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Abstract
Obesity is a major public health issue with prevalence increasing worldwide. Obesity is a well-established risk factor for CVD and mortality in
adult populations. However, the impact of being overweight or obese in the elderly on CVD and mortality is controversial. Some studies even
suggest that overweight and obesity, measured by BMI, are apparently associated with a decreased mortality risk (known as the obesity
paradox). Ageing is associated with an increase in visceral fat and a progressive loss of muscle mass. Fat mass is positively associated and lean
mass is negatively associatedwith risk ofmortality. Therefore, in older adults BMI is not a good indicator of obesity. Sarcopenia has been defined as
the degenerative loss of muscle mass, quality and strength with age and is of major concern in ageing populations. Sarcopenia has previously been
associatedwith increased risks ofmetabolic impairment, cardiovascular risk factors, physical disability andmortality. It is possible for sarcopenia to
co-exist with obesity, and sarcopenic obesity is a new class of obesity in older adults who have high adiposity levels togetherwith lowmusclemass,
quality or strength. Therefore, sarcopenia with obesity may act together to increase their effect on metabolic disorders, CVD and mortality. This
review will discuss the available evidence for the health implications of sarcopenic obesity on CVD and mortality in older adults.
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Obesity is defined as abnormal or excessive body fat, and it is a
major public health problem. In recent times, the prevalence of
obesity has increased dramatically and it continues to increase in
middle-aged and older adults worldwide, with a doubling in
prevalence since 1980(1,2). With age, obesity prevalence also
increases, so in an ageing population this obesity epidemic rep-
resents a mounting financial concern in regard to healthcare
resources(3–6). Obesity is a well-established risk factor for CVD
and mortality in adult populations(7–10); typically ‘U’ or ‘J’ shaped
curves are seen between obesity (measured by BMI) and CVD or
mortality, with increased risks in underweight and overweight
middle-aged adults. However, there is controversy surrounding
the effects of overweight and obesity on CVD and mortality in
older people. Some studies even suggest that overweight and
obesity, measured by BMI, are apparently associated with a
lower mortality risk(11) (known as the obesity paradox). A pre-
vious large meta-analysis, including thirty-two studies, of almost
200 000 individuals aged 65 years and older, showed a U-shaped
relationship between BMI and mortality, with the lowest risk in
those with a BMI between 24 and 30 kg/m2, and mortality risk
only began to increase when BMI exceeded 33 kg/m2(12). This
obesity paradox may be partly explained by the fact that BMI

is an imprecise measure of body fat which does not distinguish
between fat and lean body mass, with have opposing effects on
mortality risk; fat mass is positively associated and lean mass is
negatively associated with mortality risk(13).

As people age, some important changes to body composition
occur, which includes a relative increase in visceral abdominal
fat and a gradual loss of muscle mass(14–16). Increased visceral
fat is a risk factor for developing metabolic disorders, such as
hypertension, dyslipidaemia and insulin resistance, and also
CVD. The progressive loss of muscle strength and mass which
happens with age is known as sarcopenia(17). Many factors con-
tribute to the development of sarcopenia but its aetiology is not
completely understood. A number of pathological mechanisms
have been suggested to underlie age-related muscle loss includ-
ing neuronal and hormonal changes, being underweight, under-
nutrition including low protein intake, physical inactivity and
inflammation(6,18–22). Sarcopenia is of major concern in ageing
populations as it is associated with metabolic impairment,
cardiovascular risk factors and physical disability(23–25).
Although sarcopenia has been less extensively studied in rela-
tion to incident CVD morbidity and mortality, there is increasing
evidence that muscle mass or muscle strength components of
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sarcopenia are associated with increased risk of CVD(26–30). It is
well documented that sarcopenia is a significant predictor of
death in older adults, including thosewho are community-dwell-
ing, care home residents or hospitalised patients(31–33). A recent
meta-analysis of six prospective cohort studies examined the
association between sarcopenia and mortality, including 7367
community-dwelling older adults(31). The pooled estimate
showed that sarcopenic individuals had a 60 % increase in the
risk of mortality (hazard ratio (HR) 1·60, 95 % CI 1·24, 2·06)
compared with those without sarcopenia. Sarcopenia is also a
significant predictor of all-cause mortality among older nursing
home residents, with a meta-analysis of six studies showing an
86 % increase in risk (pooled HR 1·86, 95 % CI 1·42, 2·45)(32).

Despite it being the case that body composition can greatly
change with age, the fact that visceral fat tends to increase
and muscle mass tends to decrease means that there may be
no significant change to an individual’s overall body weight
or BMI(6,11). Body composition changes with age can see the
co-occurrence of sarcopenia with increases in fat mass.
Sarcopenic obesity has recently emerged as a new category of
body composition(6) (Fig. 1). The body composition of older
adults can therefore be categorised as: normal, sarcopenic,
obese or sarcopenic obese. Visceral fat andmusclemass are con-
nected pathogenically and share common pathways including
decline in physical activity, low energy expenditure, increase
in insulin resistance and inflammation(6,34–37). The co-existence
of both sarcopenia and obesity in older adults may therefore
interact and increase their effects on risk of CVD and mortality,
which may result in older adults with a sarcopenic obese
body composition having the worse disease and mortality
outcomes(6,38–40).

Sarcopenic obesity

The term ‘sarcopenic obesity’ was first coined by
Baumgartner(41) and combines the body composition categories
of both sarcopenia and obesity. BMI (weight divided by height
squared) is the most commonly used measure of adiposity, with
obesity defined as greater than or equal to 30 kg/m2(42).
However, the validity of BMI in adequately measuring adiposity

has been questioned, especially in older age, as BMI does not
differentiate between fat mass and lean mass(13). Alternative
obesity definitions have therefore focused on the distribution
of body fat, with central or visceral obesity being commonly
measured(15). Fat mass can be assessed using bioimpedance
analysis (BIA) or dual-energy X-ray absorptiometry (DXA)(16).
Computerised tomography or MRI can also be used to evaluate
adipose tissue or its quality(43) (Table 1). Measures of central
obesity have also been shown to be stronger predictors of
CVD and mortality than BMI in older adults(44,45). Two such
anthropometric measures of central adiposity are waist:hip ratio
(≥0·90 cm for men; ≥0·85 cm for women) and waist circumfer-
ence (>102 cm for men; >88 cm for women), as defined by
the WHO(46).

Sarcopenia has been defined using many different measure-
ment methods (Table 1), and the diagnostic criteria are not uni-
form(47). Sarcopenia was originally defined by Baumgartner
et al.(19) as appendicular skeletal muscle mass two SD below
the sex-specific reference for a young healthy person, assessed
using DXA and height adjusted. Janssen et al.(48) developed an
alternative sarcopenia definition of skeletal muscle mass mea-
sured by BIA. DXA and BIA are more commonly used to assess
muscle mass in research settings, but some clinical setting may
also use computerised tomography or MRI scans. In 2010, The
European Working Group on Sarcopenia in Older People
(EWGSOP) published a sarcopenia definition to assist in case
finding in older adults(49). This definition included the presence
of both low muscle function (low strength and/or low physical
performance) and low muscle mass. The EWGSOP sarcopenia
definition recommendedmeasuring physical performance using
gait speed and measuring muscle strength using handgrip
strength(49). In 2014, an alternative and more specific sarcopenia
definition was recommended by the Foundation for the National
Institutes of Health Sarcopenia Project; appendicular lean mass
cut-points adjusted for BMI (<0·789 for men;<0·512 for women)
and for grip strength cut-points (<26 kg for men; <16 kg
for women)(50). Recently, there has been much increased
acknowledgement of the importance of sarcopenia in older
adults, and in 2016 sarcopenia was officially recognised as a dis-
ease and assigned an International Classification of Disease-10
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Fig. 1. Body composition changes with age and the interplay between sarcopenia and obesity. Adapted from Wannamethee & Atkins(35).
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code(51). In 2019, the EWGSOP published an updated sarcopenia
definition and cut-points (the EWGSOP-2) which focused on low
muscle strength as a key sarcopenia characteristic, used detec-
tion of low muscle quantity and quality to confirm the diagnosis
and used poor physical performance to indicate severe
sarcopenia(52). Comparison of the old and new EWGSOP defini-
tions of sarcopenia in the UK Biobank cohort study suggests that
the new EWGSOP-2 definition recognises fewer people as sar-
copenic (0·36 %) compared with the old definition (8·14 %)(53).

