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Summary. This study of  risk factors for diabetic nephropathy 
in juvenile Type 1 (insulin-dependent) diabetes mellitus com- 
pares two carefully charactefised groups of  patients, one with 
proteinuria (n = 23), the other a control group (n = 24) with no 
evidence of  nephropathy despite more than 25 years of  diabet- 
ic life. No significant difference was observed between the 
groups in any HLA-A, -B or -DR antigen or Bf allotype. DR3 
was present in 87% of  patients with proteinuria and 75% of  
the diabetic control group; DR4 was present in 48% of  pat- 
ients with proteinuria and 63% of  diabetic controls; BfF1 was 
present in 17% of  patients with nephropathy and 9% of  the 
diabetic control group. Compared  with the control group, pat- 
ients with proteinuria had significantly higher mean diabetic- 

clinic blood glucose concentrations before the diagnosis of  
microvascular disease, a significantly earlier age at diagnosis 
of  diabetes, and had more often been treated with once-daily 
as opposed to twice-daily insulin regimens. Susceptibility to 
nephropathy in Type 1 diabetes appears to be determined by 
the quality of  metabolic control and age of  onset of  diabetes; 
although the number of  subjects studied was relatively small 
no evidence was found of  any influence of  HLA or Bf pheno- 
type. 
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Without treatment for renal failure a young diabetic 
who develops proteinuria, the clinical marker of diabet- 
ic nephropathy, is likely to be dead within 12 years [1]. 
However, those who survive more than 40 years of dia- 
betes are free of proteinuria in over 70% of cases [2, 3]. 
Although the quality of metabolic control may be im- 
portant [4], there is evidence that other, as yet unknown, 
factors may predetermine or protect against this com- 
plication [5]. 

Type 1 diabetes is strongly associated with HLA an- 
tigens DR3 and DR4 [6]. If there is an association be- 
tween DR4 and retinopathy in Type i diabetes, as has 
been both claimed [7, 8] and denied [9], a similar rela- 
tionship may exist for nephropathy. On the other hand, 
DR3 is associated with certain forms of renal disease in 
non-diabetic subjects [10, 11], so diabetic patients pos- 
sessing DR3 may be at greater risk of nephropathy. 

To test these hypotheses we have studied major 
histocompatibility system class I (HLA-A,-B) class II 
(HLA-DR) and class III (Bf) gene products and clinical 
features in two groups of patients with Type 1 diabetes 
diagnosed before the age of 30 years, one with nephrop- 
athy and the other free of nephropathy after more than 
25 years of diabetic life. 

Subjects and methods 

Patients 

Patients were recruited from the diabetic clinic at Manchester Royal 
Infirmary after scrutiny of the diabetic clinic records over a 9-month 
period. Criteria for inclusion in the study were insulin treatment from 
within 6 months of diagnosis and documentation in the patient's rec- 
ords of either ketonuria at diagnosis or an episode of ketoacidosis. 
Only patients of European Caucasoid race and diagnosed before the 
age of 30 years were selected. Twenty-three unrelated patients with 
Type I diabetes and diabetic nephropathy were studied. Nephropathy 
was defined as persistent proteinuria (Albustix) on at least four con- 
secutive clinic visits over a period exceeding one year, and a 24-h pro- 
tein excretion > 0.5 g. Elevated plasma creatinine values were present 
in 12 patients (> 120 p~mol/1), but only three were in end-stage renal 
failure. 

No patient had clinical evidence of renal disease distinct from dia- 
betic nephropathy. Intravenous pyelography had been performed on 
14 patients; renal size was normal in 13 and bilaterally increased in 
one nephrotic patient. Renal histology showing diffuse glomerulo- 
sclerosis with or without nodular glomerulosclerosis was known in 
four patients, including two of four who had no diabetic retinopathy 
on direct ophthalmoscopy. 

As a control group, 24 unrelated patients who had survived 
> 25 years of diabetic life without developing proteinuria (Albustix) 
were recruited. All had normal plasma creatinine values (<  
120 ~mol/1) and 24-h urinary protein excretion (< 0.2 g). Details of 
distribution of age and sex, duration of diabetes, duration of protein- 
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Table 1. Clinical details of diabetic patients with and without nephropathy 
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Sex Duration of Duration of 
ratio diabetes proteinuria 
M: F (years) (years) 

Median Range Median Range 

Patients with retinopathy b % of ideal Daily insu- Frequency of insulin injections 
body lin dose 

None Back- Prolifer- weight c (u/kg body Once Twice Varying be- 
ground ative weight) daily daily tween once 

and twice 
No. % No. % No. % daily 

No. % No. % No. % 

Diabetic patients with 14:9 20 8-35 4 1-15 4 17 5 22 14 61 113_-.16 0.75+_0,23 11 48 6 26 6 26 
nephropathy (n = 23) 

Diabetic patients without 15:9 37.5 26-52 - 13 54 7 29 4 17 111+_13 0.70+-0.24 2 8 17 71 5 21 
nephropathy (n = 24) 

Results expressed as mean + SD. b None = < five microaneurysms, no exudates or haemorrhages. Background = at least one hard exudate, one haemorrhage or 
five or more microaneurysms. No new vessels. Proliferative = new vessel formation; c calculated using Bull. Metrop. Life Insur. Co. (1959) 40 

uria if present, retinopathy, body weight and insulin dosage are given 
in Table 1. 

