
45© Springer Nature Singapore Pte Ltd. 2019 
M. Washio, C. Kiyohara (eds.), Health Issues and Care System for the Elderly, 
Current Topics in Environmental Health and Preventive Medicine, 
https://doi.org/10.1007/978-981-13-1762-0_4

Chapter 4
Prevention Strategy for Frailty

Hunkyung Kim and Tatsuro Ishizaki

Abstract Frailty is one of the most important concerns regarding our aging population. 
Frailty includes physical, social, oral, psychological, and cognitive aspects due to mul-
tisystem declines in physiologic reserve, rendering older adults vulnerable to increased 
risk of functional disability, falls, hospitalization, long-term care, morbidity, and mortality. 
Therefore, prevention and treatment of frailty is very important to prolong independence 
in elderly people. There are numerous factors that contribute to muscle weakness, slow 
walking speed, and loss of muscle mass in aging adults such as chronic disease, a sedentary 
lifestyle, and undernutrition, where some factors can be reversed with lifestyle changes 
and others need specific medications and cannot be reversed. Exercise and nutritional 
supplementation are among the beneficial treatments promoting healthy and independent 
lifestyles in the elderly. Evidence reveals that exercise targeted at reducing risk factors is 
an effective strategy for preventing and/or treating frailty in elderly people. Progressive 
and moderate- intensity exercise alone or combined with nutritional and hormone sup-
plementation should be encouraged among elderly people to minimize the degenerative 
physical, psychological, social, and cognitive function that occurs with aging.
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4.1  Introduction

Physical, psychological, cognitive, and social function changes occur with aging, 
and frailty is one of the most important concerns regarding our aging population.

Physical frailty due to multisystem declines in physiologic reserve is common 
among older adults, rendering them vulnerable to increased risk of functional dis-
ability, falls, hospitalization, long-term care, morbidity, and mortality [1–3].

Even though several operational definitions of frailty were proposed to help 
develop screening criteria, there is not yet a standardized and valid method of clini-
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cal screening for frailty. Despite a lack of international consensus on the definition 
of frailty, the most commonly used definitions of frailty are the frailty phenotype 
[3], the frailty index [4], the classification of frailty and vigorousness [5], and the 
Edmonton frail scale [6]. Among them, Fried’s cardiovascular health study (CHS) 
criteria are the most widely used. Fried et al. proposed the frailty phenotype and 
described it based on five indicators of physical components: unintentional weight 
loss, muscle weakness, exhaustion, slow gait speed, and low physical activity. 
Subjects are considered robust (no criteria present), prefrail (one or two criteria 
present), or frail (three to five criteria present) [3]. Several other commonly used 
criteria have modified Fried’s frailty phenotype including the Women’s Health and 
Aging Studies (WHAS) [7] and the Japanese version of the CHS [8] (Table 4.1).

Table 4.1 Frailty-defining criteria: Women’s Health and Aging Studies (WHAS), Cardiovascular 
Health Study (CHS), and Japanese version of CHS

Characteristics CHS WHAS
Japanese version of 
CHS

Weight loss Baseline:
Lost >10 pounds 
unintentionally in last year
Follow-up:
(weight in previous 
year-current weight)/
(weight in previous year) 
≥0.05 and the loss was 
unintentional

Baseline: Either of:
(1)  (weight at age 

60 – weight at 
exam)/(weight at 
age 60) ≥0.1

(2)  BMI at exam <18.5
Follow-up: Either of:
(1)  BMI at exam <18.5
(2)  (weight in previous 

year-current 
weight)/(weight in 
previous year) 
≥0.05 and the loss 
was unintentional

Have you lost 2 kg or 
more in the past 
6 months?
Yes = 1, No = 0

Exhaustion Self-report of either of:
(1)  Felt that everything I 

did was an effort in the 
last week

(2)  Could not get going in 
the last week

Self-report of any of:
(1)  Low usual energy 

level 1 (≤3, range 
0–10)

(2)  Felt unusually tired 
in the last 2 months

(3)  Felt unusually weak 
in the past 2 months

In the past 2 weeks, 
have you felt tired 
without a reason?
Yes = 1, No = 0

Low physical 
activity

Based on the short version 
of Minnesota Leisure Time 
Activity questionnaire:
Women:
Those with Kcals per week 
< 270 are frail
Men:
Those with Kcals of 
physical activity per week 
< 383 are frail

Women: Kcal <90 on 
activity scale (6 items)
Men: Kcal <128 on 
activity scale (6 items)

(1)  Do you engage in 
moderate levels of 
physical exercise 
or sports aimed at 
health?

(2)  Do you engage in 
low levels of 
physical exercise 
aimed at health?

“No” to both 
questions = 1, 
others = 0
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Recently, there have been trends toward classifying frailty into physical, psycho-
logical, cognitive, and social aspects; however, a standardized definition has not 
been established (Fig. 4.1) [9]. The CHS criteria are technically used for physical 
frailty. In this chapter, the focus will be placed on definitions within the more estab-
lished physical frailty.

Depending on the frailty definition and evaluation tool, frailty prevalence ranges 
between 4.0% and 59.1% in community-dwelling people aged 65 years [10]. As the 
population ages, frailty represents increasingly important public health concerns 
and has an incremental effect on health expenditures [11]. Because of the major 
clinical, long-term care and economic burden, it is critical to find efficient, feasible, 
and cost-effective interventions to prevent or slow down frailty in order to avoid or 
diminish the adverse health outcomes, maintain or improve quality of life, and 
reduce disability and extended healthy life expectancy [12].

