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Abstract

Introduction. Obesity is usually diagnosed based only on body mass index (BMI), which maylead to an
unreliable body composition analysis.

Objective: To analyze thebody characteristics of morbidly obese (class III) women referred to bariatric
surgery using the compartment model of body composition analysis.

Materials and methods: Cross-sectional study conducted in 2017 in 14 morbidly obese women aged
between 25 and 51 years, who attended clinical and physical therapy assessment prior to undergo-
ing bariatric surgery at a university hospital in Rio de Janeiro, Brazil. Body composition analysis was
performed using an octopolar bioimpedance scale. The Pearson’s correlation coefficient was used to
analyze the correlation between variables, with a significance level of p<0.05.

Results: A high mean percentage of fat body was observed (51.2%), mainly in the trunk. BMI was cor-
related with total fatinkilograms (r=0.93), total body fat percentage (TBF%) (r=0.67), total body water
(r=0.63),and muscle mass (r=0.60); besides, amoderate correlation with the waist-to-hip ratio (WHR)
was found (r=0.55). WHR showed a correlation with TBF% (r=0.60) and amoderate correlation with to-
tal fatinkilograms (r=0.57). Moreover, the sarcopenia indexwas correlated with muscle mass (r=0.79)
and total body water (r=0.78). All these correlations were statistically significant (p<0.05). There were
no sarcopenia cases.

Conclusion: A higher concentration of fat in the trunk and the upper limbs was observed in the study
population; however, none of the participants had sarcopenia. On the other hand, BMI showed astronger
correlationwithboth total fat (kg) and TBF% than with WHR. Such findings suggest that assessing these
patients based only on BMI or WHR may hinder the development individualized treatment strategies.
Keywords: Obesity, Morbid; Female; Body Composition; Body Mass Index; Sarcopenia (MeSH).

Resumen

Introduccion. Por lo general, el diagndstico de obesidad se basa en el indice de masa corporal (IMC),
lo que puede resultar en un analisis de la composicion corporal no confiable.

Objetivo. Analizar las caracteristicas corporales de mujeres mérbidamente obesas (Clase I1I) remi-
tidas a cirugia bariatrica mediante el modelo compartimental de analisis de composicion corporal.
Materiales ymétodos. Estudio transversal realizado en 2017 en 14 mujeres con obesidad mérbida con
edadesentrelos 25y 51afios que se encontraban en valoracién clinicay por fisioterapiaantes de someter -
seacirugiabariatricaenunhospital universitario de Rio de Janeiro, Brasil. Elanalisis de lacomposicién
corporal serealizd mediante unabalanza de bioimpedancia octopolar. Se utilizé el coeficiente de corre-
lacién de Pearson para analizar la correlacion entre variables, con un nivel de significancia de p<0.05.
Resultados. Se observd un alto porcentaje promedio de grasa corporal (51.2%), principalmente en el
tronco. EIIMC se correlaciond con la grasa total en kilogramos (r=0.93), el porcentaje de grasa corpo-
raltotal (r=0.67), el agua corporal total (r=0.63) y lamasa muscular (r=0.60); ademas, se encontr6 una
correlaciéon moderada con el indice cintura-cadera (IC-C) (r=0.55). Por su parte, el IC-C mostrd una
correlacién con el porcentaje de grasa corporal total (r=0.60) y una correlacién moderada con la gra-
satotal enkilogramos (r=0.57). Ademas, el indice de sarcopenia se correlacioné con lamasa muscular
(r=0.79) y el agua corporal total (r=0.78). Todas estas correlaciones fueron estadisticamente signifi-
cativas. No se observo sarcopenia en la muestra.

Conclusion. Se observo unamayor concentracion de grasa en el tronco y las extremidades superiores,
pero ninguna de las participantes tuvo sarcopenia. Por otra parte, el IMC mostrd una mayor correla-
ci6én con la cantidad de grasa (tanto en kilogramos como en porcentaje de grasa total) que con el IC-C.
Estos hallazgos sugieren que evaluar este tipo de pacientes basandose tinicamente en el IMC 0 el I-CC
puede dificultar el desarrollo de estrategias de tratamiento individualizado.

