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Summary. Increased urinary albumin excretion, microalbu-
minuria, may be the first sign of early diabetic nephropathy.
We examined glomeruli by morphometric methods in 17 pa-
tients with Type 1 (insulin-dependent) diabetes mellitus and
microalbuminuria. The median age was 19 (range 18-29)
years, duration of diabetes 12 (8-15) years, mean blood
pressure 93 (87-115) mm Hg, glomerular filtration rate 132
(101-209) ml-min*-1.73 m* 2, albumin excretion rate (mean
over 1 year) 32 (15-194) ug/min. Reference data were ob-
tained from 11 healthy kidney donors. Mesangial volume es-
timates were obtained by serial sectioning in three total
profiles in each of three glomeruli in diabetic patients. Base-
ment membrane thickness and matrix volume fraction were

estimated from one level per glomerulus. Two matrix pa-.

rameters, matrix star volume and matrix thickness, were esti-
mated. Interstitial volume fraction in cortex was measured by
light microscopy. The morphological parameters were sig-
nificantly increased in the diabetic group compared to the
control group, basement membrane thickness (mean with
95% confidence intervals) was 595 nm (549-641nm) vs

305 nm (287-325 nm), p = 0.0001; mesangial volume frac-
tion 0.22 (0.21-0.23) vs 0.19 (0.18-0.21), p = 0.04, and ma-
trix volume fraction 0.13 {0.12-0.13 vs 0.09 (0.08-0.10),
p = 0.001. Also matrix star volume and thickness, interstitial
volume fraction and mean capillary diameter were signifi-
cantly increased. The intra-individual variation among
glomeruli expressed as coefficient of variation was 7.4% vs
9% (basement membrane thickness) and 11.7% vs 25%
(mesangial volume fraction) in the diabetic and the control
group, respectively. Increment of basement membrane thick-
ness and matrix volume fraction per year were significantly
correlated with mean 1-year HbA, . (r = 0.55and r = 0.51, re-
spectively). We conclude that microalbuminuria in Type 1
diabetes is associated with increased basement membrane
thickness and also mesangial matrix expansion. This incre-
ment seems to correlate with glycaemic control.

Key words: Diabetic glomerulopathy, microalbuminuria,
basement membrane thickness, mesangial expansion, me-
sangial matrix, stereology, hyperglycaemia.

Microalbuminuria (MA) has been shown to be predictive
for later clinical diabetic nephropathy [1-3]. MA is by
some investigators regarded as an expression of general
vascular disease and a marker of early nephropathy [4].
This is questioned by other authors claiming that microal-
buminuria alone, without elevated biood pressure or de-
creased glomerular filtration rate, does not indicate
underlying glomerular lesions different from those in pa-
tients with normoalbuminuria [5]. Whether persistent
microalbuminuria in Type 1 (insulin-dependent) diabetes
mellitus denotes distinct morphological changes in the
kidney has been addressed in only a few studies [5-7].
The aim of our study was fo quantify morphological
glomerular changes in young (age 1829 years), Type 1
diabetic patients with persistent microalbuminuria and
compare the results with those found in non-diabetic sub-
jects. The results are discussed according to recently pub-

lished findings in diabetic patients with normoalbumin-
uria [8, 9].

Subjects and methods

Subjects

Persistent microalbuminuria was screened for in 371 Type 1 diabetic
patients between 10-30 years of age with diabetes duration of more
than 5 years. The patients came from five different out-patient clin-
ics (282 subjects from Aker University Hospital, paediatric and
medical departments, and 89 from three nearby paediatric depart-
ments). Persistent microalbuminuria was defined as albumin excre-
tion rate between 15-200 pg/min in at least two out of three over-
night urine samples during 1 year. Forty-five patients (12 %) fulfilled
this criterion. Thirty-three patients consented to participate in aran-
domized, prospective study concerning the importance of improved
blood glucose control in adolescents and young adults. The study in-
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Table 1. Clinical data (median and range)

