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ABSTRACT

The aim of this study was to verify the effects of one aerobic exercise session (AES) on the
metabolic and hemodynamic profile in diabetes type Il offspring. Healthy young males were
assigned into 2 groups: diabetic offspring (DO, n=7) and euglycemic offspring (EO, n=7). Meta-
bolic (triglycerides and glucose levels) and cardiovascular (arterial pressure, AP, heart rate, HR)
measures were realized before, during and after the AES. The AES was realized on a treadmill
during 30 minutes, with progressive intensity. The groups showed similar triglycerides, AP and
HR values at rest. The glucose level was higher in DO group when compared to the ED group
(9942 vs. 89+2 mg/dL). The DO group showed higher chronotropic response at the beginning
of AES when compared to the EO group (86+4 vs. 125+8 bpm), however, the HR was similar
between the groups at the other exercise intensities. At the fifth minute of the recovery, the HR
was higher in the DO group when compared to the EO group (FN: 88 + 3 vs FD: 97+ 4 bpm). The
AP was similar between groups during and after the AES. The results showed that young diabetic
offspring presented metabolic alterations at rest, and exacerbated HR response at the beginning
and in the recovery period of the AES, suggesting a higher cardiovascular risk in this population.
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INTRODUCTION

Diabetes mellitus (DM) is a chronic disease in which the
genetic and auto-immune elements, leading to alterations in the
metabolism of carbohydrates, lipids and proteins. Type 1| DM has
a dominant autosomal genetic transmission pattern which can be
hereditary. Moreover, many environmental factors play an important
role in the development of the disease!.

Studies demonstrate that the DM doubles the risk of developing
cardiocirculatory diseases in men and triples in women®. It is
interesting to note that the cardiocirculatory complications represent
the greatest cause of morbimortality among diabetic patients.
Additionally, individuals with positive type Il DM family history present
increase of 40% in the risk of developing cardiovascular diseases. It
is known that cardiovascular complications in diabetic patients are
related to autonomous neuropathy, which is initially characterized
by dysfunction of the parasympathetic nervous system®.

Studies have currently related hemodynamic alterations
at rest during or after physical exercise with higher risk of
developing cardiovascular diseases®9such as hypertension®/and
diabetes® higher risk of besides being a predictor of higher risk of
mortality®. Specifically concerning DM, the chronotropic response
to physical exercise has been associated to the disease diagnosis as
well as mortality in patients who have already been diagnosed®.

Epidemiological studies have shown that increase of the
development of MD risk related to positive family history of this
disease is strongly connected to sedentary lifestyle. Therefore, it
is suggested that increase of the disease development related
to genetic factors may be decreased and even eliminated with
increase in the physical activity level01,
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Moreover, there is strong and consistent evidence that a
single exercise session may, acutely, improve insulin sensitivity
and glucose homeostasis, besides improving the sympatovagal
balance in cardiac or diabetic patients'?. However, little is known
about the metabolic, hemodynamic and autonomic alterations
in offspring of diabetic patients at rest or in response to a single
session of dynamic exercises. Early detection of metabolic and/or
cardiovascular alterations at rest and in response to exercise may
be very important to prevent DM in young individuals with positive
family history for this disease. Thus, the aim of this study was to
verify the effects of a session of aerobic exercise in hemodynamic
and metabolic parameters in diabetic offspring.

MATERIALS AND METHODS

14 male subjects were selected and divided in two groups (n=7
in each group: euglycemic offspring(EO) and diabetic offspring (DO).
The evaluations were carried out in three distinct phases, respecting
a 48-hour interval between them.

In order to be apt to participate in the research, the subjects had
to meet the following inclusion criteria: age range of 18 and 35 years;
sedentarianism;blood pressure (BP) below 140/90mmHg obtained
in two different occasions; absence of smoking; fast glycemia below
120mg/dl; BMI up to 27kg/m? The participants who presented
injury, pain or recent orthopedic surgery in upper or lower limbs,
any other pathologies, such as cardiologic, metabolic, neurological
or rheumatic nature; participants who had hypertensive parents
and/or coronary arterial disease and/or cardiac insufficiency.