The operational definition of sarcopenic obesity is still under
discussion(36) and hence there is no universally accepted
classification(24,40,52). There is a marked heterogeneity in defini-
tions and approaches to diagnose sarcopenic obesity(54). The
threshold values used in previous literature to define both sarco-
penia and obesity have varied significantly depending on pop-
ulation, age, sex and ethnicity(55). It is therefore a challenge to
compare the results of findings between studies using different
sarcopenic obesity definitions. Prevalence estimates for sarco-
penic obesity have therefore also differed greatly, from 0 to
25 % in older adults across different studies, with an average
prevalence of 5–10 %(55). In a review of eight sarcopenic obesity
definitions, Batsis et al.(56) estimated that prevalence can vary up
to 26-fold depending on definition used. Such a high degree of
variability is suggestive of a need to establish a consensus defi-
nition that can be reliably applied across different clinical and
research settings(36).

Sarcopenic obesity and cardiovascular risk factors

There has been a rapid growth in the literature in the last couple
of decades which has examined the associations between sarco-
penic obesity and cardiovascular risk factors(35,39,57). Table 2
summarises relevant studies, discussed below, that investigate
the associations of sarcopenic obesity and cardiovascular risk
factors in older people. In Korean older adults, several cross-sec-
tional studies have shown that sarcopenic obese individuals
have the highest cardiovascular risk; sarcopenic obesity (classi-
fied by skeletal muscle mass assessed by DXA and obesity
assessed by either DXA, BMI or waist circumference) was asso-
ciated with up to an 8-fold increase in the risk of the metabolic
syndrome, an increased risk of hypertension, insulin resistance,
dyslipidaemia, higher fasting glucose levels and a lower cardio-
respiratory fitness, compared with the non-sarcopenic, non-
obese group(58–66). A study in Taiwanese older adults (defined
by BIA-measured muscle mass and BMI) is also comparable in
that the sarcopenia obese group also had the highest risk of

the metabolic syndrome, with a 12 times increased risk, com-
pared with the non-sarcopenic, non-obese group(67). A large
cross-sectional study of over 14 000 adults in the National
Health and Nutrition Examination Survey showed that sarco-
penic obese individuals (defined by BIA-measured muscle mass
and BMI) also have the highest risk of dysglycaemia and insulin
resistance(68).

Not all studies, however, show that sarcopenic obese older
adults have the highest cardiovascular risks, with some studies sug-
gesting that obese older adults have higher levels of cardiovascular
risk factors. The New Mexico Aging Process Study examined older
adults aged 60 years and over, and found that the prevalence of
hypertension and the metabolic syndrome was highest in the
non-sarcopenic obese group, followed by the sarcopenic obese
group (assessed using DXA measurements)(69). Studies in older,
postmenopausal women have also shown that sarcopenic obese
individuals did not have a worse metabolic profile compared with
non-sarcopenic obese individuals(70) and that glucose level,
lipid profile and blood pressure were not significantly higher in
sarcopenic obese compared with non-sarcopenic, non-obese
people(71).

In spite of inflammation being on a common pathway for
both sarcopenia and obesity, differing results have been found
regarding the association between sarcopenic obesity and
inflammatory or haemostatic markers. The ‘Invecchiare in
Chianti’ (InCHIANTI) study of older adults, aged 65 years and
older, showed that sarcopenic obesity (defined using grip
strength andwaist circumferencemeasurements) was associated
with higher levels of inflammatory markers including IL-6 and
C-reactive protein in cross-sectional analysis(72). Similarly, a
study found that in older Korean women, the sarcopenia obese
group had the highest C-reactive protein levels(64). However,
baseline analysis of the Trial of Angiotensin Converting
Enzyme Inhibition and Novel Cardiovascular Risk Factors study
found that although obesity and sarcopenia were both signifi-
cantly associated with higher C-reactive protein and IL-6 levels,
the relationship of inflammation with sarcopenia was not inde-
pendent of the relationship with obesity(73). A study of postme-
nopausal women also found that C-reactive protein levels were
not significantly different between the sarcopenic obese and
non-sarcopenic, non-obese groups(71).

The 5th Korean National Health and Nutrition Examination
Survey (n 3320;≥40 years) assessed the association between sar-
copenic obesity and a number of cardiovascular risk factors,
encapsulated within the Framingham risk score(74). The
Framingham risk score was calculated based on age, sex, total

Table 1. Methods for measuring sarcopenia and obesity

Sarcopenia Obesity

Muscle mass Muscle strength Muscle performance Fat mass Adipose tissue

Anthropometry, for example, calf
circumference, MAMC

Bioimpedance analysis
Computerised tomography
Dual-energy X-ray absorptiometry
MRI

Grip strength
Chair stand test
Knee flexion/extension

Gait speed
Timed-up-and-go test
Short physical performance

battery

Anthropometry, for example, BMI,
skinfold thickness, WC, WHR

Bioimpedance analysis
Dual-energy X-ray absorptiometry

Computerised
tomography

MRI

MAMC, midarm muscle circumference; WC, waist circumference; WHR, waist:hip ratio.
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Table 2. Summary of studies examining the association between sarcopenic obesity and cardiovascular risk factors in older people*

Author
Year

published Study type Participants and sample
Measurement of
sarcopenic obesity Main results

Khadra
et al.(75)

2019 Meta-analysis n 60 118
Eleven studies (mainly cross-

sectional)
Men and women

Various measurements The pooled OR showed that sarcopenic obesity was associated with a 38%
increase in odds of type 2 diabetes compared with those without sarcopenic
obesity

Khadra
et al.(76)

2020 Meta-analysis n 11 308
Twelve studies
Men and women

Various measurements Pooled analysis showed that sarcopenic obese participants did not have a
significantly increased risk of the MetS compared with those with obesity
only

Baumgartner
et al.(69)

2004 Cross-sectional
analysis at baseline
of a prospective
cohort (8 years
follow-up)

n 451
New Mexico Aging Process Study
Men and women
Aged ≥60 years

DXA (ASM; % body fat) The prevalence of MetS and hypertension was highest in the non-sarcopenic
obese group, followed by the sarcopenic obese group

Cesari
et al.(73)

2005 Cross-sectional n 286
Trial of Angiotensin Converting

Enzyme Inhibition and Novel
Cardiovascular Risk Factors study

Men and women
Aged >55 years

DXA (appendicular lean
mass; % FM)

No significant interactions were found between sarcopenia and obesity with
CRP or IL-6

Schrager
et al.(72)

2007 Cross-sectional n 871
InCHIANTI study
Men and women
Aged ≥65 years

Grip strength; WC;
BMI≥ 30 kg/m2

Sarcopenic obesity was associated with higher levels of inflammatory markers
including CRP and IL-6

Kim et al.(66) 2009 Cross-sectional n 526
Korean Sarcopenic Obesity Study
Men and women
Aged ≥20 years

DXA (ASM; SMI; % body
fat)

Women with sarcopenic obesity (identified using SMI) have three times the
risk of MetS and non-sarcopenic obese had two times the risk of MetS
compared with non-sarcopenic, non-obese participants. Similar associations
found in men although not significant

Messier
et al.(70)

2009 Cross-sectional n 136
Healthy overweight or obese

postmenopausal women
Aged 46–70 years

DXA (ASM); CT Sarcopenic overweight/obese women did not show a higher risk metabolic
profile compared with non-sarcopenic overweight/obese women

