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Background: Recent studies have presented the concept of the obesity paradox,
suggesting that individuals with obesity have a lower risk of death than those
without obesity. This paradox may arise because body mass index (BMI) alone is
insufficient to understand body composition accurately. This study investigated
the relationship between fat and muscle mass and the risk of mortality in
individuals with overweight/obesity.

Methods: We used data from the National Health and Nutrition Examination
Survey (NHANES) from 1999 to 2006 and 2011 to 2018, which were linked to
mortality information obtained from the National Death Index. Multiple Cox
regression analyses were performed to estimate mortality risk. Subgroup analysis
was conducted using propensity score-matched (PSM) data for age, sex, and
race/ethnicity.

Results: This study included 16,555 participants who were overweight/obese
(BMI>25 kg/mz). An increase in appendicular skeletal muscle mass index was
associated with a lower mortality risk (hazard ratio [HR]: 0.856; 95% confidence
interval [Cl]: 0.802-0.915). This finding was consistent with the subgroup analysis
of the PSM data. Contrastingly, a high fat mass index was associated with an
increased risk of mortality. Sarcopenic overweight/obesity was significantly
associated with high mortality compared to obesity without sarcopenia (HR:
1.612, 95%Cl: 1.328-1.957). This elevated risk was significant in both age- and
sex-based subgroups. This finding was consistent with the subgroup analysis
using PSM data.

Conclusion: In contrast to the obesity paradox, a simple increase in BMI does
not protect against mortality. Instead, low body fat and high muscle mass reduce

mortality risk.
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Introduction

In 2016, the World Health Organization reported that 13% of the
global population was obese and that the obesity rate has increased
threefold over the past 30 years (1). Obesity is associated with various
diseases, including cardiovascular disease (CVD), diabetes, cerebral
infarction, and cancer, and is responsible for approximately 4.8% of
deaths worldwide (2-6). Although it is important to diagnose obesity
accurately, recent studies have indicated an obesity paradox, which
states that obese individuals may have a lower mortality risk than
those with normal weight (a finding in two representative studies). A
review of 40 cohort studies found that individuals with body mass
indices (BMIs) <20 kg/m” had a higher risk of total and
cardiovascular mortality, whereas individuals who were overweight
(BMI: 25-29.9 kg/m2) had a lower risk of mortality than those with a
normal BMI (7). Furthermore, individuals who were overweight
(BMI: 25-30 kg/m?) or obese (BMI: 30-35 kg/m®) and had
hypertension and coronary artery disease had a lower risk of all-
cause mortality than those with a normal weight (BMI: 20-25 kg/m?)
(8). This paradox may be attributed to the use of BMI, which does not
accurately measure body composition, to define obesity. To obtain
precise measurements of body composition, including body fat and
muscle mass, imaging tests such as computed tomography (CT),
magnetic resonance imaging, dual-energy X-ray absorptiometry, and
positron emission tomography/CT are required. However, these tests
are expensive and not readily accessible. Therefore, BMI is commonly
used to assess the severity of obesity. Nevertheless, BMI has
limitations as it cannot accurately differentiate between fat, mineral,
and muscle masses and has restrictions in measuring body fat (9-16).
Consequently, BMI alone may not be sufficient for predicting the risk
of CVD, diabetes, cerebral infarction, cancer, and mortality (17-19).

Although obesity is commonly believed to protect against
sarcopenia by preserving muscle mass, it can impair muscle
function and lead to functional limitations (20, 21). Moreover,
sarcopenia can occur in individuals with obesity, resulting in
sarcopenic obesity, in which individuals may have a high BMI but
poor lean body mass, leading to increased disability, immobility, and
metabolic dysfunction (22, 23). Due to its negative impact on quality
of life, physical function, and mortality, the prevalence of sarcopenic
obesity is concerning (24, 25). Therefore, clinicians and researchers
need to recognize and address sarcopenic obesity as a distinct clinical
entity to improve health outcomes and enhance the quality of life.

This study aimed to use data from the National Health and
Nutrition Examination Survey (NHANES) to determine the
prevalence of sarcopenic obesity and investigate the relationship
between fat and muscle mass, particularly in relation to sarcopenic
obesity and the risk of mortality.

Method and materials
Study population

The NHANES is a research program designed to assess the
health and nutritional status of adults and children in the United
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States (26). This longitudinal study used baseline data from four
NHANES cycles from 1999 to 2006 and 2011 to 2018, linked to
mortality data from the National Death Index (27).

Measurements

The average of three blood pressure (BP) measurements, taken
after at least 5 minutes in a seated position, was used as data. Fasting
blood glucose and cholesterol levels were measured by enzymatic
methods. The NHANES Laboratory Procedure Manual provides
additional information on sample collection and testing methods
(28). Whole-body DEXA was performed using a Hologic QDR 4500
A fan-beam X-ray bone densitometer (Hologic Inc., Marlborough,
MA, USA). DEXA was also used to assess total and regional
body composition.

Definition of obesity/overweight,
underlying diseases, and sarcopenia

Obesity/overweight was defined as a BMI >25 kg/m”. Participants
were considered to have hypertension if they had systolic BP >140
mmHg, mean diastolic BP >90 mmHg, or were receiving treatment
for hypertension. Diabetes mellitus was defined as a fasting blood
glucose level >126 mg/dL, random blood glucose level >200 mg/dL,
HbA1Ic level >6.5%, or treatment for diabetes. Patients with a fasting
total cholesterol level of 240 mg/dL or receiving treatment for
dyslipidemia were considered to have dyslipidemia. Cancer history
was assessed using structured questionnaires as follows: “Have you
ever been told by a doctor or other health professional that you have
cancer or a malignancy?” Patients with one or more of the following
conditions were considered to have a history of CVD: angina pectoris,
myocardial infarction, coronary heart disease, congestive heart
failure, and cerebrovascular disease. Appendicular skeletal mass was
defined as the sum of the total lean mass, excluding the bone mineral
content of all extremities. The appendicular skeletal mass index
(ASMI) was defined as the value obtained by dividing the
appendicular skeletal mass by the square of the height (m) (29).
We defined low muscle mass as ASMI <7 kg/m” in men and <5.5 kg/
m? in women, according to the European Working Group on
Sarcopenia in Older People 2 (EWGSOP2) (30). Sarcopenic
obesity/overweight was defined as a BMI >25 kg/m* with a low
muscle mass. We also defined high fat mass as a fat mass index (FMI)
> 8.3 kg/m” in men and > 11.8 kg/m* in women based on the study of
Gonzalez et al. (31).

