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ABSTRACT

In this study, we aimed to determine gender specific age-related decline in anthropometry status, physical performance 
(PP) and physical activity (PA) in older persons with and without mild cognitive impairment (MCI) prospectively over 
3 years. Within-group changes across three time points (baseline-Wave 1, 18 months-Wave 2, 36 months-Wave 3) based 
on gender and cognitive status were determined. Data was collected at Wave 3 of a longitudinal study: “Neuroprotective 
Model for Health Longevity among Elderly”. Secondary data from Wave 1 and 2 was obtained for analysis. Older 
persons with MCI were categorised to have subjective memory problems (answered ‘yes’ on item 10 of Geriatric 
Depression Scale), scored at least 1.5 SD below mean average on Rey Auditory Verbal Learning Test and Digit Span, 
no dementia, no problems with activities in daily living, intact global cognition (>19/30: Mini Mental State Examination) 
and without depression (Geriatric Depression Scale 15-items,≤4). Anthropometry measurements and a battery of PP 
tests were performed. PA was measured using Physical Activity Scale for the Elderly questionnaire. Data from 779 older 
persons (67.7 ± 5.3 years) consisting of 372 men (68.0 ± 5.2 years) and 407 women (67.4 ± 5.4) who completed all tests 
from Wave 1 to Wave 3 were analysed. There was a decline in PP (-0.7% to -14.1% per year), PA levels (-0.7% to -14.1% 
per year) and anthropometry status (-0.1% to -6.3% per year), except for percentage body fat (+9.9% per year) with 
advancing age. Within-group changes over the three years showed significant differences (p<0.05) in height and PA in 
non-MCI and MCI men and lower body flexibility in non-MCI and MCI women. Specifically, tailored physical and 
nutritional health prevention and promotion strategies for older persons based on gender and cognitive status may be 
beneficial to support person-centered care. 
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ABSTRAK

Tujuan kajian ini adalah untuk menentukan perubahan berkaitan dengan usia berdasarkan jantina yang berhubung 
dengan antropometri, prestasi fizikal (PP) dan aktiviti fizikal (PA) dalam kalangan warga emas dengan dan tanpa 
kecelaan kognitif ringan  (MCI). Perubahan kumpulan di tiga titik masa (di peringkat awal - Gelombang 1, 18 bulan 
– Gelombang 2 dan 36 bulan- Gelombang 3) berdasarkan jantina dan status kognitif juga telah ditentukan. Data telah 
dikumpul pada Gelombang 3 kajian longitudinal “Neuroprotective Model for Health Longevity among Elderly” (LGRS-
TUA). Data retrospektif dari Gelombang 1 dan Gelombang 2 kajian diperolehi untuk dianalisis. Warga emas dengan 
MCI dikategorikan mempunyai masalah ingatan subjektif (menjawab 'ya' pada item 10 Skala Kemurungan Geriatrik), 
mempunyai sekurang-kurangnya 1.5 SD di bawah purata pada Rey Auditory Verbal Learning Test (RAVLT) dan Digit 
Span, tiada dementia, tiada masalah dengan aktiviti dalam kehidupan seharian (ADL), mempunyai kognitif global yang 
utuh (menjaring >19 pada Mini Mental Status Examination; MMSE) dan tanpa kemurungan (diukur menggunakan 
Skala Depresi Geriatrik 15-item, ≤4). Pengukuran antropometri dan siri ujian PP juga telah dilaksanakan. PA telah 
diukur menggunakan soal selidik Physical Activity Scale for the Elderly (PASE). Data dari 779 warga emas (67.7 ± 5.3 
tahun) yang terdiri daripada 372 lelaki (68.0 ± 5.2 tahun) dan 407 wanita (67.4 ± 5.4), yang telah menyelesaikan semua 
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ujian dari Wave 1 hingga Wave 3 dianalisis. Terdapat penurunan kadar PA dan PP (-0.7% hingga -14.1% setahun) dan 
status antropometri (-0.1% hingga -6.3% setahun), kecuali peratusan lemak badan (+ 9.4% setahun) dengan peningkatan 
usia. Perubahan dalam kumpulan selama tiga tahun menunjukkan perbezaan yang signifikan (p <0.05) untuk ketinggian 
dan PA dalam lelaki bukan MCI dan MCI serta keregangan anggota bawah dalam wanita bukan MCI dan MCI. Adalah 
penting untuk menggalakkan intervensi kesihatan fizikal yang bertambah baik berkhususkan status kognitif dan jantina 
untuk melambatkan penurunan berkaitan usia berhubung status fizikal dan kognitif dalam kalangan warga emas.

Kata kunci: kecelaan kognitif, kognitif, penuaan, prestasi fungsi fizikal, tua

INTRODUCTION

The number of older persons is expected to rise rapidly, 
reaching 2 trillion worldwide by 2050, with 50% living in 
Asia (Jhansi & Mishra 2014). Ageing is associated with 
decline in physical and cognitive status. The literature 
indicates that physical performance (Abe et al. 2017; 
Buracchio et al. 2010; Mielke et al. 2013; Payette et al. 
2011), cognitive impairment (albeit mild) (Veronese et al. 
2016), changes in anthropometry status (Katzman et al. 
2013) and declined physical activity can lead to debilitating 
consequences for older persons.

Lung capacity reduces by 1% annually, as is evidenced 
by a decrease in maximum oxygen uptake (VO2 max), 
starting from the third decade of life, with rapid increase 
after the seventh decade of life (Jones & Carter 2000). 
Muscle strength stays intact for the first five decades of 
life and declines by 1 to 5% annually thereafter (Tieland, 
Trouwborst & Clark 2017; Milanovic et al. 2013). While, 
muscle power decline is reported to be more pronounced 
compared to muscle strength, due to loss of type IIa fast 
twitch fibers (Reid & Fielding 2012). More than half of 
the fast twitch muscle fibers are lost by the age of 75 years 
(Bongard et al. 2007). Muscle strength loss in older persons 
is mainly associated with loss of muscle mass known as 
sarcopenia (Reid & Fielding 2012). In addition, advancing 
age causes loss of motor units, muscle atrophy and increase 
in fat mass, partly due to a  reduction in anabolic hormones 
(Volpi et al. 2004). Existing co-morbidities, such as 
hypertension and diabetes, intensify age-related decline 
(Morisawa et al. 2017).

