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Abstract

The longitudinal relationship between muscle strength, dietary intake and physical activity among adolescents is not well understood. We inves-
tigated the trend and longitudinal effects of dietary intakes and physical activity scores on muscle strength in adolescents. This prospective cohort
study consisted of 436 adolescents (134 males; 302 females) aged 13 years at baseline (2012) who were followed up at the ages of 15 (2014) and
17 (2016) years, respectively. We measured muscle strength using a calibrated hand dynamometer, estimated dietary intake with a 7-d dietary
history and physical activity scores with a validated physical activity questionnaire for older children. A generalised estimating equation was used
to examine the effect of dietary intakes and physical activity on muscle strength changes. The analysis was performed separately by sex. The
muscle strength for males and females had increased within the 5-year period. The dietary intakes (energy and macronutrients) also increased
initially but plateaued after the age of 15 years for both sexes. Females recorded a significant declining trend in physical activity scores compared
with males as they grew older. A significant positive longitudinal relationship was found between protein (f = 0-035; P= 0-016), carbohydrate
intake (= 0-002; P=0-013) and muscle strength among males. However, no longitudinal relationship was found between dietary intake, physi-
cal activity and muscle strength among females. Higher protein and carbohydrate intake among males was associated with higher muscle
strength but was not observed in females. Nutrition and physical activity focusing on strength building are required in early adolescence
and need to be tailored to males and females accordingly.

Key words: Muscle strength: Hand grip strength: Dietary intake: Physical activity: Adolescents: Longitudinal studies:
Prospective studies

Evidence has shown that having high muscle strength from a
young age is essential to preventing CVD at a later stage of
life™?. Furthermore, longitudinal studies have suggested that
poor muscle strength in adolescence persists into adulthood®
and is associated with CVD during adulthood®». A cross-
sectional study by Silva et al.®® showed that the prevalence of
poor muscle strength among adolescent was as high as 47 %.
What is more alarming was the declining trend observed over
a 10-year period”. Thus, having a healthy lifestyle (good

nutrition and physically active) plays a crucial role in promoting
muscle strength!® and ultimately cardiovascular health in the
long term.

Most of these cohort studies have looked into physical activ-
ity, diet and muscle strength as predictors and CVD risks and/or
obesity as the outcome measurements'''~'3. Only a handful of
studies evaluated the effects of dietary intake or physical activity
on muscle strength in a population-based study. Furthermore,
the associations among these factors were often analysed

Abbreviations: GEE, generalised estimating equation; HGS, hand grip strength; W, baseline; W, wave 1 (first follow-up); W, wave 2 (second follow-up).
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cross-sectionally. Some dietary studies have shown beneficial
effects of the Mediterranean diet'?, while others have shown
no effects of single nutrient or food groups’® on muscle
strength. While a population-based cohort study had concluded
lower physical activity is associated with lower hand grip
strength (HGS) for both sexes!”. On the contrary, another study
found that low physical activity is associated with lower HGS
among females, but not males®. It was postulated that males
tend to practice sports that require more strength and move-
ments from the lower limbs, such as soccer and running, as com-
pared with females who tend to perform activities that require
upper limbs more, such as volleyball and handball®.

To date, there is increasing evidence from adolescent cohort
studies in regard to the association of poor muscle strength
with CVD in the past two decades*'819_Studies have tracked
poor muscle strength from adolescence until adulthood and the
factors affecting muscle strength®®. Studies conducted in
Western countries related to this field are scarce, and to the best
of our knowledge, no such similar studies are available from the
Asian region. This paper aims to evaluate the longitudinal asso-
ciation between dietary intake, physical activity scores and
muscle strength among adolescents over a 5-year period.

Subjects and methods
Study design and area

This was a 5-year closed cohort study of secondary school stu-
dents. Baseline (W) assessment was carried out from March
2012 to May 2012. The first follow-up (W) assessment in 2014
and the second follow-up (W) assessment which took place
in 2016 were also performed during the months of March to
May of the respective years. This study covers three selected
states in Peninsular Malaysia, namely, Kuala Lumpur, Selangor
and Perak. This study employed a multistage sampling design
as described in the main Malaysian Health and Adolescents
Longitudinal Research Team Study protocol®?.

