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Impaired autoregulation of glomerular filtration rate
in Type 1 (insulin-dependent) diabetic patients with nephropathy
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Summary. The effect of acute lowering of arterial blood pres-
sure upon kidney function in nephropathy was studied in
13 patients with long-term Type 1 (insulin-dependent) diabe-
tes. Ten normal subjects (six normotensive and four hyperten-
sive) and five short-term Type 1 diabetic patients without ne-
phropathy served as controls. Renal function was assessed by
glomerular filtration rate (single bolus *'Cr-EDTA technique)
and urinary albumin excretion rate (radial immunodiffusion).
The study was performed twice within 2 weeks, with the sub-
jects receiving an intravenous injection of either clonidine
(225 pg) or saline (0.154 mmol/1). The arterial blood pressure
was similar in the diabetic patients with nephropathy (mean
136+ 11
88+5
140+ 25
92+15

mmHg) and in the non-diabetic control subjects

(mean mmHg). The clonidine injection induced sim-

ilar reductions in mean arterial blood pressure in all three
groups (16-18 mmHg). While glomerular filtration rate and
urinary albumin excretion rate remained unchanged in both
control groups after clonidine injection, glomerular filtration
rate dimished from 78 to 71 ml/min per 1.73 m? (p < 0.01), and
urinary albumin excretion declined from 1707 to 938 pug/min
(p <0.01) in the patients with diabetic nephropathy. Our re-
sults suggest that an intrinsic vascular (arteriolar) mechanism
underlying the normal autoregulation of glomerular filtration
rate, i.e. the relative constancy of glomerular filtration rate
that occurs in response to rather wide variations in perfusion
pressure, is defective in diabetic nephropathy.
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Nearly 50% of all Type 1 diabetic patients develop per-
sistent proteinuria, a decline in glomerular filtration
rate (GFR) and elevated blood pressure, the clinical
syndrome of diabetic nephropathy [1-3]. Renal failure
due to nephropathy is the leading cause of death in
Type 1 diabetes (30%) [3, 4]. Elevated blood pressure ac-
celerates nephropathy [5, 6]. Recent studies indicate that
early and effective anti-hypertensive treatment may re-
duce albuminuria and the decline in GFR in Type 1 dia-
betic patients with nephropathy [7, 8, 9]. In our own
studies, approximately 35% of the patients showed a
stepwise reduction in GFR (>10% of the pretreatment
values) at the start of aggressive anti-hypertensive treat-
ment [9, 10]. This finding led us to suggest that the
mechanisms underlying the normal autoregulation of
GFR, i.e. the maintenance of GFR within normal limits
during changes in perfusion pressure induced by chang-
ing arterial pressure, might be defective in diabetic ne-
phropathy. To evaluate this hypothesis we investigated
the effect of acute blood pressure reduction upon GFR
in Type 1 diabetic patients with nephropathy.

Subjects and methods

Subjects

Thirteen Type 1 diabetic patients with nephropathy were investigated
(Table 1). All patients were characterized by persistent proteinuria
(>0.5g/24 h), serum creatinine <200 umol/l, age <50years, onset
of Type 1 diabetes before the age of 31 years and no blindness. The
mean duration of diabetes was 22 years (range 17-32 years). All were
insulin-dependent from the time of diagnosis and all received two dai-
ly injections of highly purified porcine insulin (mean dose 0.60 U-
kg!-day™"). Patient 1 received 100 mg Metoprolol daily (Hassle,
Soder Tijle, Sweden), while none of the remaining 12 was taking
drugs other than insulin. Nephropathy was diagnosed clinically ac-
cording to previously described criteria [9]. Furthermore, a kidney bi-
opsy had been performed in all patients except nos. 1,9, and 10. Nod-
ular diabetic glomerulosclerosis was found in two patients, while
diffuse diabetic glomerulosclerosis was demonstrated in the remain-
ing eight patients. Varying degree of arteriolar hyalinosis was present
in all 10 biopsy specimens.

