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Abstract
OBJECTIVES: This study examined the relationship between the 
consumption of plant-based diet and frailty in older Chinese adults. 
DESIGN: Prospective cohort study.
SETTING: Community-based setting in 22 provinces of China.
PARTICIPANTS: The final sample included data from 3990 older 
adults from 2011–2014 from the Chinese Longitudinal Healthy 
Longevity Survey. 
MEASUREMENTS: A plant-based diet index (PDI) was calculated 
based on a qualitative food frequency questionnaire. Frailty was 
defined using modified Fried criteria. A Generalized Estimating 
Equation was used to estimate risk ratios (RRs) and 95% confidence 
intervals (CIs) for frailty. We further performed subgroup analyses 
stratified by sex and lifestyle factors. 
RESULTS: 557 cases of frailty were observed. After adjustment 
for covariates, the RR for frailty of a high PDI was 0.792 (95% CI: 
0.644–0.973), relative to a low PDI. During follow-up, compared 
with respondents with a continually low PDI, the respondents with 
a continually high PDI had a significantly reduced risk of frailty 
(RR = 0.683, 95% CI: 0.514–0.908). In further subgroup analysis, a 
consistently high PDI over time resulted in a significantly reduced 
risk of frailty for male (RR = 0.591, 95% CI: 0.391–0.893); for never 
smokers (RR = 0.670, 95% CI: 0.458–0.979); for people who did 
never consume alcohol (RR = 0.654, 95% CI: 0.454–0.941); and for 
people with current or former exercise habits (RR = 0.488, 95% CI: 
0.313–0.762). 
CONCLUSION: Plant-based diet was associated with low risk of 
frailty in men and in older adults with healthy lifestyle. These findings 
stress that plant-based diet should be recommended as a dietary 
strategy to prevent and reduce frailty in older adults; in addition, 
more dietary interventions along with lifestyle modification should be 
adopted to promote successful ageing, especially for women.  

Key words: Plant-based diet, frailty, longitudinal study, older Chinses 
adults. 

Introduction

Frailty is one of the most severe global public health 
challenges (1). The number of older adults with frailty 
will increase rapidly with the older adult population 

(2). The prevalence of frailty in older adults (≥65 years) is 
estimated to range from 4.0% to 59.1% (3-5). Frailty is an age-
related clinical syndrome of decreased resilience to internal and 
external stressors and is associated with a wide range of adverse 
outcomes, including fractures, hospitalization, disability, falls, 
and death (6). Frailty is dynamic (7), and individual frailty can 
increase or decrease over time (8). Strategies to prevent and 

slow the progression of frailty are therefore crucial (9).  
Diet is a crucial lifestyle factor to frailty prevention (10). 

A meta-analysis of 13 studies revealed that high adherence 
to healthy dietary patterns is associated with a reduced risk 
of frailty (11). Plant-based diet has received more and more 
attention for their health benefits. Plant-based diet is defined as 
a dietary profile that emphasizes the intake of plant-based foods 
while limiting the intake of animal products (12-15). A plant-
based diet index (PDI) can be used to assess compliance with 
plant-based diet and low consumption of animal products (16). 

Previous two studies have reported an association between 
plant-based diets and frailty (17, 18), one conducted in an 
older Mediterranean population (17) and the other in American 
women (18). However, neither study focused on the association 
of changes in the dynamics of plant-based diets with frailty. 
In addition, there were no studies on Chinese older adults. 
This study is to explore the association between the adherence 
to plant-based diet and the development of frailty in Chinese 
older adults by using a nationally representative survey and 
is the first time to explore the lifestyle- and gender-specific 
differences in the relationship between plant-based diet and 
frailty, providing evidence to formulate targeted dietary 
strategies to prevent older adults’ frailty and its associated 
adverse outcomes.

Methods

Study population

The Chinese Longitudinal Healthy Longevity Survey 
(CLHLS) is an ongoing prospective cohort study investigating 
the determinants of the health and longevity of older adults 
in China (19). In brief, the CLHLS is a national survey 
covering 22 of 31 provinces in China and accounting for 
approximately 85% of China’s population. It began in 1998 and 
is administered every 2–3 years. After entering the cohort, all 
individuals are interviewed about potential health determinants, 
including their lifestyle habits, socio-economic characteristics, 
cognitive function, physical abilities, and psychological status.

