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Abstract: Background: Metabolic syndrome (MetS) represents a growing public health problem throughout the world and, 

making sense with the epigenetic causes of MetS, lifestyle change seems yet, more clinically effective than drugs. Additionally 

to dietary adequacy, increased physical activity (LiSM) is considered the cornerstone of recommendations for the treatment of 

MetS. Previously it was found that different types of physical exercises led to different responses in reducing adiposity, 

hypertension and hyperglycemia. Now we aim to investigate the specific effect of four different physical-exercise protocols on 

MetS in a defined short time intervention of 10 weeks. Methods: A sample of 302 individuals (55.5 ± 10.8 years) from both 

genders was taken among (2013-2016) participants of the dynamic cohort "Move for Health" LiSM program. They were 

evaluated at baseline and after 10 weeks of supervised intervention with protocols of hydrognastics (HYD, aerobic), High 

Intensity Interval Training (HIT), resistance training in gym (GYM) and mixed walking-gym (MIX, 30 min of walking 60-80% 

HRmax and resistance). All groups received the same basic LiSM dietary counseling. The evaluation instruments were: 

International Physical Activity Questionnaire (IPAQ-long form-version 8); Healthy Eating Index (HEI), anthropometric, 

plasma biochemical analyses and physical fitness (flexibility, handgrip strength and treadmill cardiorespiratory capacity). MetS 

was diagnosed according to NCEP-ATP III (2005). The data were evaluated in continuous and categorized forms. Multiple 

comparison (moment versus protocol) was undertaken at the level of significance of 5%. Results: After 10-wk intervention, all 

protocols incremented the baseline fitness of VO2 max; flexibility (except in the HIT); muscle strength (only in GYM and 

MIX) and also, the level of physical activity in MIX. There was a 16.9% reduction in MetS, from 25.4% (HYD) to 

12.7%(MIX), having HIT (21.5%) and GYM (16.2%), in between. Hyperglycemia (20.6%) and hypertension (15.9%) 

responded positively to all protocols, while the reduction of abdominal circumference discriminated the effectiveness of MIX 

and HYD in reducing MetS. Conclusion: At the same duration, prescribed protocols of HYD, HIT, GYM and MIX decreased 

MetS in different magnitude according to the MetS-component sensitivity to each protocol. 
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1. Background 

Metabolic Syndrome (MetS) is a complex of abnormalities 

including abdominal obesity, insulin resistance, atherogenic 

dyslipidemia and arterial hypertension [1]. Its carriers are 

twice as likely to develop cardiovascular disease (CVD) and 

up to five times more likely in type 2 diabetes mellitus (T2D) 

[2-4]. Historically, MetS started related to insulin resistance 

and, subsequently, associated with obesity, with abdominal 

adiposity being its main component [5]. Today, MetS 

represents a growing public health problem throughout the 

world in parallel with the increasing prevalence of diabetes 

and obesity [6]. 

The development of MetS may be influenced by genetic as 

well as environmental factors related to unhealthy body 
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composition [7]. The predominant environmental/ behavioral 

risk factors associated with MetS include obesogenic 

atherogenic diets, and physical inactivity [8, 9]. Hence, 

inadequate diet and physical inactivity appeared to be the 

primary causative factor in the pathogenesis of MetS [7] even 

though, dietary pattern [10] and food intake seems more 

related to components rather than the MetS prevalence itself 

[7]. 

In general, therapeutic lifestyle change seems yet, more 

clinically effective than drugs [7]. Consequently, making sense 

with the epigenetic causes of MetS, the lifestyle modification 

focusing on improving dietary quality/ physical activity is the 

preferred first line treatment for the management of MetS and its 

components. In this sense, the adherence to the Mediterranean -

diet pattern is associated with lower MetS prevalence and its 

progression [7]. Similarly, the Paleolithic diet resulted in greater 

short-term improvements on MetS components than did 

guideline-based control diets, particularly in terms of its 

recommendation to exclude grains, dairy, and nutritional 

products of industry [7]. Overall, the effectiveness of dietary 

manipulation is mainly based on low-energy dense diets, such as 

high dietary fiber intake [11]. 

Specific responses of some individual MetS components 

can be obtained by dietary W-3 LCFA supplementation [12]. 

Additionally to dietary adequacy, increased physical activity 

is considered the cornerstone of recommendations for the 

treatment of MetS. Aerobic exercises (and increased 

cardiorespiratory fitness) seems to be even more effective than 

strength exercises [7]. However, aerobic interval training, 

strength training or the combination of both has beneficial 

effects on physiological abnormalities associated with MetS. 

Additionally, the combination of physical exercises with 

changes in diet is more effective than each one alone [7]. 

In a local lifestyle modification (LiSM) program ("Move 

for Health") aiming to behavioral reeducation through 

supervised periodized physical exercises and dietary 

counseling for the health promotion, the MetS prevalence 

was reduced from 47% to 40% in 20 weeks [13] and, a 

12.4% reduction in 24 weeks of intervention [1]. Additional 

effect of omega-3 supplementation with 3 grams of fish oil 

on the LiSM program, led to a 29% reduction in MetS after 

20 weeks [14] and, dietary adequacy of fiber (25g/day) led a 

24% decreasing of MetS just after 10-week of LiSM [15]. 

