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Abstract

Using an interview-questionnaire technique,the frequency
of insulin-taking diabetics in the families of non-insulin-taking
.diabetica,and vice-versa,is compared with the frequencies in control
families and in the general population. The results suggest that these
two forms of diabetes are not genetically distinct. Early-onset,
insulin-dependent diabetics show indications of dominant inheritance
in their families more often than do diabetics of other types.
Cardiovascular complications,at least in late-onset,insulin-taking
diabetics,are found to occur more rapidly,and to be more severe,in
individuals with a strong family history.

Diabetics and controls are examined for a range of red and
white cell polymorphisms,serum proteins and isoenzymes. In some of
these systems,the control group exhibits significant heterogeneity
with regard to age. Comparison of the diabetic population with
matched controls shows no significant associations except in the
case of the ABO system,where older diabetics,especially males,show a
higher frequency of group Al,and in the HLA system,where insulin-taking
diabetics show higher frequencies of the B8 and Bwl5 alleles. It is
suggested that the apparent association with ABO is the result of
differential mortality amongst non-diabetics rather than any increased

liability to the disease of group A, individuals. Associations with

=

the HLA system show & relationship with age al diagnosis which may
explain certain inconsistencies in previously published reports.

The prevalence of clinically diagnosed diabetes in the
Durham area in 1975 exceeds that reported previously for other British
populations. The presentation of new cases of insulin-requiring diabetics

has a marked peak in February.



Preface

Diabetes mellitus is a group of disorders whose aetiology
and inter-relationship are not fully understood, The work of this
thesis was commenced with two major objectives - to employ pedigree
information to clarify the genetic inter-relationship between various
sub-types of the disease and,secondly,to explore associations between
these and certain genetic polymorphisms taking full account of the
influence of factors such as age and place of birth.

As so often happens in studies of diabetes,the major
difficulties encountered were those of definition. The diabetic
group is divided mainly by current treatment and,to a certain extent,
this method of subdivision has been superseded by developments in the
immunological study of these diseases over the past two years. Apart
from being unavailable in this case,these immunological techniques are,
at present,unsuitable for the classification of an existing diabetic

populetion,although they have done much to increase our understanding.
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1.1 Introduction.

The realisation that diabetes runs in families may
be almost as ancient as awareness of the disease itself. Hindu
physicians of the first century A.D., recognised the condition
of mahumeha (honey urine),which seems likely to have been
diabetes mellitus,and mention that it could be transmitted from
father to son (see Simpson,1976,for translation).

Cammidge (1928) considers Rondolet,a sixteenth
century physician,to have been the first Western author to suggest
the hereditary transmission of diabetes. In the next century,
Richard Morton,an English physician,reported a family with four
out of seven sibs affected by the disease (Morton,1696).

Other early writers on the subject do not seem to
have been impressed by familial aggregation. Thomas Willis,
for example,in his volume !'Pharmaceutice Rationalis or an
Exercitation of the Operations of Medicines in Human Bodies',
published in 1679,attributes the disease to 'good fellowship
and gusling down chiefly of unallayed wine' (extract in Major,
1959).

Writers of the present century were convinced of the
importance of heredity in diabetes from their own observations.
Heredity was,to Naunyn (1906) a 'red thread which is intertwined
in disbetes from youth to ¢ld age'. Joslin {1947) wondered
whether 'heredity would not be demonstrable in every case if
we had the facts'.

This first chapter is a review of the extensive body
of literature concerned with the speculation that diabetes,or a

predisposition to diabetes,is inherited.




1.2 Proposed hereditary mechanisms for diabetes mellitus.

Estimates of the percentages of diabetics giving
a positive family history of the disease were published by
many physicians in the first three decades of this century.
Wright (1931) provides a useful list of these papers. The
first demonstration,however,that the relatives of diabetics
were significantly more often affected than the relatives of
non-diabetic controls was made by Gregory Pincus and Priscilla
White in 1933. Although their conclusion that the disease
was inherited as an autosomal revessive was not new,Pincus
and White were the first to consider the question of the
variable age at onset of the condition by the comparison of
age-matched individuals,

The concept of a recessive mode of inheritance for
diabetes was supported by several subsequent papers,including
an important review by Steinberg (1959). Other publications
advocated alternatives,however,and soon every known mode of
inheritance had been proposed. Table 1.1 lists the most important

of these publications.

(a2) Recessive inheritance.

Not all diabetics have affected parents or affected
children,though they may have affected grandparents or affected
grandchildren. This phenomenon of the disease 'skipping a
generation' suggested that diabetes was not due to a simple
autosomal dominant gene and that it might be due to a recessive.

Assuming that the disease is due to a single

recessive allele (ﬂ) segregating at an autosomal locus with

Q



Table 1.1 Pedigree analysis in diabetes mellitus.,

gaz Autosomal recessive inheritance

Allan (1933) Post (1962)

Pincus and White (1933) Nilsson (1962)

Pincus and White (1934) Nilsson (1964)
Steinberg and Wilder (1952) Barrai and Cann (1965)
Thompson and Watson (1952) Steinberg (1968)

Grunnet (1957)

(v) Autosomal dominant inheritance

Levit and Pessikova (1934) Pavel and Pieptea (1966)
Burnstein and Patterson (1949) Roy et al (1966)
von Kries (1953) O'Brien et al (1967)

Vallance-Owen (1964)

(c) Sex-linked inheritance
Penrose and Watson (1954)

(d) Autosomal co-dominant
Cammidge (1934) Stimmler and Elliott (1964)
Harris (1950) Ehrlich and Martin (1966)

(e) One major gene and non-allelic modifiers

Lamy et al (1961)

(f) Polygenic

Keen (1957) Neel et al (1965)
Simpson (1964) Falconer (1967)
Thompson (1965) Smith et al (1972)

(gz Effect of a single dose of a gene which,in the homozygous state,

gives a recognised,rare abnormality
Swift et al (1972) Fraser (1973)

{(h) Early-onset diabetes the result of a major gene,late-onset diabetes

either unifactorial or multifactorial
Goodman and Chung (1975)



its normal counterpart (M),then all diabetic individuals must

be genetically mm,and,discounting any mutational events of M

to m,all diabetics have parents who are either Mm or mm. Thus,
diabetics result from the mating Mm x Mm,where neither parent

is affected,from the mating Mm x mm,where one parent is affected
and from the mating mm x mm,where both parents are affected.

These three informative matings will produce
different frequencies of affected sibs of a diabetic propositus
and it was the analysis of these frequencies which formed the
corner-stone of the argument for the recessive gene hypothesis.

Pincus and White (1933) included data from 523
families of diabetic propositi and from 153 controls ('non-
diabetic patients')., The numbers of affected and unaffected
relatives were ascertained by interview-questionnaire. The age
at onset of the affected relatives and details of the current
age or age at death of affected and unaffected relatives were
also recorded., They compared the incidence of the disease by
decade of current age (or age at death) in parents and sibs of
the diabetic and of the non-diabetic propositi,finding that in
no decade did the incidence of the disease in the relatives of
the non-diabetics exceed that in the relatives of diabetics.

In testing the data against the predictions of a
recessive allele hypothesis they ignored the only two families
they had of the mm x mm mating and considered 440 sibships
from the hypothetical Mm x Mm mating and 81 from the Mm x mm
type. The possibility of mm parents being misclassified as
Mm was mentioned but ignored in the analysis.

Since ascertainment was through an mm child,the



expectation of mm among the sibs of the propositus is -

Y
1- ()"

where p is the probability of an mm individual
appearing (0.25 in the Mm x Mm mating),q is the probability
of an mm individual not appearing (1 - p) and n is the number
of children per family.

In all the various sized families the expected numbers
of mm individuals,assuming a recessive allele hypothesis,may
thus be calculated and,ignoring the propositi,the expected
numbers of mm sibs may be alloted to decades according to the
observed numbers of sibs present. By summing across the families
the expected numbers of mm sibs in each decade may be obtained.
These mm sibs,are,genetically,potential diabetics,in order to
calculate the expected number manifesting the condition in each
successive decade,age incidence tables from diabetic clinics
and percentage survival tables for the general population were
used.

Two assumptions were necessary for this calculation -
firstly,that potential diabetics,before the development of the
disease,are subject to the same chances of death as other members
of the population and,secondly,that all mm individuals will
manifegt the condition by the end of the ninth dccade,

By means of these calculations the authors derived
expected numbers of identifiably diabetic siblings in each
decade, Summation of these expected numbers over all decades
produced close agreement with the numbers observed (64.98

expected affected siblings in the Mm x Mmn mating compared



with 64 observed,and 32.85 expected affected siblings in the
Mm x mm mating compared with 32 observed).

The authors expressed some surprise at this close
agreement and were critical of the interview-questionnaire
approach they had used. In a later report of the use of glucose
tolerance tests in close relatives of diabetics,however,(Pincus
and White,1934),they reiterated their belief that diabetes was
recessively inherited,although they conceded that the results
were in accordance with a dominant mode of inheritance with
'limited expression' of the gene.

Thompson and VWatson (1952) also compared the ratio
of affected offspring from Mm x Mm matings and Mm x mm matings
and found good agreement with the 1:2 values predicted by the
recessive allele hypothesis.

The review of the subject published by Steinberg
in 1959 supported the concept of recessive inheritance and re-
analysed the data of advocates of other modes of inheritance
to show that they were not incompatible with this view. There
are many criticisms which can be levelled against the recessive
allele hypothesis,however,and it is no longer tenable.

FPirstly,it is difficult to explain the difference
between early-onset,insulin-requiring diabetes and late-onset,

insulin-independent diabetes on the basis of their both being
due to the same genotype,without introducing additional modifying
factors,environmental or genetic. With the introduction of these
factors the hypothesis moves away from the simple recessive gene
idea.

In addition,although the majority of families do

»



not show transmission of the disease through consecutive
generations,there are some published pedigrees with affected
persons in three and four generations ( Pavel and Pieptea,1966)
and even in five generations (Burnstein and Patterson,1949).

If these reports are to be believed then,clearly,simple recessive
inheritance is unlikely or diabetes is a genetically heterogeneous
group of disorders.

Thirdly,according to the recessive allele hypothesis,
all the children of conjugal diabetics will be of the genotype
mm so that they should all develop diabetes. They do not,however,
a phenomenon Joslin attributed to their dying 'too soon of other
causes' (Joslin,1947). Other authors (e.g. Nilsson,1962) concede
that it is difficult to explain this deficit without invoking
additional modifying mechanisms.

Post (1962) considered this unnecessary and that the
observed number of affected progeny from such marriages was not
significantly different from that expected when appropriate
corrections were made for the age-structure of the group of
offspring and for the probability of death before diagnosis.

It has been observed (Neel,1976) that the numbers of offspring
from these unusual matings is so small that it is difficult to
distinguish with any accuracy one genetic hypothesis from
another..

In some cases (Nilsson,1962;Barrai and Cann,1965)
analysis of segregation data was considered to be compatible
with more than one genetic hypothesis., Nilsson stated that
'the values fit in best with an autosomal recessive hypothesis,

though the results of the analysis are also to a certain degree




compatible with a dominant gene of low penetrance'. Further
investigation with a larger sample (Nilsson,1964) was unable
1\

to produce a firmer conclusion. %?%ai and Cann were able to
\

fit the data they analysed (taken from Simpson,1962) to recessive

and polygenic models.

Sb! Dominant inheritance.

The advocates of dominant inheritance have the
problem of explaining the large numbers of parents and children
of diabetics who are not affected themselves. The only way to
do this is to postulate a greatly reduced penetrance for the allele
in question. Levit and Pessikova (1934) suggested that only
10% of individuals carrying the gene actually develop diabetes.

Once one resorts to this 'escape clause' (Edwards,
1969) the hypothesis is no longer one of a simple dominant gene.
There are only two possible reasons for the reduction of
penetrance - the action of the environment or the influence
of other genes., In the case of the first,the mechanism is then
multifactorial ,with the second,a major gene with modifiers, At
the level of penetrance proposed by Levit and Pessikova the
hypothesis is indistinguishable from multifactorial inheritance.

In their analysis of family data von Kries (1953)
and Levit and Pessikova (1934) considered dominant inheritance
more likely than recessive because the prevalence of the
disease among parents of the probands in their sample was as
great as that amongst sibs.It was pointed out,however,(Steinberg,
1959) that the ages of these individuals had not been taken into

account and that the frequency of affected siblings would
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increase with time and be greater than that amongst the parental
group when these two groups were comparable in terms of age.

The most appealing suggestion for the dominant
inheritance of diabetes came with the description of 'synalbumin
antagonist' (Vallance Owen,1964). Here was a single factor,
dominantly inherited,which interfered with the physiological
action of insulin and explained the pathogenesis of carbohydrate
intolerance and its inheritance in an elegant manner. Unfortunately
the identification of this insulin antagonist in established
diabetics was not universally reproducible (Keen,1963;Cameron
et al,1964 and Levin and Recant,1967) and synalbumin-positive
individuals without diabetes have been reported (Levin and

Recant,1967).

502 Sex-linked inheritance.,

In their analysis of the families of 500 diabetics,
Penrose and Watson (1945) found a significant deficit of brother
sister diabetic pairs compared-with pairs of affected,like-sexed
siblings, This finding prompted them to suggest a sex-linked
element in the inheritance of the condition.

If diabetes were due to a major gene and this were
present on the X chromosome,there would be no inheritance of the
condition by a son from his father. This was not the case,raising
the possibility that the major genetic determinant was autosomal
but that sex-linked modifying genes were present. If part of the
action of these modifiers was in terms of age at onset,this age
should be more highly correlated in like-sexed parent-offspring

combinations than in unlike-sexed parent-offspring combinations.



Penrose and Vatson's initial report suggested this.

A further report from the same centre (Thompson
and Vatson,1952) analysing data on 1,631 families of diabetics
which included the original 500,failed to confirm a significant
deficit of;;ike-sexed affected sib pairs,and the authors considered
the small discrepancy with respect to sex was due to differential

prevalence of the condition in the two sexes. The hypothesis of

sex-linked inheritance of diabetes has,therefore,been abandoned.

gd! Co-dominant inheritance.

Following earlier suggestions (Cammidge 1928 and
1934),Harris (1950) tackled the problem of clinical heterogeneity
in the disease by considering that the early-onset form of the
disease (diagnosed before the age of thirty)was due to the presence
of an abnormal allele in the homozygous state. The late-onset
form of the disease was considered to be the result of the
inheritance of this same allele with its normal counterpart.
Harris studied family histories from 1,241 diabetics and found
that 7% of the sibs of early-onset propositi had developed the
disease by the time they were forty,whereas only 1.3% of the sibs
of late-onset propositi had become diabetic by this age.

This hypothesis was supported by the finding of

[ ]
0
(=}
=S
7]
W]
-]
3
=
]
[
[ d
<
D

greate 1sanguinity among the parcnts of early-onset propositi
than among the parents of late-onset propositi. A similar
finding was reported by Thompson and Watson (1952) who found
that 0.88% of the parents of early-onset diabetics were first

cousins and 0.4%« of the parents of late-onset propositi. The

number of first cousin marriages in the whole sample was,however,



only nine,

It has been pointed out (Steinberg,1959) that,
according to Harris' hypothesis,the disease should be more frequent
among the parents of early-onset cases than among the parents of
late-onset patients. This prediction was not supported in the
analysis of the data of Steinberg and Wilder (1952) nor in the
analysis of Harris!' data by these authors,

Steinberg also points out (Steinberg,1959) that the
frequencies of the affected sibs of diabetics should be greater
when the disease in the propositus is early-onset than when it
is late and that this tendency should be independent of the
affection status of the parent. In an analysis of three sets
of data,however,(that of Harris,1950;Thompson and Watson,1952,
and Steinberg and Wilder,1952),Steinberg demonstrates that,
although frequency of affected sibs is,indeed,dependent upon
the age at onset in the propositus,it is also dependent upon
whether one or neither parent is diabetic. In this analysis
Steinberg did not consider the current ages of siblings or parents
and was considering clinically diagnosed diabetics rather than
indivdiduals assessed by a glucose tolerance test.

Following the lead of Vallance-Owen,Ehrlich and Martin
(1966) studied the plasma of non-diabetic sibs of diabetic children,
a small sample of their parents and ten controls ('children with
no obvious endocrine disorder selected at random from the wards
of the Hospital for Sick Children'). The number of individuals
positive for synalbumin antagonist in each group suggested that

the phenomenon was inherited as an autosomal co-dominant,




(e) One major gene with non-allelic modifiers.

It was suggested by Lamy et al (1961) that,in the
majority of cases,the diabetic phenotype is the result of the
action of a major gene with non-allelic modifiers but that,in
some instances,if enough modifiers are present,the major gene
is unnecessary. In the latter instance the modifying genes are
acting as components in a polygenic system. The distinction
between this hypothesis and that of polygenic inheritance is

largely a matter of semantics.

(f) Polygenic inheritance.

The terms 'polygenic' and 'multifactorial' are
often used synonymously. It is useful,however,to differentiate
between the two terms in the manner suggested by Carter (1969).
He uses the term 'polygenic' to refer to a genetic component
involving alleles at more than one locus and reserves
'multifactorial' to include environmental as well as genetic
factors.

Advocates of single gene inheritance tended to
view diabetes as & qualitative trait with the abnormal clearly
differentiated from the normal. If glucose tolerance is taken
to be the indicator of the diabetic state,however,diabetics
are recognised as individuals in that portion of the population
beyond an arbitrary threshold imposed upon a continuously
varying character. Edwards (1960) has pointed out that such
quasi-continuous traits,when common and familial,may simulate
single factor inheritance so it is hardly surprising that

family data are compatible with several simple genetic models.



This continuous distribution of glucose tolerance
has been demonstrated by Neel et al (1965) and by Thompson
(1965) ,who performed glucose tolerance tests on the first degree
relatives of diabetics (Thompson) and on individuals without
a positive family history of diabetes (both groups). It was
suggested that this attribute was influenced by a large number
of factors,genetic as well as environmental,in much the same
way as height or I1.Q.