Clinical information 

Each patient was interviewed and questioned regarding date of diag- 
nosis of diabetes, past and present insulin regimens, insulin dosage, 
family history of Type I diabetes or renal disease in first degree rela- 
tives, emergency visits and admissions to hospital because of ketoaci- 
dosis or hypoglycaemia, autoimmune thyroid disease (thyrotoxicosis, 
Hashimoto's disease or myxoedema), occupation, smoking habits and 
alcohol consumption. Height and weight were recorded and the reti- 
nae examined by direct ophthalmoscopy after pupillary dilatation. 
Most patients with retinopathy had also been examined by ophthal- 
mologists and subjected to fundal photography and fluorescein an- 
giography. Patient records from the Manchester Royal Infirmary (and 
where appropriate from other hospitals) were reviewed to confirm in- 
formation obtained at interview, and to document duration of pro- 
teinuria, date of first observation of retinopathy and all blood glucose 
concentrations measured at afternoon diabetic clinics prior to the first 
record of either retinopathy or proteinuria. Individual mean blood 
glucose concentrations were calculated from the blood glucose con- 
centrations obtained at diabetic clinics. No previous blood glucose re- 
cordings were available on four patients with nephropathy who had 
been referred to the diabetic clinic with evidence of microvascular dis- 
ease after long periods without medical supervision. A total of 758 
blood glucose recordings (median 40, range 4-102) were available on 
the remaining 19 patients with nephropathy and 1,794 blood glucose 
recordings (median 75, range 15-177) on the 24 patients without ne- 
phropathy. Patients were divided into those treated with once-daily 
and those with twice-daily insulin, provided that their insulin treat- 
ment had not deviated from the stated frequency for a period exceed- 
ing one year. A positive history of smoking was defined as the regular 
smoking of any amount of cigarettes or tobacco for a period exceed- 
ing half the patient's diabetic life after the age of 15 years. Patients 
were divided into social class according to the Registrar General's 
classification. 

Immunological methods 

Individuals were tested for 12 HLA-A and 18 HLA-B antigens using 
the standard National Institutes of Health lymphocytotoxicity tech- 
nique. HLA-DR typing for antigens 1-10 was carried out on peripher- 
al blood B lymphocytes isolated by their adherence to nylon wool col- 
umns [12]. All antisera were obtained locally and were characterised 
on cell panels tested with Seventh and Eighth Workshop antisera. Bf 
phenotypes were determined by high voltage electrophoresis of serum 
in agarose gels followed by immunofixation using an antiserum spe- 
cific to properdin factor B (Atlantic antibodies). 

Other laboratory methods 

Urinary protein was estimated by an automated turbidimetric method 
using sulphosalicylic acid [13]. Plasma creatinine was measured by a 
Vickers M300 multichannel analyser (Vickers Medical, Basingstoke, 
Hants, UK) using a modified Jaff6 reaction. Capillary blood glucose 
was assayed by a glucose oxidase method. 

Statistical methods 

Fisher's exact test was used to compare antigen frequencies in pat- 
ients and control subjects. Clinical data were analysed using the 
Mann-Whitney U test, the Z 2 test with Yates' correction and the Ken- 
dall rank correlation test, Two-tailed p values were used throughout. 

Results 

HLA and Bf typing 

There  was no  s ignif icant  dif ference in  the f r equency  of  
a ny  H L A  an t igen  or Bf a l lotype be t w e e n  the subjects  
wi th  d iabet ic  n e p h r o p a t h y  a n d  the d iabet ic  controls .  
Table  2 shows the p h e n o t y p e  f requencies  for cer ta in  
gene  p roduc t s  coded  in  the ma j o r  h i s tocompat ib i l i ty  
sys tem;  on ly  those k n o w n  to be posi t ively or negat ively  
associa ted  with Type 1 diabetes  are inc luded .  All  o f  the 
14 pa t ients  with bo th  d iabet ic  n e p h r o p a t h y  a n d  prolif-  
erative r e t inopa thy  were posi t ive for DR3,  bu t  on ly  six 
ha d  DR4.  