As physical exercise intervention, is concern, it was found 

that different physical exercises such as hydrogimnastics, 

HIT, walking-jogging, strength and combined (walking and 

strength) resulted, in a time-dependent manner, in specific 

responses on the MetS components, hypertension [16] and 

plasma glucose [17]. Now, we intend to analyze the effect of 

different physical-exercise protocols (hydrogymnastic, high-

interval training, gym and mixed) on MetS in a defined short 

time intervention of 10 weeks. 

2. Methods 

Participants were enrolled at the “Move for Health 

Program” (Programa Mexa-se Pró-Saúde), an ongoing 

epidemiological project conducted, as extension-assistance of 

the university, since 1991. As described elsewhere, the 

program introduces healthy lifestyle into subject’s diary 

activities by promoting nutritional re-education and 

supervised physical exercise as primary care for chronic non-

communicable diseases (obesity, hypertension, T2D and 

MetS). Individuals spontaneously seek the project and, once 

enrolled, they are evaluated clinically, contemplating all 

possible contraindications for physical exercise practice. 

Anthropometric, dietary, blood biochemistry and physical 

fitness assessments (strength, flexibility and aerobic 

endurance) are performed sequentially. 

The convenience sample consisted of 302 subjects selected 

from the period of 2013- 2016. From the inclusion criteria, 

were included data from males and females, 35 years of age 

or older, physically independent that had a 70% minimum 

frequency in physical exercise protocols and attended at the 

both evaluation moments. All patients were informed about 

the proposal and procedures to be performed and signed up 

the informed consent form, in accordance with Resolution 

466/2012 of December 12, 2012 of the Ethics in Research 

Committee (CEP/UEL) under n° 2,150,766. 

Physical activity level (PAL), socio-demographic 

characteristics (gender, age, marital status, family income 

and education) and health status were obtained by applying 

the International Physical Activity Questionnaire (IPAQ 

version 8 - long form) [18]. Marital status was classified as 

married (married and stable union) and unmarried (single, 

widowed, divorced, and separated). The schooling was 

ranked as fundamental complete and incomplete, secondary 

education and higher levels. Family income ranked from up 

to five minimum wages (<5SM) or greater/equal to five times 

the minimum wage (≥5SM). The health perception was rated 

as good (excellent, very good or good) or bad (fair and poor). 

The recommended PAL was at least 150 minutes per week of 

moderate aerobic physical activity or 75 minutes of vigorous 

aerobic physical activity in the week [19]. 

The dietary quality was evaluated by the Adapted Healthy 

Eating Index (HEI) based on the adapted Brazilian Food 

Pyramid [20]. For the score of this index, the eight food 

groups of the pyramid, the percentage of total fat, saturated 

fat, amount of dietary cholesterol and the variety of the diet 

(represented by the serving of different foods consumed 

during the day). 

The anthropometric evaluation was composed by the 

measures of body weight and height, according to the 

procedures described by Heyward and Stolarczyk [21] with a 

subsequent calculation of the Body Mass Index (BMI = 

kg/m
2
) classified according to WHO [22]. Waist 

circumference (WC) was measured on the midpoint between 

the last intercostal space and iliac crest [21]. As an indicator 

of abdominal obesity WC was adopted greater than or equal 

to 88 cm for women and 102 cm for men [23]. 

Blood pressure (BP) was assessed by using a manual 

sphygmomanometer, following the recommendations of the 

VII Brazilian Guideline for Hypertension [24]. Systemic 

arterial hypertension was defined as pressure levels greater 
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than 130/85 mmHg [23, 25]. 

To perform the biochemical analysis, the subjects were 

submitted to blood collection after nocturnal fasting (8 to 12 

hours), by means of standard vacuum venous puncture. 

Concentrations of fasting glucose, triglycerides (TG), and 

HDL cholesterol (HDL-c) were quantified in the serum by 

the Dry Chemistry method (Vitros, Johnson and Johnson 

System). The normality classification followed the criteria of 

NCEP-ATPIII [23, 25]. Metabolic Syndrome was diagnosed 

when a minimum of 3 from its 5 components were altered, 

following the National Cholesterol Program's Adult 

Treatment Panel III (NCEP-ATP III) [23, 26]. 

Physical fitness was evaluated through trunk flexibility 

(FLEX), upper limb strength and cardiorespiratory tests. The 

FLEX was evaluated by using the sit and reach test, 

following the normal values established by Johnson and 

Nelson [27]. Muscle strength of upper limbs was determined 

using the handgrip test with a hydraulic dynamometer with a 

scale of 0 to 100 kg, following the classification proposed by 

Baumgartner and Jackson [28]. Cardiorespiratory fitness was 

determined by maximal oxygen uptake (VO2max) obtained 

on an electric treadmill (model QMCTM90) using the Balke 

protocol [29], with constant monitoring of heart rate and 

blood pressure. The inclination of the treadmill was used to 

determine the VO2max. by the formula: VO2max = 8.8+ (1.8 

* slope) +3.5. After obtaining the VO2max., the 

cardiorespiratory fitness was classified following the values 

established by the AHA [30]. 

Subjects choose one of four protocols: hydrogymnastics 

(HYD), high-intensity interval training (HIT), strength 

training (GYM) and Mixed walking-strength (MIX). All 

protocols lasted ten weeks and were supervised by qualified 

professionals and, during that period there was no 

prescription of diets, only nutritional counseling. Table 1 has 

the specificities of each protocol. 

Table 1. Characteristics of physical exercise protocols applied during a 10-week intervention. 

