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SUMMARY

Type 1 (insulin-dependent) diabetes mellitus is an important chronic medical 
condition that is associated with significant morbidity and premature mortality. 
The disease is considered so important that its incidence is deemed a basic health 
indicator by the World Health Organisation. Studies have shown that optimising 
medical care for those with diabetes reduces the occurrence o f long term disease 
complications, such as: blindness; kidney failure; and ischaemic heart disease. A 
prerequisite for maximising medical care for those with diabetes is that 
information regarding the incidence and characteristics o f the disease is available 
to heath policy makers.

There is wide international variation in the incidence o f the diabetes and the 
highest incidence o f the disease is reported in Europe. There is also much 
evidence that the incidence o f diabetes is rising throughout Europe. Little data 
exists regarding the incidence and characteristics o f Type 1 (insulin-dependent) 
diabetes mellitus in the Irish population. No previous national study has been 
conducted in Ireland. Two previous studies undertaken in the British Isles 
included Irish data and found Ireland to have the lowest disease incidence rate in 
the British Isles and a low rate o f disease when compared with other European 
centres. There was concern that the Irish data in these studies was incomplete 
resulting in an underestimate o f the disease incidence.

This study sought to establish the incidence rate o f Type I (insulin-dependent) 
diabetes in Ireland (Republic o f Ireland), in those aged under 15 years. It also 
sought to identify characteristics o f the disease in this population, namely; the age 
o f onset; sex; season o f onset; infant diet; family history; birth order; number o f 
household occupants; and the clinical course o f disease.

A prospective study design was chosen and following national and international 
consultation, a study protocol was developed and questionnaire designed. Ethical 
approval for the study was granted by the Joint Ethics Committee o f the Federated 
Dublin Voluntary Hospitals. Following consultation, the Irish Paediatric 
Surveillance Unit (IPSU) they agreed to support this study and the initial case 
identification was performed through the mechanism o f the IPSU. A monthly 
reporting card was sent to all paediatricians in the country asking them to notify 
all new cases o f diabetes presenting to them in the study period. Paediatricians 
who reported cases were sent a questionnaire to complete, to verify the case report 
and provide additional information. Paediatricians who did not notify cases to the 
IPSU were contacted to ensure that no cases had been seen. Adult 
endocrinologists, physicians and all Hospitals nationally were contacted to 
identify incident cases o f  diabetes in the study period. The General Medical 
Services (Payments) Board acted as a second source o f case ascertainment 
through its data relating to the Long-term Illness scheme, which provides insulin 
and other requirements free o f charge to those with diabetes who do not have a 
medical card. The use o f  a second source o f case identification allowed the



application o f the capture-recapture procedure and provided a measure o f case 
ascertainment to the study.

The main results o f this study show that Ireland does not have a low incidence o f 
diabetes. The crude incidence rate o f  the disease in those aged less than 15 years 
was 16.6 (95% confidence interval 13.9-19.5) per 100,000 per year. This rate 
reflects the actual disease experience o f the population and is important for health 
policy makers for resource allocation and service provision. The directly 
standardised incidence rate was 16.3 (14.2-18.5) per 100,000 per year, this rate is 
constructed for international comparison and shows that Ireland has an incidence 
rate o f diabetes similar to other areas o f the British Isles, which are considered 
high incidence countries. Analysis o f incidence data from 44 centres in Europe 
show that 77% o f centres have recorded incidence rates below 15.0 per 100,000 
per year confirming that Ireland has a high incidence o f diabetes and not a low 
incidence as previously thought.

There is a slight male preponderance in diabetes in keeping with other high 
incidence countries. The age o f diagnosis is younger in this population, with a 
mean age o f  onset o f 8.7 years. The peak age at diagnosis is at 8 and 10 years, 
with a smaller peak at 13-14 years and in early childhood at 3-6 years. The most 
frequent month o f diagnosis is October. The majority o f Irish children who 
develop diabetes do not have a family history o f the disease. Presentation is with 
the classical symptoms o f diabetes, namely: polyuria, polydipsia, weight loss and 
lethargy but not polyphagia. Secondary eneuresis is a particularly important 
presenting symptom in those aged less than 10 years. 18.6% presented in the life- 
threatening condition o f diabetic ketoacidosis. The majority o f children and 
adolescents in this study had an abrupt onset o f clinical diabetes, with symptoms 
present for only 2 weeks prior to diagnosis. There was a wide range o f  symptom 
duration from a few days to 6 months. The duration o f symptoms was shortest in 
the youngest age category and increased with age. This study provides the first 
baseline measure o f diabetes incidence and disease characteristics in this 
population.

We recommend that policy makers now consider Ireland as a country with a high 
incidence o f insulin-dependent diabetes in future resource allocation and strategic 
planning decisions relating to diabetes. A Diabetes Register should be established 
in Ireland to monitor the incidence o f this very important disease and establish if a 
secular trend is present in this population, as in the rest o f Europe. A disease 
register would provide accurate and timely measurement o f disease frequency for 
healthcare provision. It would also provide a mechanism for further 
epidemiological study with the generation and testing o f hypotheses regarding 
disease aetiology. Significant advances in our understanding o f this disease have 
come from epidemiological studies. A Register would also facilitate 
comprehensive identification o f those at increased risk o f disease development, 
who may wish to avail o f diabetes preventative strategies when available.
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CHAPTER ONE 

INTRODUCTION



1. I N T R O D U C T I O N

Diabetes Mellitus is a chronic medical condition resulting in significant 

morbidity, disability and premature mortality. Diabetes Mellitus has been 

described for centuries. It is a disorder where there is an inability to utilise 

glucose appropriately in the body and so glucose is excreted in the urine. As a 

result the body constantly loses this energy source which results in wasting o f  

the body in the presence o f  apparently adequate nutrition. Diabetes is 

characterised by hyperglycaemia due to defective insulin secretion or resistance 

to the action o f  insulin or both. The chronic hyperglycaemia suffered by those 

with diabetes r e s u l t s  in d a m a g e  to  v a r i o u s  o r g a n s  p a r t i c u l a r l y  th e  

e y e s ,  k i d n e y s ,  n e r v e s ,  h e a r t  a n d  b lo o d  v e s s e l s .

l . I  C l a s s i f i c a t i o n  o f  D i a b e t e s  M e l l i t u s

A number o f  classifications o f  diabetes have been proposed. The National 

Diabetes Data Group (1979) revised the classification o f  diabetes mellitus which 

was endorsed by the World Health Organisation (W HO) Expert Com m ittee on 

Diabetes and the W HO Study group on Diabetes Mellitus (Expert Com m ittee on 

the Diagnosis and Classification o f  Diabetes Mellitus, 1998), These groups 

recognised two m a jo r  t y p e s  o f  d i a b e t e s  m e l l i t u s ,  t e r m e d  i n s u l i n -  

d e p e n d e n t  ( I D D M )  a n d  n o n - i n s u l i n - d e p e n d e n t  ( N I D D M ) ,  

d e p e n d i n g  on  i ts  p h a r m a c o l o g i c a l  t r e a t m e n t .  H o w e v e r ,  t h i s  

c l a s s i f i c a t i o n  d i d  r e c o g n i s e  t he  h e t e r o g e n e i t y  o f  d i a b e t e s .
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There is a degree o f  overlap in this classification as it is based on t r e a t m e n t  

modality and there are patients with non-insulin dependent diabetes who may 

require insulin therapy. It is also increasingly recognised that there are younger 

patients who have diabetes mellitus which is not insulin dependent and these are 

referred to as having Maturity Onset Diabetes o f  the Young or M ODY. Diabetes 

Mellitus may also occur in pregnancy where it is c a l l e d  g e s t a t i o n a l  d i a b e t e s  

a n d  d i a b e t e s  m a y  o c c u r  as  a c o m p l i c a t i o n  o f  o t h e r  m e d i c a l  

conditions, such as haemochromatosis or cystic fibrosis.

An international expert committee was established in May 1995, under the 

sponsorship o f  the American Diabetes Association, to review the classification 

and diagnosis o f  diabetes mellitus. It was proposed to revise the classification o f  

diabetes mellitus towards a system based where possible on disease aeitiology 

rather than the treatment modality. fhe  report o f  the expert committee 

recommended the following classification. (Expert Committee on the Diagnosis 

and Classification o f  Diabetes Mellitus, 1998)

In this classification diabetes is divided into four broad types:

I Type 1 Diabetes

I m m u n e  M e d ia t e d  

I d io p a t h i c

II Type 2 Diabetes

III  Other Specific Types

Genetic defects o f  |3-cell function, genetic defects o f  insulin action, diseases o f

the exocrine pancreas, endocrinopathies, drug or chemical induced, infections,

uncommon forms o f  immune-mediated diabetes eg “stiff-man” syndrome and

2



anti-insulin receptor antibodies and other genetic syndrom es associated with 

diabetes.

IV Gestational Diabetes M ellitus (GDM )

The term s insulin dependent and non-insulin dependent diabetes are rem oved

from this new classification. In the European literature, the com m only used 

classification is that o f  insulin dependent and non-insulin dependent diabetes. 

H ow ever, increasingly both classifications are being used together, that is. Type 

1 (insulin-dependent) diabetes.

This study is restricted to the consideration o f  Type 1 (insulin-dependent) 

diabetes m ellitus. This type o f  D iabetes M ellitus occurs largely in the younger 

age group. In Type 1 diabetes m ellitus there is insulin deficiency and these 

patients depend on injections o f  exogenous insulin for their survival. In the

absence o f  treatm ent this condition rapidly results in  d e a t h .  Prior to the

discovery o f  insulin by Banting and Best in 1921 this disease was universally 

fatal. Indeed, even in 2000 children w ith insulin dependent diabetes in 

developing countries still die due to lack o f  insulin. In some parts o f  A frica the 

life expectancy o f  a child w ith new ly diagnosed type 1 diabetes may be as little 

as 1 year (Yudkin, 2000).

Insulin is produced in the body by the |3-cells o f  the pancreas. Insulin acts on 

target tissues to facilitate the entry o f  glucose into the cells. Type 1 diabetes is 

im m une m ediated or idiopathic in origin. Im m une m ediated diabetes is due to

3



cell-mediated a u t o i m m u n e  d e s t r u c t i o n  o f  th e  P - c e l l s  o f  th e  p a n c r e a s  

( A t k i n s o n  e t  a l ,  1 9 9 4 ) .

Idiopathic diabetes is a classification for those cases o f  type 1 diabetes where the 

aeitiology is unknown. This is the minority and most are o f  African or Asian 

origin.

Type 2 Diabetes also known as maturity onset diabetes, is non-insulin dependent 

and called Non-Insulin Dependent Diabetes (NIDDM). This type o f  diabetes is 

more associated with resistance to the action o f  insulin rather than its absolute 

absence and is generally treated with dietary manipulations and oral 

hypoglycaemic agents. Those with non-insulin dependent diabetes t e n d  to  be 

older at disease onset.

1.2 D i a g n o s i s  o f  D i a b e t e s  M e l l i t u s

In the majority o f  children presenting with diabetes the diagnosis is readily 

apparent. They exhibit the classical symptoms o f  polyuria, polydipsia and 

polyphagia. In addition, they also have weight loss despite their increased 

appetite, fatigue and a number o f  children with new onset diabetes mellitus may 

present in diabetic ketoacidosis. These children and adolescents have 

hyperglycaemia, with blood glucose values generally well above 11.1 mmol/1, 

and large amounts o f  glucose and ketones in the urine. Hyperglycaemia in the 

presence o f  ketonuria is diagnostic. In these patients there is no difficulty in 

reaching the diagnosis.
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In s o m e  s i t u a t i o n s  t he  d i a g n o s i s  is l e s s  r e a d i l y  a p p a r e n t  a n d  

d i a g n o s t i c  c r i t e r i a  h a v e  b e e n  d e f i n e d  by  t h e  W o r l d  H e a l t h

O r g a n i s a t i o n  ( W o r l d  H e a l t h  O r g a n i s a t i o n ,  1 9 8 5 )  a n d  f u r t h e r  

g u i d e l i n e s  o f f e r e d  m o r e  r e c e n t l y  by  t he  A m e r i c a n  D i a b e t e s

A s s o c i a t i o n  ( T h e  E x p e r t  C o m m i t t e e  on  t he  D i a g n o s i s  a n d

C l a s s i f i c a t i o n  o f  D i a b e t e s  M e l l i t u s ,  1 997 ) .  T h e  d i a g n o s i s  o f

d i a b e t e s  m a y  be  m a d e  in t h o s e  p r e s e n t i n g  w i t h  c l i n i c a l  s y m p t o m s  

by  e i t h e r  an  e l e v a t e d  f a s t i n g  a n d  2 h o u r  p o s t - p r a n d i a l  b l o o d

g l u c o s e  v a l u e  or  by  t w o  e l e v a t e d  p o s t - p r a n d i a l  l e v e l s .  T h e

d i a g n o s t i c  b l o o d  g l u c o s e  v a l u e s  h a v e  b e e n  d e t e r m i n e d  by  t he

W o r l d  H e a l t h  O r g a n i s a t i o n ,  w i t h  a d i a g o s t i c  f a s t i n g  l eve l  o f  p l a s m a  

g l u c o s e  > 7 .8  mmol / 1  a n d  t w o  h o u r  p o s t - p r a n d i a l  v a l u e  > 11.1 

mmol / 1  ( W H O ,  1985) .

In 1997  t he  A m e r i c a n  D i a b e t e s  A s s o c i a t i o n  i n t r o d u c e d  n e w  

d i a g n o s t i c  c r i t e r i a  b a s e d  on  f a s t i n g  p l a s m a  g l u c o s e  a l o n e .  In t h e s e  

c r i t e r i a ;  a f a s t i n g  p l a s m a  g l u c o s e  > 7 . 0 m m o l / l  is c o n s i d e r e d

d i a g n o s t i c .  A l eve l  o f  6 . 1 - 7 . 0 m m o l / l  is c o n s i d e r e d  i m p a i r e d  a n d  a 

l e v e l  o f  f a s t i n g  p l a s m a  g l u c o s e  < 6.1 is c o n s i d e r e d  n o r m a l  ( T h e  

E x p e r t  C o m m i t t e e  o n  t he  D i a g n o s i s  a n d  C l a s s i f i c a t i o n  o f  D i a b e t e s  

M e l l i t u s ,  1997) .  T h e  p u r p o s e  o f  t h e s e  r e v i s e d  c r i t e r i a  w a s  to 

s i m p l i f y  t he  d i a g n o s i s  o f  d i a b e t e s  m e l l i t u s  a n d  to a v o i d  t h e  n e e d  

f o r  an  o r a l  g l u c o s e  t o l e r a n c e  t e s t  w h i c h  is r a r e l y  r e q u i r e d  n o w  in 

c l i n i c a l  p r a c t i c e .  A n u m b e r  o f  s t u d i e s  h a v e  b e e n  p e r f o r m e d  to 

c o m p a r e  t he  e f f e c t  o f  a p p l y i n g  t he  d i f f e r e n t  d i a g n o s t i c  c r i t e r i a  in
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d i a b e t e s .  It is b e l i e v e d  t h a t  c h a n g i n g  t he  d i a g n o s t i c  c r i t e r i a ,  to 

t h a t  b a s e d  on  a l o w e r  l e ve l  o f  f a s t i n g  g l u c o s e ,  wi l l  l e a d  to e a r l i e r  

d i a g n o s i s  in t h o s e  w h o  a r e  d e s t i n e d  to d e v e l o p  t h e  d i s e a s e  

( D i n n e e n  et  al ,  1998) .

In t h e  a b s e n c e  o f  s i g n i f i c a n t  h y p e r g l y c a e m i a  t h e  d i a g n o s i s  m a y  be 

m a d e  by  o r a l  g l u c o s e  t o l e r a n c e  t e s t .  In t h i s  t e s t  an  o r a l  g l u c o s e  

l o a d  is g i v e n  at  1 . 7 5 g / k g  to a m a x i m u m  o f  7 5 g  a n d  s e r i a l  s a m p l e s  

o f  b l o o d  a n d  u r i n e  a r e  e x a m i n e d  f o r  h y p e r g l y c a e m . i a ,  i n s u l i n  l e v e l s  

a n d  g l y c o s u r i a .

T h e r e  a r e  o t h e r  c a u s e s  o f  h y p e r g l y c a e m i a  t h a t  s h o u l d  be  c o n s i d e r e d  

in c h i l d h o o d  b e f o r e  a d i a g n o s i s  o f  d i a b e t e s  is m a d e  on  t h i s  b a s i s  

a l o n e .  T h e s e  i n c l u d e  t he  a d m i n i s t r a t i o n  o f  h i g h  d o s e  

c o r t i c o s t e r o i d s  f o r  a v a r i e t y  o f  c o n d i t i o n s ,  a n d  l e s s  f r e q u e n t l y  

t u m o u r s  o f  t h e  c e n t r a l  n e r v o u s  s y s t e m ,  d r u g s ,  p h a e o c h r o m o c y t o m a  

a n d  t he  e x c e s s i v e  c o r t i s o l  p r o d u c e d  in a d r e n a l  h y p e r p l a s i a .

1.3 A e t i o l o g y  o f  I n s u l i n - D e p e n d e n t  D i a b e t e s

T h e r e  a r e  g e n e t i c  i n f l u e n c e s  d i c t a t i n g  t h e  p r e d i s p o s i t i o n  t o ,  or  

p r o t e c t i o n  f r o m ,  d i a b e t e s  w h i c h  is c o m p l e x  a n d  p o l y g e n i c .  T h e  

m a j o r  h i s t o c o m p a t i b i l i t y  c o m p l e x  ( M H C )  r e g i o n  o f  c h r o m o s o m e  6, 

r e p r e s e n t i n g  H L A  a n t i g e n s ,  a p p e a r s  to be  t he  m o s t  i m p o r t a n t  l o c u s  

c o n f e r r i n g  d i s e a s e  s u s c e p t i b i l i t y .  H o w e v e r ,  15 o t h e r  p r o v i s i o n a l
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l oc i  h a v e  b e e n  i d e n t i f i e d  by  g e n o m e - s c a l e  a n a l y s i s  o f  t he  g e n e t i c s  

o f  T y p e  1 d i a b e t e s  w h i c h  m a y  a l s o  c o n t r i b u t e  to d i s e a s e  

s u s c e p t i b i l i t y  ( B e c k e r ,  1999) .  T h e  s u s c e p t i b i l i t y  g e n e s  in t he  

h u m a n  l e u c o c y t e  a n t i g e n s  ( H L A )  r e l a t e  to t he  H L A - B 8  a n d  B - 1 5  

a n t i g e n s ,  H L A - D R 3  a n d  D R 4 ,  a n d  m o s t  s t r o n g l y  w i t h  H L A - D Q 2  

a n d  D Q 8  a l l e l e s .  T h e  e f f e c t  o f  t he  l a t t e r  D Q  a n t i g e n s  b e i n g  

m o d i f i e d  by  t he  p r e s e n c e  o f  d i f f e r e n t  D R  s u b t y p e s  ( K n i p ,  1 9 9 8 ) .  A 

f u r t h e r  H L A  p h e n o t y p e -  H L A - D P B l  h a s  r e c e n t l y  b e e n  f o u n d  to 

c o n f e r  s u s c e p t i b i l i t y  to d i a b e t e s ,  t h e  e f f e c t  b e i n g  m o s t  p r o n o u n c e d  

in g e n o t y p e s  o t h e r  t h a n  D R 3 / D R 4 - D Q B  1 * 0 3 0 2  ( N o b l e  et  al ,  2 0 0 0 ) .  

O v e r  9 0 %  o f  w h i t e  t y p e  1 d i a b e t e s  p a t i e n t s  h a v e  e i t h e r  a D R 3 ± D R 4  

a n t i g e n  c o m p a r e d  w i t h  o n l y  4 0 %  o f  c o n t r o l s  ( B e c k e r  a n d  W e b e r ,  

1995 ) .

S t u d i e s  in i d e n t i c a l  t w i n  p a i r s  d i s c o r d a n t  f o r  I D D M  s h o w e d  t h a t  

d e s p i t e  g e n e t i c  i d e n t i t y ,  d i a b e t e s  wi l l  d e v e l o p  in o n l y  1 in 3 

u n a f f e c t e d  t w i n  p a r t n e r s  ( B a r n e t t  et  al ,  1981) .  T h i s  a n d  o t h e r  

s t u d i e s  s h o w  t h a t  w h i l e  g e n e t i c  p r e d i s p o s i t i o n  to d i a b e t e s  is 

i m p o r t a n t  an i n d i v i d u a l s  g e n e t i c  m a k e - u p  is n o t  t h e  s o l e  

d e t e r m i n a n t  o f  w h o  wi l l  o r  wi l l  no t  d e v e l o p  d i a b e t e s .  I n d e e d ,  t he  

m a j o r i t y  o f  i n d i v i d u a l s  w i t h  t he  g e n e t i c  p r e d i s p o s i t i o n  to d i a b e t e s  

wi l l  n e v e r  d e v e l o p  t he  d i s e a s e .  In a p r o s p e c t i v e  s t u d y  o f  49  n o n 

d i a b e t i c  i d e n t i c a l  t w i n s  w h e r e  t he  c o - t w i n  w a s  r e c e n t l y  d i a g n o s e d  

w i t h  d i a b e t e s ,  a c t u a r i a l  a n a l y s i s  s h o w e d  t h a t  3 4 %  o f  t w i n s  w o u l d  

be  e x p e c t e d  to d e v e l o p  d i a b e t e s  by  a g e  12 a n d  o n l y  2 %  t h e r e a f t e r
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( O l m o s  e t  a l ,  1 9 8 8 ) .  T h i s  s u g g e s t s  t h a t  u p  t o  t w o  t h i r d s  o f  

i n d i v i d u a l s  w i t h  t h e  g e n e t i c  p r e d i s p o s i t i o n  w i l l  n e v e r  d e v e l o p  

d i a b e t e s .

It  w o u l d  a p p e a r  t h a t  “ o t h e r  f a c t o r s ” a r e  a l s o  i m p o r t a n t  i n  d i s e a s e  

d e v e l o p m e n t  in t h e  g e n e t i c a l l y  p r e d i s p o s e d .  E v i d e n c e  e x i s t s  f o r  a n  

a u t o i m m u n e  p r o c e s s  in t h e  d e s t r u c t i o n  o f  t h e  i n s u l i n  p r o d u c i n g  

p a n c r e a t i c  P - c e l l s  ( A t k i n s o n  e t  a l ,  1 9 9 4 ) .  A  v a r i e t y  o f  a n t i b o d y  

m a r k e r s  h a v e  b e e n  i d e n t i f i e d  w h i c h  c o n f i r m  t h i s  P - c c l l  d e s t r u c t i o n ,  

t h e s e  i n c l u d e :  i s l e t  c e l l  a n t i b o d i e s  ( I C A s ) ,  i n s u l i n  a u t o a n t i b o d i e s  

( l A A s ) ,  a u t o a n t i b o d i e s  t o  g l u t a m i c  a c i d  d e c a r b o x y l a s e  ( G A D  55 ) 

a n d  a u t o a n t i b o d i e s  t o  t y r o s i n e  p h o s p h a t a s e s  I A - 2  a n d  I A - 2 P  ( T h a i  

a n d  E i s e n b a r t h .  19 9 3 ) ( Z i e g l e r  e t  a l ,  1 9 9 9 ) .  O n e  o r  m o r e  o f  t h e s e  

a n t i b o d i e s  a r e  p r e s e n t  a t  d i a g n o s i s  in 8 5 - 9 0 %  o f  i n d i v i d u a l s .  

S u s c e p t i b i l i t y  t o  t h e  d e v e l o p m e n t  o f  a u t o i m m u n e  p a n c r e a t i c  

d e s t r u c t i o n  i s  r e l a t e d  t o  s p e c i f i c  g e n o t y p e s ,  a s  p r e v i o u s l y  

d e s c r i b e d .  I s l e t  C e l l  a n t i b o d i e s  m a y  b e  p r o d u c e d  i n  l o w  t i t r e  in 

c h i l d r e n  w i t h o u t  t h e  h i g h  r i s k  g e n o t y p e  w h o  w i l l  n o t  p r o g r e s s  to 

D i a b e t e s  b u t  t h o s e  w i t h  t h e  h i g h  r i s k  g e n o t y p e  w i l l  h a v e  

p r o g r e s s i v e  p a n c r e a t i c  P c e l l  d a m a g e ,  s h o w n  b y  h i g h  t i t r e s  o f  I C A  

( K n i p  e t  a l ,  1 9 9 8 ) .  T h e  i n i t i a t i n g  o r  “ t r i g g e r ” e v e n t  in t h e  

d e v e l o p m e n t  o f  t h e s e  p a n c r e a t i c  a u t o a n t i b o d i e s  i s  u n k n o w n .  It  is 

t h o u g h t  t h a t  t h i s  i n i t i a t i n g  e v e n t  is  e n v i r o n m e n t a l .  T h e  w i d e l y  

a c c e p t e d  v i e w  is t h a t  t h e r e  a r e  “ m u l t i p l e  h i t s ” o r  a g e n t s  t h a t  a c t  o n
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t h e  g e n e t i c a l l y  p r e d i s p o s e d  to i n d u c e  t he  d i s e a s e .  De  B l a s i o  et  al 

( 1 9 9 9 ) ,  c o n c l u d e  t ha t :

" o n s e t  o f  t ype  1 d i a b e t e s  is due  to a co l l ec t i ve ,  d y n a m i c  ins tab i l i t y ,  

r a t h e r  t han  b e i ng  c a u s e d  by a s i n g l e  e t i o l o g i c a l  f a c t o r  "

A n u m b e r  o f  e n v i r o n m e n t a l  a g e n t s  h a v e  b e e n  p r o p o s e d  as  p o t e n t i a l  

c a u s a t i v e  a g e n t s  o f  d i a b e t e s  in t h e  g e n e t i c a l l y  p r e d i s p o s e d .  T h e s e  

i n c l u d e  i n f e c t i o u s  d i s e a s e s ,  e n v i r o n m e n t a l  t o x i n s ,  d i e t a r y  f a c t o r s  

a n d  s t r e s s .

I f  e n v i r o n m e n t a l  e x p o s u r e s  in e a r l y  l i fe  a re  r e l a t e d  to t he  

s u b s e q u e n t  d e v e l o p m e n t  o f  d i a b e t e s  o n e  w o u l d  e x p e c t  to see  

c l u s t e r i n g  o f  c a s e s  o f  d i a b e t e s  a c c o r d i n g  to t i m e  a n d  p l a c e  o f  

b i r t h .  A S w e d i s h  s t u d y  l o o k i n g  f o r  t i m e - s p a c e  c l u s t e r i n g  o f  d a t e  at 

b i r t h  in c h i l d h o o d  o n s e t  d i a b e t e s  m e l l i t u s  s h o w e d  a c l u s t e r i n g ,  

a c c o r d i n g  to p l a c e  a n d  t i m e  o f  b i r t h ,  f o r  l a t e r  r i s k  to d e v e l o p  t y p e  

1 d i a b e t e s .  In t h i s  s t u d y ,  198 p r i m a r y  c l u s t e r s  w e r e  i d e n t i f i e d  42  o f  

w h i c h ,  i d e n t i f i e d  t h r e e  or  m o r e  p a t i e n t s  b o r n  in t he  s a m e  a r e a  w h o  

d e v e l o p e d  d i a b e t e s  w i t h i n  t w o  y e a r s  ( D a h l q u i s t  a n d  K a l l e n ,  1996) .  

In I c e l a n d ,  H e l g a s s o n  a n d  J o n a s s o n  ( 1 9 8 1 )  a l s o  s h o w e d  c l u s t e r i n g  

w i t h  t i m e  f o r  c h i l d r e n  w i t h  d i a b e t e s ,  t h a t  i s,  c l u s t e r i n g  o f  b i r t h  

d a t e s .  C l u s t e r i n g  in t i m e  a n d  s p a c e  h a s  a l s o  b e e n  d e s c r i b e d  in t he  

n o r t h  o f  E n g l a n d .  T h e  e f f e c t  b e i n g  m o s t  p r o n o u n c e d  in t he  

y o u n g e s t  a g e  g r o u p s ,  0 - 4  a n d  5 - 9  y e a r s  ( L a w  et  al ,  1997) .
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C l u s t e r i n g  o f  c a s e s  in t h i s  f a s h i o n  s u p p o r t s  t h e  t h e o r y  t h a t  

e x p o s u r e  to an  e n v i r o n m e n t a l  a g e n t  e i t h e r  p r e - n a t a l l y  o r  e a r l y  in 

l i f e  m a y  be  an  i n i t i a t i n g  e v e n t  in t he  s u b s e q u e n t  d e v e l o p m e n t  o f  

T y p e  1 d i a b e t e s .  D a h l q u i s t  a n d  K a l l e n ’s s t u d y  ( 1 9 9 6 ) ,  d i d  n o t  s h o w  

v a r i a b i l i t y  by  m o n t h s  o f  b i r t h ,  h o w e v e r ,  it d i d  s h o w  m o n t h l y  

v a r i a b i l i t y  b e t w e e n  t h e  y e a r s .  T h i s  w o u l d  a g a i n  g i v e  s u p p o r t  to t h i s  

t h e o r y .  T h e  p r o p o s e d  e n v i r o n m e n t a l  e x p o s u r e  is v i r a l  i n f e c t i o n  as 

t he  i n i t i a t i n g  e v e n t  in t he  a u t o i m m u n e  p r o c e s s  o f  d i a b e t e s  

d e v e l o p m e n t .

M a n y  o f  t he  e x p o s u r e s  in e a r l y  l i fe  t h o u g h t  r e l a t e d  to t he  

s u b s e q u e n t  d e v e l o p m e n t  o f  d i a b e t e s  a r e  v i r a l  a g e n t s .  P r e - n a t a l  

i n f e c t i o n  w i t h  t he  r u b e l l a  v i r u s  is t h o u g h t  to be  s t r o n g l y  a s s o c i a t e d  

w i t h  t he  s u b s e q u e n t  d e v e l o p m e n t  o f  d i a b e t e s .  A c o h o r t  o f  

c h i l d r e n  f o l l o w e d  d u e  to r u b e l l a  e m b r y o p a t h y  h a d  a v e r y  h i g h  

p r e v a l e n c e  o f  d i a b e t e s  at  30 p e r  c e n t  ( M e n s e r  et  al ,  1978) .  