Diabetic Control
patients subjects
n (female/male) 17 (8/9) 11(8/3)
Age (years) 19 (18-29) 48 (21-58)
Diabetes duration (years) 12 (8-15) -
GFR (ml-min~!-1.73m??) 132 (101-209) 104 (86-125)
AER® (ug/min) 32(15-194) -
HbA ¢ (%) 105(7.9-12.6) —
Systolic blood pressure (mm Hg) 120 (110-150) 120 (110-150)
Diastolic blood pressure (mm Hg) 78 (67-98) 80 (70-90)
Mean blood pressure (mm Hg) 93 (87-115) 93 (83-105)
GFR, Glomerular filtration rate; AER, urinary albumin excretion

rate (overnight)
values are the mean of measurements taken during 1 year

cludes baseline renal biopsies and follow-up biopsies at 2-3 years.
This report deals with the glomerular morphology from the first 17
kidney biopsies investigated.

The patients had neither clinical neuropathy nor proliferative
retinopathy (three had no retinopathy at all, while 14 had simplex
retinopathy with median 23 red spots (microaneurisms and haem-
orrhages), range 3-187, by 50° fundus photography). Sixteen of the
patients had normal arterial blood pressure ( < 140/50 mm Hg). One
was hypertensive (140/97 mm Hg) at the beginning of the study, but
the blood pressure decreased to 135/85 mm Hg during 6 months
without treatment. The clinical data are given in Table 1. The proto-
col was approved by the regional ethics committee and renal biopsy
was performed only in patients above 18 years of age after written
consent. No complications were experienced.

The control biopsies were taken from 11 living kidney donors
who had undergone an extensive investigation prior tonephrectomy
to ensure normal renal function [10] (Table 1).

Clinical and laboratory studies

Urinary albumin excretion rate (AER) was measured in three timed
overnight urine samples the year preceding the biopsy. Data ex-
pressed as medians withranges are givenin Table 1. Thealbumincon-
ceniration was measured by immunoturbidimetry in samples kept at
4°Cfrom1to3 days. Theinter-assay coefficientof variation (CV) was
4.7 % in therange of 10-50 mg/l. Urine samples were negative for leu-
cocytes, nitrite, albumin and ketones as determined by Nephur-
Test®R + Leuco (Boehringer-Mannheim GmbH, Mannheim, FRG).

Glomerular filtration rate (GFR) in the diabetic group was
measured by inulin clearance after oral water loading (> 20 ml/kg)
with subsequent urine osmolality below 200 mosm/kg. High concen-
tration of interfering glucose was removed by glucose oxidase. In the
control group the GFR was determined as the plasma clearance of
SC-EDTA after single bolus injection [11]. The GFRs were cor-
rected for body surface area (1.73 m?).

Haemoglobin A;. (HbA,.) was analysed by an HPLC-method
using a “Diamat”-machine (Biorad, Richmond, Calif., USA). The
normal range is 4.3-6.1%, inter-assay CV 3%. The mean of 3-4
HbA, -measurements per patient during 1 year is given.

Blood pressure was measured by conventional mercury
sphygmomanometer with the patient sitting after 10 min rest. Mean
blood ‘pressure in mm Hg was calculated as 1/3 xsystolic
+2/3 x diastolic (Korotkoff V) pressure. Measurements in the

. diabetic patients represent the mean values of four measurements
during a 2-month period.

Renal biopsies

Inthediabeticpatientsultrasound-guidedkidneybiopsieswere taken
with an 18 gauge needle integrated automatic gun-biopsy system
(Biopty,BardInc, Covington, Ga.,USA). The tissue wasimmedjately
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immersedintoa? % glitaraldehyde solutioninmodified Tyrodebuff-
er {12] and mailed in this fixative to the laboratory in Arhus. Embed-
dinginto Vestopal wasdoneafter3-10 daysstorage (mean6.3 days)in
fixative. In the living donors a cortical wedge biopsy was taken imme-
diately after the re-establishment of blood flow in the transplanted
kidney. These biopsies were mailed in the fixative (2% glutaralde-
hyde in cacodylate buffer) and embedded into Vestopal.

