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Abstract: Sarcopenic obesity (SO) is characterized by the combination of sarcopenia and obesity. This
study evaluates the gender-specific prevalence of SO and examines the identified gender-specific
risk factors in a community-dwelling elderly population aged 75–84 years. A total of 813 subjects
participated in the study via the Korea National Health and Nutrition Examination Survey. The SO
prevalence in males and females was 15.46% (95%CI: 11.36–20.70) and 13.59% (95%CI: 10.59–17.28),
respectively. The clinical sex-specific risk factors for males were low height, high weight, body mass
index, waist circumference, skeletal muscle index, fasting glucose, and triglycerides. The clinical risk
factors for females were low height, high weight, body mass index, waist circumference, skeletal
muscle index, smoking status, fasting glucose, total cholesterol, and systolic blood pressure. These
results are essential to assist healthcare professionals and primary care clinicians with early detection,
diagnosis, and intervention for potential SO patients by acknowledging the sex-based prevalence
and risk factors.
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1. Introduction

Sarcopenic obesity (SO) is defined as the coexistence of both sarcopenia and obesity [1].
Sarcopenia is a condition characterized by age-related loss of muscle mass, strength, and/or
physical function. Obesity is characterized by excess fat mass accumulation, which has a
negative effect on health [2].

The proportion of the elderly population in Asia is rapidly increasing, and Korea
is one of the most aged nations in Asia. The elderly population in Korea is expected to
soar to 40% by 2050 from 15% of the population in 2022, growing to 19 million from the
current 5 million [3]. Thus, age-related complications, such as sarcopenia, are a potential
threat to Korean society in the future. Furthermore, the prevalence of obesity in Korea has
continuously increased from 2009 to 2019, from 34.1% to 40.2% for males in their 70s and
from 37.6% to 42.9% for females in their 70s. The elderly population in their 80s showed a
higher prevalence in 2019 as well, with prevalence increasing from 32.0% to 40.3% in males
and 28.4% to 35.4% in females [4]. As the obese population among the elderly increases,
and the elderly population itself increases, the potential risk factors for SO in Korean
society are also increasing. Therefore, the importance of SO prevention in Korean society is
becoming essential.

The combination of obesity and low muscle mass aggravates health function, promotes
the development of chronic degenerative diseases and disability, and increases the duration
of long-term hospitalization. Prolonged long-term hospitalization is a great burden for
the sustainability and efficiency of health initiatives in primary and secondary care, social
support, public health, and policymaking [5]. Several studies have shown that individuals
with SO have worse morbidity, disability, and mortality than those with low muscle mass
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or obesity [6,7]. Moreover, obesity hampers the generation or maintenance of muscle mass,
making its diagnosis and the identification of its clinical consequences a challenge [8].

Despite the importance and critical consequences of SO, healthcare professionals and
primary care clinicians lack the knowledge and diagnostic tools to diagnose SO. The average
general practitioner spends less than 10 min per patient visit. For a primary care clinician
to consider making a referral for the diagnosis and treatment of SO, they must recognize
that there is a likelihood that the individual may have it [9]. The average clinician’s
lack of knowledge about the existence of sarcopenia as a disease further increases the
likelihood that the diagnosis will be missed [10]. Knowledge of the key characteristics of risk
factors related to early detection and prevention is crucial [11]. The early diagnosis of SO
depends on detecting symptomatic patients as early as possible. Once an SO diagnosis and
intervention is delayed or missed, greater problems result associated with poor functional
recovery treatment, poor prognosis, decreased quality of life, and a waste of the government
health care budget.

Most SO studies have classified research participants into a single group, despite the
level of physical activity being highly related to the blood test results, body composition,
and health traits of the older population, which vary according to age. Thus, classifying
older people by age group is fundamental to accurately evaluate the characteristics of
SO. The elderly population should be divided into young-old (65–74), old (75–84), and
oldest-old (85+ years) groups [3,9,12–14].

Additionally, there is a discrepancy among past sex-specific SO prevalence studies [15–18].
Dufour et al. [16] and Bouchard et al. [15] reported a higher prevalence of SO in men, whereas
Kim et al. [17] and Stenholm et al. [18] reported a higher prevalence in women. Furthermore,
there is no consensus on sex-specific risk factors in previous SO research on the elderly.

The present study evaluated the sex-specific prevalence of SO and identified the sex-
specific risk factors in the community-dwelling elderly population aged 75 to 84 years. This
study assumed the following two hypotheses: First, there is a sex-specific prevalence of
sarcopenia in community-dwelling older populations. Second, sex-based risk factors exist
in the elderly population with sarcopenia.

2. Materials and Methods
2.1. Study Participants, Study Design, and Ethical Consideration

The Ministry of Health and Welfare and the Korea Institute for Health and Social
Affairs conducted the Korea National Health and Nutrition Examination Surveys (KN-
HANES) annually. This research is based on a total of 37,573 participants collected from the
KNHANES from 2008 to 2011. The research excluded 35,431 subjects who were not 75 to
84 years old; thus, the remaining 2142 subjects were included in the research. Additionally,
1329 participants were excluded because they did not undergo the DEXA examination and
did not respond to the health survey. Finally, 813 subjects were included in the analysis
of elderly individuals aged 75–84 years. A total of 134 participants were assigned to the
SO group, and the remaining 679 were assigned to the normal group. The SO group’s
inclusion criteria were (1) age between 75 and 84 years and (2) the coexistence of both
sarcopenia and obesity. The normal group’s inclusion criteria were (1) age between 75 and
84 years and (2) the existence of neither sarcopenia nor obesity. Table 1 presents the clinical
characteristics of the participants. A cross-sectional design was used in this study, and the
institutional review board of the Centers for Disease Control and Prevention approved the
present study. The approval numbers are as follows: 2008-04EXP-01-C, 2009-01CON-03-2C,
2010-02CON-21-C, and 2011-02CON-06-C. All research subjects agreed to participate and
signed an informed consent form.
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Table 1. General characteristics of the participants (n = 813).

