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a b s t r a c t

The South Asian population is rapidly ageing and sarcopenia is likely to become a huge burden in this
region if proper action is not taken in time. Several sarcopenia guidelines are available, from the western
world and from East Asia. However, these guidelines are not fully relevant for the South Asian healthcare
ecosystem. South Asia is ethnically, culturally, and phenotypically unique. Additionally, the region is
seeing an increase in non-communicable lifestyle disease and obesity. Both these conditions can lead to
sarcopenia. However, secondary sarcopenia and sarcopenic obesity are either not dealt with in detail or
are missing in other guidelines. Hence, we present a consensus on the screening, diagnosis and man-
agement of sarcopenia, which addresses the gaps in the current guidelines. This South Asian consensus
gives equal importance to muscle function, muscle strength, and muscle mass; provides cost-effective
clinical and easy to implement solutions; highlights secondary sarcopenia and sarcopenic obesity; lists
commonly used biomarkers; reminds us that osteo-arthro-muscular triad should be seen as a single
entity to address sarcopenia; stresses on prevention over treatment; and prioritizes non-
pharmacological over pharmacological management. As literature is scarce from this region, the au-
thors call for more South Asian research guided interventions.
© 2022 The Korean Society of Osteoporosis. Publishing services by Elsevier B.V. This is an open access
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1. Epidemiology

Sarcopenia is a global problem. A large multi-center study from
9 countries (Finland, Poland, Spain, China, Ghana, India, Mexico,
Russia, and South Africa) across 3 continents reported overall sar-
copenia prevalence of 15.2% [1]. A systematic review and meta-
analysis showed that sarcopenia prevalence varies with patient
population and reported sarcopenia prevalence of 11% and 9% in
community-dwelling men and women, respectively; the corre-
sponding prevalence in nursing-homes was 51% and 31%, respec-
tively, and in hospitalized men and women was 23% and 24%.
Respectively [2].

The prevalence of sarcopenia in Asia has mostly been reported
from community dwelling older men and women of East Asia;
40.3% and 41.3%, respectively (2020, Korea) [3], 11.5% and 16.7%,
respectively (2021, Japan residents participating in health check-
ups) [4]; and 9.8% and 10.1%, respectively (2019, Japan, pooled
prevalence from systemic review and meta-analysis) [5].

Literature on sarcopenia prevalence from South Asia is largely
lacking. Medline and Google Scholar search reveals that sarcopenia
prevalence has not been reported from Afghanistan, Pakistan,
Nepal, Bhutan, Myanmar, Maldives, and Mauritius. A global study
reported sarcopenia prevalence of 17.5% in Indian elderly (� 65
years) [1]. Indian studies have reported a prevalence of 14.2% (� 60
years) from South India [6] and 3.2% in community dwelling North
Indians (� 20 years; younger population in SO-CUBES study) [7].
According to the SARIR Study from Iran the prevalence of pre-
sarcopenia (52.7% vs 25.3%), sarcopenia (20.7% vs 15.3%), and severe
sarcopenia (6% vs 5.3%), were higher in men than women (> 55
years) [8]. The prevalence of sarcopenia was found to be 41.8% in
the elderly (> 60 years) Surabaya Community of Indonesia [9].

Secondary sarcopenia prevalence has also been captured from
South Asia, albeit the literature is scarce. A study from Sri Lanka in
middle-aged (20e40 years) women reported pre-sarcopenia, sar-
copenia, and severe-sarcopenia prevalence of 3.0%, 2.2%, 0.7%
respectively [10]. The corresponding values for premenopausal
women were 1.0%, 1.0%, 0.0%; and for postmenopausal women
(51e60 years) were 4.2%, 3.0%, 1.2%, respectively [10]. The study
showed that though prevalence of sarcopenia of any severity
(including severe sarcopenia) was highest in post-menopausal
women, presarcopenia and sarcopenia was also seen in younger
age women.

Sarcopenia is more prevalent in patients with comorbidities and
thus secondary sarcopenia needs to be tackled early. A study from
Bangladesh evaluating sarcopenia in chronic obstructive disease
(COPD) patients reported a prevalence of 26% [11]. Another study
from Thailand reported a prevalence of 24% in patients with COPD
[12]. Similarly, high sarcopenia prevalence (63.5%) has been re-
ported in patients with hip fractures [13]. Another study from Iran
reported a sarcopenia prevalence of 11.5% in peritoneal dialysis (PD)
patients [14].

2. Sarcopenia as a syndrome

The group identifies sarcopenia as a multifactorial multi-
causative syndrome. Primary and secondary sarcopenia can be
distinguished by their etiology, but overlap each other in terms of
clinical presentation and management strategies.

2.1. Primary sarcopenia

The loss of muscle mass and/or function and strength seen in
elderly and geriatric is considered as primary sarcopenia [15e18] It
is a complex geriatric syndrome of multifactorial pathogenesis
(Fig. 1) [19]. Since the majority of elderly lead a sedentary lifestyle,
36
they are at increased risk of developing sarcopenia and mobility
disorders [20e22].

2.2. Secondary sarcopenia

Patients in any age group, including younger patients may
present with muscle wasting, loss of strength, and/or function due
to an underlying cause. This is called secondary sarcopenia
[15,18,19]. The various causes of secondary sarcopenia can be
broadly classified as medical, endocrine, and metabolic (Table 1).
The secondary causes of sarcopenia can be screened for using dis-
ease specific clinical, biochemical and imaging parameters
(Table 2).

Secondary sarcopenia is thought to result from a complex
interplay of chronic and systemic inflammation, immobilization,
and undernutrition (reduced or inappropriate intake) that result in
increased protein breakdown (catabolism) and reduced protein
synthesis (anabolism) in the muscles [18].

The secondary causes of sarcopenia result from comorbidities
that affect the patient's osteo-arthro-muscular triad or the bio-
psycho-social triad in some way, leading to poor quality of life
(QoL). There is abundant literature to support the osteo-arthro-
muscular triad [23e28] or the bio-psycho-social triad [29e32]
comorbidities as a cause of secondary sarcopenia. Corresponding
literature from South Asia includes an article from Pakistan, that
mentions that major depression is associated with low QoL and
leads to sarcopenia with loss of muscle mass and function [33].
Major depression starts a vicious cycle of low energy, low interest in
surroundings, low physical activity, poor nutrition intake, poor
mental health, and sarcopenia [33].

An Indian study screened the elderly patients (� 65 years;
n ¼ 100) presenting to the outpatient department of Geriatric
Medicine in a tertiary care hospital for sarcopenia [34]. The study
also used known standardized screening questionnaires and tools
to assess various geriatric syndromes, cognition and QoL. The study
found that osteoporosis, hypothyroidism, and neurological disease
were the only comorbidities that correlated positively with sarco-
penia [34]. Of these, only osteoporosis was significantly associated
with sarcopenia. (P < 0.01). On the other hand, nutrition, cognition,
and QoL had a negative correlationwith sarcopenia [34]. In another
study on the same patient group, one-repetition-maximum (1-RM)
knee extension (1-RMKE) RM knee extension was evaluated to
assess lower extremity muscle strength (LEMS) [35]. Low 1-RMEK
was found to be significantly associated with malnutrition
(P ¼ 0.001), dementia (P ¼ 0.016), and depression (P ¼ 0.047) [35].

Similarly, literature on various other causes of secondary sar-
copenia is slowly emerging from South Asia.

A recent study from Bangladesh evaluating prevalence and
factors associatedwith sarcopenia in patients with COPD noted that
one third of study patients had sarcopenia. Independent factors
associated with sarcopenia were age (> 70 years), body mass index
(BMI), COPD severity, and dyspnea severity on Modified Medical
Research Council (MMRC scale) [11].

Another recent study from Sri Lanka looked at factors associated
with sarcopenia in randomly selected 184 premenopausal and 166
postmenopausal women [36]. Appendicular skeletal mass index
(ASMI) was significantly associated with BMI, total-body-fat-mass
(TBFM), weight and HGS in premenopausal women (adjusted
R2 ¼ 0.85) and with BMI, weight, TBFM, hip-circumference and
fasting insulin in postmenopausal women (adjusted R2 ¼ 0.80). Of
all the factors, BMI had the strongest association with ASMI in both
premenopausal (r ¼ 0.87, R2 ¼ 0.76) and premenopausal (r ¼ 0.87,
R2 ¼ 0.76) women [36].

An Indian study screened the elderly patients (� 65 years;
n ¼ 100) presenting to the outpatient department of Geriatric



Fig. 1. Multifactorial pathogenesis of primary sarcopenia [19,229].
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Medicine in a tertiary care hospital for sarcopenia [23]. The study
also used known standardized screening questionnaires and tools
to assess various geriatric syndromes, cognition and QoL. The study
found that osteoporosis, hypothyroidism and neurological disease
were the only comorbidities that correlated positively with sarco-
penia [23]. Of these, only osteoporosis was significantly associated
with sarcopenia. (P < 0.01). On the other hand, nutrition, cognition
and QoL had a negative correlationwith sarcopenia [23]. In another
study on the same patient group, one-repetition-maximum (1-RM)
knee extension (1-RMKE) 1-RM knee extension was evaluated to
assess lower extremity muscle strength (LEMS). Low 1-RMEK was
found to be significantly associated with malnutrition (P ¼ 0.001),
dementia (P ¼ 0.016), and depression (P ¼ 0.047)[24].

Similarly, literature on various other causes of secondary sar-
copenia is slowly emerging from South Asia.

A recent study from Bangladesh evaluating prevalence and
factors associatedwith sarcopenia in patients with COPD noted that
one third of study patients had sarcopenia. Independent factors
associated with sarcopenia were age (> 70 years), body mass index
(BMI), COPD severity, and dyspnea severity on Modified Medical
Research Council (MMRC scale) [11].

Another recent study from Sri Lanka looked at factors associated
with sarcopenia in randomly selected 184 premenopausal and 166
37
postmenopausal women [36]. Appendicular skeletal mass index
(ASMI) was significantly associated with BMI, total-body-fat-mass
(TBFM), weight and HGS in premenopausal women (adjusted
R2 ¼ 0.85) and with BMI, weight, TBFM, hip-circumference and
fasting insulin in postmenopausal women (adjusted R2 ¼ 0.80). Of
all the factors, BMI had the strongest association with ASMI in both
premenopausal (r ¼ 0.87, R2 ¼ 0.76) and premenopausal (r ¼ 0.87,
R2 ¼ 0.76) women [36].
2.3. Sarcopenic-obesity

A unique clinical presentation, sarcopenic obesity is defined as
the co-existence of sarcopenia and obesity [37e39]. The condition
can be defined based on values of ASMI/height squared, ASMI/
bodyweight, BMI, body fat percentage, and/or waist circumference
[39].

An article from Pakistan mentions that loss of muscle mass with
an increase in adipose tissue (sarcopenic-obesity) causes metabolic
imbalances associated with increase in fat, cortisol levels and pro-
inflammatory cytokines, and decrease in protein and bone mass
[33]. Thesemetabolic imbalances increase the risk of cardiovascular
and cerebrovascular events [33].

The SO-CUBES study from India used different methods to



Table 1
Causes and pathophysiology of secondary sarcopenia.

