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Summary The Steno hypothesis suggests that albu-
minuria reflects widespread vascular damage (prolif-
erative retinopathy and severe macroangiopathy)
due to a generalized vascular (endothelial) dysfunc-
tion. We assessed this concept in NIDDM (nhon-insu-
lin-dependent diabetic) patients with (13 female/
39 male, age 60 * 7 years, group 1) and without (12 fe-
male/41 male, age 61+ 7 years, group 2) diabetic
nephropathy compared to matched non-diabetic sub-
jects (7 female/15 male, age 58 * 8 years, group 3). A
12-lead ECG was recorded and coded blindly using
the Minnesota Rating Scale; the World Health Orga-
nization cardiovascular questionnaire was used to as-
sess past and present evidence of myocardial infarc-
tion, angina pectoris, stroke, and peripheral vascular
disease (digital systolic blood pressure determina-
tion). The degree of diabetic retinopathy was scored
from fundus photography. The following variables
were measured: transcapillary escape rate of albumin
(initial disappearance of intravenously injected ?°I-
labelled human serum albumin), plasma concentra-
tions of prorenin (radioimmunoassay) and serum
concentrations of von Willebrand factor (enzyme-
linked immunoadsorbent assay). Prevalence of is-
chaemic heart disease (ECG reading) (49/20/5)%
and peripheral vascular disease as indicated by
reduced systolic blood pressure on big toe (69/30/

14)% was significantly higher in group 1 vs group 2
(p <0.01) and in group 2 vs group 3 (p < 0.01), respec-
tively. The prevalence and severity of retinopathy was
higher in group 1 vs 2 (p <0.01). Transcapillary es-
cape rate of albumin (%/h) was elevated in group 1
and 2 as compared to control subjects: 7.9 (4.3-13.7);
7.4 (3.7-16.4) vs 6.0 (3.4-8.7), (p <0.005), respec-
tively. Plasma prorenin activity (IU/ml) was raised in
group 1 and group 2 as compared to group 3: 272
(59-2405); 192 (18-813), and 85 (28-246), p <0.001,
respectively. Serum von Willebrand factor (1U/
ml)was elevated in group 1 as compared to group 2
and 3: 2.07 (0.83-4.34); 1.60 (0.30-2.99) and 1.50
(1.00-2.38), p < 0.001, respectively. Our study demon-
strated that NIDDM patients with and without albu-
minuria had increased transcapillary escape of albu-
min and raised prorenin activity, whereas only those
with albuminuria had increased von Willebrand fac-
tor. Patients with NIDDM may have abnormal en-
dothelial function in the absence of albuminuria.
[Diabetologia (1996) 39: 1590-1597]
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Insulin-dependent diabetic (IDDM) patients with in-
cipient and overt diabetic nephropathy are character-
ized by a higher incidence and prevalence of retinop-
athy and cardiovascular diseases than normoalbu-
minuric IDDM patients [1, 2]. The relative cardiovas-
cular mortality is approximately 40 times higher in
diabetic nephropathy as compared to the age-matched
population [1]. Furthermore, the prevalence of
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Table 1. Clinical data in NIDDM patients with normoalbuminuria or diabetic nephropathy and control subjects

Control subjects NIDDM patients with NIDDM patients p-value

normoalbuminuria with nephropathy

Sex (male/female) 15/7 41/12 39/13 NS
Age (years) 58+8 617 607 NS
Known diabetes duration (years) 13+7 147 NS
Treatment (%) (diet/oral hypoglycaemic agent/insulin) 26/51/23 8/44/48 b
HbA, (%) 5704 8.1+14 8719 dec
Blood glucose (mmol/l) 47+05 10.1+3.0 11.8+4.2 d,ec
Body mass index (kg/m?) 28.0+4.3 284+5.2 29.8+4.8 NS
Retinopathy (%) (nil/background/proliferative) 40/53/7 8/67/25 b
@ Urinary albumin excretion rate (mg/24 h) 6 (2-29) 9 (2-29) 1181 (270-9972)
@ Serum creatinine (wmol/l) 87 (61-122) 79 (45-119) 96 (57-306) b, f
Glomerular filtration rate (ml Cmin™ [1.73 m™2) 97 +17 71+31 b
Systolic blood pressure (mmHg) 137+ 25 143+ 19 166 + 23 b, e
Diastolic blood pressure (mmHg) 82+11 82+9 89+12 b, f

Mean = SD indicated, except, ® median (range); ° p <0.001
comparing NIDDM patients with normoalbuminuria vs ne-
phropathy; ¢p <0.05 comparing NIDDM patients with nor-
moalbuminuria vs nephropathy; ¢ p < 0.001 comparing control

proliferative retinopathy and blindness is five to sev-
en times higher in IDDM patients with than without
diabetic nephropathy [2].

