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Abstract
BACKGROUND: Frailty is a dynamic process, with frequent transitions 
between frailty, prefrailty, and robust statuses over time. The effect of 
dietary intake on frailty transitions is unknown. 
OBJECTIVE: To examine the association between dietary intake and 
frailty transitions.
DESIGN: Survey-based retrospective analysis of the National Institute 
for Longevity Sciences-Longitudinal Study of Aging data.
SETTING: Areas neighboring the National Center for Geriatrics and 
Gerontology in Aichi Prefecture, Japan.
PARTICIPANTS: We included 469 prefrail community dwellers aged 
60–87 years who participated both in the baseline (2008–2010) and 
2-year follow-up (2010–2012) surveys of the National Institute for 
Longevity Sciences-Longitudinal Study of Aging.
MEASUREMENTS: Transitions of frailty were categorized by changes 
in status from baseline to follow-up: “deterioration (prefrail to frail),” 
“persistence (persistent prefrail),” and “reversal (prefrail to robust).” 
Estimated dietary (nutrients and food) intakes assessed by 3-day dietary 
records in each frailty transition were analyzed with a multivariate-
adjusted general linear model after adjusting for sex, age, education, 
family income, smoking, and chronic disease.
RESULTS: At the 2-year follow-up, 28%, 7%, and 65% of participants 
had robust, frail, and pre-frail status, respectively. Among 13 food groups, 
only milk and dairy product intake was positively associated with frailty 
reversal even after adjusting for all frailty criteria at baseline. Despite 
insignificant differences in the estimated mean intakes, the baseline 
intake of saturated fatty acids, potassium, and vitamin B1 tended to be 
the highest in the reversal group. The estimated mean (standard error) 
for milk and dairy product intake (g/day) was 79.1 (28.6), 129.3 (19.9), 
and 161.7 (21.7) for the deterioration, persistence, and reversal groups, 
respectively (P=0.0036, P-trend=0.0019). 
CONCLUSIONS: Daily consumption of dairy products may contribute 
to frailty reversal and frailty prevention among older community 
dwellers who consume small amounts of dairy products. Other food 
groups showed no association with frailty status transitions.
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Introduction

Frailty is an emerging global burden among the older 
population (1) and is characterized by a decline in 
functioning across multiple physiological systems 

that is accompanied by an increased vulnerability to stressors. 
Frailty is a dynamic process, with frequent transitions 
between frailty, prefrailty, and robust statuses over time. As 
an intermediate state between robust and frailty, those with 
prefrailty have a high risk of progressing to frailty (2, 3). 
Pre-frailty naturally tends to rapidly worsen and transit to 
frailty. However, previous studies have shown that prefrail 
individuals may reverse toward a robust state if appropriate 
interventions are taken (for example, improving nutritional 
intake or increasing physical activity) (4-7). Considering the 
high prevalence (approximately 50%) of prefrail individuals in 
the older population (8, 9), identifying potentially modifiable 
risk factors for prefrail transitions is needed. 

Review studies have shown that dietary factors, such as 
macronutrients (e.g., protein), micronutrients [e.g., carotenoids 
and 25(OH)D], food groups (e.g., low-fat dairy products), and 
dietary patterns (e.g., the Mediterranean diet), are related to 
frailty syndrome or frail criteria (10-12). However, the subjects 
of these studies were predominantly non-frail individuals. 
Meanwhile, interventional studies on frail participants 
suggested similar promising effects of dietary factors on 
frailty improvement. Nevertheless, the duration in most of the 
interventional studies was too short (from a few weeks to 6 
months) to yield long-term outcomes (10, 12). Therefore, the 
effect of dietary intake on frail transitions is unknown.

In this retrospective study, we focused on prefrail individuals 
at baseline and examined changes in their status at the 2-year 
follow-up. We aimed to evaluate the association between 
baseline dietary intake and 2-year frailty transitions to 
clarify the dietary/nutritional factors that are related to frailty 
deterioration and reversal among older community dwellers. 