M a t e r n a l  e n t e r o v i r a l  ( e c h o 3 0 ,  c o x s a c k i e  B5 ,  e c h o  9)  i n f e c t i o n  

d u r i n g  p r e g n a n c y  w a s  f o u n d  to be  a r i s k  f a c t o r  f o r  s u b s e q u e n t  

d i a b e t e s  in t h e  o f f s p r i n g ,  t he  o d d s  r a t i o  b e i n g  3 . 9  ( D a h l q u i s t  et  al ,  

1 9 9 5 ) .  A n  i n c r e a s e d  i n c i d e n c e  o f  i n s u l i n  d e p e n d e n t  d i a b e t e s  

m e l l i t u s  f o l l o w i n g  an  e p i d e m i c  o f  C o x s a c k i e v i r u s  B5 v i r u s  ha s  

b e e n  d e s c r i b e d  ( W a g e n k n e c h t  e t  a l ,  1 991 ) .  C o x s a c k i e v i r u s  B4  v i r u s  

w a s  c u l t u r e d  f r o m  t he  p a n c r e a s  at  p o s t - m o r t e m  e x a m i n a t i o n  o f  a 

c h i l d  w h o  d i e d  o f  n e w l y  d i a g n o s e d  d i a b e t e s  ( Y o o n  e t  al ,  1 979 ) .  P a k  

et  al  (1 9 8 8 ) ,  d e m o n s t r a t e d  e v i d e n c e  o f  c y t o m e g a l o v i r u s  in t he
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p e r i p h e r a l  b l o o d  o f  2 2 %  o f  n e w l y  d i a g n o s e d  p a t i e n t s  w i t h  d i a b e t e s  

b u t  o n l y  in 2 . 6 %  o f  c o n t r o l s .

In a d d i t i o n  to n a t u r a l l y  a c q u i r e d  i n f e c t i o n s  s t u d i e s  h a v e  e x p l o r e d  

t he  r o l e  o f  v a c c i n a t i o n  in d i s e a s e  d e v e l o p m e n t .  M e a s l e s  

v a c c i n a t i o n  w a s  f o u n d  to h a v e  a s i g n i f i c a n t  e f f e c t  in r e d u c i n g  t he  

r i s k  o f  d i a b e t e s  d e v e l o p m e n t  ( O R  = 0 . 6 9 ) ,  o r  a p r o t e c t i v e  e f f e c t .  

O t h e r  v a c c i n a t i o n s  s t u d i e d ,  a g a i n s t  t u b e r c u l o s i s ,  m u m p s ,  r u b e l l a ,  

p e r t u s s i s ,  t e t a n u s  a n d  s m a l l p o x  h a d  no  e f f e c t  ( B l o m  et  al ,  1991) .

H o w e v e r ,  t h e r e  is s o m e  e v i d e n c e  t h a t  e x p o s u r e  to c o m m o n  

i n f e c t i o n s  in e a r l y  c h i l d h o o d  m a y  e x e r t  a p r o t e c t i v e  e f f e c t  in t h o s e  

g e n e t i c a l l y  p r e d i s p o s e d  to d i a b e t e s .  T h i s  h a s  b e e n  t e r m e d  t he  

“ h y g i e n e  h y p o t h e s i s ” ( K o l b  a n d  E l l i o t t ,  1994) .  A c a s e  c o n t r o l  

s t u d y  p e r f o r m e d  in t h e  U n i t e d  K i n g d o m  by  G i b b o n  et  al ( 1 9 9 7 ) ,  

d e m o n s t r a t e d  t h a t  i n f e c t i o n s  h a d  a p r o t e c t i v e  e f f e c t  d u r i n g  t h e  f i r s t  

y e a r  o f  l i f e  ( O R  0.81 p e r  i n f e c t i v e  e p i s o d e )  b u t  n o t  f o r  t he  

r e m a i n i n g  f o u r  y e a r s  u n d e r  s t u d y .

T h e r e  is c o n v i n c i n g  e v i d e n c e  to s u p p o r t  t he  r o l e  o f  an ,  as  ye t ,  

u n i d e n t i f i e d  i n f e c t i o u s  a g e n t  as an  i n i t i a t o r  in t he  d e v e l o p m e n t  o f  

d i a b e t e s .  H o w e v e r ,  t h i s  r o l e  ha s  no t  b e e n  f u l l y  e l u c i d a t e d .  D i r e c t  

e x a m i n a t i o n  o f  p a n c r e a t i c  s a m p l e s  in c h i l d r e n  w h o  d i e d  f o l l o w i n g  

n e w l y  d i a g n o s e d  d i a b e t e s  f a i l e d  to s h o w  e v i d e n c e  o f  E b s t e i n - B a r r ,  

c y t o m e g a l o v i r u s ,  c o x s a c k i e v i r u s  o r  m u m p s  v i r u s  ( F o u l i s  e t  al .



1 997) .  T h e s e  f o u r  v i r u s e s  a r e  c o n s i d e r e d  t he  m o s t  l i k e l y  v i r a l  

c a n d i d a t e s  f r o m  s t u d i e s  to da t e .  It  is p o s s i b l e  t h a t  a n o t h e r  v i r a l  

a g e n t ,  s u c h  as  a r e t r o v i r u s ,  m a y  be  t h e  i n f e c t i o u s  p r o m o t i n g  a g e n t  

in d i a b e t e s  ( F o u l i s  et  al ,  1997) .

C e r t a i n  e n v i r o n m e n t a l  t o x i n s  h a v e  b e e n  i m p l i c a t e d  in t h e  

d e v e l o p m e n t  o f  d i a b e t e s .  S t r e p t o z o t o c i n  h a s  b e e n  u s e d  to i n d u c e  

d i a b e t e s  in l a b o r a t o r y  a n i m a l s  a n d  a l s o  to d e s t r o y  t he  p a n c r e a s  in 

h u m a n s  w i t h  i s l e t  ce l l  m a l i g n a n c y  ( B e c k e r  a n d  W e b e r ,  1 995 ) .  

N i t r o s a m i n e s  in f o o d  h a v e  b e e n  i m p l i c a t e d  as  a p o t e n t i a l  c a u s e  o f  

d i a b e t e s .  T h e s e  a g e n t s  a r e  p r o d u c e d  w h e n  f o o d  is c u r e d  by  

s m o k i n g .  A n  a s s o c i a t i o n  w i t h  i n c r e a s e d  l e v e l s  o f  n i t r a t e s  in 

d r i n k i n g  w a t e r  a n d  a h i g h e r  i n c i d e n c e  o f  d i a b e t e s  w a s  f o u n d  in t he  

n o r t h  o f  E n g l a n d  ( P a r s l o w  et  al ,  1 997 ) .  It is l i k e l y  t h a t  t h e r e  a r e  

o t h e r  t o x i c  a g e n t s  e n t e r i n g  t he  f o o d  c h a i n  in d e v e l o p e d  c o u n t r i e s  

t h a t  a r e  as  ye t  u n i d e n t i f i e d .  O t h e r  d i e t a r y  f a c t o r s ,  s u c h  as  c o w ’s 

m i l k ,  a r e  a l s o  t h o u g h t  to be  i m p o r t a n t  in t h e  d e v e l o p m e n t  o f  

d i a b e t e s  a n d  t h i s  wi l l  be  d i s c u s s e d  in s e c t i o n  1.8 ( p a g e  37) .

T h e  s t r e s s  r e s p o n s e  o f  t he  b o d y  t h r o u g h  a c t i v a t i o n  o f  t he  

h y p o t h a l a m i c - p i t u i t a r y - a d r e n a l  a x i s ,  r e l e a s i n g  a d r e n o c o r t i c o t r o p h i c  

h o r m o n e  a n d  a d r e n a l  s t e r o i d s ,  h a s  b e e n  s h o w n  to r e d u c e  t h e  

e f f e c t i v e n e s s  o f  t he  i m m u n o l o g i c a l  s u r v e i l l a n c e  s y s t e m  ( B e c k e r  

a n d  W e b e r ,  1 995 ) .  T h i s  s u p p o r t s  a r o l e  f o r  a c u t e  e m o t i o n a l  s t r e s s
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in t h e  p r e c i p i t a t i o n  o f  d i a b e t e s  w h i c h  h a s  b e e n  d e s c r i b e d  in s o m e  

s t u d i e s  ( Da n o w s l c i ,  1963 ;  T h e r n l u n d  et  al ,  1995 ;  C a r t e r  et  al ,  1 9 8 7  

a n d  H a g g l o f  e t  al ,  1991) .

1.4  Incidence o f  Insulin-Dependent Diabetes Mellitus

T y p e  1 ( i n s u l i n  d e p e n d e n t )  d i a b e t e s  m e l l i t u s  is  o n e  o f  t he  m o s t  

i m p o r t a n t  c h r o n i c  m e d i c a l  c o n d i t i o n s  o f  c h i l d r e n  a n d  a d o l e s c e n t s  

w o r l d w i d e .  T h e  W o r l d  H e a l t h  O r g a n i s a t i o n  ( W H O ) ,  h a s  r e c o g n i s e d  

t he  i m p o r t a n c e  o f  t h i s  d i s e a s e  by  s t a t i n g  t h a t  t he  i n c i d e n c e  o f  t h i s  

d i s e a s e  s h o u l d  be  c o n s i d e r e d  a b a s i c  h e a l t h  i n d i c a t o r  on  a n a t i o n a l  

b a s i s .  In f u r t h e r  r e c o g n i t i o n  o f  t he  i m p o r t a n c e  o f  t h i s  d i s e a s e  a n d  

i ts  b u r d e n  o n  i n d i v i d u a l s  a n d  h e a l t h c a r e  p r o v i d e r s  t h e  W o r l d  

H e a l t h  O r g a n i s a t i o n  h a s  e s t a b l i s h e d  a m u l t i n a t i o n a l  p r o j e c t  on  

c h i l d h o o d  d i a b e t e s  t o  i n v e s t i g a t e  a n d  m o n i t o r  t he  i n t e r n a t i o n a l  

p a t t e r n s  o f  I D D M  i n c i d e n c e  to t he  y e a r  2 0 0 0 .  T h i s  p r o j e c t ,  t h e  

D I A M O N D  p r o j e c t ,  ha s  as  i t s  p r i m a r y  g o a l  t he  c o l l e c t i o n  o f  

a c c u r a t e  p o p u l a t i o n  b a s e d  i n f o r m a t i o n  on  t h e  i n c i d e n c e  o f  i n s u l i n  

d e p e n d e n t  d i a b e t e s .  T h e  s t u d y  p l a n s  to c o l l e c t  p o p u l a t i o n  d a t a  on  

d i a b e t e s  in m o r e  t h a n  90 c e n t r e s  in 50 c o u n t r i e s  w o r l d w i d e ,  o v e r  a 

10 y e a r  p e r i o d  f r o m  1990  to 1 9 9 9  ( W H O  D i a m o n d  p r o j e c t  g r o u p ,  

1 990) .



P r i o r  to t h i s  t h e  D i a b e t e s  E p i d e m i o l o g y  R e s e a r c h  I n t e r n a t i o n a l  

G r o u p  ( D E R I ) ,  i n i t i a t e d  t he  c o l l e c t i o n  o f  s t a n d a r d i s e d  d a t a  

b e t w e e n  t h e  l a t e  1 9 7 0 s  to m i d  1 9 8 0 s  ( K a r o v e n  et  a l ,  1 993 ) .

T h e  b e n e f i t s  o f  t h i s  a n d  s i m i l a r  p r o j e c t s  is t h a t  a s t a n d a r d i s e d  c a s e  

d e f i n i t i o n  a n d  m e a s u r e s  o f  a s c e r t a i n m e n t  a r e  i n c l u d e d  in t he  

m e t h o d o l o g y  w h i c h  f a c i l i t a t e s  v a l i d  c o m p a r i s o n  in i n c i d e n c e  r a t e s  

b e t w e e n  c o u n t r i e s  a n d  o v e r  t i m e .  P r e v i o u s  s t u d i e s ,  s u c h  as ,  t h a t  by 

B l o o m  et  al  ( 1 9 7 5 ) ,  in t h e  B r i t i s h  I s l e s  do  n o t  g i v e  a m e a s u r e  o f  

a s c e r t a i n m e n t  w h i c h  m a k e s  c o m p a r i s o n  w i t h  o t h e r  s t u d i e s  d i f f i c u l t .

1 . 4 . 1  W o r l d - w i d e  I n c i d e n c e  o f  I n s u l i n  D e p e n d e n t  D i a b e t e s

T h e  i n c i d e n c e  o f  D i a b e t e s  M e l l i t u s  in c h i l d h o o d  is s u b j e c t  to w i d e  

g e o g r a p h i c a l  v a r i a t i o n .  T h e  D E R I  G r o u p  p u b l i s h e d  t h e  f i r s t  

s t a n d a r d i s e d  i n c i d e n c e  r a t e s  as  a r e s u l t  o f  i n t e r n a t i o n a l  

c o l l a b o r a t i o n  b e t w e e n  24  r e g i s t r i e s  in 15 c o u n t r i e s .  T h i s  s h o w e d  

t h a t  d u r i n g  t he  y e a r s  1978  to 1 9 8 0 ,  t he  a v e r a g e  a n n u a l  a g e - a d j u s t e d  

i n c i d e n c e  u n d e r  15 y e a r s ,  r a n g e d  f r o m  1.7 p e r  1 0 0 , 0 0 0  p e r  y e a r  in 

H o k k a i d o ,  J a p a n  to 2 9 . 5  p e r  1 0 0 , 0 0 0  p e r  y e a r  in F i n l a n d  ( D E R I  

G r o u p ,  1988) .

M o r e  r e c e n t  s t u d i e s  h a v e  d e m o n s t r a t e d  an  a n n u a l  i n c i d e n c e  r a t e  o f  

d i a b e t e s  f r o m  0 . 6  p e r  1 0 0 , 0 0 0  p e r  y e a r  in K o r e a  a n d  M e x i c o  C i t y
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to 35 . 3  p e r  1 0 0 , 0 0 0  p e r  y e a r  in F i n l a n d  ( 1 9 8 7 - 9 )  ( K a r o v e n  et  al ,  

1993 ) .  A r e c e n t  s t u d y  in C h i n a  r e p o r t s  t h e  l o w e s t  r e p o r t e d  

i n c i d e n c e  in t he  w o r l d ,  in c h i l d r e n  u n d e r  t he  a g e  o f  15,  at  0 .51 p e r

1 0 0 . 0 0 0  p e r  y e a r  ( Y a n g  Z e  et  al ,  1998) .

T h e r e  is a m a r k e d  d i f f e r e n c e  in t he  i n c i d e n c e  o f  d i a b e t e s  b e t w e e n  

s o u t h e r n  a n d  n o r t h e r n  h e m i s p h e r e s .  N o  c o u n t r y  b e l o w  t he  e q u a t o r  

ha s  a r e c o r d e d  i n c i d e n c e  a b o v e  20  p e r  1 0 0 , 0 0 0 .  H o w e v e r ,  a s i m p l e  

n o r t h - s o u t h  g r a d i e n t  d o e s  n o t  e x p l a i n  t he  d i f f e r e n c e s  n o t e d  in t he  

i n c i d e n c e  o f  t he  d i s e a s e .

T h e  h i g h e s t  i n c i d e n c e s  a r e  f o u n d  in E u r o p e .  T h e  l o w e s t  i n c i d e n c e  

o f  d i a b e t e s  is f o u n d  in A s i a ,  w i t h  i n c i d e n c e  r a t e s  r e p o r t e d  at;

1.63 p e r  1 0 0 , 0 0 0  p e r  y e a r  in H o k k a i d o ,  J a p a n  ( M a t s u u r a  et  al ,  

19 9 8 ) ;  4 . 6  p e r  1 0 0 , 0 0 0  p e r  y e a r  in N o v o s i b i r s k ,  R u s s i a ;  0 . 6  p e r

1 0 0 . 0 0 0  p e r  y e a r  in K o r e a  ( K a r o v e n  et  al ,  1 9 9 3 ) ;  a n d  0.51 p e r

1 0 0 . 0 0 0  p e r  y e a r  in C h i n a  ( Y a n g  Z e  et  al ,  1 998 ) .

T h e  i n c i d e n c e  in A u s t r a l i a  h a s  b e e n  r e p o r t e d  as  13.2  p e r  1 0 0 , 0 0 0  

p e r  y e a r ,  b a s e d  o n  a 1 9 8 5 - 8 9  s t u d y  in w e s t e r n  A u s t r a l i a  a n d  N e w  

Z e a l a n d  ( C a n t e r b u r y )  r e p o r t e d  an  i n c i d e n c e  o f  1 1.6 p e r  1 0 0 , 0 0 0  p e r  

y e a r  in 1 9 8 1 - 8 6  ( K a r o v e n  et  al ,  1 9 93 ) .  I n c i d e n c e  r a t e s  f o r  S o u t h  

A m e r i c a  i n c l u d e  l o w  i n c i d e n c e  r a t e s ,  of :  7 . 6  in B r a z i l ;  2 .5 in 

C h i l e ;  a n d  1.0 p e r  1 0 0 , 0 0 0  p e r  y e a r  in P e r u .  In N o r t h  A m e r i c a ,  

i n c i d e n c e  r a t e s  r a n g e  f r o m:  2 3 . 9  in P r i n c e  E d w a r d  I s l a n d ,  C a n a d a ;
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2 0 . 4  in M a n i t o b a ,  C a n a d a  ( B l a n c h a r d  et  al ,  1 9 9 7 ) ;  a n d  9 . 8  in 

M o n t r e a l ;  to 0 . 6  p e r  1 0 0 , 0 0 0  p e r  y e a r  in M e x i c o  C i t y  ( R e w e r s  et  

al ,  1 988 ) .  T h e  U n i t e d  S t a t e s  r e p o r t e d  i n c i d e n c e  r a t e s  o f  18 .2  in 

W i s c o n s i n ,  a n d  in A l l e g h e n y  C o u n t y  a r a t e  o f  17.3 in W h i t e s  a n d

11.5 in n o n - W h i t e s .  In t he  C o l o r a d o  s t u d y  an  i n c i d e n c e  r a t e  o f  15.5  

in n o n - H i s p a n i c s  a n d  8.8 in H i s p a n i c s  w a s  r e p o r t e d  ( K o s t r a b a  et  al ,  

1992 ) .  T h e  i n c i d e n c e  in J e f f e r s o n  C o u n t y ,  A l a b a m a ,  w a s  r e p o r t e d  

as  15 .6  p e r  1 0 0 , 0 0 0  p e r  y e a r  ( W e g e n k n e c h t  et  al ,  1989 ) .

T h e r e  is l i t t l e  d a t a  r e l a t i n g  to t h e  i n c i d e n c e  o f  d i a b e t e s  in A f r i c a .  

R e p o r t e d  i n c i d e n c e  r a t e s  a re :  6 . 4  in K h a r t o u m ,  S u d a n  ( E l a m i n  et  

al ,  1 9 9 2 ) ;  1.5 p e r  1 0 0 , 0 0 0  p e r  y e a r  a g e d  0 - 1 9  y e a r s  in D a r  es 

S a l a a m ,  T a n z a n i a ;  ( S w a i  et  al ,  1 9 9 3 ) ;  a n d  8 . 1 p e r  1 0 0 , 0 0 0  p e r  y e a r  

in O r a n ,  A l g e r i a  ( K a r o v e n  et  al ,  1993 ) .  N o  m e a s u r e  o f  

a s c e r t a i n m e n t  is g i v e n  in t h e  s t u d i e s  f r o m  A l g e r i a  o r  T a n z a n i a .

T h u s ,  a w i d e  g e o g r a p h i c a l  v a r i a t i o n  e x i s t s  in t h e  i n c i d e n c e  o f  

T y p e l  ( i n s u l i n  d e p e n d e n t )  d i a b e t e s  w o r l d - w i d e .
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1.4.2 Incidence o f  Insulin-Dependent Diabetes in Europe

7'he h i g h e s t  i n c i d e n c e  o f  T y p e  1 ( i n s u l i n - d e p e n d e n t )  d i a b e t e s  is 

f o u n d  in E u r o p e  a n d  p e o p l e  o f  E u r o p e a n  d e s c e n t .  T h e  w i d e s t  

i n t e r c o n t i n e n t a l  v a r i a t i o n  a l s o  o c c u r s  in E u r o p e  w i t h  t h e  l o w e s t  

a r e a s  b e i n g  N o r t h e r n  G r e e c e  at  4 . 6  a n d  M a c e d o n i a  at  2 . 45  p e r  

1 0 0 , 0 0 0  p e r  y e a r  ( K o c o v a  et  al ,  1 993 ) ,  a nd  t h e  h i g h e s t  i n c i d e n c e  in 

F i n l a n d  at  35 . 3  in 1 9 8 7 - 1 9 8 9  ( T u o m i l e h t o  e t  al ,  1 9 9 2 ) .  A f u r t h e r  

s t u d y ,  in 1 9 8 9 - 1 9 9 0 ,  o f  2 r e g i o n s  in F i n l a n d  s h o w e d  a n  e v e n  h i g h e r  

i n c i d e n c e  r a t e  o f  4 2 . 9  p e r  1 0 0 , 0 0 0  ( G r e e n  et  al ,  1 992 ) .  F i n l a n d  ha s  

t he  h i g h e s t  i n c i d e n c e  o f  D i a b e t e s  in t he  w o r l d  f o l l o w e d  by  an 

u n e x p e c t e d  h i g h  i n c i d e n c e  in S a r d i n i a ,  w h i c h  h a s  t h e  s e c o n d  

h i g h e s t  r a t e  in E u r o p e ,  at  3 0 . 2  p e r  1 0 0 , 0 0 0  p e r  ye a r .  S c a n d i n a v i a n  

c o u n t r i e s  a l s o  h a v e  v e r y  h i g h  r a t e s .  E a s t e r n  E u r o p e  g e n e r a l l y  h a d  

l o w  r a t e s  w i t h  M a c e d o n i a ,  f o r m e r l y  p a r t  o f  Y u g o s l a v i a ,  h a v i n g  a 

p a r t i c u l a r l y  l o w  i n c i d e n c e  o f  d i a b e t e s .

E U R O D I A B  A C E  is a c o l l a b o r a t i v e  E u r o p e a n  s t u d y  ( 1 9 8 9 - 9 0 ) ,  

e s t a b l i s h e d  to a s s e s s  t he  i n c i d e n c e  o f  c h i l d h o o d  i n s u l i n  d e p e n d e n t  

d i a b e t e s  in E u r o p e ,  it l a t e r  i n c l u d e d  I s r a e l .  T h i s  s t u d y  s h o w e d  a 

v e r y  s i g n i f i c a n t  v a r i a t i o n  in t he  i n c i d e n c e  o f  d i a b e t e s  in E u r o p e  

w i t h  a 10 f o l d  v a r i a t i o n  b e t w e e n  t he  l o w e s t  r a t e  in N o r t h e r n  

G r e e c e ( 4 . 6 )  a n d  t h e  h i g h e s t  r a t e  in F i n l a n d  ( 4 2 . 9 ) .  W h e n  d a t a  f r o m  

M a c e d o n i a  is c o n s i d e r e d  t h e r e  is a 2 0 - f o l d  v a r i a t i o n  in d i a b e t e s  

i n c i d e n c e  t h r o u g h o u t  E u r o p e .  T h e  w i d e  v a r i a t i o n  in d i a b e t e s

i n c i d e n c e  in E u r o p e  in 1 9 8 9 - 9 0  is s h o w n  in T a b l e  1.1 p a g e  18.
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Table 1.1

Standardised Incidence Rates of Insulin Dependent Diabetes aged 0-14 years

in Europe (1989/90)

C o u n t r y  ( r e g i o n )
B o y s  
Ra t e *  

( 9 5 %  C . L . )

Gi r l s  
Ra t e *  

( 9 5 %  C . L . )

Al l  
Ra t e *  

( 9 5 %  C , L , )
G r e e c e  ( N o r t h e r n ) 5 . 3 ( 2 . 4 , 1 0 . 1 ) 3 . 8 ( 1 . 4 , 8 . 2 ) 4 . 6  ( 2 . 6 , 7 , 5 )
R o m a n i a
( B u c h a r e s t  r e g i o n )

4 . 6 ( 2 . 9 , 6 . 9 ) 5 . 7 ( 3 . 7 , 8 . 4 ) 5.1 ( 3 , 8 , 6 , 8 )

P o l a n d
(9 w e s t e r n  p r o v i n c e s )

5 . 3 ( 4 . 6 , 6 . 5 ) 5 . 8 ( 4 . 6 , 7 . 2 ) 5, 5 ( 4 , 7 , 6 , 4 )

I s r a e l  ( w h o l e  n a t i o n ) 4 . 4 ( 3 . 4 , 5 . 6 ) 6 . 7 ( 5 . 4 , 8 . 2 ) 5, 5 ( 4 , 7 , 6 , 5 )
P o l a n d  (3 c i t i e s ) 5 . 7 ( 4 . 2 , 7 . 5 ) 6 . 0 ( 4 . 5 , 7 . 9 ) 5 , 8 ( 4 . 8 , 7 , 1 )
S l o v e n i a 5 . 2 ( 3 . 3 , 1 0 . 4 ) 7 . 7 ( 5 . 3 , 1 0 . 9 ) 6 . 5 ( 4 . 9 , 8 . 4 )
I t a l y  ( L a z i o  r e g i o n ) 7 . 2 ( 5 . 5 , 9 . 1 ) 5 . 8 ( 4 . 4 , 7 . 7 ) 6 . 5 ( 5 . 4 , 7 . 8 )
I t a l y  ( L o m b a r d i a  
r e g i o n )

7 . 6 ( 6 . 3 , 9 . 2 ) 5 . 9 ( 4 . 7 , 7 . 3 ) 6 . 8 ( 5 . 8 , 7 . 8 )

P o r t u g a l
(3 r e g i o n s  c o m b i n e d )

1 0 . 1 ( 5 . 9 , 1 6 . 1 ) 4 . 9 ( 2 . 1 , 9 . 6 ) 7. 5 ( 4 . 8 , 1 1 . 0 )

H u n g a r y  ( 18  c o u n t i e s ) 7 . 7 ( 6 . 4 , 9 . 1 ) 7 , 5 ( 6 . 3 , 9 . 0 ) 7 . 6 ( 6 . 7 , 8 . 6 )
A u s t r i a ( w h o l e  n a t i o n ) 7 . 9 ( 6 . 5 , 9 . 3 ) 7 . 5 ( 6 . 1 , 9 . 2 ) 7 . 7  ( 6 . 7 , 7 . 8 )
F r a n c e  (4 r e g i o n s ) 7 . 8 ( 6 . 6 , 9 . 3 ) 7 . 8 ( 6 . 5 , 9 . 2 ) 7, 8 ( 6 . 9 , 8 . 8 )
G r e e c e ( A t h e n s  r e g i o n ) 1 0 . 9 ( 8 . 5 , 1 3 . 7 ) 7 . 7 ( 5 . 7 , 1 0 . 2 ) 9 . 3 ( 7 . 7 , 1  1.1)
B e l g i u m
( A n t w e r p  r e g i o n )

9 . 2  ( 5 . 2 ,  15 . 3) 10. 4 ( 5 . 9 , 1 6 . 9 ) 9 . 8  ( 6 . 7 ,  13 , 9)

I t a l y  ( e a s t e r n  S i c i l y ) 1 1 . 2 ( 7 . 5 , 1 6 . 1 ) 9 . 0 ( 5 . 7 , 1 3 . 5 ) 1 0 . 1 ( 7 . 5 , 1 3 . 2 )
S p a i n
( C a t a l o n i a  r e g i o n )

1 0 . 5 ( 8 . 8 , 1 2 . 3 ) 1 0 . 6 ( 9 . 0 , 1 2 . 5 ) 1 0 . 6 ( 9 , 4 , 1 1 , 9 )

N e t h e r l a n d s  
(5 r e g i o n s )

1 1 . 2 ( 7 . 6 ,  16 . 0) 1 0 . 8 ( 7 . 2 , 1 5 . 7 ) 1 1 . 0 ( 8 . 4 , 1  1.3)

L u x e m b o u r g  
( w h o l e  n a t i o n )

1 2 . 1 ( 5 . 2 , 2 3 . 9 ) 1 2 . 6 ( 5 . 4 , 2 4 . 8 ) 1 2 . 4 ( 7 . 1 , 2 0 . 1 )

U K  ( O x f o r d  r e g i o n ) 1 7 . 8 ( 1 4 . 3 , 2 1 . 9 ) 14. 9(1  1 . 7 , 1 8 . 8 ) 1 6 . 4 ( 1 3 . 9 , 1 9 . 1 )
U K  ( N o r t h e r n  I r e l a n d ) 1 7 . 8 ( 1 3 . 9 , 2 2 . 5 ) 15. 4(1 1 . 7 , 1 9 . 8 ) 1 6 . 6 ( 1 3 . 9 , 1 9 . 7 )
N o r w a y  (8 c o u n t i e s ) 2 2 . 3 ( 1 7 . 9 , 2 7 . 6 ) 1 9 , 3 ( 1 5 . 1 , 2 4 . 3 ) 2 0 . 8 ( 1 7 . 7 , 2 4 . 3 )
D e n m a r k  (3 c o u n t i e s ) 2 1 . 5 ( 1 4 . 9 , 3 0 . 1 ) 2 1 . 4 ( 1 4 . 7 , 3 0 . 3 ) 2 1 , 5 ( 1 6 . 6 ,  7 . 3 )
I t a l y  ( S a r d i n i a ) 3 3 . 5 ( 2 7 . 9 , 3 9 . 9 ) 2 6 , 9 ( 2 1 . 7 , 3 2 . 9 ) 3 0 , 2 ( 2 6 , 4 , 3 4 . 4 )
F i n l a n d  (2 r e g i o n s ) 4 7 . 0  ( 3 7 . 5 , 5 8 . 1 ) 3 8 . 8 ( 3 0 . 5 , 5 0 . 0 ) 4 2 , 9 ( 3 6 , 3 , 5 0 , 6 )

* n u m b e r  o f  c a s e s  per  1 0 0 , 0 0 0p e r  yea r

D e r i v e d  f r o m  E U R O D I A B  A C E  d a t a  I n c i d e n c e  o f  c h i i d h o o d - o n s e t  i n s u l i n -  

d e p e n d e n t  d i a b e t e s  m e l l i t u s :  t h e  E U R O D I A B  A C E  s t u d y  -  A . G r e e n ,  E A M  Ga l e ,  

C C  P a t t e r s o n ,  The  L a n c e t  Vo l  3 3 9  A p r i l ,  1992,  9 0 5 - 9 0 9 .
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A m o r e  r e c e n t  r e p o r t  f r o m  t h e  E U R O D I A B  A C E  S t u d y  G r o u p  

( 2 0 0 0 ) ,  c o n f i r m s  t h i s  w i d e  v a r i a t i o n  in d i s e a s e  i n c i d e n c e  in 

E u r o p e .  T h i s  r e p o r t  is b a s e d  on  d i s e a s e  i n c i d e n c e  in t h e  p e r i o d  

1 9 8 9 - 9 4 ,  it  c o n f i r m s  t h e  l o w e s t  E u r o p e a n  d i s e a s e  i n c i d e n c e  in 

M a c e d o n i a  at  3 . 2  c a s e s  p e r  1 0 0 , 0 0 0  p e r  y e a r  a n d  t h e  h i g h e s t  in 2 

r e g i o n s  o f  F i n l a n d  at  4 0 . 2  c a s e s  p e r  1 0 0 , 0 0 0  p e r  y e a r  ( T a b l e  1.2 

P a g e  20 ) .

T h e  i n c i d e n c e  o f  d i a b e t e s  t e n d s  to be  h i g h e r  in n o r t h e r n  c o u n t r i e s  

bu t  t he  d i s t r i b u t i o n  d o e s  n o t  r e f l e c t  a s i m p l e  n o r t h  s o u t h  g r a d i e n t .  

