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Abstract

Aims/hypothesis. We aimed to investigate prospec-
tively the interrelation between kidney function and
glomerular morphological changes over 8 years in
young patients with Type I (insulin-dependent) dia-
betes mellitus and microalbuminuria.

Methods. Kidney biopsies were taken at baseline and
after 8 years in 18 subjects who were 20 years of age
(1929 mean and range), had duration of diabetes
for 11 years (7-18), and who had an albumin excre-
tion rate of 45 ug/min (15-194). The glomerular ultra-
structural parameters were analysed using stereologi-
cal methods.

Results. At the end of the study three patients had an
increased albumin excretion rate of more than 25 % a
year, two of whom developed overt nephropathy.
Glomerular filtration rate declined 2.3 ml/min - 1.73
m~2 - yr'l. Glomerular volume, volume fractions of
matrix and mesangium, and basement membrane
thickness showed an increase over the 8 years. Multi-
ple regression analysis showed that mean 8-years

HbA, ., matrix volume fraction,,.;,. and basement
membrane thickness BMT, ;.. accounted for 70 %
of the variation in AER at the end of the study. Me-
sangial volume fractiony i, glomerular filtration
fractiony ;.. and mean 8-year HbA, . accounted for
73 % of the change in glomerular filtration rate from
baseline. Smoking was strongly associated with the
glomerular filtration rate at baseline (r=0.65).
When glomerular filtration rate,,;,. was omitted
from the equation, smoking was the only significant
parameter linked to the change in glomerular filtra-
tion rate from the baseline.
Conclusion/interpretation. In patients who had dia-
betes for 20 years, long-term hyperglycaemia and glo-
merulopathy found 8 years prior to the study, and
possibly smoking, affected renal function (i.e. albu-
min excretion rate and glomerular filtration rate).
[Diabetologia (2002) 45: 253-261]
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Since the term microalbuminuria was coined and was
shown to predict clinical nephropathy in Type-I (insu-

Received: 16 July 2001 and in revised form: 18 October 2001

Corresponding author: H-J Bangstad, M.D., Department of
Paediatrics, Ulleval University Hospital, 0407 Oslo, Norway,
e-mail: h.j.bangstad@ioks.uio.no

Abbreviations: BMT, Basement membrane thickness; Vv(mes/
glom), mesangial volume fraction per glomerulus; Vv(mat/
glom), matrix volume fraction per glomerulus; GV, glomerular
volume; ERPF, effective renal plasma flow; FF, filtration frac-
tion; CSII, continuous subcutaneous insulin infusion; CT, con-
ventional treatment

lin-dependent) diabetes mellitus in the early 1980s
[1-3], the research has focused on the putative risk
factors in the early stages of nephropathy and their
relative importance for the decline in renal function.
The present knowledge of these factors and the de-
velopment of the ultrastructural changes in the glom-
eruli, i.e. basement membrane thickening and me-
sangial expansion, are scarce and primarily based on
cross-sectional studies [4-8]. Long-term studies on
homogeneous groups of Type I diabetic patients
have not been carried out.

Hyperglycaemia has been shown to be associated
with the degree of glomerulopathy in incipient nephr-



254 H-J Bangstad et al.: The development of glomerulopathy over 8 years

opathy [5, 9, 10]. Improved metabolic control by ei-
ther intensive treatment [11] or by pancreas trans-
plantation [12] has been shown to arrest and even im-
prove the glomerular changes in native kidneys.

Several additional factors like glomerular hyperfil-
tration [13], high blood pressure [14], smoking [15]
and genetic predisposition [16-17] are probably co-
players in the development of diabetic nephropathy
but their role in the more short-term development of
the specific glomerulopathy is not clear.

The aim of our study was to investigate prospec-
tively with sequential biopsies the relation between
renal function and glomerular ultra-structural chan-
ges over 8years in a well-characterized group of
young patients with Type I diabetes and microalbu-
minuria.

