
Diabetic nephropathy is a life threatening complica-
tion of insulin-dependent diabetes mellitus (IDDM).
Thirty to forty percent of patients with IDDM will
develop terminal renal failure [1, 2]. Some new data
suggest a lower incidence of nephropathy [3±5] but
others do not [6]. Since 1978 we have longitudinally
followed all the diabetic children at our unit with re-
nal function tests every second to third year after on-
set. Cross-sectional renal biopsy was performed in
patients with a disease duration of more than 5 years
and a patient age of more than 12 years regardless of
the presence of microalbuminuria. The aim of the
present study was to investigate the relationship be-
tween actual and previous long-term renal function,
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Summary For the past 10±15 years all the children at
our unit with insulin-dependent diabetes mellitus
have been repeatedly followed-up with renal function
tests. Renal biopsy, examined by light and electron
microscopy, was included in the follow-up of 36 ado-
lescents and young adults, aged 13±25 years, with a
disease duration of 7±19 years. All subjects had un-
dergone at least three renal function tests before biop-
sy and none had persistent microalbuminuria. Renal
function was evaluated as glomerular filtration rate
and effective renal plasma flow determined by clear-
ances of inulin and para-amino hippuric acid. Glomer-
ular filtration rate and filtration fraction were in-
creased before and at the time of the biopsy. Glomer-
ular basement membrane thickness (331±858 nm)
and mesangial matrix volume fraction (7.4±17.1%)
were increased. Long-term hyperfiltration and hyper-
perfusion before biopsy correlated inversely with
mean glomerular volume. Increased filtration fraction
before the biopsy correlated directly with mean of all
HbA1c (r = 0.485, p < 0.01) and both variables cor-

related directly with mesangial matrix volume frac-
tion, basement membrane thickness and structural in-
dex (r = 0.433, p < 0.01 and r = 0.626, p < 0.001, re-
spectively). Urinary albumin excretion rate correlated
directly with foot process width (r = 0.645, p < 0.001).
By multiple regression analysis the most important
variable for the increase in basal membrane thickness
was the metabolic control while the mean of previous
filtration fraction was most important for the increase
in mesangial matrix volume. In conclusion, although
none of the patients showed constant microalbumin-
uria, early diabetic structural changes were evident
with basal membrane thickening and increased me-
sangial matrix volume. The structural changes related
to long-standing hyperfiltration and poor metabolic
control. [Diabetologia (1998) 41: 1047±1056]
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long-term metabolic control and renal biopsy find-
ings in an unselected group of patients to predict
those at risk of nephropathy.

Subjects and methods

Patients. At our pediatric clinic in Huddinge Hospital, all dia-
betic patients older than 12 years and with a disease duration
of more than 5 years, were asked to participate in the kidney
biopsy study in connection with their regular functional fol-
low-up investigation. The study was approved by the ethical
committee of Karolinska Institute and was performed after in-
formed consent from the patients and parents. Since the pri-
mary aim of the present study was to investigate the influence
of previous renal function on structural changes, only patients
who had completed at least three renal function tests were in-
cluded. None of these had persistent microalbuminuria. The
patients were, however, not selected on the basis of the albu-
min excretion rate.

Out of the 45 possible subjects, 36 accepted to participate
while 9 declined or wished to perform the biopsy at a later
date. These 9 patients did not differ in age at onset of the dis-
ease, previous or actual renal function, blood pressure, pro-
teinuria or metabolic control from those who agreed to partici-
pate in the study.

We investigated 17 girls and 19 boys. The age of the pa-
tients at the time of the biopsy varied between 13.2 and 25.2
(median 18.6) years, and the duration of the disease was be-
tween 7.5 and 19.2 (median 10.8) years. The age at onset of
the disease was 0.6 to 12.1 (median 7.4) years. None of the pa-
tients had persistent microalbuminuria defined as greater
than 15 mg/min in two of three urine samples taken at least
3 months apart. None of the patients had bacteriuria and
none was on antihypertensive treatment.

The investigations were performed over 3 days. On the first
day a renal function test was performed. Overnight urine was
collected the first night for determination of albumin excretion
rate (UAE). On the second day a renal biopsy was taken. After
the biopsy the patients were kept in a supine position for 24 h
with repeated control of the pulse rate and the blood pressure.
No complications were experienced except for slight pain in
the muscles above the biopsy site.

