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Abstract: Older adults with sarcopenic obesity (SO) are at increased risk of adverse health outcomes.
It has not been identified which pattern of macronutrient intake is appropriate in relation to SO. We
aimed to compare the patterns of macronutrient intake for predicting SO in older adults. Data from a
total of 3828 older adults who participated in the 2008–2011 Korea National Health and Nutrition
Examination Survey were analyzed. The one-day 24 h dietary recall method was used to assess
macronutrient intake. SO was defined by a combination of body mass index (BMI) ≥ 25 kg/m2 and
BMI adjusted-appendicular skeletal muscle mass <0.789 for men and <0.512 for women. Weighted
logistic regression analysis revealed the odds ratio (95% confidence interval) for SO of total calo-
rie intake per 100 increments and carbohydrate (CHO) intake (g/kg/day) per 1 increment to be
0.95 (0.91–0.99) and 0.83 (0.74–0.94), respectively, after adjusting for confounding variables in women.
The predictive power for SO of CHO intake (g/kg/day) was higher compared with the other patterns
of macronutrient intake both in men and women. In conclusion, total calorie intake and CHO intake
(g/kg/day) are inversely related to SO in women. CHO intake (g/kg/day) could be the best index
for determining SO.

Keywords: energy intake; dietary carbohydrates; muscle; skeletal; obesity

1. Introduction

The global population is progressively aging. Approximately 22% of the entire popu-
lation will be over 60 years of age in 2050, while approximately 5% will be over 80 years of
age [1]. South Korea is one of the most rapidly aging countries in the world. At the end of
2019, the proportion of people aged 65 and over was 15.5 percent of the total population.
According to Statistics Korea, South Korea will become the world’s oldest society by 2067,
with older adults accounting for 46.5 percent of the population [2].

Changes in body composition with aging are characterized by a decrease in muscle
mass and a concomitant increase in fat mass, with or without changes in body weight [3–5].
With the increasing numbers of older adults, health-related problems resulting from body
composition changes are also increasing. A loss of muscle mass, muscle strength, and/or
reduced physical performance, called sarcopenia, is related to the risk of frailty and its
related complications, such as falls and fractures [6–8]. Moreover, an increase in fat mass,
the central redistribution of fat, and obesity contribute to the risk of metabolic disorders
such as hypertension, type 2 diabetes mellitus, and cardiovascular disease [9–11]. Older
adults with sarcopenic obesity (SO) are at especially high risk of those adverse outcomes
compared to either those with sarcopenia or obesity alone due to the synergistic effects
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of sarcopenia and obesity in a proinflammatory state [6,12]. In addition, recent evidence
implies that SO is independently associated with cognitive impairment and the non-
remission of late-life depression [13,14]. Therefore, prevention of SO is critical for public
health and the maintenance of physical wellness, mental health, and quality of life.

Multiple factors contribute to changes in body composition, including age, ethnicity,
physical activity, socioeconomic status, smoking, alcohol intake, pharmacological agents
(e.g., prednisone, insulin, sulfonylureas, tricyclic anti-depressants), and dietary intake [15].
Dietary proteins in particular offer essential amino acids for muscle protein synthesis
while also functioning as an anabolic stimulus, with specific effects on protein synthe-
sis [16]. Meanwhile, interventions of caloric restriction, high intakes of dietary fiber, and
proper meal timing are effective strategies for obesity management [17–20]. It remains
controversial, however, whether eating a high-carbohydrate (CHO) diet or consuming a
higher percentage of total energy from CHO composition increases the risk of obesity [21].
According to the Korean Geriatric Society and the Korean Nutrition Society’s protein in-
take recommendation for older Korean adults to prevent sarcopenia [22], a daily protein
consumption of >1.2 g per body weight is recommended in older adults, with the exception
of those with substantial kidney impairments. Only a few studies to date have suggested
that macro-nutritional strategies, such as enhanced protein intake, could improve physical
function and weight reduction in frail adults with obesity [23–25]. In accordance with the
2020 Korean Society for the Study of Obesity Guidelines, even if the need for individualized
calorie restriction and composition of macronutrients are mentioned in the management of
obesity, it still cannot be determined which detailed patterns of macronutrient intake are
recommended for the prevention of SO [26]. Although there are findings on nutritional in-
take that consider either sarcopenia or obesity alone, it has not been verified which pattern
of macronutrient intake is appropriate when considering both muscle and fat metabolism.