Srikanthan
et al.(68)

2010 Cross-sectional n 14 528
National Health and Nutrition

Examination Survey III
Men and women
Aged >20 years

BIA (SMI); BMI≥ 30 kg/m2 The sarcopenic obese group had the highest risk of insulin resistance and
dysglycaemia

Lim et al.(59) 2010 Cross-sectional n 565
Korean Longitudinal Study on Health

and Aging
Men and women
Aged ≥65 years

DXA (ASM); CT (VFA) The sarcopenic obese group was at the highest risk of insulin resistance and
Mets, with eight times the risk of MetS compared with non-sarcopenic, non-
obese

Chung
et al.(60)

2013 Cross-sectional n 2943
Korea National Health and Nutrition

Examination Survey
Men and women
Aged ≥60 years

DXA (ASM); BMI≥ 25 kg/m2 The sarcopenic obese group was associated with a higher risk of insulin
resistance, MetS and CV risk factors than any other group
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Table 2. (Continued )

Author
Year

published Study type Participants and sample
Measurement of
sarcopenic obesity Main results

Hwang
et al.(61)

2012 Cross-sectional n 2221
Korea National Health and Nutrition

Examination Survey
Men and women
Aged ≥60 years

DXA (ASM); WC (WC
≥90 cm for men; ≥85 cm
for women)

Sarcopenic obesity was associated with higher fasting glucose level and TAG
level in women, and higher serum insulin levels

Kim et al.(64) 2013 Cross-sectional n 493
Korean Sarcopenic Obesity Study
Men and women
Aged ≥20 years

DXA (ASM); CT (VFA) In women, the sarcopenic obese group had higher levels of insulin resistance
and CRP compared with the non-sarcopenic, obese group. In men, the
sarcopenic obese group had higher levels of insulin resistance compared
with the non-sarcopenic obese group

Lu et al.(67) 2013 Cross-sectional n 600
Community-dwelling Taiwanese

adults
Men and women
Aged 63·6 (SD 10·1) years

BIA (skeletal muscle
mass); BMI≥ 25 kg/m2

The sarcopenic obese group was at highest risk of MetS, with twelve times
the risk compared with non-sarcopenic, non-obese

Park et al.(62) 2013 Cross-sectional n 6832
Korea National Health and Nutrition

Examination Survey
Men and women
Aged ≥19 years

DXA (ASM); WC
(WC≥ 90 cm for men;
≥85 cm for women)

The odds of hypertension were higher in the sarcopenic obese group
compared with the obese, sarcopenic and non-sarcopenic, non-obese
groups

Baek et al.(58) 2014 Cross-sectional n 3483
Korea National Health and Nutrition

Examination Survey
Men and women
Aged ≥65 years

DXA (ASM); BMI≥ 25 kg/m2 Sarcopenic obesity was associated with an increased risk of dyslipidaemia
compared with sarcopenia or obesity alone

Han et al.(65) 2014 Cross-sectional n 4846
Korea National Health and Nutrition

Examination Survey
Men and women
Aged ≥60 years

DXA (ASM); BMI≥ 25 kg/m2 The odds of hypertension were highest in the sarcopenic obese group
compared with all other groups

Kim et al.(63) 2014 Cross-sectional n 298
Korean patients visiting hospital for a

regular checkup
Men and women
Aged 20–70 years

DXA (SMI); CT (VFA) Sarcopenic obesity was strongly associated with low cardiorespiratory fitness

dos Santos
et al.(71)

2014 Cross-sectional n 149
Postmenopausal Brazilian women
Aged 67·2 (SD 6·1) years

DXA (appendicular FFM;
FM)

No significant difference in BP, glucose level, TC, HDL, LDL and CRP
between the sarcopenic obese and non-sarcopenic obese groups

Kim et al.(74) 2015 Cross-sectional n 3320
Korea National Health and Nutrition

Examination Survey
Men and women
Aged ≥40 years

DXA (ASM); BMI≥ 25 kg/m2 The sarcopenic obese group was associated with a significantly increased 10-
year CVD risk score (based on the Framingham risk score) compared with
the non-sarcopenic, non-obese group (OR 2·49, 95% CI 1·53, 4·06 in men;
OR 1·87, 95% CI 1·02, 3·41 in women)

ASM, appendicular skeletal muscle mass; BIA, bioelectrical impedance analysis; BP, blood pressure; CRP, C-reactive protein; CT, computerised tomography; DXA, dual-energy X-ray absorptiometry; FFM, fat-free mass; FM, fat mass; MetS,
metabolic syndrome; SMI, skeletal muscle mass index; TC, total cholesterol; VFA, visceral fat area; WC, waist circumference.
* Table adapted from Atkins & Wannamethee(82). Studies arranged by type (meta-analysis, cross-sectional) and by year.
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cholesterol, HDL-cholesterol, systolic blood pressure, smoking
and diabetes. The sarcopenic obese group was associated with
a significantly increased 10-year CVD risk (OR 2·49, 95 % CI 1·53,
4·06 in men; OR 1·87, 95 % CI 1·02, 3·41 in women) compared
with the non-sarcopenic, non-obese group. However, sarco-
penic non-obese and non-sarcopenic obese participants were
not associated with an increased 10-year CVD risk.

More recently, a meta-analysis of studies examining the asso-
ciations between sarcopenia obesity and type 2 diabetes has
been performed, with eleven studies including a total of
60 118 adults who were overweight or obese(75). Sarcopenic
obesity was significantly associated with a 38 % increase in risk
of type 2 diabetes compared with those without sarcopenic
obesity (OR 1·38, 95 % CI 1·27, 1·50), but results should be inter-
preted with caution as the majority of studies were cross-sec-
tional. A meta-analysis has also been carried out to synthesise
the results of studies assessing the associations between sarco-
penia obesity and the metabolic syndrome, including twelve
studies with a total of 11 308 overweight or obese adults(76).
Pooled analysis showed that sarcopenic obese participants did
not have a significantly increased risk of themetabolic syndrome
(risk ratio 1·08, 95 % CI 0·99, 1·17) compared with those with
obesity only.

Sarcopenic obesity and CVD

In spite of the growth of literature on the associations between
sarcopenic obesity and cardiovascular risk factors in recent
years, to date only a limited number of studies have assessed

the associations between sarcopenic obesity and CVD risk in
older adults(35,39,57,77). Table 3 summarises relevant studies, dis-
cussed below, that investigate the associations of sarcopenic
obesity and the risk of CVD in older people. Cross-sectional stud-
ies have yielded inconsistent results. A cross-sectional analysis in
theNewMexico Aging Process Study compared CVDprevalence
across body composition groups in older adults, aged 60 years
and older(69). The prevalence of CVD was not higher in sarco-
penic obese individuals (11·5 %), defined with appendicular
skeletal muscle and percentage body fat from DXA, compared
with non-sarcopenic, non-obese individuals (13·7%). Conversely,
a cross-sectional study of older adults aged 65 years and older, in
the Korea National Health and Nutrition Examination Survey,
found that the sarcopenic obese group (based on appendicular
skeletal muscle from DXA and BMI≥ 25 kg/m2) showed a
slightly higher but non-significant prevalence of CVD (12·3 %)
compared with non-sarcopenic obese (10·0 %)(78).