Palabras clave: Obesidad mérbida; Mujeres; Composicién corporal; indice de masa corporal; Sarco-
penia (DeCS).
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Body composition analysis in morbid obesity

Introduction

The number of obesity cases hasbeen rapidly increasing
worldwide.' Itis one of the most common metabolic dis-
eases, even to the point of being considered an epidemy”
and one of the most serious public health issues.>Fur-
thermore, obesityisrelated toanumber of comorbidities
suchasdiabetes, hypertension, increased cardiovascular
risk, aswellas social and psychological disturbances*and
postural and osteoarticular disorders,’ posing a heavy
economic burden on public health systems.
Obesityistypically diagnosed andclassified based onthe
body mass index (BMI). BMI values equal to 40 kg/m?2 or
higherindicate gradeIll obesity or morbid obesity.°In Bra-
zil, the prevalence of severe obesity inwomen hasincreased
significantly, going from 1.3% in 2006 t01.9% in 2017.7
Sarcopenia, whichisassociated with adecrease in mus-
clemass and, consequently, loss of muscle strength and
functional autonomy, canresult in adverse health out-
comes®and interfere with the daily life of obese patients
duetotheirlowlevel of physical activity. In this context,
interventions focused on treating obesity based only
onanthropometric values without considering muscle
mass may be related to some risks,* especially in indi-
viduals with sarcopenic obesity.’ In such a population,
the most appropriate way to analyze body composi-
tionandbody compartments is bioelectrical impedance
(BIA), amethod that allows studying body composi-
tionin fractionsand providing a detailed assessment,
mainly regarding the regional distribution of fat and
lean mass, besides assisting in the diagnosis of sarco-
penia.” This method is considered tobe simple, safe and
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easyto use, characteristics that are relevant for use on
an outpatient basis.”

The compartment models of body composition, by
providing morereliable and individualized monitoring,
may assist in nutritional guidance and the planning of
physical exercise programs, especially in cases of severe
obesity. Thus, the objective this study was to analyze the
body characteristics of morbidly obese (class III) wom-
enreferred tobariatric surgery using the compartment
model of body composition analysis.

Materials and methods

Cross-sectional study conducted in morbidly obese women
referred to the Bariatric Surgery Program of the Clem-
entino FragaFilho University Hospital, from the Federal
University of Rio de Janeiro (PROCIBA / HUCFF-UFR]) in
2017. This program, which has amultidisciplinary team
that includes doctors, physiotherapists, physical edu-
cation professionals and psychologists, among others,
recruits individuals with grade III obesity for clinical
analysis and subsequent referral for bariatric surgery.

Atotal of 14 morbidly obese women aged between 25
and 51years who were undergoing clinical and physical
therapy, as well as physical tests prior to bariatric sur-
gerywere recruited through convenience sampling. The
selected individuals were not in the menopause period
andhad not engaged in any physical activity before taking
thetests. Patients who were pregnant, used apacemaker,
were on diuretic medication or reported previous bar-
iatric surgery were not included in the sample, as seen
in the study flowchart below (Figure 1).

23 recruited patients
(by convenience)

8 ineligible patients (did not

1 patient was not evaluated

meet the inclusion criteria)

(was on her period)

14 women were referred
for evaluation

Figure1. Study flowchart.
Source: Own elaboration.

The study was carried outin accordancewith the ethical
principles for conducting biomedical research involv-
ing human subjects of the Declaration of Helsinki' and
was approved by the Ethics and Research Committee of
the Federal University of Rio de Janeiro on September9,
2013, as stated in the CAAE (Certificado de apresenta¢do
para Apreciagdo Etica) No.13524013.7.0000.5257, CEO-
HUCEFF process 132-13, group III. The participation in
the study was voluntary and all individuals signed an
informed consent letter authorizing data collection and
the development of the study.

Initially, data on demographic, comorbiditiesand use
of medications were collected, along with information
about the last menstrual period and their physical ac-
tivity levels, because only patients who did not perform

physical exercises were accepted. Then, anthropometric
datawere collected using afixed Sanny™ stadiometer for
measuring height with the patient in orthostatic position
with legs together, arms along the body, and head par-
allel to the ground. The measurement was taken during
ininspiratory apnea.