Study population

The sampling frame consisted of all secondary school students
within Kuala Lumpur, Selangor and Perak. The participants were
recruited at the age of 13 years (in 2012) and were re-assessed at
the age of 15 and 17 years. The baseline exposure data (dietary
intake and physical activity scores), the sociodemographic and
anthropometric data and the outcome of interest (muscle
strength) of the participants who participated in 2012 were used.
All participants were then followed up in 2014 (first follow-up)
and subsequently in 2016 (second follow-up) to record the
above exposure data and outcome of interest. The participants
were tracked using their identification number, and no addi-
tional participants were added during the follow-up period.

In this study, participants with a specific health condition
such as primary muscular diseases or disorder were excluded
from the recruitment. In addition, participants with tendinitis,
current injuries or deterioration of mobility due to previous
injury or accident in at least one of the arms or hands and fracture

in the upper limbs in the previous 6 months were also excluded
from this study.

In total, ten schools participated in 2012 (baseline) with a total
of 1014 students eligible for recruitment. However, eight stu-
dents were excluded because they did not take part in the
HGS assessment, while thirteen were excluded for not complet-
ing the 7-d diet history booklet. Finally, a total of 923 students
had been recruited for baseline and follow-up for a 5-year
period. Subsequently, some students were lost during the first
and second follow-ups: 304 (33 %) and 182 (29 %) in the first
and second follow-ups, respectively. Thus, the number of
students included for analysis was only 437. Fig. 1 explains
the sampling flow for this study.

In this study, early adolescence refers to 13-year-old adoles-
cents, middle adolescence refers to 15-year-old adolescents and
late adolescence refers to 17-year-old adolescents.

Muscle strength

The primary outcome of this paper is muscle strength. HGS was
used as a proxy measurement for muscle strength in adolescents.
A strong correlation (r 0-736-0-890) and strong reliability (7> 0-8)
have been found between HGS and total muscle strength among
adolescents??. HGS, when measured using a calibrated Jamar
dynamometer (Jamar; Sammons Preston Rolyan), has been
shown to have good to excellent test-retest reproducibility
(r> 0-80) and excellent inter-rater reliability (» 0-98)22,

Prior to the measurement, the hand dynamometer was
adjusted for different hand sizes. The participant was asked to
stand with his/her shoulder adducted and neutrally rotated,
elbow in full extension, forearm in a neutral position and wrist
between 0 and 30° in dorsal flexion (handshake position).
Measurement began with dominant hand followed by non-
dominant hand. Both hands were measured three times each,
and the readings were recorded to the nearest 0-1 kg. The aver-
ages of the measurements of dominant hand were used in the
analysis®?. Literature has shown that muscle strength should
be expressed in both (i) absolute form (kg) and (i) relative to
body weight (kg/kg body weight)®®. The reason for expressing
muscle strength relative to body weight (normalised form) is
because it is associated with body dimension'$1?,

Dietary intake

A 7-d diet history of repeated 24-h dietary recall for the past 7d
consecutively was employed to assess dietary intake among ado-
lescents. It was found to be the most preferred and commonly
used method for epidemiological studies®®. It is appropriate since
adolescents can recall better than adults®®. The participants
were interviewed by trained dietitians. Open-ended questions
were used to obtain information on daily food and drinks that par-
ticipants consumed for breakfast, mid-morning snack, lunch,
afternoon tea, dinner and supper over the 7-d period (five week-
days and a weekend). Flip chart containing local food as a visual
tool was used to assist the participants in estimating the portion
size of the foods that they consumed for past 7 d. The food
and drinks consumed by participants were then documented into
a 7-d diet history booklet. The total energy intake, intakes of
carbohydrate (g), protein (g), fat (g) and Ca (mg) were
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10 schools agreed to participate
with 1014 participants available
for data collection

A4

80 participants were excluded because they did not
conduct hand grip strength assessment

13 participants were excluded because they did not
complete 7-d diet history booklet

A 4

923 participants completed all
required information for this
study during W, data colletion

304 participants were excluded due to non-return during
W, data collection

1 participant was excluded due to implausible energy
v intake during W data collection

618 participants completed all
required information for this
study during W data collection

181 participants were excluded due to non-return during
W, data collection

1 participant was excluded due to implausible energy
v intake during W, data collection

436 participants completed all
required information for this
study during W, data collection

A

436 participants were analysed
for this study

Fig. 1. Sampling flow for this study.

analysed using the Nutrient Composition of Malaysian Food
(4th edition)?” via the Nutritionist Pro database (Axxya
Systems). An average intake of 7 d of total energy, protein, carbo-
hydrate, fat and Ca were obtained using Nutritionist ProTM Diet
Analysis software (Axxya Systems). Thereafter, the calculated
average daily intake of energy and nutrient intakes were extracted
using the Nutritionist ProTM Extraction Tool (Axxya Systems).
Subsequently, data cleaning was performed, which involved
checking the consistency, errors and correctness of the data
entered and implausible energy intake. Two participants with
implausible energy intake (>20 920 kJ/d (>3000 kcal/d)@® were
removed from the dietary dataset.

