
TYPE 1 DIABETES

RESEARCH

‘A 
WONDERFUL 
AFFECTION’

–  causes and 
controversies of 
Type 1 diabetes



D I A B E T E S  U P D AT E  A U T U M N  2 01 4 29

PH
O

TO
S:

 T
H

IN
K

ST
O

C
K

▲

Type 1 diabetes is on the increase around the world,  
but the underlying reasons why this is happening are not well 

understood. Dr Eleanor Kennedy looks at the latest research  
into environmental factors, genetics and immunology to shed light 

on one of the most urgent health issues of our time 

T
ype 1 diabetes is an 
autoimmune condition 
affecting 400,000 people 
in the UK. Diabetes was 
first described in the 

Ebers Papyrus around 1,500BC as  
a condition resulting in polyuria – 
frequent urination. The cure  
was described as a heady, and 
presumably wholly ineffective, 
concoction of ‘water from the bird 
pond, elderberry, fibres of the asset 
plant, fresh milk, beer-swill, flower 
of the cucumber, and green dates’. 
The ancient Greek physician, 
Aretaeus, later described the 
condition as ‘a wonderful affection, 
not very frequent among men, 
being a melting down of the flesh 
and limbs into urine’. Although a 
definitive cure has yet to be found, 
these quotes should be taken as 
reminders of how far science and 
medicine have taken us on our 
quest to find one. 

The rising prevalence of Type 2 
diabetes means that Type 1 often 
remains in its not insubstantial 
shadow. However, the number  
of cases of Type 1 is also on the 
increase at rates that cannot be 
readily explained. The DIAMOND 
project demonstrated that 
incidence rates are increasing 
worldwide, with the exception of 
Central America and the West 
Indies, while other research 
predicts that, on current trends,  
the number of new cases of Type 1 
diabetes in European children 
younger than 5 years old is set  
to double between 2005 and 20201,2.  
The reasons why this is happening  
are not fully understood, although  
a number of hypotheses have  
been proposed.    

It’s not just where we live, but how we 
live, that could also explain the 
increasing number of cases of Type 1. 
Proponents of the so-called ‘hygiene 
hypothesis’ believe that we are now 
living such clean lives that the immune 
system is under-utilised7. Without the 
levels of exposure to bacteria and 
viruses that were common in the past, 
the immune system may malfunction 
and start to attack ‘self’. However, 
although there are data to support this, 
the correlation between disease 
incidence and improved living standards 
does not prove a causal link between 
infections and immune disorders8. And 
one can easily assume some infections 
may be predisposing or protective 

cofactors in the development of the 
condition, depending on the age of the 
individual and their genetic make-up, 
making it hard to obtain evidence for this 
hypothesis in humans. 

The sunshine 
hypothesis
Some of the highest 
incidence rates for 
Type 1 diabetes are 
in Finland and across 
Scandinavia, leading 
some to propose the 
so-called ‘sunshine 
hypothesis’3. Those 

living closer to the 
equator tend to have 
a lower incidence of 
Type 1 than those 
living further away. 
Exposure to sunlight 
and the effect this 
has on vitamin D 
production has been 
suggested to protect 

people against 
autoimmunity in 
general, and against 
Type 1 diabetes in 
particular. This 
theory is supported 
by a meta-analysis  
to assess the effect of 
taking vitamin D on 
the risk of developing 
Type 1. Not only is 
there a significant 
reduction in risk for 
infants on vitamin D, 
but the data suggest 
a dose-dependent 
effect4. The theory is 
not watertight, 
however, as higher 
than predicted levels 
of Type 1 are seen  
in sunny countries 
such as Sardinia  
and Kuwait5,6.   

The hygiene hypothesis

Living in sunny 
climes appears to 
protect against 
Type 1 diabetes 

Could cleanliness be 
linked to rising rates 
of Type 1 diabetes?   
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For your patients with type 2 diabetes uncontrolled on metformin

LOWERS 
HbA1c

3-5

with secondary benefit of 
weight loss*3-5

For further information go to

www.forxiga.co.uk

FORXIGA® 10mg 

—the first SGLT2 inhibitor

Date of Preparation: August 2014 285,802.011. 

in combination with:
•  Metformin - if used as described  

for DPP-4 inhibitors in NICE CG87
•  Insulin - with or without other  

antidiabetic drugs

Now with 4-year  

efficacy and safety data 1

For further details, see www.nice.org.uk
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RECOMMENDED  
BY NICE (TA288)2 

When FORXIGA® is used with insulin or SU, a lower dose of insulin or SU may be considered  
to reduce the risk of hypoglycaemia. FORXIGA® is not recommended for use with 
pioglitazone. 

