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Abstract 44 

Background & Aims 45 

The association between dietary patterns and frailty is less investigated in Asia. We aimed 46 

to investigate the prospective associations between dietary patterns and frailty index (FI) 47 

in community-dwelling Japanese older adults aged 60 years or older. 48 

Methods 49 

A 3-year cohort collected the data on sociodemographic information, lifestyle behaviors, 50 

comorbidities, medication history, depression status, nutrition, and physical function from 51 

2014 to 2017. Five dietary patterns including “Mediterranean-style,” “sugar and fat,” “salt 52 

and pickles,” “noodle and alcohol,” and “protein-rich” dietary patterns were identified 53 

using principal component analysis from 20 food groups obtained using a validated food 54 

frequency questionnaire. A 54-item FI was constructed on the basis of a deficit 55 

accumulation model. This project aimed to investigate the longitudinal association 56 

between dietary pattern and frailty trajectories with annual measurements over a 3-year 57 

period using a generalized estimating equation. 58 

Result 59 

After excluding 108 participants with incomplete data at baseline, 666 participants (56.5% 60 

female, 69.4 ± 4.4 years) were included for longitudinal analysis. Our results demonstrated 61 
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that adherence score to “sugar and fat” dietary pattern” (Q4 vs. Q1: mean difference 62 

[0.017], 95% CI [0.006 to 0.029]) and “salt and pickles” dietary pattern (Q3 vs. Q1: mean 63 

difference [0.010], 95% CI [0.001 to 0.020]; Q4 vs. Q1: mean difference [0.014], 95% CI 64 

[0.003 to 0.025]) were positively associated with change in FI. Adherence score to a 65 

“protein-rich” dietary pattern was negatively associated with change in FI (Q4 vs. Q1: 66 

mean difference [−0.013], 95% CI [−0.025 to −0.002]). 67 

Conclusions 68 

“Salt and pickles” dietary pattern and “sugar and fat” dietary pattern were positively 69 

associated with frailty. In contrast, “protein-rich” dietary pattern was negatively associated 70 

with frailty. 71 

 72 

Keywords: Dietary pattern, Salt, Pickles, Frailty, Longitudinal study 73 

 74 

Abbreviations: 75 

FI, frailty index ADLs, activities of daily living; BMI, body mass index; MNA, Mini-76 

Nutritional Assessment; CCI, Charlson Comorbidity Index; GDS, Geriatric Depression 77 

Scale; BAQ, Baecke Physical Activity Questionnaire; SMI, skeletal muscle mass index; 78 

HGS, hand grip strength; FFQ, food frequency questionnaire; PA, physical activity; GEE, 79 



6 

 

generalized estimating equation 80 
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1. Introduction 82 

Frailty is a geriatric syndrome characterized by decreased physiological reserves 83 

resulting in a limited capacity to maintain homeostasis [1]. It has been widely recognized 84 

that frailty results in the increased likelihood of several undesired health outcomes 85 

including falls, disability, hospitalization, institutionalization, and mortality [2]. The 86 

previous literature suggested that nutritional intervention consisting of adequate calorie 87 

consumption with a higher protein intake was associated with a lower prevalence of frailty 88 

[3]. Additionally, micronutrient supplementation, including leucine, β-hydroxy β-89 

methylbutyrate, ornithine α-ketoglutarate, and vitamin D may play an essential role in 90 

preventing sarcopenia and frailty [4, 5]. 91 

To date, most nutritional interventions have investigated the effects of a single 92 

macronutrient and micronutrient supplement on frailty prevention [3, 6]. However, 93 

nutrients are consumed mainly in meals containing a composite of different food items [7]. 94 

Therefore, confirming the complex association between dietary patterns and frailty is 95 

relevant to understand the importance of nutrition in frailty. A systematic review found that 96 

dietary pattern and diet quality had a significant association with frailty incidence and 97 

prevalence, in which the Mediterranean diet was robustly supported [3]. A recent meta-98 

analysis revealed that Mediterranean diet, characterized as abundance in fruits, vegetables, 99 
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whole grains, legumes, and olive oil, was associated with decreased risk of incident frailty 100 

[8]. Another healthy dietary pattern comprising fat-soluble micronutrients (e.g., carotenes) 101 

with low level of vitamins E and A was inversely associated with frailty prevalence [7]. A 102 

longitudinal study indicated an inverse association between “snack-drinks-milk products” 103 

dietary patterns and frailty; however, the significant association was no longer observed 104 

after adjusting for age, sex, and other demographic factors [9]. Although a cohort 105 

suggested the negative association between the consumption of fruits and vegetables and 106 

frailty incidence in a dose–response manner [10], the findings were inconsistent in another 107 

cohort [9]. Moreover, the Asian dietary pattern was relatively less investigated compared 108 

to the western dietary pattern [11]. 109 

To the best of our knowledge, few studies have investigated the association between 110 