Study outcomes

We collected publicly available mortality data from the National
Center for Health Statistics based on probabilistic matching of the
NHANES and National Death Index death certificate records
through December 31, 2019. The data included all-cause
mortality and follow-up duration through the month (27).
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Ethics statement

All the NHANES protocols conducted in the United States were
authorized by the Research Ethics Review Board of the National
Center for Health Statistics, U.S. Centers for Disease Control and
Prevention (Protocol Number: 1999-2004, Protocol #98-12; 2005-
2010, Protocol #2005-06; 2011-2016, Protocol #2011-17) and
conducted in accordance with the principles of the Declaration of
Helsinki. All participants provided informed consent prior to
the study.

Statistical analysis

Continuous and categorical variables of demographic
characteristics, underlying diseases, anthropometric indices, and
blood test results are presented as means, standard deviations, and
frequencies (%), respectively. Independent t-tests and Pearson’s chi-
square tests were used to compare results. Correlations between
BMI, ASMI, and FMI were examined using Pearson’s correlation
coefficient. Multiple Cox regression analyses were performed to
assess the hazard ratios (HR) of all-cause mortality after adjusting
for age, sex, race, smoking status, alcohol consumption,
hypertension, diabetes, hyperlipidemia, and previous CVD events.
The time from the first anthropometric and clinical measurements
to death or the last follow-up (December 31, 2019) was included in
the calculation. In addition, we performed a subgroup analysis of
the propensity score matching (PSM) data (1:4 matching),
considering the heterogeneity of the demographic characteristics
and underlying diseases of sarcopenia. The graphical association
between HR for each obesity parameter and mortality was assessed
using four-knot-restricted cubic spline plots. Statistical analyses
were performed using the IBM Statistical Package for the Social
Sciences Statistics version 24.0 (IBM Corporation, Armonk, NY,
USA) and R version 4.2.2 (R Foundation for Statistical Computing,
Vienna, Austria; www.r-project.org). Statistical significance was set
at p < 0.05.

10.3389/fendo.2023.1257902

Results

Baseline characteristics

In this study, 80,630 participants were initially identified from
the 1999-2006 and 2011-2018 NHANES datasets (Figure 1). After
excluding 34,295 participants with missing mortality data, 23,693
with insufficient data, and 6,107 with BMIs <25 kg/mz, the final
analysis included 16,555 participants. Table 1 shows the baseline
characteristics of the participants with obesity or overweight
according to their sarcopenia status. The sarcopenia group
(n=291) was older (61.7 + 16.51 years), had a lower proportion of
men (43.0%), and exhibited significant differences in race/ethnicity
distribution compared to the group without sarcopenia (n=16,264).
There were no significant differences in the triglyceride levels
between the groups. The prevalence of smoking, cancer history,
and systolic BP was higher, whereas the proportion of drinkers,
BMI, and diastolic BP was lower in the sarcopenia group. Patients in
the sarcopenia group had higher fasting glucose, HbAlc, total
cholesterol, and high-density lipoprotein (HDL) cholesterol levels.
In addition, the sarcopenia group had a higher prevalence of
previous CVD, diabetes mellitus, hypertension, and dyslipidemia.
The proportion of all-cause deaths was higher in the sarcopenia
group. Finally, ASMI was lower in the sarcopenia group, whereas
FMI was not significantly different between the two groups. BMI
was positively correlated with ASMI (Pearson correlation coefficient:
0.524, p<0.001) and FMI (Pearson correlation coefficient:
0.831, p<0.001).

We also performed 1:4 PSM to minimize the impact of
confounding variables in the data analysis. The factors accounted
for in the PSM included diabetes mellitus, hypertension,
dyslipidemia, previous CVD events, and ASMI or FMI, and they
were matched for age, sex, ethnicity/race, smoking status, and
alcohol consumption. Table 1 shows the baseline characteristics
of propensity score-matched (PSM) participants with obesity or
overweight status according to their sarcopenia status. There were
no differences between the groups in age, sex, race, or medical

Participants in the NHANES 1999-2008 and 2011-2018
(n = 80,630)

Missing data on mortality (n = 34,295)

Participants with mortality data of National Death Index
(n =46,335)

Participants without the dual-energy X-ray absorptiometry data

(n=123,693)

Participants with a body mass index < 25 kg/m>
(n=6,107)

16,555 participants were included in the final analysis

FIGURE 1

Flowchart for final selection. NHANES, National Health and Nutrition Examination Survey
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TABLE 1 Characteristics of whole and propensity score-matched participants with obesity/overweight according to sarcopenia.