Measurement of structural parameters

Structural quantities relevant to diabetic glomerulopathy were esti-
mated. The structures in question are the peripheral basement mem-
brane (BM), the mesangial regions and the mesangial matrix
(Fig. 1). With the main aim of improving the precision in the esti-
mate of mesangial volume fraction we developed the following pro-
cedure:

Sampling from the tissue block: sections of 1 pm thickness were cut,
picked up and stained with toluidine blue for light microscopy. The
first section in the block, the baseline section, was not used for sam-
pling. Sequential sections with 10-pm intervals were inspected, and
any new glomerulus appearing in one of these sections was sampled
for analysis. Thin sections were cut at three sequential levels, 60 pm
and multiples thereof, from the baseline section. With this procedure
three glomeruli were sampled independently of size or structure,
and ultrastructure was studied in the set of three parallel cross-sec-
tions with a random position along the glomerular diameter. The sec-
tions stained for light microscopy (10-pum intervals) were used for
the determination of glomerular volume. The data presented for the
control group were obtained from at least three randomly selected
glomeruli [8] using one level with a random position in each glo-
merulus.

Quantification by electron microscopy: the glomerular profiles with
level distance of 60 pm, were recorded with overlapping micro-
graphs to produce photomontages at a final magnification of 2350 x .
A minimum of three profiles from each of three glomeruli were ob-
tained. Since large, untrimmed sections were used it was possible in

Fig.1. The micrograph shows a section of a glomerular tuft. The
lines separating the peripheral basement membrane (PBM) from
the mesangial regions are drawn perpendicular to the epithelial as-
pect, where the simple three-layered structure (endothelium, base-
ment membrane, epithelium) is separated from the more complex
structure of mesangial cells and matrix. The intercepts drawn within
one segment of matrix illustrates the matrix star volume, which is the
average volume that can be “seen” from random points within the
matrix. In the actual measurements intercepts are only classified in
one, predetermined direction in each micrograph. EN: endothelial
cell, EP: epithelial cell
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Fig.2. Basement membrane thickness (BMT) in 17 Type 1 diabetic
patients with microalbuminuria (MA) and 11 non-diabetic control
subjects (C)

several cases to supplement with extra profiles from other glomeruli
that were available on the sections.

The mesangial volume fraction: was estimated by point counting,
using an 8: 1 grid, counting hits on mesangium with the fine points,
and hits on the reference space, defined as the circumscribed, mini-
mal convex polygon [13] with the coarse points. The polygon, in the
following termed ‘glomerulus’, is the reference space common to
light and electron microscopy. Further, coarse points hitting the
glomerular tuft, defined as all structures circumscribed by the base
of the epithelial foot processes, were counted. The distance between
coarse points in the grid corresponded to 22 pm. The mesangial vol-
ume fraction estimate, Vv(mes/glom), in each biopsy was obtained
as the ratio of sum of points from all profiles hitting mesangium and
glomerulus, respectively.

Estimation of surfaces: was done by counting intersections between
test lines and the boundaries of the three interfaces: peripheral
BM/urinary space, mesangium/urinary space, and mesangium/capil-
lary space. The surface density of the boundary equals: 2- intersec-
tions per test line length within the reference space. The surface den-
sity estimate was used for the calculation of the derived structural
quantity, matrix-“thickness” (matrix-T), and for the subsets of
mesangial surfaces (see below).

From the largest of the three profiles of the level-sectioning a set
of micrographs was obtained at a higher magnification (9990 x),
covering about 35% of the total area. This set of micrographs was
placed independently of the structural appearances, the micro-
graphs taken at predetermined settings of the specimen stage move-
ment controls. The set was used for the following estimates:

Thickness of the peripheral basement membrane (BMT): the delinea-
tion between peripheral BM and the mesangial matrix was defined as
illustrated in Figure 1. Measuring points were sampled independent-
ly of the BM appearance with aline grid, measurements taken at in-
tersections between grid lines and the endothelial-BM interface.
The ‘true BM thickness’ was estimated [14], classifying only at the
sampling places, where the distinctness of the epithelial cell mem-
brane showed that the section was perpendicular to the BM surface.
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Fig.3. Mesangial volume faction, Vy(mes/glom), in 17 Typel
diabetic patients with microalbuminuria (MA) and 11 non-diabetic
control subjects (C)

