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Faculty :   Medicine and Health Sciences  

There will likely be 2 billion people over the age of 65 in the globe by 2050, which 

will have a significant impact on how health and social care are planned for and 

provided. Pre-frail people are more vulnerable to increasing frailty, hospitalization, 

falls, deteriorating disability, and mortality than robust adults, even though they are 

less vulnerable than frail older people. The efficacy of protein supplement (PS) in 

improving muscle strength, physical performance, and body composition in older 

adults has been widely promoted. However, the results of randomized clinical trials in 

this regard have been inconsistent, and a limited number of studies targeted pre-frailty 

status. Hence, the objective of the study was to evaluate the impact of protein 

supplements (PS) on older people's pre-frailty status, muscle strength, physical 

performance, and dietary intake. This trial's primary outcomes were frailty status and 

its phenotypes. Secondary outcomes included handgrip strength, physical 

performance, body composition, and nutritional intake. This study was 12 week- 

double-blinded, randomized, parallel, placebo-controlled clinical trial with a sample 

of 40 pre-frail older adults aged 60 years and above, divided into the interventional 
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group: participants received 30 g of whey protein isolate and the placebo 

(maltodextrin) group. Assessments were conducted at baseline (week 0), middle (6th 

week), and at the end of the trial (12th week) and included a Frailty screen, handgrip 

strength, the Short Physical Performance Battery test (SPPB), and a 3-day dietary 

record to get the macronutrient change during the trial. The data were analyzed using 

the Chi-square test, Independent t-test, Cochran’s Q test, Mann-Whitney test, and 

repeated measures ANOVA using SPSS version 26, with significance determined if 

the p-value was less than 0.05. In the Protein Supplementation Group (PSG), a 

noteworthy decrease was observed in the number of pre-frail individuals with a score 

of 2, declining from 70% (n=14) to 15% (n=3) by week 12. However, these changes 

did not reach statistical significance between the groups. Muscle weakness and low 

activity were prevalent among participants, with PSG showing some -but not 

significant- improvement. Specifically, muscle weakness decreased from 40% (n=8) 

to 20% (n=4), and low activity decreased from 95% (n=19) to 30% (n=6) from baseline 

to week 12, although these changes were not statistically significant. Furthermore, 

significant time effects were observed for handgrip strength (HGS), indicating 

promising enhancements (p = 0.043), along with a notable trend towards a positive 

time*group interaction (p = 0.095). Moreover, protein intake demonstrated significant 

differences in time*group interaction within the interventional group, reflecting 

positive dietary changes (p < 0.001) by the end of the trial. Physical performance tests 

and body composition did not show significant differences between groups. The study 

revealed that whey protein supplementation did not produce significant changes in 

frailty status or physical performance among pre-frail older adults compared to the 

control group. However, promising improvements were noted in frailty phenotypes 

and handgrip strength, suggesting that longer intervention periods and larger sample 
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sizes may yield more noticeable results. The study also highlights the critical role of 

participants' nutritional status and consistent protein intake in determining the efficacy 

of such interventions. Despite the lack of statistically significant effects, the 

comprehensive nature of this study contributes valuable insights to the existing 

literature, emphasizing the necessity for further exploration of individual responses 

and considerations of timing and dosage in nutritional interventions for older adults. 

Keywords: Physical Performance, Frailty, Older Adults, Protein Supplement, Muscle 

Strength.  

SDG: GOAL 3: Good Health and Well-Being.  
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk ijazah Master Sains 

KEBERKESANAN SUPLEMENTASI PROTEIN TERHADAP 

PENAMBAHBAIKAN KEUZURAN, KEKUATAN OTOT, DAN PRESTASI 

FIZIKAL DALAM KALANGAN WARGA EMAS PRA-UZUR DI 

SELANGOR, MALAYSIA 

Oleh 

ALRAWHANI ALAA HUSSEIN NASSER 

Julai 2024 

Pengerusi :   Siti Nur’Asyura binti Adznam, PhD 

Fakulti :   Perubatan dan Sains Kesihatan 

Pada tahun 2050, kemungkinan akan ada 2 bilion orang yang berusia lebih dari 65 

tahun di seluruh dunia, yang akan memberi kesan yang ketara terhadap cara 

perancangan dan penyediaan penjagaan kesihatan dan sosial. Warga emas pra-uzur 

lebih berisiko terhadap peningkatan kelemahan, kemasukan hospital, kemungkinan 

terjatuh, kehilangan upaya yang merosot, dan kematian berbanding dewasa yang tidak 

uzur, walaupun mereka kurang berisiko berbanding warga emas yang uzur. 

Keberkesanan makanan tambahan protein whey (WPS) dalam meningkatkan kekuatan 

otot, prestasi fizikal, dan komposisi tubuh badan warga emas telah dipromosikan 

secara meluas. Walau bagaimanapun, keputusan ujian klinikal rawak berkenaan 

dengan perkara ini tidak konsisten dan hanya sebilangan kecil kajian memberi 

tumpuan kepada status pra-uzur. Oleh itu, objektif kajian ini adalah untuk menilai 

impak suplemen protein (PS) terhadap status pra-uzur, kekuatan otot, prestasi fizikal 

dan pengambilan diet dalam kalangan warga emas. Hasil utama ujian ini adalah status 

keuzuran dan ciri - ciri fenotipnya. Hasil kedua termasuk kekuatan genggaman tangan, 

prestasi fizikal, komposisi badan, dan pengambilan nutrisi. Kajian ini adalah ujian 
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klinikal berbilang buta, rawak, selari, terkawal plasebo dengan tempoh 12 minggu 

dengan sampel 40 warga emas pra-uzur lemah yang dibahagikan kepada kumpulan 

intervensi: peserta menerima 30 g protein whey terasing dan kumpulan plasebo 

(maltodekstrin). Penilaian dilakukan pada permulaan (minggu 0), pertengahan 

(minggu ke-6), dan pada akhir ujian (minggu ke-12) dan termasuk saringan keuzuran, 

kekuatan genggaman tangan, ujian Bateri Prestasi Fizikal Pendek (SPPB), dan rekod 

pemakanan selama 3 hari untuk mendapatkan perubahan makronutrient sepanjang 

tempoh ujian. Data dianalisis menggunakan ujian Chi-Square, ujian-t sampel tidak 

bersandar, ujian Q Chocran, ujian Mann-Whitney dan ANOVA ukuran berulang 

menggunakan SPSS versi 26, dengan signifikan ditentukan melalui nilai p yang kurang 

daripada 0.05. Tujuan utama kajian ini adalah untuk menilai impak Suplemen Protein 

Whey (WPS) terhadap status keuzuran dan fenotipnya. Dalam Kumpulan Suplemen 

Protein (PSG), terdapat penurunan yang ketara dalam bilangan individu pra-uzur 

dengan skor 2, yang menurun daripada 70% (n=14) kepada 15% (n=3) menjelang 

minggu ke-12. Walau bagaimanapun, perubahan ini tidak mencapai signifikan statistik 

antara kumpulan. Kelemahan otot dan aktiviti rendah adalah lazim di kalangan peserta, 

dengan PSG menunjukkan sedikit peningkatan. Secara khususnya, kelemahan otot 

berkurangan dari 40% (n=8) kepada 20% (n=4), dan aktiviti rendah berkurangan 

daripada 95% (n=19) kepada 30% (n=6) dari titik permulaan hingga minggu ke-12, 

walaupun perubahan ini tidak signifikan secara statistik. Selain itu, terdapat kesan 

masa yang signifikan yang diperhatikan untuk kekuatan cengkaman tangan (HGS), 

menunjukkan peningkatan yang memberansangkan (p = 0.043), bersama dengan trend 

positif terhadap interaksi masa*kumpulan (p = 0.095). Selain itu, pengambilan protein 

menunjukkan perbezaan yang signifikan dalam interaksi masa*kumpulan di dalam 

kumpulan intervensi, mencerminkan perubahan pemakanan yang positif (p < 0.001) 
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menjelang akhir ujian. Manakala, ujian prestasi fizikal dan komposisi badan tidak 

menunjukkan perbezaan yang signifikan antara kumpulan. Kajian ini menunjukkan 

bahawa suplemen protein whey tidak menghasilkan perubahan yang signifikan dalam 

status keuzuran atau prestasi fizikal dalam kalangan warga emas pra-uzur berbanding 

dengan kumpulan kawalan. Walau bagaimanapun, terdapat peningkatan yang 

memberangsangkan didilihat dalam fenotip keuzuran dan kekuatan genggaman 

tangan, yang mencadangkan bahawa tempoh intervensi yang lebih panjang dan saiz 

sampel yang lebih besar mungkin akan memberikan hasil yang lebih ketara. Kajian ini 

juga menekankan peranan penting status pemakanan peserta dan pengambilan protein 

yang konsisten dalam menentukan keberkesanan intervensi sebegini. Walaupun tiada 

kesan yang signifikan secara statistik, kajian ini menyumbang pandangan berharga 

kepada literatur sedia ada, menekankan keperluan untuk penyelidikan lanjut terhadap 

respons individu dan pertimbangan masa dan dos dalam intervensi pemakanan untuk 

orang tua. 

Kata Kunci: Prestasi Fizikal, Kelemahan, Dewasa Lebih Tua, Tambahan Protein, 

Kekuatan Otot. 

SDG: MATLAMAT 3: Kesihatan dan Kesejahteraan Baik. 
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CHAPTER 1 

1 INTRODUCTION 

 Background of the Study  

1.1.1 Frailty 

Frailty is characterized as a clinically identifiable state in which older persons exhibit 

greater vulnerability due to age-related decreases in physiologic reserve and function 

across several organ systems, making it more difficult for them to manage chronic or 

acute stresses (Corral-Pérez et al., 2023). 

The phenotype model of frailty developed by Fried and colleagues (2001) considers 

frailty as a biological syndrome and classifies an individual as frail when three or more 

of the following five physical components are present: shrinking (unintentional weight 

loss of 4·5 kg or more in the last year), weakness (low grip strength), exhaustion (self-

reported), slowness (slow walking speed), and low physical activity. A classification 

of pre-frailty is given when only one or two of these physical components are present; 

robust is the classification given to an individual with no frailty components present 

(Fried et al., 2001). These indicators have been found to be risk factors for disability 

and mortality among older adults (Dodds & Sayer, 2016).  The causes of frailty 

syndrome are not fully known. As the person advances in age, their physiological 

reserves decline. There are many risk factors of frailty syndrome. Well-known risk 

factors such as high age and sex (women) and several social and behavioral factors 

(lower education, lower marital status, living arrangements, bad lifestyle, smoking 

status, and alcohol use) are significantly associated with frailty (Leng et al., 2014).  
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According to estimates, 10.7 % of community-dwelling older adults in developed 

countries are frail, and 42% are in the transitional state of pre-frailty, in which a person 

has some frailty characteristics but can respond to injury, disease, or stress with a 

chance of complete recovery (Frost et al., 2017). Consistent with the global trend, 

frailty among Malaysian seniors has arisen as a source of worry. Despite the scarcity 

of published local studies, a large-scale study conducted among community-dwelling 

elderly in an urban area of Malaysia discovered that pre-frailty and frailty afflicted 

72.8 % and 15.9 % of older persons, respectively (Nohan et al., 2020).  

Though less susceptible than frail older individuals, pre-frail persons are at a higher 

risk of increasing frailty, hospitalization, falls, deteriorating disability, and mortality 

than robust adults (Corral-Pérez et al., 2023; Fried et al., 2001; Werner et al., 2022). 

As the number and proportion of individuals aged 60 and over rises in populations 

throughout the world (World Health Organization, 2015), there is growing concern 

about rising health and social care expenditures. 

1.1.2 Protein Intake and Muscle Health 

Adequate protein intake is essential for preserving muscle mass and strength in aging 

adults. The standard recommended dietary allowance (RDA) for protein, set at 0.8 

g/kg/day, is considered insufficient for older adults due to age-related anabolic 

resistance, which reduces the efficiency of muscle protein synthesis (MPS). Recent 

expert guidelines suggest that older adults should aim for higher protein intakes, 

between 1.2 to 1.5 g/kg/day, to effectively maintain muscle health and mitigate muscle 

loss with aging (Bauer et al., 2013; Deutz et al., 2014). This recommendation accounts 
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for the physiological decline in muscle protein synthesis response to dietary protein, 

which can be countered by increased intake of protein-rich foods or supplements 

Despite these recommendations, many older adults struggle to meet even the basic 

RDA due to reduced appetite, physical limitations, and other age-related factors (Landi 

et al., 2013). Whey protein supplementation, known for its high digestibility and 

leucine content, has been shown to be particularly effective in stimulating muscle 

protein synthesis, both at rest and after resistance exercise (Devries & Phillips, 2015; 

Morton et al., 2017). Evidence suggests that whey protein offers superior benefits over 

other protein sources such as soy and casein due to its rapid absorption and high leucine 

concentration, which is a critical amino acid for muscle protein synthesis (Phillips, 

2016). 

Focusing on pre-frail older adults, who are in a transitional stage between robust health 

and frailty, is crucial because early intervention can help prevent further decline. 

Targeted protein supplementation strategies, including whey protein, provide a simple, 

cost-effective method to enhance dietary protein intake, support muscle function, and 

potentially reverse the progression towards frailty (Fried et al., 2001; Landi et al., 

2016). This underscores the need for strategic nutritional approaches to support healthy 

aging in this vulnerable population. 

 Problem Statement 

Recently, many researchers have focused on protein supplements for older adults in 

an attempt to improve their quality of life. Observational studies show that a high 

dietary protein intake is associated with a lower loss of lean body mass and less frailty 
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compared to a low protein intake (Houston et al., 2018). Data from stable isotope 

studies show that the intake of dietary protein and/or amino acids stimulates muscle 

protein synthesis and decreases muscle protein breakdown, resulting in net muscle 

protein balance and muscle mass accretion (Pennings et al., 2011). However, 

increasing dietary protein presents an increase in muscle mass after at least 3 months 

of protein supplementation (Bauer et al., 2013; Rondanelli et al., 2013). A similar 

discrepancy exists with muscle strength, where beneficial effects are observed 

(Tieland et al., 2012).   

According to the United Nations World Ageing Population report (2017), the 

proportion of individuals aged 60 and above in Malaysia is projected to rise to 23% by 

2050. This demographic shift, which would make nearly a quarter of the population 

older adults, underscores the importance of addressing age-related health issues. 

Additionally, over 22% of Malaysian elderly men and 20% of elderly women are living 

independently or with a spouse, increasing the risk of poor dietary habits, low food 

intake, and physical inactivity, all of which contribute to frailty. Given these trends, 

there is a pressing need to address pre-frailty among Malaysian older adults through 

targeted nutritional interventions, such as protein supplementation (PS). 

To our knowledge, most nutritional and educational interventions in Malaysia have 

focused on frail older adults (Murukesu et al., 2020; Suffian et al., 2020), with fewer 

studies targeting pre-frail individuals  (Badrasawi et al., 2016). There is currently a lack 

of research on the specific use of protein supplements to improve frailty phenotypes 

and related outcomes—such as body composition, nutritional status, physical activity, 

muscle mass, and strength—in pre-frail Malaysian older adults. This study seeks to 

address this gap by investigating the effects of targeted protein supplementation on 
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pre-frailty improvement, offering the potential for health promotion and disability 

prevention. 

Pre-frailty represents a critical intervention opportunity because older adults in this 

condition are more likely to revert to robust health compared to those who are already 

frail (Gill et al., 2006), Effective interventions at this stage could reduce the likelihood 

of further deterioration and dependency, improve health outcomes, and minimize the 

need for disability support and caregiving (Frost et al., 2017). Nevertheless, the 

majority of previous studies targeted frail or sarcopenic older adults, and a tiny number 

of studies test the effect of protein supplements on prefrail older adults, which is the 

primary focus of this study. 

 The Study Significance 

This study is deemed necessary for several reasons, as evidenced by the existing 

literature. Firstly, there is a notable scarcity of research focusing on the effects of 

protein supplements on frailty phenotypes, which constitutes the primary outcome of 

this investigation. Additionally, studies targeting the enhancement of health status 

among pre-frail older adults, the primary population under examination in this study, 

are limited. Furthermore, the controversy surrounding the impact of protein 

supplements on muscle strength in older adults underscores the significance of this 

research, which aims to evaluate the efficacy of protein supplementation in enhancing 

muscle strength. Moreover, the existing body of research lacks sufficient randomized 

controlled trials (RCTs) to substantiate the need for revising the recommended dietary 

guidelines for protein intake among older adults. Lastly, to date, there has been a 

notable absence of frailty intervention studies specifically addressing the utilization of 
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protein supplements to ameliorate frailty status, phenotypes, and other relevant 

outcomes, such as body composition, nutritional status, physical activity level, muscle 

mass, and strength, among elderly individuals in Malaysia.        

The proposed pre-frailty intervention can be easily adapted to regular practice in senior 

care health service environments and realistically utilized in everyday life. If this 

intervention is demonstrated to be successful, it holds significant potential for 

benefiting the elderly population by preventing the transition to frailty, ultimately 

improving their quality of life and reducing the burden on healthcare systems. 

Avoiding frailty will play a significant role in supporting healthy and active ageing 

and has the potential to reduce negative health outcomes such as fall rates, 

hospitalization, and institutionalization, as well as the accompanying financial 

expenses. Improved frailty outcomes may also lead to enhanced function and quality 

of life for older persons, their family, and caregivers. 

Furthermore, the study may point toward the application of dietary protein 

supplementation as a promising nutritional strategy to improve physical performance, 

attenuate the progression of frailty, and delay the onset of disability. This study may 

provide researchers with the opportunity to investigate the effect of greater dietary 

protein intake on muscular strength and physical performance. 

