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Summary With the aim of studying the diurnal varia-
tion in blood pressure in relation to degree of fluid re-
tention, 24-h ambulatory blood pressure monitoring
was performed in 31 insulin-dependent diabetic pa-
tients with nephropathy. The extracellular volume
was calculated from the distribution volume of 3Cr-
EDTA after a single injection. The study population
was arbitrarily divided into two groups, depending
on their extracellular volume. Group1 included
15 patients with a lower extracellular volume and
group 2, 16 patients with a higher extracellular vol-
ume. Ambulatory blood pressure was measured with
a portable monitor using an oscillometric technique.
In all patients, the mean+SD 24-h ambulatory
blood pressure was 135/79 £ 14/7 mmHg. Day and
night-time blood pressures were 136/81 +14/7 and
133/75 £ 17/8, respectively (p < 0.02). The ambulato-
ry blood pressure was 135/80 £ 14/7 in group 1 and
136/78 £15/6 mmHg in group2. The nocturnal

change in blood pressure was significantly greater in
group 1 than in group 2, -9/-9+10/5mmHg and
1/-3+10/6 mmHg, respectively (p =0.005/0.01).
There were no other significant differences between
the groups than the diurnal blood pressure pattern.
There were significant correlations between day am-
bulatory blood pressure and night ambulatory blood
pressure and 24-h ambulatory blood pressure and uri-
nary albumin excretion. There was no correlation be-
tween auscultatory clinic blood pressure on the one
hand and albuminuria on the other. Latent fluid re-
tention therefore may contribute to nocturnal hyper-
tension in diabetic nephropathy. [Diabetologia
(1995) 38: 216-220]
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During the past 10 years the prognosis for diabetic
nephropathy has improved considerably, mainly due
to effective antihypertensive treatment, which is
probably a major factor in arresting the decline in
kidney function [1, 2]. Recently, an abnormal 24-h
blood pressure profile with a reduced nocturnal de-
cline in blood pressure has been reported in pa-
tients with diabetic nephropathy [3-5]. The rele-
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vance of this finding is unknown, but it is possible
that nocturnal hypertension adversely affects the
kidney. The causes of this blunted day/night blood
pressure variation are also unknown. Several mecha-
nisms have been proposed however, such as poor
metabolic control, fluid retention and autonomic
dysfunction [5].

The mechanism is likely to be multifactorial, but
fluid retention is an attractive explanation. It seems
logical that mobilisation of fluid which is peripheral-
ly lodged while in the recumbent position would
cause central accumulation of fluid leading to ele-
vated blood pressure during the night. To investi-
gate this, we determined the extracellular volume
(ECV) in insulin-dependent diabetic (IDDM) pa-
tients with nephropathy and studied its relationship
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Table 1. Clinical and laboratory characteristics of 31 patients
with diabetic nephropathy divided in two groups according to

extracellular volume

Group 1 Group 2
n 15 16
Male/female 817 11/5
Age (years) 45+8 44 +7
Duration of diabetes
(years) 31+7 32+6
Daytime albuminuria
(pg/min) 171 (52-550) 373 (195-724)

Night-time albuminuria
(ug/min}

129 (36-457)

356 (154-813)

Body weight (kg) 77115 719
Serum sodium (mmol/I) 134.4£3.1 135.7+£3.0
Haemoglobin (g/1) 125+13 115+£20
Haemoglobin A, (%) 8.8+13 93+19
Insulin dose (daily units) 47 +17 48+ 17
GFR (ml - min™ 1.73m?)  38+17 40+29
ECV (ml) 1391 £ 281 1614 + 248
ECV (% of bodyweight) 182416 28+12
Betablockade treatment (%) 60 44

Furosemide (mg daily)

145 (40-750)

143 (20-1750)

The values are given as means + SD except for albumin excre-
tion which is geometric means (95 % confidence intervals)
and furosemide dose which is given as median with range.
Group 1 included the 15 patients with the lower ECV and
group 2, the 16 patients with the higher ECV. There were no
significant differences between groups except for ECV

to the night/day ratio in blood pressure, determined
with ambulatory blood pressure (ABP) measure-
ments.