Table 4.1 (continued)

Characteristics CHS WHAS
Japanese version of 
CHS

Slowness Walk time, stratified by 
gender and height. Cutoff 
for Time to Walk 15 feet 
(4.57m) criteria for frailty
Women:
  time >= 7 seconds for 

height <= 159 cm
  time >= 6 seconds for 

height > 159 cm
Men:
  time >= 7 seconds for 

height <= 173 cm
  time >= 6 seconds for 

height > 173 cm

Walking 4 at usual pace
Women:
  speed ≤4.57/7 meter/

seconds for height 
≤159 cm

  speed ≤4.57/6 meter/
seconds for height 
>159 cm

Men:
  speed ≤4.57/7 meter/

seconds for height 
≤173 cm

  speed ≤4.57/6 meter/
seconds for height 
>173 cm

Gait speed <1.0 meter/
seconds

Weakness Grip strength, stratified by 
gender and BMI quartiles. 
Cutoff for grip strength 
criteria for frailty
Women:
  <= 17 kg for BMI <= 23
   <=17.3 kg for  BMI 

23.1–26
   <= 18 kg for BMI 

26.1–29
  <= 21 kg for BMI > 29
Men:
  <= 29 kg for BMI <= 24
  <= 30 kg for  BMI 

24.1–26
  <= 30 kg for BMI 

26.1–28
   <= 32 kg for BMI > 28

Grip strength: Same as 
in CHS

Grip strength
  Men: <26 kg
  Women: <18 kg

Notes: BMI body mass index (kg/m2)
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4.2  Risk Factors

There are numerous factors that contribute to muscle weakness and loss of muscle 
mass in aging adults such as chronic disease, a sedentary lifestyle, and undernutrition, 
where some factors can be reversed with lifestyle changes and others need specific 
medications and cannot be reversed. Xue et al. hypothesized the cycle of frailty, as 
many of these factors can theoretically be unified into a cycle associated with decreas-
ing energetics and functional reserve (Fig.  4.2). The core elements of this cycle, 
including weight loss, sarcopenia, decrease in strength and walking speed, as well as 
low activity, are commonly identified as clinical signs and symptoms of frailty [13].

4.3  Prevention Strategy

Declines in functional fitness such as walking speed and muscle strength and low 
physical activity in the elderly are strongly associated with the development of 
frailty. Hence, exercise and nutritional supplementation focusing on strength and 
mobility improvement, and physical activity increment even into advanced age, is 
usually offered as a strategy for the prevention and/or reduction of frailty in the 
elderly. Further, investigation into disability risk with each frailty criterion showed 
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Fig. 4.1 Adapted version of integral conceptual model of frailty (cited from reference 9 published 
by BioMed Central)
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that declines in walking speed (HR = 2.32, 95% CI = 1.62–3.33), muscle strength 
decline (HR  =  1.90, 95% CI  =  1.35–2.68), and weight loss (HR  =  1.61, 95% 
CI = 1.13–2.31) were most strongly associated with disability [14]. These findings 
show that frailty prevention should focus not only on walking ability and muscle 
strength but preventing unintentional weight loss as well. Out of many factors 
related with frailty, muscle disuse and nutritional deficiencies are potentially revers-
ible or preventable through interventions and changes in lifestyle.

4.3.1  Nutritional Supplementation

Declines in muscle mass are related to declines in muscle protein synthesis rates in 
older adults. In order to resist and reverse the effects of muscle protein synthesis 
declines, protein or, more specifically, amino acids have been the focus of research. 
Investigators have found that leucine-enriched essential amino acid mixtures are 
primarily responsible for amino acid-induced muscle protein anabolism in the 
elderly. Amino acid supplementation can increase muscle mass in this population; 
however, an increase in muscle mass is not always accompanied by an increase in 
muscle strength [15]. Essential amino acid supplementation alone is probably insuf-
ficient in increasing muscle strength. Carbohydrate-rich supplements have also been 
examined for any effects on muscle strength and muscle mass. However, supple-
ments rich in carbohydrates are inadequate for increasing muscle mass and strength 
[16]. There has been a peaked interest in other nutritional supplementations includ-
ing protein, tea catechins, vitamin D, omega-3 fatty acids, and MFGM (milk fat 
globule membrane), as their efficacy in improving muscle mass and strength have 
been reported.
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injuries 

Immobilization Disability 

Dependency 

Activity 

Walking 
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metabolic rate 
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& energy; micronutrient deficiencies 

Strength 
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Negative energy  
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Fig. 4.2 Cycle of frailty [13] (Xue QL, Bandeen-Roche K, Varadhan R, Zhou J, & Fried LP 
(2008). Initial manifestations of frailty criteria and the development of frailty phenotype in the 
Women’s Health and Aging Study II. The Journals of Gerontology. Series A, Biological Sciences 
and Medical Sciences, Vol 63A, No9, pp 984-990, by permission of Oxford University Press)
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4.3.2  Exercise

There are several systematic reviews published on the benefits of exercise in frail 
elderly adults. Exercise in these individuals may potentially modify risk factors for 
age-associated reductions in muscle mass [17]. Research has shown that high- 
intensity resistance training is effective in counteracting muscle weakness and phys-
ical frailty in elderly people. Exercise interventions focusing on the major muscle 
groups that are crucial for performing functional activities are especially important 
for the reversal of muscle weakness.

Extensive research has confirmed that doing resistance training two to three 
times a week can improve physical function and functional limitations and also 
reduce disability and muscle weakness in older people. Resistance training in 
elderly people produces increases in strength from 9% to 15% [18] and about 1.1 kg 
in lean body mass [19]. More improvements are seen with high-intensity and high- 
volume resistance training. However, moderate-intensity exercises are also benefi-
cial and are much safer for aging adults. Exercise prescriptions must be of a safe 
intensity, duration, and frequency to avoid further injury and complications [20].

