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The Association Between Autonomic Neuropathy
and Microalbuminuria with Altered Diurnal Blood
Pressure Variation in Type 2 Diabetic Patients
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Marmara University, Istanbul, Turkey
* Department of Endocrinology and Metabolism
** Department of Cardiology

Ambulatory blood pressure monitorization is a valuable tool for the assessment of
diurnal variation of blood pressure and diagnosis of hypertension. Altered diurnal
blood pressure variation is observed in diabetic patients with overt nephropathy. In
this study, we planned to investigate the relationship between diabetic microvascular
complications, mainly autonomic neuropathy and early stage nephropathy, and
diurnal blood pressure variation in type 2 diabetic patients. We performed 24 hour
ambulatory blood pressure monitoring, 24 hour urinary albumin excretion measure-
ments, and autonomic neuropathy tests in healthy controls (C) (n=13), normoalbu-
minuric (N) (n=30) and microalbuminuric (M) (n=18) type 2 diabetic patients.
Frequency of autonomic neuropathy was significantly higher in group M (45%)
compared with group C (p<0.005). Although there was no significant difference
between day and night blood pressures and heart rates between groups, the amount
of dipping of sistolic, diastolic and mean arterial pressures in group M (5.5%3, 9.6+5,
7.1+4%) was decreased compared with group C (10+2, 14.9+3, 12.3+2%) (p<0.005)
and group N (8.3+4, 11.9%5, 10.1%4 %) (p<0.05). Frequency of non-dippers was
increased in groups M (83%; p<0.0005) and N (57%; p<0.01) compared with group C
(18%). The frequency of non-dippers was found to be higher in patients with
autonomic neuropathy (85% vs. 45.5%, p<0.05) and the frequency of autonomic
neuropathy was found to be significantly higher in non-dipper patients (44.5% vs.
10%, p<0.05). In conclusion increased frequency of nondippers in patients with
microalbuminuria and/or autonomic neuropathy demonstrates the relation between
altered diurnal blood pressure rhythm and microvascular complications.
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Introduction vascular morbidity and mortality (3, 4). Prospective

studies in diabetic patients have shown an increasec
mortality rate in patients with autonomic neuropathy
S, 6).

Ambulatory blood pressure monitorization is a
valuable tool for the assessment of diurnal variatior
of blood pressure and diagnosis of hypertension.
Absence of a natural decline in nocturnal blood
pressure is associated with left ventricular hypertrophy
(7-10), increased cardiovascular complications anc
hypertensive retinopathy (9, 11) in nondiabetic
individuals. Diurnal blood pressure variation is alsc
altered in diabetic patients with overtnephropathy
(12, 13).

There is an increased risk of cardiovascular morbidity
and mortality in type 2 diabetic patients (1,2).
Microvascular and macrovascular complications of
diabetes are associated with an increased cardiovas-
cular risk. Microalbuminuria, the first clinical marker
of diabetic nephropathy, is also a predictorof cardio-
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In this study, we planned to investigate the relationshif
between diabetic microvascular complications, mainly

19



ORIGINAL ARTICLE

autonomic neuropathy and early stage nephromthy,
and diurnal blood pressure variation in type 2 diabetic
patients. We proposed an association between im-
paired nocturnal blood pressure decline (non-dipping)
and diabetic microvascular complications, thus one
leading to another and also contributing to increased
cardiovascular risk.

Materials and Method

Normotensive or mild hypertensive (diastolic blood
pressure lower than 100 mmHg) type 2 diabetic
patients were enrolled in the study. Patients on an
antihypertensive drug were re-evaluated after the
cessation of treatment and a two-week wash out
period (7). The study group consisted of 20 patients
with microalbuminuria (30-300 mg/day albuminuria
in at least 2 measurements out of 3) and 31 normo-
albuminuric patients, while 13 healthy subjects with
no family history of hypertension and, diabetes served
as the control group. Diabetes mellitus was diagnosed
on the basis of at least 2 measurements of fasting
blood glucose over 126 mg/dl or a second hour
blood glucose level over 200 mg/dl during an oral
glucose tolerance test. Patients with a diagnosis of
diabetes after 35 years of age, on diet and/or oral
hypoglycaemic drugs, or who had switched to insulin
therapy after five years of oral hypoglycaemic drug
treatment were accepted as type 2 diabetics.

