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ABSTRACT

Objective To examine the role of dietary intake and
physical activity in muscle strength among adolescents.
Design Cross-sectional analysis.

Setting The Malaysian Health and Adolescents
Longitudinal Research Team (MyHeART) study.
Participants Fifteen-year-old secondary school children
who have given consent and who participated in the
MyHeART study in 2014.

Primary outcome measure Muscle strength was
measured in relation to dietary intake (energy and
macronutrients) and physical activity by using a hand grip
dynamometer.

Results Among the 1012 participants (395 male; 617
female), the hand grip strength of the males was higher
than that of the females (27.08 kg vs 18.63 kg; p<0.001).
Also, males were more active (2.43vs2.12; p<0.001)

and consumed a higher amount of energy (2047 kcal vs
1738 kcal; p<0.001), carbohydrate (280.71 g vs 229.31¢;
p<0.001) and protein (1.46 g/kg body weight (BW) vs
1.359/kg BW; p<0.168). After controlling for ethnicity,
place of residency and body mass index, there was a
positive relationship between hand grip strength and

the intake of energy (r=0.14; p=0.006), carbohydrate
(r=0.153; p=0.002) and fat (r=0.124; p=0.014) and the
physical activity score (r=0.170; p=0.001) and a negative
relationship between hand grip strength and the intake of
protein (r=—0.134; p=0.008), for males. However, this was
not observed among females.

Conclusions Energy, carbohydrate and fat intakes and
physical activity score were positively correlated with
hand grip strength while protein intake was negatively
correlated with hand grip strength in males but not in
females.

INTRODUCTION

Recent research has paid much attention
to poor muscle strength among adolescents
and its association with adverse health-related
outcomes, including cardiovascular disease,1
poorer metabolic profile,”™* obesity’ © and
musculoskeletal pain’ as well as premature

Strengths and limitations of this study

» The main strengths of this study are that it used a
large sample of adolescents and the standardised
measurement of muscle strength.

» This study is also the first to investigate the associ-
ation between dietary intake, physical activity and
muscle strength among adolescents in Asia.

» The main limitations of this study are that the sample
covers a limited age range and the cross-sectional
design of the study does not allow any causality
interpretations.

death from any cause.! Furthermore, a
cross-sectional study among adolescents in a
city in southern Brazil reported a prevalence
of low muscle strength of 47% among the
study population.® Moreover, most studies
have suggested that there is a declining
trend of muscle strength among adolescents
over time”"® except for a study conducted
in Colombia'” that indicated otherwise. The
study in Colombia, a middle-income country,
also found that adolescents have a lower
hand grip strength compared with those in
high-income countries.'” Similarly, a prelim-
inary finding from the Malaysian Health and
Adolescents Longitudinal Research Team
(MyHeART) study showed that Malaysian
adolescents have a lower hand grip strength
than those in other countries.” '* 1° However,
it was not possible to categorise the hand
grip strength of Malaysian adolescents based
on the cut-off values used® as there were no
available normal values for Asian adoles-
cents. Moreover, the published cut-off values
should not be used as the reference standard
for Asian populations because most Asians
are not able to achieve the published cut-off
values.'®
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Issues pertaining to unhealthy dietary intake'” and
low physical activity'® among adolescents are well docu-
mented worldwide. In fact, dietary intake and/or low
physical activity are increasingly recognised to be modi-
fiable health-related behavioural determinants of muscle
strength among adolescents.'” '*! The results reported
by population-based cohort studies regarding the effect
of energy and macronutrient intake are limited at this
point in time." ** For instance, a cross-sectional study
that was conducted among European adolescents found
that specific amino acids are associated with muscle
strength; however, when carbohydrate is controlled for,
these relationships disappear.”” Another cohort study
from India in which pregnant women and children
were given a balanced protein-calorie supplementa-
tion and the children were followed up at adult stage
also emphasised the importance of an adequate energy
intake in order to increase muscle strength. The cohort
study also found that energy intake and physical activity
are positively associated with muscle strength.” Further-
more, an experimental study on adolescents found that
milk supplementation with resistance training does not
change body composition.*> However, the authors argued
that it could be due to energy intake playing a vital role
in the relationship between body composition, resistance
training and the effect of these factors on both muscle
mass and strength.*

