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Association of socioeconomic factors and dietary intake
with sarcopenic obesity in the Korean older population
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Background and Objectives: This study investigated the relationship between socioeconomic factors, dietary in-
take, and sarcopenic obesity among older adults in Korea. Methods and Study Design: Data from the seventh
Korean National Health and Nutrition Examination Survey (2016-2018) were analyzed. The study included 3,690
participants (1,645 men and 2,045 women) aged 65 years and older. Sarcopenic obesity was defined as the coex-
istence of low muscle strength (handgrip strength <28 kg in men and <18 kg in women) and abdominal obesity
(waist circumference >90 cm in men and >85 cm in women). Socioeconomic factors assessed included age, living
status, residential area, employment, education, and family income level. Dietary intake was evaluated using the
nutrient adequacy ratio and mean adequacy ratio derived from 24-h dietary recall data. Multiple logistic regres-
sion was used to identify factors associated with sarcopenic obesity. Results: The prevalence rates of sarcopenic
obesity were 6.5% in men and 17.4% in women. Low education levels were significantly associated with a higher
prevalence of sarcopenic obesity in women, whereas lower family income levels were associated with an in-
creased risk of sarcopenic obesity in men. In women, a lower mean adequacy ratio was significantly associated
with a higher risk of sarcopenic obesity. Conclusions: Lower family income and education level are associated
with a higher prevalence of sarcopenic obesity. Additionally, overall nutritional adequacy is inversely related to
the prevalence of sarcopenic obesity, particularly in women.
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INTRODUCTION
The average life expectancy of the global population has
been increasing over the last decade and will continue to
rise over the next two decades as a result of medical ad-
vancements and improvements in living standards.! How-
ever, because the extension of life expectancy does not
necessarily lead to an increase in healthy life expectancy,
there is increasing focus on the prevention and manage-
ment of age-related functional decline in older individu-
als, which have both been shown to be important in pro-
moting healthy longevity.! The general aging process
involves a change in body composition, specifically a
decrease in muscle mass and an increase in body fat, even
in the absence of changes in body weight.? These age-
related changes in body composition lead to several phys-
ical and physiological changes that affect physical func-
tion and disease risk.> Sarcopenia is characterized by
gradual loss of skeletal muscle mass and function, leading
to poor physical performance, poor quality of life, nega-
tive metabolic effects, cardiovascular disease, falls, and
increased mortality.® The coexistence of sarcopenia and
obesity, known as sarcopenic obesity (SO), can have syn-
ergistic and detrimental effects on health outcomes com-
pared to sarcopenia or obesity alone.*® SO occurs in 5-
10% of the world's older population,® and it has been as-
sociated with various negative outcomes, such as im-
paired physical function, disability, and mortality.’
Socioeconomic status (SES) is a measure of an indi

vidual's or group's position within a social hierarchy, and
it is based on family income, educational attainment, and
occupation.® There is a growing recognition of the rela-
tionship between SES and health.#® Low socioeconomic
levels are associated with accelerated aging and poor
health outcomes.® Recent findings suggest a higher risk of
sarcopenia in lower SES older adults.?*-*? It is also re-
ported that low educational achievement and occupational
class are associated with decreased muscle strength.!? In
addition, many studies have reported a relationship be-
tween SES and obesity.**-2® A landmark review of studies
on SES and obesity published prior to 1989 supported the
contention that obesity was a disease of the socioeconom-
ic elite in developing societies.’® The prevalence of obe-
sogenic environments in rich societies, unhealthy food
options, and a sedentary lifestyle have been identified as
important drivers of this disparity.*-*> However, recent
studies showed that the burden of obesity tends to shift
toward the groups with lower SES as a country’s econo-
my increases.'® Higher educational outcomes and better
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employment opportunities in higher SES groups can con-
tribute to healthier lifestyles and behaviors, reducing obe-
sity risk.® Conversely, information on the relationship
between SES and SO is insufficient and inconsistent.’18
One study of Koreans reported a significant correlation
between occupation and SO." By contrast, a study of the
Spanish population reported no association between SES
and SO.18