Subjects and methods

Patients. A total of 18 patients were studied prospectively for
8 years (7.8-8.5). Patients were initially enrolled in an inter-
vention study (continuous subcutaneous insulin infusion, CSII
vs. conventional treatment, CT) for 2.5 years (2.2-2.8) in pati-
ents with microalbuminuria and poor blood glucose control.
The details from this study have been presented [5, 11]. When
the intervention study ended, two patients in the CSII-group
did not adhere to the pump treatment modality, whereas one
in the CT-group started with insulin pump. The patients were
followed during the follow-up study by the same investigator
(H-J Bangstad) at the outpatient clinic at 3 to 4 month inter-
vals. Kidney biopsies and renal function tests were done at
baseline [GFR and effective renal plasma flow (ERPF)], after
2.2 to 2.8 years (GFR and ERPF), and at 7.8 to 8.5 years
(GFR).

All study patients accepted the final biopsy but two patients
had to withdraw because of pregnancy. However, another two
patients who dropped out of the intervention study before ran-
domisation but after having kidney biopsies taken, were in-
cluded in the 8-year follow-up study, giving a total of 18 pati-
ents. The two patients were followed in a clinical setting with
the same regularity in the measurements of HbA, . and urinary
AER as the rest of the participants, blood pressures were ob-
tained only in connection with the kidney biopsies. The Re-
gional Ethics Committee approved the protocol and patients
gave their written informed consent. No major complications
were observed except for two incidences of macroscopic hae-
maturia.

At baseline the mean age (and range) of the patients was
20.1 years (18-29) and the duration of diabetes was 11.3 years
(7-18). The clinical characteristics of the subjects are shown in
Table 1. One had transient hypertension, i. e. normalized blood
pressure after 6 months without antihypertensive treatment.
However, from 6 years after baseline the patient was treated
with ACE-inhibitor because of hypertension (> 140/
90 mmHg). At baseline none of the subjects had proliferative
retinopathy. Nine subjects smoked and the number of cigarettes
smoked per day was noted yearly according to the interview.

Urine samples. The albumin concentration was measured by
immunoturbidimetry in timed overnight samples. The interas-
say coefficient of variation was 4.7% in the range of 10 to
50 mg/l. The individual AER values presented are the mean
of three measurements.

Table 1. Clinical data and structural parameters at baseline
and end of an 8-year study in 18 young subjects with Type I di-
abetes and microalbuminuria at entry

Baseline End of study
HbA, (%) 10.1 (9.5-10.8) 9.4 (8.7-10.1)
AER (ug/min)? 32 (25-44) 18 (13-27)
Systolic BP (mm Hg) 126 (120-132) 131 (125-137)
Diastolic BP (mm Hg) 81 (76-85) 79 (75-82)

GFR (ml/minl per 1.73m2) 143 (130-156)
ERPF (ml/min per 1.73m?) 679 (609-748)
FF 0.22 (0.19-0.26)

2 Median
bp <0.05
Mean and 95 % CI

125 (114-135)°

Blood glucose control. During the first 3 years HbA, was anal-
ysed by high-performance liquid chromatography (HPLC)
(Diamat analyser, Biorad, Richmond, Calif., USA). The nor-
mal range was 4.3 to 6.1 %, with an interassay CV of 3 %. For
the rest of the study period an immunological method, DCA
(Bayer, Leverkusen, Germany) was used. The normal range
was 4.1 to 5.9 % with an interassay CV of 3.4 %. The DCA val-
ues were transformed to values corresponding to the HPLC
method (multiplied by 1.04).

Blood pressure. Conventional mercury sphygmomanometer
was used with patients sitting after a 10-min rest.

Renal function tests. Glomerular filtration rate was measured
as inulin-clearance after oral water loading. High concentra-
tions of interfering glucose were removed by glucose oxidase.
At the end of the study I'* iothalamate clearance was applied.
Effective renal plasma flow was calculated as renal clearance
of para-amino-hippuran at a steady state concentration of 20
to 40 mg/ml. Filtration fraction was calculated as GFR/ERPF.

Renal biopsies. Percutaneous renal core biopsies at baseline
were taken using an 18 gauge needle as described previously
[5, 11]. The entire kidney biopsy was immediately fixed in a
2% glutaraldehyde solution in Tyrode buffer and mailed in
the fixative to Aarhus. The core was subdivided into smaller
blocks, which were dehydrated and embedded into vestopal.