Variables Sarcopenia
Obesity (n = 134) Normal (n = 679) p

Gender (men/women) (%) 39.52/60.45 40.06/59.94 0.843
Age (years) 77.857 ± 1.875 77.821 ± 1.918 0.839
Height (cm) 153.58 ± 8.99 155.743 ± 9.089 0.011
Weight (kg) 66.476 ± 8.173 53.567 ± 9.627 0.000 **

BMI (kg/m2) 28.173 ± 2.538 22.020 ± 2.939 0.000 **
WC (cm) 96.768 ± 5.036 79.556 ± 9.506 0.000 **

SMI (kg/m2) 0.562 ± 0.139 0.703 ± 0.150 0.000 **
Smoking status (%) (current-/ex-/non-smoker) 22.14/15.27/62.59 30.16/13.05/56.78 0.168
Drinking status (%) (current-/ex-/non-smoker) 31.82/27.27/40.91 39.27/34.60/26.13 0.227

FG (mg/dL) 114.3 ± 28.618 101.443 ± 26.116 0.000 **
Triglyceride (mg/dL) 164.613 ± 88.004 132.168 ± 84.504 0.000 **

TC (mg/dL) 198.874 ± 41.554 189.034 ± 35.77 0.009
SBP (mmHg) 138.060 ± 18.916 133.202 ± 18.017 0.004
DBP (mmHg) 75.992 ± 9.47 74.559 ± 10.247 0.131

Values are mean ± standard deviation. The independent t-test and chi-square test were significant at p < 0.01 **.
BMI, body mass index; WC, waist circumference; SMI, skeletal muscle index; FG, fasting glucose; TC, total cholesterol;
SBP, systolic blood pressure; DBP, diastolic blood pressure.

2.2. Classification of SO

The two constituents of SO, sarcopenia and obesity, are defined as follows: First,
sarcopenia is defined as low skeletal muscle mass determined by measuring the sum of
the appendicular skeletal muscle mass (ASM). ASM is measured and calculated using
dual X-ray absorptiometry (QDR4500A; Hologic, Inc., Bedford, MA, USA). The skeletal
muscle mass index (SMI) is calculated as ASM (kg) divided by body mass index (BMI)
(kg/m2). The Foundation for the National Institutes of Health Sarcopenia Project in the
United States developed the criteria for sarcopenia classification. The recommended SMI
cutoff for sarcopenia is <0.789 in men and <0.521 in women [19].

Second, obesity is defined as abnormal or extensive fat accumulation that negatively
affects health and is characterized by a BMI ≥ 25 kg/m2 and central obesity as a waist
circumference (WC) greater than 90 cm in males and 80 cm in females among the Asian
population [20].

2.3. Data Collection

Demographic data included age, sex, height (cm), weight (kg), BMI, WC, SMI, fast-
ing glucose, triglycerides, total cholesterol, systolic blood pressure (SBP), diastolic blood
pressure (DBP), smoking status, and drinking status. WC is gauged by passing a midpoint
between the basement of the rib cage and the uppermost of the lateral border of the iliac
crest during full exhalation. Laboratory blood tests were measured after eight hours of
fasting. Alcohol drinkers and cigarette smokers were sorted into non-users, ex-users, and
current users.

2.4. Statistical Analyses

Data analysis was conducted using SPSS version 22.0 for Windows (SPSS Inc., Chicago,
IL, USA). We applied weight values reflecting the entire nationwide elderly Korean pop-
ulation. Each sample weight was assigned to each individual in the following sequence:
(1) calculation of base weight, (2) adjustment for non-responses, and (3) post-stratification
adjustment to match the entire previous census population. All analyses were performed
using complex sampling analysis. Each individual adjusted the weights provided by KN-
HANES. Independent t-tests were performed for parametric variables, and chi-square
tests were used for non-parametric variables, comparing the variables between the SO and
normal groups. Multiple logistic regression with adjusted covariates was performed to
predict SO and to determine the odds ratio value of the SO risk factor in males and females.
The alpha value was designated as 0.05 for statistical significance with all the variables.
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3. Results
3.1. Sex-Specific Prevalence in SO

The weighted values of SO prevalence in males and females were 15.46% (95%CI:
11.36–20.70) and 13.59% (95%CI: 10.59–17.28), respectively. The prevalence of SO was
higher in males than in females (Table 2).

Table 2. Prevalence of sex-specific sarcopenic obesity.

Males (n = 325) Females (n = 487)
Sarcopenic

Obesity (n = 53)
Normal
(n = 272) Total Sarcopenic

Obesity (n = 81)
Normal
(n = 406) Total

Un-weighted (%) 16.31 83.69 100 16.63 83.37 100

Weighted (%) 15.46
(11.36–20.70)

84.54
(79.30–88.64) 100 13.59

(10.59–17.28)
86.41

(82.72–89.41) 100

Weighted values represent the 95% confidence interval.

