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Abstract
Objective

This study sought to examine the association between dietary patterns and sarcopenia in older adults aged 60 years and above in Haikou, China,
utilizing a cross-sectional design.

Methods

A sample of 786 participants completed an online dietary questionnaire and underwent muscle mass assessments. Exploratory factor analysis was
employed to identify distinct dietary patterns, while logistic regression analysis was conducted to evaluate the relationship between these dietary
patterns and the risk of sarcopenia. Additionally, stratified analysis was performed to investigate potential variations in this association across
different genders, age groups, and residential environments.

Results

The analysis identified four dietary patterns: the cereals, tubers, soya, and whole grains pattern; the high-sugar, fruit, and offal pattern; the poultry, eggs,
and seafood pattern; and the high-vegetable pattern. Adherence to the ‘grains, tubers, soya, and coarse grains' dietary pattern was found to be
significantly inversely associated with the risk of sarcopenia (OR = 0.57, 95% Cl: 0.38-0.86). In contrast, no significant association was observed
between the other three dietary patterns and the risk of sarcopenia. In the stratified analysis indicating that women adhering to a dietary pattern
characterized by grains, tubers, soya, and coarse grains (OR = 0.50; 95% Cl: 0.29-0.87), individuals aged 70-79 years (OR = 0.43; 95% CI: 0.24-0.79),
and non-hospitalized residents of towns and villages (OR = 0.49; 95% CI: 0.28-0.86) demonstrate a reduced risk of sarcopenia.

Conclusion

The findings suggest that the 'grains, tubers, soya, and coarse grains' dietary pattern is significantly inversely associated with sarcopenia risk, with this
association being particularly notable among women, older adults aged 70-79, and rural township residents. Nonetheless, further validation through
larger-scale, population-based studies is necessary to substantiate these conclusions.

1 Introduction

With the rapid advancement of economic development, the global aging of the population is accelerating at an unprecedented rate. According to data
from the World Health Organization, the number of individuals aged 60 and over is projected to increase from 1.1 billion in 2023 to 2.1 billion by 2050

[ 1n China, the proportion of the population within this age group is anticipated to reach 23% by the end of 2025 (2] According to United Nations
criteria, China has already transitioned into a moderately aged society Bl In Haikou, the percentage of individuals aged 60 and over has surpassed 18%
and continues to rise [, with health-related issues among the elderly becoming increasingly prominent.

Sarcopenia, a syndrome characterized by an age-related, progressive decline in muscle mass, strength, and function 5] exhibits a global prevalence
ranging from 10% to 27%. In Asia, its prevalence varies between 7% and 35%. In China, the prevalence among community-dwelling older adults is
approximately 15%, escalating to as high as 30% among hospitalized patients, and reaching 67% in individuals aged 80 and over 6-8] Sarcopenia not
only heightens the risk of falls and fractures but is also linked to an increased likelihood of cardiovascular and cerebrovascular diseases . If not
addressed, sarcopenia can elevate the risk of all-cause mortality by 1.38 to 1.71 times fol,

Nutritional factors are pivotal in the prevention and management of sarcopenia. Insufficient protein intake exacerbates muscle loss, whereas
supplementation with whey protein or leucine has been shown to enhance lean body mass and physical function [''~13]. Additionally, the quality of
carbohydrates may affect the risk of developing sarcopenia (14,18, Compared to individual nutrients, dietary patterns offer a more comprehensive
understanding of the synergistic interactions among food components [6] The Mediterranean dietary pattern is positively associated with greater
muscle mass and improved physical function ['7- 18} whereas the Western dietary pattern is linked to an increased risk of sarcopenia ['7).

Nonetheless, a substantial portion of the current evidence is derived from Western populations and cannot be directly applied to older adults in China,
who possess significantly different dietary and genetic backgrounds. There exist notable variations in dietary patterns among older adults across
various regions of China 119,201 with distinctive regional diets characterized by high salt intake, excessive meat consumption, and a predominance of
refined grains 21,221 Hainan Province, as China's sole tropical island province, has reached a stage of moderate population aging and is celebrated as
the 'Home of Longevity. Its unique climate offers exceptional conditions for research into healthy aging. In Haikou, the provincial capital, the dietary
patterns of older adults are both representative and culturally distinctive 4.
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To date, research on sarcopenia in the Hainan region has been limited, primarily focusing on biochemical indicators or body composition analyses in
hospitalized patients 23,24] The relationship between dietary patterns and indicators of sarcopenia and muscle function among older adults residing
in communities and townships remains unexplored.

