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The effects of long-term and short-term
glycemic control on cardiovascular
autonomic function in subjects with type 1

diabetes mellitus

Abstract

Background. Hyperglycemia is the most important factor
in the development of cardiovascular autonomic neuropa-
thy (CAN). The aim of the study was to evaluate the associ-
ation between short- and long-term glycemic control and
cardiovascular autonomic function assessed by full Ewing’s
battery of tests in type 1 diabetic subjects.

Material and methods. The study group consisted of 39 pa-
tients with type 1 diabetes mellitus (mean age 30.5 + 8.8 years;
duration of diabetes 12.1 + 6.9 years; BMI 23.7 + 2.8 kg/m?;
recent HbA,. 7.6 = 1.9%; mean HbA,, in the past few years
8.2 £ 1.6%). The control group consisted of 18 healthy adults
(mean age 31.4 + 9.3 years; BMI 22.0 + 3.3 kg/m?). All sub-
jects underwent full Ewing’s battery of tests using Portapres.
Results. In both groups, the mean results of all the classical
cardiovascular function tests were within normal ranges except
for the 30:15 ratio in the head-up tilt test, which was significantly
lower in diabetic subjects (1.44 = 0.3 vs. 1.61 = 0.2; P < 0.05).
Long-term glycemic control showed a positive correlation with

resting heart rate (r = 0.42; P < 0.05) and minimum heart rate
during the deep breathing test (r = 0.45; P < 0.01) and a
negative correlation with the systolic blood pressure increase
during the head-up tilt test (r = -0.44; P < 0.001), the heart rate
increase during the deep breathing test (r = -0.33; P < 0.05)
and in the handgrip test (r = -0.39; P < 0.05). Short-term
glycemic control correlated significantly only with the minimum
and maximum heart rate in the deep breathing test
(r=0.33,P <0.05and r = 0.34, P < 0.05, respectively).
Conclusions. Long-term versus short-term glycemic con-
trol was demonstrated to have a more pronounced effect
on cardiac autonomic function in subjects with type 1 dia-
betes mellitus. Long-term glycemic control significantly cor-
related with heart rate increase in the deep breathing and
the handgrip tests and with systolic blood pressure increase
in the head-up tilt test.
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Introduction

The autonomic nervous system is the most important
system which regulates cardiovascular function. The
main aim of the complex regulatory processes involves

Address for correspondence: dr med. Anna Kaminska
Katedra i Klinika Endokrynologii i Diabetologii CM UMK
ul. Skiodowskiej-Curie 9, 85-094 Bydgoszcz

Tel (+48 52) 585 40 20; fax +(48 52) 585 40 41

e-mail: amikam@wp.pl

m Diabetologia Do$wiadczalna i Kliniczna 2007, 7, 3, 144-149
—  Copyright © 2007 Via Medica, ISSN 1643-3165

a reciprocal adjustment of heart rate, blood volume and
the condition of blood vessels (vascular resistance, ca-
pacity of the vascular bed) in a manner that ensures an
appropriate blood supply to tissues commensurate with
the body’s metabolic needs [1]. Cardiovascular autono-
mic neuropathy (CAN), a degenerative process of auto-
nomic nerve fibres innervating the heart and blood ves-
sels, along with the sensory fibres, leads to impaired
adaptation of the cardiovascular system to the constan-
tly changing internal and external conditions [2]. The
heart rate and blood pressure reduction in response to
simple tests has been used in the diagnostic asses-
sment of CAN [3].

www.ddk.viamedica.pl



Anna Kaminska et al. Effects of glycemic control on autonomic function in type 1 DM

Prospective studies have shown CAN to significantly
increase mortality in patients with diabetes mellitus. In
various periods of observation, the average mortality
rate among patients with diabetes and CAN was 4-7
times higher than in patients with diabetes but without
CAN [4-7].

