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A high glycemic status increases the risk for autonomic dysfunction and cardiovascular failure.  The aim of 
this study was to investigate time-dependent changes in the autonomic response and cardiovascular 
dynamics and the association between the level of hemoglobin A1c (HbA1c) and autonomic response 
during blood volume reduction.  The study population consisted of 26 preoperative participants who were 
scheduled for autologous blood donation (200-400 mL of whole blood) for intraoperative or postoperative 
use.  These participants without circulatory, respiratory, or brain disease and diabetes mellitus were 
grouped according to their HbA1c levels: < 6.5% (n = 18) and ≥ 6.5% (n = 8).  We measured blood 
pressure (BP) and analyzed heart rate variability (HRV) to quantify cardiac autonomic regulation throughout 
blood donation.  During blood volume reduction, which was about 10% of the circulating blood volume, the 
BP and heart rate varied within normal ranges in both groups.  The high-frequency (HF) component, an 
index of parasympathetic nerve activity, and the ratio of low-frequency (LF) to HF components (LF/HF), an 
index of sympathetic nerve activity, significantly decreased and increased with the progression of blood 
volume reduction, respectively, in the HbA1c < 6.5% group.  In contrast, in the HbA1c ≥ 6.5% group, the HF 
component did not significantly change, and the increase in the LF/HF ratio was delayed.  Time-dependent 
changes in HRV were related to blood volume reduction only in the HbA1c < 6.5% group.  Thus, elevated 
HbA1c levels are associated with the decrease in the autonomic response induced by blood volume 
reduction.
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Introduction
The autonomic nervous system plays an important role 

in most initial compensatory mechanisms in cardiovascular 
regulation (Schadt and Ludbrook 1991).  A high glycemic 
status leads to nerve injury through an increased flux of the 
polyol pathway, accumulation of advanced glycation end 
products, excessive release of cytokines, activation of pro-
tein kinase C, and increased oxidative stress (Yagihashi et 
al. 2011), and it is the cause of impaired autonomic regula-
tion.  Compared to patients without diabetes mellitus, those 
with diabetes mellitus as an underlying disease develop car-
diovascular failure more often, including severe hypoten-
sion and tachycardia, when challenged by changes in circu-
lating blood volume during emergency and critical 
situations.  Hemodynamic change occur more in patients 
with diabetes mellitus with autonomic dysfunction during 
anesthesia and surgery (Knüttgen et al. 1990), and intraop-
erative vasopressor support is needed more often in these 

patients (Burgos et al. 1989).  The prevalence of orthostatic 
hypotension, which is caused by autonomic dysfunction in 
response to decreasing venous return by postural change, 
increases with the progression of diabetes mellitus (Wu et 
al. 2009).  Hemodynamic change is a main factor affecting 
cardiovascular dynamics, management of this factor is a 
challenge associated with patients’ prognosis.  It is clini-
cally important to assess cardiac autonomic regulation as an 
initial compensatory mechanism for detecting changes in 
patients’ conditions at an early stage before circulatory fail-
ure.  However, time-dependent changes that occur in the 
autonomic nervous system and the association with the gly-
cemic status and autonomic response during hemodynamic 
change are unclear.  Identifying changes in the autonomic 
response in patients during hemodynamic change may pro-
vide additional insights into cardiovascular failure and be 
instrumental for risk avoidance and therapeutic manage-
ment at an early stage.