Common themes leading to secondary sarcopenia in patients with comorbidities:
� Reduced physical activity
� Reduced nutritional intake
� Increasing age

Medical

Condition Pathophysiology in sarcopenia Condition Pathophysiology in sarcopenia

CKD, ESRD, CRF [150] Balance between skeletal muscle regeneration and
catabolism is altered because of uremia

Dementia - Poor nutritional intake
- Inactivity

CHF [160] - Insufficient intake and absorption of essential
nutrients results in protein-energy malnutrition
and muscle catabolism

- Other mechanisms: oxidative stress, low muscle
blood flow

Polypharmacy [18] Mainly anorexia induced by effects of multiple
drugs

Cirrhosis [161] - Alteration in protein- energy metabolism
- Metabolic and hormonal changes promoting
muscle depletion

Psychological/psychiatric: Depression,
anorexia nervosa

- Poor nutritional intake
- Inactivity

COPD [162] - Hypoxemia (including muscle hypoxemia),
- Chronic inflammation and oxidative stress
- Use of systemic corticosteroids

Dysphagia [18] Poor nutritional intake

Stroke [163] - Muscle phenotype changes due to denervation,
inflammation, and disuse

- Resultant muscle atrophy

Malabsorption syndromes Deficiency of proteins and important nutrients
required for muscle growth and metabolism

Malignancy [164,165] - Anorexia
- Inflammation
- Oxidative stress
- Cancer cachexia
- Side effects of drugs and radiation

HIV and AIDS [166] - Side effects of antiretroviral therapy
- Muscle inflammation

Trauma, burns [167,168] - Disruption of skeletal mass and bone in severe
burns or trauma

- Increased stress response leading to muscle and
bone cachexia

Sepsis [169] - Dysregulated inflammatory response
- Affliction of neuromuscular function
- Imbalance between protein synthesis and
degradation: in favor of degradation

Arthritis (Osteoarthritis
and rheumatoid
arthritis) [23,170]

- High TNF-a and IL-1b levels
- Stress response to pain
- High CRP levels
- Altered bone morphogenetic proteins and
myostatin pathways

COVID-19 [158] - Change in normal body functioning
- Increased anxiety, depression loneliness
causing reduced or increased food intake

Neurological disorders
[40]

Primary muscular disease Chronic inflammatory demyelinating
polyneuropathy, Motor neuron disease,
Myasthenia Gravis

- Treatment of underlying cause

Endocrine Malnutrition
Condition Pathophysiology in sarcopenia Condition Pathophysiology in sarcopenia
Hypothyroidism and

hyperthyroidism
[171,172,172]

- Thyroid hormone is responsible for the slower
fiber type transitioning into a faster one

- Decrease in FT3 levels associated with decreased
myogenesis, muscle contraction, and muscle
metabolism

Protein energy malnutrition/isolated
protein undernutrition

- Decreased protein intake
- Decreased protein synthesis
- Increased muscle catabolism

Diabetes [173,174] - Increased oxidative stress leading to myopathy
and defective muscle repair

Overnutrition 175 - Fat infiltration into muscles
- Increased oxidative stress and insulin
resistance

- Increased free fatty acids which inhibit IGF-1
and growth hormone

- Associated decrease in android hormones

- Increased insulin resistance affects protein
metabolism with increased protein degradation
and decreased protein synthesis

- Chronic inflammation with high TNF-a IL-1b, and
CRP levels

- AGEs mediate increased protein cross-linking
within muscle thereby reducing muscle
contractility

- AGEs result in increased inflammation and
oxidative stress

Osteoporosis
[120,121,176]

- Poor bone health and metabolism has negative impact on muscle health and metabolism and vice versa through numerous local and systemic
humoral interactions

- Associated deficiency of Vitamin D, Growth hormone/IGF- I axis and/or testosterone play an important role in muscle wasting
Hypogonadism and

menopause [177
e179]

- Decreased androgens including testosterone associated with decrease in Type I and Type II muscle fiber size
- Decreased testosterone associated with decreased mitotic activity of satellite cells
- Decreased testosterone associated with decreased intracellular calcium, and decreased muscle cell growth
- Decreased estrogen associated with decreased muscle synthesis, decreased collagen content of connective tissues, and osteoporosis
- Decreased estrogen alters muscle metabolism, induces oxidative stress, decreases mitochondrial function, and membrane microviscosity,
- Decreased estrogen, FSH, DHEA, IGF-1, Growth hormone and insulin in menopause associated with decreased synthesis of Type II fibers,
decreased motor units, increased intramuscular fat

Obesity [175] - Fat infiltration into muscles
- Increased oxidative stress and insulin resistance
- Increased free fatty acids which inhibit IGF-1 and growth hormone
- Associated decrease in android hormones

Others Metabolic
Condition Pathophysiology in sarcopenia Condition Pathophysiology in sarcopenia
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Table 1 (continued )

Common themes leading to secondary sarcopenia in patients with comorbidities:
� Reduced physical activity
� Reduced nutritional intake
� Increasing age

Medical

Condition Pathophysiology in sarcopenia Condition Pathophysiology in sarcopenia

Ethnic variations Due to genetic predisposition Fatty liver/NAFLD [180] - Pathophysiology related to high blood sugar,
obesity, vitamin D deficiency and increased
circulating myokines

Muscle wasting as side effect of concomitant medications [166,181]: statins, sulfonylureas, glinides, antiretroviral therapy

AGES, advanced glycated end products; AIDS, acquired immunodeficiency syndrome; CHF, congestive heart failure; CKD, chronic kidney disease; COPD, chronic obstructive
pulmonary disease; COVID-19, coronavirus 2019; CRF, chronic renal failure; CRP, C-reactive protein; DHEA, dehydroepiandrosterone; ESRD, end stage renal disease; FSH,
follicular stimulating hormone; FT3, free tri-iodothyronine; HIV, human immunodeficiency virus; IGF-1, insulin-like growth factor I; NAFLD, nonalcoholic fatty liver disease;
TNF-a, tumor necrosis factor-alpha.
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assess sarcopenic obesity in community dwelling elderly (n ¼ 804;
�65 years). The prevalence of sarcopenic obesity was 5.4%, 5.4%,
and 6.3% based on BMI, waist circumference, and fat mass percent,
respectively [7].

Another study from India compared the prevalence of sarco-
penic obesity in 30 patients with motor neuron disease (MND) and
amyotrophic lateral sclerosis (MND-ALS) and 33 controls (mean age
59.2 vs 61.2 years). The prevalence of sarcopenic obesity, defined in
the study as fat mass percentage > 27% þ appendicular lean mass
(ALM)/BMI < 0.786 kg/kg/m2, was higher in MND-ALS group
compared to controls (44.5% vs 16.7%; P ¼ 0.03) [40].

3. Consensus process

The South Asian Working Action Group on Sarcopenia (SWAG-
SARCO) consists of experts from the field of geriatrics, endocri-
nology, and general medicine from the South Asian and neigh-
boring countries (Bangladesh, Bhutan, India, Indonesia, Iran,
Maldives, Mauritius, Myanmar, Nepal, Pakistan, and Sri Lanka). The
experts came together through several virtual meetings in the
months of June and July 2021, to formulate a consensus on defini-
tion, prevention, diagnosis, andmanagement of sarcopenia. Prior to
the virtual meets, the experts collated data from their individual
countries, studied international and Asian guidelines in detail and
scoured through latest available literature in English language on
sarcopenia retrieved from Medline and Google Scholar. The mem-
bers of the group presented their findings during the virtual meet,
and discussed the available evidence and research gaps. Through
general consensus, they formulated the definition of sarcopenia
and recommended practical ways to prevent, diagnose, and
manage sarcopenia.

The experts acknowledge that definitive answers do not exist for
many research questions, and have therefore, attempted to create a
framework that will improve clinical practice, focus on sarcopenia,
and case finding, and help in management and monitoring of sar-
copenia in cost restrained settings. The consensus is based on
clinical parameters, followed by biochemical markers and imaging
to be used only in select cases. The recommendations have been
made keeping the unique needs of the South Asian population;
however, it is felt that these recommendations will hold universal
application and acceptance. The novel approach should also help
enhance research and promote advocacy for sarcopenia care.

3.1. Existing definitions of sarcopenia: applicability to South Asia

Sarcopenia has been a topic of interest for years. In 2010, the
EuropeanWorking Group on Sarcopenia in Older People (EWGSOP)
[41] formulated their guidelines for sarcopenia followed by the
39
International Working Group on Sarcopenia (IWGS) [42]in 2011,
Asian Working Group for Sarcopenia (AWGS) [43], and the Foun-
dation for the National Institutes of Health (FNIH) 44in 2014. The
recent guidelines include the Japan Society of Hepatology guide-
lines for sarcopenia in liver disease (1st edition) 45in 2016, Clinical
Practice Guideline for Sarcopenia from Japan [39], the Revised Eu-
ropean Working Group on Sarcopenia in Older People (EWGSOP2)
46and International Clinical Practice Guidelines for Sarcopenia
(ICFSR) 47in 2018, followed by AsianWorking Group for Sarcopenia:
2019 Consensus Update on Sarcopenia Diagnosis and Treatment
[48]. In 2020, the Position Statements of the Sarcopenia Definition
and Outcomes Consortium (SDOC) were published [49].

As science progresses, so does the knowledge of sarcopenia, and
this lead to the revision of some of the guidelines like the EWGSOP
and AWGS. However, research, clinical evidence, and scientific in-
formation on sarcopenia are still evolving. There are regional and
ethnic differences between the western world and Asia and even
within the Asian community, and healthcare systems also vary.
Hence, our group studied the various guidelines (Table 3) to un-
derstand how they define and diagnose sarcopenia. This helped the
experts understand the limitations in the existing guidelines that
would prevent their applicability to South Asia. This also helped
identify strengths of the guidelines in guiding our decisions to
formulate a definition for the South Asian community and chalk out
an effective, economic, clinical and community level screening,
diagnostic and management pathway for sarcopenia.
3.2. Need for South Asian definition

Asian community is culturally and ethnically different from the
western world [48]. Other major anthropometric and phenotype
differences set the Asian community apart from the western world
[50]. Asians have relatively smaller body size and higher adiposity
than the western population and lead a less mechanized and more
physically active lifestyle, in general [48,51]. Also, muscle strength
and mass is lower in South Asians than Caucasians [52]. The SDOC
also supports the notion that the definition of sarcopenia should be
scaled according to body size [49]. Hence, international guidelines
can be adopted for the Asian and South Asian community only with
caveats and concerns.

In this context the South Asian community is ethnically and
phenotypically different from Eastern and South Eastern Asia
(which include countries like China, Hong Kong, Japan, Singapore,
South Korea, Taiwan, and Thailand) [48,53,54]. These ethnic dif-
ferences in body composition have clinical significance [55e57]. A
known phenotype of South Asian obesity is the ‘thin-fat obesity’ or
‘sarcopenic obesity’, also known as normal weight obesity that has
similar cardio-metabolic risk as obesity [37,38,58,59]. This



Table 2
South Asian definition of sarcopenia and diagnostic tools for sarcopenia.

Sarcopenia: 2 of 3 rule: any two of the following should be present: muscle strength, muscle function and muscle mass

Clinical (primary modality of diagnosis)
Muscle strength Muscle Function Muscle Mass
Hand grip [19]
Lower limb muscle strength [82]

Walking speed
Sit-to stand [87]
Chair stand test [88]
SPPB [19]

Anthropometry
CC/MAC/Thigh circumference
BMI: weight and height
Waist circumference

Imaging [18,19]
1. DXA [80,81]: Fat mass, lean soft tissue mass, and bone mineral content

(localized or whole body); appendicular lean mass adjusted for BMI or height
2. BIA [82]: skeletal muscle mass index or appendicular skeletal muscle index
3. CT, MRI: Muscle mass, muscle density and fatty infiltration; differentiate between

lean mass, bone and fat [62]
4. USG-M: Muscle mass
Biochemistry (proposed biomarkers)
Common laboratory tests [19,182e185]
Can be done at community/PHC level

Biomarker/s Level in sarcopenia What do biomarker levels in sarcopenia indicate?
Albumin [186]; total protein [186], hemoglobin, vitamin D [187]; uric acid;
magnesium, calcium [186], uric acid [186], triglycerides [186]

; Inadequate intake/underproduction

Testosterone [188] ; Decreased muscle growth as it is muscle growth promoter
Estrogen [189] ; Loss of beneficial effect of estrogen on skeletal muscle

proliferation; increased inflammatory stress damage
Creatine [190] ; Reduced muscle turnover
CPK : Muscle damage and inflammation
CRP, ESR [186,191] : Muscle inflammation

Specialized laboratory tests [19,94,185]
Not routinely done; many are of academic interest

and yet to be clinically relevant

Leptin [192] : Impaired physical function
Also increased in obesity induced sarcopenia (sarcopenic obesity)

Follistatin [193]; brain-derived neurotrophic factor; bone morphogenetic
proteins; IGF-1 [194]; growth hormone [194];

