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Abstract

health-related physical fitness among Thai older adults.

Wilcoxon signed rank test.
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Background: Chronological aging is associated with a decrease in physical activity levels and consequently a decline in physical
fitness, which may contribute to adverse conditions such as cardiovascular disease, hypertension, obesity and physical impairment.
Objectives: This study sought to examine the effects of an 8-week physical activity intervention program on nutritional status and

Methods: Fifteen healthy elderly volunteers (aged 60 - 75 years) completed an 8-week physical activity intervention that comprises
anine matrices exercise (NME) program (5 sessions per week of 30 - 60 minutes). Measurements were taken at baseline and after 8
weeks, and included height, weight, body mass index (BMI), blood pressure and health-related physical fitness tests (6-minute walk,
chair sit-and-reach, arm curl, back scratch, chair stand and 8-ft up and go). Statistical analysis included descriptive statistics and

Results: Over an 8-week intervention study, participants significantly improved their weight ($A =-2.5, P < 0.001), BMI (¥A =-2.5,
P < 0.001), cardiorespiratory fitness (¥A =+13.9, P = 0.001), arm curl (¥A =+45.9, P = 0.001) and leg squat (3A = +42.8, P = 0.001)
muscular strength, shoulder (%A =+9.8, P=0.006) and lower back (¥A =+15.0, P = 0.001) flexibility and agility and balance (3A =
-3.9,P=0.003). Blood pressure did not change significantly during the study period (P> 0.05).

Conclusions: This study provides preliminary evidence that an 8-week NME program represents an effective strategy for improving
nutritional status and health-related physical fitness in elderly Thai people.

1. Background

Aging can be defined as a progress decline in the ability
of an organism toresist stress,damages, and disease (1)and
chronological aging is associated with an increased risk of
chronic conditions and diseases such as cognitive impair-
ment, cardiovascular disease and metabolic syndrome (2).
Moreover, aging is frequently associated with a decrease in
physical activity levels and consequently a decline in phys-
ical fitness, which may contribute to the development of
coronary heart disease, heart attacks, diabetes, hyperten-
sion, obesity, osteoporosis and bone fractures and differ-
ent kinds of cancer (3, 4). United States department of
health and human services refers that the promotion of
regular and daily physical activity is a good strategy to pre-

vent the onset of age-related diseases and disabilities and
the risk of many adverse health outcomes and disability
conditions (5). Also, the important factor for preventing
the lack of healthy conditions in the elderly is reinforcing
physical fitness by promoting physical activity.

Physical fitness is the ability to perform occupational,
recreational and daily activities without becoming un-
duely fatigued that include musculoskeletal fitness, car-
diorespiratory endurance, flexibility, balance, body weight
and body composition (6). A major problem of the older
population is physical inactivity and negative lifestyle se-
riously threatens health and hastens the deterioration
rate of human body (7). The American college of sports
medicine recommends that the exercise in the older adults
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should include aerobic, muscle strengthening and flexibil-
ity exercises and in individuals who are at risk for falling
or mobility impairment should also include specific exer-
cises to improve balance in addition to the other compo-
nent of health-related physical fitness (8). In fact, walk-
ing, for example is an excellent form of physical activity
for older adults because it is familiar, cheap, safe, easy, con-
venient and can be performed in social setting (i.e., group
walks) (9). However, older adults may experience difficulty
in walking in unfavorable weather conditions such as rain,
wind, cold, or heat waves as in Asian countries. Further-
more, the fear of injury, disease, accident, and crime may
prevent them walking outdoors (10-12).

Considering that elderly Thai people face these situa-
tions in daily life, we attempted to use an innovative phys-
ical activity program (nine matrices exercise-NME) that
can easily be performed indoors, composed of movements
similar to walking (13). The NME program was developed
by Krabuanrat (13) and is based on stepping on a thin mat
where several step patterns have been created, which must
be followed by participants. This program has the purpose
to improve reaction on learning, sensory neuron function,
coordination between neuromuscular system and muscle
function and stimulate reaction time to practice move-
ment skill (13). The efficacy of a NME program on health
and physical fitness of children and young and older adults
has been recently investigated (13-16). Results suggested
that a NME program has beneficial effects on reduction
of stress, improvement of movement skill and health of
children and youth, increased agility and speed for ath-
letes and also developming agility in soldiers too. For older
adults, NME has a clearly beneficial effect in aerobic fitness
and balance and agility, but there is no academic evidence
that NME has a beneficial effect on strength and flexibil-
ity. However, health-related physical fitness results were
not assessed in elderly people. Therefore, the purpose of
this study was to investigate the effects of an 8-week NME
program on the nutritional status and physical fitness of
Thai elderly people. It was hypothesized that the system-
atic practice of NME program would have a significant ef-
fect in improving nutritional status and physical fitness.

