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Summary. The incidence of HLA antigens B8, 
BW15, DW3 and DW4 was found to be significantly 
increased in 99 patients with growth onset, insulin- 
dependent diabetes of more than 15 years duration. 
Different degrees of retinopathy were seen in 75% 
of the patients. No significant correlation between 
the presence of specific HLA alleles and the stage of 
retinopathy was found. We have discussed the possi- 
bility that all patients who develop diabetes have 
identical disease-predisposing genes, irrespective of 
their HLA alleles. If this was the case, the HLA 
phenotype would not determine the risk of develop- 
ing diabetic retinopathy. 
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There is now ample evidence that a positive associa- 
tion exists between juvenile (insulin-dependent) 
diabetes and HLA-B8 and BW15 in the Caucasian 
population [1, 2]. The potential importance of these 
findings for the pathogenesis and course of diabetes 
is at present difficult to assess. A number of hypo- 
theses have been advanced to explain how genetic 
factors may regulate the occurrence of diabetes [3, 
4, 5, 6]. On the other hand, the importance of the 
HLA-phenotypes for long-term prognosis of 
juvenile diabetes has hardly been investigated. 

Our study was undertaken to test the hypothesis 
that diabetic retinopathy is associated with certain 
HLA antigens or a combination thereof. Results 
may contribute to the discussion of genetic versus 
metabolic determinants of diabetic microangiopathy. 

Material and Methods 

All children with diabetes enrolled in Stockholm 
schools in 1960 form the primary material [7]. In 
1976, when this study was undertaken, there were 
99 patients available out of 143 in the primary 
material. Their present age varied between 22 and 
34 years, with a mean of 28 years. Nine were known 
to have died, 20 were unwilling to participate and 
15 could not be traced. Month and age at onset, du- 
ration of diabetes and family history of diabetes in 
first degree relatives were recorded. 

In 1975, information on retinopathy was 
gathered from ophthalmologists in charge of each 
diabetic patient. Retinopathy was grouped into four 
stages [8]. Patients ( n =  10) who had undergone 
photo-coagulation on one or both eyes, were all 
considered to belong at least to the stage reached at 
the time of coagulation, if not otherwise stated by 
the ophthalmologist. 

All patients were HLA-typed using the micro- 
cytotoxicity technique described by Kissmeyer- 
Nielsen and Kjerbye [9] for definition of HLA-A, 
-B and -C alleles. Furthermore, HLA-D typing was 
performed with well defined homozygous "typing" 
cells, using the technique described by Mempel et al. 
[10] and Jorgensen et al. [11]. The exact details of 
the method employed in this series of experiments 
have been carefully described elsewhere [12]. 

The control series of individuals (n = 272) for 
HLA-A, -B and -C determinants were blood donors 
consecutively typed in our laboratory during the last 
two years using identical reagents. The control series 
for determination of frequencies of HLA-DW3 and 
HLA-DW4 comprised partly of blood donors pub- 
lished in an earlier report [12, 13] as well as 40 
laboratory personnel recently typed in our labora- 
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tory with identical "typing" cells as used in the pre- 
sent series. 

Statistical evaluation of results was performed 
using the X2-test and Yates' correction for small 
numbers. 

Results 

The antigens HLA-B8 and HLA-BW15 occurred 
significantly more often in patients with juvenile 
diabetes than in controls (p < 0.001); the frequency 
for HLA-B8 was 48.5% versus 24.6% and for 
HLA-BW15 42.5% versus 20.6% in patients and 
controls respectively. The frequency of HLA-B7 
was significantly (p < 0.001) decreased (11% in pa- 
tients and 28% in controls) but that of HLA-B12 
similar (p > 0.05), 15% and 22% respectively. 

There was no evidence of seasonal variation at 
onset and the distribution of HLA-types was uni- 
form. The peak age of onset was 6-7 years. There 
was no evidence of an association between certain 
HLA-phenotypes and age at onset. A family history 
of diabetes was reported in 18 per cent of the pa- 
tients (n = 83). A positive family history showed no 
association with HLA-B8 or HLA-BW15. 

Studies on the frequency of the HLA-B8 as- 
sociated determinant HLA-DW3 and of the BW15 
associated antigen DW4 revealed a slightly in- 
creased occurrence of DW3 in diabetic patients, 

Table 1. Frequencies of HLA-DW3 and DW4 in juvenile dia- 
betics and normal individuals. Swedish and Danish ~ material 

Non-diabetics Diabetics 

Swedish Danish Swedish Danish 

HLA-DW3 (34/176)19% (9/55)16% (22/74)30% (29/50)58% 
HLA-DW4 (25/133)19% (9/55)16% (41/79)52% (33/75)42% 

a Nerup et al. [4] 

compared to controls (0.05 > p < 0.01, ~ -3 .9 )  and 
a statistically significant increase of DW4 (p 
< 0.001, ~f-26.9)  in diabetics compared to con- 
trols (Table 1). 

Retinopathy was diagnosed in 74% of the total 
material. The distribution of patients in the various 
stages were: microaneurysms only 30, + haemor- 
rhages 17, + exudates 14, and proliferative lesions 
12. The frequency of retinopathy was similar in pa- 
tients with or without HLA-B8, HLA-BW15 (Table 
2) and HLA-B7 respectively. There was no differ- 
ence in the occurrence of retinopathy in patients 
with or without DW3 and/or DW4 respectively! 

