
The 13th European Nutrition Conference (2019) was held at the Convention Centre, Dublin, on 15–18 October 2019

Conference on ‘Malnutrition in an Obese World: European Perspectives’
Symposium 3B: Sarcopenic obesity: Metabolism & mechanisms

Linking epidemiology and molecular mechanisms in sarcopenic obesity
in populations

Issam El Bizri1,2 and John A. Batsis1,2,3,4,5*
1Geisel School of Medicine at Dartmouth, Hanover, NH, USA

2Section of General Internal Medicine, Dartmouth-Hitchcock Medical Center, Lebanon, NH, USA
3The Dartmouth Institute for Health Policy and Clinical Practice, Lebanon, NH, USA
4Dartmouth Centers for Health and Aging, Dartmouth College, Lebanon, NH, USA

5Section of Weight & Wellness, Dartmouth-Hitchcock Medical Center, Lebanon, NH, USA

Recognising the adverse outcomes that occur to obese adults over the age of 65 years with
loss of muscle mass or strength, or sarcopenia is important. We will review the definitions of
sarcopenic obesity, and attempt to link the epidemiological data with the molecular path-
ways. Upon understanding the model of sarcopenic obesity, we will discuss targeted inter-
ventions and further challenges to address this geriatric syndrome. As our understanding
of this syndrome is growing, more data are emerging to help define sarcopenic obesity across
different populations. We now have a better understanding of biological pathways in ageing
such as changes in body composition, sex-specific hormones, pro-inflammatory markers and
myocellular mechanisms. We will review a comprehensive model that shows the interactions
between the different pathways leading to sarcopenic obesity. Such a model will explain the
promising interventions in place and invite future ones. Sarcopenic obesity is an important
geriatric syndrome with significant clinical and healthcare implications. Further research is
needed to harmonise definitions, clarify mechanisms contributing to syndrome and use
evidence-based interventions to target biological mechanisms in both research and clinical
settings.

Body composition: Obesity: Older adults: Sarcopenia

Perhaps the two most currently emerging and challenging
epidemiological trends in developing countries are the
ageing of the population and the obesity epidemic(1).
Over the past 10 years, the population aged 65 years
and over in the United States increased from 37⋅2 million
in 2006 to 49⋅2 million in 2016 (a 33 % increase) and is
projected to almost double to 98 million in 2060.
Obesity trends are also rising, and the increasing preva-
lence of over the next 20–30 years will place a substantial
strain on the finances and resources of the United States
healthcare system(2). These trends have also been
observed worldwide(3). The prevalence of obesity in com-
bination with sarcopenia, the age-related loss of muscle

mass and strength, increases in adults aged 65 years
and older(4). A major subset of adults over the age of
65 years is now classified as having sarcopenic obesity,
a high-risk geriatric syndrome predominantly observed
in an ageing population that is at risk of synergistic com-
plications from both sarcopenia and obesity(5). In the
present paper, we will discuss the definition of sarcopenic
obesity, as well as the epidemiological and molecular
pathways that link to adverse events in clinical popula-
tions. Understanding of these pathways will ultimately
permit the development of interventions that can mean-
ingfully address this syndrome and its profound implica-
tions in a high-risk population of older adults.
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Age-related changes in body composition

The ageing process leads to considerable changes in body
composition that affect one’s physical and biological pro-
cesses, specifically on the distribution of lean muscle and
fat mass. Ageing promotes an adipogenic state from the
third decade until the seventh decade due to multiple fac-
tors. These factors include a decrease in BMR(6), reduced
physical activity and other proposed hormonal and
inflammatory aetiologies(7–9). The combination of these
factors leads to increased fat mass deposition and reduc-
tion in fat-free mass. While fat mass peaks in the seventh
decade, it drops significantly after this time. Such
changes also affect the distribution of fat mass in older
adults. Ageing leads to a loss of subcutaneous fat
(peripherally first and then centrally), an accumulation
of visceral fat, and ectopic fat deposition (e.g. muscle,
liver and bone marrow)(10). This is partly explained by
the reduced capacity for lipid accumulation with age
among other unknown aetiologies(11).