S a r d i n i a  d e s p i t e  i t s  s o u t h e r n  p o s i t i o n  h a s  a h i g h  r a t e  a nd  

I c e l a n d , ( r e p o r t e d  i n c i d e n c e  r a t e  f o r  I c e l a n d  w a s  9 . 4  ( H e l g a s s o n  et  

al ,  1 9 9 2 ) )  in t h e  n o r t h  h a s  a l o w e r  r a t e  s i m i l a r  to t h a t  o f  S i c i l y  a nd  

S p a i n .  S c a n d i n a v i a  a n d  U n i t e d  K i n g d o m  do h a v e  h i g h e r  r a t e s  t h a n  

t he  r e s t  o f  E u r o p e  in k e e p i n g  w i t h  t h e i r  n o r t h e r n  p o s i t i o n s .
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T a b l e  1.2 S t a n d a r d i s e d  i n c i d e n c e  rates  o f  i n s u l i n - d e p e n d e n t

d i a b e t e s  aged  0-14  y ea r s  in E u r o p e  ( 1 9 8 9 - 9 4 )

C o u n t r y Reg i on S t a n d a r d i s e d  
i n c i d e n c e  rate  per  
100 , 000  ( 9 5 % C I )

St udy
Pe r i od

A u s t r i a W h o l e  N a t i o n 9 . 1 ( 8 . 5 - 9 , 8 ) 1 9 9 1 - 9 4
B e l g i u m A n t w e r p 1 1 . 6 ( 9 . 4 - 1 3 . 7 ) 1 9 8 9 - 9 4
B u l g a r i a W e s t e r n 9 . 6 ( 8 . 5 - 1 0 . 7 ) 1 9 8 9 - 9 4

Eastern 6.8(5.9-7.7) 1989 - 94
C r o a t i a Z a g r e b 6 . 8 ( 5 . 3 - 8 . 3 ) 1 9 8 9 - 9 4
C z e c h  R e p u b l i c W h o l e  n a t i o n 8 . 9 ( 8 . 3 - 9 . 4 ) 1 9 8 9 - 9 4
D e n m a r k 4 c o u n t i e s 1 6 . 0 ( 1 3 . 9 - 1 8 . 1 ) 1 9 9 1 - 9 4
E s t o n i a W h o l e  N a t i o n 1 0 . 3 ( 8 . 9 - 1 1 , 7 ) 1 9 8 9 - 9 4
F i n l a n d 2 r e g i o n s 4 0 . 2 ( 3 6 . 4 - 4 4 . 1 ) 1 9 9 2 - 9 3
F r a n c e 4 r e g i o n s 8 . 3 ( 7 . 8 - 8 . 9 ) 1 9 9 1 - 9 4
G e r m a n y D u s s e l d o r f 1 4 . 0 ( 1 1 . 4 - 1 6 . 6 ) 1 9 9 3 - 9 4

B aden-W urt tem berg 11.3(10.6-12.0) 1989-94
G r e e c e A t t i c a 9 . 5 ( 8 . 5 - 1 0 . 5 ) 1 9 9 3 - 9 4

5 northern regions 6.2(4.5-8.0) 1989-94
H u n g a r y 1 8 c o u n t i e s 8 . 9 ( 8 . 2 - 9 . 5 ) 1 9 8 9 - 9 4
I c e l a n d W h o l e  n a t i o n 1 3 . 5 ( 9 . 8 - 1 7 . 2 ) 1 9 8 9 - 9 4
I t a l y L o m b a r d i a 7 . 0 ( 6 . 4 - 7 . 6 )

Lazio 8.1(7.3-8.9) 1 9 9 3 - 9 4
Sardinia 36.6(33.9-39.4) 1991-94
Eastern Sicily 11.4(9.5-13.2) 1991-94

L a t v i a W h o l e  n a t i o n 6 . 6 ( 5 . 8 - 7 . 5 ) 1 9 9 3 - 9 4
L i t h u a n i a W h o l e  n a t i o n 7 . 4 ( 6 . 6 - 8 . 1 ) 1 9 8 9 - 9 4
L u x e m b o u r g W h o l e  n a t i o n 1 2 . 1 ( 8 . 7 - 1 5 . 5 ) 1 9 9 3 - 9 4
M a c e d o n i a W h o l e  n a t i o n 3 . 2 ( 2 . 5 - 3 . 8 ) 1 9 8 9 - 9 4
N e t h e r l a n d s 5 r e g i o n s 1 3 . 0 ( 1 1 . 8 - 1 4 . 3 ) 1 9 9 1 - 9 4
N o r w a y 8 c o u n t i e s 2 1 . 2 ( 1 9 . 3 - 2 3 . 1 ) 1 9 9 2 - 9 4
P o l a n d 8 w e s t e r n  p r o v i n c e s 6 . 7 ( 6 . 2 - 7 . 3 ) 1 9 9 1 - 9 4

3 cities 6.1(5.4-6.8) 1989-94
Gliwice 5.4(4.8-6.0)
Bialystok 5.5(3.5-7.4) 1994

P o r t u g a l M a d e i r a 6 . 9 ( 4 . 1 - 9 . 6 ) 1 9 9 3 - 9 4
Portalegre 19.0(11.5-26.5) 1989-94
Algarve 13.6(9.8-17.3) 1991-94

R o m a n i a B u c h a r e s t 5 . 0 ( 4 . 1 - 5 . 8 ) 1 9 8 9 - 9 4
S l o v a k i a W h o l e  n a t i o n 8 . 4 ( 7 . 7 - 9 . 0 ) 1 9 8 9 - 9 4
S l o v e n i a W h o l e  n a t i o n 7 . 6 ( 6 . 5 - 8 . 7 ) 1 9 9 2 - 9 4
S p a i n C a t a l o n i a 1 2 . 3 ( 1 1 . 4 - 1 3 . 1 ) 1 9 9 1 - 9 4
S w e d e n S t o c k h o l m  c o u n t y 2 5 . 8 ( 2 3 . 4 - 2 8 . 2 ) 1 9 9 3 - 9 4
S w i t z e r l a n d W h o l e  n a t i o n 7 . 9 ( 7 . 1 - 8 . 7 )
U n i t e d N o r t h e r n  I r e l a n d 1 9 . 6 ( 1 7 . 8 - 2 1 . 4 ) 1 9 8 9 - 9 4
K i n g d o m Oxford 17.6(16.1-19.1)

Leicester 15.9(13.5-18.3) 1989-93
Leeds 15.7(14.5-16.9) 1989-94

Ta b le  c o n s t r u c t e d  f roni  da ta  in V a r i a t i o n  a n d  t r e n d s  in i n c i d e n c e  o f  c h i l d h o o d

D i a b e t e s  in E uro pe ,  E U R O D I A  B A C E  S t u d y  Group ,  L a n c e t  20 00;  355: 873-6 .
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1 . 4 . 3  I n c i d e n c e  o f  I n s u l i n - D e p e n d e n t  D i a b e t e s  in t h e  B r i t i s h  

I s l e s

In 1972  t he  B r i t i s h  D i a b e t i c  A s s o c i a t i o n  s p o n s o r e d  a r e g i s t e r  o f  

n e w l y  d i a g n o s e d  d i a b e t e s ,  in t h o s e  a g e d  0 - 1 5  y e a r s ,  in G r e a t  

B r i t a i n  a n d  I r e l a n d .  In t h i s  s t u d y  t h e  o v e r a l l  y e a r l y  i n c i d e n c e  o f  

d i a b e t e s  w a s  c a l c u l a t e d  to be  7 . 6 7  p e r  1 0 0 , 0 0 0  p e r  y e a r .  V a r i a t i o n  

in i n c i d e n c e  w a s  n o t e d  in d i f f e r e n t  g e o g r a p h i c  a r e a s  w i t h  n o t a b l y  

f e w e r  c a s e s  r e p o r t e d  in G r e a t e r  L o n d o n  a n d  I r e l a n d .  In 1 9 7 3 ,  o n l y  

51 c a s e s  w e r e  n o t i f i e d  f r o m  I r e l a n d  e q u i v a l e n t  to 4 . 43  n o t i f i c a t i o n  

p e r  1 0 0 , 0 0 0  a n d  58 c a s e s  in 1974  e q u i v a l e n t  to 5 . 1 7  n o t i f i c a t i o n s  

p e r  1 0 0 , 0 0 0 .  N o  m e a s u r e  o f  a s c e r t a i n m e n t  w a s  p r o v i d e d  in t h i s  

s t u d y  ( B l o o m  et  al ,  1975 ) .

A f u r t h e r  s t u d y  o f  t he  i n c i d e n c e  o f  T y p e  1 ( i n s u l i n  d e p e n d e n t )  

d i a b e t e s  in c h i l d r e n  u n d e r  15 y e a r s  in t he  B r i t i s h  I s l e s  d u r i n g  1988 ,  

b y  M e t c a l f e  a n d  B a u m  ( 1 9 9 1 ) ,  g a v e  an o v e r a l l  i n c i d e n c e  r a t e  o f  

13.5 p e r  1 0 0 , 0 0 0  p e r  y e a r  ( 9 5 %  12.9  -  14 .2) .  T h i s  s t u d y  s h o w e d  

an  u n u s u a l  g e o g r a p h i c a l  v a r i a t i o n  in i n c i d e n c e .  T h e  l o w e s t  

i n c i d e n c e  r a t e  w a s  r e c o r d e d  f o r  I r e l a n d  at  6 . 8  p e r  1 0 0 , 0 0 0  p e r  y e a r  

a n d  t h e  h i g h e s t  r a t e  f o r  S c o t l a n d  at  19.8 p e r  1 0 0 , 0 0 0  p e r  ye a r .  

A s c e r t a i n m e n t  in t h i s  s t u d y  w a s  c o n s i d e r e d  to be  a b o u t  9 0 % .  

H o w e v e r ,  a s c e r t a i n m e n t  d a t a  w a s  p r e s e n t e d  f o r  E n g l a n d  a n d  W a l e s  

o n l y .  N o  m e a s u r e  o f  c a s e  a s c e r t a i n m e n t  is p r o v i d e d  in t h i s  s t u d y  

f o r  I r e l a n d .
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T h e  Y o r k s h i r e  D i a b e t e s  R e g i s t e r  c a l c u l a t e d  a n  i n c i d e n c e  r a t e  o f  

13.7  p e r  1 0 0 , 0 0 0  p e r  y e a r  b e t w e e n  1978  a n d  1990 .  T h e  

c o m p l e t e n e s s  o f  a s c e r t a i n m e n t  w a s  9 7 . 6 %  ( S t a i n e s  e t  a l ,  1993) .  

B i n g l e y  a n d  G a l e  ( 1 9 8 9 a )  f o u n d  t he  i n c i d e n c e  in t h e  O x f o r d  r e g i o n  

to be  16 .4  p e r  1 0 0 , 0 0 0  ( 9 5 %  c o n f i d e n c e  i n t e r v a l  1 3 . 9 - 1 9 . 1 )  a nd  

t h a t  in N o r t h e r n  I r e l a n d  16.6  p e r  1 0 0 , 0 0 0  p e r  y e a r  ( 9 5 %  c o n f i d e n c e  

i n t e r v a l  1 3 . 9 - 1 9 . 7 )  ( G r e e n  et  al ,  1992) .  T h e  i n c i d e n c e  in N o r t h e r n  

I r e l a n d  w a s  n o t e d  to be  19.6  p e r  1 0 0 , 0 0 0  p e r  y e a r  ( 9 5 %  

c o n f i d e n c e  i n t e r v a l  1 7 . 8 - 2 1 . 4 )  a nd  t h a t  in L e e d s ,  15 .7  p e r  1 0 0 , 0 0 0  

p e r  y e a r  ( 9 5 %  c o n f i d e n c e  i n t e r v a l  1 4 . 5 - 1 6 . 9 )  in t h e  p e r i o d  1 989 -  

1994  ( E U R O D I A B  A C E ,  2 0 0 0 ) .

P a t t e r s o n  et  al ( 1 9 8 3 )  c a l c u l a t e d  t he  i n c i d e n c e  in S c o t l a n d  as  18 

p e r  1 0 0 , 0 0 0  p e r  y e a r  in t h o s e  u n d e r  19 y e a r s  in 1976 .  W h i l e  t h e r e  

h a s  b e e n  s o m e  c r i t i c i s m  o f  t he  m e t h o d o l o g y  e m p l o y e d  in t h i s  s t u d y  

s u b s e q u e n t  s t u d i e s  h a v e  s u p p o r t e d  t h e  f i n d i n g  t h a t  S c o t l a n d  h a s  t he  

h i g h e s t  i n c i d e n c e  o f  d i a b e t e s  in t he  B r i t i s h  I s l e s .  A s u b s e q u e n t  

s t u d y  in S c o t t i s h  c h i l d r e n  b e t w e e n  1984  a n d  1993  f o u n d  t he  

a v e r a g e  a n n u a l  i n c i d e n c e  r a t e  to be  2 3 . 9  p e r  1 0 0 , 0 0 0  in t h o s e  u n d e r  

15 y e a r s .  It  a l s o  d o c u m e n t e d  i n c r e a s i n g  i n c i d e n c e  w i t h  age  

( R a n g a s a m i  et  al ,  1997) .

T h u s  e v e n  w i t h i n  t h e  s m a l l  l a n d  m a s s  o f  t he  B r i t i s h  I s l e s  

s i g n i f i c a n t  v a r i a t i o n  in t he  i n c i d e n c e  o f  d i a b e t e s  h a s  b e e n  

d e s c r i b e d .  T h e  t w o  s t u d i e s  o f  d i a b e t e s  i n c i d e n c e  t h a t  i n c l u d e d  t he
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I r i s h  p o p u l a t i o n  b o t h  f o u n d  f e w e r  c a s e  n o t i f i c a t i o n s  f r o m  I r e l a n d  

a n d  r e p o r t e d  a l o w e r  d i s e a s e  i n c i d e n c e .  H o w e v e r ,  as n e i t h e r  o f  

t h e s e  s t u d i e s  p r o v i d e d  a m e a s u r e  o f  a s c e r t a i n m e n t  t h e i r  f i n d i n g s  

c o u l d  r e f l e c t  u n d e r  a s c e r t a i n m e n t  o f  c a s e s  r a t h e r  t h a n  a t r u e  

r e d u c t i o n  in t he  i n c i d e n c e  o f  d i a b e t e s  in t h e  I r i s h  p o p u l a t i o n .  N o  

a s c e r t a i n m e n t  v a l i d a t e d  d a t a  is c u r r e n t l y  a v a i l a b l e  f o r  t h e  

i n c i d e n c e  o f  d i a b e t e s  in I r e l a n d .

1 . 4 , 4  M i g r a n t  S t u d i e s

T h e r e  is w i d e  g e o g r a p h i c a l  v a r i a t i o n  in t he  i n c i d e n c e  o f  T y p e  1 

d i a b e t e s .  T h e  i n c i d e n c e  o f  d i a b e t e s  is h i g h e s t  in E u r o p e a n s  a n d  

t h o s e  o f  E u r o p e a n  d e s c e n t .  T h e  i n c i d e n c e  is l o w e r  in A s i a n  

p o p u l a t i o n s  a n d  in t h o s e  o f  A f r i c a n  o r i g i n .  In c o u n t r i e s  t h a t  h a v e  

s u b - p o p u l a t i o n s  o f  d i f f e r e n t  e t h n i c  o r i g i n s  v a r y i n g  i n c i d e n c e  r a t e s  

o f  d i a b e t e s  h a v e  b e e n  r e p o r t e d  f o r  t h e s e  d i f f e r e n t  e t h n i c  g r o u p s .

In t h e  U n i t e d  K i n g d o m ,  t he  i n c i d e n c e  o f  d i a b e t e s  in A s i a n  c h i l d r e n  

r o s e  f r o m  3.1 p e r  1 0 0 , 0 0 0  p e r  y e a r ,  in t h e  p e r i o d  1 9 7 8 - 8 1 ,  to 11 .7  

p e r  1 0 0 , 0 0 0  p e r  y e a r ,  in 1 9 8 8 - 9 0 .  T h e  r a t e  f o r  o t h e r  c h i l d r e n  in 

t he  a r e a  r e m a i n e d  c o n s t a n t  o v e r  t h i s  t i m e  at  10.5 p e r  1 0 0 , 0 0 0  p e r  

y e a r  ( B o d a n s k y  et  al ,  1 992 ) .  In t h i s  p o p u l a t i o n  t h e  i n c i d e n c e  o f  

d i a b e t e s  in A s i a n  i m m i g r a n t s  w a s  r i s i n g  to a p p r o a c h  t h a t  o f  t h e  

i n d i g e n o u s  p o p u l a t i o n

2.1



R e p o r t s  in J e f f e r s o n  C o u n t y ,  A l a b a m a  ( U n i t e d  S t a t e s )  i n d i c a t e  a 

m o d e s t  r e d u c t i o n  in r i s k  a m o n g  A f r i c a n  A m e r i c a n s ,  w h o  h a v e  an  

i n c i d e n c e  r a t e  o f  12.1 p e r  1 0 0 , 0 0 0  p e r  y e a r ,  w h i l e  t h e  

c o r r e s p o n d i n g  i n c i d e n c e  r a t e  in t he  W h i t e  p o p u l a t i o n  is 15 . 6  p e r  

1 0 0 , 0 0 0  p e r  y e a r  ( W a g e n k n e c h t  et  al ,  1 989 ) .  In A l l e g h e n y  c o u n t y ,  

P e n n s y l v a n i a ,  t h e  i n c i d e n c e  r a t e  f o r  t he  n o n - w h i t e  p o p u l a t i o n  w a s  

s i g n i f i c a n t l y  l o w e r  at  11.5 p e r  1 0 0 , 0 0 0  p e r  y e a r  w h i l e  t h a t  in t h e  

w h i t e  p o p u l a t i o n  w a s  17.3 p e r  1 0 0 , 0 0 0  p e r  y e a r  ( R e w e r s  e t  al ,  

1 989 ) .  In B a r b a d o s ,  w h e r e  9 0 %  o f  t h e  p o p u l a t i o n  is o f  W e s t  

A f r i c a n  o r i g i n ,  t h e  a d j u s t e d  i n c i d e n c e  r a t e  w a s  5.0 p e r  1 0 0 , 0 0 0  p e r  

y e a r  f o r  t h o s e  u n d e r  15 y e a r s  o f  a ge  ( J o r d a n  et  al ,  1 994 ) .  T h i s  is 

s i g n i f i c a n t l y  l o w e r  t h a n  t he  i n c i d e n c e  r a t e s  r e c o r d e d  f o r  t h o s e  o f  

A f r i c a n  o r i g i n  l i v i n g  in t he  U n i t e d  S t a t e s .

T h e  i n c i d e n c e  o f  T y p e  1 ( i n s u l i n - d e p e n d e n t )  d i a b e t e s  in c h i l d r e n  

l i v i n g  in P u e r t o  R i c o  w a s  r e c o r d e d  as  18 p e r  1 0 0 , 0 0 0  p e r  y e a r ( 9 5 %  

Cl  1 7 . 6 - 1 8 . 3 )  w h i c h  is h i g h  f o r  a l o w  l a t i t u d e  c o u n t r y  ( F r a z e r  de  

L l a d o  et  al ,  1 9 9 8 ) .  T w o  p r e v i o u s  s t u d i e s  t h a t  i n c l u d e d  P u e r t o  

R i c a n  p o p u l a t i o n s  l i v i n g  in t he  U n i t e d  S t a t e s  b o t h  r e p o r t e d  a 

h i g h e r  i n c i d e n c e  t h a n  in US C a u c a s i a n s  at  1 5 - 18  p e r  1 0 0 , 0 0 0  p e r  

y e a r ,  w h i c h  is t he  s a m e  as  t h e  i n c i d e n c e  in P u e r t o  R i c o  ( L i p m a n  et  

al ,  1993  a n d  L i p t o n  et  al ,  1 995 ) .  H o w e v e r ,  a s t u d y  o f  H i s p a n i c  

c h i l d r e n  l i v i n g  in C o l o r a d o ,  d e m o n s t r a t e d  a n  i n c i d e n c e  r a t e  o f  8 .7  

p e r  1 0 0 , 0 0 0  p e r  y e a r  w h i c h  w a s  m u c h  l o w e r  t h a n  t h a t  n o t e d  in n o n -  

H i s p a n i c s  a t  15.5 p e r  1 0 0 , 0 0 0  p e r  ye a r .  T h i s  is s i g n i f i c a n t l y  l o w e r

24



t h a n  t h e  i n c i d e n c e  r a t e  in t h o s e  l i v i n g  in P u e r t o  R i c o  a n d  p e r h a p s  

r e l a t e s  to u n d e r - a s c e r t a i n m e n t  in t h i s  p o p u l a t i o n  r a t h e r  t h a n  a t r u e  

r e d u c t i o n  in i n c i d e n c e  ( K o s t r a b a  et  al ,  1992) .

M a r k e d  e t h n i c  v a r i a t i o n  in i n c i d e n c e  r a t e s  in d i f f e r e n t  e t h n i c  

g r o u p s  h a s  a l s o  b e e n  d e s c r i b e d  in C h i n a .  A s i x - f o l d  d i f f e r e n c e  in 

i n c i d e n c e  h a s  b e e n  r e p o r t e d  a m o n g  d i f f e r e n t  e t h n i c  g r o u p s ,  t he  

h i g h e s t  i n c i d e n c e  w a s  in M o n g o l s  at  1 .82 p e r  1 0 0 , 0 0 0  p e r  y e a r  a n d  

t he  l o w e s t  in Z h u a n g  at  0 . 3 2  p e r  1 0 0 , 0 0 0  p e r  y e a r  ( Y a n g  Z e  e t  al ,  

1988) .

In M o n t r e a l  t h e r e  h a s  b e e n  a p p r o x i m a t e l y  a d o u b l i n g  o f  i n c i d e n c e  

a m o n g  c h i l d r e n  o f  F r e n c h ,  I s r a e l i ,  a n d  I t a l i a n  o r i g i n  l i v i n g  in 

M o n t r e a l  c o m p a r e d  to t h a t  o f  t h e i r  n a t i v e  c o u n t r y  ( S i e m a i t y c k i  et  

al ,  1 988 ) .  T h e  i n c i d e n c e  o f  d i a b e t e s  in t he  i m m i g r a n t  p o p u l a t i o n s  

w a s  r i s i n g  to a p p r o a c h  t h a t  o f  t he  i n d i g e n o u s  p o p u l a t i o n .  S u c h  

f i n d i n g s  s t r o n g l y  s u p p o r t  t h e  r o l e  o f  e n v i r o n m e n t a l  a g e n t s  in t he  

d e v e l o p m e n t  o f  d i a b e t e s  in t h e  g e n e t i c a l l y  p r e d i s p o s e d .

A c r i t i c i s m  o f  t h e s e  m i g r a n t  s t u d i e s  in p r o v i n g  an  e n v i r o n m e n t a l  

e f f e c t ,  is t h a t  t he  i n c i d e n c e  o f  d i a b e t e s  h a s  n o t  b e e n  s h o w n  to fal l  

w h e n  m i g r a t i o n  is f r o m  an a r e a  o f  h i g h  i n c i d e n c e  to  o n e  o f  l o w  

i n c i d e n c e .  H o w e v e r ,  t he  p a t t e r n s  o f  m i g r a t i o n  in l a r g e  n u m b e r s  

t e n d  to be  f r o m  a r e a s  o f  l o w  i n c i d e n c e  to t h o s e  o f  h i g h  i n c i d e n c e ,  

s u c h  as  m i g r a t i o n  f r o m  A s i a  o r  A f r i c a  to E u r o p e  or  N o r t h  A m e r i c a .



T h e r e  m a y  be  e v i d e n c e  o f  r e d u c t i o n  in i n c i d e n c e  in I c e l a n d  w h i c h  

ha s  an  i n c i d e n c e  r a t e  h a l f  t h a t  o f  N o r w a y  f r o m  w h e r e  t he  f o u n d e r s  

o f  I c e l a n d  e m i g r a t e d  ( G r e e n  et  a l ,  1992) .

A n  i n t e r e s t i n g  s t u d y  h a s  b e e n  p e r f o r m e d  on  c h i l d r e n  o f  S a r d i n i a n  

h e r i t a g e  m i g r a t i n g  to L a z i o .  T h e s e  t w o  a r e a s  o f  I t a l y  h a v e  v e r y  

d i f f e r e n t  i n c i d e n c e  r a t e s  o f  d i a b e t e s  w i t h  S a r d i n i a  h a v i n g  an 

u n u s u a l l y  h i g h  i n c i d e n c e  o f  t he  d i s e a s e  f o r  i t s  g e o g r a p h i c a l  

p o s i t i o n ,  t h e  s e c o n d  h i g h e s t  in E u r o p e .  T h e  a g e  a d j u s t e d  i n c i d e n c e  

o f  d i a b e t e s  in S a r d i n i a n  h e r i t a g e  c h i l d r e n  b o r n  a n d  l i v i n g  in L a z i o  

w a s  3 3 . 8  p e r  1 0 0 , 0 0 0  p e r  y e a r  ( 95  % c o n f i d e n c e  i n t e r v a l  7 . 0 - 9 9 . 0 )  

fo r  t h o s e  w i t h  t w o  S a r d i n i a n  p a r e n t s .  T h e  r a t e  w a s  a l m o s t  h a l f  at

15.9  p e r  1 0 0 , 0 0 0  p e r  y e a r  ( 8 . 7 - 2 6 . 6 )  f o r  t h o s e  w i t h  o n e  S a r d i n i a n  

p a r e n t .  T h e  i n c i d e n c e  in S a r d i n i a  w a s  3 4 . 4  p e r  1 0 0 , 0 0 0  p e r  y e a r  

( 3 1 . 3 - 3 7 . 9 )  a n d  w a s  f o u r  t i m e s  t ha t  o f  L a z i o  h e r i t a g e  c h i l d r e n  at

7 .9  ( 7 . 1 -  8 . 8 ) .  C h i l d r e n  o f  S a r d i n i a n  h e r i t a g e  b o r n  in L a z i o  

s h o w e d  t he  s a m e  i n c i d e n c e  as t h e  p o p u l a t i o n  o f  o r i g i n .  C h i l d r e n  

w i t h  o n e  S a r d i n i a n  p a r e n t  h a d  a r a t e  h a l f  t h a t  o f  S a r d i n i a n s  a n d  

d o u b l e  t h a t  o f  t he  i n d i g e n o u s  p o p u l a t i o n .  T h i s  s t u d y  d i d  n o t  s h o w  

a n y  r e d u c t i o n  in r i s k  w i t h  m i g r a t i o n  to a l o w  i n c i d e n c e  c o u n t r y .  

T h i s  is i n t e r e s t i n g  w h e n  c o m p a r e d  to t he  f i n d i n g s  o f  t h e  a b o v e  

s t u d i e s  w h i c h  h a v e  s h o w n  m i g r a t i n g  c h i l d r e n  to  a p p r o a c h  t he  

i n c i d e n c e  r a t e  o f  t he  n e w  c o u n t r y  ( M u n t o n i  et  a l ,  1997) .



H o w e v e r ,  t h e  e x p e r i e n c e  o f  S a r d i n i a n  h e r i t a g e  c h i l d r e n ,  b o r n  in 

n e a r b y  l o w  i n c i d e n c e  L a z i o ,  s h o w  a p a t t e r n  o f  r i s k  t h a t  is m o r e  

s u g g e s t i v e  o f  a s t r o n g  g e n e t i c  r a t h e r  t h a n  e n v i r o n m e n t a l  e f f e c t .

1.4.5  S e c u l a r  T r e n d s  in the  I n c i d e n c e  o f  D i a b e t e s

A l a r g e  n u m b e r  o f  s t u d i e s  i n t e r n a t i o n a l l y  h a v e  s u g g e s t e d  a r i s i n g  

i n c i d e n c e  o f  d i a b e t e s  in t he  l as t  2 0 - 3 0  y e a r s .  M a n y  o f  t h e  e a r l i e r  

s t u d i e s  e m p l o y e d  d i f f e r i n g  m e t h o d o l o g i e s  or  d i d  no t  p r o v i d e  a ny  

m e a s u r e  o f  a s c e r t a i n m e n t  a n d  so c o m p a r i s o n  is o f  l i m i t e d  v a l u e .  

T h e  c o n c e r n  b e i n g  t h a t  i m p r o v e d  c a s e  a s c e r t a i n m e n t  c o u l d  l ea d  to an  

a p p a r e n t  i n c r e a s e  in i n c i d e n c e  w h e n  no  rea l  e f f e c t  e x i s t s .

T h e  D E R I  G r o u p  s o u g h t  to e v a l u a t e  t r e n d s  in t he  i n c i d e n c e  o f  

d i a b e t e s  o v e r  a 21 y e a r  t i m e  p e r i o d  ( 1 9 6 6  -  1 986 ) .  T h e  u s e  o f  

s t a n d a r d i s e d  m e t h o d o l o g i e s  by  t he  D E R I  G r o u p  f a c i l i t a t e s  

c o m p a r i s o n .  T h e  D E R I  s t u d y  c o n f i r m e d  a l i n e a r  i n c r e a s e  in T y p e  1 

( i n s u l i n  d e p e n d e n t )  d i a b e t e s  r i s k  f o r  t h o s e  u n d e r  15 y e a r s  o f  a ge  in 

m o s t  o f  E u r o p e  a n d  t he  W e s t e r n  P a c i f i c  b u t  n o t  in N o r t h  A m e r i c a  

( D . E . R . I .  G r o u p ,  1 990 ) .  T h e  U S  d a t a  o n l y  r e l a t e d  to t w o  a r e a s  

w h e r e  t h e r e  w a s  a l o n g  p e r i o d  o f  o b s e r v a t i o n .  T h e  i n c i d e n c e  in 

M o n t r e a l  w a s  s t a b l e  u n t i l  t h e  1 9 8 0 ’s a n d  t h e n  r o s e .  E v i d e n c e  o f  

l i n e a r  i n c r e a s e  in r i s k  w a s  f o u n d  in F i n l a n d ,  S w e d e n ,  N o r w a y ,  

A u s t r i a  a nd  W i e l k o p o l s k a  ( P o l a n d ) ,  t h a t  d i d  n o t  d i f f e r  f o r  a g e  g r o u p .  

In L e i c e s t e r s h i r e  ( U K ) ,  t h e r e  w a s  a l s o  l i n e a r  i n c r e a s e  in r i s k  b u t  t h i s
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differed for the three age groups: 0-4, 5-9 and 10-14 years. The steepest increase 

being in the youngest age group. In Vasterbotten there was non-linear variability 

which differed for the three groups. Studies from Finland report a 57% increase in 

a 20 year period, from 1965 to 1984 (Tuomilehto et al, 1991).

There was no evidence for a temporal change in Scotland in the D.E.R.I. study. 

Patterson et al (1983), did report an 80% increase in incidence in Scotland in the 

period 1968-76, from approximately 10 in 1968 to 18.3 per 100,000 per year in 

1976. This study was based on hospital admission data. The authors applied a 

correction factor to select incident cases from re-admissions, however, a 

potential for error remains with this methodology. A subsequent study in 

Scotland by Rangasami et al (1997), for the period 1984 to 1993 confirmed a 

rising incidence in Scotland with a rate o f increase calculated at 2% per annum. 