3.2. Clinical Risk Factors in Males

SO risk factors in males included height, weight, BMI, WC, SMI, FG, and triglyceride
level, showing statistical significance (p < 0.05). In contrast, age, smoking status, drinking
status, total cholesterol level, SBP, and DBP were not significant (p > 0.05). Table 3 lists the
sex-specific clinical parameters associated with SO.

Table 3. Sex-specific clinical parameters associated with sarcopenic obesity (75–84).

Males Females
Sarcopenic

Obesity (n = 53)
Normal
(n = 272) p Sarcopenic

Obesity (n = 81)
Normal
(n = 406) p

Age (years) 77.731 ± 1.941 77.618 ± 1.933 0.698 77.938 ± 1.839 77.946 ± 1.899 0.973
Height (cm) 163.148 ± 4.417 165.128 ± 5.028 0.008 ** 147.437 ± 4.817 149.943 ± 5.468 0.000 **
Weight (kg) 72.035 ± 6.228 58.853 ± 9.086 0.000 ** 62.907 ± 7.246 50.301 ± 8.434 0.000 **
BMI (kg/m2) 27.027 ± 1.51 21.531 ± 2.816 0.000 ** 28.909 ± 2.788 22.289 ± 2.979 0.000 **
WC (cm) 96.800 ± 4.685 80.545 ± 9.778 0.000 ** 96.747 ± 5.277 78.941 ± 9.289 0.000 **
SMI (kg/m2) 0.726 ± 0.048 0.877 ± 0.069 0.000 ** 0.457 ± 0.040 0.596 ± 0.057 0.000 **
Smoking status (%)
(current-/ex-/non-smoker) 49.02/25.49/25.49 55.41/29.18/15.40 0.205 5.00/8.75/86.25 14.26/2.89/82.85 0.004 **

Drinking status (%)
(current-/ex-/non-smoker) 50.99/37.25/11.76 56.86/28.76/14.38 0.463 19.75/20.99/59.26 28.18/24.48/47.32 0.122

FG (mg/dL) 114.773 ± 25.188 98.745 ± 22.121 0.000 ** 113.985 ± 30.878 103.244 ± 28.356 0.005 **
Triglyceride (mg/dL) 167 ± 92.779 114.39 ± 63.986 0.000 ** 163.045 ± 85.402 144.049 ± 94.015 0.121
TC (mg/dL) 185.545 ± 30.150 178.055 ± 32.703 0.155 207.627 ± 45.710 196.371 ± 35.890 0.023 *
SBP (mmHg) 135.192 ± 17.553 130.955 ± 18.411 0.123 139.901 ± 19.626 134.586 ± 17.647 0.014 *
DBP (mmHg) 75.75 ± 9.156 74.331 ± 10.282 0.351 76.148 ± 9.720 74.700 ± 10.233 0.235

Values are mean ± standard deviation; independent t-test and chi-square test were significant at p < 0.05 *,
p < 0.01 **. BMI, body mass index; WC, waist circumference; SMI, skeletal muscle index; FG, fasting glucose;
TC, total cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure.

3.3. Clinical Risk Factors in Females

The significant risk factors for SO in women were height, weight, BMI, WC, SMI,
smoking status, FG, TC, and SBP (p < 0.05). However, age, triglyceride level, and DBP did
not show a statistically significant difference (p > 0.05) (Table 3).

3.4. Odds Ratio for SO in Males

Odds ratios were calculated using multiple logistic regression analysis. The following
variables were statistically significant: BMI, WC, SMI, FG, and triglyceride level (p < 0.05).
The respective odds ratios for each were 5.942 (1.862–18.587), 6.018 (4.693–7.716), 0.255
(0.242–0.269), 0.987 (0.957–1.000), and 0.938 (0.931–0.946). Height and weight differences
were not statistically significant (p > 0.05). The odds ratio for SO in males is described
in Table 4.
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Table 4. Odds ratio for SO in males.

Variables Odds Ratio (95% of CI) p

Height 0.039 (0.000–6.236) 0.209
Weight 2.241 (0.004–11.492) 0.089

BMI 5.942 (1.862–18.587) 0.000 **
WC 6.018 (4.693–7.716) 0.000 **
SMI 0.255 (0.242–0.269) 0.000 **
FG 0.987 (0.957–1.000) 0.047 *

Triglyceride 0.938 (0.931–0.946) 0.000 **
All values represent multiple logistic regressions with 95% confidence intervals (CIs). Significance levels are p < 0.05 *,
p < 0.01 **. BMI, body mass index; WC, waist circumference; SMI, skeletal muscle index; FG, fasting glucose.

3.5. Odds Ratio for SO in Females

Height, weight, BMI, WC, SMI, FG, TC, and SBP variables were statistically significant
(p < 0.01). Their respective odds ratios were 0.038 (0.003–5.133), 1.197 (0.005–27.530),
2.001 (0.150–26.550), 11.291 (8.515–14.972), 0.330 (0.315–0.345), 1.153 (1.131–1.176), 1.044
(1.017–1.072), and 0.837 (0.795–0.881) (Table 5).

Table 5. Odds ratios for SO in females.

Variables Odds Ratio (95% of CI) p

Height 0.038 (0.003–5.133) 0.000 **
Weight 1.197 (0.005–27.530) 0.000 **

BMI 2.001 (0.150–26.550) 0.000 **
WC 11.291 (8.515–14.972) 0.000 **
SMI 0.330 (0.315–0.345) 0.000 **
FG 1.153 (1.131–1.176) 0.000 **
TC 1.044 (1.017–1.072) 0.001 **
SBP 0.837 (0.795–0.881) 0.000 **

All values represent multiple logistic regressions with 95% confidence intervals (CIs). The significance level is
p < 0.01 **. BMI, body mass index; WC, waist circumference; SMI, skeletal muscle index; FG, fasting glucose;
TC, total cholesterol; SBP, systolic blood pressure.

