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Moderate and high intensity exercise improves glycaemia, blood pressure and body

composition in menopausal women with type 2 diabetes

Exercicios de moderada e alta intensidade melhoram glicemia, pressiao arterial e composiciao
corporal de mulheres diabéticas do tipo 2 na menopausa

El ejercicio de intensidad moderada y alta mejora la glucemia, la presion arterial y la composicion

corporal en mujeres menopausicas con diabetes tipo 2
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Abstract

Post-menopausal women are at high risk of developing type 2 diabetes mellitus (T2DM) and cardiovascular diseases.
Regular physical activity is recommended for treatment of chronic diseases. However, there is still no consensus about
the intensity and type of exercise. This study aimed to evaluate the effects of combined functional training intensity on
the cardiometabolic parameters of post-menopausal women with T2DM. Ninety-eight post-menopausal women with
T2DM enrolled in the public health service of a Brazilian municipality were invited to participate in this study.
Sixteen volunteers were divided into the moderate (MI) and high intensity (HI) groups. Functional training was
performed 3 times a week. Anthropometric data, blood pressure, heart rate (HR), plasma glucose, glycated
haemoglobin, total cholesterol, HDL-C, LDL-C and triacylglyceride (TG) levels were measured. Functional training
reduced glycated haemoglobin and blood pressure levels and improved body composition in both groups. HI training
improved HDL-C and TG levels, although a reduction in LDL-C was observed only in the MI group. Physical training
did not modify the other evaluated parameters. The data showed that 8 weeks of functional training, regardless of
intensity, is an effective strategy to improve glucose control and promote health benefits in post-menopausal women
with T2DM.

Keywords: Physical exercise; Quality of life; Cardiometabolic risk factors.

Resumo

Mulheres na menopausa tém alto risco de desenvolver diabetes mellitus tipo 2 (DM2) e doengas cardiovasculares. A
atividade fisica regular é recomendada para o tratamento de doengas cronicas. Porém, ainda ndo ha consenso sobre a
intensidade e tipo de exercicio. Este estudo teve como objetivo avaliar os efeitos da intensidade de um treinamento
funcional sobre os pardmetros cardiometabdlicos de mulheres na pds-menopausa com DM2. Noventa e oito mulheres
pos-menopausicas com DM2, cadastradas no servigo publico de satide de um municipio brasileiro, foram convidadas
a participar deste estudo. Dezesseis voluntarios foram divididos em grupos de moderada (MI) e alta intensidade (HI).
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O treinamento funcional foi realizado 3 vezes por semana. Dados antropométricos, pressdo arterial, frequéncia
cardiaca (FC) e a concentragdo plasmatica de glicose, hemoglobina glicada, colesterol total, HDL-C, LDL-C e de
triacilglicerideo (TG) foram medidos. O treinamento funcional reduziu os niveis de hemoglobina glicada e de pressao
arterial e melhorou a composigdo corporal em ambos os grupos. O treinamento HI melhorou os niveis plasmaticos de
HDL-C e TG, embora uma redu¢do no LDL-C tenha sido observada apenas no MI. O treinamento fisico ndo
modificou os demais parametros avaliados. Os dados mostraram que 8 semanas de treinamento funcional,
independente da intensidade, ¢ uma estratégia eficaz para melhorar o controle glicémico e promover beneficios a
satide de mulheres na menopausa com DM2.

Palavras-chave: Exercicio fisico; Qualidade de vida; Fatores de risco cardiometabélico.

