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Association of foods consumption and physical activity
with prefrailty and frailty among Chinese older adults in
urban communities: A cross-sectional study
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Background and Objectives: Frailty has become a public health challenge in China. To investigate the associa-
tion of foods consumption and physical activity with prefrailty and frailty among older Chinese adults in urban
communities. Methods and Study Design: In a cross-sectional study from February to July 2023, 1183 older
adults aged between 65y-88y were enrolled from urban communities in Chongging and Shandong province, Chi-
na. Frailty Index (FI) was applied to measure prefrailty and frailty. Partial proportional odds model was used to
assess the association between foods consumption, physical activity and prefrailty/frailty. Results: Higher Die-
tary Diversity Score (DDS), (OR=0.61, 95% CI=0.46-0.80; OR=0.47, 95% CI=0.28-0.79), Consuming animal-
based foods >2 times/day (OR=0.62, 95% CI=0.47-0.82; OR=0.54, 95% CI=0.33-0.88), soy products >2
times/week (OR=0.69, 95% CI=0.53-0.89; OR=0.51, 95% CI=0.31-0.84), fresh vegetables >2 times/day
(OR=0.42, 95% CI=0.31-0.57; OR=0.41, 95% Cl=0.23-0.72), and nuts >2 times/week (OR=0.71, 95% CI=0.55-
0.91; OR=0.52, 95% CI1=0.32-0.85) was associated with a lower risk of prefrailty and frailty. In addition, higher
frequency and longer duration of walking (OR=0.61, 95% C1=0.42-0.88; OR=0.63, 95% CI=0.48-0.81), exercise
(OR=0.48, 95% CI=0.35-0.64; OR=0.44, 95% CI=0.32-0.61) per week were significantly associated with lower
risk of prefrailty. Furthermore, higher frequency and longer duration of walking (OR=0.42, 95% CI1=0.25-0.72;
OR=0.46, 95% CI=0.29-0.74), and housework (OR=0.39, 95% CI=0.24-0.65; OR=0.57, 95% CI=0.34-0.96) per
week, were significantly associated with lower frailty. Conclusions: Higher DDS and higher frequency of ani-
mal-based foods, soy products, fresh vegetables, and nuts consumption is significantly associated with lower risk
of prefrailty and frailty. Additionally, walking and exercising are significantly associated with lower risk of

prefrailty, while walking and doing housework is significantly associated with lower frailty.
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INTRODUCTION

In recent years, the global aging population has been on
the rise, with China leading the world in its elderly popu-
lation.! By 2040, the number of people aged 60y and
above is expected to reach 402 million.! This demograph-
ic shift brings with it a significant public health challenge:
frailty.? Frailty is a condition marked by a physiological
decline in organ systems, leading to decreased resilience
to stressors and a heightened risk of negative outcomes
such as falls, hospitalizations, disability,® and even death.*
Frailty not only affects older individuals, but also results
in increased medical and long-term care expenditure for
both family and society.® Frailty Index (FI) is an approach
that accumulated the number of health deficits to assess
frailty® which has been demonstrated to be a stronger pre-
dictor of mortality among older adults.” Nevertheless,

frailty is a dynamic state that exists before occurrence of
disability and can be prevented, postponed or even re-
versed.®® Diet and physical activities appear to play a
major role in its development,’® making nutrition and
exercise recommendation more crucial for modifying the
risk factors associated with frailty.

Several studies have indicated that macronutrients, food
group, and dietary patterns are associated with frailty. In
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particular, previous studies have demonstrated the signifi-
cant role of protein intake (>1 g/kg BW/day) in reducing
the prevalence of frailty.!* Additionally, they have high-
lighted the importance of consuming ample amounts of
fruit and vegetables (>5 servings/day) in lowering the risk
of frailty.*? Furthermore, adherence to the Mediterranean
diet has been found to be effective in decreasing the risk
of frailty.* Despite many investigations on frailty pheno-
type,** there remains a notable paucity of studies examin-
ing the FI and its correlation with nutritional factors. The
intricate nature involved in constructing the FI has indeed
contributed to the existing gap in the literature.

In addition, given the substantial disparities in culture,
variety of food, and dietary behaviors observed across
different countries and regions, there exists a compelling
need to explore the interrelation between the oriental diet
and both prefrailty and frailty. Moreover, many older
adults in China consume more soy products and less dairy
products than in other countries.’>* In recent 20 years,
with rapid improvement of living standards and
healthcare services, the diet transition is significantly in
China, especially for older adults living in urban area.

