
Diabetologia (1981) 21:178-183 Diabetologia 
@ Springer-Verlag 1981 

Diabetic Nephropathy: Fault or Destiny? 
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S u m m a r y .  T w e n t y - o n e  y o u n g  onse t  T y p e  1 ( insul in  
d e p e n d e n t )  d iabe t i c s  who  d e v e l o p e d  seve re  d i abe t i c  
n e p h r o p a t h y  a f te r  1 4 . 5 + 3 . 3  yea r s  ( m e a n  + SD)  and  
21 age and  sex m a t c h e d  T y p e  1 d i abe t i c s  w i thou t  
ev idence  of n e p h r o p a t h y  a f te r  m o r e  t han  32 yea r s  of  
d i sease  we re  c o m p a r e d  wi th  pa r t i cu l a r  r e f e r e n c e  to  
b o d y  bui ld ,  insul in  r e q u i r e m e n t s ,  s tab i l i ty  of  d ia -  
be tes ,  h e a r t  r a te  a n d  b l o o d  p r e s s u r e  b e f o r e  the  
d e v e l o p m e n t  of  n e p h r o p a t h y .  A t t e m p t s  we re  m a d e  
to  e v a l u a t e  the  qua l i ty  of m e t a b o l i c  con t ro l  du r ing  
the  first  20 yea r s  of  d i a b e t e s  f rom m o r e  than  1,600 
o u t - p a t i e n t  m e a s u r e m e n t s  of  b l o o d  a n d  u r i na ry  glu-  
cose  in each  group .  T h e  r ena l  t u b u l a r  r e a b s o r p t i o n  
capac i ty  for  g lucose  was  ca l cu la t ed  in b o t h  groups .  
N o  d i f fe rences  b e t w e e n  the  two g roups  we re  f o u n d  
for  any  of  the  p a r a m e t e r s  e x a m i n e d ,  excep t  t ha t  the  
f r e q u e n c y  of  ke toac idos i s  was h ighe r  in the  pa t i en t s  
w h o  d e v e l o p e d  n e p h r o p a t h y .  I t  is c o n c l u d e d  tha t  
m a n y  T y p e  1 d iabe t i c s  s eem to  be  p r o t e c t e d  aga ins t  
t he  d e l e t e r i o u s  effect  of d i a b e t e s  on  the  k idney .  T h e  
n a t u r e  of  t he  p ro t ec t i ng  fac tors  is u n k n o w n .  

Key words: D i a b e t i c  n e p h r o p a t h y ,  insul in d e p e n d e n t  
d i abe te s ,  b l o o d  p res su re ,  m e t a b o l i c  con t ro l ,  s tab i l i ty  
of  d iabe tes .  

O n l y  a b o u t  3 5 %  of  y o u n g  onse t  T y p e  1 ( insul in  
d e p e n d e n t )  d iabe t i c s  will  d e v e l o p  d i abe t i c  n e p h r o p a -  
thy  [1]. The  o t h e r  6 5 %  s e e m  to be  p r o t e c t e d  aga ins t  
t he  d e v e l o p m e n t  of  c l inical  n e p h r o p a t h y  de sp i t e  t he  
fact  t ha t  h i s to log ica l  ev idence  of  g lomeru losc l e ros i s  is 
seen  in n e a r l y  all  insul in  d e p e n d e n t  d i abe t i c  pa t i en t s  
a f te r  s eve ra l  y e a r s  of  d i sease  [2, 3]. D i f f e r ences  in 
t ype  of  d i a b e t e s  [4], h a e m o d y n a m i c  fac tors  [5] and  
qua l i ty  of m e t a b o l i c  con t ro l  [6] have  b e e n  c l a ime d  as 

exp lana t ions  for  this  d i sc repancy .  T h e r e f o r e  t he  a im 
of this  p a p e r  is to  c o m p a r e  t he  a b o v e  m e n t i o n e d  fac-  
to r s  in two age  and  s e x - m a t c h e d  g roups  of  y o u n g  
onse t  insul in  d e p e n d e n t  pa t i en t s ,  o n e  g r o u p  d e v e l o p -  
ing seve re  d i abe t i c  n e p h r o p a t h y  a f te r  8 - 2 2  yea r s  of  
d i a b e t e s  and  a n o t h e r  g roup  w i thou t  c l inical  ev idence  
of  n e p h r o p a t h y  af te r  m o r e  than  32 yea r s  of  the  
d isease .  

