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Background: This study aimed to investigate dietary patterns in relation to body 
composition, categorized into four groups using large-scale nationwide data: 
neither low muscle mass nor high body fat (N), low muscle mass only (LMo), 
high body fat only (HFo), and low muscle mass with high body fat (LMHF).

Methods: A total of 15,917 participants from the 2008–2011 Korea National 
Health and Nutrition Examination Survey were analyzed. Propensity score 
matching (PSM) values, representing the predicted probability of patients having 
LMo, HFo, or LMHF, were estimated using logistic regression analysis while 
adjusting for confounders. Analysis of covariance was then used to compare 
daily macronutrient intake and weekly consumption frequency of food groups 
among the study groups, adjusting for total calorie intake.

Results: Participants in the LMHF and HFo groups consumed lower amounts 
of carbohydrates and higher proportions of proteins and fats compared to the 
N group. Those in the LMHF and LMo groups had less frequent consumption 
of rice and vegetables and more frequent intake of ultra-processed foods. 
Additionally, participants in the LMo and HFo groups consumed beverages more 
frequently than those in the N group.

Conclusion: Imbalances in body composition, such as LMo, HFo, and LMHF, are 
associated with less favorable dietary patterns, including higher consumption of 
ultra-processed foods and beverages, and lower intake of rice and vegetables. 
Further research is needed to explore targeted nutritional interventions for these 
groups.

KEYWORDS

sarcopenia, obesity, sarcopenic obesity, body composition, nutrition

1 Introduction

Age-related changes in body composition, including an increase in fat mass and a 
substantial reduction in muscle mass, exert adverse effects on the physiologic function and 
metabolism of the human body (1). Many studies have noted that body fat distribution is 
closely related to metabolic dysfunction and disease, including impaired fasting glucose, 
insulin resistance, type 2 diabetes mellitus (DM), and cardiovascular diseases (CVD) (2–5). 
In a 2-year prospective cohort study, Son et al. suggested that low muscle mass is significantly 
associated with the incidence of type 2 DM, independent of obesity, in the Korean population 
(6). Furthermore, prospective studies have demonstrated associations between low muscle 
mass and an increased risk of CVD and all-cause mortality (7–10). Using dual-energy X-ray 
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absorptiometry (DXA), Baumgartner first defined sarcopenic obesity 
as the co-presence of two conditions: (1) obesity, defined as percent 
body fat values above the median for each sex, and (2) sarcopenia, 
defined as an age-related change in muscle mass to height squared, 
with values falling two standard deviations below the mean of a 
healthy, younger population (11).

Sarcopenic obesity poses a critical risk to public health worldwide 
(12). Lim et al. reported that individuals with sarcopenic obesity with 
low appendicular skeletal muscle mass (ASM) and high visceral fat 
mass are at higher risk of metabolic syndrome and insulin resistance 
compared to those with either sarcopenia or obesity alone in the 
Korean population (13). Furthermore, a 10-year follow-up cohort 
study showed that participants with sarcopenic obesity carried a 23% 
higher risk of CVD, regardless of the lack of association between CVD 
risk and obesity or sarcopenia alone (14). The significant risks to 
public health outcomes posed by sarcopenic obesity emphasize the 
importance of preventive measures against imbalances in body 
composition (15).

Dietary patterns are a principal contributing factor to body 
composition, including sarcopenia and obesity (15, 16). Nutritional 
strategies have been designed in consideration of their effects on the 
development of sarcopenic obesity (15). Several studies have suggested 
that high protein intake combined with resistance exercise increases 
skeletal muscle mass and strength in an older adult population with 
low muscle mass (17, 18). According to a 13-week randomized 
controlled trial (RCT) in the Netherlands (2011–2012), a high intake 
of whey protein, leucine, and vitamin D supplements preserved 
skeletal muscle mass while prompting weight loss, in conjunction with 
resistance exercise three times a week, in older adults with high body 
fat (19). However, an RCT conducted in Denmark (2019–2021) found 
that, while a high-protein diet enhanced satiety, it did not significantly 
affect body composition or cardiometabolic markers in young women 
with overweight (20). These findings indicate that the effects of protein 
intake may vary depending on age, metabolic status, and exercise 
habits. Another area of controversy lies in the impact of macronutrient 
distribution on metabolic health. Parvaresh et al. reported that a high-
carbohydrate diet has a distinct adverse effect on metabolic responses 
in obese individuals with insulin resistance, whereas high-protein or 
high-fat diets do not elicit such effects (21). On the other hand, a 
cross-sectional analysis from the 2011–2014 National Health and 
Nutrition Examination Survey (NHANES) found a positive 
association between dietary fat intake (both saturated and unsaturated 
fatty acids) and skeletal muscle mass, suggesting the potential need for 
adequate dietary fat intake to prevent sarcopenia (22). Meanwhile, a 
13-week trial study conducted in the United  States reported that 
dietary fat intake influenced intramyocellular lipid accumulation in 
both healthy and older individuals, which, in turn, negatively affected 
muscle metabolism, contributing to sarcopenia (23). Previous studies 
on sarcopenia and sarcopenic obesity have reported inconsistent 
findings, largely due to variations in study populations, methods used 
for assessing body composition and metabolism, and dietary intake 
measurement tools (22, 24). These discrepancies highlight the need 
for further research to clarify the relationship between dietary patterns 
and body composition characteristics.

Therefore, in this study, we  aimed to examine whether 
individuals with low muscle mass only (LMo), high body fat only 
(HFo), or both conditions (LMHF) demonstrate distinct dietary 
behaviors compared to those with normal body composition. 

We  hypothesized that these groups would differ in both 
macronutrient intake and the frequency of consuming specific food 
categories, reflecting variations in overall dietary quality. Using 
nationally representative data from the Korea National Health and 
Nutrition Examination Survey (KNHANES), we aimed to explore 
potential associations between diet and body composition in the 
Korean adult population.

2 Materials and methods

2.1 Study population

We used data from the 2008–2011 KNHANES conducted by the 
Korea Centers for Disease Control and Prevention. Since 1998, 
KNHANES has been conducted to monitor health risk behaviors, 
including smoking, drinking, nutrition intake, physical activities, and 
major chronic diseases. This study included 28,377 participants aged 
≥19 years. We excluded participants who consumed <500 kcal/day or 
>6,000 kcal/day (n = 3,536), had malignancy (n = 723), or had missing 
data from DXA (n = 8,021). After exclusion, 15,917 participants were 
included in the final analysis (Figure  1). Informed consent was 
obtained from all subjects before inclusion in the KNHANES, in 
accordance with the Declaration of Helsinki. The Institutional Review 
Board of Yongin Severance Hospital approved the study protocol (IRB 
No: 9–2019-0016).