At baseline each block of tissue was serially cut into 1um
thick sections, which were placed on slides and stained with
toluidin blue. Glomeruli sampled for electron microscopy and
for volume measurements were new appearing corpuscles in
the block. Thin sections for electron microscopy were cut at
60 um intervals and multiples thereof from the first baseline
section in the block providing three sections through each
glomerulus separated by 60 um, with an independent random
position within each glomerulus. Thin sections were obtained
in three glomeruli, representing at least two different blocks
in each biopsy, so that nine total cross sections were produced
for measurements at low magnification. Glomerular volume
was estimated applying Cavalieri’s method using sections at
10 um intervals [18].

At low electron microscopy magnification ( ~ 2300 - ) the
total cross section was photographed with overlapping fields
which were then pasted together to produce photomontages.
The protocol for sampling and printing at higher magnification
was repeated for all of the baseline biopsies with the new com-
puter-based system as described below. Thus all of the mea-
surements at higher magnification were done in baseline biop-
sies and the third biopsy at the same time and with exactly the
same procedures.
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The kidney biopsy at the end of the study was immediately
fixed in a 2% glutaraldehyde solution and mailed in the fixa-
tive to Aarhus, cut into smaller blocks, dehydrated and embed-
ded into epon (since vestopal was no longer available at this
time).

At the end of the study each of the blocks were serially sec-
tioned as described above. However, in this series the interval
between the sections sampled for electron microscopy was
50 um. As in the baseline biopsies three sections were obtained
in each of three glomeruli sampled, representing at least two
different blocks.

At the end of the study all images were digitised at the Phi-
lips CM10 microscope equipped with the SIS-system (Analy-
SIS 3.0, Soft Imaging System, Hammer strasse 89, Miinster,
Germany). All recorded fields were saved at an optical disk,
which was later taken to the office desk computer for the mea-
surements. At low magnification (final magnification on the
screen ~ 4900 x), systematic sampling of the glomerular cross
sections was done, covering about 83 % of the total area. At
higher magnification (corresponding to 12500 x on the com-
puter screen) systematic independent sampling of the largest
cross section in each glomerulus was done, providing a sam-
pling fraction of about 64 % . These recordings at higher magni-
fication were repeated on the previously prepared thin sec-
tions from the baseline biopsies.

For measurements at low magnification volume fractions
were obtained by standard point counting. On the photomon-
tages a 1:8 grid was used counting coarse points hitting the
glomerular polygon [19] and the glomerular tuft, i.e. all struc-
tures inside the epithelial covering. Fine points were counted
hitting mesangial regions. Corresponding point counting using
a 1:9 grid was done on the computer screen for the digital im-
ages.

For measurements at high magnification basement mem-
brane thickness was estimated with the orthogonal intercept
method [20]. In the computer system intercepts were directly
recorded, without subdivision into classes. From the total num-
ber of intercepts the harmonic mean thickness was calculated.
Volume fractions were obtained by point counting using a
1:2:4 grid counting coarse points on glomerular tuft (defined
similarly as by low magnification), medium points counted on
mesangial space and fine points on mesangial matrix and pe-
ripheral basement membrane. The matrix star volume was es-
timated from random intercepts as described [6]

Mesangial volume fraction relative to the polygon space
was measured from the set of nine photomontages in the base-
line biopsies and in the last follow-up biopsy on the low magni-
fication images from nine cross sections in each biopsy (mea-
sured area corresponding to 83% of the total). The volume
fraction matrix/mesangium was estimated on the high magnifi-
cation-images. Combined with the measurement of Vy(mes/
glom) the estimate of Vy(mat/glom) was obtained. All volume
fractions were estimated by the sum of points on the individual
compartments divided by all points on the reference space for
each biopsy. Likewise, basement membrane thickness and ma-
trix star volume were estimated from the total number of inter-
cepts measured in each biopsy.

Comparisons. All of the data at high magnification had been
obtained previously on printed micrographs and a comparison
could then be made between previous and recent data. Apart
from using a different technique a different observer was in-
volved in some of the measurements (BMT). A highly signifi-
cant difference obtained in paired comparisons of old com-
pared with new measurements on photographic prints versus
on the computer screen, would indicate the need to redo all
the baseline biopsies. However, a very strong correlation was

obtained in the whole group between first and second mea-
surements with p values of less than 107,