Body composition and totalbody mass (TBM) were de-
termined in the morning usingan InBody™ 230 octopolar
bioimpedancescale, which measuresbody compositionbased
onbody resistance to an electric current emitted by eight
different poles. The test was performed after individuals
voluntarily urinated, standing barefoot, wearing no met-
al objects and as little clothing as possible. Moreover, the
patients fasted for four hours and did not consume any al-
cohol, energydrinks, or caffeine 24 hoursbefore the exam.
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They were also around the 14™ day of their menstrual cy-
cle, which means they had alower water retention index.

To assess bioimpedance, the individuals were in-
structed to stand in an orthostatic position, facing the
scale, with parallel feet slightly apart on the electrodes.
Then, data on age, height and sex were entered into
the scale. For datacollection, the participants held the
electrodes attached to the upper part of the scale with
both hands.

Body composition assessment through bioimpedance
allowed for the analysis of total muscle mass, total and
segmental fat mass, total body mass, total body water,
BMI, waist-to-hip ratio (WHR), and total and segmen-
talbody fat. Alldatawere presented inkilograms (kg) and
percentages (%). The gold standard methods for obesity
evaluation, such as dual-energy X-ray absorptiometry
(DXA)and underwater weighing, werenot used in the pres-
ent study due to their high cost, the need of appropriate
evaluator training, and the impossibility of using themin
morbidly obese patients.

Sarcopeniawas determined using the protocol pro-
posed by Baumgartnert et al.,”” which is based on the
sum of the lean muscle mass of the limbs (kg) divided
by the square height (m). The cut-off point for women
is 5.45 kg/m2. This protocol is intended for the elderly
population and was adapted for this study.
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Statistical analysis

Datawas analyzed using descriptive statistics, including
mean, standard deviation, and minimum and maximum
values measures for each variable. According to the Kolm-
ogorov-Smirnov test, datahad anormal distributionin
allvariables. Thus, the Pearson’s correlation coefficient
was used to analyze the correlation between variables,
with a significance level of p<0.05.

Results

Participants’ ageranged from 26 to 51years, withamean
of 35.6+6.6years. Their BMIranged from 41to 53 kg/mz2,
with an average of 46.0+4.0 kg/m2.As for the sarcope-
niaindex, all participants had aminimum value that was
greater than the cut-off point of 5.45 kg/m2. Anthropo-
metricandbody composition dataare depictedin Table1.

Adescriptive analysis of segmented fat mass was also
performed (mean, standard deviation, minimum and
maximum percentage values), along with the muscle
mass, in kilograms. It was found that patients had a
higher fat concentration when compared to their body
muscle mass. Inaddition, fat accumulation in the trunk
regionwas higher when compared to fataccumulation
inthe upper or lower limbs. Table 2 presents such data.

Table1. Mean, standard deviation (SD), and minimum and maximum values for anthropometry and body composition of the sample.

Total body mass (kg) 120.9+19.3 91.2 151.6
BMI (kg/m2) 46.0+4.0 41.0 53.0
WHR 1.06+0.05 0.99 1.19
Fatmass (%) 51.2+3.1 431 55.8
Muscle mass (kg) 33.2+5.2 25.6 4L2.4
Total body water (kg) 43.216.4 33.6 54.9
Fat mass (kg) 62.1£11.9 L4 84.3
Sarcopenia index (kg/m2) 9.3+0.75 8.1 10.6

BMI: body mass index; WHR: waist-to-hip ratio.
Source: Own elaboration.

Table 2. Body composition parameters by segment.

LUFM (%) 58.6+3.3 52.9 64.6
RUFM (%) 58.5+3.3 52.6 64.5
LLFM (%) 48.613.4 39.5 54.4
RLFM (%) 48.5%3.5 393 54.3
TFM (%) 47.9%£1.9 LA 50.8
LUMM (kg) 3.4+0.6 2.6 WA
RUMM (kg) 3.4+0.5 2.8 4.5
LLMM (kg) 9.3x1.4 8.5 10.9
RLMM (kg) 8.8+1.4 6.9 11.2
TMM (kg) 26.9+3.6 22.5 33.6

LUFM: left upper limb fat mass; RUFM: right upper limb fat mass; LLFM: left lower limb fat mass; RLFM: right lower limb fat
mass; TFM: trunk fat mass; LUMM: left upper limb muscle mass; RUMM: right upper limb muscle mass; LLMM: left lower
limb muscle mass; RLMM: right lower limb muscle mass; TMM: trunk muscle mass.