2. Objectives

The main purpose of this study was to examine the ef-
fects of an 8-week NME program on nutritional status and
health-related physical fitness among Thai older adults.

3. Methods

Fifteen healthy Thai elderly volunteers (4 males and 11
females), aged 60 - 75 years, participated in this study. Par-

ticipants were recruited via advertisements at the Kaset-
sart University Aging Club in Bangkok, Thai. Medical
screening was performed before the start of the interven-
tion period. Participants with medical conditions that
would limit their ability to participate in NME program
(e.g. registered blindness, severe hearing impairment,
uncontrolled hypertension or diabetes, symptomatic car-
diorespiratory disease, severe renal or hepatic disease, un-
controlled epilepsy, progressive neurological disease and
chronic disabling arthritis) were excluded. Subjects who
had participated in a structured physical activity program,
for at least 2 years prior to the study were also excluded.
The study was approved by the ethics committee of the
Kasetsart University. After explaining the aims of the study
and making aware of the procedures, including any risks,
discomfort, and benefits to the participants, informed con-
sent was obtained. Study participation was voluntary; the
participants were free to withdraw at any time; all of the
participants completed the study.

3.1. Nine Matrices Exercise Program (NME)

The NME program was developed by Krabuanrat (13)
with the purpose of improving learning, sensory neuron
function, coordination between neuromuscular system
and muscle function and to stimulate reaction time to
practice movement skill. The NME program emphasizes
on nine matrices consisting of stretching, aerobic mov-
ing, and body weight training (see Figures 1 - 3). The se-
quences of the NME program were organized by difficulty
level and participants were instructed to step on the nine
square plate according to the pattern that the supervisor
had shown by starting from the simple to the more dif-
ficult patterns. To change the pattern, it was required
that participants had learned the previous pattern, having
completed it twice properly. This NMR program consists
of slow walk and brisk walk in different directions and se-
quences on the nine matrices square performing 12 mov-
ing steps: step 1. forward and backward; step 2. left and
right side; step 3. "X”; step 4. square; step 5. "V”; step 6. tri-
angle; step 7. double inverted triangle; step 8. stair; step 9.
cross; step 10. diagonal; step 11. zig zag; and step 12. row
step.

The NME was performed five times a week (Monday to
Friday) for 30 - 60 minutes each session in the afternoon
(02:00 pm to 03:00 pm). Each session included 5 min-
utes of warm-up (stretching, body weight training and bal-
ancing exercises), 30 - 40 minutes of moving on the nine
square plate switch stepping up on the box which was 1-
3 inches high, and 5 - 15 minutes of cool-down (stretching
exercises). The simplified 12-form nine square movements
and 15 stretching exercise forms were used in this study.
Stretching exercises have the purpose to improve upper
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Thight/Back Stretching

Figure 1. Stretching Exercise on the Plate in NME Program

and lower limb flexibility and applied the principle of full
range of motion. Static stretching techniques were used,
which gradually lengthen a muscle to an elongated posi-
tion (point of the mild discomfort), which were held for a
period of 8-20 seconds. During the sessions, the instructor
constantly monitored the older adults and corrected their
body positions, joint angles, direction of movement, form-
to-form transitions.

3.2. Anthropometry

Height and body mass were recorded using a portable
stadiometer and balance weighing scales, respectively.
Subjects were weighed barefoot wearing light clothing.
Body mass index (BMI) was calculated using standard for-
mula: body mass (kg)/height* (m).

3.3. Blood Pressure

After being at rest for fifteen minutes, resting blood
pressure (BP) and heart rate (HR) were measured by a digi-
tal sphygmomanometer (Omron IA2) in supine position in
the right upper limb. The average of three measurements
for systolic (SBP) and diastolic (DBP) blood pressure, and
HR were entered as data. BP measurements were recorded
at least 8 hours after intake of relevant antihypertensive
medication. The measurements were performed between
8:00 am and 11:00 am in a quiet, temperature controlled
room, by the same investigator.

Asian ] Sports Med. 2017; 8(1):e37508.