; Decreased muscle growth as individually each is a muscle growth promoter

DHEAS [195,196]
Serum cortisol/DHEAS ratio [196] : Decreased muscle mass and strength, especially in diabetes mellitus patient
Oxidized low-density lipoprotein : The decrease in pro-oxidants levels reduce muscle protective action
Selenium ; Inadequate intake
vitamin C and vitamin E ; The decrease in antioxidants levels reduce muscle protective action
Advanced glycosylation end-products (AGEs) [197] : Altered muscle hemostasis (promoting muscle wasting), increased inflammation

Also increased in sarcopenia secondary to diabetes, cancer,
inflammatory skeletal muscle diseases and myopathies

Protein carbonyls [198] : Oxidative damage to muscle proteins; reduced muscle strength
Adiponectin [186,199] : Increase muscle inflammation and muscle metabolism
Myostatin [200,201]; Growth differentiation factor-15; Activins A and B; : Decreased muscle growth as individually each is a muscle growth suppressor
Tumor growth factor b
N-terminal type III procollagene ; Decreased muscle remodeling
Interleukin 6 [191,202], : Muscle inflammation
GM-CSF, interferon g,
P-selectin,
Tumor necrosis factor a [202]; Interleukin 1 and 8; ; Muscle inflammation
Butyryl-cholinesterase, myeloperoxidase, MCP-1, macrophage inflammatory
protein 1-a, PDGF BB
3-methylhistidine [203] : Proteolysis of myofibrils
Skeletal muscle-specific troponin T : Contractile insufficiency
CAF [204] : Impairment or degeneration of neuromuscular junctions
Complement protein C1q : Physical inactivity
Cystatin C [205,206] : Decreased muscle mass
Secreted protein acidic and rich in cysteine (SPARC) [207] : Reduced myogenesis
Osteonectin, P3NP [208], fatty acid-binding protein-3, irisin [209], CAF,
and macrophage migration inhibitory factor [207]

: These markers are increased in sarcopenia secondary to COPD or CHF
Various MOAs:
Increased muscle inflammation,
Reduced HGS
Reduced appendicular lean mass/height [2]

Pre-Albumin ; Nutrition

BIA, Bio-electrical impedance analysis; CAF, c-terminal agrin fragment-22; CC, calf circumference; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; CPK, creatinine phosphokinase; CRP, C-reactive
protein; CT, computed tomography, DHEAS, dehydroepiandrosterone sulfate; DXA, Dual-energy X-ray absorptiometry; ESR, erythrocyte sedimentation rate; GM-CSF, granulocyte-monocyte colony-stimulating factor; HGS, hand
grip strength; IGF-1, insulin like growth factor-1; MCP-1, monocyte chemoattractant protein 1; MOA, mechanism of action; MRI, magnetic resonance imaging; P3NP, procollagen type-III amino-terminal pro-peptide; PHC,
primary health care; PDGF, platelet-derived growth factor BB; SPPB, Short Physical Performance Battery; USG-M, skeletal muscle ultrasound; ;, decrease; :, increase.
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phenotype typical of South Asian community is not seen in Eastern
and South Eastern Asian communities. Hence, AWGS (2014 and
2019) guidelines are largely not applicable in South Asia. Using
AWGS cut-offs can produce results that are not typical of the South
Asian community. This was reflected by a study conducted on
elderly outpatients (� 65 years; n¼ 100) presenting to the Geriatric
Medicine department in a tertiary care hospital from India [34]. The
study used AWGS 2014 cutoffs for hand grip strength (HGS), gait
speed, and ASMI to diagnose sarcopenia. The prevalence of sarco-
penia using AWGS 2014 cutoffs was 53%, which was much higher
[34] than the prevalence reported from various regions of India
(17.5% [1], 14.2% 6) and Asia (Singapore 27% [60], Malaysia 28.5%
[61]). One of the reasons for this high prevalence in the study
population was because the AWGS lowmuscle mass cutoff is much
higher than the cutoff which can be used for Indian older adults.
Thus, many older Indian adults with muscle mass levels normal for
South Asian population were flagged as sarcopenic by the study.
Similarly, a Malaysian study using the EWGSOP muscle-mass cutoff
for older people reported sarcopenia in 51% of the population [62].
This is because the western cutoffs for sarcopenia are higher than
that of AWGS as their body mass is more than that of Asians. Hence,
older Malaysian adults without sarcopenia were flagged as
sarcopenic.

Unlike South East Asia which has a high proportion of ageing
population for years, the South Asian population, which was earlier
comparatively young, is now increasingly ageing [63,64]. A recent
publication from India noted that population is ageing globally in
the 21st century with India having the second highest elderly
population in theworld [65]. The ageing population is other regions
of South Asia is also rising with rise in life expectancy at birth [66],
changing lifestyle, and improvement in medical facilities and
sanitation [65,67e69]. The proportion of population aged � 60
years in South Asia is expected to increase to 10% by 2025 and 19%
by 2050 [64]. This means that nearly one in five South Asianswill be
an older person in 2050 [63]. Therefore, there is a felt need to
formulate a way to screen, diagnose, and manage age related sar-
copenia in South Asia.

South Asian countries are mostly low middle income countries
and face resource and cost challenges [70]. The guidance should be
appropriate for the local healthcare delivery system, which places
greater reliance on clinical medicine than investigations. Therefore,
as shown in Table 3, most definitions of sarcopenia are based on
diagnosis through DXA and BIA, which are costly tests and not
available at all centers in South Asia. On the other hand, this region
is developing fast, and there is dual burden of over and undernu-
trition. Overnutrition results in metabolic challenges as discussed
earlier and sarcopenic obesity [37,38]. South Asians are increasingly
leading a sedentary life style, and the region is seeing an increase in
lifestyle and economic growth related non-communicable diseases
in middle-aged and elderly which likely to increase secondary
sarcopenia burden in this region [67,68,70e72].

Hence, there is a need to look at secondary causes of sarcopenia
in the South Asian population. The EWGSOP2 also acknowledges
that sarcopenia is increasingly being recognized earlier in adult life
cycle, and apart from age there are many other contributing factors
that define sarcopenia phenotype [46].

Literature from South Asia was scarce until 2014 [43]. However,
new data and publications are slowly emerging from this region
[6,11,33,34,36,52,57,73]. This has been helpful in understanding
sarcopenia from South Asian perspective, and in formulating a
consensus on screening, diagnosing, and managing sarcopenia in
this patient population.
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4. South Asian definition and diagnosis of sarcopenia

4.1. Definition

The SWAG-SARCO 2021 defines sarcopenia as a syndrome in
which any 2of the following parameters, as assessed by clinical,
biochemical and/or imaging modalities, are suboptimal: muscle
function, muscle strength and muscle mass (Table 2).

4.2. Rationale behind South Asian definition

4.2.1. Diagnosis of sarcopenia
Muscle mass, function and strength have also been used by

various guidelines in varying proportion for defining sarcopenia.
The EWGSOP2 gave importance to low muscle strength over low
muscle mass [46]. On the other hand, AWGS 2019 and EWGSOP
gave priority to muscle mass over muscle strength [41,48]. SDOC
gives importance tomuscle strength and function, adjusted to body
size but does not recommend the inclusion of dual-energy X-ray
absorptiometry (DXA) measured lean muscle mass in the definition
of sarcopenia [49]. However, the SWAG-SARCO 2021 group gives
equal importance to muscle strength, muscle function and mass
while diagnosing sarcopenia. All 3 muscle components have been
linked to adverse outcomes, either independently or in various
combinations [49,74]. Therefore, the South Asian guidelines are
marked of greater equipoise. However, the group acknowledges
that all 3 are unlikely to be present in a patient and therefore the
diagnosis of sarcopenia may bemissed inmany patients. Hence, the
SWAG-SARCO 2021 defines sarcopenia as the loss of any 2 of the
muscle components (mass, function, or strength), without giving
importance to any 1 component over the other.

The definition proposed by SWAG-SARCO 2021 is based on an
approach similar to that followed by experts working in other
disease areas, such as psychiatry [75], rheumatology [76], polycy-
stic ovary syndrome (PCOS) [77], andmetabolic syndrome [78]. The
EWGSOP also uses the two-by-three rule to diagnose sarcopenia
but makes documentation of low muscle mass mandatory for
diagnosis along with either low muscle strength or low physical
performance [41]. The rationale for using this approach is based on
the acceptance that all disease criteria will not be present in 1pa-
tient. Therefore, using the approach to diagnose a condition based
on presence of majority of criteria decreases the chance of missing a
diagnosis and thereby increases the sensitivity of diagnosing sar-
copenia by using this definition. Overall a syndromic approach for
diagnosis of sarcopenia is proposed by the SWAG-SARCO 2021.

Additionally, while defining sarcopenia, the AWGS 2019 did not
consider muscle wasting caused predominantly due to a coexisting
condition [48]. However, though skeletal muscle loss due to
cachexia (caused by underlying illness), inactivity (decreased
muscle synthesis), and sarcopenia (age-related) have been
considered as separate conditions [79], secondary sarcopenia in-
clusive of cachexia and inactivity is a well-recognized entity
[11,18,19,34,36,80], and also accepted by EWGSOP2 2019 [46].

Hence, the SWAG-SARCO 2021 felt the need to consider age
related and other causes of sarcopenia (including concomitant
medications), since this allowed diagnosis of any condition that
could result in a sarcopenia-like state. Alternatively, this definition
may allow physicians to diagnose an underlying condition in a
patient presenting with sarcopenia-like features. Thus, the pro-
posed definition allows awide spectrum of disease to be identified;
and identification is the first step to address and optimize. More-
over, many patients in the geriatric population have underlying
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comorbidities that could cause sarcopenia, thereby making it
difficult to segregate primary from secondary sarcopenia.

The SWAG-SARCO 2021 definition of sarcopenia therefore re-
flects the multifactorial etiology, multifaceted clinical presentation,
and multi-dimensional impact of the sarcopenia as a syndrome. It
accepts the limitation that all the conditions/symptoms/signs are
unlikely to be present in 1patient. Therefore, the definition aims to
identify all possible cases of sarcopenia and allows them to be
assessed further. It promotes clinical medicine, while fully
respecting advances in imaging and biochemistry. The definition
will maintain its relevance in the face of developments in diag-
nostic science in the years to come.

5. Clinical tools to assess muscle strength, function and mass

5.1. Muscle strength

Loss of muscle strength is also known as dynapenia [81].
Deterioration in muscle mass is slow and difficult to measure
compared to muscle strength and function. Hand grip strength
(HGS) is the most easy way to clinically asses muscle strength of
upper limb using hand-held dynometer (HHD) [19]. Similarly LEMS
can be measured using isokinetic dynamometers or HHDs [82].
Though isokinetic dynamometers are more precise than HHDs,
they are bulky and costly instruments that find little use in com-
munity settings. Hence HHDs are usually used to assess LEMS [82].
Muscle strength can also be measured using manual muscle testing
(MMT), but this brings a lot of subjectivity to assessment and
therefore, it's use is restricted only for settings where HHDs are not
available [82]. HGS and LEMS are measured for both the upper and
lower limbs, respectively [83]. Three readings are usually taken on
each limb after giving some in-between resting interval; then the
highest reading is recorded as HGS or LEMS [83e85]. However,
some clinicians prefer to use the mean of the 3 readings [85]. The
HGS and LEMS values vary with the type of dynometer used, the
encouragement given during the test, andwhether highest ormean
of the readings is taken [85]. Hence, experts recommend that the
same methodology and dynometer (type of dynometer if not
possible to use the samemachine) should be used for the patient all
throughout the management of sarcopenia.

In settings where a dynamometer is not available, HGS is
measured by asking the patient to lift 1 kg weight by lifting the arm
above the shoulder for at least 30 s, all the time keeping the elbow
fully extended [86]. HGS is considered normal if the patient is able
to hold the weight for at least 30 s in that position. LEMS can be
measured by using 1-RMKE method. This was evaluated in a study
conducted on 100 older adults (� 65 years) attending outpatient
clinics in India [35]. The test was done by asking the patient to sit
comfortably on a standard quadriceps chair, back straight against
the backrest, and legs hanging freely from the chair. Complete
extension of the knee joint was measured by asking the patient to
lift increasing weight with the leg against gravity. The average 1-
RMKE of both legs is taken as the 1-RMKE value for the patient
[35]. The study also looked at the association of 1-RMKE values
with HGS and geriatric syndromes. In this study, 1-RMKE had a
median value of 2.29 (0.5e10.0) and HGS of 17.5 (0e78). The cor-
relation between 1-RMKE and HGS was moderately significant
(r ¼ 0.491, P < 0.001). Low 1-RMKE was significantly associated
with female sex and sarcopenia (P < 0.001 for both) [35]. The
EWGSOP [41] guidelines do note knee flexion extension as a reli-
able method to measure LEMS.