4.3.3  Combination

Combinations of both exercise and nutritional supplementation have also been stud-
ied by researchers. Amino acid supplementations alone have beneficial effects such 
as increasing walking speed, and exercise, as we have previously seen, has beneficial 
effects of improving physical function as well. Exercise and amino acid supplemen-
tation together have significant effects in enhancing muscle mass, strength, and func-
tional fitness [21]. The combination of high-resistance exercise and a high- carbohydrate 
mixture containing small amounts of soy protein is effective in the enhancement of 
muscle strength. High-resistance exercise alone increases both muscle mass and 
strength, while the carbohydrate supplementation alone does not [16]. In order to 
efficiently prevent frailty, more focus should be placed on eliminating variable fac-
tors within risk factors. Recent studies have shown that the combination of exercise 
and nutritional supplementation is more effective than exercise or nutrition alone.

4.4  Treatment Strategy

Exercise programs designed for frailty prevention and/or treatment in elderly people 
should address three major components – strength, gait, and muscle mass. People at 
high risk of frailty due to muscle weakness, gait deficit, and skeletal muscle mass 
decline should be instructed to perform low- or moderate-intensity exercise contain-
ing safe and simple movements at entry level.
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In 2017, Dedyne et al. performed a systematic review to determine the effects of 
comprehensive intervention programs on the treatment of prefrailty and frailty 
[22]. A multi-domain intervention was defined as one that intervenes in at least two 
different domains, including exercise therapy, nutritional intervention (supplemen-
tation of proteins, vitamins, minerals, milk fat globule membrane, or nutritional 
advice), hormone supplementation, cognitive training, or psychosocial interven-
tions. The review included 5500 studies published by September 14, 2016, with 
inclusion criteria as follows: (1) randomized controlled trials, quasi-experimental 
studies, or prospective or retrospective cohort studies with control groups, (2) test-
ing of a multi-domain intervention to prevent or treat frailty in people aged, 
≧65 years, (3) classification in terms of (pre)frailty status according to an opera-
tionalized definition, and (4) primary outcomes including one or more of the fol-
lowing  – frailty status or score, muscle mass, strength or power, physical 
functioning, and cognitive or social outcomes. A total of 12 studies matched the 
criteria. On the other hand, Puts et al. discussed 14 studies found among 14,564 
published between January 2000 and February 2016, in a coping review of frailty-
related literature [23].

This chapter will provide an overview of some of the main studies within the 26 
presented in the two aforementioned reviews (Table 4.2). However, because frailty 
criteria and main outcome variables differ depending on the publication, providing 
a comprehensive overview is difficult.

4.4.1  Intervention Characteristics

Although all studies labeled their participants as frail, there were subcategorizations 
including moderately frail, mild to moderate physical frail, risk of becoming frail, 
and prefrai1. Furthermore, many studies utilized one of the validated operational 
definitions of frailty: Fried’s frailty phenotype [3], Speechley and Tinetti’s classifi-
cation of frailty and vigorousness [5], and Winograd’s frailty scale [4]. In other 
studies, non-validated definitions of frailty were used. There are no standardized 
universal selection criteria used. These factors should be considered in the follow-
ing summary of the interventions.

 1. Frequency: The greater part of the exercise interventions was performed either 
twice or three times per week. Several studies increased the exercise frequency 
to five times or decrease to one time per week.

 2. Intensity: In a few studies, the exercise intensity was evaluated using a per-
ceived exertion scale. Most of the interventions that utilized a resistance train-
ing program reported intensity as three sets of eight repetitions at approximately 
80% of the individual’s one repetition maximum (1RM). Several resistance 
training programs compared low-intensity (20 and 40% 1RM) to high-intensity 
(80% 1RM) training and found that the changes in muscle strength and endur-
ance were greater in the high-intensity group compared with  low-intensity. 

4 Prevention Strategy for Frailty
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However, improvements for functional ability were only marginally different 
between the two groups.

 3. Duration: The duration of the interventions ranged from 3 to 12 months, and the 
most common duration was 3 months. The time per session ranged from 45 to 
90 min, and the majority of the studies included interventions that lasted 60 min 
per session.

 4. Type: Many of previous studies included multicomponent exercise intervention 
(usually focusing on resistance, balance, aerobic, and flexibility training), a few 
resistance training, and some other types of exercise interventions (walking exer-
cise program, balance training, water exercise, tai chi, whole-body vibration 
exercise, and exercise using a horse-riding simulator).

4.4.2  Changes in the Components of the Frailty Phenotype

Fried et al. [3] described frailty in the Cardiovascular Health Study (CHS). More spe-
cifically, the Phenotypic Classification of Frailty (CHS-PCF) [3] includes five compo-
nents: unintentional weight loss, muscle weakness, exhaustion, slow gait speed, and 
low physical activity. In the following sections, effects of exercise or nutrition supple-
mentation trials in frail elderly on these components are described with detail.

