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Summary. Glomerular filtration rate (GFR), renal plasma 
flow (RPF) and roentgenographic kidney size were measured 
in six newly diagnosed male diabetics with a mean age of 
25 years. Glomerular filtration rate was elevated before treat- 
ment to the same extent as found previously. A significant 
fall in both kidney size and glomerular filtration rate was 
found after treatment with insulin for 3 months. These results 

support further the concept that there is a basal connection 
between enlarged kidneys and the elevated GFR of early dia- 
betes. 

Key words: Glomerular filtration rate, renal plasma flow, 
kidney size, insulin treatment, diabetes mellitus. 

We have recently demonstrated that the increased 
glomerular filtration rate found in early juvenile dia- 
betes is associated with increased kidney size. Further- 
more a significant correlation between kidney size 
and kidney traction,  as measured by glomerular fil- 
tration rate (GFR) and renal plasma flow (RPF) was 
evident both in normal and diabetic subjects [15]. 
Since the abnormal glomerular filtration rate is rever- 
sible by strict insulin treatment [9, 13], it was con- 
sidered of interest to examine whether a reduction of 
kidney size could be demonstrated in newly diagnosed 
diabetics along with the fall in GFR that occurs after 
a few months of insulin treatment. 

Materials and Methods 

Subjects Investigated 

Six young male patients with newly diagnosed dia- 
betes mellitus aged 21 to 29 years were examined. 
The patients had moderate symptoms of diabetes but 
they had been working normally until admission to 
the clinic. They all had normal total-CO2 in plasma, 
but clearly elevated plasma glucose values, 257.7 rag/ 
100 ml + 22.3 (SD), gross glucosuria, and ketonuria. 
Data are given on Table 1. 

The patients were examined before insulin treat- 
ment and again 3 months after initiation of treatment. 

Kidney Function Tests 

GFR and R PF  were measured by 1-125 iothal- 
anaate and by 131-I-hippuran clearance respectively, 

using a constant infusion technique as described in 
detail previously [10]. Four  clearance periods lasting 
twenty minutes were performed in each test. Results 
were corrected to 1.73 m s body surface. The tests 
were performed in the morning on patients in the 
fasting state. When examined during insulin treatment 
the patients had been given their last insulin injection 
in the morning or afternoon of the day before the 
clearance test. 

The size of the kidneys was measured on intra- 
venous pyelograms taken with ureteric compression 
as described earlier [15]. The following measurements 
were obtained: length -- greatest distance from pole 
to pole, in centimeters; width -- greatest distance 
from lateral kidney surface to tangent line of medial 
borders of the kidney, in centimeters; kidney area 
index -- sum of product  of length and width, in 
square centimeters, for both kidneys. Kidney weight 
was calculated on the basis of data presented by Mo~ll 
[8]. 

Results 

The results of kidney function tests and measure- 
ments of the roentgenographic kidney sizes are given 
in table 1. There was a significant fall in both GFR 
and kidney size after treatment. G F R before treat- 
ment was 142.7 + 9.7 ml/min, after treatment 129.0 + 
10.2 ml/min. Calculated kidney weight, corrected to 
1.73 m 2 body surface was 373.8 + 31.8 before treat- 
ment and after treatment 332.8_+ 33.0 g. In both in- 
stances the fall is significant using the method of paired 
comparison ( P < 0 . 0 1 ) .  The percentage fall in GFR 
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was 12 and the percentage decrease in kidney size 
was similar, namely 13. The mean plasma glucose 
before the clearance test during treatment was 97 rag/ 
100 ml + 55.3 (SD). 

Fig. 1 shows kidney weight plotted against GFR 
in the six subjects. 

Discussion 

As recently surveyed [13] a number of studies 
have shown that GFR is increased in juvenile dia- 
betics before the onset of clinical nephropathy [1, 3, 
4, 9, 10, 11, 12, 14, 15, I7]. It has also been shown 
that this abnormality is reversible. After a few weeks 
of intensive insulin treatment of newly diagnosed dia- 
betics, the high GFR-values were seen to decline to 
normal or nearly normal values [9]. The present study 

GFR 
mllmin. 