2 Materials and Methods
2.1 Questionnaire design

To accurately evaluate the dietary habits of study participants over the preceding three months, this study developed an online dietary questionnaire
(accessible at http://www.yyjy365.org/ediet_hainan/public) tailored to the local specialty foods of Hainan. The questionnaire encompassed 76 food
subcategories distributed across 10 principal categories: cereals and cereal products; tubers and tuber products; nuts; pulses and pulse products;
vegetables; fruits; meat and meat products; dairy and egg products; seafood and aquatic products; and beverages. To facilitate precise dietary intake
assessment, the study employed food images annotated with standard weights or volumes as references, requiring participants to individually report
the frequency and portion sizes of each subcategory within all food categories. The reliability and validity of this questionnaire have been
substantiated by prior research [25-27] The survey data demonstrated a high level of concordance with the results from three-day dietary records,
suggesting that the questionnaire is appropriate for large-scale population surveys.

2.2 Selection and exclusion criteria for study participants

This study was conducted from June 2024 to December 2025, involving the random selection of one community health service center from each of
the four administrative districts of Haikou City, out of a total of four centers. Concurrently, hospitals within the jurisdiction were stratified based on
their classification into Grade Ill Class A, Grade lll, or Grade Il, with one representative hospital randomly chosen from each stratum, resulting in a total
of three hospitals. The towns and townships under their jurisdiction were stratified by geographical location, and one to two target towns or townships
were randomly selected from each stratum. Subsequently, excluding the central village within each selected town or township, two to three
administrative villages were randomly chosen from each. From these designated survey sites, participants aged 60 years or older, who had resided in
Haikou City for more than one continuous year, were randomly selected. A total of 1,300 participants were recruited, among whom 843 completed the
dietary questionnaire and various measurements. All participants provided written informed consent, and the study received approval from the Ethics
Committee of Hainan Medical University. The survey procedures adhered to all pertinent guidelines and regulations.

The exclusion criteria for the study were as follows: (1) individuals classified as 'migratory, who leave the island between March and October annually;
(2) individuals diagnosed with severe mental disorders, including schizophrenia or depression; (3) individuals with Alzheimer's disease, significant
memory impairment, or difficulties in recalling dietary history; (4) individuals unwilling to complete the questionnaire, provide a blood sample, or
undergo body composition analysis; (5) individuals with communication difficulties; (6) individuals with limb deformities, restricted limb mobility, or
loss of basic functional abilities; (7) individuals with metal implants or cardiac pacemakers; (8) individuals on long-term medication that affects
muscle mass or body composition; (9) individuals who had undergone major surgery or experienced an infection within the preceding three months;
(10) individuals with atypical energy intake levels, defined as males consuming more than 5,000 kcal (20,934 kJ) or less than 800 kcal (3,349 kJ), and
females consuming more than 4,000 kcal (16,747 kJ) or less than 600 kcal (2,512 kJ)!28l,

In accordance with the specified criteria, a total of 57 participants were excluded from the study, resulting in the inclusion of 786 participants for
subsequent analysis (Fig. 1).

2.3 Dietary pattern assessment

Utilizing data from 21 food groups collected via a dietary questionnaire, we conducted a principal component analysis as a form of exploratory factor
analysis. Factors with eigenvalues greater than 1 were extracted in line with the Kaiser criterion, and a varimax rotation was applied to simplify the
factor structure and enhance interpretability. Dietary patterns were named based on the nutritional characteristics of the food groups within each
factor.

2.4 Anthropometric measurements

Body composition data, including body mass index (BMI), macronutrient composition, appendicular skeletal muscle mass index (ASMI), body fat
percentage, skeletal muscle mass, visceral fat area, and basal metabolic rate, were measured using a body composition analyzer (InBody S10).
Participants were required to fast, remove outer clothing, metal jewelry, and electronic devices, and stand with their arms naturally hanging at an angle
of approximately 15° from the torso, with legs apart.