4. Discussion

This study investigated sex-specific SO prevalence and its risk factors in the elderly
population aged 75–84 years. Regarding sex-specific prevalence, the prevalence in males
was 15.46% (11.36–20.70), which was higher than that in females, at 13.59% (10.59–17.28).
This result is in line with previous studies in Canada and the US [15,16]. Defour et al. [16]
conducted a Framingham cohort study of 767 elderly people in the US with an average
age of 79 years and reported a prevalence rate of 8% in men and 4% in women. Likewise,
Bouchard et al. [15] investigated 904 elderly Canadians aged 68–82 years, concluding that
the male and female incidence rates of SO were 19% and 11%, respectively.

One plausible underlying mechanism for the greater SO incidence rates in males is
associated with the hormone levels of insulin-like growth factor-1 and testosterone [21–25].
Females lose more muscle mass and muscle power faster than males at the initial stage of
aging as a result of menopause [24,26,27]. However, in the later stages of aging, a decline
in insulin-like growth factor-1 and testosterone hormone levels in males aggravates the
loss of muscle function and mass at a high speed. The redundant calories from low energy
expenditure due to the loss of skeletal muscle and function increase the propensity of
obesity in males, which ultimately contributes to SO in males [23,25].

Regarding the sex-specific clinical parameters associated with SO, fasting glucose was
highly related to SO in both sexes. This finding is in line with those of several studies [28–30].
Perna et al. [28] analyzed 639 patients with an average age of 80.90 years and found that the
SO group had higher glycemia. Similarly, Lu et al. [30] investigated 600 community-dwelling
elderly individuals and concluded that the SO group had higher fasting blood glucose levels
than the normal and pure sarcopenia groups. Du et al. [29] assessed 631 community-dwelling
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elderly individuals in East China and reported that those with SO showed greater blood
glycemia than the normal population. One possible underlying mechanism is that skeletal
muscle is essential for postprandial glucose regulation. Approximately 80% of insulin-
dependent glucose uptake is located in the muscles after food is absorbed from the stomach
and intestines. The process of insulin-dependent and -independent skeletal muscle glucose
production necessitates glucose transport from the circulation to the muscle. The insulin-
dependent and -independent glucose cross the cell membrane via the extracellular matrix
and translocate to the cell membrane during exercise, secreting insulin. The glucose
gradient promotes uptake through the catalyzed glucose transporters, and glucose transport
is regulated by intracellular glucose metabolism [31]. A diminished skeletal muscle glucose
uptake after ingestion is associated with abnormal carbohydrate metabolism, causing high
blood glucose levels.

Another risk factor for SO is the smoking status in females. This result is consistent
with those of previous risk factor studies in patients with SO [32,33]. Atkins et al. conducted
a cohort study in an elderly SO population and found that smoking is a risk factor compared
with the normal elderly population. Androga et al. [32] examined 11,616 people in the US,
finding that more people in the SO group (59.1%) had experience with tobacco than the
normal population (48.1%). One possible underlying mechanism for smoking as a risk factor
is that cigarette smoking aggravates skeletal muscle loss by suppressing muscle protein
synthesis, promoting muscle catabolism, and accumulating visceral fat. First, the fractional
synthesis rate of muscle decreased in smokers, and genes such as E3 ubiquitin ligase,
muscle atrophy F-box, and muscle growth inhibitor were found in smokers [34]. The type I
fiber atrophy, increased glycolytic capacity, and reduced expression of constitutive nitric
oxide synthases found in smokers reduce the volume of skeletal muscle [35]. In particular,
smoking in females reduces estrogen levels, a hormone that is highly related to muscle
synthesis [36]. Female smokers have higher testosterone [37] and lower estrogen levels in
the blood [38]. Furthermore, smoking helps in gaining waist and visceral fat. This is because
smoke changes high-density lipoprotein cholesterol, plasma glucose, immunoreactive
insulin, and insulin resistance [39]. Thus, smoking helps reduce muscle mass and promotes
visceral fat in female SO.

Triglycerides are a risk factor in males, a finding that is consistent with previous
SO studies [29,30,40]. An SO study in China reported that only men had significantly
higher triglycerides (2.40 mmol/L) than the normal elderly population (1.60 mmol/L) [29],
while the change in females was not significant. A Korean longitudinal study [40] de-
scribed that the triglyceride level in male SO (149.7 mg/dL) surpassed that in the normal
group (98.3 mg/dL). Lu et al. [30] investigated 600 community-dwelling elderly and re-
ported significant changes between the SO and normal groups, with 1.9 mmol/L and
1.3 mmol/L, respectively.

Total cholesterol is a risk factor for female elderly patients with SO and several studies
corroborated our results [28–30].

A cross-sectional study of SO in eastern China [29] revealed that the total cholesterol
level in female SO group participants was higher than that in the normal group. Lu
et al. [30] reported that the cholesterol levels in the SO group were higher than those in
the normal group. Perna et al. [28] investigated more than 600 elderly Italian subjects and
reported that the SO group had greater total cholesterol in the blood than the healthy group.

A plausible rationale for such high values of triglycerides and total cholesterol relates
to insulin resistance [41] and a high volume of inflammatory cytokines [42].

