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Background Frailty has emerged as a global health burden with increased population aging. A diverse diet is essen-
tial for an adequate and balanced supply of nutrients. However, limited evidence supports the relationship between 
dietary diversity and frailty. We therefore assessed the associations of dietary diversity with the risk of frailty.

Methods We used the Chinese Longitudinal Healthy Longevity Survey to analyze a prospective cohort of Chinese 
older adults. A total of 1948 non-frail older adults were included in the final sample. Participants were categorized 
into groups with high or low dietary diversity scores (DDSs) using a food frequency questionnaire. A Generalized 
Estimating Equation were used to estimate risk ratios (RRs) and 95% confidence intervals (CIs) for determining frailty 
incidence.

Results Among 1,948 participants, 381 had frailty with the prevalence of 19.56% during the 3-year follow-up period. 
Compared with the low DDS group, the high DDS group exhibited a lower risk of frailty (RR, 0.72; 95% CI: 0.57–0.91). 
Compared with those with a consistently low DDS, the RR of participants with a consistently high DDS for frailty was 
0.56 (95% CI: 0.42–0.74). Moreover, meat, beans, fish, nuts, fresh fruits, and fresh vegetables were inversely associated 
with frailty. In stratified analysis, a consistently high DDS, compared with a consistently low DDS, reduced the risk of 
frailty for people aged 65-79 years and those living in town and rural areas.

Conclusion This study found a prospective association between dietary diversity and frailty among Chinese older 
adults. These findings stressed that it is important to improve dietary diversity for older adults to promote healthy 
ageing, particularly for young older adults and in town and rural areas.
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Introduction
The number of older adults aged more than 65 years has 
increased from 461 million in 2004 to an estimated 2 bil-
lion in 2050 [1]. Frailty has emerged as a global health bur-
den, and the incidence of frailty is likely to increase under 
population aging [2]. The prevalence of frailty in the elderly 
individuals ranges from 12 to 24% [3]. Frailty is associated 

with a range of adverse outcomes, including morbidity, 
mortality, and increased health care costs [4, 5], and it has 
major implications for clinical practice and public health.

Frailty is defined as increased vulnerability to stress-
ors across multiple bodily systems [6], including cogni-
tive, psychosocial, and physical components [7]. Frailty is 
dynamic process that deteriorates or improves over time 
[8]. Strategies for preventing and delaying the progres-
sion of frailty are crucial [9].

Nutrition, a modifiable factor for frailty [6], plays a 
critical role in causing, mediating, and reversing frailty 
in older adults [10]. Various foods and nutrients have 
been reported to assist in preventing frailty. Cross-sec-
tional studies in China [11], the United States [12], and 
the United Kingdom [13] have revealed that fruit and 
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vegetable consumption is associated with a reduced 
risk of frailty. A prospective study [14] of elderly Japa-
nese reported that higher baseline dairy and milk con-
sumption was associated with a lower risk of frailty. 
Another prospective cohort study [15] in Spain also 
revealed that an increased intake of yogurt milk and 
low-fat was associated with a lower incidence of frailty. 
A meta-analysis of 10 studies reported a lower frailty 
prevalence among older adults with high protein 
intake than among older adults with low protein intake 
[16]. A systematic review of longitudinal data on vita-
min D and frailty indicated an association between 
lower vitamin D intake and a higher risk of frailty [17].

Nutrition is a key factor for the prevention and treat-
ment of frailty. However, a single nutrient or food cannot 
reflect the nutritional status of an individual in real life. 
Few studies have explored the effects of individual nutri-
tion on frailty from a holistic perspective. Dietary diversity 
is defined as the number of different food groups or foods 
consumed in a given period, and it ensures a rich provi-
sion of macronutrients and micronutrients [18]. A diverse 
diet is essential for an adequate and balanced supply of 
nutrients. Dietary diversity score (DDS), as an indicator 
of dietary diversity, can be applied to all age groups [19]. 
Two cross-sectional studies [20, 21] in Japan have reported 
that DDS may be associated with frailty in older adults. 
The present 3-year cohort study explored the association 
between DDS and frailty among Chinese older adults.

Materials
Study population
The Chinese Longitudinal Healthy Longevity Survey 
(CLHLS) is a nationwide, prospective cohort study of 

community-dwelling older adults in China. The survey 
has been conducted in 23 counties and cities randomly 
selected from 31 provinces, and the population of these 
areas covers 85% of China’s population. The survey was 
carried out in 1998, and follow-up surveys are conducted 
every 2 to 3 years. The trained staff interviewed the elders 
face to face and systematically collected their informa-
tion. [22].

Our study used data for the period from 2011 to 2014. 
9765 individuals participated in baseline interviews 
between 2011 and 2012. We excluded participants aged 
less than 65  years (n = 86) in 2011. Furthermore, from 
this sample, we excluded participants who presented 
with frailty in 2011 (n = 1570), those with missing infor-
mation relating to frailty (n = 4522) and those with miss-
ing values related to DDS (n = 16). We also excluded 
participants who were lost or dead. Finally, we analyzed 
the data of 1948 individuals from 2011 to 2014 to deter-
mine the relationship between DDS and frailty. Figure 1 
depicts the flowchart of the patient selection process in 
this study. The missing participants were more likely to 
be female, aged 80 years or above, financially dependent, 
of informal education, of other marital status, of under-
weight, and to live in town and rural areas and to not 
smoke, not drink, not exercise (Table S1).

Assessment of frailty
The frailty index (FI) counts deficits in health to assess-
ment of frailty [23]. According to a study [24] measuring 
frailty, the FI contains items related to 44 health deficits, 
including activities of daily living (basic and instrumen-
tal), chronic diseases, and psychological function. The FI 
is calculated by adding all deficits and dividing the sum 

Fig. 1 Flowchart of the participant selection process
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by the total number of deficits. Detailed information on 
the calculation procedure is presented in the Table S2. 
In the present study, the FI reflected cumulative health 
deficits, and it is comparable to the indices used in other 
CLHLS-based studies [25–27] and those used in stud-
ies conducted in the United States [28], Canada [29], 
and Hong Kong [30]. The FI is a continuous variable 
and ranges from 0 to 1; a higher value indicates a higher 
degree of frailty. According to the FI, participants were 
divided into two groups: non-frailty group (FI ≤ 0.21) and 
frailty group (FI > 0.21) [31].

Assessment of dietary diversity
The participants completed a food frequency question-
naire [32] on 11 major food groups or items: meat, fish, 
eggs, beans, mushrooms or algae, tea, garlic, milk prod-
ucts, nuts, fresh vegetables, and fresh fruits; the ques-
tionnaire was used to determine their DDS during a 
face-to-face interview. Because almost all Chinese people 
consume cereals and oil daily, we did not include these 
two food groups in the DDS questionnaire [33]. The DDS 
questionnaire we used was primarily composed of items 
on healthy food. It was created to assess the adequacy of 
food consumption and the healthiness of diets, and its 
scientific validity has been demonstrated [34].