Protocols HYD (n=63) HIT (n=43) GYM (n=50) MIX (n=146) 

Duration (minutes) 60 60 60 90 

Frequency (day/week) 2 2 3 3 

Intensity Moderate Moderate/ Vigorous Moderate Moderate 

Total Volume (minutes/week) 120 120 180 270 

Energy expenditure (METs/session)* 200 248,1 272,5 371,5 

* Based on Ainsworth's compendium of physical activity (2000); METs: metabolic equivalent; HYD: hydrogymnastics protocol; HIT: high intensity interval 

training; GYM: strength protocol; MIX: mixed walking strength. 

The hydrogymnastics protocol (HYD) was performed 

twice a week on alternate days in a 60 minutes session of 

aerobic/water-based training in pool with water temperature 

ranging between 27°C and 28°C. Subjects performed 10 

minutes of general warm-up, 10 minutes of stretching, 30 

minutes of main part (aerobic exercises and located for upper 

and lower limbs), and 10 minutes of calm/relaxation. 

The 60min. sessions of High Intensity Interval Training 

(HIT) were performed in twice-alternated days, a week. The 

program of aerobic interval exercise on treadmill was 

performed according to the protocol of Stensvold et al. [9]. 

The 43 min. session was distributed in 10 minutes of warm-

up at 70% of maximum heart rate (HRmax), followed by 4 

sets of 4 minutes to 90% of HRmax. interspersed with 3-

minute intervals of active recovery at 70% of HRmax., 

finishing with 5 minutes of calm back. The training sessions 

contained initial stretches (5 minutes) and final stretches (10 

minutes), the latter being intended for relaxation and 

recovery of heart rate. For training prescription it was used 

the HRmax. obtained by the cardiorespiratory test. 

The Gym Protocol (GYM) was performed three times a 

week on alternate days, constituting resistance training with 

free weights and machines. The 60 min. session was 

composed by 10 minutes of warm-up/ dynamic stretching, 40 

minutes of resistance training (3 sets of 8 to 12 repetitions of 

60 to 70% of a maximal repetition (1RM), and 10 minutes of 

final stretching. The exercises were performed in the form of 

a circuit, always alternating between lower and upper limbs, 

prioritizing first the larger and later smaller muscle groups. 

The exercises were leg press, extensor and flexor chair, 

adductor and abductor chair, calf, bench press, crucifix, 

paddling, high pull, direct threading, triceps and abdominals 

(primarily the rectum). 

The Mixed Protocol (MIX) was performed three days a 

week, constituting 90 min. session of combined aerobic and 

resistance training. Subjects underwent 10 minutes of general 

warm-up associated with dynamic stretching, 30 minutes of 

walking (60 to 80% of the HRmax-controlled by frequency), 

40 minutes of resistance training (3 sets of 8 to 12 repetitions 

of 60 to 70% of 1RM) - being the same exercises of the 

GYM, and 10 minutes of final stretching. The first two weeks 

were to familiarize the protocol for the subsequent 1RM test, 

and for the prescription of aerobic training. The maximum 

heart rate (HRmax) obtained during the exercise test was 

used for the prescription of MIX. 

All data were submitted to analysis of normal distribution 

pattern using the Kolmogorov Smirnov test. The descriptive 

analysis contemplates the characterization of the individuals 

using mean and standard deviation for the continuous 

variables and frequency and percentage for the categorical 

variables. The chi-square test of trend for comparison 

between moments (M0 and M1) for categorized variables 

was used. For the quantitative variables, the model was used 

in repeated measurements considering two moments (M0 and 

M1) and four protocols (GYM, HYD, HIT and MIX) and 

their interactions. In the case of data with symmetrical 

distribution - ANOVA followed by post hoc Tukey. In the 

case of asymmetric data, adjustment was performed in the 
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gamma distribution followed by the Wald multiple 

comparison test, always in the moment versus protocol 

interaction. The program used was SAS for Windows version 

9.3 with significance level of 5% or corresponding p-value. 

3. Results 

The sample consisted of 302 subjects (HYD: 63, HIT: 

43, GYM: 50, MIX: 146) aged 55.5 ± 10.8 years, 65% 

below sixties years, majorly females (88%), married 

(80%), 80% presenting up to elementary-school grade and 

living under 5 minimum wages (92%). They mostly 

referred fed low-quality diet (95%) and 91% with 

adequate physical activity (at least 150min/wk). In general, 

they showed good cardiorespiratory fitness (63%), good 

strength (78%) but poor flexibility (73%). Although self-

reporting in good health (67.8%), 80.5% were overweight 

and 48.7% with MetS. The altered components were WC 

(72.9%), followed by fasting glycemia (49%), BP (41.4%), 

HDL-c (40.5%) and TG (37.9%). 

The fact that mostly of the sample were females, below 

sixties living on low-income status, was homogenous in 

all protocol-groups. Additionally, groups were also similar, 

in all demographic, socioeconomic, dietary, physical 

activity and fitness, anthropometric parameters, as well as 

for MetS prevalence (Table 2). 

Table 2. Demographic, socioeconomic, nutritional, anthropometric, fitness and physical activity levels and metabolic syndrome of adult participants in a LiSM 

program – “Move for Health”. 

