá~ÄÉíÉë=ëÜçìäÇ=ìåÇÉêí~âÉ=êÉÖìä~ê=
éêÉJ= ~åÇ= éçëíJéê~åÇá~ä= ëÉäÑJãçåáíçêáåÖ= çÑ= ÄäççÇ= ÖäìÅçëÉI=
~áãáåÖ=Ñçê==

• éêÉJãÉ~ä= ÄäççÇ= ÖäìÅçëÉ= äÉîÉäë= çÑ= äÉëë= íÜ~å= RKR=
ããçäLi=ENMM=ãÖLÇiF=çê==

• éçëíãÉ~ä= ÄäççÇ= ÖäìÅçëÉ= äÉîÉäë= çÑ= äÉëë= íÜ~å= TKM=
ããçäLi=ENOR=ãÖLÇiFK==

aêìÖë=
fÑ= íêÉ~íãÉåí= áë= åÉÅÉëë~êóI= ãÉíÑçêãáå= çê= ÖäáÄÉåÅä~ãáÇÉ= áë=
ÅçåëáÇÉêÉÇ=ë~ÑÉ=íç=ìëÉ=áå=éêÉÖå~åÅóK=däáÄÉåÅä~ãáÇÉ=ëÜçìäÇ=
ÄÉ=ìëÉÇ=ê~íÜÉê=íÜ~å=çíÜÉê=ëìäéÜçåóäìêÉ~ë=ÄÉÅ~ìëÉ=áí=ÇçÉë=
åçí=Åêçëë=íÜÉ=éä~ÅÉåí~K==

líÜÉê=çê~ä=íÜÉê~éáÉë=çê=áåàÉÅí~ÄäÉ=áåÅêÉíáåJÄ~ëÉÇ=íÜÉê~éáÉë=
ëÜçìäÇ=åçí=ÄÉ=ÖáîÉå=áå=éêÉÖå~åÅóK==

fåëìäáå=ã~ó= ÄÉ= êÉèìáêÉÇI= ÉëéÉÅá~ääó= áå= íÜÉ= ä~íÉê= ëí~ÖÉë= çÑ=
éêÉÖå~åÅóK==

Complication  
fÑ=íÜÉ=ã~íÉêå~ä=ÄäççÇ=ÖäìÅçëÉ=áë=åçí=ïÉää=ÅçåíêçääÉÇ=éêáçê=íçI=
~åÇ=ÇìêáåÖI=ÇÉäáîÉêóI=íÜÉ=êÉëìäíáåÖ=ÑÉí~ä=ÜóéÉêáåëìäáå~Éãá~=
äÉ~Çë= íç= åÉçå~í~ä= ÜóéÉêáåëìäáå~Éãá~I= ïÜáÅÜ= áå= íìêå= Å~å=
Å~ìëÉ=åÉçå~í~ä=ÜóéçÖäóÅ~Éãá~K==

Follow up and prognosis  
^ÑíÉê=ÇÉäáîÉêóI=ã~íÉêå~ä=ÖäìÅçëÉ=ìëì~ääó=ê~éáÇäó=êÉíìêåë= íç=
éêÉJéêÉÖå~åÅó= äÉîÉäëK=tçã~å= ëÜçìäÇ= ÄÉ= íÉëíÉÇ= ~í= äÉ~ëí= S=
ïÉÉâë=éçëíJé~êíìã=ïáíÜ=~å=çê~ä=ÖäìÅçëÉ=íçäÉê~åÅÉ=íÉëíK==

få= ïçãÉå= ïáíÜ= éÉêëáëíÉåí= ãáäÇ= Ñ~ëíáåÖ= ÜóéÉêÖäóÅ~Éãá~=
EÖäìÅçëÉ=çîÉê=RKR=ããçäLi=ENMM=ãÖL=ÇiFF=ïÜç=Ü~îÉ=~=ëã~ää=
áåÅêÉãÉåí=EäÉëë=íÜ~å=PKR=ããçäLiF=áå=éä~ëã~=ÖäìÅçëÉ=O=Üçìêë=
~ÑíÉê=çê~ä=ÖäìÅçëÉI=ãçåçÖÉåáÅ=Çá~ÄÉíÉë=ÇìÉ=íç=~=ãìí~íáçå=áå=
d`h=EÉåÅçÇáåÖ=ÖäìÅçâáå~ëÉF=ëÜçìäÇ=ÄÉ=ÅçåëáÇÉêÉÇK==

qÜçëÉ= ïÜç= Ü~îÉ= êÉíìêåÉÇ= íç= åçêã~ä= ÖäìÅçëÉ= íçäÉê~åÅÉ=
êÉã~áå=~í=ÅçåëáÇÉê~ÄäÉ=êáëâ=Ñçê=ÇÉîÉäçéáåÖ=íóéÉ=O=Çá~ÄÉíÉëI=
ïáíÜ=~=RJóÉ~ê=êáëâ=ÄÉíïÉÉå=NR=~åÇ=RMBI=ÇÉéÉåÇáåÖ=çå=íÜÉ=
éçéìä~íáçåK==

qÜÉêÉÑçêÉI= ~ää= ïçãÉå=ïÜç= Ü~îÉ= Ü~Ç= ÖÉëí~íáçå~ä= Çá~ÄÉíÉë=
ëÜçìäÇ=ÄÉ=ÖáîÉå=ÇáÉí=~åÇ=äáÑÉëíóäÉ=~ÇîáÅÉ=íç=êÉÇìÅÉ=íÜÉáê=êáëâ=
çÑ=ÇÉîÉäçéáåÖ=íóéÉ=O=Çá~ÄÉíÉëK==

=

Women at high risk of gestational diabetes

• BMI > 30 kg/m
2

• A previous macrosomic baby weighing ≥ 4.5 kg at birth

• Previous gestational diabetes

• A first-degree relative with diabetes

• A high-risk ethnicity – South Asian, black Caribbean or 

Middle Eastern (Non-Caucasian  )

Diagnosis

• High-risk women should have a 75 g oral glucose tolerance 

test before 28 weeks’ gestation

• Gestational diabetes is diagnosed when:

Fasting plasma glucose ≥ 5.1 mmol/L (92 mg/dL) or

1-hr plasma glucose (after glucose load) ≥ 10 mmol/L 

(180 mg/dL) or

2-hr plasma glucose (after glucose load) ≥ 8 mmol/L 

(144 mg/dL)
• Consider testing high-risk women at first booking visit with 

an HbA1c or fasting blood glucose

 Identifying patients with gestational  
diabetes

4

• HIV +ve
4

1
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Pregnancy in women with 
established diabetes 

j~íÉêå~ä= ÜóéÉêÖäóÅ~Éãá~= É~êäó= áå= éêÉÖå~åÅó= EÇìêáåÖ= íÜÉ=
Ñáêëí= S= ïÉÉâë= éçëíJÅçåÅÉéíáçåF= Å~å= ~ÇîÉêëÉäó= ~ÑÑÉÅí= ÑÉí~ä=
ÇÉîÉäçéãÉåíK=`çåëÉèìÉåÅÉë=áåÅäìÇÉ=Ó=

• `~êÇá~Å=ã~äÑçêã~íáçåëI==
• êÉå~ä=ã~äÑçêã~íáçåë=~åÇ==
• ëâÉäÉí~ä= ã~äÑçêã~íáçåëI= çÑ= ïÜáÅÜ= íÜÉ= Å~ìÇ~ä=

êÉÖêÉëëáçå=ëóåÇêçãÉ=áë=íÜÉ=ãçëí=ÅÜ~ê~ÅíÉêáëíáÅK==

Epidemiology  
qÜÉ= êáëâ= çÑ= ÑÉí~ä= ~åçã~äó= áë= ~Äçìí= OB= Ñçê= åçåJÇá~ÄÉíáÅ=
ïçãÉåI=~Äçìí=QB=Ñçê=ïçãÉå=ïáíÜ=ïÉääJÅçåíêçääÉÇ=Çá~ÄÉíÉë=
EeÄ^NÅ=ÄÉäçï=RP=ããçäLãçä=ETBFFI=Äìí=ãçêÉ=íÜ~å=OMB=Ñçê=
íÜçëÉ=ïáíÜ=éççê= ÖäóÅ~ÉãáÅ= Åçåíêçä= EeÄ^NÅ=ÖêÉ~íÉê= íÜ~å= VT=
ããçäLãçä=ENNBFFK==

tÜáäÉ= íÜÉ= çìíäççâ= Ñçê= ãçíÜÉê= ~åÇ= ÅÜáäÇ= Ü~ë= ÄÉÉå= î~ëíäó=
áãéêçîÉÇ=çîÉê= êÉÅÉåí=óÉ~êëI=éêÉÖå~åÅó=çìíÅçãÉë=~êÉ=ëíáää=
åçí=Éèìáî~äÉåí=íç=íÜçëÉ=çÑ=åçåJÇá~ÄÉíáÅ=ãçíÜÉêëK==

mÉêáå~í~ä=ãçêí~äáíó=ê~íÉë=êÉã~áå=PÓQ=íáãÉë=íÜçëÉ=çÑ=íÜÉ=åçåJ
Çá~ÄÉíáÅ=éçéìä~íáçå=E~í=~êçìåÇ=PMÓQM=éÉê=NMMM=éêÉÖå~åÅáÉëF=
~åÇ=íÜÉ=ê~íÉ=çÑ=ÅçåÖÉåáí~ä=ã~äÑçêã~íáçå=áë= áåÅêÉ~ëÉÇ=RÓSJ
ÑçäÇ=çîÉê~ääK=

Pregnancy associated risks 
mêÉÖå~åÅó=áë=~äëç=~ëëçÅá~íÉÇ=ïáíÜ=~å=áåÅêÉ~ëÉÇ=éçíÉåíá~ä=Ñçê=
âÉíçëáëI= é~êíáÅìä~êäóI= Äìí= åçí= ÉñÅäìëáîÉäóI= áå= ïçãÉå= ïáíÜ=
íóéÉ=N=Çá~ÄÉíÉëK==

hÉíç~ÅáÇçëáë=ÇìêáåÖ=éêÉÖå~åÅó=áë=Ç~åÖÉêçìë=Ñçê=íÜÉ=ãçíÜÉê=
~åÇ= áë= ~ëëçÅá~íÉÇ= ïáíÜ= ~= ÜáÖÜ= ê~íÉ= ENMÓPRBF= çÑ= ÑÉí~ä=
ãçêí~äáíóK==

mêÉÖå~åÅó= áë= ~ëëçÅá~íÉÇ= ïáíÜ= ~= ïçêëÉåáåÖ= çÑ= Çá~ÄÉíáÅ=
ÅçãéäáÅ~íáçåëI=ãçëí=åçí~Ääó=êÉíáåçé~íÜó=~åÇ=åÉéÜêçé~íÜóI=
ëç= Å~êÉÑìä= ãçåáíçêáåÖ= çÑ= ÉóÉë= ~åÇ= âáÇåÉóë= áë= êÉèìáêÉÇ=
íÜêçìÖÜçìí=éêÉÖå~åÅóK==

fÑ=ÜÉ~îó=éêçíÉáåìêá~=~åÇLçê=êÉå~ä=ÇóëÑìåÅíáçå=Éñáëí=éêáçê=íç=
éêÉÖå~åÅóI= íÜÉêÉ= áë= ~=ã~êâÉÇ= áåÅêÉ~ëÉ= áå= íÜÉ= êáëâ= çÑ= éêÉJ
ÉÅä~ãéëá~I=~åÇ=êÉå~ä= ÑìåÅíáçå=Å~å=ÇÉíÉêáçê~íÉ= áêêÉîÉêëáÄäó=
ÇìêáåÖ=éêÉÖå~åÅóK==

qÜÉëÉ=êáëâë=åÉÉÇ=íç=ÄÉ=Å~êÉÑìääó=ÇáëÅìëëÉÇ=ÄÉÑçêÉ=~=ïçã~å=
ïáíÜ=Çá~ÄÉíÉë=áë=ÅçåëáÇÉêáåÖ=éêÉÖå~åÅóK==