5.2. Muscle function

A 4-m gait speed test is a reliable way to assess muscle function
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and performance [83]. Time taken by the patient to walk for a
distance of 4 m (on a flat surface) is noted as the gait speed. A
normal person usually takes less than 5 s to cover the distance;
thereby a gait speed of < 0.8 m/s is considered normal [83]. Gait
speed is considered low if the patient takes longer than 5 s to walk
this distance. This method also tests the patient's balance [83].

Muscle function can also be assessed using sit-to-stand (STS)
tests, which are mainly of 2 types, 5 times STS (5TSTS), and 30 s
Chair Stand Test (30CST) [87]. The 2STS types correlate strongly
with gait speed (P < 0.01 for both), endurance (P < 0.01 for both)
and dynamic balance (P < 0.01 for both) [87].

The chair stand test is a reliable easy to perform test at com-
munity level as its results correlate directly with sarcopenia. Each
1 s increment in performing the test increases the probability of
sarcopenia by 8% [88].

Muscle function can also be assessed using a more compre-
hensive test such as the Short Physical Performance Battery (SPPB)
[19]. SPPB tests the patient's ability to stand with the feet together
in 3 positions: side-by-side, semi-tandem, and tandem positions. It
also assesses time taken to walk 8 feet and average time taken to
rise from a chair and return to seated position (over 5 efforts) [19].

The timed up-and-go test (TUGT) is another way to evaluate
muscle function and performance. The patient gets up from chair,
walks for 3 m, turns back, walks again, and sits down [83,89]. A
normal individual usually performs TUGT in less than 10.2 s to
complete the test [89]. The western population clocks higher TUGT
time of 12.3 s [89]. Other tests that have been used to evaluate
muscle function and performance include 6 min-walk time, 400-m
walk time, and climbing up the stairs [83].

5.3. Muscle mass

Though DXA is a reliable test for measuring skeletal muscle
mass (SMM), it is an expensive test that is not available across
centers in South Asia, nor is it affordable by all. The SDOC also noted
that when DXA was used to measure lean mass in community-
dwelling older adults, the measured mass (with or without
adjustment for body size) did not correlate with adverse outcomes
such as sarcopenia [49].

Therefore, clinical and economic tools such as mid-arm
circumference (MAC) or mid-upper arm circumference (MUAC),
and calf circumference (CC) can be used instead as they also
correlate very well with SMM [83]. Studies from Bangladesh and
Nepal, respectively, show that MUAC is also useful in measuring
chronic energy deficiency (CED) [90]and underweight [91]. Hence,
MUAC may also be useful to assess conditions such as CED and
underweight, which can lead to sarcopenia.

A non-elastic tape can be used to measure the maximum
circumference (girth). This method is moderate to highly sensitivity
and specific in predicting sarcopenia [48]. MAC is measured with
patient flexing biceps with arm raised at shoulder level and elbow
bent at 90� angle [83]. CC is measured with the patient standing
with feet shoulder-wide apart [83].

When CC, MAC is used for measuring muscle mass, it is
important to rule out fat mass present in the subcutaneous tissue to
obtain the actual muscle mass. This is not routinely practiced in
clinics and the measured CC or MAC is taken as the muscle mass.
This is likely to give proportionately highmuscle mass, especially in
patients with sarcopenic obesity. Hence, it is suggested that fat
mass should be excluded by measuring the skin fold thickness to
obtain the actual mid-arm muscular circumference (MAMC). One
way of estimatingMAMC is by using triceps skinfold (TSF) thickness
[92]. TSF is measured on the posterior surface of the arm, midway
between the olecranon and the acromion process using a skinfold
caliper. Then MAMC is calculated using the equation: MAMC



Table 3
Comparing sarcopenia definition and diagnosis across guidelines.

Guideline Definition Strengths (Aligned with South Asian
perspective)

Limitations (Not aligned with South Asian
perspective)

International Guidelines
EWGSOP [41] “The EWGSOP recommends using the presence

of both low muscle mass and low muscle
function (strength or performance) for the
diagnosis of “with diagnosis based on
documentation of low muscle mass with either
low muscle strength or low physical
performance

� � Along with the general definition further
defines conceptual stages of sarcopenia as
‘presarcopenia’, ‘sarcopenia’ and ‘severe
sarcopenia’

� Wide variety of tools assessed

� Applicable to only community dwelling
older adults

� Lack of biomarkers for diagnosing
� No recommendations for Vitamin D

supplementation

EWGSOP2 [46] “In its 2018 definition, EWGSOP2 uses low
muscle strength as the primary parameter of
sarcopenia; muscle strength is presently the
most reliable measure of muscle function.
Specifically, sarcopenia is probable when low
muscle strength is detected. A sarcopenia
diagnosis is confirmed by the presence of low
muscle quantity or quality. When low muscle
strength, low muscle quantity/quality and low
physical performance are all detected,
sarcopenia is considered severe.”

� Provision of hard cut-offs for diagnosis based
on European data and relevant to community
and clinical practice

� More Importance to muscle strength than
muscle mass as main determinant of
sarcopenia

� Clear algorithm for sarcopenia screening and
diagnosis: F-A-C-S tool

� Includes secondary sarcopenia and
sarcopenic obesity

� No single universal tool for measuring
various parameters like muscle mass or
function

� Does not include biomarkers for diagnosis
� Vitamin D supplementation mentioned for

frailty not sarcopenia

ICFSR [47] Evidence based guideline for screening,
diagnosis and management; no definition
proposed
General definition of sarcopenia is accepted:
“Sarcopenia is defined as an age-associated loss
of skeletal muscle function and muscle
mass, and is common in older adults”

� Endorses all international operational tools
recommended by EWGSOP), FNIH, IWGS,
and AWGS.

� Acknowledges- cut-off points tailored ac-
cording to population characteristics

� Recommend rapid screening using gait speed
or SARC-F

� Low grade conditional recommendation for
using DXA, CT and MRI for LBM

� Recommendations considered patient
preference/values and cost-effectiveness

� Protein supplement and/or protein rich diet
recommended

� Acknowledges need to include secondary
sarcopenia

� Recommendations not applicable for
secondary sarcopenia

� Recommendations only for community
setting

� Low grade conditional recommendation for
using clinical judgment only when DXA, CT
and MRI for LBM are not available

� LEMS not covered
� No recommendations for Vitamin D

supplementation

FNIH [44] No definition proposed � Recommendations based on pooled sample of
26,625 participants (community dwellers)

� Recognizes sarcopenia secondary to other
causes

� Recommendations only for community
setting as data is collated from 9 sources
of community dwelling adults; not
applicable in healthcare and nursing care
settings

� � Ethnic differences not taken care of � No
recommendations for treatment

� Does not include biomarkers for diagnosis
International Working

Group on Sarcopenia
(IWGS) [42]

“Sarcopenia is the age-associated loss of
skeletal muscle mass and function. Sarcopenia
is a complex syndrome that is associated with
muscle mass loss alone or in conjunction with
increased fatmass. The causes of sarcopenia are
multifactorial and can include disuse, changing
endocrine function, chronic diseases,
inflammation, insulin resistance, and
nutritional deficiencies. While cachexia may be
a component of sarcopenia, the two conditions
are not the same.”

� Recognize both lean mass and fat mass
(sarcopenic obesity)

� Recommends easy to use methods to
diagnose sarcopenia

� Endorse ALM/Ht2 to diagnose sarcopenia

Narrow scope
� Recommendations only for defining

sarcopenia
� No recommendations for management

Position Statements of
the Sarcopenia
Definition and
Outcomes
Consortium (SDOC)
[49]

“The Panel agreed that both weakness defined
by low grip strength and slowness defined by
low usual gait speed should be included in the
definition of sarcopenia.”

“Identified grip strength e either absolute or
scaled to measures of body size e as an
important discriminator of slowness”
Does not recommend the use lean mass
measured by DXA in the definition of sarcopenia

No recommendations for secondary sarcopenia

Asian Guidelines
AWGS 2014 [43] Both define sarcopenia as “age-related loss of

muscle mass, plus low muscle strength, and/or
low physical performance” without reference
to comorbidity

� Separate screening guidelines for community
settings and for specific chronic conditions in
healthcare settings

� Acknowledges Asia is made up of many
ethnicities and thus South Asia is different
from East Asia

� Mentions LEMS (quadriceps strength) but no
recommendation for it

� Recommendations based on Eastern Asia
ethnicity/studies

� No focus on secondary sarcopenia
� No recommendations for Vitamin D

supplementation
AWGS 2019 Consensus

Update on
Sarcopenia Diagnosis
and Treatment [48]

� Algorithm based approach
� Introduction of quick screening methods like

calf circumference, SARCF and SARC-CalF for
case findings

� Endorsed DEXA and multifrequency BIA for
measuring muscle mass measurement.
Many readily available tools like MRI and CT
that have shown promise not included

� Role of biomarkers not discussed.

(continued on next page)
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Table 3 (continued )

Guideline Definition Strengths (Aligned with South Asian
perspective)

Limitations (Not aligned with South Asian
perspective)

� Introduction of severe sarcopenia category in
line with EWGSOP2

� Different approach for different settings.
� Removal of the term Pre-sarcopenia because

its lack of evidence in prognostication
� Introduction of term ‘possible sarcopenia’

based on the low muscle strength with or
without low muscle performance to be used
in community settings without means for
muscle mass measurement.

� No focus on secondary sarcopenia

JSH [45] No definition proposed � Includes secondary sarcopenia (mainly liver
related causes)

� Stressed on PEM

� No focus on anthropometrics

Clinical Practice
Guideline for
Sarcopenia from
Japan [39]

“Sarcopenia is generally defined as a decrease
in skeletal muscle mass and muscle strength or
physical function, such as gait speed, observed
in elderly individuals.”

� Includes secondary causes
� Includes sarcopenic obesity
� Considers evidence from international

guidelines

� No cut-off values available for diagnosis
� No focus on anthropometrics

South Asian Consensus Strengths (Can be applied globally) Limitations (for global use)
The SWAG-SARCO 2021 The group defines sarcopenia as a condition in

which any two of the following parameters are
suboptimal, as assessed by clinical, biochemical
and/or imaging modalities: muscle function,
muscle strength and muscle mass

� Algorithm based easy, practical and economic
approach for screening and diagnosing (5 S
pathway: Suspect, Screening, Secondary
sarcopenia (including concomitant therapy),
Severity (muscle strength, function, and/or
mass), and Shared decision making
Recognizes muscle strength and function
over muscle mass

� Includes secondary sarcopenia (including
concomitant medications) and sarcopenic
obesity

� Includes biomarkers for diagnosis
� Introduces the concept of osteo- arthro-

muscular triad as recognizes that muscle
cannot function in isolation

� Wider scope: applicable to community
dwelling, clinical and hospital practice

� Practical guidance for management

� Cut-offs for various measurements more
applicable to South Asian ethnicity (some
cut-offs are globally applicable)

� Nursing care facilities for elderly not
included as concept not common in South
Asia

AWGS, Asian Working Group for Sarcopenia; EWGSOP, European Working Group on Sarcopenia in Older People; EWGSOP2, Revised European Working Group on Sarcopenia
in Older People; FNIH, Foundation for the National Institutes of Health; ICFSR. International Clinical Practice Guidelines for Sarcopenia; IWGS, International Working Group on
Sarcopenia; JSH, Japanese Society of Hematology; PEM, protein energy malnutrition; SWAG-SARCO, South Asian Working Action Group on Sarcopenia.
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(cm) ¼ MUAC (cm) e [TSF (mm) x 0.314 92. This method of calcu-
lating the MAMC may be tried at community levels to assess for
feasibility and to create normative data.