Renal function tests. Renal function was evaluated every sec-
ond to third year from the onset of the diabetic disease. Glo-
merular filtration rate (GFR) and effective renal plasma flow
(ERPF) were determined by the clearances of inulin and
para-amino hippuric acid (PAH) during water diuresis with a
standard clearance technique [7, 8]. The patients were given
their normal insulin dose followed by breakfast in the morning
before the start of the renal function test. Water diuresis was
induced by an oral water intake of 20 ml/kg body weight dur-
ing the first hour and thereafter 5 ml/kg every 30 min. After
an intravenous prime dose of inulin and PAH, a continuous in-
fusion was given. After an equilibration period of 1 h, four
30 min urine collection periods were performed and midway
through each collection period a blood sample was drawn.
GFR and ERPF are presented as the mean values of the four
clearance periods and are corrected for body surface area. Fil-
tration fraction (FF) is calculated as GFR/ERPF.

Inulin in blood and urine was determined by the anthrone
method [9] and PAH by a modified Smith technique [10].

The number of renal function tests performed in each pa-
tient was 3±7 (median 5). The mean GFR, ERPF and FF of
all previously performed renal function tests was calculated

for each patient as well as the slope of GFR in relation to
time for each patient. Since GFR increased from onset to
2 years, duration the slope value of GFR was calculated for
each patient after 2 years, duration.

Renal function was compared with that of 59 healthy chil-
dren and young adults (3.5±25.9 [median 13.2] years). The age
range of the control subjects corresponds to the age range of
the diabetic patients during the whole follow-up period.

Urine samples. Timed overnight collected urine was analysed
for albumin by an automated immuno-nephelometric method
(Behring Nephelometer Analyser; Behringwerken AG, Mar-
burg, Germany) and UAE was determined.

Metabolic control. Since 1980 total HbA1 has been analysed by
ion exchange chromatography using Isolab's Fast Hemoglobin
Test System (Quick-Step Fast Hemoglobin Test System; Isolab
Inc., Akron, Ohio, USA). Reference values were 5.5±8.5 %.
From 1986 HbA1c was determined by the FPLC method (Fast
Protein Liquid Chromatography; Pharmacia, Uppsala, Swe-
den) [11]. Normal reference values were 3.4±5.0 %. In an at-
tempt to compare glycaemic control over time, HbA1 data
were converted to HbA1c using the equation HbA1 = 1.13 �
HbA1c + 0.85. The correlation coefficient between the two
methods was 0.957 in our laboratory. HbA1 or HbA1c was fol-
lowed in each patient 3±4 times a year. Mean HbA1c was calcu-
lated for each year and the mean of all years was calculated as
a measure of metabolic control. The HbA1c was measured on
the day of renal function.

Renal biopsy. All biopsies were performed under local anaes-
thesia with ultrasound guidance using a fixed adapter
(3.5 MHz; Acuson, Mountain View, Calif., USA) with the aid
of an automatic biopsy device (Biopty Bard Urological, Cov-
ington, Ga, USA) with a 16 gauge needle (Manan Medical
Products, Northbrook, Ill., USA). Samples for light and elec-
tron microscopy were immediately immersed in 4 % parafor-
maldehyde in phosphate buffer. Parts of cortical tissue were
postfixed for electron microscopy in 2 % glutaraldehyde and
4 % paraformaldehyde in phosphate buffer and embedded in
Polybed 812. The remaining fixed tissue was embedded in gly-
colmethacrylate (Technovit 7100, Kulzer, Germany) for light
microscopy. A subdivided part of fresh cortical tissue was
promptly snap-frozen in liquid nitrogen and cut in a cryostat
at a thickness of 6 mm. After being rinsed in phosphate buf-
fered saline, the sections were investigated by direct method
using fluorescein isothiocyanate-conjugated antibodies to hu-
man IgG, IgA, IgM, C3, C1q (Dakopatts AB, Stockholm, Swe-
den) followed by rinsing. Subsequently, the sections were air-
dried, coverslipped with Pertex (Histolab, Gothenburg, Swe-
den) and examined in a Zeiss epifluorescence microscope
with appropriate filters (Carl Zeiss, Oberkochen, Germany).

