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The aetiology of juvenile-onset 

diabetes mellitus 

Preface 

My interest in the aetiology of juvenile-onset diabetes mellitus was 

stimulated by the sudden increase in the number of children who presented 

with diabetes in Sunderland during 1976. 

During the ten year period from 1967 - 1976, the incidence, seasonal 

onset and clustering of diabetic children in the Sunderland area were anal- 

ysed to detect possible environmental factors which could be associated with 

the onset of the disease. Other factors, such as the family history, human 

leucocyte antigens (H. L. A. ) and the height of the diabetic child at the 

onset of the illness were studied in relationship to the aetiology of 

juvenile-onset diabetes mellitus. 
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Abstract 

The aetiology of juvenile-onset diabetes mellitus 

In Britain the incidence of juvenile-onset diabetes in children 

appears to be increasing. The incidence in Northamptonshire in 1949 was 

1: 7000 children, aged 0- 15 years and a survey of diabetic children of 

similar age in Sunderland during a ten year period, 1967-76, revealed an 

incidence of 1: 400. 

The Sunderland survey comprised ninety-five diabetic children who were 

divided into three age groups 0-4 years, 5-9 years and 10 - 14 years. 

Overall more boys than girls develop diabetes, particularly in the younger 

0-4 year group but girls increase in number and almost equal boys in the 

two older groups 5-9 years and 10 - 14 years. 

The peak age of onset is eight and eleven years, consisting mainly of 

girls; however, boys predominate at twelve years of age. These peak age 

ranges related to sex could indicate that the underlying provoking factor 

in the aetiology of diabetes at these ages may be adrenarche or puberty. 

Environmental factors also appear to play a role in the aetiology of 

juvenile-onset diabetes as more diabetic children present with their illness 

in the winter six months, October to March. This winter onset tendency was 

more significant in the older children (10 - 15 years), and spatial clustering 

of the disease in Sunderland children occurred, tending to confirm environ- 

mental influences such as infection in the community. Clustering of cases 

was also related to the highter social class areas of the town, consequently 

80% of the diabetic children came from social groups I, II and III. 

Only 7% of the diabetic children had a first degree insulin dependent 

diabetic relative compared to the national figure of 11%. A study of the 

extended family history revealed that almost half the Sunderland diabetic 

girls and one-third of the boys had a relative with insulin dependent diabetes. 

The diabetic child with the phenotypes H. L. A. - B8, BW15 and BW18 had a very 
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significant tendency to an extended family history. 

An analysis of the H. L. A. phenotype showed that 75% of the diabetic 

children had H. L. A. - B8, BW15 or BW18 phenotype. 53% had H. L. A. - B8 

compared to 24% controls. This B8 phenotype accounted for half the children 

in each of the three age groups. The majority of boys with H. L. A. - B8 

presented in the winter six months, whilst girls with this phenotype pres- 

ented evenly throughout the year. This could suggest that the provoking 

factor in the aetiology of diabetes in boys with H. L. A. - B8 could be an 

infection. The H. L. A. - B40 phenotype, not previously associated with a 

diabetogenic tendency, appears to fall into a similar category to boys 

with H. L. A. - B8. 

The height of the diabetic children at the onset of the illness was 

compared to the height of local children and also to the national centile 

values. The mean height of the local children (25th centile) was found to 

be significantly below the national 50th centile. The Sunderland diabetic 

children were equally distributed about the national 50th centile value and 

consequently were significantly taller than the local children. 

Although 80% of the diabetic children were above the local mean height, 

the diabetogenic phenotypes H. L. A. - B8, BW15 and BW18 were not associated 

with the very tall diabetic child. Most of the diabetic boys and girls above 

the 75th height centile had H. L. A. - B7 or B12 phenotypes. If H. L. A. - B8 

was combined with either of these two phenotypes the children were shorter 

in stature. 

It is possible that the provoking factor in the development of diabetes 

in boys with H. L. A. - B8 is an infection, whilst diabetes in girls with 

H. L. A. - B8, BW15 or BW18 appears to be related to puberty or adrenarche. 

Children with H. L. A. - B7 or B12 may be associated with a different endo- 

crine imbalance producing excessive tallness prior to diabetes becoming 

evident. 
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Chapter 1 

THE INCIDENCE, SEASONAL ONSET, AGE AND SEX 

OF CHILDREN WITH DIABETES MELLITUS 

One of the first studies done in the Western World on the incidence 

of diabetes in children was reported by Joslin (1946), who in 1935 - 36 

was involved in a U. S. A. National Health Survey of 2,500,00 people. In 

the age range 0 to 14 years, one diabetic child was detected in 2,500 

children. 

In 1949, Henderson, Medical Officer to the Ministry of Education, 

arranged for a survey of diabetic children in England. With the assist- 

ance of school medical officers, and hospital paediatric departments in 

sixteen cities and fifteen county areas a total child population of 

1,307,00 was sampled. 

A total of 183 diabetic children were found in the age range 0- 15 

years, an incidence'of 1 in 7, b00. Most of the diabetic children (148) 

lived in the city urban areas (1 : 5000) whereas only 35 came from the rural 

areas (1 : 3000). 

Henderson also reported that the incidence of diabetes increased 

as the children became older e. g. under the age 5 the incidence was 

1: 180,000, age 5-9,1 : 8000 and 10 - 15 years, 1: 3000. 

No further surveys on the incidence of diabetes in children were 

done in Britain until a pilot study was carried out in London and 

Middlesex by Robertson in 1960, who reported his findings to the 

Banting Memorial Meeting of the British Diabetic Association. This study 

suggested a minimum incidence of one diabetic child per 3,300 school 

children aged 5 to 17. 

In the same year, July, 1960, Nurse Beardsmore, a Health Visitor 

working with Reid, County Medical Officer for Northamptonshire surveyed a 

population of 45,000 school children (aged 5 to 15 years) and found fourteen 
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diabetic children, an incidence of 1: 3250. Later in 1964 the same 

workers extended the age range of their survey from 2 years to 16 years, 

and from this increased children's population forty-three diabetic children 

were detected. Thirty-nine of the forty-three children were of school age 

(5 to 16 years), an incidence of 1: 1,200. The results suggested that 

diabetes in Northamptonshire school children had more than doubled in four 

years. 

The increase in the incidence of children's diabetes was also noted 

in Israel where Cohen (1971) reported an increase in successive cohorts of 

children born between 1947 - 51,1952 - 56, and 1957 - 61. Cohen also 

noted a higher prevalence of diabetes among children of parents born in 

Europe and North America compared to children of parents born in Asia or 

Africa. 

Further studies in Britain were done by Wandsworth and Jarrett 

working on the National Survey of Health and Development. This National 

Survey was started in 1946 as an investigation into social and economic 

aspects of 13,687 births occurring during March 3rd to 9th 1946. A sub- 

group of 5,362 children have been studied more closely, and in 1974 when 

the children häd grown up and were 26 years old, sixteen young adults from 

the sub-group had developed diabetes, an incidence of 3 per 1,000. Ten of 

the sixteen patients (4.9 per 1,000) were from non-manual homes whilst six 

(1.8 per 1,000) were from a manual worker's background. Interestingly 

only one of the sixteen diabetics had developed their illness whilst at 

school. 

