
314 DIABETES CARE, VOLUME 22, NUMBER 2, FEBRUARY 1999

Mo re than 10 years ago, it was shown
that microalbuminuria in patients
with type 1 diabetes predicted the

development of clinical diabetic nephro p a-
thy (1–3). Later studies have shown that in

a substantial part of the patients with low-
grade microalbuminuria, no increment is
o b s e rved in urinary albumin excretion rate
(AER) during a period of 4–8 years (4,5).
C ross-sectional studies have revealed that

the increased AER in patients with micro a l-
buminuria is paralleled by the degree of
g l o m e ru l o p a t h y, i.e., by basement mem-
brane thickening and mesangial matrix
expansion (6–8).

The morphological changes in early dia-
betic nephropathy have been linked to long-
t e rm hyperglycemia (6,7). Improved blood
glucose control either by pancreas trans-
plantation (9) or by intensified tre a t m e n t
(10) has resulted in amelioration of the mor-
phological changes in renal allografts. Pre v i-
ously (11), we have shown in a randomized
p rospective 2.5-year trial in young patients
with type 1 diabetes and micro a l b u m i n u r i a
that the mesangial matrix expansion was
a rrested and the increment of the basement
membrane thickness (BMT) was less pro-
nounced in patients on continuous subcuta-
neous insulin infusion (CSII) who impro v e d
their blood glucose control, although the
mean HbA1c was as high as 8.7% (i.e., 1.4
times above the upper normal limit, 6.1%).

A rterial hypertension is closely linked to
diabetic nephro p a t h y. So far, the connection
between blood pre s s u re and morphological
changes in early diabetic nephropathy is not
fully clarified. Two studies (7,10) found no
relation at all, but in one series from 1989,
s t ructural changes in micro a l b u m i n u r i c
patients were most pronounced in patients
having either hypertension or re d u c e d
g l o m e rular filtration rate (GFR) (12). The
i m p o rtance of GFR for the development of
diabetic nephropathy is difficult to assess
because of the well-known transient hyper-
filtration observed in most patients. No re l a-
tionship was found between GFR and
s t ructural changes in our study (11), but
g l o m e rular hyperfiltration preceded micro a l-
buminuria and was associated with glomeru-
lar structural changes in a 5-year study in
adolescents (8).

The aim of the present longitudinal
study was to investigate whether the level of
AER was associated with the degree of
g l o m e rular structural lesions found 6 years
earlier and whether the development of AER
was influenced by putative risk factors like
blood pre s s u re, GFR, and hyperg l y c e m i a .
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Severity of Glomerulopathy Pre d i c t s
L o n g - Te rm Urinary Albumin Excre t i o n
Rate in Patients With Type 1 Diabetes
and Micro a l b u m i n u r i a

O R I G I N A L  A R T I C L E

O B J E C T I V E — To investigate whether the degree of glomerular structural lesions in young
patients with type 1 diabetes and microalbuminuria was associated with urinary albumin excre-
tion rate (AER) 6 years later and whether the AER level was influenced by blood glucose con-
t rol, blood pre s s u re, or glomerular filtration rate (GFR).

RESEARCH DESIGN AND METHODS— T h e re were 17 young adults with type 1 dia-
betes and microalbuminuria, 8 men and 9 women with mean age 20 years (95% CI: 18–22)
and duration of diabetes of 11 years (10–13), who participated in a 6-year prospective study.
Kidney biopsies (measurements of basement membrane thickness [BMT] and mesangial and
matrix volume fractions) and GFR were perf o rmed at baseline. AER and HbA1 c w e re measure d
at least three times a year and blood pre s s u re once a year.

R E S U LT S — In a multivariate analysis, baseline BMT and mean 6-year HbA1 c c o n t r i b u t e d
s i g n i ficantly to AER at the end of the study (R2 = 0.69, P 0.01). When mesangial volume frac-
tion replaced BMT as the independent variable, this parameter and AER at baseline pre d i c t e d
the AER at 6 years (R2 = 0.55, P 0.05). Mesangial volume fraction and BMT (in separate
analysis) contributed significantly to change in AER during the study. During the study, nei-
ther AER (30 µg/min [19–40] to 16 µg/min [7–90]) nor blood pre s s u re (96 mmHg [92–102]
to 95 mmHg [91–98]) changed significantly in the group. However, HbA1 c was reduced fro m
10.3 (9.6–11.0) to 8.4% (7.8–9.1) (P 0 . 0 1 ) .