Longitudinal data from 2011 to 2014 were used in this study. 
The 2011 survey wave included 9765 participants, of which 
we excluded participants under 65 years of age, with missing 
dietary data and missing frailty data, having frailty in 2011, 
and participants who lost or died prior to the 2014 survey, and 
participants with missing dietary data and frailty data in 2014. 
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Finally, a total of 3990 participants from 2011 to 2014 were 
included to determine the relationship between plant-based diet 
and frailty in this study. Figure 1 illustrates the sample selection 
process.

Frailty assessment

Frailty was defined using modified Fried criteria (6, 20-22). 
Exhaustion, low mobility, weakness, inactivity, and shrink 
were assessed using self-report data. Exhaustion was defined 
as an answer of “always,” “often,” or “sometimes” to whether a 
participant felt “useless with age” (21-24). Shrink was defined 
as a body mass index <18.5 kg/m²  (20, 21, 25). Weakness 
was defined as the participant failing to lift a 5-kg bag (20, 
25). Low mobility was defined as the participant failing to 
walk a distance of 1 km (26). Inactivity was defined if the 
participant did the following activities 1 time per week or less: 
housework, outside activity, gardening, keeping a pet, livestock 
breeding, playing cards or mah-jongg, and social activity (23). 
A participant fulfilling at least three criteria (i.e., exhaustion, 
low mobility, weakness, shrink, or inactivity) was considered to 
exhibit frailty.

PDI calculation

Information on each participant’s diet in 2011 and 2014 
was collected using a qualitative simplified food frequency 
questionnaire (FFQ). The reliability and validity of 
the questionnaire are well supported (27). The qualitative 
simplified FFQ included 16 food groups that Chinese people 
often consume, divided into two categories: plant-based foods 
(whole grains, nuts, tea, legumes, garlic, vegetable oils, fresh 
fruits, fresh vegetables, preserved vegetables, refined grains, 
and sugar [white granulated sugar or candy]) and animal-
based foods (fish and seafood, meat, animal fat, eggs, and 
milk and dairy products) (15, 28). The qualitative simplified 
FFQ collects information about the participant’s diet at the 
time of the interview (e.g., “how often eat meat at present?” 
Response included almost everyday, ≥1 time/week, ≥1 time/
month, occasionally and rarely or never).

A PDI was calculated on the basis of the frequency with 
which the participants consumed the 16 food groups as a 
reflection of their overall diets (15). Intake frequencies were 

scored between 1 and 5; the plant-based food groups received 
positive scores, whereas the animal-based food groups 
received negative scores. The theoretical range of the PDI 
was 16–80. The scoring criteria and intake frequencies are 
presented in Table A1 (Supplementary Materials). We divided 
the participants into a low PDI group and a high PDI group on 
the basis of the median PDI.

We further categorized the temporal PDI change from 2011 
to 2014 based on the dichotomous PDI as a PDI decrease, 
PDI increase, consistently low PDI, or consistently high PDI. 
This information is presented in Table A2 (Supplementary 
Materials).

Covariate assessment

In our analysis, we adjusted for covariates that may 
influence frailty in older adults (29) which were collected in 
2011, including sex (male vs. female), age group (65–79 vs. 
≥80 years), education status (formal vs. informal education, 
according to whether the respondent had attended school), 
alcohol consumption (former or current drinker vs. never 
drinker), exercise status (former or current exercise habits 
vs. no history of regular exercise), smoking status (former or 
current smoker vs. never smoker), body mass index (BMI, 
underweight, vs. normal, vs. overweight, vs. obese), residential 
location (city vs. town or rural area), marital status (currently 
married and living with a spouse vs. other), insurance status 
(yes vs. no), financial support (dependent vs. independent), 
and history of chronic disease (yes vs. no). A participant 
was considered to have no history of chronic disease if 
they did not self-report hypertension, asthma, heart disease, 
emphysema, bronchitis, diabetes, or pneumonia; otherwise, 
they were considered to have a history of chronic disease. We 
dichotomized financial support into financial independence, 
which was defined as having employment or retirement wages, 
or financial dependence, which was defined as reliance on other 
family members for financial support.