Resumen

Las mujeres posmenopdusicas tienen un alto riesgo de desarrollar diabetes mellitus tipo 2 (DM2) y enfermedades
cardiovasculares. Se recomienda la actividad fisica regular para el tratamiento de enfermedades cronicas. Sin
embargo, todavia no hay consenso sobre la intensidad y el tipo de ejercicio. Este estudio tuvo como objetivo evaluar
los efectos de la intensidad del entrenamiento funcional combinado sobre los parametros cardiometabdlicos de
mujeres posmenopausicas con DM2. Se invit6 a participar en este estudio a 98 mujeres posmenopausicas con DM2
inscritas en el servicio de salud publica de un municipio brasilefio. Dieciséis voluntarios se dividieron en grupos de
intensidad moderada (MI) y alta (HI). El entrenamiento funcional se realiz6 3 veces por semana. Se midieron datos
antropométricos, presion arterial, frecuencia cardiaca (FC) y concentracion plasmatica de glucosa, hemoglobina
glucosilada, colesterol total, HDL-C, LDL-C vy triacilglicéridos (TG). El entrenamiento funcional redujo la
hemoglobina glucosilada y los niveles de presion arterial y mejor6 la composicion corporal en ambos grupos. El
entrenamiento de HI mejor6 los niveles de HDL-C y TG, aunque se observé una reduccion en el LDL-C en el grupo
MI. El entrenamiento fisico no modifico el resto de parametros evaluados. Los datos mostraron que 8 semanas de
entrenamiento funcional, independientemente de la intensidad, es una estrategia eficaz para mejorar el control de la
glucosa y promover beneficios para la salud en mujeres posmenopausicas con DM2.

Palabras clave: Ejercicio fisico; Calidad de vida; Factores de riesgo cardiometabolico.

1. Introduction

Diabetes mellitus (DM) is one of the most prevalent chronic diseases in the world. According to the International
Diabetes Federation (IDF, 2020), 425 million people are affected by the disease. Type 2 diabetes (T2DM) is the most common
type of the disease and has been considered a serious health problem with increasing prevalence. This is mainly due to the
change in the population’s lifestyle, specifically the increased caloric intake and physical inactivity, resulting in a true diabetes
epidemic (ADA, 2019).

T2DM is associated with insulin resistance, increased visceral adiposity, obesity and metabolic syndrome (MS). MS is
a multifactorial disease including metabolic and cardiovascular disorders (Rochlani et al., 2017). There is a greater prevalence
of MS in the postmenopausal period due to hormonal changes and factors associated with the ageing process (Stefanska et al.,
2015).

The menopause is characterized by a progressive reduction in oestrogen production, a hormone that has beneficial
effects on women'’s health. The loss of oestrogen compromises the vascular function of women during this period (McEniery,
2020), in addition to putting glucose metabolism at risk (Mauvais-Jarvis, 2017) and increasing the concentration of plasma
lipids, especially LDL-c and triglycerides (Monteleone et al., 2018; Zaw et al., 2018) Therefore, post-menopausal women are
at high risk of developing T2DM and cardiovascular diseases.

Several chronic diseases, such as T2DM and cardiovascular disease, are successfully treated through regular physical
exercise. Physical training is a non-pharmacological strategy to prevent the onset of these diseases (Maillard et al., 2016) as it
promotes metabolic and cardiovascular benefits, such as increased lean mass, decreased adipose tissue and serum levels of pro-
inflammatory cytokines, and improvement of the insulin resistance (ADA, 2019; Maillard et al., 2016). The American Diabetes
Association (ADA) (ADA, 2019) recommends that patients with T2DM perform regular combined exercise at moderate

intensity (MI) and those able to do it at high intensity (HI) to achieve better benefits. Previous studies have also shown that
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physical activity is beneficial in relieving menopausal symptoms (Conceicado et al., 2013; Diniz et al., 2018; Maillard et al.,
2016). However, there is no consensus in the literature regarding this guidance on the type and intensity of physical exercise.
Therefore, the purpose of this study was to compare the effect of different intensities of functional training with

combined aerobic and resistance exercises on cardiometabolic parameters in post-menopausal women with T2DM.

2. Methods

2.1 Sample and ethical aspects

This is a randomized clinical trial (Escosteguy, 1999) that was approved by the local Human Research Ethics
Committee (COEP-UFLA) under number 2442296 and approved in the Brazilian Clinical Trial Registry under registration
number RBR-5rb2ps. Post-menopausal women with T2DM attended by the basic health unit (UBS) in Lavras city (Brazil,
MG) were invited to participate in several lectures and meetings to better explain the importance of improve glucose control,
caring for their health and the project goals.

