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ABSTRACT

Background And Objective: Many activities of daily living involve the use of the hands with various
hand grips for doing tasks. The nutritional status can influence the muscle quality and so, the muscle
strength. The association between the muscle strength and underweight and the muscle strength and
overweight/obesity were studied separately by many researchers, but very few studies have investigated
the longitudinal assessment of the BMI with the muscle strength in various BMI ranges in children.
Therefore, the purpose of the study was to determine whether BMI is associated with hand grip and
pinch grip strength in typically developing children of 6-12 years of age. The objective of the study was
to analyse the correlation between BMI with hand grip strength and pinch grip strength.

Method: Total 330 typically developing school-going children from 6-12 years were taken. BMI
percentile was measured according to their age, height, and weight. Hand grip strength and Pinch grip
strength were measured.

Result: Spearman correlation test was used to analyse the data. A significant and weak positive
correlation was found between BMI percentile and Hand grip strength(p<0.05). A significant and very
weak positive result was found between BMI percentile and Pinch Grip strength.

Conclusion: The study leads to the conclusion that There is weak positive correlation between BMI
percentile and HGS. There is very weak positive correlation between BMI percentile and PGS There is
strong correlation between HGS and PGS.

Keywords: BMI, Hand grip strength, Pinch grip strength, school-age children.

INTRODUCTION

Nutrition pattern distribution in Indian
children is sliding from undernutrition to
dual nutrition burden. ™2 Dual burden is
unique problem where at one end of the
spectrum have obesity and overweight and
while at the other end have malnutrition and
underweight. Since the amount of body fat
per se is difficult to determine exactly, for
practical use, the body mass index (BMI)
being an quick screening tool is used to track
obesity, overweight, normal weight and
underweight in children. B4 Calculating BMI
in children is distinct from that of adult, as it
is dependent not only on height and weight,

but also age and gender, owing to the
variation in maturing body. Therefore, in
children, BMI is calculated and compared
with others of same age to determine the
percentile of age.’! Centre for diseases
control and prevention (CDC) defined BMI
categories as percentile in children. Centre
for diseases control and prevention (CDC)
charts classify underweight as less than the
5th percentile, healthy weight as 5th
percentile to less than 85th percentile,
overweight as 85th to less than the 95th
percentile and obese as 95th percentile or
greater.’l Motor capacity can be defined as
the quality of coordinating a person's
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movements when performing motor skills
ranging from gross motor skills to fine motor
skills.l®! Nutrition and weight status of an
individual can influence the muscle quality
and so, the muscle strength.["3% Decreasing
nutrient intake leads to a loss of body-wide
protein, which is preferentially lost in muscle
mass, the body's largest store of protein.
Since muscle function is closely correlated
with total body protein, somatic cell mass,
anthropometric arm muscle mass, and even
body mass index (BMI), weight loss and
obesity inevitably lead to decreased muscle
strength.[%1% Decreased muscle strength in
underweight can also be explained on the
basis of the energy deficiency.[**IConversely,
Obese subjects have been shown to possess
fewer type | and more type Il1b muscle fibers
than lean people, as fat mass correlates
inversely with type | fibers and positively
with type 11 fibers. ® Thus, reduced muscle
function may be directly impacted by delays
in fine motor, gross motor, and cognitive
development in early childhood. B2 The
handgrip strength has evolved as an
important tool for the assessment of the
nutritional status; it is being considered as a
reliable  marker ~ of the  muscle
quality.B*%3lAlong with hand grip strength
pinch grip strength is important so that Hands
can perform heavy activities and also enable
to perform extremely gentle, skilful, and
precise activities. Inadequate hand grip
strength and pinch grip strength may lead to
functional limitations which can lead to a
reduction in essential daily life activities and
affects the quality of life, as hand function is
important for most fine motor activities
involving the upper extremities, such as
eating, writing, carrying, lifting objects,
opening or closing doors, etc.l’® The
equipment used for the evaluation of hand
strength consisted of two dynamometers:
Baseline® hydraulic dynamometers
(r=0.9997) for the measurement of palmar
grip strength and Baseline® pinch gauge
(r=0.9998) for the measurement of pinch
grip.l'% Most of the previously done studies
focus exclusively on gross motor skills when
examining the link between motor

competence and weight status in children.
(14151 However, fine motor skills are equally
important and can be seen as prerequisites to
successfully engage in activities of daily
living. Also, most of these studies are done in
either the adult or the old population.*® The
association between muscle strength and
underweight and muscle strength and
overweight/obesity has been  studied
separately by many researchers, but very few
studies have investigated the evaluation of
BMI with muscle strength in different BMI
ranges. To our knowledge, there is no study
conducted regarding the possible weight
related differences in hand grip strength and
pinch grip strength in conduct to fine motor
efficacy. Therefore, the aim of this study was
to investigate the correlation between grip
strength and grip strength when considering
fine motor strength with different BMI
percentiles in 6 to 12 years of children.

