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In strategies to extend a healthy lifespan, early detection and
prevention of frailty are critical. The purpose of this study was to
analyze the current state and clinical risk factors of frailty among
community-dwelling older to conduct a cross-sectional analysis of
the individuals, correlation between frailty and nutrient intake,
dietary diversity, and dietary patterns, and to elucidate the
correlation between frailty-related dietary factors and the gut
microbiota. The study included 786 participants aged ≥65 years
from the Kyotango Multipurpose Cohort Study who had available
data on their gut microbiota. Frailty was quantitatively assessed
by selecting 32 items from the previously reported frailty index,
with those scoring ≥0.21 classified as frailty (n = 119) and those
with scores <0.21 as non-frailty (n = 667), followed by group
comparisons. The frailty group had significantly higher values and
rates than the non-frailty group for the following items: age,
obesity (in females only), diabetes, hypertension, history of
cancer treatment, polypharmacy, disturbed sleep quality, low
physical activity, serum insulin levels, and high-sensitivity C-
reactive protein. The frailty group had significantly lower levels of
nutrients, including plant proteins, potassium (K), magnesium
(Mg), iron (Fe), copper (Cu), vitamins B and C, folic acid, and total,
soluble, and insoluble dietary fiber. When analyzed by food
groups of dietary fiber, the frailty group had significantly lower
intakes of soy products and non-green-yellow vegetables, specifi‐
cally. The Japanese Diet Index score (rJDI12) was significantly
lower in the frailty group, with significant deficiencies in soy
products and mushrooms included in the rJDI12. Cluster analysis
of the Spearman correlation values between nutrient intake
related to frailty and the gut microbiota abundance revealed a
positive correlation between the cluster containing dietary fiber
and the abundance of the phylum Bacillota, including the
[Eubacterium]_eligens_group. In conclusion, our findings clarify
the current state of frailty among older community residents and
suggest the importance of a diverse range of plant-based foods,
including soy products and non-green yellow vegetables, through
correlation analysis with nutrients and food groups, and partially
reveal the involvement of the gut microbiota.
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E xtending healthy life expectancy is an urgent goal in the
fields of medical care, nursing care, and health administra‐

tion for older individuals in Japan. Frailty has garnered attention
as a critical concept in achieving this extension. Frailty is a state
characterized by increased vulnerability to health impairments
due to various functional changes and a reduction in reserve
capacity associated with aging and is considered a precursor to
dependency.(1) Frailty possesses a quality of “reversibility”; it is
believed that by confronting one’s condition and engaging in
preventive measures, the progression of frailty can be delayed,
allowing individuals to return to a healthier state.

The prevention of frailty is based on three main pillars. The
first is ‘nutrition’: ensuring adequate intake of proteins, main‐
taining a balanced diet, and sufficient hydration. The second is
regular ‘physical activity’ (exercise).  The third pillar is ‘social
participation’, which involves engagement in work, leisure
activities, or volunteering. Among these, ensuring adequate
dietary intake of various nutrients is of paramount importance.
Deficiencies in energy intake or poor nutritional quality and
dietary balance have been identified as factors that contribute to
frailty, with particular attention being paid to nutrient intake in
older adults to ensure that their needs are met through effective
nutritional guidance.

In Japan, the Ministry of Health, Labour, and Welfare has
established the “Japanese Dietary Intake Standards” to promote
public health and prevent lifestyle-related diseases, with revi‐
sions performed every five years. However, the relationship
between dietary standards and frailty has not been sufficiently
clarified. Based on these standards, it is valuable for dietitians in
clinical and social practice settings to identify the nutrients that
older individuals are particularly prone to lacking. The required
protein intake depends on physical activity levels, and older
adults require higher levels of protein intake. Nevertheless,
studies distinguishing between animal and plant protein intake
are sparse, and it has been highlighted that increased animal
protein does not necessarily lead to frailty prevention.(2) It should
be noted that not all animal proteins have the same effect in pre‐
venting frailty; for example, red meats (beef, pork, and lamb) and
fish do not offer the same benefits.

Additionally, the role of the gut environment and microbiota
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in the progression of frailty is becoming increasingly apparent,
necessitating research beyond dietary guidance to explore the
interactions between diet and gut microbiota. The Mediterranean
diet, which has a high level of supportive evidence indicating its
health benefits, is recommended for the prevention of frailty and
dementia, although its effects are largely dependent on the gut
microbiota and environment.(3,4) Plant-based diets are also recom‐
mended owing to their potential to prevent frailty,(5–7) and their
effectiveness depends on their interactions with the gut micro‐
biota.(4,8) However, studies on frailty, nutrient intake, and dietary
consumption specifically targeting the Japanese population are
scarce, particularly concerning their relationship with the gut
environment. Therefore, the objective of this cross-sectional
study was to investigate the current status of frailty among older
residents in community settings; examine the relationship
between energy intake, nutrient status, frequency of Japanese
food consumption, and dietary diversity; and elucidate the corre‐
lation between nutrients related to frailty and the gut microbiota.

Materials and Methods

Study design and subjects. This study was a cross-
sectional analysis conducted as part of the Kyotango Multi-
purpose Cohort Study, initiated by the Department of Longevity
and Community Epidemiology at Kyoto Prefectural University of
Medicine. It involved 798 community-dwelling residents aged
≥65 years from the Kyotango area in northern Kyoto Prefecture
who had available gut microbiota information (320 males and
478 females). This cohort study has collected approximately
2,000 data items per participant, from which the necessary items
for this research were extracted. The Kyotango region, com‐
prising two cities and two towns, has a population of just under
100,000, with over 38% of residents aged ≥65 years, making it
one of the most aged regions in Kyoto Prefecture. Despite its
aging population, the region is known for its high number of
centenarians, with more than 200 per 100,000 individuals,
marking it as one of the notable areas for longevity in Japan. The
study was conducted in accordance with the Declaration of
Helsinki and followed the ethical guidelines for medical research
involving human subjects. The study was approved by the
Ethics and Conflict of Interest Committee at Kyoto Prefectural
University of Medicine (Approval No. ERB-C-885-4). Informed
consent was obtained in written form from all participants.

