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ABSTRACT

Objective: The aim of this study was to evaluate: (1) the cardiovascular parameters and
plasma biomarkers in people with type 1 diabetes mellitus (T1DM) at baseline; and (2) the
heart rate variability (HRV) and blood glucose in response to a session of aerobic exercise
(AE) and during recovery period.
Research design and methods: Adults (18-35 years) were divided into two groups: control (CT,
n=10) and T1DM (n = 9). Anthropometric, cardiovascular, and biochemical parameters, and
aerobic capacity (indirect peak oxygen uptake, VO,peax) Were evaluated at baseline. Thirty
minutes of AE (40-60% intensity) was performed on a treadmill. Blood glucose and HRV were
determined at rest, during AE, and during the recovery period.
Results: Anthropometric measurements, cardiovascular parameters, aerobic capacity, and
biochemical parameters were similar between the groups at baseline. In the T1DM group,
blood glucose, glycated hemoglobin, and thiobarbituric acid reactive substances concentra-
tions were increased while nitrite/nitrate (NO4~) levels were reduced. During AE, the
magnitude of the reduction of blood glucose was greater than that during the recovery
period in the T1DM group. The RR intervals and SDNN were reduced at rest as well as in the
recovery period in TIDM subjects, whereas the RMSSD and pNN50 were only reduced during
the recovery period. No changes were observed in low frequency (LF), high frequency (HF),
and LF/HF ratio.
Conclusion: Our study shows that T1DM patients on insulin therapy have poor blood glucose
control with greater lipid peroxidation and lower NO,~ levels, accompanied by an imbalance
in autonomic function detected by the challenge of AE.
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1. Introduction

Diabetes mellitus (DM) is a chronic disease clinically charac-
terized by hyperglycemia which, in turn, can activate several
signaling pathways such as protein kinase C, advanced
glycation end-products (AGEs) and polyol leading to significant
reactive species oxygen (ROS) production [1-4]. Furthermore,
a number of studies have systematically shown that ROS
overproduction and a decrease in nitric oxide (NO) bioavail-
ability are the primary causes of most complications in
patients with type 1 (T1DM) and type 2 DM (T2DM) [5].
Cardiovascular autonomic neuropathy (CAN) is considered a
common complication in people with diabetes, causing
abnormalities in heart rate control and vascular dysfunction
and is considered the most important cause of mortality in
T1DM [6,7]. However, the diagnosis of CAN is only detected
when complications are already established and the burden
and outcomes are, in general, irreversible. Thus, it is critical to
identify any signs of CAN in the early stage of TIDM in an
attempt to prevent its complications.

Heart rate variability (HRV) analysis has been largely used
as an indirect indicator of autonomic nervous system function
[8,9]. Increased sympathetic and/or decreased parasympa-
thetic activities have been associated with high risk of sudden
death. Indeed, several studies have shown that patients with
T1DM and T2DM showed autonomic dysfunction [10-12].
Interestingly, most studies have focused on patients with
T2DM and only a few studies have investigated T1IDM and
autonomic dysfunction.

In T1DM, hyperglycemia occurs as a consequence of
impaired insulin production caused by pancreatic B-cell
destruction; this occurs as a consequence of a complex
process where genetic and environmental factors lead to an
autoimmune response. At present, T1DM is not preventable
and daily insulin administration is required as treatment;
however, poor blood glucose control remains a challenge [13].
Thus, proper care and preventive actions to avoid CAN
complications in these patients should be the highest priority
in the healthcare system.