Up to now, there still exists significant gap in under-
standing the relationship between changeable factors and
FI among older Chinese adults. Thus, this study aims to
bridge this gap by exploring the association between ma-
jor food group consumption frequency and physical activ-
ity frequency and duration with the risk of prefrailty and
frailty among older adults in urban Chinese communities.

METHODS

Study population and design

This cross-sectional study was conducted from 27th Feb-
ruary to 19th July 2023 using the convenience sampling
method. A total of 1183 older adults aged from 65y to
88y were recruited from Maoershi Primary Healthcare
Institution in Jiangbei district, Chongging, and Sheng-
dong Hospital in Dongying, Shandong province. Eligible
participants were community-dwelling individuals aged
over 65 years. Exclusion criteria were applied: (1) Any
disability that affects daily activities or physical meas-
urements; (2) Any communication barriers or impedi-
ments to investigation, such as deafness, severe mental
disorder; (3) Under 65 years old. The study was under-
taken according to the guidelines laid down in the Decla-
ration of Helsinki. All participants signed an informed
consent before the enrollment. All procedures involving
human subjects were approved by the Ethical Committee
of National Institute for Nutrition and Health (NINH),
Chinese Center for Disease Control and Prevention
(NINH 2022-036).

Prefrailty and frailty assessment

The validated FI for older Chinese was used. This tool
was formulated following a standard procedure!’ based
on a comprehensive geriatric assessment scale (CGA-
Scale), as described previously.*®® The FI is composed
of 37 variables, including comorbidity (based on self-
reports of diagnosis by doctor, n=14), hospitalization
(n=1), geriatric syndrome (n=11), physical function

(n=1), cognitive function (n=1), depression (n=1), malnu-
trition (n=3) and sarcopenia (n=5). The FI is calculated as
the number of deficits present in a person divided by the
37 deficits for each participant (Supplementary Table 1),
thus it is a continuous variable that ranges from 0.00 to
1.00, with higher values reflecting severity and vulnera-
bility. According to general reference, we categorized the
FI into three levels of frailty status: robust (FI1<0.20),
prefrailty (F1 >0.20 to <0.35), and frailty (FI >0.35).%

Other variables

Data for sociodemographic characteristics (e.g., age, gen-
der, level of education, and marital status), personal med-
ical history (e.g., coronary heart disease, hypertension,
and cardiac failure), sleeping habits, mental status (i.e.,
cognition and depression), dietary and lifestyle factors
(e.g., food group consumption frequency, alcohol history,
tobacco smoking history, dietary supplements or not,
physical activity frequency and duration) were collected
by trained staff by face to face interview with paper ques-
tionnaire. Physical measurements including weight,
height, waist, 5-time chair stand test, gait speed, calf cir-
cumference, handgrip strength were recorded by use of
calibrated instruments and following standard proce-
dures.?* Calf circumference was measured the maximum
value of both calves using a nonelastic tape. Handgrip
strength was assessed in a standing position with a grip
strength meter (CAMRY EH101, Xiangshan, Zhongshan,
China) and performed the maximum strength twice with
both hands.?? The indexes of body composition were
measured by the Inbody 770 device (Biospace, Seoul,
Korea). Dietary diversity was calculated by The Dietary
Diversity Score (DDS) developed by Kant et al.?® Physi-
cal activity level was calculated based on Metablic
Equivalent (MET) and classified into three level: low
(MET < 600), moderate (600<MET<3000), or high (MET
> 3000).24

Statistical analysis

Quantitative data were reported as mean and standard
deviance (SD). Comparisons three order groups were
performed using the Wilcoxon test. Categorical data were
presented as number and percentage. Partial proportional
odds model was employed to analyze the relationships
between major food group, physical activity and both
prefrailty and frailty. Quantitative data (food group con-
sumption frequency, physical activity frequency and du-
ration) was categorized by P50. The lowest frequency and
time was defined as a reference, and odds ratios (ORs)
and 95% confidence intervals (Cls) were calculated in
different models. Model 1 was adjusted for age and gen-
der, while model 2 was adjusted for age, gender, educa-
tion, marital status, pension income, drinking history,
smoking history, dietary supplements, physical activity
level/dietary diversity. All covariates were coded as
dummy variables before the adjustment. Statistical anal-
yses were performed using SAS 9.4 (SAS Institute, Cary,
NC, USA). A significance level of p<0.05 was considered
statistically significant.
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RESULTS

General characteristics

A total of 1183 subjects were included in the analysis
after applied the exclusion criteria. The prevalence rate of
frailty was 6.9% (81/1183), 6.2% (36/584) in male and
7.5% (45/599) in female. The prevalence rate of prefrailty
was 39.1% (462/1183), 32.5% (190/584) in male and
45.4% (272/599) in female. 25.9% (306/1183) are older
than 75 years old, 90.8% (1074/1183) have a secondary
school education or below, 157 are unmarried or wid-
owed (13.3%), 89 live alone (7.5%), and 666 (56.3%)
have a pension income of less than RMB 4,000. (Table
1).

