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Body composition of patients with autism spectrum disorder through bioelectrical
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ABSTRACT
Background: Autism spectrum disorder (ASD) is a neurodevelopmental disorder
characterized by deficits in sociability, communication, and limited repertoire of interests
and behaviors. We aimed to investigate the nutritional status through bioelectrical
impedance analysis (BIA) and antrophometrics variables in 63 ASD children and adolescents
(10.5 ± 4.1 years; 81% male).
Materials and methods: Anthropometric variables were weight, height, and waist
circumference (WC); body composition (fat mass, fat free mass) and phase angle (PA) were
obtained through BIA.
Results: The body mass index showed a prevalence of overweight, obesity and underweight
of 38.9, 36.5 and 15.8%, respectively. According to the body fat percentual, obesity
prevalence was 49.2%, and 49,2% showed WC > 80th percentile for age. Eleven patients
presented lower PA values than references.
Conclusion: According to the these parameters, a large percentual of ASD children and
adolescents in this sample had total overweight and obesity and truncal adiposity, which
causes concern, as well as the percentage of underweight participants.

Key words: Autism spectrum disorder. Body composition. Nutritional Status. Nutrition.

RESUMEN
Introducción: el trastorno del espectro autista (TEA) es un trastorno neurológico
caracterizado por deficiencias en la sociabilidad y la comunicación, y un repertorio limitado
de intereses y comportamientos.
Objetivos: investigar el estado nutricional por medio del análisis de impedancia bioeléctrica
(BIA) y variables antropométricas en 63 niños y adolescentes con TEA (10,5 ± 4,1 años, 81%
hombres).
Métodos: las variables antropométricas fueron el peso, la altura y la circunferencia de la
cintura (CC); la composición corporal (masa grasa, masa magra) y el ángulo de fase (PA) se
obtuvieron por medio de BIA.
Resultados: el índice de masa corporal mostró una prevalencia del sobrepeso, la obesidad y
el bajo peso de 38,9, 36,5 y 15,8%, respectivamente. De acuerdo con el porcentaje de grasa
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corporal, la prevalencia de obesidad fue del 49,2%, y el 49,2% mostró CC > percentil 80 para
la edad. Once pacientes presentaron valores de PA inferiores a las referencias.
Conclusión: de acuerdo con estos parámetros, un gran porcentaje de niños y adolescentes
ASD en esta muestra presentaba adiposidad total de sobrepeso y obesidad y del tronco, lo
que causa preocupación, así como el porcentaje de participantes con bajo peso.

Palabras clave: Trastorno del espectro autista. Composición corporal. Estado nutricional.
Nutrición.

INTRODUCTION
Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by social
communication deficits and repetitive behaviors and/or restricted interests (1). A recent
epidemiological study indicates that one in 68 children are diagnosed with ASD in the US (2)
and it is estimated that 1% of the global population is affected by this disorder (3). ASD is
evident in early childhood and patients often present a series of co-occurring symptoms and
disorders including seizures, sleep disturbances, gastrointestinal complaints, anxiety and
behavioral rigidity (4). More specifically, the behavioral rigidity displayed by these
individuals can lead to unhealthy eating habits. There are reports of food selectivity
presented by these individuals, like consume of a limited range of food items, resistance to
try different foods and behavioral problems at mealtime (5). Thus, impaired nutritional
status is not unusual in patients with ASD (6,7).
The reports about the nutritional status in patients with ASD show high prevalence of
overweight (8). Attlee et al. (2015) (9) indicated that 52% of the studied subjects were obese
and 22% were overweight. The increasing prevalence of child obesity has represented a
significant change in the profile of health and disease worldwide in recent years. In
preschool ages, the early occurrence of increased body adiposity and fast weight gain
represent a risk factor for the development of obesity in later life (10). Although there are
different methods to evaluate overweight and obesity in children and adolescents (11),
body composition methods demonstrate accuracy in assessing adiposity (12,13).
Bioelectrical impedance analysis (BIA) is a practical method and non-invasive bedside
technique, and it evaluates specific body composition parameters (14). In addition, it is
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possible to obtain the phase angle (PA) value through BIA, a variable that indicates cell
membrane integrity and can be used as a prognostic indicator and a predictor of survival
under certain clinical conditions (15). Besides some studies evaluating the nutritional status
of ASD individuals (16), there is a lack of information regarding their body composition;
therefore, it would be reasonable to assess this information through BIA. Thus, we aimed to
investigate the nutritional status (anthropometrics measures and body composition
variables obtained from BIA) in children and adolescents diagnosed with ASD.