Methods

Study design and participants

Data for this survey were obtained from the National 
Institute for Longevity Sciences-Longitudinal Study of Aging 
(NILS-LSA), which used detailed questionnaires, medical 
checkups, anthropometric measurements, physical fitness tests, 
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and nutritional examinations to assess the normal aging process 
over time. NILS-LSA participants comprised randomly selected 
age- and sex-stratified individuals from a pool of community-
dwelling residents of Obu City and Higashiura Town, which are 
in the neighborhood of the National Center for Geriatrics and 
Gerontology in Aichi Prefecture, Japan. The initial survey of 
the NILS-LSA involved 2,267 men and women aged between 
40 and 79 years, including approximately 280 men and 280 
women in each decade of age. These subjects were followed-up 
every 2 years from the first wave (November 1997–April 2000) 
to the second wave (April 2000–May 2002), third wave (May 
2002–May 2004), fourth wave (June 2004–July 2006), fifth 
wave (July 2006–July 2008), sixth wave (July 2008–July 2010), 
and seventh wave (July 2010–July 2012). When participants 
could not be followed up (e.g., moved to another area, dropped 
out for personal reasons, or died), except for those aged 80 
years or older, new decade- and sex-matched participants 
were randomly recruited from the second to seventh waves. 
Moreover, participants aged ≥40 years were newly recruited 
every year. Each wave included approximately 2300 men and 
women. The Committee on the Ethics of Human Research of 
the National Center for Geriatrics and Gerontology approved 
the study protocol (No. 899-6), and written informed consent 
was obtained from all participants. Details of the NILS-LSA 
have been reported previously (13).

Given the small number of older adults in the first to fifth 
waves of the NILS-LSA, the sixth wave was used as the 
baseline, and the seventh wave was used as the follow-up 
survey (Figure 1). The main study of NILS-LSA sixth wave 
included participants aged 40 to 89 years, but this study focused 
on older adults aged ≥60 years. We considered individuals aged 
≥60 years as older adults. 

The baseline included 1,173 men and 1,129 women (age 
range: 40–89 years), and the exclusion criteria (shown in 
Figure 1) were as follows: 1) age <60 years at baseline (n = 
1,042), 2) non-participation in the follow-up (n = 205), 3) 
lack of body weight measurement at the fifth wave (n = 53; 
this was important because shrinking at baseline could not be 
assessed otherwise), 4) incomplete data of any frailty criterion 
at baseline (n = 11), 5) definition as frail (n = 57) or robust 
(n = 416) at baseline, and 6) incomplete data on nutritional 
assessments (n = 29) or self-reported questionnaires (n = 20) at 
baseline.

Ultimately, the data of 469 Japanese older adults (232 men 
and 237 women, aged 60–87 years) were available for analysis. 
The mean (standard deviation) interval between baseline and 
follow-up for all participants was 2.0 (0.1) years.

Frailty assessment and transitions

Frailty was assessed using five criteria—slowness, weakness, 
exhaustion, low activity, and shrinking—based on a modified 
set of criteria established by the Cardiovascular Health Study 
(14). Details of the modified criteria have been reported 
previously (15).

In brief, slowness was defined as gait disturbance or a 
gait speed <1.0 m/s in a 10-m walk test using a comfortable 
gait. Weakness was defined as a maximum grip strength <26 
and <18 kg for men and women, respectively. Exhaustion 
was assessed through self-reports based on responses to two 
statements in the Center for Epidemiologic Studies Depression 
Scale (16): the statements included “I felt that everything I did 
was an effort,” and “I could not get ‘going.’” The responses 
included “Rarely or none of the time (less than 1 day during 

Figure 1. Participant flow chart and variables used in the analyses
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the past week),” “Some or a little of the time (1–2 days),” 
“Occasionally or a moderate amount of time (3–4 days),” and 
“Most or all of the time (5–7 days).” Participants who did not 
answer “Rarely or none of the time” for both statements were 
identified as showing exhaustion. Low activity was defined as 
the lowest 20% metabolic equivalents of leisure-time physical 
activity based on sex, assessed using the modified Minnesota 
Leisure-time Physical Activity Questionnaire (17). Shrinking 
was defined as a ≥5% weight loss within the preceding 2 years 
(during the fifth to sixth [baseline] and sixth to seventh [follow-
up] waves).