All of the subjects were informed about the study
protocol and gave written informed consent. This study
was approved by Marmara University Human Studies
Ethics Committee.

The subjects were evaluated with a complete history
and physical examination including the measurement
and calculation of body mass index prior to the study.
The presence and grade of diabetic retinopathy was
assessed by a specialist ophthalmologist with indirect
ophthalmoscopy. Haemoglobin Alc, serum lipid
profiles, creatinine and BUN levels, and urine analysis
were obtained. Albuminuria was measured in 24-hour
urine samples with a chemiluminesence method (Dade
Behring,Newark, DE), and serum and urine creatinine
levels with a calorimetric kit (Boehriger Mannheim
GmBH, Germany) by the Jaffe method using Hitachi
auto-analyser. Haemoglobin Alc levels were measured
with an enzymatic immunoassay (ABBOTT-GmbH
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Diagnostika, Wiesbaden-Delkenheim, Germany,
cholesterol and triglyceride levels with a spectrop-
hotometric method by using a Dupond dimensior
(Boehriger Mannheim GmBH, Germany).

Autonomic nervous function was evaluated by:1
Beat-to-beat variation during deep breathing
(abnormal:=<10 beats/min, borderline: 11-14 bpm
normal:>15 bpm); 2. Orthostatic blood pressure
measurements (change in systolic blood pressure 3
minutes after standing; abnormal: >= 30mmHg , bor:
derline: 11-29 mmHg , normal: <10 mmHg); 3. Hear
rate response to the Valsalva maneuvre (Valsalva
Ratio is defined as the ratio of longest R-R interval
after manoeuvre to shortest R-R interval during the
manoeuvre; abnormal: =<1.10, border-line:1.11-1.20:
normal: >=1.21); Valsalva manoeuvre was performec
by the subjects blowing into a mouthpiece connected tc
a sphygmomanometer and holding it at a pressure o
mmHg for 15 seconds while a continuous electro-
cardiogram was taken during tests; 4. Immediate heart
rate response to standing (30:15 ratio) (abnormal:
=<1.00; borderline: 1.01-1.03; normal: >=1.04) (14).
Patients with at least two positive tests out of fou
were accepted as having autonomic neuropathy
Peripheral neuropathy was evaluated with a pinprick
test for sensation and 128 Hz tuning fork for vibration.

Twenty-four hour ambulatory blood pressure
monitorizations (ABPM) were performed with a
Spacelab® 90207 device. Blood pressure measu-
rements of this device were confirmed by a manua
sphygmomanometer both at the beginning and a
the end of the 24-hour monitorization period. Blood
pressure measurements were performed and recorded
at 20 minute intervals during the day-time (07:00
AM - 11:00 PM) and at 30 minute intervals during
sleep (11:00 PM-07:00 AM). Subjects were asked
to record their wake-up and sleeping times. Diurnal
variation of blood pressure was assessed through these
records. Mean blood pressure levels were calculatec
for day-time and sleeping periods. Dippers were
defined as subjects with an average reduction in
systolic and diastolic blood pressure of greater than
10% from day to night, while the others were
classified as “non-dippers” (13, 15). Amount of dipping
of blood perssure from day to nihth (%) was calculated
as follows : (Mean B.P During Day-Mean Blood Presure
During Sleep) * 100/Mean Blood Pressure During

Day. (13
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Statistical Analysis

All calculations were made with a commercially
available program (Instat II) for IBM computer.
For normally distributed variables Tukey-Kramer
ANOVA and for non-normally distributed variables
Kruskall-Wallis ANOVA tests were done in order
to analyse the differences between the three groups.
Comparisons between two groups were performed
with Student’s test or Mann-Whitney U tests where
appropriate. Frequencies were compared with Fisher’s
exact test and correlation analyses were calculated
with Pearson test.

