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a b s t r a c t

Sarcopenia, characterized by loss of muscle mass and strength, is common in advanced old age but can be
accelerated by chronic disease, malnutrition and physical inactivity. Early initiation of intervention to
achieve and maintain a higher peak muscle mass and strength may allow for prevention or delay of
sarcopenia and facilitate independent living even in old age. In this context, malnutrition, a significant
contributor to sarcopenia, is often overlooked among the Indian population. Maintenance of an optimal
energy and protein balance with adequate physical activity level is essential to preserve physical function
in the aging population. However, research on the role of micronutrients in muscle maintenance, is still
in its infancy. This narrative review, therefore, aims to explore the current status of International and
Indian research on the role of nutrition in sarcopenia mitigation and the way forward.
© 2022 The Korean Society of Osteoporosis. Publishing services by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

According to the World Health Organization (WHO), worldwide
population aging is occurring at an extraordinary rate with a pro-
jection of higher growth in the future [1]. Sarcopenia, defined as the
progressive skeletal muscle disorder characterized by an acceler-
ated loss of muscle mass and function [2] has traditionally been
considered a complication of aging, but in recent times has been
shown to be accelerated in the presence of chronic diseases,
malnutrition, and physical inactivity [3]. Two main groups working
on developing diagnostic criteria for sarcopenia, the European
Working Group on Sarcopenia in Older People (EWGSOP) and the
Asian Working Group for Sarcopenia (AWGS), have recommended
cutoff values for appendicular muscle mass index of 7.0 kg/m2 in
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men and 5.5 kg/m2 (EWGSOP) and 5.4 kg/m2 (AWGS) inwomen for
diagnosis of sarcopenia among the European and Asian population
respectively [4,5]. Sarcopenia is a complex phenomenon resulting
frommultiple molecular mechanisms that lead to the loss of type II
fibers and a decline in muscle regeneration capacity [6]. Presence of
sarcopenia with age or disease has been associated with an
increased risk of adverse outcomes such as falls, fractures, frailty,
hospitalization, and even mortality [2,3]. It is estimated that
approximately 5e13% of people in the age range of 60e70 years are
sarcopenic [7]. These percentages may increase up to 50% by the
time the population reaches 80 years and above [7]. Evidence
suggests that muscle mass and strength peak between the age of
20e35 years [8,9] and may be relatively maintained in adulthood.
However, initiation of muscle loss may occur as early as 30 years in
certain cases at a rate of 3e8% per decade. This can get aggravated
to 1-2% per year post the age of 50 years [10,11]. Previous literature
has documented a parallel decrease in both muscle mass and
strength across the age spectrum from 30 to 93 years [12]. How-
ever, recent evidence suggests that muscle strength loss in age may
be at a higher rate compared tomuscle mass loss. A study on elderly
adult Americans demonstrated a 3-fold decrease in strength per
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year compared to muscle mass when followed up over a 3-year
period [13]. Muscle wasting becomes more pronounced in pres-
ence of any acute or chronic morbidity and hospitalization which
often co-exists in the elderly population, making the elderly more
vulnerable to developing sarcopenia. Decreased physical activity
among the elderlymay act as another contributing factor to skeletal
muscle loss [14].

Early initiation of intervention to achieve a higher peak muscle
mass and strength may allow for prevention or delay of sarcopenia
and facilitate independent living even in old age. Malnutrition, a
significant contributor to sarcopenia, is often overlooked among
the Indian population in this context. India, along with a large
number of low- and middle-income countries, is currently dealing
with the dual burden of over and under-nutrition. India has been
shown to have the highest share of underweight adults worldwide
(19.6% in men and 22.4% in women as per The National Family
Health Survey-4 (NFHS-4)) along with a continuing rise in obesity
[15]. Moreover, the incidence of malnutrition is common among
the elderly population particularly due to anorexia and ensuing
decrease in food intake [11,16]. Despite the burden of malnutrition
in this country and the possible link of malnutrition with sarco-
penia, studies exploring the link between the two have been
limited in the Indian population. This narrative review, therefore,
aims to explore the current status of International and Indian
research on the role of nutrition in sarcopenia mitigation and the
way forward.

2. Accelerated sarcopenia in chronic diseases

Sarcopenia may exist independent of aging. Chronic inflamma-
tion, advanced organ dysfunction (liver, heart, lung, kidney),
endocrine disorder (diabetes mellitus), and malignancy can
contribute to the development and acceleration of sarcopenia
[17e24]. The EWGSOP has suggested the term “secondary sarco-
penia” to encompass etiological factors other than age-related loss
such as chronic diseases, physical inactivity, and malnutrition [4].
Sarcopenia in chronic diseases needs to be promptly managed as it
directly affects the clinical course of the disease and may result in
adverse outcomes.