Several studies have shown that dietary factors such as
diet quality, protein intake levels, dairy products, vegeta-
bles, and fruits are associated with SO.1*?2 To prevent the
accumulation of body fat and to maintain muscle mass in
older adults, appropriate amounts of energy and protein
are required.23,24 Antioxidant nutrients, such as vitamins
C and E, % as well as anti-inflammatory nutrients, such
as omega-3 fatty acids,?” may also decrease the risk of SO
through mechanisms that reduce oxidative stress and in-
flammation.

Dietary factors and socioeconomic factors are closely
related.!* Therefore, a comprehensive evaluation of soci-
oeconomic and dietary factors can provide valuable in-
sights to counteract SO in older adults. However, there is
a lack of in-depth research on the association of SO with
SES determinants and dietary factors. Therefore, this
study aimed to examine the interrelationship of SES de-
terminants and dietary factors with SO in a representative
sample of older Korean adults.

METHODS

Study design and participants

This study used data from the 2016-2018 Korea National
Health and Nutrition Examination Survey (KNHANES
VI1I) conducted by the Korea Centers for Disease Control
and Prevention (KCDC), now known as the Korea Dis-
ease Control and Prevention Agency (KDCA).
KNHANES is an ongoing, cross-sectional, nationally
representative survey with a complex, multistage, strati-
fied, and probability cluster sampling design.28 It in-
cludes a health questionnaire, a health examination, and a
nutrition survey (collected by the 24-h recall method).
The first and second years of KNHANES VII were ex-
empt from institutional review board (IRB) review and
approval according to the Bioethics Act, while the third
year (2018) received approval from the IRB at the Korea
Disease Control and Prevention Agency (IRB No. 2018-
01-03-P-A). Data from the KNHANES VII can be ac-
cessed and downloaded from the KNHANES website
(https://knhanes.kdca.go.kr/knhanes/sub03/sub03_02_05.
do, accessed on July 16, 2023). Detailed information
about the survey is also provided on the home page of the
website. Participants in the 2016-2018 survey totaled
24,269. The present analysis was limited to adults aged
65 years or older who completed the survey (n = 4,804).
Participants with incomplete data on SO classification
were excluded (n = 326). Those with missing dietary in-
take data, energy intakes below 500 kcal and over 5,000
kcal, and unusual intake on the previous day were also
excluded (n = 503). We also excluded participants with
missing data on other covariates, such as demographic
information, smoking, alcohol consumption, and physical
activity (n = 289). Thus, 3,690 participants (1,645 men
and 2,045 women) were included in the study.

SO classification

To date, there are no unified clinical criteria for SO diag-
nosis.? In this study, SO was defined as both low muscle
strength and abdominal obesity. In KNHANES, handgrip
strength (HGS) was measured to evaluate muscle
strength. HGS was evaluated using a TKK 5401 digital
grip strength dynamometer (Takei Scientific Instruments
Co., Ltd, Tokyo, Japan), which was used a total of six
times, three times for each hand, and measured alternate-
ly. In this study, the maximum value of the three trials of
the dominant hand was used as the final HGS value. Low
HGS was defined as <28 kg for men and <18 kg for
women, according to the consensus report of the Asian
Working Group for Sarcopenia (AWGS).2° Waist circum-
ference was measured at the midpoint between the bottom
of the rib cage and the top of the iliac crest. Abdominal
obesity was defined as a waist circumference >90 cm for
men and >85 c¢cm for women, following Korean-specific
cutoffs for abdominal obesity defined by the Korean So-
ciety for the Study of Obesity (KSSO).%