This finding has been challenged by Steinberg et
al (1970) and by Rushforth et al (1971) who considered that,
even if the distribution were bi- or tri-modal,the number of
abnormal individuals,even in a sample of first degree relatives
of diabetics,would be so small that any discontinuity would be
lost. Accordingly,they directed their attention to groups with a
very high prevalence of glucose tolerance abnormalities - the
Pima Indians of Arizona and Asiatic Indians resident in South
Africa (the latter from unpublished data of Jackson and
Campbell). In both populations,individuals over the age of 45
showed a bimodal distribution of the log10 values of blood
sugar two hours after the loading dose.

This bimodality of response does not necessarily
indicate the effect of a major gene,however,but merely signifies
the presence of two clearly identifiable phenotypes. This could
be accounted for by an environmental difference and it is only
when environmental variables have been standardised over the
whole population that a bimodal distribution is indicative of
a major gene effect (Thompson,1965).

A multifactorial aetiology,with a polygenic hereditary




component has proved a useful working hypothesis for diabetes
since the concept of heritability can be applied to estimate

the magnitude of the genetic contribution (Falconer,1965 and
1967),to predict the risks of recurrence in relatives (Falconer,
1967;Darlow et al,1973;Smith,1971 and 1972) and for the
investigation of genetic heterogeneity within the disease
(Smith,1976). Some observations on the occurrence of diabetes
within families can best be explained in terms of this type of
inheritance. The first degree relatives of propositi who develop
their diabetes before the age of 20 are more likely to be
affected by the disease than the relatives of propositi with
diabetes of later onset (Harris,1950,and Simpson,1964). This
effect can be explained if it is assumed that early-onset cases
have inherited a larger number of 'risk factors' so that first
degree relatives will also tend to have a larger number of such

factors and thus be at a greater risk of developing the disease.

(g) Effect of a single dose of a gene which,in the homozygous

state,gives a recognised,rare abnormality.

There are many conditions,apparently determined by
single genes,which give rise to syndromes with diabetes mellitus
as a component part. A full list of these would be out of place
in this account but may be found in the review by Rimoin and
Schimke (1971),together with the references to the original
descriptions, It is not an unreasonable hypothesis that the
heterozygotes for these genes are at a greater risk with regard
to developing diabetes,

Hallett et al (1965) investigated the diabetics

20




amongst 132 parents of children with cystic fibrosis. They
compared the prevalence of the disease in this group with that

in 118 parents of unaffected children (neighbours of the affected
individuals)., They found three diabetics emongst the cystic
fibrosis gene carriers and none amongst the controls but concluded
that there was no statistically significant excess of diabetics

in the carrier group.

Swift et al (1974) pointed out that,assuming a
prevalence of 1% for diabetes in the United States in individuals
of the same age group as the control parents used by Hallett et
al,about one affected individual would be expected in a group
of 118, If the carriers of the cystic fibrosis gene were three
times more susceptible to diabetes then the observed number of
cagses in the carrier group would be the result expected. That
this result was not significant was only the result of the small
sample considered. Restriction of sample size is inevitable if
only obligatory heterozygotes are used and the group can be
enlarged by the inclusion of more distant relatives who have a
certain,calculable probability of being heterozygotes.

Swift had already done this (Swift,1971 and 1972)
by considering the prevalence of neoplastic disease and of
clinically diagnosed diabetes in all relatives whose probability
of heing heterozygote for the gene for Fanconi's anaemia was
greater than 0,123, The result of this investigation was the claim
that the females had a six-fold risk of developing diabetes
compared with age-matched controls from the general population.
Fanconi's anaemia is not one of the conditions known to be

associated with diabetes in the homozygous state but Swift
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suggested that the affected individuals died before diabetes
became manifest,

Edwards (1973) felt that the increased incidence of
diabetes in these female relatives was solely a consequence of
the fact that the risk of becoming diabetic and of being included
as the parent of a child with a rare recessive condition are both
related to parity. Fraser (1973) felt that the point was valid
though the magnitude of the bias exaggerated. He suggested
that Swift's results be compared,not with the prevalence
figures for the general population,but with data from the
relatives of normal children. Swift (1973) pointed out that
the sample of female relatives found to have an increased risk
of diabetes included,not only mothers,grandmothers and great-
grandmothers but also sisters,aunts,first cousins,grandparents’
sisters and female first cousins once removed. The probability
of ascertaining these relatives was independent of their own
parity.

This line of investigation is intriguing and is
of practical as well as theoretical importance,for such hetero-
zygotes make up a significant proportion of the general population.
The frequency of heterozygotes for cystic fibrosis amongst white
residents of the United States,for example,is estimated at about

4% (Hallett et al,1965). The question is,as yet,unresolved,

Sh! Early-onset diabetes the result of a major gene,late-onset
diabetes either unifactorial or multifactorial.
Using the technique of complex segregation analysis,

claimed to differentiate between inheritance by a single gene and

22



by a polygenic system (Rao et al,1975),Goodman and Chung (1975)
studied questiomnaire information on the first degree relatives
of 6,559 diabetic propositi. The families were grouped,according
to the propositus' age at diagnosis,into early-onset (0 - 19 yrs),
middle-onset (20 - 39 yrs) and late-onset (over 40 yrs). The
estimate of heritability in the early-onset group was so high
(0.99) that,in accordance with the views of previous writers
(Morton,1967,and Smith,1971(b)),they considered that the condition
was due to the segregation of a major gene. The considerably
lower heritability estimates for the two later-onset groups
allowed them to fit either a single locus hypothesis,with

penetrance qualifications,or a multifactorial hypothesis.

Despite considerable effort in the field of pedigree
analysis a single mode of inheritance for diabetes has never
been convincingly demonstrated. The main reasons for this
failure are:-

(i) Lack of recognition of the genetic
heterogeneity of the group of individuals labelled 'diabetic',
or the use of sub-divisional criteria which are not valid
genetically.

(ii) 1Ignorance of the fundamental lesion responsible
for the various sub-types of the disease and the influence of
environmental factors on the phenotype.

(iii) Failure to agree upon definitions of
abnormality.

(iv) The analysis of pedigree data based on the

assumption that dibetes is a qualitative trait.

23.




(v) Failure to take into account the variable age

at onset of the disease.

1,3 The definition of diabetes.

Although other features of the disease,especially
cardiovascular abnormalities,are currently of prime importance
with regard to the morbidity and mortality of diabetes,and
other metabolic disturbances are as marked as that of the control
of blood glucose,it is on the hasis of abnormality of blood
glucose control that diabetes is customarily defined.

This control is most conveniently measured by the
glucose tolerance test but,despite wide use of this investigation,
there is little conformity either in the definition of abnormality
or in the standardisation of factors which may influence the
result.

The standards of éﬁ)mormality suggested on behalf of
the British Diabetic Association by Fitzgerald and Keen (1964)
and endorsed by the World Health Organisation (W.H.0.,1965)
are that capillary blood glucose at two hours after the oral
administration of 50 grams of glucose should not exceed 6.7mmol/1
and that the peak of blood glucose should not be greater than
10.0mm01/1. The suggested upper limit of normality at two hours
has been raised to 7.5mmol/l as a result of follow-up of
borderline cases in the Birmingham diabetes survey (FitzGerald,

1976). Different upper limits of(égbormality have been used
by other workers (e.g.Kobberling et al,1969).

Several single figure indices which describe

characteristics of the glucose tolerance curve have been
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advocated., These have several advantages in that they eliminate
the ambiguity of individuals abnormal with regard to one criterion
blood value but normal with regard to the other,make graphical
display of the distribution of response in a population
considerably easier and simplify the consideration of change
in the glucose tolerance of an individual with time.

The simplest of these - the two hour blood glucose
value (Steinberg et al,1970,and Rushforth et al,1971) conveys
nothing about the shape of the curve and has little,other than

simplicity,to recommend it.

Jarrett and Graver (1968) measured the area under
the curve by means of a formula:-
area = a + 2b + 2c + 2d + e
where a is the fasting blood sugar and b,c,d and e
are subsequent half hour measurements. As pointed out by Billewicz
et al (1973),this figure is disproportioately influenced by the
absolute value of the fasting blood glucose.
The H index (Billewicz et al1,1973) is an expression
of the shape of the curve taking two of its most important
features into consideration - the time taken to reach the peak
and the degree to which fasting blood sugar level is regained
within the two-hour test period. It is independent of the absolute
value of blood glucose at the peak and the fasting blood glucose.
Comparison with assessments by other criteria (those
of FitzGerald and Keen,1964) show that it gives clinically
useful results, Its main advantage,however,is not greater
accuracy of diagnosis but the fact that it is independent of

the absolute level of fasting blood glucose,site of sampling,

as.



method of measurement of blood glucose,loading dose and absolute
value of peak blood glucose. The value of H correlates quite
well (r = 0.68) with the mathematically more complex estimate

of the efficiency of homeostatic control of blood glucose,aao,
derived by Ackerman et al (1964).

Stringent rules for the conduct of the oral glucose
tolerance test are laid down by FitzGerald and Keen (1964) but
it is not often emphasised in family and epidemiological studies
that these are adhered to. In addition,many other factors,age,
time of day,current medication etc.,are known to influence the

result (Jarret,1973) but are often paid scant attention.

1.4' Heterogeneity and lack of precise knowledge of pathogenesis,

Before the immunological and immunogenetic studies of
the past few years,the major sub-division of diabetes was on the
basis of age at onset and treatment. Two major forms were thus
defined. Juvenile-onset diabetes (J.0.D.,juvenile diabetes
mellitus (J.D.M.),early-onset diabetes,or classical diabetes)
was recognised as that form of the disease which presented before
a certain age (from 20 to 45,depending on the author concerned),
was rapid in onset,with symptoms of polyuria,polydypsia and
weight loss,a tendency to ketoacidosis and a requirement for
treatment with insulin., The other major sub-type - maturity-
onset diabetes (M.0.D.,adult- or late-onset diabetes) - was
diabetes presenting after this ege,with mild or absent symptoms,
often associated with obesity without the requirement for insulin,

The implication from this classification was that juvenile-onset and
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maturity-onset diabetes were genetically and aetiologically
different.

This sub-division was unsatisfactory in many ways.

An arbitrary age limit,wherever it is set,is unlikely to
distinguish effectively between two diseases and some individuals
diagnosed after the critical age may require insulin therapy
whereas other individuals diagnosed before this age may be
treated perfectly well without it.

In addition,the treatment of diabetes is not
immutable and may be the result of the preferences of the
physician in charge. Individuals may commence their treatment
with diet or oral hypoglycaemics and progress to insulin or
vice versa and other patients,adequately controlled without insulin
for the greater part of the time may require insulin during times
of stress,such as infection.

Techniques for the detection of circulating anti-
bodies directed against the insulin-producing cells and the
study of the major histocompatibility locus antigens in diabetics
have contributed to our understanding of the sub-division of
diabetes although the situation is still fluid with many
unresolved questions. The possible sub-types of diabetes will
be discussed in the order in which they appear in table 1.2,
This is a suggested working classification of diabetes based,

with some modification,on that given by Cudworth (1976).

(a) Congenital diabetes.

It is uncertain whether truly congenital diabetes

exists although Laurence and Dodge (1975) report an infant who
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Table 1.2 Genetic and aetiological classification of diabetes.

PRIMARY DIABETES

(a) Congenital diabetes

(b) Diabetes associated with recognised genetic
syndromes,

(¢) Maturity-onset diabetes in young people (M.0.D.Y.)
(d) Type I diabetes mellitus

(e) Type II diabetes mellitus

SECONDARY DIABETES

Diabetes associated with obesity,pancreatitis or as a
result of medication,acromegaly etc.
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died shortly after birth in diabetic coma and in whom autopsy
revealed a complete absence of the islets of Langerhans. One

of the child's brothers had died in similar circumstances although
no post-mortem evidence was available in this case.

MacDonald (1974) has written on the subject of
diabetes in the first month of life giving references to 32 case
reports. He concludes that in the affected cases'small for
dates‘there was mention of neonatal diabetes amongst siblings
or cousins in four out of eight cases for whom family information
was available. Affected cases not small for dates were found
not to have a family history of the condition.

Diabetes was not permanent in every case and those
of normal birth-weight or above tended to have transient diabetes.
Vhether this diabetes of early life is a distinct genetic entity

or whether it is related to intra-uterine infection is unknown,

sz Diabetes associated with recognised genetic syndromes.

Several syndromes,with recognised genetic or chromosomal
aetiology,have been described as associated with abnormalities of
glucose tolerance,with or without symptoms of diabetes. These
comprise about 1% of clinical cases of diabetes (Neel,1976),and
have been mentioned before (section 1.2(g)).

It is difficult to draw any firm conclusions as to
the relationship between the basic genetic defect and the
development of diabetes in these conditions. In some cases,ataxis
telangiectasia,for example,there is insulin resistance similar to
that found in some cases of type II diabetes (see below),in others

insulin deficiency seems to be the result of secondary pancreatic
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degeneration,cystic fibrosis,for example (Rimoin,1976). The
mechanism of glucose intolerance in chromosomal aberations is

not clear.(Sch6ffling and Schade,1976).

(c) Maturity-onset diabetes in young people.

In 1974 Tattersall described and named a rare form
of diabetes characterised by clear autosomal inheritance and
'mildness' (in that insulin is rarely required and affected
individuals seem t0 escape cardiovascular and neurological
complications no matter how long the duration of their disease).
The name given to this condition was 'maturity-onset diabetes
of young people' (M.0.D.Y.) since it was defined as presenting
before the age of twenty-five. A subsequent report (Tattersall
and Fajans,1975) confirmed that the inheritance of the disease
was clearly different from that of insulin-dependent diabetes
presenting in the same age group. M.0.D.Y. is an unfortunate
name since available information indicates that the condition
ig different,not only from the juvenile-onset,insulin-dependent
form of the disease but also,in its dominant inheritance and
lack of complications,from maturity-onset,insulin-independent
diabetes,

Although the first to give the condition a name,
Tattersall was not the first to describe the condition since
it is mentioned in several early reports (Charles,1907,and
Cammidge,1928) and may have been the disease segregating through
several generations in the families described by Bernstein and
Patterson (1949) and Pavel and Pieptea (1966).

The relationship of the condition to other forms
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of diabetes is not wholly clear. A recent reviewer (Cudworth,

1976) included it in the same genetic category as type II

diabetes,as did Irvine (1977) in his aetiological classification.
There seems little justification for this. Barbosa (1977)

suggests a tentative designation of 'type III' diabetes but,

since an important component of the syndrome - the cardiovascular
complications - is lacking,there is some justification for not
regarding it as diabetes at all but using his alternative suggestion -

'maturity-onset type of hyperglycaemia in the young' (Barbosa,1977).

(d) Type I disbetes mellitus,

Early-onset,insulin-requiring diabetes has long been
known to be accompanied in many cases by lymphocytic infiltration
of the Islets of Langerhans (Warren and Root,1925,and Gepts,1965).
These observations are derived from post-mortem examinations of
individuals dying as a result of keto-acidotic episodes at the onset
of their diabetes. A suggestion that the same process occurs in
insulin-requiring diabetics with presentation after the age of 30
comes from the report of LeCompte and legg (1972).

Significant associations between known auto-immune
diseases and insulin-dependent diabetes (Ungar et al,1968,and Masi
et al,1965) have strengthened the belief that cases of this type of
diabetes are aetiologically related and that they involve some
abnormality of the immune response.

The definition of type I diabetes and the exact

pathological processes involved are still not totally clear

3l



but the study of the human leucocyte antigen (H.L.A.) frequencies
of diabetic subjects and the development of immunochemical
techniques for the visualisation of pancreatic islet cell
antibodies are contributing greatly.

The HLA system will be discussed in detail in the next
chapter but,briefly,evidence has been presented (Cudworth and
Woodrow,1976) that,in agreement with the evidence from post-
mortem studies described above,insulin-requiring diabetics,at
whatever age they are diagnosed,seem to have been subject to the
same disease process and that they are different,genetically,
from non-insulin-requiring diabetics,

Several groups have reported the detection of
circulating IgG directed against pancreatic islet cells in
insulin-requiring diabetics (Bottazzo et al,1974;MecCuish et al,
1974 ;Lendrum et al,1975,and Lendrum et al,1976). At first it
was considered that these pancreatic islet-cell antibodies
(P.I.C.A.) were only present in those diabetics with concomitant
auto-immune disease of other organs (Bottazzo et al,1974,and
MacCuish et a1,1974) but it was later realised that the
phenomenon is more generalised with detectable antibodies in
all insulin-requiring diabetics immediately after the onset
of the disease. With increasing duration of disease the titre
declines in most individuals (lendrum et 21,1976). Typc I
diabetes was taken to be the result of auto-immune destruction
of the insulin-producing cells in genetically predisposed
individuals as a result of contact with an unknown environmental
trigger factor or factors and corresponded,very largely,with

the previous category of insulin-requiring diabetes (Cudworth,
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1976).

Bottazzo and Doniach (1976) suggested a further
sub-division of this group into a type IA and IB. The former,
numerically the larger group,was considered to have transient
circulating P.I.C.A. and to be the result of the environmentally
triggered auto-immune reaction described above. Type IB had
permanent P.I.C.A. and the propensity for the development of
auto-immune disease of other endocrine organs.

Irvine (1977) has put forward evidence for the
presence of P.I.C.A. in some individuals initially treated with
oral hypoglycaemics who eventually progress to insulin therapy.
These individuals are,therefore,in the same aetiological,and,
presumably,genetic category as the type I diabetics who commence
their treatment with insulin, Irvine (1977) further suggests
that three sub-groups of the type I diabetes may be recognised -
type Ia,a rare variety in which the disease is the result of auto-
immune destruction of the beta cells as a result of a genetic
diathesis,type Ic,also rare in which the diathesis is towards
direct viral destruction of the beta cells with no auto-immune
reaction and a commoner type Ib,in which both direct viral
action and subsequent auto-immune destruction take place.