In the group of diabetics (n = 46) of _~ 21 years 
of duration, the presence or absence of retinopathy 
was unrelated to HLA-B8 or HLA-BW15 (Ta- 
ble 2). A further analysis was undertaken with re- 
spect to the various stages of retinoPathy. There was 
a non-significant higher incidence of advanced re- 
tinopathy (i. e. more than haemorrhages) in patients 
with HLA-BW15. This increase was even more 
marked, but still statistically not significant, for pa- 
tients positive for both B8 and BW15. Finally, pro- 
liferative retinopathy occurred in 39% (7/18) of pa- 
tients with BW15 and in 25% (7/28) of BW15 
negative patients (p > 0.05, Zz-0.45). 

Discussion 

We have in this series confirmed the increased inci- 
dence of HLA-B8 and DW3 as well as BW15 and 
DW4 in patients with insulin-dependent diabetes 
[14]. Thus, genetic factors within the HLA region 
regulate the occurrence of diabetes. Nothing is as 
yet known about the genetic basis for this associa- 
tion, but it has been suggested that the disease 
might, at least in part, be caused by the presence 
within this region of genes which regulate the im- 
mune response (IR or IS genes). Since many differ- 

Table 2. The frequency of diabetic retinopathy in relation to HLA-B8 and BW15 in patients with at least 15 years duration of diabetes 

Retinopathy 

Duration of diabetes 
~_ 15 years (n=99) 

Duration of diabetes 
21 years (n=46) 

Retinopathy Per cent n Retinopathy Per cent 
present with retinopathy present with retinopathy 

HLA-B8 pos 48 
HLA-B8 neg 51 
HLA-BW15 p0 s 42 
HLA-BW15 neg 57 
HLA-B8 and BWl5 pos  15 
HLA-B8 and BW15 neg 24 

38 7 9 . 2  22 18 81.8 
35 68.6 24 20 83.8 
29 69.1 18 15 83.3 
44 77.2 28 23 82.1 
11 73.3 6 4 66.7 
17 70.8 12 9 75.0 



E. M611er et al.: HLA Phenotypes and Diabetic Retinopathy 157 

ent diseases have been shown to be associated with 
specific HLA alleles (for ref., see [15]), disease- 
predisposing genes are located in linkage disequilib- 
rium with specific products of distinct HLA loci. 
The alleles B8 and BW15 have been shown to occur 
in linkage disequilibrium with the HLA-D alleles 
W3 and W4 respectively. 

When discussing the HLA linked factors, which 
are important for the development of insulin-depen- 
dent diabetes, it is important to point out that not all 
individuals carrying either the B8-DW3 haplotype 
or the BW15-DW4 haplotype are also carriers of 
genes predisposing for development of diabetes. 
However, if these haplotypes occur in a first degree 
relative with the disease, the likelihood that these 
haplotypes also contain disease-predisposing genes 
is considerable. Consequently, it is impossible to tell 
whether a person who lacks both the B8-DW3 and 
the BW15-DW4 haplotype carries disease-predis- 
posing genes in the HLA region or not. It is how- 
ever, conceivable that all patients with juvenile in- 
sulin-dependent diabetes have identical HLA linked 
disease-predisposing genes, whether they have 
B8-DW3 and BW15-DW4 or not. 

It follows, from the studies on the association 
between disease and HLA genes, that only disease- 
predisposing genes which are present on HLA hap- 
lotypes shown to contain alleles in linkage dis- 
equilibrium, could be associated with a particular 
HLA allele in a random patient population. There- 
fore, it would also be impossible to tell if there is 
any genetic difference between two individuals with 
diabetes only from determinations of HLA alleles. 

Classification of retinopathy using consecutive 
stages is difficult due to the great individual varia- 
tions displayed by the disease, and the often fortui- 
tous occurrence of the lesions [8, 16]. During the 
first 20 years of diabetes, the incidence of re- 
tinopathy increases with time. After 20 years, few 
further cases seem to be added [8]. Furthermore, 
many patients' retinopathy may never proceed from 
the stage of microaneurysms. In the analysis we 
have tried to pay attention to these factors. 

There was no striking relationship between any 
of the HLA phenotypes and retinopathy. However, 
a tendency was seen for more advanced stages of 
retinopathy in patients with BWl5.  This observation 
is in accordance with that of Nerup [17] on Danish 
material but contrary to that of Barbosa et al. [18] 
who investigated insulin-dependent diabetics with 
retinopathy awaiting kidney transplant and found 
a significantly higher frequency only of A1 and B8. 

The development and pattern of retinopathy has 
been reported to be more similar in concordant 
rather than in discordant pairs of diabetic twins [19]. 

These findings, as well as the observations of Nerup 
[17] and Barbosa et al. [18], suggest a genetic con- 
tribution to the aetiology of diabetic retinopathy. 
However, there is good reason to believe that most, 
if not all, patients that develop the disease have 
identical disease-predisposing genes, irrespective of 
their t-ILA alleles. Therefore, our results showing no 
significant correlation between specific H-LA alleles 
and the course of diabetes in terms of retinopathy 
are not unexpected. 

However, we cannot rule out the possibility of 
a genetic influence on the achievable level of 
metabolic regulation at onset of diabetes and during 
subsequent years. The relative importance of vari- 
ous aetiological factors explaining the course of 
diabetic retinopathy remains largely unknown. 
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