To assess the autonomic response to circulating blood 
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volume reduction at an early stage, we chose the setting of 
autologous blood donation, which is a controlled non-trau-
matic mild hemorrhage.  The amount of blood loss is small; 
however, it is sufficient for decreasing the circulating blood 
volume.  This is supported by a decrease in the inferior 
vena cava diameter (Lyon et al. 2005) and stroke index 
(Kosowsky et al. 2002), and a compensatory increase in 
muscle sympathetic nerve activity (Rea et al. 1991) and 
plasma norepinephrine levels (Haberthür et al. 2003).  
Furthermore, we evaluated the autonomic response by ana-
lyzing periodic fluctuations in heart rate, i.e., heart rate 
variability (HRV), which is a noninvasive and commonly 
used tool to assess the function of the cardiac autonomic 
nervous system modulated by sympathetic and parasympa-
thetic activities (Task Force of the European Society of 
Cardiology the North American Society of Pacing 
Electrophysiology 1996).  Some studies on patients with 
diabetes mellitus have shown that assessing HRV is useful, 
as it is a sensitive indicator of cardiac autonomic neuropa-
thy detectable during the subclinical stage (Laederch-
Hofmann et al. 1999; Pop-Busui 2010).  Moreover, for 
early intervention, we focused on the glycemic status 
assessed by hemoglobin A1c (HbA1c), which represents 
endogenous glucose levels over the previous 2-3 months of 
glycemic control (Goldstein et al. 2004), rather than previ-
ously diagnosed diabetes mellitus.

The aims of this study were to 1) investigate time-
dependent changes in the autonomic response measured by 
HRV and cardiovascular dynamics; and 2) evaluate the 
association between the glycemic status, as assessed by 
HbA1c, and the autonomic response during autologous 
blood donation as a model of circulating blood volume 
reduction.

Materials and Methods
Study subjects

The study population consisted of twenty-six preoperative par-
ticipants who were scheduled for autologous blood donation (200-400 
mL of whole blood) for intraoperative or postoperative use.  None of 
the participants had a medical history of circulatory, respiratory, or 
brain disease, or was treated with β-blockers which affect autonomic 
nervous system (Task Force of the European Society of Cardiology 
the North American Society of Pacing Electrophysiology 1996).  
According to the results of the preoperative test, no participants met 
the diagnostic criteria for diabetes mellitus or had clinical signs of 
diabetes, including peripheral neuropathy.  According to the Japanese 
Society of Autologous Blood Transfusion, the criteria for autologous 
blood donation enforcement excludes those with a hemoglobin level 
< 11.0 g/dL, frequent arrhythmia, bacterial infection, unstable angina, 
moderate or severe aortic stenosis (a pressure gradient between the 
left ventricle and aorta ≥ 50 mmHg or the requirement of surgical 
treatment), New York Heart Association grade IV, and fever (an 
increase in body temperature ≥ 1°C from normal or ≥ 37.2°C) 
(Japanese Society of Autologous Blood Transfusion 2014).  All par-
ticipants were divided into two groups according to their HbA1c 
level, as defined by the National Glycohemoglobin Standardization 
Program (Little 2003; Little et al. 2011): HbA1c < 6.5% and HbA1c 

≥ 6.5%.  The level of HbA1c ≥ 6.5% supports a threshold level of 
glycemic status that results in an increased risk for microvascular 
complications such as retinopathy, and it is a clinically important cut-
off point for glycemic control (The International Expert Committee 
2009; Seino et al. 2010).

This study was approved by the ethics committee of the Tohoku 
University Graduate School of Medicine, and written informed con-
sent was obtained from all participants before study participation.

Study protocol
This study was conducted in the blood collection room of the 

Tohoku University Hospital.  After a 5-minute rest for stabilization, 
cannulation of the antecubital vein was performed using a 17- to 
18-gauge intravenous catheter (Terumo Co., Tokyo, Japan), and blood 
was collected using a blood collection system (HEMO-QUICK 
AC-185, Terumo Co., Tokyo, Japan).  After blood withdrawal, we 
removed the intravenous catheter promptly, and then the participants 
rested for 5 minutes.  Data from lead II of the electrocardiograms 
(ECGs) were acquired from participants, who rested comfortably in 
the supine position on a bed throughout the autologous blood dona-
tion process, including resting in the anteroposterior position for 5 
minutes.  Systolic blood pressure (SBP) and diastolic blood pressure 
(DBP) were measured in the upper arm without cannulation using a 
digital sphygmomanometer (H55, Terumo Co., Tokyo, Japan).  The 
autologous blood donation process was divided into five stages: pre-
blood donation, 5 minutes of rest before blood withdrawal; forward 
blood donation, the mid-point of blood donation; later blood dona-
tion; and post-blood donation, 5 minutes of rest after blood with-
drawal.  The study flowchart is depicted in Fig. 1.