Age at diagnosis 

M e d i a n  age at d iagnos is  of  diabetes  was 15 years ( range 
2 -28  years) for pa t ients  wi th  n e p h r o p a t h y  a n d  21 years 
( range 2 - 2 9  years) for pat ients  w i thou t  nephropa thy .  
The  di f ference be t w e e n  the groups  was s ignif icant  (p < 
0.005, M a n n - W h i t n e y  U test). 

Mean blood glucose concentrations 

Diabe t i c  pa t ients  with n e p h r o p a t h y  ha d  s ignif icant ly  
h igher  m e a n  b l ood  glucose concen t ra t ions  t h a n  those  
w i thou t  n e p h r o p a t h y  (p <0 .03 ,  M a n n - W h i t n e y  U test, 
F ig . l ) .  A m e a n  b l o o d  glucose concen t r a t i on  of  < 
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Table 2. HLA antigen and Bf allotype frequencies in Type 1 diabetic patients with and without nephropathy 

HLA antigens Bf allotype 

A1 A2 Aw30 B7 B8 B15 B18 DR2 DR3 DR4 DR3/DR4~ frequency 
BfF1 

No .% No. % No .% No .% No.% No .% No.% No .% No .% No.% No.% 
No. % 

Diabetic patients with 10 44 13 57 
nephropathy (n = 23) 

Diabetic patients with- 6 25 11 46 
out nephropathy 
(n =24)  

Normal subjects a 34 49 

2 9 3 13 14 61 d 3 13 4 17 1 4 c 20 87 d 11 48 8 35 4 17 

3 13 6 25 9 38 5 21 3 13 2 9 18 75 d 15 63 c 11 46 2 8 

4 27 28 9 5 28 27 36 - 4 

Full data for all specificities determined can be supplied to interested parties. 
a Randomly selected: For HLA-A and -B n = 230, HLA-DR n = 105, Bf n = 137; b heterozygotes; c p ,< 0.05, d p ~ 0.01, significance versus normal 
subjects (Fisher's exact probability test without correction for number of antigens tested) 
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Fig. 1. Mean blood glucose concentrations in diabetic patients with 
nephropathy (n = 19) and without nephropathy (n = 24). Bars indicate 
median values; p < 0.03 

11 mmol/1 was observed in only two out of 19 patients 
with nephropathy compared with 11 out of 24 without 
nephropathy. There was no significant correlation be- 
tween mean blood glucose concentration and age at di- 
agnosis (Kendall rank correlation, r = - 0.12, p > 0.1). 

Insulin regimens 

There was a significant difference in the frequency of 
insulin injections between patients with and without ne- 

phropathy (p < 0.02, X 2 test). Most patients without ne- 
phropathy had been treated by twice-daily soluble insu- 
lin for the whole or a substantial portion of their 
diabetic lives (Table 1). In contrast, in the group devel- 
oping nephropathy the insulin regimen which had most 
commonly been prescribed was once-daily insulin-zinc 
suspension. 

Ketoacidosis 

In the group with diabetic nephropathy, 14 out of 23 
patients had been admitted on 63 occasions with ke- 
toacidosis, In the group without nephropathy, 13 out of 
24 had been admitted on 31 occasions with ketoacido- 
sis. The median frequency of ketoacidosis per year of 
diabetic life was 3 • 10 -2 (range 0-1.38) for patients 
with nephropathy and 1.9 x 10 -2 (range 0-0.24) for pat- 
ients without nephropathy. The difference between the 
groups was not significant (p > 0.1, Mann-Whitney U 
test). 

Hypoglycaemia 

Ten out of 23 patients with diabetic nephropathy had 
been brought to hospital on 46 occasions with hypogly- 
caemia. Fourteen out of 24 without nephropathy had 
been brought to hospital on 43 occasions with hypogly- 
caemia. The median frequency of hospital visits with 
hypoglycaemia per year of diabetic life was 0 (range 
0-1.11) for patients with nephropathy and 0.02 (range 
0-0.24) for patients without nephropathy. The differ- 
ence between the groups was not significant (p >0.1, 
Mann-Whitney U test). 

Other clinical information 

There were no significant differences between the 
groups with and without nephropathy in social class 
structure, smoking habits, alcohol consumption, or fam- 
ily history of Type 1 diabetes in first-degree relatives. 
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With the exception of one patient with nephropathy 
whose non-diabetic brother suffered an isolated attack 
of 'nephritis' at the age of 25 years, there was no known 
family history of renal disease in either group. Autoim- 
mune thyroid disease was present in two diabetic pat- 
ients w i th  nephropathy (one of whom also suffered 
from Addison's disease and pernicious anaemia) and 
four without nephropathy. 