There are a small number of prospective studies that have
examined the association between sarcopenic obesity and
CVD risk over time. Stephen & Janssen(79) analysed data from
a prospective study of 3366 community-dwelling older adults
(aged 65 years and over) followed over 8 years, in the
Cardiovascular Health Study. The risk of CVD events was not sig-
nificantly raised in the sarcopenic obese group (defined using
waist circumference and BIA-measured muscle mass) compared
with the normal body composition group. However, it seems
that muscle strength could be better measure of sarcopenia than
muscle mass in predicting CVD risk, as within the same study
population, when sarcopenic obesity was defined by grip

Table 3. Summary of studies examining the association between sarcopenic obesity and risk of CVD in older people*

Author
Year

published Study type
Participants and
sample

Measurement of
sarcopenic obesity Main results

Stephen &
Janssen(79)

2009 Prospective cohort
(8-year follow-up)

n 3366
Cardiovascular Health

Study
Men and women
Aged ≥65 years

BIA (skeletal
muscle mass);
grip strength; WC

Sarcopenic obesity, based on muscle strength but
not muscle mass, was associated with a 23%
increase in CVD risk

Atkins
et al.(80)

2014 Prospective cohort
(11-year follow-up)

n 4111
British Regional Heart

Study
Men
Aged 60–79 years

MAMC; BIA
(FM; FFM); WC

Sarcopenic obesity (defined based on WC> 102 cm
and lowest two quintiles of MAMC, or defined by
BIA) was not associated with CVD events or CVD
mortality

Farmer
et al.(81)

2019 Prospective cohort
(5·1-year follow-up)

n 452 931
UK Biobank
Men and women
Aged 40–70 years

Grip strength; BMI Sarcopenic obesity was associated with the highest
risk of CVD events, compared with the other
three body composition categories, with no clear
differences between those with and without a
history of CVD

Baumgartner
et al.(69)

2004 Cross-sectional
analysis at baseline
of a prospective
cohort

(8-year follow-up)

n 451
New Mexico Aging

Process Study
Men and women
Aged ≥60 years

DXA (ASM; % body
fat)

Participants with sarcopenic obesity did not have a
higher CVD prevalence

Chin et al.(78) 2013 Cross-sectional n 1578
Korea National Health

and Nutrition
Examination Survey

Men and women
Aged ≥65 years

DXA (ASM);
BMI ≥ 25 kg/m2

The sarcopenic obese group had a higher
prevalence of CVD (12·4%) compared with non-
sarcopenic obese (10·1%), but the difference was
non-significant

ASM, appendicular skeletal muscle mass; BIA, bioelectrical impedance analysis; DXA, dual-energy X-ray absorptiometry; FFM, fat free mass; FM, fat mass; MAMC, midarm muscle
circumference; WC, waist circumference.
* Table adapted from Atkins(39). Studies arranged by type (prospective cohort, cross-sectional) and by year.
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strength and waist circumference, there was a 23 % increase in
CVD risk in the sarcopenic obese group, compared with the
non-sarcopenic, non-obese group(79). The sarcopenic obese
group also had the highest risk of CVD compared with the sar-
copenic group and the obese group(79). A prospective study
of 4111 men from the British Regional Heart Study, aged
60–79 years and followed-up for 11 years, showed no associa-
tion between sarcopenic obesity (defined by midarmmuscle cir-
cumference and waist circumference) and CVD events or CVD
mortality(80). However, this study did not examine muscle
strength measures when defining sarcopenic obesity.
Recently, Farmer et al.(81) explored the association between sar-
copenic obesity and CVD in the largest prospective study of its
kind to date in UK Biobank (452 931 community volunteers,
aged 40–70 years, followed up for 5·1 years). Sarcopenic obesity
(defined by hand grip strength and BMI) was associated with the
highest risk of CVD events, compared with the other three body
composition categories, with no clear differences between those
with and without a history of CVD. However, there is no clear
evidence of an interaction between obesity and sarcopenia for
CVD events. Overall, it seems that research to date from these
cross-sectional and prospective studies shows heterogeneity in
associations between sarcopenic obesity and risk of CVD; the lit-
erature is not consistent as to whether the sarcopenic obese
group has the highest risk of CVD, but these inconsistencies
are perhaps due to the different sarcopenic obesity definitions
used between studies.

Sarcopenic obesity and mortality

Recently, there has been a growing number of prospective stud-
ies which have examined the risk of all-cause mortality in sarco-
penic obese older adults(39,82,83). Table 4 summarises relevant
studies, discussed below, that investigate the associations of sar-
copenic obesity and mortality risk in older people. In a commu-
nity-based study of 4107 men, aged 60–79 years (the British
Regional Heart Study) the risk of all-cause mortality was
increased in sarcopenic obese individuals; those with a high
waist circumference (>102 cm) and in the lowest quartile of mid-
arm muscle circumference had a 55 % increase in mortality risk
compared with non-sarcopenic, non-obese individuals over a
follow-up period of 6 years(84). This same population was
re-examined more recently after 11 years of follow-up(80). The
risk of mortality was increased in the sarcopenic group (41 %
increase in risk) and the obese group (21 % increase), with the
highest risk in sarcopenic obese men (72 % increase) compared
with the non-sarcopenic, non-obese group, after adjustment for
lifestyle and cardiovascular risk factors(80).

The National Health and Nutrition Examination Survey has
also assessed the association between sarcopenic obesity and
mortality in more than 4000 participants, aged 60 years or above,
followed-up for 14 years(85). Sarcopenic obesity was classified
according to BIA-measured skeletal muscle mass and body
fat, and sarcopenic obese women had a significantly increased
mortality risk of 29 % compared with those with no sarcopenia
or obesity, after adjustment for age, sex, ethnicity and cardio-
vascular risk factors(85). However, there was no significant

increase in mortality risk in sarcopenic obese men in this
cohort(85). The InCHIANTI study assessed risk of mortality in
934males and females aged 65 years and above, across six differ-
ent sarcopenic obesity combinations, combining sarcopenia
(measured with calf skeletal muscle) or no sarcopenic with three
adiposity categories (obese, overweight or normal body weight
measured by BMI)(86). Over a follow-up period of 6 years, no sig-
nificant difference in risk of mortality was observed across the six
sarcopenic obesity groups. Similarly, a recent small study in 954
men (aged 70 years and above, followed-up for over 7 years)
from the Concord Health and Ageing in Men Project, categorised
sarcopenic obesity based onDXA-measured leanmass and body
fat, also found no significant association between sarcopenic
obesity and mortality risk after adjustment for confounders(87).

A number of prospective cohort studies examining mortality
risk have defined sarcopenic obesity using a measure of muscle
strength instead of muscle mass, with grip strength being a
common measurement method. In over 6000 healthy adult
men aged 45–68 years living in Hawaii, with follow-up of more
than 30 years, mortality risk was significantly increased by 39 %
in sarcopenic obesity men (BMI≥ 25 kg/m2; lowest tertile of grip
strength)(88). The Mini-Finland Health Examination Survey,
including 3594 participants followed over 17 years, categorised
sarcopenic obesity using BMI and grip strength (BMI≥ 30 kg/m2;
lowest tertile of grip strength), found that sarcopenia and obesity
each independently predicted mortality, but with an additive
rather than a multiplicative effect(89). A prospective study of
6864 older adults in the English Longitudinal Study of Ageing,
which categorised sarcopenic obesity using BMI and grip
strength (BMI≥ 30 kg/m2; lowest tertile of grip strength) found
that sarcopenic obese individuals did not have a significantly
greater risk of mortality than those with just sarcopenia, but
the risk was higher than in those with just obesity(90). Another
prospective study, categorising sarcopenic obesity using tertiles
of waist circumference and tertiles of grip strength (n 846 older
adults from InCHIANTI), found that after adjustment for con-
founders, only the sarcopenic group (and not the obese group
or the sarcopenic obese group) had a significantly increased
mortality risk(91). Although the above studies have all used ter-
tiles of grip strength, this will have resulted in different grip
strength cut-offs in different settings. This could confound results
and makes valid comparison of findings problematic.

A recent meta-analysis by Tian & Xu in 2016(83) has amalga-
mated the results of twelve prospective studies, including 35 287
participants, assessing the association between sarcopenic
obesity and risk of mortality. Analysis showed that sarcopenic
obesity was associated with a 24 % increase in risk of all-cause
mortality compared with those without sarcopenia or obesity
(pooled HR 1·24, 95 % CI 1·12, 1·37).