Dietary quality assessment

Dietary intake information was obtained from the 24-h
recall data collected by the KNHANES V11.%° Skilled and
well-trained dietary interviewers conducted a 24-h recall
through face-to-face interviews. The participants reported
all food and beverages consumed the previous day, in-
cluding food names, types of ingredients, and amount of
food intake per meal. Based on this data, the average
amounts of certain nutrient intakes were calculated and
compared with the DRIs for Koreans,® including energy,
protein, calcium, phosphorus, iron, vitamin A, thiamin,
riboflavin, niacin, and vitamin C. To assess nhutritional
adequacy, the nutritional adequacy ratio (NAR) and mean
adequacy ratio (MAR) were calculated. The NAR of cer-
tain nutrients was calculated by comparing the amount of
the participant’s nutrient intake with the recommended
intake. The maximum score was designated as 1.0, and all
scores over 1.0 were considered to be 1.0. The MAR,
which reflects the adequacy of the overall diet, was calcu-
lated by averaging each nutrient’s NAR score. A cutoff
point of 0.75 was applied to MAR to define overall mi-
cronutrient adequacy.

Assessment of sociodemographic and health-related
variables

Information on sociodemographic characteristics was
obtained from the general questionnaire and health inter-
view questionnaire data collected by KNHANES VII.
The sociodemographic characteristics included gender
(men, women), age (65—74 years, >75 years), living status
(living alone, living with others), residential area (urban,
rural), education level (<elementary school, >middle
school), household income level (the lowest quartile,
>middle-low), and occupation (employed, unemployed).
Information about health-related variables was obtained
from the anthropometric survey, and the health interview
surveyed BMI (kg/m?), smoking status (current smoker,
non-current smoker), high-risk alcohol consumption (yes,
no), and physical activity (yes, no). High-risk drinking
was defined for men as seven or more glasses of beer,
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wine, or Soju at one time, and five or more glasses for
women, and drinking more than twice per week.

Statistical analysis

All statistical analyses were performed using the SAS
software (version 9.4; SAS Institute, Inc., Cary, NC,
USA). Due to the complex sampling design of the
KNHANES study, the sample weights, stratification vari-
able (k strata), and cluster variable (primary sampling
unit) were included in our analysis. Differences in the
distribution of characteristics between the SO and non-SO
(NSO) groups were analyzed using the SURVEY FREQ
procedure for categorical variables or the SURVEY
MEAN procedure for continuous variables. The signifi-
cant differences in the consumption of nutrient intake,
according to the SO status, were investigated using the
SURVEY REG procedure. Multiple SURVEYLOGISTIC
analysis was performed to estimate the ORs and 95% Cls
for SO across socioeconomic factors and the MAR. Ad-
justments were performed for potential confounding vari-
ables, selected based on prior knowledge from the scien-
tific literature and whether they were related to the inde-
pendent and dependent variables. The confounders in-
cluded age, family income, education level, physical ac-
tivity, and total energy intake. There was no significant
multicollinearity among these variables. All reported
probability tests were two-sided, with a p-value <0.05
considered statistically significant.

RESULTS
General characteristics of participants
Of the 3,690 participants, 12.6% (6.5% of the men and
17.4% of the women) had SO, and 87.4% (93.5% of the
men and 82.6% of the women) were classified as NSO
(data not shown). The general characteristics of the par-
ticipants according to SO are summarized in Table 1. The
participants with SO were significantly older (p<0.001 for
both men and women), less educated (p=0.031 for men
and p<0.001 for women), and had lower family income
(p<0.001 for men and p=0.003 for women) than those
with NSO. In men, the SO group included more people
living alone (p<0.001) and with no occupation (p=0.007)
than the NSO group. In the women, the SO group was
less likely to engage in physical activity (p=0.030) than
the NSO group.

There was no difference in the area of residence, smok-
ing and drinking habits.