Variables/ Protocols 
HYD HIT GYM MIX TOTAL 

p-value 
N=63 N=43 N=50 N=146 N=302 

Age (years) 60,2 ± 10,4 53,3 ± 8,8 57,5 ± 12,7 53,4 ± 10,2 55,5 ± 10,8 
 

<60 32 (50,8%) 36 (83,7%) 29 (58%) 98 (67,1%) 195 (64,6%) 
0,003 

>60 31 (49,2%) 7 (16,3%) 21 (42%) 48 (32,9%) 107 (35,4%) 

Gender 

Female 62 (98,4%) 43 (100%) 39 (78%) 122 (83,5%) 266 (88,1%) 
0,0002 

Male 1 (1,6%) 0 (0%) 11 (22%) 24 (16,5%) 36 (11,9%%) 

Marital Status 

Married 54 (85,7%) 34 (79,1%) 43 (86%) 110 (75,3%) 241 (79,8%) 
0,22 

Non-married 9 (14,3%) 9 (20,9%) 7 (14%) 36 (24,7%) 61 (20,2%) 

Family income 

Up tp 5 minimum wage 60 (95,2%) 38 (88,4%) 41 (82%) 140 (95,9%) 279 (92,4%) 
0,007 

> 5 minimum wage 3 (4,8%) 5 (11,6%) 9 (18%) 6 (4,1%) 23 (7,6%) 

Schooling 

Elementary 55 (87,3%) 36 (83,7%) 40 (80%) 110 (75,3%) 241 (79,8%) 
0,22 

High school/college 8 (12,7%) 7 (16,3%) 10 (20%) 36 (24,7%) 61 (20,2%) 

Health Eating Index 

Inadequate 38 (100%) 26 (96,3%) 30 (90,9%) 118 (94,4%) 212 (95,1%) 
0,33 

Adequate 0 (0%) 1 (3,7%) 3 (9,1%) 7 (5,6%) 11 (4,9%) 

Body Mass Index (BMI) 

Overweight 54 (85,7%) 36 (83,7%) 36 (72%) 117 (80,1%) 243 (80,5%) 
0,29 

Eutrophy 9 (14,3%) 7 (16,3%) 14 (28%) 29 (19,9%) 59 (19,5%) 

Health Status 

Good 38 (61,3%) 35 (81,4%) 37 (74%) 94 (64,4%) 204 (67,8%) 
0,08 

Poor 24 (38,7%) 8 (18,6%) 13 (26%) 52 (35,6%) 97 (32,2%) 

Physical Activity Level 

Recommended 58 (92,1%) 41 (95,4%) 44 (88%) 132 (90,4%) 275 (91,1%) 
0,63 

Lower than recommended 5 (7,9%) 2 (4,6%) 6 (12%) 14 (9,6%) 27 (8,9%) 

Flexibility 

Low 48 (77,4%) 28 (65,1%) 33 (66%) 110 (75,9%) 219 (73%) 
0,28 

Good 14 (22,6%) 15 (34,9%) 17 (34%) 35 (24,1%) 81 (27%) 

Handgrip Strength 

Low 15 (23,8%) 5 (11,6%) 10 (20%) 37 (25,3%) 67 (22,2%) 
0,27 

Good 48 (76,2%) 38 (88,4%) 40 (80%) 109 (74,7%) 235 (77,8%) 

Cardiorespiratory Fitness 

Low 4 (25%) 7 (21,9%) 6 (50%) 20 (51,3%) 37 (37,4%) 
0,03 

Good 12 (75%) 25 (78,1%) 6 (50%) 19 (48,7%) 62 (62,6%) 

Metabolic Syndrome 

No 27 (42,9%) 24 (57,1%) 26 (52%) 77 (53,1%) 154 (51,3%) 
0,46 

Yes 36 (57,1%) 18 (42,9%) 24 (48%) 68 (46,9%) 146 (48,7%) 

 

After 10 weeks of intervention, only MIX resulted in a 

significant increase in weekly physical activity (PA). 

However, all 4 protocols increased aerobic capacity 

(treadmill time and VO2max). Flexibility responded to the 

HYD, GYM and MIX, as did the strength to the GYM and 

MIX. In general, the observed variations between protocols 

were significant only for PA (IPAQ). It is not worthy that 

MIX started from lower baseline values and, after 

intervention (M1) reached a similar value regarded those 

from the other protocols (Table 3). 
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Table 3. Effect of 10 weeks of intervention on activity level and physical fitness in different physical exercise protocols of adults participating in a LiSM 

program – “Move for Health”. 

Variables Moment 
Protocols 

p-value 
HYD HIT GYM MIX 

Flexibility (cm) 
M0 20,1 ± 8,2 aA 25,1 ± 9,0 aB 22,8 ± 10,9 aAB 21,5 ± 8,4 aA 

0,41 
M1 21,9 ± 8,3 bA 27,5 ± 8,5 aB 24,5 ± 10,6 bAB 24,2 ± 8,4 bAB 

Handgrip Strength (kg) 
M0 26,1 ± 6,5 aB 29,5 ± 6,0 aA 31,7 ± 12,9 aA 29,6 ± 10,6 aA 

0,01 
M1 26,4 ± 6,7 aB 29,9 ± 5,9 aC 34,6 ± 13,3 bA 31,2 ± 10,0 bAC 

Test Time (sec.) 
M0 489,7 ± 166,6 aA 640,6 ± 184,1 aB 627,0 ± 312,3 aAB 559,7 ± 192,6 aAB 

0,41 
M1 643,3 ± 165,3 bA 809,5 ± 202,4 bB 737,5 ± 333,2 bAB 674,9 ± 206,0 bA 

VO2máx (ml/kg/min) 
M0 27,9 ± 5,2 aA 32,3 ± 5,4 aB 31,8 ± 8,9 aAB 29,9 ± 5,9 aAB 

0,42 
M1 32,7 ± 4,9 bA 37,2 ± 5,9 bB 35,1 ± 9,2 bAB 33,5 ± 6,2 bA 

Physical Activity (min/week) 
M0 831,1 ± 721,4 aA 889,8 ± 707,9 aA 839,5 ± 720,4 aA 586,1 ± 469,7 aB 

<0,0001 
M1 976,9 ± 799,2 aA 960,4 ± 697,4 aA 750,4 ± 499,3 aA 940,3 ± 660,4 bA 

Lowercase letters: difference between moments; capital letters: difference between protocols; p <0.05 (moment-to-protocol interaction). 