Frailty was defined as meeting 3 or more criteria, prefrailty 
was defined as meeting 1–2 criteria, and robustness was defined 
as not meeting any of the prespecified frailty criteria. Thus, 
transitions of frailty among prefrail participants at baseline (n 
= 469) were categorized into three groups according to changes 
in status from baseline to follow-up: “deterioration (prefrail to 
frail),” “persistence (persistent prefrail),” and “reversal (prefrail 
to robust).”

Supplemental Table 1 shows the prevalence of each 
frailty criterion at baseline and follow-up according to frailty 
transitions.

Nutritional assessments

On the day they participated in the baseline survey, 
trained dietitian staff explained the purpose and methods of 
the dietary record survey during lunchtime. The participants 
were instructed to take the survey on days when they ate 
normal meals as much as possible, avoiding special days such 
as anniversaries, because the dietary survey assessed their 
normal dietary habits. During this time, a 1-kg kitchen scale 
(Sekisui Jushi, Tokyo, Japan) and one and/or more disposable 
camera (27 shots; Fuji Film, Tokyo, Japan) were provided to all 
participants, and a practice session on taking pictures with the 
disposable camera was also conducted (Appendix Figure 1). 

After participation in the baseline study, subjects completed 
a 3-day dietary record to assess dietary intake, including 
supplement use. The dietary record was completed over 3 
consecutive days (2 weekdays and 1 day in the weekend) since 
food habits differed on weekdays and weekends; 3 consecutive 
days were selected based on the same method used by the 
National Health and Nutrition Examination Survey in Japan 
(18, 19).

All food items, including spices and seasonings, were 
weighed/measured separately on the 1-kg kitchen scale with a 
lightweight cup or spoon before being cooked, or the portion 
sizes were estimated. During the 3 days, all activities of eating 
and drinking, including consuming snacks, were noted in detail. 
In addition, subjects used the disposable camera to take photos 
of their meals before and after eating. When taking the photos, 
they were asked to place a scale paper on the dining table so 
that we could estimate the size of the plates and foods. If it 
was difficult for the subjects to write detailed records (i.e., if 
they were not in charge of cooking), the cooks conducted the 
recording. Subjects completed the dietary record at home, and 
most returned it within 1 month.

The films in the returned disposable cameras were 
developed. Dietitians then used these photos to complete 
the missing information in each subject’s dietary record and 
assigned a code number from the Standard Tables of Food 
Composition in Japan 2010 (20) for every food (the number of 
codes in each subject’s records was around a few hundreds). 
Based on the code number and weight records, we used 
the Statistical Analysis System software version 9.3 (SAS 
Institute, Cary, NC, USA) to calculate the average food and 
nutrient intake (including alcohol intake) over 3 days from 
the nutrient intakes included in the Standard Tables of Food 
Composition in Japan 2010 (20), without using any dietary 
assessment software. There are 17 food groups in the Japanese 
food composition table (14): cereals, potatoes, sugars and 
sweeteners, beans, nuts and seeds, vegetables (non-green-
yellow/green-yellow), fruits, mushrooms, seaweed, fish and 
shellfish, meats, eggs, milk and dairy products, fats and oils, 
confectionaries, beverages, and seasoning and spices. In this 
study, we included 13 food groups: cereals, potatoes, beans, 
nuts and seeds, non-green-yellow vegetables, green-yellow 
vegetables, fruits, mushrooms, seaweed, fish and shellfish, 
meats, eggs, milk and dairy products, and excluded sugars 
and sweeteners, fats and oils, confectionaries, beverages, and 
seasoning and spices. Each food group contains dozens or 
hundreds of foods, for example, the milk and dairy products 
group contains the nutritional values of 52 different foods, 
including natural milk, low-fat milk, yogurt, cheese, and butter. 