Reduction in both aerobic and anaerobic capacity 
alters speed and stability in older persons (Krasovsky et 
al. 2014; Buchner et al.1996). Postural control reduction 
affects motor coordination (Remaud et al. 2016). In 
addition, decline in neurogenesis and afferent synapses 
reduces reaction time and speed (Veronica & Kunlin 2007), 
and this is reflected in walking speed (Lenardt et al. 2015). 
These age-related physiological changes have a negative 
effect on activities of daily living and quality of life  in 
older persons (Keller & Engelhardt 2013).

Mild cognitive impairment (MCI) is defined as an 

intermediate state between cognitive normalcy and 
dementia (Petersen et al. 2014). Individuals with MCI have 
some degree of measurable cognitive deterioration which 
affects daily functions but can still perform physical 
activities normally (Lee et al. 2012). To date, 5-36.7% older 
persons worldwide (Sachdev et al. 2015) and 5.7%-22% 
older persons in Malaysia (Ibrahim, Singh & Shahar 2017; 
Vanoh et al. 2017) are reported to have MCI. Older persons 
with MCI are known to have accelerated cerebral 
pathology, including reduced cerebral blood volume, loss 
of grey matter in frontal and medial temporal lobe that are 
related to memory and motor task functioning (Makizako 
et al. 2013).

As a consequent, the combination of these effects 
brought about by advancing age and cognitive decline over 
time may impair physical function. Physical function 
described as the ability of an individual to perform 
movements which enable them to carry out activities of 
daily living (ADL) is necessary for older persons to be 
independent. Some of the many pre-requisites of physical 
function include components of physical performance 
(mobility, strength, agility, balance, flexibility, speed and 
endurance) as well as physical activity (van Lummel et al. 
2015).Longitudinal findings have shown a -3.6 to -10.7% 
decline in strength, mobility and balance components in 
healthy older persons (Abe et al. 2017) with lower scores 
annually by 20-25% in MCI groups (Veronese et al. 2016). 
Comparison of rates of change for physical performance 
and activity in older persons with and without MCI in 
longitudinal studies are limited. It was found that there was 
a 16% (0.13 meter per second) decline in mobility in older 
persons with MCI, compared to only a 6% (0.05 meter per 
second, m/s) decline in those without MCI (Veronese et al. 
2016). Gait speed was reported to decline at a rate of 
0.02m/s per year for 12 years prior to MCI diagnosis in 
older persons. In older persons with MCI, this decline 
further increased (0.01m/s yearly) (Buracchio et al. 2010).

As for anthropometry measurements, unintentional 
weight loss of -0.5 kg per year was associated with an 
increase in 2.4% chances of developing MCI (Alhurani et 
al. 2016). Decline in height up to -7.16% with advancing 
age was noted in a huge population study involving older 
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women and this was related to increased thoracic curvatures 
(kyphosis) (Katzman et al. 2013). A greater decline in arm 
circumference (AC) was noted in older women (-0.06% to 
-0.38% per year) compared to men (-0.06% to -0.26 per 
year) (Almeida et al. 2013; Gavriilidou et al. 2015). Greater 
waist circumferences (WC) of 5.3% to 9.7% was noted 
among older men in comparison to women (Logan et al. 
2013; Nam et al. 2012). However, smaller calf circumference 
(CC) associated with poor cognitive status was only found 
in older men with frailty, but not in older women [OR: 
10.94, CI, 2.87-41.68] (Kim et al. 2018). In addition, men 
without MCI had significantly greater appendicular skeletal 
mass (0.06%) compared to men with MCI (Auyeung et al. 
2008). Meanwhile, decrease of one standard deviation of 
abdominal fat was associated with increased likelihood of 
dementia in women (Spauwen et al. 2017).

Quantitative information of body composition 
(anthropometry) that include muscles are useful markers 
for physical performance (Casadei & Kiel, 2021). There 
is some information about age-related changes in regard 
to anthropometry and physical status in older persons with 
and without MCI in cross sectional studies (Tseng, Cullum 
& Zhang 2014; Lee et al. 2016). However, there are limited 
studies examining anthropometry as well as comprehensive 
components of physical performance namely, strength, 
mobility, flexibility, balance, agility, and physical activity 
in a longitudinal manner. Specifically, information 
pertaining to age related changes in flexibility, balance and 
physical activity is still limited in older persons.

The purpose of our study was to examine gender-
specific age-related changes in anthropometry status, 
physical performance, and physical activity levels over 
three years in community-dwelling older persons with and 
without MCI in Malaysia.

MATERIAL AND METHODS

This study is part of a large-scale longitudinal study on 
healthy longevity “TUA (Towards useful ageing) – A 
Neuroprotective Model for Healthy Longevity among 
Malaysian Older Adults”. Wave 1 was conducted from 
May 2012 to February 2013, Wave 2: November 2014 - 
August 2015 (18 months follow-up) and Wave 3: March 
2016 - September 2016 (36 months follow-up). Sampling 
was conducted by the Malaysian Statistics Department 
using multistage random sampling method. Ethical 
approval was obtained from the Medical Research and 
Ethics Committee of Universiti Kebangsaan Malaysia 
(UKM 1.5.3.5/244/NN-060-2013).

Community-dwelling older persons between 60-90 
years old were recruited. Prior to data collection, all 
participants provided informed written consent. Detailed 
sampling is available in prior literature (Shahar et al. 2015).

