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Increased vasopressor responsiveness to angiotensin II 
in Type 1 (insulin-dependent) diabetic patients without complications 
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Summary. The blood pressure response to infused angiotensin 
II (0.3 to 3 ng. kg-1. min-1) was investigated in six normoten- 
sive patients with Type 1 (insulin-dependent) diabetes free of 
complications and in six healthy subjects matched for age, 
sex and weight. Basal blood pressures (111/68 and 
114/72mmHg) and basal plasma angiotensinII levels 
(18.0 + 5.2 and 14.1 _+ 2.4 pmol/1; mean + SD) were similar in 
the diabetic and control groups as were 24 h urinary excre- 
tions of sodium (157+88 and 154 _+ 84 mmol/24 h). Equal 
increments in plasma angiotensin II were produced during 
the infusions in the two groups. Increases in both diastolic 
and systolic blood pressure were significantly greater in the 
diabetic patients throughout the infusion. Mean diastolic 

increments were: 6.7 versus 1.3 mmHg (0.3 ng dose), 11.0 ver- 
sus 6.9 mmHg (1 ng dose) and 16.7 versus 12.3 mmHg (3 ng 
dose) (p<0.001). Corresponding figures for systolic pressure 
were: 8.7 versus 1.3 mmHg, 10.3 versus 3.7mmHg and 15.3 
versus 8.7 mmHg (p<0.001). Vasopressor responsiveness to 
angiotensin II is thus increased in Type 1 diabetic patients 
without complications; it may, therefore, be a consequence of 
the diabetes rather than of the presence of microvascular dis- 
ease or hypertension. 

Key words: Type 1 diabetes, angiotensin II, blood pressure, 
vasopress0r. 

There have been several reports of increased pressor re- 
sponses to infusion of angiotensin II (AII) in diabetes 
[1-4]. Christlieb reported, in eight diabetic patients with 
retinopathy, that the dose of AII required to produce a 
20 mmHg increment in pressure was only 40% of that 
required for healthy control subjects [1]. The same 
worker also demonstrated similar findings in alloxan 
diabetic rats, and showed that the abnormalities persist- 
ed after insulin treatment [2]. Weidmann et al. reported 
a markedly increased pressor response to infused AII in 
seven diabetic patients with hypertension [3], while the 
same group [4] have shown a lower AII pressor dose in 
a group of 27 subjects with either Type 1 (insulin-depen- 
dent) or Type 2 (non-insulin-dependent) diabetes, in- 
cluding subjects with and without retinopathy and with 
and without hypertension; in the latter study, basal 
plasma renin activity tended to be lower in the diabetic 
than in the normal subjects, the diabetic patients also 
being older. 

Such hyper-responsiveness has not been explained, 
but has usually been attributed to the presence of dia- 
betic microvascular disease. An alternative explanation 
would be that the increased exchangeable sodium re- 
ported in many studies of diabetic patients [3, 5, 6] leads 

to lower plasma AII levels and thus increased respon- 
siveness to a standard infusion. This is, however, in con- 
flict with the only data on plasma AII levels in diabetes, 
where the levels were not reduced [7]. Plasma AII was 
not measured in the studies described above [1-4]. 

All these reports included patients both with Type 1 
and Type 2 diabetes. As there is increasing evidence that 
the hypertension of Type I and Type 2 diabetes may dif- 
fer in aetiology [8], we have performed AII infusions in 
a group of patients with Type I diabetes apparently free 
of complications and compared the response with that 
of a group of healthy control subjects matched for age, 
sex and body weight. In studying normotensive patients 
with no overt evidence of microvascular disease, our 
aim was to determine whether the increased pressor re- 
sponse was present in Type 1 diabetes per se. 

Subjects, materials and methods 

Subjects and methods 

Six Caucasoid patients (four men, two women) with Type 1 diabetes 
[9] were studied. Clinical details are shown in Table 1. None was ke- 
totic or dehydrated at the time of study and all were considered to be 
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well or moderately well controlled as out-patients. No recent adjust- 
ment had been made to their twice-daily insulin therapy. They re- 
mained on their usual carbohydrate-restricted diet but with free so- 
dium intake; they were taking no drugs except insulin. All were, and 
always had been, normotensive (blood pressure <140/90mmHg)  
and none had symptoms or signs of significant retinopathy (as judged 
by experienced observers through dilated pupils) or peripheral or au- 
tonomic neuropathy, as judged by the complete absence of any symp- 
toms or signs and the absence of postural hypotension. None had pro- 
teinuria as detected by Albustix (Ames, Slough, Bucks, UK) and all 
had creatinine clearances of greater than 70 ml .min  -~. 1.73 m -2. 