Subjects 

Diabetic nephropathy was defined clinically (but not histologi- 
cally) as proteinuria of more than 0.5 g/24 h on more than four 
different consecutive occasions at least one month apart during 
one year in insulin dependent diabetics without cardiac failure or 
renal tract infection. Among 461 insulin dependent diabetics with 
diabetic nephropathy treated at the Steno Memorial Hospital, all 
those patients who fulfilled the following criteria were selected: 
onset of diabetes before the age of 31 years (before 1953) and 
more than 40 attendmaces at the out-patient clinic during the first 
20 years of diabetes. Only 21 patients (9 males and 12 females) 
fulfilled these criteria. 

A control group of patients without diabetic nephropathy was 
extracted from our cohorts study [7] comprising of 991 insulin 
dependent diabetics with their onset of diabetes before the age of 
31 years and before 1953. Twenty-one patients, who were 
matched carefully for age at onset, year of onset, sex, area of 
residence and number of out-patient attendances during the first 
20 years of diabetes were selected (Tables 1 and 2). None of the 
control subjects had developed persistent proteinuria during an 
observation period of 32-47 years (mean 38.3_+4.1 years). Both 
groups had equal access to treatment and supervision at the Steno 
Memorial Hospital. None of the patients had proteinuria on the 
first admission to hospital. The delay between onset of diabetes 
and the first visit to the Steno Memorial Hospital was 1-9 years in 
the nephropathy group (mean 2.3 years) and 1-4 years (mean 1.1 
years) in the control group (t7 <0.05). Most patients were admitted 
to hospital because of uncontrolled diabetes on several occasions 
(Table 2). Furthermore, each patient had 40-146 out-patient visits 
during the first 20 years of diabetes (Table 2). The mean numbers 
of out-patient visits (57.7) and admissions to hospital (4.2) before 
persistent proteinuria developed in the nephropathy group were 
not different from those (62.7 and 4.6 respectively) during the first 
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Table 1. Details of the two groups of subjects, one with persistent proteinuria after 14.5_+3.3 (mean + SD) years of diabetes, the other 
without proteinuria after >32 years of diabetes 

Sex Age at Year of Area of Height Ideal 
(male: onset diagnosis residence (cm) body weight 
female) (years) (%) 

I II III 

Subjects with nephropathy 9:12 13.2-+7.6 1943+_8 19 2 0 167-+6 95.7_+6.3 
(n = 21) (1-29) 

Subjects without nephropathy 9:12 15.5-+7.6 1939-+4 17 2 2 169-+9 95.3-+5.7 
(n = 21) (2-30) 

Area of residence I: Copenhagen, If: other urban areas in Denmark, III: rural 
Values given as mean _+ SD (range) 

Table 2. Details of the two groups of subjects, one with proteinuria after 14.5-+3.3 (mean -+ SD) years of diabetes, the other without 
proteinuria after >32 years of diabetes 

Education Out-patient Admissions Hypoglycaemic b 
visits to hospital coma 

1 2 3 per patient a per patient 

Ketoacidosis b 

Subjects with nephropathy 5 10 6 86_+29 5.9 10 (19) 10 (21) 
(n = 21) (range: 1-16) 

Subjects without nephropathy 4 12 5 77-+28 5.4 12 (25) 3 (4) 
(n = 21) (1-13) 

Education 1: unskilled worker, 2: skilled worker, 3: academic education 
a mean +_ SD 
b number of patients (number of episodes) 

15 years of diabetes in the control group (p >0.05). Insulin treat- 
ment was started at the time of diagnosis in all cases except one, 
when it was started during the second year of diabetes. All patients 
were treated with insulin twice a day, except during the first one or 
two years of diabetes. Protaruine insulin or NPH, and soluble insu- 
fin were used in every case. The diet prescribed was similar in both 
groups, consisting of approximately 40% as carbohydrates, 40% 
as fat, and 20% as protein (as calories). The level of education was 
similar in the two groups (Table 2) as was their social background 
(not shown). 

Subjects with nephropathy developed this complication 8-22 
years after the onset of diabetes (mean 14.5-+3.3 years). No evi- 
dence of other renal diseases appeared. Retinopathy developed in 
all cases with nephropathy 6-21 years after the onset of diabetes 
(mean 12.7-+4.0 years). Seventeen patients developed prolifera- 
tive retinopathy, all of whom became blind in one or both eyes. 
The four patients who did not develop proliferative retinopathy 
had no major visual disturbances despite severe background 
retinopathy. Nineteen patients in the nephropathy group died in 
uraemia 20-32 years after the onset of diabetes: 15 from uraemia 
(serum creatinine 845-+466~tmol/1 (mean -+ SD) (normal 
55-133 ~tmol/l), two from myocardial infarction (serum creatinine 
191 and 121 Stool/l) and two from cerebral haemorrhage (serum 
creatinine 330 and 102 btmol/1). In 12 cases a post mortem his- 
tological examination of the kidneys was carried out. In all cases 
severe nodular glomerulosclerosis was found. Two patients were 
still alive 29 and 38 years after the onset of diabetes, one with an 
elevated serum creatinine (139 ~tmol/1), the other with normal 
serum creatinine (88 ~tmol/l). 