Subjects and methods

Thirty-one IDDM patients with nephropathy were studied.
The patients were selected so that a wide range of renal func-
tion was represented. The mean glomerular filtration rate was
39 (range 8-123) ml-min™ 1.73m™? The patients had a
mean age of 44 +7 years with onset of diabetes at a mean age
of 13 years (range 4-26 years). The mean duration of diabetes
was 32 + 7 years. The body weight was 74 + 12 kg. All the pa-
tients had elevated urinary albumin excretion (>20 pg albu-
min/min) and many had been treated with antihypertensive
therapy for many years. We did not classify the patients into
micro- and macro-albuminuria because of discrepancies be-
tween albuminuria and glomerular filtration rate probably re-
lated to effective antihypertensive treatment. One patient had
microalbuminuria (70 ug/min) and preserved glomerular fil-
tration rate. One patient was treated with hydrochlorothiaz-
ide, the others with furosemide. The median furosemide dose
was 160 mg (range 20-1750 mg). Twenty-nine patients were
treated with angiotensin converting enzyme inhibitors, 15
with beta blockers and 8 with calcium channel blockers. The
patients were divided in two groups depending on ECV;
group 1 included the 15 patients with the lower ECV and
group 2, the 16 patients with the higher ECV.
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Fig.1. 24-h profiles of mean systolic and diastolic blood pres-
sure. Patients with extracellular volume in the lower range ®;
patients with extracellular volume in the higher range O

Methods. Blood pressure was measured at 20-min intervals from
06.00 to 22.00 hours and at 30-min intervals during the night. A
lightweight portable automatic monitor based on the principal
of oscillometry was used (SpaceLabs Model 90207; SpaceLabs,
Redmont, Wash., USA) [6]. Day and night-time blood pres-
sures were calculated from fixed times instead of actual bed-
time. The daytime blood pressure was calculated as the mean
of the readings between 07.00 and 10.00 hours and night-time
blood pressure as the mean of the remaining readings. For com-
parison, mean blood pressures were also calculated as daytime
between 12.00 and 04.00 hours and night-time blood pressure
between 24.00 and 04.00 hours. The mean 24-h blood pressure
was calculated as the mean of the individual means calculated
for each hour. Mean arterial blood pressure was calculated as di-
astolic blood pressure plus one-third of the difference between
systolic and diastolic blood pressure. Clinical auscultatory
blood pressure was measured as the mean of two recordings
with a mercury manometer after 5 min in the supine position.

Haemoglobin A, serum electrolytes and urinary albumin
excretion were measured by routine automated methods. Uri-
nary albumin excretion was measured as day and night secre-
tion based on the patients’ own report of time for going to
bed and rising.

Glomerular filtration rate was determined from the plasma
disappearance of *'Cr-EDTA after a single injection [7]. The
plasma concentrations of >'Cr-EDTA were measured at 180,
183, 200, 220, 240 and 300 min after injection. ECV was calcu-
lated from these values according to Brgchner-Mortensen [8]
and is presented as percent of the body weight. The normal val-
ue is 19.5 % in men and 18.8 % in women [9]. The ambulatory
blood pressure equipment was given to the patient at the
ECV determination and the recording was done at the earliest
convenient time.

Statistical analysis

Results are presented as means + SD. Urinary albumin excre-
tions are given as geometric means (antilog 95 % confidence
interval of the logarithms) and furosemide doses as medians
(range) due to their skewed distribution. The study group was
arbitrarily divided in two categories with 15 and 16 patients, re-
spectively depending on their ECV. Group 1 included the
15 patients with the lower ECV and group 2, the 16 patients
with the higher ECV. Differences between groups were as-
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Table 2. Blood pressure and heart rate in 31 patients with diabetic nephropathy divided in two groups according to extracellular

volume

Group 1 Group 2 p value
Daytime heart rate (beats/min) 84+12 87+13 0.45
Night-time heart rate (beats/min) 75+8 7819 0.21
24-h blood pressure (mm Hg) 135/80 £ 14/7 136/78 £ 15/6 0.8/0.6
Daytime blood pressure (mm Hg) 138/83 £ 13/8 135/79 £ 15/6 0.6/0.3
Night-time blood pressure (mm Hg) 129/73 £ 16/8 137/76 £ 18/8 0.1/0.3
Heart rate night/day ratio 1.12 +0.07 1.114+0.1 0.8
Systolic night/day ratio 0.93 £0.05 1.01 +£0.07 0.003
Diastolic night/day ratio 0.89 £ 0.06 0.96 £0.08 0.01

Group 1 included the 15 patients with the lower ECV and group 2, the 16 patients with the higher ECV. The values are given as

means £ SD
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Fig.2. Change from day to night in mean arterial blood pres-
sure measured with ambulatory blood pressure monitoring in
patients with low (group 1) or high (group 2) extracellular vol-
ume. Blood pressure was determined between 12.00 and
16.00 hours - (day) and 24.00 and 04.00 hours (night).
* p =0.0007

sessed by Wilcoxon’s non-parametric method and p < 0.05 was
considered as significant. Spearman’s rank correlation coeffi-
cient was used for correlations.