Table 1. Characteristics of diabetic and control subjects 

Age Sex Body Duration of 
(years) (M : F) mass diabetes 

index (years) 
kg + m 2 

Diabetic patients 
1 22.5 M 22.8 19 
2 40.0 M 21.5 15 
3 23.2 M 27.4 13 
4 26.5 M 25.6 1 
5 28.8 F 23.8 8 
6 23.9 F 25.3 14 
Mean-+ SD 30.0-+5.8 4M:2F  24.4+2.1 12_+6 

Con trol subjects 
1 25.6 M 21.7 - 
2 37.8 M 27.9 
3 37.0 M 23.5 - 
4 27.8 M 21.0 - 
5 26.8 F 19.4 - 
6 25.1 F 21.1 
M e a n + S D  27.5+6.6 4M:2F  22.4-+3.0 

None of the differences between the groups is significant (Mann- 
Whitney Utest) 

Albumin excretion rates on 24-h urine collections were measured by 
radioimmunoassay [10]. Normal parasympathetic autonomic function 
was confirmed by beat-to-beat variation during deep breathing, tak- 
ing 15 beats/rain as the lower limit of normal at this age [11, 12] and 
sympathetic function by the blood pressure response 2rain after 
standing, a fall in systolic pressure exceeding 10 mmHg being abnor- 
mal [11]. Data on renal and neurological function are given in Table 2. 

Six Caucasoid control subjects (four men, two women), free of 
known cardiovascular, renal or endocrine disease, were studied. All 
were normotensive ( <  140/90 mmHg) and had post-prandial blood 
glucose levels less than 6.7 mmol/l .  All were on free sodium intake 
and were taking no drugs. 

All patients and control subjects gave written informed consent to 
the study, which was approved by the Hospital Ethical Committee. 

The females were in the follicular phase of the menstrual cycle 
and had serum progesterone levels of less than 5 nmol/1 at the time of 
study. 

Details of the age, sex, body weight and duration of diabetes of the 
two groups are shown in Table 1 ; further details of the diabetic pa- 
tients are provided in Table 2. 

Protocol 

A 24-h urine collection for sodium and potassium excretion, creati- 
nine clearance and albumin excretion rate [10] was completed on the 
morning of the study. Subjects did not smoke or drink tea or coffee af- 
ter 2400 h on the day preceding the study, but the diabetic patients 
took insulin (0630 to 0700 h) and all subjects took an early breakfast 
between 0700 and 0730 h that morning. They lay supine from 0800 h 
when two cannulae were inserted, one into the left arm for infusion of 
angiotensinII and one into the right antecubital fossa for blood 
sampling. After 1 h of recumbency, a control infusion of saline 
(0.154mol/1; 0.21 mmol/h)  was commenced at time 0 and continued 
for 40 rain. An infusion of angiotensin II (Hypertensin, Ciba-Geigy, 
Horsham, Sussex, UK) in saline (0.154 mol/1) was then commenced, 
using rates of 0.3, 1.0, and 3.0 ng.kg -~. min-k ,  each dosage being 
continued for 40min. Samples for plasma angiotensin II measure- 
ment were collected as described previously [13] at times 0, 40, 80, 120 
and 160 min. The total amount of saline infused was < 3 mmol. 

Table 2. Individual data on renal and neurological function in diabetic patients 

Patient number Creatinine clearance 

(ml-min ~.1.73m 2) 

Plasma creatinine 

(mmol/l) 

Albumin excretion 

(mg/24 h) 

R-R variation 

(beats/rain) 

Systolic postural 
pressure change 
(mmHg) 

1 121 0.07 20.2 29 + 4 
2 70 0.09 2.0 20 + 6 
3 80 0.06 6.6 16 + 16 
4 121 0.06 3.8 22 - 4 
5 110 0.06 7.0 16 + 4 
6 95 0.08 4.5 * + 4 

