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ABSTRACT
Objective. To analyze the association between 
relative handgrip strength (RHGS) and fat 
mass (FM) after controlling for the potential 
effect of maturity status.
Methodology. Both male and female children 
and adolescents aged ≥ 7.5 to ≤ 15.49 years 
were studied. RHGS was assessed using a 
hydraulic hand dynamometer. FM percentage 
was established using a dual-energy X-ray 
absorptiometry. Age and sex differences in 
RHGS levels between normal weight and obese 
participants were studied with an analysis of 
covariance. A covariate was years from peak 
height velocity (maturity status). The association 
between RHGS and FM levels was analyzed using 
a partial correlation and controlling for age at 
peak height velocity.
Results. A total of 1685 students (731 girls and 
954 boys) participated. Four age groups were 
established (7.5-9.4 years, 9.5-11.4 years, 11.5-
13.4 years, and 13.5-15.4 years). RHGS increased 
with age in both males and females. FM values 
were high in all age groups. No differences were 
observed in groups 3 and 4 among girls or in 
group 4 among boys. Participants classified as 
normal weight showed a significantly higher 
RHGS than their obese peers. A negative 
association was noted between RHGS and FM.
Conclusion. RHGS was shown to be negatively 
associated with FM after controlling for the effect 
of maturity status.
Key words: obesity, handgrip strength, fat tissue, 
growth and development.
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INTRODUCTION
The increase in the prevalence 

of overweight and obesity among 
children and adolescents is currently 
one of the main concerns in public 
health. The worldwide forecast for 
2015 regarding overweight and 
obesity prevalence among children 
aged 5 to 7 years was 15.0 % and 
5.4 %, respectively. This accounted for 
a 1.9 % increase in the overall excess 
weight prevalence from 2013 in this 
age group.1

In developed countries, in 2013, 
the prevalence of overweight was 
24 % and 23 % among boys and 
girls, respectively.2 These prevalence 
values corresponding to developing 
countries ranged from 8 % to 13 % in 
both males and females.3 In Chile, the 
latest national health survey found a 
39.8 % of overweight and a 31.2 % of 
obesity.4

In general, several studies based 
on obese children and adolescents 
demonstrated that they are less 
active and have a lower physical 
fitness than their non-obese peers. 
Actually, the relation among physical 
activity (PA), sedentary activity (e.g., 
watching TV), physical fitness, and 
obesity is not clearly established;3,5 
therefore, it is relevant to study the 
relation between relative handgrip 
strength (RHGS) and fat mass (FM) in 
pediatric populations.

P h y s i c a l  f i t n e s s  i s  a 
multidimensional physical concept 
t h a t  e n c o m p a s s e s  d i f f e r e n t 
components, such as cardiorespiratory 
fitness, strength, and muscle strength 
endurance, etc. It is also considered 
one of the most relevant markers of 
health6 and a predictor of morbidity 
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and mortality, in association with cardiovascular 
diseases and all causes of death.7 Physical fitness 
is partially a genetic determination, but it is also 
highly affected by environmental factors, such as 
regular PA and physical exercise and their main 
determining factors.3

Cardiorespiratory fitness and muscle fitness 
appear to have a combined cumulative effect on risk 
factors for cardiovascular disease in adolescents.6 
For example, García-Artero et al.8 confirmed 
that a high aerobic capacity in males and a high 
muscle strength in females were associated with 
a lower metabolic risk and that, for a specific 
cardiorespiratory fitness, an increased muscle 
strength level was associated with a lower metabolic 
risk in association with cardiovascular disease.

Steene-Johannessen et al.9 verified, in children 
and adolescents aged 9-15 years, that muscle 
fitness was negatively associated with metabolic 
factors after controlling for age, sex, and maturity 
status. Muscle strength is one of the components 
of physical fitness, which is considered a major 
factor in development during childhood and 
youth. It is the basis of game-related activities and 
social interaction with other children.