Results from this study will add to the body of knowledge for health professionals, 

health promoters, and policymakers in this field, in creating strategies for any 

associated intervention program among the elderly to enhance health status. 
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 Research Question 

Does PS intervention significantly improve frailty status, muscle strength, physical 

performance, dietary intake and body composition of elderly people?  

 Research Objectives 

1.5.1 Main Objective 

To study the differences in frailty status, scores, and phenotypes between and within 

the protein-supplemented group (PSG) and control group (CG) for a duration of 12 

weeks in the prefrail older adults. 

1.5.2 Secondary Objectives 

To determine the level changes between and within the interventional group (PSG) 

and control group (CG) for a duration of 12 weeks in the prefrail older adults in: 

- Physical performance (SPPBT). 

- Muscle strength including handgrip strength (HGS) 

- Body Composition including anthropometric measurements (BMI, body part 

circumferences [mid upper arm circumference (MUAC) and calf 

circumference (CC)], total body fat percentage (%TBF), skeletal muscle mass 

SMM, and leg lean mass LLM). 

- Dietary Intake including energy, carbohydrate, protein, and fat intake. 
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 Research Hypotheses 

a) There is a significant difference in frailty status, scores, and phenotypes in 

the interventional group (PSG) and control group (CG) from pre-

intervention and post-intervention.  

b) There is a significant difference in Body composition in the interventional 

group (PSG) and control group (CG) from pre-intervention and post-

intervention. 

c) There is a significant difference in muscle strength in the interventional 

group (PSG) and control group (CG) from pre-intervention and post-

intervention. 

d) There is a significant difference in the level of physical performance in the 

interventional group (PSG) and control group (CG) from pre-intervention 

and post-intervention. 

e) There is a significant difference in energy intake in the interventional group 

(PSG) and control group (CG) from pre-intervention and post-intervention. 

 The Theoretical Framework and Flowchart of the Study 

Figure 1.1 presents the conceptual framework of the study, showing how multiple 

factors contribute to frailty and sarcopenia, along with potential intervention. 

Inadequate nutritional intake is a key factor, leading to sarcopenia characterized by 

muscle loss and poor muscle quality, which impairs physical function. Whey protein 

supplementation is highlighted as a strategy to improve muscle quality and reduce the 

risk of frailty. Besides nutrition, other factors such as physical inactivity, chronic 

diseases (e.g., diabetes, cardiovascular conditions), and polypharmacy (use of multiple 
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medications) further exacerbate frailty by contributing to muscle weakness, fatigue, 

and functional decline. Psychosocial aspects like social isolation and depression can 

lead to sedentary behavior and poor diet, worsening physical decline. A critical aspect 

of frailty is the accumulation of deficits, where multiple physical, cognitive, and 

behavioral impairments gradually build up, leading to a cycle of reduced mobility, 

increased disability, and loss of autonomy.  

Figure 1.2 outlines the trial design comparing two groups of pre-frail outpatient older 

adults: the Interventional Group (PSG) and the Control Group (CG). The 

Interventional Group receives a daily whey protein supplement (30g/day), while the 

Control Group receives a placebo supplement (30g/day). Both groups are monitored 

via daily message reminders, and retention of sachets is checked from the 6th to the 

12th week to ensure compliance. Data collection is conducted at three time points: 

baseline, the 6th week, and the 12th week, with follow-ups for any adverse effects. 

The primary outcomes of the trial focus on frailty status, scores, and phenotypes, based 

on the Fried criteria, including indicators such as weight loss, fatigue, muscle 

weakness, walking speed, and low activity. The secondary outcomes are categorized 

into four areas: 

1. Muscle Strength, measured by handgrip strength. 

2. Physical Performance, assessed through the Short Physical Performance 

Battery (SPPB), which includes balance tests, gait speed tests, and chair-rise 

tests. 
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3. Body Composition, evaluated by metrics like body weight, BMI, muscle 

mass, total body fat, leg lean mass, calf circumference (CC), and mid-upper 

arm circumference (MUAC). 

4. Dietary Intake, which records energy, carbohydrate, protein, and fat 

consumption. 

This design aims to assess the effectiveness of whey protein supplementation in 

improving frailty-related parameters compared to a placebo. 

The study outcomes of frailty improvement, muscle strength, and physical 

performance were chosen because they address the key aspects of physical decline in 

older adults. Frailty improvement is essential as it reduces vulnerability to adverse 

health outcomes, improving quality of life. Muscle strength is directly linked to 

physical function, independence, and reduced risk of falls, while physical performance 

measures like gait speed and balance are critical indicators of mobility and functional 

health. 

Dietary intake was included as a secondary outcome to monitor whether the 

intervention effectively supported the primary goals by ensuring adequate protein 

consumption, which is crucial for muscle maintenance and recovery. Thus, the study's 

design targets both immediate physical improvements and long-term nutritional 

adequacy, offering a holistic approach to combating frailty.© C
OPYRIG

HT U
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CHAPTER 2 

2 LITERATURE REVIEW  

Frailty is a significant public health problem in older adults; these issues affect their 

physical function and quality of life, and increase their risk of falls, fractures and 

hospitalization (Corral-Pérez et al., 2023). Older individuals classified as pre-frail or 

frail face heightened susceptibility to various challenges, including limitations in 

physical functioning and mobility, a higher propensity for falls, feelings of loneliness, 

reduced social engagement and quality of life, disability, increased likelihood of 

hospitalization, institutionalization, and ultimately, mortality, in comparison to those 

considered robust (Werner et al., 2022).  

 Pre-frailty Prevalence 

Prefrailty is an intermediary stage between frailty and non-frailty/strength that has a 

greater chance of developing frailty (Xue, 2011). Since the frailty state is determined 

using a variety of assessment methods, the majority of assessment methods have their 

own prefrailty status cutoffs. For Fried's phenotype, which we are using in our study, 

meeting one to two criteria out of five (shrinking, weakness, exhaustion, slowness, and 

low physical activity) is deemed prefrail (Fried et al., 2001). Prefrailty is also related 

to worse health outcomes, similar to frailty. A recent meta-analysis based on six 

prospective cohort studies indicated that prefrail patients had an elevated risk for the 

start of cardiovascular illnesses (Siriwardhana et al., 2018). Prefrail people are more 

prone to have persistent and novel depression symptoms, according to yet another 

longitudinal research (Feng et al., 2014). 
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In high-income countries (HIC), a significant amount of study on frailty has been 

undertaken. According to a 2012 systematic review included twenty-one studies 

applied Fried Frailty Index FFI method (Collard et al., 2012), the weighted prevalence 

of frailty in HICs is 10.7% and that of prefrailty is 41.6%. Another systematic review 

(Siriwardhana et al., 2018) conducted to study the prevalence of frailty and prefrailty 

in middle- and lower-income countries according to Fried phenotypes stated that the 

prevalence of frailty and prefrailty in community-dwelling older adults in these 

countries is 17.4% and 49.3%, respectively. These estimates appeared significantly 

higher than high-income countries' statistics, which may relate to the different levels 

of healthcare services and life expectancy.  

According to the living status, the overall prevalence of pre-frailty among geriatric 

outpatients in more than 21 countries, as summarized by (Doody et al., 2022) is 25.8% 

and 41.6% as reported for community-dwelling older adults (Collard et al., 2012), and 

estimated to reach in nursing home residents at 40.2% (Kojima, 2015). 

Malaysia seems to have the highest prevalence of frailty and prefrailty when compared 

to other Asian countries, as concluded by a scoping review conducted by (Embong et 

al., 2021), who retrieved a total of ten studies and found that the prevalence of pre-

frailty is in the range of 57.9% and 72.8% while frailty was ranged from 5 to 56.5%. 

The scoping review by Embong et al. (2021) identifies key risk factors to this 

prevalence that include body impairments such as anthropometric and body 

compositions and body weakness, activity limitations, and personal factors such as 

gender (female), low income, unmarried, hospitalization in the previous years, poor 

self-rated health, co-morbidities, higher overnight fasting, higher energy intake, and 

depending on mobiles. which collectively contribute to a higher risk of frailty among 
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Malaysian older adults. Since Malaysia is moving very fast to become an aging 

population, which is estimated to reach 15% of the total population by 2030 (Embong 

et al., 2021), it is important to identify the possible healthcare and rehabilitation 

strategies and nutritional interventions to achieve successful and healthy aging. 

Protein is essential for maintaining muscle health as it stimulates muscle protein 

synthesis, helping to preserve muscle mass even as aging diminishes the body's natural 

ability to build and repair muscle tissue (Phillips et al., 2016). Adequate dietary protein 

intake is particularly important for older adults because it helps counteract the muscle 

loss associated with aging. Studies suggest that higher protein consumption can 

contribute to better muscle strength, enhanced physical function, and reduced frailty, 

underscoring its significance in elderly nutrition (Bauer et al., 2013). Given that 

muscle health directly impacts physical performance and quality of life, the role of 

protein becomes vital not only in treating frailty and sarcopenia but also in preventive 

strategies aimed at maintaining muscle integrity during aging. 

 Protein Intake for Aging 

The protein requirement for healthy people is defined as the smallest quantity of 

dietary protein intake required to balance nitrogen losses from the body and hence 

maintain body protein mass in individuals in energy balance who engage in moderate 

physical activity (Traylor et al., 2018). From another perspective, the human skeletal 

muscle protein cycle consists of both muscle protein synthesis and degradation (Reule 

et al., 2017). On the one hand, muscle hypertrophy occurs when the rates of protein 

synthesis exceed the rates of protein breakdown, which may be elicited by 

hyperaminoacidemia induced by dietary protein intake; on the other hand, an 
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inadequate protein intake results in a lower protein synthesis rate, which leads to net 

protein breakdown and muscle catabolism. 

Numerous factors may influence protein intakes in older adults as shown in Figure 

(2.1), including reduced energy needs, genetic predispositions to low appetite, age- 

and disease-related anorexia, physical and mental disabilities that limit acquiring and 

preparing food, changes in food preference, dysphagia, dental issues, and food 

insecurity due to financial and social limitations; consequently, collaborating to 

muscle catabolism (Deutz et al., 2014; Price et al., 2019). In addition, data suggests 

that the anabolic response to hyperaminoacidemia may be decreased in older 

individuals (Coelho-Júnior et al., 2018), indicating that older persons need to ingest 

more protein than younger ones in order to sustain muscle protein synthesis. In 

addition, older persons have greater protein requirements to counteract the elevated 

metabolism of inflammatory illnesses such as heart failure, chronic pulmonary disease 

(COPD), or chronic kidney disease (CKD) on dialysis as shown in Figure (2.2) (Bauer 

et al., 2013).  

 

Figure 2.1: Factors leading to lower protein intake in older persons (Source: Bauer 

et al., 2013). 

© C
OPYRIG

HT U
PM



 

17 

Nonetheless, inadequate protein consumption over time leads to a condition known as 

sarcopenia (Tessier & Chevalier, 2018), which is characterized by severe muscular 

atrophy, daphnia, and diminished physical function, all of which are included in the 

definition of frailty. 

Besides sarcopenia, there is further evidence that protein consumption is connected 

with dementia, global cognitive scores, visuospatial ability, nonverbal memory, and 

logical memory in older persons, all of which are associated with frailty (Coelho-

Júnior et al., 2018). In addition, it is found that adults not meeting the protein 

recommendation are more likely to have lower intakes of several micronutrients, 

including fiber, thiamin, niacin, vitamin B6, folate, choline, vitamin C, vitamin B12, 

vitamin A, vitamin D, vitamin E, vitamin K, zinc, calcium, phosphorus, magnesium, 

iron, copper, and selenium (Price et al., 2019).  

 

Figure 2.2: Factors leading to higher protein needs in older persons (Source: Bauer 

et al., 2013). 
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The prevalence of inadequate protein intake among Malaysian older adults has been a 

concern. Studies have shown that many do not meet the recommended dietary intake 

for protein. According to the Malaysian Adult Nutrition Survey (MANS), less than 

half of adults achieved the recommended intake for macronutrients, including protein. 

Only 40.4% of adults met the protein intake requirements, and a substantial portion of 

the population consumed less than the recommended amounts, which could lead to 

issues like muscle loss and frailty as they age (Mirnalini et al., 2008). 

The European Society for Clinical Nutrition and Metabolism (ESPEN) has provided 

updated guidelines recommending a daily protein intake of 1.0–1.2 g/kg of body 

weight for healthy older adults. For those who are malnourished or experiencing acute 

or chronic illnesses, higher intakes of 1.2–1.5 g/kg/day are advised to ensure sufficient 

muscle maintenance and metabolic function (Deutz et al., 2014). Furthermore, ESPEN 

emphasizes the need for high-quality protein sources, particularly those rich in 

essential amino acids like leucine, which is crucial for muscle protein synthesis (Deutz 

et al., 2014). 

The challenges faced by older adults, such as reduced appetite, difficulty in chewing, 

and social isolation, often lead to inadequate protein consumption. Addressing these 

barriers through targeted dietary interventions and supplementation strategies is key to 

promoting muscle health and reducing the risk of frailty in this population (Volpi et 

al., 2013). 

In general, older adults who do not meet their protein needs have a much higher 

likelihood of having lower micronutrient intakes (on the day of intake), and nutrient 

deficiencies, when combined with a low protein intake, may increase the risk of 
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common issues in older adults, including falls, pressure sores, osteomalacia, 

osteoporosis, hip fractures, muscle weakness, and mortality (Coelho-Júnior et al., 

2018; Price et al., 2019). When it comes to the relation between frailty and protein 

intake, (Shikany et al., 2014), in their cross-sectional study, observed that protein 

consumption was negatively related to the risk of switching from robust to pre-frail 

condition across a period of 4.6 years. 

In an effort to prevent sarcopenia and maintain physical function and long-term 

optimal health, large international groups of experts issued a consensus in 2013 and 

2014 to increase protein recommendations to 1.0–1.2 g/kg/day for healthy people, 1.2 

g/kg/day for active people, and 1.2–1.5 g/kg/day for those with chronic or acute 

diseases (except renal) (Bauer et al., 2013). This consensus was founded on 

information from metabolic, interventional, and observational research that was 

available at the time, and it is still supported by more recent evidence, which has been 

thoroughly reviewed elsewhere (Traylor et al., 2018). However, further randomized 

clinical studies are required to corroborate the evidence of the optimum protein 

consumption for older persons and to determine whether increased protein intake can 

measurably improve the functional outcomes of older adults (Bauer et al., 2013). 

 Protein and Amino Acids Supplements as a Therapeutical Approach for 

Frailty 

Despite the evidence that protein supplementation can improve physical function and 

reduce frailty in older adults, there is still a need for more research to fully understand 

the effects of different types of protein on frailty and sarcopenia. Different sources of 

protein, such as whey, soy, and milk protein, have different amino acid profiles and 

rates of digestion and may have different effects on muscle protein synthesis and 
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physical performance. Furthermore, it is not clear which type of protein is the most 

effective or safe for older adults, and what the optimal amount of protein 

supplementation is for reducing the risk of frailty and sarcopenia. 

Therefore, a literature review was carried out to comprehensively overview the 

available literature on the effects of different types of protein supplementation on 

frailty and sarcopenia in older adults. The review aims to shed light on the different 

types of protein that have been used in studies to improve frailty and sarcopenia and 

to provide insights into the potential advantages and disadvantages of each type of 

protein. The ultimate goal of this review is to provide guidance for older adults and 

healthcare professionals in choosing the most effective and safe protein supplement 

regimen for reducing the risk of frailty and sarcopenia. 

2.3.1 Study Characteristics  

Eighty-one full article studies used eleven different types of protein and AA 

supplementation with a total of 5319 participants as shown in Table (2.1). Population 

areas included the Americas (35 RCTs), Europe (33 RCTs), Asia (12 RCTs), and 

Oceania (2 RCTs). Regarding the population types which is presented in Figure (2.3), 

43 RCT populations are healthy community dwellers, 12 studies targeted pre-frail, 

frail, malnourished, or sarcopenic older adults, while 11 trial populations were older 

adults with special conditions or diseases such as (arthritis, Osteopenia, Osteoporosis, 

Type2 DM, Heart Failure, or obesity), 7 studies of total 83 studies population were 

postmenopausal women, 6 studies for low-activity or sedentary older adults, and 4 

studies for inpatient, post-hospitalized or in residential care centres. 23 studies were 
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specified for older women, 13 studies for older males while the rest studies (n=47) 

targeted both male and female participants.  

When it comes to the training programs combined with protein supplementation 

consumption, 58 trials used resistance training program, 39 of the total 60 applied 

supervised whole body resistance training for the participants graded between low, 

moderate and high intensity training. 8 Studies conducted training programs for upper 

and/or lower limps exclusively. 7 other studies used different types of training such as 

(exergames, walking, balance training, endurance training...etc.), and 4 trials applied 

self-administered, home-based training. On the other hand, 24 studies tested the effect 

of protein supplementation alone without training. Other specific characteristics are 

described in table 2.1. 