Our SBP findings support the notion that SBP is a risk factor for the elderly female
population found in previous studies [30,32,33]. Lu et al. [30] examined SO in the elderly
population in Taiwan, noting that SBP in the SO group was 131.6 mmHg and greater
(126.8 mmHg in the normal population). Atkins et al. [33] conducted a British cohort
study of elderly males and found that the SO group was significantly higher than the
normal group. Several possible underlying reasons have been revealed for why muscle
loss is interdependent with metabolic alterations and is associated with a decline in energy
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expenditure and physical inactivity, causing insulin resistance and arterial stiffness in the
elderly [43–45]. Increased visceral fat mass leads to an inflammatory reaction, thickens the
walls of blood vessels, obstructs the flow of blood, and narrows the vascular passages [46].
Females, in particular, have lower skeletal muscle and higher adipose tissue than males [47],
making women more susceptible to hypertension. This combination of low muscle mass
and accumulated adipose tissue in the visceral area may result in higher SBP in the female
SO population.

The clear findings of the present study provide the first clinical evidence related to
sex-specific prevalence and clinical risk factors for SO in the elderly population, using
research data that are representative of the Korean population, and the gold standard
measurement including DEXA for the evaluation of sarcopenia. Nevertheless, this study
still has shortcomings that need to be considered in future research. Due to the nature of
the cross-sectional study design, our findings may be more credible using a longitudinal
design, with measurements across different timelines with the same elderly individuals. In
addition, the prevalence of SO was not fully dealt with in comparison with other studies
in Korea and other countries. The study could be more beneficial if it investigated other
national prevalences of SO.

5. Conclusions

This study provides the first clinical evidence of the sex-specific prevalence and clinical
risk factors in the Korean elderly with SO. The prevalence of SO in males was higher than
that in females, and the weighted values of SO prevalence in males and females were
15.46% (95%CI: 11.36–20.70) and 13.59% (95%CI: 10.59–17.28), respectively. The clinical risk
factors for SO in females were low height, high weight, BMI, WC, SMI, smoking status,
FG, TC, and SBP. For males, the clinical risk factors were low height, high weight, BMI,
WC, SMI, FG, and triglyceride levels. Acknowledging the sex-specific risk factors and
prevalence for healthcare professionals and primary care clinicians is essential for early
detection, diagnosis, and intervention for potential SO patients.

Author Contributions: Conceptualization, J.H.; Data curation, J.H.; Formal analysis, J.H.; Funding
acquisition: S.P.; Investigation, J.H.; Methodology, J.H.; Project administration, S.P.; Writing—original
draft, J.H.; Writing—review & editing, J.H. and S.P. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was supported by Basic Science Research Program through the National
Research Foundation of Korea (NRF) funded by the Ministry of Education (2021R1A6A1A03040177).

Institutional Review Board Statement: The studywas conducted in accordancewith the Declara-
tion of Helsinki, and approved by the Institutional ReviewBoard of the Center forDisease Con-
trol and Prevention (IRB number: 2008-04EXP-01-C, 2009-01CON-03-2C, 2010-02CON-21-C and
2011-02CON-06-C).

Informed Consent Statement: Written informed consent has been obtained from the patient(s) to
publish this paper.

Data Availability Statement: All data were anonymized and can be downloaded from the website
at https://knhanes.kdca.go.kr/knhanes (accessed on 1 January 2023).

Conflicts of Interest: The authors declare no conflict of interest.

https://knhanes.kdca.go.kr/knhanes


Int. J. Environ. Res. Public Health 2023, 20, 1140 8 of 9

References
1. Donini, L.M.; Busetto, L.; Bischoff, S.C.; Cederholm, T.; Ballesteros-Pomar, M.D.; Batsis, J.A.; Bauer, J.M.; Boirie, Y.; Cruz-Jentoft,

A.J.; Dicker, D. Definition and diagnostic criteria for sarcopenic obesity: ESPEN and EASO consensus statement. Obes. Facts 2022,
15, 321–335. [CrossRef] [PubMed]

2. Donini, L.M.; Busetto, L.; Bauer, J.M.; Bischoff, S.; Boirie, Y.; Cederholm, T.; Cruz-Jentoft, A.J.; Dicker, D.; Frühbeck, G.; Giustina,
A.; et al. Critical appraisal of definitions and diagnostic criteria for sarcopenic obesity based on a systematic review. Clin. Nutr.
2020, 39, 2368–2388. [CrossRef] [PubMed]

3. Kulik, C.T.; Ryan, S.; Harper, S.; George, G. Aging populations and management. Acad. Manag. J. 2014, 57, 929–935. [CrossRef]
4. Yang, Y.S.; Han, B.-D.; Han, K.; Jung, J.-H.; Son, J.W. Obesity Fact Sheet in Korea, 2021: Trends in obesity prevalence and

obesity-related comorbidity incidence stratified by age from 2009 to 2019. J. Obes. Metab. Syndr. 2022, 31, 169. [CrossRef]
5. Hecker, J.; Freijer, K.; Hiligsmann, M.; Evers, S. Burden of disease study of overweight and obesity; the societal impact in terms of

cost-of-illness and health-related quality of life. BMC Public Health 2022, 22, 46. [CrossRef]
6. Zhang, X.; Xie, X.; Dou, Q.; Liu, C.; Zhang, W.; Yang, Y.; Deng, R.; Cheng, A.S. Association of sarcopenic obesity with the risk of

all-cause mortality among adults over a broad range of different settings: A updated meta-analysis. BMC Geriatr. 2019, 19, 183.
[CrossRef]