Initially, 98 women were interested in participating in the project. After signing the Informed Consent Form, the
participants answered questionnaires about the state of readiness for physical activity (Par-Q) (Joy & Pescatello, 2016), level of
physical activity (IPAQ) (Puciato et al., 2017), and anamnesis related to their clinical history and interest in participating in the
intervention with physical exercise.

The study included women with T2DM in amenorrhea for at least 12 consecutive months, sedentary or not practising
regular physical activity (according to WHO criteria) (Diniz et al., 2018) and able to practice physical exercise by the Par-Q.
Those who underwent hormone replacement therapy, hysterectomies, smokers or alcoholics were excluded, as well as patients
with coronary disease or debilitating diseases. After clinical evaluation, an ergometric test was employed to rule out

cardiovascular risk.

2.2 Combined functional training protocol

The participants were divided into 2 groups, namely, HI (n = 10) and MI (n = 14), according to their availability to
train at fixed hours of 7 or 8 am, respectively. Functional training was supervised by an experienced physical training
instructor. The sessions were carried out at UBS Sao Vicente in 24 sessions of combined exercises, with 3 training sessions per
week, lasting 60 minutes each. The intervention was characterized by a functional training protocol combined in a circuit, with
resistance exercises for large muscle groups and aerobic exercises. The basis for the protocol was joint dominance and centre
stability exercises combined with aerobic exercises (Boyle, 2011).

The individual perception of exercise intensity was monitored by the Rated Perceived Exertion Scale (RPE) after each
session and by monitoring the heart rate (HR) during the session subjective effort at the end of each training session. The HR
measurement was performed using a frequency meter during the session (Haddad et al., 2017). An HR between 50 and 70% of
the maximum HR (HRmax) was defined as MI training, and above 70% of the HRmax was defined as HI training (Cadore,
2014).

The participants were instructed to maintain the same eating habits and to not change their medication treatment plan

during the entire intervention period.

2.3 Body composition
Body composition was assessed by bioimpedanciometry using a Matron BF 907 body composition analyser (United
Kingdom). The lean mass, water and body fat percentages were analysed. The participants were instructed to avoid the use of

diuretic medications, not perform physical activity and not consume alcohol before the exam. Fasting for at least 4 hours was
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required on the day of the exam. Removal of parts or accessories containing metals was requested during the exam. The same

operator performed the analysis before and after the intervention.

2.4 Cardiovascular data

After a minimum of 10 resting minutes, the systolic (SBP) and diastolic pressure (DBP) of both limbs were measured
with the subject’s upper limbs supported on a rigid surface using a Durashock sphygmomanometer (USA) and Littmann
Classic III stethoscope (USA). The mean arterial pressure (MAP) was calculated using the formula MAP = SBP + (2 x

DBP)/3. The HR was monitored by a frequency meter and expressed as beats per minute (bpm).

2.5 Biochemical analyses

Blood samples were collected before and until 5 days after the last functional training session. This period was
defined for convenience, taking care to avoid the acute effect of the exercise. After a 12-hour fast, blood samples were
collected directly in a dry vacuum tube with serum separating gel. Total cholesterol (TC), HDL-C, LDL-C, triacylglyceride
(TG) and blood glucose measurements were analysed using colourimetric methods, except LDL-C, which was calculated
indirectly (Friedewald et al., 1972). A vacuum tube with EDTA (anticoagulant) was employed to measure glycated
haemoglobin (HbAlc), which was performed by high-performance liquid chromatography (HPLC).