Calculating the nutrient values for each subject based on the 
coding chart took several hours even for a trained dietitian, and 
the values were checked by two or more other trained dietitians 
to prevent coding errors. Information on any discrepancies and 
any requisite additional information was obtained via telephone 
calls to the subjects. However, if the records were still 
insufficient, the dietary survey data were considered missing.

Other measurements

Weight and height were measured in the fasting state (around 
9–10 am) to the nearest 0.1 kg and 0.1 cm, respectively, with 
participants wearing light clothing and no shoes. The body 
mass index was calculated as the body weight in kilograms 
divided by the square of the height in meters. Data on years 
of education (≤12 or ≥13 years of school), annual family 
income (<5.5 or ≥5.5 million yen per year), smoking status 
(current, never/former), and chronic disease history (past and 
present stroke, heart disease, hypertension, dyslipidemia, and 
diabetes mellitus; yes/no, for each) were collected using a self-
administered questionnaire and confirmed by medical doctors 
or trained staff.

Statistical analysis

According to frailty transitions, differences in proportions 
and means of baseline characteristics were assessed using the 
chi-squared test and general linear model, respectively. As for 
dietary variables, we selected the parametric test (general linear 
model) because each variable is a continuous quantity and the 
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distribution was close to a normal distribution. A general linear 
model adjusted for sex, baseline age, years of education, annual 
family income, smoking status, and history of chronic disease 
was applied to compare baseline nutrient intakes according 
to the frailty transitions. Moreover, to compare baseline food 
intakes according to frailty transitions, general linear regression 
was performed again. Model 1 was adjusted for sex, baseline 
age, years of education, annual family income, smoking status, 
and chronic disease history. Model 2 was further adjusted for 
the total number of frailty criteria at baseline. BMI and physical 
activity were not treated as an adjustment factor because 1) the 
weight used in the BMI calculation was used to determine the 
weight loss (shrinking) of the frailty component, 2) the leisure-
time physical activity was used to determine the low activity of 
the frailty component.

To test any trend in the association between dietary intakes 
and frailty transitions, the trend test of the general linear model 
was applied with ascending ordinal values −1, 0, and 1 assigned 
to “deterioration (prefrail to frail),” “persistence (persistent 
prefrail),” and “reversal (prefrail to robust),” respectively. In 
sub-analyses, we focused on dairy intakes and estimated the 
daily mean dairy intakes (including milk, yogurt, and cheese) 
according to frailty transitions using the general linear model. 
Adjustments were the same as those in Model 2.

All statistical analyses were performed using the Statistical 
Analysis System software version 9.3 (SAS Institute, Cary, 
NC, USA). All reported P-values were two-sided, and a P-value 
<0.05 was considered significant.

 
Results

At the 2-year follow-up, 28% (n = 130) of participants had 
reversed to robust status, whereas 7% (n = 32) and 65% (n = 

307) had deteriorated to frail and remained at prefrail statuses, 
respectively. Participants in the reversal group were younger 
than those in the other two groups. Although the prevalence of 
chronic disease (except dyslipidemia) tended to be high in the 
deterioration group, no significant differences were observed 
(Table 1).

Table 2 shows the multivariate-adjusted baseline nutrient 
intakes according to transitions of frailty. After adjusting for 
sex, baseline age, years of education, annual family income, 
smoking status, and chronic disease history, the baseline intake 
of saturated fatty acids, potassium, and vitamin B1 tended to 
be high in the reversal group (P-trend: 0.03, 0.04, and 0.02, 
respectively), although the differences in estimated mean 
intakes were not significant among the three groups.

Table 3 shows the baseline food intakes according to the 
transitions of frailty. After multivariate adjustment, milk and 
dairy product intake were positively associated with frailty 
reversal. The corresponding estimated mean (standard error) 
values for milk and dairy products intake (g/day) for “frailty 
deterioration,” “frailty persistence,” and “frailty reversal” 
were 79.1 (28.6), 129.3 (19.9), and 161.7 (21.7), respectively 
(P-value 0.0036, P-trend 0.0019; Model 1). Even after adjusting 
for the total number of frailty criteria at baseline, the positive 
association remained (P-value 0.0028, P-trend 0.0014; Model 
2). No other food intake was associated with frailty reversal.