4.4.2.1  Change in Muscle Mass (Unintentional Weight Loss)

Several studies examined muscle mass after an intervention (Table 4.3). Three stud-
ies observed treatment×time interactions. Tieland et  al. [24] found that adding a 
protein and mineral supplementation to resistance exercise at increasing intensity 
significantly improved appendicular (exercise  +  protein, 20.1–21.0  kg; exer-
cise + placebo, 19.3–19.1 kg, P < 0.001) and lean mass (exercise + protein, 47.2–
48.5  kg; exercise  +  placebo, 45.7–45.4  kg, P  =  0.006) post-intervention. Kenny 
et al. [25] found that adding a hormonal dehydroepiandrosterone intervention to an 
exercise and vitamin and mineral supplementation increased total lean mass post- 
intervention (exercise + DHEA, 39.6 ± 6.1 kg; exercise + placebo, 38.1 ± 5.2 kg, 
P = 0.048). However, there was no significant change in appendicular muscle mass. 
de Jong et al. [26] did not find significant changes in the comparison between all 
four groups, but a factorial analysis of the exercise group (n = 75; exercise alone and 
exercise + nutrition groups) and non-exercise group (n = 68; nutrition and control 
groups) showed significantly improved lean body mass in an exercise intervention 
combined with a protein, vitamin, and mineral supplementation intervention 
(+0.5 kg, P = 0.02) compared to no exercise or protein, vitamin, and mineral supple-
mentation (−0.1 kg, P = 0.60). Several other studies also found significant improve-
ments in within-group comparisons although significant interactions were not 
observed. Rydwik et al. [27] proposed that adding diet counseling and group session 
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Table 4.3 Summary of intervention impact on muscle mass

Study Intervention group
Outcome and 
method

Impact of intervention
Post-intervention Follow-up

de Jong 
et al. [26]

Nutrition: 58
Exercise: 55
Combination: 60
Control: 44

Lean body 
mass (kg); 
DXA

Exercise (0.2 ± 1.4 
kg, P<0.05): 
significantly 
improved compared 
to control group 
(−0.5±1.4 kg)
Exercise (n=75) vs. 
no exercise (n=68): 
exercise 
(+0.5 ± 1.2 kg, 
P=0.02), significantly 
improved compared 
to no exercise 
(−0.1 kg)

Not available data

Rydwik 
et al. [27]

Exercise + nutrition: 
25
Nutrition: 25
Exercise: 23
Control: 23

FFM (kg) = 
(weight−fat 
mass) (fat mass 
= four skin 
folds using 
prediction 
equations)

NS

Within-group 
comparison:
Exercise = −0.9 kg 
(95% CI = −1.7 to 
−0.2, P<0.05)

Kenny et al. 
[25]

Aerobics + placebo: 
25
Aerobics + DHEA: 
24
Yoga + placebo: 25
Yoga + DHEA: 25

Total and 
regional lean 
tissue mass 
(kg); DXA

Appendicular skeletal 
muscle mass: NS
Lean mass: 
exercise + DHEA 
(n=43, 39.6 ± 6.1 kg), 
exercise + placebo 
(n = 44, 
38.1 ± 5.2 kg), 
significant 
differences between 
groups (P = 0.048)

Not available data

Tieland 
et al. [24]

Exercise + protein: 
31
Exercise + placebo: 
31

Lean mass 
(kg); DXA

Treatment × time 
interactions;
Lean mass: 
exercise + protein 
(47.2–48.5 kg), 
exercise + placebo 
(45.7–45.4 kg), 
P = 0.006
Appendicular lean 
mass: 
exercise + protein 
(20.1–21.0 kg), 
exercise + placebo 
(19.3–19.1 kg), 
P < 0.001

Not available data

(continued)
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education to physical training did not increase FFM post-intervention. Chan et al. 
[28] showed FFM declines in the exercise group (−0.46 ± 1.36 kg, P < 0.05) less 
than the non-exercise group (−0.62 ± 1.84 kg, P < 0.01)). Kim et al. [29] reported 
that leg muscle mass significantly increased in the exercise + nutrition group post- 
intervention, but post follow-up increases were also seen in the exercise + nutrition 
group as well as the exercise + placebo groups. Furthermore, Tarazona-Santabalbina 
et al. [30] found that adding exercise to nutritional advice and vitamin and mineral 
supplementation intervention did not significantly improve lean mass.

4.4.2.2  Change in Muscle Strength (Weakness)

Muscle strength was examined in many studies and in many ways: combining exer-
cise and MFGM [29], exercise and BCAA [31], exercise and enriched foods [32], 
exercise and protein [24], exercise and cooking practice [33], exercise and diet 
counseling [27], exercise + nutritional supplementation + cognitive training [34], 
exercise and DHEA [25], and exercise and growth hormone [35] (Table 4.4). Among 
them, three studies showed treatment×time interaction.

Ng et al. [34] found in exercise + nutrition + cognitive, exercise alone, and cogni-
tive alone showed significantly improved knee strength both at 6  months (cogni-
tive  =  2.18  kg, 95% CI  =  1.08; 3.27; exercise  =  2.75  kg, 95% CI  =  1.66; 3.83; 
exercise + nutrition + cognitive = 2.67 kg, 95% CI = 1.58; 3.76) and at 12-month fol-

Table 4.3 (continued)

Study Intervention group
Outcome and 
method

Impact of intervention
Post-intervention Follow-up

Chan et al. 
[28]

Exercise + nutrition 
+ PST: 28
Exercise + nutrition: 
27
PST: 29
Control: 33

FFM (kg); BIA Not available data FFM: exercise 
(−0.46 ± 1.36 kg, 
P < 0.05), 
Non-exercise 
(−0.62 ± 1.84 kg, 
P < 0.001)

Kim et al. 
[29]

Exercise + nutrition: 
33
Exercise + placebo: 
33
Nutrition: 32
Placebo: 33

Appendicular 
skeletal (AS) 
and leg muscle 
mass (kg); 
DXA

Appendicular skeletal 
muscle mass: NS
Leg muscle mass: 
Exercise + nutrition 
2.4% (95% 
CI = 1.3–3.5)

Within-group 
comparison:
AS mass: NS
Leg muscle mass: 
Exercise + nutrition 
3.2% (95% 
CI = 1.1–5.4), 
Exercise + placebo 
3.2% (95% 
CI = 1.2–5.3)

Tarazona- 
Santabalbina 
et al. [30]