Matrix volume fraction: mesangial matrix was defined as all extracel-
lular material in the mesangial regions. An integral test system was
used to count points hitting matrix, mesangial regions, and the
glomerular tuft (definition as at low magnification). The grid used
for this countinghad a 4: 2: 1 set of points. The Vy(matrix/mes) multi-
plied by Vy(mes/glom), provided the estimate of the matrix volume
fraction, Vy(matrix/glom).

Matrix star volume: this estimate was obtained by measuring linear
intercepts in the matrix, from random points within matrix, in a di-
rection with a 3-D uniform orientation distribution {15]. This 3-D
distribution was obtained by the sampling of sections and micro-
graphs. The intercepts were classified on the micrographs, sampling
the measuring points with the point-grid, and measuring in a pre-
determined direction on the micrograph, i.e. in any direction in 3-D
space. The point-sampled intercepts (1,) were classified with a ruler.
All calculations were carried out on a cubed-scale (I°). The matrix

star-volume, V¥ = g -(13).

Derived structural quantities:

Matrix-T (“thickness”): an estimate of the (imaginary) matrix thick-
ness was obtained from Vy(matrix/tuft)/Sv{((matrix/urinary
space)/tuft). The dimension of the estimate is 1/um™ = um, and it
corresponds to the thickness of the matrix, if it were spread out in an
even layer on the mesangial/urinary space surface.

Mesangial surfaces: the ratio of intersections between grid lines and
the mesangial surfaces, the mesangial capillary space and mesangial
urinary space interfaces, provided an estimate of the ratio of these
two subsets of mesangial surface.

Capillary circumference: was estimated as the ratio of capillary sur-
face density and length density [16, 17]. This led to an estimate of
mean capillary diameter, cap d = Sy/Lvy-7, assuming the capillary
walls unfolded. The Sy is the sum of surface density of peripheral BM
and the mesangial-capillary interface. The estimate of capillary
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Fig.4. Matrix volume fraction, Vy{mat/glom), in 17 Type 1 patients

with microalbuminuria (MA) and 11 non-diabetic control subjects
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length density is Ly = 2 Q,, where Q, is the number of capillary
profiles per reference area identical to reference area for the Sy esti-
mate.

Estimation of interstitial volume fraction by light microscopy: From
each biopsy semi-thin plastic sections from three different blocks of
tissue were used. The sections at the level 10 um from baseline sec-
tions were projected to a television screen at 400 x magnification.
The screen was overlaid with a double grid, with coarse and fine
points (ratio 4: 30) with distances of 190 pm and 70 um, respectively.
The entire sections were measured, the area studied per biopsy was
on average 1.33 mm? (true area in the kidney). Counting was done of
coarse points hitting cortex, and fine points hitting interstitium,
glomeruli including Bowman’s capsule, and large vessels. The defi-
nition of interstitium was the entire space in between tubular epi-
thelium, glomeruli and large vessels, i.e. including interstitial cells
and capillaries. The interstitial space was expressed as fraction of
cortex minus glomeruli and large vessels, i.e. the “tubular cortex”
which is the space where interstitium occurs.

Statistical analysis

Comparisons between the two groups were done by a one-tailed Stu-
dent’s ztest (two-tailed for capillary diameter) and correlations
within the diabetic group by least square regression to the mean.
Multiple linear regression was used to study the simultaneous effect
on structural parameters of various variables. The level of statistical
significance was set 10 5 %.

Results

The microalbuminuric patients showed a clear increment
in BM thickness. BM thickness was significantly increased
in the group of microalbuminuric diabetic patients (mean
with 95% confidence intervals): 595 nm (549-641) com-
pared to the controls 305nm (287-325), Figure?2,
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Fig.5. Matrix star volume in 17 Type 1 diabetic patients with micro-
albuminuria (MA) and 11 non-diabetic control subjects (C)

(p = 0.001). All of the diabetic patients had a BM thick-
ness above the normal range.