C O N C L U S I O N S — In young patients with microalbuminuria, the long-term urinary AER
was predicted by the degree of glomerular structural changes and associated with blood glu-
cose control, but not with blood pre s s u re or GFR.
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RESEARCH DESIGN AND
M E T H O D S

Subjects
The study is a 6-year follow-up of a 24- to
36-month prospective randomized clinical
trial that has been thoroughly described pre-
viously (6,11). There were 30 young
patients with type 1 diabetes and persistent
m i c roalbuminuria (AER between 15 and
200 µg/min in at least two of three overn i g h t
urine samples taken during 1 year) who
w e re randomized to either CSII or conven-
tional treatment (CT) (multiple injections or
two to three injections per day). The pre v i-
ous study (11) describes the 18 patients 
(9 CSII and 9 CT) 18 years of age who
accepted renal biopsies. During the years
after the randomized trial was ended, two of
the nine patients on CSII have switched to
multiple injections, and one of the nine CT
patients has chosen to use CSII. The idea of
the original study was to test the effect of
i m p roved control and not the efficacy of dif-
f e rent treatment modalities (CSII vs. CT).
Some of the patients changed the mode of
t reatment after the initial 2.5–3 years, and
we there f o re re p o rt all the patients as one
g roup and not according to the principle of
intention to treat. Only 1 of the 18 patients
was treated with an ACE inhibitor from year
5 and is there f o re excluded.

The baseline characteristics of the 17
patients are shown in Table 1. They were
followed by the same investigator (H.-J.B.)
at the outpatient clinic at 3-month interv a l s
(2 months the first 2 years). Renal function
tests and biopsies were perf o rmed at entry
and after 26–34 months. This study con-
c e rns the results of the GFR and morpho-
logical parameters at baseline and the AER
after 6 years.

The protocol was approved by the
Regional Ethics Committee, and the
patients gave their written consent. No
serious complication of the kidney biopsy
p ro c e d u re was observed. One patient had
m a c roscopic hematuria for 1 day.

Clinical and laboratory
examinations
AER was measured in timed overn i g h t
urine samples at 3-month (2 months the
first 2 years) intervals. The samples were
kept at 4°C from 1 to 4 days, and the albu-
min concentration was measured by
i m m u n o t u r b i d i m e t ry. The interassay coef-
ficient of variation (CV) was 4.7% in the
range of 10–50 mg/l. The individual AER
values presented are the mean of thre e
m e a s u re m e n t s .

During the first 3 years, HbA1 c w a s
analyzed by high-perf o rmance liquid chro-
matography (HPLC) (Diamat analyzer; Bio-
Rad, Richmond, CA). The normal range
was 4.3–6.1%, with an interassay CV of
3%. For the last 4 years, an immunological
method, DCA (Bayer, Leverkusen, Ger-
many), was used. The normal range was
4.1–5.9%, with an interassay CV of 3.4%.
The DCA values were transformed to val-
ues corresponding to the HPLC method
(multiplied by 1.04).

GFR was measured by inulin clearance
(Inulin; Laevosan, Linz, Austria) after oral
water loading. Charge selectivity index was
m e a s u red as IgG/IgG4 minus index, i.e.,
total IgG/IgG4 m i n u s clearance ratio (13),
and serum advanced glycation end pro d-
ucts (AGEs) were measured with a method
described very recently (14). Blood pre s-
s u re was measured once a year by conven-
tional merc u ry sphygmomanometer with
patients sitting after a 10-min re s t .

Renal biopsies
Ultrasound guided biopsies were taken
with an 18-gauge needle-integrated auto-
matic gun-biopsy system (Biopty; Bard ,
Covington, GA). The tissue was immedi-
ately immersed into the fixative, a 2% glu-
taraldehyde solution in modified Ty ro d e
b u ff e r, mailed in the fixative to the labora-
t o ry in Århus, and embedded in Ve s t o p a l .