In the control group three patients did not develop 
retinopathy. The remaining 18 patients developed retinopathy 

11-34 years after the onset of diabetes (mean 18.8-+6.2 years). 
Four cases developed severe proliferative changes, of whom three 
became blind. Another two patients developed sudden severe vis- 
ual disturbances due to unilateral retinal vein thromboses. Two 
patients with proliferative retinopathy and two patients without 
proliferative retinopathy had short periods of intermittent pro- 
teinuria 5, 15, 13 and 14 years after the onset of diabetes respec- 
tively. One patient had severe proteinuria during pregnancy. How- 
ever, in each case, the proteinuria disappeared. Five patients died 
33, 34, 36, 39 and 44 years after the onset of diabetes. Two 
patients died from myocardial infarction, one from cardiac failure, 
one from pneumonia and one from unknown causes. Serum 
creatinine was normal until death or last follow-up in all cases 
(85+12 ~tmol/1; mean -+ SD) except in one patient, who died in 
cardiogenic shock with a serum creatinine of 150 ~tmol/1. 

M e t h o d s  

To characterise differences in the eventual outcome of the diabe- 
tes, percentage ideal body weight was calculated on the basis of all 
body weight and height measurements performed during adult life 
for each patient. Insulin dose/kg body weight was calculated 2, 5, 
10, 15 and 20 years after diagnosis of diabetes. Calculations were 
performed only when patients had normal serum creatinine. The 
degree of instability of diabetes was evaluated from at least 25 
blood glucose measurements (range 25-36), performed during the 
last five days of each admission to hospital under standard condi- 
tions, 1-2, 3-5, 6-10, 11-15 and 16-20 years after the onset of 
diabetes. On the basis of these capillary blood glucose measure- 
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merits, mean blood glucose and mean amplitude of glycaemic 
excursions (MAGE) were calculated according to the method of 
Service et al. [8]. 

Blood pressure and heart rate were recorded in every case 
whilst in hospital. Blood pressure was measured with a mercury 
sphygmomanometer in the supine position after a night's rest. The 
heart rate was calculated on the basis of four to ten measurements 
during each hospital admission, performed on the resting patient in 
the morning. In the nephropathy group, a total of 81 blood 
pressure measurements were performed before persistent pro- 
teinuria had developed. In 12 cases the last blood pressure meas- 
urement was performed the year before persistent proteinuria 
developed and in eight cases 1-12 years before its appearance 
(mean 2.1 years). In one case no measurement was performed 
before proteinuria appeared. In the control group 112 blood 
pressure measurements were performed during the first 20 years 
of diabetes. 

The renal tubular reabsorption capacity for glucose was esti- 
mated by comparing mean blood glucose and glucose excretion 
over the last five days of each hospital admission within the first 
ten years of diabetes. 

The degree of metabolic control during the first 20 years of 
diabetes was calculated from 1,768 post-prandial capillary blood 
glucose measurements in the nephropathy group and 1,607 meas- 
urements in the control group and 1,749 and 1,591 measurements 
of 24 h urinary glucose concentrations and the same numbers of 
qualitative urinary acetone measurements. The blood glucose 
measurements were performed at the out-patient clinic 1-2 h after 
insulin injection and breakfast. Glucose concentration and 
acetonuria were measured in a sample of 24 h urine, collected by 
the patient the day before visiting the out-patient clinic. Blood and 
urinary glucose were measured by the reduction method described 
by Hagedorn et al. [9]. The mean post-prandial blood glucose and 
the mean percentage of glucose in the 24 h urine sample were 
calculated for each patient from all measurements performed dur- 
ing out-patient visits within 2-year periods. Acetonuria was deter- 
mined by the sodium nitroprusside method of Legal and later by 
Acetest. Only when the urinary glucose concentration of the same 
sample exceeded 2.0 g/100 ml, was a reaction accepted as positive. 
Proteinuria was tested for at every out-patient visit. Heller's nitric 
acid method and later Albustix were used. If the qualitative reac- 
tion was positive, a quantiative examination was performed by 
Tsuchiya's method. Only proteinuria of ~ 0.5 g/24 h was accepted 
as positive. Serum creatinine was determined by the Jaffe method. 
In addition to blood and urine examinations, the number of hospi- 
tal admissions for ketoacidosis and/or hypoglycaemic coma was re- 
corded in every case. 