A significant difference was also found concerning me-
sangial regions and the mesangial matrix. The difference
was most pronounced for the matrix; Vy(mes/glom) [0.22
(0.21-0.23) vs 0.19 (0.18-0.21), p = 0.04], and Vy(ma-
trix/glom) [0.13 (0.12-0.13) vs 0.09 (0.08-0.10), p = 0.001],
as seen in Figures 3 and 4. This indication of changes of
mesangial matrix was supported by the two other matrix
parameters, matrix star-volume [27.0 um® (21.8-32.2) vs
13.9 um® (10.7-17.1), p = 0.001] and matrix-“thickness”
[3.4um (2.9-3.8) vs 1.5 um (1.2-1.8), p = 0.0001], which
both differed significantly between the diabetic and nor-
mal groups respectively (Figs.5 and 6).

Glomerular capillary diameter was increased in the
diabetic group [73um (6.9-7.7) vs 6.6 um (6.1-7.1),
p = 0.01]. The ratio of the two subsets of mesangial sur-
face, urinary to capillary surface, was reduced in the
diabetic group as compared to the control group [0.70
(0.65-0.75) vs 1.08 (0.91-1.24), p = 0.001].

Variation between glomeruli was estimated by the
intra-biopsy CV, CV = SD/mean, in cases where esti-
mates were obtained in at least three glomeruli. In the
diabetic group the Vy{mes/glom)-variation was esti-
mated only when at least two levels per glomerulus were
measured. The mean CV of the BM thickness and the
Vy(mes/glom) in the diabetic group were 7.4% and
11.7%, respectively. In the control group the comparable
CV for BM thickness was 9 %. The CV for Vy (mes/glom)
among glomeruli, measured only at one level, was 25 %.

The one non-glomerular parameter included, intersti-
tial volume fraction, was increased in the diabetic group as
compared to the controls [0.31 (0.27-0.34) vs 0.23 (0.18-
0.28), p = 0.006].
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Fig.6. Matrix “thickness” (matrix-T) in 17 Type 1 diabetic patients
with microalbuminuria (MA) and 11 non-diabetic control subjects
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Within the diabetic group a significant positive correla-
tion (r = 0.67, p = 0.02) was observed between the overall
severity of glomerulopathy, expressed as an index
(BMT/10+ Vy(mat/glom)-100) and the interstitial vol-
ume fraction. The level of AER did not show a positive
correlation with either the severity of glomerulopathy or
the interstitial volume fraction. Furthermore, the estimate
of mean capillary diameter did not correlate with the cur-
rent level of GFR (r = -0.28)

The relationship between structural changes and puta-
tive risk factors, HbA,., systolic and diastolic blood pres-
sure, and the level of GFR, were studied. In these correla-
tions we used an estimate of structural change per year of
diabetes, taking the mean value for the control group as
the best bid on baseline value, i.e. 305 nm for BM thick-
ness and 0.09 for V (mat/glom). The results of these calcu-
lations (Table 2) showed a positive correlation between
mean-one year HbA;, and both BM thickening (Fig. 7)
and increment in Vy(matrix/glom), r = 0.55 (p = 0.02)
and r = 0.51 (p = 0.02), respectively. When we applied
multiple linear regression analysis with these two struc-
tural parameters separately as dependent variables and

Tahle 2. Correlation coefficient (r) between clinical variables and
estimated rate of increment in structural parameters

Basement membrane V., (mat/glom)

thickening® -increment®
HbA,. (mean one-year) 0.55 0.51
Systolic blood pressure 0.15 0.01
Diastolicblood pressure ~ 0.24 0.08
Glomerular filtrationrate  0.12 +0.18

¢ (Basement membrane thickness —305 nm) /duration of diabetes;
® (Vy mat/glom -0.09)/duration of diabetes
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Fig.7. Basement membrane {BM) thickening per year [(basement
membrane thickness —305 nm/duration of diabetes in vyears]
measured in 17 Type 1 diabetic patients vs mean 1-year HbA,.. 305
nm = mean value of the control group

HbA, ., GFR, duration of diabetes, systolic and diastolic
blood pressure as independent variables, we confirmed a
significant correlation with HbA,. (p <0.05), but with
none of the other variables. One outlier with BM thick-
ness of 372 nm was excluded from the calculation of the
correlations. The BM in this biopsy was atypical with
varying thickness and fluffy areas.