Light microscopy. The mean glomerular volume (GV) was es-
timated by Cavalieri's principle [12]. The glycolmethacrylate
embedded tissue blocks were serially sectioned in 2.5 mm thick
sections and stained with periodic acid-Schiff. The glomeruli
were sampled in that order as they successively became visible
in the sections. The first profile of a glomerulus was sampled in
the section in which its capillary loops first became visible and
thereafter followed through the consecutive sections in which
the following profile areas were sampled at 10-mm intervals,
i. e. at every fourth section. The number of sampled levels per
glomerulus ranged from 13 to 21. The area of the profiles was
estimated by point counting (Ptot) using an ocular grid with
19.9 mm between each point (d) at tissue level (410 �). The
sum of the profile areas (SUM A) were estimated according
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the formula SUM A= Ptot � d2. For the final calculation of the
glomerular volume the mean of the actual section thickness (t)
was estimated by a method based on confocal microscopy, as
described elsewhere [13]. In short, the x±z profile of a section
is scanned by confocal microscopy and the full width half max-
imum of the obtained intensity profile in the axial direction is
used as an estimate of the actual section thickness. The preci-
sion of the method has been shown to be ± 100 nm [13]. The
glomerular volume was then calculated as: SUM A � 4t. In
each biopsy at least five glomeruli were measured and the
mean GV was calculated.

A few biopsies contained deep juxta-medullary glomeruli
with substantially larger volumes compared with glomeruli in
more superficial cortical layers. A glomerulus was defined as
juxta-medullary only when it was clearly and directly seen
abutting medullary tissue. When the sampling procedure given
above was strictly followed in the biopsies containing juxta-
medullary glomeruli, the mean GV reached a substantially
higher value. Juxta-medullary glomeruli (as defined above)
were therefore excluded in order to assess mean GV based on
estimates of a more homogenous population of glomeruli re-
presentative for all the analysed biopsies.

Electron microscopic quantitation. The plastic blocks obtained
for electron microscopy were randomly selected for sampling
of five glomeruli. From the surface of a block 1-mm thick sec-
tions were cut, stained with toluidine blue and inspected by light
microscopy. No glomeruli were sampled from this level of the
blocks. 1-mm thick sections were then collected at sequential
50 mm levels until new glomeruli appeared which were then
sampled for thin sectioning in the order that they appeared. In-
complete glomeruli at the edges of the blocks were excluded.
Seven to 19 electron micrographs, covering approximately
40 % of the total area of each glomerulus, were taken at approxi-
mately 10 000 magnification in a systematic random manner.
This was achieved by moving the specimen stage of the electron
microscope (Philips 420, Eindhoven, The Netherlands) be-
tween predetermined points. The final magnification was cor-
rected using a grating grid (EF Fullan, Inc., 28 800 lines/inch).
Glomerular profiles representing less than seven sampling areas
were excluded. The reference space, in the following termed
ªglomerulusº, was defined as a minimal convex polygon enclos-
ing the glomerular tuft (i. e. tuft plus entrapped urinary space
within the polygon) [14]. The geographical definition of the me-
sangium and its delineation to the peripheral capillary wall, was
applied as in the study of ésterby and Gundersen [14]. All the
estimated relative structural quantities given below were ex-
pressed in relation to this reference space. The number of points
counted per biopsy varied between 1643 and 2852 (median
2116), the number of intercepts 720±1489 (median 1005) and
the number of filtration slits 2569±5017 (median 3715).

Mesangial and mesangial matrix volume fractions per glomeru-
lus, (Vv(mes/glom) and Vv(matrix/glom)), were estimated by
point counting using a superimposed lattice square grid with
points 30 mm apart. Total points hitting the mesangial areas
and the mesangial matrix substance respectively, were divided
with the total points hitting the reference space of the glomeru-
lar tuft. Mesangial matrix was defined as all extracellular mate-
rial in the mesangial areas.

Using the same square lattice grid as above the intersec-
tions (I) with the epithelial aspect of the basement membrane
of the peripheral capillary walls were counted and the surface
density of the peripheral capillary walls, Sv(pcap/glom), was
calculated according to:

Sv(pcap/glom) = 2 � I/(P � (2 d/mag)) (mm� 1)

and the number of their related filtrations slits (Q), the length
density of filtration slits (Lv(slit pore/glom)), was estimated as:

Lv(slit pore/glom) = 2 � Q/(P � (d2/mag2)) (mm± 2).

In the formulas above, P = total points within the reference
space, d = distance between each point of the grid and mag =
final magnification.