Source: Own elaboration.
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InTable 3, itis possibletoanalyze the correlations be-
tween obesity rates and body composition variables. BMI
showed ahigher correlation with theamount of fat (both
inkgand %) thanwith the WHR (r=0.93, r=0.67and r=0.55,
respectively). Furthermore, total trunk fat (%) showeda
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positive correlation with total body fat (%) (r=0.76). No
patient had sarcopeniaand the correlation between mus-
clemassand the sarcopeniaindex (r=0.79) demonstrated
theimportance of takingactions to increase muscle mass
toreduce the risk of developing this condition.

Table 3. Correlation between anthropometric and body composition variables.

IS 57 7 e T T e

1 0.55% 0.56*
WHR 0.55% 1 -0.44
Sarcopeniaindex 0.56* -0.44 1
TBF (%) 0.67*  0.60* -0.55
TTF (%) 0.16 0.51 -0.59%
MM 0.60%* 0.18 0.79%*
Fat (kg) 0.93% 0.57% 0.56*
TBW 0.63* 0.20 0.78%*

0.67* 0.16 0.60* 0.93%* 0.63*
0.60%* 0.51 0.18 0.57% 0.20
-0.55 -0.59%* 0.79%* 0.56* 0.78*
1 0.76* -0.08 0.62% -0.45
0.76* 1 -0.57% 0.07 -0.56%
-0.08 -0.57% 1 0.73% 0.99%
0.62 0.07 0.73%* 1 0.75%
-0.45 -0.56% 0.99% 0.75% 1

BMI: body mass index; WHR: waist-to-hip ratio; TBF (%): totalbody fat; TTF (%): total trunk fat; MIM: muscular mass; TBW:

total body water.
*Significant correlation p<0.05
Source: Own elaboration.

Discussion

Ahigherconcentration of fat in the trunk and upper limbs
was observed in the sample studied, apopulation of wom-
en with severe obesity during the pre-operative period
forbariatric surgery, along with greater muscle mass in
thelower limbs. At the same time, BMI showed a stron-
ger correlation with fat content (both in kg and %) than
with WHR, while no sarcopenia was observed.

Obesity is commonly diagnosed using the BMI, which
is an easy-to-use method that allows establishing in-
creased cardiovascular risk'® and serves as a tool for
analyzing the health of a population'’ In severe obesity,
BMI values are equal to or higher than 40 kg/m2, which
denotes a greater risk of mortality and development of
chronic diseases.®* However, despite its utility, thisin-
dexdoesnotallow predicting theamount or distribution
of body fat, nor does it differentiate fat mass from lean
body mass." In the present study, BMI showed a strong
correlationwithbody fat (kg) (r=0.93) and total body fat
(%) (r=0.67),butno correlation with fat accumulated in
the trunkregion.

In this context, Wrzesinski et al.> state that the way
fat is distributed should be considered, as it is linked to
avariety of complications. For instance, central obesi-
tyincreases the risk of mortality”' and is associated with
increased arterial stiffness and greater cardiovascular
risk, particularly in severe obesity.>>

On the other hand, WHR is an anthropometric index
widely used in the assessment of obesity and is better cor-
related with subclinical atherosclerosis than with BMI
bothin postmenopausal and pre-menopausal women.>
Sahakyanetal**alsoreportagreater relationship between
the risk of mortality and WHR in comparison with BMI.
Inthe present study, WHR and BMI showed a moderate
(r=0.55) and differentiated correlation with anthropomet-
ricvariables (Table 3). When analyzing the relationship
between WHR and body fat amount and distribution, a

lower correlation was observed with total body fat (%)
(r=0.60) and total fat (kg) (r=0.57), while no relation-
ship with body fat (%) was found in the trunk (r=0.51).
Although no correlation was found between WHR and
trunkfat (r=0.51), this index performed better than BMI
for assessing central obesity.

Schultetal.,”*aswell as Parsa & Jahanshahi, > also found
abetter correlation between WHR and the risk of devel -
oping liver cirrhosis than BMI in women in a study of
coronary artery disease patients. However, Myint et al.>®
reported that both BMIand WHR were good predictors of
mortality and cardiovascular disease inboth adults and
theelderly. Thus, to minimize errors in different popu-
lation analyses, the use of more than one obesity index
would be valuable for correlation analysis and predict-
ing comorbidities when it comes from the concentration
and distribution of body fat.””