A healthy lifestyle is fundamental to the management of
DM and the inclusion of aerobic exercise is advised to prevent
the deleterious effects of the disease. Several studies have
shown that regular physical exercise, of mild to moderate
intensity, has cardiovascular benefits, and physically active
patients have increased longevity associated with reduction in
morbidity and mortality [14]. Therefore, this study had two
objectives: (1) to examine cardiovascular parameters, redox
state (concentration of thiobarbituric acid reactive substances
(TBARS) and superoxide dismutase (SOD) activity), and
concentrations of N°-(carboxymethyl) lysine (CML) and ni-
trite/nitrate (NO, ") that reflect AGEs and nitric oxide forma-
tion, respectively, in patients with T1IDM at baseline; and (2) to
evaluate the HRV and concentrations of blood glucose and
lactate in response to a challenge of aerobic exercise session as
well as during the recovery period. The objective of this study
was to detect early autonomic dysfunction in patients with
diabetes without cardiovascular diseases that could be
associated with plasma biomarkers, with a view to preventing
complications of T1IDM and encourage patients to improve

metabolic control of blood glucose, as well as providing a
feasible test for the physician to detect early autonomic
dysfunction in this population.

2. Methodology
2.1. Study participants

The study was approved by the Ethical Committee of Institute
of Bioscience at the Sao Paulo State University (protocol: 5128).
All the volunteers were recruited through advertisements in
Rio Claro-SP, BRA. Data collection was carried out from May
2012 to November 2013. A total of 19 male volunteers were
eligible to participate in the present study. They were divided
into two groups: control (CT, n=10) and people with T1DM
(n=9). TIDM was determined according to previous medical
diagnosis and in agreement with the International Diabetes
Federation [15]. The inclusion criteria of this study were: males
with T1DM (diagnosis of disease <15 years); age 18-35 years;
body mass index <30 kg/m? sedentary (<150 min of moderate
physical activity per week or <60 min of vigorous physical
activity per week); and serum creatinine <2.0 mg/dl. The
exclusion criteria were: insulin resistance; arterial hyperten-
sion; congenital heart disease; use of B-adrenergic blocking
agents and digoxin; renal dysfunction; respiratory, thyroid,
and hematologic diseases; orthopedic disorders; smoking;
alcohol abuse; and other conditions that preclude the practice
of physical exercise. The inclusion criteria for the control
group was similar, but without T1IDM.

2.2. Study protocol

First appointment: The volunteers were informed about the
procedures and risks of the study and signed a consent form in
accordance with Ethical Committee of UNESP. The medical
records, medication inventory, anthropometric parameters,
resting heart rate (HR), systolic blood pressure (SBP), diastolic
blood pressure (DBP), and glycemia were measured. Volun-
teers were familiarized with the treadmill (Movement RT
250 PRO) while HR, blood glucose, and B-ketones were
monitored.

Second appointment: Volunteers were familiarized with
the treadmill while HR, blood glucose, and p-ketones were
monitored.

Third appointment: To indirectly determine the peak
oxygen uptake (VOypeax) the volunteers performed a 1 mile
walk test as previously described [16] while HR, blood glucose,
and B-ketone were monitored.

Fourth appointment: Baseline blood collection for bio-
chemical analysis.

Fifth appointment: Acute aerobic exercise performance.

The experimental design of this cross-sectional study is
illustrated in Fig. 1A.

2.3. Acute exercise session
All volunteers performed an exercise session in the afternoon,

after 4:00 p.m. to avoid the interference of insulin administra-
tion (eight volunteers used insulin glargine and one volunteer
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Fig. 1 - Experimental design and acute exercise session. BMI: body mass index; HR: heart rate; SBP: systolic blood pressure;
DBP: diastolic blood pressure; VO,p..x: peak oxygen consumption; HbA1lc: glycated hemoglobin Alc; TBARS: thiobarbituric
acid reactive substances; SOD ACTIVITY: superoxide dismutase activity; CML: N*-(carboxymethyl) lysine; NO, : nitrite/nitrate.

used Neutral Protamine Hagedorn insulin) during the morning
(7:00 to 8:00 a.m.). The parameters were collected at rest (Ty),
during 10, 20, and 30 min of moderate exercise (T1o, T20, and
T3, respectively), and during 10, 20, and 30 min of recovery
period (Tao, Tso, and Tep, respectively). The target zone of
moderate exercise (40-60% HR eserve) Was determined accord-
ing with Karvonen’s formula [17]:

HRreserve = [(HRmax—HRyest)x% of target intensity] + HRyest
HRmax = 220—age(in years)

HR was monitored during all exercise sessions using a
heart rate monitor (Polar RS8000CS, Polar, Finland). The speed
was maintained constant at 5.5 km/h and the grade was set
according to the HR target zone.