METHODS
Ethical approval
All procedures performed in studies involving human participants were in accordance with
the ethical standards of the institutional and the national research committee, and with the
Declaration of Helsinki of 1964 and its later amendments or comparable ethical standards.
The study was approved by the local Ethics Committee (protocol number 13-0321).

Participants
The participants between four and 16 years old were recruited from the Child Neurology
Unit at [removed for blind peer review], and the ASD diagnosis was performed by pediatric
neurologists. Exclusion criteria were the diagnosis of a genetic syndrome known to be
associated with ASD (e.g., Fragile X syndrome) or the other conditions that preclude the
patient to perform the BIA (e.g., edema, generalized seizures and fail to prepare or perform
the exam).
From the consecutive sample, a total of 73/132 children and adolescents met the criteria for
the study. The parents/caregivers of these 73 patients were invited, but only 63 (final study
sample size) signed the informed consent form and finished the questionnaires.

Data collection
Parents/caregivers were interviewed to elicit information about the patients. The
socioeconomic status of the participants was defined based on their responses to a
questionnaire, named [removed for blind peer review], designed and validated by the
[removed for blind peer review] (17).
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Patients’ medical records were reviewed for clinic-demographic data. In addition, the scores
for the Autism Screening Questionnaire (ASQ) (18) and Childhood Autism Rating Scale
(CARS) (19) were obtained.
Height and weight of each participant were measured by a qualified investigator. Height was
measured with a wall-mounted stadiometer (Harpenden, Holtain®, Crymych, UK) to the
nearest 0.1 cm, and weight was obtained using a digital platform scale with a resolution of
0.1 kg (Toledo®, Model 2096PP/2, São Paulo, Brazil), while subjects were barefoot and
wearing lightweight clothing. Waist circumference (WC) was measured using a Cescorf®
inelastic measuring tape, accurated to 1 mm. WC was classified according to the criteria
suggested by Taylor et al. (2000) (20).
The BIA analyses (Biodynamics 450® version 5.1, Biodynamics Corporation, Seattle, WA,
USA) were performed using Resting ECG tab electrodes (Conmed Corporation, Utica, NY,
USA). Evaluation of body composition parameters throughout BIA, fat mass (FM), fat free
mass (FFM), body mass index (BMI), and the PA were performed according to previous
studies (21). Briefly, the measurements were done with the patients lying down with their
legs and arms parallel to their bodies and positioned far from the chest. The electrodes
were placed on standard locations (the dorsal surface of the right wrist, the third
metacarpal bone, the anterior surface of the right ankle between the bone prominences,
and the dorsal surface of the third metatarsal bone). Instructions were given to the patients
to be followed before BIA tests: overnight fasting, exercise restriction 24 hours before
examination and bladder voiding. Test-retest procedures were performed with a minute
interval. Body fat percentage data were used for obesity classification, defining obese as
greater than the 95th centile on percentual of body fat reference curves (22). BMI was used
to classify children into one of the following categories (23): underweight (≤ 5th percentile),
healthy (> 5th to < 85th percentiles), overweight (≥ 85th to < 95th percentiles), or obese (≥ 95th
percentile).

Statistical analysis
For the statistical analyses, the Statistical Package for Social Sciences 22.0 (SPSS® Inc.,
Chicago, IL) was used. Data were described using absolute and relative frequencies. ShapiroWilk statistical test was performed to verify the normality of the variables. Continuous
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variables were expressed as mean ± standard deviation and compared through the Student
t-test; non-parametric values were expressed as median and interquartile range. In addition,
the Spearman’s rank correlation coefficient was performed to test for correlations between
body composition variables, and PA was performed. The level of signiﬁcance was set at 0.05.