Based on these perspectives, the determination of the macronutrient intake patterns most
associated with SO could be an effective strategy for the prevention of SO. Therefore, this
study aimed to compare the patterns of macronutrient intake for the prediction of SO in older
adults using cross-sectional Korean representative nationwide population-based data.

2. Materials and Methods
2.1. Study Population

The Korea National Health and Nutrition Examination Survey (KNHANES) is a
nationwide, representative, and population-based survey annually conducted by the Korea
Centers for Disease Control and Prevention to monitor the health and nutritional status of
the Korean population [27]. The participants in the KNHANES were sampled based on a
multi-stage, stratified, cluster probability sampling, which uses the primary sampling units
as defined by the geographical areas in Korea [28]. The sampling weights were assigned to
each participant to generalize the units for representing the Korean population [28].

Figure 1 presents a flowchart of the study population selection. To a total of 6370 partic-
ipants ≥65 years in the 2008–2011 KNHANES, we applied the following exclusion criteria:
(1) implausible dietary intake information, defined as total calorie intake <500 kcal/day or
>5000 kcal/day [29] (n = 519); (2) missing dual energy X-ray absorptiometry (DXA) data
(n = 2016); and (3) missing body composition measurement data (n = 7). Finally, the data
from 3828 participants (1635 men and 2193 women) were analyzed in this study.
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Figure 1. Flowchart of the study population selection.

2.2. Patterns of Macronutrient Intake

The information on dietary intake was obtained using the one-day 24 h dietary recall
method [30]. Daily total calorie intake (kcal/day), protein intake (g/day), CHO intake
(g/day), and fat intake (g/day) were calculated. The daily total calorie intake was calcu-
lated by the summating total consumption of protein, CHO, and fat (1 g protein = 4 kcal,
1 g CHO = 4 kcal, and 1 g fat = 9 kcal) [31]. The percent of the energy intake from protein
or CHO was calculated as follows: 4 kcal × protein intake (g/day)/total energy intake
(kcal/day) × 100%; 4 kcal × CHO intake (g/day)/total energy intake (kcal/day) × 100%.
The percentage of energy intake from fat was calculated as follows: 9 × kcal fat in-
take (g/day)/total energy intake (kcal/day) × 100%. Protein intake per body weight
(g/kg/day), CHO intake per body weight (g/kg/day), and fat intake per body weight
(g/kg/day) were also calculated.

2.3. Assessment of SO

Height (m) and weight (kg) were measured to the nearest 0.001 m and 0.1 kg. The body
mass index (BMI) was calculated by dividing weight by the square of height (k/m2). Accord-
ing to the definition of the Korean Society for the Study of Obesity [32], a BMI ≥ 25 kg/m2

was considered obese. Using whole-body DXA (QDR 4500A; Hologic Inc., Bedford, MA,
USA), body composition data were collected from the head, trunk, pelvic region, arms, legs,
and entire body. The lean body mass (g), fat mass (g), bone mineral content (g), bone mineral
density (g/cm2), and total fat percentage (fat mass/total mass × 100) were recorded for
each anatomical region. We calculated skeletal muscle mass as lean body mass (g)—bone
mineral content (g). The appendicular skeletal muscle mass (ASM) was calculated through the
summation of skeletal muscle mass from both arms and legs. The skeletal muscle mass index
(SMI) was defined as ASM/BMI. According to the Foundation for the National Institutes of
Health (FNIH) Sarcopenia Project criteria [33], a low skeletal muscle mass index (LSMI) is
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defined as an SMI of less than 0.789 for men and 0.512 for women. Finally, SO was defined as
concomitant LSMI and obesity.