3.4. Health-Related Physical Fitness

The Senior Fitness Test proposed by Rikli and Jones (17)
was used to assess health-related physical fitness. This bat-
tery consists of 6 assessment items, designed and validated
(0.77 < r < 0.83) to assess the physiological parameters
that support physical functionality and mobility in older
adults (17). These tests included aerobic endurance, arm
and leg strength and endurance, chair sit-and-reach flexi-
bility and agility and balance. Aerobic endurance was as-
sessed by 6-minute walk test. Participants were asked to
walk as fast as possible for 6 minutes for 50 yards (45.47
meters) with verbal encouragement given at 30-second in-
tervals. The score was the number of yards walked in 6
minutes. Upper-body strength was assessed by arm curl
test which was performed by holding a 5 Ibs hand weight.
(2.27 kg) for women and 8 lbs. (3.63 kg) for men, and as-
sess the number of biceps curls that can be completed in
30 seconds holding a hand weight. Lower-body strength
was assessed by chair stand test. Participants were asked
to performed full stands and sits on a 43-cm-high. The
score corresponds to the number of full stands from a
seated position that can be completed in 30 seconds with
arms folded across chest. Upper-body (shoulder) flexibil-
ity was assessed by back scratch test that performed by one
hand reaching over the shoulder and one up the middle of
the back and measuring the number of inches (centime-
ters) between the extended middle fingers (plus or minus).
Lower-body flexibility was assessed by chair sit-and-reach
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Figure 2. Aerobic Movement on NME Plate

test. The participants sat on the edge of a chair (placed
against a wall for safety). One foot must remain flat on
the floor. The other leg is extended forward with the knee
straight, heel on the floor, and ankle bent at 90°. One hand
was placed on top of the other with tips of the middle fin-

gers even. The distance was measured between the tip of
the fingertips and the toes. If the fingertips touch the toes,
then the score is zero. If they do not touch, the distance
between the fingers and the toes is measured (a negative
score), if they overlap, the amount is measured (a posi-
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Figure 3. Body Weight Training on 1- 3 Inches High Box Workload

tive score). The agility/dynamic balance was assessed by
foot up-and-go test in which the participant gets up from a
seated position and walks straight way 8 feet (2.44 meters)
and turn-returns to seated position, and the performance
is assessed from the number of seconds required to get up
and return to seated position. All the physical fitness tests
showed a high test-retest reliability (r> 0.80).

3.5. Testing

Baseline and after 8-weeks intervention testing oc-
curred at the first week of September 2015 and the first
week of November 2015, respectively. Each participant was
tested twice within a 1-week period. Interview, anthropom-
etry and blood pressure were measured during an initial
visit. Health-related physical fitness tests were assessed
during a second visit. Assessments were done under sim-
ilar conditions and at approximately the same time of the
day to minimize potential diurnal variation in measured
variables. Prior to testing health-related physical fitness
tests, the participants performed an 8 - 10 minutes warm-
up consisting of jogging and stretching exercises, as well
as familiarization trials of each test.

3.6. Measurement Variability

The reliability of the measurements was determined
by the technical error of measurement for anthropometry
(030 cm for height; 0.20 kg for weight), while the inter-
class correlation coefficient was used for blood pressure
and health-related physical fitness tests (0.90 for aerobic
endurance; 0.95 for arm and leg strength and endurance;
0.97 for chair sit-and-reach flexibility; and 0.88 for agility
and balance).

Asian ] Sports Med. 2017; 8(1):e37508.

3.7. Statistical Analysis

Descriptive statistics (means and standard deviations)
were calculated at baseline and after 8-weeks. Percentage
of change (%¥A) between baseline and 8-week was calcu-
lated for each variable. The effect of the NME interven-
tion program was evaluated with the Wilcoxon signed-
rank test. Effect sizes (ES) were also calculated. The signifi-
cance level in all analyses was set at 0.05. Statistical analy-
ses were conducted using SPSS version 21.0.

4. Results

Characteristics of the study participants are detailed in
Table 1. The sample included more females (11, 73.3%) than
males (4,26.7%). Fifty percent of males were undergraduate
and graduate. In females, the percentages of undergradu-
ate and graduate were 63.6% and 36.4%, respectively.

Table 1. Characteristics of Study Participants®

Male Female Total
Participant 4(267) 1(73.3) 15(100)
Agerange,y 65-74 61-75 61-75
Mean age 68.5 63.6 64.9
Education
Undergraduate 2(50) 7(63.6) 9(60)
Graduate 2(50) 4(36.4) 6(40)

Values are expressed as No. (%).

Changes in anthropometric, nutritional status, blood
pressure and physical fitness are shown in Table 2. After
8-weeks of NMR training, study participants improved sig-
nificantly their weight (¥A =-2.5,P < 0.001, ES= 0.68), BMI
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(%A =-2.5, P < 0.001, ES = 0.76), cardiorespiratory fitness
(3A =+13.9, P = 0.001, ES = 0.86), arm curl (¥A = +45.9, P
=0.001, ES=0.74), and leg squat (¥A =+42.8, P=0.001, ES
= 0.87) muscular strength, shoulder (¥A =+9.8, P=0.006,
ES = 0.43) and lower back (¥A = +15.0, P = 0.001, ES = 0.60)
flexibility and agility and balance (3A =-3.9, P = 0.003, ES
=0.51). Blood pressure did not change significantly during
the study period (P> 0.05).