Asian dietary patterns and frailty [9, 12]. A cross-sectional study in Taiwan demonstrated 111 

that phytonutrient-rich plant foods and protein-rich foods such as deep-sea fish, shellfish, 112 

and milk were associated with frailty prevalence [12]. Another 2-year cohort in Hong Kong 113 

found that diet quality was associated with incident frailty; however, the Mediterranean 114 

diet failed to prevent the risk of frailty [9]. On the contrary, most studies utilized frailty 115 

phenotype instead of frailty index (FI), which is a comprehensive proxy measure of aging 116 

and vulnerability to health risks [13]. Thus, we conducted this study to investigate the 117 
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prospective associations between dietary patterns and FI in community-dwelling older 118 

adults aged 60 years or older. 119 

2. Materials and Methods 120 

2.1. Participants 121 

The Nagoya Longitudinal Study for Healthy Elderly study (NLS-HE), a prospective 122 

cohort study from 2014 to 2017, was conducted at a community college providing a 123 

continued education program for the older individuals living in Nagoya, Japan [14, 15]. 124 

This education program included lectures and activities for maintaining hobbies and 125 

social participation for older adults. The inclusion criteria were as follows: being a 126 

current or graduate student of the community college, age between 60 and 89 years in 127 

August 2014, and being a resident of Nagoya. The exclusion criteria were as follows: any 128 

disability affecting the basic activities of daily living (ADLs) (e.g., disability related to 129 

Parkinson’s disease and stroke) or inability to walk independently (including using a 130 

cane). Initially, a total of 774 participants were invited. Enrollees with more than 10% of 131 

missing values of dietary information in the initial assessment were excluded from 132 

analysis. After excluding 46 and 62 individuals with incomplete dietary information and 133 

baseline profile, 666 participants were followed up annually over the next 3 years (2014–134 
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2017). During the 3-year follow-up period, 107, 61, and 69 participants dropped out at 135 

the end of the first, second, and third year, respectively. Details of the recruitment 136 

protocol, number of participants, and reasons for the dropout are shown in Figure 1. The 137 

present study was conducted in accordance with the guidelines of the Declaration of 138 

Helsinki and approved by the Ethics Committee of the Nagoya University Graduate 139 

School of Medicine (approval number 2013-0055-2) and the Ethics Committee of the 140 

Nagoya University of Arts and Sciences (approval number 83, approved on September 141 

10, 2013). 142 

2.2. Measures 143 

The questionnaire used consisted of questions about age, sex, educational level, 144 

socioeconomic status, body height and weight, past medical history, and medication list. 145 

The level of physical exercise was assessed using the Baecke Physical Activity 146 

Questionnaire (BAQ), which is a continuous scale ranging from 5 to15 points, with 147 

higher points indicating higher physical activity (PA) level [16, 17]. The objective 148 

physical measurements included 5-m usual walking speed, skeletal muscle mass index 149 

(SMI) by bioelectrical impedance analysis (InBody 430; Biospace, Tokyo, Japan), and 150 

hand grip strength (HGS) determined by the best performance when measured twice in 151 

both hands in a standing position using a handheld dynamometer (TKK 5401 Grip-D; 152 
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Takei, Tokyo, Japan). Depressive symptoms were evaluated using a 15-item Geriatric 153 

Depression Scale (GDS) [18]. For each patient, a comorbidity score was calculated using 154 

the Charlson Comorbidity Index (CCI) [19]. Nutritional status was assessed using the 155 

Mini-Nutritional Assessment (MNA) [20]. 156 

2.3. Food intake and grouping 157 

Dietary habits were evaluated using a 34-item food frequency questionnaire (FFQ) 158 

adapted from an existing FFQ [21]. The original FFQ developed to determine energy and 159 

nutrient intake of daily meals has shown reasonable validity compared to 7-day weighed 160 

dietary records and moderate test-retest reliability in 66 Japanese adults [21]. In the present 161 

study, all participants were instructed to provide information about portion sizes of 29 162 

prespecified food groups and 10 cooking methods by themselves and submit the responses 163 

to our researchers to check for blank answers or incorrect responses. Pictographs of food 164 

items were included on the FFQ to estimate the amount consumed. The FFQ evaluated the 165 

status of dietary habits over the previous 1–2 months, with numbers of standardized 166 

portions consumed (e.g., one standardized portion of cooked rice is one small bowl, 167 

weighing approximately 150 gm) of every meal for 1 week. Finally, the numbers of 168 

portions consumed in 1 week were summed up to determine the total intake of each food 169 

group per week. 170 
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All food items were finally categorized into 20 groups: light-colored vegetables 171 