In view of the changes that take place in the skeletal
muscle in response to energy and macronutrient intake
particularly carbohydrate and protein intake, in normal
physiology,®* it is worthwhile to further investigate the
relationship between dietary intake, particularly energy
and macronutrients, and muscle strength. While previous
studies have provided some evidences to demonstrate
that low level of physical activity® * and being overweight®
are associated with low hand grip strength, there was
only a study by Gracia-Marco et al” that has evaluated
the effect of amino acids (dietary protein) and physical
activity on hand grip strength. It seems that no study has
evaluated the influence of dietary intake and physical
activity on hand grip strength among adolescents specifi-
cally. Thus, the relationship between dietary intake, phys-
ical activity and muscle strength among adolescents is not
yet well understood. Moreover, to the best of the authors’
knowledge, only a limited number of studies have investi-
gated the association between hand grip strength, dietary
intake and/or physical activity among adolescents, partic-
ularly in Asia. Therefore, the purpose of this paper is to
examine the association between hand grip strength,
dietary intake and physical activity among adolescents in
Malaysia.

METHODS

This cross-sectional study is a secondary analysis of data
derived from the first follow-up of the MyHeART study.
The population for the current study was composed
of 15-year-old adolescents attending public secondary

schools in the central and northern regions of Penin-
sular Malaysia. The sampling method used was multi-
stage random sampling. The primary sampling units were
the schools and the secondary sampling units were the
students. In the first stage, the study frame was a complete
list of public schools in the two aforementioned regions
from which a total of 15 public secondary schools were
selected. In the second stage, the defined study popu-
lation was selected from a complete list of Form Three
students in each of the selected school. Full details of the
original MyHeART study protocol have been published
elsewhere.”

An information sheet and consent forms were given
to the students and their parents/guardian prior to
recruitment. Participation in the study was on a volun-
tary basis. In 2014, 1230 adolescents were recruited for
the MyHeART study. Out of the total participants in 2014,
1012 (82.3%) were included in the analysis for this paper.
A flowchart of the sampling procedure used to select the
participants for this study is provided in figure 1.

Subsequently, formal approval was obtained from the
Ministry of Health and Ministry of Education and then
approval was sought from the relevant state-level admin-
istrative authorities before approaching the Headmasters
and Headmistresses of the selected schools.

The data collection was conducted by the MyHeART
team, which was led by the principal investigator. The
team consisted of 20 research assistants (medical doctors,
nurses and dietitians) who collected the data at various
stations such as anthropometry, hang grip strength and
dietary stations. The data were collected between March
and May in 2014. Prior to conducting data collection,
the principal investigator provided orientation and
training sessions for the research assistants in order to
familiarise them with the objectives and methodology of
the study as well as hands-on practice in measuring the
anthropometrics and hand grip strength. In addition, the
research assistants who were dietitians received training
on how to conduct the 7-day diet history using stan-
dardised portion of food and how to translate the diet
history into a coding sheet in order to ensure the consis-
tency and quality of the collected data.

Muscle strength

Hand grip strength has been shown to have moderate to
strong validity and high reliability in tests for upper body
and lower body strength in adolescents.”” Moreover, hand
grip strength has been found to be valid, reliable and
feasible for school setting.”® Therefore, muscle strength
was assessed by using hand grip strength. A calibrated
hand dynamometer (Jamar; Sammons Preston Rolyan,
Bolingbrook, Illinois, USA), whose unit of measurement
is the kilogram, was used in the assessment of hand grip
strength. The strength of the dominant and the non-dom-
inant hand was recorded. Prior to the measurements
being taken, the dynamometer was calibrated. Then, it
was adjusted for different hand sizes. Participants were
gathered in a hall. The hand grip strength measurement
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1251 Form Three students agreed
to participate in the study

h

21 did not participate in the study on the day of data
“|collection.

