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Abstract

Objective Children with type 1 diabetes are usually associ-
ated with cardiovascular autonomic neuropathy. The present
study explored the influence of physical activity on their
autonomic nervous function by measuring the heart rate
variability (HRV).

Materials and methods A total of 93 type 1 diabetic children
and 107 healthy control subjects were enrolled. The Physical
Activity Questionnaire for Children (PAQ-C) was adopted to
determine the physical activity level as low, moderate, or
high activity. HRV was determined by frequency analysis
and measured in both resting and active states.

Results Children with type 1 diabetes had significantly
lower HRV than that of healthy control subjects in resting
state but not in active state. The decreased HRV in diabetic
children was observed only in subjects with low physical
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activity. The HRV in diabetic children with moderate to
high physical activity, however, was not different from that
of their healthy controls.

Conclusions Diabetic children should be encouraged to
engage in physical activity with more intensity, which can
benefit their autonomic nervous function. Nevertheless, the
potential risk of vigorous activity still needs our concern.

Keywords Cardiovascular autonomic neuropathy -
Heart rate variability - Type 1 diabetes - Physical activity

Introduction

Diabetes is a metabolic disorder in which the body fails to
produce enough insulin. Type 1 diabetes results from an
autoimmune process, which leaves the patient dependent on
insulin injections for survival. Type 2 diabetes, formerly
known as adult-onset diabetes, tends to increase the need
for insulin in the face of insulin resistance [3]. The
incidence of type 1 diabetes is much lower than that of
type 2 diabetes, but the earlier onset and higher degree of
glycemic exposure in type 1 diabetes brings them a greater
loss of quality life-years [31]. Children with type 1 diabetes
are threatened by the acute complications of hypoglycemia
and ketoacidosis, and the long-term complications of
neuropathy, nephropathy, and retinopathy, which place
them at a substantial risk for serious morbidities and earlier
than expected mortality [23].

Autonomic neuropathy is a common complication of
diabetes. Extensive involvement of the autonomic nervous
system in diabetic patients produces a variety of physiolog-
ical changes, which may include the electrical and contractile
activity of the myocardium [25]. In patients with type 1
diabetes, cardiovascular autonomic neuropathy (CAN) was
detectable in 20 to 36% of individuals [24] and contributed
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to a high mortality rate ranging from 27 to 56% [10, 18].
Many diabetic patients demonstrate abnormal autonomic
nervous function on specific testing before the onset of
clinical signs. Once the diagnosis of CAN is established, a
significant deterioration in the quality of life and increased
morbidity and mortality will ensue [11, 30, 33].

Heart rate variability (HRV) has been widely applied to
assess autonomic nervous function by measuring the
frequency components of beat-to-beat variability in RR
intervals of electrocardiography (ECG) [2]. With regard to
HRV parameters, high frequency (HF; 0.15-0.5 Hz) mirrors
parasympathetic nervous activities; low frequency (LF;
0.04-0.15 Hz) represents both sympathetic and parasym-
pathetic nervous activities; LF/HF ratio reflects the auto-
nomic nervous system balance or sympathetic nervous
activity; and total power (TP; 0.04-0.5 Hz) denotes the
overall state of autonomic nervous system [27]. Abnormal
HRV can be detected in diabetic subjects even when the
clinical signs of CAN are obscure [1, 6, 32]. HRV analysis
has also been demonstrated to be more sensitive than
traditional cardiovascular reflex test in clinical evaluation of
autonomic nervous function [1, 5, 26].

Several previous studies have shown that HRV tend to
be higher in active compared with inactive healthy subjects
[15, 17, 20]. Physical exercise was also demonstrated to
elevate the HRV in children who initially had low HRV [14,
17]. Regular physical activity may contribute to weight
loss, decreased insulin resistance, and improved blood
glucose control and was commonly advocated for both
type 1 and type 2 diabetes [4, 22, 29]. However, little is
known about the association between physical activity and
the autonomic nervous function of diabetes. Thus we
conducted this study to explore the influence of physical
activity on HRV in children with type 1 diabetes.