According to Okorodudu et al.,** obesity in women
is defined as a total body fat value above 30%. In this
study, total body fat was 51.2%, clearly above that ref-
erence level, ranging from 43.1% to 55.8% (Table 1). In
addition, the values for BMI, total body fat (%), total fat
(kg), total body mass and total lean mass found in this
study are similar to the findings in other studies on se-
vere obesity.> >

When correlating BMI, WHR and total body fat (%),
itis recommended to use different indexes and mea-
surements related to obesity and adiposity, since BMI
has limitations for the analysis of fat distribution.>' In
the present study, the highest correlations found were
between BMI and total fat weight (kg) (r=0.93), and be-
tween BMI and total body fat (%) (r=0.67). On the other
hand, WHR correlated with total fat weight (kg) (r=0.57)
and total body fat (%) (r=0.60).

Regarding sarcopenia, a marker of the decrease in
muscle mass, strength and physical performance, it is
well known that it impairs performance in daily tasks
and physical activity, especially in the elderly;** as a
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result, quality of life can be severely compromised in
this age group.** In obese individuals, when excessive
body fat compromises physical performance, leading
to low muscle function and mass, the condition is de-
fined as sarcopenic obesity.>

Accordingto Saitoh etal.,>findings such as decreased
energy expenditure, hormonal factors, chronicinflam-
mation, and insulin resistance are potential risk factors
for the development of sarcopenic obesity. In a study
conducted by Santos et al.,** the reduction in lower limb
mobility and strength were the variables that had the
greatest influence on thewalking speed and muscle weak-
ness associated with sarcopenic obesity.

Therefore, the loss of muscle mass observed in se-
vere obesity poses a special risk for adverse outcomes.*
Inthepresent study, the sarcopeniaindexwas above the
cut-off point of 5.45 kg/m2, which is considered a signif-
icantfinding since thelower this parameter, the greater
the risks for physical health. In this context, Kim et al.>’
report that the decrease in body fat and the increase in
muscle mass and strength can reduce the risk of surgery
for obesity. In addition, there is a possibility of a better
hydration level since muscle mass is positively related
to total body water.>*

As areference for total body water, Altman & Ditt-
mer-Katz*® suggest a percentage of 50% for total body
mass, ranging from 41% to 60% in women aged between
19 and 50 years. In women over the age of 51, the per-
centage drops to 47%, with aninterval between 39% and
57%. Inindividuals of both sexes with severe obesity, da
Silva* found an average of 28.5% for muscle mass and
37.4% for total body water.

Similarly, in the present study, there was a high cor-
relation (r=0.79) between muscle mass and sarcopenia,
suggesting that physical activity may contribute to the
reduction of muscle loss and functionality,** lowering
therisks of falling, functional incapacity, and fractures.
However, it isworth remembering that such atopicde-
serves further analysis, as sarcopenia maybe associated
with alownutritional status and not only with the func-
tional one.”

Finally, the need for further studies in individuals with
grade III obesity is highlighted, not only for treatment
guidance, but also for expanding knowledge about the
evolution of body composition, particularly inrelation to
physical training programs and nutritional approaches.

Conclusions

Despite having more muscle mass in thelower limbs and
more fatin the trunkand upper limbs, none of the study
participants had sarcopenia. On the other hand, BMI had
astronger correlation with both total fat (kg) and TBF%
thanwith WHR. These findings suggest that the assess-
ment of obese individuals based only onasingle variable,
such as BMI or WHR, may hinder the understanding of
the obesity profile and the development of individual -
ized treatment strategies for this population.

Conflicts of interest

None stated by the authors.

https://doi.org/10.15446/revfacmed.v69n4.86035

Funding

None stated by the authors.
Acknowledgments

None stated by the authors.
References

1. Hassan HS, Almadfai Z, Abdulkareem F. Obesity Impact on
Heart Rate Variability Indices and the Modulation Effect of Reg-
ular Physical Activity.] Fac Med Baghdad. 2014;56(2):224-8.