In sub-analyses (Supplemental Table 2), milk and yogurt 
intake, but not cheese intake, were positively associated with 
frailty reversal.

Discussion

This retrospective study indicated that dairy product intake 
was positively associated with frailty reversal among older 

Table 1. Baseline characteristics of subjects according to the transitions of frailty
Frailty status at follow-up Transitions of frailty (n = 469)

Deterioration Persistence Reversal
Frailty Prefrailty Robustness
n = 32 n = 307 n = 130 P-value* P-trend†

Age (years), mean (standard deviation) 74.9 (6.8) 69.9 (6.9) 68.2 (6.2) <0.01 <0.01
Men, n, % 19,59.4% 156,50.8% 68,52.3% 0.49
Currently smoking, n, % 2,6.3% 28,9.1% 17,13.1% 0.35
Education ≥ 13 years, n, % 5,15.6% 83,27.0% 46,35.4% 0.05
Annual family income ≥ 5.5 million yen, n, % 8,25.0% 121,39.4% 53,40.8% 0.24
Body mass index (kg/m2), mean (standard deviation) 23.3 (0.5) 22.5 (0.2) 22.3 (0.3) 0.20 0.07
History of chronic disease, n, %
Stroke 4,12.5% 18,5.9% 5,3.8% 0.17
Heart disease 6,18.8% 24,7.8% 8,6.2% 0.06
Hypertension 19,59.4% 130,42.3% 53,40.8% 0.15
Dyslipidemia 7,21.9% 72,23.5% 41,31.5% 0.18
Diabetes mellitus 6,18.8% 34,11.1% 14,10.8% 0.41
*General linear model used for continuous variables; χ2 test used for the categorical variables; †Trend test of the general linear model used with ascending ordinal values −1, 0, and 1 
assigned to “deterioration,” “persistence,” and “reversal,” respectively.
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community dwellers. To our best knowledge, this is the first 
study to investigate the association between dietary intake and 
frailty transitions.

Cuesta-Triana et al. (21) reviewed the effect of milk and 
other dairy products on the risk of frailty, sarcopenia, and 
cognitive performance decline in older adults. They concluded 
that dairy product consumption might reduce the risk of frailty, 
especially high consumption of low-fat milk and yogurt. In 
our study, milk and yogurt intake, but not low-fat milk or 
cheese intake, were associated with frailty reversal. This 
may be because our participants consumed relatively low 
amounts of low-fat dairy products (mean 21.1 g/day) and 
cheese (mean 2.5 g/day); therefore, the association between the 
intake of these products and frailty transitions was difficult to 

determine. Although the mean value of dairy product intake 
in our study was smaller than reports from previous (Spain) 
studies (306 g vs. 141 g per day) among robust community-
dwelling older adults (21, 22), both studies observed benefits 
of high dairy product intake on frailty prevention. A recent 
study indicated that dairy consumption was associated with 
a lower risk of mortality and major cardiovascular disease 
events in a diverse multinational cohort in 21 countries (23). 
This suggests that daily dairy product consumption may protect 
frailty development both in robust and prefrail older adults.

Dairy products are good sources of protein, vitamins, 
and minerals (24), and these nutrients are considered to play 
an important role in the prevention of frailty. Although the 
differences in the estimated mean intakes were not significant, 

Table 2. Baseline nutrient intakes according to the transitions of frailty *
Frailty status at follow-up Transitions of frailty (n = 469)