2.6 Data analysis

All statistical analyses were performed using GraphPad Prism 5.0 software (USA). The results were expressed as the
mean + standard error (SEM). The normality of the data was tested using the Shapiro-Wilk test, and data were transformed into
1/data when necessary, before the statistical analyses. Two-way analysis of variance (ANOVA) was used to assess the effects
of group, time and group x time interactions. Changes from baseline to the end of the intervention were compared using a t
test. When a significant effect was found, multiple post hoc comparisons were made using the Bonferroni test. Metabolic
values at baseline and changes from baseline to the end of were also compared between groups, using the non-parametric the

study [delta change: (8 weeks—baseline/baseline) x 100]. The level of significance was pre-established at 5%.

3. Results

A total of 98 women answered the questionnaires. Some of them were excluded (7 were not post-menopausal, 4 were
hysterectomized, 5 had a history of previous coronary disease, and 10 practised regular physical activity), and 30 were not
interested in participating in physical training. Forty-two women were selected for clinical evaluation and 18 of them were

excluded (
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Figure 1). The participants were 57 — 66 years old, and the last menstruation occurred approximately 7 years ago, with

no difference between the MI and HI groups.
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Figure 1. Flowchart of participants pre-selected for the intervention.

Post-menopausal women with type 2
diabetes (N = 42)

Excluded (n=18)
- ET alterations = (n—=4)
- Schedule unavailability = (n=14)

Convenience
sampling (n=24)

(HI@=10) | [ Staining | [ M1@e14) |
weeks
Interrupted the Interrupted the
intervention (n=4) intervention (n=4)
Analysed (n=6) Analysed (n=10)
Anthropometric data, BP, Anthropometric data, BP,
HR, bioimpedance and HR, bioimpedance and
laboratorial parameters laboratorial parameters

T2DM: type 2 diabetes mellitus; ET: ergometric test; HI: high -intensity; MI: moderate intensity. Source: Authors.

3.1 Physical exercise intensity assessment

On a scale of 0 to 10, the RPE of the MI group (5.68 + 0.78) was significantly lower than that of the HI group (RPE
8.67 + 0.76; p<0.01). The HRmax in the MI group was lower (121.00 &+ 13.41 bpm) than that in the HI group (151.17 + 13.00
bpm; p<0.01). Absenteeism was 20% in MI versus 24% in HI.

3.2 Anthropometric data and body composition

The body weight, body mass index (BMI) and waist circumference (WC) as well as the body composition were
similar in the HI and MI groups at baseline. Combined functional training did not alter anthropometric parameters. However,
in both groups, there was an improvement in body composition with increased lean mass, increased percentage of water and
reduced fat mass after intervention (p<0.05), as shown in 1. The individual values before and after the intervention were also

analysed for all the evaluated parameters. However, no significant differences were observed.
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Table 1. Anthropometric data and body composition assessment by bioimpedanciometry before and after 8 weeks of

functional training with resistance and aerobic exercise combined in moderate-intensity (MI; n = 10) and high-intensity (HI; n

= 6) conditions.

MI Al ANOVA (P) MI HI P
Baseline 8w Baseline 8 weeks G T GxT A (%) A(%)

Weight (kg) 74,1+4,2 73,4+4,0 66,2 +4,1 65,7443 0,23 020 0,83 -31+1,1 -29+0,7 0,83
BMI (kg/m?) 30,6 1,3 30,2 +1,3 27,1£1,3 27,1+£1,5 0,12 0,18 031 -19+0,6 -0,4+0,9 0,75
WC (cm) 97,8 43,6 96,4+3,5 94,8 +43 943+44 0,66 0,11 045 -1,3+0,8 —0,5+04 0,77
% Total Fat 42,8 +1,3 40,9+1,3 41,2+3,8 39,4437 0,65 0,00 089 -04+0,1 -0,4+0,1 0,89
% Lean Mass  57,2+1,3 59,1 £1,3 58,8 +3,8 60,6 +£3,7 0,65 0,00 089 0,5£0,1 03+0,1 0,49
% Water 41,8+1,0 43,3+0,9 433428 44,4427 0,61 001" 062 08+02 02+0,1 0,62

Data are the mean + SEM. Statistically significant results (p < 0.05) are shown in bold. BMI: body mass index; WC: waist circumference;
MI: moderate intensity; HI: high intensity; G: group effect; T: effect of time; GxT: effect of group and time interaction; A(%): changes from
baseline to the end (8 weeks—baseline/baseline) x 100. * p < 0.05, ** p < 0.01. Source: Authors.