Results

Clinical data of both groups are given in Table 1. The
major results are given in Table 2. The mean glomer-
ular filtration rate was 39+24 ml-min!-1.73 m™
(range 8-123). The hourly blood pressures for the
two groups are shown in Figure 1. The mean 24-h
blood pressure in all patients was 135/79+14/
7mmHg. The day and night-time blood pressures
were 136/81 £14/7 and 133/75+£17/8, respectively.
Auscultatory clinic supine blood pressure was 151/
87 £ 21/10 mm Hg which is higher than the daytime
ambulatory blood pressure (p < 0.01).

In all patients, the blood pressure fell with 4/6 + 10/
7 mm Hg during the night (p < 0.02). In group 1, both
systolic and diastolic blood pressures fell significant-
ly during the night (p < 0.001) but there was no signif-

icant change in group 2. Blood pressure data from a
more narrow time range — 4 h from noon and 4 h
from midnight — gave an identical pattern (Fig.2).
The change in blood pressure was —13/-13 +8&/
7mmHg in groupl and 1/-48+17/9mmHg in
group 2 (p = 0.003). The night/day ratio in mean arte-
rial blood pressure was significantly correlated to
ECV (rho = 0.39, p = 0.03). The heart rate fell signifi-
cantly in both groups during the night (p < 0.001).
There was no correlation between glomerular filtra-
tion rate or log furosemide dose and ECV (rho =
—0.17 and 0.19, respectively). In 12 patients with more
preserved glomerular filtration rate (> 40 ml - min~! -
1.73 m2) the night to day ratio in ambulatory mean
arterial blood pressure was 0.87 and 0.95, respective-
ly (p <0.01).

Half of the patients received beta blocking agents.
This treatment did not seem to affect the night/day
ratio of blood pressure as shown by a value of
0.95 £ 0.06 in those with and 0.94 £ 0.09 in those with-
out beta blockade. Most patients took their antihy-
pertensive drugs in the morning but seven patients
had an evening dose. Three of these seven patients
were in the group that had the highest nocturnal
blood pressure fall. The night-time urine production
in the group with high and low ECV was
1.3+0.5ml/min and 21.1 £ 1.1 ml/min, respectively
(p = 0.03). The daytime urine production did not dif-
fer between the groups (1.6£0.9ml/min vs
1.7 £ 0.7 ml/min).

There was no significant correlation between aus-
cultatory clinic supine blood pressure and albuminur-
ia (rho=0.03). Albuminuria during the day, the
night, and over 24 h was significantly correlated to
ABP during the corresponding period (rho = 0.7, 0.5
and 0.7, respectively p < 0.007).

Discussion

In the present study, IDDM patients and nephropa-
thy were selected so that a wide range of renal func-
tion was represented. We found no nocturnal decline
in blood pressure in patients with relatively high
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ECV. In contrast, patients with lower ECV had an al-
most normal night/day blood pressure ratio.

The 24-h ABP was well-controlled, if conventional
criteria for clinical blood pressure measurements are
used but higher than the 24-h ABP values for normal
population. In a meta analysis including 3476 normal
subjects, the 24-h blood pressure was 118/72 mmHg
[10]. The daytime blood pressure was 123/76 mm Hg
and the night-time blood pressure 106/64 mmHg.
The ratios between night and day pressures were
0.87 for systolic and 0.83 for diastolic blood pressure.

The change in blood pressure associated with sleep
has been described in several studies [11-14]. In heal-
thy individuals 24-h recordings have shown that
blood pressure tends to be highest in the morning
with a gradual decrease over the course of the day
and is lowest (15-20%) 2 h after the onset of sleep.
This diurnal blood pressure pattern can be caused by
variation in physical activity and by the influence of
stress hormones. In patients with essential hyperten-
sion, the blood pressure pattern is similar to that
found in normotensive subjects [12-13]. Secondary
hypertension however, is often associated with a
blunted nocturnal decline in blood pressure. This
phenomenon has been found in hypertension of
chronic renal failure, malignant hypertension pheo-
chromocytoma, pre-eclamptic toxaemia, Cushing’s
syndrome and orthostatic hypotension [15].