There has been no demonstration to date of anti-
bodies directed specifically against the beta cell. The reports
refered to above have been concerned with antibodies directed
at all islet cells. The demonstration (Bottazzo and Lendrum,
1976) of antibodies specific to the glucagon- and somatostatin-
producing cells (alpha and delta) suggests that anti-beta cell

antibodies may soon be isolated,




P.I.C.A. has been demonstrated in 1.7% of the general
population (Lendrum et al,1976),the significance of this is

unknown.,

For some time circumstantial evidence has been available
suggestive that the environmental trigger for type I diabetes may
be a virus or one of several viruses. WNew cases of insulin-
dependent diabetes are more common in the autumn and winter months
(Adams,1926 ;Gamble and Taylor,1969;Gamble et al,1973,and Bloom et
al,1975). This pattern of incidence corresponds with the
epidemiology of Coxsackie type B4 virus. Gamble et al (1973)
reprted neutralising antibodies to Coxsackie types Bl to B5 in
the sera of newly-diagnosed insulin-requiring diabetics.

A disease indistinguishable from human diabetes
can be produced in genetically susceptible mice by the intra-
peritoneal injection of Coxsackie B4 virus (Coleman et al,1973).

A prospective study (Dippe et al,1975) failed to
support the hypothesis that infection with the Coxsackie B4 led
to the development of diabetes although,in choosing an Eskimo
community for this study,lack of genetically susceptible
individuals may have accounted for the failure of any infected
individuals to develop diabetes,

Other viruses,such as mumps (Khakpour and Nik-Akhtar,
1975) and rubella (Menser et al,1974),have been implicated in the
pathogenesis of type I diabetes and the fact that the disease
may be produced in mice by infection with encephalomyocarditis
virus (Hayashi et al,1974,and Bloucher et al,1973) suggests

that more than one virus may be involved.
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In a study of 110 early-onset insulin-requiring
newly-diagnosed diabetics (Cudworth et al,1977) antibody titres
to Coxsackie types Bl to BS5 were found to be higher in diabetics
with certain HLA specificities (BwlS5 and B8/Bwl5) Bwl5 positive
individuals tended to present in the months of January,February
and March., There was no correlation of HLA phenotypes or anti-

body titres with circulating P.I.C.A. levels,

The definition of type I diabetes rests with the
demonstration of circulating P.I.C.A. but,since this phenomenon
is transitory in most caseg,it is not possible to classify all
established diabetics in this manner. It seems that,in any
population of diabetics,the overwhelming majority of insulin-

taking diabetics and some of those treated with oral hypoglycaemics

will belong to this category.

(e) Type II diabetes.

There is very little evidence concerning the fundamental
lesion responsible for type II diabetes and there are some
indications that it may be a repository for several sub-types.

Early investigations by Himsworth (1949) suggested
that there was a group of diabetics who were insensitive to
exogenous insulin and whose disease might be the result of the
lack of effective action of their own insulin. The introduction
of radio-immunoassay techniques for the measurement of endogenous
insulin confirmed this view by demonstrating normal or increased
amounts of circulating insulin in non-ketosis-prone diabetics

(Yalow and Berson,1960;Berson and Yalow,1961,and Chiles and




Tzagournis,l970).

The finding of abnormally elevated serum insulin
levels after a glucose load in chemically diabetic subjects
(Jackson et al,1972,and Reaven et al,1972) prompted the
suggestion that the initial lesion in maturity-onset diabetes
might be peripheral insensitivity to circulating insulin
(Jackson et al.1972) and that the cardiovascular complications
seen in this disease might be the consequence of the resultant
hyperinsulinaemia (Reaven et al,1972). Although further work
(Reaven et a1,1976) confirmed this feature of chemical diabetes
and borderline clinical diabetes,insulin deficiency was found in
some individuals with florid maturity-onset non-insulin-
requiring diabetes with fasting hyperglycaemia. Whether this
represents the normal progression in this type of diabetes =~
from insulin insensitivity to insulin deficiency by way of beta
cell exhaustion - or whether the type II category includes at
least two groups of individuals with regard to insulin
effectiveness and insulin secretion is not clear.

In-vitro experiments (Rosenbloom et al,1976) have
demonstrated that the number of insulin molecules required to
activate cell receptor sites increases with age and is also
greater in individuals with hereditary conditions characterised
by precocious ageing (Rothmund's syndrome and progeiga). The
molecular basis for this change is unknown but the work does
suggest that,in at least some of,the type II diabetics,hyper-
glycaemia may be the result of accelerated cellular ageing
processes resulting in peripheral insensitivity to circulating

insulin.
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There is considerable epidemiological evidence that
diet contributes to the development of diabetes,especially type
II diabetes., The prevalence of the disease differs in groups
of the same ethnic background living under different dietary
circumstances (West and Kalbfleisch,1971;West,1974;Prior,
1974,and West,1974(a)),and the incidence and mortality rates
in this country declined during the dietary restrictions
necessitated by the two world wars (Trowell,1974). It is
uncertain whether increase in carbohydrate,fat or protein is
the major contributor or whether total calorific intake irrespective
of source is the most important factor (West,1975). Reduction in
the vegetable fibre content of the diet with increase in the
quantity of refined carbohydrate has also been implicated, It
is likely that several of these factors are involved simultaneously.
The rapid absorption of refined carbohydrate has been cited as
antagonistic to circulating insulin (Kiehm et al,1976) whereas a
diet in which 75% of the calories are in the form of carbohydrate
but accompanied by a high fibre content leads to a lowering of
fasting blood glucose in established diabetics and a reduction
in insulin and oral-hypoglycaemic requirements (Kiehm et al,1976).
It has been suggested (Jenkins et al,1976) that the addition of
certain forms of dietary fibre to iso-caloric test meals reduces
post-prandial hypoglycaemia in established diabetics,

The implication of dietary factors in the pathogenesis
of diabetes does not diminish the role of heredity. PFaced with a
given dietary regime individuals react differently and it is
overwhelmingly likely that some of these differences will have

been inherited. Neel (1962) has introduced the concept of the 'thrify
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genotype' to refer to those individuals genetically better
adapted to some nutritional situations and has suggested that
the genetically potential diabetic individuwals may have been
selectively favoured before the large-scale availability of

refined carbohydrate foods and the increase of life-expectancy.

It is possible that trace elements in the diet,
particularly chromium,may be related to insulin effectiveness.
Impaired glucose tolerance can be produced in experimental animals
by the reduction of trivalent chromium (Cr3+) levels in the diet
(Mertz and Schwarz,1959). Normal glucose tolerance can be

2+

restored in these animals by the administration of Cr” or of
tglucose tolerance factor' which contains chromium in this form
(Schwarz and Mertz,1959). In addition to crot glucose tolerance
factor (G.T.F.) contains nicotinic acid as its active component
(Doisy et al,1976) and,certainly in vitro,seems to be necessary
for maximum cellular response to insulin. (Mertz,1969). 1In

3+

humans the ingestion of Cr’ improves glucose tolerance in late-
onset diabetics (Glinsmann and Mertz,1966),elderly subjects
(Levine et al,1968),and young adults (Doisy et al,1976). It is
possible that low chromium levels,either due to dietary deficiency

or inadequate absorption,may contribute to the insulin insensitivity

of type II diabetes by reducing the amount of circulating G.T.F.

1.5 The contribution of twin studies.,

Early twin studies in diabetes (Then Berg,1938;Harvald
and Hauge,1963,and Gottlieb and Root,1968) tended to emphasise

the fact that high concordance rates in monozygotic twin pairs
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wag evidence for an inherited component in diabetes. More recently,
the study of twins has been less popular and the emphasis has
shifted with the realisation that twins concordant for diabetes
may be concordant because of environmental factors,whereas discordant
pairs are discordant because the action of the environment has been
different on the two individuals concerned. Modern studies of
diabetes in twins tend to reveal what is not inherited rather
than what is (Pyke and Nelson,1976).

In an analysis of 106 pairs of monozygotic twins
from the United Kingdom,Pyke and Nelson (1976) found 71 pairs
to be concordant (both individuals diabetic) and 35 discordant
(one individual diabetic). A family history of diabetes was
found in 45% of the concordant pairs but only 17% of the
discordant pairs,suggesting thet,in the discordant pairs the disease
in the affected individual was less influenced by genotype than
the disease in the concordant pairs. The discordance rates
differed markedly when age at diagnosis of the index twin was
considered. When this age was less than forty years the dis-
cordance rate was 50% (32 pairs discordant out of 64),when the age
at diagnosis was greater than forty the discordance rate was
7.1% (3 discordant pairs out of 42). The age at diagnosis
is strongly positively correlated in concordant twins (Pyke and
Nelson,1976),with most peirs becoming concordant within three
years of the diagnosis of the disease in the index twin so that
this difference in concordance rates with age at diagnosis of the
index case is unlikely to be the result of late-onset pairs
having been followed up for longer than early-onset pairs.

This finding is in agreement with earlier studies
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(Then Berg,1928 ;Harvald and Hauge,1963;Gottlieb and Root,1968)

but the deduction which must be made,namely,that hereditary
factors are more important in late-onset diabetes than in early-
onset,is at variance with the estimates of higher heritability

in early-onset disease than in late-onset disease (Goodman and
Chung,1975,and Simpson,1964). There is no conflict,however,
between this finding and the hypothesis that type I diabetes

(most of the twins with onset before the age of forty must have
been of this variety although there is no immunological
confirmation of this) is the result of beta cell destruction

in genetically predisposed individuals following an environmental
stimulus. The non-diabetic twins of the pairs in which the

index twin had early-onset diaﬁetes presumably remained unaffected
because,although they possessed the appropriate genotype,they did
not encounter the relevant environmental stimulus. The present
twin data suggest that,in early-onset diabetes,genetic factors

are necessary for the precipitation of the disease but are probably
not sufficient alone,whereas,in late-onset diabetes,genetic
factors are necessary and,in most cases,are sufficient,or the
environmental factors,whatever they are,are ubiquitous. If the
non-diabetic twins of the pairs with early-onset index twins
remain unaffected,as is proposed,it suggests that there is a
criticel perioed in the normal life-gpan,outgide of which exposu
to the environmental triggering mechanism is unlikely to lead

to the development of diabetes.

1.6 Animal models.

Diabetes mellitus has been reported in many laboratory
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and domesticated animals, The diversity of the pathological
processes involved in animal diabetes and the several genetic
mechanisms proposed reflect the heterogeneity and,to a certain
extent,the confusion seen in human diabetes.

Diabetes in animals may be induced (by various
substances toxic to the islets of Langerhans,such as alloxan)
or may be spontaneous. The chemical induction of diabetes forms
a convenient laboratory model for the study of the biochemistry
of insulin lack,although it would seem more analagous to the
diabetes induced in humans by pancreatectomy or pancreatitis
rather than the primary diabetic syndromes where hereditary factors
are involved.

Diabetes occurring spontaneously in animals has been
reviewed (Dickie,1970,and Herberg and Coleman,1977). As in the
human disease,the factors responsible are environmental and
hereditary,and instances of simple and complex inheritance may be
found, Changing the diet of some strains of sheep (Warren et al,
1966) and the Egyptian sand rat (Dickie,1970) leads to the
precipitation of diabetes. In the Chinese hamster (Gerritsen
and Dulin,l967) diabetes occurs spontaneously and inheritance
of the condition seems to be polygenic,depending on the action
of at least four loci (Butler,1967). In this animal the disease
seems gimilar to that of type I diabetes in humans in that plasma
insulin levels are below normal and plasma free fatty acid and
ketone levels are elevated. In addition,small blood vessel
changes develop that are indistinguishable from those found in
human type I (and type II)diabetes.

In the mouse,several different conditions are known



in which animals become diabetic,with or without concurrent
obesity (Herberg and Coleman,1977). The Japanese KK mouse,in
addition to hyperphagia and obesity,has diabetes characterised
by hyperinsulinaemia and,therefore,presumably,peripheral insulin
resistance. The genetics of this condition has been explained
as being polygenic (Iwatsuka and Shino,1970) although Butler
and Gerritsen (1970),using different criteria,suggested a
dominant gene with 25% penetrance,coupled with a recessive
modifier which raised the penetrance to 75%. This conflict is
rather reminiscent of human diabetes research.

Single gene models in mice include the 'diabetes
mouse' where an autosomal recessive gene (db) is segregating
at a chromosome 4 locus and in which the disease appears similar
to human type I1 diabetes in that hyperglycaemia is the result
of insulin resistance (Dickie,1970). Several other animal models
exist and serve a useful é;pose in the elucidation of biochemical
aspects of diabetes although no clear understanding of the

genetics of human diabetes has been gained from their study.

1.7 Complications and the concept of premature ageing.

The ability to maintain diabetics for many years
on insulin and other supportive therapy has meant that cardio-
vascular complications contribute substantially to the mortality
and morbidity of the disease. Type 1 and type II diabetics are
equally likely to develop these changes given an equal duration
of the disease (Tattersall,1974). Lamentably,there is little
direct proof that good control of diabetes,in so far as this

is judged by blood glucose estimates,can prevent or reverse
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these complications (Fajans,1972;Keen and Jarrett,1975,and B.M.J.,
1976) although some studies,both retrospective (Knowles,1964)

and prospective (Pirart et al,1975) suggest that strict control

of blood glucose from the time of diagnosis can delay their onset,.
The major problem in this field is lack of agreement on the
definition and assessment of 'good control' in the diabetic.

The mechanisms responsible for cardiovascular
complications in the diabetic are largely obscure. Their absence
in the M.0.D.Y. sub-type (Tattersall,1974,and Tattersall and
Fajans,l975) tends to argue against the view that they are due
to elevated blood glucose alone and their presence in both type
I and type II diabetes suggests that absolute blood insulin
levels are not responsible,though they may be due to lack of
effective insulin action. Plasma triglycerides are elevated
in diabetics even when control is judged satisfactory in terms
of blood glucose (Keiding et al1,1952) and it is possible that
elevated blood lipids are contributory. It would seem that the
study of the M.0.D.Y. phenotype would be fruitful in the
assessment of the contribution of various metabolic derangements
to the pathogenesis of diabetic angiopathy.

Genetic factors have been said to be important in the
production of cardiovascular complications. The study of identical

twing concordant for diabetes (Pyke and Tattersall,1973,and Pvke
S C \ ~ 5 17§54 v

and Nelson,1976) has shown that related individuals are similar

in the rate of development and nature of these complications

even when living apart and treated at different centres.
Superficially it would seem that the observation of

retinopathy and glomerulosclerosis in the 'secondary diabetes'



associated with chronic pancreatitis (Duncan et al,1958,and

Sevel et al,1971) was against this view. It has been shown,however,
(Verdonk et al,1975) that the frequency of these complications

in such patients is greater in those who also have a family

history of diabetes. The 'potential diabetic',judged from family
history may be more susceptible to pancreatitis and more

susceptible to the complications of the resulting diabetes.

There can be little conflict as to whether cardiovascular
changes are genetic or metabolic in origin. It is likely that,
given a certain hereditary capability,one or several of the
metabolic derangements seen in diabetes act as exacerbating
factors in their development. Having come to terms with the
possibility that both environmental and hereditary factors are
acting to produce the disease state in the first place,it demands
very little extrapolation to suggest that the same is true of
other manifestations of the disease.

The physico-chemical properties of collagen in young,
insulin-dependent diabetics have been shown to resemble those of
collagen from older individuals,

Work discussed above (Rosenbloom et al,1976) has shown
that the insulin resistance of maturity onset diabetes resembles
that seen in older,non-diabetic individuals,at least in vitro.

The possibility that genetically determined acceleration
of cellular ageing processes underlies the pathogenic process in
all diabetics has been expounded by Vracko and Benditt (1972).

These workers considered that the thickening of the capillary
basement membrane characteristic of diabetic micro-angiopathy

was due to abnormally rapid cell turnover and the subsequent



accumulation of cellular debris at these sites., That the same
process might be responsible for the changes seen in macro-angiopathy
was suggested by Martin and Sprague (1973).

Skin fibroblasts,when grown in culture,have a potential
number of replications which is inversely proportional to the age
of the donor (Martin et al,1970). Fibroblasts from diabetics
exhibit about half the number of replications compared with age-
matched controls (Vracko and Benditt,1975),a finding teken to
indicate increased susceptibility of diabetics! cells to injury.
Beta cells reach the limitation of replication in vitro after
only a few generations (Logothetopoulos,1972),

Vracko and Benditt's hypothesis is appealing in that
one genetic abnormality is responsible for all the manifestations
of diabetes in its several forms. It has come under some criticism
(Williamson and Kilo,1977) and there are several incongruities.

The laminar nature of the thickened capillary basement membrane

which Vracko and Benditt took to be due to the successive deposition
of cellular material has not been reported in all anatomical sites.
In addition,it is difficult to incorporate the suggestion that type

I diabetes ig due to an abnormal response to viral infection in
individuals genetically distinct,at least in some respects,from

the type 11 diabetic,and that diet and obesity seem to influence

the development of the latter disease.

A hypothesis concerning the pathogenesis of the type
I and type II diabetes suggesting a genetic relationship between
them is developed in chapter three. The intervening chapter
deals more specifically with the evidence for 'genetic markers'

for diabetes.
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Chapter 2

Genetic polymorphisms and diabetes mellitus.
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Chapter 2

2.1 Introduction.

2.2 Red cell antigen systems.

(a)
(b)
(c)
(4)
(e)
(£)
()

The ABO system.

The MNSs system.

The P system,

The Rhesus system,
The Kell system.

The Lewis system and

The Duffy system.

2.3 Serum proteins and iso-enzymes.

(2)
(b)
(¢)
(4)
(e)
€9
(&)

Haptoglobin,

Acid phosphatasge.
Phosphoglucomutase.
Adenylate kinase.
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2,1 Introduction.

There are two major justifications for the
investigation of associations between genetic polymorphisms
and disease., Firstly,knowledge of such associations identifies
genetic factors important in the aetiology of the condition.
Secondly,the demonstration of differential susceptibility to
disease,on the basis of genotype,may reveal mechanisms whereby
balanced polymorphisms are maintained by selection.

There is considerable published material on this
aspect of medical genetics. Before 1970 most investigators were
concerned with the ABO polymorphism and several convincing
associations were demonstrated such as that between carcinoma
of the stomach and blood group A (Aird et al,1953) but this
extensive investigation contributed little to our understanding
of the pathology of individual diseases and less to the elucidation
of the factors maintaining the ABO polymorphism and influencing
the world-wide distribution of the.é,g and‘g alleles.