Deterioration Persistence Reversal

Frailty Prefrailty Robustness

n = 32 n = 307 n = 130 P-value P-trend†

Energy kcal/day 1,753.6 (70.6) ‡ 1,827.7 (49.2) 1,833.4 (53.7) 0.45 0.22

Protein g/day 69.6 (3.0) 70.7 (2.1) 72.6 (2.3) 0.33 0.27

Animal protein g/day 36.3 (2.5) 36.5 (1.7) 38.2 (1.9) 0.31 0.41

Plant protein g/day 33.3 (1.6) 34.2 (1.1) 34.4 (1.2) 0.74 0.45

Fat g/day 46.3 (3.0) 49.6 (2.1) 50.8 (2.3) 0.26 0.10

Saturated fatty acids g/day 12.2 (1.1) 14.0 (0.8) 14.4 (0.8) 0.10 0.03

n-6 fatty acids g/day 8.7 (0.6) 9.1 (0.4) 9.1 (0.5) 0.65 0.39

n-3 fatty acids g/day 2.2 (0.2) 2.3 (0.1) 2.3 (0.2) 0.68 0.48

Carbohydrate g/day 245.3 (12.5) 258.1 (8.7) 258.7 (9.5) 0.47 0.25

Sodium mg/day 3,809.2 (218.2) 3,976.7 (152.2) 3,891.4 (166.0) 0.52 0.68

Potassium mg/day 2,415.8 (138.4) 2,615.3 (96.5) 2,676.7 (105.3) 0.12 0.04

Calcium mg/day 500.4 (43.8) 540.4 (30.5) 577.6 (33.3) 0.09 0.06

Magnesium mg/day 252.7 (14.2) 252.7 (14.2) 275.0 (10.8) 0.22 0.09

Iron mg/day 8.8 (0.5) 8.7 (0.3) 8.7 (0.4) 0.98 0.86

Zinc mg/day 7.9 (0.4) 8.0 (0.3) 8.3 (0.3) 0.24 0.26

Copper mg/day 1.2 (0.1) 1.2 (0.0) 1.3 (0.0) 0.47 0.27

Retinol activity equivalents (RAE) μg RAE/day 730.7 (148.3) 668.8 (103.4) 809.1 (112.8) 0.14 0.57

Vitamin D μg/day 8.2 (1.2) 7.8 (0.9) 7.8 (0.9) 0.93 0.73

Vitamin K μg/day 243.7 (27.3) 256.7 (19.0) 263.5 (20.7) 0.71 0.43

Vitamin B1 mg/day 0.71 (0.05) 0.81 (0.03) 0.82 (0.04) 0.06 0.02

Vitamin B2 mg/day 1.2 (0.1) 1.3 (0.1) 1.3 (0.1) 0.08 0.15

Niacin mg/day 15.5 (1.0) 15.0 (0.7) 15.7 (0.8) 0.33 0.78

Vitamin B6 mg/day 1.1 (0.1) 1.2 (0.1) 1.2 (0.1) 0.39 0.21

Vitamin B12 μg/day 8.4 (1.3) 7.1 (0.9) 7.8 (1.0) 0.34 0.64

Folate μg/day 354.1 (26.0) 344.0 (18.1) 356.0 (19.8) 0.60 0.94

Vitamin C mg/day 122.8 (17.1) 112.5 (11.9) 112.9 (13.0) 0.78 0.53

Cholesterol mg/day 312.5 (28.5) 321.6 (19.9) 318.3 (21.7) 0.92 0.83

Dietary fiver g/day 15.0 (1.0) 16.0 (0.7) 16.1 (0.8) 0.49 0.24

Alcohol g/day 9.4 (3.0) 7.7 (2.1) 5.6 (2.3) 0.24 0.17

*General linear model used. Adjusted for sex, baseline age, years of education, annual family income, smoking status, and chronic disease history; †Trend test of the general linear model 
used with ascending ordinal values −1, 0, and 1 assigned to “deterioration,” “persistence,” and “reversal,” respectively; ‡Estimated mean (standard error), all such values.
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the intake of saturated fatty acids, potassium, and vitamin B1 
tended to be highest in the reversal group among the frailty 
transition groups. A higher percentage of saturated fatty acid 
intake was associated with both higher frailty and mortality 
(25), even after considering the degree of nutritional deficits. 
However, the mean total fatty acid and saturated fatty acid 
intakes were higher in that study (25) compared to our sample 
(total fatty acid: 75.65 g vs. 46.3–50.8 g per day, saturated 
fatty acid: 24.77 g vs. 12.2–14.4 g per day; Table 2). Therefore, 
while excessive intake of saturated fatty acids is detrimental to 
frailty, the moderate intake of saturated fatty acids among older 
adults who consume small amounts of saturated fatty acid may 
be effective in preventing frailty. 