During the exercise session, blood glucose was measured
using standard test strips (Accu-Chek Performa Roche
Diagnostics, Indianapolis-IN, USA). For lactate measurement,
the blood samples were collected from the ear lobe and
measured by enzymatic assay as previously described [18]. To
avoid metabolic acidosis during the exercise session, we also
monitored blood B-ketones using standard test strips (Optium
Xceed Abbott Diabetes Care Inc., Alameda-CA, EUA). Fig. 1B
illustrates the acute exercise session.

2.4. Cardiovascular measurements

2.4.1. Blood pressure (BP) measurements

After sitting for 15 min, three consecutive BP measurements
were made using semiautomatic equipment (Microlife MIB-
P3BTOA). Resting BP was calculated as the average of the
measurements.

2.4.2. Resting HR and heart rate recovery

HR was measured using a heart rate monitor (Polar RS8000CS,
Polar, Finland) after 15 min of rest in a seated position. At the
end of the resting period HR values were obtained. Heart rate
recovery was calculated as the reduction in heart rate at peak
exercise to the rate 1 min after the cessation of exercise in both
groups.

2.5.  Heart rate variability

The measurement of heart rate variability using the RR
interval was performed for analysis of autonomic function as
previously described [8]. The volunteers were instructed not to
consume caffeine and/or alcohol, and to maintain their usual
diet and not take exercise 48 h before the assessment. To
collect the RR interval series and heart rate, volunteers
remained at rest for 15 min in a seated position in an air-
conditioned and free ambient noise room using a beat-by-beat
heart rate monitor (Polar RS800CX, Kempele, Finland). An
interval of 5 min before exercise (Ty), during a bout of physical
exercise (Tip-30), and during recovery period (Ts-e0) for
further analysis of the components in the time domain and
the frequency domain were selected. The correction of
artifacts and data processing were performed using the HRV
Kubios 2.1 software (University of Kuopio, Finland). For the
time domain, the mean SDNN and RMSSD components were
analyzed, while for the frequency domain both low frequency
(LF, 0:04-0:15Hz) and high frequency (HF, 0:15-0:40 Hz)
components were analyzed as well as the total power
and LF/HF ratio by spectral analysis of the time-course of
RR intervals using the Fast Fourier Transform (Welch's
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periodogram: 256 s window with 50% overlap). LF and HF
components, which represent sympathetic and parasympa-
thetic modulations, respectively, were expressed in millise-
conds (ms?).

2.6.  Blood collection and biochemical analyses

Blood samples were collected after an 8h overnight fast
(between 7:00 and 8:00 a.m.) from antecubital vein using
standard venipuncture methods. Samples were centrifuged
(3000 rpm, 15 min) and the supernatant (plasma and serum)
were stored in aliquots at —80 °C for future analysis. The T1IDM
group was instructed to take their medications after blood
collection.

Serum glucose, creatinine, and glycated hemoglobin
(HbA1c) were determined using automated standard method
(S80 Lucas Laboratory, Rio Claro-SP, BRA).

Plasma NO, concentrations were measured using a
commercially kit (Cayman Chemical, Ann Arbor-MI, USA).
Briefly, plasma samples were ultrafiltrated through microfilter
cups (Microcon Centrifugal Filter Units, 10 kDa; Millipore,
Billerica-MA, USA). The NO,~ concentration of the resulting
filtrate was determined based on the enzymatic conversion of
nitrate to nitrite by nitrate reductase. The absorbance was
measured at 540 nm determined the nitrite concentration.