Whole dataset

PSM dataset

(N=16555) (N=1385)
Without sarcopenia Sarcopenia Without sarcopenia Sarcopenia

(N=16264) (N=291) (N=1108) (N=277)
Age, years 4297 +15.86 61.7 + 1651 < 0.001 622 + 15.62 6235 + 15.70 0.883
Male sex, n (%) 8440 (51.9%) 125 (43.0%) 0.003 434 (39.2%) 121 (43.7%) 0.193
Race/Ethnicity, n (%) < 0.001 <0.778
Hispanic 5008 (30.8%) 111 (38.1%) 426 (38.4%) 106 (38.3%)
Non-Hispanic White 6378 (39.2%) 155 (53.3%) 591 (53.3%) 151 (54.5%)
Non-Hispanic Black 3565 (21.9%) 9 (3.1%) 42 (3.8%) 7 (2.5%)
Other Race 1313 (8.1%) 16 (5.5%) 49 (4.4%) 13 (4.7%)
Smokers, n (%) 6739 (43.5%) 160 (55.9%) 0.001 594 (53.6%) 154 (55.6%) 0.599
Drinkers, n (%) 10101 (68.0%) 166 (59.7%) 0.013 659 (59.5%) 166 (59.9%) 0.945
History of cancer, n (%) 839 (5.5%) 43 (15.0%) < 0.001 150 (13.5%) 43 (15.6%) 0.436
BMLI, kg/m? 31.03 + 5.08 265+ 12 < 0.001 3023 + 430 26.46 + 1.11 < 0.001
Systolic BP, mmHg 123.27 + 17.72 133.17 + 23.60 < 0.001 132.95 + 21.26 133.70 + 23.54 0.626
Diastolic BP, mmHg 7217 + 12.56 70.01 + 12.18 0.006 70.79 + 13.47 70.13 + 12.26 0.487
Fasting glucose, mg/dL 107.91 + 37.09 117.71 + 50.37 0.001 114.87 + 41.84 118.26 + 51.25 0.410
HBAIG, % 5.66 + 1.07 589 + 1.21 < 0.001 5.86 + 1.13 591 +1.22 0.595
Total cholesterol, mg/dL 198.29 + 42.62 209.5 + 43.88 <0.001 205.98 + 40.59 209.86 + 43.91 0.173
Triglycerides, mg/dL 161.56 + 159.77 153.35 + 88.04 0.512 167.03 + 123.17 154.85 + 89.44 0.249
HDL-C, mg/dL 48.93 +13.67 5526 + 18.36 < 0.001 50.61 + 14.19 5479 + 16.95 < 0.001
Previous CVD, n (%) 1076 (7.1%) 61 (21.6%) < 0.001 176 (16.0%) 59 (21.7%) <0.032
Diabetes Mellitus, n (%) 2172 (13.7%) 65 (22.9%) < 0.001 236 (21.6%) 63 (23.2%) 0.622
Hypertension, n (%) 6222 (40.1%) 184 (65.7%) < 0.001 664 (63.8%) 177 (66.5%) 0.444
Dyslipidemia, n (%) 5993 (45.9%) 162 (63.3%) < 0.001 563 (59.0%) 157 (63.3%) 0.241
All-cause death, n (%) 1794 (11.0%) 141 (48.5%) < 0.001 461 (41.6%) 136 (49.1%) 0.029
ASMI, kg/m? 8.38 + 1.47 5.88 + 0.75 <0.001 750 + 1.15 589 + 0.75 < 0.001
FMI, kg/m? 11.27 + 3.86 10.90 + 1.80 0.103 11.76 + 3.42 10.85 + 1.72 < 0.001

BMI, body mass index; HBAlc, hemoglobin Alc; HDL-C, high-density lipoprotein cholesterol; CVD, cardiovascular disease; ASMI, appendicular skeletal mass index; EMI, fat mass index.

history, except for CVD. The prevalence of CVD and HDL
cholesterol was higher in the sarcopenia group, whereas BMI,
ASMI, and FMI were lower in the sarcopenia group.

Association between body composition
indices and mortality in participants with
obesity/overweight

According to the results of the multiple Cox regression analyses,
an increase in ASMI was significantly associated with a reduced risk
of mortality (HR: 0.856, 95% confidence interval [CI]: 0.802-0.915,
p=0.001; Table 2). This negative association was observed in both
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age subgroups, i.e., those aged < 65 years (HR: 0.836, 95% CI: 0.760-
0.919, p<0.001) and > 65 years (HR: 0.875, 95% CI: 0.798-0.960,
p=0.005; Table 2). When stratified by sex, the negative association
remained significant in both men (HR: 0.826; 95% CI: 0.758-0.900;
p<0.001) and women (HR: 0.897; 95% CI: 0.806-0.998; p=0.046;
Table 2). When stratified by cause of death, ASMI was negatively
associated with death from cancer (HR: 0.829; 95% CI: 0.726-0.947;
p=0.006) and non-cancer causes (HR: 0.867; 95% CI: 0.803-0.935;
p<0.001), but not with death from CVD/cerebrovascular accident
(HR: 0.974; 95% CI: 0.867-0.973; p=0.659). We further analyzed the
PSM dataset. This subgroup analysis confirmed a negative
association between ASMI and all-cause mortality (HR: 0.899;
95% CI: 0.830-0.973; p=0.008; Table 2). In contrast, a higher FMI
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TABLE 2 The risk of mortality according to the body composition indices in participants with obesity/overweight.

HR (95% Cl)

P-value HR (95% CI)

Total 0.856 (0.802-0.915) <0.001 1.045 (1.021-1.069) <0.001
Subgroup by age

Aged < 65 years 0.836 (0.760-0.919) <0.001 1.064 (1.029-1.099) <0.001
Aged > 65 years 0.875 (0.798-0.960) 0.005 1.033 (1.001-1.066) 0.046
Subgroup by sex

Men 0.826 (0.758-0.900) <0.001 1.079 (1.043-1.116) <0.001
Women 0.897 (0.806-0.998) 0.046 1.017 (0.984-1.051) 0.325
Subgroup by cause of death

Cancer 0.829 (0.726-0.947) 0.006 1.057 (1.009-1.107) 0.019
Non-cancer 0.867 (0.803-0.935) <0.001 1.041 (1.014-1.069) 0.003
CVD/CVA 0.974 (0.867-1.094) 0.659 1.027 (0.986-1.069) 0.204
PSM data* 0.899 (0.830-0.973) 0.008 0.955 (0.925-0.985) 0.004

ASMI, appendicular skeletal mass index; FMI, fat mass index; CVD, cardiovascular disease; CVA, cerebrovascular accident.
Adjusted for age, sex, ethnicity/race, smoking status, alcohol consumption, history of cancer at baseline, diabetes mellitus, hypertension, dyslipidemia, previous CVD events, and ASMI or FMI.
*Adjusted for diabetes mellitus, hypertension, dyslipidemia, previous CVD events, and ASMI or FMI in propensity score-matched data for age, sex, ethnicity/race, smoking status, and

alcohol consumption.

was significantly correlated with an increased risk of mortality. (HR:
1.045, 95% CI: 1.021-1.069, p<0.001; Table 2). This association was
consistent in participants aged < 65 years (HR: 1.064; 95% CI:
1.029-1.099; p<0.001) and > 65 years (HR: 1.033; 95% CI: 1.001-
1.066; p=0.046; Table 2). Among men, a higher FMI significantly
increased the risk of mortality (HR: 1.079; 95% CI: 1.043-1.116;
p<0.001). However, this association was not significant in women
(HR: 1.017, 95% CI: 0.984-1.051, p=0.325; Table 2). In contrast to
ASMI, when stratified by cause of death, FMI was positively
associated with cancer (HR: 1.057; 95% CI: 1.009-1.107; p=0.019)
and non-cancer mortality (HR: 1.041; 95% CI: 1.014-1.069;
p=0.003), but not CVD/cerebrovascular accident (HR: 1.027; 95%
CI: 0.986-1.069; p=0.204). In the PSM dataset, contrary to the total
dataset, FMI and mortality were negatively correlated (HR: 0.955;
95% CI: 0.925-0.985; p=0.004). In the restricted cubic spline
regression plot, the ASMI showed a negative association with the
HR for mortality. Conversely, the HR for mortality continuously
increased with FMI (Figure 2).