Statistical analysis. Simple paired t-test was used when appro-
priate. Linear correlations were tested by least square regres-
sion to the mean. Stepwise multiple regression analyses were
done to evaluate the independent influence of risk factors
(mean 8-years HbA,,, blood pressure, smoking during the
study, baseline glomerular filtration rate, AER and morpho-
logical parameters) on renal function and morphological pa-
rameters respectively at the end of the study. Randomisation
was resolved after the intervention study and the patients
were treated as one group in the correlation analyses in this
study. We found this acceptable since the idea of the interven-
tion study was to test the effect of hyperglycaemia and not the
efficacy of insulin pumps. However, we also analysed the data
by Student’s ¢ test according to the intention to treat principle,
i.e. those randomised to conventional treatment versus those
on insulin pumps. Data are given as means (95 % CI) with ex-
ceptions given in the text. AER values were logarithmically
transformed before statistical analysis. Statistical significance
was accepted with p values of less than 0.05. The statistical pro-
gram of NCSS (Number Cruncher Statistical System, Kays-
ville, Utah, USA) version 2000 was used.

Results

Clinical data. HbA, ., blood pressure and AER were
not significantly changed after 8 years (Table 1). At
the end of the study five of the patients had normal
AER. Three patients increased their AER for more
than 25 % a year, two of whom developed macroalbu-
minuria (AER >200 pug /min) (Fig.1). No relation
was found between mean 8-year HbA,, and delta
AER or blood pressure.

GFR decreased significantly during the study (Ta-
ble 1) and the decline in GFR per year was 2.3 (4.5 —
—0.1) ml/min per 1.73 m?. Baseline GFR was highly
correlated with smoking (number of cigarettes,
r=0.65 p <0.01). GFR at the end of the study was
negatively correlated with mean 8-year HbA,,
(Fig.2).

Delta GFR was negatively correlated with HbA,
(r=-0.49, p <0.05, i.e. high HbA, =large decline
in GFR), baseline GFR (r = -0.82, p < 0.001) (Fig 3),
and FF at baseline (r = -0.75, p < 0001), but not with
delta AER or delta BP.

Structure. All of the glomerulopathy parameters, the
matrix/glomerular volume fraction [Vv(mat/glom)],
the mesangial/glomerular volume fraction [Vv(mes/
glom)], and the basement membrane thickness
(BMT) showed a highly significant increment during
the 8 years (Table 2) as did the glomerular volume
(GV).

The associations between the change in matrix star
volume and the change in Vv(mes/glom), r=0.52
(p =0.03), Vv(mat/glom), r=0.50 (p=0.03) and
BMT, r =0.52 (p = 0.03) were rather consistent. The
associations between change in BMT and change in



256 H-J Bangstad et al.: The development of glomerulopathy over 8 years

800

600

200

Delta AER (ug/min)

o G%VVV v

v

0 50 100 150 200
AER at baseline (ug/min)

Fig.1. Change in AER from baseline. Three subjects with
AER-increment > 25% per year (H), 10 subjects with no sig-
nificant increment of AER during the study (W), and five sub-
jects with normoalbuminuria at the end of the study (Q)
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Vv(mat/glom), r = 0.43 (p = 0.08) and Vv(mat/glom),
r=0.39 (p = 0.10) were positive, but not significant.

Structure and clinical data. The increment in the glo-
merulopathy parameters showed a positive correla-
tion with mean 8-year HbA,, during the study (Ta-
ble 3), but the relation was significant only for the
Vv(mes/glom), (Fig.3). In addition the increment in
BMT was negatively correlated with GFR at the
end, r =-0.52, p < 0.05.

The change in AER during the study was positive-
ly correlated with Vv(mat/glom),jine (¥ =10.52,
p <0.05), Vv(mes/glom) i,iine (¥ =0.50, p <0.05),
BMT,, ciine (¥=0.49, p <0.05) and delta glomerular
volume (r = 0.64, p < 0.01) but these results were pri-
marily the consequence of the patients who increased
their AER > 25 % per year (Fig.4). AER at the end
of the study was positively correlated with glomerular
volume,,; (r=0.72, p<0.001), BMT,,,; (r=0.62,
p <0.01), Vv(mat/glom),4 (r=0.54, p <0.05) and
delta glomerular volume (r = 0.80, p < 0.0001).