2.4. Covariates

Waist circumference (cm) was measured in the horizontal plane midway between the
iliac crest and lowest rib. Abdominal obesity was defined as waist circumference ≥90 cm
in men and ≥85 cm in women according to the Korean-specific cut-offs for abdominal
obesity [34]. Blood pressure was manually measured by well-trained nurses using mercury
sphygmomanometers (Baumanometer; W.A. Baum, Copiague, NY, USA). Systolic blood
pressure (SBP) and diastolic blood pressure (DBP) were defined as the average of the last
two of the three measured values. The mean blood pressure (MBP) was calculated as
follows: MBP = (SBP + 2 × DBP)/3. A never smoker was defined as an adult who has
never smoked, or who has smoked less than 100 cigarettes in their lifetime. Former smoker
was defined as an adult who has smoked at least 100 cigarettes in their lifetime and who
had quit smoking at the time of interview. A current smoker was defined as any participant
has smoked at least 100 cigarettes during their lifetime and who currently smokes. Current
smoker was further divided into every day smoker and someday smoker whether they
smoke every day or not. The level of alcohol intake (g/day) was calculated by multiplying
the number of standard drinks consumed per drinking day, the amount of pure alcohol in a
standard drink, and the average drinking frequency per day. The level of physical activity
was assessed based on the International Physical Activity Questionnaire [35]. Regular
exercise was defined as exercising vigorously ≥20 min at least 3 days/week or ≥30 min
of moderate exercise/walking at least 5 days/week. Based on the Charlson comorbidity
index [36], the following seven comorbid conditions were included in the list of chronic
diseases: (1) stroke, (2) myocardial infarction, (3) diabetes mellitus, (4) chronic obstructive
pulmonary disease, (5) chronic kidney disease stage 3 to 5, (6) liver cirrhosis, and (7) any
cancers. The number of chronic diseases for each participant was classified into 3 groups:
zero, one, or more than two chronic diseases. Blood samples of each participant were
collected from antecubital vein after at least 8 h of fasting. Fasting plasma glucose (FPG)
and serum total cholesterol concentrations were measured using a Hitachi 7600 Analyzer.

2.5. Statistical Analysis

We applied sampling weights to the participants to examine the Korean population’s
representative data. The weights were adjusted with the values for the inverse of the
response rates and the inverse of the selection probability to the sex- and age-specific
values for the Korean population (post-stratification) [27]. All the data in this study are
presented as mean ± standard error (SE) for the continuous variables or as percentages
(SE) for the categorical variables. A weighted generalized linear regression analysis was
used to compare the differences of continuous variables between participants with SO
and those without SO. A weighted chi-square test was used to compare the differences
of categorical variables. Restricted cubic spline curves were produced to show the dose-
response relationship between macronutrient intake and SO. Weighted logistic regression
analyses were performed to calculate odds ratio (OR) with a 95% confidence interval (CI)
for SO of total calorie intake per 100 increments and each macronutrient intake pattern per
1 increment. Receiver-operating characteristics (ROC) were drawn and the areas under the
ROC curves (AUC) were used to compare the predictive power for SO of total calories,
the percentage of energy intake from macronutrients, and the macronutrient intake per
body weight. All the statistical analyses were conducted using SPSS statistical software
(version 25.0; SPSS Inc., Chicago, IL, USA) and R (version 4.0.3; R Foundation for Statistical
Computing, Vienna, Austria). The significance level was set at p < 0.05.
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3. Results
3.1. Clinical Characteristics of the Study Population

Table 1 presents the clinical characteristics of the older adults with or without SO. In
both men and women, the mean values of BMI, waist circumference, and FPG, as well as
the proportion of participants with abdominal obesity, the number of participants with
one chronic disease, and the number of participants with at least two chronic diseases
were higher in the participants with SO. The mean values of CHO intake per body weight,
protein intake per body weight, and SMI in participants with SO was lower than that in
those without SO. In men, the mean value of MBP was higher in the participants with SO
compared to those without SO. In women, the mean values of the serum total cholesterol
level and the percentage of fat intake were higher in the participants with SO compared
to those without SO. The mean values of total calorie intake and percentage of CHO
intake, as well as the proportion of participants who exercised regularly, were lower in the
participants with SO than in those without SO.

Table 1. Clinical characteristics of the older adults with or without sarcopenic obesity.