Power spectral analysis
The signals from the ECG monitor passed through an analog-

to-digital converter at a sampling frequency of 1,000 Hz and were 
stored continuously on a personal computer for analysis.  Frequency 
domain methods of HRV can be used with even shorter intervals (2-5 
minutes) without missing relevant information on HRV (Task Force 
of the European Society of Cardiology the North American Society of 
Pacing Electrophysiology 1996; Xhyheri et al. 2012).  Spectral analy-
sis was conducted offline by continuous wavelet transformation by 
using Fluclet™ (DaiNippon Sumitomo Pharmaceutical Co., Ltd., 
Osaka, Japan).  The total power of spectra was defined within the 
range of 0-0.40 Hz, and low-frequency (LF) and high-frequency (HF) 
components were obtained as the area under the power spectral curve 
for the LF bands (0.04-0.15 Hz) and HF bands (0.15-0.40 Hz), 
respectively.  Generally, the HF component represents parasympa-
thetic nerve activity at the sinus node, whereas the LF component 
reflects both the sympathetic and parasympathetic modulation of heart 
rate (HR) (Pomeranz et al. 1985; Task Force of the European Society 
of Cardiology the North American Society of Pacing Electro
physiology 1996).  To estimate the cardiac autonomic regulation, we 
evaluated the HF component as an index of cardiac vagal neuronal 
activity and the ratio of the LF to HF components (LF/HF) as an 
index of sympathetic neuronal activity (Pagani et al. 1986).

Anthropometric measurements and laboratory data
The anthropometric measurements were obtained from partici-

pants’ medical records.  The body mass index (BMI) was calculated 
by dividing body weight by height squared (kg/m2).  The body sur-
face area (BSA) was calculated using Du Bois’s equation as 71.84 
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H0.725 W0.425, where H and W indicate participants’ height (cm) and 
weight (kg), respectively (Du Bois and Du Bois 1916).  Blood sam-
ples were collected after an overnight fasting.  The levels of HbA1c, 
fasting blood glucose, hemoglobin, hematocrit, total cholesterol, tri-
glyceride, low-density lipoprotein cholesterol, and high-density lipo-
protein cholesterol were measured by routine methods.

Estimating the circulating blood volume
The baseline circulating blood volume of each participant 

before blood withdrawal was calculated by Ogawa’s equation as 
0.168 H3 + 0.050 W + 0.444 for men and 0.2502 H3 + 0.0625 W − 
0.662 for women, where H and W indicate participant height (m) and 
weight (kg), respectively (Ogawa et al. 1970).

Statistical analysis
The HR, SBP, DBP, HF component, and LF/HF ratio at each 

stage for all participants during autologous blood donation were 
obtained by averaging the values for that stage, which are presented 
as the mean ± standard error of the mean.  The Mann-Whitney U test 
and Chi-square test were used to compare the anthropometric mea-
surements, laboratory data, medical conditions, and physiological 
variables for the HbA1c ≥ 6.5% and HbA1c < 6.5% groups at each 
blood donation stage.  Friedman’s analysis of variance test for 
repeated measures and the multi-comparison Bonferroni test were 
used to compare each physiological variable and its gradient during 
stages four and fi ve.  A partial correlation analysis was conducted to 
examine the association between the HbA1c level and time-dependent 
changes in HRV.

Data were statistically analyzed by using SPSS statistical pack-
age (version 21.0, SPSS Inc., Chicago, IL, USA).  P-values < 0.05 
were considered statistically signifi cant.