The non-diabetic control group consisted of six normotensive and
four subjects with essential hypertension matched for sex, age and
blood pressure levels (Tables a and 2). Subject 8 received 100 mg of
Metoprolol daily, while none of the remaining subjects was taking
drugs.
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Table 1. Clinical data of Type 1 diabetic patients with and without ne-
phropathy and non-diabetic control subjects

Subjects  Sex Age Duration Insulin Retinopathy
(years) of dose
diabetes (U-kg-
(years)  day™)
Type 1 diabetic patients with nephropathy
1 M 45 26 0.61 Proliferative
2 F 35 20 0.68 Proliferative
3 F 34 21 0.45 Proliferative
4 M 36 21 0.57 Proliferative
S M 39 18 0.58 Background
6 M 40 27 0.51 Proliferative
7 M 34 22 0.61 Proliferative
8 M 34 32 0.59 Proliferative
9 M 34 24 0.79 Proliferative
10 r 29 17 0.70 Background
11 M 25 17 0.65 Background
12 M 39 17 0.52 Background
13 M 33 18 0.52 Background
Mean=+ SD 35+5 2245 0.60+0.09
Type 1 diabetic patients without nephropathy
1 M 34 5 0.46 Nit
2 M 29 8 0.58 Nil
3 M 35 6 0.70 Nil
4 M 43 7 0.50 Nil
5 M 31 8 0.66 Nil
Mean+ SD 34£5 7+1 0.58+0.10
Control subjects
1 F 35
2 M 35
3 M 32
4 M 32
5 F 36
6 F 25
7 F 33
8 M 50
9 M 30
10 M 45
Mean +SD 35+7

Five short-term Type 1 diabetic patients without proteinuria or ret-
inopathy were also studied (Table 1). The duration of diabetes ranged
from 5 to 8 years. The patients were ketosis-prone and were treated
with insulin twice daily (mean dose 0.58 U-kg'-day™"). None of the
patients was taking other drugs.

All diabetic patients and the control subjects gave their informed
consent, and the experimental design was approved by the local Ethi-
cal Committee.

Methods

The study was performed twice within 2 weeks, with the subjects re-
ceiving a slow intravenous, injection (10 min) at 08.40 h of either clon-
idine (225 ug, Boehringer, Ingetheim, FRG) or saline (0.154 mmol/1),
in random order. Measurements were taken in the morning following
an overnight fast. The diabetic patients had their last injection of insu-
lin at 17.00 h the day before the study. The patients drank tap-water
(200 ml/h) during the study. Measurements were performed in the su-
pine position.

GFR was measured after a single intravenous injection of *'Cr-
EDTA (09.00 h} by studying the plasma disappearance for 41, as de-
scribed by Brischner-Mortensen et al. [11]. The mean intra-individual
coefficient of variation for GFR was 4.1%. Urinary albumin excretion
was measured during the 4-h clearance period using the radial im-

H.-H. Parving et al.: Autoregulation of renal function in nephropathy

munodiffusion technique [12]. This assay has a sensitivity of 3 mg/1
and an inter-assay coefficient of variation of 5.5%. Blood pressure
was measured with a standard sphygmomanometer (cuff 25 x 12 ¢cm)
on the right arm. Blood pressure was measured every 15 min after
clonidine injection and every hour during the control experiments.
Diastolic blood pressure was recorded at the disappearance of the
Korotkoff sounds (phase 5). Blood glucose was measured every hour
during the 4-h clearance period by a glucose-oxidase method on an
autoanalyzer (Model I1, Technicon, Tarrytown, New York, USA).

Statistical analysis

In all cases the paired and unpaired Student’s t-test (two-tailed) was
used.

Results

The arterial blood pressure was the same in the diabetic
patients with nephropathy and in the non-diabetic con-
trol subjects (mean B6x11 versus 140%25 mHg;

88+5 92+15
Table 2). Blood pressure was significantly lower in the
127+19
3011
p <0.05). Intravenous clonidine injection induced an
equal reduction in mean arterial blood pressure (MAP)
in all three groups (average 16-18 mmHg). MAP was re-
duced to just below 80 mmHg in three to four subjects
in each group. Blood pressure reduction remained
stable during the 4-h clearance procedure (Table 3).
Heart rate was equally reduced in all three groups (aver-
age 8—11 beats/min) after clonidine injection.