Men Women

Without SO With SO p Without SO With SO p *

Unweighted number, n 1463 172 1858 335
Age, years 72.0 ± 0.2 72.9 ± 0.5 0.083 73.1 ± 0.2 73.5 ± 0.4 0.432

BMI, kg/m2 22.6 ± 0.1 27.1 ± 0.1 <0.001 23.4 ± 0.1 27.8 ± 0.2 <0.001
Waist circumference, cm 83.6 ± 0.3 94.8 ± 0.5 <0.001 81.9 ± 0.3 91.7 ± 0.5 <0.001

Abdominal obesity, % (SE) 23.5 (1.4) 81.3 (3.7) <0.001 36.7 (1.4) 81.7 (2.6) <0.001
MBP, mmHg 94.4 ± 0.4 96.7 ± 0.9 0.020 95.1 ± 0.3 95.8 ± 0.8 0.445

Regular exercise, % (SE) 20.4 (1.6) 23.5 (4.1) 0.488 16.9 (1.2) 9.6 (1.7) 0.002
Smoking status, % (SE) 0.173 0.410

Never smoker 16.1 (1.2) 18.3 (3.2) 88.6 (1.0) 91.1 (1.8)
Former smoker 28.6 (1.5) 33.6 (4.5) 2.3 (0.6) 2.1 (0.8)

Someday smoker 30.2 (1.6) 31.9 (4.5) 3.2 (0.5) 3.6 (1.2)
Every day smoker 25.1 (1.3) 16.2 (3.2) 5.9 (0.7) 3.3 (1.0)

Alcohol intake, g/day 8.8 ± 0.4 7.7 ± 1.3 0.391 0.8 ± 0.1 0.5 ± 0.2 0.208
Glucose, mg/dL 104.0 ± 0.8 111.2 ± 2.4 0.004 104.4 ± 0.9 109.0 ± 1.5 0.010

Total cholesterol, mg/dL 180.4 ± 1.2 185.1 ± 3.4 0.183 198.2 ± 1.1 207.3 ± 2.8 0.003
Total calorie intake, kcal/day 1881.3 ± 26.1 1833.1 ± 52.8 0.429 1428.9 ± 14.8 1338.2 ± 32.0 0.007

Percent of CHO intake, % 71.5 ± 0.4 70.1 ± 1.0 0.201 77.7 ± 0.3 76.1 ± 0.6 0.014
Percent of protein intake, % 13.2 ± 0.1 13.5 ± 0.3 0.343 12.3 ± 0.1 12.8 ± 0.3 0.065

Percent of fat intake, % 12.2 ± 0.2 13.4 ± 0.6 0.068 10.4 ± 0.2 11.6 ± 0.4 0.015
CHO intake, g/kg/day 5.4 ± 0.1 4.4 ± 0.1 <0.001 5.2 ± 0.1 4.2 ± 0.1 <0.001

Protein intake, g/kg/day 1.0 ± 0.0 0.9 ± 0.0 0.001 0.8 ± 0.0 0.7 ± 0.0 <0.001
Fat intake, g/kg/day 0.4 ± 0.0 0.4 ± 0.0 0.384 0.3 ± 0.0 0.3 ± 0.0 0.213

Skeletal muscle mass index 0.861 ± 0.003 0.723 ± 0.004 <0.001 0.578 ± 0.002 0.464 ± 0.003 <0.001
Number of chronic diseases, % (SE) <0.001 <0.001

0 63.1 (1.6) 41.4 (5.0) 65.2 (1.5) 52.2 (3.4)
1 26.3 (1.4) 38.4 (5.0) 28.3 (1.3) 35.3 (3.3)
≥2 10.6 (1.0) 20.2 (4.1) 6.5 (0.7) 12.5 (2.1)

* Derived from weighted generalized linear regression analysis for continuous variables and weighted chi-square test for categorical vari-
ables. Abbreviations: SO, sarcopenic obesity; BMI, body mass index; MBP, mean blood pressure; CHO, carbohydrate; HTN, hypertension;
DM, diabetes mellitus.