5. Discussion

This exploratory study examined the effectiveness of
a relatively short-term period (8 weeks) of NME program
training on nutritional status, blood pressure and physi-
cal fitness of healthy, sedentary Thai older adults. This NME
program was applied from a nine square movement exer-
cise established for developing a learning program for chil-
dren based on the belief that movements of hands on a
nine-squared model can help develop the brain cell and
the cognitive function of the children (13). The tradition
nine square model has existed for at least 10 years and is
becoming popular in Thailand and can have significant
benefits in improving the health-related physical fitness of
older adults (14).

This study found significant increases in muscular
strength, flexibility, cardiorespiratory endurance and
agility and balance after the 8-week NME program training
suggesting that NME training has a potential effect pro-
tecting participants against functional declines associated
with age. However, despite a trend toward modestly re-
duced resting HR, BP, and BMI, no significant changes were
observed after the 8-week NME program intervention.

Sarcopenia, characterized by the degenerative loss of
skeletal muscle mass along with a reduction in muscle tis-
sue quality and muscle function associated with aging, is
well documented (18). Evidence suggests that this age-
related muscular atrophy and weakness can actas a predis-
posing factor for many of the pathological processes asso-
ciated with an increased risk of morbidity and mortality of
older persons (19). Impairments in muscle function may
also predispose elderly subjects to functional limitations
(20). This study shows that NME intervention offers po-
tential benefits to the elderly in terms of muscle strength
and other physical function. Muscular strength improve-
ment was evidenced in upper and lower body strength.
Previous studies have showed similar results combining
different modes of exercise, with great results increasing
both upper- and lower-limb muscular strength (21, 22). In
addition, our data is consistent with results of another
study that showed benefits of square-stepping exercise
with respect to improve muscular strength of lower ex-
tremely in the older adults (10-12). Also, other previous

studies found that the older adults had significantly in-
creased muscle strength and endurance (P < 0.05) after
the 12 weeks of 9 square table aerobic exercise (15). Fur-
thermore, there were significant improvements in 8-fit up-
and-go, which is a demonstration of agility/dynamic bal-
ance that is related with lower limb muscle strength (23).
In fact, Ryushi et al. (24) demonstrated that better bal-
ance was due to rises in muscular strength in older adults.
Thus, it seems reasonable to believe that these Thai elderly
adults significantly improved the performance of tasks de-
pendent on muscle strength (e.g. sitting and rising from a
chair, rapid movements, and quick changes in direction),
asreported in previous studies where the participants im-
proved their maximum strength (10-12, 25). The improve-
ments in agility/dynamic balance support the concept that
Thai older adults are able to improve agility and balance by
NME intervention. These results are in agreement with a
prior study that studied an 8-week NME in Thai older adults
(14). Moreover, (16) showed significant improvements in
agility after the 4, 8 weeks of matrix of nine square train-
ing as well as the balance of children with cerebral palsy.
The reduction in 8-ft up-and-go time, after 8 weeks of NME
seems to be of importance given its great relationship with
balance and functional capacity that are directly related
to the predisposition for falling (17). Probably, besides the
improvements in lower muscle strength, the specific bal-
ance activities involved in NME may possibly have stimu-
lated additional benefits. The ACSM (26) emphasizes in its
guidelines that balance must always be encouraged in the
practice of different types of physical activity, but it is also
important to offer activities that might stimulate, directly,
balance in seniors.

Present findings suggest that stretching exercise on
nine square plate in the NME program training signifi-
cantly improve shoulder flexibility and lower back and
hamstring flexibility. The increased of ROM can most likely
be attributed to the static stretching which is most com-
monly advised as a method for increasing flexibility (27).
The maintenance and development of levels of flexibility
closely related to strength and balance are important com-
ponents of a general health enhancement program during
the aging process (28) and decrements in joint ROM with
age and established links among poor flexibility, mobility,
and physical independence (29-31). The increase of ROM re-
sulting from prolonged stretching, as in our study, is most
likely due to an increase in length of both connective and
muscle tissue (32). Increased connective tissue length can
occur due to its property of plastic elongation (33) and in-
creased muscle length can occur through the addition of
sarcomeres to the ends of muscle fibers (30, 32, 34). This
study shows that practitioners of stretching exercise on
the nine square plate in NME program for 8 weeks pos-
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Table 2. Anthropometric, Nutritional Status, Blood Pressure and Physical Fitness Characteristics at Baseline and After 8 Weeks in the Study Participants