7. Roubenoff, R. Sarcopenic obesity: The confluence of two epidemics. Obesity 2004, 12, 887. [CrossRef]
8. Prado, C.M.; Siervo, M.; Mire, E.; Heymsfield, S.B.; Stephan, B.C.; Broyles, S.; Smith, S.R.; Wells, J.C.; Katzmarzyk, P.T. A

population-based approach to define body-composition phenotypes. Am. J. Clin. Nutr. 2014, 99, 1369–1377. [CrossRef]
9. Lee, S.B.; Oh, J.H.; Park, J.H.; Choi, S.P.; Wee, J.H. Differences in youngest-old, middle-old, and oldest-old patients who visit the

emergency department. Clin. Exp. Emerg. Med. 2018, 5, 249–255. [CrossRef]
10. Reijnierse, E.M.; de van der Schueren, M.A.; Trappenburg, M.C.; Doves, M.; Meskers, C.G.; Maier, A.B. Lack of knowledge and

availability of diagnostic equipment could hinder the diagnosis of sarcopenia and its management. PLoS ONE 2017, 12, e0185837.
[CrossRef]

11. Mehiret, G.; Molla, A.; Tesfaw, A. Knowledge on risk factors and practice of early detection methods of breast cancer among
graduating students of Debre Tabor University, Northcentral Ethiopia. BMC Womens Health 2022, 22, 183. [CrossRef]

12. Little, W. Introduction to Sociology; BCcampus: Victoria, BC, Canada, 2016.
13. Hwang, J.; Park, S. Gender-Specific Risk Factors and Prevalence for Sarcopenia among Community-Dwelling Young-Old Adults.

Int. J. Environ. Res. Public Health 2022, 19, 7232. [CrossRef] [PubMed]
14. Hwang, J.; Park, S. Sex Differences of Sarcopenia in an Elderly Asian Population: The Prevalence and Risk Factors. Int. J. Environ.

Res. Public Health 2022, 19, 11980. [CrossRef] [PubMed]
15. Bouchard, D.R.; Dionne, I.J.; 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, 2082–2088.
[CrossRef] [PubMed]

16. Dufour, A.B.; Hannan, M.T.; Murabito, J.M.; Kiel, D.P.; McLean, R.R. Sarcopenia Definitions Considering Body Size and Fat Mass
Are Associated with Mobility Limitations: The Framingham Study. J. Gerontol. Ser. A 2012, 68, 168–174. [CrossRef] [PubMed]

17. Kim, Y.-S.; Lee, Y.; Chung, Y.-S.; Lee, D.-J.; Joo, N.-S.; Hong, D.; Song, G.e.; Kim, H.-J.; Choi, Y.J.; Kim, K.-M. Prevalence of
sarcopenia and sarcopenic obesity in the Korean population based on the Fourth Korean National Health and Nutritional
Examination Surveys. J. Gerontol. Ser. A Biomed. Sci. Med. Sci. 2012, 67, 1107–1113. [CrossRef] [PubMed]

18. Stenholm, S.; Harris, T.B.; Rantanen, T.; Visser, M.; Kritchevsky, S.B.; Ferrucci, L. Sarcopenic obesity-definition, etiology and
consequences. Curr. Opin. Clin. Nutr. Metab. Care 2008, 11, 693. [CrossRef]

19. Studenski, S.A.; Peters, K.W.; Alley, D.E.; Cawthon, P.M.; McLean, R.R.; Harris, T.B.; Ferrucci, L.; Guralnik, J.M.; Fragala, M.S.;
Kenny, A.M.; et al. The FNIH sarcopenia project: Rationale, study description, conference recommendations, and final estimates.
J. Gerontol. A Biol. Sci. Med. Sci. 2014, 69, 547–558. [CrossRef]

20. World Health Organization. Regional Office for the Western Pacific. The Asia-Pacific Perspective: Redefining Obesity and its Treatment;
Health Communications: Sydney, Australia, 2000.

21. Hong, S.-H.; Choi, K.M. Sarcopenic obesity, insulin resistance, and their implications in cardiovascular and metabolic conse-
quences. Int. J. Mol. Sci. 2020, 21, 494. [CrossRef]

22. Chen, H.T.; Chung, Y.C.; Chen, Y.J.; Ho, S.Y.; Wu, H.J. Effects of Different Types of Exercise on Body Composition, Muscle
Strength, and IGF-1 in the Elderly with Sarcopenic Obesity. J. Am. Geriatr. Soc. 2017, 65, 827–832. [CrossRef]

23. Diago-Galmés, A.; Guillamón-Escudero, C.; Tenías-Burillo, J.M.; Soriano, J.M.; Fernández-Garrido, J. Salivary testosterone and
cortisol as biomarkers for the diagnosis of sarcopenia and Sarcopenic obesity in community-dwelling older adults. Biology 2021,
10, 93. [CrossRef] [PubMed]

24. Tiidus, P.M. Benefits of estrogen replacement for skeletal muscle mass and function in post-menopausal females: Evidence from
human and animal studies. Eurasian J. Med. 2011, 43, 109. [CrossRef] [PubMed]

25. Yamada, M.; Nishiguchi, S.; Fukutani, N.; Tanigawa, T.; Yukutake, T.; Kayama, H.; Aoyama, T.; Arai, H. Prevalence of sarcopenia
in community-dwelling Japanese older adults. J. Am. Med. Dir. Assoc. 2013, 14, 911–915. [CrossRef] [PubMed]

26. Geraci, A.; Calvani, R.; Ferri, E.; Marzetti, E.; Arosio, B.; Cesari, M. Sarcopenia and menopause: The role of estradiol. Front.
Endocrinol. 2021, 12, 682012. [CrossRef] [PubMed]