The influence of mean 8-years HbA,, baseline
GFR, smoking and mean systolic and diastolic blood
pressure on changes in morphological parameters
and on current morphological parameters at the end
of the study were analysed by stepwise multiple re-
gression. It was found that only HbA, . contributed
significantly, i.e. to delta Vv(mes/glom), T =2.38,
p <0.01.

When AER at the end of the study was applied
as the dependent variable, mean 8-year HbA,
Vv(mat/glomy,ine) and BMT e contributed sig-
nificantly to the model (Table 4), whereas smoking,
duration, mean 8-years systolic and diastolic BP,
AER iine and GFR, ;i did not. When the change
in AER was used as the dependent variable, only
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Fig.2. GFR at the end of the study vs mean 8-year HbA,,
r=-0.61, p = 0.01. Three subjects with AER-increment > 25 %
per year (H), 10 subjects with no significant increment of AER
during the study (W), and five subjects with normoalbuminuria
at the end of the study (O)
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Fig.3. Absolute change in Vv(mes/glom) vs mean 8-year
HbA,., r=0.57, p=0.01. Three subjects with AER-incre-
ment >25% per year (), 10 subjects with no significant in-
crement of AER during the study (W), and five subjects with
normoalbuminuria at the end of the study (O)

. contributed significantly (T=2, 4,
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.0

With GFR at the end of the study as the dependent
variable, only mean 8-year HbA, , contributed (nega-
tively) significantly (T =-3.3, p <0.01), whereas
smoking, duration, BMT, ,jine, VV(mat/glom) . ciines
Vv(mes/glom) ,.iine» AER, mean systolic BP and fil-
tration fraction did not. For decline in GFR mean
HbA,, (T =-2.8, p=0.01) and GFR . (T =-6.2,
p =0.0001), were significant. When GFR | jine Was
excluded from the analysis mean 8-year HbA,,
(T =-2.6, p <0.05) and filtration fraction (T =-3.4,
p <0.01) added to the model (> = 0.68). However
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Table 2. Ultrastructural kidney parameters in 18 patients with Type I diabetes. Baseline and end of study (93-102 months)

257

Subjects n Basement membrane  Matrix/glomerular Mesangial/glomerular ~ Matrix star volume Glomerular volume
thickness (nm) volume fraction (%)  volume fraction (%) (um?) (10%um?)
Baseline  End Baseline  End Baseline  End Baseline  End Baseline  End
1 324 389 12.7 16.8 19.8 27.5 24.0 35.1 4.87 491
2 536 594 11.4 8.9 18.3 15.1 18.3 339 213 2.36
3 449 402 9.3 12.5 18.4 235 242 28.2 221 2.28
4 476 597 114 16.0 16.6 28.5 21.0 81.2 291 3.45
5 548 577 10.1 13.1 19.3 242 22.7 59.5 2.37 3.42
6 647 777 13.8 21.8 20.6 31.7 245 50.3 3.19 4.30
7 471 672 10.0 16.1 20.3 31.6 29.9 86.4 3.03 3.61
8 522 695 10.5 16.0 171 29.4 223 67.5 1.96 2.01
9 505 564 8.4 122 16.4 17.8 18.5 279 2.44 2.81
10 551 494 10.1 12.6 21.0 19.5 22.9 20.3 2.55 2.60
11 467 606 10.0 12.6 22.9 23.7 10.8 28.6 2.56 3.12
12 444 553 10.5 12.4 20.0 20.5 35.0 62.9 341 3.40
13 606 747 14.3 17.6 314 26.6 36.9 338 3.75
14 468 567 9.9 9.7 19.3 21.8 20.0 31.6 2.92 4.46
15 408 572 12.3 12.1 21.6 22.7 19.1 259 2.21 2.51
16 573 796 13.1 19.3 25.5 30.7 41.7 131.0 1.75 2.89
17 461 701 7.3 132 15.1 275 13.1 241 2.89 3.50
18 505 519 10.9 10.2 21.6 233 24.4 273 1.97 3.00
Mean 498 601 10.9 14.5 20.2 24.8 239 47.5 2.69 335
95 %- 461- 544- 10.0- 12.9- 18.4- 22.4- 19.9- 33.0- 2.29- 2.87-
CI 535 658 11.8 16.2 22.1 271 27.8 62.0 3.05 3.83
Baseline
vsend,p= 0.003 0.0002 0.004 0.01 0.02

Table 3. The relation (linear regression) between long-term hyperglycaemia (mean 8-year HbA, ) and changes (A) in the glomer-

ulus over 8 years in 18 young patients with Type I diabetes

ABMT Amatrix/glomerular Amesangial/glomerular Amatrix star volume
volume fraction volume fraction
Mean 8-year HbA, r-value 0.38 0.33 0.57 0.09
p-value 0.12 0.18 0.01 0.71

when both GFR and filtration fraction at baseline
were removed from the equation, smoking was the
only parameter of significance (T = -2.8, p = 0.01).

