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potentially formed susceptible heterodimers as 212.53,
12.60, 3.24, and 1.33/100,000 individuals per yr for the
4, 2 , 1 , and 0 susceptible heterodimers groups,
respectively. Diabetes 42:1173-78,1993

T

ype I diabetes is a complex, multifactorial, and
heterogeneous disease. Its incidence in different ethnic groups is extremely variable, suggesting the involvement of environmental as well
as genetic factors (1,2). To date, the only well-established genetic marker is represented by genes within the
HLA system (3,4). Important insights into the genetics of
type I diabetes have been gained through its association
with the HLA-DQB1 gene, and the presence of the
disease has been shown to be associated with an amino
acid other than Asp at position 57 of the DQ 0-chain
(non-Asp57) (5). Several studies with Caucasian populations have confirmed this association (6-11). More recently Khalil et al. (12) have suggested that the disease
also correlates with those alleles of the DQA1 gene that
carry an Arg at residue 52 (Arg52) of the DQ a-chain. The
presence, in cis or in trans, of DQB non-Asp57 and DQA
Arg52 alleles seems to be a more specific marker of
susceptibility, and the absolute risk of the disease appears to correlate positively with the number of DQ
a/p-susceptible heterodimers expressed on the cell surface. This observation has been confirmed in the Spanish
population, where the absolute risk varies from 1.9 to
101.7/100,000 per yr according to the possibility of
generating 0, 1, 2, or 4 heterodimers (13). In this study,
type I diabetic patients from central Italy were analyzed
at the molecular level for both markers, and the absolute
risk associated with the number of possible susceptible
heterodimers was compared with the available data from
other populations. We then estimated the incidence rate
of the disease in each category of susceptible heterodimers.
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Susceptibility to type I diabetes has been shown to be
highly correlated with the presence of an amino acid
other than Asp at position 57 of the DQ p-chain
(non-Asp57) and also with the presence of an Arg at
position 52 of the DQ o-chain (Arg52). In this study we
analyzed the DQA1 and DQB1 gene polymorphisms in
65 patients from central Italy and 93 randomly selected
control subjects. Polymerase chain reaction
amplification of DNA encoding the first polymorphic
domain of the DQB1 and DQA1 chains was performed,
and DQB1 gene polymorphism was evaluated by dot
blot analysis using 11 sequence-specific
oligonucleotide probes. For DQA1 typing, a new simple
procedure based on allele-specific amplification and
analysis of heteroduplex DNA molecules formed by the
annealing of mismatched allelic strands was used.
This technique allows the discrimination of Arg 52 and
non-Arg52 DQA1 alleles. We then calculated by logistic
regression the contribution of these genetic markers to
the development of diabetes. Frequencies and odds
ratios relative to the amino acid in position 57 of the
DQ p-chain and the amino acid in position 52 of the
DQ <x-chain showed that the highest odds ratio (odds
ratio = 161; 95% confidence interval 19-1386) was that
of the homozygous combination of the two
susceptibility markers (non-Asp57 and Arg 52 ). Based
on the incidence estimates of type I diabetes in the
continental Italian population, the annual incidence
rate of the disease was estimated for the different
genotypes grouped according to the number of

HLA-DQ POLYMORPHISM IN TYPE I DIABETES

1174

(*0201). The latter was discriminated by heteroduplex
analysis as follows: the amplified samples were mixed
with a reference DNA (*0301), heat-denaturated, and
renaturated at room temperature for 5 min. The mixture
was then separated by electrophoresis on 12% polyacrylamide gel. The patterns obtained allow a clear
distinction of the allele *0201 from *0401, *0501, and
*0601. The allele *0301 also can be distinguished by the
absence of heteroduplex bands.
Statistical analysis. Evaluation of different markers as
risk predictors was performed by logistic regression (17).
The OR estimates the risk of having the disease in the
presence of a given marker relative to the risk in the
absence of the marker. If a and b are the numbers of
cases and control subjects with the marker, and c and d
are the numbers of cases and control subjects without
the marker, the OR is ad/bc (equation 1). Its statistical
significance can be tested by x 2 analysis. The 95% Cl for
OR can be estimated by using Woolf's formula for the SE
of log OR:
SE (log OR) = 1/a + Mb + Me + Md.
The annual incidence of the disease (//100,000 per yr) is
related to the prevalence of the disease (P) and the
average duration of the disease (7) by the approximate
relationship P = IT. For example, if in a population < 15 yr
of age the incidence rate was 6.5/100,000 per yr, and the
mean age at diagnosis was 10.5 yr, the mean duration of
the disease at <15 yr of age would be 15-10.5 = 4.5 yr
and P would be 6.5 x 4.5 = 29/100,000. Thus, given an
estimate of the incidence rate /, it is possible to estimate
P. Similarly, given the prevalence, the incidence can be
estimated as PIT. If Px is the prevalence among those
with a marker and Po is the prevalence among those
without that marker, the ORX is Px(1 - P0)/[P0(1 - PJ],
and rearrangement of this expression gives the prevalence Px in terms of ORX and Po as follows:
Px =