The incidence rose from 22.7 (95% Cl 19.8-25.6) in 1984 to 26.0 per 100,000 

per year (95% Cl 23.3-28.7) in 1993.

The incidence in Yorkshire, Great Britain was also shown to be steadily 

increasing with evidence o f a modest drift effect o f 1.75 % per-year (95 % 

confidence interval 0.28 to 3.25 %). This would equate with a doubling of 

disease incidence in 40 years. A marked epidemic pattern was evident with 

peaks at four-year intervals (Staines et al, 1993).

The recent report from the EURODIAB ACE Study Group (2000) relating to 

incidence data collected from 44 centres in Europe (43) and Israel, in the period 

1989-1994, demonstrates that the incidence of diabetes continues to increase in
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Europe. O f the 40 centres included in this analysis all but one showed an increased 

incidence rate. The annual rate o f  increase in incidence was 3.4%  (95%  

confidence interval 2.5-4.4% ). The increase in incidence w as noted to vary from 

country to country (see Tables 1.1 page 27 and 1.2 page 28). A greater relative 

increase in incidence was dem onstrated in those under 5 years o f  age. No reliable 

data exists for Ireland regarding tem poral trends in diabetes.

B ingley and Gale (1989), concluded that there had been an increased incidence in 

Type 1 (insulin dependent) diabetes in N orthern Europe which had been steady 

and sustained for m ore than 20 years. The incidence rate having doubled in a 

num ber o f  countries in this tim e period. The m ore recent studies cited above 

show  that this trend o f  increasing incidence in diabetes is continuing.

1 , 4 . 6  E p i d e m i c s  o f  D i a b e t e s

In addition to noting a gradual increase in incidence in diabetes several areas have 

reported “epidem ics” o f  diabetes, where there have been significant increases in 

incidence over a short period o f  time. This effect has been noted in A llegheny 

County, Pennsylvania. In this area the incidence o f  diabetes had been relatively 

stable over a 20-year period, from  1965 to 1985, ranging from  11.5 to 13.9 per 

100,000 per year. How ever, in the period 1985 to 1989, the incidence rose sharply 

to 17.1 (95%  Cl 15.2-19.2). There was a large increase in the youngest age group, 

0-4 years. The largest increase was noted in non-w hite m ales (Tom adher and 

Dokheel, 1993). This is strongly suggestive o f  an environm ental infectious
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aeitiology. An association was noted w ith an increased num ber o f  reported cases 

o f  chickenpox 2-3 years earlier.

A sim ilar phenom enon was reported in M idw estern Poland w here the incidence o f  

diabetes was noted to alm ost double from 3.5 per 100,000 per year, in 1970-1981, 

to 6.6 per 100,000 per year, in 1982-1984. This increase was again noted m ost 

significantly in boys in the younger, 0-4 year age group (Rew ers et al, 1987).

1.5 Age  o f  O n s e t

There is some evidence that the age o f  diagnosis o f  insulin dependent diabetes is 

genetically determ ined. A study perform ed by Caillat-Zucm an et al (1992), 

shows that patients diagnosed in childhood are more likely to have the HLA 

genes associated with susceptibility to diabetes than those diagnosed as adults, 

nam ely HLA DR 3 / 4  and H LA D Q A l 0301- D Q B l 0302. Further support for 

the genetic basis o f  the age o f  diagnoses o f  diabetes com es from tw in studies. 

Tw ins concordant for diabetes tend to be diagnosed w ithin a few  years o f  each 

other and the risk o f  developing diabetes in a second tw in declines w ith tim e 

(O lm os et al, 1998). A study by Danla Fava et al (1998), sought to explore the 

relationship o f  genetic and environm ental factors on the age o f  diagnosis o f 

diabetes. They studied tw in pairs concordant for type 1 diabetes and pairs o f 

affected siblings. I f  environm ental factors were m ost influential for dictating age 

at diagnosis one w ould expect to find siblings with diabetes diagnosed at a 

sim ilar time. If  however, genetic factors have a greater role to play the 

expectation is that siblings would be diagnosed with diabetes at a sim ilar age. 

Fava’s study shows a strong correlation in identical twin pairs for their age o f
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onset o f  diabetes. In the study both identical and non-identical tw ins show ed a 

strong correlation for age o f  onset but this correlation is stronger for identical 

tw ins at 0.96 versus 0.59. “ This data im plies that genetic factors influence the 

rate o f  progression o f  the destructive process during the pre-diabetic period.” 

There was also found to be a correlation betw een siblings for the age but not the 

tim e o f  diagnosis o f  diabetes. The authors suggest that since certain HLA types 

are found m ore often in those diagnosed in childhood rather than adult life 

perhaps, the diabetic disease process is m ore aggressive in those with certain 

HLA and non-H LA  genes.

In several studies the age o f  onset o f  diabetes has been shown to have a bimodal 

distribution. Sterkey et al (1978), described a peak onset at 12 years w ith a 

sm aller peak at about seven years in Swedish children. The boys had a peak 

incidence at 7 and 13 years respectively and the girls a less pronounced a peak at 

10 years o f  age. The m ean age o f  onset for both sexes com bined was 8.2 years. 

There was a dram atic fall in incidence at 14 years o f  age. A sim ilar bim odal 

distribution was noted in the British Isles by Bloom  et al ( 1 9 7 5 ) ,  w ith a peak 

onset at approxim ately 11 years and a second peak at about five years. Bloom  

sim ilarly showed a dram atic fall in incidence in the adolescent years w ith a sharp 

fall in incidence after age 11/12, m ore obvious in girls than boys. The 

adolescent fall in incidence was earlier in this study. A further study in the 

U nited K ingdom  by Staines et al (1993), again show ed tw'o peaks in age o f  onset 

in this population at age 4-6 and age 10-15 years. The peak incidence in girls 

was earlier than that in boys at 10 and 14 years respectively, while in children 

under 7 years the m ean age o f  onset was alm ost identical. A bim odal distribution
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was also reported in Scotland with a peak for boys at 11 years and another 

sm aller peak at 3 years. In girls the peak onset was noted to be later, w hich is at 

variance w ith the m ajority o f  other studies noted above, at 12 years w ith a 

sm aller peak at 4 years (Patterson et al, 1983). A bim odal distribution has also 

been reported in Japan (M atsuura et al, 1998), m id-w est Poland (W ielkopolska) 

(Rew ers et al, 1987) and H ungary (Soltesz et al, 1990).

It has been proposed that the bim odal distribution m ay relate to the age o f 

starting school and the age o f  changing to second level school w hich occur at age 

5 and age 11 years in the U .K .(B loom  et al, 1975). The earlier onset in girls in 

adolescence has been postulated to relate to the earlier tim ing o f  the fem ale 

growth spurt (Staines et al, 1993).

In Sw eden, D ahlquist et al (1982), showed a gradual increase throughout 

childhood with a peak incidence at 11 years for girls and a bim odal distribution 

for boys w ith peak onset at age 4 and 13 years.

A m onom odal distribution has been reported in Finland and in the British Isles. 

In the British Isles, a rising incidence throughout childhood was noted in both 

sexes with a peak age o f  onset for girls at about 12 years (m ean 12.2) and for 

boys betw een 12 and 13 years (m ean 12.6) (M etcalfe and Baum , 1991). In 

Finland, the m ean annual incidence rose throughout childhood and peaked in 

girls at 12 years and boys at 14 years w ith an abrupt decline after these 

respective ages (Reunanen et al, 1982 and Tuom ilehto et al, 1991). A sim ilar 

pattern in age distribution has been reported in N orw egian children, by Joner et
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al (1981), with rising values throughout childhood to a peak at 12 years for girls 

and a plateau at 12-14 years for boys. An abrupt decline was noted after 12 

years in girls and after 14 years in boys.

In the Marche region o f  Italy, the highest incidence rates were noted for children 

in the five to nine age group (Cherubini et al, 1994). This pattern has also been 

reported in other areas o f  Italy, but throughout Europe the peak has appeared in 

the 10-14 age group and the incidence rates were lowest in the 0-4 age group 

(Green et al, 1992).

1.6 Sex

Diabetes often shows a slight male preponderance in Caucasians. Africans and 

Asians often show a higher incidence in females (Rewers et al, 1988).

In the EURODIAB ACE study, a small excess o f  male cases was noted but it did 

not reach statistical significance. However, the results suggested a slight male 

excess in some areas with high incidence such as Finland, Sardinia and Norway 

(Green et al, 1992). This is also true for the British Isles and Austria. Bloom et 

al (1975), in the British Isles showed a s l i g h t  m a le  e x c e s s  in  th e  a g e  

g r o u p s  0 -4  a n d  11 -15  y e a r s ,  a n d  a f e m a le  e x c e s s  f r o m  5 -1 0  y e a r s .  

Norway, a high incidence country ( o v e r a l l  m e a n  a n n u a l  i n c i d e n c e  17 .6)  

showed a s i g n i f i c a n t l y  h i g h e r  i n c i d e n c e  in b o y s  a t  18 .8  t h a n  g i r l s  at  

16 .4  p e r  1 0 0 , 0 0 0  p e r  y e a r  ( J o n e r  e t  al ,  1981) .



The areas o f  low incidence showed a slight fem ale excess in areas such as 

Rom ania, Israel, and Poland (Green et al, 1992). This is also true for Hungary, 

Lithuania, Latvia and Japan ( S o l te s z  e t a l, 1 992) .  In H okkaido Japan, a 

significantly higher annual incidence was docum ented in fem ales at 1.81 per 

100,000 per year than in m ales at 1.45 per 100,000 per year (M atsuura et al, 

1998). In Puerto Rico a slight fem ale preponderance was shown, w ith a m ale to 

fem ale ratio o f  0.91 (Frazer de Llado et al, 1998).

N o significant sex related difference in incidence was noted in the M arche 

region, Italy (Cherubini et al, 1994), Sweden (Sterkey et al, 1978), I c e l a n d  

( H e l g a s o n  et  a l ,  1 9 9 2 ) ,  C a t a l o n i a  ( G o d a y  et  a l ,  1 9 9 2 )  a n d  C o l o r a d o  

( H a m m a n  et  al ,  1990) .

1.7 S ea s o n  of  O n s e t  o f  D i a b e t es

The finding o f  a seasonal pattern in a disease is im portant as it m ay give clues as 

to the underlying aeitiology. Seasonality is often found in diseases that are 

caused by infection. Adam s (1926) showed a seasonal pattern in his study o f  

d iabetes in M innesota. The peak incidence was noted in Septem ber and the 

low est incidence in M ay and June. Gam ble and Taylor (1969) described the 

lowest incidence in June with an increase in early sum m er to a peak in October.



Seasonality was also described in N orw ay, with more cases diagnosed in w inter 

and autum n with significant peaks in February and O ctober (Joner and Sovik, 

1981). A significant seasonal pattern was noted for the sexes com bined and for 

the age groups 0-9 and 10-14 years in Finland. A statistically significant pattern 

was confirm ed for m ales but not for fem ales. The m ost visible seasonal pattern 

was a lower num ber o f  cases in June. The rest o f  the year the incidence was 

stable and high (K aroven et al, 1996). Seasonal patterns have also been 

described for Sw eden with a peak incidence in January, M arch and July to 

O ctober for age groups 5-9 and 10-14 years. N o seasonal variation was noted 

for younger children aged 0-4 years (D ahlquist et al, 1982). An earlier Swedish 

study show ed no significant seasonal variation. How ever, there was a high 

frequency o f  new  cases in January, that did reach statistical significance and a 

tendency to a sm aller peak in Septem ber/O ctober (Sterky et al, 1978).

Seasonal variation in incidence has also been described in the British Isles in 

older children but m ost studies show no seasonal effect in those under 5 years o f 

age. B loom  et al (1975), dem onstrated seasonal variation in incidence in children 

aged five to 15 years with peaks in the autum n and w inter and a nadir in June and 

July. Those under 5 years o f  age showed no obvious seasonal pattern. A further 

study in Yorkshire confirm ed this seasonality, again confined to those over five 

years o f  age. Season variation being m ost pronounced in those aged 10-16 years 

w ith m ild seasonal variation noted in the 5 -  9 year age group. The peak 

incidence was in w inter (x =48.24;df=2; p<0.0001). There was no difference in 

the pattern o f  seasonal onset betw een boys and girls (Staines et al, 1993). In 

Scotland a significant seasonal effect was found for both sexes but again only for
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the older age groups. The peak incidence was found in A utum n/W inter 

(Rangasam i et al, 1997). M etcalfe and Baum  (1991), dem onstrated a significant 

seasonal effect in their study in the British Isles in all three age groups but the 

effect was less pronounced in the 10-14 year age group. The m ajority o f  cases 

were diagnosed in February and M arch and the lowest num bers in M ay and June.

In Puerto Rico there was no significant difference in the num ber o f  cases 

diagnosed in sum m er or w inter although there was a slight increase in w inter 

(Frazer de Llado et al, 1998).

In M alta the highest incidence was noted during the coolest m onths o f  the year 

and the lowest during the sum m er months. This was seen in both sexes. There 

was a slight shift in the peak tim e that is from N ovem ber to February in the 

1980s and January to April in the 1990s (Schranz, 1998). Sim ilarly, in Italy 

(M arche region) there was a slight but not significant increase in new ly 

diagnosed children in the colder m onths (O ctober to February) o f  the year 

(Cherubini, 1994). M acedonia noted seasonality with the m ajority o f  cases in 

fall-w inter and the lowest in Sum m er (K ocova et al, 1993). Seasonal variation 

has also been reported in Japan (M atsuura et al,1998), Catalonia (G oday et al, 

1992) and Colorado (K ostraba et al, 1992). In Colorado no significant seasonal 

pattern was noted in those diagnosed before the age o f  5 years.

Seasonal variation was not noted in Sardinia (Tuom ilehto et al, 1992).
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The m ajority o f  studies have dem onstrated a seasonal effect in the clinical onset 

o f  disease. H ow ever, m any o f  the studies outlined above have not dem onstrated 

this effect in the younger, 0-5 year, age group. It was considered that in 

individual registries the num ber o f  cases in this age group could be too small to 

dem onstrate a seasonal effect when considered individually. The EU RO D IA B 

ACE Study group sought to clarify the issue o f  seasonality by exam ining data 

from  26 centres (Levy-M archal et al, 1995). They confirm ed that seasonality o f  

diagnosis conform ed to a sinusoidal m odel w ith a peak occurring in winter. This 

was observed in both sexes and in all age groups. A statistically significant 

heterogeneity in seasonal distribution was noted am ong regions, those in 

Scandinavia showing the lowest relative am plitude. In eleven centres the test for 

seasonality reached statistical significance and in these the peak m onths o f  

diagnosis were: N ovem ber (1), Decem ber (3), January (4), February (2) and 

M arch (1).

1.8 In fant Diet

Infant feeding practices have received m uch attention as potential initiating 

factors in the developm ent o f  type 1 diabetes, as described in section 1.4. Early 

breast feeding practices and early exposure to cow ’s m ilk are considered the 

m ost significant dietary factors and are the subject o f  m uch research (Borch- 

Johnson et al, 1984) (Verge et al, 1994) (G erstein et al, 1994).



Increased levels o f cow ’s m ilk and (3-lactoglobulin antibodies have been detected 

in young children with newly diagnosed type 1 diabetes indicating a strong 

hum oral response to cow ’s m ilk protein. It is postulated that the autoim m une 

process could be initiated by cow ’s m ilk derived peptides through m olecular 

m im icry o f  surface m em branes o f  pancreatic (3-cells (Savilahti et al, 1993). 

Increased levels o f  antibodies to bovine serum  album in, another m ilk protein, 

were also found in diabetic children com pared to controls (Saukkonen et al, 

1994). A further study casts doubt on this data and has show n sim ilar rates o f 

antibodies to bovine serum  album in am ong patients with type I diabetes, healthy 

controls and those with other autoim m une disorders (A tkinson et al, 1993).

A num ber o f  ecological studies have been perform ed which exam ine national 

cow ’s m ilk consum ption and the incidence o f  type 1 diabetes (Fava et al, 1994; 

M untoni et al, 1994; Scott, 1990; and D ahl-Jorgensen et al, 1991). These studies 

suggest a strong correlation (r=0.96) betw een the incidence o f  type 1 diabetes 

and the annual national cow ’s m ilk consum ption (Scott, 1990 and Dahl- 

Jorgensen et al, 1991). Fava et al (1994), also describe an association betw een 

the incidence o f  diabetes and co w ’s m ilk consum ption but show  that while 

Finland and Sardinia have a sim ilar incidence o f  diabetes, F inland has m ore than 

tw ice the annual consum ption o f  cow ’s milk. It should also be noted that these 

are population studies and do not confirm  that those individuals w ith higher milk 

consum ption are those with diabetes.

Epidem iological studies from  N orw ay and Sw eden have show n that the 

incidence o f  diabetes increases with decreased duration o f  breast feeding and that
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the tim e lag betw een the two factors is approxim ately 10 years (B orch-Johnson 

et al, 1984). How ever, no change in incidence was noted in the U nited States 

with reduction in the rates o f  breast-feeding.

A m eta-analysis perform ed by Gerstein (1994), found that in case-control studies 

patients w ith type 1 diabetes were more likely to have been breast fed for less 

than 3 m onths (OR = 1.43) and to have been exposed to cow ’s m ilk before the 

age o f  4 m onths (OR = 1.63). Verge et al (1994) sim ilarly note a protective effect 

o f  prolonged breast-feeding. Gerstein concludes, that “early cow ’s m ilk exposure 

m ay be an im portant determ inant o f  subsequent type 1 diabetes and m ay increase 

the risk ~1.5 tim es” . There has been criticism  o f  the m ethodology em ployed in 

som e o f  these case-control studies particularly in the reliance o f  parental recall o f 

the early infant diet. Patterson et al (1994), in their study in N orthern Ireland and 

Scotland failed to dem onstrate a protective effect o f  breast feeding.

There is m uch conflicting evidence regarding the role o f  cow ’s m ilk and breast

feeding in the aeitiology o f  typel diabetes. A large prospective random ised 

control study o f  early infant feeding is currently underw ay in Finland, it is hoped 

that this study will answer m any o f  the questions raised to date.

1.9 Family History of Diabetes

W hile there is docum ented genetic susceptibility to the developm ent o f  diabetes 

up to 80%  o f  those w ith the disease will not have a positive fam ily history
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(Bennett, 1985). The proportion o f those with insulin-dependent diabetes in a 

first degree relative has been variably reported as 8.9% (M etcalfe and Baum, 

1992), 11% (Bloom  et al, 1975), 12.8% (D ahlquist et al, 1985), and 23%  (Calnan 

and Peckham , 1977). In a study o f  diabetes in those aged under 5years a positive 

fam ily history was noted in 16% o f  those diagnosed under 5yrs com pared with 

10% diagnosed betw een age 5 and 10 years (Jefferson et al, 1985).

In a Swedish study o f  over 2,000 children with diabetes 8.1%  had a parent with 

insulin dependent diabetes. In tw ice as m.any cases this parent was the father 

(5.7%) vs 2.4%)) (D ahlquist et al, 1985). M etcalfe and Baum  (1992) in the U.K., 

sim ilarly report alm ost double the frequency o f  insulin dependent diabetes in 

fathers at 3.5%  with m others at 1.9%. Previous studies have show n the risk o f  a 

child developing IDDM  if the father is affected is 4-6%  while this is halved if  the 

m other is the affected parent, the risk being 2-3% (Jefferson et al, 1985).

N o association was found betw een the age o f  disease onset and presence o f  a 

positive fam ily history in Swedish children (D ahlquist et al, 1985). How ever, in 

British children an earlier onset o f  diabetes was noted in those with an affected 

father but not an affected m other. The age o f  diagnosis o f  the child and father 

were found to be associated. The age at diagnosis o f  a child and an affected 

sibling were also associated but only if  the sibling was o f  the same sex (M etcalfe 

and Baum , 1992).
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1.10 Birth Order

A num ber o f  studies have dem onstrated an increased risk o f diabetes in first born 

children (W ager et al, 1983 and Ram achandran et al, 1993). Patterson et al 

(1994), found the increased risk to the first born only in N orthern Ireland and not 

Scotland in their case control study, Odds Ratio 1.41 (95%  Cl 1.03-1.93). O ther 

studies have failed to dem onstrate an increased risk in first born children (Bock 

et al, 1994 and M cKinney et al, 1999), Dahlquist et al (1999) in their study 

report a protective effect against diabetes in the first born but do not provide any 

inform ation about the m agnitude of this effect.

The increased risk to the first born is postulated to relate to effective isolation o f  

children in early infancy from infectious contacts in the absence o f  a sibling. 

This relates to the hygiene hypothesis discussed earlier. The im pact, if  any, o f 

birth order on the risk o f  diabetes developm ent rem ains unresolved.

1.11 H o u s e h o l d  O c c u p a n t s

The num ber o f  occupants in the hom e has been considered as a potential risk 

factor in the developm ent o f  diabetes, however, the data in this regard is 

conflicting. Patterson et al (1994), found that hom es w ith 6 or m ore occupants 

show ed a slight but not significant reduction in diabetes. O ther studies have
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shown an increased risk o f  diabetes when living in larger groups (Siemiatycki et 

al, 1989 and Lawler-Heavner et al, 1991).

Blom et al (1989), showed no difference in the number o f  siblings between cases 

and controls in Sweden. The number o f  siblings is likely to be highly associated 

with the number o f  persons living in a single house.

1 . 12  P r e s e n t i n g  C l i n i c a l  H i s t o r y

Diabetes in children and adolescence has an abrupt clinical onset in two to three 

weeks in most cases. However, the duration o f  symptoms prior to diagnosis can 

vary from a few days to several months (Becker and Weber, 1995). The duration 

o f  symptoms tends to be shorter in younger children, this was found by Jefferson 

et al (1985), in their study where 30% o f  children under 5 had a history o f  

symptoms o f  less than 2 weeks compared to 12% o f  those aged 5-lOyears.

It is estimated that 90% o f  p-cells pancreatic function is lost prior to the onset o f  

clinical symptoms. In this group diabetes is characterised by insulin deficiency 

and hyperglycaemia. Children are prone to the development o f  ketoacidosis 

which tends to develop where there is a longer duration o f  severe insulin 

deficiency. Left untreated with insulin diabetes is rapidly fatal in children.

Clinical symptoms include polyuria, polydipsia, polyphagia, weight loss,

lethargy, blurring o f  vision, eneuresis in a previously toilet trained child, and

infections. Symptoms develop due to underlying hyperglycaemia, energy
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wasting and alteration in immune function. These children may present to 

medical attention in the acute life-threatening condition o f  diabetic ketoacidosis 

which is characterised by dehydration, hyperglycaemia, nausea, vomiting, 

abdominal pain, acidosis, alteration in consciousness, ketonuria and glycosuria. 

Polyuria, polydipsia and weight loss are the commonest symptoms noted in 73% 

o f  those under 5 years and 81% aged 5-1 0 by  J e f f e r s o n  et al ( 1 9 8 5 ) .

T h e  r e p o r t e d  f r e q u e n c y  o f  presentation in diabetic ketoacidosis (DKA) is 

variable. Komulainen et al (1999), found younger children presented more often 

in diabetic ketoacidosis. In their study 53.3% o f  those aged less than 2 years 

presented in diabetic ketoacidosis. In 10% o f  those under 2 years the 

ketoacidosis was considered severe, defined as pH <7.10, compared with 2 .9%  in 

the group aged 2-4.9 and 4.7% o f  those aged 5-14.9 years. In the Oxford region, 

Pinkney et al (1994), studied a cohort o f  230 patients with insulin-dependent 

diabetes diagnosed before age 21 years in 1985 and 1986. They found that 16% 

were in severe diabetic ketoacidosis at presentation, with pH <7.10 or plasma 

bicarbonate < lOmmol/1, and 10% had mild to moderate diabetic ketoacidosis at 

presentation, with pH 7.10- 7.35 or plasma bicarbonate 10-21 mmol/1. A further 

97 patients studied in 1990 found similar occurrence o f  severe ketoacidosis 

(13%) and mild to moderate ketoacidosis (13%>). Presentation in severe 

ketoacidosis was more common in younger children less than 5 years. 

Ketoacidosis at presentation was found to be less comm on with increasing age.
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1.13 S u m m a r y  o f  I n t r o d u c t i o n  and L i t e r a t u r e  R ev i e w

D iabetes M ellitus is an im portant chronic m edical condition causing significant 

m orbidity, disability and prem ature m ortality. Type 1 or insulin-dependent 

diabetes, accounts for the vast m ajority o f  diabetes in children and young adults. 

This disease has an abrupt onset and in the absence o f  prom pt diagnosis and 

treatm ent with insulin, is rapidly fatal.

D iabetes has been described for centuries yet its aeitiology rem ains unknown. 

Epidem iological studies have been o f  great benefit in identifying the m agnitude 

o f  the burden o f  diabetes worldw ide, m onitoring changes in the patterns o f 

d iabetes and casting some light on potential aeitiologies. The pathophysiological 

process in diabetes developm ent is the autoim m une destruction o f  the insulin 

producing (3 cells o f  the pancreas. A num ber o f  autoantibodies have been 

identified, such as: islet cell antibodies (ICAs); insulin autoantibodies (lA A s); 

autoantibodies to glutam ic acid decarboxylase (GADes); and autoantibodies to 

tyrosine phosphatases IA-2 and IA -2p. These antibodies are m arkers o f 

destruction o f  the insulin producing p-cells. W hat initiates this process o f 

autoim m une pancreatic destruction is unknown.

There is a genetic com ponent in the developm ent o f  diabetes, w hich is com plex 

and polygenic. To date m ore than 15 different loci are thought to be involved in 

protection from or susceptibility to the developm ent o f  diabetes. Currently the 

strongest association has been linked to the HLA region on chrom osom e 6 and 

certain HLA B, DR and DQ alleles. How ever, genetic susceptibility is not the
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only factor im portant in disease developm ent as is shown by the high rate o f 

disease discordance am ong genetically identical m onozygotic tw ins. In fact up 

to tw o-thirds o f  people with the genetic predisposition to diabetes will never 

develop the disease. Sim ilarly while individual studies vary regarding actual 

percentages, they all dem onstrate that the m ajority o f  children who develop 

diabetes do not have a positive fam ily history o f the disease.

The current thinking is that one or possibly a num ber o f  environm ental agents act 

on the genetically predisposed to trigger the developm ent o f  diabetes. 

Environm ental agents proposed as causative agents, include: infectious diseases; 

environm ental toxins; dietary factors and stress.

Epidem iological studies provide strong support for the role o f  environm ental 

agents in disease developm ent. There is wide international variation in the 

incidence o f  diabetes. The highest incidence o f  the disease is in Europe and the 

low est in Asia. The country with the highest incidence in the w orld is Finland at 

42.9 per 100,000per year and the lowest is China at 0.5 per 100,000 per year. It 

is a disease o f  m ore tem perate clim es that generally increases in frequency with 

northern travel from the equator. It does not, however, follow  a strict north- 

south gradient. Sardinia for exam ple has the second highest incidence in Europe 

despite its southern position. Geographical and ethnic variation in disease 

incidence could be explained on the basis o f  differing genetic com positions in 

each population. Certainly the disease is m ost com m on in Caucasians than those 

o f  Asian or A frican origin. How ever, there are docum ented variations in disease 

incidence w ithin countries whose populations have the same ethnic and probably,

4.5



genetic background. M igrant studies o f  tliose who m igrate from  low to high 

incidence countries over tim e have an incidence rate o f  diabetes that approaches 

that o f  their adoptive country. This data would support a strong environm ental 

influence. Criticism s o f  these m igrant studies in proving an environm ental effect 

lie in their failure to dem onstrate a reduced incidence o f  disease on m igration 

from  an area o f  high to low incidence. The pattern o f  m igration in large volum es 

tends to be from East to W est, from. A frica and Asia to Europe and N orth 

A m erica. Thus, m igration in large num bers tends to be from  areas o f  low disease 

incidence to areas o f  high incidence. One area where there has been significant 

m igration from  an area o f  high incidence to one o f  low incidence is in Italy, with 

m igration from  Sardinia to nearby Lazio. Children o f  Sardinian heritage retain a 

higher incidence o f disease sim ilar to that in Sardinia if  both parents are from 

Sardinia and alm ost ha lf the Sardinian incidence if  only one parent is from 

Sardinia, both rates are significantly higher than that o f  Lazio heritage children. 

Fhe experience o f  Sardinian heritage children born in nearby low  incidence 

Lazio show  a pattern o f risk that is m ore suggestive o f  a strong genetic rather 

than environm ental effect. How ever, all other m igrant studies do suggest a 

strong environm ental effect.

The rising incidence o f  diabetes that has been docum ented in m any countries 

w orld-w ide and m ost countries o f  Europe, supports an environm ental effect. The 

rate o f  increase in the disease is too rapid to be explained by changes in 

population genetics alone.



The incidence o f  diabetes in the British Isles is high in keeping w ith its northern 

latitude. How ever, little data is available for diabetes incidence in Ireland. Two 

previous studies that included Ireland both showed a significantly  lower 

incidence o f  disease in Ireland than other areas o f  the British Isles. In neither 

study was a m easure o f  case ascertainm ent provided for Irish data and so there 

was concern that the low incidence rate reported was due to underreporting o f  

cases. An increasing incidence o f  diabetes has been dem onstrated in other areas 

o f  the British Isles. N o such data is available for Ireland. A ccurate inform ation 

regarding the incidence o f  chronic disease, particularly one which has its onset in 

childhood, is im portant for strategic planning at both policy and service 

provision levels.

Type 1 (insulin-dependent) diabetes has an abrupt clinical onset over a period o f 

w eeks to months. The typical sym ptom s are o f polyuria, polydipsia, w eight loss 

and lethargy. A variable num ber o f  those with diabetes present w ith an acute 

life-threatening state o f  m etabolic decom pensation term ed diabetic ketoacidosis.

The age o f  onset o f  diabetes has been shown to have a bim odal d istribution, in 

the m ajority o f  studies. The incidence rises throughout childhood w ith a peak in 

early adolescence, which is earlier in fem ales than m ales, and a sm aller peak in 

the early childhood years. It is postulated that the earlier peak incidence in 

fem ales is related to the earlier onset o f their pubertal growth spurt.

The incidence o f  diabetes is slightly higher in m ales in countries o f  high 

incidence. Low incidence countries tend to have a slight fem ale predom inance.

47



Seasonality has been described in diabetes as in many other conditions shown to 

have an infectious aetiology. The highest number o f  new cases being diagnosed 

in Autumn/W inter and the lowest number in the warmer Sum mer months. 

Several studies have n o te d  th e  a b s e n c e  o f  a s e a s o n a l  t r e n d  in  t h o s e  

diagnosed under the age o f  5 years. However, this may be due to small numbers 

in this age group when considering centres individually. The EUROD IA B ACE 

study o f  26 centres confirmed seasonality for both sexes and in all age groups.

