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ABSTRACT

Background. Optimisation of bone health from exercise interventions and
nutritional supplements was recommended. Objectives. This study aimed to
determine whether L-carnitine supplementation combined with interval exercise
@ training influenced bone metabolism markers and muscular strength and power in
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individuals with overweight and obesity. Methods. This randomized controlled
trial study involved sixty-eight participants in four groups, i.e., control (C, n=17),

CrossMark L-carnitine supplementation alone (Lc, n=17), exercise alone (Ex, n=17), and

combined L-carnitine supplement and exercise (LcEx, n=17) groups. The
KEYWORDS participants in the Ex and LcEx groups participated in a 60-minute exercise
Exercise, program per day, 3 times a week, for 12 weeks at 50% heart rate reserved for brisk
Performance, walking and 40-60% for interval exercise training. The participants in the Lc and
Physical Activity, LcEx groups consumed 1000 mg of L-carnitine supplement daily. The blood
Obesity, measurements for serum alkaline phosphatase (ALP), total calcium, and serum C-
Body Weight. terminal telopeptide of type 1 procollagen (1CTP) were measured at weeks 0 and

12. Results. The result showed that the LcEx group showed the most remarkable
increment in ALP (p<0.05) and total calcium (p<0.05); however, it showed a
reduction in serum 1CTP (p = 0.003). Regarding muscular performance, the LcEx
group (p<0.05) also demonstrated a more significant increase in overall measured
parameters of dominant knee extension and flexion peak torque and average power
at 600.s* and 3000.s* compared to other groups after 12 weeks. Conclusion.
Combining L-carnitine supplementation with brisk walking and interval training
can enhance bone formation and muscle performance in people who are overweight
and have obesity.
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INTRODUCTION

Optimizing peak bone mass early is one of the
most essential preventive interventions. Peak
bone mass is the highest bone mass attained at a
specific skeletal region during life. Many
techniques have been developed to prevent bone
loss to date. Participation in exercise
interventions and appropriate nutritional intake
are two ways to combat this issue (1). Physical
activities that exert mechanical stress on bone are
well-established to benefit skeletal strength and
development. According to Karlsson &
Rosengren (2), during the developing years, bone
mineral content (BMC) and bone mineral density
(BMD) can be maximized by embracing weight-
bearing physical exercise in childhood and
adolescence. Exercise that involves bearing
weight is a force-generating activity that applies
loads to skeletal regions through routine tasks (3,
4). Weight-bearing exercises such as aerobic,
resistance training, interval training, jumping,
brisk walking, and other activities can generate a
skeletal impact on the bone. Those activities are
believed to enhance bone mass when the bone
cells react to mechanical load activities during
impact landing, resulting in a balanced
development of bone resorption and formation
(5). Bone turnover has been an effective
parameter and specific biochemical indicator in
measuring changes in bone metabolism and can
be used to quantify the metabolic process of bone
(6). The mechanical connection of bones and
skeletal muscles has been simplified, with
muscles serving as load providers and bones
serving as attachment sites. Muscle mass
increases tension on the periosteum and collagen
fibers at the interface, stimulating local bone
formation (7).

Therefore, this study was proposed to evaluate
the effects of moderately intense exercise,
including brisk walking and interval training, on
bone turnover markers in selected population
groups. Brisk walking is the type of physical
activity that is advised for people who are
overweight or obese (8). This exercise is one of
the aerobic exercises that improve body fitness
and general health, precisely the efficiency and
function of human biochemical activities (9).
Besides, brisk walking also involves repetitive
movement that could promote bone health. Brisk
walking is a very easy exercise because it is free
and can be done anywhere, especially outside the
house. Interval exercise training consists of low-

intensity recovery periods intersected between
repeated moderate exercise sessions. The
traditional 20-second all-out effort followed by a
10-second rest period has given way to several
modalities and activities that comprise interval
exercise training (10). It is well known that
interval training requires repeated jumping
motions, high-intensity loading forces, and
accelerating and decelerating movements that
improve bone health status (11).

Besides regular exercise, enhancing and
preserving bone health is also significantly
influenced by nutrition. L-carnitine contains the
essential amino acid lysine necessary for bone
tissue maintenance and growth. Bone comprises
35% protein and requires a steady supply of
amino acids for protein turnover (12). According
to Tomé et al. (13), protein and amino acids
enhance muscle development and are essential for
bone health. L-active carnitine, a compound of
amino acids, aids in the reduction of bone
resorption and improves bone formation. Thus,
this present study proposed 12 weeks of brisk
walking and interval exercise training at 3 times
per week, approximately 60 minutes per session,
combined with a daily intake of 1000mg of L-
carnitine in order to determine whether
overweight and obese people have adverse effects
on bone health, muscle strength, and power. This
study aimed to determine whether L-carnitine
supplementation combined with interval exercise
training influenced bone metabolism markers and
muscular strength and power in overweight and
obese individuals.

MATERIALS AND METHODS

Study Design. This randomized controlled
trial study randomly assigned four groups with
pre-test and post-test measurements.
Randomization was done by block randomization
using computer-based random numbers. A
random allocation website
(www.randomization.com) was used to allocate
randomization among the participants. The
manual randomization of the participants was
based on gender matching to divide the
participants equally in each group. An
opportunistic sampling method was used, and
each group had an equal number of participants.