The risk of mortality in sarcopenic
obesity/overweight

Kaplan-Meier survival curves showed a relationship between
ASMI, FMI, and mortality, with the highest mortality rates in the
low ASMI and high FMI groups (log-rank test, p<0.001) (Figure 3).

Table 3 presents the HR for mortality among individuals with
sarcopenic obesity/overweight compared with those with obesity/
overweight but sufficient ASMI, as determined by multiple Cox
regression analyses. Sarcopenic obesity/overweight status was
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significantly associated with a higher risk of death. When
analyzed by age subgroups, it was significantly associated with a
higher risk of death in those < 65 years of age (HR: 2.707; 95% CI:
1.813-4.043; p<0.001), but no significant association was found in
those > 65 years of age (HR: 1.174; 95% CI: 0.982-1.404; p=0.079;
Table 3). In the sex subgroups, the elevated risk was significant for
both men and women (Table 3). In the subgroup analyses by cause
of death, sarcopenic obesity/overweight was associated with an
increased risk of cancer (HR: 1.541; 95% CI: 1.028-2.309;
p=0.036) and non-cancer mortality (HR: 1.629; 95% CI: 1.306-
2.031; p<0.001) but not CVD/cerebrovascular accident (HR: 1.367;
95% CI: 0.955-1.956; p=0.088; Table 3). In the analysis of PSM data,
the risk of death in those with sarcopenic obesity/overweight was
also significantly higher (HR: 1.481; 95% CI: 1.203-1.823;
p<0.001; Table 3).

The sensitivity analysis of the Cox
proportional hazards model by time
of death

Tables 4 and 5 show the risk of all-cause mortality according to
body composition indices and sarcopenic obesity/overweight status,
respectively, considering the time of death. As shown in Table 4, ASMI
and FMI were positively and negatively associated with the risk of all-
cause mortality, respectively, independent of the time of death.
However, when participants who died within the first 1, 2, and 3
years were excluded, the risk of all-cause mortality for sarcopenic
obesity/overweight did not show a significant increase (Table 5).
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FIGURE 2

FMI

The hazard ratio for mortality according to ASMI and FMI. ASMI, appendicular skeletal mass index; FMI, fat mass index. Adjusted for age, sex,
ethnicity/race, smoking status, alcohol consumption, history of cancer at baseline, diabetes mellitus, hypertension, dyslipidemia, previous CVD

events, and ASMI or FMI.

Discussion

When food is consumed, it is converted into energy and used by
the body; excess energy is converted into glycogen and triglycerides,
which are stored in the body. Obesity develops when there is an
imbalance between energy intake and expenditure. The risk factors
for overweight/obesity include insufficient exercise, unhealthy
eating habits, a lack of sufficient high-quality sleep, stress,
diseases, genetics, and medications. Obesity is associated with
diseases such as diabetes mellitus, CVD, stroke, hypertension,
pulmonary disease, cancer, and NAFLD (non-alcoholic fatty liver
disease) (32). Obesity is also associated with increased mortality
(33). However, CVD-associated mortality decreases in the presence
of obesity, a phenomenon known as the obesity paradox (34).

Sarcopenia is characterized by decreased muscle function and
muscle mass (35). Muscle mass decreases by 3-8% every ten years
after the age of 30 years, and this rate increases after 60 years of age
(36). Sarcopenia has a prevalence of 6-15% in people aged > 65

years (37). The main causes of sarcopenia include reduced
nutritional intake and activity, comorbidities, and drug use.
Sarcopenia must be distinguished from malnutrition, cachexia,
and senility before treatment. It is diagnosed based on reduced
muscle strength, quantity, quality, and physical performance (30).
Sarcopenia is associated with increased hospitalization duration,
number of hospitalizations, and mortality (38).

This large-scale study aimed to determine the association
between ASMI and FMI on mortality in participants with obesity.
The HR for mortality increased as ASMI increased, which is
consistent with previous studies suggesting that sarcopenia is
associated with increased mortality (39, 40). In addition, the
mortality risk increased proportionally with FMI, contrary to
previous studies that found that being overweight was associated
with decreased mortality (33, 41). However, this result is consistent
with those of previous studies investigating the association between
FMI, but not BMI, and mortality (42, 43). Furthermore, sarcopenia
increases mortality risk in participants with obesity, reaffirming the

— High ASMI & High FMI — High ASMI & Low FMI — Low ASMI & Low FMI — Low ASMI & High FMI (Sarcopenic obesity)
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FIGURE 3

Kaplan—Meier plot of cumulative mortality by ASMI and FMI in participants with obesity.
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TABLE 3 The hazard ratios for death in sarcopenic obesity/overweight compared to obesity/overweight with sufficient ASMI.

Model 1

HR (95% Cl)

P-value

Model 2
HR (95% ClI)

Total 1.612 (1.328-1.957) ‘ <0.001 1.481 (1.203-1.823) <0.001
Subgroup by age

Aged < 65 years 2.707 (1.813-4.043) <0.001
Aged > 65 years 1.174 (0.982-1.404) ‘ 0.079
Subgroup by sex

Men 1.429 (1.101-1.854) 0.007
Women 1.924 (1.435-2.581) <0.001
Subgroup by cause of death

Cancer 1.541 (1.028-2.309) 0.036
Non-cancer 1.629 (1.306-2.031) <0.001
CVD/CVA 1.367 (0.955-1.956) 0.088

CVD, cardiovascular disease; CVA, cerebrovascular accident.

Model 1: Adjusted for age, sex, ethnicity/race, smoking status, alcohol consumption, history of cancer at baseline, diabetes mellitus, hypertension, dyslipidemia, and previous CVD events.