In order to analyze antioxidant status, plasma SOD activity
was measured using commercially kit (Cayman Chemical,
Ann Arbor-MI, USA). Briefly, SOD activity was assessed using a
tetrazolium salt for detection of superoxide radicals generated
by xanthine oxidase and hypoxanthine. One unit of SOD was
defined as the amount of enzyme needed to Exhibit 50%
dismutation of the superoxide radical. The assay provided the
measurement of all three types of SOD and absorbance
measured at 440 nm.

The measurement of plasma TBARS is a well-established
method for screening and monitoring lipid peroxidation and
was measured using commercially available kit (Cayman
Chemical, Ann Arbor-MI, USA). The malondialdehyde (MDA)-
2-thiobarbituric acid (TBA) adducts formed by the reaction of
MDA and TBA under high temperature and acidic conditions
were measured colorimetrically at 532 nm.

Plasma CML (ng/mL) concentrations were measured using
a commercial kit (Cell Biolabs Inc., San Diego-CA, USA). Briefly,
plasma samples were used to determine the protein concen-
trations (Pierce BCA Protein Assay kit, Rockford-IL, USA) and
samples were prepared in a concentration of 10 pg/ml. After
that, the CML protein adducts present in the sample were
probed using an anti-CML antibody, followed by a horseradish
peroxidase conjugated secondary antibody, and determined
by comparing with standard curve absorbance measured at
450 nm.

2.7.  Statistical analysis

Data are expressed as mean + standard error mean. Unpaired
Student’s t-test was used to analyze the baseline values from
CT versus T1DM groups. Repeated-measures one-way ANOVA
followed by a Bonferroni’s test was used to analyze the
acute exercise results. The analyses were performed using
GraphPad Prism Software (GraphPad Software, Prism 5, San

Diego-CA, USA). Values of p < 0.05 were considered statisti-
cally significant.

3. Results
3.1. Baseline measurements

The characteristics of the study population are shown in
Table 1. The anthropometric and cardiovascular parameters,
as well as the aerobic capacity were similar between both
groups. Despite insulin therapy, both blood glucose and HbA1lc
levels were significantly increased in T1IDM group compared
with CT subjects (p<0.01 and p <0.0001, respectively),
approximately 100 and 75%, respectively (Fig. 2, panels A
and B, respectively). Concentrations of creatinine were
significantly reduced in the T1DM group compared with CT
subjects (p < 0.01), by approximately 19% (Fig. 2C). Given that
one of the hallmarks of diabetes state is associated oxidative
stress, we examined the redox state in both groups. We found
a marked increase in TBARS levels in the T1DM group of
approximately 137% compared with CT (p < 0.01), and without
changes in SOD activity (Fig. 3, panels A and B, respectively).
Furthermore, we also analyzed the concentrations of AGEs by
measuring CML. Interestingly there was no difference in CML
in either group (Fig. 3C).

Vascular dysfunction is highly present in patients with
diabetes with an important endothelium dysfunction; thus,
we also examined NO,~ levels as an indirect measurement of
NO production in both groups. We also found a marked
decrease in NO,~ levels in T1DM group (approximately 60%)
compared with CT subjects (p < 0.05) (Fig. 3D).

3.2. Acute exercise

3.2.1. Blood glucose and lactate concentrations

As expected, the T1DM subjects presented an increased blood
glucose during the studied period compared with the CT group
(Fig. 4A) (p < 0.01) whereas acute aerobic exercise was effective
in lowering blood glucose in T1DM that was maintained during
the recovery period (Fig. 4A) (p < 0.001). Blood glucose concen-
tration was only reduced in the CT group during the exercise
period (Fig. 4A) (p < 0.001). As expected, the magnitude of blood

Table 1 - Characteristics of the study population.