Sarcopenia is associated with metabolic consequences. Muscle
loss contributes to a decrease in metabolically active cells; as a
result, there may be a prominent decline in resting energy expen-
diture (REE) [25]. Additionally, decreased functional capacity
attributed to muscle weakness, low muscle store, and easy fatiga-
bility may be associatedwith reduced physical activity [25]. Decline
in REE and physical activity may play a key role in the accumulation
of visceral fat and ectopic fat contributing to various metabolic
complications such as nonalcoholic fatty liver disease (NAFLD),
insulin resistance (IR), and increased risk of type 2 diabetesmellitus
(T2DM). Recent meta-analyses found that patients with sarcopenia
had a 1.3e1.5 fold increased risk of developing NAFLD compared to
patients without sarcopenia [26,27]. T2DM has been shown to have
a bidirectional relationship with sarcopenia. Loss of lean tissues has
been associated with an increased risk of developing T2DM; on the
other hand, T2DM itself accelerates the loss of muscle tissues
worsening glycemic regulation. The prevalence of sarcopenia
among T2DM patients has been observed to be 16.2% compared to
only 2.4% in healthy controls [23]. The prevalence of pre-sarcopenia
among Asian Indians with diabetes has been observed to be as high
as 39.5% [28] while the incidence of sarcopenia has been observed
to be 12.5% among males and 5.4% among females [29]. This is a
worrisome trend given the immense burden of diabetes in India.
Sarcopenia in Chronic Obstructive Pulmonary Disease (COPD) has
been associated with increased morbidity, decreased functional
capacity and quality of life (QOL), and increased mortality risk,
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[30e34]. There is evidence of pathophysiological changes in the
skeletal muscle associated with COPD such as hypoxemia and shift
in muscle fiber from type 1 to type 2 among others. These can
accelerate muscle loss and loss of functional capacity [35]. The
prevalence of sarcopenia among COPD patients has been reported
to range from 4.4 to 27.5% depending on the population studied
[36]. Chronic liver disease (CLD) may aggravatemuscle loss through
specific mechanisms such as endotoxemia, inflammation alongside
mitochondrial dysfunction, and denervation that leads to increased
risk of decompensation and poor outcomes [37]. Sarcopenia in CLD
is usually associated with complications such as malnutrition,
inferior QOL, disability, additional metabolic complications, car-
diopulmonary deficit, higher health care costs, and increased risk of
death [38]. A study on sarcopenia prevalence among Indians with
CLD has shown a percentage as high as 61% [39] which is a cause for
concern given its implications. Diseases like CLD and chronic kid-
ney disease (CKD) are known to trigger catabolism [40]. An increase
in the catabolic state attributed to sarcopenia can wreak havoc on
the patient's QOL [41]. Notably, 20-55% of end-stage renal disease
patients have been observed to present with sarcopenia. This can
remarkably increase the risk of mortality among the patients [42].

Catabolic diseases like cancer cause an increase in the basal
metabolic ratewhichmight also increase the energy expenditure in
cases. The combination of catabolism with the decrease in food
intake common among these patients can put them at risk of
developing sarcopenia. The prevalence of sarcopenia among cancer
patients has been observed to vary from16 to 71% depending on the
type and stage of cancer [43]. Additionally, the treatment modules
usually followed for cancer such as chemotherapy and radiation
therapy also contribute to muscle loss to a large extent [43]. Sar-
copenia in cancer has been shown to be a predictor of disease
progression and survival [43].

Disease-related malnutrition is a cause of concern in such cases
as malnutrition itself can aggravate the development of sarcopenia
but when combined with the presence of chronic and often cata-
bolic diseases, can significantly affect disease outcome, treatment
tolerance, and mortality. Prevalence of malnutrition among chronic
disease patients has been observed to be 40% [44]. Therefore, there
is a necessity for early detection of malnutrition among patients
suffering from any chronic disease to prevent or delay the onset of
sarcopenia as well as to improve clinical outcomes.

3. Prevalence of sarcopenia in Asia

Asia has become the region with the fastest growing aging
population in the world [45]. South Asian countries including India
have observed an exponential growth in the elderly population in
the past few decades which is further expected to rise. According to
the United NationsWorld Population Aging, 2019 report, 87 million
people in India were aged 65 years and above and the number is
expected to reach 128 million by 2030 [46]. With increase in the
aging population, the burden of non-communicable diseases such
as diabetes and COPD has also increased [47,48]. This can imply that
there will be a greater impact of sarcopenia on the Asian population
compared to the rest of theworld [45]. According to the AWGS 2019
consensus update, the prevalence of sarcopenia was found to range
from 5.5 to 25.7% among various Asian populations � 60 years of
age [5]. The prevalence of sarcopenia among Indians has been
found to be in the range of 5.5e53.95% as evidenced by the avail-
able literature, demonstrated in Table 1 [49e54]. Additionally, the
elderly and chronic disease patients are more at risk of acute in-
fections as evidenced by the advent of a multi-organ infectious
disease like Covid-19. Although the long-term effects of this
infection are still unknown, even in the acute phase, patients have
been observed to be at risk of losing approximately 5e10% of their



Table 1
Prevalence of sarcopenia among Indians.

