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Summary. The relationship between arterial blood pressure
and diabetic nephropathy was examined in 61 Type 1 (insulin-
dependent) diabetic patients (22 females and 39 males). All
patients fulfilled the following criteria: persistent proteinuria
(> 0.5g/day), onset of diabetes before 31years of age, age
< 42 years, serum creatinine < 130 umol/], and no antihyper-
tensive treatment. Thirty Type 1 diabetic patients without per-
sistent proteinuria but matched for sex, age, ideal body weight
and duration of diabetes, and 30 healthy subjects matched for
sex, age and ideal body weight were also studied as controls.
The diabetic patients with persistent proteinuria had elevated

blood pressures (146/96 £ 17/10 mmHg, mean + SD) com-
pared with 123/75 £ 11/8 mmHg in diabetic patients with-
out persistent proteinuria, and normal subjects (120/77 +
6/6 mmHg; p < 0.001 for each). Diastolic blood pressure
> 95 mmHg was found in 51% of the group with persistent
proteinuria. Elevated arterial blood pressure is frequently
present in young Type 1 diabetic patients with diabetic ne-
phropathy and normal serum creatinine.

Key words: Type 1 diabetes, diabetic nephropathy, hyperten-
sion, proteinuria, serum creatinine.

Light microscopic evidence of diabetic glomeruloscle-
rosis is found in approximately 90% of Type 1 (insulin-
dependent) diabetic patients with diabetes of duration
> 10years [1, 2]; however, only half of these patients
will develop persistent proteinuria and a decline in
glomerular filtration rate, i.e. diabetic nephropathy
[3-5]. Hypertension is not a feature of the early stages of
diabetic renal disease, as reviewed by Ireland et al. [4].
Furthermore, hypertension is reported to be frequently
absent in Type 1 diabetic patients until renal failure is
advanced [6, 7]. In contrast, we have recently demon-
strated that a rise in arterial blood pressure to a hyper-
tensive level (i. e. diastolic blood pressure > 95 mmHg)
is frequently present in young Type 1 diabetic patients
with diabetic nephropathy and glomerular filtration
rate > 80 ml/min per 1.73 m? [8]. This finding emerged
from a prospective study of glomerular filtration rate,
proteinuria and arterial blood pressure.

In an attempt to clarify the causes of the above men-
tioned controversy, we have performed a study of arte-
rial blood pressure in all young Type 1 diabetic patients
with persistent proteinuria (> 0.5g/day) and normal
serum creatinine (< 130 pmol/1), who visited the outpa-
tient clinic at the Steno Memorial Hospital from Sep-
tember 1978 to December 1980.
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Subjects and Methods

Records were examined of all Type 1 diabetic patients with protein-
uria (positive Albustix) visiting the outpatient clinic at Steno Memori-
al Hospital from September 1978 to December 1980. All patients ful-
filling the following criteria were asked to participate in the present
study: persistent proteinuria (see below), onset of Type1 diabetes
before age 31years, current age < 42years, serum creatinine
< 130 pmol/1, and no antihypertensive treatment. Sixty-one patients
fulfilled all the selection criteria (Table 1). Originally 81 patients were
recorded, but 13 patients were excluded because of elevated serum
creatinine, four because of antihypertensive treatment, and three pa-
tients did not attend the outpatient clinic.

Thirty Type 1 diabetic patients without proteinuria and normal
serum creatinine, matched for sex, age and duration of diabetes and
30 healthy subjects (hospital staff, medical students) matched for sex
and age were also studied (Table 1). All diabetic patients were ketosis-
prone and were treated with twice daily insulin. None of the patients
were taking any other drugs.

All diabetic patients and healthy subjects gave their informed con-
sent, and the experimental design was approved by the Ethical Com-
mittee.

Persistent proteinuria was defined as urinary protein excretion of
> 0.5 g/24 h on four consecutive visits to the out-patient clinic (inter-
val between visits 8-12 weeks).

Diabetic nephropathy was diagnosed clinically if the following
criteria were fulfilled: persistent proteinuria, presence of diabetic ret-
inopathy, duration of diabetes of > 10 years, and no clinical or labo-
ratory evidence of disease of the kidneys or the renal tract other
than diabetic glomerulosclerosis. Six patients with diabetes duration
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Table 1. Clinical data of Type 1 diabetic patients with and without diabetic nephropathy, and normal subjects

Number of  Sex Age Ideal body  Insulin dose Onset of Duration of Retinopathy Serurp )
patients weight diabetes diabetes creatinine
(years) (%) (IU-kg~'-day~") (years) (years) (umol/1)

Patients with 2 F 2947 927 0.71+0.23 9+4 2047 Nil (n=6) 87+10
diabetic 39 M 31+7 9+7 0.68+0.21 13+6 186 Background (n=22) 95+ 10
nephropathy Proliferative  (1=33)
Patients without 10 F 32+6 97+8 0.65:+0.09 15£6 18+6 Nil (n=18) 75+ 9
diabetic 20 M 28+6 97£7 0.69+0.13 11+7 17+4 Background (r=11) 89+ 1
nephropathy Proliferative ~ (n= 1)
Normal subjects 10 F 30+6 916

20 M 31+6 98+8

Results expressed as mean + SD
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Fig. 1. Systolic (@) and diastolic (O) blood pressures in young Type 1
(insulin-dependent) diabetic patients with (n = 61), and without (n =
30) diabetic nephropathy, and in healthy subjects (n = 30)

< 10 years did not have retinopathy. A kidney biopsy was therefore
performed and in all six cases diffuse diabetic glomerulosclerosis was
found.