Hyperglycemia is the most important factor in the
development of autonomic neuropathy. The best-stu-
died consequences of hyperglycemia, which trigger
functional abnormalities in nerves and lead to structural
changes, include: activation of the intracellular polyol
(sorbitol) pathway, augmentation of oxidative stress and
the process of non-enzymatic glycation [8]. Large clini-
cal studies in type 1 diabetics, DCCT and EURODIAB
IDDM Complications Study, have demonstrated an as-
sociation between glycemic control and the develop-
ment and severity of autonomic neuropathy [9-12].

Authors of studies investigating CAN uniformly agree
that hyperglycemia adversely affects cardiovascular au-
tonomic function in type 1 diabetics. Due to the various
diagnostic methods used to evaluate CAN, such as the
incomplete Ewing’s battery of tests, and the reliance on
a one-off determination of glycated haemoglobin
(HbA,.), divergent opinions exist as to the effect of gly-
caemic control on the results of specific tests.

We therefore aimed to evaluate in this study the short-
-term glycaemic control (current HbA,) versus long-term
glycaemic control (mean HbA,, in the past years) on
cardiovascular autonomic function as assessed using
the full Ewing’s battery of tests in type 1 diabetic sub-
jects.

Material and methods

The study investigated 39 patients with type 1 diabetes
mellitus, including 27 women (69.2%) and 12 men (30.8%),
managed at the Outpatient Diabetology Clinic or hospitali-
sed at the Clinic of Endocrinology and Diabetology (Colle-
gium Medicum in Bydgoszcz, Nicolaus Copernicus Uni-
versity in Torun). The control group consisted of 18 heal-
thy volunteers, including 12 women (66.7%) and 6 men

Table 1. Characteristics of the study group and the control group

(83.3%) without diabetes and with normal fasting venous
plasma glucose (below 100 mg/dl).

Exclusion criteria include hypertension (= 140/90 mm Hg),
ischaemic heart disease, a history of myocardial infarc-
tion, heart failure, renal failure, alcohol abuse and ECG
changes (atrial flutter or fibrillation, signs of left ventricu-
lar hypertrophy or strain).

All the participants had been informed of the aims
and course of the study and given a written consent to
participate. The study had been approved by the Bio-
ethics Committee of the Collegium Medicum in Byd-
goszcz, Nicolaus Copernicus University in Torun.

Short-term glycemic control (about 3 months prior to
the study) was evaluated in patients with diabetes ba-
sed on a determination of glycated haemoglobin
(HbA,.). Long-term glycemic control was evaluated on
the basis of HbA, levels in the previous years. These
included determinations performed at least twice a year
over the previous 1-14 years, with an average of 7.3 =
+ 3.37 years. HbA,, was determined turbidimetrically
(Tina-quant, Roche/Hitachi) at the Laboratory Diagno-
stics Department, Collegium Medicum in Bydgoszcz,
Nicolaus Copernicus University in Torun.

The characteristics of the study and control groups is
presented in Table 1.

Cardiovascular autonomic function was examined in
the morning, in a quiet, isolated, air-conditioned room,
at the temperature of thermic comfort for the investiga-
ted subject (24-26°C in practice). The subjects reported
following a night’s sleep, about 1.5 hours after breakfast
and the morning dose of insulin (if diabetic). Subjects
refrained from drinking caffeine-containing beverages
for 12 hours prior to the examination and from strenu-
ous physical exercise for 24 hours. On the day before
the examination, the diabetic subjects measured their
blood glucose (using personal blood glucose meters)
fasting, 2 hours after main meals and at 3 am. Absence
of hypoglycaemia in the 24 hours prior to the study
was a condition of participation. Twenty-four to 72 hours
prior to the examination (depending on the half-life),
drugs affecting the autonomic nervous system were
discontinued (this was the case in 2 subjects and the

Parameter Study group Control group P

value
Mean SD Min Max Mean SD Min Max

Age (years) 305 88 190 520 314 93 20.0 550 NS

BMI [kg/m?] 237 28 178 294 22.0 33 174 3141 < 0.05

Duration of diabetes (years) 121 6.9 1.0 270 - - - - -

Current HbA,, (%) 76 19 51 133 - - - - -

Mean HbA,, in the past years (%) 8.2 1.6 6.0 12.8 - - - - -
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discontinued drugs were angiotensin-converting enzy-
me inhibitors).

