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| Abstract |

PURPOSE: This study evaluated the incidence of
sarcopenic obesity (SO) and examined the specific risk
factors in a community-dwelling middle-aged population of
women.

METHODS: The present study involved analyzing data
from a cross-sectional study that included 1,693
community-dwelling women aged between 40 and 49 years.
Various risk factors were investigated, including age, height,
weight, body mass index, waist circumference, skeletal
muscle mass index, smoking and drinking behaviors, systolic
and diastolic blood pressure, fasting glucose levels, as well as
triglyceride and cholesterol levels. To ensure the accuracy and
validity of the results, a complex sampling technique was
employed for data analysis. Each sample weight was
calculated through a three-step process by estimating base

weight, adjusting it for non-response, and modulating it for
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post-stratification.

RESULTS: The incidence of SO was 4.26% (95% CI:
3.20-5.67%). The clinical risk factors for SO were age, height,
weight, body mass index, waist circumference, skeletal
muscle mass index, systolic blood pressure, diastolic blood
pressure, and levels of fasting glucose, triglycerides, and total
cholesterol (p <.05).

CONCLUSION: This study explores the prevalence and
risk factors of SO among community-dwelling women. It
adds to the existing literature on SO and identifies potential

risk factors in middle-aged women.
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I. Introduction

Sarcopenic obesity (SO) is a clinical condition
characterized by the coexistence of sarcopenia and obesity
[1]. Sarcopenia is a condition associated with an age-related
decline in muscle mass, strength, and/or physical function,
and obesity is characterized by the excessive accumulation
of fat mass. Decreased physical function and impaired

metabolic function result in a poor quality of life, and raise
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the risk of mortality in individuals with SO [2].

There has been a substantial increase in the aging
population in Asia, and Korea stands out as a country with
the largest proportion of older individuals. The elderly
population in Korea will constitute around 40% of the total
population by 2050, which is a significant rise from 15%
in 2022. This demographic shift would translate into a surge
in the number of elderly citizens, with estimates reaching
nineteen million compared to the current five million [3].
Consequently, there is likely to be an increase in the
incidence of age-related complications, including sarcopenia,
which could pose a significant threat to Korean society.
Additionally, the prevalence of obesity in Korea has been
consistently increasing since 2009, especially among the
elderly female population [4]. The rise in the obese
population among the elderly, along with the growth in
the elderly population as a whole, suggests that the risk
of SO in Korea is also increasing. Thus, it has become
important to prevent SO among elderly Koreans.

The combination of obesity and low muscle mass has
a negative impact on health and contributes to the
development of chronic diseases and disability. This could
lead to longer hospital stays, which is a burden for health
initiatives and policymaking. Research indicates that
individuals with SO have poorer health outcomes compared
to those who only have low muscle mass or obesity [5,6].
Additionally, diagnosing and identifying the clinical
consequences of this condition can be difficult because
obesity can interfere with the generation and maintenance
of muscle mass [7].

Although SO is an important condition with poor health
outcomes, healthcare professionals and primary care
clinicians often lack the knowledge and diagnostic tools
required for its diagnosis. Due to time constraints, primary
care clinicians typically spend less than ten minutes per
patient visit and may only consider referring a patient for
diagnosis and treatment of SO if they suspect that the

individual may have this condition. The clinicians' limited

knowledge about SO as a disease increases the likelihood
of missing the diagnosis [8]. Understanding the key risk
factors associated with early detection and prevention is
vital to ensure early diagnosis of SO. Failure to diagnose
and intervene early in cases of SO can result in poor
functional recovery, reduced quality of life, and a waste
of government healthcare resources [9].

SO is more prevalent among women as compared to
men [10,11]. In an observational study of 2,917 adults by
Newman et al. [10] in the United States, women were
found to have a higher prevalence of SO compared to men,
with rates of 14.5% and 11.5%, respectively. Stenholm
et al. [11] assessed 1,189 individuals in the Netherlands
and reported incidence rates of 5.1% for men and 5.9%
for women. In other words, women were found to be more
susceptible to SO than men.

The identification of risk factors and the effective
management of SO in the female population continue to
present challenges. These challenges are particularly
pronounced when comparing the available research on SO
in this population to the well-established studies conducted
on men [12-14].