Author,
year

Measurement of sarcopenia Age
Cutoff
(in
years)

Sample
Size (N)

Sarcopenia cut off used Prevalence, %

Mass Strength Gait speed Others Total Men Women

Mohanty
et al.,
2016
[49]

� 60 y 678 SMM below -2SD of the reference young adult
population

_ 15.3% 20.5%

Pal et al.,
2020
[50]

DXA Hand
Dynamometer

4 min walk test _ � 20 y 804 EWGSOP2, 2018 5.5 7.3% 4%

Sreepriya
P.R.
et al.,
2020
[51]

Lumbar SMI
from CT scan

NA NA _ � 18 y 152 53.95% NA NA

Tyrovolas
et al.,
2015
[52]

Predictive
equation
proposed by Lee
et al.

hand
dynamometer

4 min timed walk _ � 65 y 2441 Country-specific cut-offs for SMI, < 30 kg for men
and < 20 kg for women as weak handgrip and
specific cut-offs for slow gait speed

17.5% NA NA

Rahman R
et al.,
2021
[53]

DXA Hand
Dynamometer

6- meter walk gait
speed measured
during mid 4 m

_ � 60 y 227 EWGSOP 2010 39.2% 46.8% 23.3%
EWGSOP 2018 29.5% 32.5% 23.3%
ASWG 2014 and 2019 27.8 32.5% 17.8%

Zengin
et al.,
2021
[54]

DXA Hand
Dynamometer

_ _ > 45 y 1755 FNIH _ 42% 35%
EWGSOP2 _ 35% 20%
AWGS _ 31% 20%
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body weight, most likely through dehydration andmuscle loss [55].
The risk of acute sarcopenia in this situation will be higher among
the elderly [55]. Even other common infectious diseases such as
tuberculosis are known to cause an exacerbation of sarcopenia [56].

Physical activity level, an important contributor to sarcopenia, is
generally low in South Asians, including Indians. According to the
Health Survey for England, South Asians were observed to be
approximately 60% more likely to be physically inactive compared
to the white Caucasian population [57]. The overall prevalence of
physical inactivity among Indians has been found to be between
18.5% and 88.4% [58]. In general, the Asian population has been
shown to have a lower muscle mass, and strength along with a
tendency for more body fat compared to the Western population
[45] with a comparable BMI, the so-called “thin-fat” phenotype
[59]. The low physical activity level observed among Indians might
be a contributor to this thin-fat phenotype as well. Increased
adiposity may mediate chronic low-grade inflammation and
oxidative stress, which by itself can be a contributor to the low
muscle mass store and development of sarcopenia [17,60]. This
inherent phenotype of low lean mass among the South Asian
population, including Indians may be an important determinant of
the high prevalence of sarcopenia among this population as they
possess a lower baseline level of lean mass, to begin with. This
innate low muscle mass of Asian Indians warrants more extensive
research.

4. Role of macro and micronutrients in sarcopenia

4.1. Macronutrients: energy

Aging is associated with a myriad of complications that might
contribute to decreased food intake and corresponding malnutri-
tion. Prevalence of malnutrition among the elderly in India has
been observed to be around 18% and the risk of malnutrition has
been observed to be around 48% [61]. Insufficient intake of calories
may lead to the catabolism of muscle and fat to meet the need of
the body [62]. Therefore, to maintain muscle quality and physical
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independence, sufficient calorie intake is critical. This poses a
challenge among the elderly population on account of anorexia
caused due to polypharmacy, hypogeusia, anosmia, dysphagia,
chewing difficulties, and delayed gastric emptying [62e64]. Insuf-
ficient calorie intake might lead to a negative energy balancewhich
has been shown to contribute to the lowering of muscle protein
synthesis (MPS) rates by approximately 20% along with an increase
in muscle and fat catabolism [62,65]. Various studies have consis-
tently reported sarcopenia and frailty to be associated with insuf-
ficient calorie intake [62,65e67].

Studies have also shown that overfeeding and excess energy
intake combined with physical inactivity can lead to excess fat
deposition potentially leading to muscle atrophy [68,69]. This
muscle atrophy with excess fat deposition has been termed sar-
cobesity and is often referred to as the double-edged sword [70].
Furthermore, increased lipid accumulation reduces the amino acid
incorporation and MPS in skeletal muscle [70,71]. Therefore,
balancing the energy intake with the physical activity level to
maintain an optimal energy balance is very essential to preserve
physical function in the aging population.