The mean foot process width was estimated as the ratio of
Sv(pcap/glom) and Lv(slit pore/glom).

The basement membrane thickness (BMT) was estimated
using the orthogonal intercept method of Jensen and co-work-
ers [15].

The structural index was calculated according to ésterby et
al. [16] as: Structural index = (BMT/10) + 100 Vv(matrix/
glom) + % occluded glomeruli. None of our patients showed
any occluded glomeruli.

Statistical analyses. When comparing different variables atten-
tion was paid to whether the variable was measured in absolute
values or related to body size. Mean values ± SEM or range
with median values are given. Data presented by box plots il-
lustrate the median, 25th and 75th, and 10th and 90th percen-
tiles. The fall in GFR and ERPF was calculated for each pa-
tient from the slope of individual values against time. Student's
t -test and Mann-Whitney test were used. The p -values given in
the paper are those calculated by the Student's t-test. These p -
values were in good agreement with those calculated by the
Mann-Whitney test. UAE is given log 10 transformed for cal-
culations because of a skewed distribution. Linear regression
analyses were performed according to the least square method.
Multiple regression analyses have been used for evaluating the
influence of different variables on BMT and Vv(matrix/glom).
The statistical program of JMP version 3.1 was used. A p -value
below 0.05 was regarded significant.

Results

Renal morphology. By light microscopy no obvious or
a very slight thickening of the glomerular capillary
walls and the mesangial areas were seen. In some
biopsies mild focal hyaline arteriosclerosis close to
the glomerular vascular poles was noted. No intersti-
tial fibrosis, tubular atrophy or global glomerular
sclerosis were seen.

By immunofluorescene microscopy four out of
36 patients showed diffuse positive staining for IgA
and C3 in the mesangium. By light microscopy no ob-
vious mesangial proliferative changes were identified
in these patients. When comparing patients with IgA
deposits with those without, no significant differen-
ces in actual or previous renal function, BMT,
Vv(matrix/glom), Vv(mes/glom), UAE, blood pres-
sure or incidence of haematuria were found. The
only difference found between the two groups was
that the patients with IgA-deposits showed larger
GV than those without (3.5 ± 0.4 vs 2.6 ± 0.1 Mm3/
1.73 m2, p < 0.01).

A correlation, although not significant, was found
between mean GV and body surface area (BSA,
r = 0.311, p = 0.078) but not between mean GV and
age. Mean GV was therefore related to 1.73 m2
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BSA. Mean GV varied between 1.7 and 4.6 (median
2.7) Mmm3/1.73 m2. The coefficient of variation of
mean GV was 21%.

Electron microscopy showed BMT varying be-
tween 331 and 858 (median 496) nm, Vv(mes/glom)
between 14.1 and 26.8 (median 19.1)% and Vv(ma-
trix/glom) between 7.4 and 17.1 (median 10.7)%.
Figure 1 shows a strong positive correlation be-
tween BMT and Vv(matrix/glom). BMT and Vv(ma-
trix/glom) did not correlate to age or duration of dis-
ease.

Previous renal function. Figure 2 shows GFR, ERPF
and FF at different periods of time from onset of the
disease with all investigations performed in the pa-
tients. Median GFRs during the first 10 years from
onset were significantly (p < 0.001) higher than that
of the control subjects, while GFR after more than
14 years did not differ from that of the control sub-
jects. ERPF did not differ from that of the control
subjects except after 8 and 12 years when it was sig-
nificantly (p < 0.05) lower than that of control sub-
jects. FF was significantly (p < 0.001) increased after
2 years' duration and onwards. The median slope val-
ues of GFR and ERPF, calculated from the individual
slope values of each patient after 2 years' duration,
were �1.1 (range �5.5 to 6.7) and �6.5 (range �43.7
to 34.7) ml/min per 1.73 m2 and year, respectively.
There was a significant fall in both GFR and ERPF
with time (p = 0.01 and < 0.01, respectively, the med-
ian slope values compared to the null hypothesis). A
significant (p = 0.02) decrease in GFR was also seen
when analysis of variance (ANOVA) repeated mea-
sures analysis was made in those 16 patients repeat-
edly investigated at 2, 5, 8 and 10 years' duration.