3.3 Blood pressure levels, HR and biochemical data

Blood pressure levels, HR and biochemical parameters before training were similar between the HI and MI groups (
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Table 2). The combined functional training reduced SBP, DBP and MAP in both groups, without differences between
the groups. Although there were no differences in fasting blood glucose values, there was an improvement in HbAlc in both
groups.

The intensity of the combined functional training promoted different changes in the lipid profile. An increase in HDL-
C was observed only in the HI group. Although there was no change in averaged TG levels between HI and M1, the difference
between the values at baseline and after intervention was significantly reduced only in the HI group. On the other hand, LDL-C
was significantly reduced in the MI group. The intensity of functional training in this study did not modify the total
cholesterol/high-density lipoprotein ratio (TC/HDL).
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Table 2. Blood pressure, heart rate, plasma lipids, fasting glycaemia, and glycated haemoglobin before and after 8 weeks of
functional training with resistance and aerobic exercise combined in moderate-intensity (MI; n = 10) and high-intensity (HI; n

= 6) conditions.

MI Al ANOVA (P) MI Al P

Baseline 8 Weeks Baseline 8 Weeks G T GxT A %) A (%)
SBP .

123,0+6,7 117,0 6,5 125,0£5,00 115,0£5,6 1,00 0,00 042 -45+27 —8,6+£2,1 0,42
(mmHg)
DBP . —4,2 -10,4

76,0 £4,0 72,0 £2.9 80,0 =00 71,8 £3,1 0,68 0,01° 0,32 0,32
(mmHg) +3.5 +3,8
MAP . -43

93,6 +4,9 88,9 +£3,8 95,0 1,7 86,1 £3,6 0,10 0,02° 0,29 9,427 0,35
(mmHg) +3,0
HR -7,6

81,6 +4,7 74,0 £4,8 80,0 £8,2 80,7 £7,4 0,78 0,18 0,31 2,0£5,0 0,22
(bpm) +4.4
TC

168,3+8,5 161,9+10,7 191,5£13,5 199,3£11,2 0,07 086 0,10 1,664 47+23 0,09
(mg/dL)
HDL . . .

428 £2.7 42,1425 473453 50,2 £5,2 0,25 0,12 0,02 0,022 4,4+4,0° 0,03
(mg/dL)
LDL . -85 "

98,0 +£8,4 86,4 £8,1 109,0£14,2  119,5£12,6 0,21 0,71 0,01 .. 12561 0,00
(mg/dL) +4,7
TG 162,3 182,8 153,5 10,8 - .

149,2 £3,0 0,68 0,14 0,06 . 0,02
(mg/dL) +17,6 +28.,4 +29,2 +8,8 19,3+5,2
TC/HDL 4,07 +0,1 4,11 +£0,3 4,0 0,5 3,95+0,5 0,87 0,77 0,55 12434 1,1£57 0,55
FBG 153,9 147,7 168,3 4,1 17,7

146,6+20,3 0,38 0,69 044 0,67
(mg/dL) +26,8 +11,2 +20,9 +10,0 +18,6
HbAlC w _4:9

9,4+£2,0 7,9 £1,0 8,6 £0,9 7,8 £0,5 0,70 0,02° 0,97 -7,2+54 091

(%) £1,7

Data are the mean + SEM. Statistically significant results (P < 0.05) are shown in bold. MI: moderate intensity; HI: high intensity; G: group
effect; T: time effect; GxT: effect of group and time interaction; A(%): changes from baseline to the end (8 weeks—baseline/baseline) x 100;
SBP: systolic blood pressure; DBP: diastolic blood pressure; MAP: mean arterial pressure; HR: heart rate; TC: total cholesterol; HDL: high-
density lipoprotein; LDL: low-density lipoprotein; TG: triglycerides; TC/HDL: total cholesterol to high-density lipoprotein ratio; FBG:
fasting blood glucose; HbAlc: glycated haemoglobin. Source: Authors.

