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Summary. Renal function and renal size have been
studied in ten early insulin-dependent diabetic
patients and in ten matched control subjects.
Glomerular filtration rate, renal plasma flow and
radiological kidney size were determined in each sub-
ject. Glomerular filtration rate and renal plasma flow
were increased in diabetics (mean = SD: 169.6+16.1
and 690.1+52.6 ml/min/1.73 m?, respectively) com-
pared with controls (120.6£9.7 and 605.9+£67.2 ml/
min/1.73 m?; p <0.001 and p <0.01). Calculated
kidney weight corrected to 1.73 m? of body surface
area was elevated in diabetics (385.2+29.0 g) with
respect to controls (277.5+17.5g; p <0.001). No
significant differences were found between diabetics
and control subjects when glomerular filtration rate
was expressed per gram calculated kidney weight,
while renal plasma flow was significantly lower in
diabetics than control subjects when so expressed
(p <0.01). A positive correlation was found between
glomerular filtration rate, renal plasma flow and kid-
ney size in both controls and diabetics (p < 0.01 in all
cases). These findings support the conclusion that in
the early state of diabetes glomerular hyperfunction
is related to enlargement of the kidneys and
augmented renal plasma flow.

Key words: Insulin-dependent diabetes, kidney size,
glomerular filtration rate, renal plasma flow, renal
function

Kidney function is often abnormal in diabetics. In
early insulin-dependent diabetes, the glomerular fil-
tration rate (GRF) is usually elevated [1-6].
Glomerular permeability and urinary albumin excre-
tion are typically normal in short-term diabetes with-

out proteinuria [5], suggesting that abnormal filter
properties are not the mechanism behind the high
filtration rate. Renal plasma flow (RPF) is also ele-
vated in these patients, so increased capillary

-pressure may be responsible for the elevation in

GFR. Alternatively, the increment in GFR may be
due to increased kidney size [6]. The present study
was carried out to determine whether the levels of
GFR and RPF in early insulin-dependent diabetes
are related to kidney size.

Subjects and Methods

Patients and Control Groups

Five males and five females with insulin-dependent diabetes mel-
litus were studied. Their ages ranged from 11 to 24 years (average
18 years), and they had had the disease for 14 years. Healthy
volunteers served as controls and were chosen to correspond with
diabetics in sex, age and body surface area (maximum difference
0.05m?). Their individual weights had not changed significantly
since diagnosis and were near their ideal weights according to Life
Insurance Tables (Table 1). All diabetics were treated with
isophane insulin (NPH) in two daily doses (morning and evening)
during the previous 6 months. Periodically, fasting serum glucose
and glycosuria were determined and insulin dose readjusted in
order to achieve reasonable glycaemic control. Patients and con-
trols were receiving no medication, except for insulin, during the
6 months before study; they all took their normal diets during this
period and all volunteered to participate after the details of the
study were fully explained.

Procedures

Subjects were tested in the early morming after an overnight fast,
and the patients’ usual insulin was withheld after the clearance
test. On the previous day, patients received their normal doses of
insulin; blood glucose was determined every 2 h during a 24-h
urine collection period and every 30 min during the renal function
test.

GFR was determined by means of creatinine clearance. Clear-
ance of sodium aminohippurate (Merck Sharp & Dohme) using a
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Table 1. Clinical data of insulin-dependent diabetics and control subjects

Case Sex Age Duration % Ideal Usualdose Evening Range of Range of Basal blood Urine
no. (years)  of diabetes  body of insulin® dose of insu- blood glycosuria®  glucose glucose®
(years) weight®  isophane lin®isophane glucose® (mmol/day) (mmol/l) (mmol/day)
(units) (units) (mmol/1)

Diabetic subjects

1 F 23 3 +10.2  18-18 18 5.4-10.1 0.3-1.1 7.1 98
2 M 11 2 — 43  20-18 18 4.2-10.2 0.7-2.2 9.4 161
3 F 28 4 +13.6  34-28 24 3.3-97 0.2-1.3 5.8 127
4 ¥ 12 3 - 03 13-13 10 4.7- 9.2 0.4-1.2 6.7 108
5 M 9 1 - 67 22-19 15 5.6-10.8 0.6-2.1 9.1 154
6 F 15 4 +18.9  36-36 36 3.7-13.3 0.8-1.6 8.6 104
7 M 15 3 +11.1  27-25 23 4.1~ 9.0 0.3-2.1 7.9 137
8 F 23 3 + 16  20-20 17 4.5- 6.7 0.2-1.0 4.8 84
9 M 24 3 + 7.5  23-25 25 3.2- 82 0.5-0.9 4.2 75
10 M 19 1 — 46  18-12 11 4.6- 8.8 0.4-0.2 5.1 44
Mean 18.1 2.3 + 4.7  23.1-20.3 19.7 4.3~ 9.6 04-1.4 6.9 109
SD 6.1 1.1 8.8 7.3- 56 7.7 0.8- 1.8 0.2-0.5 1.9 36
Control subjects