6. Proposed biochemical biomarkers for sarcopenia

Most of the pathophysiological pathways of sarcopenia have
their own biomarkers [19,93,94] as shown in Table 2. Some
biochemical markers are routinely done at community level as
shown in Table 2. Other biomarkers, as discussed in Table 2 are
expensive, not widely done at all centers, and may be done either
for research purposes or as per the discretion of the treating
physician …

Though the currently available biomarkers have been found to
be raised in patient diagnosed with sarcopenia through SARC-F and
SPPB, they are neither specific nor sensitive enough as stand-alone
diagnostic criteria for sarcopenia [19,93,94]. Also, a single
biomarker is less predictive of sarcopenia than a battery of bio-
markers [93,94].

Therefore, experts place biochemical measures as second in
importance after clinical measures. In patients where biochemical
assessment is thought to add value to treatment (eg, secondary
sarcopenia), the experts stress on using serial biochemical assess-
ment, as a rising/falling trend is of more importance than a single
value. The experts also suggest that normal local laboratory ranges
for each biomarker may be used to guide decision making. How-
ever, the experts also acknowledge that future work is required to
ascertain each biomarker's predictive accuracy.
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7. Imaging as a tool to diagnose sarcopenia

Various imaging modalities can be used to screen for or di-
agnose sarcopenia. Computed tomography (CT), DXA, and bio-
electrical impedance analysis (BIA) have been effectively used to
define sarcopenia [95]. Reduced or low lean muscle mass detected
through all the 3 modalities has been found to be associated with
increased mortality [95].

CT and magnetic resonance imaging (MRI) can be used as reli-
able imaging techniques as they provide exact measurement of
muscle mass, and information on muscle density and fatty infil-
tration [96,97]. CT and MRI also help to accurately differentiate
between lean body tissue, and fat [82]. However, their cost, possi-
bility of radiation hazard and the fact that they are not easily
portable or available across centers, limits their use.

Though skeletal muscle ultrasound (USG-M) is a relatively
cheaper imaging technique than CT/MRI, yet USG-M is not as sen-
sitive in detecting sarcopenia due to many technical (type of probe,
its pressure, position and inclination; site of muscle) and patient
(supine/prone; sitting/standing; cognitive impairment) related
factors [19]. On the other hand, 2 studies, one from Japan [98] and
another from Turkey [99], reported that gastrocnemius thickness
measured by USG was more likely to predict low HGS than skeletal
muscle index [SMI] or appendicular skeletal muscle index [ASMI])
measured by BIA [98,99]. Therefore, given its low cost and easy
availability at most centers in South Asia, USG may be used as an
imaging tool to assess muscle mass. Also, USG M by the same
observer can be used for sequential monitoring of muscle mass



M. Dhar, N. Kapoor, K. Suastika et al. Osteoporosis and Sarcopenia 8 (2022) 35e57
[100].
DXA and BIA are reliable tests. However, they are costly and

available only in select centers in South Asia, and hence cannot be
used routinely. Despite the high cost, DXA is a useful tool that can
help assess multiple parameters such as fat mass, lean soft tissue
mass, and bone mineral content [101,102]. The assessment can be
localized or involve the whole body, and helps to differentiate be-
tween sarcopenia, obesity, sarcopenic-obesity, and osteoporosis.
Appendicular lean mass (ALM) adjusted for BMI or height can help
differentiate between physiological (primary) and pathological
(secondary) sarcopenia [101,102].

BIA helps assess and normalize total skeletal muscle mass (SMI
or ASMI) with respect to height [103]. Single frequency BIA (SF-BIA)
cannot penetrate tissue completely; and therefore cannot be used
to measure the entire muscle volume [104]. Conversely, multiple
frequency BIA (MF-BIA) can accurately measure body composition
(total skeletal mass and body fat mass) as it uses several current
frequencies [104]. MF-BIA is a better method to assess ASM in
sarcopenia than SF-BIA [105].

BIA is found to be as good as axial CT scan, calf circumference, or
grip strength for screening sarcopenia, especially in patients with
malignancy [106]. Though BIA is less expensive than DXA, its reli-
ability is compromised at BMI of � 35 kg/m282, and hence may not
be very useful in sarcopenic obesity. Nevertheless, given the
portability of BIA as compared to DXA, BIA can be used for mass
screening in the community.

Imaging has also been used to study or define sarcopenia in
India. A study from South India looked at prevalence of sarcopenia
in patients undergoing abdominal CT scan for any reason [73]. In
this study, Sreepriya et al [107] considered lumbar skeletal muscle
index � 38.5 cm2/m2 in females and � 52.4 cm2/m2 in males as
radiologically significant sarcopenia on CT. Similarly, another single
center study from India used CT scan tomeasure psoasmuscle mass
and density, and defined sarcopenia at 5th percentile and provided
separate cutoff points for males and females. The 5th percentile
values for psoas mass and density for menwere 220.7 mm2/m2 and
0.56 Hounsfield units (HU)/kg, respectively; the corresponding
values for females were 149.5 mm2/m2 and 0.53 HU/kg, respec-
tively. However, these are small studies and their results cannot be
extrapolated to community and clinical settings. The experts
recommend that imaging should be used only in select cases as per
discretion of treating physicians. Imaging should ideally be used
where clinical and biochemical measures are not able to guide
diagnostic or treatment decisions. Choice of imaging depends on
availability, accessibility and affordability.

8. Using questionnaires to screen for and diagnose
sarcopenia

In addition to clinical assessment, sarcopenia can also be
defined by simple functional questions [94]. The SARC-F ques-
tionnaire helps screen 5 sarcopenia-related components, Strength,
Assistance with walking, Rise from a chair, Climb stairs and Falls
(Table 4) [108]. On a score scale of 0e10, a score � 4 is predictive of
sarcopenia [108]. The ICFSR [47], EWGSOP2 [46] and AWGS 2019
Consensus Update on Sarcopenia Diagnosis and Treatment [48]
recommend the use of SARC-F to screen for sarcopenia. A study
found SARC-F score � 4 as a useful tool in screening sarcopenia in
patients with hip fractures with reliable sensitivity (95.35%),
specificity (56.94%), positive predictive value (PPV; 56.94%), and
negative predictive value (NPV; 71.3%) [13].

The AWGS 2019, in addition, also recommends the use of SARC-
CalF questionnaire for screening, which combines calf circumfer-
ence with SARC-F [48,109]. A score of �11 is predictive of sarco-
penia [110,111]. A study from Indonesia found that combining calf
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circumference and thigh circumference with the SARC-F ques-
tionnaire had a sensitivity, specificity, PPV, and NPV of 15.79%;
99.01%; 75.00%; and 86.21%, respectively, for predicting sarcopenia
in 120 elderly outpatients [112].

Of the 2, SARC-CalF is found to be more sensitive and accurate
than SARC-F in screening and diagnosing sarcopenia in community
dwelling elders and in clinical practice as well [110,111]. In patients
with clinical suspicion of sarcopenia, the experts recommend that
SARC-F (score � 4) or SACF-CalF (score � 11) can be used to screen
for sarcopenia.

9. Literature to support diagnostic cut offs in South Asia

The Sarcopenia-Chandigarh Urban Bone Epidemiological Study
(Sarco-CUBES) 52study from India looked for diagnostic cut-offs and
biochemical predictors of sarcopenia in healthy adults. Muscle
mass, strength, and physical performance were expressed as ASMI,
grip strength (dominant hand), and gait speed, respectively. Grip
strength and ASMI < 2SD of young reference population (20e39
years) was taken as a cutoff for muscle strength and mass,
respectively. A gait speed� 0.8m/s was considered as poor physical
performance [52]. A grip strength< 27.5 kg inmales and <18.0 kg in
females was defined as lowmuscle strength, and an ASMI< 6.11 kg/
m2 in males and < 4.61 kg/m2 in females was defined as lowmuscle
mass.

In their study on elderly in South India, Shaikh et al [6] used gait
speed to screen for sarcopenia. A gait speed of < 0.8 m/s (not
validated in India but used based on available literature) was
considered as sarcopenia [6]. Elderly with normal gait speed but
suspected to have sarcopenia were further investigated with HGS
with HHD. A grip strength of < 30 kg in men and < 20 kg in women
was considered as sarcopenia. The ASMI of these patients was
calculated using Lee's equation [113] for Asians. ASMI of < 7.0 kg/m2

in men and < 5.7 kg/m2 in women was considered low [6].
A cross-sectional study from Sri Lanka in middle-aged (20e40

years) women (n ¼ 117) determined the following cutoff values for
the 3main measures of sarcopenia; 5.03 kg/m2 for ASMI) derived
from Appendicular Skeletal Muscle Mass (ASMM, kg) measured by
DXA and adjusted for height (ASMM/height [2]), 9.66 kg for hand
grip strength (HGS) and 0.96 m/s for gait speed [10].

In a study from India, researchers used BIA to derive a novel
predictive equation for fat free mass (FFM) based on birth weight:
“FFM ¼ 32.637 þ (�0.222 X age) þ (�32.51 X waist-to-hip
ratio) þ (0.33 X body mass index) þ (1.58 � 1 or 2 (1 ¼ normal
birth weight, 2 ¼ low birth weight) þ (0.510 X waist circumfer-
ence)” [114]. This equation needs to be validated in larger
populations.

A study from Indonesia showed good diagnostic accuracy of
combining muscle mass using calf circumference (< 34 cm in men
and < 29 cm in women) and thigh circumference (< 49 cm in men
and < 44 cm inwomen) with muscle function assessed through the
SARC-F questionnaire (score of � 4) in predicting sarcopenia in 120
elderly outpatients [112].

Literature to derive diagnostic cutoff for sarcopenia is largely
lacking from South Asia. Diagnostic cutoffs used in western
guidelines or in AWGS 2019 have not been validated in South Asia.
This is definitely an area for further research in coming years. Also, a
couple of studies from this region have reported different cutoffs
for the same measure-thereby raising a significant unmet need to
standardize the cutoffs for South Asia. The SWAG-SARCO group
thus provided the cutoff recommendations in Table 5 based on the
literature available from this region. If no diagnostic cutoffs were
available for a measure, then the experts recommend using the
global/western cutoffs until these cutoffs are validated in the South
Asian population. If different cutoffs were reported for a measure
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from South Asia, the experts recommend that physicians can use
either until a particular value is validated/standardized for this
region.

10. Algorithm for screening and diagnosing sarcopenia

SWAG-SARCO proposes the 5-S pathway for screening and
diagnosing sarcopenia: Suspect, Screening, Secondary sarcopenia
(including concomitant therapy), Severity (muscle strength, func-
tion, and/or mass), and Shared decision making (Box 1, 2). These
recommendations follows the same idea/pattern followed by the
EWGSOP2 guidelines, that recommend the F-A-C-S pathway for
screening and diagnosing sarcopenia [46]. The pathway includes 4
steps, Finding case, Assessing, Confirming, and Severity. A recent
cost-effective analysis comparing various sarcopenia screening
methods, sarcopenia scoring assessment models (SarSA-Mod),
EWGSOP method, Mini sarcopenia risk assessment (MSRA), and
SARC-F found that the EWGSOP method was the most economical
[115].

The EWGSOP2 F-A-C-S pathway recommends case finding or
screening through SARC-F questionnaire or clinical suspicion; fol-
lowed by assessment using grip strength or a chair stand test (other
measures of strength such as knee flexion/extension can be used in
special cases); thereafter confirm by DXA in clinical practice
(research studies: use BIA, CT or MRI); lastly severity can be
assessed by performance measures such as gait speed, SPPB, TUG,
and 400-m walk tests [46].

Similarly, the SWAG-SARCO's 5-S pathway recommends that
sarcopenia should be suspected in all patients in the geriatric age
group, especially those having geriatric syndromes. SARC-F ques-
tionnaire, grip strength and/or a chair stand test can be used for
screening. Comorbidities and concomitant medications (Table 1)
likely to be causing or worsening sarcopenia should be assessed.
Severity should be assessed through gait speed, SPPB, TUGT, and
400-mwalk tests. If laboratory studies are being done routinely for
comorbidities, they may be used to strengthen the diagnosis;
however, biomarker analysis may not have a screening and diag-
nostic implication. Imaging such as CT, MRI, USG, DXA or BIA may
be done as per the need (to diagnose and assess severity), avail-
ability, and affordability. The experts believe that the 5-S pathway
will be most clinically and cost effective pathway for screening and
diagnosing sarcopenia. The various cutoffs recommended by
SWAG-SARCO for each of the mentioned tests is mentioned in
Table 5.