We used non-invasive continuous blood pressure
measurement (Portapres, TNO-TPD Biomedical Instru-
mentation, Amsterdam, The Netherlands) with concur-
rent recording of respiratory movements of the thorax
(using an electrode placed in the left costal arch). Blood
pressure measurement using Portapres relies on a non-
-invasive, photoelectric, isovolumetric method of conti-
nuous recording of the pulse curve in a human finger
artery [13]. The cuff was placed on the middle finger of
the non-dominant hand. Thanks to the fact that the devi-
ce was additionally fitted with a mechanism which elimi-
nates the hydrostatic effect and artefacts caused by
changes of hand position, the arm did not need to be
immobilised. Blood pressure tracing (systolic, diastolic
and mean blood pressure curves), duration of heart cyc-
les, the ECG curve and the respiratory movement curve
were visible all the time on the monitor display. The
signals generated by the device, upon digitalisation,
were archived in real time and processed by a personal
computer. After a 20 minutes’ rest and adaptation to the
cuff, individual Ewing’s tests were recorded. In addition
to the five classical parameters (Table 2), additional va-
lues were evaluated (in the deep breathing test and in
the handgrip test).

Deep breathing test

The subject was in the lying position, was breathing
evenly and deeply, with a frequency of 6 breaths per
minute (the inspirations and expirations were 5 se-
conds each) for 1 minute. The test was repeated 3
times at 10 minutes’ intervals. The maximum heart rate
(HRma On inspiration) and the minimum heart rate
(HR.» on expiration) as well as the difference between

the two were calculated in 3 subsequent respiratory
cycles, in each of the tests, and the result was avera-
ged. The greatest difference (HR,. — HRyi,) was inclu-
ded in the analysis. A heart rate increase of = 15 bpm
was considered normal [14, 15].

Valsalva manoeuvre

After 10 minutes in the sitting position, the subject
took a forced expiration for 15 seconds against a closed
glottis into a mouthpiece connected to a mercury mano-
meter set to 40 mm Hg. The test was repeated twice, at
10 minutes’ interval. The quotient of the longest R-R
interval after the manoeuvre and the shortest interval
during the manoeuvre was calculated (the so-called Val-
salva ratio, Vy.min). The greatest quotient was included
in the analysis. A Valsalva ratio of = 1.21 was conside-
red normal [14, 15].

Handgrip test (long isometric
contraction of the hand
and forearm muscles)

The test was performed using a handgrip dynamo-
meter in the sitting position. The subject maintained 30%
of the maximum handgrip for 3 minutes. The difference
between pre-test diastolic blood pressure (mean value
obtained during about 30 seconds of measurement 2-3
minutes before the test) and post-test diastolic blood
pressure (mean value obtained during about 15-30 se-
conds of measurement directly after the test), ADBP.
A diastolic blood pressure increase of = 16 mm Hg was
considered normal [14, 15].

In addition, pre-test and post-test heart rates were
measured (HR, and HR,) (from the same time intervals

Table 2. Mean values of the results in Ewing’s tests in the study group and in the control group

Test Study group Control group P

value
Mean SD Mean SD

Deep breathing test

(HR— HRyin) [beats per minute] 26.5 10.0 26.5 6.3 NS

Valsalva manoeuvre (Vagmin) 1.65 0.26 1.54 0.32 NS

Head-up tilt test (30:15 ratio) 1.44 0.3 1.61 0.2 < 0.05

Head-up tilt test (ASBP) [mm Hg] 15.9 9.7 16.4 11.8 NS

Steady handgrip (DDBP) [mm Hg] 19.6 10.9 24.8 15.7 NS

HR....— HRi» — heart rate increase during the deep breathing test; V..., — the ratio of the longest to shortest RR interval after Valsalva manoeuvre during the procedure; 30:15
— the ratio of the longest RR interval around the 30th heart beat and the shortest RR interval around the 15th heart beat after standing; ASBP — the difference between systolic
blood pressure 1-2 minutes after standing up and the mean systolic blood pressure in the lying position; ADBP — the increase of diastolic blood pressure during handgrip
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as in the case of diastolic blood pressure) and a diffe-
rence was calculated (HR, — HR;).