27. Khadilkar, S.S. Musculoskeletal disorders and menopause. J. Obstet. Gynecol. India 2019, 69, 99–103. [CrossRef]

http://doi.org/10.1159/000521241
http://www.ncbi.nlm.nih.gov/pubmed/35196654
http://doi.org/10.1016/j.clnu.2019.11.024
http://www.ncbi.nlm.nih.gov/pubmed/31813698
http://doi.org/10.5465/amj.2014.4004
http://doi.org/10.7570/jomes22024
http://doi.org/10.1186/s12889-021-12449-2
http://doi.org/10.1186/s12877-019-1195-y
http://doi.org/10.1038/oby.2004.107
http://doi.org/10.3945/ajcn.113.078576
http://doi.org/10.15441/ceem.17.261
http://doi.org/10.1371/journal.pone.0185837
http://doi.org/10.1186/s12905-022-01768-0
http://doi.org/10.3390/ijerph19127232
http://www.ncbi.nlm.nih.gov/pubmed/35742480
http://doi.org/10.3390/ijerph191911980
http://www.ncbi.nlm.nih.gov/pubmed/36231280
http://doi.org/10.1038/oby.2009.109
http://www.ncbi.nlm.nih.gov/pubmed/19373219
http://doi.org/10.1093/gerona/gls109
http://www.ncbi.nlm.nih.gov/pubmed/22503991
http://doi.org/10.1093/gerona/gls071
http://www.ncbi.nlm.nih.gov/pubmed/22431554
http://doi.org/10.1097/MCO.0b013e328312c37d
http://doi.org/10.1093/gerona/glu010
http://doi.org/10.3390/ijms21020494
http://doi.org/10.1111/jgs.14722
http://doi.org/10.3390/biology10020093
http://www.ncbi.nlm.nih.gov/pubmed/33513704
http://doi.org/10.5152/eajm.2011.24
http://www.ncbi.nlm.nih.gov/pubmed/25610174
http://doi.org/10.1016/j.jamda.2013.08.015
http://www.ncbi.nlm.nih.gov/pubmed/24094646
http://doi.org/10.3389/fendo.2021.682012
http://www.ncbi.nlm.nih.gov/pubmed/34093446
http://doi.org/10.1007/s13224-019-01213-7


Int. J. Environ. Res. Public Health 2023, 20, 1140 9 of 9

28. Perna, S.; Peroni, G.; Faliva, M.A.; Bartolo, A.; Naso, M.; Miccono, A.; Rondanelli, M. Sarcopenia and sarcopenic obesity in
comparison: Prevalence, metabolic profile, and key differences. A cross-sectional study in Italian hospitalized elderly. Aging Clin.
Exp. Res. 2017, 29, 1249–1258. [CrossRef]

29. Du, Y.; Wang, X.; Xie, H.; Zheng, S.; Wu, X.; Zhu, X.; Zhang, X.; Xue, S.; Li, H.; Hong, W.; et al. Sex differences in the prevalence
and adverse outcomes of sarcopenia and sarcopenic obesity in community dwelling elderly in East China using the AWGS
criteria. BMC Endocr. Disord. 2019, 19, 109. [CrossRef]

30. Lu, C.-W.; Yang, K.-C.; Chang, H.-H.; Lee, L.-T.; Chen, C.-Y.; Huang, K.-C. Sarcopenic obesity is closely associated with metabolic
syndrome. Obes. Res. Clin. Pract. 2013, 7, e301–e307. [CrossRef]

31. Hulett, N.A.; Scalzo, R.L.; Reusch, J.E.B. Glucose Uptake by Skeletal Muscle within the Contexts of Type 2 Diabetes and Exercise:
An Integrated Approach. Nutrients 2022, 14, 647. [CrossRef]

32. Androga, L.; Sharma, D.; Amodu, A.; Abramowitz, M.K. Sarcopenia, obesity, and mortality in US adults with and without chronic
kidney disease. Kidney Int. Rep. 2017, 2, 201–211. [CrossRef]

33. Atkins, J.L.; Whincup, P.H.; Morris, R.W.; Lennon, L.T.; Papacosta, O.; Wannamethee, S.G. Sarcopenic Obesity and Risk of
Cardiovascular Disease and Mortality: A Population-Based Cohort Study of Older Men. J. Am. Geriatr. Soc. 2014, 62, 253–260.
[CrossRef] [PubMed]

34. Petersen, A.M.W.; Magkos, F.; Atherton, P.; Selby, A.; Smith, K.; Rennie, M.J.; Pedersen, B.K.; Mittendorfer, B. Smoking impairs
muscle protein synthesis and increases the expression of myostatin and MAFbx in muscle. Am. J. Physiol.-Endocrinol. Metab. 2007,
293, E843–E848. [CrossRef] [PubMed]

35. De Oca, M.M.; Loeb, E.; Torres, S.H.; De Sanctis, J.; Hernández, N.; Tálamo, C. Peripheral muscle alterations in non-COPD
smokers. Chest 2008, 133, 13–18. [CrossRef] [PubMed]

36. Wang, L.; van Iersel, L.E.; Pelgrim, C.E.; Lu, J.; van Ark, I.; Leusink-Muis, T.; Gosker, H.R.; Langen, R.C.; Schols, A.M.; Argilés,
J.M. Effects of cigarette smoke on adipose and skeletal muscle tissue: In Vivo and In Vitro studies. Cells 2022, 11, 2893. [CrossRef]
[PubMed]

37. Sowers, M.; Beebe, J.; McConnell, D.; Randolph, J.; Jannausch, M. Testosterone concentrations in women aged 25–50 years:
Associations with lifestyle, body composition, and ovarian status. Am. J. Epidemiol. 2001, 153, 256–264. [CrossRef] [PubMed]

38. Intan, W.S. Effect of Vitamin E Against Levels Malondyaldehyde (MDA) and Estrogen Hormone Levels Rats (Rattus Norvegicus)
Females Who Exposed to Cigarette Smoke. Sci. Midwifery 2020, 8, 61–65.