Dietary factors are considered potentially important aetiological factors. Much 

attention is now directed towards the early introduction o f  cow ’s milk as a 

potential initiating environmental factor in disease development. A number o f  

studies have shown a protective effect o f  breast-feeding. M any countries 

document an increase in the incidence o f  diabetes with falling rates and duration 

o f  breast-feeding, although this has not been the case in the United States. 

Prospective case control studies o f  infant feeding are now in progress to evaluate 

the aetiological role o f  cow ’s milk protein in diabetes.

The aim o f  these epidemiological studies is to increase understanding o f  diabetes 

through study o f  the patterns o f  disease occurrence. In this way hypotheses 

regarding aetiology m ay be generated and tested, leading ultimately to the 

identification o f  the aetiology o f  type 1 (insulin-dependent) diabetes. W hen the 

aetiology o f  diabetes is understood it may then be possible to prevent the 

development o f  the disease in those who are genetically predisposed.
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1.14 A i ms  -  P u r p o s e  o f  the  S t udy

The aim  o f  this study was to identify characteristics o f  insulin-dependent 

diabetes in an Irish cohort o f  patients, nam ely to;

1. Establish a national incidence rate o f  insulin-dependent diabetes in children 

and adolescents aged less than 15 years in the Irish Republic (hereafter 

referred to as “Ireland”)

2. D eterm ine the age o f  onset o f  diabetes

3. D e t e r m i n e  t h e  s e x  p r o f i l e

4.  D e t e r m i n e  t he  s e a s o n  o f  o n s e t

5. I d e n t i f y  t he  m e t h o d  o f  i n f a n t  f e e d i n g

6. Identify the frequency o f  a fam ily history o f  Diabetes

7. Determ ine the birth order

8. D eterm ine the fam ily size

9. Identify the presenting clinical history

Seek clustering o f  cases by season o f  diagnosis and by m onth and year o f  birth.
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CHAPTER TWO 

METHODS



2. METHODS

2.1 Case Definition

The case definition o f  diabetes em ployed in this study, required that cases were:

1. diagnosed by a physician as having diabetes m ellitus

2. com m enced on daily insulin prior to their 15th birthday and

3. resident in Ireland at the tim e o f  diagnosis

This case definition is sim ilar to that used in the W orld Health O rganisation 

M ultinational D iabetes M ondiale -  D iam ond Study (1991). Cases were excluded 

if  diabetes was secondary to another condition such as cystic fibrosis.

2.2 Ethical Approval

Ethical perm ission for the study was granted by the jo in t ethics com m ittee o f  the 

Federated D ublin V oluntary Hospitals. A condition o f  ethical approval was that 

patient nam es should not be entered on a computer.

2.3 Incidence o f  Diabetes

Incidence is an appropriate m easure o f  disease frequency to use in the study o f 

d iabetes in childhood and adolescence because o f  the characteristics o f  the 

disease in this age group. D isease incidence m easures the num ber o f  new  or
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“ incident” cases o f  disease occurring in a population at risk in a specified tim e 

period.

The study o f  disease incidence requires that a disease be readily identifiable. 

D iabetes in childhood and adolescence has a distinct and rapid onset, and in the 

absence o f  insulin adm inistration these patients will die. It is therefore a 

condition well suited to the study o f  incidence as those with the disease prom ptly 

com e to m edical attention. In diabetes there is a prolonged phase o f  pre-clinical 

disease, the phase o f  pancreatic destruction, but the tim e from  clinical disease 

onset to diagnosis is short.

2.4 Identiflcation of Incident Cases - Data Collection

In identifying cases, the aim  was to include as close to all new, or incident cases, 

o f  diabetes in the population under 15 years in a single year. It is the practice in 

Ireland that children w ith insulin dependent diabetes are adm itted to hospital at 

the tim e o f  diagnosis for stabilisation and education; as a result a hospital-based 

study could be expected to identify the m ajority o f  new  cases. International data 

w ould suggest that the m ajority o f  insulin-dependent diabetes occurring in 

childhood and adolescence presents under the age o f  16 years. Children under the 

age o f  14 years present to paediatricians and increasingly Irish paediatricians 

tend to care for children up to the ages o f  16 or 17 years. Identification o f  new 

cases o f  diabetes in this age group in Ireland by hospital based paediatricians
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should identify the m ajority o f  cases and would form the m ain source o f  case 

identification.

Follow ing review  o f  the international literature and discussion w ith experts in 

Ireland and abroad, including Professor Jaakko Tuom ilehto, European co

ordinator o f  the W orld H ealth O rganisation D iaM ond project, the questionnaire 

used in this study was developed by the investigator. It was decided that a 

prospective study be perform ed to avoid the problem s o f  recall associated w ith 

retrospective studies. The questionnaire sought patient inform ation such as the 

patient's nam e, date o f  birth and date o f  diagnosis. It sought fam ily inform ation 

such as the num ber o f  occupants in the fam ily hom e, the num ber o f  siblings and 

birth order. Q uestions were asked relating to the ch ild ’s feeding history in 

infancy and the presence or absence o f  any significant m edical condition. 

A dditional questions were asked relating to the diagnosis o f  diabetes m ellitus 

nam ely the duration o f  sym ptom s and presenting sym ptom s. The presence o f  a 

fam ily history o f  diabetes was also sought. The questionnaire used is displayed 

in A ppendix II.

Follow ing discussions with and the subm ission o f  a study protocol to the Irish 

Paediatric Surveillance Unit (IPSU) they agreed to support this project. The 

initial case identification was perform ed through the m echanism  o f  the IPSU.

The Irish Paediatric Surveillance Unit is m odelled on the highly successful 

British Paediatric Surveillance Unit (BPSU). The BPSU, w hich was established 

in 1986, has been an invaluable m echanism  for the study o f  uncom m on
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conditions in childhood in the British Isles (Hall and G lickm an, 1988). 

Participating paediatricians in the BPSU include those from the U nited K ingdom  

and Ireland. Professor David Baum  and Alison M etcalfe, through the BPSU 

perform ed a previous very successful study o f  the incidence o f  diabetes in 

children in the British Isles. The current study follows a sim ilar m ethodology in 

initial case identification.

The IPSU was established in 1997, by Professor Dennis Gill and Dr Anita 

M enon, its purpose is to collect data from  paediatricians relating to designated 

conditions o f  interest. All paediatricians in Ireland are notified in advance o f 

three to four conditions that will be investigated in each year by the Irish 

Paediatric Surveillance Unit. Paediatricians are then sent a m onthly card where 

they are required to notify if  they have seen a case o f  the condition under study, 

w hich m eets the previously circulated study criteria. The m onthly reporting card 

also includes an option o f  “nothing to report” , which is returned w hen the 

reporting paediatrician has not seen any cases o f  the condition under study in that 

particular m onth. The reports from  paediatricians are then sent to the investigator 

o f  each condition. Insulin dependent diabetes was included as a condition for 

study in 1997.

The study criteria requested paediatricians to notify all new cases o f  diabetes 

requiring insulin therapy, presenting for the first tim e under the age o f  18 years, 

betw een January 1st, 1997 and D ecem ber 31st, 1997. The age o f  18 years was 

chosen to ensure m axim um  case ascertainm ent in the 0 to 15 year age group 

under investigation.



All paediatricians who notified new  cases o f  diabetes were asked to confirm  the 

total num ber o f  new  cases o f  diabetes that they had seen and were sent a 

questionnaire to com plete on each patient. This questionnaire sought to confirm  

the initial case report and also to obtain additional patient inform ation, as 

described above. Only cases that were confirm ed on follow -up questionnaire to 

fulfil the study criteria were included in the analysis. Cases that were initially 

notified but not confirm ed with additional data were excluded from  the analysis. 

Strenuous efforts were m ade to confirm  all reported cases by letter and 

telephone. To include cases without additional confirm atory inform ation could 

result in double counting o f  cases, as it would not be unusual for children with 

diabetes to attend more than one centre.

Those paediatricians participating in the Irish paediatric surveillance unit who 

did not notify any new  cases o f  diabetes in the tim e period were contacted to 

ensure that no new  cases had been seen.

In addition to contacting paediatricians, diabetes nurse specialists were also 

contacted to ensure that no cases had been missed.

There are geographical areas, and hospitals in Ireland who do not currently, have 

access to paediatric services and patients in these areas will either be transferred 

to other units with paediatric services or will be cared for by at adult physicians. 

It is also possible that children under the age o f  15 with diabetes could present to 

adult physicians or adult endocrinologists rather than paediatricians. W hile the 

m ajority o f  new  cases o f  diabetes in this age group, it is believed, w ould present
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to paediatric services it was felt that to rely on securing data from paediatric 

centres alone would result in an under estim ation o f  the incidence o f  the 

condition.

The Irish Endocrine Society, which represents the consultant endocrinologists, 

both adult and paediatric, in the country agreed to support and inform  its 

m em bers o f  this study. All endocrinologists in the country w ere contacted and 

asked to notify new  cases o f  diabetes seen in the tim e period. All institutions in 

the State that care for those with diabetes do not have an endocrinologist on staff, 

and so all hospitals and all physicians in the country were contacted to ascertain 

i f  new  cases o f  diabetes had presented to them  betw een the 1st January and 

D ecem ber 31st, 1997.

2.5 Secondary source of case ascertainment

The m ethodology outlined above aim ed to m axim ise case identification by 

exploring all possible avenues o f  patient presentation to hospital. How ever, the 

accuracy o f  any incidence rates generated from this data w ould depend on the 

degree o f  com pleteness o f  case identification. W hile it is believed that this 

m ethodology should capture the vast m ajority o f  new  cases o f  diabetes in the 

population in this tim e period, the potential rem ains that incident cases could be 

m issed. In order to estim ate the degree o f  ascertainm ent o f  the hospital based 

case identification, a secondary ascertainm ent source was sought. This 

secondary source o f  data was independent from that o f  the initial data collection. 

This is to ensure that new cases o f  diabetes have an equal probability o f  being in
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the secondary data source w hether or not they were in the prim ary data source. 

A num ber o f  potential secondary sources o f  case ascertainm ent were considered, 

such as: centralised hospital discharge data; diabetes patient associations; insulin 

prescriptions; and centralised governm ental health care support schem es for 

those w ith diabetes.

The centralised governm ent healthcare support schem es for those with diabetes 

was chosen as the m ost appropriate secondary source o f  case ascertainm ent. The 

particular advantages o f  this data source are that its rem it is nationw ide and its 

records are com puterised. The Irish health care system  provides insulin free o f  

charge to all those in the State who require it, independent o f  their means. 

Patients m ay avail o f  free insulin therapy in two ways, they m ay have a long

term  illness card (LTI) or a General M edical Services card (m edical card). The 

General M edical Services schem e or long-term  illness schem e are both 

adm inistered by the General M edical Services (Paym ents) Board. Follow ing 

discussion w ith the General M edical Services (Paym ents) Board they agreed to 

give inform ation from their records o f  the num ber o f  patients that had received a 

long-term  illness card or GM S card for diabetes m ellitus issued for the first time 

in the study period, 1997. Due to ethical considerations o f  patient confidentiality 

the Board did not feel it appropriate that I directly access their records but did 

agree to cross-check the study data with their records.

U sing this governm ent based com puterised data as an independent m ethod o f 

new  case identification, the capture-recapture m ethod could be applied to 

estim ate the true num ber o f  incident cases o f  diabetes in the population. The

56



capture-recapture m ethod requires the use o f  two independent data sources. This 

is a m ethod w idely used for estim ation o f  population size in a closed population 

(Cochi et al, 1989; LaPorte, 1994; International W orking G roup for D isease 

M onitoring and Forecasting, 1995; LaPorte et al, 1993). It is a m ethodology well 

established in the study o f  diabetes incidence.

2.6 Population Data

Population data was derived from  the 1996 census o f  population provided by the 

Central statistics Office (1997). Intercensal estim ates o f  population for 1997 

were also provided by the Central Statistics Office (1999). The intercensal 

estim ates were used in calculations. Population data is displayed in A ppendix IV.

2.7 Data Analysis

The data was analysed using a personal com puter, DELL Pentium  com puter and 

softw are program  SPSS version 8.

2.7.1 Calculation o f  Incidence Rates

D isease incidence is defined as the num ber o f  new cases o f  disease presenting in 

a population at risk in a given tim e period. An incidence rate, or incidence 

density, is calculated by the formula:
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Incidence Rate = num ber o f  new  cases o f  disease in a given tim e 
/D ensity  total person-tim e o f  observation (ie at risk)

(H ennekens and Buring, 1987)

In presenting an incidence rate the tim e period o f  study m ust be stated.

Incidence rates presented for an entire population are sum m ary rates, term ed 

Crude Rates.

C ategory-specific incidence rates are presented for categories o f  the population 

defined by a characteristic such as age, sex or race. Thus, a category specific 

incidence rate o f  disease would be calculated from the num ber o f  new  cases o f 

disease occurring in a particular age group divided by the total num ber in that 

stratum  at risk o f  the disease, in a specified tim e period.

2.7.2 Calculation of Confidence Intervals for Incidence Rates

95%  confidence intervals based on the Poisson distribution were derived for 

incidence data using the software program  STATA. W here:

“given a count k, the expected is k and the standard deviation V k .  ci calculates 

the exact confidence interval [ki_k2\ such that Pr(A' < ki) < a /2  and Pr(/C > ki) < 

a /2 . Solution is by N ew ton’s method. If  k  =0, the calculation o f ki is skipped. 

All values are reported as rates, which are the above num bers divided by total 

exposure” (STA TA  Corp., 1997).



2.7.3 Standardisation of Incidence Rates

It is not valid to com pare crude incidence rates betw een populations, as there are 

differences in the com position o f  each population, particularly differences in age 

and sex. Failure to take account o f  underlying differences in population structure 

w ould lead to erroneous conclusions o f  disease frequency. As a result incidence 

rates m ust be adjusted or standardised, to com pensate for differences in age and 

sex betw een the populations and allow  com parison. The resulting standardised 

rate is an artificial m athem atically constructed figure. Standardisation o f 

incidence rates was perform ed using the direct m ethod o f  standardisation where 

the category-specific  rates, defined above, were applied to the com m on standard 

population which assum es equal num bers in each o f  the age groups 0-4.9, 5-9.9, 

and 10-14.9 years for each sex. The directly standardised rate can be defined by:

W here i represents the age group, r, is the age-specific rate in the study 

population and N, is the standard population in age group z (D aly et al, 1991, pg 

278).

2.7.4 Calculation of Confidence Intervals for standardised rates

95%  confidence intervals were calculated for directly standardised incidence 

rates using the follow ing formula:

•^(adj) ±  1 .9 6  S E  (7?(adj))
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Where: SE (/?(adj)) = V Z N f  r/rij
ZNi

Where n, is the number in the study population on which the age-specific rate (r,)  

is based (Daly et al, 1991, pg 279).

2.7.5 Estimates of the Probability of Ascertainment

The determination o f  completeness o f  ascertainment and estimation o f  the true 

number o f  incident cases in the population was made using the capture-recapture 

method. The estimate o f  the total num ber o f  incident cases o f  IDDM was made 

using the following formula (LaPorte et al, 1993):

N -  ( M + l ) ( n + n  -1
(m+1)

Where N is the total number o f  incident cases o f  diabetes, M is the num ber o f  

cases identified in the primary source (the capture), n is the size o f  the secondary 

source (the recapture) and m is the number o f  cases included in both sources.

'Fhe variance o f  N is estimated by:

Var(N) = ( M +  l ) ( n +  l ) ( M - m )  ( n - m )
( m +  l ) V  + 2)

The 95%  confidence interval for the estimate o f  the total num ber o f  cases is:

95% C.I. = ± 1.96VVar(N)
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The degree o f  com pleteness o f  case ascertainm ent for each source is identified

using the follow ing equations (W H O M ultinational Project for Childhood

D iabetes, D iabetes M o n d ia le -  D IA M O N D , 1991):

Prim ary Source, percentage ascertainm ent = M h- N * 100

Secondary Source, percentage ascertainm ent = n ^  N * 100

Total estim ated ascertainm ent = [M + (n-m)1 * 100
N

2.7.6 Statistical Analysis

Follow ing consultation with the D epartm ent o f  Statistics, Trinity C ollege further 

analysis was perform ed using the statistical techniques o f  the Chi square test and 

probability testing, as calculated from the following equation:

= Z  (Observed -  Expected)^
Expected

The exact Chi square test being used where necessary, that is, w here m ore than 

20%  o f  cells have expected counts less than 5. The student’s t-test and the 

Kursten W allis test was used where appropriate to com pare groups. Log linear 

m odelling was also used.

E dw ard’s (Edward, 1961) and R oger’s (Roger, 1977) tests were applied to assess 

seasonality follow ing discussion and with the assistance o f  Dr. Chris Patterson, 

D epartm ent o f  Epidem iology and Public Health, Q ueen’s U niversity o f  Belfast 

and the Royal V ictoria Hospital.
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CHAPTER THREE 

RESULTS



3. RESULTS

3.1 Incident Cases

The number o f new cases o f diabetes meeting the diagnostic criteria identified in 

the study period was 140. A total o f 103 cases were notified to the Irish 

Paediatric Surveillance Unit (IPSU), o f these 10 were repeat notifications. The 

IPSU response rates are outlined in Appendix III. One report could not be 

confirmed and was excluded from the analysis. In 2 cases diabetes was related to 

cystic fibrosis and these cases were also excluded from the analysis.

A further 37 cases were identified on follow-up questionnaire, these were due to 

initial under-reporting o f cases by Paediatricians participating in the IPSU and by 

contacting Paediatricians who had not returned notifications to the IPSU. A 

further 11 cases were identified from adult physicians, endocrinologists and 

diabetes nurse specialists.

The overall response rate from paediatricians was 98.6% and 71% from adult 

physicians.

3.2 Age Category at Diagnosis

The incident cases were divided into three age categories (see Table 3.1). 27 

cases (19.3%) were in the age range 0 -  4.99 years at diagnosis; 59 (42.1%) were 

aged between 5 and 9.99 years; and 54 (38.6%) were in the age category 10 -
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14.99 years. There was a significant difference in the age category at diagnosis, 

with a lower number o f cases than expected diagnosed in the 0 -  4.99 year age 

category 12.7; d f 2; p = 0.002).

Table 3.1 Age Category at Diagnosis

Age Category Num ber of Cases Percentage

0 - 4.99 years 27 19.3%

5 - 9 .9 9  years 59 42.1%

10 -  14.99 years 54 38.6%

Total under 15 years 140 100.0%

3.3 Sex

Overall 73 (52.1%) cases were male and 67 (47.9%) female. The male to female 

ratio o f cases was 1.09; 1. The ratio of males to females in the general population 

under the age o f 15 years was 1.06:1. There was a slight excess o f male cases 

but this did not reach statistical significance.

In the three age categories 0-4.99, 5 -  9.99 and 10 -  14.99 years: 12 (44.4%) 

cases were male and 15 (55.6%) female; 29 (49%) were male and 30 (50.8%) 

female; and 32 (59.25%) were male and 22 (40.7%) female, respectively.
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Table 3.2 Sex by Age Category

A ge C ategory M ale

Sex

Fem ale T otal

0 - 4 . 9 9  years 12 15 27

5 - 9 . 9 9  years 29 30 59

10 -  14.99 years 32 22 54

73 67 140

3.4 Incidence Rates

The overall crude incidence rate o f diabetes in those aged under 15 years, in 

1997, was calculated at 16.6 per 100,000 per year (95% confidence interval 13.9 

-  19.5).

The overall incidence rate for males aged less than 15 years was 16.8 per

100.000 per year (95% confidence interval 13.2 -  21.1).

The overall incidence rate for females aged less than 15 years was 16.3 per

100.000 per year (95% confidence interval 12.6 -  20.7).

3.4.1 Category Specific Incidence Rates

Age-specific rates

The age-specific incidence rate for those aged 0-4.99 years, was calculated at

10.8 per 100,000 per year (95% confidence interval 7.1 -  15.7).
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The age-specific incidence rate for those aged 5 -  9.99 years, was 21.3 per

100.000 per year (95% confidence interval 16.2 -  27.4).

The age-specific incidence rate for those aged 10 -  14.99 years was 17.0 per

100.000 per year (95% confidence interval 12.8 -  22.2).

Age and Sex- specific incidence rates

The incidence rate for males aged 0-4.99 years, was calculated at 9.3 per 100,000 

per year (95% confidence interval 4.8 -  16.3). The incidence rate for females 

aged 0-4.99 years, was calculated at 12.4 per 100,000 per year (95% confidence 

interval 6.9 -  20.4).

The incidence rate for males aged 5 - 9.99 years was calculated at 20.4 per

100.000 per year (95% confidence interval 13.7 -  29.3). The incidence rate for 

females, aged 5 - 9.99 years, was calculated at 22.1 per 100,000 per year (95%> 

confidence interval 14.9 -  31.6).

The incidence rate for males aged 10 - 14.99 years was calculated at 19.6 per

100.000 per year (95% confidence interval 13.4 -  27.7). The incidence rate for 

females aged 10 - 14.99 years was calculated at 14.2 per 100,000 per year (95%) 

confidence interval 8.9 -  21.6).
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Table 3.3 Crude and Category Specific Incidence Rates

Age

Category

Male 

Rate* (95% CL)

Female 

Rate* (95% CL)

Total male and female 

Rate* (95% CL)

0 -  4.99 years 9.3 ( 4 .8 , 16.3 ) 12.4 ( 6 .9 , 2 0 .4 ) 10.8 ( 7 . 1, 15 .7 )

5 -  9.99 years 20 .4  ( 13.7 , 2 9 .3 ) 22.1 ( 14.9 , 3 1 .6 ) 21.3 ( 16.2 , 2 7 .4 )

10 -  14.99 years 19.6 ( 13.4 , 2 7 .7 ) 14.2 ( 8 .9 , 2 1 .6 ) 17.0 ( 12.8 , 2 2 .2 )

Total 0 -1 4 .9 9  
years

16.8 ( 13.2 , 2 1 . 1) 16.3 ( 12.6 , 2 0 .7 ) 16.6 (13.9, 19.5)

*  num ber o f  cases per 100,000 per year, C L  = confidence lim its

3.4.2 Standardised Incidence Rates

Standardised incidence rates were calculated using the direct m ethod o f  

standardisation, applying the above category-specific rates to the com m on 

standard population, which assum es equal num bers in the three age categories 

for each sex. The standardised incidence rate for those aged less than 15 years 

was 16.3 per 100,000 (95%  confidence interval 14.2 -  18.5). The standardised 

rate for m ales under 15 years was 16.4 per 100,000 per year (95%  confidence 

interval is 13.5 -  19.4) and for fem ales under 15 years was 16.2 per 100,000 per 

year (95%  confidence interval is 13.2 -  19.3).

3.5 Estimate of Ascertainment

The secondary source o f  case ascertainm ent yielded 153 cases. O f these cases 

101 cases were com m on to both the prim ary and secondary source. Using the 

capture-recapture form ula shown in Chapter 2, the estim ate o f  the total num ber
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o f cases o f diabetes is 211.9(N). The variance o f N is 41.1 and 95% confidence 

interval o f 199.3- 224.4.

The estimated ascertainment is thus: 66% for the primary source; 72.2% for the 

secondary source; and 90.6% for both sources combined. However, there is 

concern regarding the accuracy o f the data in the second source. The particular 

concern relates to the reliability o f coding for diabetes in the second source. If 

non-diabetic cases are included in the numbers reported from the secondary 

source an overestimate o f the total number with diabetes results (see Chapter 4, 

section 4.6).

3.6 Age of Onset

The overall mean age o f onset was 8.7 years, standard deviation 3.7 years, and 

range o f 13.8 years, from 1.09 to 14.89 years. Figure 3.1, below shows the age 

o f onset in years, the data has been rounded for presentation.

Figure 3.1 Age at diagnosis in years - males and females
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The mean age o f onset for females was 8.2 years, standard deviation 3.6 years 

and range o f 1.09 to 14.81 years. The number o f cases diagnosed in girls 

generally rose through childhood to a small peak at 5 years, then declined and 

reached a maximum peak at 8 years and then declined with a second smaller 

peak at 14 years (see figure 3.2).

Figure 3.2 Age o f  Onset o f  Diabetes -  Females only

The mean age o f onset for males was 9.2 years, standard deviation 3.8 years, and 

range o f 1.28 to 14.89 years. In boys the peak onset was at ages 9, 10, 13 and 14 

years, with smaller peaks at ages 3 and 6 years (see figure 3.3 below).

Figure 3.3 Age o f  Onset o f  Diabetes -  Males only
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There was no significant difference in the age o f diagnosis o f diabetes in boys or 

girls (t-test 1.6; d f 138; p=0.106).

male

Figure 3.4 Boxplot o f  Age at Diagnosis by Sex

3.7 Age clustering

Frequency o f Cases by Year o f Birth

O f the new cases o f diabetes diagnosed in 1997, 19 cases or 13.6% were born in 

1987 and 12.9% were born in 1989. In other years the range was from 1.4 to 

9.3% o f cases (see Figure 3.4). The number o f cases was too small to 

demonstrate significant clustering by year o f birth.
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Figure 3.5 Cases o f Diabetes by Year o f  Birth

Frequency o f Cases by Month o f Birth

The most frequent months o f birth were July (14.3%), December (12.1%), June 

(11.4%) and October (10%). The least frequent month o f birth was November 

(4.3%). There was no significant difference when analysed by month o f birth 

(x^= 18.2; df 11; p = 0.076).
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Figure J. 6 Frequency o f cases by month o f  birth

When analysed by month and year o f birth the number o f cases was too small to 

demonstrate clustering o f cases.
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3.8 Season of Onset of Diabetes

The majority o f cases were diagnosed in autumn (45 cases or 32.1%). There 

were 35 cases (25%o) in Winter, 32 cases (22.9%) in Summer and 28 cases (20%) 

diagnosed in Spring.

Table 3.4 Season of Onset of Diabetes

Season Num ber o f Cases Percentage
Spring 28 20%

Summer 32 22.9%
Autumn 45 32.1%
Winter 35 25%
Total 140 100%

Figure 3.7 shows the season o f onset o f diabetes in the total study population.

spring summer autumn winter

season at diagnosis

Figure 3. 7  Season at Diagnosis o f  Diabetes

When analysed by sex, 45.2% of male cases (33) were diagnosed in Autumn and 

24.6%) (18) in Winter. The lowest number o f cases for males were diagnosed in
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Summer and Spring, at 13.7% (10) and 16.4% (12) respectively. In females, the 

highest number o f cases were diagnosed in Summer at 32.8% (22). The 

remaining cases were diagnosed in Winter (17), Spring (16) and Autumn (12) 

accounting for 25.4%, 23.9% and 17.9%> respectively.

Table 3.5 Season of Onset of Diabetes by Sex

S ex Spring Sum m er Autum n Winter Total
M ale 12 10 33 18 73
Fem ale 16 22 12 17 67

28 32 45 35 140

Season at Diagnosis
40 ------------------------------------------------------------------

I I female

spring summer autumn winter

season at diagnosis

Figure 3.8 Season at Diagnosis by sex

When analysed by age category, the most frequent season o f diagnosis in the 10- 

14.99 year age category was autumn (23) accounting for 42.6% o f cases, with 

18.5%), 18.5% and 20.4% in the remaining three seasons (see table 3.6 page 73 ).
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W inter was the most frequent season o f diagnosis in the 5-9.99 year age category 

with 33.9% o f diagnoses. The remaining cases were equally distributed among 

the three other seasons.

In the 0-4.99 year age category, Summer (9) and Autumn (9) were the most 

frequent seasons o f diagnosis, each accounting for 33.3% of cases. The lowest 

number o f cases were diagnosed in Spring (4) at 14.8% and 18.5% in W inter (5).

Season at Diagnosis
30

20

age category
10

^ ■ O  - 4.99 y ea 's  

[ 15 - 9 99  years

^ | 1 0 -  14.99 years0
spring sum m er autumn winter

season at d iagnosis

F igure 3 .9  Season  at diagnosis by age category

Table 3.6 Season o f Onset o f  Diabetes by Sex and Age Category

Age
Category

Spring Su mm er Autumn Winter Total

0 - 4.99 4 9 9 5 27
male 1 2 6 3 12
female ‘1

J 7 3 2 15
5 - 9.99 13 13 13 20 59
male 5 5 10 9 29
fem ale 8 8 J 11 30
10 - 14.99 11 10 23 10 54
male 6 J 17 6 32
female 5 7 6 4 22

28 32 45 35 140

When examined by age category and sex, a seasonal effect appears more marked

for the older age group and particularly for males.

73



3.9 Month of Diagnosis

The highest num ber o f  cases was diagnosed in October, w ith 20 new cases or 

14.3% o f  the total cases presenting in this month. The low est num ber o f new 

cases diagnosed in a m onth, was 5 cases (3.6% ) recorded in April.

Figure 3.10

In m ales, the highest num ber o f cases were diagnosed in O ctober (17.8% ) and 

A ugust (16.4%)). There were no new cases diagnosed in boys in April and low 

num bers in both, May (4.1% ) and June { 2 .1% ) .  In fem ales, the highest num ber 

o f  new  cases were recorded in June (17.9% ) and the low est num bers in 

September(3%))

Figure 3. 11

Frequency o f  cases by month o f diagnosis -m ale and female

74
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The number o f new cases presenting per month for each sex and the sexes 

combined are shown in Table 3.7.

Table 3. 7 Month o f diagnosis o f Diabetes by sex

M onth
o f

D iagnosis

Total  
N u m b er  o f  Cases  

(% )
Males Females

January 13(9.3%) 6(8.2% ) 7(10,4%)
February 9 (6.4%) 5(6.8% ) 4(6% )

March 14(10%) 7(9.6% ) 7(10,4% )
April 5(3.6% ) 0 5(7,5% )
May 7(5%) 3(4.1% ) 4(6,0% )
June 14(10%) 2 (2,7%) 12(17.9%)
July 11(7.9%) 5(6.8%) 6(9,0% )

August 15(10.7%) 12(16.4%) 3(4,5% )
September 10(7.1%) 8(11%) 2(3,0% )

October 20(14.3% ) 13(17,8%) 7(10,4%)
Novem ber 11(7.9%) 6(8.2% ) 5(7,5% )
December 11(7.9%) 6(8,2% ) 5(7.5%)

Total 140(100% ) 73(100%) 67(100% )

Analysis o f month o f diagnosis by age category

The monthly pattern o f diabetes onset yaried among the three age categories: 

0-4.99; 5-9.99; and 10-14.99 years.