Comparison of NAR and MAR between SO and NSO

Table 2 compares the NAR and MAR between the SO
and NSO groups. An intergroup comparison of the NAR
showed that the NSO group had more appropriate NARS
in all nutrients compared to the SO group in both men and
women. The NAR of protein (p=0.047) and vitamin C
(p=0.030) in men, and the NAR of protein (p<0.001),
vitamin A (p=0.026), C (p=0.020), and riboflavin
(p=0.014) in women, were significantly higher in the
NSO group than in the SO group. A significant difference
in the average of the MAR score between the NSO and
SO groups was seen only in women (p<0.001). The pro-
portion of participants with a MAR higher than 0.75 was

significantly higher in both men (p=0.028) and women
(p<0.001) in the NSO group than in the SO group.

Socioeconomic factors and dietary factors related to SO
The association between SO and various factors, estimat-
ed by multivariable logistic regression, is shown in Table
3. Due to the close interrelationship between socioeco-
nomic factors, the results of adjusting the effects of each
socioeconomic factor showed that age had an independent
significant effect on SO prevalence in both genders [OR
(95% CI) = 2.79 (1.70-4.59) in men, 2.52 (1.89-3.34) in
women]. Low education levels significantly increased the
prevalence of SO [OR (95% CI) = 1.88 (1.31-2.70)] in
women, and the lower family income levels had a signifi-
cant association with increased OR of SO in men [OR
(95% CI) = 1.77 (1.02-3.05)]. However, after adjusting
for confounding factors, there was no significant correla-
tion between living status, residential area, or employ-
ment and the risk of SO prevalence in either gender. The
association between the dietary quality evaluated by
MAR and SO risk was found only in women. Low MAR
levels in women significantly increased the prevalence of
SO [OR (95% CI) = 1.44 (1.09-1.92)].

DISCUSSION

In this study, data from the nationally representative
KNHANES VII (2016-2018) were used to examine the
association between SES, dietary factors, and SO among
older adults. This cross-sectional study identified low
family income levels in men, low education levels in
women, and increased age of both genders as socioeco-
nomic risk factors for SO. Furthermore, we found an in-
dependent association between MAR, which reflects the
adequacy of the overall diet, and SO in older women after
adjusting for various SES factors related to SO. However,
this association was not observed in older men.

The prevalence rates of SO in this study were 6.5% for
men and 17.4% for women. However, it is noteworthy
that the clinical diagnostic criteria for classifying muscle
reduction differ across studies?® because the measurement
methods for skeletal muscle mass and muscle strength
have not been standardized worldwide. According to re-
search by Lim et al.®? using data from KNHANES 1V, a
high prevalence rate of 23.3% for SO was reported when
diagnosing sarcopenia using dual-energy X-ray absorp-
tiometry. KNHANES VII only measured a few indicators
related to muscle loss, with HGS being the sole indicator
of sarcopenia. While a comprehensive evaluation of skel-
etal muscle mass reduction and overall muscle perfor-
mance is necessary, HGS has been shown to independent-
ly predict muscle-related health outcomes because it is
closely related to the strength of other muscle groups and
thus can be a useful indicator of overall strength.®*

Our findings revealed that low-income levels in men,
low educational attainment in women, and increasing age
are independently associated with SO. Educational at-
tainment, in particular, is considered a predictor of future
employment types and has a significant influence on obe-
sity and sarcopenia.®® Higher levels of education often
lead to more employment opportunities, higher incomes,
and greater knowledge of health-affecting behaviors.® In
Korea, older adults have limited opportunities for higher
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Table 1. Sociodemographic characteristics of elderly men and women in the 2016-2018 KNHANES based on sarcopenic obesity status

Male Female
All NSO SO p-value All NSO SO p-value
(n=1645) (n=1536) (n=109) (n=2045) (n=1714) (n=331)