Lean mass peaks in the fourth decade of life and its
decline accelerates after the seventh decade(12). Grip
strength follows such a pattern as well. In a large cohort
study combining twelve population-based studies of 49
964 participants, males were stronger than females
from adolescence onwards, with a peak median grip
strength of 51 kg between ages 29 and 39, compared to
31 kg in females between ages 26 and 42(13). By age 80,
weak grip strength, defined as less than 2⋅5 standard
deviations below the sex-specific mean, reached a preva-
lence of 23 % in males and 27 % in females. In a separate
study using data from the Baltimore Longitudinal Study
on Aging, muscle quality declined in both arms and legs
with age in cross-sectional analyses, using cross-sectional
area and fat-free mass(14). Importantly, the relationship
between the muscle quality and age was dependent on
how muscle mass was estimated and whether subjects
are studied in a cross-sectional or longitudinal study
design. This age-related reduction in lean muscle mass
and strength(15) accounts, in part, for the reduced
RMR(16). Skeletal muscle metabolism is a major deter-
minant of resting energy expenditure. Other aetiological
factors that cause a decline in RMR include reduced
physical activity(17), reduced mitochondrial volume and
reduced oxidative capacity(18,19). Age-related decreases
in the components of total energy expenditure (e.g.
RMR, thermic effect of food and physical activity) con-
tribute largely to the gradual increase in body fat. The
reduction in energy expenditure in ageing is typically
not proportionally associated with a reduced drive to
eat. The small yearly positive changes in energy balance
might lead to weight gain(20).

Age-specific physiological decline

The relationship between age and physiological function
remains poorly defined and there are no unique physio-
logical markers that reliably predict physiological ageing.
This could be due to a variety of confounding genetic
and lifestyle factors. The relationship between age and

reduced physical activity has been well-established. For
instance, the overwhelming majority of older people in
the United Kingdom do not meet the minimum physical
activity levels needed to maintain health(8). The seden-
tary lifestyles that predominate in older age result in
premature onset of ill health, disease and frailty(8). The
evidence demonstrates that regular physical activity is
safe not only for healthy but even for frail older
adults(21). Furthermore, the risks of developing major
cardiovascular and metabolic diseases, obesity, falls, cog-
nitive impairments, osteoporosis and muscular weakness
are mitigated by regular exercise. For example, even
short-term exercises (e.g. aerobic, resistance, balance
and flexibility) have been shown to reduce the risk of
falls(22). Regular exercise has also been one of the few
interventions to reduce the risk of osteoporotic fractures
among older adults(23,24). What is defined as regular exer-
cise includes completing activities ranging from low
intensity walking through to more vigorous sports and
resistance exercises. Among multiple physiological func-
tions, VO2max was most closely associated with age.
However, a high level of variance between the age and
VO2max has also been observed(25). In conjunction
with the reduction in type II muscle fibres, their loss
leads may promote sarcopenia due to changes in oxida-
tion and glycolytic energy expenditures(26). This is signifi-
cant as type II muscle fibres are larger in size when
compared to type I muscle fibres and thus are able to
produce greater and quicker power, although for a
shorter period of time, which may be an important con-
sideration for activities of daily living.

Inflammatory and hormonal changes with ageing

The role of inflammation in the ageing process has been
extensively studied and multiple pathways have been
implicated. Higher plasma concentrations of cytokines
such as IL-6 and TNF-α are associated with lower muscle
mass and lower muscle strength in well-functioning older
men and women(7). It is also hypothesised that the rise in
the aforementioned cytokines as well as in insulin-like
growth factor-1, as often observed in healthy older per-
sons, may contribute to the loss of muscle mass, strength
and ultimately to progressive disability and death(9).
Batsis outlined the interrelated pathways that link inflam-
matory and hormonal changes that may promote sarco-
penic obesity (Fig. 1)(5). Diet and exercise interventions
may alter these inflammatory cytokines and alter the
relative ratio of adipokines. Such complex pathways
are thought to lead to intramuscular fat deposition
that may contribute to the impairment in functional sta-
tus observed in this population. Importantly, Fig. 2
demonstrates MRI that reflects fat infiltration of one’s
quadriceps muscle. This deposition is the hallmark
of the causative pathways that may lead to sarcopenic
obesity.