Dietary data management

The process of data monitoring for all three points of data collec-
tion was completed by the Malaysian Health and Adolescents
Longitudinal Research Team Study study core team members
(dietitian and paediatrician) to ensure the completeness and
quality of the data collected prior to the dietary data analysis.
The process of dietary analysis started with summarising the
raw dietary data into a diet summary list and coding each of

the food items consumed into Microsoft Word. Ten per cent
of the diet summary list was randomly cross-checked by a pair
of qualified dietitians to ensure standardisation of the amounts
used and to reduce errors in data entry. The percentages of data
entry errors were all below 10 %, which was considered an
acceptable margin of error®”. This list included information
on the meal of the day, mealtime, type of the food and drink,
portion size (household unit, unit in grams for food and unit
in millilitres for drink) and food code. The source of the food
code was from the Nutrient Composition of Malaysian Food
(4th edition)®”. New codes were created for food or recipes that
could not be found in the Nutrient Composition of Malaysian
Food. New food items were added based on the food packaging,
and new recipes were entered based on the standard recipe (per
serving size) into Nutritionist ProTM Diet Analysis software
(Axxya Systems). Dietary data were analysed. Ten per cent of
the analysed dietary data was checked by independent research
dietitians who were not involved in analysing the dietary data.
This was done to ensure the quality of data entry. The data entry
error was within the acceptable margin of error®. Thereafter,
the analysed dietary data were extracted using the Nutritionist
ProTM Extraction Tool (Axxya Systems).
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Physical activity questionnaire for older children

The physical activity questionnaire for older children (PAQ-C) is
reliable and valid with good internal consistency®%3". Similarly,
the Healthy Lifestyle in Europe by Nutrition in Adolescence
study has shown that the PAQ-C has modest comparability with
accelerometer data in assessing physical activity among
European adolescents®®?. As reported by Zaki et al.®V, the reli-
ability of the Malay version of PAQ-C was determined using the
Cronbach’s a coefficient and the intra-class correlation coeffi-
cient. The criterion validity of the PAC-Q (M) was assessed by
comparing it with the 3-D Physical Activity Recall tool, and the
result was found to be acceptable (r0-60, P< 0-0D®Y, There
is a total of ten items in PAQ-C. The first item assesses the type
and frequency of sports and/or dance the adolescents performed
over the past 7 d. The second to eighth items assess the activity of
the adolescents during physical education classes, recess, and
lunchtime, right after school, in the evenings, on weekends
and during leisure time. The ninth item assesses the previous
week’s physical activity frequency. The tenth item is used to
report any unusual activities during the previous week.

Sociodemographic measures

Information on sex, date of birth and ethnicity were captured
using a questionnaire. Another questionnaire was given to stu-
dents’ parents to collect birth weight (in kg) and parents’ socio-
economic status. Socio-economic status was captured as
categorical data.

Pubertal stages

The self-reported Tanner pubertal questionnaire was used for
data collection. In a school-based study, this method of self-
reported questionnaire has been found to be reliable®®®. The rat-
ing for males is based on development of external genitalia and
pubic hair and for females is based on development of breasts
and pubic hair. A numerical scale of 1-5 is used for the different
stages of pubertal development (i.e. stage 1-stage 5).

Anthropometric measures

All equipment were calibrated before the measurements were
performed. Body weight was measured using a digital electronic
weighing scale (Seca 813; Seca) and recorded to the nearest
0-1 kg. Height was measured with a calibrated vertical stadiom-
eter (Seca Portable 217; Seca) and recorded to the nearest 0-1 cm.
BMI was calculated as weight in kg divided by the square of
height in metres. BMI was furthered categorised based on
International Obesity Task Force cut-off points (overweight:
21-91 kg/m? for males and 22-58 kg/m? for females; obesity:
26-84 kg/m? for males and 27-76 kg/m? for females)>¥. Waist cir-
cumference (midpoint between the lowest rib margin and the
iliac crest) was measured with a non-elastic measuring tape
(Seca 201; Seca) and recorded to the nearest 0-1cm.
Percentage of body fat was measured with a bioelectric imped-
ance analyser (SC-240 Body Composition Analyser; Tanita
Europe BV, Amsterdam, The Netherlands). Prior to the measure-
ment, age, sex and height were entered into the SC-240 Body
Composition analyser. The percentage of body fat was

determined based on the body impedance when a subthreshold
electrical current (frequency of 50-60 kHz) passes through the
body. The length of hand span was measured using with a
non-elastic measuring tape (Seca 201; Seca) and recorded to
the nearest 0-1 cm. Measurement was taken from the tip of the
thumb to the tip of the small finger with the hand opened as wide
as possible. Both hands (left and right) were measured, and the
readings were recorded.