DDS was calculated according to the frequency of 
intake of the 11 food groups. The scoring criteria and 
intake frequencies are detailed in the Table S3. The total 
DDS was calculated as the sum of the scores of the 11 
food groups, with the highest and lowest scores being 11 
and 0, respectively. The higher was the score, the greater 
was the dietary diversity. We divided the participants into 
two groups according to the median DDS, namely the 
low and high DDS groups.

We also classified changes in dietary diversity (CDD) 
from 2011 to 2014 into the following four categories: 
declining dietary diversity, improving dietary diversity, 
consistently low dietary diversity, and consistently high 
dietary diversity (Table S4).

Assessment of covariates
According to previous research [35], frailty is influ-
enced by older people’s individual heterogeneity, socio-
economic level, and health status. Therefore, to account 
for crucial differences, we evaluated various baseline 
characteristics. Covariates included age group (65–79 
or ≥ 80  years), sex (male or female), body mass index 
(BMI; underweight, normal, overweight, or obese), 
residential location (urban or town and rural), and 
marital status (currently married and living with spouse 
or other). Education status was classified into for-
mal education [≥ 1  year(s) of education] and informal 
education (< 1  year of education). Drinking, smoking, 

and exercise status was defined according two ques-
tions (“drink/smoke/exercise or not at present?” and 
“drink/smoke/exercise or not in the past?”). It was 
defined as no if participants answer no to both ques-
tions; otherwise, was defined as yes. The participants 
were regarded as having a history of chronic disease if 
they self-reported hypertension, heart disease, bron-
chitis, asthma, emphysema, pneumonia, or diabetes. 
We distinguished financial support into financial inde-
pendence and dependence. We regarded financial inde-
pendence as receiving a work or retirement wage, and 
financial dependence as financially relying on other 
family members.

Statistical analysis
Independent chi-square tests were used to examine the 
initial basic characteristics of the groups (sex, age, resi-
dential location, education status, BMI, drinking status, 
smoking status, exercise status, marital status, financial 
support, and history of chronic disease). A Generalized 
Estimating Equation (GEE) were used to determine the 
relationship between dietary diversity and frailty inci-
dence. In addition, we conducted a stratified analysis 
based on age and residential location.

For all outcomes, we constructed models without any 
adjusted covariates (Model 1), models adjusted only 
for sex and age (Model 2), and models further adjusted 
for residential location, education status, BMI, drink-
ing status, smoking status, exercise status, marital sta-
tus, financial support, and history of chronic disease 
(Model 3). The sampling weight variables in CLHLS are 
calculated based on the age-sex-residence-specific dis-
tribution of the population. Our analysis results were 
weighted to ensure its representativeness.

Given that large samples losses occur due to incom-
plete frailty data, we conducted a sensitivity analysis. 
If the missing value in the 44 health deficits of partici-
pants is less than or equal to 5, these participants will 
not be excluded. Given pre-frailty older adults may be 
change dietary behaviors, we conducted another sensi-
tivity analysis and examined the relationship between 
frailty and dietary diversity after excluding subjects 
with pre-frailty at baseline.

Statistical analysis was conducted using R studio, ver-
sion 4.1.2 (R Foundation for Statistical Computing). 
Statistical significance was defined as a two-sided P 
value threshold of 0.05.

Results
Baseline characteristics
Table  1 provides the baseline characteristics of the 
study participants. The sample was composed of 1948 
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participants, with 1040 men (53.4%) and 908 women 
(46.6%). Among all participants, 43.0% were 80 years and 
older, 79.6% lived in town and rural areas, 48.2% were 
currently married and living with their spouse, 44.3% had 
informal education, 38.9% were financially independent, 
and 57.3% had no chronic illnesses.

The mean score of the DDS was 5.7 with the standard 
deviation of 1.8. From 2011 to 2014, 608 (21.2%) par-
ticipants maintained low DDS, 279 (14.3%) participants 
changed from high DDS to low DDS, 328 (16.8%) par-
ticipants changed from low DDS to high DDS, and 733 
(37.6%) participants maintained high DDS.

The participants who are aged 65–79, female, live in 
urban areas, were overweight, have formal education, 
have another marital status, be financially independent, 
be physically active drink, do not smoke and have no his-
tory of chronic diseases were more likely to have high 
DDS.

Association of DDS with frailty prevalence
Among 1,948 participants, 381 had frailty with the preva-
lence of 19.56% during the 3-year follow-up period. These 
cases involved 208 participants with a low DDS and 173 
participants with a high DDS. Overall, the crude rate of 
frailty events was higher in the low DDS group than in 
the high DDS group (Table 2). In the unadjusted analysis, 
the risk ratio (RR) of the participants with a high DDS for 
frailty was 0.61 [95% confidence interval (CI): 0.50–0.76] 
compared with that of the participants with a low DDS. 
Following adjustment for age, sex, residential location, 
education status, BMI, drinking status, smoking status, 
exercise status, marital status, financial support, and his-
tory of chronic disease (Model 3), the inverse association 
was still significant (RR, 0.72; 95% CI: 0.57–0.91).

When DDS was adopted as a continuous variable, this 
association did not change (RR, 0. 83; 95% CI: 0.78–0.88 
in Model 1; RR, 0.88; 95% CI: 0.82–0.94 in Model 3).

Association of CDD with frailty prevalence
The association between CDD and frailty is presented 
in Table 3. Compared with those with a consistently low 
DDS, the RR of the participants with a consistently high 
DDS for frailty was 0.46 (95% CI: 0.35–0.59) in the crude 
model. Following adjustment for all the covariates, the 
inverse association between a consistently high DDS and 
frailty remained significant (P < 0.05).

In stratified analysis (Table  4), a consistently high 
DDS, compared with a consistently low DDS, reduced 
the risk of frailty for people aged 65–79 years (RR, 0.46; 
95% CI: 0.33–0.64) and those living in town and rural 
areas (RR, 0.46; 95% CI: 0.33–0.64) after adjusting for 

Table 1 Baseline characteristics of participants without frailty

DDS Dietary diversity score
* P < 0.05

Characteristics N (%) Low DDS 
(weighted 
%)

High DDS 
(weighted 
%)

X2

Total 1948 45.7 54.3

Age(years) 21.76*

 65–79 1111(57.0) 44.3 55.7

  ≥ 80 837(43.0) 55.7 44.3

Sex 32.78*

 Male 1040(53.4) 41.3 58.7

 Female 908(46.6) 50.5 49.5

Residential location 61.64*

 Town and rural 1550(79.6) 48.3 51.7

 Urban 398(20.4) 30.3 69.7

Education 132.62*

 Informal education 863(44.3) 58.4 41.6

 Formal education 1083(55.7) 38.9 61.1

Financial support 217.51*

 Financial depend-
ence

1190(61.1) 55.9 44.1

 Financial independ-
ence

757(38.9) 31.9 68.1

Marital status 23.67*

 Currently married 
and living with 
spouse

937(48.2) 55.6 44.4

 Other 1008(51.8) 40.6 59.4

Smoking status 0.36

 No 1106(56.9) 44.7 55.3

 Yes 837(43.1) 45.7 54.3

Drinking status 10.39*

 No 1185(61.2) 47.9 52.1

 Yes 750(38.8) 42.7 57.3

Exercise status 71.20*

 No 720(37.0) 53.7 46.3

 Yes 1222(63.0) 39.5 60.5

Body mass index 
(kg/m2)