Peripheral blood and biochemical tests. The participants
in this study were part of the Kyotango Multi-purpose Cohort
Study; thus, their blood biochemical data were used. Nutritional
status was quantified using the controlling nutritional status
(CONUT) score and Prognostic Nutritional Index (PNI).(9,10) The
CONUT method calculates the total score based on albumin,
total cholesterol, and lymphocyte counts, classifying the nutri‐
tional status into four levels: normal (0–1), mild (2–4), moderate
(5–8), and severe (9–12) malnutrition. Each of the three param‐
eters was scored from 0 to 3, including the score for albumin
doubling. The PNI, as formulated by Onodera,(11) is calculated as
follows:

PNI = 10 × Albumin + 0.005 × Total cholesterol
A PNI of 40 or less is considered indicative of malnutrition.

Assessment of dietary diversity and Japanese dietary
patterns. Dietary diversity was assessed using the Dietary
Variety Score (DVS). Following the method reported by
Kumagai et al.,(12,13) scores were assigned to the consumption fre‐
quency of ten food groups (tubers, legumes, green and yellow
vegetables, seaweeds, seafood, meats, eggs, milk, fruits, and
fats). Points were allocated as follows: 1 point for “almost every
day”, and 0 points for “once every two days”, “once or twice a
week”, or “almost never”, and the total score was calculated. The
Japanese dietary pattern was assessed using the rJDI12 (revised

Japanese Diet Index 12), based on a report by Saji et al.,(14) which
involved scoring the intake of 12 food items (rice, miso, seafood,
green and yellow vegetables, seaweed, pickles, green tea, beef/
pork, coffee, soy and soy products, fruits, and mushrooms). For
all items except beef and pork, a score of +1 was assigned if the
intake was above the sex-specific median. For beef and pork, a
score of +1 was assigned if the intake was below the median, and
the total score was computed accordingly.

Diagnosis of frailty. Frailty was diagnosed using the modi‐
fied frailty index as proposed by Searle et al.,(15) which involves
selecting 32 items out of a possible 40. Each assessment item
was scored as 0 if no impairment was present and 1 if an impair‐
ment was detected. For ordinal variables, scores were adjusted to
fall between 0 and 1. The total score was calculated by summing
the scores and dividing them by the number of items. Following
previously published research, a cut-off value of 0.21 was
applied. Individuals with scores of ≥0.21 were categorized as the
frailty group, and those with scores <0.21 were assigned to the
non-frailty group. The frailty index was also used for quantitative
analysis.

Analysis of gut microbiota. Feces collected from the
participants were stored in a freezer at −80°C until DNA extrac‐
tion. DNA extraction was achieved by enzymatic and bead
fragmentation (NucleoSpin microbial DNA kit, Macherey-Nagel,
Düren, Germany).(16) Nine variable regions (V1–V9) in the 16S
rRNA provided the most useful information for phylogenetic and
taxonomic studies. Among the variable regions of the 16S rRNA
gene in the extracted DNA, the V3–V4 regions were amplified
by PCR, and the amplified products were analyzed using MiSeq
(Illumina, San Diego, CA), a next-generation sequencer, to deter‐
mine the nucleotide sequence. Quantitative Insights Into Micro‐
bial Ecology 2 (QIIME 2) was used to analyze sequence data.
The DADA2 model was used to correct sequencing errors, and
the feature table and representative sequences were deter‐
mined.(17,18) Phylogenetic diversity analysis was performed using
the obtained feature information, and the types and presence
ratios of bacteria constituting the flora were calculated. UniFrac
distances were calculated using principal coordinate analysis, and
the constituent bacteria in the samples were compared.

Statistical analysis. To examine the variation in nutrient and
food intake among participants, independent of their energy
intake, the residual method was used to calculate nutrient and
food intake, assuming that each participant had consumed their
estimated energy requirements. The residual method involves
using a regression equation to determine the relationship between
a group’s energy intake and nutrient intake, followed by calcu‐
lating the difference between an individual’s energy intake and
nutrient intake. This method is necessary because nutrient intake
can be influenced by energy intake when examining groups. The
estimated energy requirements were calculated based on the
standard weight [kg, using a body mass index (BMI) of 22 kg/m2

as the standard], basal metabolic rate (males: 21.5, females:
20.7 kcal/kg/day), and physical activity level II coefficient (ages
50–69: 1.75, ages ≥70: 1.7). Statistical analyses were performed
using the JMP Pro 16 software released in 2021 by JMP Statis‐
tical Discovery LLC (SAS Institute Japan, Co. Ltd., Tokyo,
Japan). Comparisons between the non-frail and frail groups were
conducted using the Wilcoxon test for quantitative variables and
the chi-squared test for qualitative variables. Logistic regression
analysis was used to calculate odds ratios, and cluster analysis
was performed based on Spearman’s correlation coefficients to
compare quantitative variables. All tests were considered statisti‐
cally significant at p<0.05.

Results

Correlation between frailty frequency and background
factors. For the analysis, 798 participants were included, sub‐
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sequently excluding 6 with missing frailty index data and 6 with
either excessive or insufficient energy intake (<600 kcal/day or
>4,000 kcal/day). Thus, 786 individuals were included in the
final analysis. The distribution of the frailty index among these
participants is shown in Fig. 1. Most participants had an index
<0.21, indicating a relatively healthy elderly population. Of the
786 participants, 119 (15.1%) were diagnosed with frailty [49
males (15.5%) and 70 females (14.9%)]. Table 1 presents a
comparison of the physical and clinical information between the
non-frailty (n = 667) and frailty (n = 119) groups. The frailty
group was significantly older than the non-frailty group. Sex-
based differences in waist circumference and BMI were detected.
Although there was no difference in BMI in males, the waist
circumference was significantly higher in the frailty group than
in the non-frailty group. Considering female participants, the
frailty group had significantly higher waist circumference and
BMI than the non-frailty group. Figure 2 presents a significant
positive correlation between BMI and quantitative frailty index
in females (R2 = 0.094, p<0.001).

The frailty group had a significantly higher prevalence of
diabetes, hypertension, and a history of cancer treatment than the
non-frailty group. Polypharmacy, defined as the use of four or
more medications, was significantly higher in the frailty group
than in the non-frailty group. Although there was no difference in
sleep duration, sleep quality was significantly lower in the frailty
group than in the non-frailty group. Additionally, regular phys‐
ical activity was significantly lower in the frailty group than in
the non-frailty group. There were no significant differences in
smoking history, alcohol consumption, educational level, pres‐
ence of constipation, or number of cohabiting family members
between the two groups. Logistic regression analysis, using
frailty status as the dependent variable and various factors as
independent variables, yielded a significant regression equation
(χ2 = 107.6, p<0.0001). The odds ratios for each factor related to
frailty are presented in Table 2.