In addition, the majority of research studies conducted
on SO have primarily centered around individuals who are
50 years and older [6,15-17]. However, emerging evidence
indicates that sarcopenia and obesity can initiate as early
as the 40s [18-23]. Given the importance of early prevention
strategies for age-related muscle loss, it has become
essential to identify the risk factors in middle-aged women.

The objective of this study was to evaluate the
prevalence and risk factors associated with SO in a
community-dwelling female population aged 40 to 49 years.
The research hypotheses proposed two potential outcomes.
Firstly, the study hypothesized that there would be a specific
incidence of SO in middle-aged women residing in the
community. Secondly, the study assumed that there would
be specific risk factors associated with the development

of SO in this age group of women.
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I, Methods

1. Research Subjects and Data Sampling

The data used in this study was collected from the Korea
National Health and Nutrition Examination Surveys
(KNHANES), which are conducted by the Korea Centers
for Disease Control and Prevention (KCDC). To ensure
representative nationwide sampling, a stratified, clustered,
multistage probability sampling design was employed.

Between 2008 and 2011, a total of 37,753 individuals
participated in the survey. However, for this particular study,
34,123 individuals were excluded from the analysis because
they did not fall within the age range of 40 to 49 years.
This resulted in a final sample size of 3,630 participants.
The study excluded 1,937 participants who did not undergo
a dual-energy X-ray absorptiometry (DEXA) examination
or did not provide responses to the health survey. Ultimately,
the final analysis focused on a subset of 1,693 women aged
between 40 and 49 years. Based on their skeletal muscle
mass index score, the participants were divided into two
groups. The SO group included 62 individuals, while the
normal group comprised the remaining 1,693 individuals.
For inclusion in the SO group, the women participants had
to meet two criteria: (1) age between 40 and 49 years,
and (2) the presence of both sarcopenia and obesity. In
contrast, the normal group consisted of women participants
who met the following criteria: (1) age between 40 and
49 years, and (2) not suffering from either sarcopenia or
obesity. Exclusion criteria were (1) pregnant women, and
(2) individuals who had undergone a diagnostic procedure
involving the use of a contrast agent in the week prior
to the survey. Ethical considerations were also taken into
account. The study received approval from the institutional
review board of the KCDC, and all participants provided

informed written consent.

2. Research Variables
The study incorporated a range of variables for analysis.

These variables included age, height (measured in
centimeters), weight (measured in kilograms), body mass
index (BMI), waist circumference (WC), skeletal muscle
index (SMI), smoking and drinking status, fasting glucose
(FG), triglyceride and total cholesterol (TC) levels, and
systolic (SBP) and diastolic blood pressure (DBP).
WC was measured by determining the circumference
at the midpoint between the bottom of the ribcage and
the top of the iliac crest during full expiration. The blood
tests were conducted after an eight-hour fast, and systolic
and diastolic blood pressures were measured using a
mercury sphygmomanometer after a ten-minute rest in a
chair. Participants were divided into three groups based
on their smoking and drinking status, namely, non-users,
ex-users, or current users. These variables were included
to assess their relationship with SO and to examine potential
associations with other health markers in the study

population.

3. Diagnosis of SO

A diagnosis of SO is made when both sarcopenia and
obesity are present as defined below:

Sarcopenia has been officially recognized as a muscle
disorder by the World Health Organization (WHO) with
a specific code (M62.84) from the 10th revision of the
International Classification of Diseases (ICD-10). It is
diagnosed based on the measurement of the appendicular
skeletal muscle mass (ASM). The assessment of ASM was
carried out using DEXA with the QDR4500A machine
(Hologic, Inc., Bedford, MA, USA). The SMI was
calculated by dividing the ASM (measured in kilograms)
by the BMI expressed in kilograms per square meter
(kg/m®). The Foundation for the National Institutes of
Health (FNIH) Sarcopenia Project guidelines were followed
to establish the criteria for the sarcopenia diagnosis. As
per these guidelines, sarcopenia in women was defined
as an SMI of less than 0.521 [24]. By employing this

methodology, the study ensured accurate diagnosis of
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sarcopenia within the examined population, relying on the
specific SMI thresholds provided by the Foundation for
the National Institutes of Health Sarcopenia Project.
Obesity is described as the abnormal or excessive
accumulation of fat in the body, which can have detrimental
effects on health. It is typically identified by certain criteria,
such as having a BMI equal to or greater than 25 kg/n’,
and central obesity, which is determined by a WC exceeding

80 cm among Asian women [25].