Several studies in IDDM patients with abnormally
elevated urinary albumin excretion rate have demon-
strated raised values of: transcapillary escape of albu-
min (TER,,) [3-6]; plasma von Willebrand factor
(VWF) [7, 8]; plasma prorenin activity [9-12]; and an-
giotensin-converting enzyme activity [13]. Reduced
release of tissue plasminogen activator has also been
demonstrated in the above mentioned patients [14].
These findings led Deckert et al. [15] to advocate the
Steno concept suggesting that albuminuria reflects
widespread vascular damage (proliferative retinopa-
thy and severe macroangiopathy) due to a general-
ized vascular (endothelial) dysfunction. Recently, we
have shown a progressive rise in serum concentration
of VWF with increasing urinary albumin excretion in
NIDDM patients [16].

The aim of our cross-sectional study was to further
evaluate the validity of the Steno hypothesis in
NIDDM patients with diabetic nephropathy by simul-
taneous determination of TER,,, plasma prorenin
activity and serum concentration of vVWF.

Subjects and methods

All 65 albuminuric NIDDM patients with diabetic nephropa-
thy, attending the outpatient clinic at Hvidére Hospital were
identified from our patient register as previously described
[17]. Diabetic nephropathy was diagnosed clinically (n = 45) if
the following criteria were fulfilled: persistent albuminuria
above 300 mg/24 h, presence of diabetic retinopathy and no
clinical or laboratory evidence of other kidney or renal tract
disease, other than diabetic glomerulosclerosis [18]. At the on-
set of persistent albuminuria 20 of the above-mentioned 65 pa-
tients lacked retinopathy and thus did not meet the clinical cri-
teria for diabetic nephropathy. A kidney biopsy was performed
in all these 20 patients revealing diffuse or nodular diabetic

subjects vs NIDDM patients with normoalbuminuria;
€p <0.001 comparing control subjects vs NIDDM patients
with nephropathy; fp <0.05 comparing control subjects with
NIDDM patients with nephropathy

glomerulosclerosis. The patients were considered to have
NIDDM if they were treated with diet alone, or in combina-
tion with oral hypoglycaemic agents, or if they were treated
with insulin and had an onset of diabetes after the age of
40 years and a body mass index (BMI) above normal (=25
kg/m? in females, = 27 kg/m? in males) at the time of diagnosis
[19]. All insulin-treated patients had a glucagon test per-
formed, and NIDDM was diagnosed if a stimulated C-peptide
value was 0.60 pmol/ml or more [20]. The glucagon/C-peptide
test was carried out after an overnight fast. Blood samples for
plasma C-peptide determination were obtained before and
6 min after an i.v. bolus injection of 1 mg glucagon (Novo Nor-
disk, Bagsveerd, Denmark) as described previously [20]. Nine
NIDDM patients with diabetic nephropathy did not partici-
pate in the present study: seven patients did not want to partici-
pate, one patient had prostatic cancer, and one died before the
start of study. Thus 56 NIDDM patients suffering from diabetic
nephropathy were included in the study. Fifty-six NIDDM pa-
tients with normoalbuminuria (urinary albumin excretion
rate < 30 mg/24 h) matched for sex, age, and known duration
of diabetes served as a control group. Furthermore, 25 non-di-
abetic subjects matched for sex, age, BMI and arterial blood
pressure (BP) as compared to the normoalbuminuric diabetic
group served as a non-diabetic control group. These patients
were recruited from a population study where the patients
were randomly selected from the local community register in
an age and gender stratified fashion. Individuals with a history
of hypertension, diabetes, kidney disease, illness in the previ-
ous 2 weeks, pregnancy or were performing night-duty were ex-
cluded. Subjects with incidently discovered hypertension were
included in the study. After examination three of these non-di-
abetic subjects were excluded due to the following reasons: dia-
betes (n=2) and albuminuria (n=1). Thus 22 non-diabetic
subjects were included. Due to failure in obtaining valid mea-
surements of TER,,, (see below) the final number of patients
studied successfully were 52 NIDDM patients with nephropa-
thy, 53 NIDDM patients with normoalbuminuria and 22 non-
diabetic subjects (Table 1 and 2). We have previously reported
the serum concentration of VWF in 10 and 36 of the NIDDM
patients with and without diabetic nephropathy, respectively
[16]. The interval between the two measurements was 5-
6 years. All subjects included in the study were Caucasians,
and all gave their informed consent to participate in the study.
The study was approved by the regional ethics committee.
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Table 2. Prevalence of antihypertensive treatment, cardiovascular disease and smoking in NIDDM patients with normoalbumin-