2.2 Anthropometrics and biochemical 
variables

Body weight and height were measured to the nearest 0.1 kg and 
0.1 cm, respectively. Body mass index (BMI) was calculated as weight 
in kilograms (kg) divided by the square of height in meters (m2). Waist 
circumference (WC) (cm) was measured as the circumference at the 
midpoint of a horizontal line between the superior margin of the iliac 
crest and the inferior margin of the twelfth rib. Systolic blood pressure 
(SBP) and diastolic blood pressure (DBP) were measured twice with 
the patient in a seated position after resting for at least 5 min, and the 
mean value of the two measurements was recorded. Blood samples 
were collected after a minimum of 8 h of fasting. Serum levels of 
triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), and 
fasting plasma glucose (FPG) were analyzed using the Hitachi 
Automatic Analyzer 7,600 (Hitachi, Tokyo, Japan). Information on 
smoking, drinking, and exercise habits was obtained from self-
reported questionnaires. Current alcohol drinkers were defined as 
those who consumed at least one glass of alcohol per week within the 
last year. A current smoker was defined as having ever smoked 100 or 
more cigarettes within one’s lifetime and smoking every day or some 
days at the time of survey (25). Physical activity was estimated as 
metabolic equivalent (MET)-min/week by multiplying the weekly 
spending time for an activity (min/week) by its intensity, which was 
four for mild to moderate intensity and eight for vigorous intensity, 
respectively (26, 27). Hypertension (HTN) was defined as 
SBP ≥ 140 mmHg, DBP ≥ 90 mmHg, or the use of antihypertensive 
medication. DM was defined as FPG ≥ 126 mg/dL or the use of anti-
diabetic medication. Dyslipidemia was defined as a serum total 
cholesterol level ≥240 mg/dL or the use of antidyslipidemic medication.
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2.3 Assessment of body composition

We utilized DXA (QDR 4500A; Hologic Inc., Bedford, MA, 
United States) to assess body composition. Fat mass was measured 
using a whole-body scan. ASM referred to the sum of lean muscle 
mass in both the arms and legs, and it was adjusted using height 
squared (ASM/height2). Low muscle mass was defined as a loss of 
muscle mass, indicated by an ASM/height2 < 7.0 kg/m2 in men and 
<5.4 kg/m2 in women, based on the 2019 Asian Working Group for 
Sarcopenia consensus (28). Moreover, the participants were 
considered as high body fat if they were in the highest quintile of the 
percentage of body fat mass measured by DXA (cutoff values of 39.2% 
for women and 27.3% for men). Along with the status of body 
composition, we divided the participants into four subgroups: the N 
group, participants with neither low muscle mass nor high body fat; 
the LMo group, participants with low muscle mass only, but not high 
body fat; the HFo group, participants with high body fat only, but not 
low muscle mass; and the LMHF group, participants with low muscle 
mass and high body fat concurrently.

2.4 Assessment of nutrition intake and 
dietary patterns

Face-to-face interviews were conducted by skilled dietitians to 
administer nutritional surveys. Food intake was examined using the 
24-h recall method and semi-quantitative food frequency 
questionnaire (FFQ) (29). The 24-h recall method was used to 
estimate total energy and nutrient intake, while the FFQ, designed to 
reflect commonly consumed foods and key nutrient sources within 

the study population, assessed long-term dietary patterns. To 
minimize self-reporting errors and enhance standardization, the FFQ 
included 63 food items contributing to 90% of total energy and 
nutrient intake, with portion sizes standardized using two-dimensional 
models, measuring cups, and spoons. Detailed food items are 
described on the KNHANES website.1

2.5 Statistical analysis

Data from the KNHANES, which was designed as a complex 
survey, were used in this study. To ensure representativeness of 
the Korean population, sampling weights were applied during the 
analysis (30). Continuous variables were presented as mean 
values ± SD, and categorical variables were presented as numbers 
(percentage) in the data analysis. Analysis of variance (ANOVA) 
was used for analyzing continuous variables, whereas a 
chi-squared test was used for assessing categorical variables. 
Propensity score matching (PSM) values for the predicted 
probability of participants with LMo, HFo, or LMHF were 
estimated using logistic regression analysis, with age, sex, BMI, 
alcohol consumption, smoking status, and physical activity as 
confounding factors. The C-statistics of the logistic regression 
models were calculated to be  0.55 to 0.7. Considering the 
differences between the two groups, subjects without LMHF were 
matched to those in the LMHF group in a 1:1 ratio according to 

1 https://knhanes.kdca.go.kr/knhanes/main.do

FIGURE 1

Flowchart of the study population selection. KNHANES, Korea National Health and Nutrition Examination Survey; DXA, dual-energy X-ray 
absorptiometry; BMI, body mass index; N, neither low muscle mass nor high body fat; LMHF, low muscle mass with high body fat; LMo, low muscle 
mass only, but not high body fat; HFo, high body fat only, but not low muscle mass.
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the nearest neighbor method with the greedy algorithm. 
Standardized differences were calculated to assess the balance of 
confounding factors after matching. All standardized differences 
were less than 0.2. Furthermore, 1:1 PS matching was applied to 
compare participants with and without LMo, as well as those with 
and without HFo. Subgroup analysis was performed based on age 
groups, classifying participants as either young to middle-aged 
adults (<65 years) or older adults (≥65 years). To compare the 
daily macronutrient intake and the weekly consumption 
frequency of food groups between groups, an analysis of 
covariance (ANCOVA) was used for continuous variables, after 
adjusting for total calories. ANCOVA was selected instead of 
simpler methods such as t-tests or ANOVA because the method 
incorporates covariate adjustment, specifically for total energy 
intake, thereby mitigating potential confounding and enhancing 
the precision of estimated intergroup differences in dietary 
patterns. The post-hoc power was calculated for the macronutrient 
variables, including carbohydrate, protein, and fat intake, and the 
power exceeding 0.8 confirms the sufficiency of the sample size 
to detect intergroup differences. p-values of <0.05 were 
considered statistically significant, and all statistical analyses 
were performed using SAS version 9.4 (SAS Institute, Cary, NC, 
United States).

3 Results

3.1 General and clinical characteristics of 
the study population

Table 1 presents the participants’ general characteristics according 
to the N, LMHF, LMo, and HFo groups. Compared to participants in 
the N group, those in the LMHF and HFo groups were significantly 
older and had higher WC, body fat, SBP, and FPG, whereas those in 
the LMo group were younger and had lower WC, body fat, SBP, and 
FPG. The mean BMI in the HFo group was higher than that in the N 
group (27.7 ± 2.9 kg/m2 vs. 23.8 ± 2.6 kg/m2), while these values in the 
LMHF and LMo groups were lower than those in the N group.

The proportions of HTN, DM, and dyslipidemia were higher in 
the LMHF and HFo groups than in the N group, whereas they were 
lower in the LMo group than in the N group. Participants in the N 
group (1,939.2 ± 4,005.7 MET-min/week) engaged in more physical 
activity than those in any other group (1,188.6 ± 2,836.5, 
1,198.7 ± 3,236.5, and 1,452.3 ± 3,046.3 MET-min/week in the LMHF, 
LMo, and HFo groups, respectively).