Metabolic impairments observed in the InCHIANTI
(Invecchiare in Chianti, Aging in the Chianti Area) and
National Health and Nutrition Examination Survey
(NHANES) datasets have consistently demonstrated
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the association with high BMI and low muscle strength
or mass, and increased levels of the cytokine IL-6 and
inflammatory marker, C-reactive protein(27–29). Changes
in oestrogen, testosterone and growth hormone are also
implicated in inflammatory changes that promote pheno-
typic changes in fat and muscle mass. These hormones
decline sharply with age(29). Andropause and menopause
are well defined with wide implications on ageing. For
instance, the effect of oestrogen decreases during meno-
pause whose effect extends past bone. Bone mass
decreases with age after menopause in addition to
increases in fat mass and decreases in lean mass(30).
Total and bioavailable testosterone correlate with age
and show the greatest decline after the age of 70, and
appears to be central in the development of sarcopenia
as it increases both muscle mass and activates satellite
cells leading to increased muscle function(31). Finally,
growth hormone deficiency has been implicated in the
loss of muscle mass; however, it is unclear if growth hor-
mone deficiency leads to muscle strength loss. A variety
of other hormones as outlined in Fig. 1, including adipo-
kines (adiponectin) and myokines (myostatin) appear to
play minor roles in age-related alterations in muscle
mass and function.

Ageing and sarcopenia

As our understanding of sarcopenia improves, there is
increasing evidence that muscle mass and muscle strength

may not be synonymous or causally related. Recent lon-
gitudinal and intervention-based studies have clearly
demonstrated that muscle atrophy is a relatively small
contributor to the loss of muscle strength(32). More atten-
tion has been focused on the subclinical deficits in the
structure and function of the nervous system and/or
impairments of skeletal muscle to produce effective
power as potential antecedents to reduced muscle
strength(33). Therefore, ageing affects the muscular
strength in more complex ways than previously per-
ceived. More research is underway to further understand
the neuromuscular complexity of reduced muscle
strength.

Assessment of body composition

Many techniques are available to assess body compos-
ition, ranging from simple indirect measures to more
sophisticated direct volumetric methods. Some of the
more commonly used methods include anthropometry,
tracer dilution, dual-energy X-ray absorptiometry, air
displacement plethysmography and bioelectrical imped-
ance analysis. Gold standard methods of assessing mus-
cle and fat include computer tomography and MRI.
Their precision and accuracy varies, and have been
reviewed elsewhere(34). In older adults, dual-energy
X-ray absorptiometry scans offer the dual benefit of
bone density measurement as well as measurement of vis-
ceral fat which can be of high clinical utility. Findings

Fig. 1. (Colour online) A proposed model of mechanisms leading to sarcopenic obesity. The proposed interplay between adipose and
muscle tissue, which is believed to contribute to the development of sarcopenic obesity, is shown. The black lines are stimulatory, while
red lines with flat ends indicate inhibition. IGF-1, insulin-like growth factor 1(5).

I. El Bizri and J. A. Batsis450

P
ro
ce
ed
in
gs

o
f
th
e
N
u
tr
it
io
n
So

ci
et
y

https://doi.org/10.1017/S0029665120000075 Published online by Cambridge University Press

https://doi.org/10.1017/S0029665120000075


from epidemiological studies over the past 30 years have
demonstrated that visceral adipose tissue is an independ-
ent risk marker of cardiovascular and metabolic morbid-
ity and mortality(35). This joint position statement from
the International Atherosclerosis Society and the
International Chair on Cardiometabolic Risk Working
Group on Visceral Obesity summarises evidence for vis-
ceral adiposity and ectopic fat as emerging risk factors
for type 2 diabetes, atherosclerosis and CVD(35).