A similar type of survey was carried out by. the National Child 

Development Study Group (Calnan and Peckham 1977) which is concerned with 

the follow-up of 15,500 children born during one week in March 1958. By 

the time the children were 11 years old, eight had developed diabetes, and 

at 16 years of age, twenty-two were diabetics. 



Table 1 

Reported incidence rates of juvenile-onset 

diabetes mellitus 

U. S. A. 

Joslin (1946) 0- 14 years 1: 2,500 

U. K. 

Henderson (1949) 0- 15 years 1 : 7,000 

Robertson (1960) 5- 17 years 1 : 3,300 

Beardsmore & Reid (1960) 5- 15 years 1 : 3,250 

Beardsmore & Reid (1964) 5- 15 years 1 : 1,200 

Calnan & Peckham (1977) 0- 16 years 1 : 700 
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In this study, the prevalence of diabetes was 0.2 per 1,000 by 7 years of 

age; 0.5 per 1,000 by 11 years of age; and 1.42 at 16 years. 

In East Germany where diabetic screening is encouraged and diabetics 

are registered, Schliack (1974) reported the incidence in the age group 

0 to 9 years at 0.2 per 1,000 at risk; 10 to 19 years, 0.8; and 20 to 29 

years, 1.6. These figures are very similar to the results from the 

National Child Development Study, and are comparable to the National Survey 

of Health and Development. 

In November, 1972, the British Diabetic Association sponsored the 

"Register of Newly Diagnosed Diabetic Children" and doctors were invited 

to report children up to the age of fifteen who had developed diabetes. 

Results were published in 1975 by Bloom, Hayes and Gamble, who repor- 

ted a minimum yearly incidence in Great Britain and Eire of 7.6 cases per 

100,000 children age 0- 15 years for the combined years of 1973 and 1974. 

Regional variations were striking, ranging from 7.5 cases per year per 

100,000 children in North East England, to 5.6 in Greater London and 9.1 

in South Western England, and 10.1 cases per 100,000 in South Eastern 

England. These variations in incidence between regions suggested the 

influence of environmental factors in the development of diabetes in 

children. 

(ii) Environmental factors and seasonal variation 

In 1969 Gamble and his colleagues found raised antibody titres to 

Coxsackie virus B4 in diabetics of recent onset and this gave impetus to 

the theory that "infection" may play a part in provoking diabetes. Later 

in 1973 Gamble and another group of workers reported on virology tests of 

162 insulin dependent diabetics of recent onset, and in several found high 

titres to Coxsackie virus B1 -5 compared to controls. They also noted 

more cases were diagnosed in the winter months than the summer, tending to 

confirm their impression that juvenile diabetes may be caused by a virus 
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infection(s) occurring in the colder months. 

The Register of Newly Diagnosed Diabetic Children (1973) reported a 

difference in the number of diabetic children in 1973 (1216) compared to 

1974 (1058). The decrease in 1974 was thought to be significant and was 

most noticeable in the South of England. It was thought unlikely that 

doctors had failed to notify new cases, and assuming the difference between 

1973 and 1974 was genuine, it could be accounted for by environmental 

factors such as infection. 

Gamble's finding of a seasonal variation in the onset of juvenile 

diabetes was confirmed by the "Register", more children presenting during 

the autumn, winter and spring months compared to the summer. 

Interestingly, children presenting with diabetes under five years of 

age did not have a seasonal variation in onset. 

Two years later Cudworth and his colleagues (1977) reported twice as 

many new diabetics in the autumn and winter months than the spring and 

summer. "110 Merseyside diabetics under 30 years were studied and their 

tissue typing was carried out. It was found that patients with the pheno- 

type HLA - BW15 developed their diabetes more frequently during the winter 

and this group of patients also had high neutralising antibody titres to 

Coxsackie virus types Bl - 4. 

These reports suggested that virus infections occurring during the 

winter months could provoke juvenile onset diabetes in certain young 

people. 

However, in 1975, Dippe and his colleagues in U. S. A. reported an out- 

break of Coxsackie virus B4 infection in two inhabited islands in the 

Bering Straits with a population of 350 and 110 respectively, all of 

Russian descent. Although the peak of the virus illness occurred in 

September 1969, which was confirmed by virology tests; five years later in 

1973, none of the population had developed diabetes. It could be argued 



-5- 

that the numbers in the study were small and that Coxsackie virus B4 

infection may not be the provoking factor in that particular racial group. 

Further British support for an infective aetiology came from 

Birmingham where Rolles and Rayner (1975) reported the seasonal incidence 

of fifty-six diabetic children and found that 81% of the children who had 

the tissue type HLA - B8 developed their diabetes within a five month 

period, from October to the end of February. 

(iii) Age incidence 

Nancy Simpson (1962) studying diabetic families in Toronto found the 

commonest age range at onset to be between 10 to 14 years for both boys 

and girls. 

The 1973 - 74 British Register showed that the incidence increased 

with age to a peak at 11 years for both sexes. After the age of 12, the 

incidence fell sharply. Simpson's results showed a similar dramatic fall 

after 14 years of age. 

Cudworth and colleagues (1977) also confirmed a peak at 11,12 and 

13 years of age, with a decline in new cases in the mid and late teens. 

(. v) Sex ratio 

Simpson (1962) reported more boys among the 0 to 4 year olds, but 

more girls in the 5 to 9 year range, and equal numbers of boys and girls 

aged 10 to 14. Similar results were found in the British Register (1973/ 

74) the only variation being more boys than girls in the older 10 to 14 

year group. Cudworth and his colleagues (1977) found a slight preponder- 

ance of male patients (65 : 45), and the British Register (1973/74) recor- 

ded 1279 boys and 1145 girls. 

SUMMARY 

It would appear from the literature that the incidence of juvenile- 

onset diabetes is steadily increasing. However, in Britain, there appears 

to be a marked regional variation of the illness in children. This may be 
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due to social and/or environmental factors. In certain diabetic children 

with specific human leucocyte antigens, a seasonal onset is suggested. 

The peak age at onset from various studies is 11 and 12 years of age and 

more boys tend to develop diabetes than girls. 
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Chapter 2 

Family History and Genetic Factors in Juvenile Diabetes 

(i) Family History Studies 

Many papers have been written about the genetic and hereditary pre- 

disposition to diabetes. 

Apparently as early as the 7th century the family tendency to diabetes 

was noted in India (Joslin and Root). 

In recent years workers have tried to throw further light on the 

hereditary tendency. 

In 1955 White reported from the Joslin Clinic 16 diabetics out of a 

total of 175 offspring of young diabetic patients. 

Following on from this study Nancy Simpson (University of Toronto) in 

1962 made a detailed survey of the families of 233 juvenile diabetics who 

had developed their illness before they were 20 years old. 

There were 466 parents, 566 siblings and 114 offspring in the study. 

Of the 466 parents, 11 mothers and 7 fathers were found to be 

diabetics, all insulin dependent, an incidence of 7%. There was only one 

family where mother and father were both diabetics and only one of their 

four children had diabetes. 