(mushrooms); green and yellow vegetables; nuts and seeds (peanuts, almonds, sesame); 172 

boiled, vinegared, and marinated dishes; potatoes; soybeans and soybean products; algae; 173 

fruits; fats and oils (butter, margarine); breads; confectioneries; sugar (including jam and 174 

honey); salty foods (salted plums, salted fish, kelp simmered in sweetened soy sauce, 175 

salted cod raw); pickles; soup dishes (miso soup, clear soup, consommé, potage) and 176 

seasonings (Worcester sauce, soy sauce); noodles; cooked rice; alcoholic beverages; meat; 177 

and fish (Appendix 1). To ensure a full spectrum of dietary patterns, we included items 178 

featuring Japanese food, such as salty food, pickles, miso soup, natto (fermented soybeans), 179 

and vinegared dishes. 180 

2.4. Frailty index 181 

We used FI as a continuous variable to monitor the trajectory of frailty among 182 

healthy older adults. According to the deficit accumulation model, frailty index was  183 

constructed fulfilling the following validated criteria: (1) each deficit must beassociated 184 

with health (2) a deficit’s prevalence should increase with age (3) the chosen deficits 185 

should not saturate too early as people age (4) the frailty index must cover a range of 186 

health systems (5) frailty index should have at least 30-40 items to be sufficiently robust 187 

to predict adverse outcomes [22, 23]. On the basis of the standardized protocol, we used 188 
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54 items to construct the FI which consisted of several multidimensional domains: 189 

physical strength, fatigue, PA, nutrition and oral health, ADLs, falls, social network and 190 

isolation, memory, mood, and comorbidities (Appendix 2). 191 

To minimize overrepresentation, duplicated items or items with similar domains 192 

were excluded. Additionally, items with more than 5% of missing values were also 193 

excluded [22]. Participants with more than 20% of missing items were excluded from the 194 

analysis [24]. The FI score was the sum of each deficit score divided by the total number 195 

of variables included. The deficit score was calculated by assigning 1 or 0 point for the 196 

presence or absence of each deficit, respectively. Some ordinal and continuous variables 197 

were recoded to define an intermediate value of 0.5. Validation of the FI which 198 

demonstrated comparable agreement to frailty phenotype and Kihon Checklist was 199 

described in detail and published elsewhere [14]. 200 

2.5. Statistical analysis 201 

Dietary patterns were based on the dietary intake data at baseline. First, we performed 202 

a principal component analysis (PCA) with promax rotation to reduce the number of 203 

observed food items by creating several representative factors that explained most of the 204 

variance in the food groups. Eigenvalues and scree plots were taken into consideration 205 

when determining the number of representative factors to be retained. We retained those 206 



14 

 

factors with an eigenvalue greater than 1 and determined the factor structure by factor 207 

loadings having an absolute value greater than 0.3 [25]. PCA resulted in 5 dietary patterns 208 

with eigenvalues >1, which together accounted for 52% of the variance in the 20 food 209 

groups (Table 1). The first group explained 29.8% of the total variance and scored high for 210 

light-colored vegetables, mushrooms; green and yellow vegetables; nuts and seeds; boiled, 211 

vinegared, or marinated dishes; potatoes; soybeans and soybean products; algae; and fruits, 212 

which was named the “Mediterranean-style” dietary pattern. The second group (10% of 213 

variance) was mainly associated with fat and oils, breads, confectioneries, and sugar, 214 

which was named the “sugar and fat” dietary pattern. The third group (7.9% of variance) 215 

was strongly associated with salty foods, pickles, soup dishes, and seasonings, which was 216 

named the “salt and pickles” dietary pattern. “Noodle and alcohol” dietary pattern mainly 217 

consisted of high scores in noodles and alcohol beverage, and “protein-rich” dietary pattern 218 

consisted of fish and meat, which accounted for 6.4% and 5.7% of variance in the 20 food 219 

groups, respectively. For each dietary pattern, an adherence score was calculated by 220 

summing up the standardized portions of food group weighted by its factor loading [17]. 221 

We divided all participants by quartiles of adherence scores to determine dietary 222 

compliance of each dietary pattern, with the lowest 25% group (Q1) indicating the least 223 

adherent group and the reference category. Other details are listed in Table 1. 224 
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Second, we performed longitudinal analysis using a generalized estimating equation 225 