2. LavieCJ,Mcauley PA, Church TS, Milani RV, Blair SN. Obesity
and cardiovascular diseases: implications regarding fitness,
fatness, and severity in the obesity paradox.J Am Coll Cariol.
2014;63(14):1345-54. https://doi.org/f2q96v.

3. Hubdcek]A, Pikhart H, Peasey A, Kubinova R, Bobak M. FTO
Variant, Energy Intake, Physical Activity and Basal Met-
abolic Rate in Caucasians. The HAPIEE Study. Physiol Res.
2011;60(1):175-83. https://doi.org/g37d.

4. Teasdale N, Hue O, Marcotte J, Berrigan F, Simoneau M,
Doré]J, et al. Reducing weight increases postural stability in
obese and morbid obese men. Int ] Obes. 2007;31(1):153-60.
https://doi.org/cmv5dq.

5. Fabris de Souza SA, Faintuch J, Valezi AC, Sant’Anna AF,
Gama-Rodrigues]J, deBatista-FonsecaIC, etal. Postural Chang-
esin Morbidly Obese Patients. Obes Surg.2005;15(7):1013-6.
https://doi.org/djgznd.

6. Brasil. Instituto Brasileiro de Geografia e Estatistica (IBGE).
Aquisicao alimentar domiciliar per capita, Brasil e grandes
regides. In: Pesquisa de Orcamentos Familiares 2002-2003.
2ned. Rio de Janeiro: IBGE; 2004.

7.  MaltaDC,daSilvaAG, TonacoLAB, Freitas MIF, Velasquez-Melendez
G.TendénciaTemporal daprevalénciade obesidade morbidana
populacao adultabrasileira entre os anos de 2006 e 2017. Cad.
Sauide Ptiblica. 2019;35(9):00223518. https://doi.org/g37f.

8. Goossens GH.The Metabolic Phenotypein Obesity: Fat Mass,
Body Fat Distribution, and Adipose Tissue Function. Obes Facts.
2017;10(3):207-15. https://doi.org/f98xp4.

9. Rodrigues MN, da Silva SC, Monteiro WD, Farinatti PTV. Es-
timativa da gordura corporal através de equipamentos de
bioimpedancia, dobras cutaneas e pesagem hidrostatica. Rev
BrasMed Esporte.2001;7(4):125-31. https://doi.org/crvdh4.

10. PeppaM, Stefanaki C, Papaefstathiou A, Boschiero D, Dim-
itriadis G, Chrousos GP. Bioimpedance analysis vs. DEXA
as a screening tool for osteosarcopenia in lean, overweight
and obese Caucasian postmenopausal females. Hormones.
2017;16(2):181-93. https://doi.org/g37n.

11. Botelho-Santos GA, Couto NF, Aparecida-de Almeida S, Duar-
teRocha-daSilvaCC, Fernandes-FilhoJ, Fernandes-daSilvas.
Comparagado e Concordanciada gorduracorporal em criangas
através de trés métodos duplamente indiretos. Rev. Fac. Med.
2017;65(4):609-14. https://doi.org/g37p.

12. ComodoARO, Dias ACF, Tomaz BA, Silva-Filho AA, Werustsky CA,
Ribas DF, et al. Utiliza¢do da bioimpedancia para a avaliacdo
damassacorporea. Sdo Paulo: Projeto Diretrizes: Associacdo
Brasileira de Nutrologia e Sociedade Brasileira de Nutricdo
Parental e Enteral; 2009.

13. World Medical Association (WMA). WMA Declaration of Hel -
sinki — Ethical principles for medical research involvinghuman
subjects. Fortaleza: 64" WMA General Assembly; 2013.


https://doi.org/f2q96v
https://doi.org/g37d
https://doi.org/cmv5dq
https://doi.org/djgznd
https://doi.org/g37f
https://doi.org/f98xp4
https://doi.org/crvdh4
https://doi.org/g37n
https://doi.org/g37p

Body composition analysis in morbid obesity

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Kyle UG, Bosaeus, De Lorenzo AD, DeurenbergP, EliaM, Go-
mezJM, etal. Bioelectrical impedance analysis--partI: review
of principles and methods. Clin Nutr. 2004;23(5):1226-43.
https://doi.org/fcw36p.

Baumgartner RN, Koehler KM, Gallagher D, Romero L, Heyms-
field SB, RossRR, et al. Epidemiology of sarcopeniaamong the
elderlyin New Mexico. Am J Epidemiol. 1998;147(8):755-63.
https://doi.org/bmbx.