Management 
mêÉJÅçåÅÉéíáçåW==

• lÑÑÉê=ÖÉåÉê~ä=~ÇîáÅÉI=~åÇ=ÇáëÅìëë=êáëâëK=NIQ=
• `çåíêçäLêÉÇìÅÉ=ïÉáÖÜíI=Q=
• ^áã= íç= ~ÅÜáÉîÉ= ÉñÅÉääÉåí= ÖäóÅ~ÉãáÅ= Åçåíêçä= ÄÉÑçêÉ=

ÄÉÅçãáåÖ=éêÉÖå~åíK=NIQ=
• få=~ÇÇáíáçåI=ÜáÖÜJÇçëÉ= ÑçäáÅ=~ÅáÇ= ER=ãÖI=ê~íÜÉê= íÜ~å=

íÜÉ= ìëì~ä= QMM= μÖI= Ç~áäóF= ëÜçìäÇ= ÄÉ= áåáíá~íÉÇ= ÄÉÑçêÉ=
ÅçåÅÉéíáçå=íç=êÉÇìÅÉ=íÜÉ=êáëâ=çÑ=åÉìê~ä=íìÄÉ=ÇÉÑÉÅíëN=
EÅçåíáåìÉ=ìåíáä=NO=ïÉÉâëQFK==

`çåÅÉéíáçå=
• ^ë=Ñçê=ÖÉëí~íáçå~ä=Çá~ÄÉíÉëI=ãçíÜÉêë=ëÜçìäÇ=~ííÉãéí=

íç=ã~áåí~áå=åÉ~êJåçêã~ä=ÄäççÇ=ÖäìÅçëÉ=äÉîÉäë=ïÜáäëí=

~îçáÇáåÖ= ÜóéçÖäóÅ~Éãá~= íÜêçìÖÜçìí= íÜÉáê=
éêÉÖå~åÅóI=~ë=íÜáë=ãáåáãáëÉë=ÉñÅÉëëáîÉ=ÑÉí~ä=ÖêçïíÜ=
~åÇ=åÉçå~í~ä=ÜóéçÖäóÅ~Éãá~K=eçïÉîÉêI=íÜáë=áë=çÑíÉå=
ÇáÑÑáÅìäí=íç=~ÅÜáÉîÉK=N=

• lê~ä=ÜóéçÖäóÅ~ÉãáÅë=çíÜÉê= íÜ~å=ãÉíÑçêãáå= ëÜçìäÇ=
ÄÉ= ÇáëÅçåíáåìÉÇK= jÉíÑçêãáå= ã~ó= ÄÉ= ìëÉÇ= ~ë= ~å=
~ÇàìåÅí= çê= ~äíÉêå~íáîÉ= íç= áåëìäáå= áå= íóéÉ= O= aj= çê=
dajKQ=

mçëíé~êíìã=
• S= ïÉÉâë= éçëíé~êíìãI= Çç= ~= Ñ~ëíáåÖ= ÖäìÅçëÉK= bîÉå= áÑ=

åÉÖ~íáîÉI=RMB=ïáää=ÉîÉåíì~ääó=Öç=çå=íç=ÇÉîÉäçé=ajKQ=

=

 Surgery and diabetes 
=
m~íáÉåíë= ïáíÜ= Çá~ÄÉíÉë= ~êÉ= êÉéçêíÉÇ= íç= Ü~îÉ= ìé= íç= RMB=
ÜáÖÜÉê= éÉêáJçéÉê~íáîÉ= ãçêí~äáíó= íÜ~å= é~íáÉåíë= ïáíÜçìí=
Çá~ÄÉíÉëK==

Pathophysiology  
pìêÖÉêó= Å~ìëÉë= Å~í~ÄçäáÅ= ëíêÉëë= ~åÇ= ëÉÅêÉíáçå= çÑ= ÅçìåíÉêJ
êÉÖìä~íçêó= ÜçêãçåÉë= EáåÅäìÇáåÖ= Å~íÉÅÜçä~ãáåÉë= ~åÇ=
ÅçêíáëçäF=áå=ÄçíÜ=åçêã~ä=~åÇ=Çá~ÄÉíáÅ=ëìÄàÉÅíëK=qÜáë=êÉëìäíë=
áå= áåÅêÉ~ëÉÇ= ÖäóÅçÖÉåçäóëáëI= ÖäìÅçåÉçÖÉåÉëáëI= äáéçäóëáëI=
éêçíÉçäóëáë= ~åÇ= áåëìäáå= êÉëáëí~åÅÉK= pí~êî~íáçå= Éñ~ÅÉêÄ~íÉë=
íÜáë=éêçÅÉëë=Äó=áåÅêÉ~ëáåÖ=äáéçäóëáëK==

få=íÜÉ=åçåJÇá~ÄÉíáÅ=éÉêëçåI=íÜÉëÉ=ãÉí~ÄçäáÅ=ÉÑÑÉÅíë=äÉ~Ç=íç=
~= ëÉÅçåÇ~êó= áåÅêÉ~ëÉ= áå= íÜÉ= ëÉÅêÉíáçå= çÑ= áåëìäáåI= ïÜáÅÜ=
ÉñÉêíë= ~= ÅçåíêçääáåÖ= áåÑäìÉåÅÉK= få= Çá~ÄÉíáÅ= é~íáÉåíëI= ÉáíÜÉê=
íÜÉêÉ= áë=~ÄëçäìíÉ=ÇÉÑáÅáÉåÅó=çÑ= áåëìäáå=EíóéÉ=N=Çá~ÄÉíÉëF=çê=
áåëìäáå=ëÉÅêÉíáçå=áë=ÇÉä~óÉÇ=~åÇ=áãé~áêÉÇ=EíóéÉ=O=Çá~ÄÉíÉëFI=
ëç= íÜ~í= áå= ìåíêÉ~íÉÇ= çê= éççêäó= ÅçåíêçääÉÇ= Çá~ÄÉíÉëI= íÜÉ=
ìéí~âÉ= çÑ=ãÉí~ÄçäáÅ= ëìÄëíê~íÉ= áåíç= íáëëìÉë= áë= ëáÖåáÑáÅ~åíäó=
êÉÇìÅÉÇI=Å~í~Äçäáëã=áë=áåÅêÉ~ëÉÇ=~åÇI=ìäíáã~íÉäóI=ãÉí~ÄçäáÅ=
ÇÉÅçãéÉåë~íáçå=áå=íÜÉ=Ñçêã=çÑ=Çá~ÄÉíáÅ=âÉíç~ÅáÇçëáë=ã~ó=
ÇÉîÉäçé=áå=ÄçíÜ=íóéÉë=çÑ=Çá~ÄÉíÉëK==

få= ~ÇÇáíáçåI= ÜóéÉêÖäóÅ~Éãá~= áãé~áêë= ïçìåÇ= ÜÉ~äáåÖ= ~åÇ=
áåå~íÉ= áããìåáíóI= äÉ~ÇáåÖ= íç= áåÅêÉ~ëÉÇ= êáëâ= çÑ= áåÑÉÅíáçåK=
m~íáÉåíë= ïáíÜ= Çá~ÄÉíÉë= ~êÉ= ~äëç= ãçêÉ= äáâÉäó= íç= Ü~îÉ=
ìåÇÉêäóáåÖ= éêÉJçéÉê~íáîÉ= ãçêÄáÇáíóI= ÉëéÉÅá~ääó=
Å~êÇáçî~ëÅìä~ê= ÇáëÉ~ëÉK= cáå~ääóI= ã~å~ÖÉãÉåí= Éêêçêë= ïáíÜ=
Çá~ÄÉíÉë= ã~ó= Å~ìëÉ= Ç~åÖÉêçìë= ÜóéÉêÖäóÅ~Éãá~= çê=
ÜóéçÖäóÅ~Éãá~K==

`~êÉÑìä= éêÉJçéÉê~íáîÉ= ~ëëÉëëãÉåí= ~åÇ= éÉêáJçéÉê~íáîÉ=
ã~å~ÖÉãÉåí= ~êÉ= íÜÉêÉÑçêÉ= ÉëëÉåíá~äI= áÇÉ~ääó=ïáíÜ= ëìééçêí=
Ñêçã=íÜÉ=Çá~ÄÉíÉë=ëéÉÅá~äáëí=íÉ~ãK==

Pre-operative assessment  
råäÉëë= ~= ëìêÖáÅ~ä= áåíÉêîÉåíáçå= áë= ~å= ÉãÉêÖÉåÅóI= é~íáÉåíë=
ïáíÜ=Çá~ÄÉíÉë=ëÜçìäÇ=ÄÉ=~ëëÉëëÉÇ=ïÉää=áå=~Çî~åÅÉ=çÑ=ëìêÖÉêó=
ëç=íÜ~í=éççê=ÖäóÅ~ÉãáÅ=Åçåíêçä=~åÇ=çíÜÉê=êáëâ=Ñ~Åíçêë=Å~å=ÄÉ=
~ÇÇêÉëëÉÇK==
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qÜÉêÉ=áë=ÖççÇ=ÉîáÇÉåÅÉ=íÜ~í=ÜáÖÜÉê=eÄ^NÅ=áë=~ëëçÅá~íÉÇ=ïáíÜ=
~ÇîÉêëÉ=éÉêáçéÉê~íáîÉ=çìíÅçãÉK=få=ÖÉåÉê~äI=~å=ìééÉê=äáãáí=
Ñçê= ~å= ~ÅÅÉéí~ÄäÉ= eÄ^NÅ= ëÜçìäÇ= ÄÉ= ÄÉíïÉÉå= SQ= ~åÇ= TR=

ããçäL=ãçä=EU=~åÇ=VBFK==

eçïÉîÉêI= ëáåÅÉ= çéíáãáë~íáçå= çÑ= Å~êÉ= ã~ó= í~âÉ= ïÉÉâë= çê=
ãçåíÜë=íç=~ÅÜáÉîÉI=íÜÉ=ÄÉåÉÑáíë=åÉÉÇ=íç=ÄÉ=ïÉáÖÜÉÇ=~Ö~áåëí=
íÜÉ=åÉÉÇ=Ñçê=É~êäó=ëìêÖáÅ~ä=áåíÉêîÉåíáçåK==

Peri-operative management  
cçääçïáåÖ= ÑáÖìêÉ= çìíäáåÉë= ~= ÖÉåÉê~ä= ~ééêç~ÅÜ= íç= éÉêáJ
çéÉê~íáîÉ=ã~å~ÖÉãÉåí=çÑ=Çá~ÄÉíÉëI=~äíÜçìÖÜ=íÜáë=ã~ó=åÉÉÇ=
íç= ÄÉ= ~Ç~éíÉÇ= ~ÅÅçêÇáåÖ= íç= íÜÉ= é~íáÉåíI= íÜÉ= ëìêÖáÅ~ä=
éêçÅÉÇìêÉ=~åÇ=äçÅ~ä=ÖìáÇÉäáåÉëK==

a~íÉ=çÑ=~ÇãáëëáçåW=
m~íáÉåíë= ïáíÜ= Çá~ÄÉíÉë= ïÜç= ~êÉ= ÅçåëáÇÉêÉÇ= äçïJêáëâ= Å~å=
~ííÉåÇ=~ë=Ç~ó=Å~ëÉë=çê=ÄÉ=~ÇãáííÉÇ=çå=íÜÉ=Ç~ó=çÑ=ëìêÖÉêóK=
eçïÉîÉêI= é~íáÉåíë= ~êÉ= çÑíÉå= ~ÇãáííÉÇ= íÜÉ=åáÖÜí= ÄÉÑçêÉ= íç=
ÉåëìêÉ= çéíáã~ä= ã~å~ÖÉãÉåíI= ~åÇ= íç= ÄÉÖáå= áåíê~îÉåçìë=
áåëìäáå=íç=çéíáãáëÉ=ÄäççÇ=ÖäìÅçëÉI=áÑ=êÉèìáêÉÇK==