(GEE) adjusting for the baseline sociodemographic variables (age, sex, educational level, 226 

and socioeconomic status), and health-related covariates (BMI and energy intake adjusted 227 

by actual body weight) in Model 1 [26]. We further adjusted the parameters of physical 228 

performance (BAQ, usual gait speed, HGS, and SMI) in Model 2. Interaction between 229 

annual measurements of variables of interest and time was calculated with 230 

robust estimation for the coefficient of a first order autoregressive process. We reported 231 

the estimated mean difference between groups along with 95% confidence intervals and 232 

p-values. To confirm the robustness of the results, two sensitivity analyses were performed 233 

using a multiple imputation method with standard fully conditional specification to replace 234 

the missing values (19%) and a complete case analysis [27]. Multiple imputation method 235 

utilizing chain equation created five imputed datasets by predictive mean matching, 236 

including all of the variables used in Model 2 at baseline and follow-up visits [28]. 237 

Estimates of interest were pooled by the results of each imputed dataset according to 238 

Rubin’s Rules [29]. Another sensitivity analysis was performed using the FI without 239 

nutrition and oral health domain to avoid effects of self-association. 240 

Differences in the baseline characteristics of the participants by gender and quartiles 241 

of dietary patterns were based on an analysis of variance or Kruskal–Wallis test for 242 
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continuous variables and on a chi-squared test for categorical variables, as appropriate. All 243 

tests for significance were two-sided at the 95% level (p<0.05). We analyzed the data using 244 

the SPSS for Windows version 25.0. (IBM Corp., Armonk, NY). 245 

3. Results 246 

3.1. Characteristics of the participants 247 

A total of 666 participants with full information on frailty and dietary pattern were 248 

included for analysis. The mean age of all participants (56.5% women) at baseline was 249 

69.4 ± 4.4 years, with 89.3% of participants aged 65 years or older. A total of 47.8% of 250 

participants completed more than 12 years of education. The mean MNA score was 26.1 251 

± 2.3, with a total daily energy expenditure of 34.4 ± 9.3 kcal/kg adjusted by the actual 252 

body weight. Energy source was mainly provided by carbohydrate (55.6 ± 5.7%) followed 253 

by fat (29.8 ± 4.5%) and protein (14.6 ± 2.0%). The mean baseline FI was 0.12 ± 0.08 with 254 

a slight right-skewed distribution. There were significant sex differences in height, weight, 255 

BMI, MNA, CCI, polypharmacy, BAQ, HGS, SMI, and energy intake and its composition. 256 

Other details are shown in Table 2. 257 

Comparing the baseline characteristics of dropouts (N=237) and non-dropouts 258 

(N=429), no significant differences were observed regarding age, sex, body composition, 259 
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nutritional status, macronutrient composition, parameters of physical performance, and FI 260 

(Appendix 3). Loss to follow-up was mainly reported due to the following reasons: lack 261 

of time (N=114), significantly heavy survey workload (N=28), and inability to attend 262 

because of illness or hospitalization (N=53) (Figure 1). 263 

3.2. Effects of dietary patterns on frailty index 264 

When using quartile categories of dietary adherence scores, adherence to “sugar and 265 

fat” dietary pattern and “salt and pickles” dietary pattern were positively associated with 266 

changes in FI over 3 years in unadjusted model (Figure 2). In adjustment model 1, 267 

participants who were in the fourth quartile of adherence had higher FI compared to 268 

those in Q1 in “sugar and fat” dietary pattern (Q4 vs. Q1: mean difference [0.016], 95% 269 

confidence interval [CI] [0.005 to 0.013]) and “salt and pickles” dietary pattern (Q4 vs. 270 

Q1: mean difference [0.012], 95% CI [0.001 to 0.023]) (Table 3). In model 2, the 271 

changes in FI remained significant in “sugar and fat” dietary pattern (Q4 vs. Q1: mean 272 

difference [0.017], 95% CI [0.006 to 0.029]) and “salt and pickles” dietary pattern (Q3 273 

vs. Q1: mean difference [0.010], 95% CI [0.001 to 0.020]; Q4 vs. Q1: mean difference 274 

[0.014], 95% CI [0.003 to 0.025]) (Table 3). On the contrary, “protein-rich” dietary 275 

pattern showed a reduced FI by −0.013 between Q4 and Q1 in model 2 (95% CI [−0.025 276 

to −0.002]) (Table 3).  277 
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While treating dietary patterns as continuous variables, changes in FI were 278 

positively associated with adherence to “sugar and fat” dietary pattern and “salt and 279 

pickles” dietary pattern in both models, whereas a negative association was observed in 280 