ORXPQ/[1 + ( O R X

-

1)PO ]

(equation 2).

Thus, if the ORX and the prevalence Po are known, the
prevalence of the disease among those with the marker
Px can be calculated. If f0, f^, f2l and f4 are the fractions
of the population with 0, 1, 2, or 4 heterodimers, respectively, and Po, P^> P2, and P4 are the population prevalences of the disease among those with 0, 1, 2, or 4
heterodimers, the overall population prevalence, P is as
follows:
p = fopo + f1p1 + f2p2 + fApA (equation 3).
Because from equation 2? the prevalence among those in
the population with x = 1, 2, or 4 heterodimers can be
expressed in terms of OR^ OR2, OR4, and Po, substitution in equation 3 relates the overall population prevalence P to the fractions f0, f-,, f2l and fA to ORi, OR2, and
0R 4 and to the prevalence of the disease among those
with 0 heterodimers Po.
Equation 3 then becomes rather clumsy, but when
rearranged Po can be expressed in terms of overall
prevalence P, OR^ OR2, and OR4, and the fractions f0, U,
f2, and fA. Thus, given the prevalence Pin the population,
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RESEARCH DESIGN AND METHODS
Sixty-five unrelated patients (30 males, 35 females, mean
age 14.1 yr) affected by type I diabetes were randomly
selected among those attending the outpatient department of the Clinica Medica II of the University of Rome La
Sapienza and other district hospitals in Rome (Lazio
region). Patients were diagnosed according to WHO
criteria, and all had been treated with insulin since
diagnosis. They were unrelated and 6 of them had a
first-degree relative with type I diabetes. The patients (all
Caucasian) belong to the Lazio region with a population
of 5.8 million (including the city of Rome) with a 6.5/
100,000 per yr incidence of type I diabetes in those <15
yr of age (2). Ninety-three unrelated blood donors (53
males, 40 females) were randomly selected as control
subjects.
DQA1 and DQB1 gene amplification. Whole peripheral
blood (14) or purified DNA (0.5 n-g) was used as a source
of template for DQA1 and DQB1 gene PCR amplification,
as suggested by Saiki et al. (15). The second exon of
DQA1 and DQB1 genes, each encoding the most polymorphic first external domain of their respective chain,
were amplified using primers (25 pmol) recommended
by the Xlth International Histocompatibility Workshop:
DQA-ampA 5'-GGTGTAAACTTGTACCAG-3' (aa 1217), DQA-ampB 5'-GGTAGCAGCGGTAGAGTTG-3' (aa
86-80), DQB-ampA 5'-GCATGTGCTACTTCACCAAC
G-3' (aa 13-20), DQB-ampB 5'-CTGGTAGTTGTGTCT
GCACAC- 3' (aa 84-78). Annealing temperatures and
magnesium chloride concentrations were 54°C and 1.5
mM for DQA1 gene and 57°C and 2.5 mM for DQB1
gene. Taq polymerase and the Mod. 9600 Thermocycler,
both from Perkin Elmer (Emeryville, Ca), were used.
DQB1 gene polymorphism analysis. Aliquots of each
DQB1 amplified product were spotted on a hybridization
transfer membrane (Gene Screen Plus, DuPont-NEN,
Boston, MA), denatured with 0.4 N NaOH and neutralized with 10 x SSPE (1.5 sodium chloride, 0.1 M sodium
phosphate, 10 mM EDTA). All amplified products were
hybridized with a DQB1 nonallele-specific probe (5'CCACGTCGCTGTCGAAGC-3' aa 45-39) and then diluted to obtain the same spot intensity. Filters were then
prehybridized at 42°C with 6 x SSPE, 0.5% SDS, 5%
Denhardt's solution, and 100 jxg/ml herring sperm DNA,
and hybridized using 11 DQB1 32P-labeled sequencespecific oligonucleotide probes as described by Ronningen et al. (7). The blots were probed at Td =
4° x (number of GC bp) + 2° x (number of AT bp) for 1
h, washed twice in 2 x SSPE, 0.1% SDS at room temperature and twice in 6 x SSPE, 1% SDS at the temperatures suggested elsewhere (7).
Discrimination between DQA1 Arg52 and non-Arg52
alleles. Following the nonallele-specific amplification
performed with the primers described above, a recently
reported technique based on group-specific amplification and DNA heteroduplex analysis was used (16).
Briefly, the non-Arg52 alleles (*0101, *0102, and *0103)
were separately amplified from the remaining alleles
(*0201, *0301, *0401, *0501, and *0601) by using two
specific 3'-end primers. The first group was not further
analyzed. The second group includes a non-Arg52 allele
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TABLE 1
Prevalences and ORs of DQA and DQB alleles in Italian type I
diabetic patients and control subjects
Diabetic patients
(n = 65)
Alleles
DQA1*
0101
0102
0103