Assessment of physical fitness level

The assessment of physical fitness level was based on modified
Harvard Step Test protocol, which utilise 30 cm height of step
box instead of 50 cm. This protocol was successfully used in pre-
vious local studies®>3®. The assessment was undertaken by the
assigned research assistants. Prior to the measurement of physi-
cal fitness level, the finger pulse oximeter was attached to one of
the participant’s fingers. The participant was asked to step onto
and off a stool (30 cm in height) with both feet alternating for
5 min. Peak heart rate and peripheral capillary oxygen saturation
(§p0O2) during each minute of exercise were recorded. Heart rate
and SpO2 at 0-1 and 2 min post-exercise were recorded. Total
exercise duration was recorded in seconds. Physical fitness score
was calculated by dividing the total duration of exercise in sec-
onds by the sum of three heart rate values measured at 0, 1 and
2 min post-exercise®*37

Serum vitamin D level

After an overnight fast of at least 10 h prior to data collection,
venous blood samples were collected by a trained phlebotomist.
Electrochemiluminescence immunoassay (ECLIA by Advia
Centaur XP) on a Cobas E 411 analyser was used to determine
serum 25-hydroxyvitamin D (25(OH)D) concentration. A
detailed description of the analysis of serum vitamin was
published®®.

Ethics

Ethical approval was obtained from the Medical Ethics
Committee, University Malaya Medical Centre (MEC reference
no. 896.34). The National Medical Research Register number is
14-376-20486. Participation in the study was voluntary. Written
informed consent and assent for participation in the study were
obtained from the parents or guardian as well as the participants.

Statistical analysis

For the descriptive statistics, continuous data were reported in
means and 95% CI, while categorical data were reported in
frequencies and percentages. Line graphs were drawn to
describe the trend in muscle strength in absolute form and rela-
tive to body weight (normalised HGS), dietary intakes (energy,
protein, carbohydrate, fat and Ca) and physical activity.

In this study, muscle strength, which was measured by HGS,
was the primary outcome of interest. Meanwhile, dietary intake
and physical activity were the main predictors investigated in this
study. Given the potential confounding effect of energy intake, it
is impossible to enter all macronutrients and energy intake simul-
taneously in the multiple linear regression. Therefore, the
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macronutrients (protein, carbohydrate and fat) were adjusted
accordingly. Protein was expressed in g/kg of body weight to
reflect better intake and facilitate a more meaningful discussion.
Carbohydrate and fat were adjusted using the nutrient density
method and were expressed as a percentage of total energy
intake®?,

The generalised estimating equation (GEE) was used to
investigate the effect of the longitudinal relationship between
dietary intake and physical activity on muscle strength changes
over the 5-year period. GEE is appropriate for continuous
response variables and repeat measures“”. In this study, both
outcome (HGS) and predictors (dietary intake and physical
activity) were in continuous form. In GEE, correlation matrix
can have different structures which can affect the GEE results.
Therefore, five types of working correlation matrix (these
are independent, first-order autoregressive, exchangeable,
m-dependent and unstructured) were computed, and unstructured
model with the lowest quasilikelihood under the independence
model criterion (QIC) was chosen in the GEE analysis“?.
Potential variables were included in the analysis. For continuous
variables, these include birth weight“?, serum vitamin D49,
length of hand span®, physical fitness score*” and BMI®, and
categorical variables include ethnicity®®, sexual maturation™>”
and monthly household income”>" were included into GEE
model. The fact that these variables are associated with muscle
strength cannot be ignored and often it was adjusted in the pre-
vious studies. Therefore, these variables should be considered in
muscle strength studies among adolescents.

All the statistical analyses were performed using Statistical
Package for Social Sciences (SPSS) software for Windows
(version 24.0) with P < 0-05 regarded as statistically significant.

Missing data

In this study, imputation was not done for muscle strength
because this is the outcome variable of this study. However,
imputation was done for other predictor variables when
Little’s missing completely at random test showed that the data
were not missing completely at random. Therefore, the missing
data were subsequently addressed by multiple imputation.