None of the 566 siblings had developed diabetes at the time of the 

survey. 

Simpson also found that 102 of the 233 juvenile diabetics had become 

parents, having 114 offspring and only one child had developed diabetes. 

However, most of the offspring were still very young at the time of the 

study. 

Dr. Simpson suggested that her findings indicated there was some 

genetic influence in the development of juvenile diabetes but the pattern 

did not fit the usual features of recessive, intermediate or dominant 

inheritance. 
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In 1968, Oakley, Pyke and Taylor found 13% of diabetic children gave 

a history of diabetes in a first degree relative, whilst the Register of 

Newly Diagnosed Diabetic Children 1973 - 1974, found that from 1400 young 

diabetics, 154 (11%) had a first degree relative. 

Oakley also found that in a control group of non-diabetic children 

only 2% gave a positive family history in a first degree relative. 

This difference would support the suggestion that diabetes does have 

a genetic factor but obviously not a strong one and that other factors 

such as environment and immunological factors seem to play a part. 

(ii) Diabetes in Twins 

Further studies on the genetic origin of diabetes was carried out by 

Tattersall & Pyke (Kings College, London) in 1972. 

They analysed data from 96 pairs of identical (monozygotic) twins. 

65 pairs were concordant (both diabetic) and 31 pairs were disconcordant 

(one twin diabetic). 

In 75% of concordant twins the interval between diagnosis in the other 

twin was less than three years. 

When diabetes developed in the index twin before the age of 40, half 

the pairs were disconcordant. 

It is suggested by Tattersall and Pyke that the unaffected twin in 

the*disconcordant pairs will probably remain non-diabetic, since half the 

pairs had been disconcordant for more than twelve years. 

A family history was more common in concordant twins than in discon- 

cordant twins. 

From this study these authors later suggested in an article in the 

Lancet in 1976 that diabetes is not a single entity, that inheritance is 

variable and in some cases especially when diagnosed in early life, there 

is good reason to suppose that non genetic factors are important. 
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Rosenthal and his colleagues in San Francisco (1976) argued against 

Tattersall and Pyke's evaluation of their study on diabetes in monozy- 

gotic twins. 

Rosenthal felt that it takes longer to develop diabetes in the other 

twin if the diabetes developed in the index twin before they reached 40 

years of age, but if the twins are followed long enough concordance in the 

younger diabetic eventually reaches 82%. They further stated that regard- 

less of age of onset diabetes is a disease of genetic origin in most cases. 

' However, Cudworth and Woodrow (1976) disagreed with Rosenthal and 

his colleagues stating that the study of the Human Leucocyte Antigen 

system (HL-A) in diabetes has produced strong evidence that the major 

susceptibility to juvenile onset diabetes is determined by a gene(s). 

They quote their work on HL-A typing and twins in association with Wilson, 

Pyke and Batchelor, 1975, when they found an increased incidence of 

HLA-B8 and BW15 in diabetic identical twins with an onset before 40 years 

of age, and this suggested a genetic factor irrespective of concordance or 

disconcordance. Whether the second child became diabetic they suggested 

was purely a matter of a chance environmental effect. 

They further argued that the genetic susceptibility to a maturity 

onset, non-insulin dependent diabetes is different as there was no evid- 

ence of an HLA linked gene, either in the diabetic population studies or 

in maturity onset diabetic identical twins. 

Summary 

The inheritance of diabetes is obviously complex. It would appear 

that in Britain, the percentage of diabetic children with a diabetic first 

degree relative is 11% - 13% compared to 2% in controls. 

It is possible that the recently developed H. L. A. assessment of 

juvenile onset diabetics will assist in the better understanding of the 

inheritance of the illness. 
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Chapter 3 

The Human Leucocyte Antigen System (H. L. A. ) 

(i) Introduction 

The most sophisticated defence mechanism to find expression in vert- 

ebrate organisms is the immune response; that is, the capacity, after 

foreign macro molecular or allogenic cells are introduced, to produce 

specifically sensitized lymphocytes and to synthesize and secrete specific 

antibodies capable of reacting with these foreign substances (antigens) 

(Benaceraf and McDevitt 1972). 

This immune response mechanism appears to be one of the important 

functions attributed to a major histocompatibility complex (M. H. C. ) of 

cell surface antigens. 

The first systematic studies on the antigens carried by cells which 

determine whether a graft will be rejected or not were performed on inbred 

strains of mice of known genetic make-up. It was found that just as in 

the red cell antigenic system, some antigens were very strong and others 

weak. The transplantation or histocompatibility antigens were found to 

be strong antigens and experiments suggested that these antigens in the 

mouse were controlled by the H- 2 genetic locus (Weir). 

In man, these strong tissue antigens are found in most tissues 

throughout the body but are absent from the red blood cells which contain 

only the ABH antigens. Fortunately blood leucocytes carry all the known 

major histocompatibility (M. H. C. ) antigens and it is possible to test 

white blood cells for the presence or absence of the M. H. C. antigens and 

therefore they were referred to in man as the human leucocyte antigens or 

the H. L. A. system. 

Techniques to demonstrate the antibody to human lymphocytes have 

been developed. Walford, 1964, evolved the cytotoxic or complement depend- 

ent cell killing method and later in the same year Terasaki and McClelland 

developed the presently used microlymphocytotoxicity test which economised 



Table 2 

The nomenclature of the H. L. A. system 

New Previous New Previous 

Locus A first, Locus B second, 
LA locus 'four' 

ALA-A1 HL-A1 HLA-B5 HL-A5 
HLA-A2 HL-A2 BLA-B7 HL-A7 
HLA-A3 EL-A3 HLA-B8 HL-A8 
HLA-A9 HL-A9 HLA-B12 BL-A12 
HLA-AlO HL-AlO HLA-B13 HLA-A13 
LILA-All EL-All HLA-B14 W14 
HLA-A28 W28 HLA-B18 W18 
HLA-A29 W29 HLA-B27 W27. 

HLA-AW23 W23 HLA-BW15 W15 
HLA-AW24 W24 HLA-BW16 W16 
HLA-AW25 W25 HLA-BW17 W17 
HLA-AW26 W26 HLA-BW? 1 W21 
HLA-AW30 W30 HLA-BW22 W22 

HLA-AW31 W31 HLA-BW35 W35 
HLA-AW32 W32 HLA-BW37 TY 
HLA-AW33 W19.6 Fe55 HLA-BW38 W16.1 
HLA-AW34 Malay 2 HLA-BW39 W16.2 
HLA-AW36 Mo* HLA-BW40 W10 
HLA-AW43 BK HLA-BW41 Sabell 

BLA-BW42 MWA 

New Previous New Previous 
Locus C third Locus D LD, MLC 

HLA-CW1 Ti HLA-DW1 LD 101 
HLA-CW2 T2 HLA-DW2 LD 102 
HLA-CW3 T3 HLA-DW3 LD 103 
HLA-CW4 T4 HLA-DW4 LD 104 
HLA-CW5 T5 HLA-DW5 LD 105 

HLA-DW6 LD 106 

From D. Voak and A. H. Goldstone (1976) 
H. L. A. Antigens and their significance 

Hospital Update, Vol. 2 484 
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on the use of rare antisera and the numbers of lymphocytes needed for each 

test. 