Results
Participants’ clinical characteristics

Participants’ mean age was 61.0 ± 11.0 years.  Values 
for their average height, body weight, and BMI were 161.5 
± 7.6 cm, 60.1 ± 12.8 kg, and 22.9 ± 4.0 kg/m2, respec-
tively.  The collected blood volume was 9.3 ± 1.5% of the 
circulating blood volume.  The main demographic and clin-
ical characteristics of participants in the two groups are 
shown in Table 1 and Table 2, respectively.  In the HbA1c 
< 6.5% (n = 18) and HbA1c ≥ 6.5% groups (n = 8), the 

mean values for HbA1c were 5.5 ± 0.3% (36.9 ± 3.2 mmol/
mol) and 6.8 ± 0.5% (51.0 ± 5.0 mmol/mol), respectively.  
There was no signifi cant between-group diff erence in the 
baseline characteristics, except for the HbA1c level (p < 
0.001).

Changes in the cardiovascular dynamics during blood vol-
ume reduction

Changes in the hemodynamic variables during stages 4 
and 5 are shown in Fig. 2.  According to the time course of 
blood volume reduction in the HbA1c < 6.5% group, the 
HR signifi cantly increased in the later blood donation stage 
compared to the pre-blood (p = 0.022) and forward blood 
donation stages (p = 0.003).  In the HbA1c ≥ 6.5% group, 
the HR signifi cantly increased in the later (p = 0.004) and 
post-blood donation stages (p = 0.006) compared to the for-
ward blood donation stage.  There were variations in the 
SBP and DBP during the fi ve stages in both groups, but the 
changes were not statistically signifi cant.

Changes in the autonomic nervous system during blood 
volume reduction

Changes in the HF component and LF/HF ratio during 
the four stages are shown in Fig. 3.  In the pre-blood dona-
tion stage, the HF component and LF/HF ratio between 
both groups were not statistically signifi cant.

With the course of blood volume reduction, the HF 
component continued to decrease from the pre-blood to 
post-blood donation stage in the HbA1c < 6.5% group.  
Specifi cally, a signifi cant decrease in the later (p = 0.014) 
and post-blood donation stages (p < 0.001) was observed 
compared with the pre-blood donation stage, and a signifi -
cant decrease in the post-blood donation stage was observed 
compared with the forward blood donation stage (p = 
0.004).  In contrast, in the HbA1c ≥ 6.5% group, there was 
variation in the HF component during the four stages, but 
the change was not statistically signifi cant.

The LF/HF ratio continued to increase from the pre-
blood to post-blood donation stage in the HbA1c < 6.5% 
group, with a signifi cant increase in the later (p = 0.006) 
and post-blood donation stages (p < 0.001) compared to the 
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pre-blood donation stage.  In the HbA1c ≥ 6.5% group, the 
LF/HF ratio significantly increased from the later to post-
blood donation stage (p = 0.040).

Association between the HbA1c level and autonomic ner-
vous system

To determine whether the HbA1c level affected time-
dependent changes in HRV during blood volume reduction, 
a partial correlation analysis was conducted.  The results 
are shown in Table 3.  Regarding the HF component of the 
HbA1c < 6.5% group, there were significant relationships 
among the pre-blood, forward (r = 0.791, p < 0.001), later (r 
= 0.490, p < 0.001), and post-blood donation stages (r = 
−0.441, p < 0.001); among the forward, later (r = −0.430, p 
< 0.001), and post-blood donation stages (r = 0.559, p < 
0.001); and between the later and post-blood donation 
stages (r = 0.954, p < 0.001).  Regarding the LF/HF ratio of 

the HbA1c < 6.5% group, there were significant relation-
ships among the pre-blood, forward (r = 0.383, p = 0.016), 
and later blood donation stages (r = 0.299, p = 0.008); and 
between the forward and later blood donation stages (r = 
0.477, p = 0.006).  The relationships among these stages in 
the HbA1c ≥ 6.5% group were not significant.