2.3.2 Supplements Characteristics 

2.3.2.1 Types of Protein and AAs Supplements 

A variety of protein and amino acids supplements were investigated across studies and 

were grouped into the following categories: The most widely used type in these RCTs 

is Whey protein (n=33), as shown in Figure (2.4), followed by Creatine (n=12), Milk 

Protein (n=11), Leucine (n=8), Essential Amino Acids (EAA) (n=6), Soy (n=4) and 

other types such as Citrulline (n=2), L-Carnitine (n=2), Collagen Peptides (n=1), L-

Arginine (n=1), Beta-Alanine (n=1) respectively. Each supplement measured different 

outcomes as elaborated in Figure (2.5) classified among three categories which are 

muscle strength, physical performance and body composition. 
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2.3.2.2 Whey Protein Supplements Dosage, Timing, and Resistance Training 

Eight studies investigated the effects of whey protein on muscular strength, physical 

performance and body composition, and 25 studies examined the effect of whey 

protein supplementation alongside resistance exercise on the aforementioned 

measures. We classified whey protein consumption in the included studies as high (≥ 

40 g/day), medium (30–39 g/day) or low (< 30 g/day). Nine studies employed a high 

amount of whey protein (Bell et al., 2017; Björkman et al., 2020; Gerontol et al., 2012; 

Griffen et al., 2022; Jadczak et al., 2021; Kerstetter et al., 2015; Mojtahedi et al., 2011; 

Neske & Azevedo, 2022; Oikawa et al., 2020), whereas 7 and 12 trials used a medium 

(Fernandes et al., 2018; Junior et al., 2017; Michel et al., 2022; Nabuco, Tomeleri, 

Fernandes, et al., 2019; Nabuco, Tomeleri, Junior, et al., 2019; Villanueva et al., 2014; 

Zhu et al., 2015) and low dose (Amasene et al., 2019, 2022; Arnarson et al., 2013; 

Atherton et al., 2020; Biesek et al., 2021; Björkman et al., 2011; Gade et al., 2019; 

Holwerda et al., 2018; Karelis et al., 2015; Mertz et al., 2021a; Mori & Takudo, 2018; 

Niccoli et al., 2017), respectively. Furthermore, 3 trials employed a technique to 

determine protein consumption to achieve whey protein supplementation of 1.2–1.5 

g/kg/day.  

Regarding the 30g dosage of whey protein, this specific amount has been widely 

studied and found to be effective in maximizing muscle protein synthesis, especially 

in older adults. Aging muscles often exhibit "anabolic resistance," meaning they are 

less responsive to smaller protein doses, and hence, a higher intake is necessary to 

stimulate MPS. Research by Moore et al. (2014) indicates that consuming around 25-

30g of whey protein is sufficient to elicit a robust anabolic response, particularly 

because of the leucine content. Whey protein is rich in leucine, an essential amino acid 
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that acts as a potent stimulator of MPS, making it more effective than lower doses 

(e.g., 10-20g), which may not provide the same benefit in older populations (Moore et 

al., 2014). This is further supported by Devries & Phillips (2015), who reviewed the 

literature and concluded that a 30g dose was more beneficial for muscle protein 

synthesis, both at rest and following exercise, due to its optimal amino acid profile 

(Devries & Phillips, 2015). 

Additionally, guidelines from the European Society for Clinical Nutrition and 

Metabolism (ESPEN) suggest that older adults should aim for higher protein intakes 

of 1.2-2.0 g/kg body weight per day, with each meal providing at least 25-30g of 

protein to counteract muscle loss effectively (Bauer et al., 2013). The 30g dose aligns 

well with these recommendations, ensuring that the elderly can achieve sufficient 

protein intake to stimulate muscle growth and maintenance, addressing the challenges 

posed by age-related sarcopenia and frailty. 

The studies that tested the effect of whey protein supplements combined with RT 

mostly applied full-body training (n = 19). Another 4 studies focused on upper and 

lower extremities in their training programmes (Amasene et al., 2019, 2022; Gade et 

al., 2019; Mori & Takudo, 2018) and 2 studies applied home-based training (Björkman 

et al., 2011, 2020). Finally, (Biesek et al., 2021) investigated the effectiveness of 

exergames when combined with whey protein on muscle strength and physical 

performance of older adults.  

Whey protein supplement timing was linked to the RT programme in 16 of the 33 

studies. In 9 of them, supplements were consumed after training on the training days 

only (Amasene et al., 2019, 2022; Arnarson et al., 2013; Atherton et al., 2020; 
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Björkman et al., 2020; Fernandes et al., 2018; Junior et al., 2017; Nabuco, Tomeleri, 

Fernandes, et al., 2019; Nabuco, Tomeleri, Junior, et al., 2019), while in the remaining 

7 studies, the researchers instructed the participants to also consume whey protein 

supplement either after training or during meal times on non-training days (Biesek et 

al., 2021; Gade et al., 2019; Gerontol et al., 2012; Holwerda et al., 2018; Karelis et al., 

2015; Michel et al., 2022; Villanueva et al., 2014). Additionally, 11 studies linked the 

intake of whey protein supplement with regular meal times (Bell et al., 2017; 

Björkman et al., 2011; Griffen et al., 2022; Kirk et al., 2019, 2020; Krause et al., 2019; 

Mertz et al., 2021b; Mojtahedi et al., 2011; Neske & Azevedo, 2022; Niccoli et al., 

2017; Zhu et al., 2015).  

 

Figure 2.3: Types of population in the included studies of the literature. 
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Figure 2.4: Number of studies used different types of supplements, RCT: 

Randomized Clinical Trial, RT: resistance training. 

 

Figure 2.5: The number of studies that used different outcome measures 
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The choice of a 12-week duration for this study is supported by previous wide research 

applied this period of time as elaborated in Figure (2.6), demonstrating that this time 

frame is sufficient to observe significant changes in muscle mass, strength, and 

physical performance following protein supplementation. Muscle adaptation and 

improvements in muscle protein synthesis (MPS) typically require consistent protein 

intake over several weeks. Studies such as Tieland et al. (2012) have found that a 12-

week period is effective for older adults, showing marked improvements in muscle 

strength and physical performance when they were supplemented with 15-30g of 

protein. This duration aligns with the cycle of muscle protein synthesis and adaptation, 

allowing researchers to capture not just immediate but sustained effects on physical 

function and muscle health. Additionally, Rondanelli et al. (2016) highlighted that a 

12-week intervention allows enough time to assess the impact of nutritional 

supplements on functional outcomes, such as muscle mass and strength, making it a 

suitable choice for studies aiming to counteract age-related muscle deterioration. This 

time frame also aligns well with the physiological processes of muscle hypertrophy, 

enabling researchers to track both short-term and mid-term effects on physical health. 

Thus, the combination of a 12-week duration and a 30g whey protein dose offers an 

effective approach for intervention studies aiming to mitigate muscle deterioration in 

older adults. These parameters have been shown to provide enough time for 

meaningful physiological changes and to deliver an optimal level of protein that can 

stimulate muscle synthesis, leading to improved muscle mass, strength, and overall 

physical performance. 
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Figure 2.6: The programs duration of the included studies of the literature. 
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2.3.3 Effect of Protein Supplements and EAAs on Outcome Measurements 

A) Whey protein 

Whey protein supplementation did not increase the adaptive response to resistance 

training in terms of muscle strength (1RM of chest press, bench press, leg press, or 

knee extension) (Gerontol et al., 2012; Griffen et al., 2022; Holwerda et al., 2018; Kirk 

et al., 2019; Mojtahedi et al., 2011; Nabuco, Tomeleri, Fernandes, et al., 2019; Neske 

& Azevedo, 2022; Villanueva et al., 2014; Weisgarber et al., 2015) or handgrip 

strength (Amasene et al., 2019, 2022; Biesek et al., 2021; Björkman et al., 2011, 2020; 

Gade et al., 2019; Krause et al., 2019). However, some studies reported a beneficial 

effect of RT following whey protein supplements in muscle strength such as leg press, 

knee extension, chest press, or handgrip strength (Atherton et al., 2020; Bell et al., 

2017; Junior et al., 2017; Karelis et al., 2015; Mertz et al., 2021a; Mori & Takudo, 

2018).  

In terms of physical performance, gait speed tended to be improved after WPS 

combining with RT(Griffen et al., 2022; Mori & Takudo, 2018) but no other 

measurements such as TUG, CST, and 6MWT (Amasene et al., 2019; Arnarson et al., 

2013; Kirk et al., 2019; Neske & Azevedo, 2022). In addition, LBM showed no 

significant improvement when consuming WPS during RT (Arnarson et al., 2013; 

Gade et al., 2019; Gerontol et al., 2012; Karelis et al., 2015; Krause et al., 2019; Neske 

& Azevedo, 2022; Villanueva et al., 2014), neither lean soft tissues LST(Michel et al., 

2022; Mojtahedi et al., 2011) nor muscle mass MM (Biesek et al., 2021; Holwerda et 

al., 2018; Kirk et al., 2020) or fat mass (Kirk et al., 2020; Villanueva et al., 2014). 

However, other studies showed an additional effect of WPS during RT in LBM 

improvement (Bell et al., 2017), LST (Fernandes et al., 2018; Nabuco, Tomeleri, 
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Fernandes, et al., 2019; Nabuco, Tomeleri, Junior, et al., 2019), MM (Björkman et al., 

2011; Junior et al., 2017; Mori & Takudo, 2018),and FM (Atherton et al., 2020; Krause 

et al., 2019; Nabuco, Tomeleri, Fernandes, et al., 2019; Nabuco, Tomeleri, Junior, et 

al., 2019).  

When it comes to non-RT studies, WPS showed no improvement in handgrip strength 

(Jadczak et al., 2021; Park et al., 2018; Zhu et al., 2015) nor knee extension (Zhu et 

al., 2015). However, same measurements were improved after WPS in a study 

conducted by Niccoli et al 207 (Niccoli et al., 2017). Physical performance and muscle 

mass showed no improvement in older adults consuming WPS despite the duration or 

the dose (Jadczak et al., 2021; Niccoli et al., 2017; Park et al., 2018; Zhu et al., 2015). 

However, fat-free mass (Kerstetter et al., 2015) , gait speed and appendicular skeletal 

muscle mass ASM (Park et al., 2018) were improved after WPS consumption in older 

adults. 

B) Creatine 

When it comes to muscle strength, creatine supplementation combined with resistance 

training shows an improvement in upper body strength measured by 1 RM chest press 

(D. Candow et al., 2015; D. G. Candow et al., 2014), biceps curl (Aguiar et al., 2013) 

and bench press (Aguiar et al., 2013; Gualano et al., 2014), for the lower body strength 

creatine supplements with RT improved 1 RM leg press  (Bernat et al., 2012; D. 

Candow et al., 2015; D. G. Candow et al., 2014), and knee extension (Aguiar et al., 

2013; Bernat et al., 2012) in healthy aging males and postmenopausal women. 

However, in other studies, creatine supplementation does not provide additional 

benefits to resistance training in terms of upper muscular strength measured by 1 RM 
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chest press (Baker et al., 2016; D. G. Candow et al., 2021), bench press (Bemben et 

al., 2010), and biceps curl (Bemben et al., 2010) nor lower body strength such as knee 

extension (Bemben et al., 2010), leg press (Baker et al., 2016; Bemben et al., 2010), 

and hack squat (D. G. Candow et al., 2021) in older adults. 

Physical function improvement after creatine supplement consumption has been 

measured in 4 studies out of 12 creatine trials. Two studies prove the positive effect of 

creatine supplement when combined with resistance training in terms of peak torque 

and balance board time-to-completion (Bernat et al., 2012) in healthy older males and 

the timed-stands test (Neves et al., 2011) in older women with knee osteoarthritis. 

However, another two studies didn’t observe any effect of creatine supplementation 

alone in muscle function assessed by timed-up-and-go and timed-stands tests (Lobo et 

al., 2015; Sales et al., 2019) in osteopenic postmenopausal women. Creatine 

supplementation with resistance training improves some body composition 

measurements such as lean body mass (Baker et al., 2016; D. Candow et al., 2015; 

Gualano et al., 2014; Johannsmeyer et al., 2016), muscle mass (Johannsmeyer et al., 

2016), fat mass (Candow et al., 2015), and bone mineral density BMD (Johannsmeyer 

et al., 2016) in healthy elderly. On the other hand, other studies confront these results 

and didn’t see any significant changes in lean body mass by creatine supplements alone 

(Lobo et al., 2015) or when combined with resistance training (Bemben et al., 2010; 

Candow et al., 2021; Sales et al., 2019) in older adults. In addition, no greater effect 

by creatine supplements alone or besides RT was observed in fat mass (Candow et al., 

2021; Lobo et al., 2015) nor BMD (Candow et al., 2021; Lobo et al., 2015; Sales et 

al., 2019) in healthy aging males and osteopenic postmenopausal women compared to 

placebo.  
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C) Milk Protein 

Milk protein supplements whether alone (Tieland, van de Rest, et al., 2012)  or 

combined with RT (Francis et al., 2017) results a positive effect in terms of physical 

performance, leg press (Aas et al., 2020) and Knee extension (Francis et al., 2017), 

However, (Ottestad et al., 2017) didn’t see any additional effect of milk protein in 

these measurements or handgrip strength in a trial conducted by using pulse feeding 

(Bouillanne et al., 2013). When it comes to body composition, milk protein proved its 

significant effect in lean mass improvement (Bouillanne et al., 2013; Nakayama et al., 

2021; Norton et al., 2016; ten Haaf et al., 2019; Tieland, van de Rest, et al., 2012), fat 

free mass (Gryson et al., 2014), and leg tissue mass (Francis et al., 2017). 

Appendicular skeletal muscle mass also improved after pulse feeding of milk protein 

in malnourished older adults (Bouillanne et al., 2013) while another study showed a 

significant improvement of muscle mass in sedentary elderly people when consuming 

milk protein besides resistance training (Gryson et al., 2014). Contrarily, (Carlsson & 

Haglin, 2011; Ottestad et al., 2017) didn’t notice any additional effect of milk protein 

with concomitant training on muscle mass in older adults. In addition, fat mass 

significantly improved in older adults when milk protein consumed with low to 

moderate intensity exercises (Gryson et al., 2014; Nakayama et al., 2021; ten Haaf et 

al., 2019).  

D) Leucine  

The effect of leucine or leucine enriched supplement on muscle strength or physical 

performance in the included studies is controversial. Handgrip strength significantly 

improved after leucine consumption (Ispoglou et al., 2016) or besides low intensity 
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training(Yoshimura et al., 2019) and lower limb training (Trabal et al., 2015). 

However, muscle strength improvement hasn’t been seen after leucine consumption in 

terms of handgrip strength and knee extension (Murphy et al., 2021; Yamamoto et al., 

2021) or leg press (Leenders et al., 2011). Two trials reported no significant effect of 

leucine consumption on physical performance in terms of gait speed (Yamamoto et al., 

2021) or short physical performance battery test SPPBT and timed up-and go test 

(Murphy et al., 2021). Contrarily, another two studies proved leucine supplementation 

efficacy on Functional Independence Measure (FIM-M) (Yoshimura et al., 2019) and 

30-s arm-curl test, 30-s chair-stand test (30-CST), 6-mins walking test (Ispoglou et al., 

2016).  

For body composition, lean body mass improved significantly after using leucine 

supplement in community dwellers (Y. Kang et al., 2020), same as lean tissue mass 

(Ispoglou et al., 2016) and appendicular muscle mass (Yoshimura et al., 2019). On the 

other hand, no effect of leucine was seen in type 2 diabetic older adults in terms of fat-

free mass (Leenders et al., 2011) or muscle mass (Yamamoto et al., 2021)and lean 

body mass in community dwelling older adults (Murphy et al., 2021). 

E) EAAS 

The main outcome of the trials with BCAAs was walking speed which improved and 

healthy older adults during resistance training (Bonnefoy et al., 2012; Kawada et al., 

2013) but not in women with arthritis during self-administered training (Ikeda et al., 

2018). In addition, walking time was improved after taking BCAAs supplements with 

full body training in sarcopenic women (Kim et al., 2012). In terms of muscle strength, 

results showed significant improvements measured by knee extension in sarcopenic 
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women (Kim et al., 2012), or leg extension in non-frail older adults (Markofski et al., 

2019), and hip abductor strength rate in women with arthritis, but not handgrip strength 

(Ikeda et al., 2018). Regarding body composition, muscle mass didn’t improve after 

consuming BCAAs supplements with aerobic exercise in non-frail, independent, 

healthy older adults (Markofski et al., 2019). However, leg muscle mass improved in 

sarcopenic women after full body training plus BCAAs supplements (Kim et al., 

2012).  

F) Other Supplements 

Soy protein reduced total and subcutaneous abdominal fat when consumed 20g per 

day in postmenopausal women (Christie et al., 2010) and improved muscle strength 

when combined with resistance training in terms of knee extension (Orsatti et al., 2018; 

Shenoy et al., 2013), bench press (Orsatti et al., 2018), and arm curl test (Shahar et al., 

2013) of older adults. Muscle strength had no significant improvement when 

consuming L-Carnitine (Sawicka et al., 2018), L-Arginine (Aguiar et al., 2016), or 

combining Beta-Alanine with RT (Bailey et al., 2018) in healthy older adults, except 

one study reported handgrip strength improvement after L-Carnitine consumption by 

pre-frail elderly people (Badrasawi et al., 2016). However, Collagen peptides 

supplement during RT showed an improvement in body composition of sarcopenic 

older males in terms of fat-free mass and fat mass (Zdzieblik et al., 2015). In addition, 

L-Citrulline showed a beneficial effect on handgrip strength, knee extension and fat 

mass of sedentary obese older adults when consumed beside high-intensity training 

(Buckinx et al., 2019) and improved walking speed of older adults when combined 

with balance and aerobic exercises (Caballero-García et al., 2021).  
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 Frailty Assessment Tools 

Frailty is a multidimensional syndrome marked by a decline in physiological reserves, 

leading to increased vulnerability to adverse health outcomes. Various tools have been 

developed to assess frailty, each with distinct characteristics. One of the most 

commonly used is the Fried Frailty Phenotype (FFP), which defines frailty based on 

five criteria: unintentional weight loss, self-reported exhaustion, weakness (measured 

by grip strength), slow walking speed, and low physical activity. Individuals meeting 

three or more criteria are classified as frail, while those with one or two are considered 

prefrail (Fried et al., 2001). The FFP is advantageous for its simplicity, objective 

measurements, and widespread validation, allowing for easier comparisons across 

studies and interventions. This focus on physical aspects is a key reason it was selected 

for this study, given the interest in protein supplementation and physical outcomes. 