Control subjects
(n = 93)

n (%)

22 (33.8)

n (%)

53 (66.7)

0201

11 (16.9)

27 (29)

0301

29 (44.6)

P
value

OR

0.007 0.39
NS*

0.5

12(12.9)

<0.001

5.44

47 (72.3]

73 (78.5)

NS*

0.72

47 72.3)
10(15.4)
23 (35.4)
2(3.1)
1 (1.5)
7(10.8)
7(10.8)
2(3.1)

37 (39.8)
48(51.6)
11 (11.8)
1 (1.1)
11(11.8)
18(19.4)
10(10.8)
4 (4.3)
3 (3.2)
10(10.8)
10(10.8)
3 (3.2)

<0.001
<0.001
<0.001
NS*
0.036
NS*
NS*
NS*
NS*
NS*
NS*
NS*

3.95
0.17
4.06
2.92
0.12
0.5
1
0.71
0.2
0.54
0.13
0.69

4 (6.2)
1 (1-5)
5(7.7)

Bold, Arg 52 and non-Asp57 alleles; OR, ratio of the odds on
having the disease when the allele is present to the odds when
it is absent.
*P > 0.05.

OR1( OR2, and OR4 are estimated in the study using
equation 1 and f0, f,, f2, and f4 are estimated by the
fractions in the control group with 0, 1, 2, or 4 heterodimers, the value Po can be calculated.
Substituting this value of Po in equation 2 and using the
study estimates of OR^ 0R 2 , and 0R 4 enables the
prevalences of the disease P,, P2, and P4 among those
with 1, 2, or 4 heterodimers to be estimated. Finally, by
using the relationship P = IT, it is possible to estimate the
annual incidence rates /0, ^, /2, and /4 from Po, P,, P2, and
P4RESULTS
Asp57 and non-Asp57 DQB1 alleles. Data obtained in 65
type I diabetic patients and 93 control subjects from
central Italy are shown in Table 1. A significant increase
of both DQB1*0201 (DR3-associated) and *0302 (DR4associated) was found among the patients. The remaining three non-Asp57 alleles (*0501, *0502, and *0604) did
not show any significant association (notably, these alleles are in linkage disequilibrium with non-Arg52 DQA
alleles). A significant protective effect was seen only for
DQB1*0301 (DR5-associated), whereas the protective
effect of the DR2 haplotype was not detectable in accordance with previous results (18,19).
By subdividing the DQB1 alleles into the Asp 57 and the
non-Asp57 groups, the frequencies and ORs were ob-
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Diabetic Control
patients subjects OR
Non-Asp/non-Asp
Asp/non-Asp
Asp/Asp
Arg/Arg
Arg/non-Arg
Non-Arg/non-Arg
Susceptible heterodimers
4
2
1
0