There was no change in HEI due to the different 

protocols, though; all remained unsatisfactory (below 100 

points). Considering each protocol, it is observed that: 

GYM increased weight and consequently BMI, but this 

gain was related more to muscle mass rather than body fat. 

HYD significantly reduced body fat and HIT gained fat 

free mass. However, comparing the anthropometric 

changes among protocols, it was concluded that the 

intervention did not alter significantly the indicators 

(Table 4). 

Table 4. Effect of 10 weeks of intervention on the anthropometric, body composition and nutritional variables in different protocols of physical exercises of 

adults participating in a LiSM program – “Move for Health”. 

Variables Moment 
Protocols 

p-value 
HYD HIT GYM MIX 

Weight (kg) 
M0 76,9 ± 14,7 aA 75,5 ± 14,6 aA 76,8 ± 17,2 aA 78,3 ± 17,6 aA 

0,11 
M1 75,9 ± 14,4 aA 76,1 ± 14,6 aA 77,7 ± 17,2 bA 77,4 ± 16,6 aA 

Body Mass Index (kg/m2) 
M0 31,6 ± 6,1 aA 29,4 ± 6,5 aB 29,7 ± 5,7 aAB 30,2 ± 6,1 aAB 

0,45 
M1 31,3 ± 6,1 aA 30,3 ± 4,7 aA 30,1 ± 5,9 bA 29,9 ± 6,0 aA 

Fat Free Mass (kg) 
M0 45,4 ± 4,9 aB 46,8 ± 4,6 aAB 49,4 ± 10 aAC 49,7 ± 8,8 aC 

0,29 
M1 45,6 ± 4,8 aB 47,4 ± 4,5 bAB 49,6 ± 9,3 aAC 49,5 ± 8,2 aC 

Body Fat (%) 
M0 39,6 ± 8,4 aB 36,9 ± 8,1 aAB 35,1 ± 9,6 aA 35,5 ± 9,0 aA 

0,16 
M1 38,5 ± 8,9 bB 37,4 ± 8,1 aAB 34,6 ± 9,2 aA 35,4 ± 8,9 aA 

Muscle Mass (kg) 
M0 18,9 ± 3,3 aB 20,8 ± 4,2 aA 21,1 ± 5,8 aA 21,7 ± 5,7 aA 

0,06 
M1 18,5 ± 2,6 aB 21,1 ± 4,3 aA 21,7 ± 6,2 bA 21,6 ± 5,4 aA 

Muscle Mass (%) 
M0 25,1 ± 4 aB 26,9 ± 4,3 aA 27,6 ± 4,6 aA 27,9 ± 5,3 aA 

0,43 
M1 24,8 ± 3,5 aB 26,6 ± 4,3 aA 27,9 ± 5,3 aA 28,1 ± 5,2 aA 

Muscle Mass Index (kg/m2) 
M0 7,8 ± 1,3 aA 8,4 ± 1,9 aAB 8,1 ± 1,5 aAB 8,3 ± 1,5 aB 

0,10 
M1 7,6 ± 0,9 aA 8,5 ± 2,3 aB 8,3 ± 1,7 bAB 8,3 ± 1,5 aB 

Abdominal Sagital Diameter (cm) 
M0 23,4 ± 3,7 aA 22,1 ± 3,3 aA 22,3 ± 3,9 aA 22,7 ± 3,7 aA 

0,62 
M1 23,1 ± 3,6 aA 22,2 ± 3,4 aA 21,9 ± 3,6 aA 22,5 ± 3,5 aA 

Healthy Eating Index (points) 
M0 75,5 ± 11,9 aB 75,9 ± 12,7 aAB 81,5 ± 13,8 aAC 81,5 ± 12,9 aC 

0,33 
M1 77,7 ± 11,9 aA 77,6 ± 12,3 aA 77,5 ± 11,9 aA 80,9 ± 10,9 aA 

Lowercase letters: difference between moments; capital letters: difference between protocols; p <0.05 (moment-to-protocol interaction). 

After intervention, there was an averaged reduction of 

16.9% in MetS, statistically significant in HYD (25.4%) and 

MIX (12.7%). Not standing the fact that, the reduction of the 

number of altered MetS components, was similar in all 

protocols, specifically the decreasing of WC happened in 

HYD, GYM and MIX, with the observed decreasing in MIX, 

being significantly higher than HYD and HIT (Table 5). 

Reduction of fasting glucose occurred in all protocols 

except GYM. SBP reduced in HYD and both, SBP and DBP, 

in MIX, but without difference between post-intervention 

protocols. The plasma TG was reduced only in GYM (Table 

5). 