One of the most common ways to measure 
strength is handgrip strength (HGS) using a 
dynamometry, and has been shown to have a 
positive association with different medical 
conditions. A cross-sectional study verified that 
HGS was related to liver fat in adolescents with 
excess body fat.10 In addition, a longitudinal study 
conducted in adolescents after controlling for the 
effect of cardiorespiratory fitness, PA, and fat-
free mass established that HGS was significantly 
associated with metabolic risk.11

Based on this evidence, and due to the high 
prevalence of overweight and obesity observed 
in Chile, this study proposes the hypothesis of 
a potential negative association between HGS 
and FM as measured by a dual-energy X-ray 
absorptiometry (DXA) among Chilean children 
and adolescents. This information may be useful 
for health care providers working with pediatric 
populations, especially during puberty, because 
not all adolescents mature at the same rate and 
pace. Our objective was to analyze the association 
between HGS and FM among Chilean children 
and adolescents after controlling for the potential 
effect of somatic maturation.

METHODOLOGY 
Participants

A descriptive, correlational study was done in 

male and female students from the Maule Region 
(Talca, Chile) in 2016. Participants were children 
and adolescents aged ≥ 7.5 to ≤ 15.49 years who 
were randomly selected from 12 schools located 
in the urban area of the Maule Region (Chile). 
Those with physical limitations or who had 
prostheses and/or metal implants in their body 
were excluded.

For the assessment of the study outcome 
measures, each participant gave their assent and 
their parents, their informed consent. Permission 
was also requested to each school administration 
upon explaining the study objective. The study 
was approved by the Ethics Committee of 
Universidad Autónoma de Chile.

Assessments were done in an enclosed 
laboratory (22-24 °C) of the university, Mondays 
through Fridays from 8:30 a.m. to 12:30 p.m. 
All  students were taken to and from the 
assessments, and procedures were carried out 
by three providers who were duly trained on 
anthropometric outcome measures and DXA 
scanning.

Handgrip strength
H G S  w a s  m e a s u r e d  u s i n g  a  J A M A R 

hydraulic hand dynamometer (Hydraulic 
Hand DynamometerÒ, model PC-5030 J1, Fred 
Sammons, Inc., Burr Ridge, IL, USA). Accuracy 
was 0.1 lbf for both hands. The protocol proposed 
by Richards et al. was followed.12 Students 
were in a standard position with each hand. To 
control for the effects of fatigue, three attempts 
were performed by alternating the hands 
with approximately 2 minutes of rest between 
each attempt. The better measurement was 
recorded for each attempt with each hand. The 
measurements of both hands were added to 
obtain an overall HGS indicator.

Body size and maturity status
All somatic measurements were obtained by 

two experienced anthropometrists following the 
protocols described by Ross et al.13 Body weight, 
standing height, and sitting height were taken 
at the laboratory with participants wearing light 
clothing (T-shirt, shorts, and no shoes). Body 
weight was measured using a digital scale (Seca 
Gmbh & Co. KG, Hamburg, Germany) with an 
accuracy of 0.1 kg. Standing height was measured 
with a stadiometer (Seca & Co. KG, Hamburg, 
Germany) with an accuracy of 0.1 mm and a scale 
of 0 ± 2.50 m. Sitting height was taken using a 
wooden bench (50-cm-high) with a measurement 
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scale of 0-150 cm and an accuracy of 1 mm. 
All outcome measures were taken twice. The 
technical error of measurement (TEM) was 0.8 % 
to 2 % for all measurements.

Body mass index (BMI) [weight (kg)/height2 
(m2)] was also estimated. Maturity status was 
estimated based on years from peak height 
velocity (YPHV) using the anthropometric 
regression equation suggested by Mirwald et al.14 
This technique is widely used in Chile because 
it is not invasive and allows to assess maturity 
status in a cross-sectional manner.15

Body composition
A DXA (Lunar Prodigy, General Electric, 

Fairfield, CT) was done following the procedures 
described by Kelly et al.16 and the manufacturer’s 
instructions. All measurements were performed 
by a specialized technician. Before starting the 
DXA, the subject had to lie on the scanning table 
in a supine position, with their arms and legs 
parallel to the table. Their ankles were held with 
a Velcro fastening tape to ensure they remained 
in the standard position. Fat percentage and FM 
were recorded for this test.