The study was conducted under the
Declaration of Helsinki and approved by the
ethical research committee of Universiti Sains
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Malaysia, which granted approval to the study
(USM/JEPeM/19100617) for studies involving
humans. This study has also been registered for
clinical trial registration, and the number was
TCTR20220830002. Being physically inactive,
or not exercising more than twice a week, was one
of the additional inclusion criteria.

The participants who have health problems
such as asthma, stroke, diabetes, heart disease,
hypertension, and kidney disease were excluded
from this study. The participants who fulfilled the
requirements for the inclusion criteria provided
their written approval.

Participants. Sixty-eight overweight and
obese (class 1) (BMI between 23-30.0 kg/m?)
male and female adults aged 18 to 40 were
recruited through posters and social media
advertisements in this study. The range of BMI
used in this study is based on the Asia Pacific cut-
off point. The present study divided 20 males and
48 females into four equal groups. Each group
had 5 males and 12 females. The participants
were randomly assigned to four groups: control
(C), L-carnitine supplementation alone (Lc),
exercise alone (Ex), and combined L-carnitine
supplement and exercise (LCEXx) groups, with 17
participants for each group. Participants in the C
and Lc groups did not perform brisk walking and
interval exercise training and continued with their
daily activities (e.g., walking to work, doing
house chores, or gardening). The Ex and LcEx
groups participated in brisk walking and interval
exercise training throughout the 12-week
intervention period. Participants in the Lc and
LcEx groups consumed an  L-carnitine
supplement (1000mg) for 12 weeks (14). During
the 12-week study period, all the participants
were advised to avoid taking any food,
supplement, or product containing antioxidants,
carnitine, and vitamin complex.

Blood Sampling and Research Tool.

a) Measurement of Bone Metabolism Markers
(ALP, 1CTP, and Total Calcium). At week 0
(baseline) and week 12 (post-test) of the study, 6
mL of blood was withdrawn following 10 hours
of overnight fasting (only plain water was
allowed). Lab technologist assistants in the Sports
Science Laboratory conducted blood withdrawal
sessions. Blood samples were drawn from
participants' medical cubicle wveins by
venepuncture with a 23-gauge needle, and a
tourniquet was used on the upper selected arms to
make the vein prominent and released as soon as

blood flowed into the syringe. Then, blood
samples were separated into SST (gel) tubes for
all blood parameters. Next, the blood samples
were centrifuged using a Hettich Rotina RS
Centrifuge (Health-Ratina 46RS, Germany) at
4000 revolutions per minute for 10 min at 4°C.
The serum obtained after centrifuging was
divided into equal portions in a 1.5 mL Eppendorf
bullet tube using a disposable plastic Pasteur
pipette and then stored at -80°C in the freezer for
analysis.

Blood samples were collected to determine
serum ALP (bone formation marker), serum
1CTP (bone resorption marker), and serum total
calcium. To determine the level of ALP and 1CTP
in samples, the reagent kits of ALP (Human ALP
ELISA kit, Shanghai) and 1CTP (Human 1CTP
ELISA kit, Shanghai) use a double-antibody
sandwich enzyme-linked immunosorbent assay
(ELISA) one-step procedure test. Using a pre-
coated enzyme well that had already been coated
with catalase antibody, the standard, test sample,
and HRP-labeled catalase antibodies were applied
to the enzyme wells, after which the incubation
was completed, and the uncombined enzyme was
rinsed away.

The color of the liquid was altered to blue after
adding Chromogen Solution A and B, before it
turned yellow because of an acid reaction. A
positive association was found between the
concentration of catalase and the depth of color.

The serum total calcium was analyzed using a
calorimetric ~ method using commercially
available reagent kits (Elabscience, China). The
dilute 2.5 mmol/L calcium standard with
deionized water was added to a series of
concentrations. Ten pL of the standard solution
was transferred to the corresponding wells with
different concentrations. Subsequently, 10uL of
the sample was added to the corresponding wells.
Next, 250 pL of working solution 1 was added to
each well. The 10 mL MTB reagent and 20 mL
alkali reagent were thoroughly mixed at a 1:2
ratio as working solution 1. The microplate reader
was thoroughly mixed for 30 seconds and stood
for 5 minutes at room temperature. The OD value
was measured at 610 nm with a photometric
microplate reader (Thermo Scientific, Varioskan
Flash, Finland, Europe). All the tests were
performed according to the manufacturer's
guidelines.

b) Isokinetic Muscular Peak Torque (Strength)
and Power Measurements. Using an isokinetic
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dynamometer (BIODEX multi-joint system 3 pro,
New York), the data from the dominant leg's knee
flexion and extension joints were collected. The
operation instructions of the BIODEX isokinetic
dynamometer were followed (15).