197.00*

 Underweight 
(< 18.5)

330(17.1) 70.8 29.2

 Normal (18.5–
23.99)

1075(55.6) 45.8 54.2

 Overweight 
(24–27.99)

399(20.6) 32.0 68.0

 Obese (≥ 28) 131(6.8) 43.2 56.8

Chronic disease 7.60*

 No 1116(57.3) 43.9 56.1

 Yes 832(42.7) 48.4 51.6
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all covariates, but not for people aged 80  years and 
older (RR, 1.00; 95% CI: 0.56–1.80) and those living in 
urban areas (RR, 1.38; 95% CI: 0.48–3.93).

In the two sensitivity analyses, this association between 
dietary diversity and frailty remains unchanged (Table S5 
and Table S6).

Association of single specific foods with frailty prevalence
We adopted the occurrence of frailty as the dependent 
variable and the intake of the 11 major food groups in 
2011 as the independent variable in GEE. Meat (RR, 0.47; 
95% CI: 0.32–0.68), fish (RR, 0.56; 95% CI: 0.39–0.80), 
beans (RR, 0.68; 95% CI: 0.47–0.97), nuts (RR, 0.59; 95% 

Table 2 Association between DDS and frailty

Model 1: no adjustment; Model 2: adjusted for age and sex; Model 3: adjusted for age, sex, residential location, education status, body mass index, drinking status, smoking 
status, exercise status, marital status, financial support, and history of chronic disease

DDS Dietary diversity score, CI Confidence interval, RR Risk ratio
* P < 0.05

Characteristics Model 1 RR (95% CI) Model 2 RR (95% CI) Model3 RR (95% CI)

DDS as continuous variable
0.83(0.78,0.88)* 0.86(0.81,0.92)* 0.88(0.82,0.94)*

DDS as categorical variable (ref. = Low DDS)
 High DDS 0.61(0.50,0.76)* 0.69(0.55,0.85)* 0.72(0.57,0.91)*

Table 3 Association between CDD and frailty

Model 1: no adjustment; Model 2: adjusted for age and sex; Model 3: adjusted for age, sex, residential location, education status, body mass index, drinking status, smoking 
status, exercise status, marital status, financial support, and history of chronic disease

CDD Changes in dietary diversity, CI Confidence interval, RR Risk ratio
* P < 0.05

RR (95%CI)

Consistently Low Dietary 
Diversity

Declining Dietary Diversity Improving Dietary Diversity Consistently High 
Dietary Diversity

Model 1 1 (reference) 0.80(0.58,1.09) 0.68(0.49,0.92)* 0.46(0.35,0.59)*

Model 2 1 (reference) 0.86(0.62,1.18) 0.73(0.53,1.01) 0.53(0.41,0.70)*

Model 3 1 (reference) 0.94(0.67,1.33) 0.79(0.56,1.11) 0.56(0.42,0.74)*

Table 4 Associations between CDD and frailty, stratified by age and residential location

CDD Changes in dietary diversity, CI Confidence interval, RR Risk ratio
a Adjusted for sex, residential location, education status, body mass index, drinking status, smoking status, exercise status, marital status, financial support, and history 
of chronic disease
b Adjusted for age, sex, education status, body mass index, drinking status, smoking status, exercise status, marital status, financial support, and history of chronic 
disease
* P < 0.05

Characteristics Final model RR (95% CI)

Consistently Low Dietary 
Diversity

Declining Dietary Diversity Improving Dietary Diversity Consistently High  
Dietary Diversity

Stratified by agea

 65–79 Reference 0.84(0.57,1.25) 0.80(0.55,1.17) 0.46(0.33,0.64)*

  ≥ 80 Reference 1.50(0.73,3.06) 0.68(0.33,1.44) 1.00(0.56,1.80)

Stratified by residential locationb

 Town and rural Reference 0.94(0.65,1.35) 0.73(0.50,1.05) 0.46(0.33,0.64)*

 Urban Reference 1.62(0.45,5.92) 2.34(0.71,7.70) 1.38(0.48,3.93)
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CI: 0.40–0.87), fresh fruits (RR, 0.69; 95% CI: 0.49–0.97) 
and fresh vegetables (RR, 0.25; 95% CI: 0.14–0.45) was 
inversely associated with frailty following adjustment for 
all covariates. Most of the associations between other 
single food groups and frailty were in the expected direc-
tion (Fig. 2).

Discussion
From a holistic nutritional perspective, this study evalu-
ated a prospective association of dietary diversity with 
frailty in a Chinese older adult population. Our study 
revealed that a high DDS reduced the incidence of frailty. 
In addition, the participants with a consistently high DDS 
had a lower risk of frailty than those with a consistently 
low DDS during the 3-year follow-up period. Whether 
the participants with pre-frailty at baseline were excluded 
or the participants with some missing values (≤ 5) of the 
health deficit were remained, dietary diversity showed a 
protective effect on frailty of older adults, which to some 
extent showed the stability of our results. This study 
further verified the relationship between dietary diver-
sity and frailty and provided new evidence that can be 
applied for preventing or delaying frailty development in 
older adults.

A high DDS is associated with an adequate intake of 
nutrients and a favorable nutritional status. A low DDS 
is related to the risk of undernutrition [36], which is 

characterized by inadequate nutrient intake and reduced 
energy reserves. Obesity may be one of the risk factors 
for frailty [37]. However, this association remains con-
tradictory, and another research showed that obesity 
is related to reducing the risk of frailty in multivariate 
analysis [38]. Interestingly, in our study, overweight sub-
jects are more likely to have high DDS. These findings 
indicated that the relationship between obesity, frailty 
and DDS should be further investigated in future study. 
Energy and nutrient deficiencies may affect mitochon-
drial function and induce muscle-related symptoms, 
including frailty [39]. Malnourished older adults have a 
high prevalence of frailty [40]. Additionally, the partici-
pants with a high DDS had a high intake of protein, vita-
mins, and antioxidant nutrients [41, 42], all of which have 
been reported to the prevention of frailty. Loss of muscle 
mass and strength is regarded as a key pathology leading 
to frailty [43]. Adequate protein intake helps to maintain 
muscle function in older adults [44]. A high DDS can 
reduce inflammation and oxidative stress [45], both of 
which accelerate the loss of muscle and bone mass and 
the deterioration of central nervous system function 
[46–48], leading to frailty. The effects of many nutrients 
depend on the presence of other nutrients in differ-
ent food groups, and only through a high dietary diver-
sity can nutritionally balance and disease prevention be 
achieved [49]. For example, food protein sources are cru-
cial, and vitamins and minerals in fruits and vegetables 