MCI categorization was in accordance with previous 
studies (Petersen et al. 2014, Shahar et al. 2015) based on 
a multicomponent framework which included: subjective 
memory complaints (answered ‘yes’ on item 10 of Geriatric 
Depression Scale); objective memory impairment (scored 
at least 1.5 SD below mean average on Rey Auditory Verbal 
Learning Test [RAVLT] and Digit Span), absence of 
dementia confirmed by physician, no problems with 
activities in daily living (ADL) and intact global cognition 
(scored >19/30 on Malay version of Mini Mental Status 
Examination; MMSE).

An interview using a structured questionnaire was 
conducted to obtain socio-demographic data as age, gender, 
race and self-reported medical conditions (hypertension, 
diabetes, heart disease, cataract/ glaucoma/ joint pain, gout, 
hearing and vision problems, urinary incontinence, falls 
history in past 18 months). Anthropometric measurements 
including weight, height, body mass index (BMI) and 
circumference of arm, hip, waist and calf were taken using 
the standard method as reported in the study by Shahar et 
al. (2015). Participants were allowed to drink plain water 
during the fasting period but were advised to limit the 
intake. 

Height was measured (in centimetres) using SECA 
206 portable body meter (Seca, Hamburg, Germany) in 
standing position without shoes. Body weight was 
measured (in kilogrammes, kg) using Tanita digital lithium 
weighing scale (Tanita, Tokyo, Japan) in light clothing 
without shoes. Body mass index (BMI) was calculated 
using the following formula: BMI = Weight / (Height) 2. 
Arm, waist and hip circumferences  were taken in standing 
position, while calf circumference  was measured (in 
centimetres, cm) in sitting position using a universal 
measuring tape. After anthropometry measurements, 
information on percentage body fat (PBF) and skeletal 
muscle mass  were obtained using Inbody S10 (Biospace 
CO, Ltd, Korea) with the participant in a supine lying 
position. All the procedures were standardised between 
participants.

Participants were required to perform physical 
performance tests as per outlined in the study by Rikli and 
Jones (2013) and Rikli and Jones (1999) : 2 Minutes step 
test (2MST), dominant hand grip test (HG), 30 seconds 
chair stand test (CS), sit and reach test (SR), timed up and 
go test (TUG), back scratch test (BS) and 6 meter gait speed 
test (GS).
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For 2MST, participants marched continuously for 2 
minutes with knees and hips flexed to 90 degrees. Digital 
Hand Dynamometer (Jamar Plus +, SI Instruments Pty Ltd 
SA, Australia) was used to measure hand grip of dominant 
hand in sitting, with shoulders abducted 10-15 degrees, 
elbows flexed 90 degrees, neutral wrist position and ulnar 
deviation 0-15 degrees. Participants were instructed to grip 
the dynamometer as hard as possible with a sustained 
pressure for 3-5 seconds. This test has a high inter-
reliability rate of 0.876 (Bhattacharya et al. 2015).

For CS, participants were instructed to rise and sit as 
fast and as many times as possible from a standard chair 
(46 cm in height). The number of completed stands were 
counted. A stand more than halfway at the end of the 30 
seconds was counted as one stand (Milanovic et al. 2013). 
This test has a high inter-reliability rate of 0.93 (Mijnarends 
et al. 2013).

For SR, in sitting position, participants bent forward 
with arms maximally outstretched, both legs straightened 
forward and toes pointing upwards. The distance between 
tip of the middle finger to tip of big toe was measured using 
a universal measuring tape. Positive measurement was 
indicated when participant was able to cross the tip of the 
middle finger over the big toe. Bhattacharya et al. (2015) 
noted a high inter-reliability rate of 0.967 for this test.

For TUG, participants performed sit to stand from a 
standard chair, walk 3 meters, turn around, walk back and 
sit back at a normal pace. Time was measured from when 
participants get up from the chair to when they were seated 
again. Chen (2013) reported high test-retest reliability for 
the TUG with an intraclass correlation coefficient (ICC) 
of 0.95-0.99.

For BS, participants had to stretch one arm above the 
shoulder and touch midline of the back. The other arm was 
placed below the shoulder to touch midline of the back, 
both with fingers straight. The distance between the tips 

of the middle fingers of both hands was measured. Positive 
measurement was indicated if both middle fingers touched 
each other. Bhattacharya et al. (2015) reported an excellent 
inter-reliability rate of 0.977 for this test.

For the GS, participants were required to walk at a 
comfortable pace on a marked 6-meter pathway. Using a 
stopwatch, time was recorded (in seconds) from start of 
walk to crossing the finishing line. There is a high inter-
reliability rate of 0.906 for this test (Bhattacharya et al. 
2015).

All PP tests, except 2MST, were repeated twice with 
a rest in between. The mean of the repeated tests was 
calculated. Only for HG, the higher score was taken as the 
result. These tests were conducted by physiotherapists.

PA was measured using the Physical Activity Scale 
for the Elderly (PASE) questionnaire, which records data 
pertaining to the frequency, duration, and intensity of 12 
different activities carried out over 7 days. We used the 
PASE-M (Malay version) and this questionnaire (Ismail et 
al. 2015) has high validity and reliable among Malaysian 
older adults (Singh et al. 2018).

STATISTICAL ANALYSIS

Only participants with complete data from all three waves 
were analysed based on 2 levels of stratification comprising 
of gender and cognitive status. The annual mean change 
is reported in means, using the formula (Wave 3 - Wave 1) 
/ 3) for all parameters except GS and PASE (Wave 3 - Wave 
1) / 1.5) [Unavailable Wave 1 data]. Percentage annual 
change was calculated based on [(Mean change between 
Wave 1 to Wave 3 / Baseline score) x 100]. Independent 
t-test was used to examine significant differences between 
MCI and non-MCI groups for mean and percentage annual 
change for each parameter.

