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Abstract
Numerous studies have examined the association between body mass index and mortality

and often observed that risk of mortality was higher in those with lower body mass index

than those who were overweight or even obese (“obesity paradox”). One potential expla-

nation of the obesity paradox is the limitation of body mass index as an imperfect measure

of adiposity. However, relatively few studies have examined the association between body

composition and mortality due to practical issues of assessing body composition in large-

scale epidemiological settings. The available epidemiologic studies on this topic were het-

erogenous with regard to study design, analyses, results, and interpretations. The majority

of studies using direct body composition measures such as dual-energy x-ray absorptiom-

etry or computed tomography had relatively small sample size, short follow-up period and

restricted study population. Studies have also used other approaches to indirectly estimate

body composition to examine the association with mortality in a larger and more represen-

tative population. Overall findings were not consistent but suggested that fat mass and lean

body mass may play an independent role on mortality in the general population. Various shapes of the associations were

observed, but studies generally suggested that high fat mass was associated with increased risk of mortality (especially higher

range of fat mass) and low lean body mass was associated with increased risk of mortality (especially lower range of lean body

mass). On the other hand, fat mass and lean body mass tended to show either null or inverse association with mortality in elderly

populations. Given the complex relationship of two body components as well as with other factors (e.g., age, smoking, disease,

etc.), future studies should be conducted and interpreted after careful consideration of potential biases. In summary, the available

data suggest independent associations of fat mass and lean body mass on mortality in the general population.
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Introduction

The global burden of obesity is high and rising at an alarm-
ing rate.1 Currently, body mass index (BMI) is the most
widely used measure of adiposity in clinical and research
settings. Overweight and obesity, defined by BMI of �25
kg/m2, are well established risk factors for many health
outcomes including cardiovascular disease, diabetes, and
certain type of cancers.2 A J or U-shaped relationship

is often observed, depending on the analytic approach;
however, whether a causal benefit of being overweight or
obesity for longer survival exists remains controversial
(“obesity paradox”).3 Recently, two large meta-analyses
have reported conflicting results.3,4 Many studies
attempted to control for potential biases (e.g., residual con-
founding and reverse causation) and observed attenuation
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of the unexpected J or U-shaped relationship, although
these corrections may not fully explain the “obesity para-
dox” phenomenon.

One critical but underexplored area of obesity research is
on body composition and mortality. Previous studies using
BMI have acknowledged the major limitation of BMI being
an imperfect measure of adiposity because it cannot dis-
criminate fat mass and lean body mass.5 Thus, understand-
ing body composition may provide new insights into the
relationship between obesity and mortality. However, a
limited number of studies have used body composition
because it is difficult to conduct in a large epidemiological
setting. Here, we conducted a narrative review of the liter-
ature and summarized the evidence to understand the
association of body composition on mortality in the general
population.

Body composition assessment in
epidemiologic studies

Human body composition has been of great interest as
inadequate lean body mass and excess fat mass are major
risk factors related to many health outcomes. Numerous
body composition measurement methods have been devel-
oped and used in clinical and epidemiological settings.6–
8 The available body composition methods have a wide
range of validity, reproducibility, and feasibility; thus, it is
important to understand principles, strengths and limita-
tions of the commonly used body composition methods in
research to evaluate studies on body composition and
health outcomes. Herein, we briefly describe the body com-
position methods used in the current epidemiologic studies
to estimate body composition.

Dual-energy x-ray absorptiometry (DXA) is one of refer-
ence methods that are commonly used to validate or cali-
brate field methods for assessing body composition. DXA
estimates body composition by using two different x-ray
beams which attenuate differently by fat tissue, lean
tissue, and bone mineral. DXA has the advantage of high
accuracy and reproducibility and it provides estimates of
regional body composition. However, DXA has an upper
body weight limit and is not suitable for pregnant women.
Moreover, it is expensive and not portable to be widely
used in a large-scale study. Imaging technologies such as
computed tomography (CT) and magnetic resonance imag-
ing (MRI) are also known as reference methods. These tech-
niques are the most accurate methods for the assessment of
overall and regional body composition at tissue and organ
levels. However, CT causes substantially higher level of
radiation exposure than DXA. Furthermore, both CT and
MRI are expensive, unportable and incapable of accommo-
dating large individuals. There are other direct body com-
position methods such as densitometry, air-displacement
plethysmography, and dilution method that are
available, but these methods have been rarely used in epi-
demiologic studies. Details of these methods are described
elsewhere.6,8