“protein-rich” dietary pattern (Table 4). 281 

A sensitivy analysis excluding nutrition and oral health domain from the FI showed 282 

a consistent negative association of changes in FI with “sugar and fat” dietary pattern 283 

and “salt and pickles” dietary pattern (Appendix 4). The results of multiple imputation 284 

method and complete case analysis demonstrated similar findings,with the exception of 285 

the association between “salt and pickles” dietary pattern and FI that lost its’ significant 286 

association(Appendix 5). 287 

3.3. Effects of other parameters on frailty index 288 

In “sugar and fat” dietary pattern, old age, low physical activity, slow gait speed 289 

showed a positive association with change in FI (Appendix 6). On the other hand, in “salt 290 

and pickles” dietary pattern, old age, poor socio-economic status, low physical activity, 291 

and slow gait speed were associated with increased FI (Appendix 7). 292 

3.4. Characteristics of the participants by quartiles of dietary 293 
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adherence score 294 

To understand the possible underlying conditions of the association, we compared 295 

the macronutrient intake at baseline by adherence groups in “sugar and fat”, “salt and 296 

pickles”, and “protein-rich” dietary patterns (Table 5). In participants’s diet which 297 

adhered to the “sugar and fat” dietary pattern, energy comsuption derived more from fat 298 

and less from carbohydrate. In contrast, in participants’ diet which adhered to the “salt 299 

and pickles” dietary pattern, energy comsuption derived more from carbohydrate and less 300 

from protein. In comparison, participants who adhered to “protein-rich” dietary pattern, 301 

energy comsuption derived less from carbohydrates and more from protein and fat.302 
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4. Discussion 303 

This prospective cohort suggests that dietary patterns may intervene with frailty in 304 

community-dwelling older adults. Our findings revealed that adherence to a “protein-rich” 305 

dietary pattern plays a beneficial role in frailty prevention. However, “sugar and fat” dietary 306 

pattern and “salt and pickles” dietary pattern, which is common in traditional Asians diets, 307 

might have a positive association with frailty. Of note, the Mediterranean-style dietary 308 

pattern, which is reported to be associated with low risk of incident frailty, was not 309 

associated with frailty in our longitudinal analysis. 310 

Our results showed that adherence to “salt and pickles” dietary pattern was associated 311 

with an increasing trend with frailty levels over 3 years. One possible explanation might 312 

be related to a significantly lower protein and higher carbohydrate comsumption observed 313 

between participants who adhered more (Q1) and less (Q4) to the “salt and pickles” dietary 314 

pattern. Notably, despite higher total calorie intake in the Q4 group, unbalanced 315 

macronutrient composition was associated with frailty. Although adequate calorie 316 

supplement could enhance body weight and reduce mortality in undernourished older 317 

adults, the food resource of energy and nutrients is of critical importance for frailty 318 

prevention in individuals who are not malnourished [30]. A growing body of evidence 319 

showed that high carbohydrate intake was associated with a higher risk of mortality [31]. 320 



21 

 

Therefore, healthy dietary pattern with increased protein but reduced carbohydrate intake 321 

should be promoted for frailty prevention. 322 

Minerals may be of significant importance in the prevention and management of 323 

frailty [32]. According to the US National Health and Nutrition Examination Survey, 324 

dysnatremia was demonstrated to be associated with increased FI and mortality, which 325 

possibly resulted from the disruption of the homeostatic regulation of salt and water 326 

balance [33]. A systematic review showed that mineral intake including magnesium, 327 

selenium, and calcium supplementation had shown potentially promising effects on muscle 328 

mass and physical performance; however, observational or interventional study 329 

investigating sodium intake has not been conducted yet [32]. Although there is no 330 

significant difference in salt intake at baseline among the four groups in our samples, 331 

determination of salt content might not be accurately estimated according to inconsistent 332 

ingredients in homemade pickles and marinated Japanese food. Hence, more robust studies 333 

are required to determine the role of minerals in the management of frailty. 334 

Typical Mediterranean diet, which is widely recognized with reduced overall mortality, 335 

cardiovascular mortality, and cancer mortality and better brain health [34-36], is considered 336 

to prevent frailty according to a previous meta-analysis [8]. However, our  findings may 337 

indicate that there are differences between the “western” and “eastern” Mediterranean diet. 338 
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One reason is due to the lower consumption of nuts, seeds, algae, olive oil, red wine, and 339 

fish in the Japanese “Mediterranean-style” diet compared to the typical Mediterranean diet. 340 

Additionally, using FI as a comprehensive frailty measure in our study may partly explain 341 

the discrepancy and expose the urgent need for studies based on Asian dietary habits. 342 