Foods consumption and physical activity
There were significant differences in the weekly intake
frequency of cereals, coarse cereals, animal-based foods,
soy products, salted products, nuts, and fried foods among
patients with different frailty states. With the severity of
frailty, the weekly intake frequency of cereals, animal-
based foods, soy products, dairy products, and fried food
decreased, while the intake frequency of coarse cereals
and salted products increased (p<0.05). (Table 2)

There were significant differences in the frequency of
weekly physical exercise, social activities, and housework

Table 1. Characteristics of participants

among patients with different levels of frailty. Lower fre-
quency of weekly physical exercise, social activities, and
housework significantly with the severity of frailty
(p<0.05). There were significant differences in the time of
weekly walking, physical exercise, social activities, and
housework among patients with different levels of frailty.
Decreased time of weekly walking, physical exercise,
social activities, and housework significantly with the
severity of frailty (p<0.05). (Table 3)

Association of foods consumption and physical activity
with prefrailty and frailty

The findings revealed a negative associations between a
higher DDS, a higher frequency of animal-based foods
(>2 times/d), soy product (>2 times/wk), fresh vegetable
(>2 times/d) and nuts consumption (>2 times/wk) and
frailty severity at a significance level of 0.05.

Upon adjusting for age and gender, significant associa-
tions were observed between higher frequencies of ani-
mal-based foods (>2 times/d) (OR=0.57, 95% CI=0.43—
0.74), soy products (>2 times/wk) (OR=0.69, 95%
ClI=0.54-0.89), fresh vegetable (>2 times/d) (OR=0.60,
95% CI1=0.46-0.80), fruits (>1 time/d) (OR=0.67, 95%
Cl=0.51-0.88) and nuts consumption (>2 times/wk)
(OR=0.73, 95% CI=0.57-0.93) with a reduced risk of

Male Female Total
(n=584) (n=599) (n=1183)
Sociodemographics
Age, median (SD), years 71.3(4.7) 71.4 (4.5) 71.4 (4.6)
65-69 251 229 480 (40.6)
70-74 180 217 397 (33.6)
75-79 108 118 226 (19.1)
80 and above 45 35 80 (6.8)
Education
Primary or below 144 280 424 (35.8)
Secondary school 358 292 650 (55.0)
College or above 82 27 109 (9.2)
Marital status
Married 549 477 1026 (86.7)
Death of a spouse/unmarried 35 122 157 (13.3)
Living conditions
Living with others 562 532 1094 (92.5)
Living alone 22 67 89 (7.5)
Profession before retired
Farmer 82 323 405 (34.2)
Worker 210 97 307 (26.0)
Others 292 179 471 (39.8)
Health care insurance
Basic medical insurance or state medicine for urban 503 308 811 (68.6)
workers
Basic medical insurance for urban and rural residents 81 291 372 (31.5)
Pension income
<2000 74 321 395 (33.4)
2001-4000 107 164 271 (22.9)
4001-6000 210 95 305 (25.8)
>6000 193 19 212 (17.9)
Region
Jiangbei district, Chongging 290 305 595 (50.3)
Dongying, Shandong 294 294 588 (49.7)
Frailty
Robust 358 282 640 (54.1)
Prefrailty 190 272 462 (39.1)
Frailty 36 45 81 (6.9)
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Table 2. Frequency of foods consumption (mean+SD)