In multiple imputation model, all variables that are in the
analysis model (outcome, exposure and confounders) were
included. From there, five separate data sets were generated
from which pooled estimates were taken. The variables involved
in multiple imputation are HGS, dietary intakes, PAQ scores, the
place of residence, ethnicity, income, sexual maturation, length
of hand span (cm), weight (kg), height (cm), waist circumference
(cm), percentage body fat (%), serum vitamin D level (nmol/D),
physical fitness score and birth weight (kg).

Results

In this study, at baseline, a total of 923 students had complete
data and two had been excluded due to an implausible energy
intake of more than 20 920 kJ/d (5000 kcal/ )@ one each at first
(W) and second follow-up (W), respectively. However, there
were 618 students returned at first follow-up (W) and 436 at

second follow-up (W,). Hence, the overall follow-up rate at
the fifth year was 47 %. This follow-up rate is similar to most ado-
lescent cohort studies, which have been found to range between
40 and 51 %©%>. The main reason for the loss to follow-up in
this study was either the participant’s or parents/guardians’
refusal to give consent for participation. In summary, a total of
4306 participants had participated in all three waves with com-
plete information. The independent ¢ test was conducted to
ascertain whether there were significant differences between
the returned (attended all three data collections) v. non-returned
(only attended baseline data collection) participants. The key
variables of interest collected in 2012 were used for comparison
between returned and non-returned participants. There were no
differences in terms of weight, height, percentage body fat, waist
circumference, hand span, HGS, energy intake and macronu-
trient intakes between the returned and non-returned groups,
either among males or females.

Baseline characteristics of participants

Table 1 provides the baseline characteristics of the students who
participated in this study when they were 13 years. The majority
were female (302 students, 70 %) and 134 (30 %) were male.
Among them were Malay (68 %), followed by Indian (28 %),
Chinese (2 %) and other ethnicities (2 %). The majority of the par-
ticipants were residing in a rural area (69 %). Most were from
low- to middle-income groups with an income of less than
RM3000 per month (RM5-50 equivalent to 1 GBP) based on
the definition by Department of Statistics Malaysia®*. Most of
them were right-hand dominant (86 % for males and 94 % for
females). During baseline data collection, 43 % (43-3) males
and 28 % (27-3) females had yet to reach mid-pubertal stage.

Trends in muscle strength, dietary intake and physical
activity

We observed significant changes in muscle strength over a
S-year period for males and females. The magnitude of incre-
ment in HGS among males was greater over time (18-28 kg)
compared with their female counterparts (15 kg) (Fig. 2).
When the HGS was expressed in the form of kg per body weight
(normalised HGS), we also observed significant changes in
muscle strength for both sexes (not shown). Generally, the trend
of dietary intake for both sexes was similar (Table 2). This study
indicates that the dietary intake (energy, macronutrients and cal-
cium intake) of males tends to plateau during late adolescence
(17 years). However, the dietary intakes of the females were not
consistent. We observed decreased trends for protein, fat and Ca
intakes. Physical activity shows significant change in the score
over 5-year period time (Fig. 3).

Trends in BMI, waist circumference and percentage of
body fat

Our data (Table 2) showed that there was no significant differ-
ence in terms of BMI and WC, but there was a significant reduc-
tion of percentage of body fat among males over 5-year period.
As for females, BMI increased significantly over the 5-year
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Table 1. Characteristics of the students at baseline

(Mean values and 95 % confidence intervals; numbers and percentages)