Commonly used anthropometric measures are often
using in the definitions of sarcopenic obesity. However,
BMI, while helpful from a population-based standpoint,
has many limitations and exhibits poor sensitivity(36).
For instance, as individuals age, vertebral compression
result in a reduction in height(37), and may affect the
BMI ratio. The redistribution of body mass and loss of
lean mass described earlier also interferes with the ability
of BMI to accurately capture the extent of adiposity.

Assessment of sarcopenia

Muscle mass can be assessed using standard measures of
body composition described earlier. Multiple methods
can be used to assess muscular strength including grip
strength(38), sit-to-stand testing(39) and short performance
physical battery of lower extremity strength(40). Grip
strength has the advantage of ease of use in the clinical
setting and its validation in prognostication(41). Leg iso-
metric strength has also been studied and is strongly cor-
related with fat-free mass(42). The relationship between
the muscle quality and age is dependent on how muscle
mass is estimated and on whether subjects are studied
cross-sectionally or longitudinally. In addition, creatine
may measure a muscle property not accounted by other
measures(14). It has been suggested that creatine
(methyl-d3) dilution, may more accurately assess muscle
mass(43). At a cellular level, estimates of total body mus-
cle can be obtained from endogenous metabolites of skel-
etal muscle, such as creatinine, 3-methylhistidine, urinary
creatinine excretion and D3-creatine. D3-creatine is still
in the early clinical phase of development, and the
issue of normative data is lacking. A critical need to
develop such standards to reliably identify homogeneous

populations with sarcopenia is needed prior to its routine
use in clinical practice and intervention studies(44).

Diagnosis of sarcopenic obesity

The diagnosis of sarcopenic obesity is highly debated and
complex. In our opinion, the definition consists of separ-
ately defining sarcopenia and obesity. While we recognise
that these have been highly variable within the literature,
we present information that permit classification of par-
ticipants using a given definition.

The Foundation for the National Institutes of Health
Biomarkers Consortium Sarcopenia Project used an
evidence-based approach to develop these criteria(45).
The final recommended cut-points for weakness estab-
lished in 2014 are grip strength <26 kg for men and
<16 kg for women, and for low lean mass, appendicular
lean mass adjusted for BMI <0⋅789 for men and <0⋅512
for women(45). In an updated consensus by the same
group, the Sarcopenia Definitions and Outcomes
Consortium was formed to develop evidence-based diag-
nostic cut-points for lean mass and/or muscle strength
that identify people at increased risk of mobility disabil-
ity. The conclusion was that grip strength, absolute or
adjusted for BMI, is an important discriminator of
mobility disability and other endpoints(46).

An additional effort to include gait speed in conjunc-
tion with grip strength in a clinical algorithm was devel-
oped by the European Working Group on Sarcopenia in
Older People. This group developed a consensus diagnos-
tic criteria for age-related sarcopenia(47). In 2019, the
European Working Group on Sarcopenia in Older
People revised the algorithm in which the grip strength
or the chair test was used to assess the probability of sar-
copenia. The diagnosis was then further confirmed by
muscle quality or quantity imaging tests such as
dual-energy X-ray absorptiometry, MRI, bioelectrical
impedance analysis or computer tomography scan. The
severity of sarcopenia was then determined by physical
performance testing such as timed up and go test,
400 m walk test, short physical performance battery or
gait speed(48).