Fig. 2 RRs and 95% CIs indicating the associations between single food groups and frailty. CI: confidence interval, RR: risk ratio. Adjusted for age, 
sex, residential location, education status, body mass index, drinking status, smoking status, exercise status, marital status, financial support, and 
history of chronic disease
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are also essential for the synthesis of muscle protein [20]. 
If a diet lacks diversity, nutrients that contribute to frailty 
prevention are ineffective. Nutrient interactions (i.e., 
their balance) are more critical in health and aging than 
nutrients acting alone [50]. In addition, eating a variety 
of foods throughout the day requires health awareness 
in the performance of activities such as shopping, cook-
ing, and meal planning. These intentional instrumental 
activities may effectively assist individuals in maintain-
ing functional ability [51] and physical performance [52]. 
Moreover, studies have indicated that a diverse diet can 
promote a healthier gut microbiome [53], which plays a 
role in the anabolic resistance of skeletal muscle to die-
tary proteins [54] and may play a role in the prevention 
of frailty.

To understand the relationship between dietary diver-
sity and frailty, the effects of long-term dietary behaviors 
on frailty were explored in this study. Our study revealed 
that a consistently high DDS can reduce the risk of frailty 
among Chinese older adults following adjustment for con-
founding factors. Older adults may experience a decline in 
their chewing ability as a result of aging [55], and chewing 
ability is associated with dietary diversity [56]. Therefore, 
the dietary diversity of older adults may change in the 
future. Perhaps only the long-term rather than the short-
term maintenance of high dietary diversity has a ben-
eficial effect on frailty. Consistent with our findings, our 
previous study [57] demonstrated the protective effect of 
long-term tea consumption on frailty in older adults.

The town and rural population differ from urban dwell-
ers in eating habits and conditions [58]. In urban areas, 
residents with low dietary diversity may indirectly indi-
cate a reduced ability to go out, leading to fewer oppor-
tunities to replenish the pantry; however, in town and 
rural areas, dietary diversity may reflect different dietary 
choices. Urban areas have more complete food supply 
systems and better infrastructure, and urban residents 
have higher food diversity and availability than rural 
residents [59, 60]. In our study, consistently high dietary 
diversity was associated with a lower risk of frailty for 
town and rural residents, but not for older adults living 
in urban areas. With the increase in age, the prevalence 
of frailty increases [61] and the ability to chew and digest 
decreases. Decreased chewing and digestion due to aging 
will lead to lower DDS [62]. This may explain the protec-
tive effect of consistently high DDS against frailty in older 
adults aged 65–79, but not in those aged 80 or older.

We further explored the associations between specific 
food groups and frailty, and the results revealed the posi-
tive effect of meat, beans, fish, nuts, fresh fruits, and fresh 
vegetables on the prevention of frailty. Fruits and vegeta-
bles are rich sources of antioxidants such as carotene and 
vitamin C [63]. Meat and fish are rich in protein, which 

increases muscle synthesis [64]. Nuts and legumes are 
good sources of vegetable protein, which prevents muscle 
mass loss [65]. These are all related to preventing frailty 
[43, 48, 66]. Milk products are rich in calcium, which may 
be related to the prevention of osteoporosis and then to 
reduce frailty. Some research results also show that cal-
cium intake is related to frailty [37, 67]. In our study, milk 
products have slight trend on the reduction of the risk of 
frailty, although this reduced effect did not reach statisti-
cal significance.

These findings stressed that public health worker should 
take actions or interventions on diet to reduce the inci-
dence of frailty in older adults. Dietary diversity should be 
recommended. It is important to strengthen healthy die-
tary behaviors education for older adults and caregivers to 
increase the awareness of dietary diversity. Moreover, the 
community can strengthen diverse foods supplies for older 
adults to meet their needs of dietary diversity, particularly 
for young older adults and in town and rural areas.

To the best of our knowledge, this study is the first to 
examine the association between DDS and frailty in Chi-
nese older adults using nationally representative cohort 
data. An advantage of the study is its exploration of the 
role of ongoing dietary diversity. Our study has some limi-
tations. First, self-reported information collected using 
the food frequency questionnaire is prone to recall bias. In 
addition, this questionnaire only collected information on 
the frequency of food intake and not the specific amount 
of food intake. Finally, the included participants were more 
likely to be male, aged 65—79 years, currently married and 
living with spouse, financially dependent, of formal educa-
tion, of normal BMI, and to live in town and rural areas 
and to not smoke, not drink, exercise. Differences in base-
line characteristics between the lost and included samples 
showed that our study may have selection bias. And these 
may affect the robustness of our results to some extent. 
For example, the prevalence of frailty increases with the 
increase of age [61], and dietary patterns may also change 
with aging. Studies have also shown that frailty occurs 
more often in women than in men [68].

Conclusion
This study found a prospective association between die-
tary diversity and frailty among Chinese older adults.

Abbreviations
CLHLS  Chinese Longitudinal Healthy Longevity Survey
DDS  Dietary diversity scores
GEE  Generalized Estimating Equation
RR  Risk ratio
CI  Confidence interval
FI  Frailty index
CDD  Changes in dietary diversity
BMI  Body mass index



Page 8 of 10Duan et al. BMC Geriatrics          (2023) 23:141 

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12877- 023- 03875-5.

Additional file 1: Table S1. Baseline characteristics of lost sample and 
final sample. Table S2. Scoring criteria for frailty. Table S3. Scoringcriteria 
for dietary diversity. Table S4. Changes in dietary diversity. Table S5. 
Association between dietary diversity and frailty after retaining partici-
pants with some health defect absence value (≤5). Table S6. Association 
between dietary diversity and frailty after excluding participants with 
pre-frailty in 2011. 

Acknowledgements
The data used in this study was obtained from the CLHLS, which was man-
aged by the Peking University Center for Healthy Aging and Development 
Studies. This survey was jointly funded by the National Natural Science Foun-
dation of China (No. 71233001 and 71110107025), NIH (No. R01AG023627) and 
the United Nations Population Fund.

Authors’ contributions
YD, MZ, QQ and HL conceived and designed the research question; HL man-
aged the project and was responsible for acquiring the data; YD analyzed 
the data, prepared the figures and tables, and wrote the first draft of the 
manuscript; YC and LY prepared the data for analysis; and YD, QQ, MZ, and 
HL provided input on data analysis and interpretation of results. All authors 
revised the manuscript critically for important intellectual content and read 
and approved the final manuscript.

Funding
The work was supported by the 512 Talent training Project of Bengbu Medical 
College (BY51201203) and the Natural Science Research Project of Anhui 
Educational Committee (2022AH040217).