Uniformly trained investigators assessed muscle-related indicators, including grip strength, calf circumference, 6-meter walking speed, and the time
required to complete five sit-to-stand repetitions, following standardized procedures. Participants either stood naturally or sat with their upper bodies
upright and arms hanging naturally at their sides. Grip strength was measured using a dynamometer, with participants holding the device in one hand;
the grip strength of the dominant hand was recorded. Participants were instructed to exert maximum force on the dynamometer, with two
measurements taken, and the higher value recorded to two decimal places. For calf circumference, participants stood with feet shoulder-width apart,
and the circumference was measured at the thickest point using a soft tape measure, with results recorded to one decimal place. A 6-meter straight
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line was marked on level ground, with start and finish points delineated perpendicularly. Participants were required to practice beforehand to
familiarize themselves with the venue and procedure. During the test, participants walked from the starting point along the straight line at their normal
walking speed, with the test concluding upon reaching the finish point. The results are recorded to two decimal places, and the walking speed over a
distance of six meters is calculated. The participant is seated on a chair without armrests, approximately 46 centimeters above the floor, with the back
of the chair positioned against the wall. The participant is instructed to cross their arms over their chest and perform the action of standing up and
sitting down five times as quickly as possible. The time taken for this task is recorded, with the result rounded to two decimal places.

2.5 Sarcopenia assessment and diagnosis

Appendicular skeletal muscle mass

ASMT® =
Hight(m)*

1
ASMI (kg/m2): men aged 50-64<7.6, women<5.7;men aged 65 and over<7.0, women<5.7i

Grip strength (kg): men aged 50-64<34.0, women<20.0;men aged 65 and over<28.0, women<18.00
5-repetition sit-to-stand test (s)laged 50—64>10.00aged 65 and over=12.01

6-meter walking speed (m/s)Naged 50-6411.2laged 65 and overi1.0[

The diagnostic criteria employed in this study were derived from the 2025 Diagnostic Consensus of the Asian Sarcopenia Working Group. According to
these criteria, sarcopenia is characterized by both ASMI and muscle strength, as measured by grip strength, falling below established thresholds.
Possible sarcopenia is identified when either muscle mass or muscle strength is below the threshold. Individuals with normal muscle mass and
strength, yet exhibiting risk factors such as being over 65 years of age (or aged 50-64 years with concerns regarding muscle health), limited mobility
or functional decline, dysphagia or swallowing dysfunction, underweight status (BMI < 20 kg/m?) or recent weight loss (exceeding 2 kg within 6
months), acute or chronic wasting diseases, self-reported or clinically observed fatigue, or poor physical performance, are classified as being at high
risk for sarcopenia. Conversely, individuals with normal muscle mass and strength and an absence of the aforementioned risk factors are considered
to have good muscle health 9],

2.6 Statistical analysis

Statistical analyses were conducted utilizing R 4.5.1. Exploratory factor analysis was employed to identify four distinct dietary patterns, which were
subsequently categorized into quartiles (Q1-Q4) based on factor scores, with the Q4 group representing individuals most characteristic of a given
dietary pattern. Within each dietary pattern, a higher factor score indicated a stronger inclination towards that pattern.

Variables exhibiting a normal distribution were statistically described as mean + standard deviation, whereas variables with a skewed distribution were
expressed as median (P,s, P;5). Participants were stratified according to dietary patterns, and depending on the variable type, one-way analysis of
variance, chi-squared tests, or Kruskal-Wallis tests were utilized to examine differences in demographic characteristics (such as age, sex, educational
attainment, and living environment), nutrient intake, and muscle-related indicators across groups.

Finally, bivariate correlation analysis was conducted to evaluate the association between dietary patterns and muscle function. Building upon existing
literature and the findings from univariate analyses, we developed ordered logistic regression and linear regression models to perform association
analyses. The baseline model was unadjusted, while Model 1 was adjusted for age, sex, educational attainment, and living environment. Model 2
expanded upon Model 1 by incorporating adjustments for BMI, smoking status, alcohol consumption, and energy intake. Model 3 further extended
Model 2 by including adjustments for hypertension, hyperlipidemia, diabetes, coronary heart disease, and cerebrovascular disease. The significance
threshold was established at a = 0.05, with P-values less than 0.05 indicating statistical significance.

3 Results

The 175 food items included in the dietary questionnaire were categorized into 21 distinct food groups based on their nutritional characteristics. A
factor analysis was conducted on the consumption data of these food groups, resulting in a Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy
of 0.68 and a P-value of < 0.001 for Bartlett’s test of sphericity, indicating the suitability of the data for factor analysis. Based on the eigenvalues and
the scree plot, four principal dietary factors were extracted. After applying a variance-maximizing rotation, the variance explained by these four factors
was 16.73%, 7.72%, 6.82%, and 6.25%, respectively, with a cumulative variance explanation of 37.52%. The corresponding eigenvalues were 3.51, 1.62,
1.43,and 1.31.