Table 1. Participants’ sociodemographic characteristics at Wave 1

Variables

Men Women

Without MCI
(n= 313)

With MCI
(n= 59)

Total
(n= 372)

Without 
MCI

(n= 348)

With MCI
(n= 59)

Total
(n= 407)

Age groups [n (%)]

60-64 96 (30.7) 19 (32.2) 115 (30.9) 138 (39.7) 15 (25.4) 153 (37.6)

65-74 177 (56.6) 31 (52.5) 208 (55.9) 175 (50.3) 34 (57.6) 209 (51.4)
75-90 40 (12.8) 9 (15.3) 49 (13.2) 35 (10.1) 10 (16.9) 45 (11.1)
Age (Mean ± SD) 67.9 ± 5.2 68.6 ± 5.2 68.0 ± 5.2 67.2 ± 5.4 68.9 ± 5.0 67.4 ± 5.4
Ethnicity [n (%)]
Malay 223 (71.2) 33 (55.9) 256 (68.8) 216 (62.1) 22 (37.3) 238 (58.5)
Indian 15 (4.8) 2 (3.4) 17 (4.6) 13 (3.7) 1 (1.7) 14 (3.4)

to be Continue...
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Chinese 75 (24.0) 24 (40.7) 99 (26.6) 119 (34.2) 36 (61.0) 155 (38.1)
Educational level [n (%)]
Primary 197 (62.9) 45 (76.3) 242 (65.1) 193 (55.5) 37 (62.7) 230 (56.5)
Secondary 80 (25.6) 12 (20.3) 92 (24.7) 63 (18.1) 3 (5.1) 66 (16.2)
Tertiary 11 (3.5) 0 (0) 11 (3.0) 2 (0.6) 0 (0) 2 (0.5)
No formal education 25 (8.0) 2 (3.4) 27 (7.3) 90 (25.9) 19 (32.2) 109 (26.8)
Marital status [n (%)]
Single 11 (3.5) 1 (1.7) 12 (3.2) 6 (1.7) 0 (0) 6 (1.5)
Married 213 (68.1) 34 (57.6) 247 (66.4) 246 (70.7) 36 (61.0) 282 (69.3)
Divorced/ Separated 9 (2.9) 4 (6.8) 13 (3.5) 6 (1.7) 2 (3.4) 8 (2.0)
Widow/ Widower 80 (25.6) 20 (33.9) 100 (26.9) 90 (25.9) 21 (35.6) 111 (27.3)
Smoking habits [n (%)]
Smoker 46 (14.7) 11 (18.6) 57 (15.3) 67 (19.3) 11 (18.6) 78 (19.2)
Ex-smoker 35 (11.2) 6 (10.2) 41 (11.0) 40 (11.5) 7 (11.9) 47 (11.5)
Non-smoker 232 (74.1) 42 (71.2) 274 (73.7) 241 (69.3) 41 (69.5) 282 (69.3)
Past medical history [n (%)]
Hypertension 148 (47.3) 30 (50.8) 178 (47.8) 171 (49.1) 28 (47.5) 199 (48.9)
Hypercholesterolemia 102 (32.6) 15 (25.4) 117 (31.5) 99 (28.4) 15 (25.4) 114 (28.0)
Diabetes 79 (25.2) 13 (22.0) 92 (24.7) 81 (23.3) 15 (25.4) 96 (23.6)
Heart problems 31 (9.9) 5 (8.5) 36 (9.7) 36 (10.3) 4 (6.8) 40 (9.8)
Cataract/ Glaucoma 33 (10.5) 6 (10.2) 39 (10.5) 29 (8.3) 5 (8.5) 34 (8.4)
Joint pain (OA, OP) 76 (24.3) 12 (20.3) 88 (23.7) 101 (29.0) 20 (33.9) 121 (29.7)
Gout 23 (7.3) 0 (0) 23 (6.2) 5 (1.4) 1 (1.7) 6 (1.5)
Falls history [n (%)]
Faller 49 (15.7) 8 (13.6) 57 (15.3) 70 (20.1) 11 (18.6) 81 (19.9)
Non faller 264 (84.3) 51 (86.4) 315 (84.7) 278 (79.9) 48 (81.4) 326 (80.1)
Body Mass Index (BMI) (kg/m2)
BMI (Means ± SD) 26.9 ± 5.6 26.2 ± 4.9 26.8 ± 5.5 23.9 ± 5.4 24.1 ± 5.3 23.9 ± 5.4
BMI Range (kg/m2)
<18.5 (underweight) 16 (5.1) 1 (1.7) 17 (4.6) 57 (16.4) 10 (16.9) 67 (16.5)
18.5-24.9 (healthy weight) 107 (34.2) 24 (40.7) 131 (35.2) 148 (42.5) 22 (37.3) 170 (41.8)
>25.0 (overweight) 190 (60.7) 34 (57.6)  224 (60.2) 143 (41.1) 27 (45.8) 170 (41.8)

Abbreviations: OA- Osteoarthritis, OP- Osteopenia

Repeated measures analysis (SPANOVA) was 
performed to determine within-group changes for in men 
and women, taking cognition effect into account. Means 
from all 3 Waves were used in a 3 levels repeated measure 
analysis, except for GS and PASE, which used 2 levels of 
repeated measures.

RESULTS AND DISCUSSION

A total of 779 community dwelling older persons were 
followed up in all 3 waves (Table 1). 16.4% of participants 
were categorized as MCI based on Petersen’s classification 
(Petersen et al. 2014) that has been outlined in the 
methodology. Participants with MCI were older by 

Continuation...

approximately 10 and 12 months in men and women 
respectively compared to their non-MCI counterparts. 
Almost half of the participants had hypertension, followed 
by hypercholesterolemia and diabetes. About 29% older 
men and 22% older women were classified as overweight.