An alternative approach is the Frailty Index (FI), which considers a wider range of 

health deficits, including chronic diseases, cognitive impairment, and disabilities. 

Developed by Rockwood and Mitnitski (2007), the FI is based on the concept that 

frailty is an accumulation of deficits. It is comprehensive and provides a detailed 

assessment of an individual's overall health status, but it requires extensive data 

collection and can be time-consuming (Rockwood & Mitnitski, 2007). Another 

commonly used tool is the Clinical Frailty Scale (CFS), a 9-point scale that allows 

clinicians to quickly assess frailty based on clinical judgment, categorizing individuals 

from "very fit" to "severely frail" (Rockwood et al., 2005). Although practical in 

clinical settings, the CFS is more subjective than the FFP or FI and may lack the 

precision required for research settings. In this study, the FFP was chosen due to its 
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established validity in measuring physical frailty, ease of use, and suitability for 

assessing interventions targeting physical frailty features. 

 Muscle Strength Assessment 

Muscle strength is a key indicator of physical function and frailty, and several methods 

are available to assess it. The handgrip strength test is one of the most commonly used, 

where participants are asked to squeeze a dynamometer with maximum effort. 

Handgrip strength is a reliable indicator of overall muscle strength and correlates with 

outcomes like physical performance, disability, and mortality (Bohannon, 2019). Its 

ease of administration, low cost, and ability to provide quick results make it a popular 

choice in geriatric studies. It has also been validated across different populations, 

including older adults, making it a consistent marker of sarcopenia and frailty. One of 

the main advantages is that it requires minimal equipment and training, which is useful 

in large-scale or community-based studies. However, it primarily reflects upper body 

strength and may not fully capture lower limb or core muscle strength. 

In contrast, knee extension strength provides a more direct assessment of lower limb 

strength, which is crucial for activities like walking, standing up, and climbing stairs. 

Although more specific, it requires equipment like isokinetic devices or leg press 

machines and is more resource-intensive. Studies have shown that lower limb strength 

may be a better predictor of functional independence in older adults compared to upper 

limb strength (Nabuco et al., 2019; Michel et al., 2022). For this study, handgrip 

strength was selected due to its practicality, ease of use, and relevance as a general 

marker of muscular strength and functional status in older adults. 
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 Physical Performance Assessment 

The ability to assess physical performance is critical in frailty evaluation, as it helps 

determine the functional capabilities of older adults. The Short Physical Performance 

Battery (SPPB) is a widely used tool that includes three components: gait speed, the 

chair stand test, and balance tests. It provides a score ranging from 0 to 12, with higher 

scores indicating better physical performance. The SPPB is comprehensive, as it 

evaluates multiple aspects of lower extremity function and has been linked to 

disability, falls, and mortality (Guralnik et al., 1994; Pavasini et al., 2016). 

Recent literature has continued to emphasize the importance of comprehensive tools 

like the Short Physical Performance Battery (SPPB), which remains a gold standard in 

geriatric studies. The SPPB evaluates gait speed, balance, and lower body strength, 

and is predictive of disability, hospitalization, and mortality in older adults (Pavasini 

et al., 2016). Recent studies support its ability to capture changes in physical function 

following nutritional and physical interventions, underscoring its applicability in 

clinical and research settings (Tieland et al., 2012; Park et al., 2019). It is well-

validated and has been used extensively in clinical trials and observational studies. 

However, it may require more time to administer compared to simpler tests like the 

Timed Up and Go (TUG). Despite this, its ability to provide a detailed assessment of 

physical function makes it suitable for this research, where improvements in physical 

performance due to protein supplementation are being monitored. 

The Timed Up and Go (TUG) test is another common tool that measures the time taken 

for a person to stand up from a chair, walk a few meters, turn, and return. It is a quick 

and practical test that focuses on speed, balance, and coordination (Browne & Nair, 
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2019). While it is useful for a rapid assessment of mobility, it does not provide as much 

information about other aspects of physical performance as the SPPB. Therefore, the 

SPPB was chosen for this study due to its more comprehensive nature, which allows 

for a more detailed understanding of the participants' physical performance. 

 Dietary Intake Assessment  

In this study, the 3-day diet record method was used to assess participants' dietary 

intake. This approach involves participants recording all food and drink consumed 

over three non-consecutive days, including two weekdays and one weekend day. This 

method is often preferred over a single-day recall because it provides a more accurate 

representation of habitual dietary intake, especially for nutrients like protein that might 

vary from day to day. Compared to a 24-hour recall, the 3-day diet record reduces the 

impact of daily variability and is less prone to recall bias, as participants write down 

their intake in real-time. However, it requires active participation and may lead to 

underreporting if participants are not diligent (Rollo et al., 2016). Despite these 

challenges, the 3-day diet record is a validated tool and provides comprehensive data 

on nutrient intake, making it suitable for studies focusing on detailed dietary 

assessments, including protein consumption (Murai et al., 2023). 

Another popular method is the Food Frequency Questionnaire (FFQ), which asks 

participants how often they consume specific foods over a defined period (e.g., weeks 

or months). The FFQ is less detailed than the 24-hour recall but can provide insights 

into habitual dietary patterns and nutrient intake. It is easy to administer, less time-

consuming, and can be more reflective of regular intake. However, it may lack the 

precision needed to assess specific nutrient intakes accurately (Rollo et al., 2016). 
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CHAPTER 3 

3 METHODOLOGY 

 Study Design 

This study was a 12 weeks, double-blind, parallel randomized placebo-controlled 

clinical trial. Participants were randomly allocated into two groups to receive either 

whey protein supplement or placebo, and outcomes were measured at baseline (week 

0), at the middle of the trial (6th week), and upon completion of 12 weeks of the trial. 

The study protocol complied with the guidelines of Standard Protocol Items: 

Recommendation for Clinical Trial (SPIRIT). 

 Study Location 

This study was conducted at the Family Medicine Clinics and Diet Clinic of Hospital 

Sultan Abdul Aziz Shah (HSAAS), Selangor, Malaysia. 

 Study Population  

The study population was men and women elderly FMC outpatients who were 60 years 

or older and classified (according to Fried criteria) as pre-frail older adults, which 

means they have one or two of most of the frailty phenotypes. 

 Sample Size Calculation 

The sample size was calculated using OpenEpi Software (version 3.01), based on the 

findings of (Tieland, van de Rest, et al., 2012), according to Short Physical 

Performance Battery test score change in the 24th week in the placebo group 0.1(0.84) 

and whey protein group 1.1(0.84), with a power of 80% and an α level (2-tailed) of 
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5%. This gave a sample size of 12 participants/group and a total of 24 participants. 

With an expected dropout rate of 30%, a sample size of 16 participants/group and 32 

as a total. 

 Eligibility and Recruitment 

Patients were recruited from Family Medicine Clinic (FMC) and Dietetics clinics 

patients. Flyers were given to patients (in appendices) to explain the whole study 

program, then patients who agreed to participate were screened in HSAAS hospital 

using Fried Criteria Screen, and demographic and health-related information check. 

Patients were screened according to the criteria listed below; the medical background 

screening was carried out to ensure that the older adults do not have the medical 

condition in the exclusion criteria. An information sheets was given and discussed 

following the invitation procedure. Patients who agreed to participate, were asked to 

sign written informed consent after their eligibility status screened to participate. Then, 

the patients were invited to perform the baseline assessment. 

Inclusion criteria: Pre-frail men or women (1 or 2 of Fried frailty phenotypes) aged 

60 years and above, willing to give informed consent to be randomized to either the 

protein supplement or control group, able to receive nutrients orally, and willing to 

follow the study protocol. 

Exclusion criteria: Non or Frail older adults (Fried criteria), Patients scored by Age-

adjusted Charlson Co-morbidity index by more than 3 points (considering the age 

points), participants who consume protein supplements or any other nutritional 

supplements, older adults with cognitive impairment, already involved or still 
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participating in any health interventional studies, any sustained fracture (hip, 

vertebrata) in past two month, any surgery (hip, abdominal area) in past two month. 

ACCI Scale: 

The Age-adjusted Charlson Co-morbidity Index (ACCI) is a modification of the 

Charlson Comorbidity Index that includes age as a factor in the scoring system. The 

ACCI score ranges from 0 to 37, with higher scores indicating a higher burden of 

comorbidities. The score is calculated by assigning weights to different comorbidities 

based on their impact on mortality, and then summing these weights to get a total score. 

ACCI scoring table for the important comorbidities is described below (Talley & 

Williams, 2015):  

Table 3.1: The Age-adjusted Charlson Co-morbidity Index (ACCI) Scores 

Score Comorbid Condition 

1 Myocardial infarction (MI) 

Congestive heart failure (CI-IF) 

Cerebral vascular disease 

Peripheral vascular disease 

Dementia 

Chronic obstructive pulmonary disease (COPD) 

Connective tissue disease 

Peptic ulcer disease (PUD) 

Uncomplicated Diabetes 

Mild liver disease 

Age* 

2 Hemiplegia 

Moderate/severe renal disease 

Diabetes with end-organ damage 

Any solid tumor 

Leukemia 

Lymphoma 

3 Moderate/severe liver disease 

6 Metastatic solid tumor 

Acquired immunodeficiency 

syndrome (AIDS) 

* For each decade after 40 years, a point is added (1 point for age group1-50, 2 points for age group 51-

60, 3 points for 61-70, 4 points for 71 or oIder). 
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 Sampling Design 

3.6.1 Randomization and Allocation 

After testing the eligibility, randomization took place by an independent third party 

(the enumerator, whose role was to translate interview questions into Malay for 

participants. Using a computer-generated random sequence number (Random.Org), A 

random sequence was generated for the participants’ numbers, which results in a 

sequence of random numbers divided into two groups. The allocation ratio was 1:1. 

To guarantee allocation concealment, the randomization was carried out by the 

independent third party. The envelopes were opened on the spot, deciding which group 

the participant would be allocated to either Group 1 (PSG): 

Intervention Group or Group 2 (CG): Control Group. The research assistant assigned 

a subject ID to each participant. The study participants, and researchers were blinded 

to the identity codes during the trial. The identity of the participants and the 

supplements they had taken were given to the researchers after they finished the study 

or withdrew from it.  

Baseline Data Collection 

Before trial commencement, demographic data of participants, anthropometric 

measurements, practice function/performance, muscle strength activities, and dietary 

intake (3-day food record) were done one week prior to the intervention period in order 

to get the baseline data as shown in table 2.  
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Face-to-face interviews  

The participants were interviewed using a structured questionnaire (in appendices) 

including participant details and demographics, their names, hospital registration 

numbers, addresses, contact no., date of birth, age, gender, ethnic group, education 

level, job status, income level, and marital status. The medical history, including the 

type of disease, surgery, duration, treatment obtained, and medication received, was 

also asked. To overcome the language barrier during communication with the 

participants, the enumerator was tasked with conducting interviews and asking study 

questions in Malay, ensuring effective communication and understanding between the 

participants and the research team. 

The measurements and interviews were conducted in the Dietetics Clinic in HSAAS 

Hospital. The outcome measures were obtained three times (at the beginning of the 

trial week 0, in the follow-up session 6th week, and at the end of the trial 12th week) 

as shown in Table (3.3). Each participant took a place for the assessments by around 

30 minutes.  
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Table 3.2: The assessment procedures based on trial time points 

The assessment procedure 

Visit 

Baseline 

Week 0 

6th week 

Assessment 

Post-

intervention 

12
th

 week 

Questionnaire 

Social demographic background √ 
  

Frailty status, scores, phenotypes √ √ √ 

Dietary assessment 

3-day dietary record √ 
 

√ 

Anthropometric measurements   
  

Body weight √ √ √ 

Height √ 
  

Mid arm circumference √ √ √ 

Total body fat √ √ √ 

Skeletal Muscle mass √ √ √ 

Calf circumference  √ √ √ 

Leg Lean Mass √ √ √ 

Physical performance:   
  

SPPB score √ √ √ 

Balance √ √ √ 

Gait speed √ √ √ 

Chair-stand time √ √ √ 

Muscle strength   
  

Handgrip strength √ √ √ 

 

 Intervention  

Intervention Group: 

Protein Supplement group PSG: 

  Participants received 30g of SUSTINEX Hydrolyzed Whey Protein. The participants 

were asked to add it to their food or drinks to reach the goal of consuming 30g daily.  
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Control Group (CG):  

Participants in CG received 30g of Maltodextrin (Carbomax). The participants were 

asked to mix the powder with their foods or drinks.  

SUSTINEX Whey Protein Plus and Carbomax are authorized supplements which are 

manufactured and made in Malaysia by Nova Laboratories Sdn. Bhd. (179832-D). 

SUSTINEX Whey Protein Plus consists of whey protein isolate and whey protein 

hydrolyze, 30 g of WPS contains 27.39 g protein, and 115.8 kcal, while Carbomax 

consists corn starch with 28g CHO and 114 kcal per serving (30 g) as shown in table 

4.4 and 4.5. 

Table 3.3: Nutritional Value of Whey Protein Plus Supplement 

Nutritional Information Unit  Per (100g) Per serving (30g) 

Energy Kcal  386 115.8 

Protein g 91.3 27.39 

Fat 

Saturated fat 

 Polyunsaturated fat 

 Monounsaturated fat 

 Trans fat 

 Cholesterol 

g 

g 

g 

g 

g 

mg 

0.96 

0.52 

0.12 

0.31 

0.025 

79 

0.288 

0.156 

0.036 

0.093 

0.0075 

23.7 

Carbohydrate 

Lactose  

g 

g 

0.56 

0.56 

0.168 

0.168 

Minerals 

Calcium 

Sodium 

Potassium 

Magnesium 

Phosphorus  

 

mg 

mg 

mg 

mg 

mg 

 

83 

500 

64 

65 

48 

 

24.9 

150 

19.2 

19.5 

14.4 

BCCAs 

Leucine 

Isoleucine 

Valine 

g 

g 

g 

g 

26.00 

14.20 

6.20 

5.60 

7.8 

4.26 

1.86 

1.68 
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Table 3.4: Nutritional Value of Carbomax Supplement 

Nutritional Information Unit  Per (100g) Per serving (30g) 

Energy Kcal  380 114 

Protein g 0 0 

Fat g 0 0 

Carbohydrate g 94.5 28.35 

Minerals 

Calcium 

Sodium 

Iron 

Potassium 

Chloride 

Phosphorus  

 

mg 

mg 

mg 

mg 

mg 

mg 

 

25 

70 

0 

1 

150 

8 

 

7.5 

21 

0 

0.3 

45 

2.4 

 

Supplements Supplying & Follow-up Process: 

All participants were given scoops measured 15g and instructed on how to fill and 

level it up and mix supplements with their foods or drinks. They were instructed how 

to record their intake in the provided compliance diaries. The both supplements were 

in powder form in identical containers labeled by A,B as supplements ID and subjects 

were asked to mix 2 scoops daily in their soft foods or beverages (1 scoop in the 

morning & 1 scoop in the evening). Supplements were handed to the participants in 

the dietetic clinic at the beginning of the trial and in during the follow-up (6th week) 

of the trial and they were asked to return the previous containers in order to check the 

remaining amounts and compliance status. Participants were also advised not to 

change their habitual diet including dietary protein intake during the trial. 

Compliance diaries were handed out to participants with instructions provided on how 

to complete them (in appendices); specifically, they were asked to record the timing 

and number of scoops consumed per day. The researcher checked the compliance with 
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the supplement’s prescription on a daily- basis message reminder sent to each 

participant and they were asked to take a photo for the containers weekly. According 

to the remaining balance and the dairies, if the study team identified that a participant’s 

compliance to the planned number of the supplement’s scoops, is less than 70%, the 

researcher respectively called the participant to assess any difficulties and identify 

strategies that could facilitate compliance. 

There is no any proven drug interaction with the study product, however, participants 

were asked not take any over-the-counter medications without informing the 

researcher and can continue taking the prescribed medications by their respective 

physicians. 

The participants were asked on a daily basis (as a part of the taking supplement 

message reminder) if they felt any discomfort or unusual pain while taking the 

supplement; in case one existed, the researcher referred the medical doctor (Dr. 

Hakimah)  to assess and monitor the case individually. The medical care was provided 

for the participant to monitor any side effects or discomfort during each visit. 

 Study Instruments 

Table 3.5 shows the Study Variables and the applied tools. 
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Table 3.5: Study Variables and the applied tools 

Variable Instruments  

Frailty phenotypes 

- Weight loss/ shrinking 

- Exhaustion 

- Weakness 

- Slowness 

- Low activity   

- Report sheet according 

to Fried criteria (2001). 

Body composition 

- Bogy weight, height, BMI 

- Body part circumference including mid-

upper arm circumference (MUAC) and 

calf circumference (CC)  

- Total body fat (TBF) 

- Skeletal muscle mass 

- Leg lean mass 

- A portable body 

composition analyzer 

(InBody 770). 

- A flexible non-

stretchable measuring 

tape  

- A portable body 

composition analyzer 

(InBody 770). 

