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Abstract: Objective: Develop and evaluate the feasibility and validity of the Nutrition and Functionality
Assessment (NFA) which identifies “target” older adults who could benefit from a personalized program
following evaluation of their nutrition status and physical functionality. Design: Cross-sectional study. Setting:
Community and geriatric day-care centers and university in Japan. Participants: 267 older adults aged 65-90.
Measurements: The “target” individuals were screened based on gait speed (0.6-1.5 m/s). Nutrition (Mini
Nutrition Assessment-short form and protein intake), strength (30s chair sit-to-stand and hand-grip strength)
and endurance (6-minute walk) were assessed. Physical activity was monitored using a tri-axil accelerometer
for a week. Fried frailty phenotype was also assessed. Results: Out of 267 individuals, 185 (69%) had gait
speed between 0.6-1.5 m/s, corresponding to our “target” group from which, 184 (95%) completed the nutrition
and physical functionality assessments with the physical activity monitoring. The NFA was completed in
approximately 30 minutes. No adverse events directly due to the NFA were reported. NFA physical functionality
and global scores were significantly related to frailty phenotype but nutrition score was not related to frailty
phenotype. Conclusion: The study demonstrated that the NFA is a safe and feasible tool to screen target older
adults and simultaneously evaluate their nutritional status and physical functionality. Validity of the NFA was
partially confirmed by the significant association of the global and physical functionality scores with frailty
phenotype. More studies are required to validate and maximize the applicability of the NFA in communities and

institutions in Japan and elsewhere.
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Background

The disablement pathway in older age begins silently at the
cellular level with, for example, reduced rate of muscle protein
synthesis (1), increased rates of muscle protein breakdown
and inflammation (2). Altered sensations of thirst, hunger
and satiety and reduction in food intake (3) are associated
with metabolic, physiological and behavioral alterations
leading to decline in muscle mass, strength and mobility,
and are manifested as sarcopenia, frailty, malnutrition, and
functional dependence (4-6). Regular exercise can activate the
physiological systems even in older age, improve the physical
function and mitigate disability (7). Appropriate nutrition goes
hand in hand with exercise in maintaining physical function
because it facilitates post-exercise protein synthesis and inhibits
protein breakdown in skeletal muscle (8).

Identifying the early onset of the disablement pathway
or functional decline, even before older adults recognize
it as a problem, is key for an effective health management
strategy in the older population (9). A number of performance-
based physical function assessments with good psychometric
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properties have been developed and used in research and
community settings (10). Several nutritional screening tools
have also been developed for use specifically in the community
setting (11). However, there have been no assessment tools that
could capture both the nutritional state and physical function
which are the two major, modifiable risk factors of disability
in older adults (12, 13). Such comprehensive nutritional
and physical assessment tools would be highly beneficial,
in providing guidance for a standardized and personalized,
nutritional and exercise program to prevent the disability as
well as sarcopenia, malnutrition and frailty that are common in
older age (4-6).

Here we propose a new assessment tool called “Nutrition
and Functionality Assessment (NFA)”. The concept of the NFA
is to quickly identify target older individuals using gait speed
and provide an easy and reliable assessment of the current
nutritional status and physical functionality of the individuals.
The NFA stratifies the target older individuals into 3 status
levels for each test related to malnutrition, protein-intake,
strength and endurance. The compilation of the results of these
tests allow to calculate different scores including an NFA
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global score and sub-scores for nutritional state and physical
functionality. These scores and status level of each test are
expected to guide health care providers with vital information
for a personalized nutrition and exercise program and to be
used as a monitoring tool for follow-up evaluation. However,
since the NFA has been designed on a theoretical basis, its
feasibility and validity among community-dwelling older adults
was unclear. Moreover, cut-off values used to stratify the target
population needed to be determined using actual data obtained
from older adults who underwent the NFA. Therefore, the
purpose of this study was to develop and evaluate the feasibility
and validity of the NFA among community-dwelling older
adults.

Methods

Participants

Participants were recruited through local advertisements and
flyers in Ibaraki and Miyagi prefectures, Japan. The study was
conducted in a municipal community center, geriatric day-care
service, and university in 2013. The eligibility criteria were as
follows: (1) aged between 65 and 90 years, (2) able to walk
with/without walking aid, and (3) free of cognitive impairment.
The exclusion criteria were as follows: (1) doctors restriction
on exercise, (2) lower/upper extremity surgery or fracture in
the last 3 months, (3) having history of neurological disease
with residual impairment, and (4) unable to understand and
carry out performance tests and questionnaires correctly. The
participants read and signed the informed consent approved by
the institutional review board for testing.