Availability of data and materials
Data are from the Chinese Longitudinal Healthy Longevity Survey, which is 
a public, open access repository (https:// opend ata. pku. edu. cn/ datav erse/ 
CHADS).

Declarations

Ethics approval and consent to participate
The CLHLS study was approved by the Research Ethics Committee of Peking 
University (IRB00001052–13074), and all participants or their proxy respond-
ents provided written informed consent. The research was performed in 
accordance with the Declaration of Helsinki. All procedures were performed in 
accordance with relevant guidelines.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 12 October 2022   Accepted: 6 March 2023

References
 1. Brivio P, Paladini MS, Racagni G, Riva MA, Calabrese F, Molteni R. From 

Healthy Aging to Frailty: In Search of the Underlying Mechanisms. Curr 
Med Chem. 2019;26(20):3685–3701.: https:// doi. org/ 10. 2174/ 09298 67326 
66619 07171 52739.

 2. Blodgett JM, Theou O, Howlett SE, Rockwood K. A frailty index from com-
mon clinical and laboratory tests predicts increased risk of death across 
the life course. Geroscience. 2017;39(4):447–55. https:// doi. org/ 10. 1007/ 
s11357- 017- 9993-7.

 3. O’Caoimh R, Sezgin D, O’Donovan MR, Molloy DW, Clegg A, Rockwood K, 
et al. Prevalence of frailty in 62 countries across the world: a systematic 
review and meta-analysis of population-level studies. Age Ageing. 
2021;50(1):96–104. https:// doi. org/ 10. 1093/ ageing/ afaa2 19.

 4. Muscedere J, Waters B, Varambally A, Bagshaw SM, Boyd JG, Maslove D, 
et al. The impact of frailty on intensive care unit outcomes: a systematic 
review and meta-analysis. Intensive Care Med. 2017;43(8):1105–22. 
https:// doi. org/ 10. 1007/ s00134- 017- 4867-0.

 5. Walters K, Frost R, Kharicha K, Avgerinou C, Gardner B, Ricciardi F, et al. 
Home-based health promotion for older people with mild frailty: the 
HomeHealth intervention development and feasibility RCT. Health Tech-
nol Assess. 2017;21(73):1–128. https:// doi. org/ 10. 3310/ hta21 730.

 6. Clegg A, Young J, Iliffe S, Rikkert MO, Rockwood K. Frailty in elderly people. Lan-
cet. 2013;381(9868):752–62. https:// doi. org/ 10. 1016/ S0140- 6736(12) 62167-9.

 7. Pickard S, Cluley V, Danely J, Laceulle H, Leon-Salas J, Vanhoutte B, et al. 
New horizons in frailty: the contingent, the existential and the clinical. 
Age Ageing. 2019;48(4):466–71. https:// doi. org/ 10. 1093/ ageing/ afz032.

 8. Kojima G, Taniguchi Y, Iliffe S, Jivraj S, Walters K. Transitions between frailty 
states among community-dwelling older people: A systematic review 
and meta-analysis. Ageing Res Rev. 2019;50:81–8. https:// doi. org/ 10. 
1016/j. arr. 2019. 01. 010.

 9. Puts MTE, Toubasi S, Andrew MK, Ashe MC, Ploeg J, Atkinson E, et al. Inter-
ventions to prevent or reduce the level of frailty in community-dwelling 
older adults: a scoping review of the literature and international policies. 
Age Ageing. 2017;46:383–92. https:// doi. org/ 10. 1093/ ageing/ afw247.

 10. Hoogendijk EO, Afilalo J, Ensrud KE, Kowal P, Onder G, Fried LP. Frailty: implica-
tions for clinical practice and public health. Lancet. 2019;394(10206):1365–75. 
https:// doi. org/ 10. 1016/ S0140- 6736(19) 31786-6.

 11. Gao J, Jia Y, Dai J, Fu H, Wang Y, Yan H, et al. Association of Fruit and Veg-
etable Intake and Frailty among Chinese Elders: A Cross-Sectional Study 
in Three Cities. J Nutr Health Aging. 2019;23:890–5. https:// doi. org/ 10. 
1007/ s12603- 019- 1236-4.

 12. Fung TT, Struijk EA, Rodriguez-Artalejo F, Willett WC, Lopez-Garcia E. Fruit 
and vegetable intake and risk of frailty in women 60 years old or older. 
Am J Clin Nutr. 2020;112:1540–6. https:// doi. org/ 10. 1093/ ajcn/ nqaa2 56.

 13. Kojima G, Iliffe S, Jivraj S, Walters K. Fruit and Vegetable Consumption and 
Incident Prefrailty and Frailty in Community-Dwelling Older People: The 
English Longitudinal Study of Ageing. Nutrients. 2020;12:3882. https:// 
doi. org/ 10. 3390/ nu121 23882.

 14. Otsuka R, Tange C, Tomida M, Nishita Y, Kato Y, Yuki A, et al. Dietary factors 
associated with the development of physical frailty in community-dwell-
ing older adults. J Nutr Health Aging. 2019;23:89–95. https:// doi. org/ 10. 
1007/ s12603- 018- 1124-3.

 15. Lana A, Rodriguez-Artalejo F, Lopez-Garcia E. Dairy consumption and risk 
of frailty in older adults: A prospective cohort study. J Am Geriatr Soc. 
2015;63:1852–60. https:// doi. org/ 10. 1111/ jgs. 13626.

 16. Coelho-Júnior HJ, Rodrigues B, Uchida M, Marzetti E. Low Protein Intake 
Is Associated with Frailty in Older Adults: A Systematic Review and Meta-
Analysis of Observational Studies. Nutrients. 2018;10:1334. https:// doi. 
org/ 10. 3390/ nu100 91334.

 17. Zhou J, Huang P, Liu P, Hao Q, Chen S, Dong B, et al. Association of vitamin 
D deficiency and frailty: A systematic review and meta-analysis. Maturitas. 
2016;94:70–6. https:// doi. org/ 10. 1016/j. matur itas. 2016. 09. 003.

 18. Food and Agriculture Organization (FAO) Guidelines for Measuring 
Household and Individual Dietary Diversity. Food and Agriculture Organi-
zation of the United Nations; Rome, Italy: 2011. Available online: http:// 
www. fao. org/3/ a- i1983e. pdf. (Accessed on 24 Jan 2023).

 19. Zhang J, Zhao A. Dietary Diversity and Healthy Aging: A Prospective 
Study. Nutrients. 2021;13(6):1787. https:// doi. org/ 10. 3390/ nu130 61787.

 20. Motokawa K, Watanabe Y, Edahiro A, Shirobe M, Murakami M, Kera T, et al. 
Frailty Severity and Dietary Variety in Japanese Older Persons: A Cross-
Sectional Study. J Nutr Health Aging. 2018;22(3):451–6. https:// doi. org/ 10. 
1007/ s12603- 018- 1000-1.