Since 1970,however,the intensely polymorphic major
histocompatibility complex (M.H.C.) has been studied and has
increased our understanding of hereditary aspects of some disorders
of obscure aetiology,among them diabetes.

This chapter reviews the studies concerned with
associations bctween genetic polymorphisms and diabetes. A briel
description of the polymorphism and some historical notes are

included. The chromosome assignments for various loci are all

taken from a series of articles in Cytogenetics and Cell Genetics,

(1976),16,Nos. 1 - 5,which are reports from the 1975 International

Congress on Cytogenetics,

Hg.



2,2 Red cell antigen systems.
(a) The ABO system.

The ABO system was discovered by Landsteiner (1900).
Four common alleles,designated él,ée,g and O segregate at a locus
on chromosome 9. The Ai,gz and B alleles are dominant to the 0
and co-dominant with respect to eachother,except in the case of
4, and Ay,where A, is dominant to A,. This system is the only
one described so far with 'naturally occurring' antibodies -
anti-A and anti-B in group O persons,anti-A in group B persons
and anti-B in group A persons, Group AB persons have neither
anti-A nor anti-B.

Available data on the distribution of the ABO blood
group phenotypes in diabetic individuals are summarised in Table
2.1.

Several of the studies have revealed a significant
excess of group A individuals amongst the diabetics taken as a
whole,although in no case is this excess very great. Some have
failed to find associations,others have found associations with
phenotypes other than A,

A readily appreciated numerical representation of
the result is the relative incidence (x),which,in the case of

the A/0 comparison is calculated as follows:-

X = nl/n2 X. NZ/N

where ny and n, are the numbers of A and O individuals
in the diabetic group and Nl and N2 the same categories for the
control group. This ratio is an estimate of the relative risk,

or the increased risk of the disease developing in group A persons

9.
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compared with that in group O persons.

The relative incidence has the further advantage that
data from numerous centres may be amalgamated by the method of
Vioolf (1955),resulting in a weighted mean relative incidence and
a chi squared value which may be divided into two parts,the first
(with one degree of freedom) gives the probability that the mean
relative incidence deviates from unity by chance alone,the second
gives the significance of heterogeneity between the pooled samples.

Table 2.2 shows the results of these investigations
in the form of A/0 ratios. The data of Tedeschi and Cavazzutti
(1958) are taken from McConnell (1966).

In some cases it has been necessary to calculate the
components of the A/O ratio from phenotype frequencies where only
these and the total sample sizes are given. These are indicated
(*). Series which form part of later reports (e.g. McConnell,1955)
are omitted,as are those in which the necessary data are not given
(e.g. Ksenofontor,1974). The raw data from which the ratios are
calculated are given in table 1 of Appendix A.

Transforming the value of x into its logarithm avoids
difficulties due to asymmetry (Woolf,1955). If y = log x, then

the sampling variance of y is given as:-

V=1/n +1/n, + 1/’N1 + 1/N2

where nl,n2,N1 and N2 have the same designation as
in the equation for x given above., The weight (w) of y is given
by the reciprocal of V.

If x is unity,i.e. there is no association of blood

groups with the diseased state,y is zero. The chi squared value

(with one degree of freedom) for the significance of the
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Table 2-2 ABO results in diabetics
Reference X chi squared P
Craig & Wang (1955) 1.12 1.98 < 020 > 010
McConnell et al (1956) (1) 1.12 1.60 < 0+30 > 0-20
(2) 1-19 1.18 < 0+30 = 0-20
(3) 1-11 1-13 < 0:30 = 020
Zeytinoglu (1956 1-03 0.08 < 0480 = 070
Tedeschi & Cavazzutti (1958)f 1.28 4453 < 005 = 0025
Speiser (1958) 1.11 0-40 < 0°60 = 0-50
Otto-Servais et al (1958) 1-02 0-08 < 0:80 > 0470
Mghr (1959) * R 1-03 0-15 < 0.70 > 0275
Anderson & Lauritzen (1960)*%| 0°-83 7+31 <001 > 0005
Cornil & Pirart (1961) * 130 8.31 < 0:005 > 0°001
Bibawi & Khatwa (1961) * 1:34 12.93 < 0.0005
Doll et al (1961) 1-20 060 < 0:50 > 0+40
Simpson et al (1962) + 0:97 0.02 < 090 > 0.80
Sauer et al (1963) + 1-08 1-83 < 020 > 0-10
Macafee (1964) * 0+91 1+50 < 030 > 0.20
Serra et al (1964) 1°34 8+69 < 0005 » 0-001
Buckwalter (1964) + 1+02 0°12 < 080 > 070
Berg et al (1967) 1.04 0.06 < 090 > 0-80
Scholz et al (1975) * 1-08 0-90 < 0:40 > 030
X (weighted mean relative incidence) = 1+08
Chi squared (significance) = 1708 (d.f. =1) p < 00005

Chi squared (heterogeneity)

36432 (d.f. = 19) p<0-01
* calculated from frequencies

+ control series combined




deviation of y from zero in each case is given by y2/V or wyz.

Combination of data from various centres yields a
weighted mean,Y,given by3wy/Sw. Its antilogarithm,X,is the
weighted mean relative incidence. Chi squared (with one degree
of freedom) for the significance of the deviation of Y from zero
is given by (Zwy)z/Zw or Y°Zw and heterogeneity between samples
is tested for by chi squared given by Zwy2 - (X wy)2/Zw or
Zwy2 - YZZW. Degrees of freedom are given by (N - 1) where
N is the number of data sets.

From table 2.2 it is evident that the weighted mean
relative incidence,X,(1.08) differs significantly from unity,but
that the data sets are heterogeneous (chi squared,with 19 degrees
of freedom = 36.32).

This heterogeneity is hardly surprising for a disease
group such as diabetes, Several disease entities are included in
the term and,presumably,these sub-groups are being included to
differing degrees in the various populations studied,

Many of the published reports have tried to take this
clinical heterogeneity into account,sub-dividing the sample on
various criteria and examining them separately for associations
(see table 2.3).

The sub-division of the diabetic population on the
basis of presence or absence of a family history of the condition
reflects the once-favoured distinction between thereditary' and
'acquired' diabetes and is of little utility. Of more potential
merit is the distinction between early- and late-onset cases
(the thirtieth birthday is usually taken as the division between

them). Even more useful is a sub-division on the grounds of

Sb



Table 2-3

Criteria used for the sub-division of diabetic samples

Reference

Method of sub-division

McConnell (1955)

By mode of inheritance - 'recessive gene'!,
'dominant gene' and 'unclassifiable',

By age at diagnosis (division at 30 yrs.)

Craig and Wang (1955)

By sex. By presence of family history of
diabetes or obesity. By presence or absence
of obesity. By age at diagnosis (division at
30 years.)

McConnell et al (1956)

By sex. By age at diagnosis (division at
30.) By treatment*. By presence or absense

of family history.

Zeytinoglu (1956)

With and without 'Kimmelsteil-Wilson syndrome',

Tedeschi and Cavazzutti (1958) By sex.
Speiser (1958) By seX.
Otto-Servais et al (1958) By sex.
Mihr (1959) By sex.

Anderson and Lauritzen (1960)

By sex. By age at diagnosis (division at
30 years.) By presence or absence of family

history. By current age.

Henry and Poon King (1961)

By sex. By race (Bast Indian and 'mixed').

Cornil and Pirart (1961)

By sex. Presence or absence of family
history. Age at diQZOSis (division at 30).

Bibawi and Khatwa (1961)

By sex. "

Doll et al (1961)

By sex.

Simpson et al (1962)

All 'juvenile diabetics!,

Sauer et al (1963)

By sex.

Macafee (1964)

By sex (data for sexes separate not given).
By age at onset (criteria not given).

By presence or absence of family history.

Serra et al (1964)

By sex. By age at diagnosis (division at
20 years). By presence or absence of family

history

* Clasgification 'by treatment' in all cascs except Scholz et al (1975),

involves division into insulin - taking and non - insulin - tsking diabetics.,

37.




Table 2.3 continued.

Reference

Method of sub-division

Buckwalter (1964)

By sex,

Berg et al (1967)

None

R8vai and Konig (1968)

By sex (percentage for controls do not add

up to 100 - no further analysis possible).

Ksenofontor (1974)

None

Scholz et al (1975)

By sex., By current age., By treatment.
By age at diagnosis (division at 40).
By body type (Rohrer index).

5%




insulin-taking or non-insulin-taking since this approximates to
the currently favoured type I and type II aetiological sub-
divisions. These sub-divisions of the diabetic sample reveal no
clear-cut differences with regard to ABO phenotype frequencies.

The data as published do not allow detailed consideration
of current age or age at diagnosis. Anderson and Lauritzen (1960)
found an excess of group O individuals amongst the early-onset
diabetics and a more detailed analysis of this data (Mourant,1977,
personal communication) shows a steady rise of the A/O ratio
throughout life so that the adult diabetics show a significant
excess of group A.

Most workers sub-divide their diabetics by sex. In
general,the A/O ratio differs more markedly from unity in male
diabetics than it does in femeles. Tables 2.4 and 2.5 show the
results for males and females respectively in those reports where
data are given for the sexes separately. The raw data used for
these calculations are given in Appendix A,tables 3 and 4. In
each case,male and female diabetics are compared with the total
control group, The weighted mean relative incidence for male
diabetics is 1.12 compared with 1.08 for females. The deviation
of this incidence from unity is more significant in males than in
females although the data sets for the male diabetics are hetero-
geneous, These values compare well with those compted,from an
augmented set of reports,by Mourant (1977),
although the heterogeneity found by him amongst the male data sets
was non-significant.

This difference between the sexes does not imply a

difference in the mechanism of hereditary transmission of

59.




Table 2-4 ABO results for male diabetics only

Reference x chi squared P
Craig & Wang (1955) 0-95 0-29 < 0+60 > 0+50
McConnell et al (1956) (1) 132 3¢57 < 010 > 0.05

(2) 1-61 3.86 < 0-05 > 0.025
(3) 1-25 1.98 < 0420 » 0-10
Tedeschi & Cavazzutti 1-23 1+60 < 030 » 0020
(1958)
Speiser (1958) 1-13 0+35 < 0+60 = 0-50
Otto-Servais et al 1-09 0+60 < 0°50 = 0040
(1958)
Mghr (1959) * 1.01 0.01 <095 = 0490
Anderson & Lauritzen * + 079 0+06 < 0°90 > 0-80
(1960)
Cornil & Pirart (1961) * 1443 568 < 04025 = 0+01
Bibawi & Khatwa (1961) * 1.81 18.35 < 0.0005
Doll et al (1961) 1:56 1+56 < 0°30 > 020
Sauer et al (1963) + 1-09 1.17 < 0430 > 020
Serra et al (1964) 1.60 1247 < 00005
Buckwalter (1964) + 1.04 0.20 < 0:70 » 060
Scholz et al (1975) * 1.09 0.58 <0.50 > 0,40

x (weighted mean relative incidence)
Chi squared (significance
Chi squared (heterogeneity)

* calculated from frequencies

+ control series combined

1.12
14+52 (d.f,
3781 (d.f.

Lo

1) P < 0°0005
13) P < 0-0005




Table 245

ABO results for female diabetics only

calculated from frequencies

control series combined

Reference X chi squared P
Craig & Wang (1955) 1-21 3.85 < 0:05 > 0025
McConnell et al (1956) (1) 1.03 0.07 < 080 > 0-70
(2) 0+97 0.02 < 0.90 > 0.80
(3) 1.04 0.10 <080 = 070
Tedeschi & Cavazzutti 1.32 3e34 < 010 = Q<05
(1958)
Speiser (1958) 1.09 0.13 < 0-80 > 0-70
Otto-Servais et al 0-98 0-05 < 0:90 > 0.80
(1958)
Mahr (1959) * 1°04 0418 < 070 > 060
Anderson & Lauritzen * + 087 0+02 < 0:90 > 080
(1960)
Cornil & Pirart (1961) * 1-24 353 < 0:10 > 0405
Bibawi & Khatwa * 1.15 2.02 < 0:20 % 0°10
(1961)
Doll et al (1961) 1-00 0:00 -
Sauer et al (1963) + 1+06 0+58 < 0:50 > 0-40
Serra et al (1964) 1°19 228 <020 > 0-10
Buckwalter (1964) + 1.01 0:02 < 0:90 > 0°80
Scholz et al (1975) * 1.07 0+46 < 0°50 > 0-40
X (weighted mean relative incidence) = 1408
Chi squared (significance = 799 (a.f. =1) p < 0-005
Chi squared (heterogeneity) = 866 (d.f. =13) p<0+8 > 07




predisposition in males and females. If the A,B and O alleles
influence the development of diabetes they do so in both sexes
but their effect is less discernible in the female presumably
because of the greater influence of non-genetic factors such as
parity and obesity. Studies of heritability of liability
(Palconer,1967) have shown that heritability is lower in the
female.

Four series have presented results for the sub-types
of A - Sauer et al (1963),Buckwalter (1964),Berg et al (1967)
and Scholz et al (1975). In no case were the relative frequencies
of Al and Az,and AlB and AzB different in diabetics compared with
controls.

Vogel and Kruger (1968),amalgamating twenty studies
of ABO distribution in diabvetics,found a significant excess of the
B phenotype over the O phenotype,although,again,there was significant
heterogeneity between samples. This tended to suggest that relative
resistance to the disease of the O phenotype,rather than susceptibility
of the A phenotype,was responsible for the associations. Analysis
of the twenty sets of data in table 2.2 fails to confirm this with
a weighted mean relative incidence of the B/O ratio of 1.0l,which
is insignificantly different from zero (chi squared,with one degree
of freedom = 0,215).

The results of various comparisons using the data from

these reports are shown in table 2.6,

fb! The MNSs system.

In 1927 the discovery of the M and N antigens was

announced (Landsteiner and Levine,1927 ). These were
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Table 2.6.

The Results of various comparisons using data from reports quoted

in table 2.2,

(nale and female diabetics combined).

Comparison X | Chi square (sig) P Chi square (het) P
A/0 1-08 17-08 < 00005 3632 <0-01>0-005
B/0 1-01 0-21 N.S. 7776 < 0°0005
A/not A 1+07 12°30 < 0+0005 4135 < 0+005
A+AB/B+0 | 107 11+86 <0+001 >0+0005 90+65 < 0+0005

N.S. = non-significant




considered to be determined by two co-dominant alleles M and N.
The possibility that N is a precursor substance acted upon by one
allele M with an allelic amorph m is,as yet,unresolved (Race and
Sanger,1975). The discovery of another antigen,S (Walsh and
Montgomery,1947),added interest since,although the corresponding
gene,S5,was not allelic to M and N,it was associated,being found
more often with M than with N (Sanger and Race,1947,and Sanger et
a1,1948). The s antigen,product of the s gene,the allelic partner
of S,was detected by Levine et al (1951). 1t is suggested that M
and N,and S and s segregate at two closely linked loci on chromosome
No.2.

Table 2.7 shows the results of investigations on diabetics
using anti-M and anti-N antisera. No significant association has
been found,except in the series reported by Ksenofontor (1974),
where the diabetic group show a higher frequency of the N phenotype
and a lower fregquency of heterozygotes. Although not giving the data
in full,Scholz et al (1975) state that the M phenotype is more
common in diabetics diagnosed before the age of forty compared with
those diagnosed after this age. This difference was not significant.

The only series to test for antigens of the Ss system is
that of Scholz et al (1975) in which testing was only performed

with anti-S. The date are not given but no association was found.

(c) The P system,

In the same report as they developed the MN system,
Landsteiner and Levine described another individual difference in
human blood (Landsteiner and Levine,1927(a)). Some individuals'

red cells were agglutinated by the sera of immunised rabbits in
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a way which cut across the previously described ABO and MN
distinctions., Those individuals whose cells were agglutinated were
designated P+,those whose cells were unaffected,P-. The antiserum
was called anti-P.

The discovery that Tj(a-) individuals were also
negative with anti-P (Sanger,1955) suggested that the Tja antigen
belonged to the P system. The outlined scheme for the system (Race
and Sanger,1975) suggests three alleles 21,22 and p,with p being a
possible amorph. Individuals possessing at least one 21 allele
correspond to those previously designated P+,in that they show
agglutination with anti-P, (previously anti-P). Varying strengths
of reaction to anti-Pl have been shown to be inherited.

The exact chromosomal assignment of the P locus is in
doubt,there is evidence for linkage with the HIA locus (chromosome
6) and with the ADA (adenosine deaminase)locus of chromosome 20,

Ksenofontor (1974) and Scholz et al (1975) performed
P system grouping on their subjects. Scholz et al did not detect

a significant association but do not give their data. Ksenofontor

gives neither conclusions nor results for this system.

Qd! The Rhesus system.

Soon after the discovery of the Rh system (Landsteiner
and Weiner,1940) its complexity was realised. Fisher's synthesis
(Fisher,1947) clarified the position considerably and his suggestions
and nomenclature will be used here, Three loci,closely linked and
now known to be situated on chromosome No,l,were postulated with
the alleles C and ¢ at one,D and d at the second and E and e at the

third. Antisera cofresponding to the gene products of five of these
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six alleles are currently in use,anti-d alone has not been found.
In view of the relative frequencies of rhesus haplotypes it was
postulated (Fisher and Race,1946,and Fisher,1947) that the order
of these loci on the chromosome was D,C,E, All populations so far
studied show linkage disequilibrium between the alleles of this
system,similar to that found in the MNSs and the HLA systems,in
that the theoretically possible chromosome combinations do not
occur with equal frequency. In English populations three orders

of haplotype frequencies are found - CDe,cde and cDE which occur

at frequencies of 12% or greater,cDe,cdE,Cde and CDE at less than

3% and the rare CdE (Race and Sanger,1975). The mechanisms
responsible for this,presumably selective,have never been demonstrated.

There are often more than one Rh genotype which can,in
theory,fit the results of an individual tested with anti-C,anti-c,
anti-D,anti~E and anti-e. In practice the 'most likely genotype',
based on previous knowledge of relative haplotype frequencies in the
population to which the individual belongs,is suggested.