=
Figure:	Management	of	diabetic	patients	undergoing	surgery	and	general	anaesthesia.	(Glucose	>	14	mmol/L	≅	250	mg/dL)	(eGFR	=	estimated	glomerular	
filtration	rate;	GLP-1	=	glucagon-like	peptide	1).1	

Post-operative management  
m~íáÉåíë=ïÜç=åÉÉÇ=íç=ÅçåíáåìÉ=Ñ~ëíáåÖ=~ÑíÉê=ëìêÖÉêó=ëÜçìäÇ=
ÄÉ=ã~áåí~áåÉÇ=çå=áåíê~îÉåçìë=áåëìäáå=~åÇ=ÑäìáÇë=ìåíáä=íÜÉó=
~êÉ= ~ÄäÉ= íç= É~í= ~åÇ=ÇêáåâK=aìêáåÖ= íÜáë= íáãÉI= Å~êÉ=ãìëí=ÄÉ=
í~âÉå=ïáíÜ=ÑäìáÇ=Ä~ä~åÅÉ=~åÇ=ÉäÉÅíêçäóíÉ=äÉîÉäëK==

fåëìäáå=áåÑìëáçå=åÉÅÉëëáí~íÉë=ÇÉñíêçëÉ=áåÑìëáçå=íç=ã~áåí~áå=
~= ëìééäó= çÑ= ÖäìÅçëÉI= Äìí= íÜáë= ÅçãÄáå~íáçå= ÇêáîÉë= Ççïå=
éä~ëã~= éçí~ëëáìã= ~åÇ= Å~å= êÉëìäí= áå= Üóéçå~íê~Éãá~K=
fåíê~îÉåçìë= ÑäìáÇë= ÇìêáåÖ= éêçäçåÖÉÇ= áåëìäáå= áåÑìëáçå=
ëÜçìäÇ= íÜÉêÉÑçêÉ= áåÅäìÇÉ= ë~äáåÉ= ~åÇ= éçí~ëëáìã=
ëìééäÉãÉåí~íáçåK= rh= ÖìáÇÉäáåÉë= êÉÅçããÉåÇ= ìëÉ= çÑ=

ÇÉñíêçëÉLë~äáåÉ=EMKQRB=ë~äáåÉ=ïáíÜ=RB=ÇÉñíêçëÉ=~åÇ=MKNRB=
éçí~ëëáìã=ÅÜäçêáÇÉFK==

låÅÉ=~=é~íáÉåíÛë=ìëì~ä=íêÉ~íãÉåí=Ü~ë=ÄÉÉå=êÉáåëí~íÉÇI=Å~êÉ=
ãìëí= ÄÉ= í~âÉå= íç= ÅçåíáåìÉ= íç= Åçåíêçä= íÜÉ= ÄäççÇ= ÖäìÅçëÉI=
áÇÉ~ääó=ÄÉíïÉÉå=Q=~åÇ=NM=ããçäLi=ETMÓNUM=ãÖL=ÇiFI=áå=çêÇÉê=
íç=çéíáãáëÉ=ïçìåÇ=ÜÉ~äáåÖ=~åÇ=êÉÅçîÉêóK==

m~íáÉåíë= åçêã~ääó= ÅçåíêçääÉÇ= çå= í~ÄäÉíë= ã~ó= êÉèìáêÉ=
íÉãéçê~êó= ëìÄÅìí~åÉçìë= áåëìäáå= íêÉ~íãÉåí= ìåíáä= íÜÉ=
áåÅêÉ~ëÉÇ=ÚëíêÉëëÛ=çÑ=ëìêÖÉêóI=ïçìåÇ=ÜÉ~äáåÖ=çê=áåÑÉÅíáçå=Ü~ë=
êÉëçäîÉÇK=

• Assess glycaemic control
Consider delaying surgery and referral to the diabetes 
team if HbA1c > 75 mmol/mol (9%). This should be 
weighed against the need for surgery

• Assess cardiovascular status
Optimise blood pressure
ECG for evidence of (possibly silent) ischaemic heart 
disease and to assess QTc 

• Assess foot risk
Patients with high-risk feet should have suitable pressure 
relief provided during post-operative nursing

• For minor/moderate operations where only one meal will be 
omitted, plan for the patient to be first on the list

 How to carry out pre-operative assessment 

of patients with diabetes1

Minor operation/
only one meal omitted

HbA1C ≤ 64 mmol/mol (8%)?

Yes

No

Aim for ‘first on list’

Omit any oral anti-diabetic drugs and
GLP-1 analogues on morning of operation

Omit quick-  or medium-acting insulins prior
to missed meal. Continue long-acting
insulin (e.g. glargine or detemir) but

consider reducing dose if surgical list
is in afternoon

No need for IV insulin unless unable to eat
post-operatively, blood glucose > 14 mmol/L,

or ketones present in urine or blood 

Resume usual medication with first meal;
if it is lunch for patient using mixed

insulin, give half of usual morning dose 

Major operation/
prolonged fast

Omit any oral anti-diabetic drugs and
GLP-1 analogues on morning of operation

Omit quick- or medium-acting insulins prior
to missed meal. Continue long-acting

insulin (e.g. glargine or detemir)   

Start IV insulin infusion and IV fluids
early on morning of operation

and maintain on IV insulin until eating
and drinking  

Once patient is eating, prescribe usual oral
or injectable treatment with a meal and
discontinue insulin infusion 1 hr later

Withhold metformin if eGFR < 50 mmol/min  

Check U&Es at least daily whilst on IV
insulin and fluids; ensure adequate
potassium replacement and avoid

hyponatraemia from dextrose infusion
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Children, adolescents and 
young adults with diabetes 

=
qÜÉ=ã~å~ÖÉãÉåí=çÑ=Çá~ÄÉíÉë= áå=ÅÜáäÇêÉå=~åÇ=~ÇçäÉëÅÉåíë=
éêÉëÉåíë=é~êíáÅìä~ê=ÅÜ~ääÉåÖÉëI=ïÜáÅÜ=ëÜçìäÇ=ÄÉ=~ÇÇêÉëëÉÇ=
áå=ëéÉÅá~äáëÉÇ=ÅäáåáÅëK=

=

 
Hyperglycaemia in acute 
myocardial infarction 

=
eóéÉêÖäóÅ~Éãá~= áë= çÑíÉå= ÑçìåÇ= áå= é~íáÉåíë= ïÜç= Ü~îÉ=
ëìëí~áåÉÇ=~å=~ÅìíÉ=ãóçÅ~êÇá~ä=áåÑ~êÅíáçåK==

Cause: 
NK få=ëçãÉI=íÜáë=êÉéêÉëÉåíë=ëíêÉëë=ÜóéÉêÖäóÅ~Éãá~I==
OK ëçãÉ=Ü~îÉ=éêÉîáçìëäó=ìåÇá~ÖåçëÉÇ=Çá~ÄÉíÉëI=~åÇ==
PK ã~åó=Ü~îÉ=Éëí~ÄäáëÜÉÇ=Çá~ÄÉíÉëK==

j~åó= é~íáÉåíë= ïáíÜ= ëíêÉëë= ÜóéÉêÖäóÅ~Éãá~= ïáää= Ü~îÉ=
áãé~áêÉÇ= ÖäìÅçëÉ= íçäÉê~åÅÉ= çå= ~= ëìÄëÉèìÉåí= ÖäìÅçëÉ=
íçäÉê~åÅÉ=íÉëíK==

Management 
lîÉê=~åÇ=~ÄçîÉ= íÜÉ= ëí~åÇ~êÇ=ã~å~ÖÉãÉåí=çÑ=ãóçÅ~êÇá~ä=
áåÑ~êÅíáçåI=ÜóéÉêÖäóÅ~Éãá~=ëÜçìäÇ=ÄÉ= íêÉ~íÉÇ=ïáíÜ= áåëìäáå=
ê~íÜÉê= íÜ~å= çê~ä= ~åíáJÇá~ÄÉíáÅ= ~ÖÉåíë= áå= íÜÉ= éÉêáJáåÑ~êÅí=
éÉêáçÇI=~áãáåÖ=Ñçê=åÉ~êJåçêã~äáë~íáçå=çÑ=ÄäççÇ=ÖäìÅçëÉK==

píìÇáÉë=Ü~îÉ=ëìÖÖÉëíÉÇ=íÜ~í=ÖççÇ=ÖäóÅ~ÉãáÅ=Åçåíêçä=ìëáåÖ=
áåëìäáå= íÜÉê~éó= áå= ÜóéÉêÖäóÅ~ÉãáÅ= é~íáÉåíë= ïáíÜ= ~ÅìíÉ=
ãóçÅ~êÇá~ä= áåÑ~êÅíáçå= ã~ó= êÉÇìÅÉ= íÜÉáê= äçåÖJíÉêã=
ãçêí~äáíó=Ñêçã=Åçêçå~êó=ÜÉ~êí=ÇáëÉ~ëÉK=

=

=

=

=

=

	

• Type of diabetes: type 1 diabetes is predominant in children 

and adolescents, but type 2 diabetes is now presenting in 

unprecedented numbers of obese, inactive teenagers. 

Monogenic diabetes (MODY) should also be considered  

• Physiological changes: hormonal, physical and lifestyle 

changes in puberty affect dietary intake, exercise patterns 

and sensitivity to insulin, necessitating alterations in insulin 

regimen.

• Emotional changes: adolescence is a phase of 

transition into independence (principally from parental care). 

Periods of rebellion against parental control, experimentation 

(e.g. with alcohol) and a more chaotic lifestyle are  

common, and often impact adversely on control  

of diabetes.

• Glycaemic control: a temporary deterioration in control 

is common, although not universal. It is sometimes  

more important to maintain contact and engagement  

with a young person than to insist on tight glycaemic  

control.

• Diabetic ketoacidosis: a few adolescents and young adults 

present with frequent episodes of DKA, often because of 

non-adherence to insulin therapy. This is more common in 

females. Motivating factors may include weight loss, 

rebellion, and manipulation of family or schooling 

circumstances.

• Adolescent diabetes clinics: these challenges are best 

tackled with support from a specialised multidisciplinary 

team, including paediatricians, physicians, nurses and 

psychologists. Support is required for the patient and 

parents.

