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Abstract
Sarcopenia, the age-related loss of muscle mass, can be diagnosed by having an appendicular skeletal muscle mass divided by height squared
that is greater than two standard deviations (SD) or more lower than a mean derived from a healthy young reference sample. Obesity can be
defined as having a body mass index greater than 30kg/m2. Sarcopenic obesity, if not treated, can lead to a greater risk of cardiovascular disease,
metabolic disease, muscular deficiencies, and biomechanical problems.It is quickly becoming a serious issue in the United States and other
developed countries. Sarcopenic obesity is more prevalent in older adults but is also observed among younger individuals who have low physical
activity levels and a poor diet. This review examines cardiovascular disease risk, mobility issues, physical functioning, and quality of life in older
adults with sarcopenic obesity and reviews some common intervention techniques that could lead to a healthier quality of life in individuals with
sarcopenic obesity.
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Introduction
Improved quality of medical services and the discovery of
new methods to treat illnesses are allowing people to live longer
than ever before. These advances in medical services can be
largely attributed to the new developments made in technology,
but the increasing focus on improving overall health and
wellness also plays a large influential role in lifespan and quality
of life. With the baby boom generation reaching older adulthood
in the next few years, the number of expected individuals over
the age of 65 years is expected to grow significantly. By the year
2020, an expected 55 million Americans will be over the age of
65 years and 6 million over the age of 85 years [1]. By the year
2030, older adults in the United States over the age of 65 years
could make up 20% of the population. It is important to educate
older adults, their caretakers, and other professionals on the
importance of using exercise and nutrition to increase the focus
on health and wellness, decrease the risk of cardiovascular and
metabolic disease, and improve overall quality of life.
One common disease that is increasingly prevalent in
older adults is sarcopenia. Sarcopenia can be defined as the
age related loss of muscle mass and is a clinical disorder that
causes weakness, increased fatigability, and decreased physical
performance [2]. It is more common in older adults ≥65 years
of age but can also be prevalent in younger adults who lead a
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sedentary lifestyle. Sedentary individuals at risk for sarcopenia
should be evaluated and assigned to a strict exercise routine
and encouraged to increase their activity level. Often times, a
disorder like sarcopenia is accompanied by an increased amount
of body fat mass due to low activity levels. The combination of
sarcopenia with an increased body fat percentage or body mass
index is called sarcopenic obesity. This mini review focuses on
how to diagnose sarcopenic obesity, the health-related problems
with the disease, and common intervention techniques that
could lead to a higher quality of life in patients with sarcopenic
obesity.

Diagnosis of sarcopenic obesity

Clinicians may diagnose sarcopenic obesity using criteria that
are commonly used to measure sarcopenia and obesity separately
[3]. Sarcopenia is frequently measured by appendicular skeletal
muscle mass via dual energy x-ray absorptiometry (DXA)
and visceral adiposity can be measured through computed
tomography (CT), but definitions for sarcopenic obesity vary
slightly. One research study defined sarcopenic obesity as having
an appendicular skeletal mass divided by height squared (ASM/
Height2) that is two standard deviations lower than a young
reference population and a percentage of fat mass that is greater
than the 60th percentile for an age matched population [4].
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Another study suggests appendicular skeletal mass adjusted for
body mass is a better predictor for mobility and physical function
[5]. Batsis et al. [6] found different prevalence rates based
on using ASM when compared to ASM divided by body mass
index (BMI) with data from the National Health and Nutrition
Examination Survey (NHANES). The prevalence for sarcopenic
obesity in a sample of 4,984 adults ≥60 years in the NHANES
1999-2004 data was 24.4% and 22.7% using the ASM and
ASM/BMI definitions, respectively. Further, the prevalence for
sarcopenia was 29.9% and 23.0% using the ASM and ASM/BMI
definitions, respectively. Kim et al. [7] used ASM/height2, ASM/
BMI, and thigh muscle cross-sectional area (tmCSA) adjusted by
weight (tmCSA/weight) with sarcopenic obesity being defined
as two standard deviations from a young reference group.
Regardless of the definition used, the ratio of skeletal mass and
adipose tissue may differ among body regions, so diagnosing
sarcopenic obesity may need to utilize a variety of measures
along with gender or age referents. Additionally, muscular
strength may be an appropriate method for assessing sarcopenic
obesity risk, but more research needs to be conducted on the
relationship between muscle mass and strength in older adults
and its association with various comorbidities.