Following extensive research by many workers and international 

collaborative workshops begun in 1964 the present classification of the 

H. L. A. system has evolved. 

Four major gene loci are now represented and are designated. 

1. H. L. A. -A formerly HL -A 

2. H. L. A. -B formerly HL -4 

3. H. L. A. -C formerly HL - AJ or Third 

4. H. L. A. -D formerly M. L. C. or L. D. 

These four gene loci are thought to be located on chromosome 6. 

The present nomenclature of the H. L. A. system is shown in Table 1. 

(ii) Genetics of the H. L. A. System 

A. Experiments in animals 

In 1968 Lilley demonstrated that there was an association between 

genetic linkage in the murine major transplantation antigen (H-2) complex 

and a relative resistance to virus induced leukaemogenesis. 

This was followed in 1971 by reports of the H-2 linkage of genetic 

factors predisposing to murine autoimmune thyroiditis (Vladutiu and Rose) 

and to susceptibility of mice to acute lymphocytic - choriomeningitis 

virus infection (Oldstone et al 1973). 

The work of Vladutiu and Rose in Buffalo, U. S. A., involved injec- 

tions of mouse thyroid extract and inducing an autoimmune disease with 

measurable circulating thyroid autoantibodies and damage to the target 

organ by-infiltration of the thyroid by mononuclear cells. They found a 

striking correlation between the response to thyroid antigen and H-2 type, 

e. g. the murine strain with the genetic make-up of H- 2S and H- 2K were 

consistently excellent responders, producing good quantities of thyroid 

antibodies and thyroid damage whilst other strains of mice H-2, a 
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H- 2b. H- 2d and H- 2v gave a poor reaction. 

This study on autoimmune thyroiditis is of particular interest 

because this is the first disease model in which an association has been 

established between a particular transplantation antigen type, a specific 

(antithyroglobulin) antibody response and the pathological severity of 

disease. The demonstration of all three factors go far in showing that 

histocompatibility linked specific immune response genes may play a part 

in disease pathogenesis. 

The susceptibility of mice to acute lymphocytic-choriomeningitis 

virus infection (L. C. M. ) was studied in 1973 by Oldstone, Dixon, Mitchell 

and McDevitt. These workers were interested in the natural host varia- 

tion in the ability to resist infectious diseases. Various strains of 

mice were mated and the L. C. M. virus introduced intracranially and the 

mice were H-2 typed, and virus absorption tests and histology was done. 

They found that different strains had different immune responses to this 

virus infection and linked the immune response to the genetic H-2 

linkage. 

They suggested that their results: - 

(a) ruled out the theory that M. H. C. antigens may represent 

specific receptor sites for attachment of L. C. M. virus since 

H- 2q mice which were more susceptible to L. C. M. than H-2 

mice, absorbs the same amount of L. C. M. virus in each case. 

(b) They'also refuted the theory that M. H. C. antigens and L. C. M. 

virus may share antigenic determinates, and fail to recognise 

the invading virus. This would suggest that the mouse host 

would then fail to respond immunologically to the virus. 

However, they found the H- 2k resistant strain capable of 

mounting both humoral and cellular responses against L. C. M. 

infection. 



Fig 1 

Schematic representation of the XVII mouse chromosome 
from McDevitt and Bodmer (1974) 

Tt tf H-2K H-2D T-la thf 
I* 

"R4---I 
Ii map units 

01 0.5 

KD ends 
regions 

H- 2K Ir-lA Ir-1B Ir-? 
'SsS1P 

subregions 
H-2D loci 

The first line is an approximate linkage map of the entire chromosome. 

The second line is a subdivision of the H-2 complex into its four major 

regions, K. I. S. D. The third line is a subdivision of the I region 

into its major subregions. 

Fig 2 

Schematic diagram of the 
human major histocompatibility complex 

AJ 

II MLC-2 MLC-1 4 L. A. 

The LA and four loci appear to be analagous to the D and K loci of H-2. 

AJ is a third serologically detected histocompatibility difference whose 

map position is not clearly established. The major MLC region is 

designated MLC-1 and lies at the outer limits of the human major 

histocompatibility complex. The position of human Ir genes have not 

yet been clearly mapped. 
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(c) It was thought that an immune response gene analagous to 

the Ir genes, controls the ability of the host to respond to 

L. C. M. virus antigens and this appears to be the answer in the 

work on H-2 mice and L. C. M. infection. 

B. Genetic mapping 

The genetic mapping in mouse has been carried out in the past few 

years (Fig. 1). Most of the H-2 linked specific immune response genes 

controlling immune responsiveness to a variety of polypeptide and protein 

antigens and iso antigens map in or near to the centre of the H-2 complex 

lying between the H- 2K locus (which is the gene for one of the two major 

serological transplantation antigens) and the SS - S1P locus, a marker 

near the centre of the H-2 complex controlling serum o( globulin. This 

region also controls a series of lymphocytic allo-antigens, now desig- 

nated as Ia (Ir-associated) antigens, found primarily on B. lymphocytes. 

Studies by Festenstein and Demant (1973) have shown that the major 

antigens eliciting the mixed lymphocytic culture (M. L. C. ) reaction in 

vitro also map in the same region as the Ir genes. It is not yet clear 

whether M. L. C. genes, Ir genes and Ia antigens are different effects of 

the same genes or separate genes mapping in the same part of the major 

H-2 complex. 

At present, it seems that the M. L. C. reaction reflects the effect 

of Ia antigens and that both are separate from specific Ir genes. The 

situation in man is analagous, although not yet as precisely defined as 

in the inouse. The currently accepted version of the major histocompati- 

bility complex is shown in Fig. 2. 

No H. L. A. linked immune response genes have been mapped in man as 

yet. However, there is clear evidence that genes controlling antigens 

eliciting the M. L. C. reaction (H. L. A. - D) in vitro are clearly linked 

with the genes for the major serologically detected transplantation 
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antigens H. L. A. - At H. L. A. -B and H. L. A. - C. The H. L. A. -D (M. L. C. ) 

locus in man seems to be close to the H. L. A. -B locus. This point is of 

considerable interest because of the fact that most of the disease 

associations with the H. L. A. system that have been reported are with 

antigens of the H. L. A. -B locus. This is in striking analogy with the 

situation in the mouse when the Ir and M. L. C. group map close to the 

H- 2K locus. 

(iii) H. L. A. and disease in man 

The search for associations between H. L. A. and specific diseases in 

man has been much more extensive than that in the mouse, but unfortun- 

ately because of the inability in man to carry out planned breeding 

experiments as can be done in mice, less clear cut results are obtained 

in the work done so far. 

Most of the disease association found so far in man are with alleles 

of the B series. The suggested reason is that the B and D loci lie close 

together on chromosome 6 and hence these particular alleles are likely to 

be in strong linkage disequilibrium, i. e. given pairs of antigens of the 

B and D series occur more frequently in the population than would be the 

case if the alleles of the two loci had segregated independently at 

random (Leading article, Lancet 1975). Linkage disequilibrium is already, 

recognised between alleles of the more widely separated A and B loci. In 

Whites, for example, the combination Al and B8 are particularly common. 