Exercise: 51
Control: 49

Lean mass 
(kg); BIA NS

Not available data

Note: DXA dual X-ray absorptiometry, FFM fat-free mass, BIA bioelectrical impedance analysis, 
PST problem-solving therapy, DHEA dehydroepiandrosterone, NS not significant, CI confidence 
interval
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low-up (cognitive = 1.98 kg, 95% CI =0.87; 3.09; exercise = 1.41 kg, 95% CI =0.31; 
2.51; exercise + nutrition + cognitive = 2.35 kg, 95% CI =1.25; 3.44) compared to the 
nutrition-alone and control group. Kenny et al. [25] found that adding a dehydroepian-
drosterone (DHEA) supplementation (50 mg/day) to yoga or chair aerobics signifi-
cantly improved leg press in exercise + DHEA (459 ± 121 N to 484 ± 147 N, P < 0.05) 
compared to exercise + placebo (477 ± 186 to 447 ± 128 N, P < 0.05) but not grip 
strength. Also, Ikeda et al. [31] found that adding the 6 g amino acid supplement to a 
strength, balance, and aerobic exercise intervention significantly improved leg press 
strength (13.9  ±  36.0%, P  =  0.032) and knee extension strength (9.5  ±  26.3%, 
P = 0.008), but not for hip abduction strength, grip strength, and rowing. While inter-
actions were not observed in these three studies, significant within-group improve-
ments were reported. Rydwik et al. [27] found significantly improved leg press in both 
exercise + dietary counseling and exercise- alone groups (exercise + dietary counsel-
ing = 9.0 kg, 95% CI = 1.8–16.2; exercise = 11.9 kg, 95% CI = 6.3–17.5) and dips 
(exercise + dietary counseling = 1.7 kg, 95% CI = 0.04–3.4; exercise = 1.8 kg, 95% 
CI = 0.8–2.8) compared to baseline, but not significant at follow-up. Kwon et al. [33] 
found in the exercise alone group a significantly increased grip strength (2.3 ± 3.1 kg, 
P  <  0.05), but no post-intervention significant increase were seen in the exer-
cise + cooking class group. At 6-month follow-up, they found significantly declined 
grip strength in the exercise + cooking class group (−2.1 ± 5.0 kg, P < 0.05) compared 
to the exercise and control group. Hennessey et al. [35] found in exercise + growth 
hormone (+55.6%, P = 0.0004) and exercise alone (+47.8%, P = 0.0005) groups a 
significantly increased right knee extension strength at post-intervention.Some studies 
found no significant differences between baseline and post-intervention or follow- up: 
there was no significant effect in adding a milk fat globule membrane (MFGM) [29] 
or 15 g protein supplementation [24] to an exercise intervention. Chin A Paw et al. 
[32] found no significantly improved grip strength and quadriceps strength by an exer-
cise or exercise combined with vitamin and mineral supplementation intervention 
compared to no exercise or nutritional alone intervention.

4.4.2.3  Change in Exhaustion

Three studies examined the effect of an intervention on exhaustion. Adding an exer-
cise intervention to a MFGM supplementation or not and MFGM alone signifi-
cantly improved exhaustion at follow-up (P = 0.007) [29]. However, two studies 
found no significant effect on exhaustion of adding dietary advices and PST to exer-
cise [28] and multifactorial exercise intervention [36], respectively.

4.4.2.4  Change in Gait Speed

Eight studies measured gait speed (Table 4.5), and three found treatment×time interac-
tions. Kim et al. [29] found that adding an exercise intervention to MFGM supplemen-
tation significantly improved usual walking speed (exercise + MFGM = 14.7 ± 4.1%, 
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Table 4.5 Summary of intervention on gait speed

Study Intervention group Outcome
Impact of intervention

Post-intervention Follow-up

Chin A 
Paw 
et al. 
[32]

Exercise + enriched 
foods: 42
Exercise: 39
Enriched foods: 39
Control: 37

Usual 
walking 
speed

Exercise (n = 81, 
0.06 ± 0.1 meter/
seconds): significantly 
improved compared to 
no exercise (n = 76, 
0.0 ± 0.04 meter/
seconds, P <0.004)

Not available data

Rydwik 
et al. 
[27]

Exercise + nutrition: 25
Nutrition: 25
Exercise: 23
Control: 23

Maximal 
walking 
speed

NS NS

Kenny 
et al. 
[25]

Aerobics + placebo: 25
Aerobics + DHEA: 24
Yoga + placebo: 25
Yoga + DHEA: 25

Walking 
speed

NS NS

Tieland 
et al. 
[24]

Exercise + protein: 31
Exercise + placebo: 31

Gait 
speed NS

Not available data

Cameron 
et al. 
[36]

Multifactorial: 120
Control: 121

Gait 
speed

NS

Between group 
difference: intervention 
(−0.049 ± 0.183 meter/
seconds) significantly 
improved compared to 
control 
(0.019 ± 0.230 meter/
seconds), (P = 0.02)

Kwon 
et al. 
[33]

Exercise: 28
Exercise + nutrition: 30
Control: 31

Usual 
walking 
speed

NS NS

Kim 
et al. 
[29]

Exercise + nutrition: 33
Exercise + placebo: 33
Nutrition: 32
Placebo: 33

Usual 
walking 
speed

Treatment × time 
interactions (P = 0.005)
Exercise + nutrition 
(14.7 ± 4.1%, 95% 
CI = 6.4; 23.1) change 
significantly improved 
compared to nutrition 
(2.1 ± 1.9%, 95% 
CI = −1.8; 5.9) or 
placebo (3.6 ± 2.7%, 
95% CI = −1.9; 9.1)

NS

Ng et al. 
[34]