METHOD

Ethical clearance was obtained from
institutional ethical committee. School going
Children were screened according to the
inclusion and exclusion criteria. Nature and
purpose of the study was explained to the
subject in detail, in the language they
understood. All the subjects acknowledged
their understanding of the study and their
willingness to participate by providing
signed assent form. Assent form was signed
from parents/ guardian/ child for the
participation of the children following
inclusion and exclusion criteria of the study.
This study included typical developing
children from 6-12 years of age of both male
and female gender and falling under all BMI
subgroup criteria. The study excluded
children with any history of upper limb
fracture in past 3 years or any upper limb
deformity or involved in any active muscle
training exercise for upper limb or had any
neurological, cardiovascular or
musculoskeletal disorders, A total of 330
subjects both boys and girls from age group
6-12 years were taken. The height of the
selected children was measured using
stadiometer and the weight was measured
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using analog weighing machine. Based on
CDC (centres of diseases control and
prevention) criteria BMI was further
calculated and children were subcategorized
in to 4 groups that is underweight, normal
weight, overweight and obese. Hand grip
strength and pinch grip strength were
measured for all 4 groups using baseline
hydraulic hand dynamometer and baseline
pinch gauge respectively. Verbal instructions
were given while measuring the grip
strengths. Hand grip strength were first
performed followed by pinch grip strength.
An average of 3 trials were recorded for both
the instruments. Adequate rest periods
between the trials were provided to avoid the
muscle fatigue.

RESULT
The statistical software SPSS version 20.0
was used for the analysis of the data and

Microsoft word and excel have been used to
generate graphs and tables.

Total 330 subjects participated in the study of
age 6-12 years from which 151 were female
and 179 were males.

Graph 1: Gender distribution

Gender Distribution
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(Graph 1 shows gender distribution of
subjects in which 45.8% were female and
54.2% were male.)

Graph 2: Age distributions of the subjects
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(Graph 2 shows different age groups taken in the study and the no of subjects present in each

age group.)

Graph 3: Hand dominance of the subjects

Hand Dominanace
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(Graph 3 shows out of 330 subjects 80.3 percent were right handed and 19.7 percent were left

handed)
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Graph 4: BMI categories wise distribution of the subjects
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(Graph 4 shows out of 330 subjects 13.6% were overweight, 23% were under weight,49.1%
were normal weight and 14.2% were obese.)

Table 1: Descriptive Statistics according to BMI Categories

Under Weight Normal Weight Overweight | Obese
N Mean SD N Mean SD N | Mean SD N | Mean SD
Age 76 8.34 211 | 162 9.42 2.06 | 45 9.53 202 | 47 8.96 1.79
Height | 76 | 127.20 | 12.93 | 162 | 135.85 | 13.66 | 45 | 135.92 | 11.98 | 47 | 132.98 | 15.20
Weight | 76 | 21.11 533 | 162 | 32.70 | 13.84 | 45 | 38.14 9.36 | 47 | 45.15 | 11.74
BMI 76 148 1.03 | 162 | 46.57 | 27.40 | 45 | 89.47 2.95 | 47 | 97.65 1.33
HG 76 6.16 3.96 | 162 | 10.57 6.74 | 45 | 10.31 457 | 47 9.68 4.77
PG 76 3.09 0.87 | 162 3.97 1.18 | 45 4.31 3.65 | 47 3.38 1.12

(Table 1 shows mean and SD for variables in BMI categories of the subject.)

Table 2: Age wise descriptive Statistics.

Age No of subjects | Mean | Std. Deviation
6 HG 52 3.54 2.10
PG 52 2.46 0.66
7 HG 37 6.53 3.26
PG 37 2.97 0.68
8 HG 48 7.38 2.89
PG 48 3.41 0.92
9 HG 37 7.99 2.77
PG 37 3.38 0.86
10 | HG 52 10.32 3.59
PG 52 4.38 3.31
11 | HG 47 12.11 4.85
PG 47 4.33 1.02
12 | HG 57 16.00 7.73
PG 57 4.81 0.99

(Table 2 shows mean and SD for HGS and PGS in different age groups of the subject.)