Although the aforementioned direct body composition
methods provide more accurate estimates of body compo-
sition, they are expensive, complicated, and time

consuming to be used in a large-scale setting. Therefore,
alternative “indirect” but more practical body composition
methods have been more preferably used. Bioelectrical
impedance analysis (BIA) measures the impedance or resis-
tance to a small electrical current as it passes through body
tissues. Then prediction models are used to estimate fat
mass and fat-free mass. Of note, the difference between
fat-free mass and lean body mass is that essential body
fat is included in lean bodymass (total bodymass� storage
fat mass) but not fat-free mass (total body mass � (storage
fat massþ essential fat mass)). BIA has advantages of being
relatively simple, portable, and inexpensive compared to
direct body composition methods. However, its validity
can be influenced by age, sex, race, body structure, disease
state, and hydration status.

Skinfold and circumference measures are commonly
used as an indirect measure of body fat distribution or cen-
tral obesity because they are inexpensive and portable.
Skinfold measure technique involves a caliper to measure
the thickness of two layers of skin and the underlying fat in
the area of triceps, biceps, subscapular, abdomen, and
thighs. However, this method requires technical skill and
has relatively high interobserver errors. Compared to skin-
fold measure, circumference measure such as waist circum-
ference (WC) and waist to hip circumference ratio (WHR)
are easier to obtain in epidemiological settings and has
lower measurement errors in general. However, circumfer-
ence measures are not entirely standardized and the inter-
pretation of certain measures such as WHR is less clear.
Lastly, anthropometric prediction equations are another
practical approach that has potential to be used in large-
scale studies. This method calculates predicted body com-
position (i.e., fat mass and lean body mass) based on simple
demographic and anthropometric information (e.g., height,
weight, and waist circumference). If the equations are val-
idated and applied cautiously, this method can be used
with relatively high precision in a population level. The
disadvantage is that the developed equations may not be
applicable to study populations with different
characteristics.

In epidemiologic studies, to remove extraneous varia-
tion due to body size, fat mass and lean body mass are
adjusted for height by either including height as a covariate
in the model or directly incorporating height such as fat
mass index (fat mass/height2) and lean body mass index
(lean body mass/height2).

Epidemiologic studies

A number of epidemiologic studies have investigated the
association between body composition and mortality in
the general population. However, relatively few studies
have used direct measures of body composition due to
practical issues of using expensive technologies in a large
epidemiological setting. In addition, studies have applied
indirect measures of body composition to estimate body
composition using diverse approaches. Epidemiologic
studies that used either direct or indirect measures of
body composition to examine the relationship with
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mortality in the general population are briefly summa-
rized in Tables 1 and 2.

Studies using direct measures of body composition

Small cohort studies of elderly populations. The majority
of studies that used direct measures of body composition
have been conducted in relatively small samples of elderly
populations over 65 years old (approximate mean of 75
years). A US study of 2292 elderly enrolled in the Health,
Aging and Body Composition Study assessed body compo-
sition using both CTandDXA and followed participants for
a mean of 4.9 years.9 This study reported no strong associ-
ation between lean body mass and mortality. DXA-
measured regional lean body mass (i.e., arm or leg) was
not associated with mortality but low CT-measured leg
muscle area was associated with increased risk of mortality
in men only (RR = 1.26, 95% CI = 1.02–1.55 per one SD). An
Italian study of 934 elderly from the InCHIANTI studywith
a mean follow-up of 5.1 years showed null results.10 CT-
measured calf skeletal muscle (density or area) and fat mass
were not associated with mortality. Of note, these studies
conducted analyses using regional body composition (i.e.,
arm, leg, or calf); thus, the findings may not represent the
total body composition. Further, they were relatively small.