Utilizing an absolute factor loading threshold of = 0.40 for the inclusion of food items, and considering the primary food compositions of each factor,
four dietary patterns were identified: the cereals-tubers-soya-whole grains pattern (comprising whole grains, pulses, tubers, and soya products); the
high sugar-fruit-offal pattern (including tropical high-sugar fruits, melons and gourds, and animal offal and blood products); the poultry-eggs-seafood
pattern (encompassing poultry, eggs, and seafood); and the high-vegetable pattern (consisting primarily of vegetables).(Fig. 2a-2d)
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In a cohort of 786 study participants, with an average age of 72.66 + 7.30 years, the prevalence of sarcopenia was determined to be 30.66%.
Participants were stratified into distinct dietary patterns according to their highest dietary pattern factor scores. Comparative analyses among the four
dietary groups revealed statistically significant differences in variables such as age, BM|, living environment, total fat intake, dietary fiber intake,
vitamin C intake, vitamin E intake, and polyunsaturated fatty acid intake (all P < 0.05) (Table 1).
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Table 1

Basic characteristics of study participants across the four dietary patterns

Age, year

60-69, n(%)
70-79, n(%)
>80, n(%)
Gender
Female, n(%)
Male, n(%)
Education
<Primary school
Junior
secondary
school
Senior
secondary

school

>Bachelor's
degree

BMI, kg/m?

Living
environment

Township

Community-
dwelling

Hospitalised
Smoking

Yes, n(%)

No, n(%)
Drinking

Yes, n(%)

No, n(%)

Energy, kcal/day

Total protein,
g/day

Total fat, g/day
Total
carbohydrate,
g/day

Fiber, g/day

Cholesterol,
mg/day

Vitamin C,
mg/day

Vitamin E,
mg/day

The cereals, tubers, soya,
and whole grains
pattern(n =179)

70.00(67.00,76.00)
80(44.69%)
67(37.43%)
32(17.88%)

99(55.31%)
80(44.69%)

106(59.22%)
35(19.55%)

31(17.32%)

7(3.91%)

23.16+3.53

107(59.78%)
25(13.97%)

47(26.26%)

24(13.41%)
155(86.59%)

16(8.94%)

163(91.06%)
1786.37(1447.78,2119.20)
85.67(75.92,95.84)

56.36(47.54,63.30)
279.9(251.47,304.37)
10.47(8.27,13.76)
167.58(137.15,210.38)

102.56(75.54,150.76)

42.80(34.68,49.88)

The high-sugar, fruit, and
offal pattern(n=161)

71.00(67.00,77.00)
63(39.13%)
69(42.86%)
29 (18.01%)

92(57.14%)
69(42.86%)

86(53.42%)
30(18.63%)

31(19.25%)

14(8.70%)

23.38+3.42

81(50.31%)
36(22.36%)

44(27.33%)

25(15.53%)
136(84.47%)

23(14.29%)

138(85.71%)
1743.63(1479.93,2100.77)
87.54(78.21,99.82)

56.18(47.23,61.65)
280.31(256.16,303.57)
11.11(9.06,13.40)
180.36(142.61,224.64)

107.6(78.97,134.72)

41.82(35.72,50.55)

The poultry, eggs, and
seafood pattern(n = 199)

71.00(68.00,78.00)
82(41.21%)
84(42.21%)
33(16.58%)

111(55.78%)
88(44.22%)

126(63.32%)
34(17.09%)

35(17.59%)

4(2.01%)

23.24+3.60

89(44.72%)
32(16.08%)

78(39.20%)

43(21.61%)
156(78.39%)

22(11.06%)

177(88.94%)
1686.18(1454.42,2004.49)
84.6(75.83,94.44)

59.11(50.58,69.76)
274.33(244.28,295.48)
10.10(7.86,12.73)
183.63(148.83,224.42)

91.73(69.03,127.21)

44.80(38.50,54.51)

PFA: Polyunsaturated Fatty Acids; ASMI: Appendicular Skeletal Muscle Mass Index.