However, this meta-analysis did not perform a subgroup
analysis of types of participants and included both commu-
nity-dwelling individuals and disease-specific populations.
Zhang et al.(92) updated this meta-analysis in 2019, to include
twenty-three prospective studies, with 50 866 participants aged
50–82 years. Similarly to the previous meta-analysis(83), a 21 %
increase in mortality risk was seen in sarcopenic obese individ-
uals (pooled HR 1·21, 95 % CI 1·10, 1·32) compared with non-
sarcopenic, non-obese. This meta-analysis did not present
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Table 4. Summary of studies examining the association between sarcopenic obesity and risk of mortality in older people*

Author
Year

published Study type Participants and sample
Measurement of
sarcopenic obesity Main results

Tian & Xu(83) 2016 Meta-analysis n 35 287
Twelve prospective cohort studies

(including community-dwelling
participants and disease specific
populations)

Men and women

Various
measurements

The pooled HR showed that sarcopenic obesity was associated with a
24% increase in risk of all-cause mortality compared with the non-
sarcopenic, non-obese group

Zhang et al.(92) 2019 Meta-analysis n 50 866
Twenty-three prospective cohort studies
Men and women
50–82 years

Various
measurements

The pooled HR showed that sarcopenic obesity was associated with a
21% increase in risk of all-cause mortality compared with the non-
sarcopenic, non-obese group (14% increase in community-dwelling
older people and 65% increase in hospitalised patients)

Rantanen et al.(88) 2000 Prospective cohort
(30-year follow-up)

n 6040
Healthy adults from Hawaii
Men
Aged 45–68 years

Grip strength; BMI Sarcopenic obese mean (BMI ≥ 25 kg/m2, lowest grip strength tertile) had
a 39% increased risk of mortality compared with normal weight men in
the highest tertile

Wannamethee et al.(84) 2007 Prospective cohort
(6-year follow-up)

n 4107
British Regional Heart Study
Men
Aged 60–79 years

MAMC; BIA (FM;
FFM); WC; WHR

A combined measure of WC and MAMC was the strongest predictor of
mortality. Sarcopenic obesity, based on high WC (>102 cm) and low
MAMC (lowest quartile), showed a 55% increase in risk of mortality
compared with non-sarcopenic, non-obese

Cesari et al.(86) 2009 Prospective cohort
(6-year follow-up)

n 934
InCHIANTI Study
Men and women
Aged ≥ 65 years.

CT (calf skeletal
muscle; calf FM);
BMI

No significant difference reported in mortality risk across six sarcopenic
obesity groups

Batsis et al.(85) 2014 Prospective cohort
(14-year follow-up)

n 4652
National Health and Nutrition

Examination Survey III
Men and women
Aged ≥ 60 years

BIA (skeletal muscle
mass; % body fat)

Sarcopenic obese women had a 29% higher risk of mortality compared
with those without sarcopenia or obesity. In men, mortality risk was not
significantly associated with sarcopenic obesity

Stenholm et al.(89) 2014 Prospective cohort
(17·9-year follow-

up)

n 3594
Mini-Finland Health Examination

Survey
Men and women
Aged 50–91 years

Grip strength; BMI Both obesity and low handgrip strength independently predicted mortality
risk, but with an additive pattern

Among 50–69 year olds, the highest mortality risk was among obese
participants with low handgrip strength

Atkins et al.(80) 2014 Prospective cohort
(11-year follow-up)

n 4111
British Regional Heart Study
Men
Aged 60–79 years

MAMC; BIA (FM;
FFM); WC

The sarcopenic obese group (based on WC> 102 cm and lowest two
quintiles of MAMC) had a 72% increase in risk of all-cause mortality
compared with the non-sarcopenic, non-obese group. Sarcopenic
obesity, based on BIA, was not associated with mortality

Hamer & O’Donovan(90) 2017 Prospective cohort
(8·1-year follow-

up)

n 6864
English Longitudinal Study of Ageing
Men and women
Mean age 66·2 (SD 9·5) years

Grip strength; BMI Sarcopenic obesity did not confer any greater risk of mortality than
sarcopenia alone

Hirani et al.(87) 2017 Prospective cohort
(7-year follow-up)

n 954
Concord Health and Ageing in Men

Project
Men
Aged ≥ 70 years

DXA (appendicular
lean mass: BMI
ratio; % body fat)

There was no significant association between sarcopenic obesity and
mortality risk after adjustment for confounders

Rossi et al.(91) 2017 Prospective cohort
(11-year follow-up)

n 846
InCHIANTI Study
Men and women
Aged 65–95 years

Grip strength; WC Mortality risk was significantly higher in participants with sarcopenia (but
not sarcopenic obesity) compared with the non-sarcopenic, non-obese
group
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mortality risk in the sarcopenic obese group compared with the
sarcopenic only group or the obese only group though. In sub-
group analysis, sarcopenic obesity remained a significant predic-
tor of all-cause mortality in community-dwelling older people
(HR 1·14, 95 % CI 1·06, 1·23) and especially in hospitalised
patients (pooled HR 1·65, 95 % CI 1·17, 2·33)(92). However, the
twenty-three studies included a range of countries and various
adjustments for confounders, so there was significant hetero-
geneity across studies. Subgroup analysis by measurement type
showed that sarcopenic obesity was associated with all-cause
mortality when sarcopenic was measured by skeletal muscle
mass (HR 1·12, 95 % CI 1·01, 1·23), muscle strength (HR 1·18,
95 % CI 1·05, 1·33) and skeletal muscle index (HR 1·53, 95 %
CI 1·13, 2·07). Additionally, subgroup analysis showed a signifi-
cant association between sarcopenic obesity andmortality when
obesity was measured by waist circumference (HR 1·24, 95 % CI
1·09, 1·40), BMI (HR 1·29, 95 % CI 1·04, 1·59) and visceral fat area
(HR 2·54, 95 % CI 1·83, 3·53). This suggests that using SMI and
visceral fat to define sarcopenic obesitymay be relevant diagnos-
tic criteria to predict mortality risk in older adults.

More recently, Farmer et al.(81) explored the association
between sarcopenic obesity and mortality using the UK
Biobank, a very large community cohort study of 452 931 volun-
teers aged 40–70 years, who were followed-up for 5·1 years.
Sarcopenic obesity was assessed by grip strength and BMI. In
individuals without CVD at baseline, risk of mortality was
increased in the sarcopenic obese group (HR 1·31, 95 % CI
1·18, 1·45) compared with the non-sarcopenic, non-obese
group. This risk was fairly consistent with the sarcopenic group
(HR 1·39, 95 % CI 1·30, 1·48) but higher than the obese only
group (HR 1·14, 95 % CI 1·08, 1·21). When examining those
without a history of CVD, there was minimal difference in risk.