Two larger studies of approximately 4000 older adults
reported an inverse association between DXA-measured fat
mass and mortality but no association between DXA-
measured lean body mass and mortality. A study con-
ducted in Hong Kong found that one quintile increase in
fat mass index was associated with reduced risk of mortal-
ity in men (HR = 0.87, 95% CI = 0.79–0.97) but not in
women.11 Muscle mass index (muscle mass/height2) was
not significantly associated with mortality in men and
women. However, this study did not adjust for important
confounders including smoking and chronic diseases, and
the shape of the associations were not comprehensively
examined due to small number of deaths. A recent French
study of older women (�75 y) with a median of 17.7 years
of follow-up examined the shape of the association of fat
mass and lean body mass with mortality.12 This study
showed a reversed J-shaped association between fat mass
index and mortality and an inverse association between fat
percent and mortality (HR = 0.88, 95% CI = 0.84–0.92 per
10% increase). After adjusting for fat mass, lean body mass
index and appendicular skeletal muscle mass index
(appendicular skeletal muscle mass/height2) were not
associated with mortality.

A few studies reported an inverse association of lean
body mass or both lean and fat mass with mortality in
older adults. A Chilean study of 1413 older adults
showed that low appendicular fat-free mass, not fat mass,
was a significant predictor of mortality, although this study
could not adjust any other confounders except for age and
sex.13 In a Swedish study of 921 older adults with a mean of
9.2 years follow up, fat mass showed a U-shaped associa-
tion in men and an inverse association in women.14

Moreover, lean body mass was inversely associated with
mortality in men and women. One SD increase of lean
body mass was associated with 31% and 19% decreased

risk of mortality in men and women, respectively (P <

0.01). One potential limitation of this study included par-
ticipants admitted for DXA examination which may intro-
duce selection bias or generalizability. Another study from
the Netherlands which consisted of 477 community-
dwelling older adults have examined the association of
region specific fat mass and muscle mass with 12-year mor-
tality.15 A U-shaped association was found for most analy-
ses of CT-measured leg, arm, and trunk fat mass. However,
CT-measured appendicular skeletal muscle showed a
linear positive association in women while a reversed J-
shaped association in men.

Large cohort studies of general populations. Three
recent studies have examined the association between
body composition and mortality in the general population
including a wide range of age groups. A Canadian study of
54,420 participants aged over 40 referred for bone mineral
density testing examined the association of BMI and body
fat percent with mortality over a median follow-up of 6.7
years for women and 4.5 years for men.16 In multivariable
adjusted models including both fat percent and BMI, high
fat percent was associated with increased risk of mortality
in men (HR of quintile 1 vs. 3 = 1.59, 95% CI = 1.28–1.96)
and women (HR of quintile 1 vs. 3 = 1.19, 95% CI = 1.08–
1.32). In the mutually adjusted models, low BMI was asso-
ciated with increased risk of mortality in men (HR of quin-
tile 1 vs. 3 = 1.45, 95% CI = 1.17–1.79) and women (HR of
quintile 1 vs. 3 = 1.44, 95% CI = 1.30–1.59). Although BMI
could be a surrogate of lean body mass when BMI and fat
percent are included together in the models, this study did
not directly examine the association of lean body mass with
mortality. Moreover, residual confounding by smoking and
physical activity could be a potential limitation of
this study.

Two US studies were conducted in a large representative
sample of the National Health and Nutrition Examination
Survey (NHANES) (approximately 10,000 participants
aged over 20). One study examined the association of
DXA-measured total and regional adiposity with mortali-
ty.17 Higher total fat percent was significantly associated
with increased risk of total mortality (HR of quartile 4 vs.
2 = 1.48, 95% CI = 1.07–2.04) in multivariable adjusted
models. Regional adiposity (i.e., leg or trunk) and fat-free
mass index were not significantly associated with total
mortality. On the other hand, a recent study using the
same cohort reported that muscle mass was inversely asso-
ciated with mortality.18 Higher appendicular skeletal
muscle index was associated with 18% decreased risk of
mortality in US adults (HR = 0.82, 95% CI = 0.73–0.92 per
1 kg/m2). A stronger inverse association was found for
younger adults (HR = 0.63, 95% CI = 0.48–0.83 per 1 kg/
m2) compared to older adults (HR = 0.89, 95% CI = 0.80–
0.99 per 1 kg/m2). Moreover, the observed U-shaped BMI–
mortality relationship became more linear when muscle
mass was adjusted for in the analyses.
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Studies using indirect measures of body composition