4.2. Protein

In concurrence with lower calorie intake, the macronutrient
which hasmost commonly been studied and observed to be lacking
in the elderly diet is protein [11], essential for MPS. In general, In-
dians of different age groups, both in the urban and rural popula-
tion have shown a considerable risk of low-quality protein intake
which varies between 4 and 26% [72] with around 60% of dietary
protein being obtained from cereals which are low in digestibility
and quality [73].

A study showed that 35% of institutionalized elderly and 10% of
community-dwelling elderly had a protein intake that was below
the estimated average of 0.7 g/kg body weight/day [62,74]. The
average protein consumption among Indians, in general, can be as
low as 0.6 g/kg body weight/day [75]. In addition to lower con-
sumption, the requirement for protein among the elderly also
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seems to be higher than young adults for the same amount of MPS,
a phenomenon known as anabolic resistance [76,77]. This might
lead to a broadening of the gap between requirement and con-
sumption. This difference may be one of the reasons for the
development of sarcopenia among the elderly. Daily protein intake
of less than 0.8 g/kg body weight/day has shown difficulty in
maintaining muscle mass [78] while Indians have inherently
shown to have a low protein intake across all ages. Literature re-
view has shown a protein intake of 1.0e1.2 g/kg body weight/day to
be advisable for healthy older adults for optimum maintenance of
muscle mass and strength. Even for elderly with chronic diseases
the recommended protein intake can go as high as 1.2e1.5 g/kg
body weight/day, with an exception of elderly with chronic kidney
disease on conservative management [79,80].

Various studies have also suggested that, in addition to pre-
venting sarcopenia, protein plays an important role in sarcopenia
management. Studies conducted have shown protein supplemen-
tation to be an effective strategy to improve frailty and sarcopenia
[81,82]. Administration of whey protein has shown improvements
in biomarkers of sarcopenia and frailty through upregulation of
mTOR activity that stimulates MPS [83]. These findings are vali-
dated in animal and in-vitro models; however, human studies re-
sults are still inconclusive [83]. Muscle biopsies have shown
promising outcome post administration of 35 g of radio-labeled
whey protein where a significant decrease in muscle protein
breakdown and increase in MPS was observed 240 minutes post
consumption of the whey [83]. Additionally, chronic protein sup-
plementation for 12 weeks has shown an improvement in muscle
mass and function independent of the time of administration of the
supplement (either pre or post workout) [84]. Among specific
amino acids derived from protein, branched-chain amino acids
especially leucine and lysine have been linked with a significant
increase in MPS by up-regulation of rapamycin complex 1
(mTORC1) activity [85]. A systematic analysis of 16 studies
exploring the ‘leucine trigger’ hypothesis re-emphasized the utility
of leucine in the regulation of postprandial MPS in older adults,
especially when ingested as isolated protein over whole protein
food sources [86]. Compared to placebo, 12-week supplementation
of leucine enriched proteinwas shown to significantly improve lean
body mass adjusted for weight in Korean healthy adults aged 50
years and above [87]. An improvement in walking time, lean mass,
and respiratory muscle function was documented in sarcopenic
elderly following 13 weeks of supplementation of leucine
compared to placebo [88]. Among post-stroke sarcopenic patients,
leucine-rich amino acid supplementation alongside low-intensity
resistance exercises for 8 weeks duration demonstrated an
improvement in muscle mass, strength, and physical functioning
[89]. Healthy Indian adults, following 8-week long high lysine diet
demonstrated a significant increase in upper limb muscle strength
compared to group following a low lysine diet [90], however effect
of the same on the elderly population has not been explored. An
additional important component to consider in case of normal
protein intake or protein supplementation is the aspect of distri-
bution of the protein throughout the day. Studies have elucidated
the requirement of 25e30 g of high-quality protein in each meal,
given that this quantity of protein is required for obtaining the
threshold dose of 3 g leucine for the optimal stimulation of MPS
[91,92]. In general, the protein intake in breakfast and lunch has
been observed to be poorer compared to dinner. This is not clear
with regard to the Indian population and needs exploration.