Table 2 shows the means and standard deviations (SD) 
of measured parameters at Wave 1 for participants with 
complete data from all 3 waves. In men, non-MCI group 
scored significantly (p<0.05) higher in 2MST, CS and 
PASE. Only in men, the non-MCI group scored significantly 
(p<0.05) higher in PBF, 2MST, CS and PASE.
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Table 2. Anthropometry Parameters, Physical Performance and Physical Activity Levels based on Gender and Cognitive Status at 
Baseline (Wave 1) for participants followed-up in all 3 waves [Mean (SD)]

Variables
[Mean (SD)]

Men (n= 372)
Independent 
t-test for men

Women (n= 407)
Independent t-test 

for women
Without 

MCI
(n= 313)

With MCI
(n= 59)

Without MCI
(n= 348)

With MCI
(n= 59)

Anthropometry parameters

Weight (kg) 64.74 
(11.97) 64.62 (10.35) 0.94 57.43 (11.39) 57.96 (10.57) 0.74

Height (cm) 155.86 
(8.13) 157.55 (8.56) 0.15 155.73 (7.98) 155.86 (8.44) 0.92

BMI (kg/m2 ) 26.87 
(5.64) 26.23 (4.89) 0.42 23.88 (5.36) 24.13 (5.33) 0.74

Arm circumference 
(cm)

28.78 
(3.15) 28.56 (2.62) 0.62 28.27 (3.96) 28.44 (3.40) 0.75

Waist circumference 
(cm) 

89.01 
(10.69) 88.59 (9.49) 0.78 86.27 (11.14) 86.67 (12.61) 0.80

Hip circumference (cm) 95.13 
(8.05) 95.08 (7.00) 0.96 97.09 (9.95) 97.95 (9.80) 0.54

Calf circumference 
(cm)

33.99 
(3.51) 34.23 (2.89) 0.62 33.05 (4.08) 33.17 (3.68) 0.83

Skeletal muscle mass 
(%)

22.22 
(4.26) 23.04 (4.14) 0.18 16.78 (3.00) 17.09 (3.59) 0.48

Percentage body fat (%) 35.36 
(9.95) 32.27 (9.43) 0.03** 42.93 (9.10) 43.12 (8.55) 0.88

Physical Performance parameters
2 Minutes step test (no. 

of reps) 
78.00 

(19.58) 72.14 (22.02) 0.039* 73.66 (21.37) 74.75 (22.28) 0.72

Hand grip (kg) 28.03 
(6.45) 28.26 (6.06) 0.80 18.46 (4.35) 17.66 (5.28) 0.21

Chair stand (no. of reps) 10.79 
(2.84) 9.69 (2.48) 0.006* 9.81 (2.62) 10.34 (2.73) 0.16

Sit and reach (cm) 1.56 (9.93) -1.00 (9.30) 0.07 0.25 (8.22) 0.64 (7.79) 0.74

Time up and go (s) 10.21 
(2.21) 10.76 (2.18) 0.08 11.09 (2.62) 11.05 (2.34) 0.91

Back scratch (cm) -15.17 
(11.57) -18.30 (12.07) 0.06 -12.27 (11.17) -14.59 (10.64) 0.14

Gait speed# (s) 6.53 (1.30) 6.66 (1.37) 0.48 6.98 (1.61) 7.15 (1.66) 0.50
Physical Activity Parameter

PASE# 118.70 
(54.69)

101.74 
(53.43) 0.03* 102.47 (42.31) 98.09 (33.64) 0.45

#Initial measurement taken at 18 months (wave 2). Data not available at Wave 1 
* Significant difference at p<0.05 (95%CI)

As shown in Figure 1(a) to 1(i), there is a decline in 
weight, height, body mass index, skeletal muscle mass, as 
well as arm, waist, hip and calf circumferences from Wave 
1 to Wave 3. In contrast, there is an increase in percentage 
body fat which indicates increase in body fat over time. 
As for physical performance and activity [Figure 2(a) to 
2(h)], there is a decline for all parameters except for CS 
and TUG in both MCI and non-MCI and gender groups. 

For CS, increase in scores from Wave 2 to Wave 3 suggests 
better outcomes. Meanwhile, throughout the 36 months, 
more time is required to complete the TUG test. Regardless 
of gender and cognition, participants took longer over time, 
indicating decreasing GS with increasing age. Based on 
gender, men performed better than women in most tests, 
except for BS and SR, which indicates lower flexibility in 
men compared to women.
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Table 3 shows annual mean change of anthropometry, 
PP and PA, taking into consideration score differences from 
Wave 1 to 3. Only scores for SR were found to be 
significantly different (p<0.01) between MCI and non-MCI 
group in women (Cohen’s d: medium effect size of 0.45). 
For men with MCI, there was greater decline for HG, CS, 

BS and GS. Meanwhile, there was greater decline in 2MST, 
SR and PASE for women in the MCI group compared to 
their non-MCI counterpart. Considering all parameters, 
men in the non-MCI group showed the highest decline in 
PASE scores, 2.5 times more than men in the MCI group.

Table 3. Annual Mean Change for Anthropometry, Physical Performance and Physical Activity based on Gender and 
 Cognitive Status 

Variables
(Mean)

Annual mean change for men [%] Annual mean change for women [%]
Without MCI

(n= 313)
With MCI

(n= 59)
p-value Without MCI

(n= 348)
With MCI

(n= 59)
p-value

Anthropometry parameters
Weight (kg) -0.25 [-0.4] -0.36 [-0.6] 0.613 -0.26 [-0.5] -0.32 [-0.6] 0.682
Height (cm) -0.25 [-0.2] -0.39 [-0.3] 0.11## -0.26 [-0.2] -0.20 [-0.1] 0.171
BMI (kg/m2) -0.01 [-0.04] -0.002 [-0.008] 0.929 -0.02 [-0.1] -0.06 [-0.3] 0.549

Arm circumference 
(cm)

-0.44 [-1.5] -0.49 [-1.7] 0.188 -0.40 [-1.4] -0.46 [-1.6] 0.107

Waist circumference 
(cm)

-1.37 [-1.5] -1.59 [-1.8] 0.432 -2.13 [-2.5] -1.75 [-2.0] 0.294

Hip circumference 
(cm)

-0.92 [-1.0] -1.07 [-1.1] 0.419 -0.77 [-0.8] -0.85 [-0.9] 0.685

Calf circumference 
(cm)