 21. Hayakawa M, Motokawa K, Mikami Y, Yamamoto K, Shirobe M, Edahiro A, 
et al. Low Dietary Variety and Diabetes Mellitus Are Associated with Frailty 
among Community-Dwelling Older Japanese Adults: A Cross-Sectional 
Study. Nutrients. 2021;13(2):641. https:// doi. org/ 10. 3390/ nu130 20641.

 22. Zeng Y. Towards Deeper Research and Better Policy for Healthy Aging 
–Using the Unique Data of Chinese Longitudinal Healthy Longevity 
Survey. China Economic J. 2012;5(2–3):131–49. https:// doi. org/ 10. 1080/ 
17538 963. 2013. 764677.

https://doi.org/10.1186/s12877-023-03875-5
https://doi.org/10.1186/s12877-023-03875-5
https://opendata.pku.edu.cn/dataverse/CHADS
https://opendata.pku.edu.cn/dataverse/CHADS
https://doi.org/10.2174/0929867326666190717152739
https://doi.org/10.2174/0929867326666190717152739
https://doi.org/10.1007/s11357-017-9993-7
https://doi.org/10.1007/s11357-017-9993-7
https://doi.org/10.1093/ageing/afaa219
https://doi.org/10.1007/s00134-017-4867-0
https://doi.org/10.3310/hta21730
https://doi.org/10.1016/S0140-6736(12)62167-9
https://doi.org/10.1093/ageing/afz032
https://doi.org/10.1016/j.arr.2019.01.010
https://doi.org/10.1016/j.arr.2019.01.010
https://doi.org/10.1093/ageing/afw247
https://doi.org/10.1016/S0140-6736(19)31786-6
https://doi.org/10.1007/s12603-019-1236-4
https://doi.org/10.1007/s12603-019-1236-4
https://doi.org/10.1093/ajcn/nqaa256
https://doi.org/10.3390/nu12123882
https://doi.org/10.3390/nu12123882
https://doi.org/10.1007/s12603-018-1124-3
https://doi.org/10.1007/s12603-018-1124-3
https://doi.org/10.1111/jgs.13626
https://doi.org/10.3390/nu10091334
https://doi.org/10.3390/nu10091334
https://doi.org/10.1016/j.maturitas.2016.09.003
http://www.fao.org/3/a-i1983e.pdf
http://www.fao.org/3/a-i1983e.pdf
https://doi.org/10.3390/nu13061787
https://doi.org/10.1007/s12603-018-1000-1
https://doi.org/10.1007/s12603-018-1000-1
https://doi.org/10.3390/nu13020641
https://doi.org/10.1080/17538963.2013.764677
https://doi.org/10.1080/17538963.2013.764677


Page 9 of 10Duan et al. BMC Geriatrics          (2023) 23:141  

 23. Searle SD, Mitnitski A, Gahbauer EA, Gill TM, Rockwood K. A standard 
procedure for creating a frailty index. BMC Geriatr. 2008;8:24. https:// doi. 
org/ 10. 1186/ 1471- 2318-8- 24.

 24. Liu ZY, Wei YZ, Wei LQ, Jiang XY, Wang XF, Shi Y, et al. Frailty transitions and 
types of death in Chinese older adults: a population-based cohort study. 
Clin Interv Aging. 2018;13:947–56. https:// doi. org/ 10. 2147/ CIA. S1570 89.

 25. Dupre ME, Gu D, Warner DF, Zeng Y. Frailty and type of death among 
older adults in China: prospective cohort study. BMJ. 2009;338:b1175.

 26. Gu D, Dupre ME, Sautter J, Zhu H, Liu Y, Yi Z. Frailty and mortality 
among Chinese at advanced ages. J Gerontol B Psychol Sci Soc Sci. 
2009;64(2):279–89.

 27. Bennett S, Song X, Mitnitski A, Rockwood K. A limit to frailty in very old, 
community-dwelling people: a secondary analysis of the Chinese longi-
tudinal health and longevity study. Age Ageing. 2013;42(3):372–7.

 28. Kulminski A, Yashin A, Arbeev K, Akushevich I, Ukraintseva S, Land K, et al. 
Cumulative index of health disorders as an indicator of aging-associated 
processes in the elderly: results from analyses of the National Long Term 
Care Survey. Mech Ageing Dev. 2007;128(3):250–8.

 29. Mitnitski A, Song X, Skoog I, Broe GA, Cox JL, Grunfeld E, et al. Relative 
fitness and frailty of elderly men and women in developed countries and 
their relationship with mortality. J Am Geriatr Soc. 2005;53(12):2184–9. 
https:// doi. org/ 10. 1111/j. 1532- 5415. 2005. 00506.x.

 30. Goggins WB, Woo J, Sham A, Ho SC. Frailty index as a measure of 
biological age in a Chinese population. J Gerontol A Biol Sci Med Sci. 
2005;60(8):1046–51. https:// doi. org/ 10. 1093/ gerona/ 60.8. 1046.

 31. Hoover M, Rotermann M, Sanmartin C, Bernier J. Validation of an index to 
estimate the prevalence of frailty among community-dwelling seniors. 
Health Rep. 2013;24(9):10–7.

 32. Qiu L, Sautter J, Gu D. Associations between frequency of tea consump-
tion and health and mortality: evidence from old Chinese. Br J Nutr. 
2012;108(9):1686–97. https:// doi. org/ 10. 1017/ S0007 11451 10071 73.

 33. Yin Z, Fei Z, Qiu C, Brasher MS, Kraus VB, Zhao W, et al. Dietary diversity 
and cognitive function among elderly people: a population-based study. 
J Nutr Health Aging. 2017;21(10):1089e94.: https:// doi. org/ 10. 1007/ 
s12603- 017- 0912-5.

 34. Aihemaitijiang S, Zhang L, Ye C, Halimulati M, Huang X, Wang R, Zhang 
Z. Long-Term High Dietary Diversity Maintains Good Physical Function 
in Chinese Elderly: A Cohort Study Based on CLHLS from 2011 to 2018. 
Nutrients. 2022;14(9):1730. https:// doi. org/ 10. 3390/ nu140 91730.

 35. Sirven N, Dumontet M, Rapp T. The dynamics of frailty and change in 
socio-economic conditions: evidence for the 65+ in Europe. Eur J Public 
Health. 2020;30(4):715–9. https:// doi. org/ 10. 1093/ eurpub/ ckaa0 68.

 36. Cano-Ibáñez N, Gea A, Martínez-González MA, Salas-Salvadó J, Corella D, 
Zomeño MD, et al. Dietary Diversity and Nutritional Adequacy among an 
Older Spanish Population with Metabolic Syndrome in the PREDIMED-
Plus Study: A Cross-Sectional Analysis. Nutrients. 2019;11:958. https:// doi. 
org/ 10. 3390/ nu110 50958.