Robust Prefrail Frail Total 1 p
(n=640) (n=462) (n=81) (n=1183)
DDS (Score) 12.3+2.2 12.0£2.4 12.1+2.1 12.2+2.3 3.23 0.20
Frequency of food groups
(times/wk)
Cereals 18.9+3.8 18.2+4.6 17.6+5.6 18.5+4.3 6.55 0.04
Coarse cereals 8.0£6.4 7.3£5.6 9.4+6.8 7.8+6.2 7.86 0.02
Animal-based foods 16.1+5.2 14.3+5.4 14.2+6.7 15.3+5.5 40.69 <0.01
Meats 8.2+4.4 6.6+4.2 5.9+4.6 7.4£4.4 46.33 <0.01
Seafood 1.2+1.1 1.2+1.3 1.1+1.2 1.2+1.2 2.75 0.25
Eggs 6.8+£2.6 6.5+2.2 7.2£3.4 6.7£2.5 2.58 0.27
Soy products 2.5+2.3 2.1+1.8 2.0+£1.8 2.3+2.1 13.74 <0.01
Dairy products 4.7+3.3 4.8+3.3 4.4+3.7 4.7+3.3 1.25 0.54
Fresh vegetables 13.2+3.9 12.6+4.6 12.8+4.7 12.9+4.2 5.52 0.06
Fruits 6.4+3.6 6.6+4.2 7.04.0 6.5+3.9 1.35 0.51
Salted products 2.9+4.0 3.6+4.5 4.4+4.8 3.3+4.3 8.71 0.01
Nuts 3.0£3.0 2.8+£3.0 2.5+3.1 2.9+3.0 9.25 <0.01
Fried food 0.31+0.6 0.3+0.5 0.2+0.4 0.31+0.6 9.56 <0.01
Bread, cakes and desserts 1.5+2.0 1.742.6 1.542.2 1.6+£2.3 2.90 0.23
Table 3. Frequency and duration of physical activities (mean+SD)
Robust Prefrail Frail Total 1 p
(n=640) (n=46 2) (n=81) (n=1183)
Frequency (times/wk)
Outdoor activity 9.1+4.9 9.045.2 8.4+4.5 9.1+5.0 0.89 0.64
Walk 8.3+4.6 8.245.5 7.145.5 8.245.0 3.89 0.14
Exercise 2.1+3.7 1.0+3.3 0.5+2.1 1.6+3.5 46.82 <0.01
Social activity 3.243.9 3.245.4 2.3+4.0 3.1+4.6 8.93 0.01
Housework 14.8+6.6 14.8+7.7 11.3£8.7 14.5£7.3 13.18 <0.01
Duration (min/wk)
Outdoor activity 538+392 550+476 494+430 540+429 2.70 0.26
Walk 454+319 4474393 345+315 444+350 10.70 <0.01
Exercise 116+£222 56.7+211 27.0+£103 86.8+214 53.82 <0.01
Social activity 193+293 193+351 145+304 190+318 9.69 <0.01
Housework 602+379 593+379 4871413 592+382 6.54 0.04

prefrailty. Conversely, higher frequencies of salted prod-
ucts (>1 time/wk) (OR=1.36, 95% CI=1.06-1.74) and
fried food (>0 times/wk) (OR=1.48, 95% Cl=1.15-1.91)
were associated with an increased risk of prefrailty. Simi-
larly, significant associations were found between higher
consumption of animal-based foods (>2 times/d)
(OR=0.50, 95% CI=0.31-0.80), soy products (>2
times/wk) (OR=0.58, 95% CI=0.36-0.92), and nuts con-
sumption (>2 times/wk) (OR=0.58, 95% CI=0.36-0.93)
and a lower risk of frailty. Further adjustments for educa-
tion, marital status, pension income, drinking history,
smoking history, dietary supplements, and physical ac-
tivity level revealed significant associations between
higher frequencies of coarse cereals (>1 times/d)
(OR=0.63, 95% CI=0.48-0.82), animal-based foods (>2
times/d) (OR=0.62, 95% CI1=0.47-0.82), soy product (>2
times/wk) (OR=0.69, 95% CI=0.53-0.89), fresh vegeta-
ble (>2 times/d) (OR=0.42, 95% CI=0.31-0.57), fruits
(>1 time/d) (OR=0.64, 95% CI=0.48-0.85) and nuts con-
sumption (>2 times/wk) (OR=0.71, 95% CI=0.55-0.91)
with a decreased risk of prefrailty. Additionally, a higher
consumption of salted products (>1 time/wk) (OR=1.30,
95% CI=1.00-1.68) and fried food (>0 times/wk)
(OR=1.41, 95% CI=1.08-1.84) was associated with an
elevated risk of prefrailty. Notably, significant associa-

tions were observed between higher frequencies of ani-
mal-based foods (>2 times/d) (OR=0.54, 95% CI=0.33—
0.88), soy product (>2 times/wk) (OR=0.51, 95%
Cl=0.31-0.84), fresh vegetable (>2 times/d) (OR=0.41,
95% CI=0.23-0.72), tea (=1 time/d) (OR=0.55, 95%
Cl=0.33-0.92) and nuts consumption (>2 times/wk)
(OR=0.52, 95% CI=0.32-0.85) with a reduced risk of
frailty (Figure 1).