To ensure DXA reliability, scanning was 
repeated shortly after the first test (on the 
same day) assessing 10 % of the sample every 
10 subjects. Inter- and intra-evaluator TEM 
showed values below 1.5 %. Overweight and 
obesity were defined based on body fat values 
obtained with the DXA with a cutoff point of 85th 
percentile for overweight and 95th percentile for 
obesity for each sex and age group.17,18

At the end of the project, the study results were 
reported to parents. Students who had a high risk 
were referred to specialized pediatricians for 
treatment.

Statistical analysis
Four age groups were established with a 

2-year interval. Group 1: 7.5-9.4 years; group 2:  
9.5-11.4 years; group 3: 11.5-13.4 years; group 4: 
13.5-15.4 years. RHGS was estimated by dividing 
HGS over body mass. After verifying data 
normality, a descriptive statistical analysis was 
performed to establish the arithmetic mean, the 
standard deviation, and the age and sex range.

A one-way analysis of variance (ANOVA) was 
done to analyze the difference between each age 
group in both males and females. An analysis 
of covariance (ANCOVA) was done to establish 
the differences in RHGS in relation to age group 
and sex between normal weight and obese 

participants, considering YPHV as a covariate. 
A partial correlation (Pearson) was done to 
analyze the relation between RHGS levels and FM 
percentage after controlling for YPHV.

RESULTS
Figure 1 shows the study sample selection 

process. Table 1 describes the arithmetic mean and 
standard deviation for the six studied outcome 
measures by sex and age group. No significant 
differences were observed between males and 
females across all outcome measures and age 
groups. Significant differences were only noted 
in YPHV across all age groups, and it was worth 
considering that girls had an advanced YPHV 
compared to boys. HGS increased with age in 
both males and females. Only boys from age 
group 4 reflected a significantly higher HGS than 
girls.

Table 2  shows the descriptive statistics 
(arithmetic mean and standard deviation) for FM 
percentage and obesity prevalence by age and sex. 
FM was used as a classification criterion.16 Mean 
FM values were high across all age groups in both 
males and females. In relation to the overall high 
prevalence of overweight and obesity, 53.6 % of 
participants were obese. In general, girls across all 
groups had higher FM values than boys.

Table 3 shows HGS relative to body mass 
(kg) for normal weight and obese children and 
adolescents by age and sex. RHGS was higher in 
the older age groups; therefore, it increased with 
age in both males and females. However, both 
boys and girls in group 3 showed a reduction, 
except for girls in groups 3 and 4 and boys in 
group 4. Normal weight participants had a 
significantly higher RHGS than obese ones.

Zero-order and partial correlations are shown 
in Table 4. In both cases, the effect of YPHV was 
controlled between RHGS and FM percentage 
(for age and sex). The correlations between 
both outcome measures were negative. The 
correlations were moderate; values were low and 
not significant only for groups 3 and 4 in girls and 
group 4 in boys.

DISCUSSION
HGS appears to be an adequate indicator of 

health because it is associated with lower risks 
for cardiovascular disease, both in adults and 
adolescents.6,8,11 Results suggest that FM percentage 
and RHGS as adjusted for body weight are 
negatively associated, and such association is even 
higher among younger age groups. In fact, both 
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CI: confidence interval; YPHV: years from peak height velocity.

Figure 1. Flow chart of the sample selection process

Population (n = 14 800)
Females (n = 6696) and males (n = 8184)

Sample 
(n = 1700)

Excluded 
(n = 15)

Final sample
n = 1685 (11.3 %) 

95 % CI (accuracy 0.05 %)

Females 
(n = 731)

Males 
(n = 964)

Age groups

1) YPHV (7.5-9.4 years)
2) YPHV (9.5-11.4 years)
3) YPHV (11.5-13.4 years)
4) YPHV (13.5-15.4 years)

Table 1. Statistics (arithmetic mean and standard deviation) corresponding to anthropometric outcome measures, years from 
peak height velocity (maturity status), and handgrip strength by age group and sex (n = 1685)