Age (years) 72.3+0.1 72.1+0.2 75.3+0.6 <0.001 73.2+0.1 72.7+0.1 75.6+0.2 <0.001
BMI (kg/m?) 23.7+0.1 23.6+0.1 259+0.3 <0.001 24.6+0.1 24.1+0.1 27.0+0.2 <0.001
Waist circumference (cm) 86.7+0.3 86.0+0.3 95.2+0.4 <0.001 84.3+0.1 82.8+0.3 91.7+0.3 <0.001
Hand grip strength (kg) 33.0£0.2 33.7+£0.2 23.4+£05 <0.001 195+0.1 205+£01 14.6 £0.2 <0.001
Low household income (n, %) 663 (38.9) 596 (37.1) 67 (64.7) <0.001 1056 (52.0) 858 (50.2) 198 (60.4) 0.003
Low education level, (n, %) 659 (38.2) 604 (37.4) 55 (49.5) 0.031 1456 (70.8) 1178 (67.7) 278 (85.8) <0.001
Current smokers (n, %) 278(16.7) 264 (17.0) 14 (12.9) 0.386 40 (1.9) 32 (1.9) 8 (1.6) 0.686
Heavy drinker (n, %) 131 (8.3) 124 (8.3) 7(8.8) 0.891 18 (0.7) 16 (0.7) 2 (0.5) 0.592
Living alone (n, %) 217 (12.0) 195 (11.2) 22 (24.4) 0.001 630 (27.8) 513 (27.0) 117 (31.5) 0.119
Employed (n, %) 684 (41.1) 652 (42.1) 32 (25.8) 0.007 548 (25.0) 482 (26.0) 66 (20.5) 0.072
City dweller (n, %) 1207 (77.6) 1139 (77.9) 68 (72.7) 0.237 1485 (76.9) 1254 (77.8) 231 (72.2) 0.117
Physical activity (n, %) 586 (36.6) 555 (37.1) 31 (29.5) 0.162 556 (26.8) 502 (28.3) 54 (19.6) 0.030

NSO, non sarcopenic obesity; SO, sarcopenic obesity
Data are presented as mean + standard error or proportion (%)
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Table 2. NAR and MAR of the participants according to sarcopenic obesity

Male Female
All NSO SO p-value All NSO SO p-value
(n=1645) (n=1536) (n=109) (n=2045) (n=1714) (n=331)

Age (years) 72.3+0.1 72.1+0.2 75.3+0.6 <0.001 73.2+0.1 72.7+0.1 75.6+0.2 <0.001
BMI (kg/m?) 23.7+0.1 23.6+0.1 259+0.3 <0.001 24.6+0.1 24.1+0.1 27.0+0.2 <0.001
Waist circumference (cm) 86.7+0.3 86.0+0.3 95.2+0.4 <0.001 84.3+0.1 82.8+0.3 91.7+0.3 <0.001
Hand grip strength (kg) 33.0£0.2 33.7+£0.2 23.4+£05 <0.001 195+0.1 205+£0.1 14.6 £0.2 <0.001
Low household income (n, %) 663 (38.9) 596 (37.1) 67 (64.7) <0.001 1056 (52.0) 858 (50.2) 198 (60.4) 0.003
Low education level, (n, %) 659 (38.2) 604 (37.4) 55 (49.5) 0.031 1456 (70.8) 1178 (67.7) 278 (85.8) <0.001
Current smokers (n, %) 278 (16.7) 264 (17.0) 14 (12.9) 0.386 40 (1.9) 32 (1.9) 8 (1.6) 0.686
Heavy drinker (n, %) 131 (8.3) 124 (8.3) 7(8.8) 0.891 18 (0.7) 16 (0.7) 2 (0.5) 0.592
Living alone (n, %) 217 (12.0) 195 (11.2) 22 (24.4) 0.001 630 (27.8) 513 (27.0) 117 (31.5) 0.119
Employed (n, %) 684 (41.1) 652 (42.1) 32 (25.8) 0.007 548 (25.0) 482 (26.0) 66 (20.5) 0.072
City dweller (n, %) 1207 (77.6) 1139 (77.9) 68 (72.7) 0.237 1485 (76.9) 1254 (77.8) 231 (72.2) 0.117
Physical activity (n, %) 586 (36.6) 555 (37.1) 31 (29.5) 0.162 556 (26.8) 502 (28.3) 54 (19.6) 0.030

Values are expressed as mean * standard error or numbers of participants (percentage distribution).
NAR = nutrient intake of an individual/recommended dietary allowance (RDA) of the nutrient.