Intention to treat. The group which started with inten-
sive treatment, ended up with a mean 8-year HbA,
of 8.7 (8.1-9-2)%. This was not statistically different
from those patients initially on conventional treat-
ment and who had a mean HbA,_ of 9.7 (8.6-10.9)
%, p =0.07. There were no statistically significant
differences in the development of the morphological
changes in the two groups although there was a trend
of a more pronounced mesangial expansion in the
conventionally treated group. No differences were
observed concerning change in AER, BP or GFR
(data not shown).

Smokers. Nine of the 18 patients were smokers and
they did not change their habit during the study. The
mean number of cigarettes was 20.4 a day. The smok-
ers were compared with the non-smokers. At base-
line there were differences in AER, BP and morpho-

logical parameters (data not shown) between smok-
ers and non-smokers but smokers had higher GFR
[156 (137-175) vs 130 (114-146) ml/min per 1.73 m?,
p <0.05]. During the study the structural changes
tended to be more pronounced in the smokers, al-
though not statistically significant. The smokers
showed an increment in AER during the study which
was significantly higher than in non-smokers, 134
(=73 — 342) vs =31 (=70 — 8) ug/min, p = 0.04. No sig-
nificant differences were seen with respect to change
in BP and GFR [4.1 (-6.8 — —-1.4) ml/min per
1.73m?%year] vs [0.61 (—4.0-2.9) ml/min per 1.73m%
year, p = 0.08] and mean HbA,.9.5% (8.3 -10.7) vs
9.2% (8.4-9.9).

Progresssors. Three of the patients had an increment
(‘progressors’) in AER during the 8-year study. Their
baseline data were compared with the five subjects
who were normoalbuminuric at the end of the study
and the rest of the series (n = 10) who did not have
an increase in AER. No significant differences were
found between the three groups but the progressors
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Fig.4A-C. Change in AER vs baseline values of (A) Vv(mes/
glom), r=0.52, p<0.05, (B) Vv(mat/glom), r=0.50, p <0.05,
(C) BMT, r=049, p<0.05. Three subjects with AER-incre-
ment > 25% per year (H), 10 subjects with no significant incre-
ment of AER during the study (W), and five subjects with normo-
albuminuria at the end of the study (O)

Table 4. Stepwise multiple regression analysis with AER at
the end of the study as dependent variable in 18 young patients
with Type I diabetes

R%increment T-value  p value
Baseline Vv(mat/glom) 0.26 35 0.004
Baseline BMT 0.23 33 0.005
Mean 8-year HbA 0.12 24 0.03

R2=0.70

showed a uniform trend towards having higher GFR,
larger glomerular volumes, thicker basement mem-
branes and larger matrix volume fractions (Table 5).

Discussion

The impact of long-term hyperglycaemia on the de-
velopment of structural changes has been shown in
several studies. This study is a follow-up after a ran-
domised, prospective study where intensive insulin
treatment using insulin pumps was compared with
conventional treatment over a period of 2.5 years
[11]. In the initial part of the study a significant differ-
ence between the groups concerning HbA, , was ob-
served. The main finding was that in the intensive
treated group none of the matrix-parameters in-
creased, whereas they all increased in the convention-
al group. BMT increased in both groups but most
strikingly in the conventional group. A strong corre-
lation was found between mean HbA,  during the
study and increase in BMT and matrix/glomerular
volume fraction. We have confirmed the importance
of long-term hyperglycaemia for the development of
glomerulopathy by showing a positive association be-
tween HbA, . and the increment of all of the investi-
gated parameters though the relation was significant
only for the mesangial volume fraction. In the multi-
variate analysis, mean 8-year HbA, . was the only fac-
tor that had an independent influence on the glomer-
ular structures (the mesangial volume fraction). Al-
though the impact of the randomisation was lost or
reduced because some of the participants changed
treatment modality after 2.5 years, the data were
analysed according ‘to intention to treat’. The differ-
ence in HbA,. was 1%-point between the groups.
This was not statistically significant, but a difference
in HbA, . of this magnitude could be considered to
be of clinical relevance. However, except for a trend
toward more pronounced mesangial expansion in
the group with the poorest blood glucose control, no
differences were found with respect to AER, blood
pressure and GFR between the groups. We cannot
exclude the possibility that a statistical type 2-error
is responsible for not showing a difference in the two
groups of patients.