Both Model 1 and Model 2 demonstrated a significant
association between higher frequency of walking (>1
time/d), exercise (>0 times/wk), and housework (>2
times/d) and a reduced risk of prefrailty, while a higher
frequency of walking (>1 time/d) and housework (>2
times/d) was significantly linked to a decreased risk of
frailty (p<0.05). We also found that longer duration of
weekly outdoor activity (>420 min), walking (>420 min),
exercise (>0 min), were significantly associated with a
decreased risk of prefrailty. Furthermore, longer duration
of weekly outdoor activity (>420 min), walking (>420
min), exercise (>0 min), and engagement in household
chores (>630 min) were significantly associated with a
reduced risk of frailty (p<0.05) (Figure 2).
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Nutritional factors Model 1"# Prefrail vs. Robust Model 2° Prefrail vs. Robust Model 1 Frail vs. Prefrail and Robust Model 2 Frail vs. Prefrail and Robust
DDS (>12) 0.79(0.61,1.01) | | 0.61(0.46,0.80) n 0.76(0.48,1.22) n 0.47(0.28,0.79) |
Cereals(=3 times/d) 0.79(0.60,1.02) | | 0.82(0.62,1.08) n 0.79(0.48,1.28) n 0.71(0.43,1.18) ]
Coarse cereals (=1 time/d) 0.88(0.69,1.12) [ ] 0.63(0.48,0.82) | | 1.54(0.96,2.47) | 0.87(0.51,1.50) | ]
Animal-based foods (=2 times/d) 0.57(0.43,0.74) | | 0.62(0.47,0.82) ] 0.50(0.31,0.80) | 0.54(0.33,0.88)
Soy products (=2 times/wk) 0.69(0.54,0.89) [ ] 0.69(0.53,0.89) ] 0.58(0.36,0.92) ] 0.51(0.31,0.84)
Dairy products (=1 time/d) 0.92(0.72,1.18) [ ] 1.06(0.82,1.38) [ ] 0.69(0.43,1.09) | ] 0.87(0.53,1.41) ]
Fresh vegetables (22 times/d) 0.60(0.46,0.80) [ 0.42(0.31,0.57) ] 0.81(0.49,1.34) n 0.41(0.23,0.72) [ ]
Fruits(>1 time/d) 0.67(0.51,0.88) [ ] 0.64(0.48,0.85) ] 1.18(0.68,2.04) [ ] 1.03(0.58,1.83) | |
Salted products (=1 time/wk) 1.36(1.06,1.74) [ 1.30(1.00,1.68) u 0.98(0.61,1.57) n 0.94(0.57,1.54) .
Tea (=1 time/d) 1.07(0.84,1.37) ] 0.85(0.64,1.12) ™ 0.78(0.49,1.24) . 0.55(0.33,0.92)
Nuts (=2 times/wk) 0.73(0.57,0.93) ] 0.71(0.55,0.91) ] 0.58(0.36,0.93) ] 0.52(0.32,0.85)
Fried food (>0 times/wk) 1.48(1.15,1.91) n 1.41(1.08,1.84) m 1.03(0.64,1.66) ] 0.95(0.58,1.57) m
Bread, cakes and desserts (=2 times/mth) 1.14(0.90,1.45) ™ 1.18(0.92,1.51) n 0.79(0.50,1.25) [ 0.80(0.49,1.28) ]
[ I T T 1 [ T T I 1 I T T T 1 I T T T 1
0.5 1 1.5 2 25 0.5 1 15 2 25 0.5 1 15 2 25 05 1 15 2 25

Figure 1. Associations between foods consumption and odds ratios for prefrail and frail.

"Values presented as ORs (95% Cls) unless otherwise indicated.

*Model 1: Model adjusted for age, gender.