The experts stressed that the entire 5-S pathway does not need
to be followed for all patients. Any patient suspected, screened, and
assessed for secondary sarcopenia should be managed through
non-pharmacological means without undergoing severity assess-
ment. Non-pharmacological treatment should be started through
shared decision making between the physician, dietician/nutri-
tionist, physiotherapist and psychologist if required. Severity
assessment should ideally be performed in patients who do not
respond to non-pharmacological treatment, who need upfront
pharmacological treatment or who in the physician's judgment
need severity triage for optimal management.

The experts gave importance to clinical measures over
biochemical and imaging. They concurred that no single measure
alone can diagnose sarcopenia. The experts also agreed that a pa-
tient should be screened and followed-up using the same tool. They
noted that different tools have different sensitivity in detecting
sarcopenia. For example, the prevalence of sarcopenia in a given
population can vary if weight-adjusted SMI (wSMI) is used instead
of height-adjusted SMI (hSMI) [116]. The prevalence is lower when
hSMI is used instead of wSMI and this difference is more marked in
women [117]. A study from Asia evaluating the most effective
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screening method in the Asian population concluded that wSMI
maybe preferred to assess sarcopenia prevalence among women,
and hSMI for men [116]. HGS is a more sensitive method for sar-
copenia prevalence compared to ASMI when the study population
has both males and females [116].

The experts noted that all measures of sarcopenia are inter-
related and dependent on many patient-related factors. A recent
Sri Lankan paper reported that HGS showed significant associations
with ASMM, total-body-bone-mineral-content, pattern of physical
activities (PA score), age and weight (adjusted R2 ¼ 0.33) in pre-
menopausal women, and with ASMM and height (adjusted
R2 ¼ 0.23) in postmenopausal women [36]. Of all the factors
identified, ASMM had the strongest correlation with HGS in both
premenopausal (r ¼ 0.44, R2 ¼ 0.20) and postmenopausal women
(r ¼ 0.44, R2 ¼ 0.20). On the other hand, HGS was significantly
associated with height, BMI and energy consumption (adjusted
R2 ¼ 0.13) in premenopausal and with carbohydrate consumption
and total-body-bone-mineral-density (adjusted R2 ¼ 0.09) in
postmenopausal women [36,118]. Of all the factors associated with
HGS, height had the strongest association with HGS in post-
menopausal women (r ¼ 0.28, R2 ¼ 0.08) and with carbohydrate
consumption in premenopausal women (r ¼ 0.24, R2 ¼ 0.06) [36].
Another study from China reported that HGS was significantly
associated with physical disability and not visual disability
(adjusted prevalence ratios [aPR]: 1.69; 95% CI, 1.88e2.42);
depressive symptoms (aPR, 1.31; 95% CI, 1.04e1.62) and Chinese
version of Physical Activity Scale for the Elderly (PASE) score (aPR,
0.99; 95% CI, 0.99e1.00) [119].

11. Sarcopenia through a prevention prism

Though sarcopenia is a muscle-related syndrome, muscle health
cannot be considered in isolation as muscles are an integral part of
the osteo-arthro-muscular (OAM) triad [120,121]. Secretary factors
from muscles regulate bone development or remodeling and those
from bone regulate muscle growth and metabolism [120]. Hence,
optimally functioning OAM triad is required to prevent sarcopenia.
The group proposes broadening the OAM triad concept to include
neuropathy (MOAN), as this will provide comprehensive coverage
of the various anatomical and functional factors which are associ-
ated with sarcopenia.

The prevention prism of sarcopenia has 6 levels: primordial
prevention, primary prevention, secondary prevention, tertiary
prevention, quaternary prevention and quinary prevention (Fig. 2).

Primordial prevention is aimed at preventing the development
of risk factors for sarcopenia. This includes maintaining dietary
diversity and protein intake as per recommended dietary allowance
(RDA) (1e1.2 g/kg) [70,122]. It also includes encouraging South
Asian physical activity practices 123such as using oriental style of
toilets (squatting), sitting on the floor cross-egged for doing day to
day activities, and non-mechanized ways of carrying out activities
of daily living such as washing clothes with hands, using bucket and
mug to bathe, squatting to mop floors, and grinding using stone
grinder.

Primary prevention comes into play when risk factors for sar-
copenia are present. Nutritional lifestyle adjustments include
eating a balanced diet and taking adequate protein. Physical life-
style adjustments include using stairs instead of lifts, avoiding
uninterrupted sitting for long periods, taking short walk breaks in
between desk work, etc. Appropriate diagnosis and timely man-
agement of probable causes of sarcopenia (Table 1) is also a part of
primary prevention.

Secondary prevention of complications includes exercises and
focuses on diet management for comorbid conditions. The exer-
cises are aimed at strengthening the muscles, improving balance



Table 4
SARC-F and SARC-CalF questionnaires for sarcopenia [111].

Components Questions SARC-F score SARC-CalF score

Strength How much difficulty do you have in lifting and carrying 10 pounds (approximately
4.5 kg)?

None ¼ 0 None ¼ 0
Some ¼ 1 Some ¼ 1
A lot or unable ¼ 2 A lot or unable ¼ 2

Assistance in
walking

How much difficulty do you have walking across a room? None ¼ 0 None ¼ 0
Some ¼ 1 Some ¼ 1
A lot, use aids, or unable ¼ 2 A lot, use aids, or unable ¼ 2

Rise from a chair How much difficulty do you have transferring from a chair or bed? None ¼ 0 None ¼ 0
Some ¼ 1 Some ¼ 1
A lot or unable without
help ¼ 2

A lot or unable without
help ¼ 2

Climb stairs How much difficulty do you have climbing a flight of 10 stairs? None ¼ 0 None ¼ 0
Some ¼ 1 Some ¼ 1
A lot or unable ¼ 2 A lot or unable ¼ 2

Falls How many times have you fallen in the past year? None ¼ 0 None ¼ 0
1‒3 falls ¼ 1 1‒3 falls ¼ 1
4 or more falls ¼ 2 4 or more falls ¼ 2

Calf circumference Females:
>33 cm ¼ 0
�33 cm ¼ 10
Males:
>34 cm ¼ 0
�34 cm ¼ 10
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and gait, and preventing falls. Light strength training, flexibility and
balance exercises and 30-min brisk walk as per patient's capacity
are prescribed. Details of exercises are covered under the man-
agement section.

Tertiary prevention includes providing assistive devices and
home-care equipment that are primarily aimed at preventing falls
and easing the patient's movements during ADLs. Details are
covered under the management section.

Quaternary prevention works to prevent over-diagnosis, over-
investigations and over-treatment. Laboratory and imaging tests
should only be prescribed for patients with high clinical suspicion
of sarcopenia, if they are required for patient management. Phar-
macotherapy should be avoided unless deemed absolutely neces-
sary for patient management. The SWAG-SARCO group highlights
the need for focusing on clinical modalities of diagnosis.

Quinary prevention, though discussed last, should be the back-
bone of prevention, as this is aimed at spreading the right message.
Though spreading the right message is important, denouncing false
information is equally important. All healthcare professionals
should counsel their patients and peers about muscle health. All
modalities of prevention and management should be discussed at
each visit. Patients should be taught to recognize signs of sarco-
penia and act upon them. Basics of care should be reinforced at each
visit. Healthcare professionals also share a responsibility to advo-
cate for persons living with sarcopenia and their treatment.

12. Management of sarcopenia

The main aim of treatment is to prevent deterioration in muscle
performance-function. Secondarily, early treatment may be able to
reduce or prevent falls and disability, thereby improving activities
of daily living (ADL). Another goal is to reduce/prevent hospitali-
zation, and reduce mortality in the affected patients. In their article,
Afzal et al [33] note that QoL of patients impacted by sarcopenia can
be improved significantly through the right treatment approach. An
optimally functioning OAM triad is required to lead a good QoL and
perform ADL safely. Hence, treatment is also aimed at optimizing
the OAM triad.

Since sarcopenia is a multifactorial syndrome, no single treat-
ment approach alone is sufficient to bring the desired improvement
in muscle strength, function and muscle mass [83,124]. Therefore,
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treatment approach needs to be optimized and individualized 125
to AMENDmuscle health through the right combination of Activity
and exercise optimization; Medical and metabolic care; Environ-
mental optimization, Nutritional optimization, and Drug therapy
(Table 6).

12.1. Nutritional optimization

SMM loss in sarcopenia is often associated with protein, energy,
or micronutrient deficiency [83]. Both, over and undernutrition
coexist in South Asia [70,126]. This malnutrition is more prevalent
in older adults at the community level [65,127].

Thus, nutrition plays a major role in sarcopenia management.
Nutrition support is provided in form of medical nutrition therapy
(MNT) by a registered healthcare professional and includes diet
counseling and/or nutrient supplementation.

South Asian diet is usually calorie predominant with high car-
bohydrates, and does not meet the RDA for protein in adults
[70,128]. This increases the risk of sarcopenic obesity as body
composition changes are directly linked to nutrition [129]. On the
other hand, protein energymalnutrition (PEM) is also seen in South
Asian adults [126]. Low dietary protein and PEM have been linked
to sarcopenia as protein is integral to muscle mass and function
[129e132]. Hence, MNT should be designed to increase the pa-
tient's current protein intake by at least 10% to amaximum of 1 g/kg
body weight/day [70]. Patients having sarcopenic obesity will need
a calorie restricted diet to lose fat [133]. Refined sugar, non-
nutritive artificial sweeteners, and high fat diet (especially satu-
rated fats) should be restricted in patients with sarcopenic obesity
[70]. On the other hand, patients having PEM should be prescribed
energy dense and protein rich food.

MNT should cater to individual needs and respect local taboos
and traditions [70]. Diet should be individualized based onwhether
sarcopenia is primary, or secondary to comorbidities, or part of
sarcopenic obesity. For example, elderly with sarcopenia often have
vitamin D deficiency. Increasing vitamin D through supplements
and pills and increasing their exposure to sun often helps in
improving sarcopenia [134].

All dietary advice should also be customized based on afford-
ability, availability, and patient's comorbidities (for example, pro-
tein needs to be strictly monitored in a patient with CKD) [70]. The



Table 5
Diagnostic cutoffs of various tests for sarcopenia in Asian, international and South Asian guidelines.