All the values are presented as mean * standard
deviation. A two-tailed p values less than 0.05 was
considered as significant.

Results

The demographic and clinical characteristics of the
subjects are summarised in Table 1. There was no
significant difference between the three groups re-
garding age, gender, body mass index, serum lipid,
and creatinine clearance levels. Diabetic micro-

albuminuric and normoalbuminuric groups wert
also found to be similar regarding diabetes duration.
diabetic retinopathy and haemoglobin Alc levels.
Urinary albumin excretion levels were similar contro
and normoalbuminuric groups but was significantly
increased in the microalbuminuric group as expected
(8.6£6.0 mg/day, 16.0£7.8 mg/day, and 124.7184.€
mg/day, respectively, p<0.001).

The results of neuropathy tests are summarised in
Table 2 and 3. Frequency of autonomic neuropathy
was significantlyhigher in microalbuminuric diabetic
patients (55%) (11 of 20 microalbuminuric type 2
diabetic patients had autonomic neuropathy) comparec
with healthy controls (p<0.005) but not different
between microalbuminuric and normoalbuminuric
diabetic patients or normoalbuminuric diabetic patients
and healthy controls (Figure 1). Vibration sense was
significantly impaired in the diabetic groups comparec
with healthy controls (p<0.05). There was no sig-
nificant difference between the three groups regarding
the loss of pinprick sensation or Achilles reflexes.
Twenty-four hour blood pressure and heart rate

Table 1. Demographic and clinical characteristics of patients and controls.

Tip 2 Diabetic Patients

Controls Normoalbuminuric Microalbuminuric
N=13 N=31 N=20
Male/Female 7/6 15/16 5/15 NS
Age (Year) 55+9.704 56.5£10.217 53.15£10.927 NS
BMI (Kg/m?) 27.66%2.887 27.25+2.844 29.53+4.9 NS
Total Cholesterol 210.91+33.38 231.58+47.02 237.85+49.49 NS
(mg/dl)
HDL 41.33+4.43 47.70+8.35 52.55£15.08 NS
(mg/dl)
Triglyceride 134.83+64.15 141.53+£66.88 163.15+£102.88 NS
(mg/dl)
LDL. 142.75+34.61 155.77+42.82 148.2+34.13 NS
(mg/dl)
HbA1C (%) 5.23+0.3280 7.36 £1.139% 8.32 +2.042° a,b
Creatinine 104.5£26.41 94.5811+29.594 84.275+30.49 NS
clearance (ml/min)
Diabetes Duration - 5.96+5.743 7.65+6.798 NS
(Year)
Microalbuminuria 8.6%5.95° 1647.75¢ 124.7484.61°¢ b.c
(mg/day)
Retinopathy
(Absent/NonProlif./ 29/2/0 16/2/2 NS
Proliferative)

a: p<0.001 Normoalbuminuric group vs Control group
b: p<0.001 Microalbuminuric group vs Control group

c: p<0.001 Microalbuminuric group vs Normoalbuminuric group
NS - Non cionificant
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Table 2. Autonomic Neuropathy.