Conclusion

Sarcopenic obesity is a new category of obesity in older adults,
with the co-existence of lowmuscle mass and strength with high
adiposity levels. Studies to date on sarcopenic obesity suggest
that this body composition category is associated with higher
levels of cardiovascular risk factors and an increased mortality
risk in older adults compared with those without sarcopenia
or obesity. Efforts to promote healthy ageing should therefore
focus on both preventing obesity and maintaining muscle
strength and muscle mass. There is some evidence to suggest
that the sarcopenic obese group has even higher levels of cardio-
vascular risk factors and mortality than sarcopenic or obese
groups alone. However, the evidence on whether sarcopenic
obese have the highest risks of CVD and mortality varies
between studies, which is likely to be due to the major
differences in sarcopenic obesity classifications used. In recent
times, sarcopenia has gained increased recognition as an impor-
tant condition in older age which has helped to progress and
expand the related field of research. However, there is still no
universally accepted classification of sarcopenia, or hence there-
fore of sarcopenic obesity. Therefore, an important need exists
to establish a consensus definition of sarcopenic obesity that can
be reliably applied across different clinical and research settings.T

ab
le

4.
(C
on

ti
nu

ed
)

A
ut
ho

r
Y
ea

r
pu

bl
is
he

d
S
tu
dy

ty
pe

P
ar
tic
ip
an

ts
an

d
sa

m
pl
e

M
ea

su
re
m
en

t
of

sa
rc
op

en
ic

ob
es

ity
M
ai
n
re
su

lts

F
ar
m
er

et
al
.(8

1)
20

19
P
ro
sp

ec
tiv
e
co

ho
rt

(5
·1
-y
ea

r
fo
llo
w
-

up
)

n
45

2
93

1
U
K
B
io
ba

nk
M
en

an
d
w
om

en
A
ge

d
40

–
70

ye
ar
s

G
rip

st
re
ng

th
;
B
M
I

In
in
di
vi
du

al
s
w
ith

ou
t
C
V
D

at
ba

se
lin
e,

ris
k
of

m
or
ta
lit
y
w
as

in
cr
ea

se
d
in

th
e
sa

rc
op

en
ic

ob
es

e
gr
ou

p
(H

R
1·
31

,9
5
%

C
I
1·
18

,1
·4
5)

co
m
pa

re
d

w
ith

th
e
no

n-
sa

rc
op

en
ic
,
no

n-
ob

es
e
gr
ou

p.
T
hi
s
ris

k
w
as

fa
irl
y

co
ns

is
te
nt

w
ith

th
e
sa

rc
op

en
ic

gr
ou

p
(H

R
1·
39

,9
5
%

C
I1

·3
0,

1·
48

)
bu

t
hi
gh

er
th
an

th
e
ob

es
e
on

ly
gr
ou

p
(H

R
1·
14

,
95

%
C
I
1·
08

,
1·
21

).
W
he

n
ex

am
in
in
g
th
os

e
w
ith

ou
ta

hi
st
or
y
of

C
V
D
,
th
er
e
w
as

m
in
im

al
di
ffe

re
nc

e
in

ris
k

B
IA
,b

io
el
ec

tr
ic
al

im
pe

da
nc

e
an

al
ys

is
;C

T
,c

om
pu

te
ris

ed
to
m
og

ra
ph

y;
D
X
A
,d

ua
l-e

ne
rg
y
X
-r
ay

ab
so

rp
tio

m
et
ry
;F

F
M
,f
at

fr
ee

m
as

s;
F
M
,f
at

m
as

s;
H
R
,h

az
ar
d
ra
tio

;M
A
M
C
,m

id
ar
m

m
us

cl
e
ci
rc
um

fe
re
nc

e;
W
C
,w

ai
st

ci
rc
um

fe
re
nc

e;
W
H
R
,

w
ai
st
:h
ip

ra
tio

.
*
T
ab

le
ad

ap
te
d
fr
om

A
tk
in
s(

39
) .
S
tu
di
es

ar
ra
ng

ed
by

ty
pe

(m
et
a-
an

al
ys
is
,p

ro
sp

ec
tiv
e
co

ho
rt
)
an

d
by

ye
ar
.

1110 J. L. Atkins and S. G. Wannamathee

https://doi.org/10.1017/S0007114520002172  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114520002172


Acknowledgements

The present review did not receive any financial support.
Both authors contributed to the literature search, manuscript

writing and revision of the article.
The authors declare that there are no conflicts of interest.

References

1. World Health Organization (2014) Obesity and Overweight.
Fact Sheet Number 311. http://www.who.int/mediacentre/
factsheets/fs311/en/

2. Department of Health (2011) Healthy Lives, Healthy People: A
Call to Action on Obesity in England. London: Department of
Health.

3. Torjesen I (2007) Tackling the obesity burden. Nurs Times 103,
23–24.

4. Hruby A & Hu FB (2015) The epidemiology of obesity: a big
picture. Pharmacoeconomics 33, 673–689.

5. Roubenoff R (2004) Sarcopenic obesity: the confluence of two
epidemics. Obes Res 12, 887–888.

6. Zamboni M, Mazzali G, Fantin F, et al. (2008) Sarcopenic
obesity: a new category of obesity in the elderly. Nutr Metab
Cardiovasc Dis 18, 388–395.

7. Yusuf S, Hawken S, Ounpuu S, et al. (2004) Effect of potentially
modifiable risk factors associated with myocardial infarction in
52 countries (the INTERHEART study): case–control study.
Lancet 364, 937–952.

8. Whitlock G, Lewington S, Sherliker P, et al. (2009) Body-mass
index and cause-specific mortality in 900 000 adults: collabora-
tive analyses of 57 prospective studies. Lancet 373, 1083–1096.

9. Bogers RP, Bemelmans WJ, Hoogenveen RT, et al. (2007)
Association of overweight with increased risk of coronary heart
disease partly independent of blood pressure and cholesterol
levels: a meta-analysis of 21 cohort studies including more than
300 000 persons. Arch Intern Med 167, 1720–1728.

10. Wormser D, Kaptoge S, Di Angelantonio E, et al. (2011)
Separate and combined associations of body-mass index and
abdominal adiposity with cardiovascular disease: collaborative
analysis of 58 prospective studies. Lancet 377, 1085–1095.

11. Zamboni M, Mazzali G, Zoico E, et al. (2005) Health conse-
quences of obesity in the elderly: a review of four unresolved
questions. Int J Obes 29, 1011–1029.

12. Winter JE, MacInnis RJ, Wattanapenpaiboon N, et al. (2014)
BMI and all-cause mortality in older adults: a meta-analysis.
Am J Clin Nutr 99, 875–890.

13. Allison DB, Zhu SK, Plankey M, et al. (2002) Differential asso-
ciations of body mass index and adiposity with all-cause mor-
tality among men in the first and second National Health and
Nutrition Examination Surveys (NHANES I and NHANES II)
follow-up studies. Int J Obes Relat Metab Disord 26, 410–416.

14. Enzi G, Gasparo M, Raimondo Biondetti P, et al. (1986)
Subcutaneous and visceral fat distribution according to sex,
age, and overweight, evaluated by computed tomography.
Am J Clin Nutr 44, 739–746.

15. Prentice AM & Jebb SA (2001) Beyond body mass index. Obes
Rev 2, 141–147.

16. Ponti F, Santoro A, Mercatelli D, et al. (2020) Aging and imaging
assessment of body composition: from fat to facts. Front
Endocrinol 10, 861.

17. Morley JE, Baumgartner RN, Roubenoff R, et al. (2001)
Sarcopenia. J Lab Clin Med 137, 231–243.

18. Visvanathan R & Chapman I (2010) Preventing sarcopaenia in
older people. Maturitas 66, 383–388.

19. Baumgartner RN, Koehler KM, Gallagher D, et al. (1998)
Epidemiology of sarcopenia among the elderly in New
Mexico. Am J Epidemiol 147, 755–763.

20. Volkert D (2011) The role of nutrition in the prevention of
sarcopenia. Wien Med Wochenschr 161, 409–415.

21. HoustonDK,NicklasBJ,Ding J, et al. (2008)Dietaryprotein intake
is associatedwith leanmass change in older, community-dwelling
adults: the Health, Aging, and Body Composition (Health ABC)
Study. Am J Clin Nutr 87, 150–155.

22. Petermann-Rocha F, Chen M, Gray SR, et al. (2020) Factors
associated with sarcopenia: a cross-sectional analysis using
UK Biobank. Maturitas 133, 60–67.

23. Abellan van Kan G (2009) Epidemiology and consequences of
sarcopenia. J Nutr Heal Aging 13, 708–712.

24. Waters DL & Baumgartner RN (2011) Sarcopenia and obesity.
Clin Geriatr Med 27, 401–421.

25. Choi KM (2013) Sarcopenia and sarcopenic obesity. Endocrinol
Metab 28, 86–89.

26. Tyrovolas S, Panagiotakos D, Georgousopoulou E, et al. (2020)
Skeletal muscle mass in relation to 10 year cardiovascular
disease incidence among middle aged and older adults: the
ATTICA study. J Epidemiol Community Health 74, 26–31.