39. Komiya, H.; Mori, Y.; Yokose, T.; Tajima, N. Smoking as a risk factor for visceral fat accumulation in Japanese men. Tohoku J. Exp.
Med. 2006, 208, 123–132. [CrossRef]

40. Lim, S.; Kim, J.H.; Yoon, J.W.; Kang, S.M.; Choi, S.H.; Park, Y.J.; Kim, K.W.; Lim, J.Y.; Park, K.S.; Jang, H.C. Sarcopenic obesity:
Prevalence and association with metabolic syndrome in the Korean Longitudinal Study on Health and Aging (KLoSHA). Diabetes
Care 2010, 33, 1652–1654. [CrossRef]

41. Cleasby, M.E.; Jamieson, P.M.; Atherton, P.J. Insulin resistance and sarcopenia: Mechanistic links between common co-morbidities.
J. Endocrinol. 2016, 229, R67–R81. [CrossRef]

42. Tabrizi, R.; Tamtaji, O.R.; Mirhosseini, N.; Lankarani, K.B.; Akbari, M.; Heydari, S.T.; Dadgostar, E.; Asemi, Z. The effects of
quercetin supplementation on lipid profiles and inflammatory markers among patients with metabolic syndrome and related
disorders: A systematic review and meta-analysis of randomized controlled trials. Crit. Rev. Food Sci. Nutr. 2020, 60, 1855–1868.
[CrossRef]

43. Dominguez, L.J.; Barbagallo, M. The cardiometabolic syndrome and sarcopenic obesity in older persons. J. Cardiometab. Syndr.
2007, 2, 183–189. [CrossRef] [PubMed]

44. Ferreira, I.; Snijder, M.B.; Twisk, J.W.; van Mechelen, W.; Kemper, H.C.; Seidell, J.C.; Stehouwer, C.D. Central fat mass versus
peripheral fat and lean mass: Opposite (adverse versus favorable) associations with arterial stiffness? The Amsterdam Growth
and Health Longitudinal Study. J. Clin. Endocrinol. Metab. 2004, 89, 2632–2639. [CrossRef] [PubMed]

45. Snijder, M.B.; Henry, R.M.; Visser, M.; Dekker, J.M.; Seidell, J.C.; Ferreira, I.; Bouter, L.M.; Yudkin, J.S.; Westerhof, N.; Stehouwer, C.D.
Regional body composition as a determinant of arterial stiffness in the elderly: The Hoorn Study. J. Hypertens. 2004, 22, 2339–2347.
[CrossRef] [PubMed]

46. Goswami, B.; Reang, T.; Sarkar, S.; Sengupta, S.; Bhattacharjee, B. Role of body visceral fat in hypertension and dyslipidemia
among the diabetic and nondiabetic ethnic population of Tripura—A comparative study. J. Fam. Med. Prim. Care 2020, 9, 2885.

47. Bredella, M.A. Sex differences in body composition. In Sex and Gender Factors Affecting Metabolic Homeostasis, Diabetes and Obesity;
Springer: Cham, Switzerland, 2017; pp. 9–27.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1007/s40520-016-0701-8
http://doi.org/10.1186/s12902-019-0432-x
http://doi.org/10.1016/j.orcp.2012.02.003
http://doi.org/10.3390/nu14030647
http://doi.org/10.1016/j.ekir.2016.10.008
http://doi.org/10.1111/jgs.12652
http://www.ncbi.nlm.nih.gov/pubmed/24428349
http://doi.org/10.1152/ajpendo.00301.2007
http://www.ncbi.nlm.nih.gov/pubmed/17609255
http://doi.org/10.1378/chest.07-1592
http://www.ncbi.nlm.nih.gov/pubmed/18187741
http://doi.org/10.3390/cells11182893
http://www.ncbi.nlm.nih.gov/pubmed/36139468
http://doi.org/10.1093/aje/153.3.256
http://www.ncbi.nlm.nih.gov/pubmed/11157413
http://doi.org/10.1620/tjem.208.123
http://doi.org/10.2337/dc10-0107
http://doi.org/10.1530/JOE-15-0533
http://doi.org/10.1080/10408398.2019.1604491
http://doi.org/10.1111/j.1559-4564.2007.06673.x
http://www.ncbi.nlm.nih.gov/pubmed/17786082
http://doi.org/10.1210/jc.2003-031619
http://www.ncbi.nlm.nih.gov/pubmed/15181034
http://doi.org/10.1097/00004872-200412000-00016
http://www.ncbi.nlm.nih.gov/pubmed/15614028

	Introduction 
	Materials and Methods 
	Study Participants, Study Design, and Ethical Consideration 
	Classification of SO 
	Data Collection 
	Statistical Analyses 

	Results 
	Sex-Specific Prevalence in SO 
	Clinical Risk Factors in Males 
	Clinical Risk Factors in Females 
	Odds Ratio for SO in Males 
	Odds Ratio for SO in Females 

	Discussion 
	Conclusions 
	References