Discussion

‘We have demonstrated distinct morphological changes in
the BM and the mesangium, corresponding to an early
stage of diabetic glomerulopathy in a group consisting of
17 young, Type 1 diabetic patients characterized by nor-
mal blood pressure (except for one patient), slightly ele-
vated albumin excretion and glomerular hyperfiltration.
For BM thickness it is noteworthy that there was no over-
lap between the findings in the diabetic and the non-
diabetic control group.

The mcrement of the matrix parameters was clearly
present and the study showed that structural changes do
exist, not only in the BM thickness, but also in parameters
reflecting mesangial matrix expansion in patients with
microalbuminuria. The elaborate protocol using more
than the one level per glomerulus led to low intra-biopsy
variation, which was essential for demonstration of the
modest mesangial changes.

The reference group differed from the diabetic group
with respect to age, sex and GFR. However, we saw no re-
lationship between BM thickness and Vy(mes/glom) vs
age in the donor kidneys, observations similar to those re-
ported in another series of non-diabetic patients [18]. Fur-
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thermore, due to older age in the control group any bias
would be towards more pathology.

The protocol used for the reference group was less ex-
tensive than that used for the diabetic patients. This con-
cerned the mesangial estimates (with the exception of the
matrix star volume) and those of the surfaces. The higher
CV in the control group of mesangial and matrix parame-
ters is likely to reflect this difference in the protocol. With
the sampling of three levels per glomerulus for the mesan-
gial estimates, intra- as well as inter-biopsy variation in the
diabetic group was very low. Also the BM thickness esti-
mates showed a low intra-biopsy variation. These findings
therefore indicate that in early diabetic glomerulopathy
the lesions are very uniformly distributed within the kid-
ney, or at least within the space of a kidney biopsy.

It has been shown that newly-diagnosed diabetic pa-
tients [14, 19] and identical non-diabetic twins of diabetic
patients [20] reveal normal kidney morphology. Structural
studies in the clinically silent phase, i. e. before the onset of
microalbuminuria, are scarce. It has been demonstrated
that BM thickening may be present after a few years of
diabetes, both in native kidneys [14] or in the transplanted
kidney [21, 22]. This might be an indication that the find-
ings in the present series are unrelated to the presence of
microalbuminuria. Our study design did not include
diabetic patients with normoalbuminuria. Biopsies from
patients of this category, comparable with our group of
microalbuminuric patients with respect to important fac-
tors such as diabetes duration and GFR, have recently
been investigated in the same laboratory as our biopsies
[8]. Comparing the data from our group of microalbu-
minuric patients with those in the published series of pa-
tients with normoalbuminuria, shows significant differen-
ces (mean) in BM thickness (595 nm vs 442 nm), as well as
the matrix-parameters [matrix star volume 27 ym’ vs
22 um®; matrix-T 3.4 pm vs 2.2 um; Vy(matrix/glom}) 0.13
vs 0.11], whereas the mesangial volume fraction is at a
similar level in the two groups (0.22 vs 0.22). The mesan-
gial volume fraction in the present series showed only bor-
derline increase as compared to the control groups. Thus,
the expansion of the mesangial regions is not marked at
this stage although pooled data from different series, all of
them studied at the same laboratory [9], reveals significant
differences between patients with normo- and microalbu-
minuria also concerning the mesangial volume fraction
(0,22 vs 0.26).