Table 5. Effect of 10 weeks of intervention on the components of the Metabolic Syndrome in different physical exercise protocols of adults participating in a 

LiSM program – “Move for Health”. 

Variables Moment 
Protocols 

p-value 
HYD HIT GYM MIX 

Waist Circumference (cm) 
M0 102,6 ± 13,7 aA 95,5 ± 11,5 aB 99,8 ± 14,4 aAB 99,8 ± 14,7 aAB 

0,03 
M1 101,3 ± 13,1 bA 95,7 ± 11,6 aB 97,6 ± 13,7 bAB 97,7 ± 13,5 bAB 

Triglycerides (mg/dL) 
M0 137,9 ± 47,4 aA 139,4 ± 72,5 aA 153,8 ± 63,4 aA 144,0 ± 79,6 aA 

0,22 
M1 139 ± 50,4 aA 138,0 ± 71,9 aA 134,6 ± 63,5 bA 144,4 ± 84,1 aA 
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Variables Moment 
Protocols 

p-value 
HYD HIT GYM MIX 

HDL-c (mg/dL) 
M0 52,3 ± 10 aA 51,3 ± 12,8 aA 50,9 ± 11,7 aA 54,7 ± 12,9 aA 

0,44 
M1 52,5 ± 10,3 aA 53,8 ± 12,6 aA 51,5 ± 12,4 aA 53,9 ± 13,3 aA 

Systolic Blood Pressure (mmHg) 
M0 127,6 ± 16,5 aA 117,6 ± 12,9 aB 121,9 ± 15 aABC 122,6 ± 17,4 aC 

0,11 
M1 121,2 ± 17,9 bA 118,2 ± 14,8 aA 120,1 ± 16,8 aA 120,0 ± 15,3 bA 

Diastolic Blood Pressure (mmHg) 
M0 80,4 ± 11,1 aA 74,8 ± 11,7 aB 77,9 ± 10,6 aAB 78,4 ± 11,6 aAB 

0,24 
M1 79,1 ± 13,2 aA 75,7 ± 11,7 aAB 76,3 ± 11,1 aAB 75,6 ± 10,1 bB 

Fasting Glucose (mg/dL) 
M0 106,5 ± 26,8 aAB 99,4 ± 21,7 aB 115,8 ± 52,4 aA 110,7 ± 38,9 aA 

0,78 
M1 95,5 ± 14,4 bA 91,6 ± 18,9 bA 102,6 ± 39,8 aAB 101,9 ± 23,9 bB 

Altered Components (numbers) 
M0 2,6 ± 1,1 aA 2,1 ± 1,3 aB 2,4 ± 1,4 aAB 2,4 ± 1,3 aAB 

0,34 
M1 1,7 ± 0,9 bA 1,4 ± 1,0 bA 1,6 ± 1,3 bA 1,8 ± 1,4 bA 

Lowercase letters: difference between moments; capital letters: difference between protocols; p <0.05 (moment-to-protocol interaction). 

Hence, except for WC, the reductions of other components 

occurred at similar intensities between the protocols. The 

components of MetS most responsive to the protocols were 

hyperglycemia (20.6%) and hypertension (15.9%). 

Hypertension responded significantly to HYD (25.3%), 

GYM (18%) and MIX (16.5%), and glycemia to HIT 

(29.8%), GYM (22.7%) and MIX (19.2%) (Table 5). 

Thus, the decreasing of MetS was found in all protocols, 

generally by reducing fasting glucose and blood pressure. For 

doing that, more effectively, HYD and HIT were the best 

protocols. MIX-related WC reduction made this protocol 

more effective than HYD, however in a long-lasting session 

manner. 

4. Discussion 

This spontaneously assembled sample was predominantly 

female, with characteristics of low schooling and income, 

taking habitually a monotonously low quality diet. They 

referred be accomplishing the WHO’s recommended level of 

PA (minimum 150min./wk) even though the assessed fitness 

detected poor trunk flexibility along with fair good arm 

strength and aerobic capacity. Although referring in good 

health status, 4/5 were overweight with MetS being present 

in 48.7% of the sample. 

In our previous studies MetS varied from 28% to 51% [7] 

and, similarly to the present data, MetS was commonly found 

among low schooling and low-income individuals, presenting 

a lower physical activity level. The ingested poor quality diet 

was characterized by low intake of fiber, fruit, vegetables and 

whole grains and, on other hand, high intake of sugar, refined 

grains, cholesterol and vegetable oil [1]. 

Besides diet, both, physical activity (PA) and fitness play 

key roles in the prevention and treatment of MetS [1, 7]. 

Studies [31-34] clearly demonstrate the pathogenesis of MetS 

largely attributable to aptitude and PA. In the present study, 

91% of the sample reported to be under the recommended PA 

(150 minutes per week), even though half of them (48.7%) 

presented MetS! The apparent conflict between data may be 

due to the fact that the PA was obtained through self-report 

(questionnaire), and may overestimate the PA of these 

individuals, specifically in domestic PA, once the majority 

were "housewives" women. 

Energy expenditure through PA is difficult to assess 

accurately because it is based on self-reported data. Even so, 

they are the ideal measure by assessing risk, and therefore 

useful in evaluating large datasets [35]. Being low-income, 

the majority of the sample probably spent greater energy in 

their labor and transportation domains, decreasing the energy 

expenditure with leisure [36]. Hence, leisure programs such 

as "Move for Health" make differences in the weekly daily 

energy expenditure [37]. More coherent, than IPAQ, for the 

high prevalence of MetS, were the physical fitness showing 

73% of poor flexibility, 37.4% poor cardiorespiratory fitness 

and 22.2% poor strength. These data were much more in 

agreement also with the prevalence of overweight in 80.5% 

of the sample. 