Materials and methods
Subjects

Ninety-three children (48 females and 45 males) aged 8—
12 years with type 1 diabetes were prospectively studied.
The diagnosis of diabetes was made at a pediatric dia-
betic clinic in a tertiary medical center in Taiwan ac-
cording to the revised American Diabetes Association
guidelines [28]. At the time of the study, all patients were
receiving regular insulin treatment. Control group was
composed of 107 gender- and age-matched healthy
children from a junior school. None of the children in
either group had any clinical or historical evidence of
cardiovascular or neurological diseases. Those who con-
sumed medicine that affected cardiovascular function or
autonomic nervous activities were excluded from this
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study. Subjects were asked to have their HRV recorded
according to the protocol described below. The local ethics
committee of the hospital approved this study, and written
informed consent was obtained from all subjects and their
parents before participation.

Physical activity

All participants were asked to fill out a self-administered
Physical Activity Questionnaire for Children (PAQ-C),
which was designed for school-aged children [8]. The
PAQ-C consists of nine items referring to the physical
activity during the past 7 days. Each of which has five
response options of frequency scaled from 1 (none) to 5 (>7
times/week). The physical activity level was determined
according to the mean scale of the nine items as low (<2),
moderate (>2 and <3), and high activity (>3).

The PAQ-C was in English originally. To ensure accuracy
in the translation of the tool, the PAQ-C was translated into
Chinese using a translation and back-translation procedure
and was verified by a panel of experts to ensure the
semantics of the Taiwanese version of the questionnaire. In
this study, the internal consistency reliability was 0.78, and
the test—retest reliability was 0.81 (p<0.01).

HRYV analysis

Standard 3-channel ECG electrodes were attached to the
anterior chest wall of subjects and connected to the monitor
system (Acknowledge III, MP150WSW, BIOPAC System,
Santa Barbara, CA). All QRS complexes on ECG were first
edited automatically and then manually by careful inspec-
tion of the RR intervals. Signals were digitalized at 500 Hz
and transformed into a spectrum by Fast Fourier Transfor-
mation. Separate frequency components of HRV were
obtained including LF, HF, LF/HF, and TP. These HRV
parameters were then logarithmically transformed (Ln) to
control for the skewed distributions.

Experimental procedure

Personal data including age, gender, body mass index
(BMI), and waist/hip ratio (WHR) were obtained at
entrance. HbAlc and disease duration for diabetic children
were obtained from their medical chart. All the experimen-
tal procedures were performed in a quiet room, with the
temperature controlled between 21-26°C. Beverages rich in
caffeine content and vigorous exercise were prohibited
within 2 h before testing. Study subjects were asked to
stand still for 10 min in resting state, followed by an
exercise with a fixed rhythm on a stair-stepper (JK-355c;
JKexer, Taipei, Taiwan) for 10 min in active state. The ECG
was continuously monitored throughout the test and the last
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Table 1 Demographic data of type 1 diabetic children and healthy control subjects

Variable Diabetes (n=93) Control (n=107) p value
Gender (M/F) 45/48 50/57 NS
Age (years) 10.3+1.6 10.4+1.6 NS
BMI (kg/m?) 18.3+2.8 18.1+2.5 NS
WHR 0.8+0.1 0.8+0.1 NS
Physical activity level NS
Low (n) 29 36

Moderate (1) 45 54

High (n) 19 17

HbAlc (%) 9.9+2.8 -

Disease duration (years) 4.1+2.1 -

Data are given as mean+SD or n.
NS Not significant, BMI body mass index, WHR waist/hip ratio.

5-min recordings of steady ECG in each section were
obtained for HRV analysis.

