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Increased transcapillary escape rate of albumin in Type 1
(insulin-dependent) diabetic patients with microalbuminuria
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Summary. The transcapillary escape rate, intravascular mass
and outflux of albumin were measured in 75 Type 1 (insulin-
dependent) diabetic patients. The groups were defined as:
group 1: normal urinary albumin excretion, <30mg/24h
(n=21); group2: microalbuminuria, 30-300mg/24h
(n=36); group3: diabetic nephropathy, <300mg/24h
(n=18). Fifteen sex- and age-matched non-diabetic persons
served as control subjects. The diabetes duration was:
group1: 20+ 9years, group2: 17+5years, group3: 19+
7 years. The transcapillary escape rate of albumin was similar
in controls and group 1 (5.0+ 1.8 versus 5.2+1.5%) and was
significantly higher in the microalbuminuric group2 and
group 3 (8.1 2.2 versus 8.1+2.3%). The differences were not
explained by differences in metabolic control or blood pres-
sure at the time of investigation. The outflux of albumin was

also higher in group 2 than in group 1 and controls (7.1 +2.0
versus 5.3+1.5 and 5.1+2.0g/h x 1.73 m?). It was indistin-
guishable from controls in group3 (5.8+1.5g/h x 1.73m?
because of a reduced intravascular mass of albumin (p <0.01)
in group 3. In conclusion, a universal vascular leakage of al-
bumin is an early event in the development of diabetic ne-
phropathy, with the leakage of albumin being fully developed
in the microalbuminuric patient. In contrast, long-term dia-
betic patients with normal urinary albumin excretion have a
normal transcapillary escape rate of albumin.
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Increased transglomerular passage of plasma proteins
as demonstrated by the presence of more than 0.5 g pro-
tein in 24-h urine is the diagnostic marker of clinical
diabetic nephropathy. Preceding this stage, i.e. in the
stage of incipient diabetic nephropathy, the urinary al-
bumin excretion rate (UalbV) is slightly elevated
(30-300 mg/24 h, Albustix negative), but these patients
are at high risk for later development of clinical diabetic
nephropathy [1-4]. The pathophysiological basis for the
slightly elevated urinary albumin escape seen in early
diabetic renal disease has been debated intensively. It is
usually ascribed to abnormalities located specifically in
the kidneys - haemodynamic alterations [35, 6] and/or
alterations in the properties of the glomerular filter [7,
8]. However, these changes might not be restricted to the
kidneys. Indications of more generalized alterations in
the transcapillary passage of small molecules [9] and of
macromolecules [10-12] in patients with diabetic micro-
angiopathy have been presented. In previous studies the
transcapillary escape rate of albumin (TER,;) was
found to be normal in short-term diabetic patients, but
elevated in patients with clinical signs of microangiopa-
thy or arterial hypertension [10-12].

In the present study the TER,;, was investigated in
long-term Type1 (insulin-dependent) diabetic patients
with different levels of UalbV (normal range to overt
diabetic nephropathy) as well as in normal controls.

The aim was to investigate whether a generally in-
creased passage of albumin (i.e. TER,) is the result of
diabetes duration alone or whether it is more specifical-
ly connected to the early or late development of diabetic
nephropathy (i. e. the level of UalbV) in Type 1 patients.

Subjects and methods

Subjects

Seventy-five Type 1 patients with a diabetes duration of more than
five years were studied. They had no history of non-diabetic renal or
cardiac disease, and all had a negative bacterial culture of the urine.
Fifteen healthy non-diabetic persons served as controls. All subjects
gave their informed consent for participation, and the study was ap-
proved by the Regional Ethics Committee. The patients were subdi-
vided into three groups according to the level of albuminuria identi-
fied on the basis of the median UalbV in three 24-h urine collections
performed at home during normal physical activity. This was done in



Table 1. Clinical characteristics and [aboratory measurements of the Type 1 (insulin-dependent) diabetic patients and normal control subjects
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S ;E The transcapillary escape rate of albumin was measured as described
§ g § by Parving [15]. The investigations were carried out in the morning
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Fig.1. The transcapillary escape rate of albumin in Type 1 (insulin- 8 o g g a g 2
dependent) diabetic patients with different levels of urinary albumin g 2 -% = 2 T E
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trols, and even lower in group 3 (p<0.05, Table 2). The
plasma volume was similar in all groups, with a tenden-
cy to lower values in group?2 (all 36 patients, p<0.05)
and, in consequence, the intravascular mass of albumin
was significantly reduced in the groups with lower S-al-
bumin (Table 2). The outflux of albumin in group 3 was
indistinguishable from normal controls and group1 in
spite of the elevated TER,;, because of the reduced in-
travascular mass of albumin.