Nutrition: 49
Cognitive training: 50
Exercise: 48
Combination: 49
Control: 50

Maximal 
walking 
speed

Treatment × time 
interactions: NS
Within-group 
comparison: exercise 
(−1.29 m, 95% 
CI = −1.72; −0.85) 
significantly improved 
(P<0.05)

Treatment × time 
interactions: NS
Within-group 
comparison, Exercise: 
6 months (−1.10 m, 95% 
CI = −1.53; −0.67) and 
12 months (−1.14 m, 
95% CI = −1.58; −0.70) 
significantly improved 
(P<0.05)

Note: DHEA dehydroepiandrosterone, NS not significant, CI confidence interval
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95% CI =6.4; 23.1) compared to MFGM (2.1 ± 1.9%, 95% CI = −1.8; 5.9) or placebo 
(3.6 ± 2.7%, 95% CI = −1.9; 9.1) (P = 0.026). Cameron et al. [36] did not find significant 
changes between baseline and 3 months. Baseline and 12-month comparisons showed 
that multifactorial interdisciplinary intervention (−0.049 ± 0.183 meter/seconds) sig-
nificantly improved compared to control (0.019 ± 0.230 meter/seconds) (P  = 0.02). 
Chin A Paw et al. [32] showed no significant changes when comparing four interven-
tions. A two-factorial analysis between exercise (n = 81, exercise alone and exercise + 
enriched foods) and non-exercise (n = 76, enriched foods and control) revealed signifi-
cant improvements in usual walking speed for exercise intervention (0.06 ± 0.1 meter/
seconds) compared to no exercise (0.0 ± 0.04 meter/seconds, P < 0.004). In one study, 
although treatment × time interactions were not observed, within-group comparisons 
found significant changes. Ng et al. [34] found that while 3 months of strength and bal-
ance training significantly improved maximal walking speed (−1.29 m, 95% CI = −1.72; 
−0.85), there were no significant improvements in nutrition, cognitive, combined, and 
control groups. Further, only the exercise group significantly improved at the 6-month 
(−1.10 m, 95% CI = −1.53; −0.67) and 12-month (−1.14 m, 95% CI = −1.58; −0.70) 
follow- up. Adding nutritional advice and cooking class or protein supplementation to an 
exercise intervention showed no significant effect on gait speed, compared to exercise 
intervention alone [27, 33]. Also, adding a DHEA supplementation to yoga or chair 
aerobics exercise intervention showed no significant effect for walking speed [25].

4.4.2.5  Change in Physical Activity Level

Eight studies examined the effect interventions on physical activity level (Table 4.6). 
Adding an exercise intervention to nutritional advice and vitamin and mineral 
supplementation significantly improved low physical activity in exercise 
(485.6 ± 98.1) compared to the control (265.8 ± 46.1), P < 0.001 [30]. Low physical 
activity was also significantly improved by exercise alone or exercise combined 
with nutrition post-intervention and at 6-month follow-up. In addition, this increase 
remained in the exercise group compared to nutrition or control group [37]. Another 
three studies found no significant effect on physical activity level at post-intervention, 
but significantly increased physical activity level by a multifactorial exercise [36], 
exercise  +  MFGM [29], and nutrition-alone [34] intervention compared to the 
control group or baseline at follow-up. However, three studies found no significant 
effect on physical activity level of adding a hormone supplementation to exercise 
[25], adding dietary advices and PST to exercise [28], and adding a protein 
supplementation to exercise intervention Ikeda et al. [31], respectively.

Change in Frailty Status

Previous studies assessed the impact of a multi-domain intervention including exer-
cise, nutritional supplementation, hormone supplementation, diet advice, cooking 
class, social support, and cognitive training on frailty status such as frail, prefrail, 
and robust (Table  4.7). Post-intervention, some studies found a significantly 
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improved frailty status or frailty criteria in the multi-domain intervention groups 
such as exercise  +  MFGM [29], exercise  +  nutrition  +  cognitive training [34], 
exercise + diet advices + PST [28], and exercise + diet advices + protein intake [37] 
compared to single-domain such as exercise-alone or nutrition-alone intervention 
groups or control group. The primary outcomes in two studies were frailty status 
reversal [29, 36], prefrail or frailty improvement in three studies [28, 34, 38], and, 
in one study, changes in frailty criteria [30].

Post-intervention results in one study showed significantly higher reversal rates 
in exercise  +  MFGM (57.6%) than MFGM alone (28.1%) or placebo (30.3%) 
groups (P = 0.032). Also, at 4-month follow-up, larger significant improvements 
were maintained in groups with an exercise intervention irrespective of their addi-
tional nutritional supplementation (exercise  +  MFGM  =  45.5%, exercise  +  pla-
cebo = 39.4%) compared to placebo (15.2%) for frailty status (P = 0.035) [29]. 
In another study [36], participants of the multifactorial interdisciplinary interven-
tion did not reverse frailty status at post-intervention. At 12-month follow-up, there 
was a lower prevalence of frailty in the intervention group (62%) compared with 
the control group (76%); the between-group difference in frailty was 14.7% (95% 
CI = 2.4–27.0, P = 0.02).

Chan et  al. [28] found a significantly higher improvement of one category in 
exercise  +  diet advices group (45%) compared with non-exercise and nutrition 
group (27%) at post-intervention. But, participants of the exercise  +  diet 
advices + PST intervention did not maintain its significant larger improvement of 
frailty status at 6-month and 12-month follow-up compared to control or a PST 
intervention. Ng et al. [34], at 12-month follow-up, showed a significantly improved 
frailty status in nutrition (35.6%), cognitive (35.6%), exercise (41.3%), and 
combination (47.8%) than control (15.2%) group (P < 0.01).