45
18
2
32
27
6

22
39
32
19

23
27
8
7

1
20
23
49

56
18

32.7
7.4
1.0
5.1
1.4
1.0

95% Cl
7.2-149.2
1.6-34.2
—
1.7-14.9
0.5-4.1
—

161 18.7-1386
9.4 3.5-25.2
2.4 0.8-7.5
1.0
—

tained (Table 2 and Fig. J\A). Seventy percent of patients
were non-Asp/non-Asp. This genotype had an OR of
32.7. The frequency of Asp/non-Asp genotype was not
significantly different in patients and control subjects,
whereas the Asp/Asp genotype was clearly protective,
although it was found in 2 patients.
Arg 52 and non-Arg52 alleles. The subdivision of DQA1
alleles for Arg 52 and non-Arg52 combines group-specific
amplification with DNA heteroduplex analysis. Based on
this technique, the DQA1 alleles were subdivided into
four groups (Table 1). One group includes the three
non-Arg52 *01 alleles (*0101, *0102, and *0103), and
another group includes the Arg 57 alleles *04, *05, and
*06. Discrimination between the single alleles inside
these groups was not performed. Therefore, single allele
associations could be calculated only for *0201 and
*0301. The *0301 allele (DR4-associated) showed a
highly significant association with the disease.
Figure 1B and Table 2 show the DQA1 data grouped
according to presence or absence of Arg 52 alleles. Of the
patients, - 5 0 % possessed the Arg/Arg genotype with an
OR of 5.1, which is markedly lower than that of DQB1
non-Asp57/non-Asp57 genotype. The frequency of nonArg52/non-Arg52 genotype was significantly decreased in
the patients. Nevertheless, 6 patients possessed two
protective DQA1 alleles.
Haplotype combinations of DQA1 and DQB1 alleles.
Considering the different combinations of DQA and DQB
alleles (Table 3), it appears that - 9 0 % of the patients
have at least one susceptible allele at each locus and
that >33% of the patients possess all four susceptible
alleles. When the different genotypes are grouped according to the number of susceptible heterodimers potentially formed, a distribution as shown in Fig. 1 Ccan be
obtained. The highest OR, 161, was observed by the
group with four susceptible heterodimers, which concurs
with the well-known predominance in diabetic patients of
DR3/DR4 heterozygotes. Interestingly, a significant difference in the OR exists between the genotypes capable
of forming four or two (P < 0.05) and two or one
( P < 0.01) susceptible heterodimers. The difference between one and zero heterodimers was not statistically
significant (P > 0.10). Notably, 7 (10.8%) patients belong
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0401
0501
0601
DQB1*
0201
0301
0302
0303
0402
0501
0502
0503
0601
0602
0603
0604

TABLE 2
ORs and CIs of genotypes relative to the amino acids in
position 57 of the DQ p-chain, in position 52 of the DQ
a-chain, and to the number of susceptible heterodimers

HLA-DQ POLYMORPHISM IN TYPE I DIABETES

non Asp/non Asp

Asp/non Asp

Asp/Asp

P 1 =2.4P 0 /(1 +1.43P 0 )
P2 = 9.4 PQ/(1 + 8.4 Po) (equation 4)
P 4 = 161 Po/(1 + 160 Po).

Arg/Arg

Arg/non Arg

non Arg/non Arg

'60-

The incidence of type I diabetes in the Lazio region is
estimated to be 6.5/100,000 per yr among children <15
yr of age (2). If the mean age at diagnosis is 10.5 yr of
age, the average duration of the illness in those < 15 yr of
age is 4.5 yr, and P is estimated as 29.25/100,000.
Substituting the values f0 f,, f2, and fA, P1f P2, and P4, and
Pin equation 3 and solving for Poyields Po = 6/100,000.
Substitution of Po = 6.0/100,000 in equation 4 gives the
following estimates of Px of type I diabetes among
100,000 subjects with x heterodimers:
P o = 6.0; Pi = 14.6; P2 = 56.7; P 4 = 956.4.

50-

Using the relationship incidence = prevalence/average
duration of illness, those prevalence rates correspond to
annual incidence rates as follows:

4030

/0 = 1.33; /, = 3.24; l2 = 12.6; and /4 = 212.53/100,000.

20
10

4
2
1
0
number of susceptible heterodimers
• p<0.001
p<0.05

[223 Controls Q 3 IDDM

FIG. 1. Genotyplc frequencies relative to the amino acid in position 57
of the DQ p-chaln {A) and to amino acid In position 52 of the DQ
a-chain (S) in type I diabetic patients and control subjects from
central Italy. The distribution of susceptible heterodimers in type 1
diabetic patients and control subjects (C).