Part 1 - Individual at four-hour fast. The body composition
evaluation was done through the electrical bioimpedance method
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Biodinamics). Subsequently, using reagent bands, triglycerides and
total cholesterol were measured with the Accutrend GCT equipment
and glycemia with the Accu-Chek Advantage equipment. Finally,
weight and height were measured to obtain the body mass index
values(BMI).

Part 2 — Ergospirometric test on treadmill was performed (Johnson
brand name, model Jet 2000), in which the ventilatory thresholds
and ‘;’Oz peak values (VO2000 gas analyzer) were determined. HR
was monitored during the test through the electrocardiogram. BP
was checked at each load increment. This phase was performed to
determine the suitable intensity of the acute exercise session.

Ventilatory threshold 1 (or anaerobic threshold) was determined
from the occurrence of at least two of the following variables: loss
of linearity of the ‘JCOZ production and ‘JO2 consumption ratio by
the lowest value of the "JO2 alveolar concentration (PetO,/ O,partial
pressure at the end of the expiration); and the loss of linearity of the
VE (pulmonary ventilation) and the O,ratio. Ventilatory threshold
2 (or respiratory decompensation point) was determined in the
occurrence of the highest PetCO, value (CO,partial pressure at the
end of the expiration) preceding its sudden decrease and/or from
the loss of linearity of the VE and ‘JCOZ ratio.

Part 3 — This part consisted of the aerobic exercise session.
Prior to the exercise, the individual remained at 30-minute rest
and lactate (Accutrend Lactate), BP by the auscultatory method,
and HR were measured with a frequency meter (Polar S-810). The
instruments used as reference pattern for BP and HR measurement
in this study had been previously inspected by INMETRO and were
calibrated accordingly. The conventional and validated methods
use were an aneroid sphygmomanometer with a cuff brand name
Missouri® (according to specifications by the British Society of
Hypertension, 2004) and a stethoscope in perfect condition for BP
measurement. All hemodynamic measurements were performed
by the same evaluator and according to the guidelines by the
Brazilian Society of Hypertension (2000) and IV Brazilian Guidelines
for Hypertension (2002) for the measurements at rest and according
to the guidelines by the American College of Sports Medicine
(2003) for BP and HR check during exercise. All measurements of
the volunteers were performed at sitting position and the upper
limb was kept at the heart level.

The acute exercise was performed during 30 minutes with
progressive load increase: five minutes of warm-up, five minutes of
with HR at 30% below the one obtained at the second ventilatory
threshold, five minutes with HR 20% below the one obtained at the
second ventilator threshold, 10 minutes with HR at 10% below the
one obtained at the second ventilator threshold and five minutes
back to calmness.The lactate was measured at rest, at the 25%
minute of exercise and at recovery. BP was checked immediately
after each load increment during the exercise (30min) and the
HR monitored during the entire exercise through the frequency
meter. The individuals then remained sitting during 30 minutes of
recovery. In that period the HR was continuously monitored and at
the end the BP and glycemia measurements were taken.

Results were statistically analyzed through the SPSS software
for Windows 12.0. Means and means standard error (MSE) of the
evaluated variables were calculated. In order to have the obtained
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results compared, ttest followed by Student-Newman-Keuls
complementary test were applied accordingly. The diferences were
considered significant for p< 0.05 values.

RESULTS

The blood triglycerides and total cholesterol values were similar
between groups after a four-hour fast period. Glycemia, though,
despite being within the normality range, was higher in the diabetic
offspring group (9.0 + 1.50mg/dL) compared to the control offspring
group (89.0 + 2.30mg/dL) (figure 1).