Differences in blood and biochemical tests between the
frailty and non-frailty groups. Considering the biochemical
tests, all average values were within the normal range for both
groups (Table 3). The frailty group exhibited significantly lower
levels of low-density and high-density lipoprotein cholesterol
than the non-frailty group. Serum insulin and high-sensitivity
C-reactive protein (hsCRP) levels were significantly higher in the
frailty group than in the non-frailty group. According to the cor‐
relation analysis of all 786 participants, hsCRP was positively

correlated with the quantitative frailty index (R2 = 0.006, p =
0.024) (Fig. 3). Regarding nutritional indicators, the PNI values
of the non-frailty and frailty groups were 42.9 ± 2.6 and 42.6 ±
3.0, respectively, with no significant difference. However, the
proportion of participants with a CONUT score indicating mal‐
nutrition (score ≥2) was significantly higher in the frailty group
(21.0%) than in the non-frail group (10.2%) (p<0.01, χ2 test).

Differences in nutrient intake between the frailty and
non-frailty groups. Table 4 presents the energy-adjusted
nutrient intake values calculated using the residual method,
including energy, protein-fat-carbohydrate (PFC) balance, pro‐
teins, fats, carbohydrates, minerals, vitamins, and dietary fibers.
There were no significant differences in energy intake between
the two groups. While there were no significant differences in the
carbohydrate and fat percentages in the PFC balance, the per‐
centage of protein was significantly lower in the frailty group
than in the non-frailty group. Total protein intake was signifi‐
cantly lower in the frailty group, particularly plant protein intake,
not animal protein. The frailty group had significantly lower pro‐
tein intake from specific food groups, such as tubers, beans, and
non-green-yellow vegetables, than the non-frailty group (Table
5). Specifically, soy and soy product intake in the frailty group
was 66% of that in the non-frailty group (Fig. 4). There were no
significant differences in the intakes of total fat, animal fat, plant
fat, saturated fat, omega-3 and -6 fatty acids, or carbohydrates
between the two groups. Although there were no differences in
sodium mineral intake between the groups, potassium intake was
significantly lower in the frailty group than in the non-frailty
group, resulting in a significantly higher Na/K ratio. Upon com‐
paring food groups containing potassium, no differences in fruit
intake were detected; however, the intake of grains, potatoes,
beans, and non-green-yellow vegetables was significantly lower
in the frailty group than in the non-frailty group (Supplemental
Table 1*).

The intakes of other minerals, including magnesium, iron, and
copper, were significantly lower in the frailty group than in the
non-frailty group. The frailty group also had a significantly lower
vitamin B intake (B1, B2, B6, and B12) than the non-frailty
group. The intake of both insoluble and soluble dietary fiber was
significantly lower in the frailty group. Upon assessing dietary
fiber intake by 15 food groups, non-green-yellow vegetables,
grains, green-yellow vegetables, fruits, beans, and potetoes had
the highest contribution rate (Supplemental Fig. 1*). The intake
of beans and non-green-yellow vegetables, which contribute to

Frailty
(15.1%)

Non-frailty
(84.9%)

Cut-off (≥0.21)

0.60.50.40.30.20.10
Frailty index

Fig. 1. Frequency of frailty evaluated by frailty index (n = 786).
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dietary fiber intake, was significantly lower in the frailty group
than in the non-frailty group (Table 6).

Differences in dietary intake diversity scores and Japanese
diet scores between the frailty and non-frailty groups.
Although there were no significant differences in the DVS
between the groups, the rJDI12 was significantly lower in the
frailty group than in the non-frailty group (Table 7). Comparing
the intake of the 12 foods comprising the rJDI12, the intake of
soy and soy products, and mushrooms was significantly lower in
the frailty group than in the non-frailty group.

Differences in gut microbiota between the frailty and
non-frailty groups. There were no significant differences in
alpha diversity, beta diversity, or phylum-level occupancy rates
between the two groups. Cluster analysis of the correlation

between nutrients related to frailty and the abundance of top 30
genera and 7 phyla showed that dietary fiber, potassium,
magnesium, and vitamin B6 were classified in the same cluster
group. Figure 5 illustrates a negative correlation with the gut
microbiota in cluster 1 and a positive correlation with cluster 4.
All microbes in cluster 4 belonged to the phylum Firmicutes
(Bacillota), including the [Eubacterium]_eligens_group, Chris‐
tensenellaceae_R-7_group, and Oscillospiraceae UCG-002. The
abundance of the [Eubacterium]eligens_group showed a signifi‐
cant positive correlation with total dietary fiber intake (Supple‐
mental Fig. 2*).

Multivariate correlation analysis with the frailty index.
A multivariate correlation analysis was performed on significant
differences in blood biochemical tests and nutrient intake

Table 1. Characteristics of the non-frailty and frailty groups in older adults

Non-frailty (n = 667) Frailty (n = 119) p value

Frailty index1 0.11 (0.08, 0.15) 0.25 (0.23, 0.30) <0.001

Age (years)1 71 (69, 75) 76 (70, 81) <0.001

Sex, n (%)2

 Male 266 (40.2) 49 (41.2)

 Female 399 (59.8) 70 (58.8)

Waist circumference (cm)1

 Male 86.0 (81.0, 90.8) 87.0 (83.0, 94.0) <0.05

 Female 82.0 (76.0, 89.0) 87.6 (81.3, 94.7) <0.001

BMI (kg/m2)1

 Male 23.4 (21.9, 25.4) 24.3 (21.8, 26.1) ns

 Female 22.4 (20.7, 24.5) 24.6 (22.6, 26.8) <0.001

Life-style related diseases, n (%)2

 Diabetes mellitus 57 (8.6) 24 (20.2) <0.0001

 Hypertention 213 (31.9) 75 (63.3) <0.0001

 Dyslipidemia 173 (25.9) 39 (31.8) 0.122

 Past history of cancer 56 (8.4) 10 (16.0) <0.01

Medication, n (%)2

 ≥4 24 (3.6) 24 (20.2) <0.0001

 <4 643 (96.4) 95 (79.8)

Smoking status, n (%)2

 Never 494 (74.2) 86 (72.3) 0.663

 Former/current 172 (25.8) 33 (27.3)