1 F 23 + 8.7 4.7

2 M 11 + 24 53

3 F 28 + 6.5 4.1

4 F 12 — 4.3 3.7

5 M 9 — 9.6 3.9

6 F 15 +12.4 54

7 M 15 +16.7 3.8

8 F 23 + 7.4 4.6

9 M 24 - 04 4.0

10 M 19 - 59 34

Mean 18.1 + 3.4 4.4

SD 6.1 8.4 0.6
p NS NS <0.01

# Metropolitan Life Insurance Co. Statistical Bulletin, November-December 1959
® During the previous 6 months (insulin doses refer to maximum morning and evening doses)

¢ The day before kidney function test

constant infusion technique, was used for estimating RPF [4], and
performed simultaneously with determinations of GFR. Al clea-
rance values were corrected to 1.73 m? body surface area. Kidney
size was estimated on the basis of an X-ray film. In those cases in
which the renal silhouettes were not visualized an IV excretory
urogram was obtained. Focus-film distance was 110 cm. Kidney
measurements were made by one of the authors (F. A.) who was
ignorant of the renal function tests and of the subject’s category
(diabetic or control). Kidney length was measured as the maxi-
mum distance from pole to pole in cm. Kidney width was the
maximum distance from lateral kidney surface to the tangent line
of the medial borders of the kidney in cm. The kidney weight was
calculated using Moell’s linear equation [7] for the sum of both
kidneys on a logarithmic scale: y = 1.206 x — 0.180; x = log of
the total kidney area in cm? and y = kidney weight in grams. The
renal index was obtained from a formula proposed by Friedenberg
et al. [8]. Renal index = fength (cm) X width (cm)

body surface (cm?)

Analytical Methods

Creatinine concentrations were determined by an enzymatic
technique [9] and sodium aminohippurate concentrations were

measured using the methods of Bratton and Marshall [10]. Blood
and urine glucose were determined by an ortho-toluidine method.

Statistical Analysis

After verifying that samples conformed to a normal distribution
(Kolmogorov-Smirnov test) and that there were no differences in
variance (Fisher’s F-test), the Student’s t test was applied with
p <0.05 being considered statistically significant. Correlations
were made according to Pearson’s correlation coefficient.

Results

Data describing the clinical condition of the patients
and control subjects are presented in Table 1. During
the previous 6 months all diabetics had reasonable
glycaemic control (fasting blood glucose < 11 mmol/1
and glycosuria < 167 mmol/day, determined twice
monthly) which had been improved by the day before
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Table 2. Renal function tests and radiological kidney studies in early insulin-dependent diabetcs and control subjects

GFR RPF

Calculated

Renal area
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Radiological kidney size
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Fig. 1. Relation between glomerular filtration rate (GFR) and
renal plasma flow (RPF) in diabetics (®) (y = 0.27 x — 18.71;

r = 0.89; p <0.01) and controls (0) (y = 0.13 x + 43.19;
r = 0.89; p <0.01)

the study (basal blood glucose below 10 mmol/I and
urine glucose <139 mmol/day).

Table 2 shows the GFR, RPF, and filtration frac-
tion (FF = GFR/RPF) data together with the
radiological kidney measurements in diabetic and
control subjects. The absolute levels of GFR, RPF
and filtration fraction were significantly higher in
diabetics than in control subjects. When expressed in
terms of kidney weight, GFR was similar in diabetics
and in control subjects while RPF was significantly
lower in diabetics. Kidneys were larger in the diabetic
than in the control group, as shown by the signifi-
cantly greater surface areas and calculated weights.
Right and left renal indices were also significantly
greater in diabetics than in control subjects.

Figure 1 shows the relation between GFR and
RPF in diabetics and control subjects. Similar corre-
lation coefficients (r = 0.89; p < 0.01) were
obtained in both groups.