The high-vegetable
pattern(n = 247)

73.00(68.00,78.00)
70(28.34%)
127(51.42%)
50(20.24%)

143(57.89%)
104(42.11%)

144 (58.30%)
40(16.19%)

46 (18.62%)

17(6.88%)

22.73+3.21

155(62.75%)
69(27.94%)

23(9.31%)

42(17.00%)
205(83.00%)

29(11.74%)

218(88.26%)
1711.13(1457.77,2034.0)
86.99(77.41,96.15)

55.07(48.84,64.04)
282.4(253.37,301.93)
11.20(9.05,13.64)
173.67(133.94,219.46)

103.17(87.55,139.31)

42.57(36.49,49.29)

0.014

0.948

0.255

0.028

<0.001

0.182

0.486

0.395
0.126

0.015

0.212

0.002

0.150

0.001

0.026
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Age, year

Lsoleucine
Leucine
Valine
PFA, g/day

6-meter walking
speed, m/s

5-repetition sit-
to-stand test, s

Grip strength,
kg
Left calf

circumference,
cm

Right calf

circumference,
cm

ASMI, kg/m?

Sarcopenia,
n(%)

Possible
sarcopenia,
n(%)

High risk of
sarcopenia,
n(%)
Hypertension
Diabetes
Hyperlipidaemia

Coronary heart
disease

Cerebrovascular
disease

The cereals, tubers, soya,
and whole grains
pattern(n =179)

70.00(67.00,76.00)
3496.86(3110.89,3901.11)
6801.15(6166.99,7570.77)
4300.87(3867.54,4739.20)
21.72(17.72,24.54)
0.76(0.60,0.95)

13.54(11.50,18.65)
21.50(17.30,25.50)

32.00(30.00,35.00)

32.00(30.00,35.00)

6.40(5.80,7.20)

44(24.58%)

73(40.78%)

62(34.64%)

62(34.64%)
35(19.55%)
6(3.35%)
5(2.79%)

8(4.47%)

The high-sugar, fruit, and
offal pattern(n=161)

71.00(67.00,77.00)
3555.37(3161.88,4093.35)
6914.16(6201.08,7953.41)
4431.19(3957.72,4927.53)
21.48(16.81,24.36)
0.79(0.63,1.00)

13.62(11.59,16.98)
21.60(17.35,26.85)

32.00(30.00,35.00)

32.00(30.00,35.00)

6.30(5.60,6.95)

49(30.43%)

65(40.37%)

47(29.19%)

60(37.27%)
23(14.29%)
7(4.35%)
7(4.35%)

7(4.35%)

The poultry, eggs, and
seafood pattern(n = 199)

71.00(68.00,78.00)
3482.57(3063.26,3866.18)
6781.51(6036.19,7520.87)
4271.45(3811.52,4730.57)
23.37(20.44,26.86)
0.81(0.60,0.95)

13.98(11.65,18.04)
20.90(17.60,26.40)

32.00(30.00,35.00)

33.00(30.00,35.00)

6.40(5.70,7.20)

60(30.15%)

71(35.68%)

68(27.53%)

71(35.70%)
46(23.10%)
9(4.52%)
13(6.53%)

12(6.03%)

PFA: Polyunsaturated Fatty Acids; ASMI: Appendicular Skeletal Muscle Mass Index.

The high-vegetable
pattern(n = 247)

73.00(68.00,78.00)
3527.01(3154.18,4001.49)
6880.33(6166.52,7703.59)
4314.01(3886.02,4820.06)
21.87(17.47,24.83)
0.79(0.60,0.93)

13.20(11.36,16.10)
20.20(16.40,24.10)

32.00(30.00,34.50)

32.00(30.00,35.00)

6.20(5.60,7.00)

88(35.63%)

91(36.84%)

68(27.53%)

81(32.80%)
39(15.80%)
11(4.45%)
6(2.43%)

3(1.21%)

0.014
0.202
0.339
0.203
0.002
0.368

0.625

0.107

0.629

0.695

0.155

0.265

0.816
0.108
0.936
0.127

0.056

The grain-tubers-soya-coarse grains dietary pattern demonstrated a negative correlation with both the time required to complete five sit-to-stand
repetitions and the risk of sarcopenia, while showing a positive correlation with appendicular skeletal muscle mass index (ASMI). Conversely, the high-
sugar fruit and visceral fat dietary pattern was negatively correlated solely with the time required for five sit-to-stand repetitions. The poultry, eggs, and
seafood dietary pattern exhibited positive correlations with 6-meter walking speed, grip strength, ASMI, and calf circumference. In contrast, the high-
vegetable dietary pattern was negatively correlated with 6-meter walking speed (P < 0.05) (Table 2).
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Table 2
Correlation between factor scores of the four dietary patterns and muscle function indicators