Fig. 2. MRI of individuals with and without obesity. Cross- sectional MRI of the quadriceps area of an
individual without obesity with normal muscle characteristics (part a) and an individual with obesity with small
muscles and infiltration by adipose tissue (part b) is shown. More muscle tissue is visible in part a than in part b.
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The differences in defining sarcopenia and sarcopenic
obesity has led to significant differences in estimating
the prevalence of this condition in older adults and mark-
edly hampers the scientific advancement of the field.
Prevalence of sarcopenic obesity in older adults varies
up to 19–26-fold depending on current research defini-
tions when applied to NHANES 1999–2004 data(4).
Despite the large variation in the prevalence of sarcope-
nic obesity across different obesity definitions(49–52),
recent evidence suggests that waist circumference as a
surrogate for central obesity, is best associated with
poorer muscle function(52). Grip strength, absolute or
adjusted for BMI, is an important discriminator of
mobility disability and other endpoints. Additional
research is needed to develop a predictive risk model
that takes into account sarcopenia components as well
as age, sex, race and comorbidities(46). Unfortunately,
the few studies that have evaluated the concordance of
definitions demonstrate minimal overlap. Specifically,
the concordance rates are 2⋅5 % between the European
Working Group on Sarcopenia in Older People and the
International Working Group on Sarcopenia, 1⋅8%
between the European Working Group on Sarcopenia in
Older People and the Foundation for the National
Institutes of Health and 1⋅0% between the International
Working Group on Sarcopenia and Foundation for the
National Institutes of Health among community-dwelling
older adults in Bavaria, Germany(53). An international
consensus on an evidence-based definition of sarcopenia
is needed and will facilitate more effective research
and interventions. Ethnic/racial and country-specific
definitions may be necessary that reflect a study popula-
tion. Alternatively, worldwide consensus aggregating
large-scale, longitudinal, epidemiological cohorts to
increase sample sizes to ascertain its impact on long-term
functional impairment are critically needed.

Epidemiologic of sarcopenic obesity and adverse events

Despite such challenges, epidemiological evidence using
well-established datasets has demonstrated a relationship
between sarcopenic obesity and impaired long-term
outcomes. Both sarcopenia and sarcopenic obesity are
related to incident functional decline and disability
in cross-sectional and longitudinal studies(54). Cross-
sectional data using NHANES 1999–2004 demonstrated
significantly higher rates of physical limitations in both
males and females(55). Low muscle strength, defined as
the lowest sex-specific tertile of knee extensor strength,
and BMI ≥ 30 kg/m2 had significantly lower walking
speeds and steeper declines and higher risk of developing
new mobility disability over a 6-year follow-up(56). There
may be sex-specific differences in mortality risk in those
with sarcopenia and sarcopenic obesity, as older
women with sarcopenia have an increased all-cause
mortality risk independent of obesity(57). When different
body composition measures and muscle strength mea-
sures are used to determine the functional decline in
older men and women, low muscle mass was not signifi-
cantly associated with such functional decline(58). Low

muscle strength co-existent with obesity, but not muscle
mass, was predictive of increased falls risk score in
middle-aged and older adults. In clinical settings, muscle
function assessments may be useful for predicting falls
risk in participants with obesity.

Falls are an important cause of mortality andmorbidity
in older adults(59). In a study of falls risk in middle-aged
and older adults, sarcopenic obesity defined used muscle
mass had no significant relationship with falls among
any categories irrespective of obesity type (global v. cen-
tral)(60). In contrast, in the same study, the multivariable
linear regression analyses revealed mild but significantly
increased falls risk scores for low muscle strength with
obesity(60). In a multiethnic cohort of postmenopausal
women, sarcopenic obesity-related fall risk was high in
women younger than 65 and those aged 65 and older
when defined using body fat percentage greater than
42%(61).

Increasingly, epidemiological studies using the Korean
NHANES, the British Regional Heart Study, the English
Longitudinal Study of Aging and a Japanese cohort have
demonstrated marked associations between the sarcopenic
obesity and risk ofmedical co-morbidity.Using theKorean
NHANES, sarcopenic obesity defined using appendicular
skeletal mass normalised for body weight below 2 standard
deviations and with BMI≥ 27 kg/m2 demonstrated an OR
3⋅51 (95% CI 2⋅15, 5⋅75) in the development of radio-
graphic knee osteoarthritis(62). Depression was strongly
associated in a cross-sectional study using appendicular
skeletal mass, grip strength and gait speed for sarcopenia,
and percent body fat for obesity(63). This was also observed
longitudinally with low grip strength and obesity defined
using BMI≥ 30 kg/m2, with an OR 1⋅79 (95% CI 1⋅10,
2⋅89) over 6 year follow-up(64). Psychological stress was
also highest in individuals with sarcopenic obesity, with a
higher degree of psychological health (OR 1⋅79 (95% CI
1⋅10, 2⋅89)) and higher stress (OR 6⋅05 (95% CI 1⋅89,
19⋅38))(65). Lastly, the risk of type 2 diabetes was markedly
higher (hazard ratio (HR) 3⋅57 (95% CI 2⋅04, 6⋅24)) in the
English Longitudinal Study of Aging in individuals with
sarcopenic obesity defined using grip strength and BMI(66).