1230 participants available on the
day of data collection

¥

1088 participants provided all

74 excluded becanse they did not take part in the hand
grip strength assessment

|67 excluded becanse they did not complete the seven -day
"| diet history booklet

1 excluded because the participant did not complete the
PAC-Q) questionnaire

required information

76 excluded due to implansible energy intake

k4

1012 participants’ data was
anal ysed for this study

Figure 1

was taken in the morning before afternoon (between
10:00 and 12:00). Each participant was positioned in a
straight back chair with both feet flat on the ground. The
elbow was flexed to 90 degrees with forearm and wrist in
neutral position. The measurement began with the domi-
nant hand once the dominant hand was identified. The
measurement was followed by the non-dominant hand.
The dominant and non-dominant hands of the partici-
pants were each tested three times and the readings
were recorded to the nearest 0.1 kg.29 The average of the
three readings for the dominant hand was used in anal-
ysis. All the measurements were done by trained research
assistants.

Dietary intakes

Dietary intake was assessed by using a 7-day diet history.
The diet history is the best method by which to estimate
adolescents’ intakes because they can better recall what
they have eaten and drunk and this history can thus
reveal more accurate information about their overall
intakes.” This method also shows less variation in dietary
assessment from the epidemiological perspective’ and is
more representative of adolescents’ habitual intakes than
other methods.™ *® The 7-day diet history was collected
by trained research assistants who were qualified dieti-
tians. The Nutrient Composition of Malaysian Food (fourth
edition)* was used to calculate energy and macronutrient
intakes and the values were entered into the Nutritionist
Pro database (Axxya Systems, Stafford, Texas, USA).34

Flowchart of the participant sampling procedure. PAQ-C, Physical Activity Questionnaire for Older Children.

The intakes from food items and recipes that could not
be found in the Nutrient Composition of Malaysian Food were
calculated on the basis of the details provided by the food
packaging and the recipe. These calculations were then
entered into the database by adjusting them based on
standard recipes (per serving size). After the diet history
had been analysed, 10% of the data were randomly cross-
checked by an independent qualified dietitian who was
not involved in analysing the dietary data. The margin
of error was 4.4%. It was seemed acceptable as it has
been stated that a 10% margin of error is acceptable.35
Total of 76 participants with implausible energy intakes
(<500kcal/day or >5000kcal/day) were excluded from
this analysis.‘%

Physical activity score

A Malay version of the validated Physical Activity Question-
naire for Older Children (PAQ-C) consisting of 10 items
was used to obtain the physical activity level of the adoles-
cents over the past 7 days. The PAQ-C questionnaire has
been shown to be valid and to have good internal consis-
tency.”” ™ The translated version has been validated in
a local setting.”” The first item in the questionnaire was
used to assess the type and frequency of sports and/or
dance activities in which the adolescents took part. The
second to eighth were used to assess the activity of the
adolescents during physical education classes, recess,
lunchtime, immediately after school, in the evenings, at
the weekend and during leisure time. A five-point Likert
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scale 1 (lowest) to 5 (highest) was used for the second to
eighth items. The ninth item was used to assess their phys-
ical activity frequency. The 10th item was used to gather
information on any unusual activities that the adolescents
undertook during those 7 days. The results obtained
from the PAQ-C were categorised following Crocker
et al' (1997) into low (<2.33), moderate (2.33-3.66) and
high (>3.66).

Anthropometric measures

Body weight was measured by using a digital electronic
weighing scale (Seca 813; Seca, Birmingham, UK) and
recorded to the nearest 0.1kg. Height was measured
without socks and shoes by using a calibrated vertical
stadiometer (Seca Portable 217; Seca) and recorded to
the nearest 0.1 cm. Body mass index (BMI) was calculated
as weight in kilograms divided by the square of height
in metres. Waist circumference (midpoint between the
lowest rib margin and the iliac crest) was measured by
using a non-elastic measuring tape (Seca 201; Seca) and
recorded to the nearest 0.1 cm. Percentage body fat was
measured by using a bioelectric impedance analyser
(SC-240 Body Composition Analyser; Tanita Europe BV,
Amsterdam, The Netherlands).

Sociodemographic measures

Sociodemographic measures were collected via parental
and student questionnaires which included questions on
age, ethnicity and place of residency.