The relative importance of hyperglycaemia in the
present study seems less evident than in this study.
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Table 5. Clinical data and structural parameters at baseline in 18 young subjects with Type I diabetes

Group A Group B Group C
Age (years) 22 (8-37) 19 (18-21) 20 (14-26)
Duration (years) 11 (3-20) 12 (9-14) 10 (8-13)
AER (pg/min) 37 (23-50) 60 (19-101) 27 (17-37)
Systolic BP (mm Hg) 128 (102-154) 125 (117-133) 126 (106-146)
Diastolic BP (mm Hg) 82 (76-88) 78 (71-84) 85 (75-95)
GFR (ml - min™! - 1.73m™) 150 (123-177) 143 (122-165) 138 (103-174)
GV (10%um?) 3.1(1.3-4.8) 2.7 (2.0-3.3) 2.5(1.8-3.2)
Vv(mes/glom) (%) 23.8 (7.3-40.8) 19.9 (17.8-22.0) 19.0 (15.7-22.2)
Vv/mat/glom) (%) 12.7 (6.7-18.7) 10.9 (9.7-12.1) 9.7 (8.6-10.9)
BMT (nm) 574 (340-806) 485 (431-540) 477 (431-540)
Matrix star volume (um?) 27 (5-49) 24 (18-29) 22 (11-33)

Group A = three subjects with > 25 % increment in AER per year, group B = ten subjects with no change in AER during the study
and group C = five subjects who were normoalbuminuric at the end. Mean and 95 % CI

This could point to other mechanisms also important
for the development of glomerulopathy after dura-
tion of diabetes of more than 10 to 15 years. It should
be noted that the mean HbA,_ of the 8 years was
rather high, at 9.4 % (normal range 4.3-6.1%).

This study in young Type I diabetic subjects fol-
lowed for 8 years, showed a significant increment in
the two main aspects of diabetic glomerulopathy,
namely the thickening of the basement membrane
and the matrix expansion measured as matrix volume
fraction, 21 % and 36 % respectively, during the study
period. The observation that a relative increase after
almost 20 years with diabetes was most pronounced
in the matrix volume fraction is in accordance with
previous studies [10, 21].

Albumin excretion rate is an intermediate end-
point in diabetic nephropathy. In this study only three
of the participants experienced a significant increase
in albumin excretion rate defined as more than 25 %
per year [22] during the course of the study, and five
patients ended up with a normal albumin excretion
rate. This correlates with observations in other series
that 1:3 of the patients with microalbuminuria be-
come normoalbuminuric without treatment [22]. In
this study the previously described strong association
between AER and the structural parameters was con-
firmed [4, 5, 7, 11]. In variance with these observa-
tions are the reports of rather advanced glomerulopa-
thy in patients with low grade microalbuminuria [23,
24] and even normoalbuminuria [8, 24]. We were
able to show that the baseline values of matrix vol-
ume fraction and BMT independently, but together
with mean 8-year HbA,_ predicted the degree of
AER at the end of the study. However, baseline-
BMT was the only predictor of the increase in AER
during the 8 years, possibly because of the higher pre-
cision in the BMT-measurements than in the matrix
estimates [25]. Our findings are more or less an exten-
sion and confirmation of an earlier intermediate re-
port from the same study [26]. When we investigated
if conditions at the beginning of the study could dis-
tinguish between those who progressed in AER and

those who did not, we found no significant differenc-
es. However there was a uniform trend in the struc-
tural changes that seemed to be most pronounced
among the progressors, who on the other hand did
not have the higher AER at baseline.