12
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8

6

age category
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2

0

Oro O,

month of diagnosis

Figure 3.12 Month o f diagnosis o f  diabetes by age category
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In those aged under 5 years the most frequent months o f diagnosis were July (5 

cases) and October (5 cases), 37% of total cases in this age group were diagnosed 

in these two months. In the remaining 10 months 1-2 cases were diagnosed each 

month.

female

V \  \  % V V % \  \
\  ^  \  \  V V

month of diagnosis

Figure 3.13 Month o f diagnosis in the age category 0-4.99, male and fem ale

In those aged 5 -  9.99 years at diagnosis 28.8% of the total cases were diagnosed 

in January (Scases 13.5%) and March (9 cases 15.2%>). The lowest number o f 

cases in this age category were diagnosed in February (1 case, 1.7%).

gender

f em al i

month of diagnosis

Figure 3.14 Month o f diagnosis in the age category 5-9.99, male and fem ale
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In the age category 10 -  14.99 years, the highest number o f cases were diagnosed 

in October (11), with 20% of the total cases recorded in this month. The lowest 

number o f cases were noted in the months o f April and July, with a single case 

(1.9%) being notified in each o f these months.
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m a l e  

□  f e m a l e  I
'CU

month o f  d ia g n o s is

Figure 3.15 Month o f  diagnosis in the age category 10-14.99, male and fem ale

Table 3.8 Number of Cases diagnosed by month and age category

Month Total No. o f  Cases Total Number of  Cases Total Number of  Cases
(%) 0-4.99 years (%) 5-9.99 (%) 10-14.99
M ale Fem ale Tota l M ale F em ale Total M ale F em ale Tota l

January 0 2 2 4 4 8 2 1 3
(7 .4% ) (13 .6% ) (5 .5% )

February 1 1 2 1 0 1 3 3 6
(7 .4% ) (1 .7% ) (11 .1% )

M arch 0 1 1 4 5 9 3 1 4
(3 .7% ) (15 .2% ) (7 .4% )

April 0 1 1 0 3 3 0 1 1
(3 .7% ) (5 .1% ) (1 .8% )

M ay 1 1 2 1 1 2 1 2 3
(7 .4% ) (3 .4% ) (5 .5%)

June 0 2 2 1 5 6 1 5 6
(7 .4% ) (10 .2% ) (11 .1% )

July 1 4 5 3 2 5 1 0 1
(18 .5% ) (8 .5% ) (1 .8% )

A ugus t 2 0 2 5 1 6 5 2 7
(7 .4% ) (10 .2% ) (13% )

S ep tem b er 1 1 2 3 0 3 4 1 5
(7 .4% ) (5 .1% ) (9 .3% )

O c to b e r 3 2 5 2 2 4 8 3 11
(18 .5% ) (8 .0% ) (20 .4% )

N o v e m b e r 1 0 1 3 2 5 2 3 5
(3 .7% ) (8 .5% ) (9 .3% )

D e c e m b e r 2 0 2 2 5 7 2 0 2
(7 .4% ) (11 .9% ) (3 .7% )

1‘otal 12 15 27 29 30 59 32 22 54
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3.10 Seasonality

Log linear analysis was employed to investigate the following effects of age, sex 

and season of onset of diabetes. The results suggested that the following effects 

were important: age; sex; and sex by season. This means that there is evidence 

to suggest that the numbers in different age categories and the pattern over 

seasons is different for each sex. However, this is a crude analysis of association 

between variables.

The standard Chi-square Test does not have sufficient power to assess seasonal 

variation. Assessment of seasonality was made using the Edwards (1961) and 

Roger test (1977). Roger’s test provides a Chi-square statistic on 2 degrees of 

freedom, it is more reliable than Edward’s test in small samples. The method 

assumed a sinusoidal pattern over the twelve months of the year with a peak and 

nadir 6 months apart. This method also provides estimates of the timing of the

peak and the relative amplitude of the seasonal component. Neither Edward’s

2 2 nor Roger’s test achieved statistical significance (x = 4.16;df=2;p=0.12 and %

=3.65;df=2; p=0.16 respectively). However, there was a fitted peak in October

with an amplitude of 24.4%(see figure 3.16). The small numbers in the study did

not permit analysis by age category with these tests.
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Figure 3.16 Ratio o f  Observed to expected cases o f  diabetes by month o f  diagnosis 

3.11 Infant Diet

Data is lim ited regarding infant diet as these questions were poorly answered. 

Health professionals not fam ilies com pleted the questionnaires and the required 

inform ation regarding feeding was often not available. D irect contact with 

patients and their fam ilies was not perm itted. The data available is presented in 

sections 3.11.1 -  3.11.4, however, no useful conclusion can be draw n from such 

small returns.

3.11.1 Method o f  Feeding

Inform ation regarding breast-feeding was available on 22.1% . 7 cases were

breast fed or 22.6% . 24 cases were bottle fed from birth (77.4%>). The m axim um  

num ber o f  cases breast fed by year o f  birth in any one year was 2 cases in 1988.

Inform ation was available on the duration o f exclusive breast-feeding for 6 o f the 

7 breast-fed cases, which ranged from 3 weeks (2 cases) to 6 m onths (2 cases). 

A further two children were breast fed in infancy for one m onth and six weeks 

respectively. The m ean duration o f  breast-feeding was 2.7 m onths.
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3.11.2 Age o f  Introduction o f  C ow ’s Milk

Information was available regarding the age o f introduction o f cow ’s milk in 

10% or 14 cases. The earliest age at which cow’s milk was introduced was 6 

months (3 cases). In the remainder o f cases the ages were; 11 (2 cases); 12 (5 

cases); 14 (1 case); 15 (1 case) and 18 (2 cases) months. The mean age at which 

cow ’s milk was introduced was 11.8 months.

Table 3.9 Age o f  Introduction o f Cow’s Milk

A g e  in M o n t h s F r e q u e n c y P e r c e n t
6 3 2 1 . 4 %
11 2 14.3%
12 5 3 5 . 7%
14 1 7. 1%
15 1 7. 1%
18 2 14.3%

Total 14 100,0%

3.11.3 Age o f  Introduction of Solid Foods

Data is available regarding the time o f weaning to solid food on 12.1% (17 

cases). The time at which solid foods were introduced ranged from 7 weeks to 7 

months, the mean age was 4.3 months.

Table 3.10 Age o f introduction o f  solid foods

A g e  in M o n t h s F r e q u e n c y P er c e n t

1.75 1 5 ,9%
3. 00 4 2 3 , 5 %
3. 50 1 5,9%
4 , 0 0 5 2 9 . 4%
5,00 1 5.9%
6. 00 2 11.8%
7. 00 2 11.8%
Total 17 100.0%
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3.11.4 Age of Introduction o f Fruit Juice and Sugar to the Diet

Data was available about the age o f introduction of fruit juices and sugar to the 

diet in only 5.7% (8 cases). Fruit juices were introduced to the diet from 7 weeks 

to 30 months, the mean age being 7.6 months. Sugar was added to the diet from 

3.5 to 18 months. The mean age of the addition o f sugar was 9.4 months. In one 

child sugar and fruit juices were never included in the diet.

T able 3.11 Age o f  Introduction o f Fruit Juice

Age in M onths Frequency Percent

never 1 12.5%
1.75 1 12.5%
2.00 1 12.5%
4.00 1 12.5%
5.00 1 12.5%
6.00 1 12.5%
12.00 1 12.5%
30.00 1 12,5%
Total 8 100.0%

Table 3.12

3.12 Family

Information regarding family history o f diabetes was available for 117 (83.6%) 

o f the total 140 cases. 2 patients (1.4%>) were adopted and so family history was 

unknown. In one case the type o f diabetes was not stated, that is, whether it was

Age o f  Introduction o f Added Sugar

Age in M onths Frequency Percent
never 1 12.5%
3.5 1 12.5%
6.0 1 12.5%
12.0 4 50 .0%
18.0 1 12.5%
Total 8 100.0%

History o f  Diabetes



insulin- or non-insulin-dependent diabetes. In 3 cases (2.1% ) it was not possible 

to establish the relationship o f  the affected fam ily m em ber to the proband.

unknown-adopted

IDDM and NIDDM

yes IDDM

none yes NIDDM

Figure 3.17 Family history o f  diabetes

47%  or 56 cases had a fam ily history o f  diabetes.

Table 3.13 Family history o f  diabetes

Family History o f  
Diabetes

Male Fem ale Total

IDDM 15 18 33
N ID D M 8 8 16
IDDM & NIDD M 1 3 4
None 37 24 61
Type not stated 1 2 3
Unknown- adopted 2 0 2
Total 64 55 119

31.6%  cases (37) had a positive fam ily history o f  insulin-dependent diabetes in 

either a first or second degree relative and 64.7% (n=77) had not.
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88.4%  (n=99) o f  patients had no fam ily history o f  diabetes in a first degree 

relative. A positive fam ily history o f  type 1 (insulin-dependent) diabetes in a 

first degree relative was found in 11.6% (13 cases). The 1̂ ' degree relative with 

insulin-dependent diabetes was: a sibling in 6 cases (46.1% ); the ch ild ’s father in 

5 cases (38.5% ); and the m other in 2 cases (15.4%). In 6.2%  o f  cases a parent 

had type 1 (insulin-dependent) diabetes.

1 1 . 6 %

'

Figure 3.18 Family history o f  insulin-dependent diabetes in a f  degree relative

21 patients (17.6% ) had a positive fam ily history o f  insulin-dependent diabetes in 

a 2"‘* degree relative. The second degree relative with insulin-dependent diabetes 

was: an uncle; an aunt; a cousin; a grandparent.
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yes

1 7 . 6 %

Figure 3.19 Family history o f  insulin-dependent diabetes in a 2’"' degree relative

There was no significant difference betw een those who had a positive fam ily 

history o f  insulin dependent diabetes in a first degree relative and the age 

category at diagnosis (x =2.9;df=2; p = 0.226).

Table 3.14 Family history o f  insulin-dependent diabetes in a 1̂ ' degree 
relative by age category at diagnosis

Family H istory IDDM in 
1*‘ Degree Relative

Yes No Total

0-4.99 years 5 20 25
5-10 years 3 43 46
10-15 years 5 36 41

13 99 112

N o difference was found betw een m ales and fem ales in the occurrence o f  a

2
positive fam ily history o f insulin dependent diabetes (x =5.7; df=5; p=0.358).

Table 3.15 Family history o f  insulin-dependent diabetes in a f  or 2'"' degree 
relative by sex

Family H istory  of 
IDDM

Sex
Male Female Total

1̂ ' degree relative Yes 5 8 13
2"'* degree relative Yes 9 12 21

degree relative No 53 46 99
2"‘* degree relative No 50 40 90
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17.1% (20 cases) had a family history o f type 2, non-insulin-dependent diabetes. 

In 4 cases there was also a family history o f type 1 diabetes. In 13 cases (65%) a 

grandparent had type 2 diabetes, in 4 cases (20%>) an uncle, in 2 case (10%) an 

aunt and in 1 case (5%>) there was a family history o f type 2 diabetes in both 

grandparents, an uncle and an aunt.

3.13 Birth Order

Information regarding birth order was available on 85/140 (60.7%). O f those on 

whom data is available 38.8%o o f cases were firstborn children, the remainder 

were 2"‘‘ (30.6%); 3̂ ‘̂ (17.6%); 4'” (7.1%); and 6‘” (5.9%) born children 

respectively.

Table 3.16 Birth O rder an d  A g e  C ategory at D iagnosis

Age Category at
Diagnosis
(years)

Birth Order

1st 2nd 3rd 4th 6th total
0-4.99 8 7 3 2 3 23
5-9.99 19 12 5 1 0 37

10-14.99 6 7 7 3 2 25
Total 33 26 15 6 5 85

There was no significant difference between birth order and age category at 

diagnosis (x =11-57; df=8; p=0.169). There was no significant difference 

between birth order and sex (x =3.64; df=4; p=0.471). There was no significant 

difference between being firstborn or second-born (x^=0.831; d f= I; p=0.362).



3.14 Family Size

Data regarding the number o f occupants in the home was available on 101 o f the 

total 140 (72%) cases. The number o f occupants in the home ranged from 3 to 9 

with a median o f 5. The mean number o f occupants was 4.91. A third had (33 

cases) 4 occupants in the home, 31% cases had 5 occupants (n=31) and 

25%(n=25) o f  cases had 6 or more occupants in the home.

There was a significant association between the age category at diagnosis and the

■y
number o f occupants in the home (x =23.4; d f 12; p = 0.009). There was a 

significant association (x =11.33; d f 2; p = 0.003) between age category at 

diagnosis and less than five occupants in the home.

3.15 Num ber o f  Siblings

Information is available regarding the number of siblings for 99 o f the 140 cases 

(71%). The number o f siblings varied from none to six. 61.6% had 1 or 2 

siblings (see table 3.17).

Table 3.17 Number o f Siblings

N u m b e r  o f  S ib l i ngs F r e q u e n c y P er c e n t

0 10 10.1%
1 33 3 3. 3%
2 28 2 8 . 3 %
3 13 13.1%
4 7 7.1%
5 7 7.1%
6 1 1.0%

Total 9 9 100.0%
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3.16 Presenting Clinical History

Inform ation is available regarding presenting sym ptom s on 111 o f  the total 140 

cases (79.3% ), displayed in table 3.17. O f those who responded 93.7%  reported 

polyuria and polydipsia (74.3%  o f  total), 2.1%  reported polyuria alone and 2.9%  

reported no polyuria/polydipsia. W eight loss was reported to have occurred in 

40.7% . Eneuresis was reported to have occurred in 14.3% o f  total replies and 

nocturia in 5 %. O ther sym ptom s reported include lethargy (14.3% ), vom iting 

(5 %),  anorexia (2.1% ), abdominal pain (2.1%>), recurrent infections(2.1% ), 

vulval pruritus or candida(2.1% ), increased appetite(l .4%), constipation (1.4% ), 

headache, “strong smell from the nappies”, fam ily blood glucose check, 

generalised pruritus all 0.7%. The diagnosis was reported as an incidental 

finding in 2 cases (1.4%).

T able 3.18 Presenting Symptoms

Presenting Symptom Frequency Percent Replies Percent of Total

Polyuria/polydipsia 104 93 .7% 74 .3%
Polyuria 3 2 .7% 2.1
Eneuresis 20 37.7 14.3
N octuria 7 13.2 5.0
Dysuria 1 1.9 0,7
W eigh t loss 57 65.5 40.7
Lethargy 20 40.8 14.3
V om iting 7 14.3 5.0
Recurrent infections 3 6.1 2.1
Vulva! pruritus /candida 3 6.1 2.1
A norex ia 3 6.1 2.1
A bdom ina l pain -5 6.1 2,1
Blurr ing  o f  vision J 6.1 1.4
Increased appetite 2 4.1 1,4
C onstipation 2 4.1 1,4
Incidental 2 4.1 1.4
Pruritus 1 2.0 0.7
H eadache 1 2.0 0.7
Strong smell from nappies 1 2.0 0.7
Family bg check 1 2.0 0 .7 %
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3.16.1 Presenting Symptoms by Age Category

In those aged 0 -  4.99 years, data is available regarding sym ptom s on 25 cases 

(93% ). The m ost frequent sym ptom s were: polyuria and polydipsia in 21 cases 

(77.8%) total age category); polyuria alone in 2 cases (7.4%>) and w eight loss in 9 

cases (33.3% ). Eneuresis was reported in 5 cases (18.5% ) and nocturia in 1 case 

(3.7% ).

O ther sym ptom s reported included vom iting was reported in 4 cases (14.8%>), 

constipation in 2 cases (7.4%o) and lethargy, recurrent infections, anorexia, and a 

“strong sm ell” from the nappies in 1 case respectively (3.7%  total age category).

In the age category 5 -9 .9 9  years, data is available regarding sym ptom s on 46 

cases (78% ). The m ost frequent sym ptom s reported were: polyuria and 

polydipsia in 43 cases (72.9%  total age category), polyuria alone in 1 case 

(1.7% ) and w eight loss in 23 cases (39%). Additional urinary sym ptom s were 

reported including eneuresis in 14 cases (23.7% ), nocturia in 3 cases (5.1% ) and 

dysuria in 1 case (1.7% ). O ther com plaints include lethargy in 10 cases (16.9% ), 

vulval pruritus or Candida in 2 cases (3.4%>), increased appetite in 2 cases (3.4% ), 

abdom inal pain in 2 cases (3.4% ), vom iting in 1 case (1.7% ), pruritus in 1 case 

(1.7%)) and recurrent infections in 1 case (1.7%). In one case the diagnosis was 

suggested by a fam ily blood glucose (1.7% ) and in 2 cases the diagnosis was 

incidental (3.4%).



In those aged 10 -  14.99 years, data is available regarding symptoms on 40/54  

cases (74.1%). The most frequent presenting symptoms were polyuria and 

polydipsia in 40 cases (74.1%) total age category), weight loss in 25 cases 

(46.3%)), and lethargy in 9 cases (16.7%o). Additional urinary symptoms included 

eneuresis in 1 case (1.9%o) and nocturia in 3 cases (5.6%). Other symptoms 

reported were blurred vision in 3 cases (5.6%), vomiting in 2 cases (3.7%>), 

anorexia in 2 cases (3.7%), vulval pruritus and Candida in 1 case (1.9%)), 

abdominal pain in 1 case (1.9%), recurrent infections in 1 case (1.9%) and 

headache in 1 case (1.9%).

3.16.2 Diabetic K etoacidosis at Presentation

The definition o f diabetic ketoacidosis used was: blood glucose > 15 mmol, 

urinary ketones +2, pH < 7.2, HCO3’ < 15 mmol and clinical symptoms. 26 

cases (18.6%) o f total) were reported to be in DKA at presentation, 70 cases 

(50%) were not in DKA and a further 6% were treated as DKA but did not fulfil 

the above criteria. Data is not available on the remaining 35 cases (25%)).

In those aged 0 -  4.99 years, 6 cases (25%o) were in DKA at presentation. A 

further 2 cases (8.3%) were treated as having DKA but did not fulfil the criteria. 

16 cases (66.7%) were confirmed not to have DKA at presentation. Data is not 

available on the remaining 3 cases (11.1%) o f the total age category).

In those aged 5.99 -  10 years, 12 cases (27.3%) were in DKA at presentation. A 

further 3 cases (6 .8%) were treated as having DKA but did not fulfil the criteria.
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28 cases (63.6%) were confirmed not to have DKA at presentation. Data is not 

available on the remaining 16 cases (27.2% o f the total age category).

In those aged 10 -  14.99 years, 8 cases (21.1%) were in DKA at presentation. A 

further 4 cases (10.5%) were treated as having DKA but did not fulfil the criteria. 

26 cases (68.4%) were confirmed not to have DKA at presentation. Data is not 

available on the remaining 16 cases (29.6% of the total age category).

There was no significant association between the age category at diagnosis and 

presentation in severe diabetic ketoacidosis (x =0.7; df=4; p =0.949).

3.16.3 Duration of Symptoms

Information available on 112(80%) o f the total 140 cases. The median duration 

o f symptoms was 14 days. The inter-quartile range was 15 days. The mean 

duration o f symptoms was 18.24 days with a range o f 0- 180 days.

When analysed by age category at diagnosis, those aged 0-4.99 years had a 

median duration o f symptoms o f 7 days, the inter-quartile range was 10.5 days 

and mean duration o f symptoms was 9.7 days, range l-35days. Those aged 5- 

9.99 years had a median duration o f symptoms o f 14 days. The inter-quartile 

range was 14 days, the mean duration o f symptoms 20.0 days and the range 0- 

180 days. Those aged 10-14.99 years, had a median duration o f symptoms o f 14 

days. The inter-quartile range was 24.3 days, the mean duration o f symptoms 

was 21.7 days with a range o f 2-120days.
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There was a significant difference in the duration o f symptoms when analysed by 

age category (The Kruskal-Wallis Chi-square=7.67;df=2;p=0.022). The 

duration o f symptoms was shortest in the youngest age category.
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Figure 3.20 Boxplot Duration o f symptoms by age category
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CHAPTER FOUR 

DISCUSSION



4 . DISC U SSIO N

4.1 Introduction

Insulin dependent diabetes mellitus is a common chronic disease o f  childhood. It 

is a condition associated with significant morbidity and premature mortality. It is 

a condition which consumes a significant proportion o f healthcare resources. 

The results o f the Diabetes Control and Complications Trial (1993) shows that 

good glycaemic control o f diabetes reduces the occurrence o f long term 

complications. As a result health care providers require accurate information 

regarding the frequency o f this disease in their population so that they can plan 

and provide appropriate services to those with diabetes. These services should 

aim to maximise quality of life and reduce the occurrence o f disease related 

complications. The societal costs o f diabetes extend beyond the economic 

burden to the healthcare sector. The complications o f diabetes result in reduced 

quality o f life, often an inability to work and live independently thereby placing a 

further economic burden on the Exchequer. The ability to plan appropriate 

services depends on the availability o f accurate information regarding the 

occurrence o f disease in a population. To date no accurate information has been 

available regarding the frequency o f this disease in the Irish population. This 

study sought to provide this information and has been met with enthusiasm by 

the health policy planners in the Irish Department o f Health and Children.
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4,2 Source of Incident Cases

In this study, the majority o f new cases of diabetes were reported by 

Paediatricians. This reflects the referral patterns in this age group and would be 

anticipated. A good response was received from the initial survey through the 

Irish Paediatric Surveillance Unit (IPSU), the IPSU response rates are outlined in 

Appendix III. Further follow-up o f non-responders by letter and telephone 

yielded a further 37 cases. O f the 142 cases initially identified two cases had 

cystic fibrosis as a primary condition and so these cases were excluded from, the 

analysis. One report could not be confirmed despite exhaustive attempts and was 

excluded from the analysis.

All but one Irish Paediatrician provided data to this study, reflecting a 98.6% 

response rate. All hospitals in the State were contacted to ensure no cases had 

been missed. The response rate from individual physicians was 71%. A further 

11 cases were identified from adult physicians, endocrinologists and diabetes 

nurse specialists.

4.3 Age Category at Diagnosis

There was a significant difference in the age category at diagnosis, with a lower 

number o f cases than expected diagnosed in the 0 -  4.99 year age category. 

Green et al, 1992 also found the incidence rates in this age group to be the lowest 

in most areas o f Europe, as did Patterson et al (2000) in a more recent study o f 

44 centres in Europe by the EURODIAB ACE study group. This study showed
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the highest incidence in the 10-14 year age group but noted the highest rate o f  

increase in those aged 0-4 years at 6.3%. In Ireland, the highest number o f  cases 

was diagnosed between 5 and 9.99 years. This is similar to the experience in 

Italy ( C h e ru b in i  et a l,  1994).  H o w e v e r ,  th is  d i f f e r s  f ro m  the  

e x p e r ie n c e  in m o s t  a rea s  o f  E u ro p e  w h e re  the  p eak  has  a p p e a re d  in 

the  10 -14  age  g ro u p  (G re e n  et a l, 1992).

4.4 Sex

There was a slight excess o f  male cases overall but this did not reach statistical 

significance, as in most other studies. The male to female ratio of cases was 

1.09:1. The ratio of males to females in the general population under the age o f  

15 years was 1.06:1. This is in keeping with the results from other studies 

where areas of high incidence o f  diabetes tend to show a slight male 

preponderance, which often does not reach statistical significance. This male 

excess has been demonstrated in Finland, Sardinia, Norway (Green et al, 1992) 

and the British Isles (Bloom et al, 1975). In the study by J o n e r  et al (1 9 8 1 ) ,  

th e re  w as  a s ig n i f i c a n t ly  h ig h e r  in c id e n c e  n o te d  in N o rw e ig a n  

m a le s .

When examined by age category there was a slight female excess o f  cases in the 

two younger age categories but a male excess in the 1 0 - 1 4  year age group. 

Bloom et al (1975), in the British Isles showed a s l ig h t  m a le  e x c e ss  in the  

age  g ro u p s  0 -4 and  1 1 - 1 5  y e a rs ,  and  a fe m a le  e x c e ss  from  5-10
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y e a rs . Rewers et al (1988), suggests that diabetes often shows a slight male 

preponderance in Caucasians as demonstrated in this study.

In contrast, areas o f low diabetes incidence often have a slight female excess. 

This has been shown in studies from Romania, Israel, and Poland (Green et al, 

1992), Hungary, Lithuania, Latvia and Japan (S o lte s z  et a l, 1 9 9 2 ).

4.5 Incidence Rates

The overall crude incidence rate o f diabetes, in Ireland, in those aged under 15 

years in 1997 was calculated at 16.6 per 100,000 per year (95% confidence 

interval 13.7 -  19.2). This suggests that Ireland has a high incidence o f diabetes 

and not a low incidence as previously reported (Bloom et al, 1975), (Metcalfe 

and Baum, 1991). This is the first study on the incidence o f diabetes in Ireland 

performed in Ireland. Two previous studies performed in the British Isles have 

included Irish data. The study by Bloom et al (1972), suggested a lower 

incidence o f diabetes in Ireland when compared to the rest o f the British Isles. 

They reported an incidence rate o f 7.67 per 100,000 for the British Isles but only 

reported 51 cases from Ireland equivalent to 4.43 notification per 100,000. No 

measure o f ascertainment was provided in this study and the apparent low 

incidence in Ireland was probably due to under-reporting o f cases. The study by 

Metcalfe and Baum (1991), in children under 15 years in the British Isles during 

1988, reported an overall incidence rate o f 13.5 per 100,000 per year (95% Cl 

12.9- 14.2). This study also reported a low incidence rate for Ireland at 6.8 per
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100.000 per year but again no measure o f case ascertainment was provided in 

this study for Ireland and there is concern that the data could be incomplete 

giving an apparently low incidence for Ireland.

4.5.1 International Comparison of Incidence Rates of Diabetes

The value o f reporting crude incidence rates is that they describe the actual 

experience o f the population which they represent and so are o f great value for 

health service providers. However, it is not valid to com.pare crude incidence 

rates o f different populations as crude rates fail to compensate for underlying 

differences in population structure. International comparison o f incidence rates 

o f disease is only possible if  either category specific rates are compared or if  

incidence rates are standardised. It is difficult to compare multiple category 

specific rates when comparing incidence data among a large number o f  countries 

and so presentation o f standardised incidence rates are more appropriate. The 

standardised incidence rate, using the direct method o f standardisation, for those 

aged less than 15 years is 16.3 per 100,000 per year (95% confidence interval 

14.2-18.5). The standardised incidence rate for males under 15 years is 16.4 per 

100,000 per year (95% Cl 13.2-21.1) and the standardised incidence rate for 

females under 15 years is 16.2 per 100,000 per year (95% Cl 12.6-20.7). When 

compared with international data from the EURODIAB ACE study, where the 

same method o f standardisation was employed, Ireland is shown to have a high 

incidence o f diabetes. Irish data has been inserted into Table 4.1 to demonstrate 

the incidence rate in Ireland relative to other countries. It must be remembered 

that this data relates to the years 1989-90 and the incidence rate in these
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countries is likely to have increased since the time o f study. However, the value 

o f this comparison is that male and female standardised incidence is presented.

Table 4.1

Comparison of standardised incidence rates of diabetes in Ireland and 
Europe (1989-90) by sex_________________ __________________ _______________

C o u n t r y  ( r e g i o n )
B o y s
Ra t e *
( 9 5 %  C . L . )

G i r l s
Ra t e *
( 9 5 %  C . L . )

Al l
R a t e *
( 9 5 %  C . L . )

G r e e c e  ( N o r t h e r n ) 5 . 3 ( 2 , 4 , 1 0 . 1 ) 3 . 8 ( 1 . 4 , 8 . 2 ) 4 . 6  ( 2 . 6 , 7 . 5 )
R o m a n i a  ( B u c h a r e s t  
r e g i o n )

4 . 6 ( 2 . 9 , 6 . 9 ) 5 . 7 ( 3 . 7 , 8 . 4 ) 5.1 ( 3 . 8 , 6 . 8 )

P o l a n d  (9 w e s t e r n  
p r o v i n c e s )

5 . 3 ( 4 . 6 , 6 . 5 ) 5 . 8 ( 4 . 6 , 7 . 2 ) 5, 5 ( 4 . 7 , 6 . 4 )

I s r a e l  ( w h o l e  n a t i o n ) 4 . 4 ( 3 . 4 , 5 . 6 ) 6 . 7 ( 5 . 4 , 8 . 2 ) 5. 5 ( 4 . 7 , 6 . 5 )
P o l a n d  (3 c i t i e s ) 5 . 7 ( 4 . 2 , 7 . 5 ) 6 . 0 ( 4 . 5 , 7 . 9 ) 5 . 8 ( 4 . 8 , 7 . 1 )
S l o v e n i a 5 . 2 ( 3 . 3 , 1 0 . 4 ) 7 . 7 ( 5 . 3 , 1 0 . 9 ) 6 , 5 ( 4 , 9 , 8 , 4 )
I t a l y  ( L a z i o  r e g i o n ) 7 . 2 ( 5 . 5 , 9 . 1 ) 5 . 8 ( 4 . 4 , 7 . 7 ) 6 , 5 ( 5 , 4 , 7 , 8 )
I t a l y  ( L o m b a r d i a  
r e g i o n )

7 . 6 ( 6 . 3 , 9 . 2 ) 5 , 9 ( 4 . 7 , 7 , 3 ) 6 , 8 ( 5 . 8 , 7 . 8 )

P o r t u g a l  (3 r e g i o n s  
c o m b i n e d )

1 0 , 1 ( 5 . 9 , 1 6 , 1 ) 4 . 9 ( 2 . 1 , 9 , 6 ) 7. 5 ( 4 , 8 , 1 1 , 0 )

H u n g a r y  ( 18  c o u n t i e s ) 7 . 7 ( 6 . 4 , 9 . 1 ) 7 , 5 ( 6 , 3 , 9 , 0 ) 7 , 6 ( 6 , 7 , 8 , 6 )
A u s t r i a ( w h o l e  n a t i o n ) 7 . 9 ( 6 . 5 , 9 . 3 ) 7 , 5 ( 6 , 1 , 9 , 2 ) 7 , 7  ( 6 , 7 , 7 , 8 )
F r a n c e  (4 r e g i o n s ) 7 . 8 ( 6 . 6 , 9 . 3 ) 7 , 8 ( 6 , 5 , 9 , 2 ) 7 , 8  ( 6 , 9 , 8 , 8 )
G r e e c e ( A t h e n s  r e g i o n ) 1 0 . 9 ( 8 . 5 , 1 3 , 7 ) 7 , 7 ( 5 , 7 , 1 0 , 2 ) 9 , 3 ( 7 , 7 , 1 1 , 1 )
B e l g i u m  ( A n t w e r p  
r e g i o n )

9 . 2  ( 5 . 2 ,  15 , 3 ) 10, 4  ( 5 , 9 , 1 6 , 9 ) 9 , 8  ( 6 , 7 ,  13 , 9 )

I t a l y  ( e a s t e r n  S i c i l y ) 1 1 . 2 ( 7 . 5 , 1 6 . 1 ) 9 , 0 ( 5 , 7 , 1 3 , 5 ) 1 0 , 1 ( 7 , 5 , 1 3 , 2 )
S p a i n  ( C a t a l o n i a  
r e g i o n )

1 0 . 5 ( 8 . 8 , 1 2 . 3 ) 1 0 , 6 ( 9 . 0 , 1 2 . 5 ) 1 0 , 6 ( 9 , 4 , 1 1 . 9 )

N e t h e r l a n d s  (5 
r e g i o n s )

1 1 . 2 ( 7 . 6 ,  16 . 0 ) 1 0 , 8 ( 7 , 2 , 1 5 , 7 ) 1 1 . 0 ( 8 . 4 , 1 1 . 3 )

L u x e m b o u r g  ( w h o l e  
n a t i o n )

1 2 . 1 ( 5 . 2 , 2 3 . 9 ) 1 2 , 6 ( 5 , 4 , 2 4 . 8 ) 1 2 . 4 ( 7 . 1 , 2 0 . 1 )

I r e l a n d  ( w h o l e  n a t i o n ) 1 6 . 4 ( 1 3 . 5 , 1 9 . 4 ) 1 6 . 2 ( 1 3 . 2 , 1 9 . 3 ) 1 6 . 3 ( 1 4 . 2 , 1 8 . 5 )
U K  ( O x f o r d  r e g i o n ) 1 7 . 8 ( 1 4 . 3 , 2 1 . 9 ) 14, 9(1 1 , 7 , 1 8 , 8 ) 1 6 . 4 ( 1 3 . 9 , 1 9 . 1 )
U K  ( N o r t h e r n  I r e l a n d ) 1 7 . 8 ( 1 3 . 9 , 2 2 . 5 ) 15, 4(1  1 , 7 , 1 9 . 8 ) 1 6 . 6 ( 1 3 . 9 , 1 9 . 7 )
N o r w a y  (8 c o u n t i e s ) 2 2 . 3 ( 1 7 . 9 , 2 7 , 6 ) 1 9 . 3 ( 1 5 . 1 , 2 4 . 3 ) 2 0 . 8 ( 1 7 . 7 , 2 4 . 3 )
D e n m a r k  (3 c o u n t i e s ) 2 1 . 5 ( 1 4 . 9 , 3 0 . 1 ) 2 1 . 4 ( 1 4 . 7 , 3 0 . 3 ) 2 1 . 5 ( 1 6 . 6 ,  7 . 3 )
I t a l y  ( S a r d i n i a ) 3 3 . 5 ( 2 7 . 9 , 3 9 . 9 ) 2 6 . 9 ( 2 1 . 7 , 3 2 . 9 ) 3 0 . 2 ( 2 6 . 4 , 3 4 . 4 )
F i n l a n d  (2 r e g i o n s ) 4 7 . 0  ( 3 7 . 5 , 5 8 . 1 ) 3 8 . 8 ( 3 0 . 5 , 5 0 . 0 ) 4 2 . 9 ( 3 6 . 3 , 5 0 . 6 )

* n u m b e r  o f  c a s e s  p e r  1 0 0 , 0 0 0 p e r  y e a r

A d j u s t e d  f r o m  E u r o d i a b  A c e  d a t a  I n c i d e n c e  o f  c h i l d h o o d - o n s e t  i n s u l i n -  

d e p e n d e n t  d i a b e t e s  m e l l i t u s :  t h e  E u r o d i a b  A c e  S t u d y  — A . G r e e n ,  E A M  G a le ,  

C C  P a t t e r s o n  , The  L a n c e t  Vo l  3 3 9  A p r i l ,  1992 ,  9 0 5 - 9 0 9 .
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The standardised incidence rate o f diabetes in Ireland is also similar to that 

reported in other areas o f the British Isles such as Oxford at 16 .4  p e r  100,000 

(95% confidence interval 13.9-19.1) (Bingley and Gale, 1989) and Northern 

Ireland 16.6 per 100,000 (95% confidence interval 13.9-19.7) (Green et al, 

1992).