The NFA

The NFA consists of 3 steps. First, participants were
screened by normal gait speed (m/s) along a 6-m course with
1-m acceleration/deceleration space at each end. The target
individuals who would benefit from a personalized, nutritional
and exercise program were defined as those with gait speed
between 0.6-1.5m/s. We excluded those who walked slower
than 0.6m/s (14, 15) who were too frail and would require
intensive care or referral to a geriatrician and who walked faster
than 1.5m/s (16) for being too fit to benefit from the program.
Second, the participants qualified as the target individuals
were assessed for nutrition (malnutrition and protein intake)
and physical functionality (strength and endurance). The Mini
Nutritional Assessment-Short Form (MNA-SF) (17) was used
to assess risk of malnutrition. Protein intake was assessed using
the brief dietary history questionnaire (BDHQ), consisting of
58-item fixed-portion-type questionnaire (18). Strength was
assessed using hand-grip strength (average of 2 trials) and 30s
sit-to-stand tests (19). Endurance was assessed using a 6-minute
walk test using a 50-meter course (20). Third, physical activity
was monitored for 1 week using a 3-axis accelerometer worn at
least 12 hours a day (Active style Pro, Omron Inc., Japan).

188

Calculation of NFA score

For each test performed the participants were stratified into 3
status levels with level 1 being lowest and level 3 being highest.
The cutoff values for the malnutrition and protein were based
on previously defined classification of risk of malnutrition
(1: 0-7 [malnourished], 2: 8-11 [at risk of malnutrition], 3:
12-14 [normal nutritional status]) (17) and protein-intake
recommendation for older adults (1: <0.8, 2: 0.8-1.2 and 3:
>1.2 g/kg [per body weight]) (21), respectively. The nutrition
score was calculated as the sum of the status levels for the
malnutrition and protein intake (range: 2-6). The cutoff values
of the 3 status levels for the strength and endurance were
based on the 33 and 66 percentiles in this sample. The strength
status level was calculated as the average of the status levels
in the hand-grip strength and sit-to-stand tests. The physical
functionality score was calculated as the sum of the status
levels for the strength and endurance (range: 2-6). The NFA
global score was calculated as the sum of the nutrition and
physical functionality scores (range: 4-12).

Feasibility measurements

The feasibility of the NFA was evaluated first by the
proportion of the population that was able to complete the
NFA, second by the time to fill in the MNA-SF and carry out
the physical performance tests (6-min walk, sit-to-stand, and
hand-grip strength), third by the incidence of adverse events.

Frailty phenotype

The validity of the NFA was also evaluated by comparison
to the frailty phenotype which consisted of 5 frailty indicators:
unintentional weight loss, weakness, exhaustion, slowness and
low physical activity (4). The participants with 0, 1-2 and 3-5
positive indicators were classified as non-frail, pre-frail and
frail.

Sample size estimation

Sample size was estimated based on the 6-minute walk
test, to determine 2 cut-off values, 33 and 66 percentiles, to
stratify older participants into 3 status levels. Previous studies
on older adults reported on average 570 m with a standard
deviation of 90 m (22-24). A set of simulations was performed,
in order to estimate the standard error of the percentiles: with
150 participants, 33 and 66 percentiles can be estimated with a
precision of +/-7%.

Statistical analyses

The cut-off values for the physical functionality tests
were determined based on the 33 and 66 percentiles of the
target group whose gait speed was between 0.6-1.5 m/s. The
association between the nutrition, physical functionality and
global scores and the frailty phenotype was examined using
the Spearman’s rank correlation coefficient. P < 0.05 was
considered to be statistically significant. All the analyses were
performed in R statistical software, version 3.0.1.
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Results

Screening of the target individuals and baseline
demographics

Out of 301 people recruited in the study, 34 were excluded
based on the inclusion and exclusion criteria: <65 and >90
years (n=14), dementia (n=16), exercise restriction (n=4),
surgery/fracture (n=1) and no consent (n=1). Thus, 267 older
adults were enrolled in the study and screened by gait speed.
Of the 267 participants, 3 women and 79 participants (29 men
and 50 women) were excluded as being too frail (<0.6m/s) and
too fit (>1.5m/s) based on the gait speed, respectively. The
remaining 185 (69%) participants were qualified as the target
individuals for the NFA (Table 1). The target individuals had
an average age of 71.7 years and gait speed of 1.29 m/s.