MassaroliLC, Santos LC, Carvalho GG, Carneiro SAJF, Rezende LF.
Qualidade deVidae o IMCAlto como Fator de Risco para Doencas
Cardiovasculares: Revisdo Sistematica. Revista da Universi-
dadeValedoRioVerde.2018;16(1):1-10. https://doi.org/g37q.
Lloyd-Jones DM, HongY, Labarthe D, Mozaffarian D, Appel L],
VanHornL, etal. Defining and setting national goals for cardio-
vascular health promotion and diseasereduction: the American
Heart Association’s strategic Impact Goal through 2020 andbe-
yond. Circulation. 2010;121(4):586-613.https://doi.org/fk6s9g.
MarconER, Baglioni§, BittencourtL, Lopes CLN, Neumann CR,
Trindade MRM. What Is the Best Treatment before Bariatric
Surgery? Exercise, Exercise and Group Therapy, or Conven-
tional Waiting: a Randomized Controlled Trial. Obes Surg.
2017;27(3):763-73. https://doi.org/g37r.

Bastien M, Poirier P, LemieuxI, Després JP. Overview of epide-
miology and contribution of obesity to cardiovascular diesase.
ProgCardiovascDis.2014;56(4):369-81.https://doi.org/f5p3jd.
Wrzesinski A, Cérrea JM, Fernandes TM, Monteiro LF,
Trevisol FS, Nascimento RR. Complications requiring hos-
pital management after bariatric surgery. Arq Bras Cir Dig.
2015;28(Suppl 1):3-6. https://doi.org/g37s.

Sahakyan KR, Somers VK, Rodriguez-Escudero JP, Hodge DO,
Carter RE, Sochor O, etal. Normal-weight central obesity: im-
plications for total and cardiovascular mortality. Ann Intern
Med. 2015;163(11):827-35. https://doi.org/bbwv.

Arner P, BiackdahlJ, Hemmingsson P, Stenvinkel P, Eriks-
son-Hogling D, Naslund E, et al. Regional variations in the
relationship between arterial stiffness and adipocyte volume
or number in obese subjects. Int J Obes. 2015;39(2):222-7.
https://doi.org/f3p2dq.

Lee HJ, Hwang SY, Hong HC, RyuJY, Seo JA, Kim SG, et al.
Waist-to-hip ratio is better at predicting subclinical ath-
erosclerosis than body mass index and waist circumference
in postmenopausal women. Maturitas. 2015;80(3):323-8.
https://doi.org/f25v8r.

Schult A, Mehlig K, Bjorkelund C, Wallerstedt S, Kaczynski J.
Waist-to-hip ratio but not body mass index predicts liver
cirrhosis inwomen. Scand J Gastroenterol. 2018;53(2):212-7.
https://doi.org/gc2g7r.

Parsa AF, Jahanshahi B. Is the relationship of body mass in-
dexto severity of coronary artery disease different from that
of waist-to- hip ratio and severity of coronary artery dis-
ease? Cardiovasc] Afr.2015;26(1):13- 6. https://doi.org/g37t.
Myint PK, Kwok CS, Luben RN, Wareham NJ, Khaw KT. Body
fat percentage, body mass index and waist-to-hip ratio as
predictors of mortality and cardiovascular disease. Heart.
2014;100(20):1613-9. https://doi.org/f6k27z.

Rahman M, Berenson AB. Accuracy of current body mass index
obesity classification for white, black, and Hispanic repro-
ductive-age women. Obstet Gynecol. 2010;115(5):982-8.
https://doi.org/csmz3b.

29.

30.

31

32.

33.

34.

35.

36.

37

38.

39.

40.

41.

https://doi.org/10.15446/revfacmed.v69n4.86035

Okorodudu DO, Jumean MF, Montori VM, Romero-Corral A,
Somers VK, Erwin PJ, etal. Diagnostic performance of body mass
indextoidentify obesity as defined bybodyadiposity: a system-
atic review and meta-analysis. Int ] Obes. 2010;34(5):791-9.
https://doi.org/fwtrjc.

da Silva LBG. Evolu¢do da Composi¢do Corporal em Doentes
Obesos Submetidosa Cirurgia Bariatrica. Dissertagdo. Porto:
Mestrado em Ciéncias da Nutrigdo e Alimentacdo, Facul-
dade de Ciéncias da Nutri¢do e Alimentagdo, Universidade
do Porto; 2017.