The mean age of the HFo group was lower than that of the LMHF 
group (51.7 ± 16.3 vs. 56.3 ± 17.2). Additionally, the mean values of 
body weight, height, BMI, WC, ASM, ASM/height2, body fat, SBP, 

TABLE 1 General characteristics of the study population.

Variables Total N LMHF LMo HFo

n = 15,917 n = 9,582 n = 816 n = 3,152 n = 2,367

Age (years) 49.7 ± 16.4 49.1 ± 15.5 56.3 ± 17.2 48.3 ± 18.3 51.7 ± 16.3

Sex (% male)† 6,486 (40.8) 4,011 (41.9) 334 (40.9) 1,178 (37.4) 963 (40.7)

Body weight (kg) 61.9 ± 11.3 62.7 ± 10.0 59.6 ± 7.6 52.1 ± 6.9 72.1 ± 11.6

Height (cm) 161.7 ± 9.1 162.1 ± 9.2 159.5 ± 8. 161.3 ± 8.2 161.1 ± 9.8

BMI (kg/m2) 23.6 ± 3.3 23.8 ± 2.6 23.4 ± 1.8 20.0 ± 1.8 27.7 ± 2.9

WC (cm) 81.0 ± 10.0 81.2 ± 8.5 82.5 ± 7.9 72.2 ± 7.4 91.5 ± 8.5

ASM (kg) 17.5 ± 4.6 18.5 ± 4.6 14.4 ± 3.4 14.7 ± 3.1 18.4 ± 4.8

ASM/height2 (kg/m2) 6.6 ± 1.2 6.9 ± 1.1 5.6 ± 0.8 5.6 ± 0.8 7.0 ± 1.1

Body fat (kg) 16.6 ± 5.6 15.6 ± 4.5 20.2 ± 3.3 12.8 ± 3.7 24.5 ± 4.8

Body fat (%) 29.4 ± 8.3 27.5 ± 7.4 37.5 ± 6.3 27.4 ± 7.6 37.2 ± 6.3

SBP (mmHg) 119.6 ± 17.9 119.4 ± 17.4 123.0 ± 19.1 115.3 ± 18.2 125.0 ± 17.3

DBP (mmHg) 76.5 ± 10.8 76.7 ± 10.7 76.5 ± 10.5 73.4 ± 10.3 79.8 ± 10.5

Triglyceride

(mg/dL)
132.1 ± 107.5 134.2 ± 112.9 137.9 ± 86.3 106.2 ± 85.7 156.2 ± 110.2

HDL-C (mg/dL) 52.5 ± 12.7 52.2 ± 12.6 51.3 ± 12.2 56.3 ± 13.2 48.9 ± 11.1

FPG (mg/dL) 97.6 ± 22.5 97.6 ± 22.2 100.3 ± 26.6 94.5 ± 22.8 101.1 ± 21.7

Current alcohol drinker† 3,415 (21.5) 2,199 (23.0) 113 (13.9) 571 (18.1) 532 (22.5)

Current smoker † 3,080 (19.4) 1939 (20.3) 111 (13.7) 631 (20.1) 399 (16.9)

Physical activity (MET-min/week) 1681.9 ± 3692.1 1939.2 ± 4005.7 1188.6 ± 2836.5 1198.7 ± 3236.5 1452.3 ± 3046.3

HTN† 5,081 (32.1) 2,914 (30.6) 369 (45.6) 681 (21.8) 1,117 (47.5)

DM† 1,445 (9.7) 871 (9.6) 111 (14.8) 203 (7.0) 260 (11.8)

Dyslipidemia† 1887 (12.7) 1,092 (12.0) 121 (16.2) 221 (7.6) 453 (20.6)

N, normal; LMHF, low muscle mass with high body fat; HFo, high body fat only, but not low muscle mass; LMo, low muscle mass only, but not high body fat; BMI, body mass index; WC, waist 
circumference; ASM, appendicular skeletal muscle mass; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-cholesterol, high-density lipoprotein cholesterol; FPG, fasting plasma glucose; HTN, 
hypertension; DM, diabetes mellitus; ns, not significant. The values are presented as means ± standard deviations for continuous variables and numbers (%) for categorical variables. † Categorical variables.
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DBP, TG, and HDL-C were higher in the HFo group than in the 
LMHF group. Participants in the LMo group had lower BMI, lower 
proportion of body fat mass, lower TG levels, and higher HDL-C 
levels compared to those in the LMHF group. The proportions of 
current alcohol drinkers and smokers were higher in the LMo and 
HFo groups than in the LMHF group. Moreover, a lower proportion 
of DM was observed in the LMo (7.0%) and HFo (11.8%) groups than 
in the LMHF group (14.8%). Additionally, the proportion of 
dyslipidemia was lower in the LMo group (7.6%) and higher in the 
HFo group (20.6%) compared to the LMHF group (16.2%).

3.2 Comparison of daily macronutrient 
intake and weekly food consumption 
frequency after propensity score matching 
analysis

In total, 803 pairs in the N vs. LMHF comparison, 3,119 pairs in 
the N vs. LMo comparison, and 2,352 pairs in the N vs. HFo 
comparison were matched in the PS matching analyses. Daily 
macronutrient intake values for the matched sets are shown in 
Figure 2A and Appendix Table A1. Daily Carbohydrate (CHO) intake 
(g) and the proportion of CHO intake (%) were significantly lower, 
whereas daily protein and fat intake and the proportion of protein and 
fat intake were higher in the LMHF group than in the N group. There 
was no significant difference in macronutrient intake between the N 
and LMo groups. Compared with the participants in the N group, 
those in the HFo group consumed fewer CHOs, more proteins, and 
more fats daily.

Weekly food consumption frequencies for the matched sets are 
shown in Figure 2B and Appendix Table A1. There were significant 
differences in the weekly consumption of food groups between the 
LMHF and N groups, including the consumption of ultra-
processed food, particularly hamburger, which was more frequent 
in the LMHF group than in the N group [mean (SE): 0.49 (0.03) vs. 
0.39 (0.03), p-value = 0.025]. Participants in the LMHF group 
consumed rice and vegetables less frequently than those in the N 
group. Moreover, individuals in the LMo [mean (SE): 0.69 (0.02) 
vs. 0.59 (0.02), p-value <0.001] and HFo groups [0.63 (0.02) vs. 
0.48 (0.02), p-value <0.001] showed significantly higher intake 
frequencies of ultra-processed foods, including hamburger, pizza, 
and fried foods, compared to the N group. Participants in the LMo 
group also showed higher frequencies of snack and beverage 
consumption, while consuming rice, mixed grain rice, vegetables, 
and coffee less frequently than participants in the N group. Weekly 
consumption frequencies for the HFo group revealed higher 
consumption of beverages and lower consumption of rice 
compared to the N group.