Statistical analyses

Analyses were performed using the SPSS software for
Windows V.22.0, and the significance level was set at p
value <0.05. The analyses were performed separately
by gender. Normality and skewness tests were used to
assess normal distribution. All variables showed a normal
distribution, except for weight, waist circumference
and BMI. Data were presented as means and SD for
normally distributed continuous variables, medians and
IQRs for non-normally distributed continuous variables
and percentages for categorical variables. The indepen-
dent t-test was used to examine gender differences for
normally distributed variables and the Mann-Whitney U
test was used for non-normally distributed variables. The
association between hand grip strength and (1) energy
intake, (2) macronutrient intake and (3) physical activity
score was assessed by using Pearson’s correlation coeffi-
cient. The hand grip strength of the dominant hand was
entered as the dependent variable and (1) energy and
macronutrient intake and (2) physical activity score were
entered as the independent variables while controlling
for ethnicity, place of residency and BMI. BMI was chosen
as the covariate despite there being several other indica-
tors of obesity because BMI is able to discriminate body
fatness in adolescents.*? In addition, linear regression was
used to investigate whether dietary intake and physical
activity could predict hand grip strength when controlling
for ethnicity, place of residency and BMI.

Patient and public involvement

This is a prospective adolescent cohort study from general
population; therefore, there was no patient involvement
in this study. In this study, all eligible students were briefed
on the purpose of the study, the benefits of the study and
any potential harm for them. The individual results such
as weight, height, waist and hip circumference, and hand
grip strength were recorded into individual health infor-
mation leaflets, and this information was given back to
the students on the same day of data collection. Once
other results on full blood counts, renal profile, fasting
blood glucose and lipid profile were returned to the
investigators, the results were verified by a paediatrician
and disseminated to the students’ parents. Any of the
results that went beyond the clinical reference ranges, the
student and parents were informed and referred to either
the nearest government clinic or University of Malaya’s
outpatient paediatric clinic for further treatment. Besides
that, study findings will be disseminated through media
interview, printed media and presentation to the Ministry
of Education and Ministry of Health, Malaysia.

RESULTS

Descriptive analysis

Table 1 provides the characteristics of the participants.
It can be seen that males had significantly higher values
than females in terms of weight, physical activity score,
hand grip strength of both hands, and energy and carbo-
hydrate intakes per day, but not in percentage body
fat and BMI (p<0.05). About two-thirds (69.2%) of the
females had a low physical activity score, whereas almost
two-thirds of the males (65.2%) had a moderate to high
physical activity score.

Correlation and regression

Table 2 illustrates the main result and the number of
participants used for the analysis which was as described
in figure 1. A positive linear relationship was found
between energy, carbohydrate, and fat intakes and phys-
ical activity score and the dependent variable hand grip
strength (p<0.01) among males. Meanwhile, protein (g/
kg body weight) was found to be negatively correlated
with hand grip strength among males (p<0.01). However,
no such correlation was found in females.

To investigate whether dietary intake and physical
activity could predict hand grip strength, a linear regres-
sion was computed while controlling for ethnicity,
place of residency and BMI. Before running the regres-
sions, the assumptions of linearity, normally distributed
errors and non-correlated errors were checked and met.
Protein, carbohydrate and fat intakes were not used in
the regression due to multicollinearity. When the phys-
ical activity score and energy intake were added, both
variables significantly predicted hand grip strength:
F(8,391)=26.318, p<0.001, adjusted R*=0.162 (table 3).
When physical factors (length of dominant hand span
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Male Female All

(n=395) (n=617) (n=1012) P value

Ethnicity

Chinese 26 (6.6%) 47 (7.6%) 73 (7.2%)

Others 27 (6.8%) 29 (4.7%) 56 (5.5%)

Urban 216 (54.7%) 367 (59.5%) 583 (57.6%) 0.132

Weight* (kg) 51.00 (17.00) 48.50 (15.35) 49.50 (15.60) <0.001*

g/m . . . . . . <0.
BMI* (kg/ 18.90 (5.49 20.25 (5.74 19.74 (5.73 0.001*

Underweight 86 (21.8%) 108 (17.5%) 194 (19.2%)