Eleven out of 13 patients with nephropathy had a
significant reduction in GFR after clonidine injection
(mean difference 7ml/min per 1.73m* p<0.01;
Table 2). In contrast, GFR remained unchanged in the
short-term diabetic and non-diabetic control subjects.

The relationship between MAP and the relative
GFR before and after acute blood pressure reduction is
shown in Figure 1. A significant linear correlation be-
tween the reduction in MAP and relative GFR was
found in the patients with nephropathy (r=0.57; p<
0.05). This relationship was lacking in the two control
groups.

Figure 2 shows that the reduction in relative GFR
was below the lower limit of normal autoregulation in
seven out of 13 patients with diabetic nephropathy.

Albuminuria diminished in 12 out of the 13 patients
with nephropathy after clonidine injection (mean
983 + 529 ng/min compared with a pre-treatment level
of 1707 #1130 pg/min; p<0.01). Urinary albumin
excretion remained unchanged in the two control
groups.

The blood glucose concentration in the short-term
diabetic patients, measured every hour during the 4-h
clearance period, was identical in the control studies
(mean 12.2+4.1 mmol/1) and the hypotensive studies
(mean 12.0 +4.0 mmol/1). Blood glucose was slightly
higher during the control studies (mean 13.1%

short-term diabetic patients (mean mmHg;
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Table 2. Arterial blood pressure, glomerular filtration rate and urinary albumin excretion before and during acute blood pressure reduction in
Type 1 diabetic patients with and without nephropathy and in non-diabetic control subjects

Subjects

Arterial blood pressure (mmHg)

GFR (ml/min per 1.73m?)

Urinary albumin
excretion (1g/min)

Before clonidine After clonidine Before After
clonidine clonidine Before After
clonidine clonidine
Type 1 diabetic patients with nephropathy
1 164/103x 7/5 137/88+ 8/4 64 53 4500 1865
2 136/89 + 6/4 117/83+ 5/3 59 62 1043 1un
3 140/88 +14/4 111/76 + 6/4 57 57 1983 707
4 132/85 +10/9 95/66+ 5/4 96 79 1108 584
5 131/86 + 4/5 97/68+ 3/2 33 77 1204 549
6 141/88 = 5/6 119/82+ 9/9 102 95 368 210
7 147/93 £ 5/3 126/75+ 7/5 78 68 2244 1624
8 141/91 £ 4/3 94/72+ 5/2 74 62 2979 1384
9 126/85 = 7/4 98/70+ 9/5 30 73 2302 1592
10 128/88 + 5/3 95/71+ 5/3 39 32 1674 983
11 127/81 + 3/5 13/77+ 1/6 84 74 324 696
12 130/85 +12/4 110/75+ 6/6 82 78 1586 1125
13 125/86 + 3/3 110/78 = 3/3 112 108 474 287
Mean+ SD 136/88 +11/5 109/75+£13/6 78+20 71+£19 1707 £ 1130 983 +529
p<0.001 p<0.01 p<0.01
Type 1 diabetic patients without nephropathy
1 118/68 £ 1/3 103/63+13/10 93 87 4 4
2 108/73 = 5/3 102/66+ 3/5 110 11 6 6
3 122/77 £ 2/4 104/65+ 2/2 100 105 6 5
4 122/85 + 6/4 106/68t 5/5 109 113 3 6
) 159/97 + 4/3 130/75+ 5/3 147 140 26 24
Mean+ SD 127/80 =19/11 109/67 £12/5 112+£21 111+19 9+9 9438
p<0.05 NS NS
Control subjects
1 118/82 + 3/4 99/71+ 8/8 101 105 7 7
2 139/88 + 5/8 103/65+ 7/5 93 90 10 5
3 112767 = 2/3 101/64+ 4/3 98 97 7 7
4 109/75 = 2/1 78/52+ 6/7 98 98 6 7
5 133/89 + 5/4 104/76 + 3/6 92 89 5 6
6 147/108 % 3/6 130/93+ 4/5 113 105 28 17
7 129/88 £ 5/11 110/75+ 4/3 88 92 3 4
3 181/114+ 4/4 146/97+ 6/3 79 75 6 7
9 152/99 = 71/5 127/83+ 6/3 99 99 7 5
10 1787109+ 8/4 146/99+ 6/3 76 73
Mean £ SD 140/92 +£25/15 114/78 £22/15 94+ 11 92 +11 9+7 T+4
p<0.001 NS NS