Muscle function Dietary Pattern

indicators
The cereals, tubers, soya, and The high-sugar, fruit, and The poultry, eggs, and The high-vegetable
whole grains pattern offal pattern seafood pattern pattern

6-meter walking speed  -0.033 0.044 0.074* -0.082*

5-repetition sit-to- -0.074* -0.079* -0.030 -0.049

stand test ’ ’

Grip strength 0.043 0.041 0.079* -0.057

ASMI 0.084* 0.010 0.096** -0.044

Left calf 0.043 -0.016 0.085" -0.004

circumference

Right calf 0.042 -0.018 0.084" -0.024
circumference ’

Sarcopenia 0112 -0.005 -0.050 0.019

*: P<0.05; ™ P<0.001.

Using the first percentile group of dietary patterns as a reference, and after adjusting for multiple factors, the risk of sarcopenia was found to be 43%
lower in the fourth percentile group of the ‘cereals, tubers, soya, and coarse grains' dietary pattern, indicating a significant inverse correlation with
sarcopenia risk (Table 3).
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Table 3

Logistic regression analysis of the association between dietary patterns and sarcopenia

Dietary Pattern Q1 Q2

The cereals, tubers, soya and whole grains pattern

Crude Ref  1.00(0.69,1.45)
Model 1 Ref  0.98(0.67,1.44)
Model 2 Ref  0.97(0.651.44)
Model 3 Ref  0.96(0.64,1.42)

The high-sugar, fruit and offal pattern

Crude Ref  1.36(0.94,1.96)
Model 1 Ref 1.36(0.94,1.97)
Model 2 Ref 1.23(0.83,1.84)
Model 3 Ref 1.24(0.83,1.85)

The poultry, eggs, and seafood pattern

Crude Ref  1.34(0.93,1.93)
Model 1 Ref  151(1.032.22)"
Model 2 Ref  1.40(0.94,2.08)
Model 3 Ref  1.39(0.93,2.08)

The high-vegetable pattern

Crude Ref 1.15(0.80,1.66)
Model 1 Ref  1.19(0.82,1.74)
Model 2 Ref 1.20(0.81,1.78)
Model 3 Ref 1.38(0.86,1.90)

Q3

0.75(0.52,1.08)
0.82(0.57,1.19)
0.70(0.47,1.04)

0.69(0.46,1.02)

1.05(0.73,1.52)
1.07(0.74,1.54)
1.13(0.77,1.69)
1.14(0.76,1.69)

0.82(0.57,1.18)
0.92(0.62,1.37)

0.78(0.52,1.17)
0.77(0.51,1.15)

1.13(0.78,1.62)
1.15(0.79,1.67)
1.24(0.83,1.85)
1.30(0.87,1.95)

Q4

0.59(0.41,0.85) ™
0.62(0.42,0.91) *
0.58(0.39,0.88) ™

0.57(0.38,0.86) ™

0.99(0.69,1.43)
1.10(0.75,1.61)
1.13(0.76,1.68)
1.14(0.77,1.70)

0.91(0.63,1.31)
1.04(0.69,1.56)

1.03(0.69,1.54)
1.01(0.67,1.52)

1.07(0.75,1.55)
1.20(0.82,1.75)
1.24(0.84,1.85)
1.28(0.86,1.91)

* P<0.05; ™: P<0.01;

‘ Model 1: adjusted for age, sex, educational level and living environment; ‘

‘ Model 2: Model 1 plus adjustment for BMI, total energy intake, smoking and alcohol consumption;

Model 3: Model 2 plus adjustment for hypertension, hyperlipidaemia, diabetes mellitus, coronary heart disease and cerebrovascular disease.

Stratified analyses further revealed that, when stratified by gender, women in the fourth quantile of this dietary pattern exhibited a significant inverse
association with sarcopenia risk (OR = 0.50, 95% CI: 0.29-0.87). Similarly, in the stratification by place of residence, non-institutionalized township
residents in the fourth quartile demonstrated a significant inverse association with sarcopenia risk (OR = 0.49, 95% Cl: 0.29-0.87). Furthermore, age
stratification indicated that adherence to this dietary pattern was significantly inversely associated with sarcopenia risk among older adults aged 70—
79 years (OR =0.43,95% Cl: 0.24-0.79) (Fig. 3-5).