A. K. Nget al.

Males (n 134) Females (n 302) All (n 436)
n % n % n %
Ethnicity
Malay 119 66-9 262 68-5 381 68-0
Chinese 0 0 7 35 7 2.3
Indian 12 29-6 30 271 42 279
Others 3 35 3 09 6 18
Place of residence
Urban 38 284 99 328 137 314
Rural 96 716 203 672 299 68-46
Monthly household income
Less than RM 1500 54 40-0 124 41.0 178 40-8
RM 1500-RM 3000 45 340 115 38.0 160 36-7
RM 3001-RM 5000 19 14.0 36 12.0 55 126
More than RM 5000 16 12.0 27 9.0 43 99
Birth weight (kg)
Mean 2:90 2.97 2:92
95 % Cl 259, 322 283, 3-11 263, 3-20
Anthropometric measurements
Weight (kg)
Mean 455 44.7 44.9
95 % Cl 40-3, 50-6 435, 46-0 42.9, 47.0
Height (cm)
Mean 150-6 151.3 1511
95 % Cl 149.3, 151-8 150-5, 1522 150-4, 151-8
BMI (kg/m?)
Mean 19-8 195 19-6
95 % Cl 17.7,21.9 19-1, 19-9 18-8, 20-4
Underweight 37 27-6 67 22.2 104 239
Normal weight 63 470 177 58-6 240 55.0
Overweight 20 14.9 41 136 61 140
Obesity 14 10-4 17 56 31 71
% Body fat
Mean 18-2 24.7 22-8
95 % Cl 12.9, 23-6 23.9, 255 20-0, 255
Waist circumference (cm)
Mean 714 66-8 681
95 % Cl 667, 76-0 64-3, 69-3 656, 70-7
HGS
Dominant hand
Right-handed 115 86-0 285 94.0 400 91.7
Left-handed 18 14.0 18 6.0 36 8.3
Dominant hand span (cm)
Mean 188 183 184
95 % Cl 18-6, 19-1 17.8,18:8 181,188
Non-dominant hand span (cm)
Mean 18-8 184 185
95 % Cl 184,192 18.0, 18:9 18-2, 188
Dominant HGS (kg)
Mean 178 15.0 158
95 % Cl 17.0,18-7 14.0, 16-0 151, 16:6
Non-dominant HGS (kg)
Mean 166 142 149
95 % Cl 15.9,17.3 132, 15.2 14.2, 15-6
Normalised HGS (kg/kg body weight)
Mean 0-41 0-34 0-36
95 % Cl 0-39, 0-43 0-32, 0-37 0-36, 0-37
Physical activity score
Physical activity score
Mean 2:66 223 2.36
95 % Cl 238, 2.93 210, 2:36 216, 2.56
Physical fithess score
Physical fitness score
Mean 69-3 630 64-9
95 % Cl 679, 70-6 60-4, 65-6 63.9, 659
Serum vitamin D
Serum vitamin D (nmol/l)
Mean 35-9 24.3 277
95 % Cl 317,402 22.0, 26:6 25-4, 301
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Table 1. (Continued)
Males (n 134) Females (n 302) All (n 436)
n % n % n %
Tanner staging
Stage | 15 112 16 5.3 31 7-0
Stage Il 43 32-1 67a 22.0 110 25.0
Stage I 52 38-8 148 487 200 45.9
Stage IV 21 157 66 21.7 87 199
Stage V 3 2:2 7 23 10 2:2

RM, Ringgit Malaysia; HGS, hand grip strength.

3200 1

30-00 +

28-00 1

26-00 1

24-00 +

2200 1

20-00 +

Hand grip strength (kg)

18-00 + -

16-00 +

1400 1

12-00

Wo Wi W,
(2012) (2014) (2016)

Fig. 2. Hand grip strength of participants over the 5-year period. Using gener-
alised estimating equation, statistically significant changes over 5-year period at
a level of significance of P < 0-05. Wy, early adolescence; W4, middle adoles-
cence; Wy, late adolescence. e, Males; = = =, females.

period. The WC and percentage body fat of the female partici-
pants were also found to increase significantly between the ages
of 13 and 15 years old (not shown).

Longitudinal analysis

A GEE was computed while controlling for ethnicity, household
income, birth weight, BMI, length of the hand span, serum vitamin
D and physical fitness score. Separate models were computed for
males and females. Table 3 showed the results of the GEE analysis
for both sexes. The muscle strength changes 5-year period was
significantly correlated with protein (f=0-035; P=0-016) and
carbohydrate intake (f=0-002; P=0-013). As for females, none
of the variables of interest was correlated with the muscle strength
changes over 5-year period.