Sarcopenia and visceral obesity have been suggested to
aggravate each other, resulting in a vicious, bi-directional
cycle. In a study of 379 Korean men and women (mean
age 51⋅9 (SD 14⋅6) years) from the Korean Sarcopenic
Obesity Study, visceral fat area was an independent nega-
tive predictor of the changes in appendicular lean soft tis-
sue after adjusting for confounders(67). Participants with
visceral obesity and low muscle strength had significantly
higher risk of mortality, worsening disability and
hospitalisation(68).

Both obesity and low handgrip strength, independent
of each other, predict the risk of death in adult men
and women with additive pattern. The predictive value
of obesity varies by age, whereas low muscle strength pre-
dicts mortality in all age groups aged >50 years and
across all BMI categories. Data from adults between
ages 50 and 91 years in a Finnish cohort demonstrated
that the highest mortality was among those with low
handgrip strength and obesity (HR 1⋅23 (1⋅04–1⋅46))(69).
The NHANES III data demonstrated sex-specific
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differences in mortality using body fat and muscle mass
cut-offs(57,70). A meta-analysis of all sarcopenic obesity
definitions demonstrated differential mortality estimates
formusclemass (HR1⋅06 (95%CI 0⋅91, 1⋅22)) as compared
to muscle strength (HR 1⋅23 (95%CI 1⋅09, 1⋅38))(71). When
promoting health among older adults, more attention
should be paid to physical fitness in addition to bodyweight
and adiposity(69). The LIFE study is a key study that
reduced mobility disability in older adults through a walk-
ing and resistance programme(21). Other health promotion
studies have demonstrated the importance of physical
fitness as a surrogate for better health, yet future agreement
amongexperts is neededbefore implementation intoclinical
practice(72–75). These are important effects that go beyond
cardiometabolic factors and changes in cognition(76–78).

What did the epidemiological data show us?

Long-term associations observed in the epidemiological
literature are strongly related to definitions of sarcopenia
and obesity. Despite the lack of consensus on the defini-
tion of sarcopenic obesity, the detrimental clinical impli-
cations of this syndrome are unequivocal. Muscle
strength is likely a stronger predictor of decline than mus-
cle mass. This correlation can put more emphasis on the
clinical screening for sarcopenic obesity with simple tests
such as grip strength. The synergy of low muscle mass/
strength and obesity (body fat or elevated BMI) is asso-
ciated with significantly higher morbidity/mortality than
either one alone. Therefore, treatments should address
both obesity and reduced muscle mass/strength.

Energy restriction

Energy restriction is the hallmark of any intentional
weight loss programme. Energy restriction triggers a
complex series of intricate events, including activation
of cellular stress response elements, improved autophagy,
modification of apoptosis and alteration in hormonal
balance(79). Energy restriction aids with healthy ageing
through weight loss. In the CALERIE (Comprehensive
Assessment of Long term Effects of Reducing Intake of
Energy) study, weight-loss was strongly associated with
improvements in VO2 and knee strength at 2-year
follow-up(74). Conversely, energy restriction on its own,
which in most cases can entail a 20–40% reduction of
food consumption relative to normal intake, is a signifi-
cant intervention that can also result in detrimental
effects(80). Caution should be exercised with energy
restriction to avoid loss of lean muscle mass and strength.
Generally, loss of weight is ¼ muscle and ¾ fat(81).
Combining energy restriction with aerobic and resistance
exercises can mitigate this potential detrimental effect
and can provide greater improvement in physical func-
tion(82). Also of concern during weight-loss efforts is
loss of bone density which, without a resistance exercise
component, can result in a decrease in hip bone density;
resistance exercises can potentially lead to the corre-
sponding increased hip bone mineral density(83).

