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Summary. The investigations of the kidneys of 80 diabetics, of whom 29 had a nephrotic 
syndrome, on silver-impregnated semithin sections showed that different morphological 
changes of the glomerular basement membrane are involved in the nephrotic syndrome. Nine 
from 29 of the diabetics with nephrotic syndrome in whom punctures were performed owing 
to renal symptoms showed perimembraneous changes of the basement membrane (in 100% 
nephrotie syndrome). Apart from the perimembraneous lesions there were homogeneous thicken- 
ing of the basement membrane (in 48 % nephrotic syndrome), splitting of the basement mem- 
brane in the sense of a membranoproliferative glomerulonephritis (in 50% nephrotic syndrome) 
and cases with lightmicroscopicMly uneventful basement membrane which developed a 
nephrotie syndrome in 10%. 

Owing to the diversity of the histological picture it is assumed that different pathogenetic 
mechanisms are involved in the nephrotic syndrome in diabetes mellitus. 
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I t  has long been known [3, 4, 6, 7, 9, 10] t ha t  a nephrot ic  syndrome can develop 
during the course of diabetes meltitus. Thus  far i t  has no t  been elucidated whether 
a homogeneous morphological subst ra te  on the basement  membrane  of the 
glomerular  capillaries is responsible for the nephrot ie  syndrome. 

Material and Methods 

Consequently we have systematically studied the basement membranes of the glomeruli in 
the kidneys of 80 diabetics showing signs of disturbed renal functions on PAS-stained paraffin 
sections and silver impregnated semithin sections (0.5-1 ~x). Twenty-nine (13 men, 16 women) 
had a nephrotic syndrome (no data was furnished in 2 cases). Renal punctures had been per- 
formed in the remaining patients owing to indefinite renal symptoms but particularly to 
clarify the cause of hypertension in diabetes mellitus. The age of the patients ranged between 
7 and 79 years. Forty-eight were men and 32 women. The duration of the nephrotie syndrome 
and of the diabetes mellitus were also investigated. 

Results 

1. I n  a to ta l  of 37 pa t ients  (46.3 %) the basement  membranes  on the semithin  
section were light-microscopically uneventful .  A nephrot ic  syndrome existed in  
4 pat ients  and  no nephrot ic  syndrome was demonstrable  in 33 pat ients  (Table 1). 

* Supported by the Deutsche Forschungsgemeinschaft (We 468/6). 
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Fig. 1.72/2/1370. Homogeneous thickening of the glomerular basement membrane, accumula- 
tion of basement membrane-like material in the mesangium. Silver impregnation after Movat. 

Semithin section. • 1600 (42 year old woman, 20 years diabetes, hypertension) 

Table 1. Alterations of the basement membrane in diabetics and incidence of the nephrotic 
syndrome (NS) 

n Ns (%)  

Uneventful basement membrane 37 10.8 
Homogeneously thickened basement membrane 28 4~8.0 
Perimembraneous changes 9 100.0 
Splitting of the basement membrane 6 50.0 

2. The basement  membranes  were homogeneous ly  th ickened  in 13 pa t ien t s  
with nephrot ie  syndrome  and  in 13 pa t ien t s  wi thou t  nephrot ie  syndrome  ( total  
28 pa t ien t s  = 35% of the  eases) (Table 1, Fig.  1). 

3. i n  9 pa t ien t s  wi th  nephrot ie  syndrome,  i.e. in 11.2 % of the  eases, we found 
a l te ra t ions  of the  basement  membrane  such as we have  otherwise only observed in 
pe r imembraneons  glomerulonephri t is .  Pa t i en t s  wi thout  nephrot ie  syndrome  were 
not  found in this  group.  Six were eases of diffuse glomeruloselerosis,  in 2 there  was 
a mixed  form and one was a ease of nodular  glomeruloselerosis (Table 1, Fig.  2). 

4. I n  6 pa t ien t s  (7.5%) the  basement  m e m b r a n e  was spli t  as in membrano-  
prol i fera t ive  g lomerulonephr i t i s ;  3 of these pa t ien t s  had  a nephrot ie  syndrome  
(Table 1, Fig.  3). 



Fig. 2. 71/5/938. Perimembraneous changes. Silver impregnation after Movat. Semithin 
section. • 1600 (38 year old man, 12 years diabetes, 3 years nephrotic syndrome, blood pressure 

130/85, insulin therapy) 

Fig. 3.72/4/848. Section from a glomerulus with so-called splitting of the basement membrane. 
Under t h e "  pr imary" basement membrane a "second" finer evidently newly formed basement 
membrane with partly intermediate ceils. Silver impregnation after ~[ovat. Semithin section. 