Angoorani P, HeshmatR, Ejtahed H-S, Mohammad-Esmaeil M,
ZiaodiniH, Taheri M, et al. The association of parental obesity
with physical activity and sedentarybehaviors of their children:
the CASPIAN-V study. Jornal de Pediatria. 2018;94(4):410-8.
https://doi.org/g37v.

Burgos PFM, da CostaW, Bombig MTN, Bianco HT. Aobesidade
como fator de risco para a hipertensao. Rev Bras Hipertens.
2014;21(2):68-74.

Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm
T, LandiF, et al. Sarcopenia: European consensus on defini-
tionand diagnosis: Report of the European Working Group on
Sarcopenia in Older People. Age Ageing. 2010;39(4):412-23.
https://doi.org/c945zg.

Santos CM, Dias JMD, Ribeiro-Samora GA, Perracini MR, Guer -
raRO, Dias RC. Prevalence of obesity, sarcopenic obesity and
associated factors: A FIBRA Network study. Fisioterapia em
Movimento. 2017;30(Suppl1):161-9. https://doi.org/g37w.
Zamboni M, Mazzali G, Fantin F, Rossi A, Di Francesco V.
Sarcopenic obesity: a new category of obesity in the el-
derly. Nutr Metab Cardiovasc Dis. 2008;18(5):388-95.
https://doi.org/dq7vhk,

Saitoh M, Ishida], Springer J. Physical activity for the prevention
and treatment of sarcopenic obesity. ] Cachexia Sarcopenia
Muscle. 2017;8(3):518-9. https://doi.org/g369.

Prado CMM, LieffersJR, McCargar L], Reiman T, Sawyer MB,
Martinetal. Prevalence and clinical implications of sarcope-
nic obesity in patients with solid tumours of the respiratory
and gastrointestinal tracts: a population-based study. Lan-
cet Oncology. 2008;9(7):629-35. https://doi.org/b524s4.
Kim B, Tsujimoto T, SoR, Zhao X, Suzuki S, KimT, et al. Weight
loss may be a better approach for managing musculoskel-
etal conditions than increasing muscle mass and strength.
J Phys Ther Sci. 2015;27(12):3787-91. https://doi.org/g37x.
Rosinger AY, Lawman HG, Akinbami L], Ogden CL. The role
of obesity in the relation between total water intake and
urine osmolality in US adults, 2009-2012. AmJ Clin Nutr.
2016;104(6):1554-61. https://doi.org/f9f7cn.

Altman P, Dittmer-Katz D. Blood and other body fluids. Wash-
ingtonD.C.: Federation of American Societies for Experimental
Biology; 1961.

AkuneT, MurakiS, OkaH, Tanaka S, KawaguchiH, NakamuraK,
et al. Exercise habits during middle age are associated with
lower prevalence of sarcopenia: the ROAD study. Osteoporos
Int. 2014;25(3):1081-8. https://doi.org/f556fz.

Bahat G, Saka B, Tufan F, Akin S, Sivrikaya S, Yucel N, et al.
Prevalence of sarcopenia and its associantion with func-
tional and nutritional status among male residents in a
nursing home in Turkey. The Aging Male. 2010;13(3):211- 4.
https://doi.org/fc4jrr.


https://doi.org/fcw36p
https://doi.org/bmbx
https://doi.org/g37q
https://doi.org/fk6s9g
https://doi.org/g37r
https://doi.org/f5p3jd
https://doi.org/g37s
https://doi.org/bbwv
https://doi.org/f3p2dq
https://doi.org/f25v8r
https://doi.org/gc2g7r
https://doi.org/g37t
https://doi.org/f6k27z
https://doi.org/csmz3b
https://doi.org/fwtrjc
https://doi.org/g37v
https://doi.org/c945zg
https://doi.org/g37w
https://doi.org/dq7vhk
https://doi.org/g369
https://doi.org/b524s4
https://doi.org/g37x
https://doi.org/f9f7cn
https://doi.org/f5s6fz
https://doi.org/fc4jrr