Discussion
Cardiovascular dynamics and autonomic regulation during 
blood volume reduction

The HR, SBP, and DBP showed variation in accor-
dance with blood volume reduction in both groups (Fig. 2).  
However, these variations remained within the clinically 
normal range during autologous blood donation.  These 
results were consistent with the findings of previous studies 
that used blood donation as a model of mild to moderate 
blood loss (350-500 mL of whole blood) in healthy adults 

Parameter 
HbA1c < 6.5% group 

(n = 18) 

HbA1c ≥ 6.5% group 

(n = 8) 
p-value

HbA1c level (%) 5.5 ± 0.3 6.8 ± 0.5 < 0.001 

Age (years) 58.9 ± 10.6 65.8 ± 10.8 0.144 

Sex (male/female) 13/5 6/2 0.883 

Height (cm) 161.5 ± 8.1 161.6 ± 7.0 0.849 

Body weight (kg) 58.5 ± 12.5 63.5 ± 13.7 0.397 

Body mass index (kg/m2) 22.3 ± 3.6 24.3 ± 4.8 0.495 

Body surface area (m2) 1.6 ± 0.1 1.6 ± 0.1 0.849 

Collected blood volume/body surface area (mL/m2) 232.8 ± 37.0 250.1 ± 17.5 0.311 

Collected blood volume/circulating blood volume (%) 9.2 ± 1.4 9.5 ± 1.8 0.807 

Rate of blood collection (mL/s) 0.9 ± 0.3 0.7 ± 0.2 0.080 

Hemoglobin level (g/dL) 13.2 ± 1.8 12.4 ± 1.3 0.238 

Hematocrit level (%） 38.9 ± 4.9 36.3 ± 4.0 0.311 

Fasting blood glucose level (mg/dL) 101.6 ± 11.7 116.9 ± 22.7 0.085 

Total cholesterol level (mg/dL) 116.8 ± 49.0 185.5 ± 34.1 0.144 

Triglyceride level (mg/dL) 100.8 ± 53.6 129.9 ± 61.2 0.196 

LDL-C level (mg/dL) 96.0 ± 40.8 105.8 ± 29.5 0.605 

HDL-C level (mg/dL) 44.4 ± 16.3 47.0 ± 12.2 0.605 

Hypertension (%) 4 (22.2) 4 (50.0) 0.157 

Table 1.  Baseline characteristics of the participants in the HbA1c < 6.5% and HbA1c ≥ 6.5% groups.

Values are presented as a mean ± standard deviation or the number of participants and a percentage. 
The HbA1c < 6.5% group was compared to the HbA1c ≥ 6.5% group using the Mann-Whitney U test and Chi-square 
test. 
HbA1c, hemoglobin A1c; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol.
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(Triedman et al. 1993; Kosowsky et al. 2002; Haberthür et 
al. 2003; Zöllei et al. 2004).  According to the five classes 
of hemorrhagic shock, the quantity of blood volume loss in 
the present study constitutes less than a class I hemorrhage 
(15% of the circulating blood volume) (American College 
of Surgeons Committee on Trauma 2012).  Abnormal 
changes in the vital signs are mostly confirmed in cases 
with more than a class III hemorrhage (30% of the circulat-
ing blood volume) (American College of Surgeons 
Committee on Trauma 2012).  In emergency and critical 

situations, the initial intervention based on the appropriate 
assessment of the patient’s condition affects the prognosis; 
hence, measurements of HR and BP, although generally 
regarded as noninvasive and readily available principal 
markers in evaluating medical conditions, have been con-
sidered to be poor markers for assessing acute blood loss, 
severity of the shock, and response to treatment at an early 
stage (Wo et al. 1993).