Figure 2 shows the number and percentage of participants with LSMI, obesity, and SO
status in men (Figure 2a) and women (Figure 2b) using a Venn diagram. The number and
percentage of participants with LSMI, obesity, and SO were 282 (17.2%), 224 (13.7%), and
172 (10.5%) in men, and 228 (10.4%), 496 (22.6%), and 335 (15.3%) in women, respectively.
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Figure 2. Venn Diagram showing the number of participants with LSMI, obesity, and sarcopenic obesity in (a) men and
(b) women. LSMI was defined as appendicular skeletal muscle mass divided by body mass index <0.789 for men and <0.512
for women. Body mass index ≥25 kg/m2 was considered obese. Sarcopenic obesity was defined as concomitant LSMI and
obesity. Abbreviation: LSMI, low skeletal muscle mass index.

3.2. Relationship between Macronutrient Intake and SO

Figures 3 and 4 present restricted cubic spline curves showing the relationship between
the pattern of macronutrient intake and OR for SO in men (Figure 3a–g) and women
(Figure 4a–g). There were negative dose-response relationships between the total calorie
intake/percentage of CHO intake/protein intake per body weight/CHO intake per body
weight/fat intake per body weight and SO, whereas the percentage of protein intake and
the percentage of fat intake exhibited positive dose-response relationships with SO in both
men and women.

Table 2 presents the weighted logistic regression analysis showing the relationship be-
tween patterns of macronutrient intake and SO. In men, the OR (95% CI) for SO of the
percentage of fat intake per 1 increment, the protein intake per body weight per 1 increment,
and the CHO intake per 1 increment were 1.02 (1.00–1.05), 0.51 (0.31–0.81), and 0.68 (0.60–0.78),
respectively. After adjusting for age, waist circumference, regular exercise, smoking status,
amount of alcohol intake, MBP, FPG, serum total cholesterol level, and the number of chronic
diseases, there was no significant relationship between the patterns of macronutrient intake
and SO. In women, the OR (95% CI) for SO of total calorie intake per 100 increments, the per-
centage of protein intake per 1 increment, the percentage of CHO intake per 1 increment, the
percentage of fat intake per 1 increment, the protein intake per body weight per 1 increment,
and the CHO intake per 1 increment were 0.96 (0.93–0.99), 1.04 (1.00–1.08), 0.98 (0.67–0.99),
1.03 (1.01–1.05), 0.43 (0.64–0.70), and 0.70 (0.64–0.77), respectively. After adjusting for the same
confounding variables above, the adjusted OR (95% CI) for SO of the total calorie intake per
100 increments and the CHO intake per body weight per 1 increment were 0.95 (0.91–0.99)
and 0.83 (0.74–0.94), respectively.
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Figure 3. Cubic spline curves showing relationship between OR for SO and each pattern of macronutrient intake in men.
Each pattern of macronutrients intake consists of (a) total calorie intake (kcal/day), (b) percentage of calorie intake from
protein intake, (c) percentage of calorie intake from CHO, (d) percentage of calorie intake from fat, (e) protein intake per
body weight, (f) CHO intake per body weight, (g) fat intake per body weight. Abbreviations: OR, odds ratio; SO, sarcopenic
obesity; CHO, carbohydrate.
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Figure 4. Cubic spline curves showing relationship between OR for SO and each pattern of macronutrient intake in women.
Each pattern of macronutrients intake consists of (a) total calorie intake (kcal/day), (b) percentage of calorie intake from
protein intake, (c) percentage of calorie intake from CHO, (d) percentage of calorie intake from fat, (e) protein intake per
body weight, (f) CHO intake per body weight, (g) fat intake per body weight. Abbreviations: OR, odds ratio; SO, sarcopenic
obesity; CHO, carbohydrate.
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Table 2. Weighted logistic regression analysis showing relationship between macronutrient intake and sarcopenic obesity.

Sarcopenic Obesity
Crude Model Adjusted Model *

OR 95% CI p OR 95% CI p

Men
Total calorie intake (kcal/day) per

100 increment 0.99 0.96–1.02 0.438 0.99 0.95–1.04 0.761

Protein intake (%) per 1 increment 1.02 0.98–1.07 0.334 1.01 0.95–1.07 0.790
CHO intake (%) per 1 increment 0.99 0.98–1.00 0.183 0.99 0.97–1.01 0.234
Fat intake (%) per 1 increment 1.02 1.00–1.05 0.049 1.02 0.99–1.05 0.255
Protein intake per body weight