Training Protocol. The workout regimen was
proposed to consist of 3 sessions/week, lasting
approximately 60 minutes each, for 12 weeks of
training. The activity began with a 5-minute
warm-up that involved stretching. Next,
participants walked briskly at a 50% heart rate
reserve for 30 minutes. Finally, participants
engaged in interval exercise training for 20
minutes. The participant's heart rates (40-60%
heart rate reserve) were used to regulate the
intensity of the exercise, which was accomplished
by switching between the upper and lower limbs
(16). The exercise includes donkey Kkicks,
inchworms, alternate touchdown, slide skaters,
jump rope, seated knee tucks, basic crunches,

At ™
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shoulder taps, burpees, Russian twist, squats,
lunges, mountain climbers, leg raises, and basic
crunches (17).

The interval exercise training consisted of four
4-minute  "segments”.  During  exercise,
participants were required to perform the type of
activity as many times as possible in 20 seconds,
followed by a 10-second rest period. The interval
between each segment was one minute. Thus, the
total number of minutes for each segment was 5
minutes. The duration of exercise progressively
increased every 4 weeks. The exercise started
with two segments equal to 10 minutes for the
first 4 weeks, then increased to three segments
equal to 15 minutes. In the last 4 weeks, the
participants were instructed to repeat the

intervention for four segments; the total duration
was 20 minutes. Figure 1 shows that exercise is
included
exercise.

in the 20-minute interval training
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Figure 1. Exercise included in the 20-minute interval tralnlng exercise modified from Emberts et al., 2013 study (17).

Data Collection. Sixty-eight participants
(males and females, between 18 and 40 years old)
were required to fill out the study information
sheet and receive explanations about the study
purpose, procedures such as the experimental
protocol, and possible risks before being given the
consent form. The twelve (12) week exercise
program was conducted at Sport Complex 2,
Universiti  Sains  Malaysia.  Participants'
anthropometric, blood pressure, body
composition, and waist and hip ratios were

measured, and blood samples were taken at weeks
0 and 12.

Statistical Analysis. Statistical Package for
Social Science (SPSS) Version 26.0 was utilized for
statistical analysis. The normality of the data
distribution was analyzed using the Shapiro-Wilk
test. Two-way mixed ANOVA was used to analyze
all measured parameters to find significant
differences between and within the groups. Then,
the post-hoc Bonferroni test was employed, and
significant differences in the two-way mixed
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ANOVA were examined. Furthermore, the mean
differences between pre-and post-tests were
compared across all groups using one-way ANOVA
analysis. The results display all blood parameters as
mean + standard error (SE), while other values are
presented as mean * standard deviation (SD). A
statistically significant p-value <0.05.

RESULTS
Anthropometry and Physiological
Characteristics of the Participants. Table 1

shows the mean of anthropometric and
physiological characteristics between pre-and
post-tests of all the groups. Compared with the C
group, the Lc, EX, and LcEx groups showed
significant changes in all measured parameters.
Lc, Ex, and LcEx groups showed a significant
reduction of body weight, body mass index, body
fat percentage, fat mass, waist-to-hip ratio, and an
increase of fat-free mass, except for the waist-to-
hip ratio in the Lc group after 12 weeks of
intervention.

Table 1. Anthropometric and physiological characteristics of all the groups.

. Groups
Variables c Lc Ex LcEx
Body weight (kg)
Pre-test 68.3£11.4 71.1+7.7 67.0+£10.0 73.7+£12.5
Post-test 69.5+11.5% 69.3+7.92 65.2+9.5° 71.7£12.08
p-value 0.000 0.000 0.000 0.000
Body mass index (kg/m?)
Pre-test 26.7£24 27.7£19 26.0+2.4 274124
Post-test 27.2+2.42 27.0£2.02 25.3+2.42 26.8+2.32
p-value 0.000 0.000 0.000 0.000
Body fat percentage (%)
Pre-test 38.545.9 39.248.5 36.6+7.8 37.447.1
Post-test 40.445.0° 37.6+8.52 33.9+7.72 33.8+7.12
p-value 0.002 0.002 0.000 0.000
Fat mass (kg)
Pre-test 26.246.1 28.3174 24.546.3 27.546.5
Post-test 27.51£55 26.6£7.22 23.1+6.22 24.1+6.12
p-value 0.088 0.002 0.000 0.000
Fat-free mass (kg)
Pre-test 41.9+85 43.5+7.2 42.7£9.2 46.6+10.9
Post-test 40.8+£7.8% 44.2+7.3° 44.4+9.18 49.7+£10.78
p-value 0.002 0.000 0.000 0.000
Waist-to-hip ratio
Pre-test 0.7£0.1 0.8+£0.1 0.8+0.1 0.8+0.1
Post-test 0.7+0.1 0.8+0.1 0.7£0.12 0.7+0.02
p-value 0.108 0.425 0.01 0.002

Values are expressed as means + standard deviations (SD) and means + standard error (SE) for blood parameters; C: Control group;
Lc: L-carnitine supplement alone group; Ex: Exercise alone group; LcEx: Combined L-carnitine supplement with exercise; a:
Significantly different from pre-test (p<0.05).