3.3 Subgroup analyses of young to 
middle-aged adults and older adults

In the subgroup analyses of young to middle-aged adults (aged 
<65 years), 984 pairs were matched in the N vs. LMHF comparison, 
4,666 pairs in the N vs. LMo comparison, and 3,454 pairs in the N vs. 
HFo comparison. In the subgroup analyses of older adults (aged 
>65 years), 610 pairs were matched in the N vs. LMHF comparison, 

1,356 pairs in the N vs. LMo comparison, and 1,250 pairs in the N vs. 
HFo comparison. Daily macronutrient intake values for the matched 
sets of young to middle-aged adults and older adults are shown in 
Figures 3A,B, respectively. Appendix Table A2 demonstrates the values 
of daily macronutrient intake in the matched sets of both subgroups. 
Among older adults, the LMHF group showed lower intake of CHOs 
[mean (SE): 290.9 (2.5) vs. 300.5 (2.5) g/day, p-value <0.05] and higher 
consumption of fats [23.6 (0.8) vs. 20.8 (0.8) g/day, p-value <0.05] 
compared to the N group.

Figures 3C,D, and Appendix Table A2 show the weekly consumption 
frequencies of food groups for the matched sets of young to middle-aged 
adults and older adults. After 1:1 PS matching of young to middle-aged 
adults, individuals in the LMHF, LMo, and HFo groups consumed ultra-
processed food more frequently compared to those in the N group. 
Similar to the findings from the PS matching analysis of the entire cohort 
(Figure 2B), participants in the young to middle-aged adult LMHF group 
showed significantly less weekly consumption of rice [mean (SE): 17.34 
(0.19) vs. 18.25 (0.19)] and vegetables [30.36 (0.63) vs. 32.82 (0.62)] than 
those in the young to middle-aged adult N group. Furthermore, the 
weekly consumption of vegetables in the LMo group of young to middle-
aged adults was significantly lower than that in the N group [mean (SE): 
30.88 (0.28) vs. 32.01 (0.28)]. In addition, participants in the young to 
middle-aged adult HFo group consumed rice less frequently and 
beverages and ultra-processed food more frequently than those in the 
young to middle-aged adult N group. Older adults in the HFo group 
consumed rice less frequently than those in the N group. No significant 
differences were observed in weekly food consumption frequencies 
among older adults when comparing the LMHF vs. N and LMo vs. 
N groups.

4 Discussion

In this study, we found that participants in the LMHF and HFo 
groups consumed less CHOs and higher proportions of proteins and 
fats compared to the N group. However, despite this higher protein 
intake, these groups still exhibited adverse body composition 
outcomes, contradicting the widely held assumption that protein 
intake protects against sarcopenic obesity. Notably, those in the LMHF 
and LMo groups reported less frequent consumption of rice and 
vegetables and more frequent intake of ultra-processed foods, a trend 
that aligns with the increasing prevalence of Westernized dietary 
patterns in the Republic of Korea. Additionally, participants in the 
LMo and HFo groups consumed beverages more frequently than 
those in the N group, further indicating an increased reliance on 
sugar-sweetened drinks and processed food sources. While 
carbohydrate restriction is often suggested to improve metabolic 
health, our findings suggest that imbalanced macronutrient intake, 
particularly in the form of ultra-processed foods and excessive dietary 
fats, may contribute to poor body composition outcomes despite 
higher protein intake.

The shift from a traditional Korean diet to a Westernized dietary 
pattern is reflected in the LMHF and HFo groups, which showed 
increased ultra-processed food and beverage consumption and 
reduced intake of traditional staples such as rice and vegetables. 
Traditionally, Korean-style balanced diets, which emphasize grains, 
vegetables, and fermented foods, have been associated with a lower 
risk of metabolic disorders (31, 32). However, recent trends indicate a 
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decline in rice and vegetable consumption and an increase in 
processed food intake, paralleling the increase in obesity and 
metabolic syndrome in the Republic of Korea (33, 34). Our findings 
align with this dietary transition, as participants in the LMHF and 
HFo groups consumed fewer carbohydrates, more proteins and fats, 
and a higher proportion of ultra-processed foods, especially 
hamburger, compared to the N group. Similarly, participants in the 
LMo group also exhibited significantly lower consumption of rice and 
vegetables while relying more on beverages and processed foods. 
These patterns suggest that dietary shifts toward a Westernized eating 
pattern may contribute to unhealthy body composition (32), 
particularly in groups with imbalanced macronutrient intake.

While previous research has emphasized the benefits of 
carbohydrate restriction and adequate protein intake in managing 
sarcopenic obesity (15, 35–37), these studies often overlooked the role 
of overall dietary quality. Our findings fill this gap by demonstrating 
that participants in the LMHF group—despite lower carbohydrate and 
higher protein consumption—still exhibited unfavorable body 
composition. This paradox suggests that nutrient composition alone 
is insufficient; instead, dietary quality and food source are crucial 
determinants. Increased intake of ultra-processed foods, rich in sugar, 
salt, and saturated fats, may undermine the benefits of higher protein 
consumption by promoting inflammation and impairing muscle 
protein synthesis (38). Furthermore, protein efficacy may vary 

FIGURE 2

Comparison of nutrient intake and dietary patterns after propensity score matching analysis between the two groups, adjusting for total calorie intake. 
(A) Comparison of daily intake of macronutrients (carbohydrate, protein, and fat). (B) Comparison of weekly consumption frequency (times per week) 
of various food groups, including traditional staples (e.g., rice, mixed grain rice, and vegetables) and items typically considered unhealthy (e.g., snacks, 
beverages, and ultra-processed foods). Higher consumption of ultra-processed foods and lower intake of rice and vegetables are dietary patterns 
often associated with poor diet quality. These observed trends provide visual support for the dietary imbalances discussed in the main text. N, neither 
low muscle mass nor high body fat; LMHF, low muscle mass with high body fat; LMo, low muscle mass only, but not high body fat; HFo, high body fat 
only, but not low muscle mass. *p-value of less than 0.05.
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depending on its source, with high-quality proteins such as whey or 
soy offering greater benefits than processed or animal-based 
alternatives (39). These insights underscore the importance of moving 
beyond macronutrient-focused approaches toward holistic dietary 
assessments when addressing sarcopenic obesity.

Our findings are consistent with global studies, such as a French 
cohort study (2009–2019) that reported a positive correlation between 
ultra-processed food consumption and obesity (40) and a UK Biobank 
study that demonstrated a link between ultra-processed food intake 
and increased body fat (41).