Table 1
Characteristics of the participants classified as the target
individuals
Variables Men Women All
(n=64) (n=121) (n=185)

Age, year 71.6+53 718+5.0 71.7+5.1
Body height, cm 1639+59 1503 +5.1 1550+84
Body weight, kg 63.1+92 519+84 55.8+10.2
Fat mass, % 206+ 64 30.2+8.0 26.8 +8.7
Gait speed, m/s 1.28+0.14 129+0.16 129+0.15
Step count, n/d 7430 £ 5581 6046 +3056 6523 +4142
Moderate-to-vigorous 629+527 635+379 633+434

physical activity, min/d

Non-frail 50 (82.0%) 95 (812%) 145 (81.5%)
Pre-frail 11 (180%)  19(162%) 30 (16.9%)
Frail 0 (0.0%) 3 (2.6%) 3(1.7%)

Note: Values are mean =+ standard deviation or n (prevalence).

Completion rate of the NFA tools

All the target individuals completed the malnutrition (MNA-
SF), protein-intake (BDHQ), hand-grip strength and sit-to-
stand. Two women with knee pain chose not to perform the
6-minute walk. Seven participants did not receive/wear the

accelerometer properly for 12 hours each day. Subsequently,
178 participants (95%) completed the whole NFA.

Time to complete the NFA

The time to administer MNA-SF and the physical
performance tests were 1.2 £ 0.5 minutes and 14.8 + 2.1
minutes, respectively. This originally planned measure does not
include times to measure body height and weight and calculate
a body mass index (approximately 4 minutes) for the MNA-
SF and to administer the BDHQ (approximately 10 minutes)
for the protein intake. Thus, a total of 30 minutes would be
required to complete the NFA.

Adbverse events

A hip fracture caused by a fall in the neighbourhood was
reported but was not related to the NFA. Non-serious adverse
events included myalgia (n=5), arthralgia (n=2), back pain
(n=2), fatigue (n=1), muscle spasms (n=1), herpes zoster (n=1)
and palmar-plantar eryth (n=1). These adverse events were
related to the 6-minute walk (n=5), sit-to-stand (n=2) and hand-
grip strength (n=2). Two participants already had herpes zoster
and palmar-plantar eryth prior to the NFA assessments.

Cut-off values and stratification

Table 2 presents cut-off values obtained for the NFA.
Because of the clear gender difference in the hand-grip strength
(12 kg higher in men) and the 6-minute walk (31-51 m higher
in men), gender specific cut-off values were adopted for these
items. In contrast, we adopted joint cut-off values for the chair
sit-to-stand test because the percentile values were very similar
for men and women. Figure 2 presents distributions of the
calculated NFA scores. The majority of the participants were
classified as having normal nutritional status but the physical
functionality and global scores were evenly distributed with
only 1% and 3% reaching the lowest and highest global scores,
respectively.

Correlation between frailty phenotype and the NFA scores

Figure 3 illustrates scatter plots of the NFA nutrition and
physical functionality scores and the Fried frailty phenotype.
A significant correlation was found between the physical
functionality score and the frailty phenotype (r=-0.38, p<0.05),

Table 2
Cut-off values obtained for calculation of the NFA scores

Status level Malnutrition Protein intake Strength Endurance
MNA-SF BDHQ Hand-grip strength  Sit-to-stand Six-minute walk
1 0-7 <0.8 g/kg M <33 /F<21kg <17 rep M <571 /F <520 m
2 8-11 0.8-1.2 g/kg M 34-36 /F22-23kg 18-21 rep M 572-618 / F 521-587 m
3 12-14 >1.2 g/lkg M =37/ F =24 kg =22 rep M =619 /F =588 m

M and F are values for male and female. MNA-SF: Mini Nutrition Assessment-Short Form; Strength status level = (hand-grip strength level + sit-to-stand level) / 2; Nutrition score (2-6)
= malnutrition level (1-3) + protein intake level (1-3); Physical functionality score (2-6) = strength level (1-3) + endurance level (1-3); NFA global score (4-12) = nutrition score (2-6) +
physical functionality score (2-6).
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indicating that the frailer a person is, the lower the physical
functionality score is. The nutrition score was not correlated
with the frailty phenotype (r=0.05, p>0.05). The global score
showed significant correlation with the frailty phenotype (r=-
0.35, p<0.05).