It is known that patients with microalbuminuria
could be hyperfiltrating although a decline in GFR
could be seen already in the early phase of diabetic
nephropathy and could reflect a more advanced glo-
merulopathy than in patients with a stable GFR [27].
A GFR above the upper normal limit after a duration
of diabetes of 12 years has been shown to be a prereq-
uisite for the development of incipient microalbumin-
uria 8 years later [13]. In children it has been shown
that in two comparable groups those with hyperfiltra-
tion (> 140 ml/min per 1.73m?) were those who de-
veloped microalbuminuria over a 10-year period
[28]. Our data however, show that two of the five pati-
ents who had normal AER, did hyperfiltrate at base-
line and after 2.5 years. Experimental studies in rats
show that increased GFR plays an important role for
the initiation and progression of glomerulopathy
[29]. One cross-sectional study in diabetic patients
found a tendency toward an inverse association be-
tween current GFR and glomerular structural chan-
ges indicating that those with declining GFR already
had rather severe morphological changes [21]. An-
other report found that glomerular hyperfiltrating in
fact added to the prediction of the degree of early
basement membrane thickening [10]. We investigat-
ed two aspects of GFR, firstly the influence of base-
line GFR for the later development of structural
changes and secondly what factors were predictive
for the decline in GFR and the GFR-value at the
end of the study. We were not able to find support
for a significant influence of baseline GFR with the
development of glomerulopathy. In addition, none
of the structural parameters contributed indepen-
dently to the GFR at the end of the study. The incre-
ment of BMT during the study was, however, nega-
tively associated with GFR at the end, indicating
that patients with declining renal function have a pro-
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gressive BM thickening. The mean decline in GFR
per year was 2.3 ml/min per 1.73m? which is quite
low compared to the 5.2 ml/min per 1.73m? which
have been published previously in patients with overt
nephropathy [30].

Smoking is an indisputable risk factor for mi-
crovascular and macrovascular disease. In Type I dia-
betes it has been shown to independently increase the
degree of nephropathy [15]. In our study half of the
participants smoked an average of 20 cigarettes a
day. They had a more pronounced worsening for all
of the structural parameters compared to the non-
smokers but the difference did not reach statistical
significance. The smoking group had a definitely
higher rise in AER during the study. Smokers also
had a higher baseline GFR and a tendency to larger
decline in GFR than the non-smokers and smoking
was an independent risk factor for decline in GFR in
a multivariate analysis.

So far no specific genes have explained the ob-
served familial clustering [16, 17] of diabetic nephr-
opathy. One study showed that apart from concor-
dance in glycaemia, a strong concordance was found
for severity of glomerular structural lesions in siblings
with diabetes [31]. Several candidate genes with rela-
tion to the renin-angiotensin system have been pro-
posed, e.g. insertion or deletion polymorphism of
the angiotensin converting enzyme [32] and the an-
giotensinogen (ATG) gene [33]. An association be-
tween the p-allele of the ACE-gene and progression
of diabetic glomerulopathy has earlier been de-
scribed in adolescents with microalbuminuria [34].
However, in this smaller study we did not find sup-
port for a connection between the ID-polymorphisms
and the progression of glomerulopathy (results not
shown).

Blood pressure is found to be in the normal or up-
per normal range in incipient nephropathy and rises
in parallel with AER [14]. In two studies [5, 6] no as-
sociation between blood pressure and structure could
be detected. However, in our recent study on the ef-
fect of antihypertensive treatment on early renal
morphological changes in microalbuminuric Type I
diabetic patients, we found that low blood pressure
seems to be an important protector against progres-
sion of diabetic glomerulopathy [35]. In the present
study we could not demonstrate that either systolic
or diastolic blood pressure influenced the develop-
ment of glomerular structure. In a recent study 24-h
ambulatory blood pressure measurements were car-
ried out and an association between mean arterial
blood pressure and basement membrane thickness
was found in adolescents with 10 years duration of di-
abetes [36].

In conclusion, we found that the structural glomer-
ular changes found after 11 years of diabetes duration
continued to develop during the following 8 years. A
strong association between function (GFR and

AER) and morphology was found. Basement mem-
brane thickening and matrix expansion predicted an
increase in AER. The level of long-term hyperglycae-
mia was an important risk factor for morphological
changes but in this study the relative contribution
was modest. The results also point to a possible effect
of smoking on the decline in GFR.
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