Model 2: Adjusted for diabetes mellitus, hypertension, dyslipidemia, and previous CVD events in propensity score-matched data for age, sex, ethnicity/race, smoking status, and

alcohol consumption.

importance of sarcopenia in this population (44). Therefore, it is
reasonable to assume that high muscle mass and low fat mass rather
than high BMI are associated with reduced mortality.

Since the term “sarcopenic obesity” was first used by Heber et al.
in 1996, it has become increasingly important. The incidence of
sarcopenic obesity has increased owing to an increase in the older
population and the presence of obesity, and sarcopenia exacerbates
the adverse effects of obesity (45). Sarcopenic obesity has several
causes. Aging causes changes in the body’s composition. Fat mass
increases with age, whereas muscle mass decreases after 40 years of
age. The basal metabolic rate of older people is low because both the
number and oxidative function of mitochondria in muscles are
reduced. In addition, although the amount of thermogenic adipose
tissue required for adaptive thermogenesis decreases (46), there is
no significant change in the desire for food intake, which causes
weight and fat gain. Hormones play a crucial role in muscle growth
and strength. Testosterone, growth hormone, insulin, and thyroid

hormones are associated with sarcopenia (47). Testosterone is a
potent anabolic hormone that stimulates protein synthesis and
inhibits protein degradation. Testosterone also increases the size
of muscle fibers while inhibiting the differentiation of adipocyte
progenitor cells. It also increases the levels of another anabolic
hormone, insulin-like growth factor 1 (IGF-1), in the muscles. The
growth hormone enhances protein turnover and muscle mass but
does not increase muscle strength. Skeletal muscle is an important
organ for insulin-induced glycemic control; thus, decreased muscle
mass and quality lead to increased fat mass (48). Thyroid hormones
are also involved in muscle growth and contraction (49). In older
adults, the secretion of testosterone and growth hormones and the
biological activity of thyroid hormones decrease, whereas insulin
resistance increases, making them vulnerable to sarcopenic obesity
(50). Adipose tissue inflammation is associated with sarcopenic
obesity. Fat accumulation in the adipose tissue increases the release
of free fatty acids and the production of leptin/monocyte

TABLE 4 Sensitivity analysis of the Cox proportional hazards model for all-cause mortality by time of death and body composition indices in
participants with obesity/overweight.

ASMI FMI
HR (95% CI) P-value HR (95% CI) P-value
Primary analysis 0836 <0.001 104> <0.001
Ty analy (0.802-0.915) : (1.021-1.069) :
0.857 1.040
Excluding patients with event within the first year (0.802-0.917) <0.001 (1.016-1.065) 0.001
. . . s 0.861 1.040
Excluding patients with event within 2 years <0.001 0.001
(0.803-0.922) (1.015-1.065)
. . . s 0.864 1.040
Excluding patients with event within 3 years <0.001 0.002
(0.804-0.928) (1.015-1.066)

ASMI, appendicular skeletal mass index; FMI, fat mass index; CVD, cardiovascular disease; CVA, cerebrovascular accident.
Adjusted for age, sex, ethnicity/race, smoking status, alcohol consumption, history of cancer at baseline, diabetes mellitus, hypertension, dyslipidemia, previous CVD events, and ASMI or FMI.
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TABLE 5 Sensitivity analysis of the Cox proportional hazards model for
all-cause mortality by time to death and sarcopenia status in obese/
overweight participants.

Sarcopenia
o, P-
HR (95% CI)
value
1.612
Primary analysis (1328-1.957) <0.001
Excluding patients with events within the 1.348 0.152
first year (0.895-2.030) ’
Excluding patients with events within 1.321 0.199
2 years (0.864-2.020) :
Excluding patients with events within 1.243
0.345

3 years (0.791-1.954)

Adjusted for age, sex, ethnicity/race, smoking status, alcohol consumption, history of cancer at
baseline, diabetes mellitus, hypertension, dyslipidemia, previous CVD events, and ASMI
or FMI.

chemoattractant protein 1 (MCP-1) and decreases adiponectin
secretion. These adipokines recruit macrophages that undergo M1
polarization. Macrophages secrete tumor necrosis alpha (TNF-a),
interleukin 6 (IL-6), and leptin, which are associated with the
secretion of proinflammatory cytokines and decreased levels of
IGF-1. Furthermore, TNF-o. impedes mitochondrial biosynthesis
and muscle development (51).

This study investigated the effect of obesity on mortality in a large
sample and found that muscle and fat mass, but not BMI, were
important for predicting mortality risk. ASMI was associated with a
lower risk of mortality, independent of age and sex, while FMI was
associated with a higher risk of mortality, independent of age, in men.
Unexpectedly, in the PSM data, FMI was associated with a lower risk
of mortality, which may reflect poor nutritional status in older
patients with sarcopenia; however, further research is needed. In
addition, when comparing participants with obesity and sarcopenia
to participants with sarcopenia alone, the mortality rate was higher in
the participants with obesity and sarcopenia. This effect was more
significant in participants aged < 65 years. While other studies have
investigated the effect of sarcopenia on mortality in older people (39,
40), this study revealed that sarcopenia was associated with increased
mortality even in participants aged < 65 years. In the sensitivity
analysis by time of death, when premature death was excluded,
sarcopenic obesity/overweight was not associated with a significant
increase in mortality, suggesting that sarcopenic obesity is associated
with premature death. However, this study has several limitations.
First, the effects of muscle strength or physical performance on
mortality were not investigated. Secondly, the effects of sarcopenia
management on mortality were not evaluated. Third, our study did
not evaluate which type of fat (subcutaneous or visceral) influenced
the mortality rate. Nevertheless, our study reaffirmed that sarcopenic
obesity increases mortality rates.

Conclusions

These findings highlight the importance of maintaining muscle
mass and managing fat mass to reduce mortality risk among people
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who are obese or overweight. In particular, this study provides
evidence that the obesity paradox is incorrect by revealing that
sarcopenia increases the mortality risk in individuals who are obese
or overweight. Further investigations are warranted for the
management of sarcopenic obesity/overweight.

Data availability statement

Publicly available datasets were analyzed in this study. This data
can be found here: https://www.cdc.gov/nchs/nhanes/index.htm.