Figure 1
Flow of the Nutrition and Functionality Assessment (NFA)
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Figure 2
Histograms of the NFA nutrition, physical functionality and
global scores
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Discussion

The study demonstrated that the NFA is a safe and feasible
tool to screen target individuals and assess both nutritional
status and physical functionality of older adults. Validity of
the NFA was partially confirmed by the significant association
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of the global and physical functionality scores with frailty
phenotype. However, the nutrition score was not related to
frailty phenotype.

Figure 3
Scatter plots and Spearman correlation between the frailty
phenotype and the NFA (1) nutrition, (2) physical functionality
and (3) global scores. The big dots are actual scores (data)
but the small dots are virtual data scattered around the actual
scores, in order to visualize the number of participants in each
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Feasibility of the NFA

The completion rate of the NFA was very high (95%).
With the exception of 2 participants who chose not to perform
the 6-minute walk test for their knee with pain, all other
participants were able to perform all the assessment tools in the
NFA, which indicates good acceptance by the participants.

Approximately 30 minutes were required to complete the
whole NFA with 2 questionnaires and 5 physical performance
tests. This was slightly longer than other major physical
performance tests such as the Short Physical Performance
Battery (3 tests, 10-15 minutes (25)), the Physical Performance
Test (7 ADL items, 10-15 minutes (26). Considering the
additional nutritional assessments in the NFA, the 30 minutes
can be considered reasonable and feasible in most settings,
especially in the community. In the institutional setting with
lower functioning older adults, it is expected to take longer time
to administer.

We observed some non-serious adverse events including
arthralgia, back pain, fatigue and muscle spasms related to
the NFA. Although most of the participants already had these
symptoms before the NFA, it is important to check the physical
conditions of all participants before starting. Both testers and
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participants should be aware of the possibility that the tests
could aggravate existing symptoms and not try too hard.

Cut-off values for the NFA

The obtained percentile values are mostly congruent
with our hypothetical values derived from previous studies.
However, the hand-grip strength values were slightly higher
than reference values from representative samples of Japanese
older adults (16). The sit-to-stand values and the 6-minute walk
distance in the current study were also higher than those of the
US counterparts (27). Considering the long life expectancy
in Japan (28) and inter-country difference in physical
functionality, it may be necessary to examine the NFA values
in different countries.

Nutrition status in the present study was normal in most
of the participants (78%) while only 2% and 20% were
malnourished or at risk of malnourishment, respectively. These
results were similar to the general worldwide prevalence of
risk of malnutrition (26%) (29). Our study results indicated
that most of participants (69%) had protein-intakes above the
recommendations for older adults to maintain lean mass (=1.2g/
kg) and only a small part (4%) had intakes below 0.8g/kg (21,
30). Overall results of the nutritional assessments indicated
that the population included in our study had a good nutritional
status.

There was neither floor nor ceiling effects in the NFA global
score as only few participants achieved the lowest (1%) and
highest (3%) scores, respectively.

Validity of the NFA against the frailty phenotype

The NFA global and physical functionality scores were
confirmed to have moderate but significant association with
frailty. However, the nutrition score was not related to the
frailty phenotype. Weight loss, a symptom of malnutrition,
was the common factor in both the MNA-SF and the frailty
phenotype but its prevalence in the target population was very
low (=3kg loss: 0% and 1-3kg loss: 13%). Moreover, compared
to the frailty phenotype (4), the nutrition score was consisted
wider variety of nutritional aspects including appetite, weight
loss, body mass index and protein-intake. The protein-intake,
a dietary habit related to current and future risk of physical
weakness (30), may be more meaningful in this population
and useful for a preventive approach. The uniqueness of the
NFA and lack of existing tools to assess both nutrition and
physical functionality, made it a challenge to validate the NFA
against any existing measures. However, the NFA which also
aims to provide useful information for personalized nutrition
and exercise program cannot be fully validated without
an intervention program. A future clinical trial which uses
the NFA to provide seamless screening, assessment and a
personalized program to improve nutritional state and physical
functionality of older adults is needed.
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Limitations

Although the NFA can be used in geriatric facilities, where
proportion of demented people is high, its feasibility may be
lower. The responsiveness of the NFA to clinically significant
changes was not investigated. Further examinations are needed
to explore and maximize the applicability of the NFA in
communities and institutions in Japan and elsewhere.
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