Overweight 51 (12.9%) 101 (16.4%) 152 (15.0%)

% Body fat 15.50 (+11.02) 29.37 (+9.17) 23.95 (+12.01) <0.001*

Physical activity score 2.43 (x0.75) 2.12 (x0.54) 2.24 (+0.65) <0.001*

Low (<2.33) 177 (44.8%) 427 (69.2%) 604 (59.7%) <0.001*

High (>3.66) 19 (4.8%) 7 (1.1%) 26 (2.6%)

Average hand grip strength (dominant hand) (kg) 27.25 (£7.16) 18.73 (x4.63) 22.06 (£7.09) <0.001*

Energy and macronutrient intake

Protein (g) 75.69 (£22.48) 66.07 (+19.45) 69.82 (+21.20) 0.04*

Carbohydrate (g) 280.71 (£90.17) 229.31 (£67.79) 249.37 (+81.23) <0.001*

Differences between male and female participants were determined using an independent t-test and the Mann-Whitney U test. Data are
presented as means+SD or as n (%), unless otherwise stated.

*Values are expressed as medians (IQRs).

tStatistically significant at p<0.05.

and height) were entered, the prediction improved with
an adjusted R? of 0.339.

DISCUSSION

Hand grip strength, dietary intake and physical activity

This study showed that the muscle strength of Malaysian
adolescents is much lower than that of their counterparts
as reported by studies in Europe (males: 35.9+9.3kg;
females: 26.2+4.9kg), the UK (males: 25.7tkg; females:
21.8+5.8kg) and Colombia of South America (males:

33.6+6.85 kg; females: 24.9+4.29kg).? "> * Also, according
to the results, female adolescents in Malaysia have lower
muscle strength than those in Beijing, China.** Unfortu-
nately, there are no large population-based Asian male
adolescent data with which to compare with the results
of the current study. Hence, this study can be consid-
ered the first documented muscle strength study among
adolescents of both genders in Asia. Nevertheless, despite
the lack of comparable studies, the trend for adolescents
is similar to that reported for Malaysian adult population,
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Table 2 Partial correlation (r) between dietary intake, physical activity score and hand grip strength in adolescents

Hand grip strength for males* (n=395) Hand grip strength for females* (n=617)

r P value r P value
Energy and macronutrient intake
Energy (kcal) 0.140 0.00671 0.018 0.651
Protein (g/kg) -0.134 0.008t1 —-0.021 0.610
Carbohydrate (g) 0.153 0.0021 0.026 0.528
Fat (g) 0.124 0.014% -0.002 0.962
Physical activity score 0.170 0.0017 0.042 0.298

*Controlled for ethnicity, place of residency and body mass index.
TStatistically significant at p<0.05.

where it was found that the hand grip strength of Malay-
sian adults is 1.5 times lower than that of adults in western
countries.”” Thus, together with the findings of the
current study, this may indicate that the muscle strength
of the Malaysian population is relatively low from a young
age. Indeed, the results of a longitudinal study conducted
in Quebec, a province in eastern Canada, which tracked
muscle strength from childhood to adulthood, suggested
that low muscle strength can persist from childhood
through adolescence and into adulthood.* Therefore, it
seems worthwhile to detect low muscle strength at a young
age and build it up in order to foster favourable health
outcomes in later life." Thus, it can be argued that low
muscle strength among adolescents warrants particular
attention in order to identify the root cause, especially
if it is associated with dietary intake and physical activity
which are both modifiable health-related behaviours.

The results of this study also showed that there were differ-
ences in hand grip strength, dietary intake and physical
activity score between male and female adolescents. Specifi-
cally, the males had higher muscle strength; consumed more
energy, protein and carbohydrate; and were more physically
active than their female counterparts. These findings are
consistent with those of previous studies conducted on study
populations aged 183 years.'* *"**

Association between dietary intake, physical activity and

hand grip strength

In this study, in males, energy, carbohydrate and fat
intakes, and physical activity score were positively
correlated with hand grip strength, but protein was

Table 3 Multiple linear regression model for male
adolescents

Hand grip strength of male

(n=395)
R? B P value
0.162
Energy intake (kcal) 0.143 0.002*
Physical activity score 0.129 0.006*