uria or diabetic nephropathy and control subjects

Control subjects NIDDM patients NIDDM patients p-value
with normoalbuminuria with nephropathy

Previous antihypertensive treatment (%) 0 30 83 a,bc
WHO questionnaire history
of myocardial infection (%) 0 9.4 7.7 d,e
Stroke (%0) 45 3.8 9.6 NS
Present
Angina pectoris (%) 0 9.4 26.9 b, c,d
ECG signs of ischaemic heart disease 5 20 49 a, b c
Left ventricular hypertrophy 0 9 16 b
Intermittent claudication (%) 4.5 13.2 46.2 b,c,f
Reduced systolic blood pressure
on big toe (< 67 % of arm) (%) 13.6 30.1 69.2 b,cd
Smokers (%) 50 47 50 NS

2p <0.001 comparing control subjects vs NIDDM patients
with normoalbuminuria; ® p < 0.001 comparing control subjects
vs NIDDM patients with nephropathy; ¢ p <0.001 comparing
NIDDM patients with normoalbuminuria vs nephropathy;

Methods

All patients were studied in our laboratory after having discon-
tinued antihypertensive treatment for 2 weeks (if on treat-
ment). All subjects were studied after an overnight fast, the di-
abetic patients omitting their morning insulin or oral antidia-
betic agent (if any). The study was carried out between 08.00
and 13.00 hours, and all measurements were performed with
the patient in the supine position and in the fasting state.

In all diabetic patients glomerular filtration rate (GFR) was
measured after a single i.v. injection of 3.7 MBq 5!Cr-labelled
EDTA at 08.00 hours by determining the radioactivity in ve-
nous blood samples taken from the other arm 180, 200, 220,
and 240 min after injection [21].

Transcapillary escape rate of albumin (TER,,) is defined
as the fraction of intravascular mass of albumin IMV,,, that
passes to the extravascular space per unit of time. It is deter-
mined as the rate constant of the practically monoexponential
decrease in plasma radioactivity over the first 60 min after in-
jection of tracer albumin (initial slope method), as calculated
by the least squares method. We have described this proce-
dure and the theoretical basis for the calculation of TER,, in
detail previously [22, 23]. Briefly, human serum albumin la-
belled with %1 (code MIAK, Institute of Atomic Energy,
Kjeller, Norway) was injected intravenously in the morning.
The tracer preparation contains less than 1% of free radioac-
tive iodide and by metabolic studies has been demonstrated
to behave like endogenous albumin. About 40 kBq of the
tracer was injected into one arm vein, and seven venous blood
samples of 10 ml each were drawn from the other arm before
and 10, 20, 30, 40, 50, and 60 min after the injection. Plasma
protein concentration was read refractometrically in duplicate
with a total solid-meter (American Optical Corp., Scientific
Instrument Division, Buffalo, N.Y., USA). The plasma radio-
activity was expressed as cpm/g total plasma protein to cancel
out the effects of small plasma volume change during the 1-h
sampling period. TER,,, measurements were accepted only if
the correlation coefficient between the time points for blood
collection and the corresponding values of a specific radio-
activity exceeded 0.85. Because of this criteria seven patients
were excluded from the study as mentioned above. The

4p <0.01 comparing control subjects vs NIDDM patients with
normoalbuminuria; ¢ p <0.01 comparing control subjects vs
NIDDM patients with nephropathy; f p <0.05 comparing con-
trol subjects with NIDDM patients with normoalbuminuria

mean day-to-day coefficient of variation in TER,,, of each pa-
tient was 9%.