Bone Formation Marker: Serum Alkaline
Phosphatase (ALP). Table 2 shows the serum ALP

Overall, the LcEx group elicited the most
remarkable increment (257.6+15.2 pg.ml?)

concentration for all the groups. This analysis
indicated that the level of serum ALP at post-test
was increased significantly statistically in Lc
(p=0.000), Ex (p=0.000), and LcEx (p=0.000)
groups but was statistically significantly decreased
(p=0.017) in the C group at post-test.

Meanwhile, Figure 2 displays the mean
difference in serum ALP concentration between the
groups' pre-and post-tests. Lc, Ex, and LcEx groups
showed a more significant increase in value
(p=0.000) in serum ALP compared to the C group.

compared to the Lc (p=0.000) and Ex (p=0.016)
groups in serum ALP after 12 weeks of intervention.

Bone Resorption Marker: Serum C-
Terminal Telopeptide of Type 1 Procollagen
(1CTP). The results of serum 1CTP concentration
in all the groups are presented in Table 2.

At the end of the study, there was a significant
difference in all the groups after a 12-week
intervention. 1CTP concentration had increased
significantly (p=0.000) in the C group and
decreased significantly in Lc (p=0.000), Ex
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(p=0.000), and LcEx (p=0.003) groups, as shown
in Table 2. The mean difference of the serum 1CTP
concentration between pre-and post-tests of all the
groups was illustrated in Figure 3, and in

comparison to the C group, Lc, Ex, and LcEx
groups demonstrated higher values of reduction
(p=0.000) in serum 1CTP.

Table 2. Bone metabolism markers concentration in all the groups.

. Groups
Variables C Le Ex LcEx
ALP (pg/ml)
Pre-test 924.9457.0 904.8+127.5 802.7+147.6 848.2+195.8
Post-test 852.5+119.72 978.4+149.82 1001.9+190.02 1045.9+173.32
p-value 0.017 0.000 0.000 0.000
1CTP (ng/ml)
Pre-test 104.2+22.3 128.7+£21.0 131.9+20.9 136.4+14.9
Post-test 132.6+20.02 113.1+16.12 117.9420.42 119.4+18.5%
p-value 0.000 0.000 0.000 0.003
Total calcium (mg/dl)
Pre-test 1.9+0.2 1.240.1 1.2+0.1 1.240.1
Post-test 1.3+£0.22 1.6+0.12 2.0£0.12 2.240.12
p-value 0.000 0.000 0.000 0.000

Values are expressed as means + standard deviations (SD); ALP: Alkaline phosphatase; 1CTP: C-terminal telopeptide of type 1
procollagen; C: Control group; Lc: L-carnitine supplement alone group; Ex: Exercise alone group; LcEx: Combined L-carnitine
supplement with exercise; a: significantly different from the pre-test (p<0.05).
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Figure 2. Mean difference of serum bone alkaline phosphatase concentration between pre- and post-tests of all the
groups. Data presented in mean difference and expressed as means + standard error (SE); °: Significantly different
from the sedentary control group (p<0.05); ¢: Significantly different from the L-carnitine supplement alone group
(p<0.05); % Significantly different from exercise alone group (p<0.05); C: Control group; Lc: L-carnitine supplement
alone group; Ex: Exercise alone group; LcEx: Combined L-carnitine supplement with exercise.
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Figure 3. Mean difference of serum C-terminal telopeptide of type 1 procollagen (1CTP) between pre- and post-tests
of all the groups. Data presented in mean difference and expressed as means + standard error (SE). °: Significantly
different from the sedentary control group (p<0.05); C: Control group; Lc: L-carnitine supplement alone group; Ex:
Exercise alone group; LcEx: Combined L-carnitine supplement with exercise.



L-Carnitine Supplementation and Moderate-Intensity Exercise

Total Calcium Concentration. The total
calcium concentration for all the groups is shown
in Table 2. This finding indicated a significant
increase (p=0.000) in all the groups at the post-
test compared with the pre-test, except for the C
group, which showed significantly decreased
(p=0.000) serum total calcium. Figure 4 shows
the mean difference in total calcium concentration

between the groups' pre- and post-tests. Lc, EX,
and LcEx groups (p=0.000) showed significantly
greater increment than the C group in Figure 4.
Moreover, the LcEX group also demonstrated the
most significant value of increment (1.1+0.2
mag/dl) in total calcium concentration compared to
the Lc (p=0.004) and Ex (p=0.017) groups.
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Figure 4. Mean difference in total calcium concentration between pre-and post-tests in all the groups. Data presented
in mean difference and expressed as means + standard error (SE). °: Significantly different from the control group
(p<0.05); < Significantly different from the L-carnitine supplement alone group (p<0.05); ¢ Significantly different from
exercise alone group (p<0.05); C: Control group; Lc: L-carnitine supplement alone group; Ex: Exercise alone group;

LcEx: Combined L-carnitine supplement with exercise.

Isokinetic Muscular Peak Torque and
Power of Dominant Leg.

Knee extension peak torque at 60°s: Table 3
shows the means of the dominant knee extension
peak torque at 60°s of the dominant participants
between pre- and post-tests over time points.
Further analysis showed a significant increment
(p=0.002) in Ex and LcEx groups at post-test.
Moreover, there was significantly greater peak
torque in the Lc (p=0.005), Ex (p=0.000), and
LcEx (p=0.000) groups compared to the C
group. In addition, the LcEx group showed the
most significant peak torque compared to other
groups (p=0.000), especially the Lc and Ex
groups.