Type 2 Diabetic Patients

Controls Normo albuminuric Micro albuminuric
n=13 n=31 n=20
Heart rate variation during deep breathing
(N/B/A)* 13/0/0 a, b 12/6/13 b 5/3/12 a ab
Valsalva Ratio
(N/B/A)* 13/0/0 ¢ 23/3/5 12/5/3 ¢ c
Immediate heart rate response to standing
30/15 ratio
(N/B/A)* 12/1/0d 20/2/9 9/2/9 d d
Blood pressure response to standing 31 i,
(N/B/A)* 13/0/0 30/1/0 17/2/1 N.S. #
Frequency of autonomic neuropathy
(Present/Absent) 0/13 e 724 9/11e [
Pinprick sensation
(Normal/Reduced/ Absent) 13/0/0 20/11/0 16/3/1 N.S. #
Vibration
(Normal/Reduced/ Absent) 12/1/0 14/13/4 9/10/1 f,g
Achilles reflex
(present/absent) 13/0 21/10 15/5 N.S. #
*N/B/A: Normal/Borderline/Abnormal
#: No significant difference p>0.05
a: Microalbuminuric group vs Control group, p<0.0001
b: Normoalbuminuric group vs Control group, p<0.005
c: Microalbuminuric group vs Control group, p<0.05
d: Microalbuminuric group vs Control group, p<0.01
e: Microalbuminuric group vs Control group, p<0.005
f: Microalbuminuric group vs Control group, p<0.05
g: Normoalbuminuric group vs Control group, p<0.05
Table 3. Number of Patients with Autonomic Neuropathy in Dipper and Non-dipper Diabetics.
Type 2 Diabetic Patients
Controls Dipper Non-dipper
n=13 n=22 n=29
Heart rate variation during deep breathing
(N/B/A)* 13/0/0 a, b 8/3/8 b 10/5/17 a a,b
Valsalva Ratio
(N/B/A)* 13/0/0 ¢ 16/2/1 19/6/7 ¢ c
Immediate heart rate response to standing
30/15 ratio
(N/B/A)* 12/1/0 ¢ 17/1/1 13/3/17 ¢ c
Blood pressure response to standing 3rd min.
(N/B/A)* 13/0/0 19/0/0 28/3/1 N.S.
Frequency of autonomic neuropathy
(Present/Absent) 0/13d 3/16 13/19d d

a: nondipper vs controls p<0.005
b: dipper vs controls p<0.01

c: Non-dipper vs controls p<0.05
d: Non-dipper vs dipper p<0.05
N.S.: Non significant

variations of the three groups are summarised in
Table 4. There was no difference between the three
groups regarding day-time or night-time systolic,
diastolic, and mean arterial pressures or heart rates.
Nocturnal reduction in systolic blood pressure was
more prevalent in healthy controls (10.0%, p<0.001)
and normoalbuminuric diabetic patients (8.3%,
p<0.05) compared with the microalbuminuricgroup
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(5.5%). There was a 14.9% decline in nocturnal
diastolic blood pressure in healthy controls, while
this was only 9.6% in microalbuminuric patients
group (p<0.05). Diurnal variation of mean arterial
pressure was also blunted in microalbuminuric
patients (7.1%) compared to normoalbuminuric
(12.3%, p<0.001). Frequency of non-dippers was
significantly higher in diabetic patients compared
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with healthy controls. Non-dippers comprised 70%
(14 of 20 patients) of the microalbuminuric group
(p<0.001) and 48.3% (15 of 31 patients) of the
normoalbuminuric diabetic group (p<0.05) while only
7.6% (1 of 13) of the healthy controls were non-
dippers (Figure 1).
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Figure 1. Comparisons of Prevalence of Dippers and Nondippers.

« Prevalence of non-dippers in microalbuminuric group>Prevalence
of non-dippers in control group, p<0.0004

 Prevalence on non-dippers in normoalbuminuric group>Prevalence
of non-dippers in control group, p<0.02

When diabetic patients were separated into two
groups according to autonomic neuropathy status,
the frequency of non-dippers was found to be higher
in patients with autonomic neuropathy [13 of 16
AN(+) patients vs 19 of 35 AN(--) patients](81.25%
vs. 45.7%, p<0.05). When diabetic patients were
separated into two groups according to diurnal blood
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Figure 2. A: Autonomic nervous function in dippers and nondippers .
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pressure variations, the frequency of autonomic
neuropathy was found to be significantly higher in
non-dipper patients[13 of 32 nondipper patients vs
3 of 19 dipper patients] (44.5% vs. 15.7%, p<0.05)
(Figure 3A and 3B).