Several investigators have found a reduced noctur-
nal decline in blood pressure in diabetic renal disease
[3-5, 14]. Hansen et al. [5] found a 7 % nocturnal re-
duction of diastolic blood pressure in patients with di-
abetic nephropathy treated for hypertension com-
pared to 20 % in healthy subjects. The same pattern
has been found in patients with long-term diabetes
without nephropathy [16]. Hornung et al. [17] select-
ed patients with and without autonomic neuropathy
and found a loss of diurnal rhythm in those with neu-
ropathy. Wiegman et al. [3] also studied patients with
long-term diabetes and found a lack of diurnal varia-
tion of blood pressure. In the latter study, patients
with albuminuria had not been excluded. Visceral
neuropathy with autonomic denervation is an attrac-
tive explanation for the nocturnal hypertension. In
non-diabetic patients with severe autonomic neurop-
athy, Mann et al. [18] found no nocturnal decline in
blood pressure. The mechanism could be a reduced
vagal tone leading to tachycardia and elevated cardi-
ac output. We did not measure the presence of neu-
ropathy in our subjects since probably all patients
had some degree of autonomic neuropathy. Howev-
er, it cannot be excluded that autonomic neuropathy
was inequally distributed in the two groups. We
found no correlation between day or night heart rate
and the night/day blood pressure ratio. This result
however, is confounded by beta blocker treatment.

In our study, we found that patients who had an
ECV in the upper range had no nocturnal fall in
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blood pressure. The patients with an ECV in the low-
er range had a more normal fall in blood pressure of
9 %. When blood pressure values from 4 h from the
middle of the day or night were used, the fall in
mean arterial blood pressure was 13 %. Although
there was a highly significant difference between the
two groups regarding night/day ratio, there was an
overlap with a resulting low predictive value of ECV
determination on the blood pressure variability. The
overlap between the groups supports a multifactorial
origin as for the nocturnal hypertension.

ECV was determined as the distribution volume of
SICr-EDTA based on the same data used for the de-
termination of the total plasma clearance of 5!Cr-
EDTA. The S'Cr-EDTA method has proven to be a
simple and fairly accurate method for measuring
ECV [8]. We related the ECV to total body mass
with no correction for body fat mass. This fact can ex-
plain some of the variability and overlap between the
groups.

Our data indicate that occult overhydration leads
to nocturnal hypertension. The mechanism would be
mobilisation of peripheral oedema in the recumbent
position leading to an increase in intravascular vol-
ume. Another indication of fluid retention associat-
ed with loss of nocturnal decline in blood pressure is
the finding by Staessen et al. [19] that patients with a
blunted nocturnal decline in blood pressure excrete
more sodium during the night. Their finding was in-
terpreted as a pressure natriuresis during the night
but an alternative explanation is that relative overhy-
dration led to nocturnal loss of sodium. We did not
measure sodium excretion but the night-time urine
production was higher in the patients with higher
ECV. Mathiesen et al. [20] found a tendency towards
lower nocturnal blood pressure in patients with dia-
betic nephropathy treated with captopril and thiaz-
ide. Captopril has previously been shown to reduce
ECV [21]. In diabetic nephropathy, the degree of ove-
rhydration is determined by renal function, amount
of proteinuria and doses of diuretics used. The diuret-
ic dose was given according to clinical needs to keep
the patients normotensive and free from oedema.
The dosage seems to have been well adjusted to the
renal function since there was no correlation be-
tween ECV and glomerular filtration rate or be-
tween ECV and diuretic dose.

The pathological significance of nocturnal hyper-
tension is unclear. There are no reports on the renal
consequences of nocturnal hypertension. There is ev-
idence to suggest that when it is present in essential
hypertension, there is an increased prevalence of left
ventricular hypertrophy, which carries a bad progno-
sis independent of blood pressure [22, 23]. Gambar-
della et al. [24] showed that diabetic patients with au-
tonomic neuropathy and isolated nocturnal hyperten-
sion had a 32 % increase in left ventricular mass. We
saw a significant correlation between ABP and albu-
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minuria but not with clinic auscultatory blood pres-
sure as previously described [25]. This indicates that
ambulatory blood pressure is more informative re-
garding the blood pressure load on the kidneys. The
predictive value however, of ABP for the develop-
ment of renal function has not been shown.

In conclusion, we have shown that patients with
higher ECV have a reduced nocturnal decline in
blood pressure. It remains to be determined if a re-
duction in ECV by means of diuretic treatment can
restore a normal day/night blood pressure pattern in
patients with diabetes and nephropathy and further
diminish the decline in renal function.
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