*FORXIGA® is not indicated for weight loss.

SGLT2: sodium glucose co-transporter 2.

FORXIGA®     5MG & 10MG FILM-COATED TABLETS 
(dapaglifozin) PRESCRIBING INFORMATION. Consult Summary 
of Product Characteristics before prescribing.
Presentation:  5mg or 10mg dapaglifozin (as propanediol 
monohydrate) flm-coated tablets. 
Indications:  Adults 18 years and older:  For patients with type 2 
diabetes mellitus to improve glycaemic control: as monotherapy 
when diet and exercise alone do not provide adequate glycaemic 
control and use of metformin is considered inappropriate due to 
intolerance, or in combination with other glucose lowering drugs 
including insulin when these, together with diet and exercise, do 
not provide adequate glycaemic control.
Dosage:  Adults:  10mg once daily as monotherapy and add-on 
combination therapy with other glucose lowering drugs including 
insulin.  Forxiga can be taken at any time of day with or without 
food.  Consider a lower dose of insulin or insulin secretagogue 
such as a sulphonylurea when used in combination with 
dapaglifozin to reduce the risk of hypoglycaemia.  Children and 
adolescents: <18 years: Safety and effcacy not yet established.  
Elderly: ≥65 years: No dosage adjustment is recommended based 
on age.  Renal function and risk of volume depletion should be 
taken into account.  ≥75 years:  Not recommended.  Mild renal 
impairment:  No dosage adjustment.  Moderate & severe renal 
impairment:  Not recommended.  Severe hepatic impairment:  
Starting dose of 5mg is recommended, if well tolerated, dose may 
be increased to 10mg.
Contraindications:  Hypersensitivity to dapaglifozin, or 
excipients.

Warnings and precautions:  Not to be used in patients with type 1 
diabetes mellitus or for diabetic ketoacidosis.  Dapaglifozin is not 
recommended in patients concomitantly treated with pioglitazone 
and has not been studied with GLP-1 analogues.  Use in patients 
with renal impairment:  Not recommended in moderate to severe 
renal impairment (CrCl <60ml/min or eGFR <60ml/min/1.73m2).  
Renal function monitoring is recommended: prior to initiation of 
dapaglifozin and at least yearly thereafter; prior to initiation of 
concomitant medicinal products that may reduce renal function 
and periodically thereafter; for renal function approaching 
moderate renal impairment, at least 2 to 4 times per year.  If renal 
function falls below CrCl <60ml/min or eGFR< 60ml/min/1.73m2, 
treatment should be discontinued.  Use in patients with hepatic 
impairment:  Exposure is increased in patients with severe 
hepatic impairment.  Use in patients at risk of volume depletion, 
hypotension and/or electrolyte imbalances:  Dapaglifozin is 
associated with a modest decrease in blood pressure, which 
may be more pronounced in patients with very high blood 
glucose concentrations.  Not recommended in patients receiving 
loop diuretics or who are volume depleted.  Exercise caution in 
patients for whom a dapaglifozin induced drop in blood pressure 
could pose a risk, such as patients with known cardiovascular 
disease, patients on anti hypertensive therapy with a history of 
hypotension or elderly patients.  Careful monitoring of volume 
status and electrolytes is recommended in conditions leading 
to volume depletion, such as acute gastrointestinal illness.  In 
volume depleted patients temporary interruption of dapaglifozin 
is recommended until volume depletion is corrected.  Urinary 
tract infections:  Temporary interruption of dapaglifozin should 
be considered when treating pyelonephritis or urosepsis.  Elderly 
patients:  Elderly patients are more likely to have impaired renal 
function, be treated with medicines such as anti-hypertensives or 
diuretics, and be at a greater risk of volume depletion.  Cardiac 
failure:  Experience in NYHA class I-II is limited, and there is no 
experience in clinical studies with dapaglifozin in NYHA class 
III-IV.  Elevated haematocrit: Caution in patients with elevated 
haematocrit.  Urine laboratory assessments:  Patients will test 