Ethics statement

All NHANES protocols conducted within the United States
were authorized by the Research Ethics Review Board of the
National Center for Health Statistics, U.S. Centers for Disease
Control and Prevention (NCHS IRB/ERB Protocol Number:
1999-2004, Protocol #98-12; 2005-2010, Protocol #2005-06;
2011-2016, Protocol #2011-17) under the declaration of Helsinki.
All participants provided informed consent prior to the study.

Author contributions

HL: Conceptualization, Formal analysis, Investigation,
Methodology, Writing - original draft, Writing — review & editing.
HC: Formal analysis, Investigation, Writing — review & editing. YK:
Formal analysis, Investigation, Writing - review & editing.
MC: Formal analysis, Investigation, Writing - review & editing.
YR: Formal analysis, Investigation, Writing — review & editing. JY:
Formal analysis, Investigation, Writing — review & editing. CO:
Formal analysis, Investigation, Supervision, Writing — original draft,
Writing - review & editing. JK: Formal analysis, Investigation,
Supervision, Visualization, Writing - original draft, Writing -
review & editing. SM: Conceptualization, Data curation, Formal
analysis, Investigation, Methodology, Supervision, Visualization,
Writing — original draft, Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This
research was supported by a “GIST Research Institute(GRI) IIBR”
grant funded by the GIST in 2023 and by a grant from the MD-
PhD/Medical Scientist Training Program through the Korea Health
Industry Development Institute (KHIDI), funded by the Ministry of
Health and Welfare, Republic of Korea.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

frontiersin.org


https://www.cdc.gov/nchs/nhanes/index.htm
https://doi.org/10.3389/fendo.2023.1257902
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Lee et al.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

1. World Health Organization. Fact sheet on obesity and overweight (2021).
Available at: https://www.who.int/en/news-room/fact-sheets/detail/obesity-
and-overweight.

2. Solomon CG, Manson JE. Obesity and mortality: a review of the epidemiologic
data. Am J Clin Nutr (1997) 66(4):10445-50S. doi: 10.1093/ajcn/66.4.1044S

3. Krauss RM, Winston M, Fletcher BJ, Grundy SM. Obesity: impact on cardiovascular
disease. Circulation (1998) 98(14):1472-6. doi: 10.1161/01.CIR.98.14.1472

4. Moon S, Oh C-M, Choi M-K, Park Y-K, Chun S, Choi M, et al. The influence of
physical activity on risk of cardiovascular disease in people who are obese but metabolically
healthy. PLoS One (2017) 12(9):¢0185127. doi: 10.1371/journal.pone.0185127

5. Wallstrom P, Bjartell A, Gullberg B, Olsson H, Wirfélt E. A prospective Swedish
study on body size, body composition, diabetes, and prostate cancer risk. Br | Cancer
(2009) 100(11):1799-805. doi: 10.1038/sj.bjc.6605077

6. World Health Organization. Global health risks: mortality and burden of disease
attributable to selected major risks. Geneva, Switzerland: World Health Organization
(2009). Available at: https://www.who.int/publications/i/item/9789241563871.

7. Romero-Corral A, Montori VM, Somers VK, Korinek J, Thomas R]J, Allison TG,
et al. Association of bodyweight with total mortality and with cardiovascular events in
coronary artery disease: a systematic review of cohort studies. Lancet (2006) 368
(9536):666-78. doi: 10.1016/S0140-6736(06)69251-9

8. Uretsky S, Messerli FH, Bangalore S, Champion A, Cooper-DeHoff RM, Zhou Q,
et al. Obesity paradox in patients with hypertension and coronary artery disease. Am |
Med (2007) 120(10):863-70. doi: 10.1016/j.amjmed.2007.05.011

9. Rahman M, Berenson AB. Accuracy of current body mass index obesity
classification for white, black, and hispanic reproductive-age women. Obstetrics
Gynecology (2010) 115(5):982-88. doi: 10.1097/A0G.0b013e3181da9423

10. Gurunathan U, Myles P. Limitations of body mass index as an obesity measure
of perioperative risk. Br ] Anaesthesia (2016) 116(3):319-21. doi: 10.1093/bja/aev541

11. Rothman KJ. BMI-related errors in the measurement of obesity. Int J Obes
(2008) 32(3):556-S9. doi: 10.1038/ij0.2008.87

12. Coutinho T, Goel K, Corréa de Sa D, Carter RE, Hodge DO, Kragelund C, et al.
Combining body mass index with measures of central obesity in the assessment of
mortality in subjects with coronary disease: role of “normal weight central obesity”. ]
Am Coll Cardiol (2013) 61(5):553-60. doi: 10.1016/j.jacc.2012.10.035

13. Gastaldelli A, Miyazaki Y, Pettiti M, Matsuda M, Mahankali S, Santini E, et al.
Metabolic effects of visceral fat accumulation in type 2 diabetes. J Clin Endocrinol
Metab (2002) 87(11):5098-103. doi: 10.1210/jc.2002-020696

14. Donohoe CL, Doyle SL, Reynolds JV. Visceral adiposity, insulin resistance and
cancer risk. Diabetol Metab Syndrome (2011) 3:12. doi: 10.1186/1758-5996-3-12

15. Shimizu I, Yoshida Y, Minamino T. Maintenance of subcutaneous fat
homeostasis improves systemic metabolic dysfunction in obesity. Diabetes (2015) 64
(12):3984-6. doi: 10.2337/dbil5-0013

16. Tran TT, Yamamoto Y, Gesta S, Kahn CR. Beneficial effects of subcutaneous fat
transplantation on metabolism. Cell Metab (2008) 7(5):410-20.
doi: 10.1016/j.cmet.2008.04.004

17. Romero-Corral A, Somers VK, Sierra-Johnson J, Thomas RJ, Collazo-Clavell M,
Korinek J, et al. Accuracy of body mass index in diagnosing obesity in the adult general
population. Int J Obes (2008) 32(6):959-66. doi: 10.1038/ij0.2008.11

18. Schneider HJ, Friedrich N, Klotsche J, Pieper L, Nauck M, John U, et al. The
predictive value of different measures of obesity for incident cardiovascular events and
mortality. ] Clin Endocrinol Metab (2010) 95(4):1777-85. doi: 10.1210/jc.2009-1584

19. Flegal KM, Graubard BI, Williamson DF, Gail MH. Excess deaths associated
with underweight, overweight, and obesity. JAMA (2005) 293(15):1861-7.
doi: 10.1001/jama.293.15.1861