However, some contradictory literature is also present with
respect to protein. Studies have shown evidence of improvement in
muscle mass and strength with protein supplementation in addi-
tion to resistance exercise. However, the effect decreases with
advancing age [93]. A study by Reidy et al [94] displayed only
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minimal enhancement in lean body mass and no improvement in
muscle function or size with protein supplementation in addition
to resistance training compared to only resistance training among
healthy young men. Study on elderly community dwellers
providing protein supplementation alone illustrated no significant
difference in quadriceps size, lean mass, or muscle strength.
However, when combined with high load resistance exercise, there
was a significant improvement in quadriceps muscle cross-
sectional area and muscle strength but not lean mass [95]. The
possible reason for a decrease in the effect of protein supplemen-
tation on muscle with age may be the presence of anabolic resis-
tance in these individuals. Therefore, going by available literature,
more extensive research in large sample sizes is required to eluci-
date the true effect of protein supplementation onmuscle health or
sarcopenia and especially given the huge gap of data observed
among Indian elderly, especially with the existent low protein
intake this becomes even more important in this population.

4.3. Omega 3 fatty acids

A growing body of evidence suggests the potential role of long
chain fatty acids particularly, omega 3 (u3) FA in the regulation of
skeletal muscle protein metabolism, maintenance of muscle mass,
and function. An early observational study exploring the relationship
of diet and grip strength highlighted the potential muscle anabolic
action of u3 FA. A significant dose-dependent positive association
was reported between fatty fish consumption and grip strength in
this study [96]. Intake of u3FA has been positively associated with
higher appendicular skeletal musclemass index and lower incidence
of sarcopenia [97]. Beneficial role of u3 FA on muscle is further
supported by evidences from interventional studies. A study by
Smith et al [98], on healthy elderly adults receiving u3 FA for 6
months, in a double-blind RCT, reported a significant increment in
thigh volume (3.6%), grip strength (2.3 kg), and 1 repetition
maximum muscle strength (4.0%) even in absence of an exercise
intervention. A randomized control trial (RCT) carried out on older
adults has demonstrated an increase in MPS post u3FA supple-
mentation, possibly reducing anabolic resistance [99]. Although the
exact mechanism of action has not been elucidated, the researchers
indicated that this increase in MPS may be partially moderated by
the activation of the mTOR-p70s6k signaling pathway [99]. Other
studies have found a significant lowering of inflammatory markers
such as CRP, IL-6, IL-1b, and TNF-awith u3FA supplementation. This
may be relevant as chronic systemic inflammation has been reported
as a contributing factor for sarcopenia development [100,101]. The
effect of u3FA on muscle could be in part by modulation of mito-
chondrial function and partly by moderation of the mTOR pathway
[102]. However, the research in this area is still in the initiation phase
and no data is available among the Indian population, hence, much
more data is necessary to understand the relationship betweenu3FA
and muscle loss/preservation in different populations.

5. Micronutrients

The role of macronutrients on the development and treatment
of sarcopenia has garnered a lot of attention among the scientific
community. However, the role of micronutrients has mostly been
overlooked. Furthermore, the studies exploring the role of micro-
nutrients in muscle health are limited and most of the available
literature is on animal models and observational human studies.
The number of studies exploring the role of nutrients in muscle
health among the Indian population is extremely scarce as sum-
marized in Table 2 [90,103e106]. Several micronutrients warrant
further investigation in particular in this population as discussed in
the next section of this review.



Table 2
Studies on effect of supplemental nutrition on muscle among the Indian population.

Author &
year

Study design Participants Intervention Outcome

Gupta
et al.,
2010
[103]

A double-blind
randomized study

40 participants (20-40 years)
randomized into either
supplement arm or placebo arm

Supplementation consisted of cholecalciferol
sachet (60000 IU) or placebo (lactose) consumed
thrice weekly for 8 weeks followed by once
monthly for 4 months along with daily calcium
carbonate supplementation

[ Muscle strength and physical performance

Goswami
et al.,
2012
[104]

A randomized
controlled trial with a
factorial design

173 healthy female adults 4 combinations of intervention were carried out
using a combination of cholecalciferol, calcium
and placebo: The cholecalciferol dose was set at
60,000 IU/wk for first 8 wk followed by twice a
month for 4 months, Calcium carbonate twice
daily for 6 months, containing 500 mg elemental
calcium and placebo (lactose).

No significant change in muscle strength and
physical performance.

Wankhede
et al.,
2015
[105]

A prospective double-
blind, randomized,
placebo-controlled
parallel group trial

Healthy adult males 18-50 years
randomized to treatment or
placebo

Resistance exercise 3 times per week for 8 weeks
with either 300 mg ashwagandha root extract or
placebo (300 mg starch).

Significant increase in muscle strength and size
in both groups from baseline. Increase
significantly higher in treatment group
compared to placebo.

Saha S
et al.,
2018
[106]

A randomized
controlled trial with a
two-by-two factorial
design

228 healthy young males
randomized. 180 participants
completed the study

4 intervention groups namely, placebo/placebo,
placebo/calcium, cholecalciferol/placebo, and
cholecalciferol/calcium. The cholecalciferol dose
was set at 60,000 IU/week for 8 weeks followed
by fortnightly for 4 months, calcium carbonate
consisting of 500 mg elemental calcium, twice
daily.