4, Data Analysis

The statistical analysis in this study involved presenting
the mean and standard deviation as measures of central
tendency and variability for each variable. Data analysis
was performed using SPSS 22.0, a software developed by
the IBM Corporation in Armonk, NY, USA. Weight values
were applied in this study to accurately represent the entire
population of Korea. Each participant was assigned a
sample weight through a three-step process: (1) calculating
a base weight, (2) adjusting for non-responses, and (3)
post-stratification adjustment to match the population
distribution from the previous census. A complex sampling
analysis technique was utilized for all data analyses, taking
into account the weighted nature of the sample. To compare
variables between the SO and normal groups, independent
t-tests were conducted for parametric variables, while
Chi-square tests were employed for non-parametric
variables. Additionally, multiple logistic regression analyses

were performed, incorporating adjusted covariates, to

Table 2. Clinical risk factors related to sarcopenic obesity

predict SO and determine the odds ratio (OR) of the SO
risk factors for women. The significance level for all
variables was set at 0.05, adhering to the predetermined

alpha level for statistical significance.

I, Results

1. Prevalence of SO

The weighted value of SO was estimated to be 4.26%
(95% CI: 3.20-5.67%). The unweighted occurrence of SO
was found to be 3.66%, while the normal group accounted
for 96.34% of the subjects. The prevalence of SO is
presented in Table 1.

2. Clinical Risk Factors

Age, height, weight, BMI, WC, SMI, SBP, DBP,
drinking status, levels of FG, triglycerides, and TC
demonstrated statistical significance as risk factors (p <
.05). On the other hand, the smoking status variable was
not statistically significant (p > .05) (Table 2).

Table 1. Prevalence of sarcopenic obesity among
community-dwelling women

SO group  Normal group Total

(n=62) (n=1631) (N=1693)
Un-weighted (%) 3.66 96.34 100
. 4.26 95.74
Weighted (%) 100

(3.20-5.67) (94.33-96.81)

Weighed values present the 95% confidence interval.

SO group Normal group
(= 62) (n = 1,631) P
Age (years) 4533 + 2.92 4438 + 2.96 012
Height (cm) 151.77 + 3.74 15827 + 4.87 000
Weight (kg) 68.46 + 8.47 58.02 + 9.10 000
BMI (kg/m?) 29.67 + 3.11 23.14 = 333 000
WC (cm) 91.97 + 7.89 76.48 + 8.89 .000




Exploring Incidence and Potential Risk Factors of Sarcopenic Obesity Among

Middle-Aged Women Residing in a Community | 15

Table 2. (Continued)

SO group Normal group
(0 = 62) (n = 1,631) P
SMI (kg/m?) A48 + .03 65 = .07 .000
SBP (mmHg) 12230 + 1531 112,01 + 14.74 000
DBP (mmHg) 7933 + 10.08 7416 + 10.08 000
Drinking status (%
rinking status (%) 59.58 / 2413 / 1629  57.45 / 16.00 / 26.54 003
(current-/ex-/non-drinker)
Smoking status (%
moking status (%) 448 /329 / 9222 6.82 / 1.60 / 91.57 197
(current-/ex-/non-smoker)
FG (mg/dL) 127.24 + 67.35 103.49 = 68.99 008
Triglycerides (mg/dL) 19534 + 33.58 18547 + 3247 .020
TC (mg/dL) 12230 + 1531 12,01 = 14.74 000

SO: Sarcopenic obesity; BMI: body mass index; WC: waist circumference; SMI: skeletal muscle mass index; SBP: systolic blood

pressure; DBP: diastolic blood pressure; FG: fasting glucose; TC: total cholesterol.

Values are expressed as the mean + standard deviation. The independent t-test and chi-square test were used in the analysis.