• 1600 (69 year old man, blood pressure 210/100, haema~uria, 6.80/oo Esbach) 
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Table 2. Clinical data in 80 diabetics with and without nephrotic syndrome showing changes 
of the basement membrane of the glomerular capillaries 

Uneventful bm Homogeneously Peri- Splitting 
thickened bm membra- of the bm 

n e o u s  
with without with without changes with without 
NS NS NS a NS with NS NS NS 

n 

Age (years) 

S e x  

Mean duration of 
nephrotie syndrome 
(years) 

Mean duration of 
diabetes (years) 

Mean 1%1% 

4 33 13 13 9 3 3 

34-61 25-72 22-68 28 69 12-79 49-61 7-63 
(51) (48) (45) (47) (52) (56) (40) 

3m, l f  18m, 15f 5m, 8f l l m ,  2f 4m, 5f lm,  5f 3f 

1 - -  5 - -  1 . 5  4 . 6  - -  

(too) 

5.4 10 12.5 18 4.5 5.3 11.5 

157/95 155/100 160/90 170/100 140/80 206/96 130/80 

a No data concerning nephrotic syndrome in 2 cases, bm =basement membrane, NS = 
nephrotic syndrome, ( ) = means, n no. of eases, m = male, f = female, 1%1% = blood pressure. 

Table 3. Changes of the basement membrane in diabetes mellitus and diabetes therapy 

Insulin Oral 
n = 2 2  n = 1 2  

Unenventful basement membrane 6122 8112 
Homogeneously thickened basement membrane 12/22 1/12 
Splitting of basement membrane 1/22 3/12 
Perimembraneous changes 3/22 0/12 

Of the  fur ther  f indings of our inves t iga t ions  the  following are wor thy  of special  
not ice  (Table 2). Diabet ics  wi th  g lomerular  lesions of the  pe r imembraneons  
glomerulonephr i t i s  t y p e  are on average  older (52 years)  t han  diabet ics  wi th  normal  
or homogeneously  th ickened  basement  membrane  (45 and 48 years  respect ively) .  
A t  the  po in t  of t ime  of the  biopsies the  d iabetes  in pa t ien t s  wi th  pe r imembraneons  
g lomerulonephr i t i s  was of shor ter  dura t ion  (4.5 years)  as compared  with  pa t i en t s  
wi th  homogeneous ly  th ickened  basement  m e m b r a n e  and  nephrot ic  syndrome  
(12.5 years).  The  nephrot ie  syndrome  manifes ts  itself cons iderably  earl ier  in 
pa t i en t s  who dur ing the  course of the i r  d iabetes  mel l i tus  present  pe r imembraneous  
lesions t h a n  in pa t ien t s  wi th  homogeneous  th ickening  of the  basement  membrane .  
The  syndrome  was observed in pa t ien t s  wi th  pe r imembraneous  changes on average 
a l r eady  3 years  af ter  diagnosis of the  diabetes~melli tus and  in pa t i en t s  wi th  homo- 
geneous th ickening  of the  basement  m e m b r a n e  on average 7.5 years  a f te r  diagnosis  
of the  d iabe tes  mell i tus.  I t  is no t  possible to  d raw such unequivoca l  conclusions 
in this  respect  in the  o ther  group wi th  nephrot ie  syndrome  owing to the  small  
number  of cases. Never theless  i t  is wor thy  of not ice  t h a t  in eases wi th  sp l i t t ing  of 
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the basement membrane the diabetes and the nephrotic syndrome are of very' 
short duration, whereas the diabetes in cases without nephrotie syndrome is 
mostly of far longer duration. In 34 cases data were furnished concerning the 
therapy of the diabetes. Twenty-two patients were treated with insulin and 12 
with oral hypoglycaemics. I t  is worthy of notice that the cases with homogeneous 
thickening of the basement membrane were treated more frequently with insulin 
than the patients whose renal corpuscles showed light-microscopical delicate 
basement membranes (Table 3). 

Discussion 

On reviewing the results of our investigations we find that :  
1. All 80 diabetics whose kidneys were studied showed a diabetic glomerulo- 

sclerosis. This was of a diffuse character in 45 cases and of nodular character in 
15 cases. In the remaining 20 patients there was a partly diffuse and partly 
nodular diabetic glomerulosclerosis. 