In addition, progress has been made in the serological identifica- 

tion of determinants of restricted tissue distribution (the Ia (immune- 

associated) series). These antigens appear to be more closely allied to 

the H. L. A. -D antigens which if they parallel experiments so far done 

in: mice may eventually be shown to be more closely associated with disease 

in man than the H. L. A. -A and B series so far reported. 

. 
One of the first reports in man that the HLA system was 
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associated with disease was by Forbes and Morris (1970) who studied two 

groups of patients with Hodgkin's disease in Melbourne. Out of 35 

patients in the first group, 56% were HL - W5 (now re-classified 

HLA - B5) and out of 75 in the second group, 45% were in the same HLA 

group compared to 25% of the normal Australian population. Later, 

following an international collaborative study of 450 Hodgkin's patients, 

HLA - Al, B5 and B18 were found to be commonly associated with this 

illness (McDevitt and Bodmer 1974). 

However, probably the most important of the early studies was done 

by Levine and Stember (1972) who were the first to demonstrate the 

association in man between H. L. A. phenotype; a specific immune response 

and disease severity. 

This work done in New York was on Ragweed hayfever which is an 

example of an allergic disease mediated by IgE antibodies (Reagins) to 

airborne allergens (pollen particles). Genetic studies on reagin (IgE) 

production in inbred strains of mice have demonstrated two kinds of 

genetic control of reagin production. 

One genetic factor permits the production of high serum levels of 

reagins to many antigens. The other control system is by genes at a 

locus (or loci) closely linked to the H-2 system; the Ir (immune 

response) genes. The Ir genes control immune responsiveness to synth- 

etic polypeptide antigens and to minute doses of protein antigens. This 

system shows antibody specificity. In most mouse strains rea. n prod- 

uction is a prominent part of the immune response. Ragweed hayfever in 

man shows many features similar to these immune response systems in the 

mouse. 

Levine and Stember studied seven kindreds in which Ragweed hayfever 

occurred in more than one member. In one family, 67% of the members were 

HLA - B8 and they had an intense immediate wheal and flare reaction to 
.4 
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antigen E and developed severe hayfever. The rest of the family were 

HLA - A10 and B12 and did not have an immediate skin reaction or clin- 

ical illness. 

This work suggested that the association with a specific H. L. A. 

haplotype was specific for antibodies to ragweed allergen, and not for 

reaginic antibodies to timothy-grass allergen and also that the genetic 

factor associated with H. L. A. affected the level of IgE antibodies to 

ragweed allergens in these patients. 

Perhaps the closest association between histocompatibility genes 

and disease so far discovered in man is that between Ankylosing spondyl- 

itis and HLA - B27 where more than 90% of patients were found to carry 

the B27 allele compared to less than 8% controls (Brewerton et al 1973)" 

However, it has been estimated that fewer than 5% of individuals with 

HLA - B27 will develop ankylosing spondylitis and even within affected 

families the disease does not show 100% linkage with the B27 antigen 

(Leading article, Lancet 1975). 

Stokes and his colleagues (1972) reported the increased incidence 

of HL - Al and HL - A8 in adult Coeliac disease. 78% of the patients 

studied had HL - Al (now re-classified HLA - Al) compared to 33% controls, 

and 88% had HL - A8 (now HLA - B8) as against 29% controls. The frequency 

of the combination HL - Al and HL - A8 in the coeliac patients was 75% 

compared to 20% in controls. 

Dermatitis Herpetiformis is thought to have an association with 

coeliac disease and in a joint study published from Copenhagen and 

Newcastle upon Tyne, Janet Marks (1976) and her colleagues reported an 

increased incidence of HLA - DW3 and HLA - B8 in the Dermatitis Herpeti- 

formis patients. 

An interesting study was done by Thompson and colleague (1976) on 

the HLA antigens and atopic symptoms in children with steroid-responsive 

nephrotic syndrome. They found hayfever, positive prick test to grass 
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pollen antigens and a higher mean serum IgE antibody to be more common in 

nephrotic children who had HLA - B12 antigens. Whilst in the non-atopic 

patients there was an increased incidence of the haplotype lILA - B8. 

Their data suggested that in children who have both lLA - B12 and a 

history of atopy the risk of steroid-responsive nephrotic syndrome devel- 

oping is thirteen times greater than in those with neither factor. 

Another interesting study on adults with intrinsic asthma who did 

not have a history of atopy and negative prick skin test with 18 common 

allergens, - 80% of the intrinsic asthmatic patients were found to be 

HLA - W6. In contrast, a group of extrinsic asthmatics were found to 

have tissue antigens similar in distribution to the normal population. 

It has also been established that multiple-sclerosis is associated 

with an increase in HLA - A3, HLA- B7 and MA - DW2 (Jersild et al 1975). 

(iv) H. L. A. and juvenile-onset diabetes mellitus 

In October 1974, Nerup and his colleages reported a study on 146 

diabetic patients in Denmark. 

Eighty-five patients developed their diabetes before age forty 

(juvenile diabetes) and sixty-one had maturity-onset diabetes. 

H. L. A. studies revealed an increase in HL - A8 (now HLA - B8) in 

juvenile diabetics and the W15 antigen (now HLA - BW15) was increased in 

both the juvenile and maturity-onset diabetes, but was not significantly 

increased in the maturity-onset group. 

Nerup suggested that HL - A8 and W15 seem to be genetic markers for 

insulin dependent diabetics. 

This work was followed by a Liverpool study, which Cudworth and 

Woodrow published one month after Nerup's article. One hundred diabetic 

patients were HLA typed, fifty patients with an onset before age 30 and 

fifty with an onset after that age. 54% of the juvenile group were 
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HL - A8 compared to 32% controls and W15 was found in 18% of juvenile 

onset patients compared to 12% controls. No such increase in HL - A8 

and W15 was found in the fifty maturity-onset patients. 

A further report by Cudworth and Woodrow (1975) on one hundred and 

fifty patients who developed diabetes before age 30 confirmed the above 

findings. Risk factors were suggested for the various H. L. A. antigens 

and diabetes mellitus. Those who had HL - A8 the relative risk was 2.17, 

and for W15 the risk was 2.35. If the patient had both HL - A8 and W15 

antigens then the relative risk was 4.67. 

Interestingly, a Japanese study by Wakisaka and colleagues (1976) 

from Sapporo where HLA - B8 is rare but HLA - BW15 is common, found 44% 

of the juvenile-onset group of thirty-two patients were HLA - BW22J com- 

pared to 13% controls. The HLA - B15 antigen was found to be present in 

only 6% of patients compared to 24% controls. This would suggest that if 

there is an HLA preponderance to diabetes mellitus it may vary from race 

to race. 

(v) H. L. A. phenotype and seasonal variation in juvenile-onset diabetes 

Gamble (1973) and his colleagues have been interested in the possi- 

bility that juvenile-onset diabetes mellitus (J. O. D. M. ) may be provoked 

and precipitated by a virus infection. They tested 162 Insulin dependent 

diabetics for neutralising antibodies to Coxsackie virus and compared the 

results to a control group. They found an increase in B4 antibody 

especially in the 10 - 19 year old group. 