Bioelectrical impedance analysis studies. BIA has been
used as an indirect measure of body composition in several
studies. A large Danish study assessed BIA of 57,053 par-
ticipants aged 50–64 years and followed them for a median
of 5.8 years.19 In the mutually adjusted model including
both fat mass index and fat-free mass index, fat mass
index showed a J-shaped association with mortality.
Higher fat mass index (per 1 kg/m2 increase) was associ-
ated with 11–14% lower risk of mortality in the low range of
fat mass index (below 20th percentile) but 5–11% higher
risk of mortality in the high range of fat mass index
(above 20th percentile). On the other hand, fat-free mass
index showed a reversed J-shaped association with mortal-
ity in the mutually adjusted model. Higher fat-free mass
index (per 1 kg/m2 increase) was associated with 20–23%
lower risk of mortality in the low range of fat-free mass
index (below 60th percentile) but there was no association
in the high range of fat-free mass index (above
60th percentile).

Other smaller BIA studies also showed some evidence of
the influence of body composition on mortality. A study of
4107 UKmen reported no association between fat-free mass
index and mortality but greater midarm muscle circumfer-
ence, an indicator of muscle mass, was significantly associ-
ated with lower risk of mortality (HR of quartile 4 vs. 1 =
0.71, 95% CI = 0.56–0.88).20 Of note, fat mass index was not
mutually adjusted in the models of fat-free mass index and
midarm muscle circumference. Moreover, fat mass index
and other obesity related measures such as WC and WHR
were not significantly associated with mortality in the mul-
tivariable models. However, fat mass index, WC, andWHR
showed a strong significant positive association with mor-
tality when muscle mass (i.e., midarm muscle circumfer-
ence) was further adjusted for. Another study from
Switzerland suggested that low fat-free mass index was a
strong predictor of mortality in men but not in women.21

Lastly, a study of 4652 older adults in the NHANES III
showed that older women with sarcopenia (total skeletal
muscle mass/height2�10.75 kg/m2) may increase the risk
of mortality independent of obesity.22 Compared to non-
obese women without sarcopenia, non-obese women with
sarcopenia had 32% increased risk of mortality (HR = 1.32,
95% CI = 1.04–1.69). Sarcopenia was not significantly asso-
ciated with mortality in older men.

Other studies. Simple skinfold and circumference meas-
ures have been used as indicators of fat mass and fat-free
mass. A US study from the NHANES I/II reported that fat
mass indicator showed a monotonic increasing association
with mortality while fat-free mass indicator showed a
monotonic decreasing association with mortality in the
mutually adjusted models.23 A large study from Australia
showed that WC and WHR are better predictors of mortal-
ity than fat mass and fat percent, although this study did
not mutually adjust for lean body mass.24 A few other stud-
ies have used different approaches such as 24-hour creati-
nine excretion and total body potassium to estimate lean
body mass. A US study of 1071 men found an inverse

association between muscle mass assessed by 24 h creati-
nine excretion and mortality.25 Another study of 787 men
from Sweden used total body potassium to assess body
composition. This study found that fat mass was associated
with linearly increased risk of mortality while fat-free mass
was associated with linearly decreased risk of mortality.26

Recently, a large prospective study of US men with a
long follow-up introduced a new approach to estimate fat
mass and lean body mass using validated anthropometric
prediction equations.27,28 This study found that the shape
of the BMI–mortality relationship was determined by the
shape of fat mass and lean body mass associations with
mortality. There was a J-shaped association between BMI
and mortality. When fat mass and lean body mass were
separately examined with mortality, predicted fat mass
showed a monotonic increasing association with mortality
while lean body mass showed a strong U-shaped associa-
tion with mortality. Although there are inevitable measure-
ment errors in estimating body composition using the
anthropometric equations, this new approach allowed the
authors to examine the body composition–mortality rela-
tionship in a large well-established cohort study accounting
for important biases. More specifically, this study had a
large number of deaths (including the information on
cause of death) over a long follow-up period, detailed
and updated information on confounders and repeated
measures of body composition to minimize and assess the
influence of confounding and reverse causation.