Dietary intervention has a prominent effect on MetS [38-

40]. Previous data [1, 7, 11] and other studies [41-47] have 

suggested that combined interventions involving diet and 

exercise were more effective in the treatment and prevention 

of MetS. The present study was not designed for specific 

dietary interventions, unless the common counseling of the 

Move for Health program [48], consequently there was no 

changes in HEI in the different exercise protocols. 

Hyperadiposity, particularly abdominal, is known as very 

important for diagnosis and evolution of MetS [1, 7]. 

According to Sasayama et al. [49] the score in the risk for 

MetS of the high BMI/ high physical fitness group was 

significantly lower than the BMI high/low physical fitness 

group in both genders, which evidences the importance of 

physical fitness in relation to improvement of body 

composition. A study with obese patients reported a greater 

decrease in body weight with moderate walking compared to 

high intensity interval training (HIT) [50]. On the other hand, 

two other studies did not obtain improvements, post-

intervention, between the HIT groups and moderate walking, 

for weight loss, BMI or body composition [51, 52]. In the 

long run, there is evidence that HIT may lead to further 

reductions in abdominal fat mass [53] and increased muscle 

mass [54]. Presently, after 10wk-intervention, the decrease in 

body fat occurred only in the HYD, and probably, by the fact 

that it started from higher basal values than the other 

protocols. HYD not only significantly reduced body fat but 

also presented the higher decreasing of MetS (25.4%). 

There was a significant improvement of the flexibility in 

the several protocols offered, with the exception of the HIT. 

Reduced flexibility was reported as positively associated 

with the presence of MetS regardless of age, gender, and 

other measures regarding body composition and physical 
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fitness [55]. 

Cardiorespiratory fitness also has been consistently 

associated with many components of MetS, including insulin 

resistance, HDL cholesterol, TG and BP levels [56]. In this 

aspect, the present protocols responded similarly, by 

increasing the aerobic capacity. That is because they were 

designed to be in a similar aerobic basis. Even the individuals 

performing the Academy protocol, reported having a 

complementary regular leisure walk, outside the program. 

Lakka et al. [31] observed associations of leisure-time PA 

and cardiorespiratory fitness with MetS. Men who engaged 

in moderate-intensity leisure PA, 1h/week or less were 60% 

more likely to have MetS than those engaging in 3h/week or 

more. In addition, men with VO2 max. equal to or less than 

29.1 mL/kg/min were approximately seven times more likely 

to present MetS than those with VO2max. equal to or greater 

than 35.5 mL/kg/min. In women, the prevalence of MetS was 

lower, as fitness increased, varying from 19% in the lower 

quintile, to 2.3% in the higher quintile of cardiorespiratory 

fitness, evaluated by the maximum treadmill test [33]. 

Katzmarzyk et al. [57] investigated the efficacy of physical 

training in the treatment of MetS in participants (men and 

women, aged 17-65 years), with 20 weeks of supervised 

aerobic training (3x/week at 55% VO2max for 30 min and 

progressing up to 75% VO2max for 50 minutes). The 

prevalence of MetS was 16.9%(by the NCEP ATP III criteria) 

and, after 20 weeks of training, 30.5% of the MetS patients 

were no longer classified as MetS. In the present study, in 

half of length (10 wks) the LiSM participants had an 

improvement in aerobic fitness and, under different PE 

protocols, presented an averaged 16.9% reduction in MetS. 

Aerobic training reduces the blood pressure of pre-

hypertensive (2.1/1.7 mmHg) and hypertensive (8.3 / 5.2 

mmHg), being the preferred form of exercise for essential 

blood hypertension prevention and treatment [58]. The study 

by Tjonna et al. [51] showed that both moderate and high 

intensity exercise were effective in reducing both systolic and 

diastolic blood pressure. 

Several studies have found an increase in insulin 

sensitivity regardless of changes in body weight and/or body 

composition. Duncan et al. [59] observed a 40% increase in 

insulin sensitivity of adults, previously sedentary after a 

moderate intensity walking intervention, regardless of any 

change in BMI or WC. Therefore, aerobic/endurance training 

is very effective in increasing insulin sensitivity, usually 25% 

to 50% in several age groups and populations, including men 

[60, 61] and women [62] who are overweight [63-65], and 

first-degree relatives of patients with T2D [66-68] and 

individuals with T2D [69]. 

In relation to high intensity interval training, there was a 

significant improvement in fasting blood glucose in this 

study. DiPietro et al. [65] were observed in the high-intensity 

training (~80% VO2max) caused an increase in insulin 

sensitivity (21%), regardless of changes in body composition 

or VO2max. with the same volume of training. 

In a study comparing moderate intensity aerobic training 

(70% of HRmax) with high intensity interval training (90% 

HRmax) three times a week, a decrease in the number of 

MetS components was observed, regardless of differences in 

body weight, which were similar. Interval training was 

superior to that of moderate intensity in the improvement of 

endothelial function, insulin signaling in fat and skeletal 

muscle, biogenesis of skeletal muscle and reduction of 

glycaemia and lipogenesis in adipose tissue, which probably 

contributed to mechanisms underlying beneficial effects of 

interval training in MetS [51]. Therefore, it can be 

hypothesized that HIT may lead to increased glucose control 

when compared to the continuous exercise of moderate 

intensity commonly prescribed to individuals with impaired 

glucose tolerance or T2D. However, the present study did not 

observe such modifications. 