Blood pressure was measured (three measurements) at the
start and end of TER,, measurement with a random zero
sphygmomanometer (Hawksley, Lancing, West Sussex, UK)
and expressed as the mean value. A cuff size of 25 x 12 cm for
lean and 30 x 15 cm was used for obese patients. Diastolic BP
was recorded at the disappearance of the Korotkoff sounds
(phase V).

A 12-lead ECG was recorded. The ECG was coded blindly
and independently by two trained observers using the Minne-
sota Rating Scale [24]. Ischaemic heart disease was diagnosed
if the ECG showed signs of probable myocardial infarction
(Minnesota Rating Scale 1.1-2) or possible myocardial ischae-
mia (Minnesota Rating Scale 1.3, 4.1-4, 5.1-3, or 7.1), and left
ventricular hypertrophy was diagnosed if the Minnesota Rat-
ing Scale was 3.1 or 3.3.

The World Health Organization cardiovascular question-
naire [25] was used to assess past and present evidence of myo-
cardial infarction, angina pectoris, stroke and peripheral vascu-
lar disease. Present medication and smoking habits were also
recorded. Smokers were defined as persons smoking more
than one cigarette/cigar/pipe per day. All others being classi-
fied as non-smokers. Digital systolic blood pressure in the low-
er limb was measured in the big toe using a strain-gauge tech-
nique [26-28]. The toe to brachial systolic BP ratio was calcu-
lated. A ratio of less than 67% indicated peripheral arterial
disease [26, 27]. The degree of diabetic retinopathy was scored
from fundus photography (Canon CFD-602, Kawasaki, Japan)
through dilated pupils as none, background retinopathy or
proliferative retinopathy.

Laboratory measurements. The serum concentration of VWF
was measured by microenzyme-linked immunoadsorbent as-
say, as described previously [29]. Plasma concentration of pro-
renin was determined by RIA as described previously [30]. Pe-
ripheral blood was drawn between 09.00 and 09.30 hours, after
at least 30 min rest in the supine position.

Haemoglobin A, was measured by high performance lig-
uid chromatography (Bio Rad DIAMAT, Richmond, Calif.,
USA) (normal range 4.3-6.2%). Blood glucose was measured
by means of One Touch Il (Lifescan, Milpitas, Calif., USA).
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Serum creatinine was measured by a reaction rate kinetic tech-
nique eliminating pseudo-creatinines [31]. Plasma albumin
concentration was measured by immunoturbidimetry (Orion
Diagnostica, Espoo, Finland) [32]. Urinary albumin concentra-
tion was measured using an enzyme-linked immunoadsorbent
assay and expressed as median of three 24-h collections [33].

Statistical analysis

All normally distributed values are given as mean + SD and all
other values are given as median (range).

In comparisons of the non-normally distributed variables
the Kruskal-Wallis test of variance was used to test for differ-
ences between the three groups. If differences were found, the
Mann-Whitney test was used for comparisons between two
groups. For all other normally distributed variables analysis of
variance (ANOVA) was performed in order to test for differ-
ences between the three groups. If differences were found, the
Student’s t-test was used for comparison between two groups.
The chi-square test was used for evaluating frequencies. Cova-
riance analysis was performed with systolic and diastolic BP in
order to account for differences in blood pressure between the
three groups for TER,,

When considering possible association to TER,,,, VWF and
prorenin, multiple regression analysis was used. The following
variables were entered into the univariate analysis: sex, age,
duration of diabetes, HbA, ., blood glucose, systolic and dias-
tolic BP, smoking, macrovascular disease, retinopathy, prore-
nin, VWF and TER,,. All variables significant at a 10% level
were included in the multiple regression analysis, and stepwise
forward selection was used. Plasma VWF, prorenin and urinary
albumin excretion were logarithmically transformed before in-
clusion in the analysis. A p-value (two-tailed) less than 0.05
was considered statistically significant. All calculations were
made with a commercially available program, Statgraphic
(STSC, Rockville, Md., USA).

Results

Tables 1 and 2 show the clinical data of the three
groups. The groups were well-matched with regard
to sex, age, and BMI. Patients with diabetic nephrop-
athy had a higher prevalence of retinopathy, macro-
angiopathy, blood pressure elevation, previous anti-
hypertensive treatment, insulin therapy and elevated
HbA, . as compared to patients with normoalbumin-
uria. The prevalence of maculopathy was higher in
NIDDM patients with nephropathy; 31(95% confi-
dence interval 19-45) vs 9(3-21)% in the normoalbu-
minuric group (p <0.01). The prevalence of smoking
did not differ between the groups. The urinary albu-
min excretion rate, serum creatinine and BP were
comparable in the non-diabetic group and in the nor-
moalbuminuric NIDDM group. The latter group had
a higher prevalence of previous antihypertensive
treatment and macroangiopathy.