Head-up tilt test

After 15 minutes in the lying position, the subject
got up (within 3-4 seconds) and remained in the stan-
ding position for 15 minutes). The ratio of the longest
R-R interval (about 30 cardiac cycles after the start of
assuming the vertical position; in practice, about
21-45 cycles) to the shortest R-R interval (about 15
cardiac cycles after the start of assuming the vertical
position; in practice, about 5-25 cycles), the so-called
30:15 ratio, was evaluated as well as the difference
between systolic blood pressure measured 1-2 minu-
tes after assuming the standing position (mean value
obtained during about 30 seconds of measurement)
and blood pressure in the lying position (mean value
obtained during about 30 seconds of measurement
performed about 5 minutes prior to assuming the verti-
cal position), ASBP. A 30:15 ratio of = 1.04 and a sy-
stolic blood pressure reduction of < 10 mm Hg were
considered normal [14, 15].

The results were statistically analysed. The calcula-
tions were performed using the computer programme
Statistica. The results were expressed as means and
standard deviations. The Shapiro-Wilk test was used to
check that the obtained distribution of variables was
normal. The means were compared using the Student
test for independent variables. The relationship bet-
ween two traits was assessed using the Pearson’s linear
correlation coefficient. P values of < 0.05 were conside-
red statistically significant.

Results

The mean values of all the classical cardiovascular
tests were normal in both the study group and the con-
trol group. Both groups differed with respect to the va-
lue of the 30:15 ratio, which was significantly lower in
diabetic subjects (Table 2).

The only parameters which correlated significantly
with short-term glycaemic control were the minimum
and the maximum heart rates in the deep breathing test
(positive correlation). Long-term glycaemic control sho-
wed a significant negative correlation with the systolic
blood pressure increase in the head-up tilt test, the
heart rate increase in the deep breathing test and the
handgrip test, and a positive correlation with resting
heart rate and the minimum heart rate in the deep breath-
ing test. These correlations are summarised in Table 3.

Discussion

The mean values of the classical cardiovascular tests
were normal in the study group of type 1 diabetic pa-
tients. In the diabetic group, there was a significantly
lower value of the 30:15 ratio verus control. Burak et al.
conducted a study in a group of slightly younger patients
(mean age 26 years) with a slightly shorter duration of
type 1 diabetes (mean 7.3 years) but who demonstrated
a poorer glycaemic control (HbA;, 9.1%), and obtained
normal results in all of the Ewing’s battery of tests. Com-
pared to the control group, these patients were characte-
rised by significantly lower Valsalva ratios, lower heart
rate increases in the deep breathing test and lower dia-
stolic blood pressure increases in the handgrip test [16].

Table 3. Correlations between the investigated parameters and: the current HbA,.and the mean HbA, in the past years in the study group

Test Parameter Curent HbA,; Mean HbA; during the past years
r P r P
Deep breathing test HR e 0.34 < 0.05 0.13 NS
HR i 0.33 <0.05 0.45 < 0.01
HR e — HR i -0.05 NS -0.33 < 0.05
Valsalva manoeuvre Vinaxmin 0.004 NS -0.22 NS
Handgrip test ADBP -0.21 NS -0.18 NS
HR, 0.29 NS 0.42 < 0.05
HR;— HR; -0.26 NS -0.39 < 0.05
Head-up tilt test 30:15 -0.1 NS -0.07 NS
ASBP -0.28 NS -0.44 < 0.01

r— correlation coefficient; HR ., HRyin — maximum and minimum heart rate during the deep breathing test; HR,...— HR.;, — the heart rate increase during the deep breathing
test; Viaimn — the ratio of the longest to shortest RR interval after Valsalva manoeuvre during the procedure; ADBP — the increase of diastolic blood pressure during the

handgrip test; HR, — resting heart rate before the handgrip test; HR,— HR;— the heart rate increase during the handgrip test; 30:15 — the ratio of the longest RR interval aro-
und the 30th heart beat and the shortest RR interval around the 15th heart beat after standing; ASBP — the difference between systolic blood pressure 1-2 minutes after stan-

ding up and the mean systolic blood pressure in the lying position
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We found no association between the results of the
five classical cardiovascular tests and glycemic control
over about 3 months preceding the study. The mean
value of the last HbA,, determination in the study group
was 7.6%. We only showed a significant positive corre-
lation of the minimum and maximum heart rates in the
deep breathing test with HbA,, levels.