*MAR = sum of the NAR for each nutrient/number of nutrients.
$The p-value was obtained from PROC SURVEYREG procedure. The p < 0.05 was considered to be significant.

TAdjusted for age, residential area, living status, family income, education level, alcohol consumption, physical activity and total energy intake (except for energy itself).
"The p-value was obtained from 2 test in complex sample data analysis.
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Table 3. Association of sarcopenic obesity with socioeconomic status and MAR

Variables Male Female
Model 17 Model 2* Model 1 Model 2
[OR( 95%CI)] [OR(95%CI)] [OR( 95%CI)] [OR(95%CI)]
Age
65-74 years 1 (ref) 1 (ref) 1 (ref) 1 (ref)
>75 years 3.73(2.35-5.91) 2.79(1.70-4.59) 3.15(2.41-4.11) 2.52(1.89-3.34)

Living status
Living with others
Living alone
Residence
Urban
Rural
Employment
Employed
Unemployed
Education
>Middle school
<Elementary school
Household income
>Middle low
Low
Smoking status
Non-current smoker
Current smoker
High-risk alcohol consumption
Non-heavy drinker
Heavy drinker
Physical activity
Yes
No
MAR
<0.75
>0.75

1 (ref)
2.09 (1.25-3.51)

1 (ref)
1.35(0.85-2.14)

1 (ref)
1.91(1.13-3.23)

1 (ref)
1.49 (1 0.95-2.33)

1 (ref)
2.72 (1.76-4.19)

1 (ref)
1.64 (0.89-3.00)

1 (ref)
1.23(0.54-2.81)

1 (ref)
1.39 (0.86-2.24)

1 (ref)
1.66 (1.06-2.59)

1 (ref)
1.63 (0.96-2.75)

1 (ref)
0.85(0.53-1.35)

1 (ref)
1.33(0.77-2.29)

1 (ref)
1.15(0.70-1.89)

1 (ref)
1.77 (1.02-3.05)

1 (ref)
1.86 (1.00-3.48)

1 (ref)
0.93(0.39-2.21)

1 (ref)
1.09 (0.66-1.80)

1 (ref)
1.28 (0.80-2.06)

1 (ref)
1.24 ( 0.95-1.63)

1 (ref)
1.30(0.89-1.89)

1 (ref)
1.38(0.98-1.94)

1 (ref)
2.61(1.84-3.37)

1 (ref)
1.51(1.14-2.00)

1 (ref)
1.18 (0.50-2.75)

1 (ref)
1.51 (0.67-6.18)

1 (ref)
1.93(1.32-2.84)

1 (ref)
1.81 (1.37-2.38)

1 (ref)
0.97 (0.72-1.31)

1 (ref)
1.02 (0.69-1.52)

1 (ref)
1.22 (0.84-1.77)

1 (ref)
1.88 (1.31-2.70)

1 (ref)
1.00(0.72-1.38)

1 (ref)
1.27 (0.50-3.21)

1 (ref)
1.28 (0.30-5.46)

1 (ref)
1.44 (0.96-2.17)

1 (ref)
1.44 (1.09-1.92)

ORs and 95% ClI were calculated using a multiple logistic regression
"Model 1, unadjusted