Figure 1 illustrates the individual TER,,, values.
Diabetic patients with and without nephropathy had
significantly elevated TER,,, values (% IMV,,/h) as
compared to the non-diabetic control group: 7.9
(43-13.7), 7.4 (3.7-16.4), and 6.0 (3.4-8.7),
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Fig.1. Transcapillary escape rate of albumin in non-diabetic
subjects and NIDDM patients with normoalbuminuria or dia-
betic nephropathy. Patients without renal or extrarenal vascu-
lar complications (QO); patients with diabetic retinopathy and
no macroangiopathy (@); patients with macroangiopathy and
no retinopathy (x); patients with retinopathy and macroangi-
opathy (A)

(p <0.001), respectively. Furthermore, the nephro-
pathic patients tended to have elevated TER,,, values
when compared to normoalbuminuric NIDDM pa-
tients without vasculopathy (n =12, TER,, 6.8[3.7-
10.7], p=10.09). No significant correlation between
TER,,, and albuminuria or GFR was found in the di-
abetic groups. Univariate regression analysis with
the previously mentioned continuous and class vari-
ables revealed systolic and diastolic BP and smoking
to be associated with high TER,, in the normoalbu-
minuric NIDDM group and an association between
retinopathy, log,, prorenin, log,, VWF, and TER,,, in
the nephropathic group. The multiple regression
analysis showed that diastolic BP (p <0.001) and
smoking (p <0.05) were correlated (r?=0.28) with
TER,, in NIDDM patients without nephropathy.
The same analysis revealed only a significant correla-
tion (r2 = 0.12) between log,, prorenin and TER,, in
NIDDM patients with nephropathy (p <0.05).
Figure 2 shows that the distribution of serum
VWF is positively skewed. Diabetic patients with
nephropathy had significantly higher values as com-
pared to patients without, and non-diabetic subjects;



1594

51
X
4 A
A
S s
2 .
34 .
..8 ° A
© L4 A
b o
° L4 ><A -
: ° A :
] ° o xx #
= 24 X o & 4
; ox x ﬁ
c % b .
g & ga " £
Sg [ &x °
82 S o x
o8 A N
8° A X A
17 x LN A
A
° a
o
0 ¥ Ll 1 .
Control NIDDM patients with NIDDM patients
subjects normoalbuminuria  with nephropathy

Fig.2. Von Willebrand factor in non-diabetic subjects and
NIDDM patients with normoalbuminuria or diabetic nephrop-
athy. Patients without renal or extrarenal vascular complica-
tions (Q); patients with diabetic retinopathy and no macroan-
giopathy (@); patients with macroangiopathy and no retinopa-
thy (x); patients with retinopathy and macroangiopathy (A)

2.07 (0.83-4.34), 1.60 (0.30-2.99) and 1.50 (1.00-2.38)
1U/ml (p <0.001), respectively. Univariate regression
analysis with exactly the same variables as analysed
in relation to TER,,, revealed no association be-
tween VWF and any of these variables in the normoal-
buminuric group while diastolic blood pressure,
blood glucose, smoking, prorenin, albuminuria and
TER,,, were correlated to VWF in the nephropathic
group. The multiple regression analysis showed that
plasma prorenin (p <0.001), albuminuria (p <0.01)
and blood glucose (p<0.05) were correlated
(r? = 0.32) with VWF in NIDDM patients with nephr-
opathy. We found no association between the level
of VWF and presence/absence of retinopathy and/or
macroangiopathy.