Actual renal function and UAE. GFR and FF at the
time of biopsy were significantly (< 0.001) higher in
the diabetic patients than in 59 healthy control sub-
jects (131 ± 4 vs 116 ± 1 ml/min per 1.73 m2 and
22.7 ± 0.7 vs 19.0 ± 0.3%) while ERPF did not differ
(596 ± 22 vs 619 ± 11 ml/min per 1.73 m2).

UAE during the night before the renal function
test varied between 2 and 64 (median 6) mg/min.
Thus, eight of the patients had microalbuminuria the
night before the renal biopsy defined as a UAE
above 15 mg/min while none of them had had persis-
tent microalbuminuria before the biopsy. When
grouping the patients into those with microalbumin-
uria (> 15 mg/min) and those without at time of renal
biopsy, patients with microalbuminuria had higher
mean previous GFR and FF than patients without
microalbuminuria (146 ± 5 vs 133 ± 3 ml/min per
1.73 m2, p < 0.05 and 23.6 ± 0.3 vs 21.9 ± 0.4%, p =
0.01 respectively). A direct correlation was found be-
tween log UAE and mean previous FF (r = 0.417,
p < 0.05) but no correlation was found between log
UAE and mean previous GFR or ERPF.
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Morphometric parameters in relation to renal func-
tion. GV was inversely related to mean previous
GFR and ERPF (Fig.3). Since patients with IgA de-
posits had larger glomeruli, these patients are special-
ly depicted in the figures. When mean previous GFR
was related to GV (Fig.3 a), the p -value for the re-
gression line changed from 0.0272 with the IgA pa-
tients included to 0.068 with the IgA patients ex-
cluded. The correlation between mean previous
ERPF and GV was significant whether IgA patients
were included or excluded (Fig.3 b).

There was a direct correlation between mean pre-
vious FF and BMT (r = 0.407, p < 0.02), Vv(mes/
glom) (r = 0.431, p < 0.01) and structural index
(Fig.4). No significant correlations were found be-
tween mean previous GFR or ERPF and BMT or
Vv(mes/glom).

When grouping the patients into those with micro-
albuminuria (> 15 mg/min) and those without at time

of renal biopsy, patients with microalbuminuria had
thicker basal membranes (580 ± 52 vs 486 ± 20 nm,
p < 0.05), increased Vv(matrix/glom) (12.1 ± 0.9 vs
10.4 ± 0.4%, p < 0.05), decreased Lv(slit pore/glom)
(0.286 ± 0.013 vs 0.367 ± 0.011 mm� 2, p < 0.001), de-
creased Sv(pcap/glom) (0.126 ± 0.007 vs 0.147 ±
0.003 mm� 1, p <0.01), and higher structural index
(70.1 ± 6.0 vs 59.0 ± 2.1, p < 0.05) than those without
microalbuminuria. The total filtration surface area
per glomerulus (the product of Sv(pcap/glom) and
GV) was not significantly different between micro-
and nonalbuminuric patients (0.353 ± 0.033 vs
0.379 ± 0.022 Mmm2) due to somewhat larger glomer-
ular volumes in the microalbuminuric group (2.96 ±
0.16 vs 2.59 ± 0.17 Mmm3, p = 0.22).

A direct correlation was found between foot pro-
cess width and log UAE (Fig.5 a) and an inverse cor-
relation between Lv(slit pore/glom) and log UAE
(Fig.5b). If total slit pore length is calculated (GV �
Lv(slit pore/glom)) and related to log UAE there is
still a correlation, however, not significant (r = 0.333,
p = 0.0895).

Metabolic control in relation to morphometry and re-
nal function. Figure 6 a shows the correlation be-
tween structural index and mean of all previously
taken HbA1c. Significant correlations were also found
between the mean of all HbA1c and BMT and Vv(ma-
trix/glom) (r = 0.624, p < 0.001 and 0.44, p < 0.01,
respectively).

There was also a significant correlation between
mean previous FF and mean of all HbA1c (Fig.6b).
FF at time of biopsy was also directly related to actual
HbA1c (Fig.7) taken at the renal function test.

Patients with microalbuminuria at the time of re-
nal biopsy had worse previous metabolic control
than patients without microalbuminuria (mean
HbA1c 9.3 ± 0.5 vs 7.9 ± 0.2 %, p < 0.01).