Summary of current studies

A number of studies have examined the association
between body composition and mortality in the general
population. Overall results were not consistent, but there
was clear evidence showing that fat mass and lean body
mass may have differential associations with mortality.
Studies using direct body composition methods suggested
that fat mass was positively associated with mortality,
while lean body mass was inversely associated with mor-
tality.16–18 However, these associations were not consistent
in studies restricted to older adults.9–15 Most studies
showed either null or inverse association of both fat mass
and lean body mass in relation to mortality. When we fur-
ther considered the studies using indirect body composi-
tion methods, the studies and their results were
heterogenous but suggested a positive association with
fat mass and a reversed J or U-shaped association with
lean body mass. There are several important issues to dis-
cuss why we may have observed inconsistent findings of
the association between body composition and mortality in
the general population.

1. Although studies included generally healthy popu-
lation without major chronic diseases, participants may
have had undiagnosed preexisting diseases. This is prob-
lematic because these conditions are not only associated
with weight loss plus change in body composition but
also increased risk of mortality. This “reverse causation”
issue could be more prominent in older adults because
they are more likely to have undiagnosed medical condi-
tions than younger adults. In fact, we observed conflicting

1282 Experimental Biology and Medicine Volume 243 December 2018
...............................................................................................................................................................



results on the fat mass and mortality relationship. In stud-
ies limited to older adults, fat mass appeared to have no
harmful impact on mortality while fat mass tended to show
a positive association with mortality in studies including
both young and older adults.

Reverse causation can be a greater concern in studies
with a short follow-up period because people with serious
undiagnosed medical conditions are more likely to die in a
short time. Most studies using direct body composition
measures had relatively short follow-up period (less than
mean of 10 years) and thus these studies are more suscep-
tible to reverse causation. One study that had repeated
measures of body composition (estimated using anthropo-
metric equations) conducted lagged analysis to examine
the influence of the reverse causation on obesity–mortality
relationship by using different lag times (time between
measure of obesity and death).27 With shorter lag times,
fat mass showed a weaker positive association with mor-
tality and lean body mass showed a stronger U-shaped
association with mortality. As expected, BMI showed a
more pronounced U-shaped association with mortality
with shorter lag times. We can infer that the body compo-
sition–mortality relationship is prone to reverse causation
when study follow-up is short. In addition, this study sug-
gested that the observed U-shaped association between
BMI and mortality with short lag times may be largely
attributed to lean body mass loss rather than fat mass
loss. These findings imply that lean body mass may be
inherently a marker of health status (e.g., illness). Many
diseases, especially respiratory diseases, can decrease lean
body mass (i.e., muscle wasting) through several biological
mechanisms (e.g., inflammation, glucocorticoids, myosta-
tin activation).29,30 Moreover, the high end of lean body
mass is driven mostly by obesity, which is far more
common than extreme body builders. Thus, it is difficult
to completely separate a pure effect of lean body mass on
mortality, as low lean body mass may reflect diseases and
high lean body mass may indicate obesity. Having a lean
body mass within the middle range of the population may
most reflect a healthy status.

2. The true shape of the association between body com-
position and mortality may have been masked for studies
that have not examined the potential dose–response rela-
tionship. Due to small number of participants and deaths,
many studies could not examine the shape of associations
by using splines (or at least quintiles) with high precision.31

If the true shape is not linear, using a linear approach may
mask the true relationship between body composition and
mortality. Several studies showed some evidence that the
relationship of fat mass and lean body mass with mortality
may be non-linear. Various shapes of the associations have
been observed. Among large studies including both young
and older adults, fat mass showed a monotonic positive or
J-shaped association with mortality while lean body mass
showed a linear inverse, reversed J or U-shaped association
with mortality.

For fat mass, we consistently observed a strong positive
association with mortality in the higher range of fat mass.
In the lower range of fat mass, some studies found lower
risk of mortality with higher fat mass but it may be

explained by the reverse causation or high correlation of
fat mass with lean body mass. If we could ideally address
these issues, we might expect to see no inverse association
but likely aminimal or monotonic positive association of fat
mass with mortality in the lower range. In contrast, we
consistently found evidence that lean body mass was
inversely associated with mortality in the lower range.
The association was less consistent in the higher range of
lean body mass.