Statistical analysis

Statistical analysis was performed using the Statistical
Package for the Social Sciences for Windows, version 12.0
(SPSS, Chicago, IL, USA). Data were expressed as mean
+standard deviation (SD). Student’s ¢ test was performed to
determine the differences between diabetes and control
group, and between resting and active state. The relationship
among physical activity level, HbAlc, and disease duration
was examined by Pearson correlation analysis. Stepwise
regression analysis was performed to assess the combined
influence of physical activity level, HbAlc, and disease
duration on HRV. One way ANOVA was used to examine
differences of HRV among groups with various physical
activity levels. Post hoc analysis was done by Scheffe’s test
and a p value <0.05 was considered statistically significant.

Results

There were 93 type 1 diabetic children in the diabetes group
and 107 healthy children in the control group. No

significant difference was found regarding gender (male/
female, 45/48 vs 50/57), age (10.3+£1.6 vs 10.4+1.6 years),
BMI (18.34+2.8 vs 18.1+2.5 kg/m?), or WHR (0.8+0.1 vs
0.8+0.1). The mean HbAlc and disease duration for the
diabetes group were 9.9%+2.8% and 4.1+2.1 years,
respectively (Table 1).

In resting state, there were significantly lower LnLF (6.0+
0.7 vs 6.3+0.6 ms?), LnHF (4.940.9 vs 5.2+0.9 ms?), and
LnTP (6.7£0.4 vs 7.1+0.6 ms®) in the diabetes group
compared to the control group. However, no significant
difference of LnLF/HF (1.1£0.7 vs 1.24+0.7) was observed.
In active state, there was no significant difference of HRV
between the diabetes group and the control group in terms
of LnLF (4.0£0.9 vs 4.1+£0.8 ms?), LnHF (2.2+1.1 vs 2.3+
1.1 ms?), LnLF/HF (1.7£0.5 vs 1.7%0.7), and LnTP (5.0+
0.8 vs 5.0+0.7 ms*; Table 2).

While proceeding from resting state to active state,
healthy control subjects revealed significant decreases of
LnLF (6.3+0.6 vs 4.1+0.8 ms?), LnHF (5.2+0.9 vs 2.3+
1.1 ms?), and LnTP (7.1£0.6 vs 5.0£0.7 ms?). Similar
significant decreases of HRV were also observed in type 1
diabetic children as regard to LnLF (6.0+£0.7 vs 4.0+
0.9 ms?), LnHF (4.940.9 vs 2.2+1.1 ms®), and LnTP (6.7+
0.4 vs 5.040.8 ms?). The difference of LnLF/HF between
resting state and active state in both study groups, however,

Table 2 Heart rate variability in type 1 diabetic children and healthy control subjects in resting and active states

Variable Diabetes (1=93) Control (n=107)

Resting Active Resting Active
LnLF (ms?) 6.0+0.7% ** 4.0+£0.9 6.3+0.6%* 4.1+£0.8
LnHF (ms?) 4.9+0.9% ** 2.2+1.1 5.24+0.9%* 2.3+1.1
LnLF/HF 1.1+0.7 1.7+0.5 1.2+0.7 1.7+0.7
LnTP (ms?) 6.7+0.4% ** 5.0+0.8 7.14+0.6%* 5.0+0.7

Data are given as mean+SD.
*p<0.05 vs control in same state.