M e a s u rement of structural parameters
The methods for obtaining quantitative
s t ructural parameters in the glomerulus have

Table 1— Clinical, glomeru l a r, and morphological characteristics of the 17 study part i c i p a n t s
at the start of the study

Sex (M/F) 8/9
Age (years) 20 (18–22)
Diabetes duration (years) 11 (10–13)
HbA1c (%) 10.3 (9.6–11.0)
Systolic blood pressure (mmHg) 124 (119–130)
Diastolic blood pressure (mmHg) 81 (77–84)
AER (µg/min) 30 (19–40)
GFR [ml min 1 (1.73 m2) 2] 143 (129–157)
BMT (nm) 593 (541–644)
Mesangial/glomerular volume fraction (%) 21.0 (20.7–23.3)
Matrix/glomerular volume fraction (%) 12.8 (12.0–13.6)

Data are means (95% CI). AER is the median of at least three measurements in the year preceding the study.

F i g u re 1—AER at baseline and 6 years later in 17 young adults with type 1 diabetes and 
microalbuminuria.
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been described previously (6,11). Thre e
g l o m e ruli from each biopsy were sampled
independently of size and stru c t u re, except
for one biopsy in which only two glomeru l i
w e re obtained. The stru c t u res in question
a re peripheral basement membrane, the
mesangial region, and the mesangial matrix.

Photomontages of the entire glomeru-
lar pro file were made at a magnification of

2,350 at three levels in each glomeru l u s .
The set of three sections, separated by 60
µm, had a random position along the
g l o m e rular diameter and was used for the
estimate of mesangial volume fraction. A
systematic subsample of the largest of the
t h ree sections was photographed at a mag-
n i fication of 9,900 and used for the meas-
u rements of BMT and mesangial matrix.

C o n c e rning the peripheral BMT, meas-
uring points were sampled independently
of the basement membrane appearance
with a line grid, with measurements taken
at intersections between grid lines and the
endothelial–basement membrane interf a c e .
The true BMT was estimated (15), classify-
ing only at the sampling places, where the
distinctness of the epithelial cell membrane
showed that the section was perpendicular
to the surface of the basement membrane.

Mesangial volume fraction, Vv(mes/glom),
was estimated by point counting (on an 8:1
grid) using the circumscribed polygon as
the re f e rence space (16). Mesangial matrix
was estimated as volume fraction of
mesangium, Vv(mat/mes), using a 2:1 grid.
The product of the two volume fractions
gives matrix as a fraction of glomeru l a r
space, Vv(mat/glom).

Statistical analysis
Comparisons of changes over time were
done by two-tailed paired Student’s t t e s t
and univariate linear correlations by least-
s q u a re re g ression (Number Cruncher Sta-

tistical System, Kaysville, UT). Stepwise
multivariate analysis was perf o rmed to
evaluate the relative importance of the
baseline morphological changes, long-term
h y p e rglycemia, GFR, and blood pre s s u re
for the AER at the end of the study and also
for change in AER during the study. AER
values were log-transformed before analysis
because of the skewed distribution. The
results are, unless otherwise stated, re p o rt e d
as mean (95% CI).

R E S U LT S

Clinical investigations
Of the patients, 12 (71%) did not show an
i n c rease in AER during the 6-year observ a-
tion period. At the end of the study, seven

patients (41%) were no longer micro a l b u-
minuric (Fig. 1). In the total patient gro u p ,
the median AER fell from 30 (19–40) to 16
(7–90) µg/min (NS). The mean art e r i a l
blood pre s s u re remained unchanged dur-
ing the study: at baseline it was 96
(92–100) mmHg, and after 6 years, 95
(91–98) mmHg. From baseline to the end
of the study, HbA1c was reduced from 10.3
(9.6–11.0) to 8.4% (7.8–9.1) (P 0 . 0 1 ) .
Mean HbA1 c during the 6-year study was
8.9% (8.4–9.5).

Relationship between  AER6years, 
AER, and putative risk factors

AER at the end of the study ( AER6 y e a r s) was
used as a surrogate end point, since it was
the best assessment of kidney impairment at
this stage of diabetic nephropathy with con-
siderable hyperfiltration. In the univariate
c o rrelation analysis of BMT at baseline,
Vv(mes/glom) and Vv(mat/glom) corre l a t e d
s i g n i ficantly with  AER6 y e a r s ( Table 2, Figs. 2
and 3). None of the patients with BMT

590 nm showed an increase in AER dur-
ing the 6 years (Fig. 4).

