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Improved metabolic control does not alter the charge-dependent
glomerular filtration of albumin in uncomplicated Type 1

(insulin-dependent) diabetes
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Summary. The selectivity index, i.e. clearance of non glyca-
ted albumin/clearance of glycated albumin was studied in
fourteen patients with Type 1 (insulin-dependent) diabetes
and normal urinary albumin excretion. The index was in-
creased above one in all patients, and correlated significantly
to HbA.. It was, however, unaffected by 12 weeks of impro-
ved metabolic control with a mean decline in HbA4. of 1.9%
in seven patients. We conclude that the increased electrone-
gative charge of the glomerular filtration barrier observed in

uncomplicated diabetes is related to long term metabolic
control but not reversible during twelve weeks of strict meta-
bolic control. This indicates a slow turnover of the compo-
nents responsible for the increased charge selectivity in un-
complicated diabetes.
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Glomerular filtration of macromolecules is dependent
on pore size and pore charge of the glomerular base-
ment membrane (GBM). In diabetic animals the an-
ionic charge of the GBM has been shown to be in-
creased [1]. In an earlier study published in this journal
we reported on charge selectivity of the glomeruli as-
sessed in patients with Type1 (insulin-dependent)
diabetes who had normal urinary albumin excretion
rates; similar changes were suggested to take place in
these patients [2]. Since a significant correlation was
found between charge selectivity and HbA;., it was
suggested that the increase of anionic charge of the
GBM in diabetic patients is associated to the quality of
metabolic control [2]. We have now tested the in-
fluence of long term (months) metabolic control on
charge selectivity of GBM.

Subjects and methods

Fourteen patients (7 M and 7 F) with Type 1 diabetes of two to ten
years duration were studied in an open, prospective study. They had
no history of non-diabetic renal disease and all had a negative bac-
terial culture of the urine. Only patients with normal urinary al-
bumin excretion <30 mg/24h in two 24-h urine collections, normal
blood pressure, normal s-creatinin and no retinopathy were included
in the study. All patients were offered frequent visits to the out-pa-
tient clinic and supervision by the same doctor in order to obtain

better metabolic control. Insulin infusion pumps (Nordisk Infuser,
Nordisk Gentofte, Denmark) for continuous subcutaneous insulin
infusion were randomly distributed to 7 patients. Blood and urine
samples were collected before and 4 and 12 weeks after the onset of
the experimental period. After 12 weeks the patients were ranked ac-
cording to the decrease of HbA;. during the experiment. The 7 pa-
tients with the most pronounced fall in HbA{, were sampled in
Group A, the 7 patients with the least pronounced fall in HbA in
Group B. The two groups (A vs B) were well matched according to:
age (years) 33 (27-45) vs 39 (27-46), diabetes duration (years) 5
(2-10) vs 5 (2-7), mean blood pressure (mm Hg) 86 (80-107) vs 86
(81-93) and insulin dosage (IU/24 h) 40 (28-53) vs 42 (36-62). All
subjects gave their informed consent for participation and the study
was approved by the regional Ethics Committee.

Glomerular charge selectivity was assessed by the renal clearance
of two plasma proteins which were similar in size but slightly differ-
ent in charge, i.e. non-glycated albumin and glycated albumin, the
latter being slightly more negatively charged compared to non-gly-
cated albumin. Glycated albumin in urine and plasma was measured
using the Furosine Tyrosine method described by Schleicher and
Wieland [3], modified for measurements in urine by Welinder et al.
[4] and described in detail in our previous paper [2]. The molar con-
centration of non-glycated and glycated albumin derived lysine in
urine and plasma was calculated. The ratio between non-glycated al-
bumin-derived lysine clearance and glycated albumin-derived lysine
clearance was expressed as the Selectivity Index. The interassay vari-
ation of serum and urine was 3.6% and 4.0%, respectively.

The concentration of total albumin (glycated plus non-glycated)
in urine and plasma was measured by ELISA, interassay variation
8.3% [5].

HbA;. was measured by HPLC (Bio-Rad-Diamat, Richmond,
Calif., USA) normal range 4.3-6.2%, interassay variation 3.8%.
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Statistical analysis

Results are expressed as medians with ranges. The significance of
differences between or within groups were tested with non-parame-
tric statistics for paired and unpaired data.