Multiple linear regression analysis by two different
regression models has been used to further analyse
the influence of different variables on BMT and
Vv(matrix/glom) as the outcome variables. Duration
of diabetes, age at biopsy, mean previous FF and
mean of all HbA1c were used as independent vari-
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ables in both models. Table 1 shows the independent
variables of importance for BMT as the outcome vari-
able. 44 % (r 2 = 0.44) of the variation in BMT is ex-
plained by metabolic control (mean of all HbA1c)
and age at biopsy while mean previous FF and dura-
tion of disease were not found to be important ex-
planatory factors. According to this model BMT in-
creases with 61 nm with each per cent added of
mean HbA1c and 9 nm with each patient year. In the
second model (Table 2) we found that Vv(matrix/
glom) correlated significantly to FF (mean previous
FF) and duration of the disease and these two vari-
ables explained 28 % of the variation in Vv(matrix/
glom). No significant effects were found from age at
biopsy, mean HbA1c and the interaction effect of
mean previous FF* mean HbA1c. Vv(matrix/glom)

increased 0.6% with each per cent added of mean
previous FF and 0.2% with each year of duration.

Discussion

This is the first report on renal biopsies in diabetic
children before the stage of microalbuminuria and
after long-term follow-up of their renal function de-
termined at regular intervals by accurate methods.

Despite the fact that none of the patients in the
present study had persistent microalbuminuria, basal
membrane thickening as well as an increase of me-
sangial matrix were seen. We have not collected any
of our own control material but we have compared
our data with normal values from the literature. In re-
nal biopsies from cadaveric as well as from living do-
nors, mean values of BMT have been reported to be
305 nm [17], 343 nm [16], and 359 nm [18]. Corre-
sponding mean values for Vv(matrix/glom) were re-
ported to be 7% [18], 7.1% [19], 8.6% [16] and 9%
[17]. These donors were, however, mostly older than
our patients. Steffes et al. [19] showed a slight in-
crease in BMT with age up to the fourth decade of
life. Thus, normal control values for BMT in the age
group of our patients could be expected to be lower
than those presented here, which would imply that
most of our patients had increased BMT. In contrast
to Rudberg et al. [20] we found no correlation be-
tween BMT and duration of disease.
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We found a significant difference in BMT and
Vv(matrix/glom) when comparing patients with and
without microalbuminuria at the time of biopsy, but
also patients without microalbuminuria seemed to
show thicker basal membranes and increased
Vv(matrix/glom) compared with reported normal
values [16±18]. These results are consistent with
those of Walker et al. [21] and Fioretto et al. [22]
but ésterby reports in her review of pooled data
from a number of studies from her laboratory [23],
increased BMT in some of the normoalbuminuric
diabetic patients but a mesangial matrix volume en-
tirely within the normal range. Chavers et al. [24]
found total overlapping in BMT and mesangial vol-
ume in diabetic patients with and without microal-
buminuria. This is in variance with studies of Walker
et al. [21] and ésterby [23] who report clear differen-
ces between normoalbuminuric and microalbuminu-
ric patients. The differences in results between differ-
ent studies may be caused by differences in duration

of diabetes and in the number and matching of con-
trol subjects.

The correlation between BMT and Vv(matrix/
glom), found in the present study and by Walker et
al. [21], support the statement presented by ésterby
that changes in peripheral basal membrane and in
mesangial matrix develop in concert and both con-
tribute to the early stage of glomerulopathy in pa-
tients with microalbuminuria [23].

Renal diseases other than diabetic nephropathy
have been reported in diabetic patients [25, 26] such
as immune complex glomerulonephritis, membra-
neous nephropathy and others. The authors claim
that the biochemically altered glomerular basement
membrane is more permeable to macromolecules
thus favouring deposition of antigen or complexes
along glomerular basement membrane. Findings of
IgA-deposits were reported by Gans et al. [27] in
five elderly patients in a group of 47 (10.6%) non-
black diabetic patients. Among 1286 non-diabetic
kidney biopsies performed during the same time pe-
riod, they found an incidence of 8.6% with IgA ne-
phropathy [27]. The authors claim that the occur-
rence of IgA nephropathy in diabetes cannot be a co-
incidence. In a European study of 250 consecutive
autopsy cases without known renal disease, the fre-
quency of IgA deposits was found to be 4.8% [28].
We found in the present material 4 out of 36 diabetic
patients, i. e. 11%, with IgA deposits. Among 202
diabetic patients having undergone a renal biopsy at
Huddinge Hospital between July 1982 and July
1993, 24 were diagnosed with IgA nephropathy
(12%), 16 of whom had insulin-dependent and 8
non-insulin-dependent diabetes mellitus (unpub-
lished data).