Drinking status, n (%)2

 Never 399 (60.1) 75 (63.6) 0.477

 Former/current 265 (39.9) 43 (36.4)

Education levels, n (%)2

 Primary school~high school 481 (72.1) 94 (79.0) 0.119

 Junior college or higher 186 (27.9) 25 (21.00

Sleep disorder, n (%)2

 Decrease in sleep quality 118 (17.7) 48 (40.3) <0.001

 Sleep time disorder 264 (39.8) 56 (47.1) 0.139

Constipation, n (%)2 224 (33.6) 48 (40.34) 0.154

Family living together, n (%)2

 ≥2 588 (88.2) 101 (84.9) 0.316

 <2 79 (11.8) 18 (15.1)

Partner, n (%)2

 Yes 519 (77.9) 86 (72.3) 0.176

 No 147 (22.1) 33 (27.3)

Daily physical activities, n (%)2

 Yes 388 (58.2) 56 (47.1) <0.05

 No 279 (41.8) 63 (52.9)

Data are shown as n (%) or median (25th, 75th percentile). 1Wilcoxson test, 2chi-square test.
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between the non-frailty and frailty groups, as well as specific gut
bacteria, eliciting Spearman’s rank correlation coefficients. The
network diagram in Fig. 6 illustrates the presence of a positive
correlation between the frailty index and serum levels of inter‐
leukin (IL)-6, hsCRP, and the Na/K ratio and a negative correla‐
tion with plant protein, vitamin B6, and total dietary fiber intake.
Although there was no significant correlation between the frailty
index and the occupancy rates of the gut bacteria analyzed, a
strong positive correlation was detected between the occupancy
rates of the three bacteria investigated and the intake of total
dietary fiber and vitamin B6.

Discussion

This study was a cross-sectional study involving 786 older
community residents, which explored the associations between
frailty and clinical background factors, inadequate nutrient and
food intake within the frailty group, and correlations between
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Fig. 2. Association between frailty index and body mass index (BMI)
in female subjects (n = 469) RMSE, root mean squared error.

nutrient/food intake and gut microbiota. There was no significant
difference in the prevalence of frailty between genders, with 15%
of both men and women diagnosed as frail. Logistic regression
analysis identified age, BMI, diabetes, hypertension, history of
cancer treatment, polypharmacy, and low physical activity as risk
factors for frailty. One distinct outcome of this study was a clear
sex-based difference in the association between obesity and
frailty. Weight loss is one of the five primary criteria in frailty
screening. However, only females in the frailty group had signifi‐
cantly higher waist circumference and BMI values than those
in the non-frailty group, with a significant positive correlation
between BMI values and the quantitative frailty index. Although
the importance of malnutrition in the pathology of frailty has
been highlighted, this study did not observe weight loss, low
BMI, or decreased serum protein or albumin levels in the frailty
group; instead, a higher incidence of diabetes and hypertension
was noted. Unlike studies focusing on outpatients or specific
diseases, this community-based study clearly demonstrated
differences from the control group. Upon analyzing 7,191
Japanese community residents, Watanabe et al.(19) reported that
not only the low-BMI group but also the high-BMI group experi‐
enced higher incidences of frailty, and the high-BMI group also
had higher mortality rates.(20) Although prospective cohort studies
are required to clarify the causal relationship between obesity
and frailty, measures to prevent obesity are likely to contribute to
the prevention of frailty.

This study conducted sleep surveys using the Pittsburgh Sleep
Quality Index, which found no difference in sleep duration but
poorer sleep quality in the frailty group. While many previous
studies have noted a correlation between sleep duration and
frailty, recent reports have suggested an increasing trend in the
relationship between sleep quality and frailty.(21–23) Although
deficiencies in amino acids such as cysteine, proline, and serine
have been reported as dietary factors linking sleep disorders
and frailty, detailed information is lacking.(24) The Kyotango
Longevity Cohort Study, in addition to dietary surveys using the
brief self-administrative dietary habit questionnaire (BDHQ),
also performs measurements such as serum amino acid profiles,
potentially enabling future analyses of their relation to sleep.

Considering biochemical tests, the frailty group had signifi‐
cantly higher insulin and hsCRP levels than the non-frailty
group, with a positive correlation with the quantitative frailty

Table 2. Odds ratio determined by logistic regression analysis for frailty

Variables OR Lower limit 95% Upper limit 95% likelihood ratio χ2 p value

Age 75–84 vs 65–74 1.97 1.20 3.28 0.008

85– vs 65–74 8.07 3.24 20.06 21.65 <0.0001

BMI ≥25 vs <18.5 2.53 0.57 11.13 ns

≥25 vs 18.5–25 4.07 1.18 3.68 6.59 0.011

Diabetes mellitus 3.31 1.78 6.17 13.19 0.0002

Hypertension 3.10 1.91 5.04 21.58 <0.0001

Dyslipidemia 0.73 0.43 1.26 1.29 ns

Past history of cancer therapy 2.10 1.08 4.06 4.55 0.033

Polypharmacy 2.20 1.01 4.79 3.90 0.047

Smoking 0.80 0.45 1.42 0.58 ns

Alcohol 0.90 0.54 1/50 0.16 ns

Academic career 0.92 0.54 1.59 0.08 ns

Sleep quality 3.49 2.15 5.69 24.62 <0.0001

Sleep time 0.91 0.57 1.46 0.14 ns

Constipation 1.10 0.69 1.76 0.17 ns

Number of housemate ≥2 vs <2 0.86 0.38 1.97 0.12 ns

Spouse 1.01 0.53 1.96 0.00 ns

Daily exercise 0.57 0.36 0.91 5.58 0.0187
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index. Although insulin levels are known to correlate with obe‐
sity, elevated hsCRP levels in the frailty group suggest a link
between chronic inflammation and frailty, which is an interesting
outcome. Previous cohort studies have demonstrated the useful‐
ness of hsCRP as a biomarker for inflammaging and frailty.(25–27)

Moreover, in a prospective cohort study of community residents,
Son et al.(28) revealed that groups with a lower intake of anti-
inflammatory foods, as measured using the energy-adjusted

dietary inflammatory index, had elevated levels of serum hsCRP
and an increased frailty incidence. Although a strong positive
correlation was detected between hsCRP and IL-6 in this study,
IL-6 was not a better biomarker than hsCRP for the diagnosis of
frailty. Furthermore, hsCRP may better assess mild chronic
inflammation; however, further investigations are required.