If Coxsackie virus infection could be implicated in provoking 

diabetes in young people then the onset of symptoms would presumably 

follow the infection by some weeks or months. Gamble's group therefore 

plotted the month of onset of diabetes and found a definite increase in 

cases during the autumn and winter months and a low incidence from April 

to August. 
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In 1975, Rolles and his colleagues at Birmingham Children's Hospital 

analysed the months of onset of fifty-six Birmingham diabetic children who 

had also been HLA typed. They found that 46% of the diabetic children 

were HLA - B8 and of these 81% presented in the five months October to 

February. No seasonal variation was found in the children who did not 

have HLA - B8. 

This work reinforced the suggestion that certain juvenile-onset 

diabetics were more likely to develop diabetes in the colder months, 

probably provoked by a Coxsackie virus infection. 

Cudworth and his colleagues (1977) reported one hundred and ten new 

diabetics in the Merseyside area, under age 30, and found twice as many 

cases presenting in the autumn and winter months compared to the spring 

and summer. They found that HLA - BW15 patients clustered in a winter peak 

and also they were found to have an increased neutralising antibody titre 

to Coxsackie virus types B1 - 4. 

It would therefore appear from the work reported to date that there 

is a seasonal incidence in juvenile-onset diabetes possibly related to 

the HLA phenotype and virus infection. 
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Chaper 4 

The height of diabetic children at the onset of their illness 

(i) The earliest report 

In 1928 Harvey Spencer of Boston was one of the first physicians to 

report the height of children at the onset of their diabetes. He measured 

twenty-three diabetic children under 13 years of age at the onset of their 

illness who were attending the Infants and Childrens Hospital, Boston. 

In order to increase the number of children in his survey he added results 

from a study done by Allen and Sherriff, making a total of forty-five 

patients. 

In order to compare his diabetic children, Spencer used standards 

in height and weight from Griffith's and Mitchell's Textbook of Diseases 

of Infants and Children. Thirty-six (80%) diabetic children were normal 

or above normal in height for their age and twenty-six of these (59%) 

were 1" or more above the normal average. Only nine children were below 

normal. In his report he did not differentiate between boys and girls 

but grouped them together. 

It seemed apparent from this original work that very few diabetics 

were smaller than the average for their age at the onset of the illness. 

(ii) Further studies in U. S. A. 

In 1946 Jackson and Kelly, Iowa, studied eighty-six diabetic child- 

ren, 92% of whom had developed their diabetes before their 13th birthday. 

Most of the children were third generation European-Americans and the 

researchers used the Iowa City childrens' growth charts to compare the 

heights of the children. 

They found that thirty-six children (42%) deviated less than 

1S. D. from the average height and almost a similar number, namely thirty- 

five (41%) were 1 S. D. or more below the average, whilst fifteen children 
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(17%) were 1 S. D. or more above the average in height for their age. 

Unfortunately, as in Spencer's report, no sex difference was recor- 

ded, but at least the two studies did reveal conflicting results and gave 

an indication that further research was required. 

(iii) Studies in Europe 

Several European studies have been carried out but these have also 

varied in their results. Sterky (1967) in Stockholm. examined sixty-six 

diabetic children as part of an assessment of the growth pattern in 

juvenile diabetes. Referring to the height of the children at the onset 

of their illness, he states "most diabetic boys have a slight increase in 

height in comparison with normals". No mention was made about the height 

of diabetic girls. 

In Zurich, Bihrer (1970) did not find any difference in height between 

seventy-six diabetic and control children. 

(iv) British studies 

In Britain the interest in the height of diabetic children has only 

been apparent for the past few years. Helen Pond (1970), Kings College 

Hospital, London, studied the height of one hundred and one diabetic child- 

ren all born before 1952. There were fifty boys and fifty-one girls. The 

onset of diabetes in these children was from 1 year of age to 14 years. 

Pond used Tanner and Whitehouse growth charts, taking the percentile 

values and the space between the centile lines as "channels" and grouped 

the children irrespective of age into these channels according to their 

height. 

The mean percentile value (M. P. V. ) of boys of all ages at the onset 

of the illness was 57.1 with a standard error 3.5. These results suggested 

a shift to tallness in diabetic boys but was regarded as being borderline 

at the 5% level of significance. The diabetic girls followed a similar 

pattern but the shift in girls was highly significant (P <0.001). 



Table 3 
Surveys of the height of diabetic children 

at the onset of their diabetes 

Location Investigator No. of diabetic Compared to controls the 
of survey children studied diabetic children are: - 

U. S. A. 

Boston Spencer (1928) 45 Taller 

Iowa City Jackson & Kelly 86 Shorter 
(1946) 

EUROPE 

Stockholm Sterky (1967) 66 "Boys slight increase 
in height" 

Zurich Bihrer (1970) 76 Same height 

Holland Drayer (1974) 62 Boys taller 
Girls shorter 

U. K. 

London Pond (1970) 101 Boys and girls taller 

Glasgow Craig (1970) 80 Boys and girls taller 
than local controls 

Birmingham Jivani & Raynor 104 Boys shorter 
(1973) Girls same height 
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In another group of seventy-four diabetic children born after 1952, 

Pond suggested that there was a definite significant increase in the 

height of boys at the onset of their diabetes. The increased height was 

more marked in boys than girls in the 5-9 age group, but there was a 

fall in girls age 10 - 14 years. 

In the same year, 1970, Craig reported his study on eighty diabetic 

children attending the Hospital for Sick Children, Glasgow. These child- 

ren presented with diabetes over a fifteen year period between 1954 to, 

1969. 

Referring to the height of the children at the onset of their illness 

he said, "The boys at onset were on the average on the 50th centile and the 

girls on the 49th Gentile. " Pond (1970) quoted the 69th centile for her 

diabetic children in London. This is in fact in keeping with the present 

figures as the average height of the Glasgow children falls about the 33rd 

centile on the Tanner - Whitehouse charts. (Craig 1963). This does 

stress the need for appropriate controls. " 

In 1973, Jivani and Rayner analysed the height of forty-eight 

diabetic boys and fifty-six girls in the Birmingham area. These authors 

used the Tanner - Whitehouse growth charts in order to compare the heights 

of their diabetic children, as they did not have standard measurements for 

Birmingham children. 

Jivani and Rayner found the boys to be shorter than the normal boy 

at the onset of diabetes whilst the girls were near the 50th centile. 

The method of assessing the height was similar to that of Helen Pond, 

using the mean percentile values. 

The results of these surveys are set out in Table 3. 

(v) The Latest Report 

The most recent published work on the height of diabetic children 

at the onset of their illness was done in 1974 by Drayer who measured the 
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height at the onset of diabetes in thirty-one boys and thirty-one girls, 

living in the three northern provinces of Holland. 

The ages of the diabetic children ranged from 4 to 14 years. Their 

heights were recorded as standard deviational scores and these were com- 

pared with the heights of Dutch children taken from a National Survey. 

The diabetic children and controls were divided into sexes and then 

compared at the 4- 14 age group and also in the sub groups (a) 4 to 9 

years, and (b) 9 to 14 years. 