Statistical analysis

Baseline characteristics were analyzed as numbers 
and percentages, and chi-square tests were used to identify 
differences. We used a Generalized Estimating Equation to 
estimate the association between PDI (including PDI for 
continuous variables, PDI for categorical variables, and changes 
in PDI) and frailty. We further stratified the sample by sex and 
lifestyle factors (smoking status, alcohol consumption, and 
exercise) to investigate whether these factors affect the benefits 
of high PDI diet. Statistical analysis was conducted in RStudio, 
version 4.1.2 (the R Foundation). Significance was indicated by 
P < 0.05.

Results

Table 1 provides the baseline characteristics of the study 
participants. Of the 3990 participants, 2076 (52.0%) were 
men, and the mean age was 79.57 ± 8.94 years. In total, 3355 

Figure 1. Flowchart of sample selection
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(84.1%) participants were living in towns or rural areas, 
2420 (60.9%) were never smokers, 2517 (63.6%) were never 
drinkers, 1891 (47.9%) never had regular exercise habits, 2100 
(52.8%) had formal education, 2497 (62.7%) were financially 
dependent, 2309 (57.9%) had a normal BMI, 3638 (92.7%) 

had insurance and 1744 (45.4%) had a history of chronic 
illness. According to chi-square tests, all baseline characteristics 
differed between the high PDI and low PDI groups, except for 
insurance and history of chronic diseases.

The median PDI of the 3990 participants was 50. The 

Table 1. Baseline characteristics of nonfrail participants
Characteristics N(%) Low PDI High PDI X2

Total 3990 2274(57.0) 1716(43.0)
Age group (years) 43.819***
  65-79 2195(55.0) 1148(52.3) 1047(47.7)
  ≥80 1795(45.0) 1126(62.7) 669(37.3)
Sex 11.148**
  Male 2076(52.0) 1131(54.5) 945(45.5)
  Female 1914(48.0) 1143(59.7) 771(40.3)
Residential location 10.977**
  Town or rural area 3355(84.1) 1950(58.1) 1405(41.9)
  City area 635(15.9) 324(51.0) 311(49.0)
Education status 19.261***
  Informal education 1881(47.2) 1141(60.7) 740(39.3)
  Formal education 2100(52.8) 1129(53.8) 971(46.2)
Financial support 45.818***
  Financial dependence 2497(62.7) 1526(61.1) 971(38.9)
  Financial independence 1486(37.3) 745(50.1) 741(49.9)
Insurance 2.575
  No 285(7.3) 175(61.4) 110(38.6)
  Yes 3638(92.7) 2056(56.5) 1582(43.5)
Marital status 29.633***
  Currently married and living with spouse 2026(50.9) 1069(52.8) 957(47.2)
  Other 1954(49.1) 1198(61.3) 756(38.7)
Smoking status 28.239***
  Never smoker 2420(60.9) 1460(60.3) 960(39.7)
  Former or current smoker 1551(39.1) 803(51.8) 748(48.2)
Alcohol consumption 29.711***
  Never drinker 2517(63.6) 1516(60.2) 1001(39.8)
  Former or current drinker 1442(36.4) 740(51.1) 702(48.7)
Exercise status 11.215**
  No history of regular exercise 1891(47.9) 1129(59.7) 762(40.3)
  Former or current exercise habits 2058(52.1) 1120(54.4) 938(45.6)
Body mass index 29.058***
  Underweight 597(15.0) 389(65.2) 208(34.8)
  Normal 2309(57.9) 1324(57.3) 985(42.7)
  Overweight 811(20.3) 425(52.4) 386(47.6)
  Obese 273(6.8) 136(49.8) 137(50.2)
History of chronic diseases 0.864
  No 2099(54.6) 1200(57.2) 899(42.8)
  Yes 1744(45.4) 971(55.7) 773(44.3)
*P < 0.05; ** P < 0.01; *** P < 0.001; PDI: plant-based diet index.
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participants who are male, aged 65–79, have a normal BMI, live 
in city area, have formal education, be financially independent, 
be currently married and living with spouse, have previous or 
current exercise habits and are former or current smokers and 
drinkers were more likely to have high PDI.