 Diabetes in adolescence 1
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29 Hypoglycaemia 
=

eóéçÖäóÅÉãá~=EÄäççÇ=ÖäìÅçëÉ=Y=PKR=ããçäLi=ESP=ãÖL=ÇiFFN=áë=
ãçëí= Åçããçåäó= Å~ìëÉÇ= Äó= ÇêìÖë= ìëÉÇ= íç= íêÉ~í= Çá~ÄÉíÉë=
ãÉääáíìë=çê=Äó=ÉñéçëìêÉ=íç=çíÜÉê=ÇêìÖëI= áåÅäìÇáåÖ=~äÅçÜçäK=
eçïÉîÉêI= ~= åìãÄÉê= çÑ= çíÜÉê= ÇáëçêÇÉêëI= áåÅäìÇáåÖ= ÅêáíáÅ~ä=
çêÖ~å= Ñ~áäìêÉI=ëÉéëáë=~åÇ= áå~åáíáçåI=ÜçêãçåÉ=ÇÉÑáÅáÉåÅáÉëI=
åçåJβJÅÉää= íìãçêëI= áåëìäáåçã~I= ~åÇ= éêáçê= Ö~ëíêáÅ= ëìêÖÉêóI=
Å~å=Å~ìëÉ=ÜóéçÖäóÅÉãá~KV=

eóéçÖäóÅÉãá~= áë= ãçëí= ÅçåîáåÅáåÖäó= ÇçÅìãÉåíÉÇ= Äó=
tÜáééäÉÛë=íêá~ÇVW==

NK póãéíçãë=ÅçåëáëíÉåí=ïáíÜ=ÜóéçÖäóÅÉãá~I==
OK ^= äçï= éä~ëã~= ÖäìÅçëÉ= ÅçåÅÉåíê~íáçå= ãÉ~ëìêÉÇ=

ïáíÜ=~=éêÉÅáëÉ=ãÉíÜçÇ=Eåçí=~=ÖäìÅçëÉ=ãçåáíçêFI=~åÇ==
PK RÉäáÉÑ=çÑ=ëóãéíçãë=~ÑíÉê=íÜÉ=éä~ëã~=ÖäìÅçëÉ=äÉîÉä=

áë=ê~áëÉÇK==

qÜÉ=äçïÉê=äáãáí=çÑ=íÜÉ=Ñ~ëíáåÖ=éä~ëã~=ÖäìÅçëÉ=ÅçåÅÉåíê~íáçå=
áë= åçêã~ääó= ∼TM=ãÖLÇi= E∼PKV=ããçäLiFI= Äìí= äçïÉê= îÉåçìë=
ÖäìÅçëÉ= äÉîÉäë= çÅÅìê= åçêã~ääóI= ä~íÉ= ~ÑíÉê= ~= ãÉ~äI= ÇìêáåÖ=
éêÉÖå~åÅóI= ~åÇ= ÇìêáåÖ= éêçäçåÖÉÇ= Ñ~ëíáåÖ= E[OQ= ÜFK=
eóéçÖäóÅÉãá~= Å~å= Å~ìëÉ= ëÉêáçìë=ãçêÄáÇáíó;= áÑ= ëÉîÉêÉ= ~åÇ=
éêçäçåÖÉÇI= áí= Å~å=ÄÉ= Ñ~í~äK= fí= ëÜçìäÇ=ÄÉ=ÅçåëáÇÉêÉÇ= áå=~åó=
é~íáÉåí= ïáíÜ= ÉéáëçÇÉë= çÑ= ÅçåÑìëáçåI= ~å= ~äíÉêÉÇ= äÉîÉä= çÑ=
ÅçåëÅáçìëåÉëëI=çê=~=ëÉáòìêÉKV=

 
Incidence and awareness 
of hypoglycaemia 

=
eóéçÖäóÅ~Éãá~=Å~å=ÄÉ=~=ÑêÉèìÉåí=çÅÅìêêÉåÅÉ=áå=íÜÉ=äáîÉë=çÑ=
éÉçéäÉ=ïáíÜ=íóéÉ=N=Çá~ÄÉíÉë=~åÇ=Ü~ë=~=ã~àçê=áãé~Åí=çå=íÜÉáê=
ïáääáåÖåÉëë=~åÇ=~Äáäáíó=íç=~ÅÜáÉîÉ=í~êÖÉí=ÖäìÅçëÉ=äÉîÉäëK==

cçê=ãçëí=áåÇáîáÇì~äëI=íÜÉ=ÖäìÅçëÉ=äÉîÉä=EíÜêÉëÜçäÇF=~í=ïÜáÅÜ=
íÜÉó=Ñáêëí=ÄÉÅçãÉ=~ï~êÉ=çÑ=ÜóéçÖäóÅ~Éãá~=áë=åçí=Åçåëí~åí=
Äìí= î~êáÉë= ~ÅÅçêÇáåÖ= íç= íÜÉ= ÅáêÅìãëí~åÅÉë= áå= ïÜáÅÜ=
ÜóéçÖäóÅ~Éãá~= ~êáëÉë= EÉKÖK= ÇìêáåÖ= íÜÉ= åáÖÜí= çê= ÇìêáåÖ=
ÉñÉêÅáëÉFK=få=~ÇÇáíáçåI=ïáíÜ=äçåÖÉê=Çìê~íáçå=çÑ=ÇáëÉ~ëÉI=~åÇ=
é~êíáÅìä~êäó= áå= êÉëéçåëÉ= íç= ÑêÉèìÉåí= ÜóéçÖäóÅ~Éãá~I= íÜÉ=
íÜêÉëÜçäÇ= Ñçê= ÖÉåÉê~íáçå= çÑ= ëóãéíçã= êÉëéçåëÉë= íç=
ÜóéçÖäóÅ~Éãá~=ëÜáÑíë=íç=~=äçïÉê=ÖäìÅçëÉ=ÅçåÅÉåíê~íáçåK=qÜáë=
ÅÉêÉÄê~ä= ~Ç~éí~íáçå= Ü~ë= ~= ëáãáä~ê= ÉÑÑÉÅí= çå= íÜÉ= ÅçìåíÉêJ
êÉÖìä~íçêó=Üçêãçå~ä=êÉëéçåëÉ=íç=ÜóéçÖäóÅ~Éãá~K==

q~âÉå= íçÖÉíÜÉêI= íÜáë= ãÉ~åë= íÜ~í= áåÇáîáÇì~äë= ïáíÜ= íóéÉ= N=
Çá~ÄÉíÉë= ã~ó= Ü~îÉ= êÉÇìÅÉÇ= Eáãé~áêÉÇF= ~ï~êÉåÉëë= çÑ=
ÜóéçÖäóÅ~Éãá~K= póãéíçãë= Å~å= ÄÉ= ÉñéÉêáÉåÅÉÇ= äÉëë=
áåíÉåëÉäóI= çê= ÉîÉå= ÄÉ= ~ÄëÉåíI= ÇÉëéáíÉ= ÄäççÇ= ÖäìÅçëÉ=
ÅçåÅÉåíê~íáçåë= ÄÉäçï= OKR= ããçäLi= EQR= ãÖLÇiFK= pìÅÜ=
áåÇáîáÇì~äë= ~êÉ= ~í= ~å= ÉëéÉÅá~ääó= ÜáÖÜ= êáëâ= çÑ= ëÉîÉêÉ=
ÜóéçÖäóÅ~Éãá~K==

qÜÉ= éêÉî~äÉåÅÉ= çÑ= áãé~áêÉÇ= ~ï~êÉåÉëë= çÑ= ÜóéçÖäóÅ~Éãá~=
áåÅêÉ~ëÉë= ïáíÜ= íáãÉ;= çîÉê~ääI= áí= ~ÑÑÉÅíë= ~êçìåÇ= OMÓORB= çÑ=
éÉçéäÉ=ïáíÜ= íóéÉ=N=Çá~ÄÉíÉë= ~åÇ=ìåÇÉê= NMB=ïáíÜ= áåëìäáåJ
íêÉ~íÉÇ=íóéÉ=O=Çá~ÄÉíÉëK==

=

=

Causes of hypoglycaemia

• Missed, delayed or inadequate meal

• Unexpected or unusual exercise

• Alcohol

• Errors in oral anti-diabetic agent(s) or insulin dose/schedule/

administration

• Poorly designed insulin regimen, particularly if predisposing 

to nocturnal hyperinsulinaemia

• Lipohypertrophy at injection sites causing variable insulin 

absorption

• Gastroparesis due to autonomic neuropathy causing variable 

carbohydrate absorption

• Malabsorption, e.g. coeliac disease

• Unrecognised other endocrine disorder, e.g. Addison’s 

disease

• Factitious (deliberately induced)

• Breastfeeding

Risk factors for severe hypoglycaemia

• Strict glycaemic control

• Impaired awareness of hypoglycaemia

• Age (very young and elderly)

• Long duration of diabetes

• Sleep

• C-peptide negativity (indicating complete insulin deficiency)
• History of previous severe hypoglycaemia

• Renal impairment

• Genetic, e.g. angiotensin-converting enzyme (ACE) genotype

 Hypoglycaemia in diabetes: common 

causes and risk factors
1
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 Pathogenesis 
få=ÜÉ~äíÜI=~=åìãÄÉê=çÑ=ãÉÅÜ~åáëãë=~êÉ=áå=éä~ÅÉ=íç=ÉåëìêÉ=
íÜ~í= ÖäìÅçëÉ= ÜçãÉçëí~ëáë= áë=ã~áåí~áåÉÇK= fÑ= ÄäççÇ= ÖäìÅçëÉ=
Ñ~ääëI= íÜêÉÉ= éêáã~êó= éÜóëáçäçÖáÅ~ä= ÇÉÑÉåÅÉ= ãÉÅÜ~åáëãë=
çéÉê~íÉW==

NK båÇçÖÉåçìë=áåëìäáå=êÉäÉ~ëÉ=Ñêçã=é~åÅêÉ~íáÅ=β=ÅÉääë=
áë=ëìééêÉëëÉÇ;==

OK RÉäÉ~ëÉ= çÑ= ÖäìÅ~Öçå= Ñêçã= é~åÅêÉ~íáÅ= α= ÅÉääë= áë=
áåÅêÉ~ëÉÇ;=~åÇ==

PK qÜÉ=~ìíçåçãáÅ=åÉêîçìë= ëóëíÉã= áë= ~Åíáî~íÉÇI=ïáíÜ=
êÉäÉ~ëÉ= çÑ= Å~íÉÅÜçä~ãáåÉë= ÄçíÜ= ëóëíÉãáÅ~ääó= ~åÇ=
ïáíÜáå=íÜÉ=íáëëìÉëK==
få=~ÇÇáíáçåI=ëíêÉëë=ÜçêãçåÉëI=ëìÅÜ=~ë=Åçêíáëçä=~åÇ=
ÖêçïíÜ=ÜçêãçåÉI=~êÉ=áåÅêÉ~ëÉÇ=áå=íÜÉ=ÄäççÇK==

qÜÉëÉ= ~Åíáçåë= êÉÇìÅÉ= ïÜçäÉJÄçÇó= ÖäìÅçëÉ= ìéí~âÉ= ~åÇ=
áåÅêÉ~ëÉ=ÜÉé~íáÅ=ÖäìÅçëÉ=éêçÇìÅíáçåI=ã~áåí~áåáåÖ=~=ÖäìÅçëÉ=
ëìééäó=íç=íÜÉ=Äê~áåK==

mÉçéäÉ=ïáíÜ=íóéÉ=N=Çá~ÄÉíÉë=Å~ååçí=êÉÖìä~íÉ=áåëìäáå=çåÅÉ=áí=
áë= áåàÉÅíÉÇ= ëìÄÅìí~åÉçìëäóI= ~åÇ= ëç= áí= ÅçåíáåìÉë= íç= ~ÅíI=
ÇÉëéáíÉ= ÇÉîÉäçéáåÖ= ÜóéçÖäóÅ~Éãá~K= få= ~ÇÇáíáçåI= ïáíÜáå= R=
óÉ~êë=çÑ=Çá~ÖåçëáëI=ãçëí=é~íáÉåíë=ïáää=Ü~îÉ=äçëí=íÜÉáê=~Äáäáíó=
íç=êÉäÉ~ëÉ=ÖäìÅ~Öçå=ëéÉÅáÑáÅ~ääó=ÇìêáåÖ=ÜóéçÖäóÅ~Éãá~K=qÜáë=
áë=íÜçìÖÜí=íç=êÉëìäí=ã~áåäó=Ñêçã=äçëë=çÑ=αJÅÉää=êÉÖìä~íáçå=Äó=
β= ÅÉääëK= qÜÉëÉ= íïç= éêáã~êó= ÇÉÑÉÅíë= ãÉ~å= íÜ~í=
ÜóéçÖäóÅ~Éãá~= çÅÅìêë= ãìÅÜ= ãçêÉ= ÑêÉèìÉåíäó= áå= éÉçéäÉ=
ïáíÜ=íóéÉ=N=~åÇ=äçåÖÉê=Çìê~íáçå=íóéÉ=O=Çá~ÄÉíÉëK==