Our results support the view that the vital signs did not 
remarkably change due to the initial, mild blood loss.  The 

Parameter
HbA1c < 6.5% group 

(n = 18)

HbA1c  ≥ 6.5% group 

(n = 8)
p-value

Esophageal cancer 5 (27.8) 5 (62.5)

Cholangiocarcinoma 5 (27.8) 2 (25.5)

Liver cancer 2 (11.1) 0 (0.0)

Tongue cancer 1 (5.6) 0 (0.0) 0.816

Pancreatic endocrine tumor 1 (5.6) 0 (0.0)

Hip osteoarthritis 1 (5.6) 1 (12.5)

Kyphosis 1 (5.6) 0 (0.0)

Lipoma of the abdominal wall 1 (5.6) 0 (0.0)

Donor for living donor liver transplantation 1 (5.6) 0 (0.0)

Table 2.  Medical conditions of the participants in the HbA1c < 6.5% and HbA1c ≥ 6.5% groups.

Values are presented as a number of participants and the percentage. 
The HbA1c < 6.5% group was compared to the HbA1c ≥ 6.5% group using the chi-square test. 
HbA1c, hemoglobin A1c.
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eff ect of hemorrhage in the present study could have been 
too mild to cause any hemodynamic change, and it may 
have been off set by an internal regulatory mechanism to 
maintain homeostasis.  Regarding one of the reasons why 
these markers are unchanged at an early stage, the measure-
ments of HR and BP are altered by neuromodulation and 
humoral regulation, which establishes a short-term and 
long-term regulatory system through a baroreceptor refl ex 
in response to a decrease in the circulating blood volume 
(Schadt and Ludbrook 1991), and it occurs as a result of 
these internal regulatory mechanisms.  The autonomic ner-
vous system, which mediates the baroreceptors (arterial and 
carotid sinus) and cardiopulmonary receptor, establishes a 
short-term regulatory system for maintaining cardiovascular 
stability.  This mostly initial compensatory mechanism 
leads to cardiac vagal withdrawal and sympathetic activa-
tion immediately induced by blood volume reduction 
(Schadt and Ludbrook 1991; Triedman et al. 1993; Furlan 
et al. 2001).  In our study, with the course of blood volume 
reduction, the HF component, as an index of cardiac vagal 
nerve activity, and the LF/HF ratio, as an index of sympa-
thetic nerve activity, signifi cantly continued to decrease and 
increase from the pre-blood to post-blood donation stage in 
the HbA1c < 6.5% group.  Thus, regarding the evaluation 
of the autonomic response by HRV in the present study, the 
decrease in the HF component and increase in LF/HF ratio 
had relevance to blood loss in the HbA1c < 6.5% group 
(Fig. 3).  Only a few previous studies have evaluated HRV 
during blood donation in humans (Triedman et al. 1993; 
Zöllei et al. 2004; Middleton et al. 2008).  These studies 
reported that due to blood loss (350-500 mL), the HF power 
and LF/HF ratio have a tendency to decrease (Triedman et 

al. 1993; Zöllei et al. 2004; Middleton et al. 2008) and 
increase (Middleton et al. 2008).  The results of these previ-
ous studies in healthy adults were similar to those of our 
study’s findings for participants in the HbA1c < 6.5% 
group.

Considering these physiological fi ndings, our results 
indicated that HRV can indicate cardiac autonomic regula-
tion as a compensatory mechanism at an early stage, which 
is a blood volume reduction of approximately 10% of the 
circulating blood volume.  Interestingly, a continuously 
decreasing cardiac vagal nerve activity and increasing sym-
pathetic nerve activity were demonstrated throughout the 
process of blood volume reduction.

The present study included participants with medically 
treated hypertension.  Some studies have reported decreased 
HRV among patients with hypertension (Liao et al. 1996; 
Singh et al. 1998; Fagard et al. 2001).  However, whether 
hypertension leads to changes in HRV is not yet clear 
(Mussalo et al. 2001).  A cohort study demonstrated that 
there was no measurable diff erence in the rate of changes in 
HRV among those with and without hypertension, and this 
fi nding suggested that diff erences in the autonomic profi le 
of hypertensives and normotensives do not increase over 
time (Schroeder et al. 2003).  In the present study, no sig-
nifi cant diff erence was found among those with and without 
hypertension between the two groups (Table 1).  Therefore, 
we considered that the eff ect of hypertension was small in 
our study.