During the follow-up of 11134.5 person-years, 557 cases of 
frailty were observed: 363 participants with low PDIs and 194 
participants with high PDIs. In an unadjusted analysis, the risk 
ratio (RR) of a high PDI (vs. a low PDI) for frailty was 0.654 
(95% confidence interval [CI]: 0.538–0.794). After adjustment 
for sex, age, BMI, residential location, financial support, 
insurance, history of chronic diseases, alcohol consumption, 
smoking status, exercise status, marital status, and education 
status (the final model), the inverse association remained 
significant (RR = 0.792, 95% CI: 0.644–0.973; Table 2). With 
PDI as a continuous variable, this inverse association did not 
change (RR = 0.964, 95% CI: 0.949–0.978) in the crude model; 
RR = 0.982, 95% CI: 0.966–0.998 in the final model; Table 2).

Table 3 presents the associations between changes in PDI 
and frailty. After adjustment for all covariates, compared with 
participants whose PDI remained low, only those whose PDI 
remained high over time had a significantly reduced risk of 

frailty (RR = 0.683; 95% CI: 0.514–0.908).
We further evaluated the how the relationship between 

PDI changes and frailty changed with sex and lifestyle factors 
(smoking, alcohol consumption, and exercise). As presented in 
Table 3, compared with a consistently low PDI, a consistently 
high PDI resulted in a significantly reduced risk of frailty for 
male (RR = 0.591, 95% CI: 0.391–0.893) but not for female 
(RR = 0.762, 95% CI: 0.512–1,134); for never smokers (RR 
= 0.670, 95% CI: 0.458–0.979) but not for former or current 
smokers (RR = 0.711, 95% CI: 0.456–1.110); for never drinkers 
(RR = 0.654, 95% CI: 0.454–0.941) but not for former or 
current drinkers (RR = 0.720, 95% CI: 0.454–1.142); and for 
people with current or former exercise habits (RR = 0.488, 
95% CI: 0.313–0.762) but not for people who never exercised 
regularly (RR = 0.924, 95% CI: 0.634–1.347).

Discussion

Using data from a large prospective study of the Chinese 
community and adjusting for baseline frailty risk factors and 
additional confounding variables, we observed that a high PDI, 

Table 2. Association between frailty and PDI
Characteristics Crude model 

RR (95% CI)
Final model

RR (95% CI)
PDI as continuous variables 0.964(0.949,0.978)*** 0.982(0.966,0.998)*
PDI as categorical variables (ref.=low PDI)
high PDI 0.654(0.538,0.794)*** 0.792(0.644,0.973)*
*P < 0.05; ** P < 0.01; *** P < 0.001; PDI: plant-based diet index; CI: confidence interval; RR: risk ratio. Crude model: no adjustment; Final model: adjusted for sex, age, residential 
location, financial support, insurance, history of chronic diseases, alcohol consumption, smoking status, exercise status, body mass index, marital status, and education status.

Table 3. Associations between PDI changes and frailty, stratified by sex, exercise status, smoking status, and alcohol consumption
Characteristics Final model RR (95% CI)

Consistently low PDI PDI increase PDI decrease Consistently high PDI
All

Reference 0.854(0.656,1.112) 0.907(0.682,1.207) 0.683(0.514,0.908)**
Stratified by sexa

Male Reference 0.834(0.559,1.244) 0.723(0.459,1.138) 0.591(0.391,0.893)*
Female Reference 0.843(0.590,1.104) 1.047(0.724,1.514) 0.762(0.512,1.134)
Stratified by exercise statusb

No history of regular exercise Reference 0.862(0.591,1.258) 0.791(0.531,1.177) 0.924(0.634,1.347)
Former or current exercise habits Reference 0.841(0.581,1.218) 1.057(0.704,1.587) 0.488(0.313,0.762)**
Stratified by smoking statusc

Never smoker Reference 0.793(0.565,1.112) 0.876(0.609,1.262) 0.670(0.458,0.979)*
Former or current smoker Reference 0.917(0.591,1.421) 0.936(0.590,1.484) 0.711(0.456,1.110)
Stratified by alcohol consumptiond