Discussion 

We have not found any significant differences in fre- 
quency of any HLA antigen or Bf allotype between pat- 
ients with nephropathy and control subjects. In particu- 
lar, the lower frequency of DR4 in the grou p with 
nephropathy than in those without nephropathy sug- 
gests that DR4 does not predispose to nephropathy in 
Type 1 diabetes. However, in view of the relatively small 
number of patients studied and the small but not signifi- 
cant excess of patients with nephropathy who had B8, 
DR3 or BfF1, we cannot exclude the possibility that 
possession of the B8-DR3 or B18-DR3-BfF1 haplotypes 
influences the susceptibility to or rate of progression of 
nephropathy in sub-sets of Type I diabetic patients 
bearing these haplotypes. 

Previously Jervell and Solheim [14] reported that in 
Scandinavia, the distribution of HLA-B antigens in 
Type 1 diabetic patients who had received renal trans- 
plants for terminal uraemia did not differ significantly 
from the distribution in a sample of patients with Type 1 
diabetes from Copenhagen. Barbosa et al. reported an 
association of B8 with nephropathy [15], but, in a later 
study using a control group, Barbosa found no signifi- 
cant HLA-A or -B association with nephropathy in pat- 
ients with Type 1 diabetes diagnosed before the age of 
40 years [16]. These previous studies examined patients 
with Type I diabetes and terminal uraemia, a selected 
group in that some patients with diabetic nephropathy 
die of vascular causes before reaching advanced renal 
failure. Our findings in nephropathy are similar to those 
of Bodansky et al. [9] who, in a large study of retinopa- 
thy in Type I diabetes, found no discernible relationship 
with HLA-A, -B, -C or -DR phenotypes, but higher gly- 
cosylated haemoglobin levels in patients with retinopa- 
thy. 

We found that patients with Type I diabetes and ne- 
phropathy had higher mean blood glucose concentra- 
tions than those without nephropathy. Use of the mean 
blood glucose concentration as an index of previous 
diabetic control has been supported by others [17, 18], 
and we were careful to collect only blood glucose values 
obtained at diabetic clinics before the diagnosis of mi- 
crovascular disease. Therefore our findings are in agree- 
ment with Pirart's large prospective study [4], but con- 
trast with the findings of Deckert et al. [5]. 

There was a preponderance of males in our patients 
with Type 1 diabetes both with and without nephropa- 

thy. It is known that there is a slight excess of males 
amongst patients who develop Type 1 diabetes before 
the age of 30 years [6], but males may also be at greater 
risk of developing nephropathy [19]. Our observation 
that the age of diagnosis of Type 1 diabetes was lower in 
patients with nephropathy is in agreement with Deckert 
et al. [20]. Despite much interest in the possibility of 
genetic heterogeneity within Type l diabetes [21], 
studies have failed to establish a relationship [6, 22]. Our 
study provides no support for the hypothesis [5] that the 
relationship between a younger age of onset of Type 1 
diabetes and nephropathy results from heterogeneity at 
the DR locus. Although the influence of age at onset of 
diabetes on the subsequent development of nephropa- 
thy could reflect the greater difficulties in obtaining 
good metabolic control in childhood and adolescence, 
we found no relationship between age at diagnosis of 
diabetes and mean blood glucose concentrations. 

Like most long-term survivors of diabetes [2] most of 
our patients without nephropathy had received twice- 
daily soluble insulin. Lower mean glucose concentra- 
tions may therefore have resulted from more frequent 
insulin injections, as suggested by Tchobroutsky et al. 
[23]. In contrast to Christiansen and Nerup [24], we 
found no evidence of an association between smoking 
and diabetic nephropathy, nor were there any signifi- 
cant differences in body weight, insulin dosage, alcohol 
consumption, social class, family history of Type 1 dia- 
betes in first-degree relatives, or prevalence of autoim- 
mune thyroid disease between patients with and with- 
out nephropathy. Low blood flow [25] and low blood 
pressure [26] have been implicated as factors protecting 
against diabetic glomerulosclerosis. In view of the ab- 
sence of blood pressure readings before development of 
nephropathy in several patients, and the differing age 
structures of our two groups, we did not attempt to 
assess the influence of blood pressure on the develop- 
ment of nephropathy. 

Patients with Type I diabetes who have microalbu- 
minutia detectable by radioimmunoassay and whose al- 
bumin excretion rates exceed 30 ]xg/min proceed to 
clinical nephropathy [27]. The albumin excretion rate 
correlates with percentage of glycosylated haemoglobin 
in these patients and can be lowered by continuous sub- 
cutaneous insulin infusion [28]. In our study a mean af- 
ternoon blood glucose concentration o f < l l m m o l / 1  
and an age at diagnosis of 16-29 years appeared to pro- 
tect against the subsequent development of nephropa- 
thy. We cannot explain why, amongst patients with 
mean glucose concentrations >11 mmol/1, some did 
and others did not develop nephropathy, but there is no 
evidence that HLA antigens or Bf allotypes determined 
this divergence. 
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