The change in AER during the 6-year
study ( AER) was significantly associated
with both BMT and, in part i c u l a r,
Vv(mes/glom) (Table 2), but not with
V v ( m a t / g l o m ) .

The mean HbA1c during the 6 years
showed no significant linear re l a t i o n s h i p
with  AER6 y e a r s (Fig. 5).

Table 2—C o rrelation coefficients between morphological changes at baseline [BMT,
Vv(mes/glom), Vv(mat/glom)], systolic and diastolic blood pressures, and GFR at baseline,
mean 6-year HbA1c, AER6years, and AER

Systolic Diastolic
blood blood

BMT Vv(mes/glom) Vv(mat/glom) pressure pressure GFR HbA1c

AER6years

r 0.68 0.61 0.53 0.26 0.05 0.17 0.13
P 0.003 0.009 0.03 0.32 0.85 0.51 0.60

AER
r 0.52 0.76 0.42 0.32 0.05 0.20 0.10
P 0.03 0.0004 0.09 0.20 0.85 0.43 0.71

Figure 2—BMT at the start of the study and AER 6 years later in 17 young adults with type 1 
diabetes and persistent microalbuminuria at baseline (r = 0.68, P = 0.003).



Predictors of  AER 
Stepwise re g ression analyses were first per-
f o rmed with  AER6 y e a r s as the dependent
variable. BMT and mean 6-year HbA1 c c o n-
tributed significantly to the explained vari-
ation of  AER6 y e a r s ( Table 3), whereas the
baseline systolic blood pre s s u re, GFR, and
AER did not. When Vv(mes/glom) re p l a c e d
BMT as the independent variable, only this
parameter and AER at baseline influ e n c e d
the  AER6 y e a r s level significantly (Table 4).

When AER was used as the depen-
dent variable, only BMT and Vv(mes/glom),
in separate analyses, contributed signifi-
cantly (R2 = 0.26, P = 0.03 and R2 = 0.58, 
P = 0.0004, re s p e c t i v e l y ) .

Diabetes duration, serum levels of
AGEs, or selectivity index (IgG/IgG4 i n
urine) at baseline were unrelated to the
level of AER 6 years later.

C O N C L U S I O N S — This pro s p e c t i v e
study shows that in a group of young
patients with type 1 diabetes and micro a l-
buminuria, the histological changes,
namely basement membrane thickening
and mesangial expansion, are predictors of
the AER measured 6 years after the kidney
biopsies were investigated.

P revious cross-sectional studies (6–8)
and cross-sectional measurements in
p rospective investigations (11) have shown
a direct relationship between stru c t u re and
function, i.e., morphological parameters
like BMT, mesangial/glomerular and

m a t r i x / g l o m e rular volume fractions, and
AER. In the present follow-up study, we
show that in type 1 diabetic patients with
m i c roalbuminuria, there is a close re l a t i o n-
ship between BMT after 10 years of dia-
betes duration and AER 6 years there a f t e r.
The association between the mesangial and
matrix volume fractions and AER at the
end of the study was not that close. This is
in accordance with the recent studies that

u n d e r s c o re that in the early phases of
g l o m e ru l o p a t h y, the thickening of the BMT
is the most important feature (17,18).
H o w e v e r, an alternate explanation of the
weaker association between the glomeru l a r
volume fractions of the mesangium and
the matrix and AER at the end of the study
may also be a lower precision for the
mesangial and matrix indices than for the
BMT measurements (19).

Long-standing hyperglycemia is a nec-
e s s a ry, but not a sufficient, factor for the
p ro g ression of diabetic nephro p a t h y.
R e c e n t l y, in a 5-year follow-up study, HbA1 c

was shown to be an independent risk fac-
tor for the increment of BMT and overall
g l o m e rulopathy (8). We re p o rted in the
original study, which the present one is
based upon, that there was a close associa-
tion between HbA1 c during the pre c e d i n g
year and the most important glomeru l a r
s t ructural parameters (6), and later on that
i m p roved blood glucose control re t a rd e d
the thickening of the basement membrane
and arrested the matrix expansion (11). In
the present study, when a multivariate
analysis was applied and the putative risk
factors for AER were investigated, mean
6-year HbA1 c had no apparent import a n c e .
A type 2 error could not be excluded
because of the small number of subjects.
H o w e v e r, the mean 6-year HbA1 c c l e a r l y
i n fluenced the level of AER at the end of the
s t u d y. It should be emphasized that this
g roup consisted of young adults with re l a-
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Figure 3—The mesangial/glomerular volume fraction at the start of the study and AER 6 years later
in 17 young adults with type 1 diabetes and persistent microalbuminuria at baseline (r = 0.61, P = 0.009).