Muscle strength and lean body mass are also related to 

MetS. Atlantis et al. [70] also observed an increase in the 

prevalence of MetS (by both NCEP-ATP III and IDF criteria) 

in individuals with low handgrip strength. Presently, the 

strength responded positively to the GYM and MIX protocols 

and it is suggested that this happens due to the stimulation of 

hypertrophy given by both protocols. At the same time, it was 

observed that GYM increased weight, BMI and IMM, and it 

is believed that as a consequence of the increase in MM. 

Jurca et al. [71] demonstrated that higher muscle strength is 

associated with a lower prevalence of MetS components. 

They found also that each of the five components of MetS 

was inversely associated with muscle strength, as determined 

by the 1RM bench press and leg press test when adjusted for 

age and smoking. 

Regarding the resistance protocol (Academy), it was 

observed that it was effective in reducing both hypertension 

and hyperglycemia, in addition to reducing WC and TG. 

Tomeleri et al. [72] showed that 12 weeks of resistance 

training was able to significantly reduce blood glucose, WC, 

and SBP in elderly women. Conceição et al. [73] studied 

postmenopausal women and also achieved significant 

reductions in fasting glycaemia after 16 weeks of resistance 

training (10 exercises, 3x 8-10 maximal repetitions, 3x/week, 

and improved body composition. On the other hand, Lemes 

et al. [74] reported that resistance training might help reduce 

SBP levels in MetS patients, but without effect on other 

metabolic parameters such as glucose, HDL-c, and TG 

concentrations. 

The mixed protocol (aerobic associated with resistance) 

led to a 12.7% MetS reduction, after 10 weeks. Kemmler et 

al. [75] studied the combined exercise training (4 days/ 

week), with aerobic exercise (20 min, 70-85% HRmax) 

associated with resistance (2 sets, 12-15 repetitions) in 

elderly women with MetS. They observed that, although 

several components of MetS decreased significantly, there 

was no significant decrease in MetS classified by IDF. 

Studying the effect of combined protocol on the prevalence 

of MetS in older individuals (55-75 years), Stewart et al. [76] 

used exercise protocol three times a week, seven exercises, 

two sets of 10-15 repetitions in 50% 1RM and 45 minutes of 

aerobic exercise at 60-90% HRmax. There was no significant 

difference in the number of individuals without MetS in the 
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intervention versus control groups, although the number of 

MetS components decreased with respect to the control 

group. Previous studies have shown that 10 weeks of 

combined protocol is effective in reducing insulin resistance 

[77, 78], TG [79, 80] and BP [81] in addition to MetS [11]. 

Similarly to 90min-length session of MIX, a shorter 

session (60min) of HYD was effective in reducing 

hypertension, hyperglycemia, and WC. 

Thus, Individuals entering the LiSM program present 

changes in the components of MetS, characteristics of the 

modern lifestyle, particularly the sedentary one. Although 

numerous studies have investigated the efficacy of physical 

exercises on MetS in adults/older adults, there is still a need 

to better understand the combined and/or isolated response of 

MetS components to different training protocols. By using a 

representative sample and a wide range of specific variables 

the present study adds both theoretical/ conceptual value on 

the theme and practical implications in the prevention and 

treatment of MetS. As major practical implication was the 

choice of protocols according to individual preference. 

Considering, for health purposes, that the “best exercise is 

the one that is enjoyable done”, it is believed that from the 

moment that the individual chooses to enter into a LiSM 

Program such as "Move for Health" and chooses the type of 

exercise that wants to do, the chances of this individual to 

incorporate in their daily life habits by the regular practice of 

physical exercise, is much greater than if this or that exercise 

were imposed. Hence, the present study reinforces the 

benefits of adopting a healthy lifestyle with regular physical 

exercise to reduce MetS, regardless of the exercise protocol 

performed in a 10-week period. 

Despite the optimistic findings, the present study had 

important limitations. The use of specific population in 

convenience sampling does not allow the generalization of 

the results. Additionally, the application of a subjective 

method to assess the level of physical activity (questionnaire 

- IPAQ), that is, self-report, possibly overestimated the 

values, mainly in domestic activities because they are 

majority women, "housewives". Only dietary counseling was 

performed, without specific interventions, that would bring 

more effective results. Weight loss could have been 

optimized if accompanied by diet, which would possibly lead 

to even more beneficial results of body composition. Finally, 

the MIX protocol had daily sessions 30min longer than the 

others, having though important differences in training 

volume, which may have led to the present result. But 

anyway, once more it was evident that, longer the moderate-

exercise practicing, better are the results! 

5. Conclusion 

The sample adherent to LiSM program present changes in 

the components of MetS, characteristics of the modern 

lifestyle, particularly the sedentary one. However, when 

submitted to intervention, they respond with improvement of 

MetS. 

This study reinforces the benefits of adopting a healthy 

lifestyle, with regular physical exercise, to reduce MetS, 

regardless of the exercise protocol performed over a 10-week 

period. 

Thus, the “Move for Health” program represents an 

effective, practical and costless strategy in improving 

metabolic parameters related to chronic non-communicable 

diseases. Its effects and positive indications are closely linked 

to the improved physical fitness obtained by the LiSM 

intervention. 
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