Physical performance (PPB) 

- Gait speed 

- Balance test 

- Chair stand test 

- Short physical 

performance battery 

protocol and score sheet 

(appendix)(Guralnik et 

al., 1994) 

Muscle strength  

- Handgrip strength 

 

-Hand dynamometer 

(Jamar Smart Digital 

Hand Dynamometer). 

Dietary Intake -3-days Diet Record  

 

 Outcomes Measurements 

3.9.1 Frailty Status 

Non-frailty (Normal) 

According to Fried and colleagues' (Fried et al., 2001) five physical phenotypes 

(unintentional weight loss, tiredness, slowness, weakness, and physical inactivity), 

aged adults who match no criterion are classed as non-frailty (normal) (Fried et al., 

2001). 
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Pre-frailty 

Elderly persons who fulfil one or two of the five physical phenotypes (Fried criteria) 

will be classed as pre-frailty (Fried et al., 2001). 

Frailty 

Elderly adults who meet three or more of the five physical phenotypes (Fried criteria) 

are classed as frail (Fried et al., 2001). 

3.9.2 Frailty Phenotypes 

1) Weight loss/ shrinking  

Body mass index (BMI: weight/height2 <18.5 kg/m2 or self-reported unintentional 

weight loss ≥10 pounds (4.5 kg) in the last 6 months (Feng et al., 2014). 

2) Exhaustion  

The participants were asked to read two statements from the Centre for Epidemiologic 

Studies-Depression Scale (Radolff, 1977): 

“I felt that everything I did was an effort” and “I could not get going”.  

The participant will then be asked how often in the last week he/she felt this way. 

• 0=rarely or none of the time 

• 1=some or a little of the time (1–2 days) 

• 2=moderate amount of the time (3–4 days) 

• 3=most of the time 

A score of 2 or 3 is defined as exhaustion. 
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3) Weakness  

Grip strength was measured using a hand-held dynamometer (Jamar Smart Digital 

Hand Dynamometer). The average of two attempts on the dominant hand was used. 

Male respondents who scored <26 kg were classified as having weak grip strength, 

while female participants with a score of <18 kg were classified as having weak grip 

strength according to the modified cut-off point suggested by Asian Working for 

Sarcopenia (AWGS) (Chen et al., 2020). 

4) Slowness 

The time to walk four metres was measured without a walking aid. Those respondents 

with a walking time of ≥ 0.8 m/seconds were classified as having slow walking speed 

(Fairhall et al., 2008). 

5) Low activity  

Participants meet the criterion for physical inactivity if, in the past three months, they 

did not perform weight-bearing physical activity (any activity that forces to work 

against gravity, e.g.: weight training, jogging, climbing stairs, tai chi, yoga, racquet 

sports, hiking etc.), spent >4 hours per day sitting, and went for a short walk ≤1 per 

month (Cesari et al., 2009; Fairhall et al., 2008). 

3.9.3 Physical Performance 

Physical performance was assessed by the short physical performance battery (SPPB) 

(Guralnik et al., 1994), which consists of three components: balance, gait speed, and 

chair-stand ability. Scores of 1 to 4 are based on categories of performance in the 

© C
OPYRIG

HT U
PM



 

59 

balance tests, on the time necessary to complete the walk, and on the time needed to 

perform the chair-rise test. A summary performance score of 0 to 12 was calculated by 

summing the scores of the tests (Tieland, van de Rest, et al., 2012). 

A. Balance test 

This test worth 4 out of 12 points. The participants were asked to stand unsupported in 

three different positions (feet together, semi-tandem, and full tandem) as shown in 

figure 3.1 for 10 seconds in each. Side-by-side stand and semi-tandem stand are worth 

1 point and 2 points for the full tandem stand if done successfully. 

 

Figure 3.1: The three positions of the balance test. 

B. Gait Speed test 

The participants were asked to walk to the line on the floor (3 and 4 meters) at a normal 

speed; then the time was recorded. The shorter time in both tests was chosen in both 

tests.  The points are described as below:  
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Table 3.6: The points of the gait speed test according to the time in the 3 and 4-

meter walking test. 

Points 3 Meters 4 Meters 

1 More than 6.52 sec More than 8.70 sec 

2 4.66 to 6.52 sec 6.21 to 8.70 sec 

3 3.62 to 4.65 sec 4.82 to 6.20 sec 

4 Less than 3.62 sec Less than 4.82 sec 

 

C. Chair Stand Test 

Participants were asked to do a single chair stand (one time) to check their ability to 

stand unsupported (without using arms) as shown in Figure (3.2). If the attempt was 

successful, the repeated chair-stand test was performed. The time was recorded for full 

five-stand times and assessed according to the below table:  

Table 3.7: The points of repeated chair-stand test recorded times 

Points Time 

1 16.70 sec or more 

2 13.70 to 16.69 sec 

3 11.20 to 13.69 sec 

4 11.19 sec or less 

 

 

Figure 3.2: Chair-stand test technique. 
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3.9.4 Muscle Strength 

The 1-RM grip strength was used for strength assessment since they are associated 

with physical disability, morbidity, and mortality in older persons (Nilsson et al., 

2020). Patients were asked to sit with their elbows by their sides and flexed to right 

angles and neutral wrist position. Subjects were asked to hold the hand dynamometer 

(Jamar Smart Digital Hand Dynamometer) as shown in Figure (3.3) and press two 

times by their dominant hand. The mean of the two attempts was recorded in the 

assessment logbook.  

 

Figure 3.3: The hand dynamometer (Jamar Smart Digital Hand Dynamometer) 

used during the trial 

3.9.5 Body Composition 

Body weight, total body fat (TBF), and skeletal muscle mass (SMM) for protein 

supplemented group (PSG) and control group (CG) were measured in the morning to 

the nearest 0.1 kg using bioelectrical impedance analysis (BIA) (InBody 770, from 

InBody Asia, Kualalumpur- Malaysia) as shown in Figure (3.4). Prior to the 

measurement, respondents need to remove all metal accessories that might interfere 

with the reading. Information like age, gender and height will be set into the analyzer. 

Respondents were required to stand on a weighing platform with bare feet in contact 
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with the metal parts while both hands holding tightly the grip electrodes with 

outstretched arms.   

 

Figure 3.4: The in-body analyzer used during the trial (InBody 770). 

Mid-upper arm circumference (MUAC) and calf circumference (CC) were assessed 

using the Lufkin Measuring Tape (W606PM-375 Model). MUAC was determined as 

the circumference of the midpoint between the acromion and olecranon process at the 

arm area, with the body in an upright position and the elbow flexed at a 90º angle 

(Figure 3.5). Meanwhile, to measure CC, the measuring tape was comfortably wrapped 

around the widest part of the calf while the participants were seated (Figure 3.6). Both 

measurements were recorded to the nearest 0.1cm. 

A Mid-Upper Arm Circumference (MUAC) of less than 23.0 cm for men and 22.0 cm 

for women is indicative of reduced peripheral muscle mass, as established by Shahar 

Suzana and Siti Saifa (2007). Similarly, Calf Circumference (CC) values are used to 
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assess muscle loss in the lower limbs, with a threshold based on a local classification 

developed by Sakinah et al. (2004) for the Malaysian elderly population. According to 

this criterion, a CC measurement of less than 30.1 cm for men and 27.3 cm for women 

is suggestive of muscle loss. 

 

Figure 3.5: MUAC measurement technique. 

 

Figure 3.6: Calf circumference measurement technique 
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3.9.6 Dietary Assessment 

Dietary intake was measured through a 3-day dietary record at baseline and 3 days 

prior final assessment to obtain total energy, carbohydrate (CHO), protein, and fat 

intake. The choice of a 3-day dietary record was based on its ability to provide a 

comprehensive yet feasible assessment of habitual intake. Research suggests that a 3-

day record, including one weekend day, strikes a balance between accuracy and 

participant burden, offering good reliability without leading to participant fatigue 

(Thompson & Subar, 2017). Longer records may result in lower compliance and 

greater reporting fatigue, whereas shorter records (e.g., one day) may not adequately 

capture habitual intake. 

The participants were asked to keep record of all food and beverage intakes during 2 

weekdays and one weekend of the allocation week (prior supplement consumption) 

and at the 12th week of the trial. The selection of two weekdays and one weekend day 

was made to capture variations in dietary patterns between workdays and non-

workdays. Research has shown that dietary intake can differ significantly between 

weekdays and weekends, with higher caloric, and fat consumption often observed on 

weekends (An, 2016; Gherasim et al., 2020). The participants were instructed to record 

their intake before the visit. Details of food and drinks information and descriptions 

were also recorded. In situations where foods and beverages were consumed away 

from home, the participants were encouraged to describe the quantities of foods and 

beverages consumed using the household measures as well (e.g., glass, cup, Chinese 

rice bowl, plate, tablespoon, and teaspoon). Both groups were provided an explanation 

by the researcher on how to record their 3-day intake in their food diaries. They were 
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also given a detailed set of instructions on how to measure, record their food intake 

together with the diet record.  

Follow-up calls or messages were conducted after the 3-day records were submitted. 

These interviews were essential to verify the accuracy of the entries, particularly 

regarding portion sizes and forgotten items, which are common sources of error in 

dietary self-reporting. During the interviews, participants were asked to provide 

additional details on ambiguous or incomplete entries (e.g., the specific type of food 

item, cooking methods, or whether leftovers were consumed). For example, if a 

participant recorded “chicken,” the follow-up would ensure the correct portion (breast, 

thigh) and preparation method (fried, grilled) were noted. If discrepancies were 

identified, such as implausibly low caloric intake for a reported day, participants were 

prompted to recall any items they may have forgotten, like snacks or beverages 

consumed between meals. 

A computerized local dietary analysis program, Nutritionist Pro version 2.0 (2013) 

(First Data Bank, The Hearst Corp. United States of America [USA]) was used to 

analyze the macro nutrient intakes of the patients (carbohydrate, protein and fat 

intake). The serving size and the nutrition composition for each food items recorded 

were coded by type, and analyzed for nutrient content primarily based on the 

Malaysian Food Composition Table (Tee et al., 1997) and Atlas of Food Exchange 

and Portion Size (Abdul Manaf et al., 2015). 

Overall, to ensure interrater reliability and minimize inter-researcher bias, all 

measurement records were analyzed by the researcher after intense training following 

standardized guidelines. A random subset of records was independently reviewed by 
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the supervisor to assess consistency. As part of quality control, periodic checks were 

conducted to verify that data entry was accurate, for instance, coding food items and 

quantities. Any discrepancies in coding were flagged and resolved through reanalysis 

by a second researcher (statistician). The entire analysis was conducted in a blinded 

manner, with researchers unaware of the participants' group allocation to minimize 

bias in data interpretation. 

 Pre-test of the Study Measurements 

In order to ascertain the reliability of the variables and refine the appropriateness of 

the questionnaire items, as well as to ensure that enumerators were proficient in 

conducting the assessment procedures, a comprehensive pre-test of the study measures 

was conducted prior to the commencement of the main study in March 2023. This pre-

test involved a subset of participants, comprising more than 10% of the intended 

sample size, to adequately represent the target population.  

During the pre-test phase, participants underwent the assessment process, obtaining 

valuable insights on the questionnaire structure, clarity of questions, and overall study 

procedures. Enumerators were also thoroughly trained and familiarized with the 

assessment protocols to ensure consistency and accuracy in data collection. 

Feedback obtained from the pre-test, including comments, suggestions, and any 

observed challenges, was meticulously reported to refine the study instruments and 

procedures. Modifications were made to address any identified issues and enhance the 

overall effectiveness of the data collection process.  
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 Ethical Consideration(S) 

3.11.1 Ethical Approval 

The clinical study was carried out in accordance with the Helsinki Declaration and 

Good Clinical Practice Standards (GCP). Prior to the start of the trial, all research 

participants were asked to provide written informed permission. The permission to 

implement the trial was asked from the Ethics Committee for Research with Human 

Subjects at Universiti Putra Malaysia (JKEUPM-2022-907) and from Clinical 

Research Unit (CRU) of Hospital of Sultan Abdul Aziz Shah (HSAAS). All 

participants were requested to sign a permission form consenting to take part in the 

study. The trial also is registered at clinicaltrials.gov with the reference number 

(NCT05648617). All of these documents are attached in the appendices section. 

3.11.2 Consent Process 

Potential participants who were interested in participating were instructed to contact 

Principal investigator Dr. Siti Nur’Asyura Binti Adznam or Alaa Al-Rawhani for 

additional information (phone or email). If they were found to be eligible following 

the initial screening, potential participants were invited to an information session. 

Details of the study were given and written down in the form of a Patient Information 

Sheet at the information session. Prior to participating in any research activity, 

participants were requested to sign a permission form consenting to take part in the 

study. In the study, a Patient Information Sheet and a Consent Form in English and 

Malay were used. A summary of the findings upon completion of the study was 

provided to the participants upon request. 

© C
OPYRIG

HT U
PM



 

68 

3.11.3 Anticipated Benefits 

The originality of this research contributes significantly to the literature that aims to 

improve frailty outcomes for frail elderly, especially in Asian countries. 

3.11.4 The Potential Risks and Side Effects of the Study 

The risks connected with this study were expected to be modest and all the possible 

contradictions were well explained during the consent process. However, during the 

experiment, some individuals felt mild discomfort or stomach upset. They were asked 

to mix the supplement with plenty of water or soluble food and consume the 

supplement between meals to avoid any interference. No other side effects were 

observed until the end of the trial. 

3.11.5 Protection of Privacy and Preservation of Confidentiality 

Personal information obtained or created during the study was kept in a locked office 

and used solely in line with the study's goals. Data files for each participant were 

controlled using unique identifying numbers, and no personal information will be 

made available to other researchers or third parties. The study's findings may be 

published in peer-reviewed scientific publications, but the participants will not be 

identifiable in any manner. The data were enrolled into the password-locked computer 

for analysis purposes. Data from the study were archived and will be stored for a 

minimum of three years after the study completion, but the subjects’ identities will not 

be revealed at any time.  
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3.11.6 Publication Policy 

No personal data was disclosed, and participants were not identified during any stage 

of publication. 

3.11.7 Declaration of Conflict of Interest 

The principal investigator declares that there is no conflict of interest. 

 Data analysis  

The research design is structured on three assessment points, which involved the 

baseline, the 6th week, and after the intervention, the 12th week. The analysis process 

was performed based on the intention-to-treat (ITT) principle, where data from all 

patients who consented to participate in the study were included in the analysis. 

Missing data were handled by Multiple Imputation way (5 imputations) as the most 

accurate way to handle missing data (Li et al., 2016). The imputed data were generated 

and then pooled to get the ITT population using SPSS (version 26). 

Categorical variables were summarised by frequencies and percentages, and 

continuous variables were summarised by means and standard deviation. The chi-

square test and Cochrane`s Q test were used to investigate the difference between and 

within groups with categorical data. 

The continuous data were further examined for conformity to normality distribution 

assumptions; the continuous data with non-normality characteristics were summarized 

by the median (IQR). Analysis of variance (ANOVA) of General Linear Model (GLM) 

repeated measures for the second factor was used to assess variability in the numerical 
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measures between the baseline, middle, and post-intervention. Independent t-test was 

used for bivariate analysis (ex: Dietary Intake). Non-parametric statistical tests such 

as Mann Whitney and Wilcoxon signed rank test, among other statistical 

methodologies, were adopted accordingly for non-normal continuous variables and the 

Paired t-test or Wilcoxon Signed Rank test was used to compare each pair of time 

points within the group. All the statistical analyses were conducted using SPSS version 

26 and the significant value is if the P value is less than 0.05. 
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CHAPTER 4 

4 RESULTS  

 Recruitment, Enrolment, and Subjects Follow-up 

The screening has been done for 116 patients; only 40 participants who meet the 

inclusion criteria of the study agreed and signed the consent form to participate in the 

study. Another 55 patients were excluded because of their medical history, 7 

participants were frail, 10 were in normal status, and 4 pre-frail patients declined to 

join the study. The patients were recruited and randomly allocated to PSG (20 

participants) and CG (20 participants), 36 participants who completed the study and 4 

withdrawals, as shown in the CONSORT flow diagram Figure (4.1).  

The eligible patients were interviewed to assess their frailty status, and took the 

required measurements by the researcher and her assistant. The researcher assistant 

(an independent party) has the codes of the participant's allocation, and all the study 

researchers were blinded to these allocations until the end of the study.  

Participants were monitored daily throughout the study to ensure their well-being and 

compliance with the intervention. Each day, they were contacted either in person or by 

phone to check if they had experienced any discomfort, unusual symptoms, or side 

effects. If a participant reported any concerns, the case was referred to the medical 

supervisor, who evaluated whether the issue was related to the supplement and 

provided appropriate advice or treatment if necessary. This regular follow-up also 

played a key role in promoting adherence to the study protocol. Participants were 

reminded of their supplement intake, dietary records, and other instructions to maintain 
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consistency throughout the trial. The daily contact helped build rapport and 

encouraged participants to remain committed to the study. 

It’s important to note that no adverse effects related to the supplements were reported 

during the study. This suggests the supplements were well tolerated, and there were no 

significant issues that required intervention or changes to the study protocol. 

The daily follow-up was crucial for monitoring compliance, with participants required 

to bring both their compliance forms and supplement containers to each assessment 

visit. Compliance was tracked using two main methods: the participants' self-reported 

compliance on the forms, and the physical count of remaining supplements in the 

containers. When there was a discrepancy between the two, the container balance was 

given priority as it provided a more objective measure of actual consumption. 