Recent reports have frequently highlighted the association
between frailty and conditions such as anemia,(29) hypoalbu‐

Table 3. Blood examination of the non-frailty and frailty groups in older adults

Non-frailty (n = 667) Frailty (n = 119) p value

Biochemistry

 Total protein (g/dl) 7.2 ± 0.4 7.2 ± 0.4 ns

 Albumin (g/dl) 4.2 ± 0.3 4.2 ± 0.3 ns

 AST (U/L) 24 ± 8 25 ± 13 ns

 ALT (U/L) 21 ± 10 22 ± 15 ns

 ALP (U/L) 234 ± 68 241 ± 63 ns

 γ-GTP (U/L) 31 ± 39 37 ± 56 ns

 LDH (U/L) 199 ± 32 200 ± 38 ns

 Total cholesterol (mg/dl) 212 ± 36 194 ± 33 <0.001

 LDL (mg/dl) 127 ± 31 112 ± 29 <0.001

 HDL (mg/dl) 68 ± 17 64 ± 16 <0.05

 TG (mg/dl) 119 ± 60 129 ± 68 ns

 DHA (μmol/L) 160 ± 42 156 ± 44 ns

 EPA (μmol/L) 93 ± 45 87 ± 47 ns

 EPA/AA ratio 0.47 ± 0.24 0.47 ± 0.29 ns

 BUN (mg/dl) 17 ± 4 18 ± 5 ns

 Creatinine (mg/dl) 0.74 ± 0.21 0.80 ± 0.25 <0.05

 Uric acid (mg/dl) 4.9 ± 0.1 5.1 ± 0.1 ns

 Na (mEq/L) 140 ± 2 140 ± 2 ns

 K (mEq/L) 4.1 ± 0.3 4.2 ± 0.3 <0.05

 BS (mg/dl) 103 ± 14 105 ± 17 ns

 HbA1c (%) 5.7 ± 0.5 5.9 ± 0.8 <0.05

Peripheral blood cells

 WBC (×103/μl) 5.9 ± 1.4 6.1 ± 1.5 ns

 RBC (×104/μl) 432 ± 42 427 ± 60 ns

 PLT (×104/μl) 22.1 ± 4.9 21.9 ± 4.9 ns

 %Lympho (%) 34.1 ± 7.8 33.0 ± 8.2 ns

 N/L ratio 1.81 ± 0.82 1.93 ± 0.81 ns

 Ferritin (ng/ml) 127 ± 100 123 ± 127 <0.05

Hormone/Vitamins

 DHEA-S (μg/dl) 98 ± 62 87 ± 52 ns

 Insulin (μU/ml) 6.2 ± 4.6 7.3 ± 4.7 <0.001

 Cortisol (pg/ml) 8.2 ± 2.7 7.9 ± 2.9 ns

 ACTH (pg/ml) 28 ± 15 25 ± 13 ns

 Adiponectin (μg/ml) 12.8 ± 7.3 13.4 ± 7.9 ns

 25OH Vit. D3 (ng/ml) 22.7 ± 7.3 23.6 ± 8.7 ns

Amino acids

 Valine (μM) 223 ± 39 226 ± 38 ns

 Leucine (μM) 113 ± 20 112 ± 21 ns

 Isoleucine (μM) 61 ± 13 62 ± 13 ns

 Taurine (μM) 53 ± 23 62 ± 82 ns

 Fischer ratio 3.2 ± 0.5 3.2 ± 0.6 ns

Inflammation

 IL-6 (pg/ml) 2.1 ± 5.2 1.9 ± 1.5 <0.001

 HS-CRP (mg/dl) 0.08 ± 0.15 0.10 ± 0.11 <0.05

 8-OH-dG (ng/ml) 7.3 ± 3.9 7.4 ± 3.4 ns

Data are shown as mean ± SD.
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minemia,(30) and vitamin D deficiency;(31) however, no significant
differences were detected in the current study. It is well
recognized that insufficient serum 25(OH)D3 levels in older
individuals can lead to various musculoskeletal disorders,
including osteoporosis and falls/fractures. However, chronic
serum 25(OH)D3 insufficiency has also been noted in young
females and older individuals in Japan. For instance, a report
on vitamin D status among 9,084 Japanese adults showed that
if the cutoff for serum 25(OH)D3 levels was set at 75 nmol/L
(30 ng/ml), only 9.1% met this criterion,(32) and application of the
same standard to the 786 individuals in the current trial, only
16.8% of participants would have sufficient levels. While it is
intriguing that vitamin D levels were insufficient, even in a study
of healthy, long-lived community residents, further research on
vitamin D levels and frailty remains a crucial issue for future
investigation.

One of the most notable findings of this study was the consid‐
erable difference in nutrient intake between the non-frailty and
frailty groups, as quantified from the BDHQ data. In the analysis
of macronutrient intake, there were no differences in fat or
carbohydrate intake between the two groups. However, protein
intake was significantly lower in the frailty group, both in terms
of total and plant protein. Previous studies have demonstrated
that low protein intake is a risk factor for frailty in older
individuals, suggesting the importance of adequate protein intake
after adjusting for physical activity and age to prevent frailty.(33)

Cross-sectional studies of older Japanese community residents
have also shown a lower incidence of frailty in groups with high
protein intake,(34) indicating that an optimal level of protein
intake exists.(35) However, in a cohort study of healthy older
twins, Ni Lochlainn et al.(2) revealed that a high-protein diet
in older individuals could paradoxically be a risk factor for
sarcopenia, which correlates with the frailty index. Furthermore,
the results of The Prospective Nurses’ Health Study (NHS)
cohort involving 121,700 individuals also indicated that a higher
intake of plant proteins during midlife leads to an extended
healthy lifespan.(36) Likewise, the current study suggests that
plant protein intake, rather than animal protein intake, may pre‐
vent frailty, highlighting potatoes, soy, soy products, and non-
green-yellow vegetables as notable sources of plant protein. For
frailty prevention, it is crucial to gather data not only on whether
the protein is animal- or plant-based but also on which food
sources are crucial protein sources.