The matrix parameters, star volume and thickness,
confirmed that matrix changes are present at this early
stage. The star volume expresses the degree of matrix
confluence, or, in other words, the separation of individ-
val segments of mesangial cytoplasm. The concurrent
changes in the ratio of the two subsets of mesangial sur-
faces, the entry-side being larger than the exit-side, might
favour accumulation of blood-borne substances within
the mesangial regions. Thus the structural modifications
which we have demonstrated may tend to interfere with
the mesangial cell function, e. g. the turn-over of extracel-
Iular material [23], regulation of intraglomerular haemo-
dynamics [24], and interference with the peripheral filter
[25]. The microalbuminuria is the clinical sign that the fil-
ter does not function normally.
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In the study reported by Chavers et al. [S] no significant
difference was found between microalbuminuric patients
with normal blood pressure and preserved GFR vs nor-
moalbuminuric diabetic patients, whereas our microalbu-
minuric group showed both BM thickness- and mesangial
matrix-differences when compared to the previously pub-
lished normoalbuminuric group [8]. This may reflect the
large inter-individual CV (0.33) in mesangial volume frac-
tion in the study [5]. Furthermore, the definition of micro-
albuminuria was based on only one urine sample in some
of the patients. Therefore, the criteria for persistent
microalbuminuria were not fulfilled.

The link between progressing glomerulopathy and in-
creased AER has not been identified. We found no sig-
nificant correlation between the glomerular parameters
and AER. However, the AER in our series was in most
cases in the low microalbuminuric range.

It seems natural to associate the finding of increased
capillary diameter with the hyperfiltration state in the
diabetic group. However, no correlation between current
level of GFR and the mean diameter was observed.
Whether the increase in diameter reflects an increase in
glomerular volume at this stage of disease hasnot yet been
determined. The variation among patients was very low
(CV = 0.10), most likely depending on the use of muitiple
profiles for the estimate.

The estimate of interstitial volume fraction was ob-
tained from a limited area. Thus, the finding of increment
compared to the control group, must be interpreted with
caution. In renal disorders showing interstitial fibrosis the
lesions usually are patchy. Furthermore, the presence or
absence of large blood vessels in the tissue used for mea-
surements could affect the estimate obtained from areas
of limited size. We chose to express the interstitial tissue as
afraction of the “tubular cortex” in order to minimize this
influence. Accumulation of interstitial tissue is always
present around the larger blood vessels and immediately
surrounding the glomeruli. It is therefore important that
in the present series no correlation was found between the
interstitial volume fraction and the area of large vessels or
glomeruli in the sections under study (data not shown).
The finding of increased interstitial volume fraction in the
present kidney biopsies seems to indicate that the pro-
cesses occurring in the glomeruli and in the interstitium
takes place in parallel.

An association between the severity of long-term
hyperglycaemia and renal morphological changes has not
previously been demonstrated. We found that mean one-
year HbA; . was positively correlated to an estimated rate
of BM-thickening and matrix volume-fraction increment.
Ideally the mean HbA,, from the time of diagnosis of
diabetes should have been studied, but these data are not
available for all patients. Our clinical experience is that
glycated haemoglobin measured during 1 year in most pa-
tients is representative of their long-term glycaemic level.
The lack of correlation between other putative risk factors
and the pathological changes may of course simply ex-
press a statistical type 2-error. The absent correlations do
not exclude that either of these clinical variables may in-
fluence the development of renal lesions in diabetes. On
the other hand, the observations do not give any support
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to the presumed influence of hyperfiltration or elevated
systemic blood pressure in initiating the lesions of diabetic
glomerulopathy.

Even though microalbuminuria predicted clinical
diabetic nephropathy [1-3], it was found in a recent 4-year
follow-up study [26] that 50% of the insulin-dependent
diabetic patients with microalbuminuria did not show an
increase of urinary AER over that period. The individual
variation in the pattern of development of the structural
changes over the duration of diabetes is unknown.
Whether some patients may develop only a degree of
glomerulopathy and then show no further progression —
due to intervention treatment or spontaneously —can only
be elucidated in a follow-up series. The present series rep-
resents baseline values for such a follow-up study.

Our studies emphasize the importance of detecting
microalbuminuria and following the course of develop-
ment of nephropathy in young diabetic patients.
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