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Abstract. The purpose of this study was to evaluate the effects of water-based exercisetraining on metabolic syndrome components in older women.
The subjects were randomly divided into an experimental group who participated in the water-based exercisetraining and a control group who was not
involved in the training and remained sedentary. The quantification of clinical and biochemical parameters of abdominal obesity, atherogenic
dydipidemia, elevated blood pressure and insulin resistance without glucose intolerance by a medical and laboratory evaluation to assess the presence
of metabolic syndrome components was done according to the guidelines of the National Cholesterol Educational Program Adult Treatment Panel-
111 (NCEP ATP-I11). The training protocol consisted of water-based exercisetraining sessions 5 times per week during 12 weeks of intervention,
executed in a pool of 1.3 meters divided into three phases: a 10-minute warm-up, 30 minutes of aerobic exercise at 50%-60% of maximum heart rate
(monitored by heart rate monitor) and a 10 minute cool down. As a dtatisticd method to compare the results between groups of variables pre and post
training, the dtatistical analysis ANOVA mixed 2 X 2 (group X measurement) was done using SPSS version 21. The results for the metabolic syndrome
components only indicated statistically significant interactions for triglycerides mg.dl-1 (p=0.002) between the groups and the measurements. Thus,
the training program produced significant benefits on metabolic hedlth indicators in particular decreasing triglycerides.

Keywords: Older Women, Metabolic Syndrome, Exercise.

Resumen. Objetivo: Evauar los efectos del entrenamiento con gercicio acuético sobre los componentes del sindrome metabdlico en adultas mayores.
Los participantes se dividieron en un grupo experimental y un grupo control que permanecio sedentario. La presencia de componentes del sindrome
metabdlico se evalud de acuerdo con las directrices del Programa Nacional de Educacion en Colesterol (NCEPH 1) que evallia los parémetros clinicos
y bioguimicos de obesidad abdominal, didipidemia aterogénica, presion arterid y resistencia a la insulina sin intolerancia a la glucosa. El protocolo de
entrenamiento consistio en sesiones 5 veces por semana durante 12 semanas, divididas en tres fases: calentamiento 10 minutos, 30 minutos de gercicio
aerébico a 50% -60% de la frecuencia cardiaca maxima y relgjacion 10 minutos. Como método estadistico para comparar |0s resultados entre grupos
de variables pre y pogt, se redizé € andiss de varianza (ANOVA) mixta 2 X 2. Los resultados en los componentes del sindrome metabdlico solo
indicaron interacciones estadisticamente significativas para los triglicéridos mg.di-1 (p=0.002) entre los grupos y las mediciones. Por lo tanto, €l

programa de entrenamiento resulto beneficioso sobre los indicadores de salud metabdlica, en particular la disminucion de triglicéridos.
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Introduction

The aging process is characterized by the progressive decline of
organ and systemsfunctions (Fulop et d., 2010). Metabaolic syndrome
isahedth disease complication thet has been strongly associated whit
sedentary lifestyleinederly women (Colpani et d., 2013), thecomplex
natureof metabolicsyndromeinvalving fivemgor clinical components:
abdominal obesity, atherogenic dydipidemia, eevated blood pressure
andinaulinres stancewithout glucoseintolerancein potentialy harmful
combinationsthat significantly risecardiovascularrisk (Luk et d., 2008),
that mainly appears after sixty years, with the highest rates of
cardiovascular diseesssleading to greater hedthcarecosts(Sicras Mainer
et d., 2013), and affect the qudlity of life of these population (Okosun
etd., 2013; Bohérquez et d., 2014).