 37. Güngör Başaran AY, Akal YE. Nutrition Status, Muscle Mass, and Frailty 
in Older People: A Cross-Sectional Study Conducted in Cyprus. J Am 
Nutr Assoc. 2022;41(3):318–24. https:// doi. org/ 10. 1080/ 07315 724. 2021. 
18841 42.

 38. García-Esquinas E, Graciani A, Guallar-Castillón P, López-García E, 
Rodríguez-Mañas L, Rodríguez-Artalejo F. Diabetes and risk of frailty and 
its potential mechanisms: A prospective cohort study of older adults. J 
Am Med Dir Assoc. 2015;16:748–54. https:// doi. org/ 10. 1016/j. jamda. 2015. 
04. 008.

 39. Ferrucci L, Bandinelli S, Benvenuti E, Di Iorio A, Macchi C, Harris TB, et al. 
Subsystems contributing to the decline in ability to walk: bridging the 
gap between epidemiology and geriatric practice in the InCHIANTI study. 
J Am Geriatr Soc. 2000;48(12):1618–25. https:// doi. org/ 10. 1111/j. 1532- 
5415. 2000. tb038 73.x.

 40. Verlaan S, Ligthart-Melis GC, Wijers SLJ, Cederholm T, Maier AB, de van der 
Schueren MAE. High Prevalence of Physical Frailty Among Community-
Dwelling Malnourished Older Adults-A Systematic Review and Meta-
Analysis. J Am Med Dir Assoc. 2017;18(5):374–382.:https:// doi. org/ 10. 
1016/j. jamda. 2016. 12. 074.

 41. Meng L, Wang Y, Li T, Loo-Bouwman CAV, Zhang Y, Man-Yau SI. Dietary 
Diversity and Food Variety in Chinese Children Aged 3-17 Years: Are They 
Negatively Associated with Dietary Micronutrient Inadequacy? Nutrients. 
2018;10(11):1674. https:// doi. org/ 10. 3390/ nu101 11674.

 42. Azadbakht L, Mirmiran P, Azizi F. Variety scores of food groups contrib-
ute to the specific nutrient adequacy in Tehranian men. Eur J Clin Nutr. 
2005;59:1233–40. https:// doi. org/ 10. 1038/ sj. ejcn. 16022 34.

 43. Cruz-Jentoft AJ, Michel JP. Sarcopenia: A useful paradigm for physical frailty. 
Eur Geriatr Med. 2013;4:102–5. https:// doi. org/ 10. 1016/j. eurger. 2013. 02. 009.

 44. Houston DK, Nicklas BJ, Ding J, Harris TB, Tylavsky FA, Newman AB, et al. 
Dietary protein intake is associated with lean mass change in older, 
community-dwelling adults: The Health, Aging, and Body Composition 
(Health ABC) Study. Am J Clin Nutr. 2008;87:150–5. https:// doi. org/ 10. 
1093/ ajcn/ 87.1. 150.

 45. Welch AA. Nutritional influences on age-related skeletal muscle loss. Proc 
Nutr Soc. 2014;73(1):16–33. https:// doi. org/ 10. 1017/ S0029 66511 30036 98.

 46. Meng SJ, Yu LJ. Oxidative Stress, Molecular Inflammation and Sarcopenia. 
Int J Mol Sci. 2010;11:1509–26. https:// doi. org/ 10. 3390/ ijms1 10415 09.

 47. Domazetovic V. Oxidative stress in bone remodeling: Role of antioxidants. 
Clin Cases Miner Bone Metab. 2017;14:209–16. https:// doi. org/ 10. 11138/ 
ccmbm/ 2017. 14.1. 209.

 48. Mulero J, Zafrilla P, Martinez-Cacha A. Oxidative stress, frailty and cogni-
tive decline. J Nutr Health Aging. 2011;15:756–60. https:// doi. org/ 10. 
1007/ s12603- 011- 0130-5.

 49. Mirmiran P, Azadbakht L, Esmaillzadeh A, Azizi F. Dietary diversity score in 
adolescents-a good indicator of the nutritional adequacy of diets: Tehran 
lipid and glucose study. Asia Pac J Clin Nutr. 2004;13:56–60.

 50. Solon-Biet SM, McMahon AC, Ballard JW, Ruohonen K, Wu LE, Cogger VC, 
et al. The ratio of macronutrients, not caloric intake, dictates cardiometa-
bolic health, aging, and longevity in ad libitum-fed mice. Cell Metab. 
2014;19(3):418–30. https:// doi. org/ 10. 1016/j. cmet. 2014. 02. 009.

 51. Otsuka R, Kato Y, Nishita Y, Tange C, Nakamoto M, Tomida M, et al. Dietary 
diversity and 14-year decline in higher-level functional capacity among 
middle-aged and elderly Japanese. Nutrition. 2016;32:784–9. https:// doi. 
org/ 10. 1016/j. nut. 2016. 01. 022.

 52. Yokoyama Y, Nishi M, Murayama H, Amano H, Taniguchi Y, Nofuji Y, et al. 
Dietary Variety and Decline in Lean Mass and Physical Performance in 
Community-Dwelling Older Japanese: A 4-year Follow-Up Study. J Nutr 
Health Aging. 2017;21:11–6. https:// doi. org/ 10. 1007/ s12603- 016- 0726-x.

 53. Heiman ML, Greenway FL. A healthy gastrointestinal microbiome is 
dependent on dietary diversity. Mol Metab. 2016;5:317–20. https:// doi. 
org/ 10. 1016/j. molmet. 2016. 02. 005.

 54. Ni Lochlainn M, Bowyer RCE, Steves C. Dietary Protein and Muscle in 
Aging People: The Potential Role of the Gut Microbiome. Nutrients. 
2018;10:929. https:// doi. org/ 10. 3390/ nu100 70929.

 55. Kurosu A, Osman F, Daggett S, Peña-Chávez R, Thompson A, Myers SM, 
et al. Factors Associated with Self-Reported Dysphagia in Older Adults 
Receiving Meal Support. J Nutr Health Aging. 2021;25(10):1145–53. 
https:// doi. org/ 10. 1007/ s12603- 021- 1700-9.

 56. Lee MS, Huang YC, Wahlqvist ML. Chewing ability in conjunction with 
food intake and energy status in later life affects survival in Taiwanese 
with the metabolic syndrome. J Am Geriatr Soc. 2010;58(6):1072–80. 
https:// doi. org/ 10. 1111/j. 1532- 5415. 2010. 02870.x.

 57. Gao T, Han S, Mo G, Sun Q, Zhang M, Liu H. Long-term tea consumption 
reduces the risk of frailty in older Chinese people: Result from a 6-year 
longitudinal study. Front Nutr. 2022;9:916791.: https:// doi. org/ 10. 3389/ 
fnut. 2022. 916791.

 58. National Bureau of Statistics of China. China Statistical Yearbook 2006. In: 
Zheng JP, Jin ZF, Zhu WS, editors. China Statistics Press; 2006.