*Controlled for ethnicity, place of residency and body mass index.

negatively weak correlated (table 2). Although it has
been shown that protein helps muscle protein synthesis
and thus eventually improves muscle strength,*’ the effect
of protein was not observed in this study. One possible
explanation for this finding could be due to the quality
of protein consumed.” Often, dietary protein is ingested
as a whole so it includes high biological value and low
biological value, and this leads to difficulty in identifying
how proteins derived from animal and plant sources
differ in their capacity to improve muscle mass and
strength. Empirical studies have shown that at least 25¢g
of high-quality proteins (including at least 8-10g essen-
tial amino acids and higher leucine content) promote
muscle protein synthesis and thus result in better muscle
strength.* Therefore, the specific impact of high-biologi-
cal-value protein is worth investigating in the future.

In addition, studies have also reported that energy
plays a moderating role in muscle strength.*** Although
a study that used milk supplementation and resistance
training as an intervention did not see an improvement
in muscle mass, the researchers argued that energy plays
a mediator role in the relationship between muscle
mass, protein intake and resistance training despite the
finding showing otherwise.”” Therefore, a sufficient
intake of energy and/or carbohydrate to meet the daily
requirement is needed before protein can play a role in
promoting muscle building and strength.

In the current study, when the energy intake per day and
physical activity score were added into the model while
controlling for BMI, both of these predictors remained
significantly associated with hand grip strength. In addi-
tion, a higher energy intake and a higher physical activity
score predicted a higher hand grip strength. Moreover,
a higher BMI predicted a higher hand grip strength.
The latter finding is consistent with that reported by a
study on Southern Brazil adolescents, which found that
the higher the BMI, the greater the muscle strength.”!
Also, the researchers stated that their study population
had a higher body mass, particularly muscle. As the
current study did not include an objective measure for
muscle mass, we considered body fat percentage and it
was found that the male participants had a lower body fat
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percentage than the female participants. In addition, the
average BMI of the (15-year-old) male participants was
below the overweight level using International Obesity
Task Force reference. Nevertheless, BMI is not generally
regarded as a good indicator of body composition.”" In
this study, body fat percentage showed similar result after
percentage body fat was used in the model to replace
BMI. With that, the usage of BMI remained for easier
comparison with other studies. On the other hand, there
is a general consensus that the higher the body fat, espe-
cially abdominal fat, the lower the hand grip strength.”
This could be due to fat playing an inert role in muscle
strength.”® However, in contrast to the aforementioned
studies, a study conducted in Italy on a sample of 2411
adolescents produced a neutral result, implying that
obesity does not affect muscle strength among healthy
schoolchildren.” Nonetheless, the predictive equation
used in the current study needs to be interpreted with
caution as energy intake and physical activity only explain
about 16.2% of the variation in muscle strength.

In this study, no relationship was found between dietary
intake, physical activity score and hand grip strength
among female adolescents. This result is similar to that
reported in a study on adolescents in Europe,” which
showed that proline (amino acids) is positively correlated
with lower limb muscular strength but that, when carbo-
hydrate intake is controlled for, this relationship disap-
pears.'” On the other hand, a study conducted among
Kenya adolescents found that female adolescents have
greater muscle strength than their male counterparts and
suggested that this was because the females undertake
more household chores such as transferring water from
deep wells and preparing meals, and thus have greater
access to food than the males.”* All such activities eventu-
ally help to build upper limb muscle strength. However,
these conditions are not commonly found in Malaysia
where most adolescents are school attendees. It is there-
fore postulated that the reason that female adolescents
in this study had lower muscle strength than the males
is because almost 70% of the females had a low physical
activity score due to a predominantly sedentary lifestyle as
compared with the males, 65% of whom had a moderate
to high physical activity score. It has also been found by a
previous study that females already have a lower physical
activity score at an earlier age compared with males*” and
that this continues as they age.