Severity 
qÜÉ=ëÉîÉêáíó=çÑ=ÜóéçÖäóÅ~Éãá~= áë=ÇÉÑáåÉÇ=Äó= íÜÉ=~Äáäáíó= íç=
ëÉäÑJíêÉ~í;==

NK ÚãáäÇÛ=ÉéáëçÇÉë=~êÉ=ëÉäÑJíêÉ~íÉÇI==
OK ÚëÉîÉêÉÛ=ÉéáëçÇÉë=êÉèìáêÉ=~ëëáëí~åÅÉ=Ñçê=êÉÅçîÉêóK==

 Clinical assessment 
=
póãéíçãë=çÑ=ÜóéçÖäóÅ~Éãá~=ÅçãéêáëÉ=íïç=ã~áå=ÖêçìéëW==

NK íÜçëÉ=êÉä~íÉÇ=íç=~ÅìíÉ=~Åíáî~íáçå=çÑ=íÜÉ=~ìíçåçãáÅ=
åÉêîçìë=ëóëíÉã=~åÇ==

OK íÜçëÉ=ëÉÅçåÇ~êó=íç=ÖäìÅçëÉ=ÇÉéêáî~íáçå=çÑ=íÜÉ=Äê~áå=
EåÉìêçÖäóÅçéÉåá~FK==

=

póãéíçãë= çÑ= ÜóéçÖäóÅ~Éãá~= ~êÉ= áÇáçëóåÅê~íáÅ= ~åÇ= ÇáÑÑÉê=
ïáíÜ= ~ÖÉ= ~åÇ= Çìê~íáçå= çÑ= Çá~ÄÉíÉëK= eóéçÖäóÅ~Éãá~= ~äëç=
~ÑÑÉÅíë=ãççÇI=áåÇìÅáåÖ=~=ëí~íÉ=çÑ=áåÅêÉ~ëÉÇ=íÉåëáçå=~åÇ=äçï=
ÉåÉêÖóK==

iÉ~êåáåÖ=íç=êÉÅçÖåáëÉ=íÜÉ=É~êäó=çåëÉí=çÑ=ÜóéçÖäóÅ~Éãá~=áë=
~å= áãéçêí~åí=~ëéÉÅí=çÑ= íÜÉ=ÉÇìÅ~íáçå=çÑ=Çá~ÄÉíáÅ=é~íáÉåíë=
íêÉ~íÉÇ=ïáíÜ=áåëìäáåK==

Other circumstances 
NK pÉîÉêÉ=ÜóéçÖäóÅ~Éãá~=Å~å=Ü~îÉ=ëÉêáçìë=ãçêÄáÇáíó=

EÉKÖK=ÅçåîìäëáçåëI=Åçã~I=ÑçÅ~ä=åÉìêçäçÖáÅ~ä=äÉëáçåëF=
~åÇ=Ü~ë=~=ãçêí~äáíó=çÑ=ìé=íç=QB=áå=áåëìäáåJíêÉ~íÉÇ=
é~íáÉåíëK==

OK R~êÉäóI= ëìÇÇÉå= ÇÉ~íÜ= ÇìêáåÖ= ëäÉÉé= çÅÅìêë= áå=
çíÜÉêïáëÉ= ÜÉ~äíÜó= óçìåÖ= é~íáÉåíë= ïáíÜ= íóéÉ= N=
Çá~ÄÉíÉë=EÚÇÉ~ÇJáåJÄÉÇ=ëóåÇêçãÉÛF=~åÇ=ã~ó=êÉëìäí=
Ñêçã=ÜóéçÖäóÅ~Éãá~=áåÇìÅÉÇ=Å~êÇá~Å=~êêÜóíÜãá~K==

PK pÉîÉêÉ= ÜóéçÖäóÅ~Éãá~= áë= îÉêó= ÇáëêìéíáîÉ= ~åÇ=
áãéáåÖÉë= çå= ã~åó= ~ëéÉÅíë= çÑ= íÜÉ= é~íáÉåíÛë= äáÑÉI=
áåÅäìÇáåÖ= ÉãéäçóãÉåíI= ÇêáîáåÖI= íê~îÉäI= ëéçêí= ~åÇ=
éÉêëçå~ä=êÉä~íáçåëÜáéëK==

QK kçÅíìêå~ä= ÜóéçÖäóÅ~Éãá~= áå=é~íáÉåíë=ïáíÜ= íóéÉ= N=
Çá~ÄÉíÉë= áë= Åçããçå= Äìí= çÑíÉå= ìåÇÉíÉÅíÉÇI= ~ë=
ÜóéçÖäóÅ~Éãá~= ÇçÉë= åçí= ìëì~ääó= ï~âÉå= ~= éÉêëçå=
Ñêçã=ëäÉÉéK=m~íáÉåíë=ã~ó=ÇÉëÅêáÄÉ=éççê=èì~äáíó=çÑ=
ëäÉÉéI= ãçêåáåÖ= ÜÉ~Ç~ÅÜÉë= ~åÇ= îáîáÇ= ÇêÉ~ãë= çê=
åáÖÜíã~êÉëI= çê= ~= é~êíåÉê= ã~ó= çÄëÉêîÉ= éêçÑìëÉ=
ëïÉ~íáåÖI=êÉëíäÉëëåÉëëI=íïáíÅÜáåÖ=çê=ÉîÉå=ëÉáòìêÉëK=
qÜÉ=çåäó=êÉäá~ÄäÉ=ï~ó=íç=áÇÉåíáÑó=íÜáë=éêçÄäÉã=áë=íç=
ãÉ~ëìêÉ=ÄäççÇ=ÖäìÅçëÉ=ÇìêáåÖ=íÜÉ=åáÖÜíK==

RK bñÉêÅáëÉJáåÇìÅÉÇ=ÜóéçÖäóÅ~Éãá~=çÅÅìêë=áå=éÉçéäÉ=
ïáíÜ= ïÉääJÅçåíêçääÉÇI= áåëìäáåJíêÉ~íÉÇ= Çá~ÄÉíÉë=
ÄÉÅ~ìëÉ= çÑ= ÜóéÉêáåëìäáå~Éãá~K= pìééêÉëëáçå= çÑ=
ÉåÇçÖÉåçìë= áåëìäáå= ëÉÅêÉíáçå= íç= ~ääçï= áåÅêÉ~ëÉÇ=
ÜÉé~íáÅ=ÖäìÅçëÉ=éêçÇìÅíáçå=íç=ãÉÉí=íÜÉ=áåÅêÉ~ëÉÇ=
ãÉí~ÄçäáÅ= ÇÉã~åÇ= áë= âÉó= íç= íÜÉ= åçêã~ä=
éÜóëáçäçÖáÅ~ä= êÉëéçåëÉ= íç= ÉñÉêÅáëÉK= få= áåëìäáåJ
íêÉ~íÉÇ= Çá~ÄÉíÉëI= áåëìäáå= äÉîÉäë= ã~ó= ~Åíì~ääó=
áåÅêÉ~ëÉ=ïáíÜ=ÉñÉêÅáëÉ=ÄÉÅ~ìëÉ=çÑ=áãéêçîÉÇ=ÄäççÇ=
Ñäçï=~í=íÜÉ=ëáíÉ=çÑ= áåàÉÅíáçå=~åÇ=íÜáë= áåÅêÉ~ëÉë=íÜÉ=
êáëâ=çÑ=ÜóéçÖäóÅ~Éãá~K==

 Management 

Acute treatment of hypoglycaemia  
qêÉ~íãÉåí=çÑ=ÜóéçÖäóÅ~Éãá~=ÇÉéÉåÇë=çå=áíë=ëÉîÉêáíó=~åÇ=çå=
ïÜÉíÜÉê=íÜÉ=é~íáÉåí=áë=ÅçåëÅáçìë=~åÇ=~ÄäÉ=íç=ëï~ääçïK=

lê~ä= Å~êÄçÜóÇê~íÉ= ìëì~ääó= ëìÑÑáÅÉë= áÑ= ÜóéçÖäóÅ~Éãá~= áë=
êÉÅçÖåáëÉÇ=É~êäóK=fÑ=é~êÉåíÉê~ä=íÜÉê~éó=áë=êÉèìáêÉÇI=íÜÉå=~ë=
ëççå=~ë= íÜÉ=é~íáÉåí= áë= ~ÄäÉ= íç= ëï~ääçïI= ÖäìÅçëÉ= ëÜçìäÇ=ÄÉ=
ÖáîÉå=çê~ääóK=cìää=êÉÅçîÉêó=ã~ó=åçí=çÅÅìê=áããÉÇá~íÉäó=~åÇ=
êÉîÉêë~ä=çÑ=ÅçÖåáíáîÉ=áãé~áêãÉåí=ã~ó=åçí=ÄÉ=ÅçãéäÉíÉ=ìåíáä=
SM=ãáåìíÉë=~ÑíÉê=åçêãçÖäóÅ~Éãá~=áë=êÉëíçêÉÇK==

tÜÉå=ÜóéçÖäóÅ~Éãá~=Ü~ë=çÅÅìêêÉÇ=áå=~=é~íáÉåí=íêÉ~íÉÇ=ïáíÜ=
~= äçåÖJ= çê= áåíÉêãÉÇá~íÉJ~ÅíáåÖ= áåëìäáå= çê= ~= äçåÖJ~ÅíáåÖ=
ëìäéÜçåóäìêÉ~I= ëìÅÜ= ~ë= ÖäáÄÉåÅä~ãáÇÉI= íÜÉ= éçëëáÄáäáíó= çÑ=
êÉÅìêêÉåÅÉ=ëÜçìäÇ=ÄÉ=~åíáÅáé~íÉÇ;=íç=éêÉîÉåí=íÜáëI=áåÑìëáçå=
çÑ=NMB=ÇÉñíêçëÉI=íáíê~íÉÇ=íç=íÜÉ=é~íáÉåíÛë=ÄäççÇ=ÖäìÅçëÉI=ã~ó=

Autonomic

• Sweating

• Trembling

• Pounding heart

• Hunger

• Anxiety

Neuroglycopenic

• Confusion

• Drowsiness

• Speech difficulty

• Inability to concentrate

• Incoordination

• Irritability, anger

Non-specific

• Nausea

• Tiredness

• Headache

 Most common symptoms of hypoglycaemia

N.B. Symptoms differ with age; children exhibit behavioural changes (such 
as naughtiness or irritability), while elderly people experience more 
prominent neurological symptoms (such as visual disturbance and ataxia).
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ÄÉ=åÉÅÉëë~êóK==

fÑ= íÜÉ= é~íáÉåí= Ñ~áäë= íç= êÉÖ~áå= ÅçåëÅáçìëåÉëë= ~ÑíÉê= ÄäççÇ=
ÖäìÅçëÉ= áë= êÉëíçêÉÇ= íç= åçêã~äI= íÜÉå= ÅÉêÉÄê~ä= çÉÇÉã~= ~åÇ=
çíÜÉê=Å~ìëÉë=çÑ=áãé~áêÉÇ=ÅçåëÅáçìëåÉëë=Ó=ëìÅÜ=~ë==

• ~äÅçÜçä=áåíçñáÅ~íáçåI==
• ~=éçëíJáÅí~ä=ëí~íÉ=çê==
• ÅÉêÉÄê~ä=Ü~ÉãçêêÜ~ÖÉ=Ó=ëÜçìäÇ=ÄÉ=ÅçåëáÇÉêÉÇK==