Discussion

This study has shown that the TER,;, is normal in long-
term diabetic patients with normal UalbV. It has also
shown that the TER,y, is elevated to the same level in
patients with microalbuminuria and in patients with
overt clinical diabetic nephropathy. This observation
corroborates the hypothesis that there may be a ceiling
for the maximum rate of escape of albumin from the
circulation [11]. Increased values of TER,; have been
demonstrated previously in long-term diabetic patients
with various degrees of microangiopathy and normal
blood pressure [10-12], and a normal TER,;, has been
found in short-term diabetic patients without microan-
giopathy [10, 11]. However, our observation of a bi-
modal distribution of the TERy;, in long-term diabetic
patients with Albustix negative urine, but different al-
buminuric levels, is new.

The groups were well-matched according to sex, age
and diabetes duration. The diabetes duration was as
long or even longer than in previous studies of TER,,
and long-term diabetes [10-12]. The TER,; is elevated
in patients with arterial hypertension [11, 15], and the
blood pressure has been reported to be slightly elevated
in diabetic patients with microalbuminuria [19-21].
However, before entrance into this study, group 2 pat-
ients with resting blood pressure higher than
160/95 mmHg were excluded; therefore, the mean
blood pressure was the same in group 1 and 2 and thus
could not account for the elevated TER,pin the mi-
croalbuminuric group 2. Improved metabolic control
reduces the TER,, in poorly regulated short-term dia-
betic patients, insulin-dependent [22] as well as non-in-
sulin-dependent [11]. Differences in metabolic control
at the time of investigation could not explain the ob-
served differences in TER,, in this study, because the
metabolic control on the day of study was similar in
group 1 and the insulin pump treated group 2 patients.
Furthermore, the TER,, was unchanged during
12 months of strict metabolic control (data not shown).
This is in contrast to what was found in short-term insu-
lin-dependent diabetic patients [22]. Therefore, the met-
abolically independent elevation of TER,, seen in the
microalbuminuric group 2 patients may be a marker of
a more fundamental structural microvascular lesion,
Ieading to the clinical manifestation of diabetic micro-
angiopathy. The actual outflux of albumin from the vas-
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cular bed was higher in the microalbuminuric group 2
compared with normal controls and group 1 in spite of
a decreased intravascular mass of albumin in group 2.
In group 3 (diabetic nephropathy) an outflux of albu-
min was found indistinguishable from normal controls
and group 1. This was due to a lower intravascular mass
of albumin in these patients.

The reduced intravascular mass of albumin found in
groups 2 and 3 will result in a decreased, intravascular
colloid osmotic pressure which might lead to the oede-
ma often found in patients with diabetic nephropathy.
However, the interstitial colloid osmotic pressure was
not measured in this study.

The significance of an increased outflux of proteins
is unknown, but it might be an important mechanism in
the development of diabetic microangiopathy [8, 23].
The coincident observation of microalbuminuria and
increased TER,, may indicate that the structural and/
or haemodynamic abnormalities underlying the in-
creased escape of albumin in the glomerular and extra-
renal capillaries are the same. These abnormalities seem
to be absent in long-term diabetic patients with normal
UalbV, possibly explaining the almost normal life ex-
pectancy of Type1 patients who do not develop pro-
teinuria [24]. The structural abnormalities are probably
different from what is classically described as diabetic
microangiopathy, since in group 2 the increased UalbV
and TER,;, were observed in many patients, even be-
fore microaneurisms had appeared. Furthermore, the
UalbV was found normal in many long-term diabetic
patients, demonstrating glomerulosclerosis and in-
creased thickness of the glomerular basement mem-
brane [25].

In conclusion, long-term diabetic patients with nor-
mal UalbV have normal TER,y, values, whereas long-
term diabetic patients with persistent microalbuminuria
have an increased TER,y,, independent of current meta-
bolic control and blood pressure. These patients also
demonstrate a decreased intravascular mass of albumin.
Thus, microalbuminuria indicates profound alterations
in Type 1 patients, and these alterations might be crucial
in the development of lethal diabetic complications.
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