A growing number of reports have linked vitamin intake to
frailty. In a prospective study of 9,030 healthy individuals

(average age, 47 years), Jayanama et al.(37) revealed that the
frailty index was significantly higher when the intake of vitamins
B6, folate, and vitamin C failed to meet the recommended levels.
Studies targeting older individuals have also reported low intakes
of vitamins and carotenoids. Although vitamin deficiencies are
expected to be less common in Japan’s dietary environment,
recent surveys targeting working-age individuals have shown a
relatively high frequency of vitamin deficiencies, and a compre‐
hensive deficiency in nutrients was found to be related to minor
mental and physical health complaints.(38) In the current study, we
also detected deficiencies in vitamin B, primarily folate and
vitamin C, in the frailty group. Upon analyzing food groups con‐
taining vitamin B6, legumes and non-green yellow vegetables
were identified as deficient in the frailty group (Supplemental
Table 1*). The potential involvement of vitamin B6 in inhibiting
inflammatory signaling(39) and inducing antioxidant enzymes may
play a role in suppressing frailty, although further investigations
in disease models and humans are needed.

The Na/K ratio is an indicator of the balance between sodium
and potassium intake, with a high value indicating high or low
sodium intake. Numerous studies have linked the Na/K ratio to
cardiovascular diseases, particularly hypertension. Furthermore,
several cohort studies have shown that the Na/K ratio can impact
overall mortality.(40) The notable prevalence of hypertension in
the frailty group and the substantially lower Na/K ratio calculated
from dietary surveys in this study are intriguing findings. Addi‐
tionally, the lower Na/K ratio detected in the frailty group was
not due to sodium intake but rather due to poor potassium intake,
suggesting an insufficiency of potassium-containing food groups.
Cross-sectional and retrospective studies targeting community
residents have indicated that adequate potassium intake could
mitigate the severity of frailty.(41,42) Specifically, in the frailty
group, the reduced intake of potassium-containing food groups
was not a reduction in fruit intake but rather a reduced consump‐
tion of soy and soy products. This finding is of particular interest
when considering the relationship between frailty and minerals,
warranting further investigation.

Dietary fiber intake can suppress overall mortality and reduce
the incidence of diabetes, heart disease, and colorectal cancer, as
evidenced by systematic reviews and meta-analyses.(43) In a Japan
Public Health Center (JPHC) study targeting Japanese individ‐
uals, associations between dietary fiber intake and the risks of
overall death, cancer death, and cardiovascular disease death
were reported,(44) emphasizing the role of dietary fiber in a nutri‐
tional approach to healthy longevity. Although direct evidence
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linking dietary fiber intake to frailty is insufficient, the presence
of chronic inflammation in the progression of frailty has been
clarified, highlighting the importance of the gut barrier as an
inducer of chronic inflammation.(45) The interaction between
sufficient dietary fiber and the gut microbiome is increasingly
considered critical for maintaining the gut barrier. Herein, we
found that the total dietary fiber intake, both soluble and insol‐
uble, was significantly lower in the frailty group than in the non-
frailty group, revealing deficiencies in legumes and non-green-

yellow vegetables as sources of dietary fiber. Although legumes
are known as a high-protein plant source, they also contain high
levels of dietary fiber, vitamin B group, and magnesium, making
them a crucial ingredient for preventing frailty.

Regarding dietary patterns and frailty, there is substantial
evidence suggesting that the Mediterranean diet could prevent
frailty, although research on this topic in Japan is in its infancy.
Cross-sectional studies on the relationship between the DVS,(46)