Patients with nephropathy had much higher values
of plasma prorenin concentrations as compared to
normoalbuminuric, NIDDM patients, and non-
diabetic subjects: 272 (56-2405), 192 (18-813), and 85
(28-246) mlU/l, (p<0.001), respectively (Fig.3).
The difference between the two latter groups
was also significant (p <0.001). The multiple regres-
sion analysis revealed a significant correlation
(r?=0.08, p <0.01) between HbA,, and prorenin in
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Fig.3. Prorenin in non-diabetic subjects and NIDDM patients
with normoalbuminuria or diabetic nephropathy. Patients
without renal or extrarenal complications (Q); patients with
diabetic retinopathy and no macroangiopathy (@); patients
with macroangiopathy and no retinopathy (x); patients with
retinopathy and macroangiopathy (A)

the normoalbuminuric group, and showed that vWF
(p <0.001), TER,, (p<0.01) and diabetes duration
(p <0.05) were correlated (r>=0.30) with plasma
prorenin concentration in patients with diabetic
nephropathy. The distribution of plasma prorenin is
positively skewed and dominated by patients with
retinopathy and macroangiopathy. The VM,
(mmol), as measured from plasma volume (human
serum albumin labelled with *?°I) and plasma albu-
min concentrations, was slightly higher in the control
subjects compared to NIDDM patients with (N.S.)
and without (p<0.05) diabetic nephropathy,
1.67 £0.32, 1.59 + 0.35, and 1.55 + 0.29, respectively.

Discussion

Our cross-sectional case control study demonstrates
that albuminuria reflects generalized vascular dam-
age (retinopathy and macroangiopathy) which is as-
sociated with abnormalities in several of the endothe-
lial cell functions. A correlation between markers of
different endothelial dysfunction was demonstrated
in patients with diabetic nephropathy.
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While this is in accordance with endothelial dys-
function being manifest by measurement of different
markers, there was not a uniform relationship of the
markers to different types of diabetic tissue damage.
The vVWF was increased only in NIDDM with nephr-
opathy, whereas abnormal TER and increased prore-
nin occurred in NIDDM with and without nephropa-
thy. Whereas the vVWF was not particularly related to
macrovascular disease or retinopathy, the prorenin
was mainly raised in those with both macrovascular
disease and retinopathy. The cross-sectional nature
of our study precludes determination of whether
these abnormalities, and presumed endothelial dys-
function, are a consequence of vascular damage or
could be associated with the underlying pathology. It
should be stressed that strict criteria for diagnosing
diabetic nephropathy in our patients were applied
[18]. This is crucial since approximately 25% of albu-
minuric NIDDM patients are suffering from a non-
diabetic glomerulopathy [18]. Previous studies in
IDDM patients with abnormally elevated urinary al-
bumin excretion rate with or without diabetic retin-
opathy have documented raised TER,, [3-6], VWF
[7, 8], and plasma prorenin [9, 11, 12].

It has become clear that the vascular endothelium
is involved in the regulation of various processes,
e.g. haemostasis, fibrinolysis, vasomotor control, vas-
cular smooth muscle cell growth, and vascular perme-
ability, all of which may play a role in the pathogene-
sis of diabetic micro- and macroangiopathy [34]. It is
difficult to measure these endothelial functions but
the plasma concentration of vVWF, a high molecular
glycoprotein synthesized mainly by endothelial cells,
may act as a non-specific marker of endothelial dys-
function [35, 36]. Our findings are in agreement with
most studies demonstrating elevated vVWF in micro-
or macroalbuminuric patients with NIDDM [16, 37]
and IDDM [7, 8, 38]. However, the possibility that
the raised VWF may be secondary to renal impair-
ment and delayed clearance of VWF cannot be ex-
cluded. In contrast, Lamberton et al. [39] found clear-
ly elevated plasma concentration of VWF in a mixed
group of IDDM and NIDDM patients but the eleva-
tion was not related to presence/absence of retinopa-
thy or proteinuria. A recent prospective study sug-
gests that dysfunction of vascular endothelium as in-
dicated by raised vVWF may be a link between albu-
minuria and atherosclerotic cardiovascular disease in
NIDDM [37]. Furthermore, a high concentration of
VWF is an index of increased risk for reinfarction
and mortality in diabetic and non-diabetic survivors
of myocardial infarction [40]. Other markers of gen-
eralized vascular endothelial cell damage, e.g. raised
plasma thrombomodulin concentration have also
been demonstrated in NIDDM patients with micro-
and macroalbuminuria [41].