* Tracing technically unsatisfactory 

Table3. Biochemical data for diabetic and control subjects 

Urinary data 

Sodium Potassium Creatinine 
excretion excretion clearance 
(mmol/24 h) (mmol/24 h) (ml/min) 

Pre-infusion plasma data Diabetic control data 

Plasma Plasma Plasma Bloodglucose HbA 
potassium sodium creatinine (mean of 7 val- (%) 
(mmol/1) (mmol/l) (mmol/l)  ues in 24 h) 

(mmol/1) 

Diabetic patients 157+88 74-+36 114-+39 
(n=6)  

Control subjects 154 -+ 84 87 -+ 26 84 -+ 16 
(n=6)  

4.2+0.3 142_+2 

4.0_+0.3 142_+2 

0.07+0.01 6.3 +1.8 12.2+ 1.9 

0.08 + 0.01 - - 

Data are presented as mean_+ SD 
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Fig. 1. Increments in plasma angiotensin II levels produced during 
angiotensin II infusion in six diabetic patients ( H )  and in six 
control subjects (�9 - - 0) .  Results are mean + SEM, taking the value 
at the end of saline infusion as basal. [ ] =  Saline infusion; [ ] = A I I  
infusion 

Blood pressure measurement 

Blood pressure was measured at 10min intervals throughout the 
study using a mercury sphygmomanometer, recording Korotkoff 
phases I and V to the nearest 2 mmHg. Readings were made in the 
right arm by a single observer using the same sphygmomanometer, the 
calibration of which was checked before and after the study. 

Assessment of  diabetic control 

For the 24 h prior to the study each diabetic subject took capillary 
samples (Dextrostix) on rising and at 0900, 1200, 1500, 1800, 2100 h 
and on retiring. These were subsequently read by a single observer us- 
ing a single Glucometer machine (Ames, Slough, Bucks, UK). A sam- 
ple for glycosylated haemoglobin (HbA~) estimation was also taken 
on the morning of the study and measured as described previously 
[14]; the normal range for this assay is 6.4%-t0.5%. 

Other samples 

Samples were also taken before the infusion for measurement of plas- 
ma urea and electrolytes and serum creatinine. Samples for blood glu- 
cose (glucose oxidase method) and electrolytes (flame photometry) 
were taken at 40-min intervals throughout the study. 
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Fig.2. Increments in systolic and diastolic blood pressure in six dia- 
betic patients ( H )  and six control subjects ( O - - O )  during All  
infusion. Results are mean+ SEM, taking the value at the end of 
saline infusion as basal. [ ]  = Saline infusion; [ ]  = A I I  infusion 

was used for analysis until definite phase V values were again record- 
able. 

Overall blood pressure changes during the infusion were analysed 
by analysis of variance, taking the pressure at the end of the saline in- 
fusion as basal. 

Results are expressed as mean+_SD, except in figures where 
mean + SEM. 

Assay 
Plasma angiotensin II was measured by the method of Dusterdieck et 
al. [13]. Inter-assay variation was 6.8% and intra-assay variation 7.0%. 

Statistical analysis 

Age, desirable body weight and basal blood pressure were compared 
using the Mann-Whitney U-test. Changes in plasma electrolytes and 
blood glucose were compared by Student's t-test for paired samples. 

In two of the diabetic patients, phase V measurements became 
briefly unrecordable during the infusion; their last preceding value 

Results 

All the diabetic subjects had creatinine clearance >t 
70ml.min -1 per 1.73 m -2 and all had albumin excre- 
tion rates of < 30 ~g/min, five with values < 12 9g/min 
[15] (Table 2). Their beat-to-beat variations and blood 
pressure responses to standing were also within normal 
limits (Table 2). Urinary sodium excretion (157 versus 
154 mmol/24 h), basal plasma AII levels (18.0 + 5.2 ver- 
sus 14.1 + 2.4 pmol/l) and plasma electrolytes were also 
similar, though creatinine clearance values tended to be 
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Table 4. Systolic and diastolic pressor responses to angiotensin II and possible related factors in individual subjects 

177 

Urinary sodium Basal blood Basal plasma Glycosylated 
excretion pressure AII haemoglobin 
(mmol/24 h) (mmHg) (pmol/l) (%) 

Pressor response to angiotensin II (mmHg) 

Systolic Diastolic 

0.3 1.0 3.0 0.3 1.0 3.0 

(ng .kg-~.min -1) (ng.kg ~.min -1) 