=

`ÉêÉÄê~ä=çÉÇÉã~=Ü~ë=~=ÜáÖÜ=ãçêí~äáíó=~åÇ=ãçêÄáÇáíóI=~åÇ=
êÉèìáêÉë= ìêÖÉåí= íêÉ~íãÉåí= ïáíÜ= ã~ååáíçä= ~åÇ= ÜáÖÜJÇçëÉ=
çñóÖÉåK=cçääçïáåÖ=êÉÅçîÉêóI=áí=áë=áãéçêí~åí=íç=íêó=íç=áÇÉåíáÑó=
~=Å~ìëÉ=~åÇ=ã~âÉ=~ééêçéêá~íÉ=~ÇàìëíãÉåíë=íç=íÜÉ=é~íáÉåíÛë=
íÜÉê~éóK==

råäÉëë=íÜÉ=êÉ~ëçå=Ñçê=~=ÜóéçÖäóÅ~ÉãáÅ=ÉéáëçÇÉ=áë=ÅäÉ~êI=íÜÉ=
é~íáÉåí=ëÜçìäÇ=êÉÇìÅÉ=íÜÉ=åÉñí=ÇçëÉ=çÑ= áåëìäáå=Äó=NMÓOMB=
~åÇ=ëÉÉâ=ãÉÇáÅ~ä=~ÇîáÅÉ=~Äçìí=ÑìêíÜÉê=~ÇàìëíãÉåíë=áå=ÇçëÉK==

 

 

 

 

 

 

 

Prevention of hypoglycaemia  
m~íáÉåí= ÉÇìÅ~íáçå= áë= ÑìåÇ~ãÉåí~ä= íç= íÜÉ= éêÉîÉåíáçå= çÑ=
ÜóéçÖäóÅ~Éãá~K= Ráëâ= Ñ~Åíçêë= ÑçêI= ~åÇ= íêÉ~íãÉåí= çÑ=
ÜóéçÖäóÅ~Éãá~= ëÜçìäÇ= ÄÉ= ÇáëÅìëëÉÇK= qÜÉ= áãéçêí~åÅÉ= çÑ=
êÉÖìä~ê= ÄäççÇ= ÖäìÅçëÉ= ãçåáíçêáåÖ= ~åÇ= íÜÉ= åÉÉÇ= íç= Ü~îÉ=
ÖäìÅçëÉ=E~åÇ=ÖäìÅ~ÖçåF=êÉ~Çáäó=~î~áä~ÄäÉ=ëÜçìäÇ=ÄÉ=ëíêÉëëÉÇK=
^=êÉîáÉï=çÑ=áåëìäáå=~åÇ=Å~êÄçÜóÇê~íÉ=ã~å~ÖÉãÉåí=ÇìêáåÖ=
ÉñÉêÅáëÉ=áë=é~êíáÅìä~êäó=ìëÉÑìäK==

^ÇîáÅÉ=Ñçê=é~íáÉåíë=ïÜÉå=íê~îÉääáåÖ=áë=ëìãã~êáëÉÇ=ÄÉäçï=J==

=

RÉä~íáîÉë= ~åÇ= ÑêáÉåÇë= ~äëç= åÉÉÇ= íç= ÄÉ= Ñ~ãáäá~ê= ïáíÜ= íÜÉ=
ëóãéíçãë= ~åÇ= ëáÖåë= çÑ= ÜóéçÖäóÅ~Éãá~= ~åÇ= ëÜçìäÇ= ÄÉ=
áåëíêìÅíÉÇ= áå= Üçï= íç= ÜÉäé= EáåÅäìÇáåÖ= Üçï= íç= áåàÉÅí=
ÖäìÅ~ÖçåFK==

fí= áë= áãéçêí~åí= íç= êÉÅçÖåáëÉ= íÜ~í= ~ää= ÅìêêÉåí= áåëìäáå=
êÉéä~ÅÉãÉåí= êÉÖáãÉåë= ~êÉ= ëìÄçéíáã~ä= ~åÇ= Çç= åçí=
~ÅÅìê~íÉäó=êÉéäáÅ~íÉ=åçêã~ä=éÜóëáçäçÖáÅ~ä=áåëìäáå=éêçÑáäÉëK==

råÇÉêëí~åÇáåÖ= íÜÉ= éÜ~êã~ÅçâáåÉíáÅë= ~åÇ=
éÜ~êã~ÅçÇóå~ãáÅë= çÑ= íÜÉ= áåëìäáå= êÉÖáãÉå= áå= ìëÉ= Äó= íÜÉ=
é~íáÉåí= ïáää= ÜÉäé= éêÉîÉåí= ÑìêíÜÉê= ÜóéçÖäóÅ~Éãá~K= cçê=
Éñ~ãéäÉI= ~å= áåÇáîáÇì~ä= ÉñéÉêáÉåÅáåÖ= êÉÖìä~ê= åçÅíìêå~ä=
ÜóéçÖäóÅ~Éãá~=ÄÉíïÉÉå=ãáÇåáÖÜí=~åÇ=MOMM=Üçìêë=ã~ó=ÄÉ=
ÑçìåÇ= íç= ÄÉ= í~âáåÖ= íïáÅÉJÇ~áäó= ëçäìÄäÉ= ~åÇ= áåíÉêãÉÇá~íÉJ
~ÅíáåÖ= áåëìäáåë= ÄÉÑçêÉ= ÄêÉ~âÑ~ëí= ~åÇ= ÄÉÑçêÉ= íÜÉ= ã~áå=
ÉîÉåáåÖ=ãÉ~ä=ÄÉíïÉÉå=NTMM=~åÇ=NVMM=ÜçìêëK= få= íÜáë= Å~ëÉI=
íÜÉ=éÉ~â=~Åíáçå=çÑ=íÜÉ= áëçéÜ~åÉ=áåëìäáå=ïáää=ÅçáåÅáÇÉ=ïáíÜ=
íÜÉ= éÉêáçÇ= çÑ= ã~ñáãìã= ëÉåëáíáîáíó= íç= áåëìäáå= Ó= å~ãÉäóI=
OPMMÓMOMM= Üçìêë= Ó= ~åÇ= áåÅêÉ~ëÉ= íÜÉ= êáëâ= çÑ= åçÅíìêå~ä=
ÜóéçÖäóÅ~Éãá~K=qç=~ÇÇêÉëë=íÜáëI=íÜÉ=ÉîÉåáåÖ=ÇçëÉ=çÑ=ÇÉéçí=
áåíÉêãÉÇá~íÉJ~ÅíáåÖ= áåëìäáå= ëÜçìäÇ= ÄÉ= ÇÉÑÉêêÉÇ= ìåíáä=
ÄÉÇíáãÉ=E~ÑíÉê=OPMM=ÜçìêëFI=ëÜáÑíáåÖ=áíë=éÉ~â=~Åíáçå=éÉêáçÇ=
íç= MRMMÓMTMM= ÜçìêëK= fí= áë= ~äëç= ~= ëÉåëáÄäÉ= éêÉÅ~ìíáçå= Ñçê=
é~íáÉåíë=íç=ãÉ~ëìêÉ=íÜÉáê=ÄäççÇ=ÖäìÅçëÉ=ÄÉÑçêÉ=íÜÉó=êÉíáêÉ=
íç=ÄÉÇ=~åÇ= íç=Ü~îÉ=~=Å~êÄçÜóÇê~íÉ=ëå~Åâ= áÑ= íÜÉ= êÉ~ÇáåÖ= áë=
äÉëë=íÜ~å=SKM=ããçäLi=E~ééêçñáã~íÉäó=NNM=ãÖLÇiFK=

=

= =

Mild (self-treated)

• Oral fast-acting carbohydrate (10–15 g) is taken as glucose 

drink or tablets or confectionery

• This should be followed with a snack containing complex 

carbohydrate

Severe (external help required)

• If patient is semiconscious or unconscious, parenteral 

treatment is required:

IV 75 mL 20% dextrose (= 15 g; give 0.2 g/kg in 

children)*

Or

IM glucagon (1 mg; 0.5 mg in children)

• If patient is conscious and able to swallow:

Give oral refined glucose as drink or sweets (= 25 g)

Or

Apply glucose gel or jam or honey to buccal mucosa

 Emergency treatment of hypoglycaemia

*Use of 50% dextrose is no longer recommended.

1

• Carry a supply of fast-acting carbohydrate (non-perishable, in 
suitable containers)

Screwtop plastic bottles for glucose drinks
Packets of powdered glucose (for use in hot, humid 
climates)
Confectionery (foil-wrapped in hot climates)

• Companions should carry additional oral carbohydrate, and 
glucagon

• Perform frequent blood glucose testing (carry spare meter 
and/or visually read strips)

• Use fast-acting insulin analogues for long-distance air travel

 Avoidance and treatment of hypoglycaemia 
during travel1
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Hypoglycaemia in the 
Non-Diabetic Patient5 

=
eóéçÖäóÅ~Éãá~=ÇÉîÉäçéë=ïÜÉå=ÜÉé~íáÅ=ÖäìÅçëÉ=çìíéìí=Ñ~ääë=
ÄÉäçï= íÜÉ= ê~íÉ= çÑ= ÖäìÅçëÉ= ìéí~âÉ= Äó= éÉêáéÜÉê~ä= íáëëìÉëK=
eÉé~íáÅ=ÖäìÅçëÉ=çìíéìí=ã~ó=ÄÉ=êÉÇìÅÉÇ=ÄóW==

• áåÜáÄáíáçå= çÑ= ÜÉé~íáÅ= ÖäóÅçÖÉåçäóëáë= ~åÇ=
ÖäìÅçåÉçÖÉåÉëáë=Äó=áåëìäáå=

• ÇÉéäÉíáçå= çÑ= ÜÉé~íáÅ= ÖäóÅçÖÉå= êÉëÉêîÉë= Äó=
ã~äåìíêáíáçåI= Ñ~ëíáåÖI= ÉñÉêÅáëÉ= çê= ~Çî~åÅÉÇ= äáîÉê=
ÇáëÉ~ëÉ==

• áãé~áêÉÇ= ÖäìÅçåÉçÖÉåÉëáë= EÉKÖK= ÑçääçïáåÖ= ~äÅçÜçä=
áåÖÉëíáçåFK==

få=íÜÉ=Ñáêëí=çÑ=íÜÉëÉ=Å~íÉÖçêáÉëI=áåëìäáå=äÉîÉäë=~êÉ=ê~áëÉÇI=íÜÉ=
äáîÉê= Åçåí~áåë= ~ÇÉèì~íÉ= ÖäóÅçÖÉå= ëíçêÉë= ~åÇ= íÜÉ=
ÜóéçÖäóÅ~Éãá~=Å~å=ÄÉ=êÉîÉêëÉÇ=Äó=áåàÉÅíáçå=çÑ=ÖäìÅ~ÖçåK=få=
íÜÉ=çíÜÉê=íïç=ëáíì~íáçåëI=áåëìäáå=äÉîÉäë=~êÉ=äçï=~åÇ=ÖäìÅ~Öçå=
áë= áåÉÑÑÉÅíáîÉK= mÉêáéÜÉê~ä= ÖäìÅçëÉ=ìéí~âÉ= áë= ~ÅÅÉäÉê~íÉÇ=Äó=
ÜáÖÜ=áåëìäáå=äÉîÉäë=~åÇ=Äó=ÉñÉêÅáëÉI=Äìí=íÜÉëÉ=ÅçåÇáíáçåë=~êÉ=
åçêã~ääó=Ä~ä~åÅÉÇ=Äó=áåÅêÉ~ëÉÇ=ÜÉé~íáÅ=ÖäìÅçëÉ=çìíéìíK==

qÜÉ=ãçëí=Åçããçå=ëóãéíçãë=~åÇ=ëáÖåë=çÑ=ÜóéçÖäóÅ~Éãá~=
~êÉ= åÉìêçäçÖáÅ~äK= qÜÉ= Äê~áå= ÅçåëìãÉë= ~Äçìí= RMB= çÑ= íÜÉ=
íçí~ä= ÖäìÅçëÉ= éêçÇìÅÉÇ= Äó= íÜÉ= äáîÉêK= qÜáë= ÜáÖÜ= ÉåÉêÖó=
êÉèìáêÉãÉåí= áë=åÉÉÇÉÇ=íç=ÖÉåÉê~íÉ=^qmI=ìëÉÇ=íç=ã~áåí~áå=
íÜÉ=éçíÉåíá~ä=ÇáÑÑÉêÉåÅÉ=~Åêçëë=~ñçå~ä=ãÉãÄê~åÉëK==