No significant effect observed onmuscle strength

Unni US
et al.,
2012
[90]

Randomized
controlled trial

40 young adults (18-35 years)
divided equally into
undernourished (UN) and well
nourished (WN) based on BMI

Participants from each group (UN and WN) were
divided into either high lysine or low lysine diet.
The high lysine group received 80 mg/kg/day
lysine whereas the low lysine group received a
range of 25e40 mg/kg/day of lysine.

Significant change observed on upper muscle
strength with high lysine diet. Change in muscle
strength not accompanied by change in muscle
mass or insulin sensitivity
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5.1. Vitamin B complex

Adequate levels of B vitamins is crucial for optimum skeletal
muscle function as these play a vital role in the ATP generation
process, the essential fuel for muscle contraction. Many of the B
vitamins, including vitamins B1, B2, B3, B6, B12, biotin, folic acid,
and pantothenic acid catalyzes biochemical reactions in their co-
enzyme form that are essential for maintaining mitochondrial
function. Even in subclinical deficiency of these vitamins, mito-
chondrial function may be compromised. Mitochondrial dysfunc-
tion ie, impaired bioenergetics and turnover may result in
increased reactive oxygen species generation and chronic inflam-
mation that affects the skeletal muscle bulk and function [107]. The
mitochondrial function related to the level of physical activity, in
general, has been observed to decrease with age [108]. In addition
to its role in mitochondrial function, vitamin B also plays a role as a
neurotrophic agent, in the maintenance of neural integrity and
function [109]. Current available literature on vitamin B complex
points towards potential beneficial effects on the skeletal muscle.
Supplementation of 750 mg/kg B3 has been shown to counteract
the muscle fiber shift from oxidative type 1 to glycolytic type 2 fi-
bers and increase the proportion of type 1 fiber in animal models
[110,111]. Similarly, 600 mcg of B3-bound chromium supplemen-
tation has been shown to preserve muscle mass and induce fat loss
in modestly dieting and exercising African-American women [112].

Vitamin B12 deficiency is a common problem among the elderly
due to the occurrence of age-related atrophic gastritis changes
which can cause malabsorption of vitamin B12 from food [113].
Cross-sectional data have suggested a direct relationship between
insufficient vitamin B12, functional decline, and frailty [114].
Homocysteinemia, a consequence of vitamin B12 deficiency has
been associated with decreased gait speed and handgrip strength
[115,116]. A lower intake of vitamin B12 and a 15% lower serum
concentration of the vitamin has been reported in sarcopenic in-
dividuals compared to non-sarcopenic ones [117]. However, the
suboptimal dietary intake of B12 was not considered clinically
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significant and vitamin B12 was suggested to be a contributing
factor to frailty but not the sole cause [118]. The level of all B vi-
tamins has been shown to severely deplete in the case of protein
malnutrition [119], which, as discussed above, is a vital contributor
to sarcopenia. Experimental animal studies have demonstrated
vitamin B6 supplementation to be able to diminish the negative
effects of protein malnutrition by increasing body weight and he-
moglobin in the animals [119,120]. A long-term study on the effects
of exercise on rats fed protein-deficient diets with or without
vitamin B6 or control diets showed a significant increase in body
weight even in protein deficient rats in both exercise and non-
exercise groups. Vitamin B6 supplementation also exhibited an
increase in muscle mass, thus, suggesting a protective effect of
vitamin B6 against the negative effects of protein malnutrition
[119].
5.2. Vitamin D and calcium

Vitamin D, commonly associated with bone health, has also
shown to be significantly associated with muscle strength. A study
conducted on post-menarche adolescent girls found a significant
positive relationship between serum vitamin D status and muscle
velocity, power, force, and jump height [121], thus suggesting a link
between vitamin D and muscle contractility. Young women with
insufficient vitamin D levels also showed lower muscle attenuation
with 24% greater infiltration of fat in muscles independent of body
mass, compared to normal level [122], thus reaffirming the link
between vitamin D and muscle strength since myosteatosis is a
known determinant of muscle strength. Elderly individuals with
low serumvitamin D levels have been shown to have a significantly
lower handgrip strength compared to vitamin D replete group
[123]. Though the underlying mechanism between vitamin D
deficiency and sarcopenia is still unclear, expression of Vitamin D
receptor (VDR) in skeletal muscle has been postulated to modulate
the skeletal muscle mass and function [124]. Reduction in muscle
mass, fiber size, grip strength, and increased myostatin expression
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have been seen in VDR knockoutmice compared towild-type [125].
It is further suggested that vitamin D may have a role in the sup-
pression of atrophy-related genes (FOXO1), up-regulation of
mTORC1, and regulation of mitochondrial functions [126]. Among
the elderly population, vitamin D insufficiency has been shown to
have a direct link to falls and fractures. Although earlier this had
been associated with bone health, recent literature reveals an
additional role on muscle weakness [127]. A study conducted on
elderly women revealed a significant improvement in musculo-
skeletal function following vitamin D and calcium supplementation
for 12 weeks, reiterating the link [127]. Previously Sorensen et al
[128] had demonstrated a small but significant increase in type 1
muscle fiber area post vitamin D and calcium supplementation.