Results expressed as mean £ SD

Table 3. Time course of blood pressure response to intravenous clonidine injection in Type 1 diabetic patients with and without nephropathy and
in non-diabetic control subjects.

Arterial blood pressure (mmHg)

Before clonidine
(min)

After clonidine
(min)

—15-0 0-60 60-120 120-180 180-240
Type 1 diabetic patients with nephropathy 132/88 £12/7 111/76 £16/8 107/75+16/7 11/76 £13/7  107/75t14/11
(n=13)
Type 1 diabetic patients without nephropathy  126/82+12/8 108/69+12/8 104/64 +£14/6 107/64+13/6  112/69+£12/8
(n=35)
Non-diabetic control subjects 142/93 +£26/16 118/80+18/13 112/77£28/16 111/76 £22/15  114/76+23/16

(n=10)

Results expressed as mean +SD
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Fig.1 A and B. Relative glomerular filtration rate (percentage of con-
trol GFR) and mean arterial blood pressure before and after intrave-
nous injection of clonidine. A Thirteen Type 1 diabetic patients with
nephropathy; B five short-term Type 1 diabetic patients without ne-
phropathy (@) and ten non-diabetic control subjects (O)

5.5 mmol/1) compared with the clonidine studies (mean
10.6+5.2mmol/1) in the patients with nephropathy
(p >0.10).

Apart from a dry mouth and sleepiness no serious
side-effects were observed after clonidine injection.

Discussion

The major observation in our study is the demonstra-
tion of impaired autoregulation of GFR in long-term
Type 1 diabetic patients with nephropathy. It should be
mentioned that a wide variation in response to acute
blood pressure reduction ranging from normal to se-
verely impaired autoregulation was demonstrated. A
complete pressure-passive vasculature was found in
four out of 13 patients with nephropathy (A GFR% =
AMAPY%). Aggressive antihypertensive treatment in-
duced an equal response (AGFR%= AMAP%) in
eight out of 22 long-term Type 1 diabetic patients with
nephropathy [9, 10]. GFR remained unchanged in the
short-term Type 1 diabetic patients without clinical mi-
croangiopathy and in the non-diabetic control group.
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Fig.2. Relative glomerular filtration rate (percentage of control GFR)
and the reduction in mean arterial blood pressure induced by intra-
venous injection of clonidine. Thirteen Type 1 diabetic patients with
nephropathy (@), five short-term Type 1 diabetic patients without ne-
phropathy (x ) and ten non-diabetic control subjects (O)

The base-line blood pressure levels and the reduction in
blood induced by intravenous injection of clonidine
were nearly the same in the patients with nephropathy
and in the control subjects.

It is well documented that strict metabolic control
reduces GFR and urinary albumin excretion in Type 1
diabetic patients without nephropathy [13]. This meta-
bolic effect on GFR and albuminuria is lacking in dia-
betic nephropathy [14, 15]. Thus it seems highly unlikely
that the present small difference in metabolic control
had any impact on the measured variables in our pat-
ients with nephropathy.