Age group Weight (kg) Height (cm) BMI (kg/m2) YPHV (years) HGS (kg)
 N 	 DE 	 DE 	 DE 	 DE 	 DE

Females
1 (7.5-9.4) 156 32.8 7.1 131.0 6.7 19.0 3.0 -3.2* 0.7 19.9 7.0
2 (9.5-11.4) 216 42.1 9.6 144.1* 8.0 20.1 3.4 -1.0* 0.9 25.8 8.1
3 (11.5-13.4) 191 52.1 11.5 154.1 7.2 21.9* 4.1 1.4* 1.0 35.2 14.3
4 (13.5-15.4) 168 58.4 10.8 158.0* 6.2 23.3* 4.0 3.5* 0.9 46.1* 12.1
Males
1 (7.5-9.4) 180 33.3 7.6 131.4 6.8 19.2 3.6 -4.7 0.4 20.2 8.5
2 (9.5-11.4) 213 41.4 11.6 140.1 15.9 20.5 3.9 -3.5 0.7 26.1 10.4
3 (11.5-13.4) 241 50.3 11.1 154.5 8.6 20.9 3.8 -1.9 0.8 34.5 14.1
4 (13.5-15.4) 320 60.1 12.4 165.1 8.5 22.0 3.9 -0.3 0.8 50.7 18.8

				: average; SD: standard deviation; BMI: body mass index; *: significant difference compared to males;  
YPHV: years from peak height velocity (maturity status); HGS: handgrip strength.

X X XXX

X
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male and female adolescents in group 4 did not 
show any significant correlation after weighting 
the effect of maturity status. These findings are 
consistent because of the high prevalence of obesity 
observed at an early age and its reduction at an 

older age. In addition, the results of this study are 
similar to those observed in the bibliography.17

In general ,  studies have analyzed the 
association between RHGS and body composition 
using indirect measurements, especially BMI. 

Table 4. Zero-order and partial correlations by age group and sex after controlling for the effect of years from peak height 
velocity between fat mass percentage and relative handgrip strength (n = 1685)

Age groups Zero-order correlation Partial correlation (YPHV)
 r p r p

Female    
1 (7.5-9.4) -0.26 0.015 -0.31 0.004
2 (9.5-11.4) -0.48 < 0.001 -0.45 < 0.001
3 (11.5-13.4) -0.01 0.068 0.02 0.062
4 (13.5-15.4) -0.12 0.078 -0.09 0.074
Male    
1 (7.5-9.4) -0.28 0.003 -0.30 0.001
2 (9.5-11.4) -0.45 < 0.001 -0.44 < 0.001
3 (11.5-13.4) -0.14 0.059 -0.16 0.037
4 (13.5-15.4) -0.18 0.076 -0.04 0.065

r: Pearson correlation; YPHV: years from peak height velocity (maturity status).

Table 2. Descriptive values for fat mass percentage and prevalence of obesity by age group and sex (n = 1685)

Age groups Fat mass (%)  Obesity prevalence
  SD (%)

Females   
1 (7.5-9.4) 35.3 6.1 93.6
2 (9.5-11.4) 35.0 6.7 69.0
3 (11.5-13.4) 33.5 6.9 49.2
4 (13.5-15.4) 35.6 6.1 54.2
Total  35.2 6.4 65.7
Males   
1 (7.5-9.4) 30.8 7.5 72.2
2 (9.5-11.4) 32.8 7.8 59.2
3 (11.5-13.4) 27.3 8.6 31.5
4 (13.5-15.4) 23.8 8.6 28.4
Total  26.1 8.7 44.3
Total for both 29.7 9.0 53.6

   : average; SD: standard deviation.