CT T1DM
n 10 9
Age (years) 27 £0.9 24+1.7
Duration of diabetes (years) - 9.8 + 1.4 (4-15)
Daily insulin (U/day) - 40+ 4.0
Weight (kg) 82.3+4.8 76.4+4.6
BMI (kg/m?) 261 24+£12
HR (bpm) 62+1.8 68 + 4.5
SBP (mmHg) 113 +1.8 117 £ 3.4
DBP (mmHg) 68 +£1.5 69 +3.38
VOspea (ML kg * min~?) 435+ 1.5 46.0+1.2

Data are mean + SEM. BMIL: body mass index; HR: heart rate; SBP:
systolic blood pressure; DBP: diastolic blood pressure; VO,peax:
peak oxygen consumption; daily insulin: long action insulin.
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Fig. 2 - Blood glucose, glycated hemoglobin and creatinine.
Blood glucose (panel A), glycated hemoglobin (HbA1c,
panel B), creatinine (panel C) from control (CT) and type 1
diabetes groups (T1DM). Data are mean * SEM. The
number of subjects is indicated in the figure. *p < 0.05
compared with CT.

glucose reduction was greater in T1IDM group compared with
the CT group (Fig. 4B) (p < 0.001).

Concentrations of lactate did not differ between the groups
at baseline (Fig. 4C). When we examined the behavior of
lactate concentration by delta determination, at 10, 20, and
30 min after starting exercise, we found a similar increment in
both groups (Fig. 4D) (p < 0.001).

3.2.2. Heart rate and heart rate recovery

Although baseline heart rate values were not different
between the two groups, during the challenge of a bout of
exercise, as well as 10 min after recovery, a greater increase in
heart rate value was observed in the T1IDM group compared
with the CT group (Fig. 5A) (p < 0.05). Nevertheless, it should
be stressed that both groups performed the aerobic exercise in
the target zone of moderate intensity (40-60% HRyeserve). AS
heart rate recovery is considered a marker of decreased vagal

activity after exercise testing, this was also measured. No
differences were found in the values of HR recovery between
the groups (CT = 30 + 4 and T1DM = 28 + 4.7 bpm).

3.2.3. Heart rate variability

Considering the relevance of autonomic balance in people
with diabetes as well as the importance of heart rate
variability for the risk of cardiovascular diseases, we exam-
ined heart rate variability in the T1DM group on insulin
therapy using time and frequency domain analyses before,
during, and after an aerobic exercise session. We found that
mean RR and SDNN were reduced at the basal level as well as
during the recovery time (Fig. 5, panels B and C) (p < 0.05 and
p < 0.001, respectively). RMSSD and pNN50 were also signifi-
cantly reduced in the T1DM group compared with the CT
group during the recovery time, but not at baseline (Fig. 5,
panels D and E) (p < 0.01).

Interestingly, when we examined the frequency domains,
no changes were observed in the LF and HF components
of heart rate variability as well as in the LF/HF ratio during
all studied period for the two groups (Fig. 5, panels F, G,
and H).

4, Discussion

The main findings of this study are that people with T1DM
without overt cardiovascular diseases presented lower HRV,
measured by time domain components, associated with a
marked increase in TBARS and a decrease in NO,~ concentra-
tions at baseline. Moreover, the alteration in HRV was clearly
demonstrated after a bout of aerobic exercise by a slow return
to basal values of RMSSD during the recovery period and no
return in PNN50, indicating an impairment of parasympathet-
ic tone in this particular population.

4.1. Baseline measurements

Studies of diabetes largely focus on oxidative stress and
cardiovascular diseases, mainly in T2DM [5]; however, few
studies have examined people with T1DM. Our study shows
that people with T1DM have poor glucose control, even on
insulin therapy. Indeed, previous studies have shown that the
efficacy of insulin glargine is poorer at controlling glycemia in
people with T1DM [19]. People with diabetes should have a
healthy-eating plan contributing to better blood glucose
control. Thus, persistent hyperglycemia causes an activation
of complex signaling pathways including the protein kinase C
pathway, polyol pathway, and AGE formation [3], leading to
massive ROS production as a consequence of an imbalance in
redox state and oxidative stress. Interestingly, we found no
alterations in CML concentration, an AGE biomarker, in the
T1DM group compared with the age-matched control group. In
contrast, other studies have systemically shown an increased
AGE concentration in young adults [20] and middle-aged
[21,22] people with T1DM that was independent of the
duration of the T1DM. The absence of alterations in CML
could be the involvement of another signaling pathway in this
particular population, since multiple complex signaling path-
ways are activated in diabetes states. On the other hand, our
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findings clearly show a marked increase in lipid peroxidation
biomarkers (140%) as well as a decrease in NO,~ concentration
that indirectly reflects NO production or its bioavailability.
Accordingly, previous studies demonstrated an increment in
TBARS in T1DM patients [23,24]. Thus, the poor glucose control
seen in T1DM seems to deeply affect metabolic regulation
even in the absence of overt cardiovascular diseases or kidney
dysfunction.