3. To examine the independent association of fat mass
and lean body mass with mortality, mutual adjustment of
these two body components as well as other confounders
are important. Given the growing literature on body com-
position and health, fat mass and lean body mass are not
only closely correlated each other but also are associated
with mortality, presumably independent of each other.
Although it is difficult to completely tease out fat mass
and lean body mass, it is still important to account for
potentially two different body components in the mortality
analysis. Moreover, other confounding factors such as
smoking, physical activity and diseases can substantially
bias the association between body composition and mortal-
ity. For example, smoking is inarguably a strong risk factor
for mortality and also causes weight loss and changes in
body composition. Thus, not adjusting for smoking can
seriously distort the association of body composition
and mortality.

4. Measurement errors can also affect the results. For
studies that used gold standard methods such as DXA or
CT, measurement errors should be minimal. However, sev-
eral studies collected data only from a specific region (e.g.,
arm, leg or calf) or using various indirect methods
described in the previous section thus these data may not
reflect the true total fat mass and lean body mass. In addi-
tion, because of the complexity and costs of using these
techniques, typically only one measurement is made. The
measurement error can be random but also systematic
depending on the methods used to estimate body compo-
sition. Validation of the methods and understanding their
assumptions, as well as strengths and limitations, is crucial
for the valid application in research.32 Moreover, it is also
possible that detailed body composition at tissue level or
quality are more relevant to overall health than total quan-
tity of fat and lean body mass.

Future directions and conclusion

Overall, epidemiological studies on body composition and
mortality suggest that fat mass and lean body mass may
play an independent role on survival in the general popu-
lation. The shape of the associations is not conclusive but
there was plausible evidence that high fat mass was asso-
ciated with increased risk of mortality (especially higher
range of fat mass) and low lean body mass was associated
with increased risk of mortality (especially lower range of
lean body mass). These associations appeared to be less
consistent in studies with elderly populations, where both
fat mass and lean body mass tended to show either null or
inverse association with mortality.
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Given the inconclusive evidence and limitations of the
current studies, future studies with high quality can be
helpful. The meaning of fat mass and lean body mass is
inherently complex because of the close relationship
between (undiagnosed) diseases, comorbid conditions
and weight loss, and the correlation of two body compo-
nents in relatively healthy people.

Future studies should be carefully designed to address
potential biases. Studies need to have detailed information
on diseases and long follow-up period to reduce the bias
due to reverse causation. Exclusion of deaths in the early
follow-up is one additional approach to exclude unhealthy
individuals with preexisting diseases. Although it is chal-
lenging, studies with repeated measures of body composi-
tion will be informative to understand the impact of reverse
causation. Studies restricted to older adults should be inter-
preted with more caution as this population is more sus-
ceptible to biases (e.g., reverse causation and selection bias).
Moreover, residual confounding can affect the overall find-
ings; thus, important confounders such as smoking, phys-
ical activity, and diseases should be comprehensively
adjusted or stratified in the analysis. Lastly, limited evi-
dence exists on the association of body composition with
cause-specific mortality.27 Due to insufficient power or
information, most studies only examined the association
between body composition and all-cause mortality, but
body composition may play a different role in the cause
of death (e.g., cardiovascular disease, cancer, respiratory
disease, and others).

It could be practically difficult to conduct an “ideal”
study because there are limited well-established cohort
studies that have a direct measure of body composition.
Thus, understanding strengths and limitations of studies
is critical. It is not always true that studies with a gold
standard body composition measure provide the most
valid evidence. Due to practical issues, these studies have
shorter follow-up (e.g., reverse causation), fewer data on
covariables (e.g., residual confounding), have a single mea-
sure, and tend to be smaller in size, and more restrictive in
population (e.g., elderly). The overall quality of the study
incorporating all these features, as well as the complex
relationships of body composition, should be carefully con-
sidered when conducting the study and interpreting
the findings.

Although this review focused on the literature in the
generally healthy population without apparent major dis-
eases, understanding the influence of body composition on
survival among patient populations is an interesting area of
research that needs more attention. The “obesity paradox”
phenomenon is highly prevalent in diverse patient popu-
lations.33 Recently, several studies showed some evidence
that body composition, especially lean body mass (muscle)
may play an independent role on survival in patients with
disease such as cancer and cardiovascular diseases.34–36

Body composition has a potential to provide important
prognostic information to improve survival among
patients, and thus more studies are warranted to better
understand this association in diverse patient populations.
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