 59. Wang H, Liu C, Fan H, Tian X. Rising food accessibility contributed to the 
increasing dietary diversity in rural and urban China. Asia Pac J Clin Nutr. 
2017;26(4):738–47. https:// doi. org/ 10. 6133/ apjcn. 052016. 03.

 60. Park S, Kim HJ, Kim K. Do Where The Elderly Live Matter? Factors Associ-
ated with Diet Quality among Korean Elderly Population Living in Urban 
Versus Rural Areas. Nutrients. 2020;12(5):1314. https:// doi. org/ 10. 3390/ 
nu120 51314.

 61. Tembo MC, Holloway-Kew KL, Sui SX, Dunning T, Low ACH, Yong SJ, et al. 
Prevalence of Frailty in Older Men and Women: Cross-Sectional Data from 
the Geelong Osteoporosis Study. Calcif Tissue Int. 2020;107(3):220–9. 
https:// doi. org/ 10. 1007/ s00223- 020- 00713-3.

 62. Ma ZZ, He JB, Sun SJ, Lu T. Patterns and stability of food preferences 
among a national representative sample of young, middle-aged, and 
elderly adults in China: a latent transition analysis. Food Qual Prefer. 
2021;94:e104322.:https:// doi. org/ 10. 1016/j. foodq ual. 2021. 104322.

https://doi.org/10.1186/1471-2318-8-24
https://doi.org/10.1186/1471-2318-8-24
https://doi.org/10.2147/CIA.S157089
https://doi.org/10.1111/j.1532-5415.2005.00506.x
https://doi.org/10.1093/gerona/60.8.1046
https://doi.org/10.1017/S0007114511007173
https://doi.org/10.1007/s12603-017-0912-5
https://doi.org/10.1007/s12603-017-0912-5
https://doi.org/10.3390/nu14091730
https://doi.org/10.1093/eurpub/ckaa068
https://doi.org/10.3390/nu11050958
https://doi.org/10.3390/nu11050958
https://doi.org/10.1080/07315724.2021.1884142
https://doi.org/10.1080/07315724.2021.1884142
https://doi.org/10.1016/j.jamda.2015.04.008
https://doi.org/10.1016/j.jamda.2015.04.008
https://doi.org/10.1111/j.1532-5415.2000.tb03873.x
https://doi.org/10.1111/j.1532-5415.2000.tb03873.x
https://doi.org/10.1016/j.jamda.2016.12.074
https://doi.org/10.1016/j.jamda.2016.12.074
https://doi.org/10.3390/nu10111674
https://doi.org/10.1038/sj.ejcn.1602234
https://doi.org/10.1016/j.eurger.2013.02.009
https://doi.org/10.1093/ajcn/87.1.150
https://doi.org/10.1093/ajcn/87.1.150
https://doi.org/10.1017/S0029665113003698
https://doi.org/10.3390/ijms11041509
https://doi.org/10.11138/ccmbm/2017.14.1.209
https://doi.org/10.11138/ccmbm/2017.14.1.209
https://doi.org/10.1007/s12603-011-0130-5
https://doi.org/10.1007/s12603-011-0130-5
https://doi.org/10.1016/j.cmet.2014.02.009
https://doi.org/10.1016/j.nut.2016.01.022
https://doi.org/10.1016/j.nut.2016.01.022
https://doi.org/10.1007/s12603-016-0726-x
https://doi.org/10.1016/j.molmet.2016.02.005
https://doi.org/10.1016/j.molmet.2016.02.005
https://doi.org/10.3390/nu10070929
https://doi.org/10.1007/s12603-021-1700-9
https://doi.org/10.1111/j.1532-5415.2010.02870.x
https://doi.org/10.3389/fnut.2022.916791
https://doi.org/10.3389/fnut.2022.916791
https://doi.org/10.6133/apjcn.052016.03
https://doi.org/10.3390/nu12051314
https://doi.org/10.3390/nu12051314
https://doi.org/10.1007/s00223-020-00713-3
https://doi.org/10.1016/j.foodqual.2021.104322


Page 10 of 10Duan et al. BMC Geriatrics          (2023) 23:141 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 63. Bonnefoy M, Berrut G, Lesourd B, Ferry M, Gilbert T, Guérin O, et al. 
Frailty and nutrition: searching for evidence. J Nutr Health Aging. 
2015;19(3):250–7. https:// doi. org/ 10. 1007/ s12603- 014- 0568-3.

 64. Wolfe RR, Miller SL, Miller KB. Optimal protein intake in the elderly. Clin 
Nutr. 2008;27(5):675–84. https:// doi. org/ 10. 1016/j. clnu. 2008. 06. 008.

 65. Huang RY, Yang KC, Chang HH, Lee LT, Lu CW, Huang KC. The Association 
between Total Protein and Vegetable Protein Intake and Low Muscle 
Mass among the Community-Dwelling Elderly Population in Northern 
Taiwan. Nutrients. 2016;8(6):373. https:// doi. org/ 10. 3390/ nu806 0373.

 66. Ni Lochlainn M, Cox NJ, Wilson T, Hayhoe RPG, Ramsay SE, Granic A, et al. 
Nutrition and Frailty: Opportunities for Prevention and Treatment. Nutri-
ents. 2021;13(7):2349. https:// doi. org/ 10. 3390/ nu130 72349.

 67. Zainuddin NS, Husin MH, Ahmad NH, Yun Hua W, Wan Chien H, Shahar 
S, et al. Association between nutritional status, food insecurity and frailty 
among elderly with low income. JSKM. 2017;15(1):51–60. https:// doi. org/ 
10. 17576/ JSKM- 2017- 1501- 07.

 68. Bustamante-Ara N, Villarroel L, Paredes F, Huidobro A, Ferreccio C. Frailty 
and health risks in an agricultural population, Chile 2014–2017. Arch 
Gerontol Geriatr. 2019;82:114–9. https:// doi. org/ 10. 1016/j. archg er. 2019. 
01. 012.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1007/s12603-014-0568-3
https://doi.org/10.1016/j.clnu.2008.06.008
https://doi.org/10.3390/nu8060373
https://doi.org/10.3390/nu13072349
https://doi.org/10.17576/JSKM-2017-1501-07
https://doi.org/10.17576/JSKM-2017-1501-07
https://doi.org/10.1016/j.archger.2019.01.012
https://doi.org/10.1016/j.archger.2019.01.012

	Effects of dietary diversity on frailty in Chinese older adults: a 3-year cohort study
	Background 
	Methods 
	Results 
	Conclusion 
	Introduction
	Materials
	Study population
	Assessment of frailty
	Assessment of dietary diversity
	Assessment of covariates
	Statistical analysis

	Results
	Baseline characteristics
	Association of DDS with frailty prevalence
	Association of CDD with frailty prevalence
	Association of single specific foods with frailty prevalence

	Discussion
	Conclusion
	Anchor 20
	Acknowledgements
	References