4 Discussion

This study represents the inaugural online questionnaire survey aimed at examining the association between dietary patterns and the risk of
sarcopenia among older adults in Haikou, China. Utilizing exploratory factor analysis, four principal dietary patterns were identified: the cereals, tubers,
soya, and whole grains pattern; the high-sugar, fruit, and offal pattern; the poultry, eggs, and seafood pattern; and the high-vegetable pattern. The
findings indicated that the 'grains, tubers, soya, and coarse grains' dietary pattern exhibited a significant negative correlation with the risk of
sarcopenia, whereas the other three dietary patterns did not demonstrate any association with this risk. Notably, this negative correlation was
particularly evident among women, older adults aged 70-79, and residents of townships and rural areas.

After adjusting for multiple confounding factors, it was determined that individuals in the fourth quartile of adherence to the ‘grains, tubers, soya, and
coarse grains' dietary pattern experienced a 43% reduction in the risk of sarcopenia compared to those in the first quartile. In addition to the dietary
fiber and phytochemicals typically associated with the "grains, tubers, soy, and coarse grains" dietary pattern, tubers such as sweet potatoes, cassava,
and yams, along with coix seeds and mountain rice, are abundant in resistant starch. These foods, characterized by their low glycemic index, are
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frequently consumed in everyday diets and may offer protective benefits by modulating the gut microbiota and mitigating systemic chronic
inflammation 13'-32, Research indicates that chronic inflammation is a critical mechanism contributing to the onset and progression of sarcopenia,
which results in the deterioration of muscle mass and function by facilitating muscle protein breakdown and inhibiting muscle protein synthesis [33,34]
While single-source plant proteins, such as whole grains, are often considered "non-high-quality proteins" due to their deficiency in essential amino
acids like lysine, this dietary pattern effectively combines whole grains—rich in methionine—with pulses—rich in lysine—to achieve protein
complementarity and enhance the net utilization of protein (351, Soy and soy products serve as a primary source of high-quality plant protein, abundant
in branched-chain amino acids and isoflavones. The consumption of soy protein contributes to the maintenance of muscle mass and strength in
middle-aged and older adults 136.37], This dietary pattern closely aligns with the Eastern Healthy Dietary Pattern [2' and the Dietary Approaches to Stop
Hypertension (DASH) diet [38], both of which have demonstrated significant positive effects in the prevention of sarcopenia. Research involving
American adults indicated that greater adherence to the DASH diet was significantly inversely correlated with the risk of sarcopenia, reducing this risk
by 50% 1381 Xu Song and colleagues reported that the Oriental Healthy Dietary Pattern was significantly inversely correlated with the risk of sarcopenia

139, findings that are consistent with the results of our study.

Conversely, three other dietary patterns were found to have no significant association with sarcopenia. The 'high-sugar fruit and offal' pattern is
characterized by a high intake of tropical high-sugar fruits, animal offal, and blood products. While animal offal is abundant in trace elements such as
iron and zinc, which confer certain benefits for muscle function 149, the diet also includes high-sugar fruits that may increase the glycaemic load. The
pro-inflammatory and pro-oxidative components of this diet, including high sugar and cholesterol levels, may negate the protective effects of its
micronutrients, leading to outcomes unrelated to sarcopenia. However, the specific mechanisms underlying these effects warrant further investigation.
The 'low-meat, high-poultry, egg, and seafood' diet is characterized by a high intake of poultry, eggs, and seafood, which are excellent sources of high-
quality animal protein and n-3 polyunsaturated fatty acids (411 Some studies suggest that adequate protein intake, particularly from high-quality animal
sources, is crucial for maintaining muscle mass and function 142,431 Gjven the low consumption of red meat in this diet, and despite current evidence
linking excessive red meat intake to health risks 14445, further research is needed to determine whether poultry can fully substitute for red meat in
meeting the high protein requirements essential for muscle health. The high-vegetable diet prioritizes the intake of both dark and light-colored
vegetables. Although vegetables are rich in antioxidants and vitamins, they generally contain low levels of protein. Adequate protein intake is crucial
for maintaining muscle health; thus, merely increasing vegetable consumption without ensuring sufficient high-quality protein supplementation may
not effectively prevent sarcopenia (461,