RESULTS
The total study sample included 63 patients with ASD and their general and clinical
characteristics are presented in table I. There was predominance of boys (81%). The mean
age was 10.5 ± 4.1 years and the average age of symptoms onset was 1.7 ± 1.2 years. The
ASQ mean score was 21.1 ± 5.1 and by gender 22.8 ± 4.8 and 20.5 ± 5.4, for boys and girls,
respectively. The ASQ classification was 50.7% with mild-moderate and 36.5% with severe
symptoms. The average CARS score was 36.3 ± 8.43 and, when stratified by gender, 36.78 ±
7.85 for boys and 34.27 ± 10.91 for girls (all participants had a CARS score above 30,
classified as mild-severe ASD).
The majority of patients (87.3%) were using some type of medication at the time of the
study; the most common groups of drugs were antidepressants and antipsychotics (data not
shown). From the 63 participants, 12.6% (n = 8) were using anticonvulsant drugs; however,
33.3% (n = 21) had at least one seizure episode in their lives.
Table II presents the average values for anthropometric data and body composition
stratified by gender (no statistical differences were detected). The BMI showed that 38.9%
(n = 24) of the patients presented overweight and 36.5% (n = 23) were obese. Only 9.5% (n =
6) of the sample was within the healthy weight values, and 15.8% (n =10) were classified as
underweight. According to body fat percentual centiles (22), these values increased to
49.2% of obese children and adolescents. For WC values, a total of 49,2% showed values
above the 80th percentile of that age, 27 boys and four girls, indicating high trunk fat mass,
according to Taylor et al. (2000) (20).
Regarding the PA values, only eleven patients had values that are lower than what is
established for healthy individuals (21,24). Despite this, there was a weak negative
correlation between BMI and PA (r = -0.072, p = 0.05, Spearman correlation). When other
anthropometric parameters and body composition variables were analyzed, PA was
significantly correlated with the FM in kg (r = -0.295, p = 0.019, Spearman correlation), with
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the FFM in kg and % (r = 0.311, p = 0.013; r = 0.295, p = 0.019, respectively, Spearman
correlation).

DISCUSSION
In the present study, we investigated the nutritional status of children and adolescents with
ASD, using anthropometric measures and body composition. Our main findings were: high
prevalence of obesity in patients with ASD according to BMI and body fat percentage
centiles, a high prevalence of truncal adiposity according to WC.
The symptoms of ASD are evident either early in the first year of life or late in the second
year, when abnormal behaviors are observed and the child loses previously acquired skills
(25). In our study, the average age of onset of symptoms was 1.7 ± 1.2 years. The majority of
participants from this study were male, similar to what is found in most of ASD
epidemiological studies (2). Approximately 12-30% of children with ASD develop seizures or
EEG changes (26). The prevalence of epilepsy in our study (30%) was in this range (27,28). It
is important to highlight that epilepsy is reported in the literature as a disease associated to
overweight and obesity (29).
The percentage of overweight and obesity in our study was higher than the percentage of
overweight and obesity in typically developing children (26.9%) and adolescents (7.6%) from
the same region in Brazil (30). Other report with ASD patients showed even higher
prevalence of obesity (52%) (9). It is noteworthy that in this report, 74% of the individuals
present excess of weight (obesity percentage + overweight percentage) (9), similar to what
was found in the present study (75.4%). In another study with a larger sample of ASD
patients (n = 111), overweight and obesity considering z-score were around 31.5% (31).
However, a report with ASD and attention deficit hyperactivity disorder children agematched with reference population (NHANES 1999-2002) showed similar prevalence of
overweight to both groups (32). On the other hand, a recent study presented higher
prevalence of healthy weight (70%) and underweight (20%) children with ASD (5). Data
regarding underweight, however, were in accordance with our study.
According to Taylor et al. (2000) (20), WC is a simple and effective method to evaluate
truncal adiposity in children and adolescents. Our study showed nearly 50% of ASD children
and adolescents with high trunk fat mass. The WC values in our study were also higher,
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when compared to values obtained from typically developing girls (278) and boys (302) aged
3-19 years from New Zealand (20). The same conclusion was obtained when this comparison
was made with typically developing Brazilian children (33). In addition, the WC values of our
ASD patients were higher than the values presented by healthy youths from different
countries (Denmark, Portugal, Estonia, Norway, Switzerland and USA) participating in a
study that used the WC to define diagnosis for cardio metabolic diseases (34). It is
interesting to note that both methods used in our study, WC and body fat mass centiles,
showed similar percentages of adiposity, describing nearly 50% of children and adolescents
with high central and total adiposity.
A recent study using anthropometric variables showed a significant increased subcutaneous
fat thickness in children with ASD, which, according to the authors, could be resulting from
the food selectivity and sedentary life style of these patients (35). However, FM and FFM
values of ASD patients from our study are similar to the data obtained from healthy
individuals that were also evaluated by BIA (36-39). In addition, this similarity is sustained
when we compare our results to data from a cohort study that assessed these parameters
by bone densitometry in a population from the same region as our patients (39).
Another recent study concluded that, besides body composition, the PA measurements are
valuable to assess nutritional status and growth in children (40). In the present study,
correlations between BMI and body composition were observed. Higher FFM values
correlated positively with PA, while higher FM values have an inverse correlation with this
parameter, indicating that altered body composition may be a worsening factor to the
overall health of the patient. It is necessary for these patients to be nutritionally monitored,
aiming healthy eating habits and, consequently, healthy living. Additionally, these
parameters may be useful to determine baseline measurements at hospital admission, and
to monitor progress of nutrition treatment or change in nutritional status during
hospitalization (40). Considering that some patients with ASD have behavioral rigidity, are
hyperactive and present self-injurious behavior, it should be highlighted that BIA protocol
was strictly followed in our study. Parents and caregivers followed the instructions given by
the researchers regarding pre-examination. No major intercurrences involving patients were
reported during BIA. Taking these aspects into account, this could be a promising approach
in collecting data on the nutritional status of these children and adolescents in view of
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intervention or monitoring of nutritional status.
In conclusion, according to WC and body fat percentage obtained by BIA, a large percentual
of ASD children and adolescents in this sample had total overweight and obesity and truncal
adiposity, which causes concern, as well as the percentage of underweight participants. The
various health concerns associated with nutrition need more attention, especially with this
population. The results about truncal adiposity can also be associated with risk of cardiac
diseases besides inadequate nutritional status. It is important to highlight the needs for
attention by clinicians for this population concerning body composition, nutritional status
and other issues linked to nutrition (quality of food, food selectivity, and feeding problems).
Nutritional aspects must be considered by parents, caregivers and all professionals involved
in the treatment of these patients. Further studies are necessary to describe and investigate
the body composition variables among other groups of patients with ASD, the impact on
their overall health and also determinants of nutritional status of these individuals in order
to improve treatment strategies.