F i g u re 4—BMT at the start of the study and the change in AER during 6 years in 17 young adults with
type 1 diabetes and persistent microalbuminuria at baseline (r = 0.52, P = 0.03).
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tively short durations of diabetes. They
w e re included in the study because they
had microalbuminuria but they also had
poor blood glucose contro l .

Most of the 17 patients in the curre n t
study had AER in the low micro a l b u m i n-
uric range. During the study, only five of
them in fact increased their AER, and seven
ended up having normoalbuminuria. This
may partly be due to our inclusion criterion
( m i c roalbuminuria was defined as AER

15 µg/min in overnight urine, compara-
ble with 20 µg/min in 24-h urine),
i m p roved blood glucose control, and
re g ression toward the mean. There is a
g rowing body of re p o rts of micro a l b u m i n-
uric patients who do not show the
expected increase in AER (20,21). This
may challenge the proposed guidelines
c o n c e rning the use of ACE inhibitors in
m i c roalbuminuric patients without hyper-
tension (22). An interesting observ a t i o n
connected to this is that none of the
patients in our study with BMT 590 nm
(Fig. 3) increased their AER during the 6
y e a r s .

Patients with microalbuminuria usu-
ally have blood pre s s u re in the norm a l
range, but their blood pre s s u re is still found
to be higher than in patients with nor-
moalbuminuria. Chavers et al. (12) claimed
that microalbuminuric norm o t e n s i v e
patients with normal GFR did not diff e r
f rom normoalbuminuric patients re g a rd-

ing glomerular stru c t u re. In our multivari-
ate analysis, the BP at the beginning of the
study did not contribute significantly to
the explanation model either for the AER at
the end of the study or for the change in
AER during the study.

The importance of glomerular hyperfil-
tration for the development of diabetic
n e p h ropathy is under debate. Decre a s i n g
GFR has been found to be an indicator of
m o re advanced glomerulopathy in type 1
diabetic adolescents (23). In our study, GFR
at baseline had no impact on the 6-year
level of AER or the change in AER, indicat-
ing that hyperfiltration did not have a harm-

ful effect However, the implication of GFR is
rather difficult to assess in this group of
p a rtly hyperfiltrating young patients.

The pathophysiological mechanisms
behind the increased albumin leakage and
the interplay between the stru c t u re and
function in diabetic nephropathy is still
poorly understood. One of several factors
involved is probably the loss of anionic
sites in the basement membrane. We have
re p o rted earlier a strong negative corre l a-
tion (cross-sectional) between a selectivity
index (urinary IgG/IgG4) and BMT (13). In
the present study, no predictive value of the
selectivity index for the development of
AER was found.

L o n g - t e rm hyperglycemia leads to
nonenzymatic glycation of proteins named
advanced glycation end products (24).
Infusion of AGEs in experimental diabetes
induces increased AER (25). We have
recently re p o rted that serum AGEs were
p redictive for increment of BMT over 2.5
years (14), but in the present study this was
not the case for the AER-level after 6 years
or changes in AER during the study.

In conclusion, the degree of glomeru-
lopathy in young type 1 diabetic patients
with 10 years’ duration of diabetes and
m i c roalbuminuria is highly predictive for
kidney impairment measured as AER 6
years later.
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Figure 5—The mean 6-year HbA1c and AER at the end of the study in 17 young adults with type 1
diabetes and persistent microalbuminuria at baseline (r = 0.35, NS).

Table 3—Stepwise multiple regression analysis with AER6 years as the dependent variable

R2 increment T value P value

BMT 0.67 5.5 0.00009
BMT mean 6-year HbA1c 0.22 2.7 0.007

R2 = 0.69.

Table 4—Stepwise multiple regression analysis with AER6 years as the dependent variable

R2 increment T value P value

Vv(mes/glom) 0.27 3.0 0.01
Vv(mes/glom) AERbaseline 0.20 2.5 0.02

R2 = 0.55.
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