The diabetic boys as a whole (4 to 14 years) were found to be sig- 

nificantly taller than the Dutch boys (P/, 0.001) but the diabetic girls 

were not taller than the control girls. 

The sub groups showed that the diabetic boys aged 4 to 9 years were 

taller (P<0.01) but the boys aged 9 to 14 years were not significantly 

taller than the control group. 

The heights of the diabetic children were then compared and the boys 

(4 to 14 years) were found to be significantly taller than the girls 

(P< 0.01). However, the difference in the sub groups 4 to 9 years and 

9 to 14 years was not significant. 

Summary 

The results of the height studies in Europe (including Britain) and 

U. S. A. are conflicting. However, five of the eight reports suggest that 

diabetic children, especially boys, are taller at the onset of their 

illness. 



Part B 

The results of the Sunderland study 

into the aetiology of juvenile-onset diabetes 
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Chapter 5 

The incidence of juvenile-onset diabetes in the Sunderland area 

(i) The geographical area and population of the study 

This study into the aetiology of juvenile-onset insulin dependent 

diabetes mellitus was carried out in the Sunderland area, in the county 

of Tyne and Wear. The Sunderland Area Health Authority serves a popu- 

lation of 350,000. The catchment area includes the Sunderland County 

Borough, as well as parts of the Sunderland Metropolitan District; that 

is, Houghton-le-Spring, Hetton-le-Hole, Shiney Row and part of 

Washington. The catchment area also includes the Boldon and Whitburn 

areas of the South Tyneside Metropolitan District and the Seaham, 

Easington and Peterlee areas of County Durham. 

The number of children under fifteen years in the Sunderland 

Metropolitan District is 76,300 (1971 census). Certain adjustments to 

this figure had to be made as the District boundaries do not coincide 

with the Sunderland hospitals catchment area. 

It is known from Regional Health Authority figures that eighty 

per cent of the Washington population attend hospitals in Gateshead and 

Chester-le-Street; whilst the population of East Durham from towns such 

as Seaham, Murton, Easington and most of Peterlee attend hospitals in 

Sunderland. Hence the population of children under fifteen years of age 

for this diabetic survey comprised: - 

Metropolitan District of Sunderland 76,300 

Less 80% Washington children 10,000 

66,3oo 

Plus children from Murton, Seaham and Peterlee 13,500 

Total ? 9,800 
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(ii) Selection of patients for survey 

A ten year period was selected, from 1st January, 1967, to 

31st December, 1976. Any. child under the age of 15 years at the time of 

diagnosis of their diabetes mellitus, who presented at a Sunderland 

hospital was included in the survey. The records of diabetic children 

admitted to all the Sunderland hospitals during this ten year period were 

obtained. 95 diabetic children were traced and the numbers were confirmed 

by the Regional Health Authority Statistics Department. All but one of 

the diabetic children were diagnosed at the Children's Hospital, 

Sunderland. The exception was a 14 year old who was referred to a 

physician at the Royal Infirmary, Sunderland. Apart from this 14 year 

old, all the diabetic children were patients of myself and my colleague, 

Dr. John Heycock. 

The individual hospital records were examined for the age and sex 

of child; date of onset of the illness; place of residence and the school 

attended and a note was made of any family history of diabetes mellitus. 

From these facts, the age of onset, sex ratio, month of onset of 

diabetes and possible clustering of cases and family history was evalua- 

ted. The results are as follows: - 

(iii) Incidence of juvenile-onset diabetes 

The yearly incidence of juvenile-onset diabetes in the Sunderland 

area is recorded in table 4. The incidence during the first five years 

of the survey (1967 - 1971) varied between 3 to 6 cases per year, with a 

total of 23 diabetic children in the first five years. 

However, during the second five years 1972 - 1976, there was a two 

to three fold increase in the yearly incidence during the first four 

years, but a sudden 'explosion' occurred of 23 cases in the fifth and 

final year. 

Thus out of 95 children in the ten year survey, 23 developed 
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diabetes in the first five years and 72 in the second five years. 

For each group of children born in a particular year their rate of 

presentation with diabetes per year studied has been derived (table 5). 

Considering the year of birth for the nine year period from 1960 

to 1968 there has been no significant variation in the incidence between 

groups. There is more extreme variation in the incidence rates for those 

children born at either end of the period studied, but this data is more 

susceptible to variation because there are fewer children included. 

Within age groups, however, there has been an increase in the number 

presenting with diabetes in the final years of the study, which cannot 

entirely be explained by variation in the base population, since the 

number of births have remained relatively constant over the period consid- 

ered. Examination of the ten years data available for each age group of 

children presenting with diabetes shows that the proportion of those that 

presented within the last five years, 1972 - 1976 (76%), was signifi- 

cantly higher than the number presenting in the first five years 

1967 - 1971 (P <0-001)- 

The incidence rates per thousand were calculated for each age group 

(table 5). The base population was calculated as the mean of the number 

of births occurring in Sunderland County Borough plus the mean of half 

the births at Thorpe Maternity Hospital, Easington. 

Over the ten year study period, 1967 to 1976, the incidence rate 

per thousand children up to age 15 years was 2.5 (1 in 4oo) and during 

the last five years of the survey, 1972 to 1976, the rate had increased 

to 3.8 per 1,000 (1 in 263). 

(iv) Sex ratio throughout the ten year survey 

The ninety-five diabetic children comprised fifty-three (56%) boys 

and forty-two (44%) girls. This difference between the sexes is not 

significant when the sex ratio of the children born in Sunderland after 



Table 6 

Yearly incidence of juvenile-onset diabetes in Sunderland 
children under 15 years of age from 1967 to 1976 

First Quinquennium 

Total 

Total 

1967 1968 1969 1970 1971 Total 

MF 
42 

MF 
23 

MF 
12 

MF 
13 

MF 
23 

MF 
10 13 

6 5 3 4 5 23 

Second Quinquennium 

1972 1973 1974 1975 1976 Total 

MF 
54 

MF 
68 

MF 
10 2 

MF 
10 4 

M 'F 
12 11 

MF 
43 29 

9 14 12 14 23 72 

Total in 10 years 1967 - 1976 = 95 diabetic children 
First Quinquennium 1967 - 1971 = 23 children 
Second Quinquennium 1972 - 1974 = 72 children 

Table 7 

Age at onset of diabetes in Sunderland children (1967-76) 

Age 0-1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Total 

Male 0 2 2 6 2 5 3 3 5 6 3 1+ 8 3 1 53 

Female 0 0 0 1 3 2 5 1 9 3 5 8 2 2 1 42 

Total 0 2 2 7 5 7 8 4 14 9 8 12 10 5 2 95 
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1951 is compared. The ratio at that time was 1.03 males to every one 

female. 

In the first quiquennium of the survey, 1967 - 1971 (table 6), 

there were ten boys and thirteen girls with diabetes but in the second 

five years, 1972 - 1976, forty-three boys and twenty-nine girls developed 

the illness. Although the number of boys developing diabetes in the 

second quinquennium appears to have increased at the expense of girls, 

the difference was not found to be statistically significant. 