-0.13 [-0.4] -0.25 [-0.7] 0.148 -0.18 [-0.5] -0.21 [-0.6] 0.771

Skeletal muscle 
mass (%)

-1.47 [-6.6] -1.58 [-6.9] 0.512 -1.05 [-6.2] -1.07 [-6.3] 0.887

Percentage body 
fat (%)

4.0 [+11.3] 4.40 [+13.6] 0.395 3.15 [+7.3] 3.18 [+7.4] 0.939

Physical Performance Parameters
2 Minutes step test 

(no. of reps) 
-3.37 [-4.3] -2.72 [-3.8] 0.503 -5.08 [-6.9] -5.36 [-7.2] 0.787

Hand grip test (kg) 0.03 [+0.1] -0.19 [-0.7] 0.335 0.22 [+1.2] 0.56 [+3.2] 0.18##

Chair stand test (no. 
of reps)

0.01 [+0.1] 0.10 [+0.1] 0.35## 0.12 [+1.2] 0.03 [+0.3] 0.397

Sit and reach test 
(cm)

-1.76 [-112.8] -1.71 [-171.0] 0.919 -1.11 [-444.0] -2.80 [-437.5] 0.003*

TUG (s) 0.28 [+2.7] 0.26 [+2.4] 0.898 0.30 [+2.7] 0.26 [+2.4] 0.727
Back scratch test 

(cm)
-1.09 [-7.2] -1.31 [-7.2] 0.712 -0.37 [-3.0] -0.27 [-1.9] 0.838

Gait speed (s) # 0.10 [+1.5] 0.07 [+1.1] 0.866 0.19 [+2.7] 0.22 [+2.7] 0.860
Physical Activity Parameter

PASE # -16.69 [-14.1] -6.35 [-6.3] 0.059 -10.44 [-10.2] -12.58 [-12.8] 0.644

Annual mean change calculated based on [(Phase 3 - Phase 1) / 3]
Annual mean change calculated based on [(Phase 3 - Phase 1) / 1.5]#
Percentage mean change (%) calculated based on [(Mean change/ baseline score) x 100]
*Significant difference at p<0.05 (95%CI) with Independent t-test
## Equal variance not assumed as Homogeneity of variance violated with Levene’s test (p<0.05)
Negative value denotes decline of scores over time (except Gait speed and TUG)
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SPANOVA analysis of anthropometry levels, PP and 
PA levels for within-groups based on cognitive status in 
men and women from baseline to 36 months are per Table 
4. Men MCI and non-MCI groups had significantly 

different scores (p<0.05) in height and PASE. SR scores 
were found to be significantly different (p<0.05) only in 
women in the non-MCI and MCI groups. 

Table 4. Gender-specific Within-group Difference for Cognition based on Repeated Measures for Anthropometry, Physical 
Performance and Physical Activity at Baseline (Wave 1), 18 months (Wave 2) and 36 months (Wave 3)

Variables Men Women
p ηp2 Observed 

Power
p ηp2 Observed Power

Anthropometry levels
Weight 0.573* 0.001 0.126 0.369*** 0.003 0.225
Height 0.017** 0.013 0.694 0.154* 0.005 0.366
Body Mass Index 0.730* 0.001 0.088 0.286* 0.003 0.274
Arm circumference 0.146* 0.006 0.378 0.272* 0.003 0.256
Waist circumference 0.056*** 0.008 0.567 0.643*** 0.001 0.122

Hip circumference 0.686* 0.001 0.107 0.809* <0.001 0.079

Calf circumference 0.387*** 0.003 0.215 0.813*** 0.001 0.082

Skeletal muscle mass 0.409* 0.002 0.179 0.907* <0.001 0.059

Percentage body fat 0.668* 0.001 0.116 0.670* 0.001 0.114

Physical Performance Parameters

2 Minutes step test 0.232* 0.004 0.304 0.479* 0.002 0.164

Hand grip test 0.389*** 0.003 0.215 0.061* 0.007 0.553

Chair Stand test 0.189* 0.005 0.350 0.917* <0.001 0.062

Sit and reach test 0.839* <0.001 0.075 0.004* 0.015 0.845

TUG 0.983* <0.001 0.053 0.760* 0.001 0.094

Back scratch test 0.819* 0.001 0.081 0.429* 0.002 0.195

Gait speed 0.460*** 0.002 0.114 0.995*** <0.001 0.050
Physical Activity Parameter
PASE 0.028*** 0.013 0.596 0.456*** 0.001 0.116

* p- value based on Huynd-Feldt values (Epsilon value more than 0.75)
** p-value based on Greenhouse-Geisser (Epsilon value less than 0.75)
*** p-value based on Sphericity Assumed
Significant difference at p<0.05 (95%CI) for figures in Bold

To the best of our knowledge, this is the first study to 
report comprehensive gender specific age-related decline 
regarding anthropometry status, PA and PP levels among 
older persons based on cognitive status.

Among all the anthropometry measurements, only 
percentage body fat (PBF) was significantly different 
between non-MCI and MCI men, but not in women at 
baseline of our study. While further cross sectional studies 
showed conflicting results for differences of PBF between 
MCI and non-MCI groups (Lee et al. 2016; Vanoh et al. 
2017), women were noted to have higher risk of MCI with 
increasing body fats (Willers et al. 2018). Although not 
significant, lower body fat mass has been noted in MCI 

SPANOVA analysis conducted based on controlling 
covariates of age at Wave 1, ethnicity, educational level, 
marital status, smoking habits and past medical history 
[hypertension, hypercholesterolemia, diabetes, heart 
problems, cataract/ glaucoma, joint pain (osteoarthritis, 
osteoporosis), gout and falls history].
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In our study, the annual mean increase of PBF was 
twice higher in men (11.3% & 13.6% per year for with and 
without MCI respectively) compared to women (7.3% & 
7.4% per year for with and without MCI respectively), 
regardless of their cognitive status. Regardless of gender, 
a simultaneous mechanism of increase in fat mass and 
decrease in fat-free mass result in an overall net increase 
in body fats in older persons (Coin et al. 2006). Ageing, 
together with such factors as inflammation and increased 
leptin resistance, result in the rearrangement of fats from 
superficial to visceral level (Holden et al. 2009). The 
duration of our study may have not been long enough to 
detect significant annual changes in PBF. However, our 
findings are consistent with another study (Delmonico et 
al. 2009) which demonstrated a two fold increase in inter-
muscular fats in older men (+3.1cm2) when compared to 
women (+1.7cm2) in a 5 year long longitudinal study. 
While, cross sectional studies showed conflicting results 
for differences of PBF  between MCI and non MCI groups 
(Lee et al. 2016; Vanoh et al. 2017), women were noted to 
have higher risk of MCI with increasing body fats (Willers 
et al. 2018). 