**p<0.05 vs same group in active state.

@ Springer



744 Childs Nerv Syst (2008) 24:741-747
a 100 .. .
O Low activity was not significant (1.1£0.7 vs 1.7£0.5 for diabetes group
[ Moderate activity and 1.2+0.7 vs 1.7+0.7 for control group; Table 2).
8.0 | mtigh activi he diff f HRV b diab d
W High activity The difference o V' between diabetes group an
o~ * x * X control group in resting state was further studied by
2 6.0+ dividing them into subgroups according to their physical
g g group g phy
; activity level as low (n=29 for diabetes group and n=36 for
»é 4.0 control group), moderate (n=45 for diabetes group and n=
— 54 for control group), and high activity (n=19 for diabetes
204 group and n=17 for control group). The demographic data
' was not significantly different among all subgroups (Data
not shown). Subjects in diabetes group with low, moderate
0.0 Siahet R and high activity had similar HbAlc (10.5+3.0, 9.542.6,
1abetes ontro and 9.7+2.6%, respectively) and compatible disease dura-
b 100 tion (4.3£1.7, 4.0£2.4, and 4.2+2.0 years, respectively). In
O Low activity resting state, the increases of physical activity level in both
8.0 -| |EModerate activity diabetes group and control group were associated with a
- B High activity trend of increase in terms of LnLF, LnHF, and LnTP
g 6.0 *4 (Fig. 1). Although a decreasing trend in LnLF/HF was
b= . * X * . .. .. ..
- observed, it was not statistically significant. Significantly
% 40- lower LnLF, LnHF, and LnTP were observed in type 1
i ’ diabetes with low activity compared to those in type 1
diabetes with moderate to high activity and in all control
207 subgroups. No significant difference of LnLF, LnHF, and
LnTP was noted between diabetes groups with moderate to
0.0 _ high activity and all control subgroups, except that healthy
Diabetes Control children with high activity had higher LnHF than that of
- healthy children with low activity (5.7+0.8 vs 4.8+0.8 ms?),
’ O Low activity and higher LnTP than that of type 1 diabetes with moderate
W Moderste activity activity (7.3£0.7 vs 6.840.2 ms®). The differences of
0 W High activity LnLF/HF among all the subgroups of type 1 diabetes and
healthy control subjects were not significant. In contrast to
E 3.0 the significant lower HRV in type 1 diabetes with low
E activity in resting state, no significant difference of any
:} 2.0 HRV parameters could be demonstrated in active state
among subjects with different physical activity both in
10- diabetes group and control group.
A stepwise regression analysis with HRV parameters as
_- the dependent variables and with physical activity, HbAlc
; Disbétas Coitiol and disease duration as independent variables revealed that
all of them were predictors of HRV (Table 3). Physical
d 120 activity was the largest contributor, which predicted 12 to
O Low activity 54% of the variance of HRV parameters. There was a
10.0 - | Moderate activity significant correlation between physical activity and HbAlc
B High activity (r=-0.21, p<0.05). The correlations between disease
& 807 . * . * *I duration and physical activity (r=—0.06,~ pf0.59) or HbAlc
é (r=0.14, p=0.17), however, were not significant.
o 6.0
=
=
= 4.0 o o
4 Fig. 1 Heart rate variability in type 1 diabetic children and healthy
| control subjects in resting state plotted against the physical activity level
20 (a LnLE, b LnHF, ¢ LaLE/HE, d LnTP). Asterisk denotes p<0.05 vs
type 1 diabetes with low activity. Single dagger denotes p<0.05 vs.
0.0 5 control group with low activity. Double dagger denotes p<0.05 vs. dia-
Diabetes Control betes group with moderate activity
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Table 3 Predictors for heart rate variability

Beta Time p value R? change Adjusted R

LnLF

Physical activity 0.64 8.93 <0.001 0.48

HbAlc —0.18 —2.62 0.01 0.04

Disease duration -0.19 -2.63 0.01 0.02 0.54
LnHF

Physical activity 0.66 8.59 <0.001 0.44 0.44
LnLF/HF

Physical activity 0.03 -3.72 <0.001 0.12 0.12
LnTP

Physical activity 0.51 6.7 <0.001 0.35

HbAlc 0.01 -23 0.02 0.03 0.38
Discussion reasonable to recommend physical activity for type 1

Our data showed that, type 1 diabetic children had lower
LnLF, LnHF, LnTP, and similar LnLF/HF compared to
those of healthy children in resting state. This finding
implied that cardiovascular autonomic function was ad-
versely affected by diabetes. It was also noted that the
impaired autonomic nervous activities seemed to consist
mainly in parasympathetic component. These findings were
consistent with previous report by Colhoun et al. who
analyzed 160 type 1 diabetic adults and found that all
frequency components were decreased except LF/HF when
compared to the general population [7]. A similar result
was also reported by Kardelen et al. who demonstrated a
significant reduction in parasympathetic activities in type 1
diabetic children [12].

