
The presence of microalbuminuria indicates an in-
creased risk of cardiovascular disease in patients
with Type I (insulin-dependent) diabetes mellitus
[1]. Clinical autonomic neuropathy adds to a particu-
lar poor prognosis in these patients [2±5]. Because au-
tonomic neuropathy is highly prevalent among pro-

teinuric patients, it could in part account for the in-
creased mortality rate associated with diabetic nephr-
opathy [6, 7]. In addition, autonomic neuropathy
could play a part in the development and the progres-
sion of proteinuria [8]. Abnormal cardiovascular re-
flexes predict a lower than expected glomerular fil-
tration rate [9, 10] and the presence of autonomic
neuropathy blunts the nocturnal fall in blood pres-
sure and albumin excretion rate [11].

Baroreflex sensitivity (BRS) measurements are
highly sensitive for detecting early abnormalities in
cardiovascular autonomic function [12, 13]. Barore-
flex sensitivity has been reported to be impaired in
uncomplicated Type I diabetic patients [13±15] but
the clinical relevance of a decline in BRS in these pa-
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Abstract

Aims/hypothesis. To evaluate baroreflex sensitivity
(BRS) in microalbuminuric and normoalbuminuric
Type I (insulin-dependent) diabetic patients without
autonomic neuropathy and in healthy control sub-
jects.
Methods. Microalbuminuric Type I diabetic patients
(n = 15) were matched for age, sex, body mass index
(BMI) and smoking habits with 15 normoalbuminuric
patients and with 15 healthy control subjects. All sub-
jects had a blood pressure less than 160/95 mmHg, a
BMI less than 30 kg/m2 and normal autonomic func-
tion on standard tests. Blood pressure and heart rate
were measured non-invasively (Finapres) at rest and
during sympathetic activation (handgrip, mental
stress, standing). The baroreflex sensitivity was de-
fined as the mean gain between blood pressure vari-
ability and heart rate variability in the 0.07±0.15 Hz
frequency band.

Results. Resting baroreflex sensitivity was decreased
in the microalbuminuric patients (3.5 ± 0.4 ms/
mmHg) compared with the normoalbuminuric pa-
tients and the healthy subjects (7.6 � 1.6 and
9.5 � 1.1 ms/mmHg, respectively, p < 0.001). The
sympathetic tests reduced baroreflex sensitivity simi-
larly in the groups without changing the between
group differences.
Conclusion/interpretation. Baroreflex sensitivity is re-
duced in Type I diabetic patients with microalbumin-
uria but without autonomic neuropathy. A prospec-
tive study should indicate whether this early abnor-
mality in cardiovascular reflex function is a risk factor
of cardiovascular mortality in these patients. [Dia-
betologia (1999) 42: 1345±1349]
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tients is not yet clear. It could be a risk indicator of
cardiovascular mortality, in analogy to observations
in post-myocardial patients [16, 17].

An increase in the carotic wall thickness [18] and a
reduced distensibility [19] have both been reported in
microalbuminuric Type I diabetic patients and could
affect the function of baroreceptors in the carotic
wall. An impaired cardiac vagal function [6] and a di-
minished endothelial function [20] are other abnor-
malities reported in microalbuminuric Type I diabetic
patients that could also contribute to an abnormal
baroreflex function in these patients.

In our study, we evaluated the possibility of an ab-
normal baroreflex function in microalbuminuric
Type I diabetic patients. Therefore, we assessed
BRS in matched microalbuminuric and normoalbu-
minuric patients without autonomic neuropathy and
healthy subjects at rest and during sympathetic ma-
noeuvres.

Subjects and methods

Subjects. All subjects consented to participate in the study,
which was approved by the local medical ethics committee. El-
igible subjects were aged between 30 and 65 years, had a serum
creatinine less than 120 mmol/l, a body mass index less than 30
kg/m2, a systolic blood pressure less than 160 mmHg and a di-
astolic blood pressure less than 95 mmHg and no signs of auto-
nomic neuropathy as assessed by standard tests [21]. Auto-
nomic function was evaluated by the Valsalva manoeuvre
(15 s breathing with 40 mmHg counter-pressure), beat-to-beat
variation during six cycles of maximum inspiration and expira-
tion, the drop in systolic blood pressure and the 30:15 ratio of
the change in heart rate after standing [21]. Results were com-

pared with age-adjusted normalised values [22] and autonomic
neuropathy was considered to be present when two or more
tests were abnormal [21]. The diabetic patients were consid-
ered insulin-dependent because of ketosis prone diabetes and
a disease onset before 35 years of age. In case of doubt, insulin
deficiency was confirmed by a glucagon-stimulated plasma C
concentration peptide less than 0.2 nmol/l. They had a duration
of disease of at least 10 years and were categorised for the
presence of microalbuminuria. Microalbuminuria was defined
as an urinary albumin excretion rate between 20 and 200 mg/
min in at least two of the three overnight urine collections in
the preceeding year. Patients with a history of coronary heart
disease, peripheral vascular disease and those who used beta-
blockers or calcium channel-blockers were excluded.