The results of investigations of diabetics with anti-D
alone are given in table 2,8. No significant associations are
demonstrated.

Testing for alleles at the other two loci and the
assignment of probable genotypes has been performed by Buckwalter
and Tweed (1962 ),Berg et al (1967) and Scholz et al (1975). D+ve
and D-ve frequencies cannot be calculated from the data given by
Berg et al (1967) and Scholz et al (1975) due to the inclusion of
a category termed'other'.

Berg et al (1967) found a significant excess of the R

2

haplotype (cIE) amongst diabetics,the chi squared value,with five
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degrees of freedom being 18.53 (p<0.01>0,001), Scholz et al
(1975) found the opposite - an excess of Ry (CDe) and r (cde)

amongst the diabetics with a deficiency of EQ,although this was
not significant, Buckwalter and Tweed (1962) did not find any

significant differences between diabetics and controls,

(e) The Kell system.

The elucidation of the Kell system began in 1946 with
the discovery of an antibody responsible for haemolytic disease of
the newborn and which was not anti-D (Coombs et al,1946). This was
named anti-Kell (anti-K) after the original family and it was not
long before the antithetical antibody,anti-k,was found (Levine et
81,1949). It seemed that the system consisted of two allele,X and
k. Later came the detection of the Kpa and Kpb antigens and the
realisation that the corresponding alleles (KBF and KBP) were
associated with X and k but not allelic to them (Allen and Lewis,
1957). In 1965 the alleles of the Sutter system (Js® and ggP) were
seen to be part of the same complex (Stroup et al,1965). It is now
suggested that the loci involved are situated on chromosome 6.

Three groups from those listed in table 2.2 tested their
subjects with anti-K., No significant differences were found between
diabetics and controls. The data from Simpson et al (1962) and Berg
et al (1967) is summarised in table 2.9. The data of Scholz et al
are not given in their paper. There are no results available for
diabetics tested with anti—Kpa and anti-Kpb,nor with anti-Jsa and

anti-Jsb.
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(f) The Lewis system and secretor status.

There are two features which distinguish the Lewis
blood group system from those considered so far. Firstly,Lea and
Leb substances are not produced by the red cells as integral parts
of the membrane but are passively acquired from the surrounding
plasma (Grubb,1951;Sneath and Sneath,1955 and 1959). Secondly,the
Lewis system,ABO and sectretor systems are inter-related.

Anti-Le® was found in 1946 (Mourant,1946) and anti-Le’
two years later (Andres;;,1948). At first,family studies suggested
that the Lea antigen was recessively inherited (Andreﬁg;,1948) but
it was soon realised that Le (a+b-) individuals were always non-
secretors of ABH (Grubb,1948). In fact,individuals homozygous for
the h allele at the H locus (the rare 'Bombay' phenotype) have Le?
substance on their red cells even when they are secretors but this
does not affect the consideration of European populations.

At the Lewis locus (as yet not assigned to a particular
chromosome ) two alleles,lLe and le,are segregating. The le gene is
inactive but under the influence of the Le gene Le? substance is
produced. In the presence of the dominant secretor allele,Se,and
at least one H allele at the H locus,most of this Le® substance is
converted to Leb leaving weakly detectable Le? in secretions but not
on red cells., The secretor locus is also unassigned but is known
not to be closely linked to the Lewis locus (Race and Sanger,1975).

'ﬁ#, Anderé;; and Lauritzen (1960) found a significant

excess of Le® +ve individuals amongst their diabetics (chi squared

17.15 for one degree of freedom,p less than 0.0005). They took their

control data from Jordal (1975) and these subjects were grouped by

a different technique and,presumably,by a different antibody,from
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the diabetics. This finding suggested a link between diabetes and
secretor status but the four series shown in table 2.10 failed to

confirm this.

(g) The Duffy system.

The Duffy locus has been assigned to chromosome No.l.
The two common European alleles,Exé and Ex? are co-dominant. A
third silent allele,Fy,extremely rare in Caucasians,is very common
in Negroes giving the phenotype Fy(a-b-) when in the homozygous
state. Anti-Fya was initially reported in 1950 (Cutbush et al,
1950) and anti-Fy® the following year (Ikin et al,1951).

Only one of the studies referred to in table 2.2 tested
for the Duffy system (Scholz et al,1975) and only anti-Fy® was used.
Results are not given but no significant difference between diabetics

and controls was found.

2,3 Serum proteins and iso-enzymes.

(a) Haptoglobin.

This alpha-2 glycoprotein present in the serum and
capable of binding haemoglobin was first shown to have phenotypic
variants in starch-gel electrophoresis by Smithies (1955,and
Smithies and Walker,1956). The two common alleles,ggi and ERE’
segregate at an,as yet,unassigned autosomal locus.

Several groups have studied this polymorphism in
diabetics with conflicting results. Simpson et al (1962),in their
study of 98 early-onset diabetics,found a reduction in the 2-1

phenotype and an increase in the 2-2 amongst diabetics. The results

of Jorgensen and Hopfer (1967) showed a significant reduction in
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the frequency of the EB} allele in the diseased group. Berg et al
(1969) found an increase of a similar nature though this was only
marginally significant. No significant differences could be
demonstrated by Scholz et al (1975).

The most significant demonstration of an association
was by Ksenofontor (1974). His series showed a reduction of 2-2
individuals amongst the diabetics and an increase of the frequency
of heterozygotes. This paper gives a combined analysis for the
haptoglobin and MN loci and shows a significant excess of diabetic
individuals heterozygote for the two systems (59% compared with

18.25% of controls). These studies are summarised in table 2.11.

fbl Acid phosphatase.

Hopkinson et al (1963) first reported electrophoretically
distinct phenotypes of the phosphotransferase enzyme red cell acid
phosphatase. The five phenotypes were designated A,BA,B,CA and CB,
determined by three co-dominant alleles 2?,2?, and EF. The predicted
sixth phenotype,C,was soon reported (Lai et al,1964). The 2? allele
is the most common in almost all groups studied to date. Populations
of Buropean origin tend to show higher EF frequencies than those of
non-Europeans and the g? allele,though rare in Europeans is commoner
than amongst BEuropeans.

There has been no study of red-cell acid phosphatase

phenotype frequencies amongst diabetics.

gcz Phosphoglucomutase.

Phosphoglucomutase (PGM),which reversibly catalyses the

transfer of phosphate from the first to the sixth position of the
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glucose molecule,was found to show inherited,electrophoretically
detectable variation by Spencer et al (1964). At least three loci
code for this enzyme - PGM, (chromosome 1),PGM2 (chromosome 4) and
PGM3 (chromosome 6). The placenta is the most satisfactory tissue
for the study of the PGM3 locus variants and it is the products of
the PGMl and PGM2 loci that may be seen in the electrophoresis of
red-cell preparations. Starch-gel electrophoresis demonstrates
seven bands,designated a,b,c,d,e,f and g. In the three common
phenotypes, the e,f and g bands,representing the products of the
PGM2 locus do not vary. At the PGMl locus there are two common

co-dominant alleles,PGM1

-

and PGMé whose products are represented by
the a and c,and the b and d bands respectively. The PGMi allele is
the commoner in most populations so far documented except for some

Jewish groups and Finnish Lapps (Mourant et al,1976). There have

been no reports of PGMl locus frequencies in diabetics,

(d) Adenylate kinase.

Adenylate kinase (AK) is a red cell enzyme catalysing
the reversible conversion of two molecules of adenosine diphosphate
to a molecule of adenosine triphosphate and a molecule of adenosine
monophosphate. Electrophoretic variants of this enzyme were first
demonstrated by Fildes and Harris (1966), Two co-dominant alleles,

1 2 o an -
k™ and Ak~ segregate at & locus on chromosome §., The Tormer allele

b>
b

is the commoner in all populations so far studied. Nothing is known

of the distribution of this polymorphism in diabetics.

(e) Adenosine deaminase.

The enzyme adenosine deaminase (ADA) is an aminohydrolase
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catalysing the deamination of adenosine to inosine. Electrophoretic
variants were discovered by Spencer et al (1968) and two co-dominant
alleles Agé}and éQA?,segregating at a locus on chromosome 20,give
three recognised phenotypes., The ADA phenotype frequencies of

diabetics have not been reported.

(f) Esterase D.

The first demonstration that the red-cell enzyme esterase
D (EsD) was polymorphic was by Hopkinson et al (1973). Two co-
dominant alleles,E_q_lQ1 and Eggz,segregate at a chromosome 13 locus
and,of these,the Egg} allele is the commoner in the populations
reported on so far,although EEQ? is commoner in Asian populations
than it is in European (HOpkinson et al,1973; Welch and Lee,
1974,and Cartwright et al, 1976). There has been no previous

report of EsD phenotype frequencies amongst diabetics.,

ggg QOther polymorphisms.

Diabetic patients have been investigated with regard
to the Gm system (Berg et al,1969;Scholz et al,1975),the C3
component of complement (Farhud et al,1972),Gc (Berg et al,1969;
Cleave,1966;Jorgensen and Hopfer,1976(a),and Scholz et al,1975)

and for the beta-lipoprotein systems Ag (Blumberg,1964;Berg et al,

associations were detected for Gm and Ag,although those for Gm
were conflicting and that found by Blumberg (1964) for Ag was not

confirmed by Berg et al (1969).




2.4 The ability to taste phenylthiourea.

The polymorphism for the ability to taste the substance
phenylthiourea (also known as phenylthiocarbamide,or P.T.C.) was
discovered in 1932 (Fox,1932). It is considered to be determined
by the alleles T and 1 segregating at an,as yet,unassigned locus.
The allele T,which confers the ability to taste the substance,is
dominant to t.

Two studiesg,summarised in table 2.12,have shown a
significant deficit of tasters in diabetics. This has been found
in Caucasians (Terry and Segall,1947) and in Negroes (Terry,1950).
The series of Harris et al (1949),drawn from a Caucasian population,
failed to confirm this. An association between P.T.C. tasting and
diabetes has never been satisfactorily explained and there has been
no study on a sample of diabetics sub-divided on meaningful clinical
grounds. The possibility exists that diabetics have an altered
perception of taste leading to a misclassification of TT and Tt

individuals as non-tasters.

2,5 The major histocompatibility complex,

Stimulated by the needs of transplant surgery and by the
intensive study of the analogous system in the mouse,knowledge of
the major histocompatibility complex (M.H.C.) in humans has increased
enormously in the past two decades. The linkage relationships of
the complex (situated on the short arm of chromosome 6) and the
large number of alleles segregating at the human leucocyte antigen
(HLA) loci,which are a part of the complex,are shown in figure 2.1.
These alleles code for glycoprotein molecules which are

integral parts of the cell surface of most cells (Colombani and Degos,
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Figure 2.1 Linkage relationships of HLA loci (adapted from Bodmer,1976).
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»,B,C,A, = HLA loci, Pg = Pepsinogen, C2,C4,C8 = complement loci, Bf =
Properdin factor B, Ch,Rg = Chido and Rodgers blood group loci.
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1972) and which seem to play a role in the recognition of self and
the co-ordination of the immune response (Katz and Benacerraf,1975).

Several features of the system are worth noting. Firstly,
the extent of the polymorphism at each locus is prodigious. The A
and B loci have the greatest number of recognised alleles but this
is probably a consequence of the fact that they have been most
intensively studied to date. The number of possible haplotypes at
these four loci is very large indeed., There has been considerable
speculation on the reasons for this degree of q?éymorphism. It
may be the result of frequency-dependent selection in that individuals
possessing the rarer specificities may be favoured if pathogens and
parasites are able to mimic the commoner specificities. Under
such a system there would be continual pressure for the production
of new alleles in higher animals and continual pressure for their
copying in parasites and pathogens.

A further characteristic of the system is the linkage
disequilibrium present between alleles at different loci. The
alleles HLA-Al and HLA-B8,for example,both occur commonly in
European populations. The theoretical frequency of occurrence of
the two alleles on the same chromosome (the 1 - 8'haplotype) is
the product of their separate gene frequencies. This haplotype
occurs much more commonly than this prediction,however,at least in
European populations. The magnitude of this linkage disequilibrium
is given by the difference between the observed haplotype frequency
and the expected haplotype frequency and is known as delta, The
value of delta may thus be positive or negative depending on whether
the two alleles are associated more or less often than expected.

Allele frequencies,haplotype freguencies and delta values exhibit
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congiderable geographic variation,

The reasons for this linkage disequilibrium and
geographic variation are not clear. New alleles may have originated
in a particular population and the linkage disequilibrium between
these new alleles and other alleles characteristic of those
populations may be the result of limited diffusion away from this
centre. Alternatively,and more probably,selective forces,as yet
undefined,make it advantageous,under certain conditions,to possess
certain combinations of these alleles in the cis rather than the
trans position (Thomson et al,1976).

Since the first tentative description of an association
between a disease and alleles at the HLA loci (Amiel,1967) a large
number of such associations have been suggested and subsequently
confirmed. In general these associations are more striking than
those with the ABO polymorphism,

Several studies have examined the distribution of HIA
alleles in diabetics,complete agreement has not been achieved.

The first series (Finkelstein et al,1972) could detect
no significant association. A group of 44 diabetic individuals
were considered,all insulin-taking. With hindsight it is possible
to see that the alleles implicated in the disease (B8 and Bwl5) were
both present at increased frequencies in the diabetic group. The
amall sample size probably accounts for the negative result.

The next report (Singal and Blajchman,1973) showed a
gignificant excess of Bwl5 individuals amongst the diabetic group
although serological difficulties made this conclusion suspect.

In 1974 Cudworth and Woodrow and Nerup et al using larger populations

of diabetics were able to demonstrate convincing associations
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between insulin-dependent diabetes and the alleles B8 and Bwl5,
The relative risks were 2,0,for B8,and 2.8,for Bwl5 (Nerup et al,
1974). A sample of Austrian diabetics (Schernthaner et al,1975)
confirmed these associations and suggested an excess of the C
locus allele Cw3 in the diabetics.

Expansion of the Liverpool series (Cudworth and Woodrow,
1976) suggested further associations,a positive association between
insulin~dependent diabetes and B18 and a negative association with
B7. The latter has also been found by Ludwig et al (1976).

An investigation of 75 insulin-taking diabetics by
Cathelineau et al (1975) found a significant excess of B8 positive
individuals amongst the diseased group but was unable to confirm the
association with BwlS5,

Most of these insulin-taking diabetics had presented
before the age of 30. The only series in which a substantial
number of insulin-taking diabetics presenting after this age was
studied is that of Cudworth and Woodrow (1976) they were able to
report that,in these individuals,the frequency of the BB allele
was significantly increased and that of Bwl5,though suggesting an
association did not reach significance. Cathelineaun et al (1975)
found no increase in either antigen in their cases presenting
after 35 though there were only 20 of them.

Insulin-taking diabetics in other populations have
also been subject to scrutiny. Vakisaka et al (1976) showed a
positive association between the disease and Bw22J,a specific
Japanese variant of Bw22, The Japanese do not possess the B8
allele but they do possess the Bwl5 allele, Interestingly,in the

series of Japanese diabetics reported by these authors there were
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fewer,though not statistically significantly fewer,Bwl5 positive
individuals amongst the diabetics than amongst the controls,

Patel et al (1977) report frequencies of the HLA-A
and HLA-B locus alleles amongst Caucasian,Mexican-American and
Negro diabetics in the United States., The frequencies of B8 and
Bwl5 were both raised amongst all three racial groups though the
sizes of the samples were not sufficient to withstand correction
for the number of alleles tested for (see below).

The HLA typing of 100 non-insulin-taking diabetics
(Cudworth and Woodrow,1976) showed no association with any of the
HLA alleles.

On the basis of a small series (Nelson and Pyke,1976)
it has been claimed that M.0.D.Y. is not associated with the HLA
system. This finding has been disputed in a preliminary report
(Barbosa,1977) which claims an association with the haplotype 3 -
wl5.

At the A locus significant associations have been
demonstrated between early-onset insulin-dependent diabetes and
the Al and All alleles (Cudworth and Woodrow,1976). The association
with Al was shown to be a consequence of the positive linkage dis-
equilibrium with B8. The association with All was significant
after correction for the number of specificities studied and was
also present after pooling the Liverpool data with that of two
other centres - Copenhagen (Nerup et al,1975) and Montpelier
(Seignalet et al,1975). The weighted mean relative incidences of
selected HLA alleles from these populations are shown in table 2.14
which has kindly been supplied by Dr.J.C.Woodrow.

Prospective reports on the HLA frequencies in diabetics
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are published by Cudworth et al (1977) and Garavoy et al (1977).

They have the advantage over the above reports,which are all
retrospective,in that they reflect differential susceptibility

and are free of any bias possibly resulting from differential
survival. The series reported by Garavoy et al was able to confirm
the positive association with B8,though not that with Bwlb,and
demonstrated the seasonal variation in the presentation of new

cases of juvenile diabetes. There was no difference in the frequency
of new diabetics positive for B8 at any season of the year. The

110 cases reported by Cudworth et al showed an increase of both

B8 and BwlH and suggested clustering of the Bwl5 positive individuals
in the first three months of 1976. In addition,subjects with this
specificity,especially if accompanied by B8,showed higher titres

of antibodies to Coxsackie Bl - B4 viruses immediately after
diagnosis. There was no correlation between HLA phenotype and the
presence of P.I.C.A,

Jansen et al (1975) have suggested that the production
of antibodies to exogenous insulin is related to HLA phenotype.
They found that the frequencies of both B8 and Bwl5 were increased
in diabetics taking insulin but that the increase of Bwl5 was
confined to the group shown to have high levels of anti-insulin
antibodies and that the increase of B8 was confined to those

diabetics with low levels of antibodies.

H1lA-D locus antigens show associations with insulin-
dependent diabetes. Thomsen et al (1975) found a significant
excess of insulin-taking diabetics positive for the D locus antigen
LD-8a (now called HLA-Dw3), This allele is known to be in positive

linkage disequilibrium with B8 and the relative risk for developing
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the disease considering the D locus allele was considerably higher
than that for the B locus allele. There was also an association
with LD-wl5a (now called Dw6),a D locus allele in positive linkage
disequilibrium with Bwl5,but the association with this D locus allele
was considered to be secondary to that with Bwl5,

Control populations in most of the above studies were
composed of blood donors,often supplemented by laboratory staff and
medical students. The controls were usually stated to be resident
in the same geographical area as the patients. In some cases (e.g.
Nerup et al,1974,and Wakisaka et al,1976) the exact source of the

controls is not given.