Evidence from quas-experimenta studiesin ederly practitioners
of physicd exerciseinmodditiessuch asaerobicenduranceand strength
showed beneficid resultson metabolic syndrome components (Kim et
d., 2011; Ten e d., 2012; Wang et d., 2012), This study applied a
water-based exercisetraining, than carried out performing rhythmic-
gymnadtic activities in an aguetic environment, that Smultaneoudy
counteractsgravity andincressesphysica cgpabilities(Kamiokaet d.,
2010). Thistypeof exerciseisespecialy recommended for peoplewho
have limitationswith exercise on dry land (Kamiokaet d., 2011) and
whichinthelast ten years, hastaken popularity and preferenceamong
ederly adultsby taking advantage of the propertiesof water inorder to
providefluidity and awider rangein movementswhilediminishingthe
risk of injuries due to impact (Kamioka et d., 2010; Kamioka et 4.,
2011). It was found that water-exercise in elderly women provides
significant improvement in severd aspects of well-rounded, physica
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function, including posturd baanceand hed th-rel ated aspectsof fithess
(Tekeshimaet d., 2002; Sanders et d., 2013). It isundeer if awater-
based exercise program provides benefits in the metabalic syndrome
components in elderly women. It isimportant to plan and prescribe
adequate exercisefor the needs of ederly adultsand to minimizetheir
hedlth problems, thisin turn, will provide them with an adequate level
of physica performance, thelatter whichiscrucid inorder tomaintain
good overd| hedth (Chodzko-Zgko et d., 2009; Romo et d., 2011;
Villared et d., 2016); The present study proposesto help answer the
remaining question: Can a water-based exercisetraining improve
metabolic syndrome componentsin older women?Inthisstudy, water-
based exercise trainingwasidentifying astheindependent variableand
thefivemgor clinical componentsof metabolic syndrome: abdomina
obesity, atherogenic dydipidemia, elevated blood pressureand insulin
resistance without glucose intolerance as dependent variables. Two
hypotheses were etablish, one scientific and the other stdtigticd: the
scientific hypothes s anticipates thet after adult women participated in
thewater-based exercise training, noti cesbleimprovement will occurin
the components of metabolic syndromein older women; the Satistical
hypothesisin null and aternative form, establishing asthe acoeptance
or reldive criteria, theleve of p<0.05.

Methods

Participantsand setting

The study design was quasi-experimenta with non-probabilistic
and convenience sampling. Subjectswithinterestinjoining an aquatic
stimulation programin the aguatic complex of the Faculty of Sportsat
the Autonomous University of Bga Cdifornia were recruited. The
sample conssted of 26 older women over 60 years old, gpparently
hedlthy who meet thefollowing criteria: ambulation capacity, not have
performed asystematicd routineof exerciseintheprevioussix months,
divided randomly into one experimental group (n=16, ageof 67.5+5.4
years old) that partook in the water-based exercisetraining and one
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control group (n=10, age of 67.4+4.7 years old) who did not take part
of the exercise program, maintained their normal everyday activities
without performing any sort of systematic physica activity during the
12 weeks of theintervention program.

Thepresent study followed theethical principlesregarding human
experimentation proposed by theHelsinki declaration (Puri et d., 2009).
All the participants Sgned a letter of consent, which explained the
objective of the investigation, its evaluation protocols, possible risks,
benefits, consequences, emergency procedures and consensus of
participation as a volunteer, in order to participate in the study.

Measuresand procedures

Quantification of clinica and biochemica parametersby amedical
and laboratory were assessed in order to determine the presence of
metabolic syndrome components according with the guiddines of the
Nationa Cholesterol Educationa Program Adult Treatment Panel-111
(NCEPATP-III), using thefollowing procedures: blood sampleswere
collected in the morning from 7:00 am. to 8:30 am. after 12 hours of
fasting and 48 hours of rest from physicd activity, 5 millimeters of
venoushlood were coll ected by acertified biochemist and wereplaced
in EDTA tubesto eva uatethebiochemical varigblesof tota cholesteral,
high dengity lipoprotein cholesterol and triglycerides. Thevaueswere
determined using an enzymatic colorimetric method and HDL-C with
a homogeneous enzymetic assay in which enzymes modified by
PolyethyleneGlycol producethe separationin presenceof magnesium
and dextrin sulfates at the same time of andlysis. Quantification was
performedinamodul ar selectivemultichanne photometricautoandyzer
P800 (Roche Diagnodtics), and plasmablood glucoseinanautoandyzer
by the method of glucose oxidase-peroxidase (Beckman C5 Cincron,
Bayer). Thedlinical quantification of blood pressurewasobtained after
a 15 minutes sitting a rest by a sphygmomanometer (Omron hem-
713c) and theumbilical abdomina circumferencewas measured by a
Lufkin metd anthropometric tape.