27. Timpka S, Petersson IF, Zhou C, et al. (2014) Muscle strength in
adolescent men and risk of cardiovascular disease events and
mortality in middle age: a prospective cohort study. BMC Med
12, 62.

28. Celis-Morales CA, Welsh P, Lyall DM, et al. (2018) Associations
of grip strength with cardiovascular, respiratory, and cancer
outcomes and all cause mortality: prospective cohort study
of half a million UK Biobank participants. BMJ 361, k1651.

29. Andersen K, Lind L, Ingelsson E, et al. (2015) Skeletal muscle
morphology and risk of cardiovascular disease in elderly
men. Eur J Prev Cardiol 22, 231–239.

30. Spahillari A, Mukamal KJ, DeFilippi C, et al. (2016) The associ-
ation of lean and fat mass with all-cause mortality in older
adults: the Cardiovascular Health Study. Nutr Metab
Cardiovasc Dis 26, 1039–1047.

31. Liu P, HaoQ, Hai S, et al. (2017) Sarcopenia as a predictor of all-
cause mortality among community-dwelling older people: a
systematic review and meta-analysis. Maturitas 103, 16–22.

32. Zhang X, Wang C, Dou Q, et al. (2018) Sarcopenia as a predic-
tor of all-causemortality among older nursing home residents: a
systematic review and meta-analysis. BMJ Open 8, e021252.

33. Vetrano DL, Landi F, Volpato S, et al. (2014) Association of sar-
copenia with short- and long-term mortality in older adults
admitted to acute care wards: results from the CRIME study.
J Gerontol A Biol Sci Med Sci 69, 1154–1161.

34. Kalinkovich A & Livshits G (2017) Sarcopenic obesity or obese
sarcopenia: a cross talk between age-associated adipose tissue
and skeletal muscle inflammation as a main mechanism of the
pathogenesis. Ageing Res Rev 35, 200–221.

35. Wannamethee SG & Atkins JL (2015) Muscle loss and obesity:
the health implications of sarcopenia and sarcopenic obesity.
Proc Nutr Soc 74, 405–412.

36. Zamboni M, Rubele S & Rossi AP (2019) Sarcopenia and
obesity. Curr Opin Clin Nutr Metab Care 22, 13–19.

37. Livshits G & Kalinkovich A (2019) Inflammaging as a common
ground for the development and maintenance of sarcopenia,
obesity, cardiomyopathy and dysbiosis. Ageing Res Rev 56,
100980.

38. Kohara K (2014) Sarcopenic obesity in aging population: cur-
rent status and future directions for research. Endocrine 45,
15–25.

39. Atkins JL (2018) Effects of sarcopenic obesity on cardiovascular
disease and all-cause mortality. In Nutrition and Skeletal

Sarcopenic obesity in ageing 1111

https://doi.org/10.1017/S0007114520002172  Published online by Cam
bridge U

niversity Press

http://www.who.int/mediacentre/factsheets/fs311/en/
http://www.who.int/mediacentre/factsheets/fs311/en/
https://doi.org/10.1017/S0007114520002172


Muscle, 1st ed., pp. 93–103 [S Walrand, editor]. London:
Academic Press.

40. Stenholm S, Harris TB, Rantanen T, et al. (2008) Sarcopenic
obesity: definition, cause and consequences. Curr Opin Clin
Nutr Metab Care 11, 693–700.

41. Baumgartner RN (2000) Body composition in healthy aging.
Ann N Y Acad Sci 904, 437–448.

42. World Health Organization (2000) Obesity: Preventing and
Managing the Global Epidemic. Report of a WHO
Consultation. WHO Technical Report Series no. 894.
Geneva: WHO.

43. Pescatori LC, Savarino E, Mauri G, et al. (2019) Quantification of
visceral adipose tissue by computed tomography andmagnetic
resonance imaging: reproducibility and accuracy. Radiol Bras
52, 1–6.

44. de Koning L, Merchant AT, Pogue J, et al. (2007) Waist circum-
ference and waist-to-hip ratio as predictors of cardiovascular
events: meta-regression analysis of prospective studies. Eur
Hear J 28, 850–856.

45. de Hollander EL, Bemelmans WJ, Boshuizen HC, et al. (2012)
The association between waist circumference and risk of mor-
tality considering body mass index in 65- to 74-year-olds: a
meta-analysis of 29 cohorts involving more than 58 000 elderly
persons. Int J Epidemiol 41, 805–817.

46. WHO (2008)Waist Circumference andWaist-Hip Ratio. Report
of a WHO Expert Consultation. Geneva: WHO.

47. Xie WQ, Xiao GL, Fan YB, et al. (2019) Sarcopenic obesity:
research advances in pathogenesis and diagnostic criteria.
Aging Clin Exp Res (epublication ahead of print version 16
December 2019).

48. Janssen I, Heymsfield SB & Ross R (2002) Low relative skeletal
muscle mass (sarcopenia) in older persons is associated with
functional impairment and physical disability. J Am Geriatr
Soc 50, 889–896.

49. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, et al. (2010) Sarcopenia:
European consensus on definition and diagnosis: report of the
European Working Group on Sarcopenia in Older People. Age
Ageing 39, 412–423.

50. Studenski SA, Peters KW, Alley DE, et al. (2014) The FNIH
sarcopenia project: rationale, study description, conference
recommendations, and final estimates. J Gerontol A Biol Sci
Med Sci 69, 547–558.

51. Anker SD, Morley JE & Haehling SV (2016) Welcome to the
ICD-10 code for sarcopenia. J Cachexia Sarcopenia Muscle
7, 512–514.

52. Cruz-Jentoft AJ, Bahat G, Bauer J, et al. (2019) Sarcopenia:
revised European consensus on definition and diagnosis. Age
Ageing 48, 16–31.

53. Petermann-Rocha F, Chen M, Gray SR, et al. (2020) New
versus old guidelines for sarcopenia classification: what is
the impact on prevalence and health outcomes? Age Ageing
49, 300–304.

54. Donini LM, Busetto L, Bauer JM, et al. (2019) Critical appraisal
of definitions and diagnostic criteria for sarcopenic obesity
based on a systematic review. Clin Nutr (epublication ahead
of print version 27 November 2019).

55. Lee DC, Shook RP, Drenowatz C, et al. (2016) Physical activity
and sarcopenic obesity: definition, assessment, prevalence and
mechanism. Futur Sci OA 2, FSO127.

56. Batsis JA, Barre LK, Mackenzie TA, et al. (2013) Variation in the
prevalence of sarcopenia and sarcopenic obesity in older adults
associated with different research definitions: dual-energy X-ray
absorptiometry data from the National Health and Nutrition
Examination Survey 1999-2004. J Am Geriatr Soc 61, 974–980.

57. Gusmão-Sena MHL, Curvello-Silva K, Barreto-Medeiros JM,
et al. (2016) Association between sarcopenic obesity

and cardiovascular risk: where are we? Nutr Hosp 33,
1245–1255.

58. Baek SJ, Nam GE, Han KD, et al. (2014) Sarcopenia and sarco-
penic obesity and their association with dyslipidemia in Korean
elderly men: the 2008–2010 Korea National Health and
Nutrition Examination Survey. J Endocrinol Invest 37, 247–260.

59. Lim S, Kim JH, Yoon JW, et al. (2010) Sarcopenic obesity: preva-
lence and association with metabolic syndrome in the Korean
Longitudinal Study on Health and Aging (KLoSHA). Diabetes
Care 33, 1652–1654.