Potassium exerts beneficial effects on cardiovascular 
diseases (26). The salt intake of the Japanese people is 
extremely high compared to the rest of the world, and in our 
sample, the sodium intake was 3809.2, 3976.7, and 3891.4 mg, 
the potassium intake was 2415.8, 2615.3, and 2676.7 mg, and 
the sodium/potassium ratio was 1.58, 1.52, and 1.54 for the 
deterioration, persistence, and reversal groups, respectively. 
Therefore, in a population that has a high salt intake, the high 
potassium intake may partly modify the frailty status through 
a reduction in the risk of cardiovascular disease because 
high sodium intake is a strong risk factor for cardiovascular 
disease (27). The results of this study indicate frailty reversal 
in older adults with high potassium intake. Among Japanese 
cohorts, vitamin B1, potassium, and other micronutrient intake 
were cross-sectionally lower in the prefrailty group (26, 28). 
These nutrients, including saturated fatty acids, potassium, 
and vitamin B1, are found abundantly in vegetables, fruits, 
meat, and/or fish; thus, dairy product intake may not be 
solely responsible for the improved nutritional status. As the 
nutritional status of our subjects was relatively good compared 
to the results of the National Health and Nutrition Examination 

Survey in Japan (29), the difference in the dairy intake may 
have affected their prognosis in terms of the frailty status.

Furthermore, the differences in the estimated mean total 
protein intakes were not significant among the transitions of 
frailty groups. Therefore, health awareness and accessibility 
to dairy products may play a role in improving prefrail status 
by promoting physical and mental health rather than simply 
relying on protein intake. In our previous study, the intake of 
dairy products and fruits decreased with age (30). These foods 
need to be fresh and are difficult for Japanese families and 
communities to procure and grow at home. Furthermore, these 
foods are usually heavy and difficult to carry home from the 
store, which may cause prefrail older adults to refrain from 
purchasing them. Therefore, our findings indicate that health 
awareness and actions may be key factors for frailty reversal.

The proportion of transitions among our prefrail participants 
was similar to that of a previous study. Corresponding 
proportions for “reversal,” “persistence,” and “deterioration” 
were 35%, 55%, and 7% over 1.6 years (31) (28%, 65%, and 
7% over 2 years in our study). Considering that there are many 
prefrail older adults in the community and that frailty reversal is 
highly achievable, advocating dairy intake may be an important 
nutritional strategy to promote health and prevent frailty.

The strengths of our study are as follows: (1) this was the 
first study that investigated the association between dietary 
intake and frailty transitions among prefrail older participants; 
(2) dietary and nutritional intake was assessed by 3-day dietary 
records and photographs, which may introduce less recall 
bias than other methods (e.g., dietary recall and self-reported 
questionnaires); (3) the estimated mean consumptions of milk 
and yogurt were 96.5 g/day and 36.4 g/day in the “frailty 
reversal” group, which are almost half a cup of milk and yogurt. 
Therefore, if accessed sustainably, even older adults could 
easily consume these volumes. In other words, at the level of 

Table 3. Baseline food intakes according to transitions of frailty *

Frailty status at follow-up

Model 1† Model 2‡

Transitions of frailty (n = 469) Transitions of frailty (n = 469)

Deterioration Persistence Reversal Deterioration Persistence Reversal

Frailty Prefrailty Robustness P-value P-trend§ Frailty Prefrailty Robustness P-value P-trend§

n = 32 n = 307 n = 130 n = 32 n = 307 n = 130

Cereals g/day 396.9 (26.6) || 399.8 (18.6) 404.1 (20.3) 0.93 0.77 397.2 (26.9) 399.9 (18.7) 404.1 (20.3) 0.94 0.78