Compliance was classified as a percentage based on the amount of supplement 

consumed compared to the prescribed amount. Participants were considered compliant 

if their consumption rate was 75% or higher. Those with consumption below this 

threshold were flagged as non-compliant. For instance, two participants in the PSG 

(protein supplement group) showed compliance below 75%, indicating poor adherence 

to the supplementation regimen. Their levels were classified as low compliance based 

on their reported rates of less than 75%. 

On the other hand, the majority of participants demonstrated high levels of compliance. 

The overall compliance rate was 94.37% across both groups, with a near-perfect rate 

of 98.6% in the control group (CG) and a slightly lower but still strong compliance 

rate of 90.13% in the protein supplement group (PSG). Three participants in the PSG 
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had compliance percentages just above the 75% threshold, with values of 78%, 81.5%, 

and 78%, respectively. These were considered moderate compliance, where 

participants adhered to the regimen but with minor deviations. 

By monitoring compliance daily and using the container balance as the primary 

measure, the study ensured a high level of adherence, which is important for the 

validity of the intervention outcomes. Any deviations were closely documented, and 

participants with lower compliance were noted as potential outliers in the analysis, 

particularly in the PSG group where compliance issues were slightly more frequent. 
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Figure 4.1: CONSORT flow diagram of the study 
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 Baseline Comparison Between Groups 

4.2.1 Socio-demographic Characteristics of Groups Participants 

The socio-demographic characteristics of the participants are presented in Table (4.1). 

The mean age of the participants was 66.42±3.78, with the majority of females (n=25) 

compared to males (n=15), with no statistical difference between the two groups. 

Besides, the majority of the participants were Malay (39), and 1 participant was 

Chinese. The marital status has the same ratio as well; 39 participants were married, 

and another one was divorced. Most of the participants had a university education 

(72.5%), and 27.5% had a tertiary or primary school. The majority of the patients were 

retirees (87.5%) and relied on pensions for their income (65%) or other sources (9%) 

or from their family (12.5%), as shown in the table 4.1. In general, there was no 

statistical difference in socio-demographic characteristics between the groups.  

Table 4.1: Socio-demographic data of the pre-frail older adults in the 

interventional group (PSG) and control group (CG) at Baseline 

Characteristic Overall (n=40) PSG (n=20) CG (n=20) p-valueb 

Age, yearsa 66.42±3.78 66.85±3.34 66±4.21 0.484 

Gender (%) 

- Male 

- Female   

 

15 (37.5) 

25 (62.5) 

 

8 (40) 

12 (60) 

 

7 (35) 

13 (65) 

0.744 

Race (%) 

- Malay 

- Chinese 

 

39 (97.5) 

1 (2.5) 

 

19 (95) 

1 (5) 

 

20 (100) 0.5 

Marital Status (%) 

- Married 

- Divorced 

 

39 (97.5) 

1 (2.5) 

 

20(100) 

- 

 

19 (95) 

1 (5) 

0.5 

Education (%) 

- School 

- University 

 

11 (27.5) 

29 (72.5) 

 

6 (30) 

14 (70) 

 

5 (25) 

15 (75) 

0.93 

Work Status (%) 

- Housewives/still 

work  

- Retiree 

 

5 (12.5) 

35 (87.5) 

 

 

- 3 (15) 

- 17(85) 

 

 

2 (10) 

18 (90) 

 

 

0.081 

Financial Resources: 

- Pension 

- Family 

- Other  

 

26 (65) 

5 (12.5) 

9 (22.5) 

 

14 (70) 

2 (10) 

4 (20) 

 

12 (60) 

3 (15) 

5 (25) 

0.329 

* (mean ±SD) 
aIndependent t-test, α was set at 0.05, bChi-square test, α was set at 0.05 
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4.2.2 Anthropometric Measurements of Groups Participants 

The anthropometric characteristics of the participants at baseline were analyzed, 

including height, weight, BMI, mid-upper arm circumference (MUAC), calf 

circumference (CC), total body fat (TBF) percentage, skeletal muscle mass (SMM), 

and leg lean mass (LLM). There was no significant difference between groups in these 

measurements at baseline. Generally, height, weight, and BMI were almost similar 

between the groups. The mean weight in both groups was 65±8.8 kg. The majority of 

the study participants were classified as overweight (72.5%) with an average BMI of 

26.49±3.13 kg/m2. MUAC and CC were consistent across the groups with no 

significant difference, with a mean of MUAC 27.85±2.78cm and a median of CC 35 

cm. Total body fat percentage was almost similar in both groups and higher than the 

normal range, with a median of 39.6 (13.08)%, 37% of body weight in PSG and CG. 

SMM was 21.62±4.78kg in PSG and 22.17±4.34kg in CG. Additionally, LLM was 

comparable as well in both groups with a mean range of 12.42±2.85kg. the 

anthropometric data of study participants are shown in Table 4.2. 
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Table 4.2: Anthropometric data of the pre-frail older adults in the interventional 

group (PSG) and control group (CG) at Baseline. 

Measurement Overall (n=40) PSG (n=20) CG (n=20) p-value 

Height (m)  1.57±0.07 1.56±0.06 1.57±0.09 0.903 

Weight (kg) 65.29±8.8 64.29±9.32 66.29±8.55 0.483 

BMI (kg/m2) 

- Normal n(%) 

- Overweight 

n(%) 

  

26.49±3.13 

- 11(27.5) 

- 29(72.5) 

26.14±3.33 

- 6(30) 

- 14(70) 

26.84±2.96 

- 5(25) 

- 15(75) 

0.482 

MUAC (cm) 

- Muscle wasting n(%) 

27.85±2.78 

1(2.5) 

27.9±2.9 

1(2.5) 

27.8±2.7 

- 

0.911 

CC (cm) 

- Muscle wasting n(%) 

35 (3.88) * 

- 

35.37±3.08 

- 

36.05±3.41 

- 

0.516 

TBF (%)  39.6 (13.08) * 37.34±8.4 37.48±7.95 0.956 

SMM (kg) 21.89±4.52 21.62±4.78 22.17±4.34 0.706 

LLM (kg) 12.42±2.85 12.14±2.81 12.7±2.94 0.535 

*Non-normally distributed data presented as median (IQR). 
aIndependent t-test, α was set at 0.05. 

BMI: Body Mass Index; MUAC: Midd-upper Arm Circumference; CC: Calf Circumference; TBF: 

Total Body Fat; SMM: Skeletal Muscle Mass; LLM: Leg Lean Mass. 

4.2.3 Frailty Status, Scores and Phenotypes of the Participants 

While the study population were pre-frail elderly people, all the study participants had 

pre-frailty status at baseline. However, 65% of the study population had pre-frailty 

status with 2 scores, 70% in PSG and 60% in CG. In addition, one-score- pre-frailty 

had the lesser percentage (35%) in both groups, 30% and 40% in PSG and CG, 

respectively. When it comes to the frailty phenotypes, most of the participants were 

low-active at baseline (95% in PSG, and 70% in CG). The slow-walking (≤ 0.8 m/s) 

was the second most prevalent frailty criterion among the participants (30% in PSG 

and 60% in CG). Finally, 40% of PSG subjects had muscle weakness, and 20% in CG. 

There was no participant suffering from fatigue at baseline. Overall, there was no 

significant difference in frailty scores or criteria between the groups at baseline, as 

shown in Table 4.3. 
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Table 4.3: Frailty Scores and Phenotypes of the pre-frail older adults in the 

interventional group (PSG) and control group (CG) at Baseline. 

Measurement 
Overall 

(n=40) 
PSG (n=20) CG (n=20) p-valuea 

Frailty status n(%)    

0.507 Pre-frail (1 point) 14 (35) 6(30) 8(40) 

Pre-frail (2 points) 26 (65) 14(70) 12(60) 

Frailty phenotypes 

n(%): 

Weight loss 

Fatigue 

Muscle Weakness 

Slow walking 

Low activity 

 

3 (7.5) 

- 

12 (30) 

18 (45) 

33 (82.5) 

 

1(5) 

- 

8 (40) 

6 (30) 

19(95) 

 

2(10) 

- 

4(20) 

12(60) 

14(70) 

 

1.0 

- 

0.168 

0.057 

0.091 

aChi-square test, α was set at 0.05 

4.2.4 Muscle Strength and Physical Performance of Groups Participants 

Handgrip strength (HGS) was comparable in both groups (23.58±7.29 kg in PSG, and 

23.53±5.71 kg in CG) with no significant difference between groups at baseline. The 

mean range of gait speed (GS) in both groups was 0.9±1.67 m/s with similar values in 

each group. Chair-stand test (CST), Short Physical Performance Battery tests 

(SPPBT), and 4-meters walking test (4MWT) were not normally distributed at 

baseline, however, these measurements values were similar in both groups, the median 

of CST was 14.7(5.6) seconds. Furthermore, participants in both groups had the 

median of 10 scores out of 12 in SPPBT. Finally, 4MWT was 4.46 (1.14) at baseline 

in both groups. There was no significant difference in muscle strength and physical 

performance measurements at baseline between PSG and CG as shown in table 4.4. 
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Table 4.4: Muscle Strength and Physical Performance of the pre-frail older adults 

in the interventional group (PSG) and control group (CG) at Baseline. 

Measurement 
Overall 

(n=40) 
PSG (n=20) CG (n=20) p-value 

HGS (kg)  23.58±7.29 23.63±8.74 23.53±5.71 0.967 

GS (m/s) 0.9±1.67 0.93 ±0.17 0.87±0.158 0.285 

CST (s) b 14.7(5.6) * 14.25 (4) * 15.77±4.97 0.565 

SPPBTb 10(2) * 10 (1.75) * 9.8±1.23 0.968 

4MWT (S) b 4.46 (1.14) * 4.28 (0.78) * 4.61±0.76 0.183 

*Non-normally distributed data presented as median (IQR). 
aIndependent t-test, α was set at 0.05, bMann-Whitney test, α was set at 0.05 

HGS: Handgrip Strength; GS: Gait Speed; CST: Chair-stand test; SPPB: Short Physical Performance 

Battery test; 4MWT: 4-meters Walking test 

4.2.5 Dietary Intake of Groups Participants 

The average energy intake of the 40 participants in both groups was approximately 

1780 kcal/day, which converts to roughly 27 kcal/kg/day based on the average weight 

of participants (65kg). According to the Recommended Nutrient Intakes for Malaysia, 

older adults require between 1780kcal/day for males and 1550 kcal/day for females, 

suggesting that participants were within the recommended range according to their 

physical activity. CG consumed slightly more (200 kcal) than PSG, with an average 

of 1882 kcal/day. The habitual protein intake in both groups was in between the RDA 

limits, which is 1.03g/kg of body weight per day and approximately 66g/day and 

within the acceptable range of intake (10-35% of total calories) according to RNI of 

Malaysia elderly.  

The participants of the interventional group consume 0.99g/kg/d at baseline. However, 

subjects in the control group have more carbohydrate and fat intake than the 

interventional group (260g/d and 68g/d), respectively. However, all the dietary 

baseline data reveals no significant difference between groups, as shown in Table 4.5. 

© C
OPYRIG

HT U
PM



 

8
0
 

T
a
b

le
 4

.5
: 

D
ie

ta
ry

 I
n

ta
k

e 
d

a
ta

 o
f 

th
e 

p
re

-f
ra

il
 o

ld
er

 a
d

u
lt

s 
in

 t
h

e 
in

te
rv

en
ti

o
n

a
l 

g
ro

u
p

 (
P

S
G

) 
a
n

d
 c

o
n

tr
o
l 

g
ro

u
p

 (
C

G
) 

a
t 

B
a
se

li
n

e.
 

M
a
cr

o
n

u
tr

ie
n

t 
O

v
er

a
ll

 (
n

=
4
0
) 

P
S

G
 (

n
=

2
0
) 

C
G

 (
n

=
2
0
) 

p
-v

a
lu

ea
 

E
n
er

g
y
 (

k
ca

l/
d
) 

 
1
7
7
9
±

4
9
6

 
1
6
7
6
±

4
9
5

 
1
8
8
2
±

4
8
8

 
0
.1

9
4
 

P
ro

te
in

 (g
/d

) 

(g
/k

g
/d

) 

(%
) 

 

6
6
.1

2
±

2
0
.1

2
 

1
.0

3
6
±

0
.3

2
 

1
5
.0

3
±

3
.1

1
 

 

6
3
.3

7
±

2
2
.8

 

0
.9

9
±

0
.3

4
 

1
5
.0

8
±

3
.3

4
 

 

6
8
.8

6
±

1
7
.1

6
 

1
.0

7
±

0
.3

 

1
4
.9

7
±

2
.9

5
 

 0
.3

4
1
 

0
.4

4
1
 

0
.9

1
5
 

C
ar

b
o
h
y
d
ra

te
 

(g
/d

) 

(%
) 

 

2
4
2
.5

9
±

7
4
.4

 

5
4
.6

5
±

6
 

 

2
2
4
.2

3
±

7
3
.8

8
 

5
3
.7

5
±

7
.1

4
 

 

2
6
0
.9

5
±

7
2
.0

9
 

5
5
.5

5
±

4
.6

4
 

 

0
.0

6
 

0
.7

5
8
 

F
at

 

(g
/d

) 

(%
) 

 

6
3
.2

5
±

3
2
.6

4
 

3
1
.1

9
±

8
.1

5
 

 

5
8
.4

±
2
0
.6

9
 

3
1
±

4
.5

 

 

6
8
.1

±
4
1
.3

5
 

3
1
.3

5
±

1
0
.7

7
 

 0
.4

4
5
 

0
.6

5
9
 

a I
n

d
ep

en
d

en
t 

t-
te

st
, 

α
 w

as
 s

et
 a

t 
0

.0
5

. 

© C
OPYRIG

HT U
PM



 

81 

 Effect of Whey Protein Supplements on Frailty Improvement 

4.3.1 Frailty Status 

There was a significant improvement in frailty status over time across both groups, as 

indicated by the P value of 0.00. In the PSG group, 70% of participants were classified 

as pre-frail (level 2) at baseline, and by Week 12, this reduced significantly to only 

15%, with 45% transitioning to a normal frailty status. Similarly, the CG group also 

experienced improvements, though more modestly. At baseline, 60% of participants 

were pre-frail; by Week 12, this dropped to 25%, with 40% reaching normal frailty 

status, as shown in Table (4.6) and Figure (4.2). 

The intervention in PSG and placebo effect in CG can justify these improvements in 

frailty status. In the PSG group, which likely received protein supplementation, this 

can be attributed to the beneficial effects of increased protein intake, which is known 

to support muscle mass and overall physical function. Although the changes were less 

pronounced in the CG group, the improvements may be linked to the placebo effect or 

lifestyle changes during the study, such as better adherence to healthier habits. No 

significant interaction between time and group effects (P value 0.73) suggests that both 

groups improved similarly over time, likely due to a combination of intervention and 

external factors such as motivation and engagement in the study. 
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Figure 4.2: The prevalence of frailty status changes during pre, middle and post-

intervention of the pre-frail older adults in the interventional group (PSG) and 

control group (CG). 

4.3.2 Frailty Scores 

Frailty scores also showed significant improvements over time in both groups, with a 

P value of 0.00. In the PSG group, the median frailty score decreased from 2 (IQR = 

1) at baseline to 1 (IQR = 1) by Week 12. Similarly, in the CG group, the frailty score 

reduced from 2 (IQR = 1) to 1.75 (IQR = 1). These reductions in frailty scores reflect 

the positive impact of the interventions over time, particularly in helping participants 

maintain or improve muscle strength, mobility, and physical function. 

The significant improvements in frailty scores in the PSG group are likely due to the 

targeted protein supplementation, which helps preserve muscle mass and strength, key 

components of frailty. In the CG group, although slightly less, the reduction in frailty 

scores can be explained by the placebo effect or improvements in daily activity and 

nutrition awareness brought about by the study. Since no significant time-by-group 

interaction was found (P value 0.60), the data suggest that both groups experienced 
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similar declines in frailty scores, reinforcing the idea that both the intervention and the 

control conditions facilitated improvements. 

4.3.3 Frailty Phenotypes 

Moving on to frailty phenotypes, the analysis of specific components such as weight 

loss, muscle weakness, slow walking, and low activity revealed varying degrees of 

prevalence across the groups. Notably, most of the phenotypes except weight loss and 

fatigue exhibited a significant time difference with a p-value of less than 0.050. 

However, all of the frailty phenotypes, including weight loss, muscle weakness, slow 

walking, and low activity, did not show significant differences between the groups at 

the specified time points. 

The predominant characteristics among the participants as shown in figure (4.3) were 

muscle weakness and low activity. Although the changes observed in these aspects 

among participants in the Protein Supplementation Group (PSG) from baseline to 

week 12 were not statistically significant, there was a notable improvement. 

Specifically, the incidence of muscle weakness decreased from 40% (n=8) to 20% 

(n=4), while the prevalence of low activity decreased from 95% (n=19) to 30% (n=6). 
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Figure 4.3: The changes of the prevalence of frailty phenotypes during pre, 

middle and post-intervention of the pre-frail older adults in the interventional 

group (PSG) and control group (CG). 
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improvements in muscle weakness occurred similarly in both groups. However, the 

PSG group showed more improvement due to the targeted supplementation. 

4.3.3.2 Slow Walking 

Significant improvements were observed in the proportion of participants with slow 

walking over time, as indicated by a P value of 0.00 for the time effect. In the PSG 

group, the proportion of participants with slow walking dropped from 30% at baseline 

to 15% at Week 12. The CG group also saw a less pronounced reduction, with slow 

walking decreasing from 60% at baseline to 20% at Week 12. 