Moreover, this study identified significant population heterogeneity in the negative association between the 'grains, tubers, soya, and coarse grains'
dietary pattern and the risk of sarcopenia. This association was not consistently negative across all subgroups and was influenced by factors such as
gender, age, and living environment. Specifically, the 'grains, tubers, soya, and coarse grains' dietary pattern was significantly negatively associated
with sarcopenia risk only in women, with no significant association observed in men. Research has demonstrated that postmenopausal women
experience a significant reduction in oestrogen levels. Given oestrogen's critical role in sustaining muscle mass and function, this reduction is
identified as a primary contributor to the increased prevalence of sarcopenia in this demographic [47-50], Soya and its derivatives, integral to the 'grains,
tubers, soya, and coarse grains' dietary pattern, are abundant in soya isoflavones. These phytoestrogens can partially activate oestrogen receptors,
exerting mild oestrogen-like effects that may mitigate the deficit of endogenous oestrogen and consequently decelerate muscle degradation [57-54,
Additionally, women typically exhibit a heightened awareness of health-related issues; thus, the consistent and prolonged intake of soya products may
facilitate the accumulation of greater muscle reserves during early and middle adulthood 1551 potentially postponing the onset of sarcopenia. In terms
of environmental factors, the 'grains, tubers, soya, and coarse grains' dietary pattern has been consistently associated with a stable negative
correlation among non-hospitalised residents in urban and rural areas. The intake of animal protein among rural populations is comparatively limited.
In contrast, the combination of cereals, tubers, and pulses, through the process of protein complementation, not only improves the overall quality of
dietary protein but also provides a more abundant supply of amino acid substrates necessary for muscle synthesis [56, 57] Concurrently, residents of
townships engage in relatively high-intensity physical labor. Research indicates that the oxidative stress and chronic inflammatory responses
associated with such labor can be mitigated to some extent by the phenolic antioxidants and unsaturated fatty acids present in whole grains [58, 591,
Within different age subgroups, a negative correlation between the dietary pattern characterized by 'grains, tubers, soya, and coarse grains' and the risk
of sarcopenia was observed exclusively in older adults aged 70-79. For individuals aged 60-69, the bodily reserve capacity and compensatory ability
remain relatively robust, resulting in a lower incidence of sarcopenia, at only 19.92%. The marginal effect of dietary patterns on muscle synthesis may
be minimal, which could account for the difficulty in detecting a statistically significant association. The age range of 70 to 79 years represents a
pivotal stage for muscle deterioration, marked by a rapid decrease in muscle mass and strength, during which nutritional interventions exert the most
significant impact 5. By adhering to this dietary regimen, individuals within this demographic can effectively postpone the onset of sarcopenia through
a consistent energy supply and the consumption of high-quality plant-based proteins and antioxidants. Prior research has corroborated that dietary
interventions initiated around the age of 70 are most efficacious in preserving muscle function [46, 60] Conversely, for individuals aged 80 and above,
the natural decline in muscle mass and strength becomes increasingly challenging to reverse; the cumulative effects of various age-related factors
render dietary intervention alone insufficient to yield substantial outcomes [61-63] The very elderly exhibit elevated protein requirements; however, both
actual intake and utilization efficiency diminish, thereby attenuating the protective effects of dietary patterns l64],

The primary limitation of this study lies in its cross-sectional and retrospective design, which precludes the establishment of causal relationships
between dietary factors and the associated diseases. In certain instances, the findings may even appear contradictory [6s], Consequently, longitudinal
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cohort studies are necessary to substantiate the relationships identified herein, and preliminary dietary interventions are essential to fully validate
these associations. Moreover, considering China's extensive territory and substantial population, this study's focus on the elderly population in Haikou
City, China, underscores the need for further research on the relationship between dietary patterns and associated diseases on a broader scale.
Despite these limitations, the study has produced some valuable insights, notably the association between adherence to a diet rich in cereals, tubers,
soy, and coarse grains and a reduced risk of sarcopenia.

5 Conclusion

This study identified a significant inverse relationship between the "grains, tubers, soya, and coarse grains" dietary pattern and the risk of sarcopenia.
In contrast, the other three dietary patterns examined did not demonstrate any association with sarcopenia risk. Notably, this inverse association was
particularly pronounced among women, individuals aged 70-79, and residents of towns and villages. However, due to the relatively small sample size
of this study, the findings necessitate further corroboration and validation through large-scale, population-based studies. Additionally, further validation
through dietary intervention studies is warranted.
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Figure 4

Forest plot of regression analysis for the association between living environment and sarcopenia
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Figure 5

Forest plot of regression analysis for the association between age group and sarcopenia risk
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