A significantly high prevalence of insufficient intake of calcium
has also been observed among the sarcopenic population [129,130].
Calpains, the calcium-dependent protease may have a role in the
regulation of myogenesis and muscle dysfunction, thus, could
explain the link between calcium and sarcopenia [131]. There is
evidence of 34% to even 100% vitamin D deficiency among the
general Indian population in various age groups [132] and 40.6%
prevalence of dietary calcium deficiency during critical growth
periods [133]. Therefore, given the inherent low muscle strength
observed among Indians as well as the high apparent prevalence of
vitamin D and calcium deficiency, this relationship of vitamin D and
calcium with muscle needs to be studied extensively in this pop-
ulation. Studies conducted on calcium and vitamin D supplemen-
tation among Indians have produced mixed results. While Gupta
et al [103] demonstrated an increase in muscle strength and per-
formance post calcium and vitamin D supplementation among
young adults in the age range of 20e40 years for 6months, a similar
dosage of supplementation for a similar duration among healthy
young females did not elicit any change in the muscle strength or
performance [104]. A similar study conducted by Saha et al [106]
among healthy young males also elicited no significant change in
muscle strength. Thus, the reports from the Indian population is
necessary to be critically evaluated to understand the true rela-
tionship between the vitamin D status and muscle strength.

5.3. Iron

Deficiency of iron is a common phenomenon occurring in the
elderly population, most likely as a consequence of both multi-
morbid conditions and poor dietary intake. There has been report
of a significantly low dietary intake of iron among sarcopenic
elderly compared to non-sarcopenic ones [129]. Dietary iron intake
had a significant positive association with appendicular lean mass,
muscle strength, and physical performance [129,134,135]. A study
found 41% of hospitalized elderly to have iron deficiency [136]. They
reported significant improvement in isometric knee extension after
iron supplementation (100 mg/day) compared to non-
supplementation group [136]. Hence, iron supplementation ap-
pears to be a promising intervention to improve skeletal muscle
function, especially among elderly suffering from iron insufficiency.

Iron is an important component of mitochondrial enzymes,
thus, participates in the regulation of energy metabolism [137].
However, excess of iron has the potential to increase the oxidative
stress in the body [138,139] through the production of extremely
reactive oxygen species. Animal studies have displayed an elevation
and accumulation of iron in skeletal muscle with aging [140]. Study
on mice model has demonstrated an elevation of non-heme iron
levels with aging [138]. However, administration of an iron
chelating agent to the same mice did not show a significant
improvement in muscle function [138]. Therefore, it was unclear
whether iron accumulation in skeletal muscle has an active role in
the impairment of muscle function or it simply overlaps with aging
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and onset of sarcopenia. Nevertheless, more research is warranted
as the current findings are limited and contradictory in nature.

5.4. Trace minerals

Limited literature is available on the role of trace minerals such
as magnesium, selenium, and zinc in the prevention or manage-
ment of sarcopenia. A study investigating the effect of 300 mg/day
magnesium supplementation over a period of 12 weeks on healthy
elderly women, showed a significant improvement in the physical
performance measures including Short Physical Performance Bat-
tery (SPPB), chair stand times, and 4-m walking speeds in the
treatment group compared to placebo, however, the effect of the
intervention on lower and upper limb muscle function was not
significant [141]. Intake of minerals such as magnesium, selenium,
and phosphorus among sarcopenic individuals has been observed
to be lower than the non-sarcopenic ones despite having a com-
parable energy consumption in both the groups [117,142]. A pro-
spective cohort study has also found a significant positive
association between magnesium intake and appendicular lean
mass [135].