diet quality score,(47) dietary balance scores,(48) and Japanese diet

Table 4. Nutrients intakes of the non-frailty and frailty groups in older adults

Non-frailty (n = 667) Frailty (n = 119) p value

Energy (kcal/day)1 1,800 (1,485, 2,205) 1,840 (1,506, 2,221) 0.943

Protein (g/day)2 76.7 (68.1, 86.7) 74.6 (67.3, 82.9) <0.05

 %PFC-protein 0.162 (0.143, 0.184) 0.156 (0.137, 0.176) <0.05

 Animal protein (g/day)2 46.0 (36.6, 55.2) 44.2 (35.4, 51.91) 0.159

 Plant protein (g/day)2 30.9 (27.8, 34.0) 29.2 (26.3, 33.0) <0.01

Lipid (g/day)2 54.6 (46.9, 62.1) 55.7 (47.5, 62.0) 0.976

 %PFC-lipid 0.260 (0.222, 0.300) 0.268 (0.229, 0.297) 0.992

 Animal lipid (g/day)2 26.1 (21.3, 31.4) 25.0 (20.0, 31.9) 0.646

 Plant lipid (g/day)2 28.6 (23.2, 32.9) 28.1 (23.6, 33.0) 0.929

 Saturated fatty acid (g/day)2 14.4 (12.0, 16.9) 14.4 (12.1, 17.0) 0.992

 n-6 Fatty acid (g/day)2 10.1 (8.6, 11.9) 10.2 (8.6, 11.6) 0.850

 n-3 Fatty acid (g/day)2 2.97 (2.40, 3.58) 2.92 (2.32, 3.42) 0.290

Carbohydrate (g/day)2 250.6 (226.8, 275.5) 254.3 (237.0, 271.3) 0.260

 %PFC-carbohydrate 0.570 (0.520, 0.630) 0.570 (0.540, 0.620) 0.422

Minerals

 Na (mg/day)2 4,548 (3,989, 5,180) 4,541 (4,042, 5,212) 0.739

 K (mg/day)2 2,913 (2,428, 3,394) 2,645 (2,176, 3,066) <0.001

 K/Na ratio 0.63 (0.54, 0.74) 0.57 (0.48, 0.69) <0.001

 Ca (mg/day)2 643 (518, 759) 603 (501, 723) 0.085

 Mg (mg/day)2 284 (249, 325) 263 (229, 298) <0.001

 P (mg/day)2 1,185 (1,043, 1,340) 1,140 (983, 1,269) <0.05

 Fe (mg/day)2 8.71 (7.49, 10.17) 8.04 (6.78, 9.23) <0.001

 Zn (mg/day)2 8.66 (7.95, 9.43) 8.51 (7.75, 9.31) 0.069

 Cu (mg/day)2 1.25 (1.12, 1.39) 1.18 (1.02, 1.32) <0.001

 Mn (mg/day)2 3.23 (2.65, 3.99) 3.01 (2.55, 4.04) 0.256

Vitamins

 Vit. A (μgRAE/day)2 781 (569, 1,062) 770 (501, 1,016) 0.366

 Vit. D (μg/day)2 19.3 (13.4, 25.7) 18.8 (12.5, 24.2) 0.222

 Vit. E (mg/day)2,3 7.80 (6.44, 9.10) 7.55 (6.41, 8.89) 0.220

 Vit. K (mg/day)2 297 (213, 422) 253 (166, 370) <0.001

 Vit. B1 (mg/day)2 0.83 (0.72, 0.95) 0.80 (0.67, 0.89) <0.05

 Vit. B2 (mg/day)2 1.45 (1.22, 1.70) 1.36 (1.13, 1.56) <0.01

 Niacin (mg/day)2 19.5 (16.5, 22.6) 18.1 (15.2, 20.6) <0.01

 Vit. B6 (mg/day)2 1.45 (1.22, 1.68) 1.30 (1.10, 1.55) <0.001

 Vit. B12 (μg/day)2 12.8 (9.0, 16.3) 11.7 (8.2, 14.5) <0.05

 Folic acid (μg/day)2 371 (297, 460) 338 (270, 411) <0.001

 Pantothenic acid (mg/day)2 7.11 (6.21, 8.11) 6.66 (5.86, 7.59) <0.01

 Vit. C (mg/day)2 127.1 (92.4, 169.6) 114.9 (80.2, 143.7) <0.01

Dietary fiber (DF)

 Total DF (g/day)2 13.1 (11.0, 15.8) 11.7 (9.8, 14.5) <0.001

 Total DF (g/day)3 13.6 (11.2, 16.5) 12.1 (10.1, 15.2) <0.001

 Soluble DF (g/day)2 3.3 (2.6, 4.0) 2.9 (2.2, 3.6) <0.001

 Soluble DF (g/day)3 3.5 (2.7, 4.2) 3.0 (2.3, 3.8) <0.01

 Insoluble DF (g/day)2 9.3 (7.8, 11.2) 8.4 (7.2, 10.2) <0.001

 Insoluble DF (g/day)3 9.7 (8.1, 11.9) 8.7 (7.6, 10.7) <0.01
1Estimated by BDHQ, 2Energy-adjusted value using residual method, 3Energy-adjusted value using density method. Data are
shown as median (25th, 75th percentile). P values indicated by Wilcoxon test.
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score(49) and the incidence of frailty have been reported. The
Mediterranean diet was found to be the most healthy diet in
several cohort studies, including cardiovascular prevention. A
one-year Mediterranean diet intervention trial involving 612
healthy individuals and pre-frailty subjects from five European
countries was conducted.(3) The authors found that changes in the
gut microbiome abundance due to the Mediterranean diet corre‐
lated positively with reductions in frailty markers and improve‐
ments in cognitive function and negatively with inflammation
markers such as CRP and IL-17. Meta-analyses targeting older
individuals have also revealed that a Mediterranean diet can
reduce the risk of frailty.(50) However, the suitability of the
Mediterranean diet for Japanese individuals has not been thor‐
oughly examined. Saji et al.(14) calculated the Japanese dietary
index (JDI) using dietary intake questionnaires. The traditional
Japanese diet score was calculated based on the intake of nine
items (rice, miso, seafood, green and yellow vegetables, seaweed,
pickles, green tea, beef, and pork), with three items (soy and soy
products, fruits, and mushrooms) added to modify the Japanese
diet score, rJDI12. The authors found that the high rJDI12 group
included several individuals without dementia, and some blood
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Fig. 4. Differences in soy and soy products intake between non-frailty
and frailty groups.

concentrations of gut microbiome metabolites were low. Shimizu
et al.(51) compared the rates of grip strength decline (an indicator
of sarcopenia) between individuals consuming Japanese and
Mediterranean diets, revealing that groups with a higher Japanese
diet (rJDI12) score had a lower odds ratio of grip strength
decline, with no significant association detected between the
Mediterranean diet score and the rate of individuals meeting the
criteria for grip strength decline. In the current study, the
Japanese diet score, rJDI12, was significantly lower in the frailty
group than in the non-frailty group, and the evaluation of 12
items comprising that score revealed that the frailty group con‐
sumed substantially lower amounts of legumes, soy products, and
mushrooms. These results suggest that recommending a Japanese
diet pattern is a reasonable frailty prevention strategy among
Japanese individuals.

Numerous reports have highlighted the academic field of gut
microbiome and frailty, which has attracted considerable atten‐
tion. The diversity and composition of the gut microbiome in
older patients with frailty differ substantially from those of
healthy older individuals.(52,53) While some cross-sectional study
results indicate a reduction in alpha diversity in the frailty group,
others found no such change, and most studies do not agree with
these results at the genus or species levels. In the present study,
we detected no significant difference in alpha diversity, as mea‐
sured by the Chao-1 and Shannon indices, between the non-
frailty and frailty groups. At this stage, the lack of prospective
cohort studies with frailty as an endpoint and analysis of environ‐
mental factors, including diet and medications that substantially
affect the gut microbiome, are considered problematic, war‐
ranting more detailed research in the future.

Recently, a Mediterranean diet intervention in five European
countries showed the potential to improve frailty by regulating
the gut microbiome.(3) A one-year Mediterranean diet increased
the populations of anti-inflammatory bacteria, such as
Faecalibacterium prausnitzii, Roseburia (Roseburia hominis),
and Eubacterium [Eubacterium rectale, Eubacterium eligens (E.
eligens), and Eubacterium xylanophilum], which correlated posi‐
tively with a reduction in frailty markers and improvements in
cognitive function, and negatively with inflammatory markers
such as CRP and IL-17. In the current study, the population of
butyrate-producing bacteria was maintained in the non-frailty
group, and their occupancy rates positively correlated with
dietary fiber intake, suggesting that butyrate-producing bacteria