150 

140 

130 

120 

300 400 Grammes 
Calculated kidney weight 

Fig. 1. GRF and calculated kidney weight in 6 newly diag- 
nosed diabetics before and 3 months after start of insulin 

treatment 

demonstrates that the kidney size is increased in un- 
treated juvenile diabetes to the same extent as earlier 
found in insulin-treated diabetics with a duration of 
diabetes of 1 -- 12 years [15]. 

As also shown in the present study this ana- 
tomical abnormality was reversible, since a significant 
fall in kidney size, to approximately normal level was 
found after strict insulin treatment for about 3months, 
in parallel with the fall in GFR. There was no constant 
change in RPF and RPF was not increased. Thus the 
abnormalities cannot be secondary to a change in 
renal plasma flow. It is remarkable that patients who 
have been treated with standard insulin regimes for 
l - - 1 2  years show approximately the same increase 
in kidney size as do newly diagnosed diabetics [15]. 

This is probably explained by the fact that during the 
the  first months or the first year of insulin regimes 
normalization of blood sugar values is generally easier 
than in patients with diabetes of longer duration. The 
size of the kidney or renal function (as measured by 
GFR) may be useful as a parameter of long term 
regulation; normalization of kidney size is, however, 
not generally possible in patients who have had dia- 
betes for a number of years. 

The structures in the kidney that undergo changes 
during insulin treatment remain to be clarified. It has 
been demonstrated that the glomerular tuft is signifi- 
cantly increased in size in early diabetes [16]. How- 
ever, the glomeruli occupy only a very small portion 
of the volume of the kidney and therefore tubular 
and/or intercellular structures must also be increased 
in size. In this connection it is interesting to note 
that tubular function, as measured by maximal tubular 
reabsorption capacity for glucose, is increased in 
short-term diabetes to the same extent as the GFR 
[11]. This increase in tubular function may reflect in- 
crease in tubular cell size. The observed increase in 
kidney size may be related to glycogen deposition in 
the tubular ceils, the long-known Armanni-Ebstein 
lesion [7]. However to our knowledge, no information 
on tubular cell size in diabetes is available in the liter- 
ature. 

It seems most likely that the changes observed were 
induced by long-term elevation of blood sugar values. 
No variation was seen in GFR during acute elevation 
of plasma-glucose in diabetics [12] and furthermore 
GFR was found high and non-dependent of plasma 
glucose measured during clearance experiments in 
38 diabetics with diabetes of 1--12 years duration; 
that is years after the initial normalization of blood 
sugar values [14]. It would also seem highly unlikely 
that kidney size would change during acute alteration 
in plasma glucose. 

The present and our recent study on kidney size in 
diabetes [15] indicate that increased kidney size is 
the main mechanism behind the high GFR in these 
patients, but since a high filtration fraction was also 
found, increased filtration pressure could also be of 
importance. 

The mediation for the increased kidney size in 
diabetes is not clear. It could be a result of long- 
term hyperglycaemia with subsequent increased tubu- 
lar reabsorption of glucose which may lead to cellular 
hypertrophy. Mechanisms which maintain glomerular- 
tubular balance may thereafter induce increased GFR. 
Increased growth hormone secretion found in juvenile 
diabetes [6] may also be of importance. Injection of 
growth hormone for several days is known to increase 
GFR as well as RPF in normal subjects [2]. Remark- 
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able increases in kidney size have been found in acro- 
megaly [5]. Ditzel and Junker [3] did not find a cor- 
relation between serum growth hormone and kidney 
function in diabetic patients. However, it should be 
considered that the serum growth hormone the days 
before the test might be more relevant, since growth 
hormone needs to be given for some days to produce 
an effect on kidney function. We have earlier present- 
ed evidence indicating that increased growth hormone 
secretion may be important [13]. However, increased 
RPF was not found in the present patients and in 
previous studies, normal or only slightly increased 
RPF was found. Other factors must therefore also 
be of importance [13]. 
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