Originally, Luetscher et al. [9] demonstrated an as-
sociation between increased plasma prorenin activity
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and microvascular complications in IDDM patients.
The same association was later demonstrated in a ho-
mogeneous group of IDDM patients with microan-
giopathy [9] in a heterogeneous group of IDDM and
NIDDM [12] and further established in our NIDDM
patients with micro- and macroangiopathy. This ab-
normality is related to the development of microvas-
cular disease in the eye and kidney and is at least in
part due to decreased clearance of prorenin from the
circulation (endothelial dysfunction), increased pro-
duction from extrarenal sources or both [12, 42]. The
above mentioned cross-sectional studies suggest that
prorenin might serve as a marker of microvascular
disease. Furthermore, a prospective study has sug-
gested that increased plasma prorenin activity can
predict the development of retinopathy and nephrop-
athy in young IDDM patients [11]. Unfortunately, we
lack information on this important issue in NIDDM
patients.

The overall leakage of albumin from plasma to the
interstitial fluid space was increased both in NIDDM
patients with and without nephropathy. The contribu-
tion to this increase, from various organs and tissues
with highly different permeability surface area prod-
uct, cannot be evaluated in man. The point that renal
albumin loss contributes less than 1% to the outflux
of albumin from plasma to interstitial fluid (approxi-
mately 8.7 g/h or 209 g/24 h) can be mentioned, how-
ever. The transendothelial passage of albumin occurs
predominantly in the microvasculature. The TER,,
is determined by the permeability-surface area prod-
uct and the transcapillary hydrostatic pressure gradi-
ent [43]. The microvascular permeability is governed
by the size and charge-selective properties of the ves-
sel wall. Changes in the size and charge selective-
properties of the microvasculature may occur due to
structural lesions [23] and/or biochemical abnormali-
ties, e.g. in heparan sulphate proteoglycan [15]. Re-
cent findings signal that loss of charge selectivity con-
tributes to the elevated TER,, in IDDM patients
with diabetic nephropathy [44]. The mechanisms in-
volved in the raised TER,, seem to differ between
our patients with and without nephropathy. Blood
pressure and smoking were associated with the high
TER,, in the normoalbuminuric NIDDM patients.
Previous studies have demonstrated that systemic
blood pressure elevation accelerates TER,,, while
acute and chronic blood pressure reduction normal-
ize TER,,, in both diabetic and non-diabetic subjects
[23, 45-47]. Reduction of hydrostatic pressure in the
microcirculation has been suggested as a likely factor.
Direct [48] and indirect evidence suggest that capil-
lary hydrostatic pressure is elevated in IDDM pa-
tients [47, 49], while normal capillary pressure (finger
nail fold) has been reported in normotensive
NIDDM patients [50]. However, increased capillary
pressure has been documented in essential hyperten-
sion [51] and hypertension was prominent in our
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NIDDM patients with (83 %) and without (30 %) dia-
betic nephropathy. The association between smoking
and elevated TER,,, in our NIDDM patients has
also been demonstrated in non-diabetic subjects
[52]. Several factors may contribute such as carbon
monoxide [53], nicotine [54], and acute intermittent
blood pressure elevation in association with smoking
[55].

Our study revealed no association between TER,,
and actual blood glucose concentration or HbA, .. El-
evated TER,, has been demonstrated during poor
metabolic control in patients with short-term uncom-
plicated IDDM [56] and NIDDM [57]. Strict meta-
bolic control for a few weeks induced normalization
of TER,, in both these groups [56, 57]. Finally, it
should be stressed that even 1 year of strict metabolic
control in patients with long-standing IDDM with mi-
croangiopathy has no beneficial influence on the ele-
vated TER,, [5]. No such data are available in
NIDDM patients.

Based on the above-mentioned findings it can be
suggested that elevated transendothelial passage of
albumin (and other plasma proteins) may cause dia-
betic microangiopathy according to the concept of
plasmatic vasculosis, i.e. increased extravasation of
plasma proteins and their deposition into the wall of
the microvasculature is the basis of the morphogene-
sis of diabetic microangiopathy, originally advocated
by Lendrum [58] and/or be a consequence of diabetic
microangiopathy as suggested by Parving [23]. Aortic
endothelial permeability to albumin and lipoproteins
is highly correlated in animals [59]. Furthermore, re-
peated endothelial cell injury and increased lipid en-
try have been suggested as initiating events in athero-
genesis [60]. Animal studies have demonstrated in-
creased aortic endothelial cell death and enhanced
transendothelial macromolecular transport in experi-
mental diabetes, hypertension, and during nicotine
consumption [54, 61, 62]. Diabetes, hypertension, cig-
arette smoking are well-known risk factors for macro-
angiopathy.
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