Knee extension average power at 60°/s: Table
3 shows the means of dominant knee extension
average power at 60°/s of the dominant leg
between pre- and post-tests over time points.
There were no significant differences within and

between groups after 12 weeks of the
intervention.

Knee flexion peak torque at 60°/s: The mean
knee flexion peak torque at 60°/s of the dominant
leg of the participants for all the groups is shown
in Table 3. After the intervention, Lc, Ex, and
LcEx groups displayed changes after 12 weeks
of intervention compared to the C group. Further
analysis indicated that there were significant
increases in Lc (p=0.005), Ex (p=0.001), and
LcEx groups (p=0.004) compared to the C
group.

Knee flexion average power at 60°/s: Table 3
demonstrated the means of dominant knee
flexion average power at 60°/s of the dominant
leg between pre-and post-tests of all the groups.
Further analysis showed that there were
significantly greater values in Lc (p=0.006), Ex
(p=0.001), and the LcEx group (p=0.001)
compared to the C group at the post-test.
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Moreover, it was observed that there was a
significantly greater value of means dominant knee
flexion average power at 60°/s of the dominant leg in
the Lc, Ex, and LcEx groups (p=0.000) compared to
the C group. LcEx group (p=0.000) showed a more
significant improvement than Lc and Ex groups.

Knee extension peak torque at 3000s™: This
means that the dominant knee extension peak

torque at 3000.s* of the dominant leg of the
participants in all the groups is expressed in Table
3. This interaction shows significantly greater
values in the Lc, Ex, and LcEx groups (p=0.01) at
the post-test compared to the C group.

Meanwhile, Lc, Ex, and LcEx groups showed
greater peak torque at 30060°/s (p=0.000) than the
C group.

Table 3. Dominant knee extension and flexion peak torgue of the dominant legs at pre- and post-tests for all the groups.

. Groups
Variables C Lc Ex LcEx
Peak Torque Extension 60°/s
Pre-test 115.9+38.4 120.74£43.5 133.04£54.3 140.3+53.3
Post-test 90.6+£27.1 126.1+34.8 176.0£31.82 232.1+28.12
Mean difference -25.3+52.2 6.6+59.1° 43.0+48.6 81.8+56.1°
Average Power Extension 60°s
Pre-test 79.9429.2 64.9+22.2 72.9428.4 85.6+30.9
Post-test 74.5421.2 75.2+20.0 92.6+32.9 106.6+151.1
Mean difference -5.4+40.0 10.2+10.5 19.8+38.8 21.0+£159.0
Peak Torque Flexion 60%s
Pre-test 35.243.2 47.6£14.2 55.4+24.7 50.5£16.3
Post-test 33.3#4.3 55.8+16.6° 64.8+24.62 65.4+22.42
Mean difference -1.945.5 8.248.4° 9.4+13.0° 14.9+9.6°
Average Power Flexion 60°/s
Pre-test 31.61£5.5 34.5%£11.5 38.7£16.2 37.1£12.2
Post-test 31.446.3 45.54+8.2% 51.3£13.4% 65.4+7.02
Mean difference -0.246.6 11.0£14.2° 12.6+10.7° 28.3+13.70
Peak Torque Extension 300°%s
Pre-test 35.3+3.1 56.4+16.6 53.4+36.7 51.1+30.4
Post-test 35.5£2.9 72.4£31.3? 81.1+26.5% 84.9+26.42
Mean difference 0.1+£3.5 15.9+23.8° 27.7419.2b 33.8+18.1P
Average Power Extension 300°/s
Pre-test 36.1+£3.6 95.6+40.1 132.2+71.0 139.8+61.0
Post-test 36.3£3.2 122.2+32.02 151.7+54.5% 169.5+65.0°
Mean difference 0.2£4.3 26.7+31.4° 19.5+43.3° 29.7+29.5b¢
Peak Torque Flexion 300°/s
Pre-test 40.5£7.5 50.5+15.7 56.1+22.7 55.7+£20.2
Post-test 33.7£4.7 52.4+17.2 62.5£18.0 64.7£20.8
Mean difference -6.748.9 1.9+11.1° 6.5+19.3 9.0+14.8°
Average power Flexion 300%/s
Pre-test 34.3+9.7 45.4+21.2 64.4+49.5 51.1+34.9
Post-test 33.0+4.6 55.1+28.4 78.2+37.18 72.6+30.82
Mean difference -24.5+20.4 10.9+£21.5 13.8+16.1° 21.5+28.9b

Values are expressed as means + standard deviations (SD); C: Sedentary control group; Lc: L-carnitine supplement alone group;
Ex: Exercise alone group; LcEx: Combined L-carnitine supplement with exercise group. & Significantly different from pre-test
(p<0.05); °: Significantly different from C group (p<0.05); ¢ Significantly different from Lc group (p<0.05); ¢ Significantly

different from Ex group (p<0.05).