Table 3: Gender wise descriptive Statistics.

Descriptive Statistics
Gender No of subjects | Mean | Std. Deviation
Male HG 179 9.74 5.13
PG 179 3.94 212
Female | HG 151 8.95 6.77
PG 151 3.48 1.07

(Table 3 shows mean and SD for HGS and PGS in both the gender groups of the subject.)

Table 4: Correlation of BMI percentile with hand grip strength
TEST N | r-value | P value
Spearman correlation | 330 | 0.282 P<0.05
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Graph 5: Correlation of BMI percentile with HGS
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(Table 4 and graph 5 shows there is weak positive and significant correlation between BMI and
hand grip strength.)

Table 5: Correlation of BMI percentile with pinch grip strength
TEST N r-value | P value
Spearman correlation | 330 | 0.160 P<0.05

Graph 6: Correlation of BMI percentile with PGS
Correlation of BMIPercentile with PG
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(Table 5 and graph 6 shows there is very weak positive and significant correlation between

BMI and pinch grip strength.)
Table 6: Correlation of HGS and PGS

Correlations
HG PG
Spearman's rho | HG | Correlation Coefficient | 1.000 | .818™
Sig. (2-tailed) <0.001
N 330 330
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Graph 7: Correlation of HGS with PGS
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(Table 6 and graph 7 shows there is strong positive and significant correlation between hand

grip strength and pinch grip strength.)

DISCUSSION

Childhood  underweight along  with
overweight and obesity is a growing
epidemic in developing countries. Weight
status can alter the muscle quality and also
the muscle strength. /8]

In order to cope with the demands of daily
life, full function and adequate strength of the
hand is necessary. The hand is a complex and
well differentiated musculoskeletal structure
which has the largest representation in the
nervous system in relation to its size.[*”]

One of the important functions of hand is the
ability to grip an object. If the ability to hold
the object is hampered then performance of
activities of daily living is affected.['%

Hand grip strength testing is suggested as a
component of the physical fitness test,
because hand grip strength can be used to
assess the general muscle strength.*8]

Given the previous study mostly focused on
BMI and gross motor efficiency in children,
The primary purpose of this study was to

pinch grip strength in school aged children
falling either in underweight, normal weight,
overweight and obese children.

Our secondary aim was to examine weather
hand grip strength and pinch grip strength
mean scores differs according to weight
status of the child.

In our study total 330 children (151 female
and 179 male) of 6-12 years of age were
taken. The choice of minimum age for the
study was based on the concept of normal
psychomotor chronological development.
Mean age of underweight, normal weight,
overweight and obese was 8.34+2.11,
9.42+2.06, 9.53+2.02 and 8.96+1.79
respectively.

Considering dominancy of hand in the study,
80.3% of the subjects were right-handed and
19.7% were left-handed. Handedness of the
subject was check by asking them to write
their name into the Paper.

Differentiation the subjects into the different
BMI percentile categories, our study had

investigate the association between BMI 23% underweight subjects,49% normal
percentile with hand grip strength as well as
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weight subject, 13.6% of overweight subjects
and 14.2% obese subjects.

Mean BMI percentile for underweight,
normal weight, overweight and obese was
1.48+1.03,46.57 £27.40,89.47+ 2.95 and
97.65+ 1.33 respectively.

Mean HGS scores for underweight, normal
weight, overweight and obese was
6.16+£3.96, 10.57 %6.74, 10.31+ 4.57 and
9.68+ 4.77 respectively.

Mean PGS scores for underweight, normal
weight, overweight and obese was 3.07+0.8,
3.97 £1.18, 431+ 3.65 and 3.38+ 1.22
respectively.

As already stated in previous studies on
children by Ager et al. 1984; Broadhead et al
1974 that there is positive relationship
between hand strength and age, similarly we
also found that both grip and pinch strength
increases steadily with chronological age,
and males have consistently higher mean of
HGS score and mean of PGS scores than
females within each age group. [
Mohammadian M et al. 2014 also found that
there are significant differences in the pinch
grip strength of males and females which can
be due to differences in gender specific
muscle fibers Y1 Prajakta Namjoshi et al
2017 showed that palmar pinch grip strength
is more in males than in females.[??]