In most studies where renal function is related to
structural changes, no correlations have been report-
ed probably because the renal functional investiga-
tion was performed only once and mostly in connec-
tion with the biopsy [17, 23, 29]. Furthermore the pa-
tients mostly had a longer duration of the disease
and represent a later stage of nephropathy [30]. We
have related our data to mean previous GFR or FF,
which thus reflects the renal function during the
whole period before the biopsy. Furthermore we
have performed the biopsy at a very early stage of
the disease in an unselected group of patients among
whom a fraction of approximately 30% will progress
to overt nephropathy. We found correlations between
BMT, Vv(matrix/glom) and structural index to mean
previous FF which indicates that longstanding hyper-
filtration (increased GFR) without simultaneous hy-
perperfusion (increased ERPF), i. e. increased FF, is
a contributing factor for the development of glomer-
ular changes. Thus, it seems that previous FF is of
greater importance than previous GFR indicating
the importance of determining both GFR and ERPF
in diabetic patients.
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Table 1. The estimated regression coefficients and correspond-
ing 95 % confidence interval of mean HbA1c and age at biopsy
as independent variables of importance for BMT

Independent
variable

Estimate 95% confidence
interval

p -value

Mean HbA1c 61 36±85 < 0.001
Age 9 0±20 0.097

Table 2. The estimated regression coefficients and correspond-
ing 95 % confidence interval of mean previous filtration frac-
tion (FF) and duration of disease as independent variables of
importance for Vv(matrix/glom)

Independent
variable

Estimate 95% confidence
interval

p -value

Mean previous FF 0.60 0.25±0.95 0.0018
Duration of disease 0.22 0.01±0.42 0.0437



Increased GFR and FF have been reported in
IDDM from start of the disease [8, 31±36]. ERPF
has been reported to be increased [33, 35±37], nor-
mal [8, 38] and decreased [39]. The causes of the hy-
perfiltration have been widely discussed [40]. In the
present study performed at around 10 years' dura-
tion, high GFR and FF were still found. At time of
renal biopsy some of our diabetic patients showed
microalbuminuria and those also showed previous
hyperfiltration and high FF. Rudberg et al. [41] has
previously reported that the only predictor to devel-
op albuminuria was hyperfiltration after 8 years'
duration. Chiarelli et al. [42] followed two groups of
diabetic children and adolescents with the same
duration of disease over a 10-year period. The pa-
tients were divided into 23 with hyperfiltration
(GFR > 140 ml/min per 1.73 m2) and 23 age- and
sex-matched diabetic patients without hyperfiltra-
tion. Of the 23 hyperfiltering patients 7 developed
microalbuminuria while only 1 in the non-hyperfil-
tering group. They concluded that persistent glomer-
ular hyperfiltration is a risk factor for the develop-
ment of microalbuminuria [42]. Mogensen [43] re-
ported that patients who had had marked hyperfil-
tration about 13 years earlier had microalbuminuria
and decreased GFR at follow-up. He proposed that
marked hyperfiltration may contribute to late glo-
merular damage [43]. Rudberg et al. [44] recently re-
ported that in adolescents with hyperfiltration in the
normoalbuminuric stage, a decline in GFR may be
an expression of more advanced diabetic glomerulo-
pathy. In that study, however, the decline is based
on only two GFR measurements performed with dif-
ferent techniques and approximately 3 years apart.
In the present study we did not find any correlation
between yearly change in GFR or ERPF and any
morphometric parameters.

It could be expected that hyperfiltration is con-
nected with large glomeruli. Instead we found a
weak, inverse correlation between mean previous
GFR and GV. Some of the patients with hyperfiltra-
tion had small glomerular volumes. Bilous et al. [45]
reported no significant differences in GV between
control subjects and diabetic patients with or without
nephropathy and with a relatively short disease dura-
tion (14±16 years), while nephropathic subjects with
longer duration (24±26 years), however, showed sig-
nificantly enlarged GV. In the first group of nephro-
pathic subjects, GV did not correlate with the num-
ber of sclerotic glomeruli which was the case in the
subjects with longer duration. The patients who de-
veloped nephropathy at an early age might thus be
those with an incapacity to increase their glomerular
volume which could be fatal for the glomeruli. Based
on the above mentioned studies relating hyperfiltra-
tion to a greater risk for nephropathy, as well as our
findings that high mean previous FF correlates to an
increase in structural index (i. e. relative increase of