3. Multiple Logistic Regression for Odds Ratio (OR)
Table 3 shows the OR with a 95% confidence interval
(CI) for SO in women, based on multiple logistic regression
analysis. Statistically significant differences were observed
between the two groups for variables including age, height,
weight, BMI, WC, SMI, SBP, DBP, and FG levels (p < .05).

Table 3. Multiple logistic regression for estimating the odds
ratios of sarcopenic obesity (SO)

Variables Odds ratios (95% of CI) P
Age 1.81 (1.16-3.03) 019
Height 44 (.28-.70) .000

Weight 142.92 (72.15-283.10) .000
BMI 11.30 (8.70-14.57) .000
WC 1.74 (1.45-2.09) .000
SMI .10 (.08-.19) .000
SBP 2.55 (2.06-3.16) .000
DBP 9.97 (7.35-13.53) .000
FG 1.08(1.05-1.11) .000

SO: Sarcopenic obesity; BMI: body mass index; WC: waist
circumference; SMI: skeletal muscle mass index; SBP: systolic
blood pressure; DBP: diastolic blood pressure; FG: fasting
glucose.

The relevant values were 1.81(1.16-3.03), .44(.28-.70),
142.92(72.15-283.10), 11.30(8.70-14.57), 1.74(1.45-2.09),
.10(.08-.19), 2.55(2.06-3.16), 9.97(7.35-13.53), and 1.08
(1.05-1.11), respectively.

IV, Discussion

The present study investigated SO prevalence and risk
factors in community-dwelling middle-aged women in
Korea. The weighted prevalence of SO was 4.26% (95%CI:
3.20-5.67%). The clinical risk factors for SO were age,
height, weight BMI, WC, SMI, SBP, DBP, drinking status,
FG, triglycerides, and TC.

The prevalence of middle-aged women with SO was
4.26% (95%CI: 3.20-5.67%). This finding is in line with
a study by Moreira et al. [26], who investigated a group
of 491 middle-aged women from Northeast Brazil and
reported a prevalence of 7.1% for SO.

Elevated FG levels have been identified as a risk factor
for SO in women, consistent with findings from several
studies [27-29] For instance, Du et al. [29] conducted a
study in East China, involving approximately 600 adults
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living in the community and found that women with SO
had higher glycemic levels compared to those without SO.
Similarly, another study on 565 people, conducted by Lim
et al. reported that women with SO exhibited higher FG
levels compared to women without SO [27]. Additionally,
Lu et al. [28] conducted a study on a target population
in Taiwan that reported higher FG levels in individuals
with SO compared to those without SO. Skeletal muscle
plays a crucial role in regulating glucose levels following
a meal. After ingestion, the skeletal muscle is responsible
for absorbing a substantial amount of glucose through
various mechanisms involving both insulin-dependent and
insulin-independent processes. These entail the transportation
of glucose from the bloodstream to the muscle, its passage
through different cellular barriers, and its distribution within
the muscle cells. The uptake of glucose by the muscle
is facilitated by glucose transporters, which are regulated
by intracellular glucose metabolism and rely on the glucose
concentration gradient [30]. Consequently, impaired
carbohydrate metabolism can impede glucose uptake by
skeletal muscles, thereby impacting postprandial glucose
levels.

Elevated triglyceride levels were observed to be a risk
factor for SO, which is similar to findings from previous
SO studies [28,29]. Du et al. [29] conducted a study on
community-dwelling adults and found that individuals with
SO had higher triglyceride levels compared to the normal
group, while no significant differences were observed
between the SO and normal groups among women.
Similarly, in a study by Lu et al. involving Taiwanese
community-dwelling adults with an average age of 63.6,
significant elevations in triglyceride levels were observed
in the SO group compared to the normal group [28].

Elevated total cholesterol serves as a risk factor for
women with SO, a finding supported by several studies
[28,31,29]. In a cross-sectional study conducted in eastern
China [29], it was observed that female participants with
SO exhibited higher total cholesterol levels compared to

those in the normal group. Consistently, Lu et al. [31]
also reported elevated cholesterol levels in the SO group
compared to the normal group. Another investigation by
Perna et al. [31] focused on over 600 Italian subjects and
found that the SO group demonstrated significantly higher
total cholesterol levels in their blood compared to the
healthy group. One possible explanation is that the elevated
triglycerides and total cholesterol values, as well as the
increased total cholesterol levels, could be attributed to
insulin resistance [32] and higher levels of inflammatory
cytokines [33].