The marked reduction in slow walking in the PSG group is likely due to the positive 

effects of the protein supplementation, which may have improved overall muscle 

strength and mobility, contributing to better walking speed. For the CG group, the 

reduction in slow walking could be due to enhanced awareness of physical health and 

adherence to the study protocol, which may have encouraged better physical activity 

practices. Since the time-by-group interaction was insignificant (P = 0.677), the data 

suggest that both groups experienced improvements in walking speed. However, the 

PSG group showed slightly more benefit from the supplementation. 

4.3.3.3 Low Activity 

Low physical activity significantly improved over time, with a P value of 0.00. In the 

PSG group, 95% of participants reported low activity at baseline, but this decreased 

significantly to 30% by Week 12. Similarly, the CG group reduced from 70% at 

baseline to 25% at Week 12. 
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The significant reduction in low activity in the PSG group is likely attributable to the 

intervention, which may have boosted energy levels and muscle mass, facilitating 

higher physical activity levels. For the CG group, the reduction in low activity could 

be attributed to the placebo effect, lifestyle changes, or a combination of both. The 

non-significant time-by-group interaction (P = 0.723) indicates that both groups saw 

reductions in low activity levels at similar rates, though the PSG group may have 

experienced a slightly greater benefit from the targeted intervention. 

Overall, significant improvements were observed in frailty status, frailty scores, and 

several frailty phenotypes (muscle weakness, slow walking, and low activity) over 

time in both the PSG and CG groups. The PSG group, receiving protein 

supplementation, tended to show slightly greater improvements in these outcomes, but 

the lack of significant time-by-group interactions suggests that both groups improved 

similarly. This implies that both the supplementation and control conditions and 

external factors like participant motivation and increased health awareness played 

important roles in enhancing these frailty-related outcomes.
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 The Effect of Whey Protein Supplements on Body Composition 

The study investigated changes in various anthropometric measures over a 12-week 

intervention period in pre-frail elderly individuals. Starting with weight, both groups 

experienced a slight increase from baseline to week 12, with the PSG group going 

from 64.29±9.32 kg to 65.23±9.59 kg, while the CG group moved from 66.06±7.91 

kg to 67.21±8.78 kg. This increase was more pronounced in the CG group. However, 

neither the time effect nor the interaction between time and group was significant (p 

value 0.62), which suggests that although there were changes in weight over time, 

these changes were consistent across both groups and not a direct result of the 

intervention. 

For BMI, both groups saw minor fluctuations over time, with the PSG group showing 

a slight increase from 26.14±3.33 at baseline to 26.59±3.37 at week 12, while the CG 

group increased from 26.62±2.96 to 27.01±2.55. As with weight, no significant time 

or interaction effects were detected (p value 0.48), indicating that these changes were 

not meaningfully different between groups, despite the observed trend. 

Regarding MUAC (mid-upper arm circumference), a significant time effect (p value 

<0.001) was noted, with both groups experiencing an increase over time. The PSG 

group had a slight increase from 27.9±2.9 cm at baseline to 28.51±2.6 cm at week 12. 

The CG group showed a slightly larger increase, going from 28.11±2.26 cm to 

28.93±2.31 cm by week 12. The interaction between time and group was not 

significant, but the trend suggests that the intervention group might have experienced 

a gradual increase in muscle mass in the arm, even if this was not statistically verified. 
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In terms of CC (calf circumference), there was a significant time effect (p value 0.029), 

with both groups experiencing an increase over time. The PSG group’s calf 

circumference increased from 35.37±3.08 cm at baseline to 36.37±2.96 cm at week 

12, while the CG group increased from 36.05±3.02 cm to 36.49±2.94 cm over the same 

period. The increase in calf circumference was more pronounced in the PSG group, 

suggesting a possible intervention-related effect, though the interaction effect was not 

significant. 

For total body fat (TBF%), there was a significant time effect (p value < 0.001), with 

an increase in both groups, particularly in the CG group. The PSG group increased 

from 37.34±8.41% at baseline to 38.87±7.33% at week 12, while the CG group 

increased more substantially from 37.48±7.95% to 39.26±8.53% by week 12. The 

more substantial rise in TBF% in the CG group could imply that the intervention may 

have helped the PSG group manage fat gain to some extent, though again, the lack of 

a significant interaction (p value of 0.87) makes this conclusion speculative. 

Finally, skeletal muscle mass (SMM) and leg lean mass (LLM) showed relatively 

stable trends across the intervention period. For SMM, there was no significant change 

over time (p value of 0.05), with the PSG group showing a slight decrease from 

21.62±4.78 kg at baseline to 21.45±4.56 kg at week 12, while the CG group decreased 

from 22.17±4.34 kg to 21.94±4.54 kg. Similarly, for LLM, both groups remained 

relatively stable over time, with the PSG group slightly decreasing from 12.14±2.81 

kg to 12.22±2.84 kg and the CG group showing a minimal change from 12.71±2.84 

kg to 12.73±2.73 kg. Neither measure showed significant time or interaction effects. 
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The changes in skeletal muscle mass (SMM) between the pre-frail elderly receiving 

protein supplementation (PSG) and the control group (CG) are illustrated across the 

three-time points in Figure (4.4). At baseline, the PSG group had an estimated marginal 

mean SMM of 21.62 kg, which slightly increased to 21.87 kg by week 6, likely due to 

the protein supplementation, reflecting an initial positive response. However, by week 

12, the SMM decreased to 21.46 kg, suggesting that the initial gains in muscle mass 

were not sustained over time, potentially due to factors such as aging or reduced 

compliance with the intervention. In contrast, the CG started with a slightly higher 

baseline SMM of 22.17 kg, which increased modestly to 22.28 kg at week 6, 

potentially reflecting the effects of normal dietary intake or incidental physical 

activity. By week 12, the CG also experienced a decline in SMM, dropping to 21.94 

kg. While this decline was less pronounced than the PSG group, it still indicates the 

natural progression of muscle loss in aging populations without targeted interventions. 

The pattern observed in both groups, where SMM peaked at week 6 and then declined 

by week 12, suggests that while protein supplementation may provide short-term 

benefits in preserving muscle mass, these effects may not be sustained over a longer 

period without additional strategies, such as increased supplementation or resistance 

exercise. Furthermore, although the CG maintained slightly higher SMM values 

throughout the study, the differences between the groups were not substantial enough 

to result in significant changes in frailty status without further intervention.  

Figure (4.5) shows the trends in total body fat (TBF) across the intervention period for 

both the protein supplementation group (PSG) and the control group (CG). At baseline, 

the PSG group had an estimated marginal mean TBF of 37.34%, while the CG group 

had a slightly higher mean of 37.49%. Both groups exhibited negligible changes by 
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week 6, with the PSG group at 37.36% and the CG group at 37.42%. This suggests 

that, initially, the intervention did not significantly impact body fat in either group. 

However, by week 12, a notable increase in TBF was observed in both groups, with 

the PSG reaching 38.88% and the CG increasing sharply to 39.26%. Since caloric 

intake remained stable throughout the study period, the increase in body fat can likely 

be attributed to other factors such as decreased physical activity, potential changes in 

metabolism, or muscle-fat redistribution due to aging. It's also possible that despite 

protein supplementation and consistent calorie intake, the body composition changes 

(particularly in frail or elderly individuals) reflect a reduction in energy expenditure or 

a shift toward fat storage. 

This rise in TBF, particularly in the CG, highlights the natural tendency toward fat 

accumulation over time without any muscle-preserving interventions. In contrast, the 

PSG group showed a smaller increase in TBF, which may suggest that the protein 

supplementation, while beneficial for maintaining muscle mass, may not have been 

sufficient to fully prevent fat gain. 

In Figure 4.6, the changes in leg lean mass (LLM) for both the protein supplementation 

group (PSG) and control group (CG) are shown over 12 weeks. The PSG group saw 

an increase in LLM from 12.14 kg at baseline to 12.31 kg at week 6, but this dropped 

slightly to 12.22 kg by week 12, suggesting an initial benefit from protein 

supplementation that was not sustained. The CG group, starting at 12.71 kg, 

experienced minimal inconsistency, with a slight drop at week 6 (12.64 kg) and 

returning to baseline by week 12. These results imply that while protein 

supplementation may lead to modest LLM gains, its effects may plateau without 
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further interventions. The CG's stable LLM indicates no significant muscle mass 

change without supplementation. 

 

Figure 4.4: Mean changes of skeletal muscle mass during week 0, week 6, and 

week 12 between PSG and CG.  

 

Figure 4.5: Mean changes of total body fat during week 0, week 6, and week 12 

between PSG and CG. 
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Figure 4.6: Mean changes of leg lean mass during week 0, week 6, and week 12 

between PSG and CG.  
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 The Effect of Whey Protein Supplements on Muscle Strength and Physical 

Performance 

The study investigated various physical performance measures, including handgrip 

strength (HGS), gait speed (GS), chair stand test (CST), Short Physical Performance 

Battery Test (SPPBT), and 4-meter walk test (4MWT), in the intervention (PSG) and 

control (CG) groups over three time points. 

For handgrip strength (HGS), there were significant time effects [F(2,76) = 3.284, p 

value 0.04, partial eta squared= 0.08)]and a trend towards a time*group interaction 

[F(2,76) = 2.428, p value 0.09, partial eta squared= 0.06], indicating changes in HGS 

over the assessment period, with a potential differential effect between groups as 

shown in Figure (4.7).  

Gait speed (GS) exhibited significant time effects (F = 6.877, p = 0.002), indicating 

changes over time. There were no significant time*group interactions (F = 0.845, p = 

0.432), suggesting that the changes in GS were similar between groups. The trend of 

slightly higher LLM in the PSG group could potentially support the hypothesis that 

maintaining or slightly increasing muscle mass in the legs aids mobility. 

The chair stand test (CST) showed significant time effects (F = 5.49, p value 0.005), 

indicating changes in CST performance over time. There was no significant 

time*group interaction (F = 0.12, p value 0.88), suggesting that the changes in CST 

were not different between groups. For the Short Physical Performance Battery Test 

(SPPBT), there were significant time effects (F = 14.83, p value 0.00), indicating 

changes over time. There was no significant time*group interaction (F = 0.032, p value 

0.96), suggesting that the changes in SPPBT were similar between groups.  
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The 4-meter walk test (4MWT) exhibited significant time effects (F = 11.9, p value 

0.00), indicating changes over time. There was no significant time*group interaction 

(F = 0.181, p value 0.83), suggesting that the changes in 4MWT were not different 

between groups.  

These findings suggest that WPS had no significant effects on various physical 

performance measures, with some measures showing potential group-specific 

responses.  

 

Figure 4.7: Mean changes of handgrip strength during week 0, week 6, and week 

12 between PSG and CG. 
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 Effect of Whey Protein Supplements on Dietary Intake 

In comparing macronutrient intake between the PSG and CG at baseline and week 12 

as shown in Table (4.9), we observed several noteworthy findings. First, regarding 

energy intake (kcal/d), there was no significant difference between the two groups at 

both time points, with p-values greater than 0.05. This suggests that energy 

consumption did not vary significantly between the PSG and CG. 

Moving on to protein intake, measured in grams per day (g/d), grams per kilogram per 

day (g/kg/d), and percentage of total intake (%), we found significant differences 

between the two groups. Specifically, the PSG exhibited a substantial increase in 

protein intake compared to the CG at week 12, as indicated by the t-test results with 

p-values of 0.001, 0.00, and 0.00 for g/d, g/kg/d, and %, respectively. 

In terms of carbohydrate intake (g/d and %), the PSG demonstrated a significant 

decrease compared to the CG at week 12, as evidenced by t-test results with p-values 

of 0.001 and 0.00. These findings suggest that carbohydrate consumption underwent 

significant alterations in the PSG relative to the CG during the intervention. 

Contrarily, fat intake, both in grams per day (g/d) and as a percentage of total intake 

(%), did not exhibit significant differences between the two groups at week 12. The t-

test results yielded p-values of 0.48 and 0.56, indicating that fat consumption remained 

relatively consistent between the PSG and CG. 

The analysis of energy and fat intake over the 12-week intervention period revealed 

no significant differences between the intervention group (PSG) and the control group 

(CG). This finding suggests that both groups maintained similar dietary habits 
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throughout the study, particularly with respect to their total caloric and fat intake. The 

lack of significant differences could indicate that the dietary intervention did not result 

in major changes in energy consumption or fat intake between the groups, possibly 

due to consistent dietary behaviors or guidelines followed by participants in both 

groups. 

This result also implies that any observed changes in body composition, muscle mass, 

or physical performance (as discussed in previous sections) are unlikely to be 

attributed to differences in energy or fat intake. Instead, these changes might be more 

closely linked to the specific effects of the intervention (e.g., exercise, protein 

supplementation) or other factors such as muscle function, rather than dietary 

modifications 
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CHAPTER 5 

5 DISCUSSION 

To our knowledge, this is the first trial that has studied the effect of taking 30g/d of 

leucine-enriched WPS on pre-frail individuals, which is equivalent to 1.5g/kg/d. The 

trial was conducted using a double-blinded, randomized, placebo-controlled design. 

The study aimed to assess the impact of WPS on frailty status, muscle strength, 

physical performance, and body composition. The results showed no significant effect 

on frailty status, muscle strength, or physical performance after 12 weeks of WPS 

supplementation. Additionally, there was no significant change in body composition, 

particularly in lean body mass (LBM) and total body fat (TBF). However, there was a 

slight improvement, although not significant, in handgrip strength (HGS). 

In our study, we employed a leucine-enriched whey protein supplement since research 

has shown its efficiency in preventing muscle loss when taken at rest or after exercises 

in older adults and rapid digestion compared to other types of protein (Burd et al., 

2012; Devries & Phillips, 2015; Tang et al., 2009). Previous studies showed that 30g 

(L. Kang et al., 2019; Tieland, Dirks, et al., 2012; Tieland, van de Rest, et al., 2012) 

or 1.5g/kg/d (Park et al., 2018) has a positive effect on muscle strength and physical 

performance. Conversely, our findings oppose this hypothesis as the dietary protein 

intake (1.5g/kg/d) did not significantly affect the aforementioned measurements.  

 Frailty Status, Scores, and its Phenotypes 

Frailty Status and its phenotypes were the primary outcome of this study. There was 

no significant effect of WPS on frailty status or its phenotypes. However, the count of 
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pre-frail individuals with 2 was higher in the Protein Supplementation Group (PSG) 

(n=14, 70%), notably decreasing to (n=3, 15%) by week 12. Muscle weakness and low 

activity were the prevailing criteria among the study participants. It's noteworthy that 

there was an improvement, although statistically insignificant, observed in these 

criteria among PSG participants, with muscle weakness decreasing from (n=8, 40%) 

to (n=4, 20%) and low activity from (n=19, 95%) to (n=6, 30%) from baseline to week 

12, respectively.  

Considering the limited number of studies that tested the effect of protein 

supplementation on frailty status (Amasene et al., 2022; Biesek et al., 2021; Park et 

al., 2018), our findings align with the above-cited reference, which shows no 

significant improvement in frailty status. However, no available studies mentioned the 

effect of WPS on frailty criteria except (Biesek et al., 2021), who highlighted a great 

reduction in fatigue after utilizing WPS in pre-frail women. A plausible explanation 

for these results might be that the most prevalent criterion among study participants 

was low activity (n=33,82.5%), which is self-reported and lacks measurement, 

potentially influencing the findings' accuracy.   

 Muscle Strength and Physical Performance 

For muscle strength, the results show an increase but insignificant in HGS in PSG 

compared to CG (p=0.095) and no significant difference in physical performance 

measurements such as GS and CST. One explanation of these results is that the study 

supplement was not combined with resistance training as in some other previous trials 

proved the Efficacy of protein supplement on muscle strength (Karelis et al., 2015; 

Mori & Takudo, 2018; Reule et al., 2017; Yoshimura et al., 2019) and physical 
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function (Griffen et al., 2022; Tieland, Dirks, et al., 2012; Trabal et al., 2015) when 

combined with RT.  

However, our findings are in line with some previous studies that tested the effect of 

protein supplementation on physical performance and showed no significant 

improvement in these measures, whether combined with training (Amasene et al., 

2019; Björkman et al., 2020; Gade et al., 2019; Neske & Azevedo, 2022) or consuming 

the supplement alone (Jadczak et al., 2021; Murphy et al., 2021; Zhu et al., 2015). In 

addition, our findings align with two previous meta-analyses tested the effect of PS 

and amino-acids supplements without training in elderly people (Tieland et al., 2016) 

or pre-frail and frail older adults (Oktaviana et al., 2020). They found no significant 

effect of PS on the aforementioned measurements. Worthy to mention, among the RT- 

included studies, there are numerous trials that included groups without RT and 

revealed a negative effect of WPS when consumed alone on muscle strength and 

physical performance (Biesek et al., 2021; Griffen et al., 2022; Krause et al., 2019; 

Mori & Takudo, 2018).  

In contrast, two trials reported significant improvement in gait speed (Niccoli et al., 

2017; Park et al., 2018) and knee extension (Niccoli et al., 2017) in older adults after 

WPS consumption. Besides, a meta-analysis done by (Kirwan et al., 2022) studied the 

effect of PS or high-protein on lean mass and muscle strength using twenty-eight 

study’s findings, which showed that PS can augment HGS in the presence of RT only. 

This could be another argument for the lack of PS impact on muscle strength and 

physical performance (Liao et al., 2018). Another explanation is the dosage applied by 

some studies and reported significant improvement in muscle strength at level of 60g/d 
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(Bell et al., 2017), 40g/d (Atherton et al., 2020), and 10g of leucine per day (Trabal et 

al., 2015). 