One possible explanation for this phenomenon lies in the source 
and quality of protein intake. Although previous studies supported 
protein’s role in preserving lean mass (42–44), emerging evidence 

suggests that plant-based or minimally processed proteins may have 
more favorable effects on metabolic health compared to animal-based 
or highly processed sources (45). A more detailed analysis 
distinguishing between protein sources or categorizing fats into 
saturated and unsaturated types could yield deeper insights. In 
addition, the role of specific food components in metabolic regulation 
warrants attention. A 3-week intervention study involving polyphenol-
rich pomegranate juice and fermented soy showed improvements in 
plasma antioxidant capacity and a reduction in lipid peroxidation, as 
evidenced by lower levels of thiobarbituric acid reactive substances 
(46). Beyond physiological biomarkers, a follow-up nutrigenomic 
analysis from the same study revealed subtle but meaningful changes 
in miRNA expression related to oxidative stress and immune 

FIGURE 3

Comparison of nutrient intake and dietary patterns between young to middle-aged adults and older adults. (A) Comparison of daily nutrient intake in 
young to middle-aged adults. (B) Comparison of daily nutrient intake in older adults. (C) Comparison of weekly consumption frequency (times per 
week) of various food groups in young to middle-aged adults. (D) Comparison of weekly food consumption frequency in older adults. N, neither low 
muscle mass nor high body fat; LMHF, low muscle mass with high body fat; LMo, low muscle mass only, but not high body fat; HFo, high body fat only, 
but not low muscle mass. *p-value of less than 0.05.
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modulation, as detectable through melt curve profiling (47). These 
findings underscore the importance of considering not only dietary 
content but also the molecular responses it elicits when evaluating 
dietary interventions aimed at improving body composition and 
metabolic health.

The lower carbohydrate intake observed in the LMHF and HFo 
groups may reflect a broader shift toward Westernized dietary 
patterns, which are typically high in ultra-processed foods and refined 
fats and low in dietary fiber. These patterns not only lower dietary 
quality but also impact gut microbial composition, a key mediator of 
metabolic health (32). Unlike traditional Korean diets rich in plant-
based foods and fermented products, Western-style diets have been 
associated with decreased microbial diversity and increased 
abundance of taxa such as Bacteroides, which are linked to proteolytic 
activity and reduced fermentation of complex carbohydrates. This 
microbial shift may lead to increased gut permeability and low-grade 
inflammation, contributing to unfavorable body composition, 
including visceral fat accumulation and muscle loss (32). Supporting 
this shift, De Filippo et al. demonstrated that children consuming 
Western diets showed greater proteolytic fermentation and reduced 
microbiota richness compared to those following traditional, fiber-
rich diets. These findings illustrate how habitual dietary intake 
influences gut ecology, which in turn may affect nutrient utilization 
and host metabolism (48). Taken together, this suggests that dietary 
patterns shape not only macronutrient balance but also microbiome-
mediated mechanisms that may influence the development of 
sarcopenic obesity.

Frequent beverage consumption, particularly sugary drinks, has 
also been linked to adverse body composition outcomes. A 6-month 
randomized intervention study in 2012 by Maria et al. reported that 
beverages, including soft drinks, sugar-sweetened tea, and coffee with 
cream and artificial sweeteners, are associated with ectopic fat 
accumulation and increased visceral fat (49). Other studies have found 
that fructose from sugar-sweetened beverages promotes de novo 
lipogenesis in the liver, leading to fat accumulation in both skeletal 
muscle and visceral adipose tissue (50–53). These mechanisms suggest 
that beverage consumption may contribute to the development of 
body composition imbalances, including low muscle mass and high 
body fat.

Our study had several limitations. First, as a cross-sectional study, 
it identifies associations between body composition and dietary 
patterns but cannot establish causality. A deeper exploration of how 
specific dietary components directly influence muscle mass and fat 
accumulation is needed. Second, although we applied propensity score 
matching (PSM) to reduce confounding, unmeasured variables such 
as meal timing, supplement use, or chronic inflammation status were 
not accounted for. These factors may influence both dietary behavior 
and body composition, leading to residual confounding. The PSM 
technique, while valuable for improving group comparability, may 
have excluded participants with atypical dietary patterns or rare 
phenotypes. This technique could reduce the diversity of the sample 
and potentially limit the external validity of our findings when 
generalizing to the broader population. Third, the nutritional data 
obtained from the 24-h recall method and FFQ may be subject to 
inaccuracies due to reliance on dietary recall rather than precise 
nutrient recording. Fourth, a sub-analysis distinguishing protein 
sources (animal vs. plant) and fat types (saturated vs. unsaturated) 
could have provided deeper insights into body composition 

imbalances; however, our dataset’s limitations precluded such analyses. 
Fifth, while our study utilized large-scale national data, the final 
sample size may have been insufficient to fully capture population-
level trends. Future research with larger cohorts and more detailed 
dietary assessments is needed to further elucidate these associations.

Despite these limitations, our investigation possesses several 
notable strengths. To our knowledge, this is the first nationwide study 
to compare dietary behaviors among individuals with LMo, HFo, and 
both conditions (LMHF) in a Korean adult population. Unlike 
previous studies focusing on single outcomes or limited age groups, 
our study uses a large, representative dataset (KNHANES) and robust 
PSM to provide an integrated analysis across distinct body 
composition phenotypes. Our findings also reflect Korea’s dietary 
transition—declining rice and vegetable intake and rising ultra-
processed food consumption, which may contribute to the increasing 
prevalence of sarcopenic obesity. By identifying phenotype-specific 
dietary patterns, this study offers direction for tailored 
nutritional interventions.

5 Conclusion

Taken together, our study provides compelling evidence that 
dietary quality—not just nutrient quantity—is a critical determinant 
of body composition. This study fills an important gap in the literature 
by highlighting how modern dietary transitions in the Republic of 
Korea, such as increased ultra-processed food consumption, may 
contribute to the dual burden of obesity and sarcopenia. These insights 
emphasize the need to move beyond nutrient-specific guidelines and 
develop comprehensive, personalized dietary strategies for clinical 
practice and public health policy. Given the increasing prevalence of 
obesity and sarcopenic obesity in the Republic of Korea, further 
research is warranted to elucidate the underlying mechanisms of these 
associations and to assess the long-term metabolic consequences of 
evolving dietary patterns.

Data availability statement

The original contributions presented in the study are included in 
the article and Supplementary material. Further inquiries can be 
directed to the corresponding authors.

Ethics statement

The studies involving humans were approved by Institutional 
Review Board of Yongin Severance Hospital. The studies were 
conducted in accordance with the local legislation and institutional 
requirements. The participants provided their written informed 
consent to participate in this study.

Author contributions

Y-CL: Conceptualization, Investigation, Methodology, Project 
administration, Resources, Software, Supervision, Validation, 
Visualization, Writing – original draft, Writing – review & editing. 

https://doi.org/10.3389/fnut.2025.1509620
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Lee et al. 10.3389/fnut.2025.1509620

Frontiers in Nutrition 10 frontiersin.org

H-MK: Project administration, Supervision, Writing  – review & 
editing. HL: Data curation, Formal analysis, Methodology, Writing – 
review & editing. SJ: Data curation, Formal analysis, Methodology, 
Writing – review & editing. Y-JK: Conceptualization, Investigation, 
Methodology, Project administration, Resources, Software, 
Supervision, Validation, Visualization, Writing  – original draft, 
Writing  – review & editing. J-WL: Conceptualization, Funding 
acquisition, Investigation, Methodology, Project administration, 
Resources, Software, Supervision, Validation, Visualization, Writing – 
original draft, Writing – review & editing.