 Insulinomas 

fåëìäáåçã~ë=~êÉ=é~åÅêÉ~íáÅ= áëäÉí=ÅÉää= íìãçìêë= íÜ~í=ëÉÅêÉíÉ=
áåëìäáåK=jçëí=~êÉ=ëéçê~ÇáÅ=Äìí=ëçãÉ=é~íáÉåíë=Ü~îÉ=ãìäíáéäÉ=
íìãçìêë= ~êáëáåÖ= Ñêçã= åÉìê~ä= ÅêÉëí= íáëëìÉ= EãìäíáéäÉ=
ÉåÇçÅêáåÉ= åÉçéä~ëá~FK= pçãÉ= VRB= çÑ= íÜÉëÉ= íìãçìêë= ~êÉ=
ÄÉåáÖåK= qÜÉ= Åä~ëëáÅ= éêÉëÉåí~íáçå= áë= ïáíÜ= Ñ~ëíáåÖ=
ÜóéçÖäóÅ~Éãá~I= Äìí= É~êäó= ëóãéíçãë=ã~ó= ~äëç= ÇÉîÉäçé= áå=
íÜÉ=ä~íÉ=ãçêåáåÖ=çê=~ÑíÉêåççåK=RÉÅìêêÉåí=ÜóéçÖäóÅ~Éãá~=áë=
çÑíÉå=éêÉëÉåí= Ñçê=ãçåíÜë=çê= óÉ~êë=ÄÉÑçêÉ= íÜÉ=Çá~Öåçëáë= áë=
ã~ÇÉI=~åÇ=íÜÉ=ëóãéíçãë=ã~ó=ÄÉ=~íóéáÅ~ä=çê=ÉîÉå=Äáò~êêÉK=
`çããçå= ãáëÇá~ÖåçëÉë= áåÅäìÇÉ= éëóÅÜá~íêáÅ= ÇáëçêÇÉêëI=
é~êíáÅìä~êäó= éëÉìÇçÇÉãÉåíá~= áå= ÉäÇÉêäó= éÉçéäÉI= ÉéáäÉéëó=
~åÇ=ÅÉêÉÄêçî~ëÅìä~ê=ÇáëÉ~ëÉK=tÜáééäÉDë= íêá~Ç= êÉã~áåë= íÜÉ=
Ä~ëáë=çÑ=ÅäáåáÅ~ä=Çá~ÖåçëáëK=qÜáë=áë=ë~íáëÑáÉÇ=ïÜÉåW==

• ëóãéíçãë=~êÉ=~ëëçÅá~íÉÇ=ïáíÜ=Ñ~ëíáåÖ=çê=ÉñÉêÅáëÉ=
• ÜóéçÖäóÅ~Éãá~=áë=ÅçåÑáêãÉÇ=ÇìêáåÖ=íÜÉëÉ=ÉéáëçÇÉë==
• ÖäìÅçëÉ=êÉäáÉîÉë=íÜÉ=ëóãéíçãëK==

Presenting features of insulinoma  
• aáéäçéá~==
• pïÉ~íáåÖI=é~äéáí~íáçåëI=ïÉ~âåÉëë==
• `çåÑìëáçå=çê=~Äåçêã~ä=ÄÉÜ~îáçìê==
• içëë=çÑ=ÅçåëÅáçìëåÉëë==
• dê~åÇ=ã~ä=ëÉáòìêÉë==

^=ÑçìêíÜ=ÅêáíÉêáçå=Ó=ÇÉãçåëíê~íáçå=çÑ=áå~ééêçéêá~íÉäó=ÜáÖÜ=
áåëìäáå= äÉîÉäë= ÇìêáåÖ= ÜóéçÖäóÅ~Éãá~= Ó= ã~ó= ìëÉÑìääó= ÄÉ=
~ÇÇÉÇK=qÜÉ=Çá~Öåçëáë=áë=ÅçåÑáêãÉÇ=Äó=íÜÉ=ÇÉãçåëíê~íáçå=çÑ=
ÜóéçÖäóÅ~Éãá~= áå= ~ëëçÅá~íáçå= ïáíÜ= áå~ééêçéêá~íÉ= ~åÇ=
ÉñÅÉëëáîÉ=áåëìäáå=ëÉÅêÉíáçåK==
=
=

eóéçÖäóÅ~Éãá~=áë=ÇÉãçåëíê~íÉÇ=ÄóW==
• jÉ~ëìêÉãÉåí=çÑ=çîÉêåáÖÜí=Ñ~ëíáåÖ=ENS=ÜF=ÖäìÅçëÉ=~åÇ=

áåëìäáå= äÉîÉäë= çå= íÜêÉÉ= çÅÅ~ëáçåëK= ^Äçìí= VMB= çÑ=
é~íáÉåíë=ïáíÜ=áåëìäáåçã~ë=ïáää=Ü~îÉ=äçï=ÖäìÅçëÉ=~åÇ=
åçåJëìééêÉëëÉÇ=Eåçêã~ä=çê=ÉäÉî~íÉÇF=áåëìäáå=äÉîÉäëK==

• ^=éêçäçåÖÉÇ=TOJÜ=ëìéÉêîáëÉÇ=Ñ~ëí=áÑ=çîÉêåáÖÜí=íÉëíáåÖ=
áë=áåÅçåÅäìëáîÉ=~åÇ=ëóãéíçãë=éÉêëáëíK==

^ìíçåçãçìë= áåëìäáå= ëÉÅêÉíáçå= áë=ÇÉãçåëíê~íÉÇ=Äó= ä~Åâ=çÑ=
íÜÉ= åçêã~ä= ÑÉÉÇÄ~Åâ= ëìééêÉëëáçå= ÇìêáåÖ= ÜóéçÖäóÅ~Éãá~K=
qÜáë= ã~ó= ÄÉ= ëÜçïå= Äó= ãÉ~ëìêáåÖ= áåëìäáåI= `JéÉéíáÇÉ= çê=
éêçáåëìäáå= ÇìêáåÖ= ~= ëéçåí~åÉçìë= ÉéáëçÇÉ= çÑ=
ÜóéçÖäóÅ~Éãá~K==

Management  
qÜÉ= ãçëí= ÉÑÑÉÅíáîÉ= íÜÉê~éó= áë= ëìêÖáÅ~ä= ÉñÅáëáçå= çÑ= íÜÉ=
íìãçìê=Äìí=áåëìäáåçã~ë=~êÉ=çÑíÉå=îÉêó=ëã~ää=~åÇ=ÇáÑÑáÅìäí=
íç= äçÅ~äáòÉK= j~åó= íÉÅÜåáèìÉë= Å~å= ÄÉ= ìëÉÇ= íç= ~ííÉãéí= íç=
äçÅ~äáòÉ= áåëìäáåçã~ëK= pÉåëáíáîáíó= ~åÇ= ëéÉÅáÑáÅáíó= î~êó=
ÄÉíïÉÉå= ÅÉåíêÉë= ~åÇ= ÄÉíïÉÉå= çéÉê~íçêëK= qÜÉëÉ= áåÅäìÇÉ=
ÜáÖÜäó= ëÉäÉÅíáîÉ= ~åÖáçÖê~éÜóI= Åçåíê~ëíJÉåÜ~åÅÉÇ= ÜáÖÜJ
êÉëçäìíáçå=ÅçãéìíÉÇ=íçãçÖê~éÜó=ëÅ~ååáåÖI=ëÅ~ååáåÖ=ïáíÜ=
ê~Çáçä~ÄÉääÉÇ= ëçã~íçëí~íáå= EëçãÉ= áåëìäáåçã~ë= ÉñéêÉëë=
ëçã~íçëí~íáå= êÉÅÉéíçêëFI= ~åÇ= ÉåÇçëÅçéáÅ= ~åÇ=
áåíê~çéÉê~íáîÉ= ìäíê~ëçìåÇ= ëÅ~ååáåÖK= sÉåçìë= ë~ãéäáåÖ= Ñçê=
íÜÉ=ÇÉíÉÅíáçå=çÑ=ÚÜçí=ëéçíëÛ=çÑ=ÜáÖÜ=áåëìäáå=ÅçåÅÉåíê~íáçå=áå=
íÜÉ=î~êáçìë=áåíê~J~ÄÇçãáå~ä=îÉáåë=áë=ëíáää=ìëÉÇ=çÅÅ~ëáçå~ääóK==

jÉÇáÅ~ä= íêÉ~íãÉåí= ïáíÜ= Çá~òçñáÇÉ= áë= ìëÉÑìä= ïÜÉå= íÜÉ=
áåëìäáåçã~=áë=ã~äáÖå~åíI=ïÜÉå=~=íìãçìê=Å~ååçí=ÄÉ=äçÅ~íÉÇ=
~åÇ=ïÜÉå=ÉäÇÉêäó=é~íáÉåíë=Ü~îÉ=ãáäÇ=ëóãéíçãëK=póãéíçãë=
ã~ó=~äëç=êÉãáí=çå=íêÉ~íãÉåí=ïáíÜ=~=ëçã~íçëí~íáå=~å~äçÖìÉ=
EçÅíêÉçíáÇÉ=çê=ä~åêÉçíáÇÉFK==

 
Hypoglycaemia with other 
tumours 

eóéçÖäóÅ~Éãá~= ã~ó= ÇÉîÉäçé= áå= íÜÉ= ÅçìêëÉ= çÑ= ~Çî~åÅÉÇ=
åÉçéä~ëá~= ~åÇ= Å~ÅÜÉñá~I= ~åÇ= Ü~ë= ÄÉÉå= ÇÉëÅêáÄÉÇ= áå=
~ëëçÅá~íáçå= ïáíÜ= ã~åó= íìãçìê= íóéÉëK= `Éêí~áå= ã~ëëáîÉ=
íìãçìêëI= ÉëéÉÅá~ääó= ë~êÅçã~ëI= ã~ó= éêçÇìÅÉ=
ÜóéçÖäóÅ~Éãá~= çïáåÖ= íç= íÜÉ= ëÉÅêÉíáçå= çÑ= áåëìäáåJäáâÉ=
ÖêçïíÜ=Ñ~ÅíçêJNK=qêìÉ=ÉÅíçéáÅ=áåëìäáå=ëÉÅêÉíáçå=áë=ÉñíêÉãÉäó=
ê~êÉK==