Another possible reason for the significant result
observed in males but not females could be due to
changes with puberty stage, where the hand grip strength
of males increases tremendously at this stage as compared
with females. A study has reported that at 13 years old,
the hand grip strength of males and females is 17.8kg
and 14.7kg, respectively.'* Greater muscle hypertrophy is
commonly found in pre-adolescent males compared with
females at the same growth stage because of increasing
levels of circulating androgens in the males.” Moreover,
it has also been found that muscle strength increases
when a male reaches puberty, which it has been argued

is related to the growth spurt due to the direct action of
testosterone, which has a direct anabolic effect on muscle
fibres.”® In the population analysed in the current study,
the majority (95%) of the males has reported that they
had reached the puberty stage. Thus, in addition to the
males being moderately to highly physically active, the
presence of testosterone could explain the marked differ-
ence in muscle strength between the male and female
participants.

Although a positive effect of protein on muscle strength
was not seen in this study, it is still crucial to explore the
effect of dietary protein as it is known to play a role in
ensuring appropriate growth during adolescence.'”
Furthermore, muscle building only occurs when a person
is physically active because such activity triggers the diges-
tion and better absorption of amino acids,”*” which even-
tually increases muscle strength. Moreover, it is crucial to
ensure that energy and carbohydrate intake requirements
are met before protein can even play a role in improving
muscle strength. The above findings therefore indicate
that there is a strong need to undertake a longitudinal
study to explore whether changes in dietary intake have
an impact on hand grip strength among adolescents, and
such a study also needs to takes into account the variables
of physical activity and weight status.

It is also important to acknowledge that the type of
physical activity can affect the hand grip strength. A
cross-sectional study has suggested different types of
physical activity influence hand grip strength and not
the amount of time spent on physical activity.”® Often,
studies on muscle strength have included obesity parame-
ters such as BMI and percentage body fat. Some of these
studies have found that obese adolescents exhibit lower
relative muscle strength to body mass as compared with
their non-obese counterparts.®” Some studies have found
otherwise.® > For instance, one such study reported that
girls with normal BMI have a low hand grip strength as
compared with overweight/obese girls,” and the author
postulated that the overweight/obese females may have
increased their muscle mass due to physical growth.
However, this findings and postulation needs to be inter-
preted cautiously because BMI does not differentiate
between fat mass and fat-free mass. Moreover, the finding
of that study could be due to discrepancies when exam-
ining the absolute strength and muscle strength relative
to muscle mass and muscle quality. Besides dietary and
physical activity factors, the literature has also shown
that physical factors such as height and length of hand
span can influence hand grip strength.”! ® °' Although
assessing the influence of physical factors was not one of
this study’s objectives, physical factors were found to play
arole in influencing hand grip strength.

Strengths and limitations

This study has a number of strengths. First, it was
conducted using a large sample of adolescents. Second,
it used the standard protocols for hand grip strength,
dietary intake and physical activity assessment as well as
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data monitoring processes during data collection, data
entry and data analysis in order to minimise the risk of
bias. Moreover, to the best of the authors’ knowledge,
this study may be the first to investigate the association
between hand grip strength, dietary intake and physical
activity among adolescents in Asia. However, it should be
noted that this study is somewhat limited because it was
cross-sectional in design, so the presence or otherwise of a
causal relationship could not be established. In addition,
the sample covered a narrow age range. Also, several vari-
ables such as dietary intake, physical activity and maturity
stages were collected via self-completed questionnaire,
which may be a limitation due to the potential for misre-
porting. However, no method is without its limitations
and this method was pilot tested on adolescents, it was
expected that it would be a reasonable approach. First,
7-day dietary record seemed the most appropriate in
view of adolescents’ memory processing capability” and
because other approaches such as indirect calorimetry
were not possible in this population-based study. Second,
the translated PAQ-C had previously been validated in
a local setting.” Third, the self-reported puberty stage
has been found to be reliable in a school-based survey
with a weighted kappa coefficient of 0.68 for males and
females.*

CONCLUSION

The findings of this study suggest that muscle strength
is associated with energy intake and physical activity
among males. However, this relationship was not found in
females. This difference requires further investigation in
order to gain better understanding of the issues affecting
muscle strength so as to improve the provision of nutri-
tional and physical activity strategies for the adolescent
muscular health of both genders.
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