ACKNOWLEDGMENTS
This study received financial support from the FIPE/HCPA (Research Incentive Fund Hospital de Clínicas de Porto Alegre) and research grants from FAPERGS/HCPA (Foundation
for Research Support of the State of Rio Grande do Sul - Hospital de Clínicas de Porto
Alegre).

REFERENCES
1. Diagnostic and Statistical Manual of Mental Disorders (DSM-V). 5th ed. American
Psychiatric Association; 2013.
2. Center for Disease Control and Prevention (CDC). Prevalence of autism spectrum disorder
among children aged 8 years - Autism and developmental disabilities monitoring network,
11 sites, United States, 2010. MMWR Surveill Summ 2014;63:1-21.
3. Buescher AV, Cidav Z, Knapp M, Mandell DS. Costs of autism spectrum disorders in the
United Kingdom and the United States. JAMA Pediatr 2014;168:721-8.
4. Simonoff E, Pickles A, Charman T, Chandler S, Loucas T, Baird G. Psychiatric disorders in
children with autism spectrum disorders: Prevalence, comorbidity, and associated factors in

10

a population-derived sample. J Am Acad Child Adolesc Psychiatry 2008;47:921-9.
5. Marí-Bauset S, Llopis-González A, Zazpe-García I, Marí-Sanchis A, Morales-Suárez-Varela
M. Nutritional status of children with autism spectrum disorders (ASDs): A case-control
study. J Autism Dev Disord 2015;45:203-12.
6. Kawicka A, Regulska-Ilow B. How nutritional status, diet and dietary supplements can
affect autism. A review. Rocz Panstw Zakl Hig 2013;64:1-12.
7. Emond A, Emmett P, Steer C, Golding J. Feeding symptoms, dietary patterns, and growth
in young children with autism spectrum disorders. Pediatrics 2010;126:e337-42.
8. Souza NC, Mendonca JN, Portari GV, Jordao Junior AA, Marchini JS, Chiarello PG. Intestinal
permeability and nutritional status in developmental disorders. Altern Ther Health Med
2012;18:19-24.
9. Attlee A, Kassem H, Hashim M, Obaid RS. Physical status and feeding behavior of children
with autism. Indian J Pediatr 2015;82:682-7.
10. World Health Organization (WHO). Population-based approaches to childhood obesity
prevention. 2012.
11. Chan RS, Woo J. Prevention of overweight and obesity: How effective is the current
public health approach. Int J Environ Res Public Health 2010;7:765-83.
12. Shypailo RJ, Butte NF, Ellis KJ. DXA: Can it be used as a criterion reference for body fat
measurements in children? Obesity (Silver Spring) 2008;16:457-62.
13. Jensky-Squires NE, Dieli-Conwright CM, Rossuello A, Erceg DN, McCauley S, Schroeder
ET. Validity and reliability of body composition analysers in children and adults. Br J Nutr
2008;100:859-65.
14. Talma H, Chinapaw MJ, Bakker B, HiraSing RA, Terwee CB, Altenburg TM. Bioelectrical
impedance analysis to estimate body composition in children and adolescents: A systematic
review and evidence appraisal of validity, responsiveness, reliability and measurement
error. Obes Rev 2013;14:895-905.
15. Norman K, Stobäus N, Pirlich M, Bosy-Westphal A. Bioelectrical phase angle and
impedance vector analysis-clinical relevance and applicability of impedance parameters. Clin
Nutr 2012;31:854-61.
16. Hyman SL, Stewart PA, Schmidt B, Cain U, Lemcke N, Foley JT, et al. Nutrient intake from
food in children with autism. Pediatrics 2012;130:S145-53.