Metabolic syndrome was diagnosad in those women who had
three or more of thefollowing criteria: abdomina obesity (UAC > 88
cm), TGvauese» 150mgdt, HDL-Cvdues<50mgd'?; BPvauese»
130/85 mmHg, or taking antihypertend vetrestment, and plasmafasting
glucoselevelse» 100mgdl* (Luk et d., 2008).

Thesubjectsof thisstudy were put through awater-based exercise
training of moderate aerobicintensity in accordancewith the standards
established by the American College of Sports Medicine (Chodzko-
Zgkoet d., 2009) and theAmerican Heart Association (Nelson et d.,
2007) dsothestandards& guiddinesfor aguatic Fitnessprogramming
fromtheAquatic ExerciseAssociation (AEA).

Thetraining condisted of 60 water-based exercise sessionswith an
exercisefrequency of Stimesaweek. Thevolumewasset a 50 minutes
per session, thisbeing divided into 10 minutes of warm-up, 30 minutes
of workload with progressively incrementa intensities of 50% of
maximum heart rate frequency for the first 6 weeks and 60% for the
fina 6weeksof theprogram, usngtheformulaMax HR=208-0.7x age
(Tanskaetd., 2001), exercisng through dternating movementsbetween
amsandlegs, monitored usingaheart ratemonitor Polar FT7® (Finland)
followed by 10 minutes of cool down.

The gatigtical procedures proposed for an adequate andysis of
this investigation were to characterize the sample and evauate the
hypothesisin the following manner:

Using descriptive stetistical techniques the investigated universal
sample was characterized and adescription of the evaluated datawas
produced. Using methodsof locdlization and dispersoninthestandard
deviation wasthen cal culated and used to verify the sample symmetry
(Thomaset d., 2001). The acquired atistical results were processed
into chartsand grgphsusing SPSS 21 software. The Shapiro-Wilk test
was use in order to determine the normdity of the groups and the
homogendity of the sample.

Satidtical analyss
With the god of establishing dl the possibilities of comparison
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inter and intragroup mixed 2 x 2 (groupsx messurements) (ANOVA)
vaianceandys stesswereperformedfor thevariableswiththepurpose
of maintaining the scientific validity of the research. The significance
leve of p<0.05, 95% probaility of accuracy of theresultsor negative
eventwith aprobability of 5% per case. Percentage changes (A %) were
aso cdeulated for each study group [(Mean post —Mean pre)/ Mean
pre] x 100 (Vincent, 1999).

Results

The participants in the present study were 26 elderly women
divided randomly into oneexperimental group (n=16, ageof 67.5+5.4
years old) that partook in the water-based exercise training and one
control group (n=10, age of 67.4+4.7 years old) who did not take part
intheexerciseprogram, thegenera characterigticsof thesamplecanbe
observedinTable 1.

Table1.
Mean and standard deviation of clinical and biochemical metabolic syndrome components in

older women (n=26).
Variables

Experimental (n=16) Control (n=10)

Pre Post Pre Post
74.09£10.74  73.27+10.81 76.26+15.17  76.29+15.70
155.95+5.78  155.90+5.72 153.20+5.86 152.41+6.19

98.7+10.6 96.1+12.3 107.3+10.8 107.3+10.8

Body weight mass (kg)
Height (cm)

Umbilical abdominal
circumference (cm)
Sistolic blood pressure mmHg 121+183
Diastolic blood pressuremmHg 725+ 15.2
High density lipoprotein 46 +7.98
cholesterol mgdl
Triglyceridesmgdlt
Glucose mg.dl-1

121+101
713+£223
49 £7.65

1436+ 127
77555
40774

1436 £12.7
77555
40774

1744+ 244
822+119

1264+ 26.1
932+53

169.2+32.2
915+85

165.2 £55.4
89.5+8.6

Theresultsof theANOVA 2x 2testsindicated Satidtically Sgnificant
interactions existed on Triglycerides mg.dl-1(p=0.002) between the
groups and the measurements, neither statigtically sgnificant changes
were found between groups (p=0.409) but it showed dtetidticdly
sgnificant onthemeasurements(p=0.119) (Figure ). Forthevarigbles
of abdomind obesity, high density lipoprotein cholesteral, devated
blood pressure and insulin resistance without glucose intolerance, the
results of the ANOVA 2 x 2 testsindicated no Satigticaly significant
interactionsexisted

200

— «Experimental ——Control

180
~
160 S~a
140 T~~_
~ ~.
120 - Triglycerides
mg.dl-1
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Pre Post

Graph 1. Changesin the Triglycerides mg.dl-famong the participants of the study (n=26).