Funding

The author(s) declare that financial support was received for 
the research and/or publication of this article. This study was 
supported by the Korea Institute of Planning and Evaluation for 
Technology in Food, Agriculture and Forestry (IPET) through the 
High Value-added Food Technology Development Program 
funded by the Ministry of Agriculture, Food and Rural Affairs 
(MAFRA) (321030051HD030) and was supported by the National 
Research Foundation of Korea (NRF) grant funded by the Ministry 
of Science and Information and Communication Technology 
(MSIT) (RS-2024-00354524).

Acknowledgments

We would like to thank the Biostatistics Collaboration Unit, 
Department of Research Affairs, Yonsei University College of 
Medicine. We would also like to thank both Editage (www.editage.

co.kr) and Research Affairs, Yonsei University College of Medicine, 
for the English language editing.

Conflict of interest

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

Generative AI statement

The authors declare that no Gen AI was used in the creation of 
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors and 
do not necessarily represent those of their affiliated organizations, or those 
of the publisher, the editors and the reviewers. Any product that may 
be evaluated in this article, or claim that may be made by its manufacturer, 
is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fnut.2025.1509620/
full#supplementary-material

References
 1. Fielding RA, Vellas B, Evans WJ, Bhasin S, Morley JE, Newman AB, et al. 

Sarcopenia: an undiagnosed condition in older adults. Current consensus definition: 
prevalence, etiology, and consequences. International working group on sarcopenia. J 
Am Med Dir Assoc. (2011) 12:249–56. doi: 10.1016/j.jamda.2011.01.003

 2. de Vegt F, Dekker JM, Jager A, Hienkens E, Kostense PJ, Stehouwer CD, et al. Relation 
of impaired fasting and postload glucose with incident type 2 diabetes in a Dutch population: 
the Hoorn study. JAMA. (2001) 285:2109–13. doi: 10.1001/jama.285.16.2109

 3. Snijder MB, Dekker JM, Visser M, Bouter LM, Stehouwer CD, Kostense PJ, et al. 
Associations of hip and thigh circumferences independent of waist circumference with 
the incidence of type 2 diabetes: the Hoorn study. Am J Clin Nutr. (2003) 77:1192–7. doi: 
10.1093/ajcn/77.5.1192

 4. Després JP, Moorjani S, Lupien PJ, Tremblay A, Nadeau A, Bouchard C. Regional 
distribution of body fat, plasma lipoproteins, and cardiovascular disease. Arterioscler. 
(1990) 10:497–511. doi: 10.1161/01.atv.10.4.497

 5. Song K, Yang J, Lee HS, Kim SJ, Lee M, Suh J, et al. Changes in the Prevalences of 
obesity, abdominal obesity, and non-alcoholic fatty liver disease among Korean children 
during the COVID-19 outbreak. Yonsei Med J. (2023) 64:269–77. doi: 
10.3349/ymj.2022.0540

 6. Son JW, Lee SS, Kim SR, Yoo SJ, Cha BY, Son HY, et al. Low muscle mass and risk 
of type 2 diabetes in middle-aged and older adults: findings from the KoGES. 
Diabetologia. (2017) 60:865–72. doi: 10.1007/s00125-016-4196-9

 7. Atkins JL, Whincup PH, Morris RW, Lennon LT, Papacosta O, Wannamethee SG. 
Sarcopenic obesity and risk of cardiovascular disease and mortality: a population-based 
cohort study of older men. J Am Geriatr Soc. (2014) 62:253–60. doi: 10.1111/jgs.12652

 8. Han SS, Kim KW, Kim KI, Na KY, Chae DW, Kim S, et al. Lean mass index: a better 
predictor of mortality than body mass index in elderly Asians. J Am Geriatr Soc. (2010) 
58:312–7. doi: 10.1111/j.1532-5415.2009.02672.x

 9. Landi F, Russo A, Liperoti R, Pahor M, Tosato M, Capoluongo E, et al. Midarm 
muscle circumference, physical performance and mortality: results from the aging and 
longevity study in the Sirente geographic area (ilSIRENTE study). Clin Nutr. (2010) 
29:441–7. doi: 10.1016/j.clnu.2009.12.006

 10. Arango-Lopera VE, Arroyo P, Gutiérrez-Robledo LM, Pérez-Zepeda MU, Cesari 
M. Mortality as an adverse outcome of sarcopenia. J Nutr Health Aging. (2013) 
17:259–62. doi: 10.1007/s12603-012-0434-0

 11. Baumgartner RN. Body composition in healthy aging. Ann N Y Acad Sci. (2000) 
904:437–48. doi: 10.1111/j.1749-6632.2000.tb06498.x

 12. Choi KM. Sarcopenia and sarcopenic obesity. Korean J Intern Med. (2016) 
31:1054–60. doi: 10.3904/kjim.2016.193

 13. Lim S, Kim JH, Yoon JW, Kang SM, Choi SH, Park YJ, et al. Sarcopenic obesity: 
prevalence and association with metabolic syndrome in the Korean longitudinal study 
on health and aging (KLoSHA). Diabetes Care. (2010) 33:1652–4. doi: 10.2337/dc10-0107

 14. Stephen WC, Janssen I. Sarcopenic-obesity and cardiovascular disease risk in the 
elderly. J Nutr Health Aging. (2009) 13:460–6. doi: 10.1007/s12603-009-0084-z

 15. Trouwborst I, Verreijen A, Memelink R, Massanet P, Boirie Y, Weijs P, et al. 
Exercise and nutrition strategies to counteract Sarcopenic obesity. Nutrients. (2018) 
10:10. doi: 10.3390/nu10050605

 16. Beaudart C, Locquet M, Touvier M, Reginster JY, Bruyère O. Association between 
dietary nutrient intake and sarcopenia in the SarcoPhAge study. Aging Clin Exp Res. 
(2019) 31:815–24. doi: 10.1007/s40520-019-01186-7

 17. Oliveros E, Somers VK, Sochor O, Goel K, Lopez-Jimenez F. The concept of 
normal weight obesity. Prog Cardiovasc Dis. (2014) 56:426–33. doi: 
10.1016/j.pcad.2013.10.003

 18. Kim HK, Suzuki T, Saito K, Yoshida H, Kobayashi H, Kato H, et al. Effects of 
exercise and amino acid supplementation on body composition and physical function 
in community-dwelling elderly Japanese sarcopenic women: a randomized controlled 
trial. J Am Geriatr Soc. (2012) 60:16–23. doi: 10.1111/j.1532-5415.2011.03776.x