Diabeticpatien~ 
1 101 112/60 14.2 
2 40 102/75 15.9 
3 101 125/78 26.7 
4 246 120/66 21.2 
5 204 104/53 17.5 
6 250 112/75 12.7 

Controlsubjec~ 
1 205 121/82 18.5 
2 206 120/84 12.4 
3 259 107/72 14.9 
4 70 t39/66 12.8 
5 44 98/65 12.0 
6 141 100/62 14.1 

12.8 + 6.5 +15.0 +17.5 +10.0 +19.0 +20.0 
12.2 + 2.0 + 3.5 +12.0 + 5.5 + 9.0 +19.0 
11.9 +11.5 +23.0 +21.5 + 1.5 + 6.0 + 7.0 
10.4 + 7.0 +15.0 +19.5 0 + 4.0 +13.5 
15.5 + 2.5 + 4.0 + 3.0 +10.5 +14.0 +12.0 
10.3 + 2.0 + 6.0 + 5.5 + 2.5 + 8.5 +17.0 

+ 2.5 + 9.0 +14.0 - 0.5 + 6.5 +11.0 
- 1.0 + 3.5 + 8.0 + 1.5 + 7.5 +13.5 
+ 0.5 + 2.0 + 8.5 - 0.5 + 4.0 +14.0 
- 3 .0  0 + 4 .0  + 0.5 + 3.5 +16.5 
+ 3.5 + 3.0 +12.5 + 2.0 + 4.0 +13.0 
- 1.0 0 + 3.0 - 3.5 + 0.5 + 7.5 

Pressure changes shown are mean of four readings during each dose of the infusion, taking the value at 40 min as basal 

higher in the diabetic patients (114 versus 84 ml/min; 10 
NS; Table 3). Equal increments in AII were produced 
during the infusion in the control subjects (13.6+ ~ 8 
4.6pmol/1) and in the diabetic patients (14.8+ 
5.7pmol/l ;  Fig.l). ~ 6 

oa 

Both diastolic and systolic pressure responses to AII w 
were greater in the diabetic than in the control subjects ~ 4 
(p< 0.001 for each, analysis of variance; Fig. 2). Mean 
diastolic increments at the end of each infusion period ~ 2 
were (diabetic patients first): 6.7 versus 1.3 mmHg 
(0.3 ng dose), 11.0 versus 6.9 mmHg (1 ng dose) and 16.7 0 
versus 12.3 mmHg (3 ng dose). Corresponding figures 
for systolic pressure were: 8.7 versus 1.3 mmHg, 10.3 
versus 3.7 mmHg and 15.3 versus 8.7 mmHg. 

Individual data on pressor responses at each dose, } 4.4 
basal blood pressures, plasma angiotensin II levels and E g 
24-h urinary sodium excretion in the two groups are E 4.2 
presented in Table 4. .5 

Mean blood glucose levels in the diabetic patients ~ 4.0 
fell during the study from 9.2 to 4.1 mmol/1 (p<0.05, 
paired t-test; Fig.3). There was a tendency for mean ~_ 3.8 
plasma potassium to fall in the diabetic patients (4.1 to 
3.5 mmol/1) and to rise in the normal subjects, but these 
were not statistically significant. Blood glucose did not 
change significantly in the control subjects (Fig. 3). One 
diabetic patient became clinically and biochemically 
hypoglycaemic during the study; he had shown an ex- 
aggerated pressor response before either chemical or 
clinical hypoglycaemia was apparent, and his blood 
pressure was not modified by the hypoglycaemia. 

There was no significant correlation between indi- 
vidual pressor response and the mean blood glucose 
levels during the infusion or during the preceding 24 h, 
nor with the HbA1 values. There was no correlation be- 
tween pressor responsiveness and basal AII levels or 
24-h urinary sodium excretion. 
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Fig.3. Blood glucose (A) and plasma potassium (B) levels in six dia- 
betic patients ( H )  and six control subjects ( O - - O )  during 
angiotensin I! infusion. Results are mean + SEM 

Discussion 

We have shown an increased pressor responsiveness to 
angiotensin II in patients with Type 1 diabetes without 
evidence of any complications of their disease; this was 
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particularly apparent at the lower infusion rates 
(0.3-1.0 ng. kg -1. min-l).  It therefore appears that the 
increased pressor responsiveness to AII may be related 
to the diabetic state per se rather than to the presence of 
hypertension and/or  retinopathy. 