Regarding NO production and T1DM, data are controversial
and few studies exist examining this biomarker. Increased NO

concentrations have been reported [25,26] whereas other
studies have failed to detect any changes in endothelium
mediators [27], nitrite levels [28], or NO, [24,29] in T1DM
patients. Differently to other findings, our data show lower
concentrations of NOyx  (60%) in the T1DM population
suggesting impaired vascular function. The reason for this
discrepancy could be because the studied population was
young adults without overt cardiovascular diseases. Regarding
antioxidant enzyme, our findings show no changes in SOD
activity in the T1DM group. Indeed, previous studies failed to
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demonstrate any changes in this important oxidant enzymatic
defense [23,24,30].

A number of studies have shown an autonomic imbalance
in people with diabetes with alterations in time domain
components, with lower SDNN and PNN50 [31,32], as well as
lower oscillations in HF components that reflect parasympa-
thetic tone, and a marked prevalence in sympathetic tone,
evaluated by LF components [10,12,33]. In accordance with
previous studies, we found a significant reduction in time
domain components (means RR and SDNN) at baseline, but no
changes in LF or HF components.

4.2.  Acute aerobic exercise session: heart rate variability
and heart rate recovery

In order to examine the effects of an acute aerobic exercise
session and recovery period on HRV, the T1DM group
underwent a 30 min treadmill session at an intensity of 40-
60% HRyeserve- As expected, during exercise the time domain
components were similar between the T1DM group and the
age-matched control group. Interestingly, SDNN, a marker of
overall HRV, returns promptly to basal values during the
recovery time (approximately 7 min) in the control group,
whereas in the T1DM group, SDNN only returned to baseline
values after 30 min. Moreover, RMSSD and PNNS50, which
reflect the integrity of parasympathetic tone, did not return to
basal values during the total 30 min recovery period. Indeed,
PNN50 was below 20%, which is related to high risk of
development of cardiac disease. Collectively, our data clearly
show an imbalance in autonomic nervous system regulation
in T1DM, mainly related to the integrity of vagus nerve to the
heart. Intriguing, the behavior of the frequency components
was similar between the two groups in response to the
exercise session and during the recovery period with incre-
ments of LF and decreases in HF components. Regarding heart
rate recovery, we found no differences between the groups.
The reason for that could be due to the age of the TIDM group
as well as absence of overt cardiovascular disease. Indeed,
previous studies have shown a positive relationship between
lower heart rate recovery and cardiovascular mortality [34,35].
However, the age of the populations of those studies was
greater than 55 years, i.e,, mainly middle-aged or elderly
patients.

In conclusion, our study shows that people with T1DM on
insulin therapy have an imbalance in autonomic function,
mainly related to parasympathetic tone, which can be
detected during the recovery period after a session of aerobic
exercise. This alteration is positively associated with poor
glycemic control with a greater lipid peroxidation and lower
NO,~ levels, suggesting a higher risk of developing vascular
dysfunction and cardiac disease. The importance of these data
highlights the necessity of screening T1IDM patients with
different tests during clinical practice in an attempt to prevent
cardiovascular complications and autonomic neuropathy.

4.3.  Study limitations
One limitation of the present study was the number of

participants. Using a larger study population could lead to new
clinical perspectives for prevention of autonomic dysfunction

in T1IDM. Additionally, in this study only males were evaluated
and it would be interesting to compare gender differences in
this relevant cardiometabolic disease as well as the patho-
physiological events.
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