to the group of those genotypes unable to form any
susceptible heterodimer.
Table 3 shows the number of patients and control
subjects in each of the nine possible combinations of
categories of DQA and DQB. Because DQA and DQB
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DISCUSSION
According to Khalil's hypothesis (12), the combination of
two markers (Arg52 in the DQA1 gene and non-Asp57 in
the DQB1 gene) determines the degree of susceptibility
to type I diabetes. This is related to the possibility of
forming susceptible heterodimers composed of an
a-subunit with Arg in position 52 and a p-subunit with an
amino acid other than Asp in position 57. Assuming that
this combination is not appreciably affected by the cis or
trans position of the two markers, the different genotypes
allow the generation of 4, 2, 1, or 0 susceptible heterodimers, respectively. Following this hypothesis, the
number of possible heterodimers are expected to parallel
the ORs associated with the different genotypes.
Two separate issues must be considered: first, the
validity of this theory for explaining adequately the HLA
association with type I diabetes; second, whether a more
accurate estimate of the disease risk can be obtained by

DIABETES, VOL 42, AUGUST 1993

Downloaded from http://diabetesjournals.org/diabetes/article-pdf/42/8/1173/360261/42-8-1173.pdf by guest on 22 May 2022

B

have three categories each, it is possible to fit a model
using logistic regression, to investigate the ability of
either DQA, DQB, both, or the number of heterodimers to
explain differences in the distribution of patients and
control subjects (Table 4) (17). In this case, x2> also
known as scaled deviance in logistic regression, indicates how well the model fits the data. High values of x2
imply that the specified factor is unable to explain the
observed data (Table 2), i.e., the factor is a poor predictor of risk. The number of susceptible heterodimers,
calculated regardless of the cis or trans phase of the
markers, appears to represent the most accurate risk
predictor (Table 4).
Calculation of the estimated incidence according to
the number of heterodimers. Using the fractions of
controls with 0,1,2, and 4 heterodimers as estimates of
the corresponding fractions in the populations, the values
of f0, f,, f2, and U are 0527, 0.247, 0.215, and 0.011,
respectively. From equation 2 and using the values of the
ORs from Table 2, the prevalence of the disease among
individuals with 1, 2, or 4 heterodimers is as follows:
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TABLE 3
HLA-DQ a- (position 52) and HLADQ (3- (position 57) genotypes in type diabetic patients and control subjects
Genotypes

Control subjects
(n = 93)

DQB

heterodimers

n (%)

n (%)

values

non-Asp/non-Asp
non-Asp/non-Asp
non-Asp/Asp
non-Asp/Asp
non-Asp/non-Asp
Asp/Asp
non-Asp/Asp
Asp/Asp
Asp/Asp

4

23 (35.4)
19(29.2)
8(12.3)
8(12.3)
3 (4.6)
1 (1.5)
2(3.1)
—
1 (1.5)

1 (1.1)
13(14)
7(7.5)
23 (24.7)
7 (7.5)
12(12.9)
12(12.9)
17(18.3)
1 (1.1)

<0.001
0.03
NS
NS
NS
0.024
NS
<0.001
NS

DQA
Arg/Arg
Arg/non-Arg
Arg/Arg
Arg/non-Arg
non-Asp/non-Asp
Arg/Arg
non-Arg/non-Arg
Arg/non-Arg
non-Arg/non-Arg

Diabetic patients
(n = 65)

2
2
1

0
0
0
0
0

Bold, susceptible alleles.

TABLE 4
Values of scaled deviance obtained after fitting various
models in logistic regression to the data in Table 2
Marker
Non-Asp57
Arg 52
Non-Asp57 plus Arg 52
Nc susceptible heterodimers
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N°
categories

Scaled
deviance

29.6
58.5
9.9
8.8

df

type I diabetes or is a marker in linkage disequilibrium
with the disease cannot be confirmed until the other
partner of this process, i.e., the antigen, is identified with
some certainty.
This study addresses the use of two markers for
predicting the risk of diabetes, which is especially important for possible preventive measures in healthy relatives
of type I diabetic patients. Considering together nonAsp57 and Arg52, a much higher value of the OR is
obtained for the highest risk group (OR = 161) compared with the values obtained either considering nonAsp57 alone (OR = 32.7) or Arg52 alone (OR = 5.1). The
use of both markers enables the discrimination of a
category of individuals with a very high disease risk.
TABLE 5
ORs and incidence rates of type I diabetes for different
numbers of HLA-DQ susceptible heterodimers in European
populations
Number of susceptible
heterodimers

Central Italy
Diabetic patients
Control subjects
OR
I
Belgium
Diabetic patients
Control subjects
OR
I
France
Diabetic patients
Control subjects
OR
I
Spain
Diabetic patients
Control subjects
OR
I