2,6 Methodological and statistical difficulties in the search for

associations.

The underlying rationale and methodology employed in the
search for associations has been severely criticised by Wﬂj;er (1956,
and 1970). Many of the points raised in this criticism are of great
importance,they are concerned with the choice of patients,the
selection of controls and the statistical and biological significance

of the results.

(a) Selection of patients.

The series listed in table 2.? and indeed most of the
series concerned with other diseases report frequencies in patients
collected retrospectively,after the diagnosis has been made. The
practical advantages of this approach outweighed,in the minds of
the investigators,the theoretical advantages of the prospective

approach.
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One criticism of the retrospective study is that it
introduces unacceptable bias with regard to the selection of patients.
More severe cases attending hospital may be included,omitting the less
severe cases managed by the general practitioner., Peptic ulcers,for
example, that bleed,perforate or give intractable pain will tend to
be preferentially included in a retrospective sample of hospital
patients.

Several workers have attempted to minimise this problem
by including all the patients with a particular disease attending an
out-patient department in a set period of time (for diabetics,Craig
and Wang,1955;Serra et al,1964,for example) or by taking a 'random
sample' of such a population (McConnell et al,1956). The inclusion
of individuals in such samples,however,is heavily dependent upon the
frequency of attendance. There is no series in the literature on
diabetics which includes all the known cases,irrespective of hospital
attendance,within a defined geographical area.

In addition,retrospective studies may give a completely
false representation of the relationship between a genetic factor and
a disease, An increased frequency in the living patients with a
certain condition may give the impression that a particular genotype
or phenotype is predisposed to the development of the disease when,
in fact,it is associated with survival.

Uncertainty with regard te the definition of the disease
also creates difficulties and this is especially true for type II
diabetes where the definition of abnormality relies upon an arbitary
point in a continuous distribution.

Unrecognised heterogeneity within a disease may mask a

real association. Two equally common sub-types,for example,both
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agsociated to an equal degree with the O phenotype,one positively
and one negatively,would yield a normal ABO distribution if they were
both taken together. An association between a polymorphism and a
rare sub-type of a disease would be masked by amalgamation with a
numerically superior category with no association. Subjectivity in
the process of clinical subdivision of peptic ulcer patients has
been suggested by Weiner (1956) as influencing the results of

investigations concerning the ABO polymorphism.

gbz Selection of controls,

The blood donors commonly used as controls have many
advantages, Data on a large number of reliably typed individuals
are available for most countries of the world (Kope¢,1970,and
Mourant.et al,1976). Regional variation is defined to a very fine
degree,particularly for the ABO system in the United Kingdom
(Kope&,1970). This obviates the need for typing large numbers of
'normal' people,a category difficult to define and even more
difficult to locate.

Since the variance of a gene frequency estimate is
inversely proportional to the sample size,large samples give
better estimates than small samples although the gene frequencies
being estimated by the use of donors are the frequencies in the
donor population of the region. Whether these are the same as the
frequencies in the general population is a matter for speculation
at the present state of knowledge,

Buckwalter and Knowler (1958) have claimed that the

presence of professional donors significantly increases the

frequency of blood group O in this type of sample. Although this
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does not apply to this country it may be influencing the frequencies
quoted for other countries. It has also been suggested (Seeff et al,
1975) that blood donors,especially females,show a significant excess
of rhesus negative individuals when compared with persons grouped for
paternity cases. Kopet (1970) found that blood donors,at least for
ABO and Rh(D) frequencies,did not differ significantly from a large
number of Royal Air Force recruits,though this does not mean that
either group is representative of the general population.

There are several factors which might be considered
important in the matching of controls to diseased persons. The
factors which will be considered here are age,sex,area of birth and

social class.

Age.

There are few data available on the question of whether
gene frequencies change in a population as it ages. The aquestion
has been considered from a theoretical standpoint (Hiorns and
Harrison,1970) though the model they considered was not directly
applicable to blood group data. Most of the data available are
concerned with the ABO system and some of them are conflicting.
The ideal study - the collection of frequencies for a cohort of
births and the prospective examination of these individuals for
differential mortality on the basis of genotype =_has not been
carried out for reasons of practicality,although a study of this
type on a limited scale is currently being attempted (Beardmore,
personal communication). The nearest substitute for this ideal
study is to sample different age groups of an existing population

and see whether they differ with regard to phenotype frequencies.
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If this difference cannot be attributed to other factors they are
indicative of differential survival of individuals on the basis of
phenotype.

Jorgensen and Schwartz (1968) have suggested that
healthy individuals over the age of 75 years have a significantly
higher frequency of O individuals than a population of donors from
the same region. They suggest that the O phenotype is selectively
favoured by way of resistance to disease,notably neoplasms,which
select against the bearers of the A allele.

This finding has been confirmed by van Hoote and
Kesteloot (1972) who,in a survey of 42,804 male soldiers between
the ages of 16 and 60,found a significantly higher frequency of O
and a significantly lower frequency of A in the 55 - 60 year age
group than in all the younger age groups. They attributed this
to differential mortality and showed that,in men aged 50 - 54,
significantly more individuals of the A and AB blood groups had
parents who had died before the age of 60,irrespective of cause,
compared with the men of the O and B blood groups. They found
that serum cholesterol levels tended to be higher in blood group
A men and these individuals are known to be more often subject to
cardiac infarction (Mourant et al,1971). However,van Houte and
Kesteloot (1972) felt that differential mortality from coronary
artery disease alone was unlikely to explain these differences.

On the basis of these findings it was recommended (Kesteloot et
al,1977) that age should be taken into account whenever blood
group distributions are compared.

On the other hand,Roberts (1948),in an analysis of

30,000 war-time donors from the south-western counties of England,
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found no significant differences in either sex between the mean
ages for the four blood groups 4,B,0 and AB., He concluded that,if
membership of any group did confer a selective advantage,as judged
by longevity,it was either small or effective outside the age range
covered by the data (18 - 60 years).

Buckwalier and Knowler (1958) found no change in the
ABO phenotype frequencies with age and concluded that,although
some diseases may seem to favour the O phenotype,others select
against it making the net effect zero. Since their analysis was
confined to individuals under 65 years of age they may have missed
changes which occur later in life.

Bennett and Walker (1956) in an analysis of 3,028
East Anglian donors between the ages of 50 and 65 years could
show no significant heterogeneity with regard to the A/(0+A)
ratio with age although there was a trend for an increase of
this ratio with increase in age of the sub-sample.

If blood group frequencies are related to age then the
comparison of donor populations with diabetic populations is
unsatisfactory. Few data are available for the age distribution
of blood donors. The standard text for this country (Kopec,1970)
does not break down the data in terms of age since this would make
an already complex analysis impossibly unwieldy. The age distribution
of 1,517 unselected Isle of Wight donors (Smith.1977).shown in table
2.15,reveals that the commonest age group is 25 - 29 and that 50%
of them are below the age of 35, This is very different indeed from
the age structure of a diabetic population (to be discussed in
chapter 4).

There are some data on this problem for the HLA system
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Table 2°15 Age distribution in a sample of 1517 Isle of Wight donors

Age No, % Cumilative %
under 20 91 6+00 6400
20 - 25 209 13.78 1978
25 = 30 258 17-01 3678
30 = 35 222 14°63 5142
35 - 40 191 12459 64+01
40 - 45 149 982 7383
45 - 50 123 8+11 81+94
50 = 55 107 705 88+99
55 - 60 93 613 95-12
60 - 65 14 4+88 100+00




although,again,there are contradictions., A preliminary report
(Bender et a1,1973) suggested that individuals heterozygous at

both the A and the B loci were more frequent in older people

than in controls. Gerkins et al (1974),in an anslysis of healthy
aged individuals,aged individuals with neoplasms,healthy young
individuals and young individuals with neoplasms,found that the
healthy aged individuals were more frequently heterozygous at the

A and B loci than healthy young individuals and that,when matched
for age,healthy individuals were more frequently doubly heterozygous
than patients with neoplasms. This was disputed in a second report
from the West German group {Bender et al,1976) who could find no
significant differences with regard to heterozygosity in their
enlarged samples. No convincing differences in the frequencies of
individual alleles with age has been reported.

The remarks of Svejgaard et al (1974) on this point
are worth quoting in full since,although they refer specifically
to the HLA system,they could also be taken as relevant to other
polymorphisms;-

'Very few studies have,as yet,tried to match

patients and controls in respect of all

possible variables which might influence

the distribution of HLA antigens e.g. age

and geographic origin. Race differences

are usually taken into account,but considerable

variation in HLA antigen frequencies have been

found within races (Bodmer,1973). Little is
known about age variation in the HLA antigen

frequencies., In many studies the control series
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included individuals suffering from diseases

other than those under study. Often cadaveric
kidney donors are included and it is as yet
unknown whether brain tumours (in contrast to
injuries) for example are associated with HLA -
antigens. Even healthy blood donors may not
reflect the true distribution of HLA antigens in
the population. In most European areas the effect
of the above variables might be small (but needs
investigating) and large differences between

patients and controls would be real,'

Sex.

Suggested sex differences in the ABO frequencies
(Fisher and Roberts,1943,and Allan,1953) may be related to the
phenomenon of age specific mortality. Although donor records
register sex,many studies do not include this in their analysis
and the question of the relationship between sex,age and poly-

morphisms remains unanswered,

Area of birth,

For the ABO system,analysis has been carried out on
a regional basis in the United Kingdom although the area of
residence is considered rather than the area of birth of the donor
or his antecedants (Kope¢,1970). As Mourant has pointed out in
his foreword to this publication,this has the effect of describing
a population a generation later than that described on the basis

of birth place. The magnitude of the difference between the
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distribution of a polymorphism on the basis of residence and that
on the basis of birth place depends on the degree of migration into
and out of the area and the localities from which the migrants are
drawn, Vhether this affects the study of associations with diseases
depends on whether the diseased group and the control group are
different enough with regard to their geographical and racial
origins to show differences in their phenotype frequencies. This
possibility seems pnlikely at first sight but may apply if the
diseased and control groups differ markedly in terms of age or
social class both of which are undoubtedly related to social
mobility. There are no data to suggest that blood donors form a
representative sample of the population with regard to social
class,

The variations in the HLA system on a regional basis
within national boundaries is almost totally unknown,although,as
stated above it is known that antigen frequencies in this system
vary considerably within races. Until these variations have been
quantified,it seems unwise to compare the frequencies of diseased

individuals with the mean frequencies for their race,

(c) Statistical significance.

It has been pointed out (Weiner,1970) that an 'association'
said to be significant at the 20% level will occur by chance once in
20 trials and that,with many groups working on polymorphisms and
diseases,and positive findings being published in preference to
negative,chance associations will be taken for real relationships,
Vogel (1970) thought this objection unlikely., "The acid test of a

disease association is that it can be repeated in several centres
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with different series of patients and controls,

The consideration of several genetic factors simultaneously

may lead to the demonstration of a spurious association. This has
been specifically-mentioned in the case of the HLA system where a
large number of alleles are studied at the same time (Svejgaard et
al,1974) but it is none the less true of other investigations where
a number of polymorphisms are examined in the same population,
Several means of circumventing this difficulty,at least for HIA,

have been suggested (Svejgaard et al,1974) although none take into
account the fact that the factors studied are not totally independent
(there being linkage disequlilbrium between some of the A and B

locus alleles), The most convenient (and most widely employed)
method for correcting for this is to multiply the p value for each
allele by the number of alleles tested for. This means that only
highly significant associations will be revealed and some real,
though less marked associations will be lost. This difficulty is
overcome by the finding of the same associations in other independent

geries.

2,7 The biological significance of associations with disease.

There has been no satisfactory explanation of the
biological significance of the associations between the ABO system
and disease. It would be satisfying if a convincing theory
explaining the whole phenomenon were available rather than one
explanation for every association.

The nearest thing to this is a theory expounded by
Lennes (1961),which,although intended to explain the association

with duodenal ulcer,is capable of explaining all ABO - disease



associations on the same principle. Lennes suggested that the
development of duodenal ulcer had nothing to do with the ABO
phenotype of the individual but that an interaction between the
'ulcer genotype' and the phenomenon of feto-maternal ABO
incompatibility was responsible for the association. The presence
of the 'ulcer genotype' in the fetus was suggested to make the
abortion or failure of implantetion of an embryo already incompatible
with its mother more likely. 8Since ABQ incompatibility affects O
fetuses less often than it does A,B or AB fetuses,the result will
be that,of those individuals born with the ‘'ulcer genotype',more
will be O than A,B or AB. After birth the ABO locus has no effect,
By extrapolation,the same phenomenon could account for associations
with blood groups A or B by postulating a protective effect of
the relevant disease genotype with regard to the effects of feto-
maternal incompatibility.

It has been pointed out (McConnell,1966) that a
prediction of this theory is that associations with ABO should
be less marked in those areas where the frequency of the O gene
is highest (and feto-maternal incompatibility lowest). In fact,
this is not bourne out by the data on diabetes taken from the
reports listed in table 2.2, When x,the value of the A/O ratio,
is plotted against the value of O/N% for each corresponding
control group there is no significant negative correletion
demonstrated (r = -0.072). This is also true for the comparison
of y (1ogex) against O/N%.

The biological significance of the HLA associations
is easier to comprehend. By analogy with the mouse,there is

likely to be a region of chromosome 6,not far from the HLA loci,
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which contains the immune response (Ir) genes (McDevitt and Bodmer,
1974)., If this is the case then the associations observed between
the HLA alleles and,for example,diabetes,may be due to linkage
disequilibrium between the B locus alleles and particular Ir genes
which render the individual more likely to develop diabetes. It
has been suggested (Nerup et al,1976) that the Ir gene associated
with the B8 allele may code for an abnormal T lymphocyte response
to certain infections and that this abnormal response results in
the auto-immune destruction of insulin-producing cells. The
finding of a greater association with the D locus allele Dw3
(Thomsen et al,1976) supports this general theory since the D
locus is nearer the hypothetical Ir genes than the A,B or C loci.

Family studies (Cudworth and Woodrow,1975(a)) support
the contention that it is not the HLA alleles themselves that are
responsible since sib pairs,both of whom are diabetic,share HLA
haplotypes more often than would be expected by chance even though
these haplotypes may not include the B8,Bwl5 or Bl8 alleles.

It is evident from twin studies (Nelson et al,1975)
that different mechanisms are responsible for the association with
Bwl5. This is supported by the work with the D locus allele Dwé
and the fact that the relative risk for individuals possessing
both B8 and Bwl5 alleles is equal to the sum of the two individual
relative risks (Svejgaard et al;1975) whereas the risks for being
homozygous B8 or homozygous Bwl5 are no different from having one
B8 or Bwl5 allele in combination with something else. It has been
suggested (Nerup et al,1976) that the Bwl5 positive unaffected sibs
of diabetic individuals have lower levels of insulin response than

do the Bwl5 negative unaffected sibs of the same diabetics. It may
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be that the Bwl5 allele itself is connected with beta cell function,

A considerable amount of data has been presented
concerning associations between diabetes and polymorphisms., It
is evident,though, that,despite this volume of work,some systems
have been examined inadequately,with conflicting results,or not at
all, More important,however,is the failure of reported series to
explore any effect of age,sex or area of origin in the distribution
of phenotype frequencies in the general population which may be

exaggerating or masking associations with diabetes,
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Chapter 3

The genetic relationship between type I and type II diabetes.
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Chapter 3

3,1 Introduction.

3,2 Family studies,
(a) Prequencies of affected relatives.
(b) Studies of heritability of liability.

3.3 A hypothesis for genetic predisposition to type I and type II

diabetes,
(a) Propositions.

(v) Predictions.
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3.1 Introduction.

The conclusions from the evidence reviewed in the
previous chapter are that the major genetic determinants for type I
diabetes are present somewhere in the major histocompatibility
complex on chromosome 6 and that these are non-contributory in the
genetic predisposition to type II diabetes. Although different
genetic factors are,therfore,responsible for these two diseases it
does not necessarily follow that they are genetically independent and,
indeed,the evidence on this is contradictory.

Two things suggest that type I and type II diabetes may
be inter-related genetically. Firstly,the finding of families in
which both diseases are present,though data of this nature must be
subject to rigorous analysis to determine whether such events are
commoner than would occur by chance, Secondly,both types of diabetic
suffer from cardiovascular complications of the same clinical and
histological type,and,if there are genetic factors involved in these
changes,it seems possible that type I and type II diabetics share
some of these components.

If these sub-types of diabetes are genetically related
then it follows that the chromosome 6 determinants involved in type
I diabetes are not the only hereditary material contributing to the
disease. This possibility has been suggested before (Cudworth and
Woodrow,1975,and 1976),to explain the failure of sibs of diabetics
to develop the disease when they were exposed to the environmental
trigger at the same time as their HLA-identical affected brothers

and sisters.
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5.2 Family studies.

There have been no studies of the frequencies of type I
and type II diabetes in families using an immunological criterion -
the presence of P.I.C.A. The difficulties involved in such a study
would be considerable,mainly because of the transient nature of these
antibodies in the circulation. The closest approaches have been the
consideration in families of disease subdivided on the basis of age
at diagnosis or current treatment. Of the two the latter is the
more acceptable since insulin-taking diabetics are largely type I,
although the insulin-independent category may include some diabetics
of this type (Irvine,1977).

Analysis of the family data from these studies has been
of two types - the consideration of frequencies of affected
relatives in families of diabetics and controls and the use of

more complex techniques such as heritability of liability.

Sa! Frequencies of affected relatives.

MacDonald (1974(a)) analysed family data,obtained by
questionnaire,from the relatives of 118 insulin-taking diabetics
diegnosed before the age of sixteen and of 108 non-diabetic
children admitted to hospital for minor surgery. In the final
analysis he used grandparental data only,since he considered
this group to be the most likely to manifest the condition if they
were genetically predisposed. There was information on 423 grand-
parents of diabetics and 395 grandparents of non-diabetics, The
groups were of comparable age.