$Model 2: Model 1 + additional adjustment for education, marital status, pension income, drinking history, smoking history, dietary supplements, physical activity level.
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Pysical activitiy frequency Model 1"+ Prefrail vs. Robust Model 2° Prefrail vs. Robust Model 1 Frail vs. Prefrail and Robust Model 2 Frail vs. Prefrail and Robust
Outdoor activity (21 time/d)  0.54(0.34.0.85) ™ 0.58(0.26,1.06) ] 0.51(0.26,0.99) ™ 0.53(0.26,1.06) ™
Walk (21 time/d) 0.51(0.36,0.73) | | 0.61(0.42,0.88) | 0.35(0.21,0.58) n 0.42(0.25,0.72) L |
Exercise (>0 times/wk) 0.45(0.34,0.61) | ] 0.48(0.35,0.64) n 0.49(0.25,0.99) | ] 0.59(0.29,1.20) [ ]
Social activities (>0 times/wk) 0.76(0.60,0.97) | ] 0.89(0.69,1.15) | 0.54(0.33,0.86) ] 0.68(0.42,1.13)
Housework (22 times/d) 0.72(0.55,0.94) [ ] 0.69(0.52,0.91) | 0.42(0.26,0.67) | | 0.39(0.24,0.65) | ]

Physical activity time

Outdoor activity (2420 min/wk) 0.66(0.50,0.87) | ] 0.59(0.44,0.79) ] 0.65(0.40,1.05) ] 0.55(0.33,091) | ]
Walk (2420 min/wk) 0.63(0.49,0.82) n 0.63(0.48,0.81) | | 0.51(0.32,0.80) | | 0.46(0.29.0.74) | ]
Exercise (>0 min/wk) 0.42(0.31,0.57) | | 0.44(0.32,0.61) n 0.36(0.16,0.80) | 0.44(0.20,1.00) [ ]
Social activity (215 min/wk) 0.78(0.61,0.99) | | 0.92(0.65,1.30) | | 0.56(0.35,0.90) | ] 0.72(0.44,1.19) | ]
Housework (2630 min/wk) 0.98(0.77,1.26) | 0.96(0.74,1.24) n 0.56(0.34,0.91) ] 0.57(0.34,0.96) | ]
[ T I T | [ [ I [ 1 I T T T 1 [ T T T
05 | 1.5 2 25 05 1 15 2 25 05 1 15 2 25 05 1 1.5 2 25

Figure 2. Associations between physical activity and odds ratios for prefrail and frail.

"Values presented as ORs (95% Cls) unless otherwise indicated.

*Model 1: Model adjusted for age, gender.

$Model 2: Model 1 + additional adjustment for education, marital status, pension income, drinking history, smoking history, dietary supplements, dietary diversity.
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DISCUSSION

We found the prevalence of frailty was 6.9%, and
prefrailty was 39.1% among the participants aged 65
years and older, and a higher prevalence of frailty in
women than in men.? Our findings align with a meta-
analysis of 14 studies involving 81,258 Chinese adults
aged 65 years and older in the community, which report-
ed a similar prevalence of prefrailty (40%, 95% CI1=37-
50%) and frailty (10%, 95% CI=8-12%).% A systematic
review presented that the prevalence of prefrailty and
frailty in Germany was 40.2% (95% C1=28.3-52.1%) and
13.7% (95% CI=9.0-18.5%) respectively.?” In Japan, the
prevalence of prefrailty and frailty was 48.1% (95%
Cl=41.6%-54.8%) and 7.4% (95% CI=9.0-18.5%), re-
spectively. In addition, the distribution of FI in our study
is right-skewed with age, which is similar to those in pre-
vious studies.?®

There was a significant association between high DDS
(>12) (OR=0.61, 95% CI=0.46-0.80; OR=0.47, 95%
Cl1=0.28-0.79 respectively) and lower prefrailty and frail-
ty. A cross-sectional study in Taiwan showed that older
adults with cognitive prefrailty or cognitive frailty were
associated with lower DDS. Those with prefrailty or frail-
ty and lower DDS demonstrated a higher cognitive im-
pairment risk (adjust OR=2.15, 95% CI=1.21-3.83) than
those without frailty and higher DDS.?®

Numerous elderly individuals worry that increasing
their consumption of animal-based foods may increase
the likelihood of developing chronic conditions such as
cardiovascular and cerebrovascular diseases.*® Conse-
quently, they decease intake of meats and even endorse
vegetarian diets. However, our research indicates that
individuals who consume animal-based foods >2
times/day exhibit a lower risk of frailty in compared with
those who consume less than twice a week. Notably, our
FI incorporates deficits associated with 14 chronic ail-
ments, including cardiovascular and cerebrovascular dis-
eases. Previous studies have consistently shown that
higher protein consumption is associated with a reduced
risk of frailty.3 A meta-analysis showed that a high pro-
tein intake (>1.0 g/kg BW/day) and very high protein
intake (>1.2 g/kg BW/day) were associated with im-
proved lower-limb physical performance when compared
to low protein intake(<0.8 g/kg BW/day).3? Another pro-
spective study in Newcastle found that consuming >0.8
g/kg BW/day and >1.0 g/lkg BW/day of protein signifi-
cantly decreased the incidence of frailty from 85-90
years.®®* Additionally, several studies also demonstrated
that seafood was negatively associated with frailty.* It
might because that animal-based foods contain more pro-
tein enriches in higher content of essential amino acids
(EAAs) and branched-chain amino acid (BCAAs),"
which played an important role in the anabolic response
and muscle anabolism.