The body composition measurements (lean mass and fat mass)
and BMI were similar between the two groups. The BP and HR were
similar between the groups at rest. The O, peak, an important aspect
related to physical capacity, was also similar between groups. These
results demonstrate the sample’s homogeneity (table 1).

Lactate presented normal behavior and similar between groups
at rest (EO: 3.3 + 0.46 versusDO: 2.8 + 1.10mmol/dL), at the end of
the exercise (EO: 44 + 0.83 versusDO: 4.5 + 1.70mmol/dL) and at
recovery (EO: 3.0 + 0.96 versusDO: 3.7 + 1.65mmol/dL).

The SBP and DBP and HR presented normal behavior and
similar between groups during the exercise session. However, the
DO group demonstrated exacerbated increase of HR at the first five
minutes of physical exercise when compared to the EO group (EO:
87 + 4 versusDO: 125 + 8bpm) (figure 2).

At the fifth minute of recovery, the EO group presented HR
values lower when compared to the DO group (EO: 88 + 3 versus
DO: 97 + 4bpm). After the total recovery period (30min), there was
not difference in the HR (EQ: 88 + 5 versusDO: 85 + 6bpm), in the
SBP or DBP (table 2).

EO DO

Figure 1. Glycemia at rest of the euglycemic offspring (EO) and diabetic offspring
(DO) groups. *p < 0.05 versus DO.

Table 1. Anthropometric, metabolic ad hemodynamic measurements of the euglyce-
mic offspring (EO) and diabetic offspring (DO) groups at rest and after four-hour rest .

EO DO
BMI (kg/m?) 23+10 22+08
Lean mass (%) 81+20 81+15
Fat mass (%) 18+20 19+14
TGL (mg/dL) 121+£22 137£19
Cholesterol (mg/dL) 166 +5.5 160 +£3.5
SBP (mmHg) 110+£35 107 £32
DBP (mmHg) 77 +3.7 73£22
HR (bpm) 69 +34 74 +30
VO, peak (ml/kg/min) 47+36 42417
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Figure 2. Heart rate at rest, during and after exercise (recovery) in the euglycemic
offspring (EO) and diabetic offspring (DO) groups. *p < 0.05 versus EO, #p < 0.05
versus rest.

Table 2. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) values at
rest, during and after recovery from exercise in the euglycemic offspring (EO) and
diabetic offspring (DO) groups.

Group Rest 5min 15min | 25min | Recovery

EO | SBP(mmHg) | 110+3 120+5 | 144+ 67 | 159 + 9 101 +4
DBP (mmHg) 77+4 81+£2 812 80+3 77+4

DO | SBP (mmHg) | 107 +3 120+4 | 136 5% | 152+ 7* 110+ 6
DBP (mmHg) 73+2 76+3 77+4 75t4 76+3

Values represent mean + mean standard error. #p < 0.05 versus rest.

DISCUSSION

The aim of the present study was to verify the effects of a session
of aerobic exercise on the hemodynamic and metabolic parameters
in offspring of diabetic individuals.The results of the present study
demonstrate that offspring of diabetic patients present metabolic
(glycemia increase) and cardiovascular alterations (higher HR
response at the beginning, at the fifth minute of exercise and at
the fifth minute of recovery) compared to offspring of euglycemic
individuals.

DM is a disease with severe endocrine alterations which
interfere in the metabolism of carbohydrates, lipids and proteins.
These alterations result in the glucose plasmatic increase, triggering
a fasting hyperglycemia status, caused mainly by the insulin deficient
or absent secretion, associated to varied degrees of resistance to the
activity of this hormone'3'%, Having the guidelines of the Brazilian
Society of Diabetes (2007) as reference, it was observed that both
groups presented glycemia values within the normality range.
However, the offspring of diabetic individuals presented higher
glycemia values when compared to the offspring ofeuglycemic
individuals. Conversely, further studies did not observe difference
in glycemia at fast in offspring of diabetic subjects>'®; however,
the insulin at rest levels were higher in offspring of diabetic ones!®,
It is worth mentioning that in these studies already published the
sample was predominately composed of women.