Parameter International Asian South Asian

EWGSOP [41] EWGSOP2 [46] IWGS
[42]

FNIH
[44]

ICFSR [47] AWGS 2014
consensus [43]

AWGS 2019
Consensus
Update on
Sarcopenia
Diagnosis and
Treatment
[48]

JSH [45] (cut-off
for sarcopenia
in liver disease)

SWAG-SARCO 2021

Diagnostic tools/
Screening

Muscle mass
using DXA, BIA
Muscle
strength by
grip strength
Muscle
function/
performance
by gait speed,
SPPB

Muscle mass
using DXA, BIA,
Muscle
strength by
grip strength
Muscle
function/
performance
by gait speed,
SPPB, or TUG

DXA, gait
speed

DXA,
gait
speed
and grip
strength

Screen using
gait speed, or
with the
SARC-F
Diagnosis
using DXA,
walking
speed, grip
strength

Screening with
hand grip and gait
speed; history
taking; height-
adjusted skeletal
muscle mass by
DXA

Screening with
calf
circumference
or SARC-F or
SARC-CalF
questionnaires

Grip strength,
gait speed, DXA,
BIA

Screening with clinical
suspicion þ calf
circumference or SARC-F or
SARC-CalF questionnaires

Hand grip
strength

Male: <30 kg Male: <27 kg Male:
<26 kg

Cutoff to
match
population
characteristics

Male: <26 kg Male: <28 kg Male: <26 kg Male:

Female:<20 kg Female: <16 kg Female:
<16 kg

Female: <16 kg Female<18 kg Female: <16 kg <27.5 kg Female: < 18 kg52

LEMS: one-
repetition-
maximum (1-
RM) knee
extension

Not covered Not covered Male: <18 kg Not covered Median values Indian
study:2.29 (0.5e10.0)35

Knee flexion/
extension cited
as literature

Female:<16 kg
(not
recommended
but cited as
literature)

Can use AWGS 2014 [43]
values until further research
from South Asia

Gait speed (6-m
walk test)

<1 m/s
SPPB 0e6 Low
performance
SPPB 7e9
Intermediate
performance
SPPB 10e12
High
Performance

�0.8 m/s
400mwalk test
Non-
completion or
�6 min for
completion

<1.0 m/s
(4-
minute
test)

�0.8 m/
s

Cut off to
match
population
characteristics

<0.8 m/s <1.0 m/s �0.8 m/s India: �0.8 m/s52

Sri Lanka: �0.96 m/s10

�0.8 m/s is validated in other
guidelines as well

Short Physical
Performance
Battery score
(including
chair stand
test)/TUGT

�8 >15 s for 5 rises
(chair stand
test)
TUG: �20 s

Not covered Considered
sarcopenic if
unable to rise
from chair
unassisted
DXA not required
for diagnosis

�9, or 5-time
chair stand
test �12 s

Not covered TUGT: <10.2 s [89]
Can use AWGS 2014 [43]
values until further research
from South Asia

Calf
circumference

Not
recommended
as vulnerable
to errors

Recommended
only if no other
method
available. No
cutoffs

Cut off to
match
population
characteristics

Not covered Men:<34 cm
Women:
<33 cm

No covered Men:<34 cmWomen: <33 cm
Validated for South East
Asians

SARC-F Not covered Use SARC-F
(�4) or clinical
suspicion for
screening.

Cutoff to
match
population
characteristics

Not covered �4 Not covered �4
Internationally validated
score

SARC-CalF Not covered Not covered No covered Not covered �11 No covered �11
Validated in South East Asians

ALM/height [2] Male:
�7.23 kg/m2

Male:�7 kg/m2 Male:
�7.23 kg/
m2

Not covered Male: �7.0 kg/m2 Not covered India: ASMI (Lee's equation
for Asians) Male: <7.0 kg/m2

Female: <5.7 kg/m26

Validated in South East AsiansFemale:
�5.67 kg/m2

Female:
�5.5 kg/m2

Female:
�5.67 kg/
m2

Female: �5.7 kg/
m2

Height-adjusted
muscle mass:
DXA

Male:
�7.23 kg/m2

Male:
�7.23 kg/m2

Male:
�7.23 kg/
m2

Cut off to
match
population
characteristics

Male: <7.0 kg/m2 Male: <7.0 kg/
m2

Male:<7.0 kg/
m2

Sri Lanka: 5.03 kg/m210

Female:
�5.67 kg/m2

Female:
�5.67 kg/m2

Female:
�5.67 kg/
m2

Female: <5.4 kg/
m2

Female:
<5.4 kg/m2

Female:<5.4 kg/
m2

Can use AWGS values until
further research from South
Asia

Bio-electrical
impedance
analysis

SM/height [2]
Male: 8.87 kg/
m2

Female:
6.42 kg/m2

absolute
muscle mass/

Cutoff to
match
population
characteristics

Male: <7.0 kg/m2

Female: <5.7 kg/
m2

Male: <7.0 kg/
m2

Female:
<5.7 kg/m2

Male:<7.0 kg/
m2

Female:<5.7 kg/
m2

India:
FFM ¼ 32.637 þ (�0.222 X
age) þ (�32.51 X waist-to-hip
ratio) þ (0.33 X body mass
index) þ (1.58 � 1 or 2
(1 ¼ normal birth weight,
2¼ low birthweight)þ (0.510
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Table 5 (continued )

Parameter International Asian South Asian

EWGSOP [41] EWGSOP2 [46] IWGS
[42]

FNIH
[44]

ICFSR [47] AWGS 2014
consensus [43]

AWGS 2019
Consensus
Update on
Sarcopenia
Diagnosis and
Treatment
[48]

JSH [45] (cut-off
for sarcopenia
in liver disease)

SWAG-SARCO 2021

height [2]
Male:
Severe
sarcopenia
�8.50 kg/m2

Moderate
sarcopenia
8.51e10.75 kg/
m2

Normal muscle
�10.76 kg/m2

Female:
Severe
sarcopenia
�5.75 kg/m2

Moderate
sarcopenia
5.76e6.75 kg/
m2

Normal muscle
�6.76 kg/m2

X waist circumference) [114]
Can use AWGS values until
further research from South
Asia

Ultrasound No values have been validated or reported in any guidelines as cut-offs for screening sarcopenia.

ALMBMI, ratio of appendicular lean mass over bodymass index; ALM/ht [2], ratio of appendicular lean mass over height squared; AWGS, AsianWorking Group for Sarcopenia;
EWGSOP, European Working Group on Sarcopenia in Older People; EWGSOP2, Revised European Working Group on Sarcopenia in Older People; FFM, fat free mass; FNIH,
Foundation for the National Institutes of Health; ICFSR. International Clinical Practice Guidelines for Sarcopenia; IWGS, International Working Group on Sarcopenia; LEMS,
lower extremity muscle strength; SWAG-SARCO, South Asian Working Action Group on Sarcopenia; SM, skeletal muscle mass; TUG, Timed -up-and-go test.
Note: No diagnostic cut-offs were provided by the Clinical Practice Guideline for Sarcopenia from Japan [39].
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affordability of nutrients, especially animal sourced protein (fish,
chicken, eggs, and milk) in the South Asian community is largely
poor [135]. However, there are some affordable options for vitamin
A, calcium, iron, folate (green leafy vegetables, legumes, millets
etc.), which can be incorporated into the local cuisine [135,136].
Millets are also affordable sources of protein and hence should be
substituted for preparations made from wheat (chapatti, porridge,
daliya, etc) and rice (khichadi, pulav, poha, dosa, idli, etc), and an-
imal source of proteins [128,136,137]. Millets can be combined with
legumes, pulses, animal proteins if affordable and locally available
vegetables to improve the protein intake and reduce the carbohy-
drate intake [128,136,137]. MNT based on affordability will ensure
that locally available and affordable diet options are provided to
supplement protein and other deficiencies contributing to sarco-
penia. Patients with sarcopenia who have poor access to cooking
facilities, mobility restrictions, and/or chewing or swallowing dif-
ficulties may be prescribed locally available protein rich formula
MNT, which could contain branched-chain amino acids and whey
protein [48,70]. Mobile applications are now available to help select
and order nutritious food, or learn easy recipes or set reminders to
eat [138]. Patients may need nutritional rehabilitation and may
need to be provided with adapted cutlery, plate, glasses and cups
that are easy to hold and prevent spills [138].
12.2. Exercise and physical activity

Exercise and physical activity are different forms of physical
activity. Exercise is a systematically designed structured set of
movements with a specific goal in mind. Physical activity is any
unstructured movement that increases energy expenditure [139].
Exercises are done over and above the physical activity required to
perform ADLs [140]. Afzal et al. [3] from Pakistan advocate that
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aerobic exercises and energy expenditure through physical activity
improves the overall physical and mental health, improves immu-
nity, reduces osteoporosis and risk of fracture and falls; and there is
an added benefit of an obvious decline in cardiovascular, respira-
tory, and metabolic cause related mortality [33].

A systematic review and meta-analysis showed that exercise
significantly improves muscle strength (grip strength and timed 5
chair stands, P < 0.0001 for both) and physical performance (gait
speed and TUGT, P < 0.00001 for both) but had no effect on SMM
(P ¼ 0.15 [141].

A combination of different types of exercises (resistance, aerobic,
balance and flexibility) can be done to manage sarcopenia as they
have different effects on muscle strength, function and muscle mass
[133,139]. Additionally, a combination of different exercises can
combat muscle fat infiltration and help in sarcopenic obesity [142].
Resistance exercises include weight lifting, pulling against resistance
bands, or moving body parts against gravity [83]. Resistance training
probably provides the best support in improving muscle mass,
function and performance [143e146]. It has been found to be
effective in both primary and secondary sarcopenia [147] and helpful
in improving gait and balance [147]. Aerobic and endurance exer-
cises include jogging, cycling, brisk walking, dancing, climbing stairs,
and treadmill [83,140,147]. Aerobic exercises help in muscle protein
synthesis, decrease muscle catabolism, and bring about many posi-
tive cellular changes and thus help in increasing muscle mass,
muscle strength, and aerobic capacity [133]. However, many patients
with sarcopenia may not be able to perform aerobic exercises. Low
impact exercises should be preferred over high impact ones, espe-
cially in persons with osteoporosis.

Flexibility exercises take care of the OAM triad by improving
mobility of joints across all possible range of movements [140].
Stretches can be done as part of pre-exercise warm up or post-



Box 1

(Highlights of SWAG-SARCO)

� First expert opinion on sarcopenia from South Asia

� Formulated after comparing and contrasting with other

guidelines and identifying gaps

� Provides practical definition and solutions; focus on cost

effective strategies

� Advocates algorithmic approach. Adapts the 5-S

pathway: Suspect, Screening, Secondary sarcopenia

(including concomitant therapy), Severity (muscle

strength, function, and/or mass), and Shared decision

making

� Recognizes muscle strength and function over muscle

mass

� Gives importance to secondary sarcopenia and sarco-

penic obesity

� Tries to suggest biomarkers for diagnosing sarcopenia

� Gives importance to osteo-arthro-muscular triad and

biopsychosocial environmental triad

� Provides practical and cost effective management

strategies

� Discusses advantages and disadvantages of both non-

pharmacological and pharmacological approaches

Box 2

5-S Pathway

Suspect sarcopenia in all patients in geriatric age group.

Screening: SARC-F questionnaire, grip strength and/or a

chair stand test.

Secondary sarcopenia (including concomitant therapy):

Assess all possibilities.

Severity (muscle strength, function, and/or mass): gait

speed, SPPB, TUGT and 400-m walk tests; biomarkers and

imaging decision case by case.

Shared decision making for optimal management.
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exercise cool down or can be done in form of Tai Chi and Yoga [140].
Balance exercises stabilize the OAM triad and are especially helpful
in preventing falls [140]. Balance exercises can be done in form of
standing on heels or toes, tandem walking, walking on different
types of surfaces, etc [140]. Flexibility and balance exercises help in
preventing falls as well [125].

Other than the usual exercises prescribed for sarcopenia, exer-
cises specific for the secondary causes of sarcopenia (cardiac
rehabilitation or weight loss) are also necessary [148]. Also, pa-
tients with sarcopenia secondary to comorbidities such as diabetes
and CKD have a reduced functional performance that would need
to be addressed during rehabilitation [149e151].

Exercises should be done under the guidance of a trained
healthcare professional [70]. Patients should be encouraged to do
the prescribed exercises regularly (at least 3 times aweek) based on
their exercise capacity [147]. Adequate warm up before resistance
and aerobic exercises and adequate cool down post exercise should
be ensured [147]. Balance, flexibility and strength training should
ideally precede aerobic exercises to ensure stability and prevent
falls [140]. Prescribed exercises should be gradually stepped up in
50
intensity based on patient's tolerability and adequate protein intake
should be ensured to build muscle mass during strength training
[70,140,147].
12.3. Environmental optimization

The environment around a patient with sarcopenia has 3main
components, biological or physical, psychological, and social. All
the 3components are optimized to rehabilitate the patient into a
more safely negotiable environment. Though, the environmental
optimization is being considered under 3components, clinicians
must remember that all 3components are inter-related and inter-
dependent and therefore all 3 need to be optimized for the best
result. Additionally, environmental optimization needs to be
planned based on patient's physical and psychosocial surroundings.
12.3.1. Psychosocial optimization
Psychological component is very important in sarcopenia since

the treatment is predominantly non-pharmacological. The first step
is acceptance by the patient and the caregiver that patient has
sarcopenia and needs rehabilitation. The next step is proper un-
derstanding of the rehabilitation program. Next in importance is
adherence to the rehabilitation program. Self-motivation is very
important to adhere to physical activity and exercise programs
(concluded on basis of a systematic review of 66 studies [152].
Many patients may need psychological support and consultation
with a trained clinical psychologist. This aspect is often ignored in
routine geriatric care in South Asia, partially due to cultural cohe-
siveness of the South Asian family system [123,153,154]. However,
with cultural shift towards nuclear families and adaptation of
western culture, the geriatric age group now increasingly needs
psychological support from a trained psychologist to keep them
motivated [154]. Other reasons for poor psychological support in
this age population is poor infrastructure, resource crunch, and
poor recognition of mental health as an important aspect of care
[123].