positive for glucose in the urine due to mechanism of action.  
Lactose:  Not recommended in patients with rare hereditary 
problems of galactose intolerance, the Lapp lactase defciency, or 
glucose-galactose malabsorption. 
Drug interactions:  Diuretics:  Dapaglifozin may add to the 
diuretic effect of thiazide and loop diuretics and may increase the 
risk of dehydration and hypotension.  Consider a lower dose of 
insulin or insulin secretagogue in combination with dapaglifozin 
to reduce the risk of hypoglycaemia.  Dapaglifozin has a low 
potential for other interactions with commonly used agents in 
patients with type 2 diabetes.  
Pregnancy and lactation:  Do not use during pregnancy or breast-
feeding.
Undesirable events:  Refer to SmPC for complete information on 
side effects.  Very common (≥1/10):  Hypoglycaemia (when used 
with SU or insulin).  Common (≥1/100 to <1/10):  Vulvovaginitis, 
balanitis and related genital infections, urinary tract infection, 
dizziness, back pain, dysuria, polyuria, haematocrit increased, 
creatinine renal clearance decreased, dyslipidaemia.  
Legal Category:  POM.  Marketing authorisation number:  
EU/1/12/795/002 & EU/1/12/795/007 Presentation & basic 
NHS price:  Forxiga 5mg flm-coated tablets 28: £36.59; Forxiga 
10mg flm-coated tablets 28: £36.59.  Further information is 
available from:  Bristol-Myers Squibb / AstraZeneca EEIG, Bristol-
Myers Squibb House, Uxbridge Business Park, Sanderson Road, 
Uxbridge, Middlesex, UB8 1DH, UK. [FORXIGA] is a trademark 
of the Bristol-Myers Squibb / AstraZeneca group of companies.  
Date of PI preparation: 07/2014. 

CV 14 0123

Adverse events should be reported.  
Reporting forms and information can be found  

at www.mhra.gov.uk/yellowcard.  
Adverse events should also be reported to  

AstraZeneca on 0800 783 0033.

A third hypothesis that 
is often quoted as being 
responsible for the rise 
in Type 1 diabetes is 
the accelerator 
hypothesis9. Children 
nowadays grow more 
quickly and are bigger 
than those in previous 
generations, leading to 
a ‘stress’ response in 
the internal organs, 
particularly in the 
pancreatic beta cells.  

Research indicates that 
insulin resistance can 
speed up the onset of 
Type 1 diabetes in 
people who already 
display degrees of both 
islet autoimmunity and 
insulin deficiency10. 

So the theory goes 
that the ‘obesogenic’ 
environment that we 
now live in could 
account for the rising 
incidence of Type 1  
via increased levels of 
insulin resistance. 

However, there is still 
a lack of convincing 
evidence suggesting 
that insulin resistance 
could accelerate beta 
cell autoimmunity, but 
it may be that eating  
a high-fat diet could 
cause increased beta 
cell death through 
apoptosis. This, in turn,  
may then enhance  
the beta cell death in 
the pancreas that is 
already being caused 
by immune attack. 

Xxxxxx x xxxx 
xxxxxxxx xxx xxxxx

The accelerator 
hypothesis

The cows’ milk hypothesis
The fourth major hypothesis points the 
finger of blame at cows’ milk protein. 
The theory relies on the established 
benefits of breastfeeding, which gives 
neonates antibodies designed to 
counteract most pathogens in the 
child’s surroundings11. They also do not 
interact with the gut’s natural flora,  
a biome that gives the developing baby 
another vital layer of innate immunity. 
The evidence has been relatively weak, 
except in instances of very early 
exposure to cow’s milk proteins12.  
The Trial to Reduce IDDM in the 
Genetically at Risk study was set up to 
investigate whether hydrolysed infant 
formula decreased the risk of developing  
Type 1 diabetes in children who have  
an increased genetic susceptibility 
compared to cow’s milk-based 
formula13. Preliminary data shows there 
is no significant difference between the 
use of hydrolysed formula over 
conventional formula in the incidence of 
diabetes-associated autoantibodies 
after seven years14. This suggests that 
there is no perceived benefit from 
hydrolysed formula, which may weaken 
the support for this hypothesis.   
Maternal factors are important too,  
such as caesarean section versus 
natural birth affecting risk of Type 1 
diabetes, and the established fact that 
mothers with Type 1 impart a lower risk 
of the disease on their children than do 
fathers who have Type 1 diabetes.