 Postprandial hypoglycaemia 

fÑ= ÑêÉèìÉåí= îÉåçìë= ÄäççÇ= ÖäìÅçëÉ= ë~ãéäÉë= ~êÉ= í~âÉå=
ÑçääçïáåÖ=~=éêçäçåÖÉÇ=ÖäìÅçëÉ=íçäÉê~åÅÉ=íÉëíI=~Äçìí=N= áå=Q=
ëìÄàÉÅíë=ïáää=Ü~îÉ=~í=äÉ~ëí=çåÉ=î~äìÉ=ÄÉäçï=P=ããçäLiK=qÜÉ=
~êíÉêáçîÉåçìë= ÖäìÅçëÉ= ÇáÑÑÉêÉåÅÉ= áë= èìáíÉ= ã~êâÉÇ= ÇìêáåÖ=
íÜáë= éÜ~ëÉI= ëç= íÜ~í= îÉêó= ÑÉï= ~êÉ= íêìäó= ÜóéçÖäóÅ~ÉãáÅ= áå=
íÉêãë= çÑ= ~êíÉêá~ä= Eçê= Å~éáää~êóF= ÄäççÇ= ÖäìÅçëÉ= ÅçåíÉåíK=
c~áäìêÉ=íç=~ééêÉÅá~íÉ=íÜáë=ëáãéäÉ=Ñ~Åí=äÉÇ=ëçãÉ=~ìíÜçêáíáÉë=
íç= ÄÉäáÉîÉ= íÜ~í= éçëíéê~åÇá~ä= Eçê= êÉ~ÅíáîÉF= ÜóéçÖäóÅ~Éãá~=
ï~ë= ~= éçíÉåíá~ä= ÚçêÖ~åáÅÛ= Éñéä~å~íáçå= Ñçê= ~= î~êáÉíó= çÑ=
Åçãéä~áåíë= íÜ~í= ãáÖÜí= çíÜÉêïáëÉ= Ü~îÉ= ÄÉÉå= ÅçåëáÇÉêÉÇ=
éëóÅÜçëçã~íáÅK= ^å= ÉéáÇÉãáÅ= çÑ= Ñ~äëÉ= ÚÜóéçÖäóÅ~Éãá~Û=
ÑçääçïÉÇI=é~êíáÅìä~êäó=áå=íÜÉ=rp^K=i~íÉê=ïçêâ=ëÜçïÉÇ=~=éççê=
ÅçêêÉä~íáçå= ÄÉíïÉÉå= ëóãéíçãë= ~åÇ= ÄáçÅÜÉãáÅ~ä=
ÜóéçÖäóÅ~Éãá~K= bîÉå= ëçI= ~= åìãÄÉê= çÑ= çíÜÉêïáëÉ= åçêã~ä=
éÉçéäÉ=çÅÅ~ëáçå~ääó=ÄÉÅçãÉ=é~äÉI=ïÉ~â=~åÇ=ëïÉ~íó=~í=íáãÉë=
ïÜÉå=ãÉ~äë=~êÉ=ÇìÉI=~åÇ=êÉéçêí=ÄÉåÉÑáí=Ñêçã=~ÇîáÅÉ=íç=í~âÉ=
êÉÖìä~ê=ëå~Åâë=ÄÉíïÉÉå=ãÉ~äëK==
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qêìÉ= éçëíéê~åÇá~ä= ÜóéçÖäóÅ~Éãá~= ã~ó= ÇÉîÉäçé= áå= íÜÉ=
éêÉëÉåÅÉ=çÑ=~äÅçÜçäI=ïÜáÅÜ=ÚéêáãÉëÛ=íÜÉ=ÅÉääë=íç=éêçÇìÅÉ=~å=
Éñ~ÖÖÉê~íÉÇ=áåëìäáå=êÉëéçåëÉ=íç=Å~êÄçÜóÇê~íÉK=qÜÉ=éÉêëçå=
ïÜç= ëìÄëíáíìíÉë= ~äÅçÜçäáÅ= ÄÉîÉê~ÖÉë= Ñçê= äìåÅÜ= áë=
é~êíáÅìä~êäó=~í=êáëâK=mçëíéê~åÇá~ä=ÜóéçÖäóÅ~Éãá~=ëçãÉíáãÉë=
çÅÅìêë=~ÑíÉê=Ö~ëíêáÅ=ëìêÖÉêóI=çïáåÖ=íç=ê~éáÇ=Ö~ëíêáÅ=ÉãéíóáåÖ=
~åÇ= ãáëã~íÅÜáåÖ= çÑ= åìíêáÉåí= ~Äëçêéíáçå= ~åÇ= áåëìäáå=
ëÉÅêÉíáçåK= qÜáë= áë= êÉÑÉêêÉÇ= íç= ~ë= ÚÇìãéáåÖÛ= Äìí= áí= áë= åçï=
ê~êÉäó=ÉåÅçìåíÉêÉÇK==

 
Hepatic and renal causes of 
hypoglycaemia 

qÜÉ= äáîÉê= Å~å= ã~áåí~áå= ~= åçêã~ä= ÖäìÅçëÉ= çìíéìí= ÇÉëéáíÉ=
ÉñíÉåëáîÉ= Ç~ã~ÖÉI= ~åÇ= ÜÉé~íáÅ= ÜóéçÖäóÅ~Éãá~= áë=
ìåÅçããçåK=fí=áëI=ÜçïÉîÉêI=~=é~êíáÅìä~ê=éêçÄäÉã=ïáíÜ=~ÅìíÉ=
ÜÉé~íáÅ=Ñ~áäìêÉK==

qÜÉ=âáÇåÉó=Ü~ë=~=ëìÄëáÇá~êó=êçäÉ=áå=ÖäìÅçëÉ=éêçÇìÅíáçå=Eîá~=
ÖäìÅçåÉçÖÉåÉëáë=áå=íÜÉ=êÉå~ä=ÅçêíÉñFI=~åÇ=ÜóéçÖäóÅ~Éãá~=áë=
ëçãÉíáãÉë=~=éêçÄäÉã=áå=íÉêãáå~ä=êÉå~ä=Ñ~áäìêÉK==

eÉêÉÇáí~êó= ÑêìÅíçëÉ= áåíçäÉê~åÅÉ=çÅÅìêë= áå= N= áå= OM= MMM= äáîÉ=
ÄáêíÜë=~åÇ=Å~å=Å~ìëÉ=ÜóéçÖäóÅ~Éãá~K==

 
Endocrine causes of 
hypoglycaemia 

aÉÑáÅáÉåÅáÉë= çÑ= ÜçêãçåÉë= ~åí~ÖçåáëíáÅ= íç= áåëìäáå= ~êÉ= ê~êÉ=
Äìí= ïÉääJêÉÅçÖåáòÉÇ= Å~ìëÉë= çÑ= ÜóéçÖäóÅ~Éãá~K= qÜÉëÉ=
áåÅäìÇÉ= Üóéçéáíìáí~êáëãI= áëçä~íÉÇ= ~ÇêÉåçÅçêíáÅçíêçéÜáÅ=
ÜçêãçåÉ=E^`qeF=ÇÉÑáÅáÉåÅó=~åÇ=^ÇÇáëçåDë=ÇáëÉ~ëÉK==

 Drug-induced hypoglycaemia 

j~åó=ÇêìÖë=Ü~îÉ=ÄÉÉå=êÉéçêíÉÇ=íç=éêçÇìÅÉ=áëçä~íÉÇ=Å~ëÉë=
çÑ= ÜóéçÖäóÅ~Éãá~I= Äìí= ìëì~ääó= çåäó= ïÜÉå= çíÜÉê=
éêÉÇáëéçëáåÖ=Ñ~Åíçêë=~êÉ=éêÉëÉåíW==

• pìäéÜçåóäìêÉ~ë= ã~ó= ÄÉ= ìëÉÇ= áå= íÜÉ= íêÉ~íãÉåí= çÑ=
Çá~ÄÉíÉë=çê=ã~ó=ÄÉ=í~âÉå=Äó=åçåJÇá~ÄÉíáÅë=áå=ëìáÅáÇÉ=
~ííÉãéíëK==

• nìáåáåÉ=ã~ó=éêçÇìÅÉ=ëÉîÉêÉ=ÜóéçÖäóÅ~Éãá~= áå= íÜÉ=
ÅçìêëÉ=çÑ=íêÉ~íãÉåí=Ñçê=Ñ~äÅáé~êìã=ã~ä~êá~K=

• p~äáÅóä~íÉë=ã~ó= Å~ìëÉ= ÜóéçÖäóÅ~Éãá~I= ìëì~ääó= ~ÑíÉê=
~ÅÅáÇÉåí~ä=áåÖÉëíáçå=Äó=ÅÜáäÇêÉåK==

• mêçéê~åçäçä= Å~å= áåÇìÅÉ= ÜóéçÖäóÅ~Éãá~= áå= íÜÉ=
éêÉëÉåÅÉ=çÑ=ëíêÉåìçìë=ÉñÉêÅáëÉ=çê=ëí~êî~íáçåK==

• mÉåí~ãáÇáåÉI= ìëÉÇ= áå= íÜÉ= íêÉ~íãÉåí= çÑ= êÉëáëí~åí=
måÉìãçÅóëíáë= éåÉìãçåá~I= ã~ó= éêçÇìÅÉ=
ÜóéçÖäóÅ~Éãá~K==

 
Alcohol-induced 
hypoglycaemia 

^äÅçÜçä= áåÜáÄáíë= ÖäìÅçåÉçÖÉåÉëáëK= ^äÅçÜçäJáåÇìÅÉÇ=
ÜóéçÖäóÅ~Éãá~=çÅÅìêë=áå=éççêäó=åçìêáëÜÉÇ=ÅÜêçåáÅ=~äÅçÜçä=
ìëÉêëI= ÄáåÖÉ= ÇêáåâÉêëI= ~åÇ= ÅÜáäÇêÉå= ïÜç= Ü~îÉ= í~âÉå=
êÉä~íáîÉäó= ëã~ää= ~ãçìåíë= çÑ= ~äÅçÜçäI= ëáåÅÉ= íÜÉó= Ü~îÉ= ~=
ÇáãáåáëÜÉÇ= ÜÉé~íáÅ= ÖäóÅçÖÉå= êÉëÉêîÉK= qÜÉó= éêÉëÉåí= ïáíÜ=
Åçã~= ~åÇ= ÜóéçíÜÉêãá~= EÜóéçíÜÉêãá~= áë= ~= ÑÉ~íìêÉ= çÑ=
ÜóéçÖäóÅ~Éãá~I= ÇìÉ= íç= íÜÉ= ëìééêÉëëáçå= çÑ= ÅÉåíê~ä=
íÜÉêãçêÉÖìä~íáçåI= é~êíáÅìä~êäó= íÜÉ= ëÜáîÉêáåÖ= êÉëéçåëÉ;=
ÅÜáäÇêÉå= ã~åáÑÉëí= ÜóéçíÜÉêãá~= ãçêÉ= ÑêÉèìÉåíäó= ÇìÉ= íç=
íÜÉáê=ÜáÖÜ=ê~íáç=çÑ=ëìêÑ~ÅÉ=~êÉ~=íç=ÄçÇó=ã~ëëFK==

 Factitious hypoglycaemia 

qÜáë=áë=~=êÉä~íáîÉäó=Åçããçå=î~êá~åí=çÑ=ëÉäÑJáåÇìÅÉÇ=ÇáëÉ~ëÉ=
~åÇ=áë=ãçêÉ=Åçããçå=íÜ~å=~å=áåëìäáåçã~K=eóéçÖäóÅ~Éãá~=
áë=éêçÇìÅÉÇ=Äó=ëìêêÉéíáíáçìë=ëÉäÑJ~Çãáåáëíê~íáçå=çÑ=áåëìäáå=
çê= ëìäéÜçåóäìêÉ~ëK= j~åó= é~íáÉåíë= áå= íÜáë= Å~íÉÖçêó= Ü~îÉ=
ÄÉÉå= ÉñíÉåëáîÉäó= áåîÉëíáÖ~íÉÇ= Ñçê= ~å= áåëìäáåçã~K=
jÉ~ëìêÉãÉåí= çÑ= `JéÉéíáÇÉ= äÉîÉäë= ÇìêáåÖ= ÜóéçÖäóÅ~Éãá~=
ëÜçìäÇ= áÇÉåíáÑó= é~íáÉåíë= ïÜç= ~êÉ= áåàÉÅíáåÖ= áåëìäáå;=
ëìäéÜçåóäìêÉ~=~ÄìëÉ=Å~å=ÄÉ=ÇÉíÉÅíÉÇ=Äó=ÅÜêçã~íçÖê~éÜó=
çÑ=éä~ëã~=çê=ìêáåÉK

=
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