Table 5. Protein intakes of the non-frailty and frailty groups in older adults

Foods Non-frailty (n = 667) Frailty (n = 119) p value

Grains (g/day) 13.39 (10.91, 15.41) 13.06 (10.68, 15.14) ns

Potatoes (g/day) 1.02 (0.57, 1.68) 0.87 (0.46, 1.21) <0.05

Beans (g/day) 5.58 (3.04, 9.03) 3.67 (2.28, 7.07) <0.001

Green and yellow vegetables (g/day) 1.23 (0.85, 1.84) 1.24 (0.75, 1.74) ns

Non-green-yellow vegetables (g/day) 2.06 (1.50, 2.90) 1.75 (1.22, 2.35) <0.001

Fruits (g/day) 0.74 (0.40, 1.24) 0.72 (0.32, 1.10) ns

Sugar/sweet drink (g/day) 0 0

Seafoods (g/day) 21.56 (15.04, 29.84) 20.95 (14.52, 26.75) ns

Meats (g/day) 11.92 (8.68, 15.66) 11.76 (7.48, 14.86) ns

Eggs (g/day) 5.12 (3.27, 7.50) 5.21 (2.84, 7.48) ns

Milk (g/day) 5.17 (2.56, 6.84) 4.9 (2.34, 7.1) ns

Oils and fats (g/day) 0 0

Confectionery (g/day) 2.86 (1.68, 4.49) 2.66 (1.54, 4.42) ns

Luxury drinks (g/day) 1.27 (0.83, 1.73) 1.21 (0.69, 1.68) ns

Seasonings/spices (g/day) 0.98 (0.68, 1.52) 1.06 (0.73, 1.59) ns

Each data are estimated by BDHQ/energy-adjusted value using residual method. Data are shown as median (25th, 75th
percentile). P values indicated by Wilcoxon test.
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exert anti-inflammatory effects. Notably, E. eligens, which not
only produces butyrate but also promotes the production of anti-
inflammatory cytokine IL-10, is an anti-inflammatory bacterium
and one of the 15 good bacteria identified in the PREDICT1
study.(54) Recent systematic reviews have also reported lower
occupancy rates of Eubacterium species in patients with frailty.(52)

This study has clarified that the presence or absence of frailty and
the frailty index is influenced by age, obesity, exercise, and medi‐
cations. In the future, investigations into the pathogenesis of
frailty and prevention strategies based on diet and the gut micro‐
biome must consider patient background factors.

This study has several limitations. First, the frequency of food
or food group intake was based on self-administered question‐
naires, which may include recall bias. Second, the study was
limited to relatively healthy and long-lived rural Japanese resi‐
dents and may not be directly applicable to urban areas or other
regions. Analysis of the gut microbiome was performed at the
genus level; species-level and metabolite analyses have not yet

been conducted. Therefore, considering these limitations, large-
scale studies involving multiple regions are necessary in the
future, and prospective cohort studies are required to clarify the
potential of diverse plant-based diets and Japanese dietary
patterns in reducing the risk of frailty with more definitive evi‐
dence. Fortunately, since the Kyotango Cohort Study, which
forms the basis of this research, began in 2017, results from the
10-year cohort are expected in a few years, and we look forward
to these findings.

Conclusion

Herein, we elucidated the current status of frailty among older
residents in the well-known, long-lived region of Kyotango. The
findings identified obesity, hypertension, polypharmacy, low
physical activity, and chronic inflammation as significant risk
factors for frailty. The importance of certain nutrients and foods
was highlighted through correlation analysis of nutrients and

Table 6. Dietary fiber intakes of the non-frailty and frailty groups in older adults

Foods Non-frailty (n = 667) Frailty (n = 119) p value

Grains (g/day) 2.50 (1.80, 3.05) 2.71 (2.02, 3.34) 0.108

Potatoes (g/day) 0.81 (0.35, 1.42) 0.79 (0.36, 1.00) 0.154

Beans (g/day) 0.68 (0.29, 1.72) 0.39 (0.14, 1.39) <0.001

Green and yellow vegetables (g/day) 2.07 (1.30, 3.31) 2.08 (1.22, 3.25) 0.646

Non-green-yellow vegetables (g/day) 3.35 (2.20, 4.87) 2.98 (1.98, 3.92) <0.01

Fruits (g/day) 1.24 (0.62, 2.10) 1.06 (0.56, 1.78) 0.071

Sugar/sweet drink (g/day) 0 0

Seafoods (g/day) 0 0

Meats (g/day) 0 0

Eggs (g/day) 0 0

Milk (g/day) 0 0

Oils and fats (g/day) 0 0

Confectionery (g/day) 0.48 (0.23, 0.86) 0.48 (0.22, 0.83) 0.622

Luxury drinks (g/day) 0 0

Seasonings/spices (g/day) 0.31 (0.17, 0.54) 0.33 (0.17, 0.66) 0.401

Each data are estimated by BDHQ/energy-adjusted value using residual method. Data are shown as median (25th, 75th per‐
centile). P values indicated by Wilcoxon test.

Table 7. rJDI12 sore, DVS, and MDVS of the non-frailty and frailty groups in older adults

Non-frailty (n = 667) Frailty (n = 119) p value

rJDI121 6.82 ± 2.57 6.27 ± 2.59 <0.05

 Rice (g/day)2 270 (208, 390) 260 (165, 429) 0.425

 Miso-soup (g/day)2 120 (69, 216) 132 (66, 264) 0.401

 Seaweed (g/day)2 12.3 (4.9, 24.6) 11.1 (4.4, 22.2) 0.227

 Pickles (g/day)2 17.7 (6.1, 29.4) 20.9 (5.9, 35.5) 0.339

 Green leafy vegetables (g/day)2 28.8 (11.5, 63.2) 28.8 (6.8, 57.5) 0.188

 Seafood (g/day)2 85.9 (52.7, 130.5) 81.4 (43.6, 127.6) 0.247

 Green tea2 173 (25, 433) 150 (12, 150) 0.186

 Red meat + ham2 37.4 (21.1, 48.0) 33.9 (18.3, 45.7) 0.137

 Beans2 72.8 (38.4, 109.1) 45.5 (31.4, 88.7) <0.001

 Fruits2 43.6 (24.3, 69.8) 35.5 (18.4, 63.6) 0.065

 Coffee2 173 (150, 375) 173 (107, 433) 0.165

 Mushroon2 10.7 (4.3, 20.5) 9.2 (2.7, 13.0) <0.05

DVS1 5.07 ± 2.62 4.70 ± 2.52 0.148

mDVS1 5.58 ± 2.91 5.13 + 2.83 0.126

Each data are estimated by BDHQ/energy-adjusted value using residual method. Data are shown as mean ± SD1 or median
(25th, 75th percentile)2. P values indicated by Wilcoxon test.
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food groups with frailty. Specifically, plant-based proteins,
dietary fiber, and vitamin B were identified as beneficial nutri‐
ents, whereas soy and soy products, non-green yellow vegetables,
and a variety of plant-derived foods could substantially mitigate
frailty. Furthermore, this study partially elucidates the relation‐
ship between these nutrients, foods, and the gut microbiota.
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