Aerobic and resistance exercise

Multiple modalities have investigated the effects of resist-
ance training, aerobic training or combination training
on sarcopenic obesity. Older adults with sarcopenic obes-
ity who engaged in the resistance training, aerobic train-
ing and combination training demonstrated increased
muscle mass and reduced total fat mass and visceral fat
area compared with those without training(84). The mus-
cle strength performance and serum insulin-like growth
factor-1 level improvements were most pronounced in a
resistance/aerobic training group over an 8-week period.
Compared with resistance training alone, protein supple-
mentation combined with resistance training may have a
stronger effect in preventing ageing-related muscle mass
attenuation and leg strength loss in older people(85).

The improvement in VO2max and other marker has
been shown to be possible in older adults using exercise
programmes to improve measures of physical function
and preclinical disability with impairments in physical
performance(86). Binder et al. randomised 150 older
adults (mean age 83 (SD 4) years) with mild to moderate
frailty who participated in a 9-month low-intensity home
exercise v. an exercise-training programme. The latter
programme had improvements of 1⋅0 v. 5⋅2 points for
the modified physical performance score, 0⋅9–3⋅6ml/kg/
min for VO2 peak, and 1⋅6–4⋅9 points for the functional
status questionnaire. The aforementioned findings and
increasingly emerging evidence confirm the continued
need to advocate for more physical activity in the elderly.

Aerobic and resistance exercise, but not weight-loss,
though, has a marked effect on the molecular and cellu-
lar level of the type II muscle fibres. Significant reduc-
tions in markers of muscle inflammation and
anabolism, including Toll-like receptor 4, insulin growth
factors and type II fibre sizes were observed with exercise
in frail older adults with obesity(26,87). Yet, a combined
aerobic/resistance programme was found to be more
effective than either alone in improving muscle protein
synthesis and myocellular quality during weight-loss
interventions(88).

Energy restriction with exercise

Few studies specifically evaluate individuals with sarco-
penic obesity. A randomised controlled trial in older
female participants (aged 70 years and over) with sarco-
penic obesity were enrolled in a 3-month study of a
60-min exercise class twice weekly, nutrition (consisting
of essential amino acid supplementation and tea fortified
with catechins), both, or health education classes. The
combined intervention led to significant declines of
total body fat (OR 4⋅42 (95% CI 1⋅21, 16⋅19)) and
improved walking speed (OR 3⋅05 (95% CI 1⋅01,
9⋅19))(89). A pivotal trial by Villareal et al. randomised
four groups (aerobic, resistance, combined and control)
and found that the combined aerobic/resistance group
had a mean 9% weight-loss, but marked improvements
of 21 % v. 14 % in the aerobic or resistance groups
in physical performance status(90). Changes were also
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observed in undercarboxylated osteocalcin, sclerostin
and improvements in pancreatic insulin secretion(91).
Although, weight loss from lifestyle interventions results
in significant decreases in total and free oestradiol levels
in frail, older men with obesity, this did not result in a
clinically important increase in total testosterone nor a
significant increase in free testosterone. The combination
of diet and exercise in frail, older adults with obesity
leads to increases in testosterone and reduced oestra-
diol(92). The implications of these findings are currently
unclear and require further investigation.

Conclusions

Sarcopenic obesity is prevalent and increases the risk of
decline in the older adults. We propose a shift to translate
research-based findings to clinical environments from
muscle mass to muscle strength. Sarcopenic obesity has
detrimental effects on quality of life, independence and
mortality. We advocate a focus on physical function
and quality of life. Many evidence-based interventions
involve dietary and changes in physical activity.
Gaining an understanding of the underlying behavioural
and biological mechanisms is critical in targeting inter-
ventions. More research is needed to harmonise the
definitions and clarify mechanisms contributing to this
geriatric syndrome which could then lead to personalised
targeting of interventions to the individual participant.
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