 19. Verreijen AM, Verlaan S, Engberink MF, Swinkels S, van den Bosch JV, Weijs 
PJ. A high whey protein-, leucine-, and vitamin D-enriched supplement preserves 
muscle mass during intentional weight loss in obese older adults: a double-blind 
randomized controlled trial. Am J Clin Nutr. (2015) 101:279–86. doi: 
10.3945/ajcn.114.090290

https://doi.org/10.3389/fnut.2025.1509620
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
http://www.editage.co.kr
http://www.editage.co.kr
https://www.frontiersin.org/articles/10.3389/fnut.2025.1509620/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2025.1509620/full#supplementary-material
https://doi.org/10.1016/j.jamda.2011.01.003
https://doi.org/10.1001/jama.285.16.2109
https://doi.org/10.1093/ajcn/77.5.1192
https://doi.org/10.1161/01.atv.10.4.497
https://doi.org/10.3349/ymj.2022.0540
https://doi.org/10.1007/s00125-016-4196-9
https://doi.org/10.1111/jgs.12652
https://doi.org/10.1111/j.1532-5415.2009.02672.x
https://doi.org/10.1016/j.clnu.2009.12.006
https://doi.org/10.1007/s12603-012-0434-0
https://doi.org/10.1111/j.1749-6632.2000.tb06498.x
https://doi.org/10.3904/kjim.2016.193
https://doi.org/10.2337/dc10-0107
https://doi.org/10.1007/s12603-009-0084-z
https://doi.org/10.3390/nu10050605
https://doi.org/10.1007/s40520-019-01186-7
https://doi.org/10.1016/j.pcad.2013.10.003
https://doi.org/10.1111/j.1532-5415.2011.03776.x
https://doi.org/10.3945/ajcn.114.090290


Lee et al. 10.3389/fnut.2025.1509620

Frontiers in Nutrition 11 frontiersin.org

 20. Dalgaard LB, Thams L, Skovgaard Jensen J, Jørgensen AA, Breenfeldt Andersen A, 
Gejl KD, et al. No effects of high- v. low-protein breakfast on body composition and 
cardiometabolic health in young women with overweight: the NewStart randomised 
trial. Br J Nutr. (2025) 133:126–35. doi: 10.1017/s0007114524003015

 21. Parvaresh Rizi E, Baig S, Shabeer M, Teo Y, Mok SF, Loh TP, et al. Meal rich in 
carbohydrate, but not protein or fat, reveals adverse immunometabolic responses 
associated with obesity. Nutr J. (2016) 15:100. doi: 10.1186/s12937-016-0219-0

 22. Wang S, Zhang Y, Zhang D, Wang F, Wei W, Wang Q, et al. Association of dietary 
fat intake with skeletal muscle mass and muscle strength in adults aged 20-59: NHANES 
2011-2014. Front Nutr. (2023) 10:1325821. doi: 10.3389/fnut.2023.1325821

 23. Redzic M, Mitchell LV, Thomas DT. The relationship between fat intake, physical 
activity, and muscle lipid in aged individuals: 3180 board# 245 june 3, 3: 30 pm-5: 00 
pm. Med Sci Sports Exerc. (2016) 48:906. doi: 10.1249/01.mss.0000487715.15109.8a

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

 25. Website Centers for Disease Control and Prevention. Tobacco Glossary. (2023). 
Available online at: https://www.cdc.gov/nchs/nhis/tobacco/tobacco_glossary.htm 
(Accessed September 28, 2023).

 26. Chang Y, Park KY, Hwang HS, Park HK. Association between type and intensity 
of physical activity and depression. Korean J Fam Med. (2022) 43:254–60. doi: 
10.4082/kjfm.21.0146

 27. Bull FC, Maslin TS, Armstrong T. Global physical activity questionnaire (GPAQ): 
nine country reliability and validity study. J Phys Act Health. (2009) 6:790–804. doi: 
10.1123/jpah.6.6.790

 28. Chen LK, Woo J, Assantachai P, Auyeung TW, Chou MY, Iijima K, et al. Asian 
working Group for Sarcopenia: 2019 consensus update on sarcopenia diagnosis and 
treatment. J Am Med Dir Assoc. (2020) 21:300–7.e2. doi: 10.1016/j.jamda.2019.12.012

 29. Yun SH, Shim J-S, Kweon S, Oh K. Development of a food frequency questionnaire 
for the Korea National Health and nutrition examination survey: data from the fourth 
Korea National Health and nutrition examination survey (KNHANES IV). Korean J 
Nutr. (2013) 46:186–96. doi: 10.4163/kjn.2013.46.2.186

 30. Kweon S, Kim Y, Jang MJ, Kim Y, Kim K, Choi S, et al. Data resource profile: the 
Korea National Health and nutrition examination survey (KNHANES). Int J Epidemiol. 
(2014) 43:69–77. doi: 10.1093/ije/dyt228

 31. Shin JH, Jung S, Kim SA, Kang MS, Kim MS, Joung H, et al. Differential effects of 
typical Korean versus American-style diets on gut microbial composition and metabolic 
profile in healthy overweight Koreans: a randomized crossover trial. Nutrients. (2019) 
11:11. doi: 10.3390/nu11102450

 32. Wu X, Unno T, Kang S, Park S. A Korean-style balanced diet has a potential 
connection with Ruminococcaceae Enterotype and reduction of metabolic syndrome 
incidence in Korean adults. Nutrients. (2021) 13:13. doi: 10.3390/nu13020495

 33. Jung S, Kim JY, Park S. Eating patterns in Korean adults, 1998-2018: increased 
energy contribution of ultra-processed foods in main meals and snacks. Eur J Nutr. 
(2024) 63:279–89. doi: 10.1007/s00394-023-03258-x

 34. Yang YS, Han BD, Han K, Jung JH, Son JW. 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) 31:169–77. doi: 10.7570/jomes22024

 35. Paddon-Jones D, Sheffield-Moore M, Zhang XJ, Volpi E, Wolf SE, Aarsland A, et al. 
Amino acid ingestion improves muscle protein synthesis in the young and elderly. Am 
J Physiol Endocrinol Metab. (2004) 286:E321–8. doi: 10.1152/ajpendo.00368.2003

 36. Malafarina V, Uriz-Otano F, Iniesta R, Gil-Guerrero L. Effectiveness of nutritional 
supplementation on muscle mass in treatment of sarcopenia in old age: a systematic 
review. J Am Med Dir Assoc. (2013) 14:10–7. doi: 10.1016/j.jamda.2012.08.001

 37. Breen L, Phillips SM. Skeletal muscle protein metabolism in the elderly: 
interventions to counteract the 'anabolic resistance' of ageing. Nutr Metab (Lond). (2011) 
8:68. doi: 10.1186/1743-7075-8-68

 38. Monteiro CA, Moubarac JC, Cannon G, Ng SW, Popkin B. Ultra-processed 
products are becoming dominant in the global food system. Obes Rev. (2013) 14 Suppl 
2:21–8. doi: 10.1111/obr.12107

 39. Putra C, Konow N, Gage M, York CG, Mangano KM. Protein source and muscle 
health in older adults: a literature review. Nutrients. (2021) 13:13. doi: 
10.3390/nu13030743