Considering diabetics diagnosed over the age of 45 and

irrespective of treatment,the prevalence in the grandparents of



diabetic children was 0.078,that in the granparents of non-diabetic
children 0,071,an insignificant difference.

This late threshold of diagnosis was chosen to exclude
cases which might have been ambiguous in the classification into
early- and late-onset types. Curiously,MacDonald excluded from the
control group any children with a relative of any type diagnosed as
diabetic before the age of thirty -~ 'To reduce the incidence of
genes which could lead to juvenile diabetes among the families of
the controls'. It is unfortunate that the prevalence of non-insulin-
taking diabetics amongst the grandparents was not considered rather
that the prevalence of late-onset diabetes irrespective of
treatment.

Lestradet et al (1972) considered insulin-independent
and insulin-dependent subdivisions of diabetes, They studied the
prevalences of these sub-types in selected relatives (fathers,
mothers,grandparents and parents' sibs) of 1,000 insulin-dependent
child diabetics and those of 1,000 controls (paediatric patients
without diabetes). They found that 1.55% of the relatives of the
diabetic propositi and 1.42% of the relatives of controls had
insulin-independent diabetes,concluding that these two sub-types
of the disease were genetically independent. In this study the
relatives considered were not shown to be of comparable ages
and sibs were eliminated from the analysis,

Kobberling (1969),using a different approach,concluded that
early- and late-onset were genetically distinct because the prevalence
of the former disease amongst the sibs of early-onset diabetics was
twenty-five times that amongst siblings of late-onset diabetics.

Similarly,Cudworth (1976) concluded that type I and type II diabetes
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were 'genetically heterogeneous' because the prevalence of type II
diabetics amongst the sibs of type II propositi was 4.%% compared
with 0,7% for the prevalence of type I diabetes in these siblings,
whereas the prevalence of type II diabetes in the sibs of type 1
propositi was 0.8% compared with 8,6% for type I siblings of type I
propositi. Such statements are meaningless when,as Cudworth himself
points out,unexpired risk in these relatives is not considered and

the prevalence in the general population is not used for comparison.

gb} Studies of heritability of liability.

The application of techniques for the estimation of
heritability of liability to early- and late-onset diabetes has
produced ambiguous results. Analysing data from an Edinburgh
population,Smith et al (1972) considered that these subdivisions
of diabetes were genetically related,in that the 'genetic correlation!
between them was 0.65 (Smith,1976), The limiting values for this
correlation being zero for no relationship and unity for the same
genetic disease,

Analysing a larger body of Canadian data by the same
methods,Simpson (1969) reached the opposite conclusion,namely that
early- and late~onset diabetes were distinct genetic diseases,

If the methodology is valid it would seem that the only
way of explaining these conclusions are that the data sets were
different (Simpson,1976). On the other hand,the classification of
diabetes in this way is unsatisfactory,since,using diagnosis at
30 years as the division between early- and late-onset diabetes,
ags will be shown in chapter 8,nearly half of the insulin-taking

diabeties in a population will be classified as late-onset cases
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along with the non-insulin-taking diabetics. A spurious genetic
relationship between the early- and late-onset categories could
result from thzs alone, As suggested by Smith et al (1972) and

MacDonald (1974‘),the model of multifactorial inheritance with an

arbitrary threshold may be inappropriate for early-onset diabetes,

5.3 A hypothesis for genetic predisposition to type I and type II

diabetes.

The basis of this hypothesis is that the auto-immune
reaction to the pancreatic beta cells triggered by the relevant
environmental factor in an individual carrying the appropriate
Ir genotype,varies in severity and only produces the insulinopaenia
characteristic of the type I disease in the most severely affected
individuals. The severity of this beta cell injury is determined
by genes at other loci which are concerned with the response of all
cells of the body to injury. Furthermore,these same genes comprise
the whole,or the major part,of the genetic determinants of type II
diabetes and of the cardiovascular changes characteristic of diabetic

complications,

(a) Propositions.

It is proposed that a polygenic system determines the
vulnerability of cells to local injurious factors - traumatic,
immunological and metabolic ~ so that individuals at one end of the
consequent normal distribution of genotypes have vulnerable cells
with a rapid rate of cell death and a resultant rapid rate of cellular
replacement, Individuals at the other end of the range have cells

relatively resistant to injury,a slow rate of cell death and a slow



rate of cell replacement, Most people are intermediate (see figure
3.1),

There is evidence from tissue culture (Logethetopoulos,
1972,and Martin et al,1970) that cells have a limited number of
regenerative cycles at their disposal,at least in vitro. If this
also applies in vivo then individuals with rapid rates of cell death
would approach this theoretical limit faster than those with slower
rates of cell death.

In the individuals with a high turnover of cells the
accumulation of debris around capillaries leads to basement
membrane changes in the manner envisaged by Vracko and Benditt
(1972). The development of insulin resistance in the type II
diabetics is seen as another manifestation of this genetic make-up,
either through the sensitivity of cell-surface receptor sites to
injury or the presence of large numbers of 'aged' cells - in the
sengse that they are further removed from their stem cell in terms
of mitotic divisions., Thus the major components of type II diabetes,
micro-angiopathy and insulin resistance are considered the result of
the possession of certain extreme combinations of genes in this
polygenic system.

This proposition does not preclude the influence of
environmental factors,both acceleratory and retardatory,in the
pathogenesis of type II diabetes,given the required genetic make-
up., Acceleratory changes may be a diet high in refined carbo-
hydrate with a consequent metabolic insult to the cells in the form
of rapid and extreme fluctuations in blood glucose. The development
of obesity,frequent pregnancies or relative dietary chromium

deficiency are also possible acceleratory environmental influences.
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Figure 3.1 Schematic representation of hypothesis for genetic

predisposition to type I and type II diabetes.
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Deceleratory changes might include near starvation,diets low in
refined carbohydrate and high in dietary fibre,low parity and diets
adequate with regard chromium intake.

The proposition of such a multifactorial aetiology
for type II diabetes fits well with the observed familial incidence
of the disease, Groups with an unusually high prevalence of the
disease,such as the Pima Indians of North America (Miller et al,
1965) show this prevalence because of their possession of a large
number of the appropriate polygenes (perhaps,because,under certain
circumstances,they are selectively favoured,or by chance) and
because acceleratory environmental influences (in this case the
recent adoption of a high carbohydrate,low fibre diet).

The pathogenesis of type I diabetes is more complex
in that it involves the simultaneous influence of both the poly-
genic system outlined above,the relevant Ir genotype and the
environmental components of each, When an infection of the
appropriate type is experienced by an individual with the required
Ir genotype and with 'vulnerable' cells an auto-immune reaction
occurs which is sufficient to produce complete,or almost complete,
insulin lack either immediately or after an initial,unsuccessful
period of compensatory beta cell replication., The initial cellular
insult is severe because the beta cells are particularly vulnerable
to immunological injury and the recovery process is unsuccesful
because the beta cells have already undergone a number of
regenerative cell divisions and have a finite number available to
them,

When an infection is encountered by an individual not

at this extreme end of the polygenic distribution but who,nevertheless,




carries the relevant Ir genotype,there is a reaction against beta
cells,with a transient appearance of P.I.C.A. and,perhaps,a short-
lived deterioration of glucose tolerance, In these individuals,
however,either because the cells are less vulnerable to injury,
or because they have a greater regenerative capacity,or both,beta
cell function is regained either permanently or for a considerable
time,depending on where,precisely,the genotype of the person fits
on the polygenic distribution. 1In the individuals whose recovery
is only temporary,glucose tolerance will deteriorate with the
insidious onset of insulin-dependent diabetes later in life,

The insulinopaenia and other metabolic derangements
of type I diabetes are envisaged as acceleratory contributions
to the development of cardiovascular changes but these changes are

not possible without the appropriate polygenic background.

(b) Predictions.

The following predictions are generated by this
hypothesis and some of them will be tested with family data:-

(1) There should be more individuals with type I
diabetes in the families of type II diabetic propositi (and vice
versa) than would be expected by chance. Because these two types
of diabetes share certain genetic factors viz. the genes for
'vulnerable' cells.

(ii) The frequency of the occurrence of cardiovascular
complications in diabetics should be directly related to the
family history. The more affected relatives there are and the
more closely they are related to the propositus,the more common

and the more rapid should be the complications in the index case.
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This is because both the density of family history and the development
of complications are related to the number of deleterious cellular
ageing polygenes present,

(iii) There should be a higher incidence of diabetic
individuals in the families of type I and type II diabetics whose
disease occurred early in life compared with those index cases
whose disease was diagnosed later,

(iv) The hypothesis suggests that there are at least
two types of late-onset insulin-dependent diabetic - those with
sudden onset who are experiencing the environmental trigger agent
for the first time and those with an insidious onset,perhaps with
a period of initial insulin-independence,who have experienced the
trigger at some time in the past but made a temporary recovery.
Both of these types will show an increased frequency of certsin
HLA-B and HLA-D locus alleles but those of sudden onset should
show the seasonal fluctuations characteristic of early-onset insulin-
dependent diabetics,have a higher incidence of cardiovascular
complications and a greater number of affected relatives. This
Lollows from the fact that those with an insidious onset recovered
initially because they possessed fewer cellular injury genes.

(v) Sibs of newly-diagnosed diabetics who share
identical HLA haplotypes with their affected sibs will show a
transient appearance of P.T.C,A. and a short-lived phase of
glucose intolerance at the time of the onset of the disease in
their affected sib. Recovery will follow if their component of
polygenes is different from that of their sib with diabetes.

(vi) At any one time a certain number of the general

population will show positive circulating P.I.C.A.,not all will
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become insulin-requiring diabetics.
This hypothesis is similar to that expounded by Lamy
et al (1961) in that predisposition to type I diabetes is considered
to be the result of a major gene with non-allelic modifiers.
It has the disadvantage that it proposes a whole new series of),
as yet,unidentified polygenes but there is the advantage that these

genes are the same in both types of diabetes.
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4.1 Introduction.

The collection of data for this study took place with
the following major objectives in view:-

(1) To compare the distribution of some genetic
polymorphisms in a sample of clinically diagnosed diabetics with
that in an appropriately matched control group for the sake of
clarification in systems already studied and to search for new
agssociations in those hitherto unexplored,

(ii) To test some of the predictions of the hypothesis
outlined in the previous chapter using pedigree data from diabetics
and controls,

(iii) To examine the pattern of occurrence of new
cases of the disease with regard to time of onset,area of residence
at diagnosis and the genetic make-up of newly-diagnosed diabetics.

The information on diabetic individuals was collected
from those attending the out-patient department of Dryburn hospital,
Durham. A group of non-diabetic controls was assembled from

several sources.

4.2 Diabetic subjects.

At Dryburn hospital,diabetic out-patients are seen at

one of three clinics - during the course of a paediatric out-

one for individuals up to the age of 65,the other for geriatric
patients.

This particular hospital offers several advantages
for the conductﬁn{of such a survey. Firstly,it is situated near

the geographical centre of its catchment area which considerably
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eases the logistics of visiting patients at their homes after a
preliminary interview at the clinic,

Secondly, the diabetic patients are reviewed unselectively,
i.e. there is no tendency to follow up only those patients on
insulin or those with poor control,for example,and to discharge
others to the care of the general practitioners.

Thirdly,diabetics are gathered together at one clinic
and not seen at general medical sessions with other types of
patient,

Fourthly,the co-operation of the consultant staff at
Dryburn had been secured,both for the study of the diabetic
patients and for the study of controls. This last consideration,
of course,was the most important of all.

The only disadvantage of the diabetic clinics at this
hospital was the lack of separate diabetic notes,which would have
facilitated some aspects of the study and lack of accurate figures
on the size of the current diabetic population. Using the estimate
of 0.64% for the prevalence of clinically diagnosed diabetes
(Malins,1968) and estimating the population of the catchment area
to be somewhere around 186,000 (Sutherland,1974),it was calculated
that just over a thousand diabetics should be resident in the area,
a large number of these would be attending the local hospital.

It was originally intended that all clinically
diagnosed diabetics resident in the area should be investigated.
Time and resources did not allow for this, All clinically
diagnosed diabetics in the area in 1975 were,in fact,located
(see chapter 8) but they were not all contacted.

Diabetics were interviewed at the out-patient clinics




from November,1974,to June 1976. The definition of diabetes
employed was that they should have been diagnosed as such by the
physicians in charge and that they should be currently receiving
treatment. Diagnosis had been made either on the basis of a
glucose tolerance test or on the basis of a random btlood sugar.
Glucose tolerance tests had been judged on the basis of published
criteria (FitzGerald and Keen,1962).

At the beginning of the interview the diabetics were
told of the nature and purpose of the investigation. Venous blood
was taken from those wishing to participate and name,address,date
of birth and current treatment noted. Arrangement were made to see
as large a number as possible of these individuals at their homes
when,during a longer interview,details of family history,mode of
onget of the disease,place of residence at the time of diagnosis,
past treatment,place of birth of the patient,his parents,spouse and
grandparents and details of occupation were ascertained. For each
patient the date at which the diagnosis of diabetes was made was
the date on the initial referral letter from the general practitioner.
For patients whose date of diagnosis was unrecorded this date was
ascertained by asking the individual when he had first been told
he was diabetic. For individuals not visited at home,the place of
residence at the time of diagnosis was noted from the referral
letter,

During the home interview,each diabetic was asked to
find an acquaintance suitable for study as a control., If necessary,

a second sample of blood was taken at this time,
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(a) Diabetics from the 1975 out-patient population.

During the course of 1975,936 clinically diagnosed
diabetics were seen as out-patients at Dryburn hospital. Of these,
377 (40.3%) were male and 559 (59.7%) were female (sex ratio 0.67),
By the first of January,1976,251 (26.8%) of them were being treated
with insulin,336 (35.9%) with a combination of oral hypoglycaemic
drugs and dietary therapy and 349 (37.3%) with dietary restriction
alone. Their age distribution (in terms of age on the first of
January,1976) is given in table 4.1.

Of these 936 individuals,693 (74.0%) participated in
the study, 32 (3.3%) were asked but refused and the remaining 211
(22,5%) were not contacted. These tended to be patients attending
infrequently who happened to be missed on the days they were
present at the clinic.

Table 4.1 also shows the age distribution of those
individuals included in the sample,together with the percentage
sampled of those available for each five-year group.

The percentage sampled of those available ranged from
100% (0 - 4 age group) to 52.9% (75 - 79 age group). This was
partly a result of the frequency of attendance and partly of the
total number available in each age group. Despite this,however,
the 693 individuals represent a random sample of the total out-
patient population in terms of current age in these categories,
After amalgamation of the 0 - 4 and 5 - 9 age groups and the 90 -
94 and 85 - 89 age groups,the chi squared for the comparison of
age group membership between diabetics available and diabetics
sampled is 10.36 which,for 16 degrees of freedom,gives p between

0.9 and 0.8,
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Table 4°1 Age distribution (on 1.1.76) of diabetics attending. ; out-patients

in 1975 and details of sampling of each age group.

Ages (yrs)| Number frequency| number % sampled % of total
available %) sampled of those available sample
0-4 4 04 4 100-0 06
5=9 6 0°6 5 833 07
10-14 11 1.2 9 81.8 1.3
15-19 20 2-1 19 950 27
20=24 22 24 20 90.9 29
25=29 13 1.4 10 76-9 1.4
30-34 18 1.9 16 889 2.3
55-39 23 25 21 91.3 3.0
40-44 40 43 34 85.0 4+9
45-49 45 48 39 867 546
50-54 60 6.4 50 833 Te2
55-59 89 95 11 86+5 11-1
60-64 130 139 94 723 13-6
65-69 150 160 112 T4-7 16°2
70-74 146 156 96 65°7 139
75-19 104 11-1 55 5249 7.9 1
80-64 35 37 21 600 3.0
85-89 17 18 10 h8.8 1.4
90-94 3 03 1 33+3 0.1
TQrALS 936 100 693 740 100

Mean age (total population) = 60.38 (+0.57) years (sample) = 58.08 (+0.67)

Minimum, 3.07 Maximum, 92.23 years

Minimum, 3,07 Maximum, 91.59.
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Of the diabetics sampled,297 (42.9%) were male and 396
(57.1%) were female (sex ratio 0.75),so that the sample is slightly
biased towards males,although this is insignificant when compared
with the total out-patient group (chi squared,with one degree of
freedom = 1.09).

The numbers in each treatment sub-group in the sample
and in the total population are given in table 4.2. Although the
sample is biased towards insulin-taking diabetics (who were the more
frequent attenders),at the expense of the diet-controlled patients,
this difference is non-significant (chi squared = 4.35 for 2

degrees of freedom).

(v) Diabetics from other sources.

In addition to these 693 individuals,?28 other diabetics
were included,bringing the total to 721, 27 of these were new-
comers to the clinic in 1976 and one was a local medical practitioner

interested in the venture,

Sc[ The total diabetic sample.

Table 4.3 shows the total diabetic sample sub-divided
into 9 year age groups. Compared with the age distribution of the
1975 out~patient population,there are more young diabetics in the
sample. ''he mean age of these 721 diabetics,on the first of
January,1976,was 57.56 (+ 0.68) years.

There were 314 male and 407 females (sex ratio 0.77 -
insignificantly different from the complete 1975 diabetic clinic),
Insulin-taking diabetics comprised 31.9% of the sample (230

individuals,129 male and 101 female),there were 252 (34.9%) treated



Table 42 Treatment of diabetics in sample and diabetics in

1

the out - patient population

Treatment Whole group sample
Insulin 251 (26+8%) 215 (31°0%)
Oral hypoglycaemics 336 (35°9%) 248 (35°8%)
+ diet

Diet alone 349 (37°3%) 230 (33+2%)




Table 4.3 Age distribution (on 1.1.76) of all diabetics

in the sample

(age) Number Frequency (%) Cumulative frequency (%)
0-4 > 0.7 0-7
5~9 6 0.8 1.5

10-14 12 1.7 3.2
15-19 20 28 6:0
20-24 22 3.1 9.0
25-29 11 1.5 105
30-34 16 22 12-8
35-39 23 502 16-0
40-44 37 5°1 21.1
45-49 42 58 269
50-54 50 6+9 338
55-59 19 110 44-8
60-64 95 132 580
65-69 115 16-0 7349
70-74 98 136 875
75-79 56 78 953
80-84 22 3.1 98.3
85-89 11 1-5 99+9
90.94 1 0.1 100.0
Total 721
Mean age = 57.55 St.dev 18-13
Minimum 3+.07 years Maximum 91459 years
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with oral hypoglycaemics (81 males and 171 females) and 239
patients (33.2%) treated with diet alone (104 males,135 females).
This distribution with regard treatment is insignificantly different
from that in the 1975 diabetic clinic (chi squared = 5.69 for 2
degrees of freedom).