The most recent published incidence data from Europe relating to the years 1989 

to 1994 from the EURODIAB Ace study group (2000), again confirms the Irish 

incidence to be high when compared with data from other European countries. 

The standardised incidence rates o f insulin dependent diabetes in those aged 

under 15 years presented in this study for the British Isles, are:

Northern Ireland at 19.6 (17.8-21.4) for the time period 1989-1994; Leeds at 

15.7 (14.5-16.9) for the same period; and Leicestershire at 15.9 (13.5-18.3) for 

the period 1989-93. The standardised incidence rate presented for the Oxford 

region is 17.6 (16.1-19.1), the period o f study is not specified. The standardised 

incidence rate o f insulin dependent diabetes in those aged under 15 years in 

Ireland, using the same method o f standardisation, at 16.3 per 100,000 per year 

(14.2-18.5) is similar to that from other areas o f the British Isles.

In other areas o f Europe the EURODIAB ACE study (2000) presents 

standardised incidence rates o f 3.2(2.5-3.8) for Macedonia, 6.2 (4.5-8.0) for 

Northern Greece, 8.3(7.8-8.9) for France, 13.0(11.8-14.3) for the Netherlands, 

16.0(13.9-18.1) for Denmark, 36.6(33.9-39.4) for Sardinia and 40.2(36.4-44.1) 

for two regions o f Finland. In this study o f  44 centres from Europe, 34(77%) 

have recorded incidence rates below 15.0 per 100,000 per year while only
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10(23%) centres have reported a standardised incidence rate above 15.0 per 

100,000 per year. This would suggest that Ireland does have a moderately high 

incidence o f diabetes and not a low incidence.

It is true that the Irish data presented relates to a later period o f study than the 

incidence data presented from these other centres and a secular trend has been 

described for insulin dependent diabetes in those aged under 15 years in most o f 

Europe. This does limit the ability to directly compare the data. However, if  the 

data from the EURODIAB ACE study (1992), relating to the period 1989-1990, 

is compared with that o f the most recent EURODIAB ACE study (2000), 

relating to the period 1989 -  1994, the increase in incidence rate has been a 

modest in most centres. The increased incidence in these time periods is most 

marked for Northern Ireland and Sardinia. (See table 4.2)

There is no more recent published incidence data available with which to 

compare the Irish incidence rates and so despite the limitations o f comparing 

slightly different time periods the EURODIAB ACE study published in March 

2000, affords the best comparison o f this data. Discussions have taken place 

with a number o f leading experts both nationally and internationally regarding 

the Irish incidence data presented here. In particular discussion has occurred 

with Dr. Chris Patterson, a key member o f the EURODIAB ACE Study Group 

and holder o f the Diabetes Registry in Northern Ireland who felt that the 

incidence data presented in this study was appropriate. This study provides an 

effective baseline measurement for monitoring changes in the incidence o f this 

disease in the Irish population.
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Table 4,2

Comparison of standardised incidence rates of diabetes in Ireland and 

Europe (1989-94)

C o u n t r y  ( r e g i o n )
1 9 8 9 / 1 9 9 0
S t a n d a r d i s e d  r a t e  
( 9 5 %  C L )

1 9 8 9 - 1 9 9 4 *
S t a n d a r d i s e d  r a t e  
( 9 5 %  C L )

G r e e c e  ( N o r t h e r n ) 4 . 6  ( 2 . 6 , 7 . 5 ) 6 . 2 ( 4 . 5 , 8 . 0 ) *
R o m a n i a ( B u c h a r e s t  r e g i o n ) 5. 1 ( 3 . 8 , 6 . 8 ) 5 , 0 ( 4 . 1 , 5 . 8 ) *
P o l a n d  ( 9  w e s t e r n  p r o v i n c e s ) 5 . 5  ( 4 . 7 , 6 . 4 ) 6 . 7 ( 6 . 2 , 7 . 3 )  ( 1 9 9 1 - 4 )  

8 w e s t e r n  p r o v i n c e s
I s r a e l  ( w h o l e  n a t i o n ) 5 , 5  ( 4 . 7 , 6 . 5 ) 5 . 9  ( 5 . 3 , 6 . 4 ) ( 1 9 9 3 )
P o l a n d  (3 c i t i e s ) 5 . 8 ( 4 . 8 , 7 . 1 ) 6 . 1 ( 5 . 4 , 6 . 8 ) *
S l o v e n i a 6 , 5 ( 4 . 9 , 8 . 4 ) 7 . 6 ( 6 . 5 , 8 . 7 )  ( 1 9 9 2 - 4 )
I t a l y  ( L a z i o  r e g i o n ) 6 . 5 ( 5 . 4 , 7 . 8 ) 8 . 1 ( 7 . 3 , 8 . 9 )  ( 1 9 9 3 - 4 )
I t a l y  ( L o m b a r d i a  r e g i o n ) 6 . 8 ( 5 . 8 , 7 . 8 ) 7 . 0 ( 6 . 4 , 7 . 6 )
P o r t u g a l  (3 r e g i o n s  c o m b i n e d ) 7 . 5  ( 4 . 8 , 1 1 . 0 )
H u n g a r y  ( 1 8  c o u n t i e s ) 7 . 6 ( 6 . 7 , 8 . 6 ) 8 . 9 ( 8 . 2 , 9 . 5 ) *
A u s t r i a ( w h o l e  n a t i o n ) 7 . 7  ( 6 . 7 , 7 . 8 ) 9 . 1 ( 8 . 5 , 9 . 8 )  ( 1 9 9 1 - 9 4 )
F r a n c e  ( 4  r e g i o n s ) 7 . 8  ( 6 . 9 , 8 . 8 ) 8 . 3 ( 7 . 8 , 8 , 9 )  ( 1 9 9 1 - 9 4 )
G r e e c e ( A t h e n s  r e g i o n ) 9 . 3 ( 7 . 7 , 1  1 . 1)
B e l g i u m  ( A n t w e r p  r e g i o n ) 9 . 8  ( 6 . 7 ,  1 3 . 9 ) 1 1 . 6 ( 9 . 4 , 1 3 . 7 ) *
I t a l y  ( e a s t e r n  S i c i l y ) 1 0 . 1 ( 7 . 5 , 1 3 . 2 ) 1 1 . 4 ( 9 . 5 , 1 3 . 2 )  ( 1 9 9 1 - 4 )
S p a i n  ( C a t a l o n i a  r e g i o n ) 1 0 . 6 ( 9 . 4 . 1 1 . 9 ) 1 2 . 3 ( 1  1 . 4 , 1 3 . 1 )  ( 1 9 9 1 - 4 )
N e t h e r l a n d s  (5 r e g i o n s ) 1 1 . 0 ( 8 . 4 , 1  1 . 3 ) 1 3 . 0 ( 1  1 . 8 , 1 4 . 3 )  ( 1 9 9 1 - 4 )
L u x e m b o u r g  ( w h o l e  n a t i o n ) 1 2 . 4 ( 7 . 1 , 2 0 . 1 ) 1 2 . 1 ( 8 . 7 , 1 5 . 5 )  ( 1 9 9 3 - 4 )
I r e l a n d  ( R e p u b l i c  o f  I r e l a n d ) 1 6 . 3 ( 1 4 . 2 , 1 8 . 5 )  ( 1 9 9 7 )
U K  ( O x f o r d  r e g i o n ) 1 6 . 4 ( 1 3 . 9 , 1 9 . 1 ) 1 7 . 6 ( 1 6 . 1 , 1 9 . 1 )
U K  ( N o r t h e r n  I r e l a n d ) 1 6 . 6 ( 1 3 . 9 , 1 9 , 7 ) 1 9 . 6 ( 1 7 . 8 , 2 1 . 4 ) *
N o r w a y  ( 8  c o u n t i e s ) 2 0 . 8 ( 1 7 . 7 , 2 4 . 3 ) 2 1 . 2 ( 1 9 . 3 , 2 3 . 1 )  ( 1 9 9 2 - 4 )
D e n m a r k  (3 c o u n t i e s ) 2 1 , 5 ( 1 6 . 6 ,  7 . 3 ) 1 6 . 0 ( 1 3 . 9 , 1 8 . 1 )  ( 1 9 9 1 - 4 )
I t a l y  ( S a r d i n i a ) 3 0 . 2 ( 2 6 . 4 , 3 4 . 4 ) 3 6 . 6 ( 3 3 . 9 , 3 9 . 4 )  ( 1 9 9 1 - 4 )
F i n l a n d  ( 2  r e g i o n s ) 4 2 . 9 ( 3 6 . 3 , 5 0 . 6 ) 4 0 . 2 ( 3 6 . 4 , 4 4 . 1 )  ( 1 9 9 2 - 3 )

Table constructed from  data from  the EURODIAB ACE Study Group Green el al (1992) and the 
EURODIAB ACE Study Group (2000)

4.5.2 Category Specific Incidence Rates

The category specific rates for the Irish population may be compared directly 

with those o f other populations. Category specific rates are available for two 

other areas o f the British Isles in 1989/90, which can be compared given the 

reservations outlined above.
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Table 4.3 Comparison of Category -Specific Incidence Data

Ireland and the UK

Country
/Region

No o f  cases p er 100,000 per year
Boys Girls

0-4.9
years

5-9.9
years

10-14.9
years

0-4.9
years

5-9.9
years

10-14.9
years

Ireland 9.3 20.4 19.6 12.4 22.1 14.2
UK (Northern 
Ireland)*

11.4 15.5 26.5 13.6 13.8 18.7

UK (Oxford 
region)*

15.2 14.3 23.9 11.3 13.4 20.0

*data derived from EURODIAB ACE (Green et al, 1992)

In this study the highest incidence rates were noted for the 5-9.99 year age 

category for both males and females. In the two other areas the highest incidence 

is in the 10-14 year age category. In Northern Ireland the incidence is higher in 

girls under the age o f five years than boys, as in this study. In the two other age 

categories in Northern Ireland the incidence in boys is higher than girls, in this 

study the incidence in girls is also higher in the 5-9.99 year age category. In the 

Oxford region the incidence in boys is higher than in girls in all three age 

categories.

4.6 Estimate of Ascertainment

In order to provide a measure o f case ascertainment in the study a second source 

o f case identification was sought. In choosing a secondary source the criteria are: 

that it be independent o f the first source, that each case has an equal probability 

o f being captured by either source, and that the probability o f ascertainment is
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constant over time. It is desirable that the second source be com puterised. A 

large num ber o f  potential secondary sources were considered.

In Ire la n d  the  p rac tic e  is th a t c h ild ren  and  adolescents w ith new ly diagnosed 

diabetes m ellitus are adm itted to hospital. The Hospital In-Patient Enquiry 

system , or H .I.P.E., as it is known, is a com puter based health inform ation 

system  which collects hospital activity data regarding discharges and deaths from  

acute hospitals by disease category. This was considered as an alternative source 

o f  secondary case identification. How ever, on further evaluation this H .I.P.E. 

data was not chosen as it had a num ber o f  lim itations. There are a num ber o f  

diagnostic codes relating to diabetes but the initial presentation o f  diabetes does 

not have a unique code. Thus, using data recorded from  the H .I.P.E. system  it is 

only possible to identify the total num ber o f  adm issions to hospital w ith diabetes. 

It is not possible to isolate new cases o f  diabetes from re-adm issions to hospital 

with diabetes. A ttem pts can be m ade to limit the adm issions to a single 

adm ission episode per patient w ithin a particular hospital but this will not detect 

adm issions to other hospitals. In this study a num ber o f  new ly diagnosed 

patients were adm itted to one hospital and transferred to another for further 

m anagem ent. HIPE data will also not detect those individuals who have been 

previously diagnosed elsewhere. A further lim itation o f  the HIPE data as a data 

source for this study is that access to patient nam es was not possible to apply the 

capture-recapture technique. A further potential bias in this data is that HIPE 

data currently relates only to public hospitals so that private patients w ould be 

system atically excluded from this data set. The internationally derived H.I.P.E. 

diagnostic codes, using the International C lassification o f  D iseases, Revision,
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relating to diabetes cannot be altered nationally for the collection o f incidence 

data. The HIPE diagnostic codes relating to diabetes are shown in Appendix VI. 

Data was obtained from the HIPE database for general comparison with the 

study data, while recognising that this data may represent multiple admissions 

for a single case (Table 4.4).

Table 4.4 Hospital In-Patient Enquiry Data
Diabetes In-patient Activity age 0-14

1997 Principal Secondary Total
Diagnosis Diagnosis Cases

25001 41 73 114
25003 106 13 119
Totals 147 86 233

Data supplied from  the HIPE Department, The Economic and Social Research 
Institute, Dublin
Note: Estimated national HIPE coverage in 1997 was 97%.

Activity limited to “ 1 episode per patient” eliminating re-admissions 
within individual hospitals.

It is unlikely that newly diagnosed diabetes would be considered a secondary 

diagnosis and so in the study period 147 episodes o f admission for diabetes were 

recorded for 1997 which is similar to that found in this study. The majority o f 

those coding the initial presentation o f insulin dependent diabetes will ascribe the 

code 25003, that is;

“type 1 [insulin dependent type] [IDDM] [juvenile type], uncontrolled”. 

However, not all institutions will use this code for new onset diabetes.

This study sought to capture all those with type 1 (insulin-dependent) diabetes 

who would require insulin therapy and so a potential source o f data confirmation 

was a record o f insulin prescriptions. Insulin prescriptions are dispensed from a

103



large number o f independent pharmacies throughout the country. These 2,500 

independent pharmacies are represented by the Irish pharmaceutical Union and 

this organisation was contacted to ascertain if there was a record o f insulin 

prescriptions issued or if, individual pharmacies would be willing to furnish data 

relating to unique insulin prescriptions dispensed in 1997. The Irish 

Pharmaceutical Union stated that they did not have this information and would 

not advocate a survey o f local pharmacies. The Irish Pharmaceutical Healthcare 

Association was also contacted in this regard with no success. The major insulin 

producing pharmaceutical companies were also contacted but did not have 

appropriate data. The Irish Diabetes Federation, a patient organisation, was also 

considered but the required patient data was not available.

The centralised government healthcare support schemes for those with diabetes 

was chosen as the most appropriate secondary source o f case ascertainment, as 

described in Chapter 2. These government schemes are administered by the 

G.M.S. (Payments) Board. The scheme chosen was the Long-term illness card 

(LTI) provided to those with diabetes as being most representative and reliable. 

It must be remembered that data is collccted by the G.M.S. (Payments) Board for 

the purpose o f payment and not for epidemiological purposes.

In using this secondary source to validate the study data a number of 

misclassifications o f cases were identified thus, this source while not ideal for 

this purpose is the best available in Ireland at present. The study data reveals 

that at least 55% of cases identified by the primary source alone meet the criteria 

for inclusion in the second source but have not been identified. That these
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patients were not identified in the second source is important only as it raises 

questions about the reliability o f the method o f coding for diabetes in this data 

set. As a result, it raises the possibility that, some or all, o f the 42 cases (27%) 

identified by the second source alone may not be totally accurate and may not 

meet all the criteria o f the study namely confirmed diabetes and aged less than 15 

years. If a number o f cases identified by the second source alone, do not have 

diabetes or are not aged under 15 years this would result in a falsely low 

ascertainnment level in the study and an overestimate o f the number with 

diabetes.

Data relating to long-term illness cards is supplied to the G.M.S. (Payments) 

Board from individual Health Boards, who retain hand-held records, thus 

requiring multiple re-entry o f data and potential transcription error. The code for 

diabetes is a single letter that may be misread or mistyped easily. The date of 

birth is similarly subject to multiple data entries. The investigator attempted to 

acquire data directly from the individual Health Board for verification areas but 

this request was declined.

The Department o f Health and Children and the G.M.S. (Payments) Board were 

appreciative o f the role that this study has fulfilled in providing a check on the 

accuracy o f their data. The Department o f Health and Children are attempting to 

access the core information to refine the data provided by this secondary source. 

Due to patient confidentiality I am not permitted direct access to this patient data.



However, despite its limitations, the data as presented for the secondary source 

o f ascertainment remains the best available. The cases verified by both sources 

(n=101) are confirmed. The cases identified by the primary source are accurate 

(n=140). The number o f cases identified by the second source alone (n=52) 

appears to be an over estimate and thus provides a falsely low ascertainment 

level in this study and an overestimate o f the total number o f cases o f diabetes.

Applying the capture-recapture technique (section 2.7.5) to the data available, 

given the reservations outlined above, we find the estimate o f the total number o f 

cases o f diabetes in the population was 212 (95% confidence interval 199-224). 

The estimate o f ascertainment in the primary source was 66%, in the secondary 

source was 72.2% and in both sources combined was 90.6%.

We know that the incidence o f diabetes is at least that presented in the study and 

may be slightly higher. Internationally there is a reluctance to provide 

ascertainment corrected incidence rates as they do not record the actual 

documented experience of a population. However, if the estimated number with 

diabetes above were true, this would equate with a crude incidence rate o f 

disease o f 25.1 per 100,000 per year. This figure would appear to be too high 

when considering international data and would support the belief that there are 

inaccuracies in the method o f coding for diabetes or age or both in the General 

Medical Services (Payments) Board data.

That this study provides a measure o f ascertainment is valuable for future studies 

seeking to compare incidence rates and identify a secular trend.
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4.7 Age of Onset

A number o f  studies show a bimodal distribution in the age o f  onset o f  diabetes 

with a peak in early childhood and a later maximum peak around the time of 

puberty. Sterkey et al(1978), Bloom et al (1975), Staines et al (1993), (Patterson 

et al, 1983). (Matsuura et al, 1998), mid-west Poland(Wielkopolska) (Rewers et 

al, 1987) and Hungary (Soltesz et al, 1990).

In this study a multimodal distribution is noted for Ireland. The peak age at 

diagnosis is at 8 and 10 years, with a smaller peak at 13-14 years and in early 

childhood at 3 and 6 years. This is younger than the age of onset reported in 

many other studies. S ta in e s  et al (1 9 9 3 ) ,  in the  U n i te d  K in g d o m  

s h o w e d  tw o  p eak s  in age  o f  o n se t  at age  4-6  and  age  10-15  y ea rs .  

B lo o m  et al (1 9 7 5 ) ,  s h o w e d  a peak  o n se t  at a p p ro x im a te ly  11 y ea rs  

and  a s e c o n d  peak  at about five years. Patterson et al (1983), describe a peak 

age o f  onset at 11-12 years with a smaller peak at 3-4 years.

The overall mean age of onset was 8.7 years, standard deviation 3.7 years, and 

range o f  13.8 years, from 1.09 to 14.9 years. Sterkey et al(1978), described the 

mean age o f  onset for both sexes combined at 8.2 years which is younger than 

found in this study.

The mean age of onset, noted in this study, for females at 8.2 years was slightly

earlier than that in males at 9.2years but this failed to reach statistical

significance (p=0.106). This is similar to the findings o f  other studies where

girls are noted to have a slightly earlier (but not significant) disease onset than
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boys (S te rk e y  et al 1978),  ( S t a i n e s  et al 1993) ,  ( M e t c a l f e  and  B a u m ,  

1991) ( R e u n a n e n  et al ,  1982 and  T u o m i l e h t o  et al ,  1991) .

The number of  cases diagnosed in girls generally rose through childhood to a 

small peak at 5 years, then declined and reached a maximum peak at 8 years and 

then declined with a second smaller peak at 14 years. The  p e a k  age  o f  o n s e t  

in I r i sh  girls at 8 years is earlier than that reported in many other studies. The 

peak age of  onset in girls described in other studies from Sweden, England, 

Scotland, the British Isles, Finland and Norway is older at 10 (Sterkey et al,1978 

and Staines et al,1993), 11 (Dahlquist et al, 1982), and 12 years (Patterson et al, 

1983, Metcalfe and Baum, 1991, Reunanen et al, 1982 and Joner et al, 1981) .

The age of  onset for males again showed a multimodal distribution. In boys the 

peak onset was at ages 9-10 and 13-14 years, with smaller peaks at ages 3 and 6 

years. This is similar to the findings of  Staines et al (1993), s h o w e d  tw o  

p e a k s  in age  o f  o n s e t  in th i s  p o p u l a t i o n  at age  4-6  and  age  10-15 

years in Yorkshire. Sterky et al (1 9 7 8 ) ,  d e s c r ib e d  a p e a k  in c i d e n c e  in 

bo y s  at 7 and  13 yea r s .  A n u m b e r  o f  o th e r  s tu d ie s  s h o w  an o ld e r  

age  o f  p e a k  o n s e t  for  b o y s ,  in S c o t l a n d  a b im o d a l  d i s t r i b u t i o n  w as  

r e p o r t e d  w i th  a p e a k  fo r  boys  at 1 1 yea r s  and a n o t h e r  s m a l l e r  p eak  

at 3 yea r s .  In S w e d e n ,  D a h l q u i s t  et al (1 9 8 2 ) ,  s h o w e d  a b im o d a l  

d i s t r i b u t i o n  for  boys  w i th  p e a k  o n s e t  at age  4 and  13 for  boys .  

M e t c a l f e  and  B au m ,  (1991) showed a later peak onset between 12 and 13 

years (mean 12.6). In Finland, the mean annual incidence rose throughout 

childhood and peaked in boys at 14 years with an abrupt decline after these
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respective ages (Reunanen et al, 1982 and Tuomilehto et al, 1991). A similar 

pattern in age distribution has been reported in Norwegian children, by Joner et 

al (1981), with rising values throughout childhood to a plateau at 12-14 years for 

boys.

The peak age at diagnosis for Irish boys and girls is earlier than that reported in 

other studies. This could be interpreted as a recent effect o f an environmental 

triggering factor(s) initiating the disease process.

4.8 A g e  C l u s t e r i n g

In this study clustering o f cases was not demonstrated by year o f birth due to the 

small numbers involved. The most frequent months o f birth in those who 

subsequently developed diabetes were July, December, June and October. There 

was no significant difference when analysed by month o f birth. When analysed 

by month and year o f birth the numbers were too small to demonstrate effects o f 

clustering. The importance o f clustering o f cases according to time o f birth is 

that it gives support to the hypothesis that early environmental exposures, either 

pre-natally or early in life, are associated with the subsequent development o f 

diabetes. Clustering o f cases has been demonstrated by place and time o f birth in 

Sweden (Dahlquist et al, 1996) and the north o f England (Law et al, 1997) and 

clustering in time demonstrated in Iceland (Helgasson and Jonasson, 1981).



4.9 S e a s o n a l i t y  o f  D i a b e t e s  O n s e t

A seasonal trend has been well docum ented in the clinical onset o f  diabetes in a 

large num ber o f  studies, w ith the m ajority o f  cases diagnosed in the cooler 

m onths o f  the year, A utum n/W inter, and the lowest num ber in the w arm er 

m onths, Spring/Sum m er (Adam s, 1926), (G am ble and Taylor, 1969), (Joner and 

Sovik, 1981), (D ahlquist et al, 1982), (B loom  et al, 1975), (M etcalfe and Baum, 

1991), (Rangasam i et al, 1997), (Levy-M archal et al, 1995). In this Irish study 

the m ajority o f  cases were diagnosed in autum n (45 cases or 32.1% ). There were 

35 cases (25% ) in W inter, 32 cases (22.9% ) in Sum m er and 28 cases (20%) 

diagnosed in Spring. Thus, 57.1%  o f  cases were diagnosed in A utum n/W inter 

and 42.9%  o f  cases in Spring/Sum m er.

A num ber o f  studies failed to show a seasonal effect in the youngest, 0-4.99 year 

age category (Bloom  et al, 1975),(Staines et al, 1993), (Rangasam i et al, 1997). 

In this study, in the age category 0-4.55 years, 48.2%  o f  cases were diagnosed in 

Spring/Sum m er and 51.8%  in A utum n/W inter. A nalysis o f  26 centres confirm ed 

a seasonal effect in all age groups and it is postulated that the failure to 

dem onstrate a seasonal effect in the youngest age group in m any studies is due to 

small num bers w hen centres are considered individually ( L e v y - M a r c h a l  e t al, 

1995). In the 10-14.99 year age category, 42.6%> o f  cases were diagnosed in 

A utum n w ith 2 0 .4%  in Spring, and 18.5%> in Sum m er and Autum n. In the 5-9.99 

year age category, 33.9%  o f  cases were diagnosed in W inter, w ith 22%  o f  cases 

diagnosed in each o f  the three rem aining seasons.



The most frequent month of diagnosis was October in which 14.3% of  cases 

were diagnosed. A number of other studies also found the peak number o f  cases 

were diagnosed in October (Gamble and Taylor, 1969), ( J o n e r  an d  S o v ik ,  

1981).  S te rk y  et al (1 9 7 8 ) ,  fo u n d  a h ig h  f r e q u e n c y  o f  n ew  c a se s  in 

J a n u a ry ,  th a t  d id  re a c h  s ta t i s t i c a l  s ig n i f i c a n c e  and  a te n d e n c y  to  a 

s m a l le r  p eak  in S e p te m b e r /O c to b e r .

Assessment of seasonality in this study did not achieve statistical significance 

due to the small number o f  cases. However, there was a fitted peak in October 

with an amplitude of 24.4%. This is in keeping with data from the EURODIAB 

ACE study (L e v y -M a rc h a l  et al, 1995) w ith  4 o f  the  16 c e n t re s  

d e s c r ib in g  a peak  o f  s im i la r  a m p l i tu d e .

4.10 Infant Diet

Questions relating to the infant diet were poorly answered. Health professionals 

answered the questionnaires and the researcher was not permitted to contact 

parents to preserve confidentiality. Data regarding infant diet was generally not 

recorded in the patient notes and not available to the health professional 

completing the questionnaire.

4.10.1 Method of Feeding by year birth

Information regarding breast-feeding was available on 22.1% of cases. The 

majority o f  cases were bottle-fed from birth (77.4%) and only 22.6% were breast



fed. This is sUghtly lower than the national breast-feeding rates at approximately 

30%, see Appendix V (Perinatal Statistics, 1991 and Perinatal Statistics, 1993) 

The maximum number o f cases breast fed in any one year, by year o f birth, was 

2 cases in 1988.

A number o f studies have demonstrated a protective effect o f breast-feeding or 

an adverse effect o f the early introduction o f cow ’s milk-based formula feeds 

(Borch-Johnson et al,1984)(Hypponen et al, 1999)(Verge et al, 1994). However, 

the protective effect o f breast-feeding only tends to occur where exclusive breast

feeding is continued for greater than 3 months( V erg e  e t a l, 1994) (G e rs te in  

et a l, 1994) . Information was available on the duration o f  exclusive breast

feeding for 6 o f the 7 breast-fed cases. The duration o f exclusive breast-feeding, 

ranged from 3 weeks (2 cases) to 6 months (2 cases). A further two children 

were breast fed in infancy for one month and six weeks respectively. The mean 

duration o f breast-feeding was 2.7 months. The duration o f exclusive breast

feeding in this study is too short in all but 2 cases to demonstrate an effect. 

Ireland has very low rates o f breast feeding initiation but also has a very short 

duration o f breast-feeding, with only 12% o f babies were breast-fed at the age o f 

4 months in 1990 (Department o f  Health, 1994). The pattern o f breast-feeding in 

this study is similar to that in the general population.

4.10.2 Age of Introduction of Cow’s Milk

Information was available regarding the age o f  introduction o f full cow ’s milk in 

only 10% or 14 cases. The earliest age at which cow ’s milk was introduced was 

6 months (3 cases). The mean age at which cow ’s milk was introduced was 11.8



months. In the majority o f cases the introduction o f cow’s milk was delayed 

until approximately one year o f age which is the recommendation (Report o f the 

W orking Group on the Weaning Diet o f the Committee on Medical Aspects of 

Food Policy, 1994).

There is much conflicting evidence regarding the role o f cow ’s milk and breast

feeding in the aetiology o f type 1 diabetes. A large prospective randomised 

control study o f early infant feeding is currently underway in Finland which may 

answer many o f the questions raised to date.