4. Discussion

In just 8 weeks, combined functional training promoted cardiometabolic benefits in T2DM women at menopause,
confirming the efficiency of this treatment in this population. However, despite the benefits described in the literature, there is
still great resistance to changing life habits. This was evidenced by the large number of women who were initially interested in
the study (n = 98) but not in physical training (n = 30), as well as by the small number of participants who remained
throughout the 8 weeks in the training. The fact that only a small number of volunteers completed the training was one of the
main limitations of this study. However, this is frequently observed in clinical trials involving physical activity and evidence of
the low adherence of the population to physical and sports practice, corroborating the high rates of sedentary lifestyle in the

current world (Balducci et al., 2019; Cooper et al., 2012). Due to the health benefits and improvement in quality of life, it is
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necessary to encourage the regular practice of physical exercises (Conceigdo et al., 2013; Maillard et al., 2016; Schroeder et al.,
2019), mainly in populations at high cardiovascular risk, such as women with T2DM in menopause (Myers et al., 2013).

Menopause increases cardiovascular and metabolic risk, in addition to frequently leading to emotional changes that
can compromise treatment and worsen T2DM (Clegg et al., 2017; Diniz et al., 2018). The practice of regular physical exercise
is an important strategy in this phase of a woman'’s life, with several benefits depending on the type of exercise (Maillard et al.,
2016).

Different types of physical training can result in different effects, according to specific characteristics (Bacchi et al.,
2012; Maillard et al., 2016; Shimojo et al., 2018). These variables are not entirely clear, and there is no consensus in the
literature regarding the intensity, type, and volume of physical exercise that promotes greater benefit in certain conditions
(Bacchi et al., 2012). In this study, a functional training was used to assess the effects of different intensities in post-
menopausal women with T2DM.

Combined functional training for 8 weeks reduced fat mass and increased lean mass, regardless of the intensity used.
These changes in body composition were previously evidenced in interventions of 14 weeks of moderate-intensity walking
(Giannopoulou et al., 2005), and in interventions of 16 weeks with resistance and combined exercises in women with T2DM in
menopause (Conceigdo et al., 2013; Cuff et al., 2003). Even with a shorter intervention time (8 weeks), the protocol used in
this study improved women’s body composition. However, it was not efficient in promoting weight loss since this relationship
becomes subjective with regular practice of physical exercise because the gain of muscle mass is also a factor in the change in
body weight. Furthermore, there was no caloric restriction to analyse the balance of caloric intake/expenditure.

Most of the participants underwent pharmacological treatment to arterial hypertension control (67% in the MI group
and 70% in the HI group), showing normal blood pressure levels at the beginning of the study. The intervention was able to
reduce the values of SBP, DBP, and MAP, regardless of the intensity of the exercise. These results corroborate findings that
showed an improvement in the DBP of overweight and hypertensive individuals in just 8 weeks of combined physical exercise
(Nascimento et al., 2017; Schroeder et al., 2019). Additionally, another study performed combined exercises for 12 weeks in
post-menopausal hypertensive women and resulted in a decrease in SBP (Son et al.,, 2016). The improvement in these
parameters under conditions similar to our study suggests that physical exercise is an efficient strategy to prevent or treat
hypertension and other cardiovascular diseases (CVD).