Our findings show that higher frequency of soy product
consumption is negatively associated with frailty. Some
studies indicated that soy protein exerts distinct anti-
inflammatory properties which might further reduce the
risk of frailty. For instance, soy protein supplementation
leads a significant reduction of serum Tumor Necrosis
Factor Alpha (TNF-a), while the addition of isoflavones
exhibited further benefits by reducing serum C-reactive

protein (CRP).* In addition, some evidence suggested
that soy-based diets could reduce the risk of several
chronic diseases.®® However, the research on association
between soy products and frailty is insufficient. A study
in Japan showed that there was no significant association
between soy products and the Kihon-Checkist frailty in-
cidence.®* Our findings provide evidence that soy prod-
ucts are negatively significantly associated with prefrailty
and frailty in Chinese older adults.

According to Lochlainn et al’s review, the evidence re-
garding the association between milk and dairy consump-
tion and frailty remains insufficient.¥” A recent prospec-
tive study in Japan has reported positive effects of dairy
consumption for older adults. The study elaborated that
higher intake of dairy (114g/d) was negatively associated
with prefrailty or frailty over a two-year follow-up period,
even after adjusting for age, gender and other covari-
ates.®® Another study carried out among an older commu-
nity-dwelling Spanish population showed that greater
consumption of low-fat milk and yogurt was associated
with lower risk of frailty, but there was no association
with full-fat dairy product consumption after 3.5 years of
follow-up.® In our study, we did not find significant as-
sociation between the frequency of dairy products con-
sumption and frailty. This may be attributed to three fac-
tors. Firstly, dairy consumption in older Chinese is nota-
bly lower than that in Europe (41.1 vs. 182.3 kg/year in
2020).1¢ Therefore, comparing with older Europeans, old-
er Chinese obtain less nutrients such as high quality pro-
tein, from dairy products. Secondly, a previous study re-
ported that the proportion of elderly individuals in China
who regularly consume dairy products tends to increase
with age.®® Thirdly, we did not distinguish the types of
milk and dairy products, which might lead to the incon-
sistent results of no association between dairy consump-
tion and frailty.

There is limited evidence in the literature regarding as-
sociations between fruit and vegetable consumption and
risk of frailty.%? In this study, individuals who consumed
fresh vegetable (>2 times/d) (OR=0.42, 95% CI=0.31-
0.57; OR=0.41, 95% CI=0.23-0.72), and fruits (>1
times/d) (OR=0.64, 95% CI=0.48-0.85), with a lower risk
of prefrailty and frailty, compared to those consume less
fresh vegetables and fruits in model 2. A systematic re-
view showed that fruit and vegetable consumption had a
beneficial effect (OR=0.87, 95% CI 0.82-0.92) for the
prevention of frailty.*! In a cross-section study, high fruits
and vegetables consumption was found to have a negative
association with the frailty in Chinese older adults.*? Fruit
and vegetables consumption exhibited a dose-dependent
association with lower short-term frailty risk, with the
strongest correlation found at 3 portions of fruit/d and 2
portions of vegetables/d.*® Similarly, this study reported
an inverse dose-response relationship between the base-
line fruit consumption and the risk of exhaustion, low
physical activity, and slow walking speed among com-
munity-dwelling older adults.*® Fruits and vegetables are
sources of antioxidants (e.g., Vitamin C, Vitamin E, b-
carotene) and phytochemicals (e.g., polyphenols), which
have anti-inflammatory and antioxidant function that can
help prevent premature ageing and frailty.3” However,
several studies have also shown mixed results, with a
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longitudinal study in the U.K. showing a U-shaped asso-
ciation where the lowest and highest fruits and vegetables
consumption had higher risks than moderate consump-
tion.** Another study in Japan reported that higher fruits
(OR=1.24, 95% CI1=0.93-1.64) and vegetables (OR=1.16,
95% CI=0.89-1.51) have no significant associated with
frailty development.®® A possible cause is that a high
amount of fruit and vegetable consumption may hinder
consuming sufficient calories or other important nutrients,
such as protein and result in unbalanced, poor-quality
diet.*