It is known that besides environmental factors such as
sedentarism and bad eating habit, it is currently clear that the
development of diabetes is also related to the genetic characteristics
of each individual">™, Thus, considering that the sample of the
present study presented similar and within healthy limits metabolic,
(glycemia, triglyderides and cholesterol), hemodynamic (BP and
HR) and body composition (BMI, fat and lean mass percentage)
parameters, it is suggested that genetic factors justifies, at least
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partly, the higher glycemia at fast observed in the group of offspring
of diabetic individuals.

The interest for evaluating alterations in the HR during rest,
in exercise and recovery after exercise has been increasing for
some time now®. When we start a physical activity, one of the
earliest effects on the cardiovascular system is the increase of
the chronotropic response. This increase occurred linearly and
proportionally to the increase in the exercise intensity!'”. In fact,
in a work conducted by our group, linear HR increase in women
during physical exercise performance!'®. HR increase during exercise
is firstly a combination of vagal removal, and subsequently, of
increasing activation of the sympathetic nervous system®. Although
the HR presents normal behavior in the offspring of euglycemic
parents, exacerbated increase was verified at the first five minutes
of exercise in the DO group compared to the EO group. This
result presents important clinical relevance in the stratification of
the cardiovascular risk in this population, since there is a direct
correlation between HR at rest or submaximal and development
of cardiovascular diseases. Thus, HR abnormality during exercise
is directly associated to mortality due to cardiovascular diseases
and other causes of diseases'? Therefore, individuals with lower HR
at rest or lower tachycardia during submaximal physical exercise
present lower probability to develop cardiopathies®. Interestingly,
individuals who present higher HR at rest or higher chronotropic
response to exercise have higher chances to develop diseases such
as hypertension or diabetes®. It is important to highlight that the
HR increase in diabetic offspring was observed in the exercise phase
characterized as warm-up, in which all individuals were submitted
to the same absolute exertion intensity, suggesting hence that
offspring of diabetic individuals present increased initial reactivity
to physical exertion when compared to offspring of euglycemic
parents. During the rest of the exercise session the HR was similar
between groups, while the systolic and diastolic blood pressure
presented normal behavior during the entire exercise®”and in the
recovery period, being similar between groups.

It is worth mentioning that HR has been related to higher risk
of cardiovascular diseases and episodes not only during restor
exercise, but there is also high correlation between HR reduction
at the first minutes of recovery after exercise and cardiovascular
risk®. Concerning this aspect, in the present study, at the end of
the recovery period, HR was similar between groups. However, at
the fifth minute of recovery from exercise, DO group presented
higher values compared to EO group. The reduced HR return to
rest values during the recovery beginning is associated to increase
in mortality risk due to cardiovascular diseases???, sudden death®
and other mortality causes in asymptomatic patients?'??, besides
being associated with diseases such as hypertension 7). In fact,
in an interesting study developed with healthy individuals, the HR
profile during the recovery period was associated with the sudden
death event®,

Moreover, HR has been associated with diabetes diagnosis as well
as increase of mortality in diabetic patients®. Therefore, one of the
aspects which can answer for this increase in cardiovascular risk in
these individuals is possible misadjustment of the parasympathetic
nervous system. It is worth remembering that the HR decrease
immediately after physical exercise mainly occurs in response
to the reestablishment of the activity of the parasympathetic
nervous system® Therefore, both the exacerbated HR increase
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in the beginning of the exercise and the attenuation of the HR
return to baseline values may be associated with dysfunction
on the cardiac autonomic control manly characterized by
parasympathetic reduction, according to what has been observed
in diabetic subjects.

CONCLUSION

The main finding of the present study was to demonstrate
that young adults with positive diabetes family history present an
exacerbated chronotropic response at the beginning of a physical
exercise session and slower heart rate recovery in the period after
exercise when compared to the group of offspring of euglycemic
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