Discussion

Trend in muscle strength, dietary intakes and physical
activity

The muscle strength of the participants in this study was much
lower (13 years old; males: 17-8 (sp 0-9) kg; females: 15-0 (sp
1-0) kg, 15years old; males: 25-0 (sp 2:0)kg; females: 184 (sp
2-4)kg, 17 years old; males: 283 (sp 1-8)kg; females: 18-3 (sp
2-2)kg) than adolescents in Colombia (mean age: 13 years old;
males: 25-3 (sp 9-2) kg; females: 22-6 (sp 8-2) kg)“()), Europe (mean
age: 15 years old; males: 35-9 (s 9-3) kg; females: 26-2 (sp 4-9) kg)'>
and Brazil (mean age: 16 years old; males: 42-7 (sp 8-7) kg; females:
28-8(sp59) kg)@. Moreover, when compared with the results of the
Asian region, the female adolescents in this study had lower muscle
strength than those in Beijing, China?. Unfortunately, there is no
population-based data on other Asian male adolescents with which
we could compare. However, we must not forget the fact that body
size (e.g. body weight) could have an effect on muscle strength as per
s¢_For example, the mean weight of Colombian male and female
adolescents were generally higher than the adolescents of present
study (males Colombian: 45-8 kg v. present study: 45-6 kg; females
Colombian: 421 kg v. present study: 44-7 kg)'?. Nevertheless, as
far as we know, this is the first documented longitudinal muscle
strength study among adolescents of both sexes in the Asian region.
In relation to the trend, this study showed an upward trend in
muscle strength for males and females, consistent with other epi-
demiological studies, which indicated that younger adolescents
have lower HGS compared with older adolescents®®9°9 When
the normalised HGS was followed for both sexes, the muscle
strength trend for males remained the same, while for females, a
declining trend was observed between middle and late adoles-
cence. This could suggest that this study population of females stop
growing muscle mass during late adolescence. In addition, physio-
logically, adolescent males usually gain muscle mass, whereas
females develop body fat during puberty™”%57), The testosterone
hormone in males shows more effect on muscle building in
comparison with the oestrogen hormone in females®”. From a
panel data analysis from the Alimentacion y Valoracion del
Estado Nutricional de los Adolescentes (AVENA) study in
2001-2002 and the Healthy Lifestyle in Europe by Nutrition in
Adolescence-cross-sectional study in 2006-2007 shows that
female muscular strength was lower as they grow older®®.
Interestingly, the dietary intake trends identified in this study
are different from those reported from other countries® -V,
However, this difference could be due to the difference in the
duration of studies undertaken. Besides that, the previous
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Table 3. Generalised estimating equation for the longitudinal relationship between muscle strength, dietary intake and physical activity scores among

Malaysian adolescents over a 5-year periodt
(B Coefficients and 95 % confidence intervals)

Muscle strength (kg per kg body weight)

Males Females
p 95 % Cl P* s 95% ClI P*

Qic 52.013 51.221

QicC 42105 46-488

Energy intake (kcal/d)f —0-000019 —-0-000044, 0-000007 0-147 —0-000018 —0-000038, 0-000002 0-076
Protein intake (g/kg body weight) 0-035 0-0007, 0-064 0-016 0-020 —0-005, 0-045 0-123
Carbohydrate intake (% from total energy intake) 0-002 0, 0-004 0-013 —-0-001 —0-003, 0-001 0-570
Fat intake (% from total energy intake) 0-001 —0-001, 0-003 0-213 0 —0-002, 0-002 0-711
Ca (mg/d) —0-000004 —0-000059, 0-000051 0-900 0-000023 —0-000009, 0-000054 0-153
Physical activity scores 0-003 -0-016, 0-022 0-759 0-002 —-0-009, 0-013 0-684

QIC, quasilikelihood under the independence model criterion; QICC, corrected quasilikelihood under the independence model criterion.

* Statistically significant (P < 0-05).

1 Controlled for place of residency, ethnicity, household income, birth weight, BMI, length of the hand span, serum vitamin D and physical fithess score.

1 To convert energy values from kcal to kd, multiply by 4-184.

Effects of dietary intakes and physical activity on muscle
strength

Based on earlier finding, it was indicated that energy, carbohy-
drate, fat intakes and physical activity score were positively cor-
related with HGS, while protein intake was negatively correlated
with HGS in males only”®. Nevertheless, such association was
not seen when tracked longitudinally except for protein and
carbohydrate intake.

In this study, this longitudinal analysis suggested that higher
intake of protein and carbohydrate leads to stronger muscle
strength. Possible explanation includes protein quality, timing
and the amount of protein ingested””7. A study has showed
that at least 25 g of high-quality proteins (inclusion of at least
8-10 g essential amino acids with higher leucine content) pro-
mote muscle protein synthesis. Hence, this results in greater
muscle strength””. Consumption of high-quality protein right
before exercise is postulated to increase muscle growth and
strength®?.

As for the carbohydrate, the magnitude of the estimated
carbohydrate effect (on a 5-year muscle strength change) was
small. The effects may accumulate over time and potentially
become clinically significant if high intakes persist for multiple
years. Nevertheless, it is crucial to ensure the carbohydrate qual-
ity that is consumed (such as whole grain which contains more
dietary fibre and micronutrients). In fact, a cross-sectional study
has suggested that sweetened beverage intake (which contains
sugar) attenuates the positive association between muscle
strength and physical activity®". In this study, we were not able
to breakdown the carbohydrate for further investigation in view
of non-availability dietary fibre and sugar in our Malaysian food
database (namely, Nutrient Composition of Malaysian Food).