Sarcopenic obesity health outcomes

Increased cardiovascular disease risk factors: Sarcopenic
obesity may lead to higher cardiometabolic risk and has
previously been associated with insulin resistance, prevalence of
visceral obesity, and metabolic syndrome [7]. Stephen & Janssen
[8] investigated whether sarcopenia, obesity, or sarcopenic
obesity served as a stronger predictor for cardiovascular
disease risk in older adults ≥65 years of age. Additionally,
they examined the relationship between muscle mass and
strength on cardiovascular risk. Researchers measured waist
circumference, muscle mass, and hand grip strength in 3,366
patients and found that sarcopenic obese individuals had greater
risk for cardiovascular disease when compared to patients with
sarcopenia or obesity. Further, they found that muscle strength
was a better predictor for cardiovascular disease risk than muscle
mass with a 23% increased cardiovascular risk if a patient had
a high waist circumference and low hand grip strength. Stephen
& Janssen [8] recommend that interventions should focus on
decreasing abdominal fat and improving muscular strength to
reduce the risk of cardiovascular disease and improve quality
of life in the older adult population. Research has demonstrated
that quadriceps muscle strength may be inversely related to
several diseases, including diabetes, chronic heart disease, and
chronic heart failure and that this negative relationship could be
exacerbated with obesity, but whether muscle mass or strength
is more associated with these conditions is less clear [1]. Elderly
individuals who suffer from metabolic or cardiovascular diseases
may have lower muscle mass, causing sarcopenia or sarcopenic
obesity which can lead to disability, frailty, and activity of daily
living impairments [9,10].
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Physical function, musculoskeletal deficiencies, and
activities of daily living: Muscle dysfunction characterizes
frailty syndrome, but the exact definition is unclear. In addition to
low muscle mass and strength, poor endurance, balance, walking
performance, or low activity may represent frailty syndrome.
Frailty may be defined by disability, comorbidity, advanced
old age, or cumulative decline across multiple systems. It may
be triggered by lack of physical activity, inadequate nutrition,
unhealthy environment, injuries, disease, age, or obesity. In
addition to these factors, hormonal changes, proinflammatory
responses, and skeletal, joint or neural deterioration may cause
a decrease in strength and greater risk for sarcopenia [11]. One
issue that arises with sarcopenic obesity and reduced muscular
strength may be certain musculoskeletal and biomechanical
deficiencies, including decreased bone mineral density, low
muscular protein, and poor gait patterns. The lack of weight
bearing activities in sarcopenic obese patients due to inactivity
may increase the risk of a fracture or the development of
osteoporosis because the bones are not being mechanically
loaded and strengthened [12]. To increase bone strength, a
patient must perform weight-bearing activities or resistance
train. Sarcopenic obese patients may have a difficult time being
physically active due to mobility issues. Mobility is a problem
in older adults even without sarcopenia or sarcopenic obesity
and higher adiposity or lower muscular strength only attenuates
mobility. In a 6-year longitudinal study, Stenholm et al. [13]
found that patients between the ages of 65 and 80 years who
are obese and have lower muscular strength are at risk for a
greater decline in walking speed and developing a mobility
disability. Further, individuals with lower muscle mass may have
a greater risk of functional impairment [14]. With decreased
mobility and increased functional impairment, activities of daily
living become more difficult in patients with sarcopenic obesity.
Rolland et al. [15] found that when compared to the normal
population, sarcopenic obese women had 2.60, 2.35, and 1.54
higher odds for difficulty climbing stairs, descending stairs, and
other movements, respectively, concluding that the combination
of sarcopenia and obesity significantly limited physical tasks. The
loss of muscle mass due to aging is particularly detrimental to
the lower extremity because it could lead to falls and fractures in
the elderly, causing a decrease in daily living and independence.

Exercise intervention

Exercise interventions for sarcopenic obesity should aim to
increase muscular mass and strength while decreasing adiposity.
Previous research has used different intervention strategies
including diet, exercise, and the combination of diet and exercise
in order to assess which techniques would best improve physical
function and decrease frailty in older adults. Villareal et al.
[16] found that the combination of diet and exercise showed
greater improvements in the physical performance test, VO2
peak, and functional status compared to the diet, exercise, and
control groups. Exercise recommendations for sarcopenic obese
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individuals should include both aerobic and resistance training.
The focus for aerobic exercise should be to reduce adiposity
and achieve ≥5% weight loss in order to lower the risk for
cardiovascular disease. Aerobic exercise should aim for a 500 to
750 kilocalorie per day energy deficit and 200 to 300 minutes of
exercise per week [17]. Additionally, resistance training may be
an effective weight management method in overweight or obese
older adults because it can help prevent loss of lean muscle mass
during diet intervention [18]. Fatouros et al. [19] suggests older
adults who are overweight or obese could benefit greatly from
two to three resistance training sessions per week to increase
basal metabolic rate and total energy expenditure during activity
that may lead to better weight management. Improvements
in experiencing physical difficulties, physical capacity, muscle
quality, fat-free mass, and gait speed may occur for sarcopenic
patients in as few as 12 weeks of resistance training [20]. Other
modalities, such as circuit training and aquatic exercise, may
be effective in weight management, but more research needs
to be conducted to see if either of these modalities can improve
muscle mass and strength in older adults with sarcopenic
obesity. Circuit and aquatic exercise training could be helpful
for older adults who have problems with exercise adherence
because these exercise modalities are often completed in group
training sessions to increase the opportunity for developing
relationships and utilize a wide variety of exercises to minimize
boredom [21,22]. Additionally, aquatic exercise helps maximize
safety and comfort, especially in patients with bone and joint
disorders, allowing them to exercise for longer durations and
more frequent [22].
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