Furthermore, combined functional training, regardless of intensity, showed improvement in glycaemic control. The
fasting blood glucose (FBG) were not altered, however, the functional training reduced HbAlc levels. Similarly, a study with
continuous low-intensity physical training for 6 months was able to significantly reduce the levels of HbAlc more than
moderate-to high-intensity exercise training without reducing FBG levels (Hansen et al., 2009), which suggest that HbAlc is a
more reliable parameter of glycaemic control. These disparities between FBG and HbA1c may be due to several factors (Liu et
al., 2015). FBG provides an acute measurement of glycaemia, whereas HbAlc is stable and reflects glycaemic exposure over
the last 8 to 12 weeks (Nathan et al., 2007; Vistisen et al., 2018). Previous studies suggested that HbAlc is related to an
inflammatory grade, independent of FBG (Jiang et al., 2014; Liu et al., 2015). These observations contribute to explaining the
significant positive relationship between high HbA ¢ levels and the risk of CVD (Liu et al., 2015; Vistisen et al., 2018). There
is evidence that regular practice of physical activity for at least 8 weeks reduces HbAlc by approximately 0.66%, similar to
what is achieved with the use of some classes of oral hypoglycaemic agents (ADA, 2019). This reduction is significant as it
can prevent chronic complications associated with diabetes. For each percentage point reduction in HbAlc, there is a 37%
decrease in microvascular complications, 14% in fatal and non-fatal acute myocardial infarction and 21% in all diabetes-

related deaths (Stratton et al., 2000).

10



Research, Society and Development, v. 10, n. 8, €52810817571, 2021
(CC BY 4.0) | ISSN 2525-3409 | DOLI: http://dx.doi.org/10.33448/rsd-v10i8.17571

In addition to diabetes, CVD is a multifactorial disease with correlated risk factors that include dyslipidaemia. In this
study, combined functional training also promoted benefits in the lipid profile of post-menopausal women with T2DM, and the
effects were dependent on exercise intensity. Previously, it was observed that combined physical exercise showed better results
on the lipid profile in patients with T2DM, representing one of the most effective procedures to reduce cardiovascular risk
(Schwingshackl et al., 2014). The mechanisms responsible for this improvement are not fully understood, but there appears to
be greater oxidation of lipids in skeletal muscle, which reduces plasma lipid levels (Alvarez et al., 2018).

TC levels were not altered by training, which can be explained by the short duration of the intervention, as previously
suggested in a study with obese adults during the same period (8 weeks) of combined training (Schroeder et al., 2019).
Similarly, other studies showed that combined physical training for 8-16 weeks did not change TC levels in post-menopausal
women (Christos et al., 2009; Maillard et al., 2016; Rossi et al., 2016). On the other hand, only 6 weeks of aerobic or resistance
training at moderate intensity was sufficient to reduce TC in patients with T2DM of both sexes aged 45 to 50 years (Farias et
al., 2015). In fact, several factors can interfere with TC levels. The reduction in TC due to physical activity is directly
proportional to baseline levels and the volume of training (Alvarez et al., 2018). In our study, the baseline TC levels were
within the normal range, as most participants used lipid-lowering medication, which can contribute to justifying the result.
Indeed, a determining factor in the response to exercise is genetic characteristics. Although a molecular study has not been
carried out, there are dysfunction that can interfere with the response of lipids to physical training on diabetes’ people
(Srivastava, 2018), justifying the different responses observed among studies.

Within the parameters that characterize the lipid profile, high levels of LDL-C are associated with a high
cardiovascular risk, mainly due to the atherogenic potential of this lipoprotein (Grundy et al., 2019). We observed a reduction
in LDL-C only in the MI group. High-intensity exercises primarily use carbohydrates as the main source of energy, while at
moderate intensity, there is greater lipid oxidation due to the transition in the energy pathways, which could explain this
reduction in LDL-C in the MI group (McGarrah et al., 2016).