There is very little difference in numbers between the sexes 

throughout the ten years, apart from 1974 to 1975, when in each year 

ten boys developed diabetes whilst there were only two girls in 1974 and 

four in 1975. However, the total number of diabetic children in each of 

these two years was near the yearly average for that phase of the survey. 

(v) Age and sex of the children at the onset of diabetes 

The age of the children at the onset of their illness is shown in 

Table 7. 

Throughout the ten years no child under one year of age developed 

diabetes. In fact, before the third birthday, only four cases of 

diabetes were recorded. 

After three years, the children are randomly distributed, although 

there is a non-significant numerical trend towards a slightly increased 

incidence between the ages of eight and eleven years. After twelve years 

of age, there is a sudden decline in the number of diabetic children. 

Two peaks are clearly evident at eight and eleven years of age. 

Fourteen children developed diabetes when eight years old, followed by 

twelve children who were eleven years and ten diabetic children who were 

twelve years of age. 

At each year of age, apart from the first year when no diabetic 

children presented, boys predominated in nine of the remaining fourteen 



Table 8 

Diabetic children in age - sub groups 

0-4 years 5-9 years 10 - 14 years 

12M 4F 22M 20F 19M 18F 

Total 16 (17%) 42 (44%) 37 (39%) 

Table 9 

The month of onset of diabetes in Sunderland children 1967-76 

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 

Male 5 4 3 2 6 2 3 2 5 10 6 5 53 

Female 5 4 3 4 5 2 3 2 3 3 6 2 42 

Total 10 8 6 6 11 4 6 4 8 13 12 7 95 
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years. The difference in the sexes was most marked in boys aged three 

and twelve. Girls were in excess at age four, six, eight, ten and eleven 

years. Here the difference was most evident at the age of eight and 

eleven. 

The ninety-five diabetic children were subdivided into three age 

groups, each of five year periods. 

(i) From birth to four years eleven months (0 -4 years); 

(ii) Fifth birthday to nine years eleven months (5 -9 years); 

(iii) Tenth birthday to fourteen years eleven months (10 - 14 years). 

There are sixteen children in the 0-4 year group, compared to 

; forty-two children aged 5-9 years and thirty-seven in the 10 - 14 year 

range (table 8). 

In the younger 0-4 age group, boys outnumbered girls in a ratio 

of 3: 1. In the first three years, there were ten boys and only one girl. 

After this age, the number of diabetic girls dramatically increased, so 

that in the 5-9 years and 10 - 14 year groups the number of girls are 

almost equal to boys. 

(vi) Seasonal variation 

In assessing the time of onset of diabetes in epidemiological- 

studies, the date of diagnosis of the illness is considered suitable. 

(Rolles, Rayner and Mackintosh 1975). 

The 95 diabetic children were grouped according to the month in 

which their illness was diagnosed (table 9). 

The number of cases occurring in any month varied from four patients 

in June and August to thirteen children presenting in October. 

The months were grouped into three, e. g. January to March, and then 

into two six month periods, October to March, and April to September. 

The results (table 10) show a definite trend to fewer cases during 

the warmer summer months, eighteen patients in July, August and 



Table 10 

Number of patients in each quarter of the year 

January - March April - June July - September October - December 

12M 12F 10M 11F 10M 8F 21M 11F 

Total 24 21 18 32 Total 

Number presenting in six month periods 

October - March April - September 

33M 23F 20M 19F 

56 (59%) 39 (41%) 

Table 11 

Age groups and seasonal incidence 

Age October - March April - September 

0-4 years 5 11 

5-9 years 25 17 

10 - 14 years 26 11 

Total 56 39 

P <0.05 in 10 - 14 year group, 
other age groups not significant 
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September, compared to an increase in the colder latter quarter of the 

year with thirty-two patients in October, November and December. In the 

six months October to March, 56 (59%) children developed their illness 

and 39 (41%) from April to September. 

The children who presented with their diabetes in the six month 

periods October to March and April to September were divided into three 

sub groups (table 11) and were then tested for significance using the 

binomial distribution of equal probabilities. No significant difference 

in seasonal variation was found in the children as a whole (0 - 14 years) 

but the older children, 10 - 14 years, had significantly more juvenile 

diabetics presenting during October to March (P( 0.05). The other two 

age groups, 0 to 4 years and 5 to 9 years, did not show this significant 

difference. 

A3x2 chi squared test was used to compare the individual age 

groups; to determine if seasonal onset depended significantly on the age 

of the child. A definite difference was noted between the very young 

groups (0 -4 years) and the older groups (10 - 14 years) (P4 0.05), 

suggesting that the older children are more likely to present with their 

illness during the October to March period whilst the younger children 

tend to have their onset in the summer. A similar trend was noted between 

the 0 to 4 years and 5 to 9 year groups but the results were not mathemat- 

ically significant. 

Although more boys than girls were diagnosed during the October to 

March six months, this difference in sex-onset was not significant. 

(vii) Age at onset, sex ratio and seasonal distribution 

As mentioned in the previous section, out of 95 diabetic children, 

56 developed their diabetes in the six month period October to March and 

only 39 in the months April to September. 

The children were sub-divided into three age groups 0-4 years, 



Table 12 

Number of Sunderland diabetic children in 

age sub-groups who presented with diabetes 

between October to March and April to September 

Age October - March April - September 

M F M F 
0- 4 years 4 1 8 3 

5 u 

M F M F 
5-9 years 14 11 8 9 

25 17 

M F M F 
10 - 14 years 15 11 4 7 

26 11 

M F M F 
Total 33 23 20 19 
0- 14 years 56 39 

"10 - 14 years P(0.05 

Other age groups not significant 
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5-9 years and 10 - 14 years (see table 12). 

In the 0 to 4 group, five children (4 boys and 1 girl) developed 

diabetes in the winter period compared to eleven children (8 boys and 3 

girls) during the warmer period April to September. Of the twelve young 

boys throughout the year, four presented in May and three in September. 

The largest group, 5-9 year olds, comprised twenty-five children 

(60%) in the October to March period and seventeen (40%) in the summer- 

time. Very little difference in sex ratio was noted. 

The 10 to 14 year group had twenty-six (67%) children in October 

to March period and only eleven (33%) in the summer six months. 

In the two older groups 5 to 9 years and 10 to 14 years, more boys 

than girls presented with diabetes in the winter six months and slightly 

more girls than boys were diagnosed as diabetic in the April to 

September period. 

Summary of Results 

1. The incidence rate for diabetes in children under fifteen years in 

the Sunderland area from 1967 to 1976 was 2.5 per thousand. 

2. The incidence of diabetes in children in the second five years of 

the study 1972 to 1976 showed a significant increase to 3.8 per 

thousand. 

3. There were 53 boys compared to 42 girls. 

4. The peak age for onset of children's diabetes is 8 and 11 years. 

5. Few cases of diabetes occurred in children under three years of age. 

Boys predominated in the younger 0-4 age group and in the two 

older age groups the sexes were almost equal. 

6. More diabetic children were diagnosed in the October to March 

period and in the older 10 to 14 year group this seasonal differ- 

ence was significant. Conversely, the younger diabetic children, 

0 to 4 years, were more likely to develop their illness in the 

summer months. 