11

17. Associação Brasileira de Empresas de Pesquisa. Critério de Classificação Econômica Brasil
(ABEP). Availale at: http://www.abep.org. Accessed on April 24 2014.
18. Rutter M. Autism research: Prospects and priorities. J Autism Dev Disord 1996;26:25775.
19. Rutter M, Schopler E. Classification of pervasive developmental disorders: Some
concepts and practical considerations. J Autism Dev Disord 1992;22:459-82.
20. Taylor RW, Jones IE, Williams SM, Goulding A. Evaluation of waist circumference, waistto-hip ratio, and the conicity index as screening tools for high trunk fat mass, as measured
by dual-energy X-ray absorptiometry, in children aged 3-19 y. Am J Clin Nutr 2000;72:490-5.
21. Barbosa-Silva MC, Barros AJ, Wang J, Heymsfield SB, Pierson RN. Bioelectrical impedance
analysis: Population reference values for phase angle by age and sex. Am J Clin Nutr
2005;82:49-52.
22. McCarthy HD, Cole TJ, Fry T, Jebb SA, Prentice AM. Body fat reference curves for
children. Int J Obes (Lond) 2006;30:598-602.
23. Centers for Disease Control and Prevention (CDC) (2000). Defining childhood overweight
and obesity. Available at: http://www.cdc.gov/obesity/childhood/defining.html. Accessed
on April 24 2015.
24. Kyle UG, Soundar EP, Genton L, Pichard C. Can phase angle determined by bioelectrical
impedance analysis assess nutritional risk? A comparison between healthy and hospitalized
subjects. Clin Nutr 2012;31:875-81.
25. Gadia C. Autism and pervasive developmental disorders. J Pediatr (Rio J) 2004;80:S83S94.
26. Gabis L, Pomeroy J, Andriola MR. Autism and epilepsy: Cause, consequence,
comorbidity, or coincidence? Epilepsy Behav 2005;7:652-6.
27. Tuchman RF, Rapin I. Regression in pervasive developmental disorders: Seizures and
epileptiform electroencephalogram correlates. Pediatrics 1997;99:560-6.
28. Hughes JR, Melyn M. EEG and seizures in autistic children and adolescents: Further
findings with therapeutic implications. Clin EEG Neurosci 2005;36:15-20.
29. Hinnell C, Williams J, Metcalfe A, Patten SB, Parker R, Wiebe S, et al. Health status and
health-related behaviors in epilepsy compared to other chronic conditions - A national
population-based study. Epilepsia 2010;51:853-61.