Potatoes g/day 29.0 (8.6) 32.6 (6.0) 33.1 (6.5) 0.87 0.60 28.0 (8.6) 32.1 (6.0) 33.0 (6.5) 0.82 0.53

Beans g/day 70.1 (11.7) 68.7 (8.2) 63.6 (8.9) 0.63 0.55 69.5 (11.8) 68.5 (8.2) 63.6 (8.9) 0.67 0.58

Nuts and seeds g/day 4.1 (1.5) 4.3 (1.0) 3.6 (1.1) 0.61 0.68 4.3 (1.5) 4.4 (1.0) 3.6 (1.1) 0.55 0.61

Green and yellow vegetables g/day 123.3 (16.4) 104.0 (11.4) 115.8 (12.5) 0.16 0.62 124.5 (16.6) 104.6 (11.5) 115.9 (12.5) 0.17 0.58

Other vegetables g/day 177.1 (20.6) 204.4 (14.4) 192.8 (15.7) 0.19 0.41 179.2 (20.8) 205.5 (14.4) 192.9 (15.7) 0.18 0.48

Fruits g/day 102.8 (26.6) 123.6 (18.5) 113.9 (20.2) 0.53 0.65 110.2 (26.7) 127.5 (18.6) 114.4 (20.2) 0.48 0.86

Mushrooms g/day 14.0 (3.7) 11.4 (2.6) 13.9 (2.8) 0.31 0.98 14.9 (3.7) 11.9 (2.6) 14.0 (2.8) 0.37 0.79

Seaweed g/day 19.2 (4.6) 19.1 (3.2) 19.4 (3.5) 0.99 0.97 19.2 (4.6) 19.0 (3.2) 19.4 (3.5) 0.99 0.96

Fish and shellfish g/day 99.4 (10.3) 89.4 (7.2) 93.6 (7.9) 0.42 0.55 102.2 (10.4) 90.9 (7.2) 93.8 (7.8) 0.41 0.38

Meats g/day 57.1 (7.6) 51.3 (5.3) 51.8 (5.8) 0.67 0.45 56.8 (7.7) 51.1 (5.3) 51.8 (5.8) 0.68 0.48

Eggs g/day 37.9 (5.6) 40.3 (3.9) 39.2 (4.3) 0.83 0.80 38.8 (5.6) 40.8 (3.9) 39.2 (4.3) 0.80 0.93

Milk and dairy products g/day 79.1 (28.6) 129.3 (19.9) 161.7 (21.7) <0.01 <0.01 76.1 (28.9) 127.7 (20.0) 161.5 (21.8) <0.01 <0.01

*General linear model was used; †Adjusted for sex, baseline age, years of education, annual family income, smoking status, and chronic disease history; ‡Adjusted for Model 1 + total number of frailty criteria at 
baseline; §Trend test of the general linear model used with ascending ordinal values −1, 0, 1 assigned to “deterioration,” “persistence,” and “reversal,” respectively; ||Estimated mean (standard error), for all such values.
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public health policy formulation and advocacy, our findings 
provide more feasible evidence for frailty prevention and health 
promotion.

Our study has a few limitations that warrant consideration. 
First, dietary and nutritional intake was only assessed at 
baseline. Diet naturally changes over time, and it is affected by 
various factors related to aging. Second, a 3-day dietary record 
was not enough to accurately assess long-term eating habits. 
In addition, the Japanese intake of dairy products is relatively 
lower than the average global intake (29, 32). Therefore, our 
findings may not be generalizable to Western populations who 
consume larger amounts of dairy products. However, even 
among Western populations, the consumption of dairy products 
would decline with age; thus, our findings may be valuable for 
those populations.

In conclusion, consumption of dairy products, including milk 
and yogurt, might be beneficial for promoting frailty reversal 
and frailty prevention among older community dwellers who 
consume small amounts of dairy products. Our findings might 
be applicable for robust and frail individuals. Future studies are 
needed to address this hypothesis.
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