▲

Increased stature 
 – a factor in Type 1?  

Does cows’ milk 
render children 
susceptible to 
Type 1? 
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Environmental Factors
So much for the hypotheses. What do 
we actually know...?

The environmental factors that trigger 
Type 1 are a hot topic for research and 
debate. When does an initiating event in 
the environment happen? Do these 
factors work on children that are already 
genetically predisposed to Type 1? Many 
believe that the key genetic and 
environmental events in Type 1 diabetes 
occur within the first two years of life. 

Professor Mark Peakman, Professor 
of Clinical Immunology at King’s College 
London, believes that we have yet to pin 
down an exact factor, or even factors, 
and that it may be difficult to identify a 
‘smoking gun’. He admits that there is a 
reasonable body of evidence that 
viruses can influence the process 
around diagnosis. Several viruses have 
been implicated in the onset of Type 1 
diabetes15. Children and young people 
presenting with the condition will often 
have experienced a viral infection in the 
few months prior to diagnosis and there 
is evidence that there is an observed  
seasonality in Type 1 diabetes that 
coincides with the cold period over 
autumn and winter when some viruses 

are more common16.
Despite this, the role of viruses in the 

development of Type 1 diabetes remains 
a contentious issue. Professor Heikki 
Hyoty, Professor of Biomedicine and 
Virology at the University of Tampere in 
Finland, believes that viruses are a 
causal factor in the onset of the 
condition. His work has shown that 
there are several different viruses 
prevalent in the pancreases of people 
with Type 1 diabetes. Of these, the 
enterovirus is the most common. The 
next step is to produce a vaccine that 
could be used in people at genetically 
high risk of getting diabetes or in close 
relatives of those already diagnosed. A 

prototype has been tested in a mouse 
model and is effective in preventing the 
onset of diabetes, but this now needs to 
be tested in people to ensure that it is 
both safe and effective. To this end, a 
large, multicentre EU-funded study is 
under way to recruit children newly 
diagnosed with Type 1 diabetes across 
five European countries to identify the 
serotypes and gene sequences of any 
enteroviral strains found17.

However, Professor Edwin Gale, 
Emeritus Professor, University of Bristol, 
is sceptical that viral infection is the 
cause of the condition. “The evidence to 
suggest that viruses play a fundamental 
role in the onset of Type 1 diabetes is 
not incontrovertible. There are some 
epidemiological and experimental data 
that may implicate viral infection but 
whether this infection is the cause or 
simply a consequence of beta cell stress 
due to another factor or factors remains 
uncertain.” To make things even more 
complex, one area of intense study 
currently is the role of the commensal 
bacteria in the gut in the development of 
the immune system and susceptibility 
and resistance to immune system 
diseases, such as Type 1 diabetes.

 “The more we find out, 
the less we know,” said 
Professor Matthias von 
Herrath, Director of the 
Centre for Type 1 
Diabetes Research at the 
La Jolla Institute for 
Allergy and Immunology 
in California. “One of the 
most curious recent 
findings is that in 
pancreas tissue samples, 
there is a very specific 
lobular pattern to T cell 
infiltration. If it was 
purely an autoimmune 
condition, the pattern of 
infiltration would be 
systemic and we would 
see it in every lobe. And 

we only see this in 
human tissue samples. 
This effect isn’t replicated 
in mouse models of Type 
1 diabetes.” 

This work has been 
aided by the Juvenile 
Diabetes Research 
Foundation’s Network for 
Pancreatic Organ Donors 
with Diabetes (nPOD) 
initiative.  This provides 
pancreatic tissue from 
cadaveric organ donors 
with Type 1 for research 
into the immunology and 
histopathology of the 
condition. Using nPOD, 
Prof von Herrath and his 
collaborators have 
questioned not only the 
unusual lobular pattern 
of the immune attack, 

but have also suggested 
that there may be a role 
of the exocrine pancreas 
in Type 1.

“The main T cells 
found in human islets are 
CD8 T lymphocytes. Until 
now we thought that this 
infiltration was limited to 
the endocrine tissue 
where the islets of 
Langerhans are found. 
But our studies are 
showing that, in donor 
tissue, there are elevated 
levels of CD8 cells in the 
exocrine tissue along 
with other subsets of  
T lymphocytes. And we 
have preliminary 
evidence to suggest that 
this is the case in Type 2 
diabetes too.”