Statistical calculations of differences between the two groups 
were performed by the Wilcoxon rank sum test. 

Results 

As can be seen from Table 1, no differences in height 
or ideal body weight were seen between the two 
groups. In addition insulin dose/kg body weight and 
the stability of diabetes as expressed by mean blood 
glucose and MAGE were comparable in the two 
groups (Fig. 1). The estimations of renal tubular 
reabsorption capacity for glucose were not signifi- 
cantly different between the two groups, the regres- 
sion of mean blood glucose in mmol (y) against 24 h 
urinary glucose output in g (x) was y = 0.093x + 
7.5, r = 0.70, p <0.001 in the subjects with ne- 

mean blood glucose 
( r e t o o l / I )  

8.0 [30 urine 
[- glucose 

4. 11~ g / 2 4 h  

MAGE ( m m o l / I )  ,o.o  

0"601 ,, 

2 5 10 15 20 

diabetes duration 
(years) 

Fig. 1. Mean blood glucose, mean urinary glucose excretion, mean 
amplitude of glycaemic excursions (MAGE) when in hospital and 
insulin requirements (for definition see text) as out-patients in 21 
Type 1 (insulin dependent) diabetics, with ( e  and []) and 21 with- 
out (�9 and []) nephropathy. Mean blood glucose, urinary glucose 
and MAGE were calculated from measurements during years 1-2, 
3-5, 6-10, 11-15 and 16-20 after the onset of diabetes. Insulin 
dose was determined at years 2, 5, t0,  15 and 20 of diabetes. 
Results expressed as mean + SD 

phropathy and y = 0.73x + 7.6, r = 0.82, p <0.001 
in controls. Thus body build, insulin sensitivity, sta- 
bility of diabetes and tubular reabsoprtion capacity of 
glucose did not distinguish the two groups of subjects 
or predict their outcome. Furthermore blood pres- 
sure before the development of nephropathy and 
heart rate were comparable in the two groups 
(Fig. 2). There was a slight increase in blood pressure 
with age in both groups. The increase in heart rate in 
the group with nephropathy at the end of the period 
of observation may have been related to the high 
frequency of uraemia and/or disturbances in the au- 
tonomic nervous system in these patients. 

Figure 3 shows the results of the out-patient glu- 
cose measurements. The post-prandial capillary 
blood glucose concentration does not seem to indi- 
cate any difference in the quality of metabolic control 
between the two groups. In addition the concentra- 
tion of glucose and the prevalence of acetonuria in 
24 h urine samples were not different between those 
with nephropathy and controls. There was no differ- 
ence in the frequency of hypoglycaemic attacks be- 
tween the two groups, the nephropathy group having 
a total of 19 episodes of hypoglycaemic coma while 
the control group had 25. The total number of 
periods of severe ketoacidosis during the first 20 
years of diabetes, however, was significantly higher in 
the nephropathy group, 21 episodes compared with 
four in the control group (p <0.01) (Table 2). 
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Fig. 2. Blood pressure and heart rate in 21 patients with ( e  and []) and 21 patients without nephropathy (�9 and ~) 0-10, 11-15 and 16-20 
years after the onset of diabetes. All measurements in the nephropathy group (81 measurements) were performed before persistent 
proteinuria developed. Heart rate was determined under standardised conditions while in hospital 1-2, 3-5, 6-10, 11-15 and 16-20 years 
after the onset of diabetes before or after the appearance of proteinuria. Results expressed as mean -+ SD. For comparison of means Wil- 
coxon's rank sum test was used. The number of patients in the different blood pressure groups is given below the mean diastolic values 
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Fig. 3. Mean of all post-prandial capillary blood glucose measure- 
ments performed in the out-patient clinic on 21 patients with ( e )  
and 21 patients without nephropathy (�9 The measurements were 
performed during years 1 + 2, 3 + 4, 5 + 6, 7 + 8, 9 + 10, 11 + 12, 
13 + 14, 15 + 16, 17 + 18 and 19 + 20 of diabetes. Results ex- 

d i a b e t e s  durat ion pressed as mean +_ SD. The difference between means was tested 
�9 (years) by Wilcoxon's rank sum test 

Discussion 

From the onset of insulin dependent diabetes in- 
creased renal function and size are seen in all cases 
[10], particularly during periods of poor metabolic 
control [11]. In addition an increase in the volume of 
the mesangial region and in basement membrane 
thickness in the glomeruli is found in all insulin 
dependent diabetics two-three years after the onset 
of diabetes [12]. However, persistent proteinuria 
only develops in about 35% of cases. In the present 
paper a comparison of two age and sex-matched 
groups of young onset insulin dependent diabetics 
uniformly treated from the onset of diabetes has been 
performed. One group developed persistent pro- 
teinuria and elevated serum creatinine (except in 

three cases) while the other group did not, despite 
diabetes of very long duration. 