20. Cava E, Yeat NC, Mittendorfer B. Preserving healthy muscle during weight loss.
Adv Nutr (2017) 8(3):511-9. doi: 10.3945/an.116.014506

21. Tallis J, James RS, Seebacher F. The effects of obesity on skeletal muscle
contractile function. J Exp Biol (2018) 221(13):jeb163840. doi: 10.1242/jeb.163840

22. Barazzoni R, Bischoff S, Boirie Y, Busetto L, Cederholm T, Dicker D, et al.
Sarcopenic obesity: time to meet the challenge. Obes Facts (2018) 11(4):294-305.
doi: 10.1159/000490361

23. Park HM. Current Status of Sarcopenia in Korea: A focus on Korean geripausal
women. Ann Geriatric Med Res (2018) 22(2):52-61. doi: 10.4235/agmr.2018.22.2.52

Frontiers in Endocrinology

10.3389/fendo.2023.1257902

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

24. Bouchard DR, Dionne IJ, Brochu M. Sarcopenic/obesity and physical capacity in
older men and women: data from the nutrition as a determinant of successful aging
(NuAge)—the Quebec longitudinal study. Obesity (2009) 17(11):2082-8.
doi: 10.1038/0by.2009.109

25. Rolland Y, Lauwers-Cances V, Cristini C, van Kan GA, Janssen I, Morley JE,
et al. Difficulties with physical function associated with obesity, sarcopenia, and
sarcopenic-obesity in community-dwelling elderly women: the EPIDOS
(EPIDemiologie de I'OSteoporose) Study. Am ] Clin Nutr (2009) 89(6):1895-900.
doi: 10.3945/ajcn.2008.26950

26. CDC. About the National Health and Nutrition Examination Survey (2023).
Available at: https://www.cdc.gov/nchs/nhanes/about_nhanes.htm.

27. National Center for Health Statistics. Office of analysis and epidemiology. In:
The Linkage of National Center for Health Statistics Survey Data to the National Death
Index—2015 Linked Mortality File (LMF): Methodology Overview and Analytic
Considerations. Hyattsville, Maryland: National Center for Health Statistics (2019).
Available at: https://www.cdc.gov/nchs/data-linkage/mortality-methods.htm.

28. CDC. MEC Laboratory Procedures Manual (2017). Available at: https://wwwn.
cdc.gov/nchs/data/nhanes/2017-2018/manuals/2017_MEC_Laboratory_
Procedures_Manual.

29. Van Ancum JM, Alcazar ], Meskers CG, Nielsen BR, Suetta C, Maier AB. Impact of
using the updated EWGSOP2 definition in diagnosing sarcopenia: A clinical perspective.
Arch Gerontology Geriatrics (2020) 90:104125. doi: 10.1016/j.archger.2020.104125

30. Cruz-Jentoft AJ, Bahat G, Bauer ], Boirie Y, Bruyére O, Cederholm T, et al.
Sarcopenia: revised European consensus on definition and diagnosis. Age Ageing (2019)
48(4):16-31. doi: 10.1093/ageing/afy169

31. Gonzalez MC, Pastore CA, Orlandi SP, Heymsfield SB. Obesity paradox in
cancer: new insights provided by body composition. Am J Clin Nutr (2014) 99(5):999-
1005. doi: 10.3945/ajcn.113.071399

32. Haslam D, James W. Obesity. Lancet (2005) 366(9492):1197-209. doi: 10.1016/
S0140-6736(05)67483-1

33. Flegal KM, Kit BK, Orpana H, Graubard BI. Association of all-cause mortality
with overweight and obesity using standard body mass index categories. JAMA (2013)
309(1):71-82. doi: 10.1001/jama.2012.113905

34. Lavie CJ, Milani RV, Ventura HO. Obesity and cardiovascular disease: risk
factor, paradox, and impact of weight loss. ] Am Coll Cardiol (2009) 53(21):1925-32.
doi: 10.1016/j.jacc.2008.12.068

35. Cruz-Jentoft AJ, Sayer AA. Sarcopenia. Lancet (2019) 393(10191):2636-46.
doi: 10.1016/S0140-6736(19)31138-9

36. Volpi E, Nazemi R, Fujita S. Muscle tissue changes with aging. Curr Opin Clin
Nutr Metab Care (2004) 7(4):405-10. doi: 10.1097/01.mc0.0000134362.76653.b2

37. Iii LJM, Khosla S, Crowson CS, O'Connor MK, O'Fallon WM, Riggs BL.
Epidemiology of sarcopenia. ] Am Geriatrics Society (2000) 48(6):625-30.
doi: 10.1111/j.1532-5415.2000.tb04719.x

38. Pacifico J, Reijnierse EM, Lim WK, Maier AB. The association between
sarcopenia as a comorbid disease and incidence of institutionalisation and mortality
in geriatric rehabilitation inpatients: REStORing health of acutely unwell adulTs
(RESORT). Gerontology (2022) 68(5):498-508. doi: 10.1159/000517461

39. XuJ, Wan CS, Ktoris K, Reijnierse EM, Maier AB. Sarcopenia is associated with

mortality in adults: a systematic review and meta-analysis. Gerontology (2022) 68
(4):361-76. doi: 10.1159/000517099

40. Zhang X, Wang C, Dou Q, Zhang W, Yang Y, Xie X. Sarcopenia as a predictor of
all-cause mortality among older nursing home residents: a systematic review and meta-
analysis. BMJ Open (2018) 8(11):021252. doi: 10.1136/bmjopen-2017-021252

41. Bhaskaran K, Dos-Santos-Silva I, Leon DA, Douglas IJ, Smeeth L. Association of
BMI with overall and cause-specific mortality: a population-based cohort study of 3-6
million adults in the UK. Lancet Diabetes Endocrinol (2018) 6(12):944-53. doi: 10.1016/
$2213-8587(18)30288-2

42. Hu], Chen X, Yang J, Giovannucci E, Lee DH, Luo W, et al. Association between
fat mass and mortality: analysis of Mendelian randomization and lifestyle modification.
Metabolism (2022) 136:155307. doi: 10.1016/j.metabol.2022.155307