Our  findings corroborate that a “protein-rich” dietary pattern was beneficial for 343 

frailty. In addition, a “sugar and fat” dietary pattern, which was reported to be associated 344 

with slow gait speed, low agility assessed by Timed Up and Go test, and reduced aerobic 345 

endurance [37, 38], was associated with FI. Emerging evidence suggests that added sugars 346 

in the food or beverages and higher blood glucose level were  risk factors for frailty in 347 

older adults, even in patients who were not diabetic [39, 40]. Future studies are required to 348 

confirm the additional benefits from a high-protein diet with reduced sugar and fat. 349 

Additionally, emerging evidence demonstrates that diet quality besides dietary 350 

patterns plays an important role in reversing frailty. A longitudinal cohort found that higher 351 

Diet Quality Index-International (DQI-I) scores assessing the variety and diversity of 352 

nutrient intake were associated with reduced likelihood of frailty and the prevalent of 353 

sarcopenia in Chinese older adults [9, 41]. In their study, DQI-I scores were positively 354 

associated with vegetables–fruits dietary pattern scores, indicating the anti-inflammatory 355 

and antioxidant effects of carotenoids, and vitamins C and E are possibly more beneficial 356 
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in frail and sarcopenic older adults than adequate protein intake [42]. Although our findings 357 

showed a nonsignificant association between “Mediterranean-like” dietary pattern and 358 

frailty, alkaline-forming foods, with the ability to ameliorate age-related muscle decline 359 

[43], required further studies to confirm the beneficial effects of these foods in reversing 360 

frailty. 361 

This study has several limitations. First, the sample consisted of healthy older adults 362 

recruited from a community college with a mean FI of 0.12, indicating that the majority of 363 

participants had lower levels of frailty and increased interest in taking part in health surveys. 364 

Our participants were comparable to those in the Japan National Health and Nutrition 365 

Survey from 2007 to 2016 regarding baseline demographic characteristics [44]; however, 366 

a decreased carbohydrate energy ratio (55.6% vs. 62.2%) and an increased fat energy ratio 367 

(29.8% vs. 22.8%) were observed in our cohort. In other words, our findings might not be 368 

generalizable to older adults who prefer high-carbohydrate low-fat diet or those with 369 

impaired physical, psychological, or social function. Second, some recall errors and 370 

misclassifications in the self-administered FFQ might exist, although the survey was 371 

assisted by pictograph and confirmed by dieticians, precluding from drawing a definitive 372 

conclusion of causality. Third, the dropout rate during follow-up could compromise the 373 

performance of inference. However, sensitivity analysis with multiple imputation method 374 
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reassured the consistency of our results. Additionally, our dietary pattern analysis provided 375 

a comprehensive assessment using the validated FFQ in real-world evidence. Moreover, 376 

utilization of PCA is required to determine the unique dietary patterns in the areas with 377 

different eating habits. 378 

In conclusion, this study suggests that protein intake is negatively associated with 379 

frailty, whereas consumption of “salt and pickles” is positively associated with frailty. The 380 

dietary pattern identified by comprehensive dietary evaluation may be informative in 381 

guiding the development of tailored programs to manage frailty. 382 
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Figure 1. Flowchart of the study participants and follow-up 532 

 533 

  534 
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Figure 2. Unchanged changes in frailty index according to the five dietary patterns 535 

compared to baseline 536 

 537 

Note: Q2–Q1, Q3–Q1, and Q4–Q1 indicate the change in frailty index between Q2 and 538 

Q1, Q3 and Q1, Q4 and Q1, respectively. Error bars represent 95% confidence interval. 539 

The asterisk indicates p<0.05 for the comparison with Q1 group. 540 

 541 
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 Table 1. Factor loadings to determine the association between food groups and factors representing dietary patterns* 

 
Dietary pattern§ 

Food items “Mediterranean

-style” dietary 

pattern 

“Sugar and fat” 

dietary pattern 

“Salt and 

pickles” dietary 

pattern 

“Noodle and 

alcohol” 

dietary pattern 

“Protein-rich” 