Results in the present study demonstrated
that that percentile has a weak positive
significant association with hand grip
strength and very weak positive significant
association with pinch strength (p< 0.05).
This suggest that as BMI increases the hand
grip strength and pinch grip strength in
children will increase.

Supporting our results, same significant
positive association was found by Apovian et
al 2002 he stated that greater hand grip
strength is related to the higher BMI. 2]
Duman C, Subasi et al 2020 researched
Effects of Pinch, Grip and Upper Extremity
Muscle Strength on Fine Motor Skills and
showed that all parameters of the upper
extremity such as grip strength, pinch
strength and fine motor skills were related to

correlated negatively with fine motor
movement. 4]

Reason that the hand muscle strength is
negatively related with the fine motor skills
could be because Muscles that control fine
movements and require precise but low
strength have fewer fibers per motor unit,
while the large muscles that control gross
motor movements requiring greater strength
may contain greater numbers of muscle
fibers.12%]

Same results have been repeatedly shown by,
Nikolaidis et al 2012 that bilateral grip
strength was positively associated with BMI
in sports population. 26 Keevil VL et al 2015
also suggested that larger overall body mass,
indicated by higher BMI, is associated with
stronger grip strength?”l Kun-Hsi Liao et al
2016 conducted a study which included 200
participants who were divided into three
groups based on their BMI. HGS was
assessed using a hand-held Jamar
dynamometer, and showed that there were
significant differences in hand grip strength
among low, medium, and high BMI subjects.
He also stated that gender was the most
significant factor affecting HGS.[?®!

Contrast to our result many research has
suggested that negative association of BMI
with grip strengths. (Kristina norman et al
2011, Windsor Ja et al 1988) reported that
reduction nutritional intake results in
compensatory loss of whole-body protein,
most likely from muscle. Starvation results
into significantly lower grip strength and
%Igg]red adductor pollicis muscle function.
A study conducted by Tanner CJ et al 2002
stated that obese subjects have been shown to
possess fewer type 1 and more type 2b
muscle fibers. As fat mass corelated
inversely with type 1 fibers and positively
type 2 fibers, these structural changes in
muscle are suggested to reflect loss of
contractile elements. "]

From the previous studies taken up by Massy
et al 2011, he stated that “The chronically
undernourished groups have significantly

each other. While grip strength and pinch lower handgrip strength  than the
strength had a positive correlation, they  underweight  groups,”  both  being
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[3

significantly less strong than the “well-
nourished” groups of BMI higher than
18.5.51

Ravishakar P et al 2005 also found that hand
grip strength was highest in normal weighted
children when compared with other BMI
groups.t2

S. Pieterse et al 2002 in his study he
concluded that that Handgrip strength was
positively correlated to BMI (body mass
index) and AMA (arm muscle area). The
relative risk of impaired handgrip strength in
individuals with poor nutritional status
(BMI<18.5 kg/m?) compared with those of
adequate nutritional status. After controlling
for potential confounders (gender, age and
height), BMI remained a significant
contributor to the variation in handgrip
strength we also assume that the overall
positive and  statistically  significant
association between BMI percentile and
hand grip strength and pinch grip strength
could be due to large number of normal
weighted subjects.[*®]

When correlating hand grip strength and
pinch grip strength in our result we found that
both have significant strong positive
correlation (p<0.01) which is similar to this
was found by Alahmari KA et al 2019 in
which BMI (r = 0.33 (M), 0.41 (F)) was
significantly correlated with HGS in both
boys and girls.3!

This study concludes that BMI percentile has
weak positive association with the hand grip
strength and BMI percentile has very weak
positive association with pinch grip strength
in typically developing children from 6-12
years of age.

CONCLUSION

Our study leads to the conclusion that, there
is weak positive correlation between BMI
percentile and HGS and There is very weak
positive correlation between BMI percentile
and PGS. Besides there is strong correlation
between HGS and PGS.

Future Recommendations
Future studies can be done with equal
number of subjects for BMI percentile each

category or with large number of sample size
along with bifurcation of the age groups for
more accurate results can be done. Also,
Correlation of functional fine motor skills
with hand grip strength and pinch grip
strength can be carried out to get more in-
depth knowledge regarding hand strength
and ADL activities of child.
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