Results

HbA,, at the onset of the study were similar in the two
groups (Table 1). In Group A consisting of the seven
patients who improved their metabolic control HbA,
was reduced significantly by a median of 1.9% during
the 12-week experimental period (Table 1). Patients in
Group B had unchanged metabolic control. Plasma
glycated albumin was reduced after 4 weeks reflecting

Table1. Selectivity Index (SI) in Group A (improved metabolic
control) and Group B (unchanged metabolic control)
Group Weeks HbA ¢ p-glycated Selectivity
(%) albumin index
(mmol furosine/
mmo} albumin)
A 0 9.12 0.68 43
(8.1-9.8) (0.50-0.91) (3.1-6.7)
4 8.1 0.55 4.6
6.9-9.1) (0.41-0.79) (2.7-1.3)
12 7.22 0.53% 42
6.1-7.9) (0.41-0.72) (2.1-7.3)
B 0 9.7 0.90 59
(7.9-114) (0.41-1.23) (23-17)
4 9.6 0.77 5.0
(7.8-10.8) (0.44-0.90) (1.6-7.5)
12 9.8 0.77 5.7
8.1-12.7) (0.47-0.95) (3.1-8.5)
20 weeks versus 12 weeks: 2p<0.01
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Fig.1. Correlation between HbA;. and the selectivity index (SI),
clearance of non-glycated albumin/clearance of glycated albumin in
14 Type 1 diabetic patients with normal urinary albumin excretion
below 30 mg/24 h (r=0.56, n=14, 2p<0.05)

the shorter half-life of this protein. All patients had a
Selectivity Index (SI) of more than 1 at the onset of the
study reflecting a renal clearance of non-glycated al-
bumin 4 to 6-fold larger than that of the more anionic
glycated albumin. There was a significantly positive
correlation between SI and HbA;. (n=14, r=0.56,
2p<0.05, Fig.1).

The ST was unchanged in the two groups during
the experimental period and unrelated to changes in
metabolic control (Table 1).

Discussion

We have earlier [2] demonstrated that compared to
non-diabetic patients, SI is significantly increased in
Type 1 diabetic patients with normal urinary albumin
excretion. Since the increase of the SI was positively
correlated to HbA4., we suggested that the increase of
anionic charge of the glomerular basement membrane
in diabetic patients was due to poor metabolic control
affecting the glomerular structural proteins. Increased
SI in patients with uncomplicated Type 1 diabetes was
found also in the present study, and so was the corre-
lation between SI and HbA,. The increased anionic
charge (SI) was, however, not reduced during
12 weeks of improved metabolic control in spite of the
observed correlation to HbA,.. So far these observa-
tions are unexplained. A number of factors may play
a role. First: Non-enzymatic glycation of structural
proteins of the GBM - tending to increase the anionic
charge of these substances - has been demonstrated
by several groups [6, 7], but such processes are ex-
pected to be reversible during three month periods of
improved metabolic control as in this study. Second:
The formation of advanced glycation end products
may lead to an increase of negative charge within the
GBM [8] and it is not expected that significant
changes in the concentration of advanced glycation
end product within the GBM would take place during
twelve weeks of strict metabolic control due to the
very slow metabolic turnover of such products. Our
results are in accordance with such products playing a
role. Other anionic components of GBM, i.e. Heparan
Sulphate Proteoglycane and sialic acid are decreased
in diabetic animals and man and can therefore not ex-
plain the observed increase of negative charge of the
GBM in uncomplicated diabetic patients [9]. Finally, it
has been shown in diabetic animals and man that
clogging of anionic plasma proteins takes place within
the GBM [10]. It cannot be excluded that such alter-
ations would contribute to the increase of negative
charges within the glomerular filtration barrier. If so,
this clogging was not reversed during 12 weeks of im-
proved metabolic control.

In conclusion, SI is increased in Type 1 diabetic
patients with normal urinary albumin excretion, indi-
cating increased negative charge of GBM. These
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changes are related to long term metabolic control but
are not reversible during twelve weeks of strict meta-
bolic control. These results are not in contradiction to
the hypothesis that the primary event in the develop-
ment of diabetic microangiopathy is a loss of the elec-
tronegative charge of basal membranes due to a reduc-
tion of their content of heparane sulphate proteogly-
cane [9).
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