The majority of studies using cardiovascular tests for
the diagnosis of CAN based on a one-off, current deter-
mination of HbA,..

In a study performed by Spallone, HbA,, significantly
correlated with abnormalities in each of the tests from
the Ewing’s battery and pooled score from all the tests.
The study included patients with type 1 diabetes melli-
tus of the mean age of 40.8 years, duration of diabetes
of 18.3 years and unsatisfactory glycemic control (HbA,,
8.6%) [17].

A study by Valensi also cocerns patients with poor
glycemic control (mean HbA,, 9.29%), of similar age
(mean 44.3 years) but a shorter duration of diabetes
(7.9 years). The author found a significantly poorer gly-
cemic control in patients with CAN, but the multivariate
analysis showed HbA,; to significantly correlate only with
heart rate variability in the head-up tilt test. The interpre-
tation of the study results is confounded by the fact that
the study included both type 1 and type 2 diabetics,
and by the fact that the author failed to provide a sepa-
rate characteristics of both patient groups [18].

It seems that the poorer correlation of the last deter-
mination of HbA,, with cardiovascular test results in our
study compared to studies by Spallone and Valensi may
be explained by the poorer short-term glycemic control
in patients participating in the two studies [17, 18].

Wolnik, on the other hand, did not demonstrate differen-
ces in the results of classical test between type 1 diabe-
tics with good glycemic control (HbA,. 6.25%) and pa-
tients with poor glycemic control (HbA;. 9.05%).
Patients with poorer glycemic control were characteri-
sed by faster heart rate and reduced parameters of the
spectral analysis of sinus heart rate variability (HRV).
The absence of differences in the classical tests bet-
ween these two groups may be explained by the short
duration of diabetes (mean 3.5 years). The results of
this study also allow to conclude that autonomic dys-
function in poorly controlled diabetes of short duration
can, however, be detected using a more sensitive me-
thod, such as HRV spectral analysis [19].

Given our results, which suggest no correlation be-
tween current HbA,, levels and the results of the 5 clas-
sical Ewing’s tests, it seems that short-term glycemic
control does not significantly affect cardiovascular auto-
nomic function. Long-term glycaemic control seems to
play a greater role. In our study, the mean HbA,; level in
the past years (8.2%) showed a positive correlation with

resting heart rate and minimum heart rate in the deep
breathing test and a negative correlation with the systo-
lic blood pressure increase in the head-up tilt test, heart
rate increase in the deep breathing test and in the hand-
grip test. Of note is the fact that the evaluation of heart
rate variability performed on the basis of the deep breath-
ing test and systolic blood pressure in the head-up tilt
test are, in addition to Valsalva test, tests considered to
be the most reproducible, the best-standardised and
recommended for long-term monitoring of cardiovascu-
lar neuropathy [20].

A prospective study by Larsen resulted in similar fin-
dings. He showed a negative correlation between the
mean HbA,. value, calculated from annual determina-
tions over a period of 18 years, and the results of the
deep breathing test, the Valsalva test and the head-up
tilt test in a group of patients with type 1 diabetes. In his
study, patients with type 1 diabetes and mean HbA,,
below 8.4% did not experience deterioration of autono-
mic function over the 18 years of follow-up, in contrast
to patients with HbA,, values exceeding 8.4%, in whom
the results of classical tests were progressively worse
[21].

Conclusions

Long-term versus short-term glycemic control was
demonstrated to have a more pronounced effect on car-
diac autonomic function in subjects with type 1 diabetes
mellitus. Long-term glycemic control significantly corre-
lated with heart rate increase in the deep breathing and
the handgrip tests and with systolic blood pressure in-
crease in the head-up tilt test.
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