Never drinker Reference 0.844(0.608,1.172) 1.063(0.762,1.483) 0.654(0.454,0.941)*
Former or current drinker Reference 0.850(0.536,1.346) 0.579(0.328,1.022) 0.720(0.454,1.142)
*P < 0.05; ** P < 0.01; *** P < 0.001; PDI: plant-based diet index; CI: confidence interval; RR: risk ratio; a. adjusted for age, residential location, financial support, insurance, history of 
chronic diseases, alcohol consumption, smoking status, exercise status, body mass index, marital status, and education status; b. adjusted for sex, age, residential location, financial support, 
insurance, history of chronic diseases, alcohol consumption, smoking status, body mass index, marital status, and education status; c. adjusted for sex, age, residential location, financial 
support, insurance, history of chronic diseases, alcohol consumption, exercise status, body mass index, marital status, and education status; d. adjusted for sex, age, residential location, 
financial support, insurance, history of chronic diseases, smoking status, exercise status, body mass index, marital status, and education status.
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that is, greater intake of plant-based diet or greater adherence to 
plant-based diet, was significantly and inversely associated with 
the risk of frailty among older adults. However, there are gender 
and lifestyle specific differences in the protective effects of high 
PDI diet. This association appeared in men and participants 
with a healthy lifestyle and was not observed in women and 
participants with an unhealthy lifestyle.

Frailty may result from tissue damage caused by oxidative 
stress and inflammatory processes (30). A meta-analysis 
discovered that C-reactive protein and serum interleukin 6 
levels were higher in individuals exhibiting prefrailty or frailty 
than they were in nonfrail individuals (31). Consumption of 
foods rich in antioxidants in daily diet can reduce the adverse 
effects of oxidative stress (32) and is negatively associated 
with the risk of frailty (33). Plant-based foods have high levels 
of various antioxidant micronutrients, including vitamins C 
and E and beta-carotene (34). These antioxidants reduce or 
prevent frailty by lower levels of reactive oxygen species, 
which can cause DNA, lipid, and protein damage and induce 
mitochondrial dysfunction and apoptosis (35). Plant-based diet 
rich in whole grains, fruits, nuts, and vegetables can regulate 
immune and inflammatory processes (36, 37). Tea is also 
common in Chinese plant-based diet, and tea polyphenols 
can reduce the levels of interleukin 1β, the proinflammatory 
cytokine tumor necrosis factor, and interleukin 6 to reduce 
inflammation and prevent frailty (38). A Japanese study 
showed that green tea consumption was inversely related 
to the prevalence of frailty (39). Plant-based diet is rich in 
dietary fiber, which has also been linked to lower levels of 
inflammatory markers (40). Adequate dietary protein intake has 
a positive impact on increasing muscle protein synthesis and 
improving body function, and another characteristic of frailty 
is the loss of muscle strength and quality (41). The protein in 
beans and nuts helps to prevent muscle loss (42). Although 
this diet maybe does not present higher amounts of protein, 
the vegetable protein (mainly from legumes) associated with 
antioxidant nutrients may collaborate for muscle maintenance. 
People with high PDI diet can prevent frailty by consuming 
more plant protein. Similar with other healthy dietary patterns, 
such as the Mediterranean diet, high PDI diet is rich in fruits, 
nuts, vegetables, and legumes, and is conductive to reduce the 
frailty (43, 44). It is noted that the Mediterranean diet also has 
moderate consumption of fish and poultry (45) which provide 
high quality protein, and it is associated with a reduced risk 
of frailty (46). However, the PDI was scored for animal foods 
reverse orientation, and high PDI diet is often low in animal 
foods, which may be associated with increased risk of frailty. 
Interestingly, the integration effect from high PDI diet finally 
reduced the risk of frailty in this study.

Plant-based diet is associated with reduced risks of cognitive 
impairment (28) and diabetes (47) improved insulin resistance 
(48) and weight loss (49), and lower total cholesterol (50). In 
addition, high intake of fruits, vegetables, and whole grains 
is associated with a reduced risk of depression (51) The 
aforementioned chronic diseases are risk factors for frailty (4, 
52-54). Thus, the protective effect of plant-based diet against 
frailty risk may stem from their benefits in preventing chronic 
diseases. In the present study, older adults who reported a high 

PDI that remained consistent over time had a significantly 
lower risk of frailty during follow-up than those who reported 
a less PDI at any time. An individual’s eating behavior may 
change over time (55), and the prevalence of dysphagia 
increases with age (56) Older adults with dysphagia consume 
fewer vegetables than those without consume (57). Thus, only 
consistent consumption of high PDI may be beneficial in 
combating frailty, as suggested by our previous study in which 
long-term tea consumption was beneficial in reducing the risk 
of frailty in older adults (58).