At post-intervention, one study observed significantly lowering score assessed 
by Fried frailty criteria and Edmonton frailty scale in intervention groups compared 
to control group [30]. However, one study found no significant difference on frailty 
status between an exercise  +  nutrition (−17%) and a social support (−16%) 
intervention [38].

Overall, multi-domain interventions showed significantly larger improved frailty 
status and score compared to single-domain or control interventions.

4.5  Conclusion

Frailty is highly prevalent and associated with substantial morbidity and poor health 
outcomes. Various factors cause frailty in elderly people including chronic disease, 
lack of physical activity, malnutrition, and aging itself, some of which are 
unpreventable. Exercise and nutritional supplementation are among the beneficial 
treatments promoting healthy and independent lifestyles in the elderly. Evidence 
reveals that exercise targeted at reducing risk factors is an effective strategy for 
preventing and/or treating frailty in elderly people. Progressive and 
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moderate-intensity exercise alone or combined with nutritional and hormone sup-
plementation should be encouraged among elderly people to minimize the degen-
erative physical, psychological, social, and cognitive function that occurs with 
aging.

References

 1. Woods NF, LaCroix AZ, Gray SL, et  al. Frailty: Emergence and consequences in women 
aged 65 and older in the women’s health initiative observational study. J Am Geriatr Soc. 
2005;53:1321–30.

 2. Vermeiren S, Vella-Azzopardi R, Beckwee D, et  al. Frailty and the prediction of negative 
health outcomes: aA meta-analysis. J Am Med Dir Assoc. 2016;17:1163.e1–1163.e17.

 3. Fried LP, Tangen CM, Walston J, et al. Frailty in older adults: evidence for a phenotype. J 
Gerontol A Biol Sci Med Sci. 2001;56:M146–56.

 4. Winograd CH, Gerety MB, Chung M, et al. Screening for frailty: Criteria and predictors of 
outcomes. J Am Geriatr Soc. 1991;39:778–84.

 5. Speechley M, Tinetti M. Falls and injuries in frail and vigorous community elderly persons. J 
Am Geriatr Soc. 1991;39:46–52.

 6. Rolfson DB, Majumdar SR, Tsuyuki RT, et al. Validity and reliability of the Edmonton frail 
scale. Age Ageing. 2006;35:526–9.

 7. Bandeen-Roche K, Xue QL, Ferrucci L, et  al. Phenotype of frailty: characterization in the 
women’s health and aging studies. J Gerontol A Biol Sci Med Sci. 2006;61:262–6.

 8. Satake S, Shimada H, Yamada M, et al. Prevalence of frailty among community-dwellers and 
outpatients in Japan as defined by the Japanese version of the Cardiovascular Health Study 
criteria. Geriatr Gerontol Int. 2017;17:2629–34. https://doi.org/10.1111/ggi.13129.

 9. van Oostrom SH, van der ADL, Rietman ML, et al. A four-domain approach of frailty explored 
in the Doetinchem cohort study. BMC GeriatrBMC Geriatrics. 2017;17:196. https://doi.
org/10.1186/s12877-017-0595-0.

 10. Collard RM, Boter H, Schoevers RA, et al. Prevalence of frailty in community-dwelling older 
persons: a systematic review. J Am Geriatr Soc. 2012;60:1487–92.

 11. Sirven N, Rapp T. The cost of frailty in France. Eur J Health Econ. 2017;18:243–53.
 12. Walston J, Hadley EC, Ferrucci L, et al. Research agenda for frailty in older adults: toward 

a better understanding of physiology and etiology: summary from the American Geriatrics 
Society/National Institute on Aging Research Conference on Frailty in Older Adults. J Am 
Geriatr Soc. 2006;54:991–1001.

 13. Xue QL, Bandeen-Roche K, Varadhan R, et al. Initial manifestations of frailty criteria and the 
development of frailty phenotype in the Women's Health and Aging Study II. J Gerontol A Biol 
Sci Med Sci. 2008;63:984–90.

 14. Makizako H, Shimada H, Doi T, et al. Impact of physical frailty on disability in community- 
dwelling older adults: a prospective cohort study. BMJ Open. 2015;e0048462:5.

 15. Dillon EL, Sheffield-Moore M, Paddon-Jones D, et al. Amino acid supplementation increases 
lean body mass, basal muscle protein synthesis, and insulin-like growth factor-I expression in 
older women. J Clin Endocrinol Metab. 2009;94:1630–7.

 16. Fiatarone MA, O’Neill EF, Ryan ND, et al. Exercise training and nutritional supplementation 
for physical frailty in very elderly people. N Engl J Med. 1994;330:1769–75.

 17. Liu CJ, Latham NK.  Progressive resistance strength training for improving physical 
function in older adults. Cochrane Database Syst Rev. 2009;8:CD002759. https://doi.
org/10.1002/14651858.CD002759.pub2.

 18. Borst SE.  Interventions for sarcopenia and muscle weakness in older people. Age Ageing. 
2004;33:548–55.

H. Kim and T. Ishizaki

https://doi.org/10.1111/ggi.13129
https://doi.org/10.1186/s12877-017-0595-0
https://doi.org/10.1186/s12877-017-0595-0
https://doi.org/10.1002/14651858.CD002759.pub2
https://doi.org/10.1002/14651858.CD002759.pub2


67

 19. Peterson MD, Sen A, Gordon PM. Influence of resistance exercise on lean body mass in aging 
adults: A meta-analysis. Med Sci Sports Exerc. 2011;43:249–58.