4

2

23
1
161
212

27

126
18

95
72

1

0

8
23
2.4
3.2

7
49
1
1.3

24
70
2.9
5

19
169
1
1.7

Rlnhal
VJ1IUUCII
incidence*
6.5

20
9.4

12.6

9.8
65.8

10.9

116

19

124
6
399
562

85
28

7.8
59.4
85

14
7
65
116
1
4.2
4.2
1.4

10.6
66

6
59.1
117

27
21
6.9

13.8

1
17

0.3
0.6

8
43
1
2

I, estimated incidence rate/100,000 per yr. Data for Belgium,
France, and Spain are from Heimberg et al. (11), Khalil et al.
(20), and Gutierrez-Lopez et al. (13).
*According to Green et al. (2).
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considering the two markers together than non-Asp57
alone.
With regard to the first point, several data suggest that
the HLA association of type I diabetes cannot be fully
explained by the Arg52/non-Asp57 theory, mainly for three
reasons: 1) some patients do not possess susceptible
heterodimers; this was observed in almost all studies in
different populations; 2) the degree of the association of
the different genotypes does not agree perfectly with the
number (4, 2, 1, or 0) of expected susceptible heterodimers, for instance DR3/DR3, DR4/DR4, and DR3/
DR4 should confer the same risk of disease because all
these genotypes can generate four susceptible heterodimers; however DR3/DR4 has a much higher OR
than either DR3/DR3 or DR4/DR4; 3) in non-Caucasian
populations, the HLA-association of type I diabetes
follows different rules.
That the theory does not provide a full explanation of
the existing observations is also borne out by these
results, which show that —10% of patients with type I
diabetes possess DQ genotypes that do not allow the
formation of any susceptible heterodimers. This is comparable with values varying from 3 to 8% observed in
other populations (Table 5). However, the theory can still
be tenable if provision is made for some additional
assumptions, i.e., different pathogenic forms of the disease may exist and may follow different rules of HLA
association, or may be not HLA associated. Other amino
acid residues, apart from Arg52 and non-Asp57 in the
same molecules, or even in different molecules controlled
by genes in linkage disequilibrium, such as DR3 and
DR4, may instead play a role. Whether the presence of
this heterodimer is part of the pathogenetic process of
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Moreover, a category with a lower, but still significant risk
also can be recognized, which corresponds to the ability
to generate two susceptible heterodimers. Individuals
with a single heterodimer possess a still lower risk, but it
is higher than that of the protected group.
Table 4 shows the scaled deviance for each combination of markers. The x2 values, when only one marker is
used in the regression model, are high, 29.6 and 58.5,
respectively, with 6 df compared with the x2 value of 9.9
with 4 df when both are used. When the number of
heterodimers is used for prediction, the x2 value is
reduced slightly to 8.83 but with one more df, indicating
that this is the best predictive model.
We calculated the absolute risks associated with 0, 1,
2, or 4 susceptible heterodimers in the Lazio region
population, where the incidence of IDDM is 6.5/100,000
per yr in those <15 yr of age, as determined in the
Eurodiab Ace Study (2). Individuals with "4 heterodimers
genotypes" could have an annual incidence of 212.5/
100,000 per yr as opposed to 1.3 for the individuals with
"0 heterodimers genotypes." We also have made the
same calculation for Asp57 and Arg52 data in different
populations (11,13,20), where annual incidence estimates also are available. If the risk estimated by the
number of heterodimers is predominant over the risks
contributed by environmental factors and by genetic
factors other than HLA, it may be expected that the
annual incidence values for the different heterodimers
groups are uniform in the different populations. In other
words, if the above assumption is correct, an individual,
given the number of his heterodimers, should have a
similar probability of developing the disease regardless
of the population to which he belongs. As shown in Table
5, comparison of the incidence rates for individuals with
0, 1, 2, and 4 heterodimers indicates consistent and
progressive increases in each of the four population
groups.
Given that the estimates of incidence are based on
relatively small numbers of cases and control subjects
and the assumptions under which they have been calculated, it is perhaps surprising that the results are so
consistent.
This concurs with the concept, originally proposed by
Dorman et al. (9), that population variation in the incidence of type I diabetes is largely explained by geographic variations of non-Asp57 alleles; this is now
reinforced by our data on Arg52 alleles. However, to
confirm this observation it is important that similar typing
data are collected on widely different populations.