Social or peer support programs that have been found to be
effective for treating conditions such as alcoholism [155] in South
Asia have not been tried for sarcopenia. In fact, it is noted that social
or peer support programs for sarcopenia are lacking the world over.
Muscle health can be integrated in pre-existing elderly and
menopause care programs.
12.3.2. Optimization of the physical environment
This is the most tangible optimization as the change is very

evident. The physical environment around the patient can be
improved through assistive technologies that enable the patient to
independently and safely carry out ADLs and reduce functional
decline [138].

Patient's home environment can made safe by adding cameras,
in-home and wearable sensors, and connected devices that auto-
mate home environment [138]. ADLS can be made easy and safe
through use of walking aids (eg, walking sticks and frames) or
external orthoses, grab rails, wearable sensors, using western toi-
lets and toilet chairs [138]. The rooms should be well lighted and
have minimal furniture [138].
12.4. Medical optimization of secondary causes

All medical, metabolic, endocrine, and psychological issues that
could be the cause of secondary sarcopenia should be addressed
through pharmacological and non-pharmacological means (MNT,
psychotherapy, exercise, etc).



Fig. 2. Sarcopenia prevention prism.
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12.4.1. Pharmacological
Most commonly used pharmacotherapeutic agents in the

treatment of sarcopenia include vitamin D, calcium supplementa-
tion, testosterone, and hormone replacement therapy (menopausal
women). However, none of the agents have been clinically proven
to be the sole treatment option for sarcopenia. Hence, the experts
stressed that pharmacological treatment should be the last option
for managing sarcopenia. Additionally, it would increase the pill
medication burden in a patient population already burdened with
multiple pharmacotherapies because of their comorbidities. The
experts also urge that all benefits and limitations of pharmaco-
therapy should be seriously weighed before starting the treatment.
Table 6 provides the benefits and limitations of most commonly
used pharmacotherapeutic agents. The experts acknowledge that
further research and real world evidence is required to understand
the role of pharmacotherapy in sarcopenia.

However, medications required to manage comorbidities can
form an integral part of sarcopenia management. All efforts should
be made to optimize the management of comorbidities likely to the
secondary cause of sarcopenia (Table 1). Drugs likely to cause
muscle wasting should be replaced with suitable alternatives.
13. COVID-19 and sarcopenia in South Asia: special
considerations

Novel coronavirus 2019 (COVID-19) pandemic has worsened the
biospychosocial sarcopenia environment in many ways. COVID-19
pandemic has exacerbated the malnutrition problem in South
Asia [156]. Patients with COVID-19 have altered normal body
functioning [157]. There is a notable increase in fat accumulation,
sarcopenia and sarcopenic obesity [157]. Patients remain indoors
for prolonged period of time due to imposed lockdowns and this
decreases physical activity and increases unhealthy eating.

COVID-19 pandemic brought with it an increase in anxiety,
loneliness, and depression for all age groups because of social
isolation, unemployment, and continuous broadcast of depressive
news [158]. This was not well recognized initially, and needs to be
dealt with immediately as it likely to de-motivate those who
already have sarcopenia. Also, the poor mental health causes
reduction in physical activity which can lead to sarcopenia in this
vulnerable age group [158]. However, South Asia is not ready to
deal with additional mental health crunch due to poor resources
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and infrastructure, lack of trained professionals, patients paying out
of pocket for their treatment (least expenditure on mental health),
and lack of insurance and government policies covering mental
health [158].

Hence, there is a felt need to educate clinicians, COVID-positive
patients, and public in general about the risk of sarcopenia and
sarcopenic obesity due to the abnormal virtual bubble created by
the pandemic. Clinicians should provide or facilitate individualized
MNT, exercise and counseling for all patients, and especially for
COVID-positive cases due to change in body functioning [157,159]. A
more aggressive approach than is usually adopted is required to
combat sarcopenia during this pandemic [159].
14. Research gaps

The SWAG-SARCO 2021 group noted several gaps in the man-
agement of sarcopenia, not just in South Asia but world over:

� Diagnostic cut-offs for South Asia have not been standardized
based on longitudinal data

� Primary sarcopenia is a well-recognized entity but not second-
ary sarcopenia. Sarcopenic obesity has not been studied in detail
as a separate entity.

� Focus is more on treatment than prevention; more on man-
agement than detection; more on drug therapy than non-
pharmacological

� Since secondary sarcopenia is not well recognized, aggressive
action plans to prevent sarcopenia in younger population have
not been made.

� There is no clarity on the role of biomarkers in diagnosing,
monitoring and managing sarcopenia.

� Lack of head-to-head clinical trials comparing various screening
and diagnostic modalities makes it difficult to set gold
standards.

� Lack of head-to-head clinical trials comparing various treatment
strategies, either alone or in combination, makes it difficult to
reach a consensus on best treatment strategies.

� Psychosocial support strategies are largely lacking in South Asia.
� Sarcopenia prevalence, burden, impact andmanagement during
COVID-19 pandemic have not been studied in detail. Hence,
long-term impact is not known.



Table 6
Advantages and disadvantages of different management strategies for sarcopenia.

Treatment strategy Intervention Advantages Disadvantages

Nutritional
supplementation or
medical nutrition
therapy (MNT) [48,70]

Protein supplements including whey protein
[145,210]

- Improves muscle mass, upper and lower limb
strength and walking capacity

Does not improve the muscle strength and
physical performance

- Beneficial effect seenwhen added to resistance
training

Essential amino acid (EAA) supplementation
[211]

Improves muscle mass and basal muscle protein
synthesis

No improvement in muscle strength and
physical performance

b-hydroxy b-methylbutyric acid (HMB)
supplementation [212e214]

No consistent results across studies regarding muscle mass, strength and physical
performance.

Fatty acid supplementation (omega-3 fatty
acids) [215,216]

- Improved both muscle volume and physical
performance

Need further investigation on the dosage
and frequency use

- Can be added to exercise and/or protein
supplementation for added benefit

Creatine [217,218] - Improves muscle mass, muscle strength and
physical performance

- Beneficial effect seenwhen added to resistance
training as increases energy availability during
exercise

- May have beneficial effect on bone density

- Supplementation responds better with
low dietary creatine intake (eg,
vegetarians)

- Effect not seen if resistance training is not
performed correctly (eg, unsupervised)

Exercise and physical
activity
[133,139,140,147]

Resistance training (weightlifting, pulling
against resistance bands, or moving body parts
against gravity)

Increased muscle mass and strength, skeletal
muscle protein synthesis and muscle fiber size
and improvement in physical performance

- Motivation to exercise in older adults is
low

- Highly dependent on patients' mobility
Aerobic exercise (jogging, cycling, brisk
walking, dancing, climbing stairs, and
treadmill)

Increase mitochondrial volume and activity

Balance (standing on heels or toes, tandem
walking, walking on different types of surfaces)
and flexibility (stretches, Tai Chi, yoga)

Stabilizes osteo-arthro-muscular triad

Environmental
optimization [138,152]

Physical- Ramps, grab rails, types of toilets,
other assistive devices

Aids in easing activities of daily living and
prevents falls

May not be possible to use these across
region, especially in rural areas

Psychological-support - Helps combat loneliness, depression etc - Not available at all centers
- The effect builds slowly over time and
needs consistent approach

- Improves adherence to rehabilitation program
- Keeps individual motivated to follow non-
pharmacological treatment like exercise,
nutrition changes etc

Social or peer group support Has not been explored in sarcopenia
Prevention of sarcopenia Walking to work, climbing stairs, use of less technology

Medical optimization of
comorbidities

Optimal medical management of causes of secondary sarcopenia through pharmacological and non-pharmacological methods (MNT,
psychotherapy, exercise, etc.)

Pharmacotherapy Vitamin D [25,83] Increase muscle strength No consistent results across studies
Testosterone [219] - Lean muscle mass is enhanced-increased pro-

tein synthesis
- Reduced muscle fat mass

- Troublesome side effect, such as fluid
retention, gynecomastia, cardiovascular
effects etc

- Effect lasts only as long as therapy is
provided

- Inconclusive evidence that enhanced
muscle mass correlates with improved
muscular strength and physical
performance

Calcium supplementation [220,221] - Positive regulation of muscle health in calcium
deficient

- Hypercalcemia can cause muscle
weakness and arrhythmia

Myostatin inhibitors [219] Lean muscle mass is enhanced Inconclusive evidence that enhanced muscle
mass correlates with improved muscular
strength and physical performance

Growth hormone [19,222] - Lean muscle mass is enhanced
- Reduced muscle fat mass

- High incidence of adverse reactions like
fluid retention, orthostatic hypotension

- High cost
Alendronate [223,224] Improves lumbar bone mineral density, muscle

mass and handgrip strength
Not used in routine clinical practice
Results mainly from clinical trials on
osteoporosis patients

Hormone replacement therapy [225]. - Lean muscle mass is enhanced
- Effect seen in younger women too

Effect not seen in women >65 years and in
obese women

Anabolic steroids [226,227] - Increase in fat-free mass, handgrip strength,
and muscle mRNA levels for several growth
factors

- Decrease in fat mass

- Liver injury
- Steroid induced myopathy

ACE inhibitors [181,228] Some evidence for increased exercise capacity - Renal function needs monitoring
- Not a routine treatment for sarcopenia
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� Support groups in the form of community health centers, inte-
gration of sarcopenia care in existing programs is lacking
15. Limitations of the consensus

During this whole process of consensus building, we realized we
do not have high quality literary evidence from South Asia. Also,
tools used for diagnosis and management of sarcopenia differed
within the available resources. The South Asia region has many
resource challenged settings. Hence, this consensus was developed
using important points and tools from available international and
Asian guidelines which could be extrapolated to the South Asian
phenotype. The clinical experience and expertise of the experts
who deliberated on all the available evidence and limitations added
strength to the recommendations. Additionally, though the litera-
ture from South Asia mainly included small studies and lacked
randomized trials, we have included this literature in the consensus
as this was the only source of published evidence from this region.
Other than this, we acknowledge that though we recommend the
use of biomarkers for monitoring select patients, as per the
discretion of the treating physician, there is no evidence on their
sensitivity, specificity, and accuracy in predicting or diagnosing
sarcopenia. By publishing this consensus, we are trying to bridge
this gap, create awareness, encourage more publications, and hope
to be able to revise the consensus recommendations in future based
on strong evidence from this region.

16. Way forward

The SWAG-SARCO 2021 group has done its best to provide
clinical and practical solutions for defining, screening, diagnosing,
and treating sarcopenia. Attention has been given to prevention,
secondary sarcopenia and sarcopenic phenotype in South Asia.

However, the experts recognize that tremendous efforts are
required to bridge research gaps in South Asia. As this population is
ageing at a fast pace, these gaps must be addressed as soon as
possible. Well planned and sustained efforts are required to pro-
mote sarcopenia awareness in clinicians and patients alike. Pre-
ventive strategies should be stressed upon during all patient
communications.

‘Well-elderly clinics’, dedicated sarcopenia clinics, sarcopenia
support groups need to be established across the length and
breadth of the region. Well-designed head to head comparative
trials should be planned to understand best diagnostic and treat-
ment strategies. Newer therapies and regenerative strategies
should be given a boost in research areas. The SWAG-SARCO group
advocates individualization of sarcopenia management achieved
through shared decision making that incorporates the environ-
mental biopsychosocial and OAM triads for holistic prevention and
management strategies.

The group recognizes that sarcopenia knowledge in South Asia
is evolving with time and believes this paper adds to the knowl-
edge, provides practical solutions and a way forward.
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