dietary pattern 

Green and yellow vegetables 0.77 –0.06 –0.09 0.06 0.14 

Light-colored vegetables (mushrooms) 0.79 –0.06 –0.02 0.05 0.05 

Nuts and seeds (peanuts, almonds, sesame) 0.68 –0.05 0.13 0.08 –0.40 

Potatoes 0.64 0.05 0.00 0.02 0.05 

Soybeans and soybean products 0.59 –0.27 0.00 –0.07 0.21 

Algae 0.57 –0.08 0.16 –0.04 0.08 

Fruits 0.56 0.25 –0.06 –0.07 –0.02 

Fats and oils (butters, margarines) –0.14 0.67 0.14 0.13 0.25 

Breads 0.00 0.65 –0.27 0.06 0.12 

Cooked rice –0.20 –0.26 0.23 –0.61 0.14 

Noodles 0.03 –0.03 0.18 0.71 0.05 

Confectioneries 0.04 0.63 0.41 –0.08 –0.02 

Sugar (including jam and honey) –0.02 0.62 0.21 –0.20 0.02 

Salty foods (salted plums, salted fish, kelp 

simmered in sweetened soy sauce, salted cod raw) 
–0.01 0.17 0.79 0.21 0.04 

Pickles 0.06 0.10 0.77 0.12 –0.18 

Soup dishes (miso soup, clear soup, consommé, 

potage) and seasonings (Worcester sauce, soy 

sauce) 

0.10 0.03 0.42 –0.27 0.06 

Meat 0.02 0.24 –0.11 0.07 0.81 

Fish 0.28 0.04 0.02 –0.01 0.65 
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Alcoholic beverages –0.17 –0.35 0.27 0.60 0.15 

Boiled dishes, vinegared dishes, marinated dishes 0.67 0.05 0.08 0.00 0.03 

*With promax rotation, the factor loading scores are identical to the correlation coefficients 
§Explained variance: “Mediterranean-style” dietary pattern, 29.8%; “sugar and fat” dietary pattern,10%; “salt and pickles” dietary 

pattern, 7.9%; “noodle and alcohol” dietary pattern, 6.4%; and “protein-rich” dietary pattern, 5.7%
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Table 2. Baseline characteristics of all participants 

Variable§ Total (N=666) 

Age, years 69.4 (4.4) 

Sex, female, N (%) 376 (56.5%) 

Educational level, N (%) 
 

≤9 years 39 (5.9) 

10–12 years 308 (46.3) 

>12 years 318 (47.8) 

Socioeconomic status, N (%) 
 

Need support 12 (1.8) 

Self-supporting 541 (81.4) 

Well-off 112 (16.8) 

Height, cm* 158.3 (8.5) 

Weight, kg* 56.7 (9.5) 

BMI, kg/m2* 22.5 (2.7) 

MNA, scores* 26.1 (2.3) 

CCI, scores* 3.2 (1.2) 

Polypharmacy (≥5 medications), N (%)* 81 (17.9) 

GDS, scores 2.2 (2.7) 

Energy intake#, kcal/kg/d* 34.4 (9.3) 

Protein intake, % total energy* 14.6 (2.0) 

Fat intake, % total energy* 29.8 (4.5) 

Carbohydrate intake, % total energy* 55.6 (5.7) 

Physical activity (BAQ), scores* 7.6 (1.3) 

Usual gait speed, m/s 1.4 (0.2) 

Hand grip strength, kg* 28.9 (8.1) 

SMI, kg/m2* 6.7 (1.0) 

Frailty index, scores 0.12 (0.08) 

Abbreviations: 

BMI, body mass index; MNA, Mini-Nutritional Assessment; CCI, Charlson Comorbidity Index; 

GDS, Geriatric Depression Scale; BAQ, Baecke Physical Activity Questionnaire; SMI, skeletal 

muscle mass index 
§All values represent the mean (standard deviation) unless specified 
*Significant differences (p<0.05) between men and women using chi-squared test of 

independence for categorical variables and independent t-test for continuous variables 
#Adjusted by actual body weight 
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Table 3. Longitudinal changes in frailty index by quartile categories of each dietary pattern adherence score  
Model 1†  Model 2‡  