Baseline Post %A z PValue

Weight, kg 57.7+97 56.2+9.2 25 3.41 0.001
Height, cm 159.3 £ 8.1
Body mass index, kg/m” 227+£31 222431 2.5 3.41 0.001
Resting heart rate, bts/min 771£5.9 733+5.4 3.41 0.001
Blood pressure

Systolic, nmHg 130.0 £19.9 1285 +19.9 -0.9 -0.55 0.580

Diastolic, mmHg 7.9 £7.4 727+ 43 +1.8 -0.43 0.673
Aerobic endurance, m 439.2 £ 28.5 4993 +23.4 +13.9 -3.41 0.001
Muscular strength, time

Arm curl 157+£29 222439 +45.9 330 0.001

Leg squat 135418 1911+ 2.6 +42.8 3.43 0.001
Flexibility, cm

Shoulder 03+8.0 24+78 +9.8 273 0.006

Lower back and hamstring -03 1107 45+9.0 +15.0 3.42 0.001
Agility and balance, s 8210.6 7.9+ 0.6 3.9 -2.93 0.003

sessed better shoulder and lower and hamstring flexibil-
ity than they experienced during their previous sedentary
lifestyles. Studies have shown both significant positive and
no significant effects of exercise on the range of motion
of joints in older adults, depending on the duration of the
program, sample size, rate of attrition, measurement tech-
nique and the training protocol (35, 36). The results of the
present study demonstrated that Thai older adults were
able to gain significant upper and lower body range of mo-
tion after 8-weeks NME intervention. A stretching compo-
nent targeting the major muscle groups and performed in
all training sessions might have been the primary reason
for improved flexibility scores in our study.
Cardiorespiratory fitness, as measured by 6-minute
walk test is defined as the ability to perform large mus-
cle, dynamic, moderate to high intensity exercise for pro-
longed periods of time. The results demonstrated that
this NME intervention improved cardiorespiratory fitness.
In the same way, (37) founded significant increases in car-
diorespiratory fitness after 12 weeks of 9-square-table aero-
bic exercise training. American college of sports medicine
recommended aerobic exercise training of sufficient in-
tensity (> 60% of pre-training VO,n.), frequency, and
length (> 3 d-wk' for > 16 wk) in order to VO, (8). Tak-
ing into account our NME program, specifically its short
duration and intensity, we believe that the success of its
performance is also dependent on peripheral adaptation,
particularly the power and muscular strength of the lower
limbs (38). Thus, the significant improvements in aerobic

Asian ] Sports Med. 2017; 8(1):e37508.

fitness can be, once more, attributed to increases muscular
endurance resulting from the NME program training.

Finally, the present training protocol improved not
only Thai elders’ functional capacity but also nutritional
status, measured by BMI. These results are consistent with
another study where the BMI of older adults significantly
declines that after 8 weeks of Thai dance on nine channels
table (37). The results from body composition in our study
showed that older subjects were able to achieve a decrease
in BMI after 8 weeks of training (5 times/day), enhance at
the same time their strength, balance and cardiorespira-
tory fitness, underlining the importance for older people
to participate in regular training for their health, function-
ality and quality of life (38). However, in the present study,
NME did not have a significant effect on systolic and dias-
tolic blood pressure. Less population in NME intervention
program may have influenced the results to improve sys-
tolic and diastolic blood pressure. This mean that a suffi-
cient number of patients completed the study according
to the power calculation.

Limitations of this study include a small sample that
consisted of a self-selected group of older peoples, healthy,
predominantly female aging subjects; lack of a control
group; and the consequent lack of generalizability. Al-
though conceived as a pilot study, the relative magnitude
and consistency of the observed changes support their va-
lidity and argue for their replication in future research. De-
spite these limitations non-randomization of the present,
itis important to highlight the uniqueness of the study, as
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there are no reports in the literature observing the effect
of NME sequences alone on functional fitness. In this con-
text, our study proposed a new form of exercise for Thai
older adults as an alternative physical activity that would
meet the objectives of current recommendations to im-
prove and maintain physical fitness and health.

In summary, an 8-week NME program was successful in
improving physical fitness of Thai older adults. These find-
ings are promising and provide support to public health
authorities to develop effective, feasible, safe and low-cost
physical activity programs to improve elderly physical fit-
ness. In addition, these findings highlight the need for fur-
ther research in the context of replication and potential
translation into more pronounced benefits in longer-term
and larger-scale studies.
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