4.10.3 Age of Introduction of Solids

The time at which solid foods were introduced ranged from 7 weeks to 7 months, 

the mean age was 4.3 months. Data is available on 17 cases or 21%. 35% of 

cases introduced solid foods to the diet before 4 months. The recommended time 

for the introduction o f solid food to infants is not earlier than 4 months and 

before 6 months (Report o f the Working Group on the Weaning Diet o f the 

Committee on Medical Aspects o f Food Policy, 1994).

4.10.4 The Age of Introduction of Fruit Juice and Sugar to the Diet

Fruit juices were introduced to the diet in 25% before the age o f 4 months. Fruit 

juices are not required for nutrition in the absence o f vitamin C deficiency but 

can be offered from 4 months, if  desired(Report o f the Working Group on the 

Weaning Diet o f the Committee on Medical Aspects o f Food Policy, 1994). 

Sugar was added to the diet from 3.5 to 18 months, and in the first year o f life in



25%. The mean age of the addition of sugar was 9.4 months. Added sugar is not 

recommended in an infant’s diet (Report of the Working Group on the Weaning 

Diet of the Committee on Medical Aspects of Food PoHcy, 1994). In one child 

sugar and fruit juices were never included in the diet.

The response to the dietary component of the questionnaire is disappointing. No 

useful conclusions can be drawn from such small returns. It does suggest, 

however, that the dietary behaviour of cases is not dissimilar from that of the 

general population of Irish children. To evaluate diet further a prospective case- 

control design with the use of food diaries, patient contact and regular review 

would be most informative.

4.11 Fam ily H istory

The majority of cases did not have a family history of insulin-dependent 

diabetes. This is consistent with data from other studies where up to 80% o f  

th ose  w ith  the d isease  w ill not have a p o s itiv e  fam ily  h is to ry  

(B en n e tt, 1985). In th is  study  65%  o f cases had no family history of 

insulin dependent diabetes in either a first or second degree relative.

A positive family history of insulin dependent diabetes in a 1̂ ' degree relative 

was present in 11.5%, with 88.4% of cases having no such family history. This 

is similar to that found by Bloom et al (1995), in their study of the British Isles 

where 11% had a positive family history in a first degree relative. In other 

studies the proportion of those with insulin-dependent diabetes in a first degree
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relative has been variably reported as 8.9%(Metcalfe and Baum, 1992), 12.8% 

(Dahlquist et al, 1985), and 23%  (Calnan and Peckham, 1977).

The P ' degree relative with insulin dependent diabetes was: a sibling in 6 cases 

(46.1%); the child’s father in 5 cases (38.5%); and the mother in 2 cases (15.4%). 

6.2% o f  cases had a parent with insulin-dependent diabetes which is less than 

that found in a study o f  Swedish children where 8.1% had an affected parent 

(Dahlquist et al, 1985). In twice as many cases the affected parent was the 

father. This was the case in Sweden also with the frequency o f  diabetes in 

father’s being 5.7% compared to m other’s at 2.4% (Dahlquist et al, 1985). 

Metcalfe and Baum (1992), similarly report almost double the frequency o f  

insulin dependent diabetes in fathers at 3.5% than mothers at 1.9%. Previous 

studies have shown the risk o f  a child developing IDDM  if  the father is affected 

is 4-6%  while this is halved if  the mother is the affected parent, the risk being 2- 

3% (Jefferson et al, 1985).

There was no significant difference between those who had a positive family 

history o f  insulin dependent diabetes in a first degree relative and the age 

category at diagnosis (p= 0.226). S i m i l a r ly ,  no  a s s o c i a t i o n  w a s  fo u n d  

b e t w e e n  th e  a g e  o f  d i s e a s e  o n s e t  a n d  p r e s e n c e  o f  a p o s i t i v e  f a m i ly  

h i s t o r y  in  S w e d i s h  c h i l d r e n  ( D a h l q u i s t  e t  a l ,  1 9 8 5 ) .  In  c o n t r a s t ,  

B r i t i s h  c h i l d r e n  s h o w e d  an  e a r l i e r  o n s e t  o f  d i a b e t e s  in t h o s e  w i th  

an  a f f e c t e d  f a t h e r  b u t  n o t  an  a f f e c t e d  m o t h e r  (M etcalfe and Baum, 

1992).
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21 patients (15% ) had a positive fam ily history o f  insulin dependent diabetes in a 

2"̂ * degree relative. The relative with insulin dependent diabetes was: an uncle; 

an aunt; a cousin; a grandparent.

13.6% had a fam ily history o f  type 2, non-insulin dependent diabetes. In 4 cases 

there w as a fam ily history o f  both type 1 and Type 2 diabetes. In 68%  o f  those 

w ith a fam ily history o f  type 2 diabetes a grandparent was affected, in 21%  an 

uncle, in 5.3%  an aunt and in 5.3%  there was a fam ily history o f  type 2 diabetes 

in both grandparents, an uncle and an aunt.

4.12 Birth Order

There is som e evidence that there is an increased risk o f  diabetes am ong first

born children (W ager et al, 1983 and R am achandran et al, 1993). Patterson et al 

(1994), found the increased risk to the first born only in N orthern Ireland and not 

in Scotland. In this study, 38.8%  o f  cases were first-born children and 30.6%) 

second-born. There was no significant difference in the num ber that were first or 

second born (P=0.362). This is in keeping w ith other studies that have failed to 

dem onstrate an increased risk in first born children (Bock et al, 1994 and 

M cK inney et al, 1999). The hypothesis for increased risk to first-born children 

relates to the hygiene hypothesis, that first-born children are in effective isolation 

from  infection in early life and so do not benefit from the proposed protective 

effect o f  early infection. Failure to dem onstrate an increased risk to first-born 

alone does not refute this hypothesis as there are likely to be m any other factors 

influencing exposure to infection in early life.
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4.13 Family Size

The number o f occupants in the home has been considered as a potential risk 

factor in the development o f diabetes. In this study the mean number o f 

occupants in the home was 4.9, this is slightly above the national average o f 4.4. 

The number o f occupants ranged from 3 to 9. 32.7% of cases had 4 occupants in 

the home, 30.7% had 5 occupants and 25% o f cases had 6 or more occupants in 

the home. Patterson et al (1994), found 19.8% of cases had 6 or more occupants 

compared with 23 .6% o f controls showing that 6 or more occupants in the home 

was associated with a slight but not significant reduction in diabetes. Other 

studies, however, have shown an increased risk o f diabetes when living in larger 

groups (Siemiatycki et al, 1989 and Lawler-Heavner et al, 1991). There was a 

significant association between the age category at diagnosis and the number o f 

occupants in the home (p= 0.009), those children diagnosed in the younger age 

categories tended to have fewer occupants in the home.

4.14 Number of Siblings

The number o f siblings varied from none to six. 61.6% had 1 or 2 siblings. This 

would be consistent with the general population. Blom et al (1989), showed no 

difference in the number o f siblings between cases and controls in Sweden. The 

number o f siblings is likely to be highly associated with the number o f persons 

living in a single house. A case control study is required to fully evaluate the 

effect o f the number o f household occupants and the number o f siblings on the 

risk o f diabetes development.
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4.15 Presenting Clinical History

The most frequently reported clinical symptoms were polyuria and polydipsia in 

93.7%, a further 2.1% reported polyuria alone. Only 2.9% reported no polyuria 

or polydipsia. The next most frequent symptom was weight loss, reported by 

41%  followed by lethargy in 14.3%. P o l y u r i a ,  p o l y d i p s i a  a n d  w e i g h t  

lo s s  w e r e  s i m i l a r l y  th e  c o m m o n e s t  s y m p t o m s  n o te d  in  73%> o f  t h o s e  

u n d e r  5 y e a r s  a n d  8 1 %  a g e d  5 -1 0  by  J e f f e r s o n  et al (1 9 8 5 ) .  

Polyphagia described by most authors as one o f  the main presenting symptoms 

o f  diabetes in children (Becker and Weber, 1995) was only reported in 1.4% o f  

cases. Eneuresis in a previously toilet trained child is a recognised symptom but 

was found in this study as commonly as weight loss in 14.3%, nocturia was also 

com m on at 5%.

Other symptoms reported included, vomiting (5%), anorexia (2.1%), abdominal 

pain (2.1%), recurrent infections(2.1%), vulval pruritus or candidiasis(2.1%), 

increased appetite(l .4%), constipation (1.4%), asymptomatic or incidental 

diagnosis (1.4%), and headache, “strong smell from the nappies” , family blood 

glucose check, generalised pruritus all reported by 0.7%.

4.15.1 Presenting Symptoms by Age Category

Polyuria and polydipsia are the most frequent symptoms at all ages, followed by 

weight loss. In the younger age categories eneuresis is also an important
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sym ptom , occurring in 18.5% o f  those aged 0 -  4.99 years and 23.7%  o f  those 

aged 5-10.99 years. V om iting was the presenting sym ptom  in 14.8% o f  the 

youngest children. In those aged 5-9.99 years, lethargy becam e an im portant 

sym ptom  described in 16.9% o f  cases but only in 3.7%  o f  those under 5. In the 

10-14.99 year age category, polyuria and polydipsia (74.1%>), w eight loss 

(46.3%)) and lethargy (16.7% ) were the m ost frequently reported sym ptom s. A 

num ber o f  other sym ptom s were recorded in low frequency for each age 

category, all o f  which are well recognised in the literature.

4.15.2 Diabetic Ketoacidosis at Presentation

The definition o f  diabetic ketoacidosis used in this study was: blood glucose > 15 

m m ol, urinary ketones +2, pH < 7.2, HCO 3'  < 15 mmol and clinical sym ptom s 

which w ould represent m oderate to severe diabetic ketoacidosis. 18.6% were in 

DKA at presentation, 50% o f  cases were not in DKA and a further 6% were 

treated as DKA but did not fulfil the above criteria. Data was not available on 

the rem aining 35 cases (25%>).

The reported frequency o f  presentation in diabetic ketoacidosis (DKA) is 

variable ranging and has been described in up to 30%  at presentation (Becker and 

W eber, 1995). In the O xford region, Pinkney et al (1994) found 16% o f  those 

diagnosed before age 21 were in severe diabetic ketoacidosis at presentation,(pH  

<7.10 or plasm a bicarbonate < lOmmol/1), and 10% had m ild to m oderate 

diabetic ketoacidosis at presentation, (pH 7.10- 7.35 or plasm a bicarbonate 10- 

21 mmol/1). In the study by Pinkney et al (1994), 26%  presented w ith m oderate
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to severe diabetic ketoacidosis which is sim ilar to the finding in this study where 

the overall rate o f  presentation in diabetic ketoacidosis was 24.6% , when those 

w ho w ere treated as having DKA but did not fulfil the c r i t e r i a  ( m i l d  D K A )  

a r e  i n c l u d e d .  A f u r t h e r  97  p a t i e n t s  s t u d i e d  in 1 9 9 0  f o u n d  2 6 %  to 

h a v e  d i a b e t i c  k e t o a c i d o s i s  at  p r e s e n t a t i o n  ( P i n k n e y  et  al ,  1 994 ) .

In those aged 0 -  4.99 years, 6 cases (25% ) were in DKA at presentation and 16 

cases (66.7% ) were not. In those aged 5.99 -  10 years, 27.3%  w ere in DKA at 

presentation and 63.6%  were confirm ed not to have DKA at presentation. In 

those aged 10 -  14.99 years, 21.1%  were in DKA at presentation and 68.4%  

w ere confirm ed not to have DKA at presentation.

There was no significant association betw een the age category at diagnosis and 

presentation in diabetic ketoacidosis (p=0.949). This is at variance with w hat has 

been observed in m ost other studies (K om ulainen et al, 1999) (Pinkney et al, 

1994) where the incidence o f  diabetic ketoacidosis at presentation was found to 

be highest in the youngest age group and becom e less frequent w ith increasing 

age. I n c r e a s e d  s e v e r i t y  o f  d i a b e t i c  k e t o a c i d o s i s  h a s  a l s o  b e e n  

d e s c r i b e d  in t h e  y o u n g e r  a g e  g r o u p  (K om ulainen et al, 1999) (Pinkney et 

al, 1994).

4.15.3 Duration of Symptoms

The m ajority o f  children and adolescents in this study had an abrupt clinical 

onset o f  diabetes w ith sym ptom s present for 2 weeks prior to diagnosis. This is
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consistent with the findings from other studies, which describe a duration of 

symptoms o f  2-3 weeks in most cases (B e c k e r  and W e b e r ,  1995).  However, 

there was a wide range of symptom duration from a few days up to 6 months, 

this has also been reported elsewhere (B e c k e r  and  W e b e r ,  1995).

The duration of symptoms was shortest in the youngest age category (p=0.022). 

The duration of symptoms increased with increasing age. The inter-quartile 

range for the age groups 0-4.99; 5-9,99; and 10-14.99 years was 10.5, 14 and 

24.3 days respectively. Jefferson et al (1985) also found the d u ra t io n  o f  

s y m p to m s  te n d s  to  be s h o r te r  in y o u n g e r  c h i ld re n .  In th e i r  s tu d y  

30%  o f  c h i ld r e n  u n d e r  5 had  a h is to ry  o f  s y m p to m s  o f  le ss  th an  2 

weeks compared to 12% of those aged 5-lOyears.
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5. CONCLUSIONS AND RECOMMENDATIONS

5.1 CONCLUSIONS

Insulin-dependent diabetes m ellitus is an im portant chronic disease w ith its peak 

incidence in the childhood and adolescent years. It is a disease associated with 

significant m orbidity and prem ature m ortality. Recent studies have proven that 

optim ising m edical m anagem ent o f  this condition reduces the risk o f  long-term  

sequalae, thereby m axim ising health outcom es for those affected. A ppropriate 

m edical intervention increases both quantity and quality o f  life for these patients. 

The im portance o f  this disease has been recognised by the W orld Health 

O rganisation who deem  inform ation regarding the incidence o f  diabetes to be a 

basic national healthcare indicator. The planning and provision o f  appropriate 

services for those w ith diabetes depends on the availability o f  reliable data 

regarding the frequency o f  the disease in the population. To date no such 

inform ation was available for the Irish population.

This study was perform ed to establish a national incidence rate o f  diabetes in 

those aged under 15 years and to define characteristics o f  the disease in the Irish 

population. It was hoped that this data w ould enable inform ed service planning 

for those with diabetes. This study has been greeted w ith enthusiasm  by the 

health policy planners in the D epartm ent o f  Health and Children who are in the 

process o f  preparing a national strategy for diabetes.

In two previous studies o f  the British Isles that included Irish data, Ireland has 

been show n to have a low rate o f  type 1 (insulin-dependent) diabetes and one o f
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the lower rates o f diabetes in Europe. However, this study shows that Ireland has 

a high incidence o f diabetes in those aged under 15 years. The crude incidence 

rate o f type 1 diabetes under the age o f 15 was at least 16.6(13.7-19.2) per 

100,000 per year and the standardised rate is 16.3 (14.2-18.5) per 100,000 per 

year. The incidence in Ireland is comparable with other areas o f the British Isles. 

Indeed in Europe, only 23% o f centres have a standardised incidence o f diabetes 

above 15.0 per 100,000 per year, placing Ireland in the upper range o f disease 

incidence. It is important that we are now recognised to have a moderately high 

incidence o f this disease for allocation o f adequate health care resources and 

service provision. Allocation o f healthcare resources to this important disease is 

appropriate, as optimising medical treatment has been proven to influence health 

outcomes.

In keeping with other high incidence countries this Irish study shows a slight 

overall male predominance. Diabetes was diagnosed most frequently in those 

aged 5-9.99 years which is a younger age o f onset than found in the rest of 

Europe at 10-14.99 years. We found significantly lower incidence rates in the 

youngest, 0-4.99 year, age category. The peak age at diagnosis in Irish children 

is younger, at 8 and 10 years, with a smaller peak at 13-14 years and in early 

childhood at 3 and 6 years. The mean age o f onset is 8.7 years and slightly 

younger in girls compared with boys. We were unable to demonstrate clustering 

by month or year o f birth.

A seasonal trend in the diagnosis o f diabetes has been recorded throughout 

Europe in all age categories. We were unable to confirm statistically significant



seasonality at diagnosis due to small num bers. How ever, we did confirm  a fitted 

peak o f  diagnoses in October w ith an am plitude o f  24.4% , which is com parable 

w ith other centres.

The num ber o f  infants who were breast-fed in this study was low, in keeping 

w ith the trend in the general population. Sim ilarly, the duration o f  exclusive 

breast-feeding is also short; too short to dem onstrate any postulated protective 

effect w hich breast-feeding m ay have on the developm ent o f  diabetes. There 

was variation in the age o f  introduction o f  cow ’s m ilk, solid foods, fruit ju ices 

and sugar to the diet. How ever, the m ajority introduced these foods at the 

recom m ended tim e. No useful conclusions can be draw n from  these dietary 

practices as dietary inform ation was lim ited to only 10% o f  cases.

The m ajority o f  Irish children w ith type 1 (insulin-dependent) diabetes do not 

have a fam ily history o f  the disease in either a 1®‘ degree (88% ) or degree 

(85% ) relative. We found in those children w ith an affected parent, this was 

tw ice as likely to be the father as the mother. Those children w ith a positive 

fam ily history did not have an earlier onset o f  disease. There was no significant 

d ifference in the num ber o f  children who were first or second born in this study. 

The m ean num ber o f  household occupants was 4.9 and tw o-thirds o f  the children 

had 1 or 2 siblings, which is consistent with national statistics.

Irish children present w ith the classical sym ptom s o f  diabetes, nam ely; polyuria, 

polydipsia, w eight loss and lethargy. Polyphagia was not an im portant sym ptom  

in this group. Secondary eneuresis was a very im portant presenting sym ptom  in
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those aged under 10 years, as was vomiting in those under 5. Lethargy and 

weight loss became increasingly common symptoms in the older age groups. 

We found 18.6% were in moderate to severe diabetic ketoacidosis at 

presentation. There was no association between the age category at diagnosis 

and presentation in diabetic ketoacidosis.

The majority o f children and adolescents in this study had an abrupt clinical 

onset o f diabetes with symptoms present for only 2 weeks prior to diagnosis. 

There was, however, a wide range o f symptom duration from a few days up to 6 

months. The duration o f symptoms was shortest in the youngest age category 

and increased with increasing age.

In this study, we have documented a high incidence rate for type 1 (insulin- 

dependent) mellitus in Irish children and adolescents under the age o f 15 years. 

We have documented some characteristics o f this patient group. We hope that 

this study will provide a basis for further research in this area.
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5.2 RECOMMENDATIONS

W e recom m end that policy m akers consider Ireland a high incidence country in 

future resource allocation and strategic planning decisions relating to diabetes.

A diabetes register should be established in Ireland to m onitor the incidence o f  

this very im portant disease and to establish if  a secular trend is present in the 

Irish population, as has been docum ented throughout Europe. A register would 

enable accurate and tim ely m easurem ent o f  disease frequency for healthcare 

provision and epidem iological study. Inform ation available from  such a register 

w'ould enable the testing o f  hypotheses regarding aeitiology in this population. 

Ireland is still a relatively hom ogenous population, which w ould confer great 

advantage in epidem iological studies.

A further benefit is that a diabetes register allows rapid identification o f  those at 

increased risk o f  those developing the disease, nam ely siblings. These fam ilies 

m ay w ish to avail o f  some o f  the prim ary preventative strategies to avoid 

diabetes developm ent in the predisposed individual. These preventative 

strategies are currently the subject o f  w ide international review  and potential 

therapeutic options should be soon available. A register w ould also allow  the 

care and m anagem ent o f  those w ith diabetes be audited m ore objectively.

The support that we have received in this study from  paediatricians, 

endocrinologists, physicians and diabetes nurse specialists w ould suggest that 

healthcare professionals would w elcom e and support such a disease register.
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Further research is required to further define the characteristics o f  type 1 

(insulin-dependent) diabetes in the Irish population. Such future studies could 

include a case-control study to evaluate perinatal events and fam ily 

characteristics in diabetes, a prospective birth cohort study and a study o f  disease 

prevalence.

The im portance o f  epidem iological studies in diabetes lies in the belief that they 

m ay help elucidate the aetiology o f  this im portant chronic condition.
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APPENDIX I

Sam ple letter to Paediatricians

Dear Dr. ,

Re: National Incidence Study of
Insulin D ependent D iabetes M ellitus

As a follow  up to the Irish Paediatric Surveillance Unit N ational Study o f  Insulin 
D ependent D iabetes o f  Childhood we are putting together the study data and would 
gratefully appreciate your help. The aim o f  the study is to establish an incidence rate for 
diabetes in Ireland, looking at particular features such as the age o f  diagnosis, the season 
and the m ethod o f  presentation o f  new  diabetics.

1 w ould gratefully appreciate your help in this study. Previous studies have suggested 
that the incidence o f  childhood diabetes in Ireland is significantly low er than elsew here 
and we feel that this needs further clarification.

I w ould be grateful if  you could clarify for m e if  any children, under the age o f 18, 
presented to you for the first time with insulin dependent diabetes betw een January 1** 
and D ecem ber 31*‘ 1997, If so, would you be w illing to com plete the enclosed 
questionnaire on these children and return it to me. If  due to tim e constraint you are 
unable to com plete the enclosed questionnaire, w ould you grant me perm ission to access 
the patients charts in your institution so that the necessary data m ay be gathered. If  you 
require any additional questionnaires please let m e know. If  no children presented to you 
in this tim e fram e would you please return the enclosed slip m arking no new  cases seen.

I should be m ost grateful for your help and support w ith this study.

Yours sincerely.

Dr. Edna Roche 
Lecturer in Paediatrics
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Sample letter to Adult Physicians

Re; National Incidence Study of
Insulin Dependent Diabetes Mellitus

Dear Colleague,

I am currently attempting to establish an incidence rate for insulin dependent diabetes 
mellitus in Ireland and would greatly appreciate your help. This work is being 
undertaken as part o f my M.D. research.

International studies have shown the incidence to have wide geographical variation and 
many countries have documented a significant increase in incidence recently. As you 
know no reliable data currently exists regarding the incidence in Ireland. Many o f those 
with newly diagnosed insulin dependent diabetes will be young children and so present to 
paediatric centres. However, older children especially adolescents may make their first 
presentation to adult services. Were the survey solely restricted to the paediatric centres 
there would be a significant underestimation o f the incidence.

I would be very grateful if  you would let me know o f any new cases of insulin 
dependent diabetes under the age of 18 that have presented to you between January 

1997 and December 31*‘ 1997 on the sheet provided. If you have not seen any new 
cases in this period please return the sheet marking “no cases seen” .

I appreciate your support and look forward to your reply.

Yours sincerely.

Dr. Edna Roche 
Lecturer in Paediatrics
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National Incidence Study of 
Insulin Dependent Diabetes Mellitus

Case Definition: Newly diagnosed Insulin dependent Diabetes
Age: Birth to 17.9 years

Study Period: January 1®* -  December 31** 1997

New Cases Seen Jan 1997 -  Dec 1997:
(c irc le  as appropria te , i f  y e s  p le a se  g ive  deta ils below )

No Yes

Replying Centre:

Name Medical Record 
Number

Sex (M/F) 
C ircle as 
appropria te

Date of Birth Date of 
Diagnosis

M F
M F
M F
M F
M F
M F

Thank you  fo r  you r assistance

Please return com pleted form (s) in the envelope provided to:

Dr. Edna Roche 
Department o f  Paediatrics
The Adelaide and Meath H ospital incorporating the National Children ’5
H ospital
Tallaght
Dublin 24

Please return this form even if no new cases of diabetes were seen 
by you in the selected time period



National Incidence Study of Insulin Dependent Diabetes

Aim: to establish a national incidence rate
for insulin dependent diabetes

Time Period: January 1** to December 31*‘ 1997

Age of Onset: Birth to 18 years

Number of New Cases Seen 1997:

{Please state i f  no cases seen]

Please return completed form(s) in the envelope provided to:

Dr. Edna Roche 
Lecturer in Paediatrics 
Department o f  Paediatrics
The Adelaide and Meath Hospital incorporating the National Children's
Hospital
Tallaght
Dublin 24
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National Incidence Study o f  
Childhood Onset Insulin Dependent Diabetes

Identifying Data

Case Initials; Chart Num ber:
Replying Centre:

G eneral Patient Data

Date o f  birth: Age (at diagnosis):

Sex: M ale Fem ale Q
N um ber o f  occupants in home: 
Birth order:
N um ber o f  Siblings:

N utrition:

W as the infant breast fed? Yes Q  No 
W hat was the duration o f  exclusive breast feeding?

a

W as the infant exclusively bottle fed? Yes 1 i No 
W hat was the age at introduction o f  cow's milk?

W hat was the age at introduction o f  solids? 
W hat age was sugar added to the diet?

W hat age were fruit ju ices introduced?

D iagnosis:

Date o f diagnosis: Season:

Presenting com plaint (please circle)

D iabetic K etoacidosis Yes No
(DKA - blood glucose >15m m ol, urinary ketones +2, pH <7.2, H C 0 3 - <15m m ol/L  & 
clinical sym ptom s)
Polyuria/Polydipsia Yes No
W eight Loss Yes No
Other, please specify _______________________________________

Duration o f  presenting sym ptom s: -------------------------------------------------------------

153



Family History of Diabetes:

Yes No IDDM NIDDM

In a sibling
twin
mother
father
grandparent
uncle
aunt

cousin
-------------  -------------

If more than one sibling has diabetes please state the number:

Associated Diseases:

Are any other significant associated diseases present in this child, e.g. Cystic Fibrosis or
endocrinopathies (eg Adison, thyroiditis. Down Syndrome). Yes No

If Yes, please state the diagnosis.

When was the primary disease diagnosed?

Therapy:

Was Insulin therapy required in this child? Yes Q  No Q
«R9SSM

If no, please state the treatment given.

Thank you fo r your co-operation.

Please return the completed form (s) in the envelope provided to:

Dr. Edna Roche,
Department o f  Diabetes and Endocrinology 
NCH
The Adelaide and Meath Hospital 
incorporating The National Children's Hospital 
Tallaght,
Dublin 24.
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APPENDIX III

Irish Paediatric Surveillance Unit (I.P.S.U.) Response Rates (1997)

Month % Response

January 89
February 88

March 92
April 90
May 90
June 85
July 86

August 86
September 88

October 89
November 81
December 81
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APPENDIX IV

Population data

Persons, males and females classified by single year o f age

Age last birthday Population Population at or under this 
age

Under 1 year Persons Males Females Persons Males Females
1 year 48,854 25,231 23,623 48,854 25,231 23,623
2 years 48,574 24,963 23,611 97,428 50,194 47,234
3 years 50,563 26,005 24,558 197,002 101,444 95,558
4 years 53,392 27,296 26,096 250,394 128,740 121,654
5 years 55,163 28,501 26,662 305,557 157,241 148,316
6 years 55,193 28,271 26,922 360,750 185,512 175,238
7 years 54,948 28,190 26,758 415,698 213,702 201,996
8 years 57,311 29,196 28,115 473,009 242,898 230,111
9 years 60,328 31,177 29,151 533,337 274,075 259,262
10 years 61,418 31,476 29,942 594,755 305,551 289,204
11 years 62,310 32,124 30,186 657,065 337,675 319,390
12 years 64,687 33,186 31,501 721,752 370,861 350,891
13 years 67,918 34,820 33,098 789,670 405,681 388,989
14 years 69,754 35,771 33,983 859,424 441,452 417,972
15 years 71,732 36,884 34,848 931,156 478,336 452,820

Table constructed with data from Table 5 Census 1996, Volume 2, Central 
Statistics Office
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CENSUS AND INTERCENSAL ESTIMATES OF 
POPULATION

Estimated population classiiled by Sex and Age Group

Sex and Age Group Persons in April of each year

Persons
1996' 1997^ 1998^

000
0 - 4  years 250.4 250.0 253.6
5 - 9  years 282.9 277.7 273.5
1 0 - 1 4  years 326.1 317.9 308.1
1 5 - 1 9  years 339.5 343.9 346.5

Sex and Age Group Persons in April of each year

Males
1996* 1997^ 1998^

000
0 - 4  years 128.7 128.6 130.8
5 - 9  years 145.3 142.1 140.1
1 0 - 1 4  years 167.4 163.3 157.9
1 5 - 1 9  years 174.0 176.4 177.3

Sex and Age Group Persons in April of each year

Females
1996' 1997^ 1998^

000
0 - 4  years 121.7 121.3 122.9
5 - 9  years 137.6 135.6 133.4
1 0 - 1 4  years 158.7 154.5 150.2
1 5 - 1 9  years 165.6 167.5 169.2

'Census of Population 
Preliminary figures

Table constructed with data from:

Population and Migration Estimates, April 1999, Central Statistics 
Office
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APPENDIX V

IRISH BREAST-FEEDING STATISTICS

Percentage of mother’s breast-feeding

Year % breast-feeding
1985 34.1%
1986 33.9%
1987 33.2%
1988 32.3%
1989 32.8%
1990 31.7%
1991 31.9%
1992 33.9%
1993 33.9%

Table constructed w ith data from  Perinatal Statistics, Ireland 1991 
and Perinatal Statistics, Ireland 1993,
D EPA R TM EN T OF HEALTH AND CH ILD REN
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DISEASES OF OTHER ENDOCRINE GLANDS (250-259)

250 Diabetes mellitus

Excludes: gestational diabetes (648.8)
hyperglycemia NOS (790.6) 
neonatal diabetes mellitus (775.1) 
nonclinical diabetes (790,2)
that complicating pregnancy, childbirth, or the puerperium

(648.0)

The following fifth-digit subclassification is for use with category 250:

0 type II [non-insulin dependent t>pe] [NTDDM type] [adult-onset type] or unspecified t>pe.
not stated as uncontrolled

1 t>pe I [insulin dependent type] [IDDNfj [ju%enile t>pe]. not stated as uncontrolled
2 t>pe II [non-insulin dependent t>pe] [NTDDM t\pe| [adult-onset t>pel or unspecified t>pe.

uncontrolled
3 t\pe 1 [insulin dependent t\pe | [IDDM] [juvemle t>pe|, uncontrolled

250.0 Diabetes mellitus without mention of complication
Diabetes mellitus without mention of complication or manifestation

classifiable to 250.1-250.9
Diabetes (mellitus) N'OS

250.1 Diabetes witli ketoacidosis
Diabetic;

acidosis wiihout menuon of coma 
I ketosis without mention of coma

250.2 Diabetes with h\perosmolant>
H>perosmolar (nonketouc) coma

250.3 Diabetes with otlier coma
Diabetic coma (with ketoacidosis)
Diabeac h\pogl\cemjc coma 
Insulin coma NOS

E.xcludes: diabetes with h\perosmoiar coma (250.2)

250.4 Diabetes with renal manifestations

Use additional code to identify' m anifesutioa as: 
diabetic:

nephropathy NOS (583.SI) 
nephrosis (581.81) 

intercapillar>' glomerulosclerosis (581.81)
Kimmelsiiel-Wilson s>ndrome (581.81)

250.5 Diabetes with ophthalmic manifestations

Use additional codc to identiiy manifestation, as: 
diabetic:

blindness (369.00-369.9) 
catiiract (366.41) 
glaucoma (365.44) 
reunal edema (362.83)