Chen et al [143] in their study on elderly adults found that there
was a positive relationship between selenium and muscle mass
with a lower serum selenium level being independently associated
with a higher risk of developing low muscle mass with age. On
displaying the muscle strength with the lowest quartiles of plasma
selenium, a consistent decrease in muscle strength (hip, knee, and
grip strength) has been observed with the decrease in selenium,
thus, showing a positive association [144]. Both these studies have
demonstrated selenium levels to be an important independent
factor affecting muscle mass and strength. Borg et al [142] also
showed a lower intake of selenium among sarcopenic subjects
when compared to non-sarcopenic. In a study conducted in the UK
on the effect of different diet variations on physical performance, a
significant effect of low selenium intake on physical performance
was identified for women only [145]. Selenium has been shown to
be a strong antioxidant in our body; hence, a low intake of selenium
may increase susceptibility to oxidative stress, a putative deter-
minant of sarcopenia. Zinc is also a powerful antioxidant having the
potential to prevent or delay oxidative damage giving rise tomuscle
decline with age [134]. Similar to magnesium and selenium, zinc
intake has been associated with gait speed and physical perfor-
mance in older adults [134,146]. In patients with chronic liver dis-
ease, zinc has been found to be an independent predictor of
sarcopenia. Serum zinc concentration was inversely related to the
prevalence of sarcopenia among these patients [147]. Zinc defi-
ciency itself is a promoter of anorexia and taste change [148], a
problem widespread among sarcopenic elderly.

Given the positive early evidence towards the possible role of
micronutrients in sarcopenia, more randomized controlled trials
are required to utilize nutrition in combatting this multi-factorial
disorder. In the interim, screening and correction of individuals at
risk of sarcopenia for underlying nutritional deficiencies is advis-
able to allow for the effective utilization of protein or amino acid
supplementation. This seems extremely important for the Indian
population where deficiency of multiple micronutrients including
iron, vitamin B12, and vitamin D is widely prevalent across the age
strata [132,149,150]. Even among the elderly Indians, the preva-
lence of anemia has been found to be about 32% between the ages
of 60e65 years; this has been observed to double after 75 years of
age [151]. Vitamin B12 deficiency has also been studied among
elderly Indians and has been found to be in the range of about
16e62% in different studies [150,152]. Deficiency of micronutrients
even among the apparently healthy Indian adult population is
evidently high [149]. Evidence evaluating the relationship between



Fig. 1. Depicting the potential nutritional factors impacting sarcopenia among Asian Indians Fig. 1 illustrates the contribution of macro- and micro-nutrients in development and
management of sarcopenia. Among macronutrients, positive energy balance is a contributor to excess muscle fat deposition. Insufficient dietary protein intake catalyzes muscle
protein breakdown and decreases the rate of protein synthesis. Protein and branched-chain amino acids (BCAA) supplementation have shown improvement in skeletal muscle
outcomes. Proportion and composition of fatty acids in diet is associated with pro-inflammatory and anti-inflammatory response and is an important consideration in management
of muscle dysfunction. Among micronutrients, vitamin B complex, vitamin D, calcium, iron are probably most studied elements. Probiotics/prebiotics improve gut bacterial
composition and help lower inflammatory response and may improve digestion and utilization of protein.
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micronutrient deficiency and the onset of sarcopenia in Indian
population is scarce, however, considering the widespread defi-
ciency of multiple micronutrients; this indeed warrants further
exploration.

5.5. Probiotics and prebiotics

In addition to usual nutrients, it may be prudent to explore other
nutritional approaches that might help to improve the overall ab-
sorption of nutrients such as proteins. Probiotics are one such item
that has shown evidence to improve anabolic resistance with age
and improve the absorption of proteins from diet or supplements.
Murine study with the administration of a probiotic for 4 weeks
demonstrated significant improvement in muscle strength and
endurance post-supplementation [153]. Even among humans,
research on sportspeople has displayed a favorable outcome on
skeletal muscle mass among men whereas no significant
improvement has been displayed among women post probiotic
administration [154]. Administration of prebiotics also has shown
to decrease exhaustion and increase hand grip strength among frail
elderly individuals [155]. Therefore, probiotics or prebiotics may be
considered as an add-on to protein supplementation since there is
evidence that the gut microbiota may be a determinant of anabolic
resistance. Hence, targeting the gut microbiome through probiotic
or prebiotic may help in improving the anabolic resistance and
better utilization of the protein supplement. However, such nutri-
tional measures are still in the preliminary stage, and research on
the elderly population is very scarce, but given the promising re-
sults, may be worthwhile to explore.

6. Conclusions

Throughout the years there has been emerging evidence on the
role of nutrition in the prevention and treatment of sarcopenia.
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However, these have not been done in large enough scales to be
incorporated into the dietary guidelines. Even though the role of
protein in the management and development of sarcopenia has
been given ample attention, the same cannot be said for other vital
nutrients, especially micronutrients. There is a strong body of evi-
dence indicating the crucial role of micronutrients such as vitamin
B, D, omega 3 fatty acids, magnesium, selenium, and zinc in the
pathophysiology and management of sarcopenia majorly coming
from either animal studies or observational studies. Therefore,
large-scale future randomized control trials are necessary to
ascertain these findings and lay the foundation for adopting multi-
nutrient supplementation strategies in the management of
sarcopenia.
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