A significant and greater decline of height in men 
(-0.32cm per year, -0.21% per year) compared to women 
(-0.23cm per year, -0.15% per year) was shown in our 
study. In contrast, a greater decline of height in women 
(-0.32cm per year, -0.21% per year) compared to men ( 
-0.21cm per year, -0.12% per year) was reported in an 
earlier U.S. study (Sorkin et al. 1999). Significant annual 
age-related height decline in men (-0.16 cm) and women 
(-0.2 cm) were demonstrated in a longer follow up study 
(Dey et al. 1999). An association between height and 
cognitive function has been reported in men (OR, 4.20; 
CI,1.02-17.36) but not in women (OR,1.65; CI,0.62- 4.40) 
(Quan et al. 2013). These findings are consistent with our 
study findings. Generally, the reduction in height in older 
men and women may  be due to age-related changes in 
musculoskeletal structures including osteoporosis (Ginaldi 
et al. 2005),  spinal vertebral compressions (Xu et al. 2011), 
paravertebral muscular atrophy (Kim et al. 2013), spinal 
disc degeneration (Akeda et al. 2015), sarcopenia (Meng 
et al. 2015) and increased thoracic curvatures (Katzman et 
al. 2013).

The only physical function components which differed 
significantly at baseline between men with and without 
MCI were endurance, lower extremity strength and PA but 

not between non-MCI and MCI women. This difference 
could probably due to men having a drastic change in 
lifestyle towards sedentarism after retirement (Chung et 
al. 2009). Whereas, women still continued performing their 
routine chores especially related to household tasks and 
caretaking of family (Wen et al. 2013). This also explains 
higher percentage decline (-14% per year) in PA scores 
among men as compared to women (-10% per year) in the 
non-MCI group. The highest proportion of PA consisted 
of housework activities in a local study which supports our 
explanation of gender differences (Singh et al. 2018). 
Fundamentally, higher levels of PA in older persons have 
been shown to safeguard long term memory by enhancing 
neural processing and dopamine levels which aids 
neuroprotective mechanism against MCI (Ottenbacher et 
al. 2014).

Men were more likely to engage in high intensity 
activities as compared to medium and low intensity 
activities in women (Moschny et al. 2011) which explains 
higher endurance and lower extremity strength in men. 
However, general decline trend in both genders can be due 
to reduced lung function, arterial elasticity, cardiac wall 
integrity contributing to decreased VO2 max (Jakovljevic 
2017). Correspondingly, lower scores in MCI men in our 
study can be linked to high prevalence of obesity with men 
accounting for 60.2% vs 42% in women. An association 
between excessive weight and endurance, exacerbated by 
increasing age has been reported (Jerome et al. 2016).

In women, although with MCI, marginally better 
scores were demonstrated in endurance and lower 
extremity strength in comparison to their non-MCI 
counterparts. This can be due to cognitive reserves whereby 
older persons with MCI intentionally increase their 
physical threshold to compensate for physiological deficits 
which has been documented (Callisaya et al. 2017). The 
endurance test was rather difficult for older persons due to 
longer completion time, being tedious and repetitive in 
nature. We found older persons reached fatigue faster for 
2 Minutes step test (2MST) and some even during 30 
seconds chair stand test (CS). Owing to the high physical 
demands of these measurements, detectable differences 
were noted between MCI and non-MCI groups in men. 
Likewise, better aerobic capacity in older persons was 
linked with perseverance of cerebral grey matter 
responsible for neural activities (Makizako et al. 2013).

Our findings showed significant 4 times more decline 
in women versus 1.5 times in men for lower body 
flexibility. There is limited information pertaining to age-
related decline in relation to flexibility. However, a 
correlation between advancing age with lower body 
flexibility among healthy older persons has been reported 
(Stathokostas et al. 2013). 

No association between cognition and lower body 

men as compared to men without MCI (Willers et al. 2018), 
which is in accordance to our findings. Further reasoning 
to this can be due to differences in PA levels between MCI 
and non-MCI men. Age-related changes noted in other 
anthropometry parameters may be related to reduction in 
skeletal muscle mass (Walston 2012) and peripheral fats 
in older persons (Almeida et al. 2013).  
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flexibility was shown in other recent Asian studies (Lee et 
al. 2016; Lau et al. 2017). In contrast, lower body flexibility 
correlated with working memory (digit span test, r= 0.301) 
and fluid cognition (matrix reasoning test, r= 251) (Won 
et al. 2014). We can assume predominance of floor culture 
to be similar across Asian countries. This entails sitting on 
floor for activities such as religious worship, eating, 
sleeping, usage of Asian sitting toilets and specific 
household chores (cooking, cleaning, laundry). Depending 
on the type and duration of floor activity, most require 
lower body flexibility with some degree of hip and lumbar 
flexion. 

The probable reason for greater decline in flexibility 
among women in our study may be due to parallel decline 
in PA, heighten by presence of MCI. Based on predominance 
of gender roles, we assume that women with MCI have 
less involvement related to floor household related chores 
and overall PA. Notwithstanding this, lower mortality risk 
by 34% in women who were physically active has been 
shown previously (Oguma et al. 2002). This may be due 
to the kinematic demand of SR test as a well preserved test 
measurement, linked to well-maintained physical 
functioning in older persons (Lau et al. 2017).