43. Gnatiuc Friedrichs L, Wade R, Alegre-Diaz ], Ramirez-Reyes R, Garcilazo-Avila
A, Gonzales-Carballo C, et al. Body composition and risk of vascular-metabolic

frontiersin.org


https://www.who.int/en/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/en/news-room/fact-sheets/detail/obesity-and-overweight
https://doi.org/10.1093/ajcn/66.4.1044S
https://doi.org/10.1161/01.CIR.98.14.1472
https://doi.org/10.1371/journal.pone.0185127
https://doi.org/10.1038/sj.bjc.6605077
https://www.who.int/publications/i/item/9789241563871
https://doi.org/10.1016/S0140-6736(06)69251-9
https://doi.org/10.1016/j.amjmed.2007.05.011
https://doi.org/10.1097/AOG.0b013e3181da9423
https://doi.org/10.1093/bja/aev541
https://doi.org/10.1038/ijo.2008.87
https://doi.org/10.1016/j.jacc.2012.10.035
https://doi.org/10.1210/jc.2002-020696
https://doi.org/10.1186/1758-5996-3-12
https://doi.org/10.2337/dbi15-0013
https://doi.org/10.1016/j.cmet.2008.04.004
https://doi.org/10.1038/ijo.2008.11
https://doi.org/10.1210/jc.2009-1584
https://doi.org/10.1001/jama.293.15.1861
https://doi.org/10.3945/an.116.014506
https://doi.org/10.1242/jeb.163840
https://doi.org/10.1159/000490361
https://doi.org/10.4235/agmr.2018.22.2.52
https://doi.org/10.1038/oby.2009.109
https://doi.org/10.3945/ajcn.2008.26950
https://www.cdc.gov/nchs/nhanes/about_nhanes.htm
https://www.cdc.gov/nchs/data-linkage/mortality-methods.htm
https://wwwn.cdc.gov/nchs/data/nhanes/2017-2018/manuals/2017_MEC_Laboratory_Procedures_Manual
https://wwwn.cdc.gov/nchs/data/nhanes/2017-2018/manuals/2017_MEC_Laboratory_Procedures_Manual
https://wwwn.cdc.gov/nchs/data/nhanes/2017-2018/manuals/2017_MEC_Laboratory_Procedures_Manual
https://doi.org/10.1016/j.archger.2020.104125
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.3945/ajcn.113.071399
https://doi.org/10.1016/S0140-6736(05)67483-1
https://doi.org/10.1016/S0140-6736(05)67483-1
https://doi.org/10.1001/jama.2012.113905
https://doi.org/10.1016/j.jacc.2008.12.068
https://doi.org/10.1016/S0140-6736(19)31138-9
https://doi.org/10.1097/01.mco.0000134362.76653.b2
https://doi.org/10.1111/j.1532-5415.2000.tb04719.x
https://doi.org/10.1159/000517461
https://doi.org/10.1159/000517099
https://doi.org/10.1136/bmjopen-2017-021252
https://doi.org/10.1016/s2213-8587(18)30288-2
https://doi.org/10.1016/s2213-8587(18)30288-2
https://doi.org/10.1016/j.metabol.2022.155307
https://doi.org/10.3389/fendo.2023.1257902
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Lee et al.

mortality risk in 113 000 mexican men and women without prior chronic disease. ] Am
Heart Assoc (2023) 12(3):¢028263. doi: 10.1161/jaha.122.028263

44. Zhang X, Xie X, Dou Q, Liu C, Zhang W, Yang Y, et al. 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 Geriatrics (2019) 19(1):183. doi: 10.1186/
512877-019-1195-y

45. Batsis JA, Villareal DT. Sarcopenic obesity in older adults: aetiology, epidemiology
and treatment strategies. Nat Rev Endocrinol (2018) 14(9):513-37. doi: 10.1038/s41574-
018-0062-9

46. da Nadyellem Silva G, Amato AA. Thermogenic adipose tissue aging: Mechanisms
and implications. Front Cell Dev Biol (2022) 10:955612. doi: 10.3389/fcell.2022.955612

47. Gungor O, Ulu S, Hasbal NB, Anker SD, Kalantar-Zadeh K. Effects of
hormonal changes on sarcopenia in chronic kidney disease: where are we now and

Frontiers in Endocrinology

10

10.3389/fendo.2023.1257902

what can we do? J Cachexia Sarcopenia Muscle (2021) 12(6):1380-92.
doi: 10.1002/jcsm.12839

48. Cartee GD, Hepple RT, Bamman MM, Zierath JR. Exercise promotes healthy aging
of skeletal muscle. Cell Metab (2016) 23(6):1034-47. doi: 10.1016/j.cmet.2016.05.007

49. Mullur R, Liu Y-Y, Brent GA. Thyroid hormone regulation of metabolism.
Physiol Rev (2014) 94(2):355-82. doi: 10.1152/physrev.00030.2013

50. Michalakis K, Goulis D, Vazaiou A, Mintziori G, Polymeris A, Abrahamian-
Michalakis A. Obesity in the ageing man. Metabolism (2013) 62(10):1341-9.
doi: 10.1016/j.metabol.2013.05.019

51. Kalinkovich A, Livshits G. 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 (2017) 35:200-21.
doi: 10.1016/j.arr.2016.09.008

frontiersin.org


https://doi.org/10.1161/jaha.122.028263
https://doi.org/10.1186/s12877-019-1195-y
https://doi.org/10.1186/s12877-019-1195-y
https://doi.org/10.1038/s41574-018-0062-9
https://doi.org/10.1038/s41574-018-0062-9
https://doi.org/10.3389/fcell.2022.955612
https://doi.org/10.1002/jcsm.12839
https://doi.org/10.1016/j.cmet.2016.05.007
https://doi.org/10.1152/physrev.00030.2013
https://doi.org/10.1016/j.metabol.2013.05.019
https://doi.org/10.1016/j.arr.2016.09.008
https://doi.org/10.3389/fendo.2023.1257902
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Association between body composition and the risk of mortality in the obese population in the United States
	Introduction
	Method and materials
	Study population
	Measurements
	Definition of obesity/overweight, underlying diseases, and sarcopenia
	Study outcomes
	Ethics statement
	Statistical analysis

	Results
	Baseline characteristics
	Association between body composition indices and mortality in participants with obesity/overweight
	The risk of mortality in sarcopenic obesity/overweight
	The sensitivity analysis of the Cox proportional hazards model by time of death

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