Knee extension average power at 300%s: The
mean dominant knee extension average power at
3000.s1 of the dominant leg of all groups is shown
in Table 3. Following up on the significant
difference, there was a significant increase after 12
weeks of intervention in Lc (p=0.003), Ex
(p=0.003), and LcEx (p=0.001) groups compared to
the C group. Regarding the significant difference

between groups, there was also a significantly
higher value in the Lc group (p=0.000), Ex group
(p=0.000), and LcEx group (p=0.000) compared to
the C group. The LcEx group exhibited more
significant improvement (p=0.021) than the Lc
group after 12 weeks of intervention.

Knee flexion peak torque at 300°s: The means
of knee flexion peak torque at 300%s of the
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dominant leg of the participants over time are
shown in Table 3. LcEx (p=0.000) group showed
the highest increment after 12 weeks of
intervention, followed by Ex (p=0.000) and Lc
(p=0.009) groups compared to the C group.

Knee flexion average power at 300%s: Table 3
shows the means of dominant knee flexion
average power of the dominant leg at 300°/sof all
the groups. Within-group analysis demonstrated a
significantly increased (p=0.01) value of the
measured parameter in the Ex and LcEX groups at
the post-test. Moreover, there were significantly
greater values in the Ex group (p=0.000) and
LcEx groups (p=0.001) than in the C group.

DISCUSSION

Bone Metabolism Markers. The main
findings of this study were high increments in
serum ALP concentration, a biomarker of bone
production, and a reduction in serum 1CTP, a
biomarker of bone resorption, in the LcEx group
compared to other groups. Meanwhile, the Lc,
Ex, and LcEx groups increased serum ALP and
reduced serum 1CTP compared to the C group
after 12 weeks. These findings collectively
implied that the combination of L-carnitine
supplementation and moderately intense
exercise, which included brisk walking and
interval training, elicited beneficial impacts on
bone metabolism markers by enhancing serum
ALP, a bone formation marker, and had a
significant effect on reducing 1CTP, a bone
resorption marker.

It has been recommended that mechanical
loading imposed on specific bone sites creates
high stresses in unique patterns over short
periods that are frequently repeated to get the
best osteogenic impact (18). Brisk walking is a
weight-bearing exercise involving repetitive
movement of the lower limbs and is considered
an intermediate-intensity exercise. Interval
exercise combines weight-bearing sports with
strength training that requires multi-joint
movement alternating between upper and lower
limbs and involves repeated jumping motions,
high-impact loading forces, and dynamic
strength and power. Previous research has found
that this type of training benefits bone mass in
humans (19, 20). Hart et al. (21) describe bone
tissue as a highly adaptable tissue that responds
to strain demands posed by physical activity.
The intense strains created by muscular
contractions imposed on bone tissue during the

training enhance bone metabolism and promote
osteogenesis. As a result, this exercise will build
solid muscles and produce strong bones.

The rhythmic nature of high-impact loading
exercise enhances blood supply to working
muscles, positively affecting bone mass (22).
The authors, Alghadir et al. (23), reported a
substantial increase in all bone metabolism
indicators after 12 weeks of moderate aerobic
exercise, including serum ALP, serum
osteocalcin, serum-free calcium, and BMD in
both males and females. Our findings support
previous research, which shows that brisk
walking combined with interval exercise
training three times per week for 12 weeks can
improve bone mass in overweight and obese
individuals.

Bone comprises 35% protein and requires a
supply of amino acids for protein turnover (12).
Tomé et al. (13) stated that protein and amino
acids aid muscle development and are vital to
bone health. In the current investigation, L-
carnitine supplementation alone was found to
promote bone formation and lower bone
resorption markers in overweight and obese
participants, confirming the positive benefits of
L-carnitine supplementation on human bone
health.

It is known that L-carnitine facilitates the
beta-oxidation of fatty acids, acts as a shuttle for
acetyl groups across the mitochondrial
membrane, and increases human osteoblast
activity and intracellular calcium signaling (24).
As bone remodeling, particularly osteoblast
differentiation, necessitates significant energy,
effective mitochondria are critical for bone
production and bone mass maintenance. In
previous studies mentioned by Terruzzi et al.
(24), the significance of mitochondrial activity
in maintaining the effectiveness of cellular
metabolic processes, including the generation of
ROS, calcium  homeostasis,  oxidative
phosphorylation, and the electron transport chain
(ETC) to produce adenosine triphosphate (ATP),
and regulation of cellular apoptosis. In addition,
L-carnitine plays a vibrant cofactor for fatty acid
conversion, which plays a vital role in energy
transfer in the human body for bone and muscle
development (25).

Fatty acid oxidation has been reported to
influence the energy available for protein synthesis
in osteoblasts (25). Furthermore, Shen et al. (26)
discovered that fatty acid oxidation provides 40%
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to 80% of the energy required for osteoblasts. As a
result, L-carnitine may influence bone density,
slow bone turnover, and directly affect human
osteoblasts.