It is clearly not possible with non-invasive tech- 
niques to be certain of the complete absence of diabetic 
complications. However, retinopathy can be more eas- 
ily characterised clinically than other complications and 
the low albumin excretion rates argue strongly against 
the presence of even early diabetic renal disease. The 
patients were all normotensive. No patient had any 
symptoms or signs of either peripheral or autonomic 
neuropathy, and beat-to-beat variations and blood pres- 
sure responses to standing were normal. Other workers 
[11] and our own studies (P.L.Drury and H.J.Bodans- 
ky, unpublished data) have found these criteria to be re- 
liable in excluding sympathetic autonomic damage. We 
therefore believe that the group was as free of complica- 
tions as practically ascertainable using non-invasive 
methods. 

One possible criticism of the present study is that 
subjects were not on a fixed sodium intake. We were, 
however, anxious to study patients under normal cir- 
cumstances and such a fixed sodium intake does not 
necessarily produce a similar state of total body ex- 
changeable sodium, which several authors have shown 
to be consistently increased in both Type 1 and Type 2 
diabetic patients [3, 5, 6]. Indeed, other studies using 
fixed sodium intakes for 5=7 days have failed to achieve 
sodium balance in diabetic subjects [16]. Given that 
mean 24-h urinary sodium levels on a free salt diet were 
similar in the diabetic and control groups, and that bas- 
al plasma AII tended to be higher in the diabetic pat- 
ients, it does not seem plausible to explain our findings 
on the basis of higher sodium intake, and resultant low- 
er AII levels, in the latter. In addition, there is little 
change in plasma renin activity, and hence AII levels, 
over the range of sodium intake 80-250 mmol/day [17]. 
We have also shown, in a much larger group of Type 1 
diabetic patients without complications (selected on 
identical criteria) that supine and erect plasma renin 
activities and concentrations are similar to those of 
matched non-diabetic control subjects [18]. This would 
not suggest an underlying suppression of plasma AII 
levels in Type 1 diabetes. 

We therefore suggest that the increased pressor re- 
sponsiveness, which has also been demonstrated with 
noradrenaline [2-4, 19], may relate to the diabetes rather 
than to the presence of complications. The similar 
increments of plasma AII produced during the infu- 
sions, and the immediate marked pressor response to 
the lowest dose infused, would appear to exclude de- 
creased clearance of AII as an explanation [19]. The 
mechanism of the hyper-responsiveness is not clear, es- 
pecially as a recent study suggested that retinal vessels 
in patients with microvascular disease were unrespon- 
sive to AII [20]. It is unlikely to be a direct result ofinsu- 

lin itself, or of a secondary change in plasma potassium, 
as a recent study showed no modification of the blood 
pressure response to AII in normal subjects given ex- 
ogenous insulin [21]. Whatever the mechanism it might 
explain the increased pressor response to exercise re- 
ported by some authors [22]. 

Most of the previous studies showing increased 
pressor responsiveness in diabetic patients with retino- 
pathy or hypertension are potentially explicable on oth- 
er grounds. Thus, patients with essential hypertension 
have an increased blood pressure response to AII [23] 
while, in cross-sectional studies, diabetic patients with 
retinopathy tend to have higher blood pressures than 
those free of complications [24, 25]; the increased re- 
sponse in the former may simply reflect the relative dif- 
ference in blood pressure. 

There was no apparent relationship between the 
blood pressure response and simultaneous blood glu- 
cose levels, those of the preceding 24 h, or with glycosy- 
lated haemoglobin levels, though with only six subjects 
this would be difficult to show. O'Hare et al. have 
shown small, but significant, falls in blood pressure 
with improved glycaemic control of diabetes [5], and 
also marked falls in plasma AII with better control [5, 
26]. It is clearly necessary to examine, in a within-pat- 
ient study, whether altered diabetic control can modify 
the hyper-responsiveness. 

In conclusion, we have shown that normotensive in- 
sulin-dependent diabetic subjects free of complications 
have a markedly increased pressor response to incre- 
ments in plasma AII well within the physiological 
range. Such a mechanism might be important in the 
pathogenesis of vascular disease in the diabetic, and 
might contribute to exercise-induced hypertension in 
these subjects. 
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