We studied 15 microalbuminuric, 15 normoalbuminuric
Type I diabetic patients and 15 healthy control subjects. They
were matched for sex, age (within 5 years), body mass index
(within 2.5 kg/m2) and smoking habits (Table 1). Metabolic
control and daily insulin requirement was similar in the normo-
albuminuric and microalbuminuric diabetic groups. Systolic
and diastolic blood pressure were not essentially different be-
tween the groups although pulse rate was higher in the micro-
albuminuric than in normoalbuminuric patients and healthy
control subjects (p < 0.02, Table 1). We studied five microalbu-
minuric and two normoalbuminuric patients while using an an-
giotensin converting enzyme (ACE) inhibitor. Of these, three
microalbuminuric and one normoalbuminuric patients were
additionally treated with diuretics. Because of their participa-
tion in a study requiring discontinuation of medication ten mi-
croalbuminuric patients stopped their ACE-inhibition or di-
uretic mediations or both 4 to 6 weeks before the measure-
ments.

Baroreflex sensitivity measurements during rest and sympathet-
ic activation. The studies were done 2 h after breakfast at
which the patients had taken their usual morning insulin dose.
The measurements were carried out in a quiet temperature-
controlled (22 °C) room with the participants in the supine po-
sition. Smoking and caffeine bearing drinks were not allowed
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Table 1. Clinical characteristics of the study groups

Microalbuminuric
diabetic patients

Normoalbuminuric
diabetic patients

Control subjects

Number 15 15 15
Age (years) 50 ± 3 49 ± 3 47 ± 3
Duration of disease (years) 28 ± 2 28 ± 3 ±
Sex (men/women) 11/4 11/4 11/4
Cigarette smokers (n) 4 4 4
Body mass index (kg/m2) 26.3 ± 0.8 24.9 ± 0.6 24.2 ± 0.8
Retinopathy (A/B/P) 1/8/6a 8/5/2 ±
Systolic blood pressure (mmHg) 142 ± 4 135 ± 4 130 ± 4
Diastolic blood pressure (mm Hg) 75 ± 2 73 ± 3 79 ± 2
Pulse rate (beats/min) 78 ± 3b 67 ± 3 67 ± 3
Serum creatinine (mmol/l) 88 ± 6 84 ± 3 85 ± 3
Urinary albumin excretion (ug/min) 54.9 ± 9.6c 4.3 ± 0.6 3.9 ± 0.6
Glycated haemoglobin (%) 8.2 ± 0.2 7.9 ± 0.2 5.4 ± 0.1d

Insulin dose (U × kg�1 × day�1) 0.8 ± 0.1 0.7 ± 0.1 ±
Valsalva ratio 1.38 ± 0.06 1.46 ± 0.08 1.50 ± 0.07
Beat-to-beat variation during deep breathing 12 ± 1 14 ± 2 15 ± 1
Drop in systolic blood pressure to standing (mmHg) ±14 ± 2 ±12 ± 2 ±12 ± 2
30 : 15 Ratio after standing 1.16 ± 0.03 1.27 ± 0.07 1.35 ± 0.06

Values are given in means ± SEM, except urinary albumin ex-
cretion rate which is given in geometric means ± antilog SEM
(not normally distributed). Retinopathy A: absent, B: back-
ground, P: proliferative; a p < 0.05 vs normoalbuminuric dia-

betic patients; b p < 0.02 and c p < 0.001 vs normoalbuminuric
diabetic patients and control subjects; d p < 0.001 vs normo-
albuminuric and microalbuminuric diabetic patients



during the study day. After a 30±min rest, a Finapres cuff (Fi-
napres, Ohmeda 2300, Englewood, Colo., USA) was applied
to the midphalanx of the third finger for continuous blood
pressure and heart rate monitoring. After 20 min of baseline
measurements, the subjects underwent a further battery of au-
tonomic function tests. These included isometric handgrip
(3 min isometric contraction at 30 % of maximum strength),
mental stress (3 min of arithmetic calculations) and standing
(5 min standing in upright position).