Our reasons for selecting clonidine as a hypotensive
drug were its lack of direct pharmacological effects on
the renal vessels [16-18], its predictable effectiveness
and safety in inducing a prolonged fall in arterial pres-
sure lasting 5-7h after intravenous injection. Intrave-
nous bolus injection of clonidine has a brief direct al-
pha-adrenergic stimulating effect lasting a few minutes
(hypertension), followed by a prolonged suppression of
the central nervous system’s sympathetic centres (hy-
potension) [16, 18]. No peripheral sympathetic inhibi-
tion has been demonstrated. In an attempt to avoid the
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initial rise in blood pressure, we injected clonidine
slowly intravenously (10 min). Intravenous injection of
clonidine in normo- and hypertensive subjects induces
a slight but insignificant reduction in peripheral and re-
nal vein renin concentration [17, 18]. The decrease in
blood pressure is due to diminished cardiac output, not
to effects on total peripheral resistance [16, 17]. Intrave-
nous injection of clonidine (150-300 ug) to normo- and
hypertensive subjects induces no significant changes in
renal plasma flow and GFR [17, 18].

Autoregulation of GFR, i.e. the maintenance of rel-
ative constancy of GFR despite variations in mean arte-
rial blood pressure above 80 mmHg, is present in ani-
mals and man [19, 20, 21, 22]. This phenomenon is
demonstrated in innervated, denervated and isolated
kidneys [23, 24] and thus believed to be mediated by
mechanisms intrinsic to the kidney. Studies in the Mu-
nich-Wistar rat suggest that autoregulation of GFR is
due to autoregulation of two of the main GFR determi-
nants, i.e. renal plasma flow and glomerular capillary
hydraulic pressure [23]. Our finding of a considerable
decrease in albuminuria induced by acute blood pres-
sure reduction suggests diminished glomerular capillary
hydraulic pressure. This finding also suggests that albu-
minuria in diabetic nephropathy is pressure-dependent
to a large extent. Effective long-term antihypertensive
therapy diminished albuminuria in diabetic nephropa-
thy [7, 91.

Impaired autoregulation of renal plasma flow may
also contribute to the impaired autoregulation of GFR
in diabetic nephropathy, but information is completely
lacking at the moment. The mechanisms underlying the
compensatory changes in kidney vascular (arteriolar)
resistance during changes in arterial blood pressure are
unknown [23]. But the afferent arteriole is the main lo-
cus of the resistance change [23]. The basis for the im-
paired GFR autoregulation in diabetic nephropathy
might involve either structural changes (arteriolar hyali-
nosis) and/or functional disturbance of smooth muscle
reducing the reactivity. Arteriolar hyalinosis was dem-
onstrated in all our 10 patients who, for diagnostic pur-
poses, had undergone a kidney biopsy. The hyaline de-
posits of the arteriolar wall might impair the normal
myogenic responses to pressure changes.

In addition to the myogenic and metabolic concepts
for autoregulation of blood flow in general, humoral
substances, e. g. prostaglandins and the renin-angioten-
sin system, have been suggested in the autoregulation of
renal plasma flow and GFR [23, 24]. However, prosta-
glandin synthetase inhibitors and angiotensin IT antag-
onists failed to interfere with autoregulation in the ma-
jority of studies performed [23, 24].

Bentsen et al. [25] originally demonstrated impaired
autoregulation of cerebral blood flow in some long-
term diabetic patients with clinical microangiopathy.
Impaired autoregulation of blood flow in skeletal mus-
cle and subcutaneous tissue has been demonstrated in
long-term Type 1 patients with diabetic retinopathy and
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nephropathy [26]. Recently, Sinclair et al. [27] have
found impaired autoregulation of retinal blood flow in
diabetic simplex retinopathy and nearly complete lack
of autoregulation in proliferative diabetic retinopathy.
A likely explanation for the present and the previous
findings of impaired autoregulation of blood flow in
many tissues may be hyalinosis of the arterioles.

The clinical significance of impaired autoregulation
of blood flow is hypoperfusion during arterial hypoten-
sion, e.g. sleep, and hyperperfusion during hyperten-
sive episodes, e.g. stress and physical exertion. The lat-
ter is particularly important since patients who have
had diabetes for some years have a higher blood pres-
sure response to exercise than normal controls [28]. Fur-
thermore, intrarenal hypertension is an important factor
in the development and progression of diabetic ne-
phropathy [29-31]. Despite the reduction in GFR at the
start of effective antihypertensive treatment, long-term
observations clearly indicate that careful blood pressure
control slows the progression of diabetic nephropathy
[7-9].
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