Regarding serum 1CTP, a statistically reduced
concentration was measured after 12 weeks
compared to the baseline in the LcEX group among
other groups. The findings of this study implied
that the LcEx group might have the potential to
reduce bone resorption after 12 weeks of
intervention in overweight and obese participants.
A high blood volume could be supplied to the
working muscles during interval training and brisk
walking. This may increase blood flow to the
muscles and bones (27). The absorption of the
active compounds in L-carnitine into the blood and
subsequently into the muscles and bones may
increase bone formation and reduce bone
resorption markers.

This study found that moderate brisk walking
and Interval exercise training elevate serum
calcium, consistent with findings from previous
research (24, 28). Our study hypothesized that L-
carnitine could improve calcium absorption,
resulting in skeletal advantages with acute
ingestion. It is due to the considerable rise in serum
total calcium in the L-carnitine supplementation
alone group after 12 weeks of research. It was
discovered that L-carnitine supplementation can
significantly increase total serum calcium
compared to the baseline value. We are implying
that L-carnitine, which contains calcium, amino
acids, and other nutritional elements, can improve
circulating calcium levels in blood vessels.
Unfortunately, the calcium absorption efficiency
was not determined in this study. Therefore,
further research is needed to incorporate
absorption efficiency analysis to clarify the
physiological mechanism of calcium metabolism
produced by L-carnitine supplementation.

The mean difference in serum total calcium
concentration was the highest in the combination
of L-carnitine supplementation and moderately
intense exercise (brisk walking and interval
training). In our hypothesis, this combination
might increase calcium absorption induced by
exercise. Thus, it was hypothesized that L-
carnitine would improve calcium availability in the
blood, as indicated by this study's L-carnitine
supplementation alone group. Blood will be
transported to the working muscles when the
participants perform brisk walking and interval
exercises. Thus, the increase in calcium levels in

the peripheral blood caused by L-carnitine
consumption, brisk walking, and interval exercise
may reflect calcium mobilization from the bone, as
seen in the current study.

Furthermore, L-carnitine containing lysine can
enhance intestinal calcium absorption and improve
the renal conservation of the absorbed calcium
(29). The abovementioned phenomenon could
have caused the combined effects of brisk walking
and interval exercise  with  L-carnitine
supplementation on serum total calcium in the
present study. The combined effects may
contribute to a positive calcium balance. Thus, it is
suggested that L-carnitine supplementation has the
potential for preventive and therapeutic
interventions in osteoporosis.

The interplay is complex, always involving the
interaction between the skeletal system, kidneys,
and gastrointestinal tract to regulate the level of
calcium within the body. Most physiological
alterations in calcium are due to alterations in the
rate of bone resorption and deposition, renal
reabsorption, and intestinal absorption. PTH and
vitamin D are the primary regulators of this
process: increased intestinal calcium absorption,
renal tubular reabsorption, and bony resorption are
balanced by normal renal excretion to maintain the
steady state of blood calcium. Weight-bearing
physical activity, such as brisk walking and
interval  exercise, can  stimulate  bone
mineralization and calcium retention, enhancing
bone density. Conversely, any disruption to these
processes, such as reduced physical activity or
hormonal changes, releases calcium from the
bones, predisposing one to disorders such as
osteoporosis (30).

However, in this present study, even without
direct intervention, changes in the control group
became significant in markers of bone metabolism
due to several factors. Bone metabolism represents
a continuous dynamic process between bone
formation and resorption. With time, oscillations in
natural bone metabolism markers can occur due to
hormonal changes, activity level, diet, and age,
which may occur even without any particular
intervention on a person. Examples include
changes in hormonal factors in adulthood that
influence, but are not limited to, the metabolism of
vitamin D and calcium, thus influencing bone
turnover independently from physical activity or
nutrition (31).

Even though the control group did not
experience a systematic intervention, physical
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activities incidentally might have occurred in
daily life routines such as walking, standing, and
climbing stairs. It has been shown in several
studies that even at low to moderate levels,
physical activity itself, independent of any
exercise intervention, can improve bone
turnover by applying mechanical loading to the
skeleton itself (32). Thus, these unmeasured
daily activities may improve bone metabolism
markers in the control group. Diet has excellent
effects on bone health; a slight change in
calcium, vitamin D, and protein intake would
result in remarkable changes in bone metabolism
markers. The research indicated that an increase
in dietary calcium and vitamin D through food
may improve the markers of bone resorption,
even in the placebo group (33). The significant
changes might have been attributed to the
unmonitored diet that had changed in the control
group.

Muscular Performance. Regarding
muscular performance, LcEx groups performed
greater knee flexion and extension of the
dominant leg, peak torque, and power
measurement than the supplement and exercise
alone groups. It appears that the brisk walking
and Interval exercise training designed in this
study have increased the muscle strength and
power of the participants. Brisk walking is a
whole-body movement that involves the legs,
resulting in repetitive movements of the lower
limb. During training, interval exercise training
enables the participants to use their entire upper
and lower extremities. As a result, we discovered
that brisk walking and interval exercise training
could improve knee muscular strength on the
dominant side of the legs, enhancing the
muscular balance on the dominant knees. It
would be reasonable to assume that numerous
joint movements were emphasized in this
interval training regimen, which allowed for the
simultaneous training of multiple muscle groups
and the use of heavier loads for better physical
strength improvement (34).