12

30. Pesquisa de orçamentos familiares: antropometria e estado nutricional de crianças,
adolescentes e adultos no Brasil (POF) (2010). Rio de Janeiro, Brasil. Available at:
www.ibge.gov.br. Accessed on April 10 2015.
31. Xia W, Zhou Y, Sun C, Wang J, Wu L. A preliminary study on nutritional status and intake
in Chinese children with autism. Eur J Pediatr 2010;169:1201-6.
32. Curtin C, Bandini LG, Perrin EC, Tybor DJ, Must A. Prevalence of overweight in children
and adolescents with attention deficit hyperactivity disorder and autism spectrum
disorders: A chart review. BMC Pediatr 2005;5:48.
33. Filho VC, Lopes AS, Fagundes RR, De Campos W. Anthropometric indices among
schoolchildren from a municipality in Southern Brazil: A descriptive analysis using the LMS
method. Rev Paul Pediatr 2014;32:333-41.
34. Andersen LB, Lauersen JB, Brønd JC, Anderssen SC, Sardinha L, Steene-Johannessen J, et
al. A new approach to define and diagnose cardiometabolic disorder in children. J Diabetes
Res 2015;539835.
35. Meguid NA, Kandeel WA, Wakeel KE, El-Nofely AA. Anthropometric assessment of a
Middle Eastern group of autistic children. World J Pediatr 2014;10:318-23.
36. Golec J, Chlebna-Sokół D. Assessment of the influence of body composition on bone
mass in children and adolescents based on a functional analysis of the muscle-bone
relationship. Ortop Traumatol Rehabil 2014;16:153-63.
37. Sluyter JD, Scragg RK, Plank LD, Waqa GD, Fotu KF, Swinburn BA. Sizing the association
between lifestyle behaviours and fatness in a large, heterogeneous sample of youth of
multiple ethnicities from 4 countries. Int J Behav Nutr Phys Act 2013;10:115.
38. Boeke CE, Oken E, Kleinman KP, Rifas-Shiman SL, Taveras EM, Gillman MW. Correlations
among adiposity measures in school-aged children. BMC Pediatr 2013;13:99.
39. Zanini RV, Santos IS, Gigante DP, Matijasevich A, Barros FC, Barros AJ. Body composition
assessment using DXA in six-year-old children: The 2004 Pelotas Birth Cohort, Rio Grande do
Sul State, Brazil. Cad Saude Publica 2014;30:2123-33.
40. Kyle UG, Earthman CP, Pichard C, Coss-Bu JA. Body composition during growth in
children: Limitations and perspectives of bioelectrical impedance analysis. Eur J Clin Nutr
2015;69:1298-305.

13

Table I. General characteristics of the sample
Variable (n = 63)

n (%)

Gender
Female

12 (19.0)

Male

51 (81.0)

Epilepsy
Yes

13 (20.6)

No

50 (79.4)

ABEP*
A

2 (3.2)

B

28 (44.4)

C

32 (50.7)

D

1 (1.6)

ABEP: Economics Classification Criteria - Brazil. *This questionnaire is used to estimate the
purchasing power of individuals and families and categorizes Brazilian population into five
socioeconomic levels: A to E, with A being the highest and E the lowest level.

14

Table II. Anthropometric data and body composition (BMI, FM, FFM and PA) according to
the bioelectrical impedance analysis*
Total sample

Male

Female

n = 63

n = 51

n = 12

Weight (kg)

44.40 ± 22.26

44.22 ± 23.73

45.15 ± 15.24

0.998

Score-z W/A

0.79 (1.40-1.93)

0.53 (1.40-1.78)

0.58 (1.32-2.01)

0.297

Height (cm)

140.73 ± 20.54

140.26 ± 2.77

142.69 ± 14.79

0.827

Score-z H/A

0.31 (-1.07-1.43)

0.56 (-0.95-1.53)

-0.37 (-2.14-1.05)

0.323

BMI (kg/m2)

21.11 ± 6.04

20.99 ± 6.42

21.65 ± 4.24

0.899

Score- z BMI/A 1.20 (0.04-2.38)

1.1 (0.07-2.61)

1.36 (-0.53-1.59)

0.976

FM (%)

23.20 (13.8-35.6)

20.30 (15.7-32.8)

26.30 (13.8-35.6)

0.619

FFM (%)

76.7(64.6-86.2)

79.7 (67.2-84.3)

73.7 (64.6-86.2)

0.780

PA (°)

5.91 ± 1.46

5.84 ± 1.44

6.16 ± 1.59

0.512

WC (cm)

72.36 ± 19.51

71.82 ± 19.10

74.57 ± 21.85

0.696

Variable

p value

*Values expressed as mean ± standard deviation or median (P25-P75); score-z was
calculated according to reference values for the same sex and age (WHO, 2007). W/A:
Weight/age; H/A: Height/age; BMI: Body mass index; BMI/A: Body mass index/ age; FM: Fat
mass; FFM: Fat free mass; PA: Phase angle; WC: Waist circumference.