Baroreflex sensitivity was determined by the transfer func-
tion technique using the CARSPAN program, as described
[23, 24]. This program allows discrete Fourier transformation
of non-equidistant samples of blood pressure and RR interval
series. The analysed time-series are corrected for artefacts
and checked for stationarity. Baroreflex sensitivity is defined
as the mean modulus between spectral values of systolic blood
pressure variability and heart rate variability in the 0.07±0.15
Hz frequency band with a coherence of more than 0.3. Barore-
flex sensitivity is expressed in ms/mmHg. A BRS of 10 ms/
mmHg indicates that a rise of 1 mmHg in systolic blood pres-
sure will induce 10 ms of RR interval lengthening. The coeffi-
cient of variation of this method is 13 %. In this study, resting
BRS was determined from three periods of 100 to 300 s. Mod-
ulation of BRS in response to the sympathetic tests was as-
sessed from a stationary segment of at least 100 s.

Statistical analysis. Power spectral values have a skewed distri-
bution that is normalised after logarithmic transformation.
Therefore, the natural logarithm of BRS is used in the analy-
ses. Within and between group differences were analysed with
ANOVA and post-hoc analysis with Bonferroni adjustment
for multiple comparisons. Correlation were sought with Pear-
son's tests, the independent contribution of variables was eval-
uated with multiple regression analysis. Data are given as
means � SEM, unless stated otherwise. The findings of Valsal-
va manoeuvre, beat-to-beat variation on deep breathing,
30:15 ratio and drop in systolic blood pressure after standing
were ranked separately and the average rank was used as an ar-
bitrary measure of overall autonomic function. A p value of
less than 0.05 was considered significant.

Results

Resting supine BRS was reduced in microalbumin-
uric patients compared with normoalbuminuric pa-
tients and healthy control subjects (p < 0.001, Fig. 1).
There was no numerical difference in BRS between
diabetic patients studied with and without ACE-inhi-
bition therapy (Fig.1). Isometric handgrip, mental
stress and standing induced similar changes in systolic
pressure in the three groups (change in systolic blood
pressure during handgrip: 35.4 ± 5.7, 31.6 ± 4.1,
28.8 ± 3.4 mmHg; during mental stress: 28.5 ± 3.3,
25.8 ± 2.6, 25.3 ± 3.2 mmHg in the microalbuminuric,
and normoalbuminuric diabetic patients and healthy
control subjects, respectively, p < 0.001 for all; during
standing: Table 1). Baroreflex sensitivity decreased
during isometric handgrip and to standing, increased
post-standing (p < 0.01 in all groups, Fig. 2) but was
not significantly altered by mental stress. The chan-
ges in BRS during handgrip, standing and post-stand-
ing did not differ between the groups (Fig.2).

Baseline BRS correlated significantly with age
(r = ±0.46), diabetes duration (r = ±0.54), HbA1c
(r = ±0.42), BMI (r = ±0.40), overall autonomic func-
tion test score (r = ±0.52), grade of retinopathy (de-
fined as absent, background or proliferative)
(r = 0.57), heart rate (r = ±0.58), systolic blood pres-
sure (r = ±0.48) and urinary albumin excretion rate
(r = 0.57, p < 0.01 for all). Multiple regression analy-
sis showed that resting heart rate contributed to

J. D.Lefrandt et al.: Baroreflex sensitivity and microalbuminuria 1347

Fig.1. Individual resting supine BRS measurements in micro-
albuminuric, normoalbuminuric Type I diabetic patients and
healthy control subjects. . measurements of patients using an
angiotensin converting enzyme-inhibitor. Horizontal lines in-
dicate geometric means. * p < 0.001 vs normoalbuminuric pa-
tients and healthy control subjects

Fig.2. Baroreflex sensitivity measurements at rest, isometric
handgrip, mental stress, standing and after standing in the mi-
coalbuminuric ( ), the normoalbuminuric ( ) Type I diabetic
patients and the healthy control subjects ( ). Data are repre-
sented as geometric means � antilog SEM. * p < 0.01 from
resting supine BRS and ** p < 0.01 from standing BRS



15% (p < 0.001), urinary albumin excretion rate to
14% (p < 0.001), age to 13% (p < 0.001) and overall
autonomic function to 7% (p < 0.05) to the variance
in BRS (multiple r = 0.70, p < 0.001), without signifi-
cant contributions of diabetes duration, HbA1c , grade
of retinopathy and systolic blood pressure (all
p > 0.20).