So, maybe a spontaneous 
inflammatory response in 
the exocrine tissue is the 
initiating event? And, 
could this pathway be 
common to both Type 1 
and Type 2? Caution 
should prevail. A lack of 
systematic infiltration of 
the beta cells may not 
necessarily argue wholly 
against autoimmunity. 
Rheumatoid arthritis, 
another autoimmune 
condition, could be used 
as a comparator.  
Prof Gale concluded:
 ‘In fact, people have 
long doubted that Type 1 
diabetes is autoimmune 
and often refer to it, 
instead, as being 
immune-mediated’.

Natural history  
and pathogenesis  
of Type 1

Several viruses have 
been implicated in 
the development 
of Type 1 diabetes 
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Meanwhile, 
immunologists are 
working to unravel 
the effect that a 
person’s genetic 
predisposition has 
upon the onset of 
Type 1 diabetes. 
Coupled to this  
are environmental 
factors that may 
impact upon this 
predisposition. 
“We know that these 
factors cause a 
perturbation of the 
system that is 
already genetically 
loaded. This can 
then snowball out of 
control and Type 1 
diabetes can be the 

result,” said Prof 
Peakman. Several 
multicentre studies,  
exploring the role of 
immune pathways 
in diabetes are now 
under way, and the 
hope is that novel 
and effective 
immunotherapies 
for the condition 
may eventually 
emerge from this 
kind of work18,19. 

A number of 
research groups in 
the UK are now 
making significant 
contributions in this 
area. Diabetes UK  
is working to 
strengthen UK 
research through  

its National Charity 
Partnership with 
Tesco. 

With increasing 
knowledge of the 
immune-mediated 
pathways that 
ultimately lead to 
the death of the 
insulin-producing 
beta cells in the 
pancreas, it may 
become possible to 
either modify, or 
even to switch off, 
the T lymphocytes 
in the immune 
system that are  
a key component of 
the beta cell death 
process that is 
known to underlie 
Type 1 diabetes20.

Immunology

Genetics

Feedback 
What do you think 

of the views expressed 
here? Get in touch at  
update.feedback@

diabetes.org.uk
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It is often said that you should choose 
your parents carefully. Our genetic 
make-up is fixed. But Type 1 diabetes 
isn’t a simple case of one gene, one 
condition. Instead, there is an intricate 
web of over 50 known genes that can 
predispose a person to the condition. 
“Some of these genes, like those coding 
for the human leukocyte antigen (HLA) 
and the major histocompatibility 
complex, are well studied. In fact, about 
50 per cent of a person’s predisposition 
is conferred by genes in the HLA region 
of chromosome 6,” explained Dr Frank 
Waldron-Lynch at the JDRF/Wellcome 
Trust Diabetes and Inflammation 
Laboratory at the University of 
Cambridge. “We also know that many  
of the other genes identified point to a 
dysregulation of the immune system. 
This means that, in people with a 
genetic predisposition, there is a much 
higher chance of the immune system 
starting to recognise ‘self’ as ‘non-self’ 
and that’s where the problem starts.” 

Professor John Todd, Director of the 
JDRF/Wellcome Trust Diabetes and 
Inflammation Laboratory added: 
 “To complicate matters still further, 

several of the Type 1 diabetes genes 
discovered act in the pancreatic beta 
cells, as well as in the immune system. 
The action of these genes and their 
disease-predisposing variants may  
be to make beta cells more sensitive  
to apoptosis, induced by immune 
attack, and by internal cellular stress 
mechanisms that are switched  
on by high-fat and unhealthy diets.”

More coding irregularities that could 
be relevant to Type 1 diabetes may be 
discovered as geneticists continue 
systematically teasing apart the human 
genome. Dr Waldron-Lynch observed: 
“The genes involved in Type 1 diabetes 
are very different from those discovered 
in Type 2 diabetes. Type 2 diabetes 
genes are much more metabolic in 
nature but in Type 1 diabetes are 
centred around immune functions.  
This means that the genetic alterations 
in Type 1 diabetes are often shared with 
other autoimmune conditions such as 
multiple sclerosis, thyroid disease and 
juvenile arthritis that do not involve the 
pancreas at all.  Research we do in  
one condition or illness may have 
considerable implications for other 
disease areas.”  