Another risk factor we found was alcohol consumption
status. This outcome is in line with several earlier studies
[34,35]. Daskalopoulou et al. [34] analyzed the bioclinical
and lifestyle factors in adults with SO and concluded that
alcohol consumption was a risk factor for SO. A
meta-analysis conducted by Steffl. [35] also reported that
alcohol consumption was a risk factor for SO. A plausible
reason is that the effects of alcohol are mediated by a
decrease in protein synthesis, which is influenced by
impaired activity of the protein kinase called the
mechanistic target of rapamycin (mTOR). In this overview,
we present recent developments in mTOR signal
transduction and examine the similarities and differences
in how alcohol affects this vital metabolic regulator in the
skeletal muscle and the heart, considering both acute and
chronic alcohol intake. Although the impact of alcohol on
global protein breakdown through the ubiquitin-proteasome
pathway is unclear, emerging data suggest that alcohol
enhances autophagy in the muscle [36].

Hypertension, both high SBP and DBP are risk factors
for SO. This result is consistent with several research
outcomes reported earlier [28,37]. A northwest Chinese
cohort study [37] demonstrated that SBP in women with
SO was elevated (136.69 mmHg) compared to women in
the normal SBP group (130.58 mmHg). Additionally, the
DBP among women in the SO group was also higher than

that of the normal group, with respective values of 83.63
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mmHg and 76.65 mmHg. Likewise, the individuals in the
SO group had higher DBP levels, measuring 80.6 mmHg,
in comparison to the normal group, which exhibited a DBP
of 76.2 mmHg. Lu et al. [28] investigated 600 Taiwanese
community-dwelling adults and observed that the SO group
exhibited SBP levels of 132.3 mmHg or higher, while the
normal population had SBP levels of 125.7 mmHg. The
DBP in the SO group was elevated, with a measurement
of 80.6 mmHg, in contrast to 76.2 mmHg in the normal
group.

There are several potential underlying reasons for these
findings. First, muscle loss is closely associated with
metabolic changes and is linked to decreased energy
expenditure and physical inactivity, leading to insulin
resistance and arterial stiffness [38-40]. Additionally,
increased visceral fat mass triggers an inflammatory
response, thickens blood vessel walls, obstructs blood flow,
and narrows vascular passages [41]. A lower level of
skeletal muscle mass and a higher level of adipose tissue
are significant causative factors leading to hypertension
in women [42]. The combination of low muscle mass and
an increased accumulation of adipose tissue in the visceral
area may contribute to higher SBP and DBP in women
with SO.

The findings of this study offer valuable insights into
the occurrence and specific risk factors of SO among adults,
specifically women residing in the community. The study
utilizes representative data from the Korean population and
employs the gold standard DEXA measurement technique
to accurately diagnose SO. However, it is important to
recognize the study's limitations, which should be taken
into consideration in future research. The cross-sectional
design of the study limits its ability to establish a definitive
causal relationship. To enhance the research's validity, a
longitudinal design involving repeated measurements of the
same individuals at different time points would strengthen
the findings. Furthermore, due to the scarcity of studies

focusing on middle-aged women with SO, it becomes

challenging to make meaningful comparisons with other
studies in the discussion section regarding the prevalence

and other risk factors within this age group.

V. Conclusion

This study provides the prevalence and clinical risk
factors for SO among Korean community-dwelling
middle-aged women. The prevalence of SO in females was
4.26% (95% CI: 3.20-5.67%). The clinical risk factors for
SO were age, height, weight, BMI, WC, SMI, SBP, DBP,
drinking status, levels of FG, triglycerides, and TC. Future
studies employing a longitudinal design that involves
measuring the same individuals at multiple time points
would greatly enhance this study’s credibility and would
provide more robust evidence, thus strengthening the

validity of its findings.
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