X

X

Table 3. Descriptive values for handgrip strength relative to body weight (kg) for normal weight and obese children and 
adolescents by age and sex (n = 1685)

Age groups (years) Normal weight Obese Both
  SD  SD p  SD

Female       
1 (7.5-9.4) 0.75 0.3 0.59 0.19 0.020 0.60 0.20
2 (9.5-11.4) 0.73 0.22 0.59 0.19 < 0.001 0.63 0.21
3 (11.5-13.4) 0.69 0.27 0.70 0.25 0.078 0.70 0.26
4 (13.5-15.4) 0.83 0.24 0.77 0.17 0.082 0.80 0.21
Male       
1 (7.5-9.4) 0.7 0.34 0.57 0.22 0.030 0.61 0.27
2 (9.5-11.4) 0.74 0.24 0.57 0.19 < 0.001 0.64 0.22
3 (11.5-13.4) 0.72 0.3 0.65 0.26 0.020 0.70 0.29
4 (13.5-15.4) 0.85 0.33 0.88 0.23 0.3996 0.86 0.31

   : average; SD: standard deviation.X

X X X



Muscle strength and body fat percentage in children and adolescents from the Maule region, Chile  /  325

Unlike a DXA scan, BMI includes all body mass 
compartments (FM and fat-free mass). Probably 
for this reason, some studies indicate a positive 
association between BMI and RHGS because, in 
general, muscle mass is not excluded.17-19 Actually, 
Jürimäe et al.20 confirmed that height was the most 
important anthropometric outcome measure related 
to HGS, compared to weight and BMI, possibly 
because this factor showed a greater relation to 
fat-free mass. This research study analyzed the 
association after adjusting RHGS to body weight.

In addition,  a recent study conducted 
by Cohen et  al . 21 showed that RHGS was 
inversely associated with different risk factors 
for cardiovascular disease in children with 
excess FM, but not in those with a normal FM 
percentage. In this regard, Ramírez-Vélez et al.10 
recently demonstrated that RHGS in children 
and adolescents was associated with deposits of 
fat in the liver of children with excess FM. These 
results somehow support the evidence observed 
in our study, although in order to confirm these 
findings, a longitudinal study is required. In 
reality, in our study, children and adolescents 
with a higher FM had lower RHGS levels.

Therefore, most likely, regular PA levels are 
a determining factor in the relation between 
RHGS and FM. Future studies should consider 
the assessment of PA patterns and energy 
expenditure in both groups (normal weight and 
obesity). This information may help to analyze the 
results of this study more clearly.

The prevalence of obesity measured as per 
FM percentage (DXA) is very high (53.6 %); 
and according to some studies, it is above the 
85th percentile.16,22 These findings are consistent 
with the prevalence of overweight and obesity 
observed in the most recent national health 
survey,4 based on BMI as per the World Health 
Organization (WHO), which accounted for 71.2 % 
(39.8 % for overweight and 31.2 % for obesity).

RHGS for both hands was lower across all age 
groups and in both males and females compared 
to the standards published by McQuiddy et al.23 
This information is similar to that reported in 
other studies, where RHGS was higher in older 
children18,23 and increased with age and, most 
likely, with biological maturation, especially 
associated with a greater increase in muscle mass 
in males.3 Probably for this reason, significant 
differences were only observed between boys and 
girls in age group 4, because, as of 10-11 years old, 
HGS increased much more among males than 
females.17,24 In fact, Clary et al.,25 who studied 

developmental changes and the predictability of 
static strength in subjects with different maturity 
statuses, showed that HGS was higher among 
children who had achieved maturity in an early 
manner between 13 and 16 years old.

This study corroborated that HGS relative to 
body weight increases with age, except among 
participants between 11.5 and 13.4 years old, 
whose values were lower (higher among females). 
This age period may coincide with the onset 
of puberty during the biological growth and 
maturation process, which may actually affect 
body composition and strength levels in general.

Some strengths of this study worth noting are 
that sample selection and size are relevant and 
allow to generalize results to similar populations 
in Chile. In addition, a weakness of the study 
that should be noted is its cross-sectional design, 
which hinders the possibility of explaining causal 
relationships.

CONCLUSION
RHGS was confirmed to be negatively 

associated with FM in children and adolescents 
after controlling for the effect of maturity status. 
Future longitudinal studies are required to verify 
such findings. n
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