In addition, our data showed no significant difference in HDL-C levels in the MI group. On the other hand, in the HI
group, HDL-C increased after the intervention. An interesting observation is that baseline LDL-C values in the HI group is
above the recommendation (Faludi et al., 2017; Grundy et al., 2019), and these high lipoprotein levels could result in more
sensitivity, possibly explaining the increased HDL-C only in HI group. Controlled levels of HDL-C are associated with
cardiovascular protection, as this lipoprotein is involved in the reverse transport of cholesterol and in anti-inflammatory, anti-
thrombogenic, and vasodilatory effects (Choudhury et al., 2004). Increasing HDL-C is recommended, especially if LDL-C
levels are high. This increase is considered the most commonly observed effect on the lipid profile following a physical
activity program (Srivastava, 2018). Its decrease predisposes to the risk of the development of CVD (Rader & Hovingh, 2014).
In addition to individual characteristics, another justification for the increased HDL-C only in the HI group is the higher energy
expenditure. However, in our study, the calculation of energy expenditure was not performed due to the circuit training
protocol and combined exercises. An important observation is that some studies have shown that in diabetic patients, HDL-C is
dysfunctional (Srivastava, 2018); therefore, it is more relevant to control blood glucose than to increase HDL-C levels. The
results of this study showed improvement in glycaemic control in both groups, suggesting more significant protection than the
increase in HDL-C.

With respect to the lipid profile, serum TG levels should be considered, whose elevation predisposes to the risk of the
development of MS (Grundy et al., 2019) and CVD (Faludi et al., 2017). In this study, a reduction in TG levels was observed
only in the HI group. Similar to the observation of high baseline LDL-C, baseline TG values were above the desired levels in
the HI group compared to the MI group, which may have contributed to greater exercise sensitivity and a significant reduction

in this parameter only in the HI group. Some studies have suggested the influence of exercise modality and intensity (Maillard
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et al., 2016; Schwingshackl et al., 2014) on lipaemia; however, divergent results have already been observed. Women with MS
or post-menopausal women did not show a reduction in TG after 16 weeks of moderate- or high-intensity aerobic exercise
(Irving et al., 2008). Even a 6-month period of training in different modalities was not enough to reduce TG in patients with
T2DM (Lesser et al., 2016). On the other hand, some studies have shown improvement in this parameter after combined
aerobic and resistance training or with high-intensity training (Alvarez et al., 2018; Ho et al., 2012). It was observed that the
post-menopausal women who presented a reduction in TG after physical exercise were those who had elevated HDL-C,
corroborating our study (Diniz et al., 2018). Another important factor interfering with TG levels is diet or eating habits (Albu
et al., 2010), which were not evaluated in this study.

Despite the increase in HDL-C and reduction in TG levels in the HI group and the reduction in LDL-C in the MI
group, there was no reduction in TC in any of the evaluated groups, making the final interpretation difficult. However, clinical
studies have shown that the ratio between TC/HDL-C and LDL-C/HDL-C is a better indicator of cardiovascular risk than the
isolated assessment of the values of TC, LDL-C, and HDL-C (Millan et al., 2009). Despite the differences observed in isolated
lipid parameters, there was no significant difference in these indexes, suggesting that the conditions used in this study were not
sufficient to improve lipaemia and reduce the risk of cardiovascular disease in these women.

In conclusion, 8 weeks of functional training with combined aerobic and resistance exercise, both at high and at
moderate intensity, was sufficient to promote health benefits for post-menopausal type 2 diabetic women. There was a
significant improvement in glycaemic control and body composition, in addition to a reduction in blood pressure values. The
results obtained suggest that the intensity of physical training can result in different beneficial effects on isolated plasma lipids,
although it did not modify the cardiovascular risk of these women. It was not evaluated the balance of caloric
intake/expenditure and it is not clear whether the determining factor for cardiometabolic effects is the total energy expenditure
or the intensity of the exercise itself. Therefore, maintaining energy expenditure and varying the intensity of physical training

is an important point to be clarified in later studies.

5. Conclusion

Altogether, these results suggest that the practice of functional training with combined physical exercise, regardless of
intensity, is an important strategy to prevent health complications in post-menopausal women with T2DM. Lifestyle changes
can improve the quality of life, in addition to reducing the cost and assisting the drug treatment of diabetes.

Maintenance of energy expenditure for a longer period of training can result in additional benefits for health in

general, being an important point to be clarified in further studies.
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