Age-related decline in lower body flexibility in our 
study could be attributed to physiological changes 
associated with ageing which includes reduced rates of 
myogenesis, wear and tear effects of joints from overuse, 
reduced contractility in actin and myosin protein in 
sarcomere and decline in elasticity of collagen fibers in 
joints (Aalami et al. 2003). Greater decline of lower 
flexibility in women with MCI in our study is supported 
by a previous study (Stathokostas et al. 2013) reporting 
greater hip flexion decline in women with a 0.6% per year 
(0.7 degrees per year) as compared to 0.5% per year (0.6 
degrees per year) in men. Decreased flexibility in 
dorsiflexors (Tainaka et al. 2009) and lumbar extensors 
(Milanovic et al. 2013) in older persons have also been 
demonstrated previously. 

Although not significant, there was a decline in BS 
test scores in our participants. These are consistent with 
the findings of another study that showed lower upper body 
flexibility in old (aged 70-80) compared to younger older 
persons (aged 60-69) (Milanovic et al. 2013). Even then, 
women reported lesser decline of -2.9% per year than men 
(-7.2% per year) in our study. This can be due to the 
dressing needs in women such as combing and tying hair, 
buckling of undergarments, and installing head scarfs 
(predominantly in Malay women) which involve increased 
scapular movements in comparison to men.

Muscle flexibility is a perquisite in performing many 
daily activities effectively such as reaching, bending and 
in preserving normal gait patterns (Stathokostas et al. 
2013). Majority of our participants consist of Malay ethnic 

group who perform prayer rituals involving kneeling, 
squatting, and bending. These movements when repeated 
several times in a day could have assisted in maintaining 
muscle and ligament extensibility, especially in the spine 
and lower limbs. Hence, muscle flexibility is an essential 
gauge of physical independence in older persons (Lau et 
al. 2017). In comparison to other parameters, lower body 
flexibility is the only parameter that showed significant 
changes over 3 time points in women (annual mean 
decline). We deduce that lower body flexibility could be 
one of the first aspects of physical performance to decline 
in older women, subsequently followed by others such as 
mobility, strength, balance, and agility.

Unexpectedly, mobility scores in our study showed 
no significant differences between gender or cognition 
groups. We postulate that a longer distance walking test 
may provide better accuracy to detect minimal changes. 
Overall decline in mobility scores in our study can be 
reflected by ageing physiology related to reduced energy 
expenditure (Schrack et al. 2016). Another possibility could 
be due to presence of gait abnormalities involving difficulty 
in foot clearance, increased step width, reduced stride 
length and step length (Allali et al. 2017) as well as altered 
kinematics of hip and knee joints (Ko et al. 2010) with 
advancing age. Also, age associated deterioration in vision 
(Singh 1997) and lower limb strength (Eggermont et al. 
2010) which are prerequisites to perform walking activities 
are known factors in poorer mobility scores. Findings from 
longitudinal studies linked to mobility decline with regards 
to cognitive status are not readily available. However, a 
majority of cross sectional findings showed a significant 
difference between groups for cognitive status in regard to 
TUG (Ibrahim et al. 2017; Lee et al. 2016; Rolenz & 
Reneker 2016; Tseng, Cullum & Zhang 2014). 

Altered balance in older population with MCI has been 
deduced to be caused by slower turning (Borges et al. 2016; 
Mirelman et al. 2014) during TUG performance. Although 
TUG and gait speed tests are considered quick and 
straightforward, it encompasses a combination of 
movements that include sit to stand, vertical acceleration, 
turning sequence, deceleration, precise stepping and 
stabilisation (Herman et al. 2011). The ability to perform 
these tests entails some degree of executive function of 
planning, orientation and configuration which stresses 
cognitive abilities, hence requires unimpaired cognitive 
function for ideal test scores (Pettersson et al. 2005). 
Whereas, a lower decline in mobility and lack of differences 
between MCI and non-MCI groups in our findings may be 
attributed to practice and anticipatory effects among 
participants. It is noteworthy that we measured dominant 
hand grip strength to measure upper limb strength in high 
functioning older persons. It is possible that our participants 
have maintained dominant upper limb muscle strength for 
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the past three years, which explains absence of notable 
mean annual and within-group changes in our study. Also, 
chair stand is a functional activity performed several times 
daily and it is easily executed in high functioning older 
persons as in our study. 

One of the strengths of our study is the representative 
multistage sampling. Our study sample also included a 
sub-population of older persons aged between 60-64 years 
of age. In addition, older persons were recruited from a 
range of urban, suburban and rural areas, providing a good 
representation of Malaysian older population. 

However, our study results are limited to a follow up 
to 36 months. Three years follow up can be considered a 
fairly short time to detect age-related decline for 
anthropometry, strength and mobility components. 
Furthermore, participants with MCI were smaller in the 
sample size, compared to those without MCI. Homogenous 
sample size may generate better results for between group 
differences. 

CONCLUSION

There was a  decline in PA (ranging from -0.7% to -14.1% 
per year) and PP levels  (ranging from -0.7% to -14.1% 
per year) as well as anthropometry status (ranging from 
-0.1% to -6.3% per year), except for percentage body fat 
(+9.9% per year) with advancing age.  Our study adds to 
the existing body of literature about age-related changes 
in anthropometry, PP and PA in older persons. The findings 
from this study about age-related changes in anthropometry 
and physical performance in community dwelling older 
adults could be used as a reference for comparison in older 
adults with impairments.  It was shown that older women 
experienced decline in lower body flexibility, while older 
men, showed significant decline in height and PA scores, 
all of which were associated with MCI. Specifically tailored 
physical and nutritional health prevention and promotion 
strategies for older persons based on gender and cognitive 
status may be beneficial to support person-centered care.
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