There was a significant correlation between HbAlc
and urinary albumin excretion levels in diabetic
patients (r=0.66, p<0.0001). Other variables were
not correlated with each other.

Discussion

In this study we found a significant association
between autonomic neuropathy, early stage ne-
phropathy and altered diurnal blood pressure
variation in type 2 diabetic patients. Normal nocturnal
decline of arterial blood pressure was found to be
significantly blunted in the microalbuminuric group.
Diurnal variation of blood pressure was not quite
different from healthy controls in the normoalbu-
minuric diabetic group, indicating a correlation
between microalbuminuria and altered diurnal variation
of blood pressure. On the other hand, the frequency
of non-dippers was significantly higher in both
diabetic groups compared with healthy controls,
although being more prevalent in the microal-
buminuric group. A similar finding was observed
by Nielsen et al previously in a group of type 2
diabetic patients with overt nephropathy (13). In
that study, the nocturnal blood pressure reduction
and frequency of dippers was found to be significantly
lower in nephropathic type 2 diabetic patients
compared with normoalbuminuric type 2 diabetic
patients and healthy controls. But at the same time
a less prominent difference was also observed
between normoalbuminuric type 2 diabetic patients
and healthy controls (13).

Impairment of nocturnal decline of blood pressure
is a well-established finding for ovent nephropathic
diabetic patients (12). But in this study, with the
support of the recent literature (13), we demon-
strated a similar pattern in microalbuminuric
diametic patients. Although noctunal decline of
blood pressure in mormoalbuminuric type 2 diabetic
patients was not significantly different from controls,
significantly increased prevalance of nondippers in
the normoalbuninuric diabetic group might demonstrate
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impairment of nocturnal decline of blood pressure
in this group of patients.

The correlation between hypertension and diabetic
nephropathy is well understood in type 1 diabetic
patients. Elevation of blood pressure has always
followed the onset of diabetic nephropathy (16-
18). But such a cause and effect relationship is not
always present for type 2 diabetic patients. Hyper-
tension may precede diabetic nephropathy in this
group of patients, further aggravating and being
aggravated by the nephropathy process (4,19). In
this study we demonstrated a disturbed diurna
blood pressure pattern in normotensive and milc
hypertensive type 2 diabetic patients before the
onset of nephropathy. This disturbed pattern may
be the result of hyperinsulinemia, insulin resistance
sympathetic hyperactivity, endothelial damage, o1
diabetes itself. Explanation of this pattern needs
further investigation, but an evident explanation
may be the effect of autonomic neuropathy.

In this study we demonstrated an increased frequency
of non-dippers in diabetic patients with autonomic
neuropathy and an increased frequency of autonomic
neuropathy in non-dippers. An increased frequency
of autonomic neuropathy in non-dippers. Similal
data (20.21) had been reported previously suggesting
a close relation between autonomic neuropathy
and impaired nocturnal blood pressure decline. We
also found an increased frequency of autonomic
neuropathy in microalbuminuric diabetic patients.
Spallone et al studied type 1 diabetic patients,
excluding the ones with overt nephropathy, and
reported a higher night-time blood pressure ir
patients with autonomic neuropathy. However
night-time urinary albumin excretion rate was alsc
elevated in patients with autonomic neuropathy.
evidence of a complex relationship betweer
autonomic neuropathy, elevated night-time urinary
albumin excretion and a high night/day ratio of
blood pressure (22). We have also demonstrated a
similar pattern, which may be of prognostic impor-
tance. Alteration of diurnal blood pressure variatior
is proposed to be a predictor for the transition from
normoalbuminuria to microalbuminuria in type 1
diabetic patients (23). Although it needs to be
demonstrated with longitudinal studies, we suggest
a similar hypothesis for type 2 diabetic patients.
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