 Body Composition 

This study tested the hypothesis that taking leucine-rich WPS twice daily would 

improve body composition, especially SMM and TBF. Despite the significant time 

effect observed, no significant interaction effects were observed in body composition 

measurements. These findings are consistent with majority of older adults’ previous 

trials (Amasene et al., 2019; Arnarson et al., 2013; Biesek et al., 2021; Bouillanne et 

al., 2013; Holwerda et al., 2018; Kirk et al., 2020; Leenders et al., 2011; Ottestad et 

al., 2017; Villanueva et al., 2014; Zhu et al., 2015). Studies have shown that the higher 

increase in muscle protein synthesis can be attributed to whey protein because, when 

taken at rest or after exercise, whey causes a larger MPS response than casein (Burd 

et al., 2012; Pennings et al., 2011; Tang et al., 2009).  

Additionally, it has been reported that whey protein increased muscle mass when 

consumed 1.3-1.5g/kg/d compared to 1.0g/kg/d in elderly people (Kerstetter et al., 

2015; Moore et al., 2014; Park et al., 2018). However, most studies that observed 

synergetic effects of protein supplement on lean body mass, fat mass, or muscle mass, 

recruited sarcopenic (Nabuco, Tomeleri, Fernandes, et al., 2019), frail (L. Kang et al., 

2019; Niccoli et al., 2017; Tieland, Dirks, et al., 2012), malnourished older adults 

(Bouillanne et al., 2013; Park et al., 2018), or consumed insufficient protein intake at 

baseline (Ten Haaf et al., 2020) while our study population status was pre-frail with 

high habitual protein intake (1.03g/kg/d) which can be considered as another 

justification of the study findings. Another point to be in consider, is the overall status 
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of the study participants, with a percentage of 82.5% low-active pre-frail participants 

(19 of 20 subjects of PSG). Volbi et al. stated that RDA0.8g/kg daily could be 

sufficient for sedentary or low-active older adults to avoid protein inadequacy(Volpi 

et al., 2013). However, some trials observed a positive PS intervention effect on body 

composition measurements and strength loss of sedentary (Buckinx et al., 2019; 

Gryson et al., 2014; Krause et al., 2019), or low-active (Reule et al., 2017) older 

participants.  

 Dietary Intake 

The habitual protein intake of this study participants (1.03g/kg of body weight) is 

comparable with the average intake of physically active older adults in a cross-

sectional study done by (Ten Haaf et al., 2018) and community-dwelling older adults 

in an RCT done by (Kirk et al., 2020). Consuming WPS daily in the morning and 

evening significantly improved the intake of protein to 1.5g/kg/d. However, this 

amount of protein did not yield a positive effect on the study outcome measurements. 

This may be justified by the sufficient amount of their daily protein consumption at 

baseline 1.03g/k of body weight. Moreover, resistance training was not included in our 

protein intervention. The current study's goal was to find out how pre-frail older adults' 

status was affected by a protein intervention alone. 

In general, our study results indicate that whey protein supplementation does not 

significantly enhance muscle strength or physical performance which aligns with 

many cases (Björkman et al., 2011, 2020; Gade et al., 2019; Jadczak et al., 2021; Park 

et al., 2018; Zhu et al., 2015) except one study (Niccoli et al., 2017). These results 

coincide with two meta-analyses that tested the effect of increased protein intake 
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beyond RDA, which found that high consumption of protein intake has limited effects 

on muscle strength when not associated with physical training (Hengeveld et al., 2020; 

Nunes et al., 2022).  

Furthermore, the impact of whey protein appears to be more evident in terms of body 

composition improvements, including enhancements in muscle mass (Björkman et al., 

2011; Park et al., 2018) and fat-free mass (Kerstetter et al., 2015). Nevertheless, our 

study in addition to previous literature remains a certain degree of contradiction 

concerning the effects of whey protein supplementation on body composition (Gade 

et al., 2019; Jadczak et al., 2021; Oikawa et al., 2020; Park et al., 2018; Zhu et al., 

2015).  

Intriguingly, studies have highlighted that milk and leucine-rich protein supplements 

have demonstrated superior effects compared to whey protein supplementation over a 

relatively short duration (ranging from 3 to 6 months) on the body composition of older 

adults (Bouillanne et al., 2013; Ispoglou et al., 2016; Y. Kang et al., 2020; Norton et 

al., 2016; ten Haaf et al., 2019; Yoshimura et al., 2019).  

However, even studies with a 12-week intervention period have reported contradictory 

results regarding the effectiveness of whey protein. Some trials have shown 

improvements in muscle mass and strength (Tieland et al., 2012; Rondanelli et al., 

2016), while others did not find significant changes, suggesting that factors such as 

baseline nutrition status, overall protein intake, physical activity levels, and the 

presence of "anabolic resistance" in older adults might play a role (Reidy & 

Rasmussen, 2016; Devries & Phillips, 2015). These discrepancies underscore the need 

© C
OPYRIG

HT U
PM



 

 

107 

for further research to clarify the most effective duration and type of protein 

supplementation for muscle health in older populations. 

In addition, our study applied single domain intervention, which is 30 g of whey 

protein daily. However, when combined with supervised RT, it appears to exhibit 

positive effects on muscle strength (Atherton et al., 2020; Bell et al., 2017; Mori & 

Takudo, 2018) and body composition (Junior et al., 2017; Krause et al., 2019; Mori & 

Takudo, 2018; Nabuco, Tomeleri, Fernandes, et al., 2019), particularly in terms of lean 

body mass enhancements(Bell et al., 2017; Fernandes et al., 2018; Nabuco, Tomeleri, 

Fernandes, et al., 2019; Nabuco, Tomeleri, Junior, et al., 2019). However, the 

consistency of these results is not definitive, as several studies present contradictory 

findings. Specifically, certain investigations indicate no significant difference in 

muscle strength improvements when incorporating whey protein into RT programs 

(Amasene et al., 2019; Gade et al., 2019; Gerontol et al., 2012; Griffen et al., 2022; 

Holwerda et al., 2018; Mojtahedi et al., 2011), nor in terms of body composition 

changes (Arnarson et al., 2013; Biesek et al., 2021; Gade et al., 2019; Gerontol et al., 

2012; Michel et al., 2022; Mojtahedi et al., 2011; Neske & Azevedo, 2022; Villanueva 

et al., 2014).  

The addition of whey protein to RT does not seem to significantly enhance physical 

performance, except for two studies that reported improved gait speed when whey 

protein supplementation was combined with RT compared to RT alone (Griffen et al., 

2022; Mori & Takudo, 2018). These outcomes contrast with the findings of a 

systematic review and meta-analysis of whey protein supplementation, which 

highlighted a notable impact of whey protein supplement on lean mass and gait speed 
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among individuals with sarcopenia (Nasimi et al., 2023). Creatine supplementation 

occupies the second position among the types of supplements utilized alongside 

resistance training (RT) in studies involving older adults (10 trials). It predominantly 

demonstrates a positive impact on body composition enhancements (Aguiar et al., 

2013; Bernat et al., 2012; D. Candow et al., 2015; D. G. Candow et al., 2014; Gualano 

et al., 2014; Johannsmeyer et al., 2016), followed by improvements in muscle strength 

(Aguiar et al., 2013; Bernat et al., 2012; D. Candow et al., 2015; D. G. Candow et al., 

2014; Gualano et al., 2014) within a supervised training context.  

Interestingly, milk protein exhibits a superior effect in terms of body composition 

improvement compared to whey protein (Francis et al., 2017; Gryson et al., 2014; 

Nakayama et al., 2021; Tieland, Dirks, et al., 2012). This observation aligns with the 

findings of a systematic review and meta-analysis that compared the effects of milk 

protein versus whey protein on resistance training-induced lean body mass (LBM) or 

fat-free mass (FFM) gains among older adults (Huang et al., 2021).  

Moreover, the effect of protein supplementation on the physical performance of older 

adults remains uncertain, as suggested by the findings from the encompassed trials, 

mainly owing to the scarcity of studies that have directly investigated this aspect. 

Another meta-analysis conducted on a distinct cohort of middle-aged to older adults, 

with or without existing sarcopenia, also yielded inconclusive results regarding the 

impact of dairy protein supplementation (Hanach et al., 2019). Soy and leucine 

supplements appear to exhibit a potentially beneficial impact on muscle strength and 

physical performance in conjunction with training programs. Nevertheless, findings 

from two comprehensive reviews/meta-analysis suggests some beneficial effects of 
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dietary protein on physical function measures of older people (Cawood et al., 2012; 

Milne et al, 2009). However, it is important to acknowledge that further research is 

required to substantiate this assertion, given the limited number of conducted trials 

exploring this area. 

In our study, the population was not malnourished and generally maintained a normal 

range of calorie and protein intake. This differentiates the study cohort from other 

groups where protein supplementation might be particularly beneficial. Previous 

research has shown that protein supplements can be especially effective in older adults 

with specific conditions that may compromise their muscle health or nutritional status. 

For instance, supplementation has been found to aid those with arthritis (Ikeda et al., 

2018; Neves et al., 2011), osteopenia or osteoporosis (Gualano et al., 2014; Shenoy et 

al., 2013), as well as inpatient older adults, who often experience acute or chronic 

malnutrition (Bouillanne et al., 2013; Niccoli et al., 2017). Additionally, protein 

supplementation has been helpful for post-stroke sarcopenic individuals, aiding in the 

recovery of muscle strength and mass (Yoshimura et al., 2019), and for malnourished 

older adults, where it has contributed to improved nutritional status and functional 

outcomes (Park et al., 2019). These findings highlight the diverse applications of 

protein supplementation, but our study uniquely focuses on older adults who are not 

experiencing these severe deficits, thereby allowing us to assess the potential benefits 

of protein intake within a healthier, but still at-risk, aging population. 

Furthermore, previous literature did not reveal any discernible correlation between the 

timing or duration of supplement intake and its impact on outcome measures in older 

adults. This observation aligns with the findings of a systematic review, which 

© C
OPYRIG

HT U
PM



 

 

110 

similarly indicated the absence of a favorable effect from specific timing of protein 

intake on metrics such as lean body mass (LBM), handgrip strength, and leg press 

strength (Wirth et al., 2020). 

To sum up, while whey protein is widely utilized in clinical trials, the outcomes from 

our study reflect the varied and sometimes conflicting evidence regarding its efficacy 

in enhancing frailty status and phenotypes, muscle strength, physical performance, and 

body composition, among the elderly. In line with previous findings, our results 

underscore the nuanced effects of protein supplementation on different aspects of 

frailty. Studies have shown that, when combined with resistance training, protein 

supplements such as whey, creatine, and milk protein generally lead to improved 

muscle strength and favorable changes in body composition, with whey protein 

consistently demonstrating positive outcomes in older adults (Devries & Phillips, 

2015; Rondanelli et al., 2016). Importantly, these improvements can also affect frailty 

indicators like grip strength, physical endurance, and overall physical performance. 

However, our findings, along with other research, suggest that without concurrent 

resistance training, the improvements seen in body composition do not always translate 

into significant gains in muscle strength or improvements in frailty status. While some 

studies have reported enhanced muscle function with leucine-rich, milk, and whey 

proteins, the impact on specific frailty phenotypes, such as exhaustion, low physical 

activity, and slow walking speed, remains less clear (Tieland et al., 2012; Bauer et al., 

2015). Moreover, the hierarchy of benefits can vary, with some studies highlighting 

the role of leucine and milk proteins in improving body composition without 

significant changes in muscle strength or frailty measures.  
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Our study specifically contributes to understanding how protein supplementation may 

affect overall frailty status by targeting phenotypes such as muscle weakness, 

slowness, and low physical activity. The effects of protein supplementation on these 

frailty phenotypes and overall frailty reduction remain inconclusive across studies, 

indicating that further comprehensive trials are needed to clarify the role of different 

protein sources in modifying frailty status and phenotypes among older adults (Reidy 

& Rasmussen, 2016; Moore et al., 2015). Overall, our study adds to the growing body 

of research highlighting the complex and multifaceted nature of protein 

supplementation outcomes in aging populations, emphasizing the importance of 

considering both physical performance and frailty indicators when evaluating the 

benefits of dietary interventions. 
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CHAPTER 6 

6 CONCLUSION, LIMITATIONS AND RECOMMENDATION 

 Conclusion 

In conclusion, this study investigated the effects of whey protein supplementation on 

frailty status, anthropometric measures, and physical performance in pre-frail older 

adults over a 12-week intervention period.  

The main focus of this research was to evaluate the influence of Whey Protein 

Supplementation (WPS) on frailty status and its characteristics. There was a noticeable 

decline in the number of pre-frail individuals with a score of 2 within the Protein 

Supplementation Group (PSG), decreasing from 70% (n=14) to 15% (n=3) by week 

12. However, it did not have a significant impact on either frailty status or its 

characteristics. Muscle weakness and low activity were prevalent features among the 

participants, showing some improvement in the PSG, although the changes were not 

statistically significant. Specifically, muscle weakness decreased from 40% (n=8) to 

20% (n=4), while low activity decreased from 95% (n=19) to 30% (n=6) from baseline 

to week 12. 

Anthropometric measures WPS did not lead to notable changes in certain 

anthropometric measures, including mid-upper arm circumference, calf 

circumference, total body fat percentage, skeletal muscle mass, and lower limb muscle 

mass, although significant time effects were observed.  
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In terms of physical performance, whey protein supplementation did not significantly 

increase handgrip strength, gait speed, chair stand test performance, short physical 

performance battery test scores, or 4-meter walk test outcomes. However, significant 

time effects were observed for most physical performance measures, indicating 

changes over time. 

Furthermore, whey protein supplementation led to significant alterations in 

macronutrient intake, particularly an increase in protein intake and a decrease in 

carbohydrate intake compared to the control group. These findings underscore the 

complex interplay between whey protein supplementation, frailty status, 

anthropometric measures, physical performance, and macronutrient intake in pre-frail 

older adults. 

In summary, while 30g of whey protein supplementation led to alterations in 

macronutrient intake, it did not exert significant effects on frailty status or physical 

performance measures in pre-frail older adults compared to the control group. 

Combining the results of our study with those of other studies, it appears that 

participants' nutritional state and regular protein consumption will determine how 

beneficial a protein intervention is for maintaining the health of their muscles in older 

individuals. The study's comprehensive approach contributes valuable insights to the 

existing literature on nutritional interventions for older adults, highlighting the need 

for further research to elucidate the complexities of individual responses in such 

interventions. 
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 Strengths and Limitations 

This study represents an effort to investigate the impact of Whey Protein 

Supplementation (WPS) on the frailty status of pre-frail older adults, marking a 

significant contribution to the existing literature on nutritional interventions for frailty, 

particularly within Asian populations. Notably, our research stands out as the first trial 

of its kind to focus on this particular stage of frailty, providing light on an important 

field of research that has received little attention in earlier studies. 

Moreover, we employed a placebo-controlled, double-blinded approach. By adopting 

such a robust methodology, we aimed to enhance the credibility of our findings while 

avoiding the potential influence of biases inherent in the research process.  

Furthermore, we used a range of validated assessment and measuring techniques to 

evaluate frailty, muscle strength, and physical performance. We enhanced the validity 

of our research findings by ensuring the precision and reliability of our measures 

through the use of known and standardized instruments. 

Additionally, it is noteworthy that our research represents the first Double-Blinded 

Randomized Controlled Trial (DB-RCT) conducted in Malaysia to specifically target 

pre-frailty and assess its status and phenotypes following protein supplementation 

intervention.  

This study had some limitations as well. Firstly, the method of administering 

supplements using 15g scoops instead of pre-packed sachets for daily consumption 

may have introduced variability in daily intake accuracy among participants. This 
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variability could impact result consistency and reliability, as precise dosage control is 

crucial in nutritional intervention studies. 

Secondly, participant compliance levels were lower than anticipated, with four 

individuals in the Protein Supplementation Group (PSG) exhibiting a compliance level 

of less than 80%. This suboptimal compliance raises concerns about intervention's 

potential impact on study outcomes. 

 Future Recommendations 

Given our primary focus on evaluating the impact of whey protein supplementation 

(WPS) on outcome measurements, it is advisable for future studies to consider 

combining the supplement with resistance training (RT). Research suggests that RT 

may enhance the beneficial effects of protein supplements on muscle strength and 

physical performance, thereby potentially improving frailty status. 

Furthermore, our study findings suggest a potential positive impact of WPS on 

handgrip strength (HGS). To obtain more reliable and conclusive findings, it is 

recommended to conduct long-term intervention studies. 

Moreover, given the encouraging outcomes regarding frailty status and handgrip 

strength, we suggest exploring the potential effects of WPS on the outcome measures 

through higher dosage in a more extensive sample size. 

Additionally, considering the variations observed in our findings between males and 

females, we recommend conducting further studies with a focus on sex differences. 
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Understanding these differences could provide valuable insights into the Efficacy of 

WPS across different demographic groups. 

Finally, to ensure the accuracy of supplement consumption by participants, we 

recommend utilizing pre-measured and identically packed sachets for the supplements 

in future studies. This approach would help standardize intake and minimize variability 

in dosage administration. 
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The screening questionnaire 
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Appendix C.2 

 Informed Consent Form for the eligible study participants 
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Appendix C.3 

The Assessment Booklet for the Study Participants in the Three Visits 
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Appendix C.3 

Compliance Log Book for the Participants 
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Appendix C.4 

3-day Diet Record of the study 
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Appendix C.5 

The Statement of the Remuneration Receipt by the Participants 

  

© C
OPYRIG

HT U
PM


	Blank Page