The blood pressure was measured with a standard clinical sphyg-
momanometer (cuff 25x 12 cm) on the right arm with the subject in
the supine position for at least 10 min. The blood pressure was meas-
ured three times on two separate occasions within 1 month. Pressure
was recorded to the nearest 5 mmHg; diastolic blood pressure was
taken as the disappearance of the Korotkoff sounds (phase 5). Blood
pressure in each subject was calculated as the mean of all six measure-

ments. Conditions of measurement were the same for all three groups
studied.

Serum creatinine concentration was measured using a time-reac-
tion technique [9]. The upper limit of normal for serum creatinine con-
centration in our laboratory is 120 umol/1 (females) and 130 pmol/1
(males).

Arterial hypertension was considered to be present when diastolic
blood pressure > 95 mmHg.

Results are presented as mean + SD. Wilcoxon’s non-parametric
test for paired comparison was used for statistical analysis.

Results

Figure 1 shows the arterial blood pressure in each sub-
ject. The Type1 diabetic patients with persistent pro-
teinuria had elevated blood pressures (146/96 + 17/
10mmHg, mean * SD), compared with 123/75 +
11/8 mmHg in the patients without persistent protein-
uria (p < 0.001) and 120/77 = 6/6 mmHg in healthy
subjects (p <0.001). A diastolic blood pressure
> 95mmHg was found in 31 of the 61 patients with
persistent proteinuria. There was a tendency for a
slightly lower arterial blood pressure in the females
compared with the males (NS).

Discussion

Our study has revealed a high incidence of significant
elevation of blood pressure in young onset Type 1 dia-
betic patients with diabetic nephropathy and normal se-
rum creatinine when compared to matched Type 1 dia-
betic patients without proteinuria and healthy subjects.
Thirty-one out of the 61 Type 1 diabetic patients (51%)
with diabetic nephropathy had a diastolic blood pres-
sure > 95mmHg. Thus, our findings are in contrast
with the generally accepted view that diabetic nephrop-
athy does not usually cause hypertension until late in its
clinical course [7].

Information regarding arterial blood pressure and
diabetic nephropathy has come from three main
sources; autopsy studies, retrospective analysis of re-
cords and prospective clinical studies. The existence of
hypertension based on left ventricular hypertrophy
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and/or non-standardized blood pressure readings ob-
tained from retrospective studies of autopsy protocols
and clinical records in patients with diabetic glomerulo-
sclerosis must be regarded as unreliable [10-12]. Bjerke-
lund [13] found, based on records, a slight but statistical-
ly insignificant blood pressure elevation in 138 middle-
aged patients with diabetic renal disease (defined as
persistent proteinuria). Twenty-five percent of the pa-
tients did not have diabetic retinopathy. No informa-
tion regarding kidney function and antihypertensive
treatment was available. Watkins et al. [6] stated that hy-
pertension (diastolic blood pressure > 100 mmHg) is a
late feature of diabetic nephropathy. This suggestion
was based on a follow-up study in 16 Type 1 diabetic
patients having a kidney biopsy performed 11 years pre-
viously because of proteinuria. However, five of the pa-
tients never developed persistent proteinuira, whilst hy-
pertension was recorded in the six patients who died
from uraemia. Malins [14] studied 54 female and 29
male Type 1 and Type 2 diabetic patients randomly se-
lected due to persistent proteinuria. Renal biopsy
showed diabetic glomerulosclerosis in all patients. A
diastolic blood pressure = 100 mgHg was found in 49%
of the patients. However, only six of the 83 patients
studied had normal renal function at the time of the
blood pressure readings. Hatch et al. [15] found arterial
hypertension (> 140/90 mmHg) in 31 out of 41 diabetic
patients with persistent proteinuria and biopsy-proven
diabetic glomerulosclerosis. Azotaemia was present in
33 patients, and most of the patients had Type?2 dia-
betes. Freedman et al. [16] carried out a large prospec-
tive study of arterial blood pressure in 1100 diabetic pa-
tients, measured under standardized conditions. Most
of the patients suffered from Type 2 diabetes. Fifty-four
patients with persistent proteinuria had diastolic blood
pressure > 100 mmHg, accounting for 27.5% of all pa-
tients with arterial hypertension in the study. Unfortu-
nately, no information was given regarding kidney
function and the prevalence of persistent proteinuria.
Keen et al. [17] evaluated the relationship between arte-
rial blood pressure and diabetes, mainly in Type 2 dia-
betes. Blood pressure was measured under standard-
ized conditions in 735 patients. A tendency for elevated
blood pressure was found in those patients with persist-
ent proteinuria, irrespective of the age groups studied.
However, the blood pressure elevation did not differ
significantly from diabetic patients without proteinuria.
Information regarding kidney function was not present-
ed.

The present finding of elevated arterial blood pres-
sure in young Type1 diabetic patients with diabetic
nephropathy may reflect a causal relationship. How-
ever, it is possible that the renal disorder is accelerated
in those diabetic patients who, for other reasons, lie in
the upper reaches of the blood pressure range, as sug-
gested by Keen et al. [17]. However, Deckert and Poul-
sen [18] have recently demonstrated that the arterial
blood pressure, measured before the occurrence of per-
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sistent proteinuria, is almost the same in Type 1 diabetic
patients who subsequently develop diabetic nephropa-
thy compared with matched Type1 diabetic subjects
without evidence of diabetic nephropathy after more
than 32 years of disease. The mechanisms involved in
the rise of blood pressure in diabetic nephropathy are
poorly understood, as reviewed by Christlieb [19].
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