Figures 2 and 3 show the relation between calcu-
lated kidney weight and GFR and RPF respectively.
Significant correlations were obtained between cal-
culated kidney weight and GFR, and between calcu-
lated kidney weight and RPF, both in diabetics and
controls.

No correlation could be found between either the
degree or duration of diabetes and the changes in
renal function or kidney size.

Discussion
Nephropathy is a serious complication of diabetes,

and it is therefore of interest to clarify its
pathogenesis and chronology. Usually, GFR is ele-
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Fig. 2. Relation between glomerular filtration rate (GFR) and cal-
culated kidney weight in diabetics (@) (y = 0.51 x — 24.9; r =
0.91; p < 0.001) and controls (©) (y = 0.40 x + 13.78; r = 0.73;
p < 0.01). Kidney weight was calculated using Moéll’s linear equa-
tion [7]
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Fig. 3. Relation between renal plasma flow (RPF) and calculated
kidney weight in diabetics (@) (y = 1.59 x + 74.67; r = 0,88;
p <0.001) and controls (0) (y = 3.43 x — 304.57; r = 0.91;
p <0.001). Kidney weight was calculated using Moéll’s linear
equation [7]

vated in diabetics during the first few years of the
disease. Recent studies suggest the elevation in GFR
to be related either to changes in kidney size or to the
metabolic disorders underlying diabetes [11]. The
present investigations failed to show a positive corre-
lation between the degree or duration of diabetes and
changes in kidney function or renal size. In fact

J. Garcia Puig et al.: Kidney Size in Early Diabetes

patients showed increased GFR and RPF in spite of
maintenance of acceptable glycaemic control of their
discase, and similar elevations in GFR and RPF were
observed between short-term diabetics with different
durations of their disease. However, Johansen and
Hansen [12] linked renal hypertrophy and hyper-
function in early diabetes to growth hormone
hypersecretion, which reaches its maximum values
when the disease is uncontrolled. Moreover, Mogen-
sen and Andersen [13] found that adequate insulin
treatment reduced the elevated GFR and serum
growth hormone concentrations in diabetics.

The present results show a clear relation between
kidney size and glomerular hyperfunction in diabet-
ics. Our findings agree fully with the correlations
observed by Mogensen and Andersen [5] between
calculated renal weight, GFR and RPF in diabetics.
Differences in the absolute values for renal indices
obtained in the two studies probably relate to the fact
that these authors used only male subjects.

It is of interest to consider the mechanisms pos-
sibly responsible for the increase in GFR seen in
early insulin-dependent diabetes. The determining
factors of glomerular ultrafiltration are the hydro-
static and oncotic pressure gradients between plasma
and Bowman’s space, the ultrafiltration coefficient
(basement membrane permeability multiplied by fil-
tration surface) and RPF [14]. A definite study of the
first two factors requires micropuncture techniques
so that their role in alterations of renal function in
human diabetics is unknown. The increase in GFR
characteristic of early diabetes suggests that glomeru-
lar basement membrane permeability is modified,
but this hypothesis has not been confirmed by studies
of low molecular weight dextran clearances [15, 16].
The fact that the kidneys are enlarged in diabetics
points to an elevation in the ultrafiltration coefficient
due to an increase in filtration surface. This notion is
supported by the positive correlation between GFR
and calculated kidney weight and by the fact that
GFR expressed per gram kidney weight was similar
in diabetics and control subjects. Furthermore,
bidimensional studies verify an increase in filtration
surface in human diabetes as well as in experimental
streptozotocin induced diabetes [17-21].

Although an increase in filtration surface can
account for a raised GFR, this factor alone cannot be
held responsible for it in diabetics. The present study
demonstrates that RPF is greater in diabetics of short
duration than in control subjects but less than pre-
dicted for kidneys of the size seen in diabetics. The
variation in RPF parallels the increment in GFR in
diabetics, but their filtration fraction is larger and the
ratio between RPF and calculated kidney weight is
smaller than in control subjects. Taken together,
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these observations suggest that an elevation in filtra-
tion pressure might be the essential determining fac-
tor of the increased GFR seen in early insulin-de-
pendent diabetes [16]. We conclude, therefore, that
the glomerular hyperfunction characteristic of the
initial stages of diabetes is probably caused by a
combination of at least two factors: enhancement of
filtration surface secondary to increased kidney size,
which leads to a raised ultrafiltration coefficient, and
an elevation of the RPF.
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