mesangial matrix per glomerulus), patients in our
study who both hyperfiltrate and show small glomer-
uli may represent the subset of patients who will later
develop nephropathy. This is in agreement with stu-
dies in more advanced nephropathy where mesangial
expansion in glomeruli without the capacity to in-
crease in size will result in more advanced nephro-
pathic changes [46]. In autopsies from diabetic pa-
tients with overt nephropathy, the largest glomeruli
were the least affected by diabetic glomerulopathy
[47]. Thus, if mesangial volume fraction increase is
totally compensated for by glomerular enlargement,
this does not result in loss of filtration surface [23].

The mechanisms and the structural counterpart of
the increased permeability to albumin have not been
identified. We found a direct correlation between
foot process width and log UAE and an inverse cor-
relation between log UAE and filtration slit Lv(slit
pore/glom). Ellis et al. [48] found increased foot pro-
cess width in patients with overt albuminuria and
they found slightly wider foot processes in microalbu-
minuric diabetic patients compared to control sub-
jects while filtration slit length density was similar in
control subjects and microalbuminuric diabetic pa-
tients but decreased in patients with overt proteinur-
ia. Bjùrn et al. [49] found an overall tendency of
wider foot process width in patients with increased al-
bumin excretion rate and a correlation between foot
process width on mesangium and log UAE but they
did not think that could explain the mechanism of al-
bumin leakage.

It has been suggested that maladaptive changes of
the podocytes are closely linked to the development
of glomerular sclerosis [50, 51]. A fundamental rea-
son that the podocytes exhibit degenerative changes
when challenged to glomerular hypertrophy and hy-
pertension [52] is that the podocytes possess no or lit-
tle capacity to replicate and can therefore adapt only
by hypertrophy. This adaptive hypertrophy of the
podocytes is always associated with an effacement of
their foot processes and a decrease in permselectivity.
For instance, Tenschert et al. [53] found after subtotal
nephrectomy in rats a strong inverse correlation be-
tween filtration slit length (i. e. increase in foot pro-
cess width) and albuminuria. Thus, the demonstra-
tion of an increase in foot process width indirectly
suggests that related glomeruli are hypertrophied
and/or exposed to increased intracapillary pressures.
Both these processes have been accepted to take
place in the diabetic glomerulus. Furthermore it has
been shown that the glomerular capillary barrier is
highly sensitive to elevations of hydrostatic pressure;
minute elevations of the intracapillary pressure re-
sults in a markedly increased permeability for albu-
min [54]. Taking these observations together and re-
lating them to our data that an increase in mean pre-
vious FF related to an increase in UAE, we find it ra-
tional to suggest that microalbuminuria in diabetic
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patients is, among other causes, the result of an in-
crease in intracapillary glomerular pressure.

The connection between poor metabolic control
and morphological changes has been described pre-
viously [17]. Our findings of the worst metabolic con-
trol in the patients with microalbuminuria confirm
the findings in other studies [21, 40, 55]. The relation
of poor metabolic control and hyperfiltration that
was found in the present study is in agreement with
others [16, 40]. When performing multiple regression
analyses we found that metabolic control seemed to
be an important factor for the increase in basal mem-
brane thickness while increase in mean previous FF
seemed to be most important for the increase in
Vv(matrix/glom). This could be interpreted as indi-
cating that changes in basal membrane thickness
could vary with metabolic control and perhaps an im-
proved metabolic control in early stages of the dis-
ease might decrease the thickening of the mem-
branes. The more important influence of FF on
Vv(matrix/glom) could be interpreted as indicating
that the hyperfiltration and thereby the increase in
filtration pressure within the glomerulus might di-
rectly influence mesangial matrix.

In conclusion the study has been performed in nor-
moalbuminuric patients of whom only around 30%
will develop diabetic nephropathy. Despite the inves-
tigation performed in this early phase of the disease,
we found significant structural abnormalities such as
thickening of the glomerular basal membranes as
well as increased mesangial matrix volume fractions.
It seemed as if long-term hyperfiltration, specially
high FF, and poor metabolic control were predictive
of structural changes. Furthermore if mesangial ma-
trix volume increases in glomeruli of small or normal
size, the risk of developing nephropathy seems to in-
crease.
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