Time and resources permitted 433 of these 721 individuals
(60.0#%) to be visited at home for further questioning., This
represented between 40 and 50% of the current out-patient population

in 1976,

4.3 Control subjects.

Control data for such studies as this are often difficult
to obtain. Kopet (1970) gives ABO and Rhesus (D) results for donors
from this region but there are few such samples for other systems.
Besides,theoretical disadvantages in using donors for comparison
with diabetics have been raised in chapter 2. Accordingly,it was
decided to collect blood samples from non-donor,non-diabetic
individuals resident in the area for comparison with previously
published material,investigation for the effect of sex,age and other

factors and for comparison with the diabetics.

gal Neighbour controls,

It was the original intention that the entire control
sample should consist of individuals chosen by the diabetic subjects
from amongst their acquaintances., By specifying that the diabetics
should choose a non-diabetic friend of the same sex,within five years
of their own age and living within the same parish,it was hoped that

a control sample,matched with the diabetics in terms of age,sex,
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social class and area of residence should be built up. The diabetic
was 10 contact a suitable person and report the address of the
individual,who would be contacted with a view to a home visit.

In practice this exercise was not a succes since only
74 (17.1%) of the 433 individuals asked were able to find a
suitable individual who would co-operate. These 74 people were
visited at home and information taken on their date of birth,
occupation,family history of diabetes and place of birth of
themselves and their antecedants, Of these 74,68 agreed to have
blood drawn., A urine sample taken between one and two hours after
the largest meal of the day was tested for glucose and,in fact,one
individual was found to have glycosuria, Diabetes was confirmed
with a glucose tolerance test and he was referred to the diabetic
clinic leaving 73 neighbour controls.

There are several reasons for the failure of this part
of the exercise. It may be that many diabetics did not appreciate
the importance of studying normel individuals for comparison,or
were unable,or unwilling,to persuade a suitable individual to
take part, Alternatively,some individuals may not have known

a suitable person sufficiently intimately.

(v) Controls from the orthopaedic wards.

As soon as it became obvious that the neighbours of
the diabetics would be insufficient for a control population other
sources of non-diabetics were considered. Many authors have rightly
criticised the use of hospital in-patients as controls. They are
a highly selected group and may include sufferers from diseases

strongly associated with the polymorphisms under study. It was



considered justified,however,to use a sample of patients from the
orthopaedic wards if the reasons for admission were traumatic
conditions or minor orthopaedic surgery. The reasons for admission
of these subjects were mostly head,injuries,fractures etc. (see
table 4.4). Care was taken to exclude patients whose current
admission was the result of a chronic illness, All patients with
rheumatoid arthritis,for example,if this was the reason for their
current admission,were excluded,similarly with pathological fractures.
Cases of chronic back pain were also excluded,

From these patients details of name,address,date of birth,
place of birth and the births of ancestors was taken,together with
a sample of venous blood and,in some cases,a family history.

It is the policy of the orthopaedic wards to test all
patients for glycosuria and all those included in this study were

negative in this respect.

(¢c) Student controls.,

It soon became clear that the controls showed some
interesting trends with regard to age,but that insufficient numbers
were available in the younger age groups for valid statistical
comparison. As a result,students at the University were asked to
volunteer as controls and data were collected from them in collahoration
with Paul Converse,an M,Sc, student in the anthropology department.
The only stipulation was that the volunteers should not be diabetic
and that they should be permanently resident in the county of Durham,
Forty six controls were collected in this way. Information on date
of birth,place of birth of self,parents and grandparents and father's

occupation was taken at the same time as 10 mls of venous blood,



Table 4°4 Reasons for admission of orthopaedic controls

Diagnosis Number Frequency (%)
Head injury 109 28.05
Fractured Femur (neck or shaft) 60 1546
Keller's operation 44 1134
Medical meniscectomy ¥ 40 10-30
Lacerations 21 541
Back injuries 17 de33
Amputation of digit * 14 3+61
Removal of ganglion 12 3409.
Fractured radius and/or ulna 12 3.09
Fractured tibia 10 257
Fractured pelvis 8 206
Repair of tendon ¥ T 180
[ Removal of toe nail 6 1+55
— Fractured fibula 6 1+55
Potellectomy * 5 129
Fractured Ribs 5 1-29
" Fractured nasal bones 3 0.77
Eye injury 2 052
Dislocated shoulder 2 0+52
Bruising to foot 2 0.52
Removal of bursa 2 0+52
Fractured humerus 1 0+26
Total 388

* Following trauma
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All these students had been screened for glycosuria
at their entrance medical,though,in some cases,this was two and a

half years prior to the interview.

(d) The total control sample.

The entire control sample from the three sources =
neighbours,orthopaedic patients and students - amounted to 507
individuals. Of these,262 (51.7%) were male and 245 (48.3%)
female (sex ratio 1,06). Their age distribution (calculated
as of the first of January,1976) is shown in table 4.5. As can
be seen,when compared with the diabetics (table 4.3) there is a
deficiency of individuals in the older age groups. This was
because the numbers of suitable orthopaedic in-patients in these
groups were relatively few. The numbers of controls from each

source are summarised in table 4.6.

4.7 Characteristics of the diabetic and control populations taken

as a whole,

(a) Place of residence.

Throughout this study,'old' County Durham is taken as
the area of reference as are the 'old' counties of the rest of the
United Kingdom. These areas refer to the counties before the
reorganisation which took effect in April,1974. The reason for
using 'old'counties is simply that people still think in terms of
these boundaries rather than in terms of 'new' county boundaries.

All individuals in the control group were resident

within 'old' County Durham. All but four of the diabetics were.
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Table 45 Ages (on 1.1.76) of all controls

Ages (yrs) Number Frequency (%) |Cumulative frequency (%)
0-4 3 0+6 0.6
5~9 2 0-4 1.0

10-14 1 02 12

15-19 69 13+6 14.8

20-24 57 11.2 26.0

25-29 32 63 32¢3

30=34 24 4.7 371

35-39 25 49 420

40-44 26 5°1 471

45-49 28 55 5247

20-54 31 6-1 58.8

53=59 40 T+9 6647

60-64 45 89 755

65-69 33 6°5 82-1

70-74 31 61 86+2

75=79 29 57 939

80-84 52 43 98+9

85-89 6 12 99+4

90-94 2 0.4 99-8

95-99 0 00 99-8

100-104 1 0.2 100.0




Table 4.6

Source of controls

Source No % of total Sex No % of total
Neighbours 73 1440 Male 21 4°14
Female 52 1026
Orthopaedic 388 7653 Male 217 42.80
patients Female 171 33.73
46 9.07 Male 24 473
Students Fomale 5% 732
Total 507
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(b) Place of birth.

The place of birth (by county) was only ascertained
from 391 (54.2%)of the sample of diabetics,since the question was
only asked of the 433 who were visited at home and 42 of those asked
were unsure, There is no reason to think that this group is
unrepresentative in terms of birth place. Of the 507 controls,
476 were asked their place of birth and information was obtained from
420 of them, The places of birth of diabetics and controls are
summarised in table 4.7. The differences between the two samples
are insignificant (chi squared = 0,188 for 2 degrees of freedom),
This large proportion of native-born Durham inhabitants has been
noted before (Teasdale,personal communication),

Tables 4.8,4.9 and 4.10 show information on the
place of birth of parents,grandparents and the six immediate ancestors
of controls and diabetics., There are no significant differences
with regard to the parents or grandparents (chi squared values,with
2 degrees of freedom,are 4.2 and 4.7 respectively). With consideration
of parents and grandparents simultaneously,there is a significant
difference between the two samples with chi squared,for 3 degrees of

freedom,equal to 14,03 (p between 0.005 and 0,001).

4.4 Data analysis.

Most of the analysis was performed with the assistance
of the I.B.M. 370/167 computer available to researchers at the
University of Durham, The raw data were stored in two files,one
for clinical and polymorphism data on individuals,the other for
pedigree information, Polymorphism data were analysed largely by

means of the Statistical Package for the Social Sciences (S.P.S,S)
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Table 4°7 Place of birth of diabetic and control samples

Place of birth Diabetics Controls
County Durham 326 346
(83-4%) (82-4%)
Neighbouring counties
(Northumberland, Westmorland, 31 3j
Cumberland and Yorkshire) (7-9%) (8:1%)
Other parts of the 34 40
United Kingdom (87%) (9+5%)
Total 391 420
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Table 4.8 Comparison of parental birth-place of diabetics and controls.

No.of parents born in Co.Durham Diabetics Controls
0 59 (16-5%) 73 (18-0%)
1 67 (18+7%) 54 (13°3%)
2 232 (64-8%) | 279 (68°7%)
358 406
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Table 4.9 Comparison of grand-parental birth-places in diabetics

and controls,

No. of g.parents born in Co.Durham]| Diabetics Controls
None or 1 51 (21-5%) 70 (21.2%)
2 52 (21-9%) 50 (15-2%)
3 0or 4 134 (56+5%) | 210 (63+6%)
237 330




Table 4°10 Comparison of places of birth of six direct ancestors

of diabetics and controls

No, of ancestors vorn in Co.Durham Diabetics Controls
None or 1 40 (17.02%) 54 (16+51%)

2 or 3 42 (17-87%) | 46 (14-07%)

4 or5 46 (19.57%) | 34 (10°40%)

6 107 (45+53%) 193 (59°02%)

235

707
L
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with a small number of Fortran programmes for the calculation of
gene frequencies etc, The family data were analysed with Fortran
programmes written for the purpose., Programmes supplied by other
workers for various aspects of the analysis are acknowledged in

the appropriate sections,



Chapter 5

Pedigree analysis.
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5.1 Introduction.

Analysis of pedigree data,the mainstay of classical
human genetic studies,has hitherto,revealed little of the mechanism
of the inheritance of diabetes except in the case of M.0.D.Y. and
the study of HLA haplotype frequencies amongst affected members
of sibships, There is a continuing role for pedigree analysis,
however,since such an approach may answer several relevant questions
notably whether diabetes,subdivided on the basis of current
treatment,for example,is a group of distinct genetic disorders
or a group of genetically inter-related conditions.

Pedigree data were collected,by the technique of
interview questionnaire,from a number of diabetic propositi and
a number of non-diabetic controls. The prevalence of the various
sub-types in the general population was also assessed. The analysis
of the results and a critical discussion of the methodology form

the substance of this chapter.

5.2 The collection of data.

Pedigree information was collected during an interview
with the propositus or informant conducted by the same interviewer.
Diabetic and non-diabetic propositi were seen,in most cases,once
and once only between January,1975,and January,1977,using the same
technique of questioning. Information was recorded for each
relative working from the propositus and taking relatives in the
same order each time - spouse,parents,children,grandchildren,grand-
parents,sibs,sibs' children,sibs' grandchildren,parents' sibs,parents'
children and grandparents' sibs. If information was available for

more distantly related individuals this was also recorded.
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For each relative the following data were noted -
sex,relationship to propositus,whether alive or dead,current age
or age at death (to within five years),whether affected by diabetes
and,if affected,current treatment and age at diagnosis (again to
within five years). For each living affected relative the centre
at which their diabetes was managed was recorded and,if this proved
to be Dryburn hospital,the name and address of the individual were
noted.

In the case of children,the informant was always the
parent,usually the mother. In these cases a second interview was
often required if the necessary information on the relatives of
the father could not be furnished.

At each interview the informant was asked to notify
the investigator if any previously unsuspected diabetes came to
light. TFour pedigrees were later ammended because of this,

The information from each family was coded for computer
analysis in the method detailed in Appendix B. Relatives were
omitted if the current age or age at death were unknown or if
there were any doubt about whether they were alive or dead,it was
felt that,in these cases,information on the disease state of that
particular individual was not reliable. Using a library of Fortran
programmes written for the purpose,statistical analysis was

performed on various aspects of the data,

5.3 Methodological considerations.,

The accuracy of family data obtained on diabetes by
the technique of interview questionnaire has been criticised

(@)
elsewhere (see,for example,MacDonald,1974). The presence of the
A
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interviewer,however impartial he may believe himself to be,may
influence the result of the interview by assisting the informant

in a particular direction, In addition,it may well be,as MacDonald
(19;2? suggests,that diabetics are very much more aware of the
disease in their relatives than are non-diabetics and that this

is sufficient to bias the results significantly.

The findings of the Edinburgh group (Smith et al,1973)
are encouraging in this respect. They checked the information
obtained on relatives by contacting a sub-sample directly and
re~recording the information directly from the individual
concerned. They found that diabetic propositi gave accurate
information on the current age and disease status of relatives
and that,for the diabetic relatives,age at diagnosis was also
reliable, As far as treatment was concerned,all those said to be
on insulin were,although two (out of 25) said to be on dietary
therapy alone were also being treated with oral hypoglycaemics.
There has been no assessment of the information given on diabetic
relatives by non-diabetic propositi,however,and this might be
expected to be less accurate,

Any mis-recording of affected relatives as unaffected
will produce an underestimate of the frequency of the disease. The
magnitude of this error will be greater in more distantly related
individuals with whom contact is less intimate,and,since diabetics
may be more aware of the disease in their relatives,of greater
magnitude in the families of non-diabetics than in the families
of diabetics, Different types of diabetes may suffer from this
phenomenon to differing extents in that insulin-taking diabetic

relatives,especially when diagnosed at an early age will be a greater

S



talking point in a family,with a consequently greater chance of
being reported,than older diabetics with less dramatic presentation
and treatment. In addition,diabetic propositi with a long history
of the disease will have accumulated family information on the
condition for a much greater period and may thus be expected to
possess greater knowledge of this aspect of their families.

The omigsion of relatives for whom complete information
has not been obtained will lead to the exclusion of proportionally
greater numbers of distantly related individuals than close
relatives. The effect of this may well be to overestimate the
frequency of affected individuals in the more distantly related
groups if there is a tendency to report information on affected
individuals more assiduously than that on unaffected individuals.,
Many diabetics,after the diagnosis of their own disease will
actively seek information about similarly affected individuals
in the family and,since they are interested,not in the frequency
of affected relatives,but in individuval instances,they may not
be given,or not retain,the information about unaffected relatives
of a similar degree of relationship.

The very nature of diabvetes leads to the possibility
that affected relatives,with no symptoms,may be undetected.
Several populations have been investigated to assess the extent
of this phenomenon and,regardless of the methods used to detect
undiagnosed diabetes,have consistently shown two things - that
the prevalence of undiagnosed disease is approximately equal to
that of diagnosed disease (Malins,1968) and that the prevalence
of undiagnosed diabetes rises with age. It is reasonable to

assume that,at any one time,the cases of undiagnosed diabetes

ite,



will be of type II and not@;ype I,

MacDonald (197%) has suggested that the immediate
families of diabetic propositi will contain fewer undiagnosed
diabetics than the immediate families of control propositi since
greater awareness of the disease in the former group will have
resulted in the screening of relatives for the presence of the
disease, In his sample of diabetics and their families resident
in the United States,twice the percentage of parents of diabetic
children had been previously investigated for the disease than the
parents of non-diabetic controls. This is less likely in this

country where there is less emphasis on routine screening of

relatives,

5.4 Families of individuals attending the diabetic clinic.

The number of individuals attending the diabetic clinic
for whom pedigree information was obtained totalled 433. Of these,
180 were male and 253 female. Adult diabetics were all interviewed
at home after a preliminary encounter in the clinic, Children
were seen together with a parent in the paediatric clinic although,
if a second interview were necessary,this usually took place at
home, The total number of relatives of all types for whom
sufficient information was obtained for inclusion in the analysis
was 13,811, These individuals - propositi divided according to sex,
current treatment and age at diagnosis,relatives divided according
to sex - are shown in table 5.1.

Of these 433 propositi two were classified as latent
diabetic. One of these was shown to have glycosuria during her

first pregnancy with reversion to normal glucose tolerance after
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delivery. The other was shown to have glycosuria at a routine
medical examination but this could not be confirmed and his glucose
tolerance test was normal, These two families constituted too
small a group to be considered separately and,since they could not
be amalgamated satisfactorily with any other group,were eliminated
from further analysis.

The remaining 431 families yielded information on
13,730 relatives., First degree relatives (parents,offspring and
sibs) comprised 3,114 individuals. Second degree relatives (grand-
parents,grandchildren,parents! sibs and sibs' children) amounted to
5,847 and third degree relatives (great-grandparents,great-grand-
children,parents' sibs' children and sibs' grandchildren) 3,148.
There were 344 spouses,35 half-sibs and 1,242 individuals more
distantly related than third degree. Tables 5,.,2,5.3 and 5.4 show
the numbers of various types of relatives amongst the families of
various categories of propositus.

The policy of omitting relatives for whom adequate
information has not been obtained leads to the artificial reduction
in the numbers of relatives more distantly related than second
degree., This is least marked in the families of insulin-taking
diabetics presenting before the age of thirty,since,in the majority
of cases,the informant was the parent,to whom the propositus' third
and fourth degree relatives were second and third degree relatives.,
In most other cases,however,the lack of information about these more
distantly related individuals resulted in a small proportion only
being suitable for inclusion. In the final analysis,the relatives
in these more distant categories were discounted,as explained below,

The spouses of propositi,in theory an attractive source
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of controls,had to be omitted from the analysis,since there was a
tendency for conjugal diabetic pairs to be vigited in preference to
families where only one spouse was affected. Similarly,the group
of 3% half-sibs were ignored,since,genetically spesking,these have
to be considered in a separate category,between first and 