 20. Taaffe DR.  Sarcopenia  – exercise as a treatment strategy. Aust Fam Physician. 2006;35: 
130–4.

 21. Kim H, Suzuki T, Saito K, et al. Effects of exercise and amino acid supplementation on body 
composition and physical function in community-welling elderly Japanese sarcopenic women: 
A randomized controlled trial. J Am Geriatr Soc. 2012;60:16–23.

 22. Dedeyne L, Deschodt M, Verschueren S, et al. Effects of multi-domain interventions in (pre)
frail elderly on frailty, functional, and cognitive status: a systematic review. Clin Interv Aging. 
2017;12:873–96.

 23. Puts MTE, Toubasi S, Andrew MK, et al. Interventions to prevent or reduce the level of frailty 
in community-dwelling older adults: a scoping review of the literature and international poli-
cies. Age Ageing. 2017;46:383–92.

 24. Tieland M, Dirks ML, van der Zwaluw N, et  al. Protein supplementation increases mus-
cle mass gain during prolonged resistance-type exercise training in frail elderly people: 
a randomized, double-blind, placebo-controlled trial. J Am Med Dir Assoc. 2012;13: 
713–9.

 25. Kenny AM, Boxer RS, Kleppinger A, et  al. Dehydroepiandrosterone combined with exer-
cise improves muscle strength and physical function in frail older women. J Am Geriatr Soc. 
2010;58:1707–14.

 26. de Jong N, Chin A Paw MJM, de Groot LCPGM, et  al. Dietary supplements and physical 
exercise affecting bone and body composition in frail elderly persons. Am J Public Health. 
2000;90:947–54.

 27. Rydwik E, Lammes E, Frandin K, et al. Effects of a physical and nutritional intervention pro-
gram for frail elderly people over age 75. A randomized controlled pilot treatment trial. Aging 
Clin Exp Res. 2008;20:159–70.

 28. Chan DC, Tsou HH, Yang RS, et al. A pilot randomized controlled trial to improve geriatric 
frailty. BMC Geriatr. 2012;12:58. https://doi.org/10.1186/1471-2318-12-58.

 29. Kim H, Suzuki T, Kim M, et al. Effects of exercise and milk fat globule membrane (MFGM) 
supplementation on body composition, physical function, and hematological parameters in 
community-dwelling frail Japanese women: a randomized double blind, placebo-controlled, 
follow-up trial. PLoS One. 2015;10:e0116256.

 30. Tarazona-Santabalbina F, Gomez-Cabrera M, Perez-Ros P, et al. A multicomponent exercise 
intervention that reverses frailty and improves cognition, emotion, and social networking 
in the community-dwelling frail elderly: a randomized clinical trial. J Am Med Dir Assoc. 
2016;17:426–33.

 31. Ikeda T, Aizawa J, Nagasawa H, et al. Effects and feasibility of exercise therapy combined 
with branched-chain amino acid supplementation on muscle strengthening in frail and pre- 
frail elderly people requiring long-term care: a crossover trial. Appl Physiol Nutr Metab. 
2016;41:438–45.

 32. Chin A Paw MJM, de Jong N, Schouten EG, et al. Physical exercise and/or enriched foods for 
functional improvement in frail, independently living elderly: a randomized controlled trial. 
Arch Phys Med Rehabil. 2001;82:811–7.

 33. Kwon J, Yoshida Y, Yoshida H, et al. Effects of a combined physical training and nutrition 
intervention on physical performance and health-related quality of life in prefrail older women 
living in the community: a randomized controlled trial. J Am Med Dir Assoc. 2015;16: 
261–8.

 34. Ng TP, Feng L, Zin Nyunt MS, et al. Nutritional, physical, cognitive, and combination inter-
ventions and frailty reversal among older adults: a randomized controlled trial. Am J Med. 
2015;128:1225.e1–36.e1.

 35. Hennessey JV, Chromiak JA, Ventura SD, et al. Growth hormone administration and exercise 
effects on muscle fiber type and diameter in moderately frail older people. J Am Geriatr Soc. 
2001;49:852–8.

4 Prevention Strategy for Frailty

https://doi.org/10.1186/1471-2318-12-58


68

 36. Cameron ID, Fairhall N, Langron C, et  al. A multifactorial interdisciplinary interven-
tion reduces frailty in older people: randomized trial. BMC Med. 2013;11:65. https://doi.
org/10.1186/1741-7015-11-65.

 37. Rydwik E, Frandin K, Akner G.  Effects of a physical training and nutritional intervention 
program in frail elderly people regarding habitual physical activity level and activities of daily 
living – a randomized controlled pilot study. Arch Gerontol Geriatr. 2010;51:283–9.

 38. Luger E, Dorner TE, Haider S, et  al. Effects of a home-based and volunteer-administered 
physical training, nutritional, and social support program on malnutrition and frailty in older 
 persons: a randomized controlled trial. J Am Med Dir AssocJ Am Med Dir Assoc. 2016;17:671.
e9–671.e16.

H. Kim and T. Ishizaki

https://doi.org/10.1186/1741-7015-11-65
https://doi.org/10.1186/1741-7015-11-65

	Chapter 4: Prevention Strategy for Frailty
	4.1 Introduction
	4.2 Risk Factors
	4.3 Prevention Strategy
	4.3.1 Nutritional Supplementation
	4.3.2 Exercise
	4.3.3 Combination

	4.4 Treatment Strategy
	4.4.1 Intervention Characteristics
	4.4.2 Changes in the Components of the Frailty Phenotype
	4.4.2.1 Change in Muscle Mass (Unintentional Weight Loss)
	4.4.2.2 Change in Muscle Strength (Weakness)
	4.4.2.3 Change in Exhaustion
	4.4.2.4 Change in Gait Speed
	4.4.2.5 Change in Physical Activity Level
	Change in Frailty Status



	4.5 Conclusion
	References