(g/kg/day) per 1 increment 0.51 0.32–0.81 0.005 1.13 0.65–1.99 0.660

CHO intake per body weight
(g/kg/day) per 1 increment 0.68 0.60–0.78 <0.001 0.93 0.80–1.09 0.378

Fat intake per body weight
(g/kg/day) per 1 increment 0.79 0.45–1.39 0.416 1.56 0.80–3.03 0.190

Women
Total calorie intake (kcal/day) per

100 increment 0.96 0.93–0.99 0.011 0.95 0.91–0.99 0.007

Protein intake (%) per 1 increment 1.04 1.00–1.08 0.049 1.04 0.99–1.08 0.098
CHO intake (%) per 1 increment 0.98 0.67–0.99 0.010 0.99 0.97–1.01 0.200
Fat intake (%) per 1 increment 1.03 1.01–1.05 0.009 1.01 0.99–1.04 0.277
Protein intake per body weight

(g/kg/day) per 1 increment 0.43 0.67–0.70 0.001 0.78 0.47–1.31 0.344

CHO intake per body weight
(g/kg/day) per 1 increment 0.70 0.64–0.77 <0.001 0.83 0.74–0.94 0.003

Fat intake per body weight
(g/kg/day) per 1 increment 0.70 0.39–1.27 0.239 0.97 0.51–1.86 0.933

* Adjusted for age, waist circumference, regular exercise, smoking status, amount of alcohol intake, MBP, FPG, serum total cholesterol level,
and number of chronic diseases. Abbreviations: OR, odds ratio; CI, confidence interval; CHO, carbohydrate; MBP, mean blood pressure;
FPG, fasting plasma glucose.

3.3. Comparison of the Predictive Power for SO of Macronutrient Intake

Figure 5 presents the comparison of the predictive power for SO of each pattern of
macronutrient intake using the ROC curve graph. The AUC with 95% CI of CHO intake
per body weight was 0.665 (0.624–0.705) in men and 0.647 (0.615–0.679) in women, which
was higher compared with the other patterns of macronutrient intake with statistical
significance in both men and women. The cut-point of CHO per body weight for SO was
5.170 in men and 3.776 in women.



Nutrients 2021, 13, 4031 10 of 14

Figure 5. Comparison of predictive power for sarcopenic obesity of each pattern of macronutrient
intake in (a) men and (b) women. Abbreviations: CHO, carbohydrate; AUC, area under the receiver-
operating curve.

4. Discussion

Macronutrient intake is essential for both muscle and fat metabolism. Despite the
importance of macronutrient intake, there has been insufficient evidence defining the role of
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macronutrient intake in both muscle and fat metabolism concomitantly. Furthermore, due
to age-related muscle loss and fat accumulation, determining a proper macronutrient eating
pattern for preventing SO is especially critical for older adults. Therefore, we analyzed
the association between SO and specific macronutrient intake patterns in older adults.
The relationship between the patterns of macronutrients and SO was only significant in
total calorie intake and CHO intake per body weight after adjusting for confounding
variables in women. In addition, the predictive power for SO was highest in CHO intake
per body weight in both men and women. The cut-off point of CHO per body weight
for predicting SO was 5.170 in men and 3.776 in women, respectively. The Institute of
Medicine recommends the consumption of 5–12 g of CHO per body weight depending
on the physical activity level [37]. The lower limit is similar to or slightly higher than
the cut-off points in this study. Considering that older adults typically have low physical
activity levels, our results support the recommendation of the Institute of Medicine. In
addition, since the biological differences between men and women influencing SO cannot
be overlooked, all the analyses were performed separately for men and women. Most
metabolic components, including glucose, fat, glucose, and energy metabolism, are sexually
dimorphic. More than 3000 genes have been found to be expressed differently in male and
female skeletal muscles [38]. Horton et al. demonstrated that women have higher rates of
lipolysis in adipose tissue than males, probably because they are more reliant on free fatty
acids as an energy source under high energy demands, such as exercise [39]. However, the
molecular mechanisms through which sex hormones influence human metabolism, and
thus the size of specific fat depots, are poorly understood [40].