60. Chung JY, Kang HT, Lee DC, et al. (2013) Body composition
and its association with cardiometabolic risk factors in the
elderly: a focus on sarcopenic obesity. Arch Gerontol Geriatr
56, 270–278.

61. Hwang B, Lim JY, Lee J, et al. (2012) Prevalence rate and asso-
ciated factors of sarcopenic obesity in Korean elderly popula-
tion. J Korean Med Sci 27, 748–755.

62. Park SH, Park JH, Song PS, et al. (2013) Sarcopenic obesity as an
independent risk factor of hypertension. J Am Soc Hypertens 7,
420–425.

63. Kim TN, Park MS, Kim YJ, et al. (2014) Association of low
muscle mass and combined low muscle mass and visceral
obesity with low cardiorespiratory fitness. PLOS ONE 9,
e100118.

64. Kim TN, Park MS, Lim KI, et al. (2013) Relationships between
sarcopenic obesity and insulin resistance, inflammation, and
vitamin D status: the Korean Sarcopenic Obesity Study. Clin
Endocrinol 78, 525–532.

65. Han K, Park YM, Kwon HS, et al. (2014) Sarcopenia as a deter-
minant of blood pressure in older Koreans: findings from the
Korea National Health and Nutrition Examination Surveys
(KNHANES) 2008–2010. PLOS ONE 9, e86902.

66. Kim TN, Yang SJ, YooHJ, et al. (2009) Prevalence of sarcopenia
and sarcopenic obesity in Korean adults: the Korean sarcopenic
obesity study. Int J Obes 33, 885–892.

67. Lu CW, Yang KC, Chang HH, et al. (2013) Sarcopenic obesity is
closely associated with metabolic syndrome. Obes Res Clin
Pract 7, e301–e307.

68. Srikanthan P, Hevener AL & Karlamangla AS (2010) Sarcopenia
exacerbates obesity-associated insulin resistance and dysglyce-
mia: findings from the National Health and Nutrition
Examination Survey III. PLOS ONE 5, e10805.

69. Baumgartner RN,Wayne SJ,Waters DL, et al. (2004) Sarcopenic
obesity predicts instrumental activities of daily living disability
in the elderly. Obes Res 12, 1995–2004.

70. Messier V, Karelis AD, Lavoie M-E, et al. (2009) Metabolic
profile and quality of life in class I sarcopenic overweight
and obese postmenopausal women: a MONET study. Appl
Physiol Nutr Metab 34, 18–24.

71. dos Santos EP, Gadelha AB, Safons MP, et al. (2014) Sarcopenia
and sarcopenic obesity classifications and cardiometabolic
risks in older women. Arch Gerontol Geriatr 59, 56–61.

72. Schrager MA, Metter EJ, Simonsick E, et al. (2007) Sarcopenic
obesity and inflammation in the InCHIANTI study. J Appl
Physiol 102, 919–925.

73. Cesari M, Kritchevsky SB, Baumgartner RN, et al. (2005)
Sarcopenia, obesity, and inflammation – results from the Trial
of Angiotensin Converting Enzyme Inhibition and Novel
Cardiovascular Risk Factors study. Am J Clin Nutr 82, 428–434.

74. Kim J-H, Cho JJ & Park YS (2015) Relationship between sarco-
penic obesity and cardiovascular disease risk as estimated by
the Framingham risk score. J Korean Med Sci 30, 264–271.

75. Khadra D, Itani L, Tannir H, et al. (2019) Association between
sarcopenic obesity and higher risk of type 2 diabetes in
adults: a systematic review and meta-analysis. World J
Diabetes 10, 311–323.

1112 J. L. Atkins and S. G. Wannamathee

https://doi.org/10.1017/S0007114520002172  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114520002172


76. Khadra D, Itani L, Chebaro Y, et al. (2020) Association
between sarcopenic obesity and metabolic syndrome in adults:
a systematic review and meta-analysis. Curr Cardiol Rev 16,
153–162.

77. Prado CM, Wells JC, Smith SR, et al. (2012) Sarcopenic
obesity: a critical appraisal of the current evidence. Clin Nutr
31, 583–601.

78. Chin SO, Rhee SY, Chon S, et al. (2009) Sarcopenia is independ-
ently associated with cardiovascular disease in older Korean
adults: the Korea National Health and Nutrition Examination
Survey (KNHANES) from 2009. PLoS ONE 8, e60119.

79. Stephen WC & Janssen I (2009) Sarcopenic-obesity and cardio-
vascular disease risk in the elderly. J NutrHeal Aging13, 460–466.

80. Atkins JL, Whincup PH, Morris RW, et al. (2014) Sarcopenic
obesity and risk of cardiovascular disease and mortality:
a population-based cohort study of older men. J Am Geriatr
Soc 62, 253–260.

81. Farmer RE, Mathur R, Schmidt AF, et al. (2019) Associations
betweenmeasures of sarcopenic obesity, risk of cardiovascular
disease, mortality: a cohort study, Mendelian randomization
analysis using the UK Biobank. J Am Heart Assoc 8,
e011638.

82. Atkins JL & Wannamethee SG (2015) The effect of sarcopenic
obesity on cardiovascular disease and all-cause mortality in
older people. Rev Clin Gerontol 25, 86–97.

83. Tian S & Xu Y (2016) Association of sarcopenic obesity with the
risk of all-causemortality: a meta-analysis of prospective cohort
studies. Geriatr Gerontol Int 16, 155–166.

84. Wannamethee SG, Shaper AG, Lennon L, et al. (2007)
Decreased muscle mass and increased central adiposity are
independently related to mortality in older men. Am J Clin
Nutr 86, 1339–1346.

85. Batsis JA, Mackenzie TA, Barre LK, et al. (2014) Sarcopenia, sar-
copenic obesity and mortality in older adults: results from the
National Health andNutrition Examination Survey III. Eur J Clin
Nutr 68, 1001–1007.

86. Cesari M, PahorM, Lauretani F, et al. (2009) Skeletal muscle and
mortality results from the InCHIANTI Study. J Gerontol A Biol
Sci Med Sci 64, 377–384.

87. Hirani V, Naganathan V, Blyth F, et al. (2017) Longitudinal asso-
ciations between body composition, sarcopenic obesity and
outcomes of frailty, disability, institutionalisation and mortality
in community-dwelling older men: the Concord Health and
Ageing in Men Project. Age Ageing 46, 413–420.

88. Rantanen T, Harris T, Leveille SG, et al. (2000) Muscle strength
and body mass index as long-term predictors of mortality in
initially healthy men. J Gerontol A Biol Sci Med Sci 55,
M168–M173.

89. Stenholm S, Mehta NK, Elo IT, et al. (2014) Obesity and muscle
strength as long-term determinants of all-cause mortality -a 33-
year follow-up of the Mini-Finla1nd Health Examination
Survey. Int J Obes 38, 1126–1132.

90. Hamer M & O’Donovan G (2017) Sarcopenic obesity, weight
loss, and mortality: the English Longitudinal Study of Ageing.
Am J Clin Nutr 106, 125–129.

91. Rossi AP, Bianchi L, Volpato S, et al. (2017) Dynapenic
abdominal obesity as a predictor of worsening disability, hos-
pitalization, and mortality in older adults: results from the
InCHIANTI Study. J Gerontol Ser A Biol Sci Med Sci 72,
1098–1104.

92. Zhang X, Xie X, Dou Q, et al. (2019) Association of sarcopenic
obesity with the risk of all-cause mortality among adults over a
broad range of different settings: a updated meta-analysis. BMC
Geriatr 19, 183.

Sarcopenic obesity in ageing 1113

https://doi.org/10.1017/S0007114520002172  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114520002172

	Sarcopenic obesity in ageing: cardiovascular outcomes and mortality
	Sarcopenic obesity
	Sarcopenic obesity and cardiovascular risk factors
	Sarcopenic obesity and CVD
	Sarcopenic obesity and mortality
	Conclusion
	Acknowledgements
	References