Schmidt et al. (35) found similar findings in
their investigation. Women who did low-
intensity circuit training combined with high-
resistance exercises for 12 weeks improved their
bench press, knee extension, and muscular
endurance scores considerably. In addition,
Kumar (36) found that participants who did six-
station circuit training significantly increased
their leg muscle strength and agility. The circuit

training involved exercising for 25 to 35 seconds
with 20 to 30 seconds of rest at each station, for
2 to 3 minutes between each set (in a total of 2
to 4 sets) for eight weeks. Therefore, strength
and power were expected to increase since the
exercise focused on the strength of the core,
upper, and lower limbs.

Furthermore, as evidenced by the evolution
of workload in performing Interval exercise
training, the duration of training will
progressively increase by 4 minutes from week
1 to week 12, with a total of 20 minutes.
Increased overload training produces significant
tensile stress. This progression of exercise
training could avoid injury and benefit the
human body. For example, encouraging muscle
growth and enhancing intramuscular anabolic
signaling promotes a greater rate of muscle
protein  synthesis than breakdown and
maximizes the response to muscle fiber
recruitment, time under tension, and metabolic
load (37). Increased myofibril size and number
contribute to the most significant adaptations,
such as a larger cross-sectional area of the whole
muscle and myofibrils within individual muscles
(37).

According to a prior study, the training
adaptations are influenced by the level of
training. Those with lower fitness levels may
gain more from brisk walking and Interval
exercise training. However, those with higher
strength levels may require a particular stimulus
(38). Other factors influencing muscle mass
gains after exercising include frequency,
intensity, and volume (39, 40). Two or three
sessions/week with at least ten series per week
are sufficient to improve strength, power, and
hypertrophy (41-44). This study's muscle
strength and power enhancement may be due to
a gradual increase in exercise intensity,
repetition frequency, and continuous moderate
aerobic exercise. As for intensity, moderate-
intensity resistance workouts with short rest
intervals have been advised to target muscular
growth with strength gains primarily (41). The
strength of skeletal muscles may be affected by
both neurological stimulation and adaptation
(42). Initial strength improvements have been
linked to neurological modifications involving a
more effective activation pattern of active
muscles in previously untrained individuals (43).
As a result, any changes in muscle activation are
almost certainly due to a change in muscle size.
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Previously, there were significant strength gains
during the first weeks of training in resistance-
trained athletes (39). Therefore, it was
speculated that the above explanations could
increase all the measured parameters of knee
extension and flexion among participants who
performed Interval exercise training 3 times per
week for 12 weeks in overweight and obese
participants.

L-carnitine contains lysine and methionine,
which are essential in skeletal maintenance and
help improve muscle strength and power. Lysine
is required by the body to produce protein, which
significantly contributes to muscle development
and joint strengthening. Lysine is mainly
generated by skeletal muscle. Therefore, it helps
develop and maintain muscular tissue.

During exercise, it also interacts with
numerous vitamins, minerals, and amino acids,
such as vitamin C, to produce another amino
acid, carnitine, which aids in fat-burning and
oxygen delivery to active muscles.

Lysine raises human growth hormones in the
blood that help gain muscle and improve
performance. Significantly, lysine slows the rate
of catabolism. Naturally, the body goes into a
catabolic state after exercise, but lysine reverses
that process, and with enough lysine reserves,
the body returns to an anabolic state. For this
reason, lysine absorption is thought to induce
tissue development, recuperation, and muscle
rebuilding (45).

As aresult, in this study, whether L-carnitine
alone or the combination of L-carnitine and
exercise may significantly improve muscular
strength and power in overweight and obese
participants.

The limitation of this study is that there is no
use of the Dual-Energy X-ray Absorptiometry
(DEXA) scan, considered a gold standard for
measuring body composition, including bone
density, fat mass, and lean mass, with high
precision. Although alternative methods for
assessing body composition were employed,
such as a bone sonometer that measures the
ankle and wrist, they may not offer the same
level of accuracy as DEXA. The lack of access
to DEXA scanning could have affected the
precision of body density results, particularly in
detecting small changes over time. Future
research should consider incorporating DEXA
scans to improve the accuracy of body density
measurements.

CONCLUSION

In summary, combining  L-carnitine
supplements with exercise could significantly
increase bone formation and serum total calcium
levels but reduce bone resorption among
overweight and obese individuals, subsequently
enhancing muscular strength and power. Thus,
the formulation of guidelines for implementing
exercise and nutrition promotion programs to
enhance bone health and muscle performance will
likely be beneficial by adding 1000mg of L-
carnitine daily combined with three days of brisk
walking per week and interval exercise training in
overweight and obese people.

APPLICABLE REMARKS

e The current study supports the importance of
exercise and L-carnitine supplements, whether
taken alone or combined, in preventing bone
loss.

¢ Interestingly, the combination of L-carnitine
and exercise group expressed the highest
peak torque and average power at 60°/s and
300°s.

e Therefore, we claim that the active compound
in the L-carnitine supplement positively
affects bone and muscular performance in
combination with brisk walking and interval
exercise training.
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