Several previous studies have shown that acute physical
activities may result in a reduced HRV as a consequence of
vagal withdrawal [13, 35]. Their findings are consistent with
our results that healthy subjects had decreased LnLF, LnHF,
and LnTP when proceeding from resting state to active
state. Similar decrease was also observed in our study group
with diabetes. However, the lower HRV in diabetic children
than that of healthy subjects in resting state was no more
significant in active state. This finding may imply a
modulation effect of physical activity on autonomic nervous
function. It was also possible that the predominant sympa-
thetic nervous activity in the active state might not be
adversely affected by diabetes in our subjects, as manifested
by the comparable LnLF/HF between the two study groups.

The pathogenesis of CAN in diabetes remains poorly
understood. Chronic hyperglycemia, vascular insufficiency,
and autoimmune mechanisms had been suggested as the
plausible causes of neural damage [9, 19, 30]. The influence
of physical activity level on autonomic nervous function in
type 1 diabetes, however, has never been reported. Our data
suggested that higher physical activity level was associated
with higher HRV in children with type 1 diabetes, thus it is

diabetes to benefit their autonomic nervous function. We
also disclosed that the decreased HRV presented only in
diabetic children with a low level of physical activity but not
in those with moderate to high levels of physical activity.
This finding implied that CAN in type 1 diabetes could be
delayed or prevented by intensifying the physical activity.

The protective effects of physical activity on the auto-
nomic nervous function might come from a better control of
glycemia in diabetic children. Our results showed a signif-
icantly negative correlation between physical activity and
HbAlc, suggesting a beneficial effect on glycemic control
from physical activity. It was demonstrated that hyperglyce-
mia could damage nervous system by hyperosmolarity,
increased oxidative stress, reduced nitric oxide synthesis, or
vascular dysfunction [34]. Accordingly, the higher HbAlc
level in diabetic children with low physical activity,
although not statistically significant, predisposed them to
the threat of hyperglycemia and subsequent autonomic
neuropathy. Physical activity might have direct effects on
autonomic function, as was reported by Monahan et al. that
aerobic exercise increased the cardiovagal baroreflex sensi-
tivity in healthy subjects, which resulted in a higher
parasympathetic tone and thus higher HRV [16]. Physical
exercise may also help decrease body weight to benefit their
autonomic nervous function. However, we did not find any
difference of body weight among the subgroups of all the
study subjects.

Regular physical activity and exercise program in
children with type 1 diabetes have long been recommended.
However, the potential risk of vigorous activity still raised
our concern. Type 1 diabetes may have too little insulin in
their circulation due to inadequate therapy. Consequently,
increasing level of glucose may become exacerbated during
vigorous activity and even precipitate ketoacidosis. Con-
versely, exogenous insulin administration will attenuate the
mobilization of glucose that is induced by physical activity,
and thus ensue hypoglycemia. Furthermore, the cardiovas-
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cular function of diabetic children may have been impaired,
and thus vigorous exercise may increase the risks of
cardiovascular morbidity and mortality [21]. The adequate
intensity of physical activity needs further study before the
clinical guideline can be made.

In conclusion, efforts should be made for children with
type 1 diabetes toward early prevention of CAN and
slowing down its progression. We demonstrated that the
decreased HRV in type 1 diabetes was associated with low
but not moderate to high physical activities. Children with
type 1 diabetes should be encouraged to engage in regular
physical activity with more intensity, but avoid vigorous
activity to prevent the possible risk exacerbated by their
metabolic disturbance.
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