B P value 95% CI  B P value 95% CI 

Adherence score by quartiles Lower 

limit 

Upper 

limit 

 Lower 

limit 

Upper 

limit 

“Mediterranean-style”dietary pattern          

Q1 Reference     Reference    

Q2 −0.007 0.134 −0.015 0.002  −0.009 0.075 −0.018 0.001 

Q3 −0.001 0.869 −0.011 0.009  −0.001 0.989 −0.011 0.011 

Q4 −0.003 0.286 −0.016 0.009  −0.002 0.692 −0.015 0.010 

“Sugar and fat” dietary pattern          

Q1 Reference     Reference    

Q2 0.005 0.296 −0.004 0.013  0.002 0.600 −0.006 0.011 

Q3 0.008 0.066 −0.001 0.017  0.007 0.148 −0.002 0.016 

Q4 0.016 0.005 0.005 0.013  0.017 0.002 0.006 0.029 

“Salt and pickles” dietary pattern          

Q1 Reference     Reference    

Q2 0.001 0.792 −0.008 0.009  0.001 0.977 −0.008 0.008 

Q3 0.008 0.109 −0.002 0.018  0.010 0.048 0.001 0.020 

Q4 0.012 0.028 0.001 0.023  0.014 0.012 0.003 0.025 

“Noodle and alcohol” dietary pattern          

Q1 Reference     Reference    

Q2 0.001 0.994 −0.008 0.008  −0.001 0.825 −0.009 0.007 

Q3 0.002 0.658 −0.007 0.011  −0.002 0.732 −0.010 0.007 

Q4 0.005 0.360 −0.005 0.015  0.006 0.291 −0.005 0.016 
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“Protein-rich” dietary pattern          

Q1 Reference     Reference    

Q2 −0.006 0.221 −0.015 0.003  −0.005 0.243 −0.014 0.004 

Q3 −0.009 0.105 −0.019 0.002  −0.009 0.094 −0.019 0.002 

Q4 −0.009 0.121 −0.021 0.002  −0.013 0.025 −0.025 −0.002 

Note: Bold values denote statistical significance at the P value < 0.05 level. 
†Model 1 adjusted for sex, age, BMI, educational level, socioeconomic status, and energy intake (adjusted by actual body weight) 
‡Model 2 adjusted for the variables in model 1, physical activity (Baecke Physical Activity Questionnaire), usual gait speed, hand grip 

strength, and skeletal muscle mass index 
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Table 4. Association between frailty index and dietary pattern adherence score in longitudinal analysis  
Model 1†  Model 2‡ 

Dietary pattern adherence score B P value  B P value 

“Mediterranean-style”dietary pattern 0.001 0.132  0.001 0.240 

“Sugar and fat” dietary pattern 0.001 0.001  0.001 0.002 

“Salt and pickles” dietary pattern 0.001 0.014  0.001 0.003 

“Noodle and alcohol” dietary pattern 0.001 0.557  0.001 0.564 

“Protein-rich” dietary pattern −0.001 0.033  −0.001 0.007 

Note: Bold values denote statistical significance at the P value < 0.05 level. 
†Model 1 adjusted for sex, age, BMI, educational level, socioeconomic status, and energy intake (adjusted by actual body weight) 
‡Model 2 adjusted for the variables in model 1, physical activity (Baecke Physical Activity Questionnaire), usual gait speed, hand grip 

strength, and skeletal muscle mass index 
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Table 5. Macronutrient intake at baseline by quartiles of adherence scores  

“Sugar and fat” dietary pattern  “Salt and pickles” dietary pattern  “Protein-rich” dietary pattern 

Variable§ Q1 Q2 Q3 Q4  Q1  Q2  Q3  Q4   Q1  Q2  Q3  Q4  

Protein intake,  

% total energy 

14.5 

(2.2) 

14.8 

(1.9) 

14.8 

(1.9) 

14.3 

(1.8) 

 15.3 

(2.0) 

14.6 

(2.0) 

14.3 

(1.8) 

14.2 

(1.9) 

 13.1 

(1.7) 

14.1 

(1.5) 

14.9 

(1.5) 

16.1 

(1.8) 

Fat intake,  

% total energy 

26.9 

(4.4) 

29.9 

(4.2) 

30.8 

(3.9) 

31.8 

(3.8) 

 30.2 

(5.1) 

29.8 

(4.3) 

29.4 

(4.1) 

29.9 

(4.4) 

 27.3 

(4.1) 

28.7 

(4.2) 

30.5 

(3.7) 

32.6 

(4.0) 

Carbohydrate intake, 

% total energy 

58.7 

(5.9) 

55.3 

(5.6) 

54.5 

(5.1) 

53.9 

(4.8) 

 54.5 

(6.3) 

55.6 

(5.6) 

56.3 

(5.1) 

56.0 

(5.4) 

 59.6 

(5.1) 

57.2 

(4.8) 

54.5 

(4.2) 

51.2 

(4.8) 

Energy intake,* 

kcal/kg/day 

29.8 

(7.5) 

32.7 

(7.8) 

35.2 

(7.9) 

40.0 

(10.5) 

 28.5 

(7.6) 

34.0 

(8.8) 

34.2 

(8.5) 

39.2 

(10.2) 

 28.9 

(6.2) 

32.0 

(5.7) 

36.0 

(6.9) 

41.78 

(8.4) 

§All values represent the mean (standard deviation). Bold values denote statistical significance in analysis of variance at the P 

value < 0.05 level. 
*Adjusted by actual body weight 

 

 