The percentage changes (? %) of metabolic syndrome components of each study group were
caculated [(Mean post — Mean pre)/ Mean pre] x 100. The evidence is showed the
experimental group (n=16) compared with control group (n=10) in table 2, before and after 12
weeks of water-based exercise training.

Table 2.
Percentage changes (? %) of clinical and biochemica metabolic syndrome components in ol der
women (n=26).

Variables Experimental (n=16) Control (n=10)
Umbilical abdominal circumference (cm) -2,63 0,00
Sistolic blood pressure mmHg 0,00 0,00
Diastolic blood pressure mmHg -1,66 0,00
High density lipoprotein cholesterol mgdi-* 6,52 0,00
Triglyceridesmgdi* -27,52 -2,82
Glucose mg.dl-1 13,38 -2,19

Discussion

Cross-sectiond research studies associate high levels of physicd
activity and optima metabolic syndrome components in the elderly
(Ford, 2005; Colpani et ., 2013), quas-experimenta preand posttest
designswheretheindependent variableisexerd seand abdomind obesity,
highdensity lipoprotein cholesterol, evated blood pressureandinsulin
resistance without glucoseintolerance are the dependents varigblesas
indicatorsof metabolic syndromenot dwaysshow significant changes
after 12to48weeksof agrobic, srength and sretchingexerciseprograms
in the ederly (Yamaoka & Tango, 2012; Paityn et d., 2013); These
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resultswere Smilar and congruent with studies carried out previoudy
onederly adultsthat found Significant changesonimprovelipid profile
(Tenetd., 2012), athough the percentage changes (A %) inthe experi-
mental group was better that the control.

In the present study aerobic training was emphasized and the
recommendationsfor prescribing exercisefor dderly adults set by the
American College of Sports Medicine (Chodzko-Zgko et d., 2009)
and the American Heart Association (Nelson et d., 2007); these
recommendations were followed by: establishing the duration of the
exercise program to 3 monthsand adapting thevolumeof trainingto 5
timesper weeek with progressveoverload beginning at 50% of maximum
heart rate frequency for thefirst 6 weeksand 60% for thelast 6 weeks.
As in other sudies a systematic program of controlled dieting and
exercisewould greetly enhancetheresultsobtained when eva uating the
fivemetabolic syndrome components(Yamaoka& Tango, 2012; Pattyn
et d; 2013). However, inthe current study environmenta co variables
that could haveeffectively dtered theresultsobtained, such aslifestyle,
diet and overdl physica activity were not monitored or controlled
(Arajjoetd., 2015).

Systematicreview and meta-andlysisof water-based exerdsetraning
dearly show thanimprovementsin muscul oskeletd conditions(Barker
etd., 2014; Heywood et d., 2017, Hall Lopez et d., 2017; Hall Lopez
etd., 2018). Accordingto our knowledgein acedemicliteraturethereare
few studies that show the effects of water-exercise on metabolic
syndrome components in older women. Based on the established
hypothesis, it is conclusive that 3 months practice of water-based
exercise training by older women was not effective in reducing the
metabolic syndrome components. However, further studies must be
performed in order to corroborate the results obtained on these varia
blesby awater-basad exerd setrainingmoddity. M ethodologicd designs
of subsequent studies must present changes such as: alonger time of
water-based exercisetraining, eval uation of theeffectsof podt-training
rest on the variable, application on both genders and on different age
groups, alarger «» samplethat inreturnwill provide morevalidity to
the inferentiad gtatistic when andyzing the results of the experiment
while consequently providing the possibility to extrapolate the results
to subjects with similar characterigtics. The express purpose of these
studies would be to obtain results that could serve as a reference for
planning, execution and eva uation of future interventions directed at
minimizing thepredisposition of elderly womento suffer frommetabolic
syndrome. Thisin turn, will help researchers and professionas who
work with this ssgment of the population to better understand more
factorsin order to provide better atention with physical exercise.
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