We also found that individuals who consumed nuts (>2
times/wk) (OR=0.71, 95% CI=0.55-0.91; OR=0.52, 95%
Cl=0.32-0.85) with a lower risk of prefrailty and frailty
compared to those consume nuts less than 2 times per
week in model 2. A cohort study in America showed that
higher intakes of peanuts and walnuts, but not peanut
butter, were also inversely associated with frailty. And
the adjusted HR (95% CI) for consuming >5 servings/wk
of nuts was 0.80 (0.73, 0.87), as compared with <1 serv-
ing/month.**  Another cross-sectional study in China
showed that who consumed nuts had a significantly lower
risk of frailty compared to non-consumers.*6

Our study also indicated that higher fried food and salt-
ed food was positively associated with prefrailty risk.
However, the significance disappeared with frailty. A
meta-analysis indicates fried-food consumption is associ-
ated with increased risk of overweight/obesity and hyper-
tension.*” A cohort researcher in US found that regularly
eating fried food is linked with a heightened risk of death
from any cause and of heart related death among post-
menopausal women. Women who ate one or more serv-
ings of fried food a day had an 8% higher risk of death
than those who did not eat fried food (OR=1.08, 95%
CI=1.01 to 1.16).“® A lower pickled vegetable, was in-
versely associated with cognitive frailty. In a Chinese
longitudinal study involving 4847 participants aged 55
years or older, it was approved that the "starch-rich die-
tary pattern”, in particular salted vegetables and legumes,
was positively associated with cognitive decline.?®

Physical activity and exercise are recognized as the
primary strategies to counteract physical impairment re-
lated to frailty in the elderly individuals.*® We also found
that higher frequency and duration of walking, exercise,
and housework were associated with a lower risk of
prefrailty and frailty. A randomized controlled trial
demonstrated that a multicomponent exercise program
(including aerobic, resistance, and balance training) could
reduce frailty and inflammatory biomarkers while im-
proving physical performance in community-dwelling
older adults.® Another randomized controlled trial
showed that high-speed resistance exercise training im-
proved performance significantly in the test for cognitive
function (processing speed and executive function), phys-
ical function (Short Physical Performance Battery, Timed
Up and Go Test, gait speed), and muscle strength (grip
strength, knee extensive strength).>* Physical activity and
exercise could reduce age-related oxidative damage and
chronic inflammation, increase autophagy, and improve
mitochondrial function, myokine profiles, insulin-like
growth factor-1 (IGF-1) signaling pathway, and insulin
sensitivity.*°

There are several limitations in our study. Firstly, the
study design was cross-sectional, which may introduce
the possibility of reverse causality in analyzing associa-
tion between major food group and frailty. Additionally,
our study only focused on the frequency of food groups
without considering the quantity. This could be a major
flaw in the study, as it is not possible to calculate the in-
take of some nutrients closely related to frailty, such as
calcium, and could not perform a more in-depth correla-
tion analysis. Furthermore, despite adequate controlling
for numerous covariates, there remains some confounding
factors that may have arisen from unmeasured variables.
For instance, our analysis did not encompass the evalua-
tion of energy intake, data on childbirth for females, and
hormone levels.

The strength of this study is the use of the recently de-
veloped FI as a frailty screening tool, which simplifies the
items of deficits, and references the latest list of the top
ten prevalent diseases in the elderly population proposed
by the China Research Center on Aging. Our study
demonstrates that this FI tool is easy to use and suitable
for frailty screening in urban elderly people in China.
Additionally, this study is the first to investigate the asso-
ciation between foods consumption frequency and frailty
based on FI in China. The results provide crucial evi-
dence for the importance of nutrition improvement among
older adults in preventing the onset and worsening of
frailty.

Conclusions

Among older adults living in urban communities, DDS
>12, the consumption of animal-based foods >2
times/day, soy products >2 times/week, fresh vegetables
>2 times/day, and nuts >2 times/week is associated with
lower risk of prefrailty and frailty. Conversely, Higher
frequency of salted products and fried food consumption
is positively associated risk of prefrailty. Additionally,
walking and exercising are significantly associated with
lower risk of prefrailty, while walking and doing house-
work is significantly associated with lower frailty.
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