It is not possible to prove that the two groups 
described here are representative of all our insulin 
dependent diabetics with and without nephropathy, 
since the remaining patients with (n = 440) and 
without nephropathy (n = 970) were not followed to 
the same degree as the two groups in this study. A 
severe bias is however unlikely. A randomised pro- 
spective long-term study is impossible to perform 
because the drop-out rate of young asymptomatic 
patients is enormous. 

Since the risk of developing persistent proteinuria 
is significantly higher for diabetics who are 0-10 
years old at diagnosis than in patients with a later 
onset of diabetes [13], it has been suggested that 
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Table 3. Prevalence of trace proteinuria in a 24 h sample 

Duration of Subjects with Subjects without 
diabetes nephropathy nephropathy 
(years) (n = 21) (n = 21) 

(~ (%) (n) (%) 

0-5 1/366 0.3 6/591 1.0 
6-10 12/435 2.8 10/443 2.3 

11-15 8/165 4.9 9/276 3.3 
16-20 0/20 -- 27/297 9.1 

n = number of all 24 h urine samples with traces of albumin. Only 
the results of urine samples collected up to three years before 
persistent proteinuria developed were recorded 

there may be different types of insulin dependent  
diabetes, one with an early onset which is associated 
with the antigens H L A - D w 4  and D R 4  and another  
with onset around puber ty  and associated mainly 
with H L A - D w 3  and D R 3  [14]. I t  is possible that the 
first type is associated with an early and total  lack of 
endogenous insulin secretion and a predisposition to 
develop nephropathy,  while the second type is associ- 
ated with an insidious onset of B cell insufficiency 
and a lesser predisposition to develop nephropathy.  
The  present  pape r  does not exclude this possibility 
al though we found no clinical differences be tween 
the group with nephropa thy  and the control subjects, 
since percentage ideal body weight, insulin require-  
ment /kg  body weight and M A G E  (as an expression 
of diabetic instability) were  identical in the two 
groups. 

Since low blood flow [15] and low blood pressure 
[16] seem to protect  against the development  of 
glomerulosclerosis, it is believed that  hypertension 
and/or  high renal blood flow may be important  fac- 
tors in the development  of nephropathy.  However ,  in 
the present  study, heart  rate and blood pressure were 
identical in the two groups. Thus the nephropa thy  in 
our  patients could not be related to these haemody-  
namic factors. High tubular reabsorpt ion of glucose 
may lead to an associated high reabsorpt ion of 
sodium, followed by glomerular  hypertension and 
protein leakage [17]. However ,  tubular reabsorpt ion 
of glucose was not significantly higher in the patients 
with nephropa thy  compared  with the control group. 
Pirart  [6] and others [18] have shown that  good 
metabol ic  control of diabetes seems to protect  
against the development  of diabetic nephropathy.  In  
accordance with this, we found that the control group 
had significantly fewer episodes of ketoacidosis dur- 
ing the first 20 years of diabetes than the nephrop-  
athy group. However ,  post-prandial  capiallary blood 
glucose, glycosuria and the prevalence of acetonuria 

were similar in the two groups. Of  course, sporadic 
post-prandial  blood glucose and urinary glucose 
determinations alone (mean four times a year)  can- 
not give a complete  estimation of the degree of 
metabol ic  control. However ,  major  differences in 
control seem to be excluded. 

I t  is possible that  those patients, who during a 
per iod of poor  metabolic  control, are particularly 
prone  to increase their G F R  and urinary albumin 
excretion [11] will eventually develop diabetic nep-  
hropathy.  If this is so, these patients should demons-  
trate traces of albumin in 24 h urine samples more  
frequently than patients who do not ult imately 
develop nephropathy.  However ,  this does not seem 
to be  the case, as seen f rom Table  3, which shows that  
the prevalence of intermittent  proteinuria  was not 
higher in the diabetics who developed nephropathy.  

Thus many  diabetics seem to be  protected against 
the deleterious effect of diabetes on renal function. 
The nature of these protecting factors is however  
unknown, but  might be  of genetic or  immunological  
origin. We do not believe that  diabetic control is 
irrelevant to the development  of nephropathy,  but  
destiny rather  than faults in the t rea tment  seem to be  
of importance in the development  of nephropathy  in 
insulin dependent  diabetics. 
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