In this study, the effect of Ca on muscle strength was not seen.
This could be due to the low consumption of Ca among our
study population being less than 50 % of the recommended
nutrient intake. Moreover, the mechanism between dietary Ca
intake and muscle strength still remains unclear. However, this
could be due to weak bone strength, as explained by the
Mechanostat theory®?. Generally, Malaysian adolescents have
poor bone health status®>*?. Several studies have shown that

dietary Ca and vitamin D intakes are positively associated with
bone mineral content®_ Therefore, good bone strength pro-
motes good muscle strength, and dietary Ca intake does play a
role in muscle strength.

Studies have shown that an increase in physical activity pro-
motes muscle strength among adults””-%? but lack of evidence
among adolescents in community set up®'”. This effect also
was not observed in the present adolescent study. The types
of activity in which adolescents are involved may contribute
to such findings””. Malaysian male adolescents preferred activ-
ities such as badminton, football and cycling®®. These activities
are not muscle-building activities, which further emphasise that
an increase in physical activity is not enough to increase muscle
strength. It has to be an activity that promotes muscle building
and strengthening of muscle mass and strength. Thus, the
WHO®? suggested including activities that strengthen muscle
and bone at least 3d per week in 60 min of moderate- to
vigorous-intensity physical activity, to improve muscle strength.

In this study, no relationship between muscle strength,
dietary intake and physical activity scores was found among
females. Interestingly, BMI played a role in affecting muscle
strength among females based on the finding of this study.
Given the fact that females gained more body fat composition
during adolescence period and coupled reduced physical
activity® which may lead to obesity and thus lower muscle
strength. This warrants an emphasis on healthy eating with con-
trolled energy intakes as this would promote a healthier body
weight and especially lean body mass.

Strengths and limitations

This study provides the first Malaysian population estimates of
HGS, a marker of overall muscle strength, dietary intakes and
physical activity, and it tracked the changes of these variables
over time in the same individuals from early adolescence
(13 years) to middle (15 years) and late adolescence (17 years).
Often, these cohort studies were analysed as cross-sectional
looking either at a single nutrient!®, on dietary pattern®, or
adherence to Mediterranean diet only'®. Furthermore, the
longitudinal design of this study has allowed the researcher to
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investigate the longitudinal relationship between the key varia-
bles of interest. This data could be utilised for the local interven-
tion programme leading to a better musculoskeletal health of
Malaysian population in the long run. Besides that, this study
used validated methods to assess dietary intakes (7-d diet his-
tory) and physical activity (PAQ-C) and an objective method
(HSG dynamometer) to measure muscle strength in adolescents.

Nevertheless, this study has limitations which warrant caution
when interpreting the findings. First, the cohort design means
that there will be missing data and there is no best way to deal
with missing data. However, since the data were missing at ran-
dom, we had opted to overcome this issue by using multiple
imputations in order to reduce the parameter estimates bias.
Second, the tool used to investigate physical activity assessed
the recreational activity and did not capture the specific types
of activities that strengthen muscle. Nevertheless, measuring rec-
reational activity and inactivity patterns is crucial because if these
activities are modifiable, these activities could be included as
components in public health policies. For instance, the inclusion
of resistance training in the physical activity syllabus in schools
could assist the policy direction. Third, this study used the recall
method. Although a rigorous dietary assessment method was
used, the possibility of under reporting and over reporting of
dietary intake is unavoidable. This limitation may therefore
lessen the strength of any observed association. Nevertheless,
no method is without limitations, and the recall method is no
exception. This recall method would be a reasonable approach
for two main reasons. The memory processing of adolescents
has a better memory processing than that of adults®®, and using
other approaches such as indirect calorimetry and record-based
methods was not possible given that this study employs
population-based participation approach.

Conclusion

This study provides good insights into the relationship of dietary
intake, physical activity and nutritional status with muscle
strength. The present study showed that males had higher
muscle strength with higher intake of protein and carbohydrate.
In addition, the males were active physically, but their level of
activity and possibly the type of physical activity were not
enough to increase muscle strength. In this study, the BMI of
the females increased over time, thus led to lower muscle
strength. These findings emphasise the need to develop sex-spe-
cific nutritional and physical activity programmes to ensure that
muscular health is at the optimal level as early as possible, pref-
erably in the early adolescence period.
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