 40. Beslay M, Srour B, Méjean C, Allès B, Fiolet T, Debras C, et al. Ultra-processed 
food intake in association with BMI change and risk of overweight and obesity: a 
prospective analysis of the French NutriNet-santé cohort. PLoS Med. (2020) 
17:e1003256. doi: 10.1371/journal.pmed.1003256

 41. Rauber F, Chang K, Vamos EP, da Costa Louzada ML, Monteiro CA, Millett C, 
et al. Ultra-processed food consumption and risk of obesity: a prospective cohort 
study of UK biobank. Eur J Nutr. (2021) 60:2169–80. doi: 
10.1007/s00394-020-02367-1

 42. Martone AM, Marzetti E, Calvani R, Picca A, Tosato M, Santoro L, et al. Exercise 
and protein intake: a synergistic approach against sarcopenia. Biomed Res Int. (2017) 
2017:2672435. doi: 10.1155/2017/2672435

 43. Sahni S, Mangano KM, Hannan MT, Kiel DP, McLean RR. Higher protein intake 
is associated with higher lean mass and quadriceps muscle strength in adult men and 
women. J Nutr. (2015) 145:1569–75. doi: 10.3945/jn.114.204925

 44. Bhasin S, Apovian CM, Travison TG, Pencina K, Moore LL, Huang G, et al. 
Effect of protein intake on lean body mass in functionally limited older men: a 
randomized clinical trial. JAMA Intern Med. (2018) 178:530–41. doi: 
10.1001/jamainternmed.2018.0008

 45. Lim MT, Pan BJ, Toh DWK, Sutanto CN, Kim JE. Animal protein versus plant 
protein in supporting lean mass and muscle strength: a systematic review and Meta-
analysis of randomized controlled trials. Nutrients. (2021) 13:13. doi: 
10.3390/nu13020661

 46. Gouda M, Moustafa A, Hussein L, Hamza M. Three week dietary intervention using 
apricots, pomegranate juice or/and fermented sour sobya and impact on biomarkers of 
antioxidative activity, oxidative stress and erythrocytic glutathione transferase activity 
among adults. Nutr J. (2016) 15:52. doi: 10.1186/s12937-016-0173-x

 47. Ahmed FE, Gouda MM, Hussein LA, Ahmed NC, Vos PW, Mohammad MA. Role 
of melt curve analysis in interpretation of nutrigenomics' MicroRNA expression data. 
Cancer Genomics Proteomics. (2017) 14:469–81. doi: 10.21873/cgp.20057

 48. Shankar V, Gouda M, Moncivaiz J, Gordon A, Reo NV, Hussein L, et al. Differences in 
gut metabolites and microbial composition and functions between Egyptian and U.S. children 
are consistent with their diets. mSystems. (2017) 2:e00169. doi: 10.1128/mSystems.00169-16

 49. Maersk M, Belza A, Stødkilde-Jørgensen H, Ringgaard S, Chabanova E, Thomsen 
H, et al. Sucrose-sweetened beverages increase fat storage in the liver, muscle, and 
visceral fat depot: a 6-mo randomized intervention study. Am J Clin Nutr. (2012) 
95:283–9. doi: 10.3945/ajcn.111.022533

 50. Ferder L, Ferder MD, Inserra F. The role of high-fructose corn syrup in metabolic 
syndrome and hypertension. Curr Hypertens Rep. (2010) 12:105–12. doi: 
10.1007/s11906-010-0097-3

 51. Teff KL, Grudziak J, Townsend RR, Dunn TN, Grant RW, Adams SH, et al. 
Endocrine and metabolic effects of consuming fructose- and glucose-sweetened 
beverages with meals in obese men and women: influence of insulin resistance on 
plasma triglyceride responses. J Clin Endocrinol Metab. (2009) 94:1562–9. doi: 
10.1210/jc.2008-2192

 52. Lê KA, Ith M, Kreis R, Faeh D, Bortolotti M, Tran C, et al. Fructose 
overconsumption causes dyslipidemia and ectopic lipid deposition in healthy subjects 
with and without a family history of type 2 diabetes. Am J Clin Nutr. (2009) 89:1760–5. 
doi: 10.3945/ajcn.2008.27336

 53. Havel PJ. Dietary fructose: implications for dysregulation of energy homeostasis 
and lipid/carbohydrate metabolism. Nutr Rev. (2005) 63:133–57. doi: 
10.1301/nr.2005.may.133-157

https://doi.org/10.3389/fnut.2025.1509620
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1017/s0007114524003015
https://doi.org/10.1186/s12937-016-0219-0
https://doi.org/10.3389/fnut.2023.1325821
https://doi.org/10.1249/01.mss.0000487715.15109.8a
https://doi.org/10.1159/000490361
https://www.cdc.gov/nchs/nhis/tobacco/tobacco_glossary.htm
https://doi.org/10.4082/kjfm.21.0146
https://doi.org/10.1123/jpah.6.6.790
https://doi.org/10.1016/j.jamda.2019.12.012
https://doi.org/10.4163/kjn.2013.46.2.186
https://doi.org/10.1093/ije/dyt228
https://doi.org/10.3390/nu11102450
https://doi.org/10.3390/nu13020495
https://doi.org/10.1007/s00394-023-03258-x
https://doi.org/10.7570/jomes22024
https://doi.org/10.1152/ajpendo.00368.2003
https://doi.org/10.1016/j.jamda.2012.08.001
https://doi.org/10.1186/1743-7075-8-68
https://doi.org/10.1111/obr.12107
https://doi.org/10.3390/nu13030743
https://doi.org/10.1371/journal.pmed.1003256
https://doi.org/10.1007/s00394-020-02367-1
https://doi.org/10.1155/2017/2672435
https://doi.org/10.3945/jn.114.204925
https://doi.org/10.1001/jamainternmed.2018.0008
https://doi.org/10.3390/nu13020661
https://doi.org/10.1186/s12937-016-0173-x
https://doi.org/10.21873/cgp.20057
https://doi.org/10.1128/mSystems.00169-16
https://doi.org/10.3945/ajcn.111.022533
https://doi.org/10.1007/s11906-010-0097-3
https://doi.org/10.1210/jc.2008-2192
https://doi.org/10.3945/ajcn.2008.27336
https://doi.org/10.1301/nr.2005.may.133-157

	Differing dietary patterns according to body composition
	1 Introduction
	2 Materials and methods
	2.1 Study population
	2.2 Anthropometrics and biochemical variables
	2.3 Assessment of body composition
	2.4 Assessment of nutrition intake and dietary patterns
	2.5 Statistical analysis

	3 Results
	3.1 General and clinical characteristics of the study population
	3.2 Comparison of daily macronutrient intake and weekly food consumption frequency after propensity score matching analysis
	3.3 Subgroup analyses of young to middle-aged adults and older adults

	4 Discussion
	5 Conclusion

	References