The fi ndings of our study suggest that evaluating HRV 
can help detect changes in autonomic function, which 
immediately regulated BP and HR within the clinically nor-
mal range, and HRV may provide valuable information at 
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an early stage to characterize blood volume reduction, even 
in small amounts of approximately 10% of the circulating 
blood volume.

The effect of a high glycemic status on the autonomic 
response during blood volume reduction

In the present study, the HF component and LF/HF 
ratio in the pre-blood donation stage were not statistically 
significant between the two groups (Fig. 3).  A high glyce-
mic status induces the presence of heightened sympathetic 
and reduced parasympathetic activity, which is supported 

by previous studies in patients with diabetes mellitus com-
pared to non-diabetes or healthy adults at rest (Liao et al. 
1995; Santini et al. 2007).  Generally, HRV parameters 
decrease in patients with diabetes mellitus (Task Force of 
the European Society of Cardiology the North American 
Society of Pacing Electrophysiology 1996; Xhyheri et al. 
2012), although it is considered that these observations 
occur with the progression of diabetes mellitus and are 
probably due to the complication of autonomic neuropathy 
(Schroeder et al. 2005).  Since our study was performed on 
participants who did not meet the diagnostic criteria for 

Parameter Pre Forward Later Post

HbA1c < 6.5% group 
HF component (msec2/Hz)

Pre － 0.791*** 0.490***

Forward － −0.430***

Later －

−0.441*** 

0.559*** 

0.954***

Post －

LF/HF

Pre － 0.383* 0.299** 0.391

Forward － 0.477**

Later －

−0.239

 0.271

Post －

HbA1c ≥ 6.5% group

HF component (msec2/Hz)

Pre － 0.960 0.923 −0.933

Forward － 0.979

Later

−0.865

－ 0.897

Post －

LF/HF

Pre － 0.762 −0.687 0.882

Forward － 0.729 −0.658

Later － 0.859

Post －

Table 3.  Partial correlations between the HbA1c level and HRV during autologous blood donation.

r, Partial correlation between the level of HbA1c and HRV by using partial correlation analysis. 
HbA1c, hemoglobin A1c; HRV, heart rate variability; HF, high-frequency (HF) component; LF/HF, the 
ratio of the low-frequency (LF) to HF components; pre, pre-blood donation stage; forward, forward blood 
donation stage; later, later blood donation stage; post, post-blood donation stage. 
*p < 0.05, **p < 0.01, ***p < 0.001.
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early intervention for diabetes mellitus, these signs may not 
have been easy to recognize.  The strength of our study was 
that time-dependent changes in HRV during a high glyce-
mic status, and the association between HbA1c and HRV 
were evaluated throughout the process of blood volume 
reduction for the first time.  As aforementioned, with the 
course of blood volume reduction, the HF component and 
LF/HF ratio continued to decrease and increase from the 
pre-blood to post-blood donation stage in the HbA1c  
< 6.5% group.  However, in the HbA1c ≥ 6.5% group, 
changes in the HF component were not statistically signifi-
cant, and the LF/HF ratio significantly increased from the 
later to post-blood donation.  The increase in the LF/HF 
ratio was delayed in the HbA1c ≥ 6.5% group compared to 
the HbA1c < 6.5% group (Fig. 3).  This decreased auto-
nomic response in the HbA1c ≥ 6.5% group may be the 
cause of the delayed increase in HR compared to the 
HbA1c < 6.5% group during blood volume reduction (Fig. 
2).  Generally, the compliance of vessel walls decreases, 
because vascular endothelial cells are damaged by the 
inflammatory reaction in a high glycemic status.  The baro-
receptor reflex, which is a stretch receptor, has an important 
role in the initial compensatory mechanism for maintaining 
cardiovascular stability during changes in the intravascular 
volume, and this reflex reduces in patients with diabetes 
mellitus (Frattola et al. 1997).  Therefore, the findings of 
our study suggest that the baroreceptor reflex for changes in 
the intravascular volume was reduced, and it may induce an 
imbalance of the autonomic response in participants with 
HbA1c levels ≥ 6.5%.  Additionally, because it was an 
abnormal autonomic response despite the fact that blood 
volume decreased, another compensatory mechanism, 
including transcapillary refill (Drucker et al. 1981) or hor-
monal regulation, may be involved.  This compensatory 
response may be involved in the increase in HR at a later 
blood donation stage in the HbA1c ≥ 6.5% group.