2. Twenty-nine patients, i.e. 36.2 %, whose kidneys had been mainly studied 
owing to renal symptoms, had developed a nephrotic syndrome during the course 
of the diabetes. 

3. This nephrotic syndrome did not correspond to a homogeneous morph ological 
substrate on the basement membrane of the glomerular capillaries. The nephrotic 
syndrome can occur in diabetes mellitus facultatively in the presence of delicate 
and homogeneously thickened or split basement membrane. I t  is observed ob- 
ligatively only if during the course of the diabetes a glomerular affection occurs 
which cannot be differentiated from a perimembraneous glomerulonephritis. 

The incidence of the nephrotic syndrome in diabetes mellitus which we mention 
is very high as compared with the results of other authors. For instance, Salomon 
(1963) found an incidence of 4 %, Ditscherlein (1969) one of 3 %, and Kimmelstiel 
and Porter (1948) an incidence of less than 10%. Studies on biopsy material of 
Gellman and associates (1959) revealed an incidence of 26% and Dachs and 
associates (1964) found an incidence of 24%. The main reason for the high in- 
cidence in our material is that  punctures were performed in patients solely owing 
to renal symptoms in the course of diabetes mellitus. 

However it still remains unclarified as to why the nephrotic syndrome occurs 
in diabetes mellitus. Based on our studies it is a proven fact that  it always occurs 
when perimembraneous changes are present and in a high percentage when changes 
exist as in membranoproliferative glomerulonephritis. 

Consequently the question arises as to whether these alterations of the base- 
ment membrane belong to diabetic glomerulosclerosis, so to speak as variants of this 
clinical picture, or whether patients with diabetes mellitus suffer particularly 
frequently from a perimembraneous or membranoproliferative glomerulonephritis. 
This question cannot be answered at the present time. I t  is however worthy of 
notice that  the incidence of basement membrane changes of the perimembraneous 
glomerulonephritis type in diabetics with renal symptoms (11.2 %) is practically 
the same as in non-diabetic glomerulonephritis (8.4%) [1]. 

However thus far such perimembraneous changes in diabetes mellitus have 
only been described in a few and as isolated cases [2, 3, 11]. A recent study of 
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Murphy  and  associates (1973) showed 6 diabet ics  among pa t ien t s  wi th  membrane-  
ous g lomerular  affections in whom the  diabetes  the  same as in our c a s e s ~ h a d  
exis ted a l ready  before the  renal  disease. Three  of the  pa t ien t s  were insulin- 
dependent .  Two pa t ien t s  showed posi t ive  deposi t ions  of I g G  and  be ta - l e -g lobu l in  
in granular  form in the  glomeruli  and  four were immunohis to logica l ly  negat ive.  
We observed findings similar  to these, i.e. posi t ive granular  immunofluorescence,  
in genet ical ly  d iabet ic  K K  mice with  pe r imembraneous  changes. Dur ing  the course 
of t he  d iabe tes  these animals  developed changes of the  basement  membrane  
such as we have  descr ibed for h u m a n  diabetics ,  i.e. in these mice one finds mem- 
braneous basement  membrane  changes [5, 12], homogeneous  basement  membrane  
th ickening [5] and  spl i t t ing  of the  basement  membrane  as in membranopro -  
l i ferat ive g lomerulonephr i t i s  [12]. Whereas  broadening  of the  basement  membrane  
in diabet ics  is a wel l -known phenomenon,  as far  as we know changes as in mem- 
branopro l i fe ra t ive  g lomerulonephr i t i s  have  no t  as y e t  descr ibed in d iabet ic  
glomerulosclerosis.  

Hence,  var ious  morphologica l  changes are involved  in the  nephro t ie  syndrome  
of d iabetes  mell i tns  which in pa r t  are known as separa te  pa thologica l  s ta tes  of 
the  renal  corpuscles. This  va r i e ty  of morphologica l  lesions of the  g lomerular  
basement  membrane  in d iabetes  mell i tus  is poss ibly  an  expression of different  
pa thogenet ic  mechanisms.  On the  o ther  hand  the  f indings descr ibed in gene- 
t i ca l ly  d iabet ic  mice, the  same as cases of d iabetes  mell i tus  wi th  changes as in 
pe r imembraneous  and  as in membranopro l i f e ra t ive  g lomerulonephr i t i s  and  
nephrot ic  syndrome,  suggest  a common pa thogenet ic  mechanism,  even tua l ly  in 
the  sense of an  immune  mechanism.  

We are indebted to Novo-Industrie-GmbIt., Mainz, for making the translation possible. 
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