*Model 2, adjusted for variables listed in columns (except for variables themselves)

education, especially women, who have significantly
lower educational opportunities compared to men. More
than 70% of women with low education levels received
less than 6 years of education, nearly half of the educa-
tional attainment of men. Hence, education is believed to
have a more pronounced effect on SO in women than in
men. Additionally, income levels are crucial factors asso-
ciated with nutritional imbalance and malnutrition, which
are linked to obesity and muscle loss in older adults.®>’
Generally, obesity is more common in individuals with a
higher SES in low- and middle-income countries, while in
high-income countries, obesity is more frequent in people
who are poor.3” Several studies have examined the rela-
tionship between SES and sarcopenia®'® or obesi-
ty, 131437 put research on the association between SES and
SO is scarce, and results have been inconsistent. Contrary
to our findings that physical activity is not independently
associated with SO, as are SES factors, such as living
status, residential areas, employment status, smoking hab-
it, and drinking habit, Moreno et al.*® reported no associa-
tion between SO and socioeconomic factors, including
education and income levels, in the Spanish population.

Additionally, in a multi-continent study by Tyrobolas et
al.,®® socioeconomic factors, such as wealth and education
level, were not correlated with SO. Instead, a low physi-
cal activity level was identified as a strong predictor of
S0.% Kim et al.'” found that the development of SO in
men was related to lifetime occupation, with white-collar
workers being most affected due to lower levels of occu-
pational physical activity compared to blue-collar and
low-level workers in agribusiness. The inconsistencies in
findings regarding the relationship between SO risk and
socioeconomic factors may be attributed to differences in
the heterogeneity of the study populations and the defini-
tion of SO.3® Nevertheless, this study is meaningful in
that it provides some evidence for a relationship between
several SES factors and SO.

SO is associated with various nutritional factors related
to skeletal muscle mass and fat mass.>2* Our results align
with previous evidence suggesting that dietary factors,
including overall dietary quality and the intake of protein
and antioxidant nutrients, are associated with SO.1*% Re-
garding the overall quality of the diet, we found that a
lower MAR score was associated with a higher preva-
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lence of SO in women. Similarly, another study found
that older men and women in Korea with higher diet qual-
ity, as evaluated by MAR, had a lower prevalence of SO
compared to those with lower MAR scores.*® Optimal
protein intake is considered a critical nutritional factor for
muscle-related health. In line with studies demonstrating
the importance of an adequate intake of high-quality pro-
tein rich in essential amino acids in reducing the risk of
S0,%92440 our study found that the SO group had insuffi-
cient protein intake compared to the NSO group. Previous
studies have suggested that protein intake beyond the
recommended daily intake is needed to promote muscle
protein synthesis and mitigate muscle loss.?**° Aside from
protein, antioxidant nutrients play a vital role in the de-
velopment and progression of SO by mitigating the cata-
bolic effects of oxidative stress on skeletal muscle. There-
fore, meeting the recommended intake of these nutrients
can have a beneficial effect in preventing or managing
S0.% In this regard, our study showed that antioxidant
vitamins, such as vitamin A, vitamin B-2, and vitamin C,
were higher in the NSO group than in the SO group in
women.

This study had some limitations. First, because this
study had a cross-sectional design, we could not deter-
mine the causality between SES, dietary factors, and SO.
Further longitudinal studies are needed to determine the
causal associations. Second, the lack of a consensus defi-
nition for SO poses an important limitation, as the defini-
tions of obesity and sarcopenia vary considerably. Conse-
quently, diagnosing and understanding the epidemiology
of SO becomes challenging. Third, the dietary data col-
lected from a single 24-h dietary recall may not fully cap-
ture ordinary dietary intake. However, efforts were made
to address this limitation by excluding unusual cases of
extreme over- or under-reporting.

In conclusion, our study suggests that a high MAR is
associated with a decreased prevalence of SO among old-
er adult women. In addition, low education levels and low
financial status positively correlate with SO risk. There-
fore, older individuals with low SES should be provided
with appropriate education and information on SO, and
improving dietary quality through increased intake of
high-quality protein and antioxidant-rich foods can have a
positive impact on preventing or managing SO. Further
research is needed to confirm the clinical significance and
causal relationship between social and dietary factors and
SO.
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