It is noted that the frailty-lowering effect of long-term 
adherence to high PDI diet occurred only in men, but not in 
women in the sex-stratified analysis. This sex-difference may 
be related to the vulnerability of women in response to stress 
or diseases. Women are more likely to be frailty than men (59). 
Compared with men, women are more vulnerable to disability 
and chronic diseases (60), have greater loss of physiological 
reserves (61) and lower muscle mass index (62). In addition, 
women’s socio-economic and health status is often worse (63). 
In this situation, the benefit of high PDI diet in preventing 
frailty did not present in women. Our results also suggest that 
the benefits of high PDI diet are dependent on lifestyle factors. 
We found that long-term consumption of a high PDI had a 
significant preventive effect against frailty in older adults with 
healthy lifestyles (never smoking, never drinking, or exercising 
or having exercised). Smokers have demonstrated poor 
adherence to high PDI diet and often consume more meat and 
fewer cereals, fruits, and vegetables than nonsmokers do (64, 
65). Additionally, smokers have significantly higher intake of 
cholesterol, saturated fat, and total fat and lower intake of beta-
carotene, vitamin E, vitamin C, and fiber (66) as well as higher 
levels of inflammatory mediators (67), which can lead to frailty 
(6, 68). Smoking also increases the risk of frailty by reducing 
muscle protein synthesis, muscle strength, and physical function 
in older adults (69). Therefore, people who smoke are more 
likely to experience frailty (70), and the preventive effect of 
high PDI diet against frailty may be weakened in smokers. 
Increased alcohol consumption is associated with decreased diet 
quality, including increased meat and fat intake and reduced 
fruit intake (71, 72). In addition, older adults are at higher 
risks of the negative effects of alcohol consumption, such 
as malnutrition, fractures, falls, and cognitive decline (73). 
Physical exercise can increase muscle strength (74) and brain 
volume (75). Colcombe et al. showed that exercise increased 
the volume of white and gray matter primarily located in the 
temporal cortex and prefrontal cortex, which showed age-
related deterioration (75). Physical exercise can also improve 
mobility and physical function in older people with mobility 
problems or physical disabilities (76). One of the reasons for 
performing physical exercise is a desire to maintain fitness. 
Such health consciousness is related to healthy diet choices 
(77). That is, older people who exercise may be more likely to 
choose high PDI diet. Thus, we observed that the association 
between high PDI diet and frailty varied with lifestyle factors. 
These findings provide guidance for older adults to prevent or 
delay frailty through lifestyle choices. 
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Strengths and limitations

To our knowledge, this study was the first to examine the 
association between plant-based diet and frailty among older 
Chinese adults by using nationally representative cohort data. 
An advantage is its exploration of the role of changes in the 
consumption of plant-based diet. However, our study has some 
limitations. First, although the frailty criteria have been widely 
used, frailty screening tools are heterogeneous. Second, the 
information used to classify frailty was self-reported by the 
participants and no physical tests were performed. Moreover, 
weight change or nutritional status is not assessed. Finally, 
we could not calculate and adjust for total energy intake, and 
dietary assessment based on the FFQ may have been subject to 
recall bias.

Conclusions

This study demonstrated a prospective association between 
adherence to high PDI diet and reduced risk of frailty in 
older adults. However, it should be noted that this association 
was heterogeneous with respect to gender and lifestyle. In 
particular, the association between high PDI diet and frailty 
was significant in men and in individuals with a healthy 
lifestyle. These findings stress that plant-based diet, especially 
with consistently high PDI diet, should be recommended as a 
dietary strategy to prevent and reduce frailty in older adults; 
in addition, more dietary interventions along with lifestyle 
modification should be adopted to promote successful ageing, 
especially for women.
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