Furthermore, multiple regression analysis showed
that the Valsalva ratio (r = 0.45, p < 0.001), beat-to-
beat variation during deep breathing (r = 0.46,
p < 0.001) and 30:15 ratio after standing (r = 0.55,
p < 0.001) were explained only by the baseline BRS
measurements without statistically significant contri-
butions of other clinical variables. Baseline BRS was
not related to the blood pressure responses at hand-
grip, mental stress and standing testing.

Discussion

In our study, baroreflex control of blood pressure was
reduced in Type I diabetes mellitus complicated by
microalbuminuria but still showed the ability to mod-
ulate in response to sympathetic stress tests. The im-
paired BRS indicates that autonomic dysfunction is
present at an early stage of diabetic renal involve-
ment even when there is no clinical autonomic neur-
opathy as defined by accepted criteria [21].

In a multiple regression analysis, we found that mi-
croalbuminuria independently from well-known oth-
er factors that influence BRS, like age and autonomic
function [13±15], contributed to the reduction in
BRS. Thus, the presence of microalbuminuria seems
to be an important factor to take into consideration
in BRS abnormalities of Type I diabetic patients. We
did not find a numerical difference in baseline BRS
between diabetic patients with and without ACE-in-
hibition therapy.

We can only speculate on the clinical relevance of
the association between microalbuminuria and re-
duced BRS in the Type I diabetic patients. The aim
of the baroreflex is short-term blood pressure control
by modulation of vagal and sympathetic influence on
heart rate, cardiac contractility and peripheral vascu-
lar resistance. A sensitive system effectively responds
to small rises in blood pressure with an increase in va-
gal activity and a decrease in sympathetic tone, re-
sulting in a deceleration of heart rate, a diminished
contractility and a reduction of peripheral resistance.
A drop in blood pressure causes opposite responses.
Baroreflex sensitivity is a marker of the capability of
the system to buffer blood pressure variations and a
reduction in BRS has been found to be highly predic-
tive of mortality in post-myocardial infarction pa-
tients [16, 17]. The increased mortality rate of pa-
tients with a low BRS is attributed to an increased
vulnerability to develop lethal arrhythmias [16, 17].
Based on the observations in post-myocardial infarc-

tion patients, we suggest our finding of a reduced
BRS in conjunction with the presence of microalbu-
minuria in Type I diabetic patients could similarly in-
dicate an increased cardiovascular risk. Indeed, the
occurrence of microalbuminuria is associated with
an increased risk of cardiovascular disease [1]. More-
over, a higher incidence of sudden cardiac deaths has
been reported in diabetic patients [25]. A diminished
BRS indicates an impaired responsiveness to blood
pressure variations of the baroreflex system. There-
fore, another consequence of the diminished BRS of
the microalbuminuric Type I diabetic patients could
be an impairment of short-term blood pressure con-
trol. We were, however, unable to show a changed
blood pressure responsiveness or variability despite
the use of sympathetic tests. This does not exclude
the possibility that microalbuminuric Type I diabetic
patients are prone to larger blood pressure excursions
during daily life activities when BRS is impaired. The
suggestion warrants further investigation as a de-
creased systemic blood pressure buffering capacity
could be of importance in patients with impaired re-
nal haemodynamics [26].

Baroreflex sensitivity was not essentially lower in
the normoalbuminuric Type I diabetic patients com-
pared with the healthy control subjects, despite some
of these patients having distinct abnormal values.
This finding is at variance with recent observations
that showed a decreased BRS in uncomplicated Type
I diabetic patients [13±15]. The methods to calculate
BRS differed, however, among these studies, as the
a-method [13], the sequential technique [13±15] and
the transfer function method [present study] were
used. Despite these techniques having all been vali-
dated against classical pharmacological BRS assess-
ments [24, 27], the impact of the differences in BRS
outcome in diabetic patients awaits further evalua-
tion. The conclusion that BRS measurements un-
equivocally detect early abnormalities in cardiovascu-
lar autonomic function [12±15] is illustrated by the
findings of multiple regression analysis in which only
the BRS, independent from other factors, contributed
to the variance of the standard autonomic function
tests. It is generally thought that standard autonomic
function tests are hampered by a low discriminative
power to detect abnormalities in cardiovascular auto-
nomic function [6, 8, 16]. Despite the accuracy in mea-
suring early abnormalities, modern analyses of cardio-
vascular rhythms and reflexes, like BRS assessments,
have not yet been documented to be a risk factor of
mortality in diabetic patients. This contrasts with the
well-documented power of autonomic function tests
to predict mortality in diabetic patients [2±5].

In conclusion, BRS is reduced in Type I diabetic
patients complicated by microalbuminuria. Further
investigations are warranted to assess the possible
predictive power of a reduced BRS on mortality in
these patients.
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