In our study, the amount of blood volume reduction 
was 200-400 mL, although there was no significant differ-
ence in collected blood volume per BSA or the circulating 
blood volume and BMI between the two groups (Table 1).  
Hence, we considered that the difference of the amount of 
blood volume reduction among participants had little effect 
on the results of this study.  Interestingly, the autonomic 
response was decreased in participants with HbA1c levels  
≥ 6.5% during blood volume reduction of approximately 
10% of the circulating blood volume, even if small amounts 
of blood loss were regarded as clinically insignificant.  Our 
findings suggest that this imbalance of autonomic response 
reflected by HRV can indicate an incomplete initial com-
pensatory mechanism, and cardiovascular failure may be 
easily caused in the presence of major injury (e.g., moder-
ate or severe hemorrhage in those with an HbA1c level  
≥ 6.5%).

Some studies have shown that there was a correlation 
between the HbA1c level and HRV at rest (Mirza and 
Laksmi 2012; Tarvainen et al. 2014).  In our study, there 

was a significant relationship among the pre-blood, for-
ward, later, and post-blood donation stages of HF, and 
among the pre-blood, forward, and later blood donation 
stages of the LF/HF ratio only in participants with an 
HbA1c level < 6.5% (Table 3).  Although the accumulation 
of further data is necessary because there may be statistical 
bias due to the small sample size, these findings suggested 
that the glycemic status determined by the level of HbA1c 
may be closely related to the autonomic response depend-
ing on the time course during blood volume reduction, and 
this relationship disappeared in patients with an HbA1c 
level ≥ 6.5%.

Among people with diabetes mellitus, a dose relation-
ship between the glycemic states measured by the HbA1c 
level and heart failure, myocardial infraction, and micro-
vascular complications risk has been reported in an epide-
miologic study; HbA1c is an independent risk factor for 
incident circulatory failure in diabetic patients with or with-
out coronary heart disease (Pazin-Filho et al. 2008).  We 
believe that an increased HbA1c level as a factor affecting 
the autonomic regulation should be considered in the 
assessment of cardiovascular dynamics, as it may provide 
additional beneficial clinical information at an early stage.

This study has some limitations.  First, the sample size 
was small.  The data were obtained for participants who 
were scheduled for autologous blood donation for use in 
surgery, and this sample was collected from an occupational 
medical practice, which restricted the number of samples 
available to examine.  Furthermore, the number of samples 
was limited to populations with a high glycemic status who 
did not meet the diagnostic criteria for diabetes mellitus to 
focus on early intervention.  Second, the measurement per-
formed during the pre-blood donation stage may have been 
affected by psychological stress induced by cannulation.  
Finally, we did not investigate the change in HRV accord-
ing to the graded level of the HbA1c.  Additional large-
scale clinical studies are needed to improve our understand-
ing of this relationship.

Conclusions
During blood volume reduction of approximately 10% 

of the circulating blood volume, at which the BP and HR 
remained within the clinically normal range, the HF com-
ponent and LF/HF ratio significantly decreased and 
increased in the HbA1c < 6.5% group, whereas in the 
HbA1c ≥ 6.5% group, this HRV response was not observed.  
Furthermore, for only the HbA1c level < 6.5% group, a 
time-dependent relationship with changes in the HRV was 
recognized during blood volume reduction.  These results 
indicate that at an early stage, elevated HbA1c levels are 
associated with the decrease in the autonomic response 
induced by blood volume reduction.
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