CHO intake per body weight is the most widely utilized concept in determining the
relationship between macronutrients and SO even though protein intake per body weight
or percentage of CHO intake is also widely used. In light of the results of this study,
however, CHO intake per body weight seems to be a parameter worth investigating in the
future for its association with SO. In Table S1, after adjusting for confounding variables,
total calorie intake only exhibited a significant relationship with LSMI in both men and
women. On the other hand, CHO intake per body weight demonstrated a significant
negative association with obesity in both men and women. These findings imply that the
impact of total calorie intake on LSMI outweighs obesity, whereas CHO intake per body
weight has a greater impact on obesity than LSMI. The fact that women typically have
10% higher body fat compared to men and a higher predictive power for SO of CHO per
body weight compared to total calorie intake was observed in this study might explain
why the relationship between CHO intake per body weight and SO was only significant in
women [40].

Along with CHO intake per body weight, other accompanying nutrient intake patterns
may also have influenced the outcome through muscle and fat metabolism. Table S2
demonstrates that CHO intake per body weight has a positive correlation with total
calorie intake, percentage of CHO intake, and both protein and fat intake per body weight,
whereas a negative correlation was observed with the percentage of protein and fat intake.
In addition, the correlation coefficient was highest in total calorie intake, with an especially
strong correlation in women. While total calorie intake has a positive relationship with
obesity, a low total calorie intake may increase the risk of sarcopenia [41]. However, since
this study confirmed that the highest predictor of SO is CHO intake per body weight
through ROC comparison, it is expected that the metabolic effect of CHO intake on muscle
and fat may be greater than that of total calorie intake.

Several limitations should be taken into account when interpreting the outcomes of
the current study. First, the predictive power of macronutrient intake for SO was not
excellent. However, it is meaningful that CHO intake per body weight demonstrated a
higher predictive power for SO compared to protein intake per body weight. Moreover,
we also found that CHO intake per body weight was the only variable that demonstrated
a significant relationship to SO. Second, the one-day 24 h dietary recall method could be
less reliable than the two-day or three-day 24 h dietary recall method. According to the
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results of a previous study [42], the total energy intake from one-day 24 h dietary recall
in the KNHANES was under-reported, although the one-day 24 h dietary recall method
was validated in older Korean women in another study [43]. Follow-up studies using
the two-day or three-day 24 h dietary recall method or a food frequency questionnaire
are necessary. Third, because we used secondary data from KNHANES, we could not
evaluate the levels of obesity-related hormones, such as insulin, estrogens, androgens,
growth hormone, and leptin, which regulate adipose tissue distribution, metabolism, and
appetite. Some important data were also not available regarding the exact source and
quality of the macronutrients, and meal timing. Compared with high glycemic index diets,
low glycemic index diets exert a moderate effect on lowering body weight and serum
C-reactive protein levels [44,45]. Animal-based proteins, meanwhile, could be beneficial
for lean muscle mass compared to plant-based proteins [46]. Therefore, subsequent studies
considering the source of nutrients should be conducted. Fourth, we could not define
sarcopenia due to a lack of information about muscle strength and physical performance in
the 2008–2011 KNHANES. Finally, a causal relationship between patterns of macronutrient
intake and SO could not be verified. However, our study could provide formative data for
future longitudinal studies to verify causal relationships with SO. Despite these limitations,
we determined that total calorie intake and CHO intake per body weight could be useful
parameters for managing SO.

5. Conclusions

Total calorie intake and CHO intake per body weight are inversely related to SO.
CHO intake per body weight offers the highest predictability for SO among patterns of
macronutrient intake, including total calorie intake. CHO intake per body weight could be
an index worth investigating in the future for its association with SO. Since the influence of
macronutrient intake patterns on SO varied between men and women, tailored nutritional
interventions should be created based on sex. It is necessary to consider CHO intake per
body weight as a compelling factor to prevent SO. Further research should be performed to
identify whether patterns of macronutrient intake affect the development of SO. Prospective
studies are also warranted to confirm the association between CHO intake per body weight
and the improvement of SO in the future. Randomized controlled trials could also be
considered to identify the effect of CHO intake per body weight based on nutritional
interventions on SO. Experimental studies to verify the mechanisms through which CHO
intake affects SO also should be performed.
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