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Abstract

Background Anorexia of ageing may be a precursor to various geriatric syndromes. We elucidated whether anorexia of age-
ing had a significant impact on incident disability and investigated whether anorexia of ageing had a direct association with
future disability or an indirect association with disability via frailty.
Methods This study employed an observational, longitudinal, cohort design in a community setting. Participants were 4393
older adults (75.9 ± 4.3 years). Anorexia of ageing was assessed by a simplified nutritional appetite questionnaire. Frailty was
operationalized as slowness, weakness, exhaustion, low physical activity, and weight loss. Participants who had none of these
characteristics were considered robust, those with one or two characteristics were considered pre-frail, and those with three
or more characteristics were considered frail. We examined sociodemographic variables (age, sex, and education), medical his-
tory (medication and chronic disease history), lifestyle factors (smoking and drinking habits and living arrangement), body
mass index, blood nutrition data, depressive symptoms, physical functioning, and cognitive functioning.
Results The prevalence of anorexia of ageing was 10.7% (n = 468). The proportion of physical frailty, pre-frailty, and robustness
were 8.4, 52.0, and 39.6%, respectively, in the without anorexia of ageing group, and 20.3, 57.7, and 22.0%, respectively, in the
anorexia of ageing group (P < 0.001). During a 2-year follow-up, the prevalence proportion of disability was 5.6% in the without
anorexia of ageing group and 10.7% in the anorexia of ageing group (P< 0.001). Adjusted for covariates (except for frailty status),
the participants with anorexia of ageing had an independently associated higher risk of incident disability compared with those
without anorexia of ageing (hazard ratio: 1.43, 95% confidence interval: 1.04–1.95, P = 0.03). However, adjusted for covariates
(including frailty status), anorexia of ageing was not significantly associated with incident disability (P = 0.09). Structural equation
models revealed that anorexia of ageing had no direct effect on disability; however, anorexia of ageing was associated with frailty.
Conclusions Older adults with anorexia of ageing had a higher proportion of frailty and a higher prevalence proportion of
disability compared with those without anorexia of ageing. Although anorexia of ageing may not have a direct effect on inci-
dent disability, the structural equation model suggests an indirect relationship between anorexia of ageing and incident dis-
ability via frailty status.
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Introduction

Appetite refers to the natural drive to ingest food, which
decreases with ageing. This phenomenon is termed ‘anorexia

of ageing’.1 Anorexia of ageing is caused by decreased
chemosensory functions, impaired psychological functions,
environmental changes, and decreased secretions of the
hormones that regulate appetite.1,2 Anorexia of ageing
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independently predicts morbidity and mortality among older
adults in various clinical settings3,4 and is associated with ca-
chexia, sarcopenia, poor endurance, and decreased mobility.5

Anorexia of ageing may be a precursor to various geriatric
syndromes. Fried proposed a frailty cycle, where a decrease
in dietary intake is coupled with a decrease in physical exer-
cise, which leads to a decline in muscle mass, thus making
older adults more vulnerable and likely to develop secondary
complications (e.g. sarcopenia, frailty, comorbidities, or dis-
ability).6 Consequently, anorexia of ageing may lead to frailty
and subsequently cause disability, which is consistent with a
past study that indicated that anorexia of ageing was associ-
ated with frailty among older adults.7

Although it is thought that anorexia of ageing has an indi-
rect effect on disability via the frailty cycle, the association
between anorexia of ageing, frailty, and disability remains un-
clear. Clarification of this association would contribute to the
development of interventions for adults with anorexia of age-
ing, and, in turn, the prevention of frailty and disability.
Therefore, we sought to elucidate whether anorexia of ageing
had a significant impact on disability using prospective longi-
tudinal data and investigated whether anorexia of ageing had
a direct association with future disability or an indirect asso-
ciation with disability via frailty.

Methods

Participants

Potential participants were 5257 people aged ≥70 years from
a part of the National Center for Geriatrics and Gerontology
—Study of Geriatric Syndromes database.8 After 864 poten-
tial participants were excluded, 4393 participants (mean
age = 75.9 ± 4.3 years; men = 47.4%, women = 52.7%) were
analysed. Exclusion criteria comprised the following: (i) requires
support or care [certified by the Japanese public long-term care
insurance (LTCI) system; n = 52], including unconfirmed cases
(n = 28); (ii) disabled in basic activities of daily living (n = 5);
(iii) having a severe neurological disease (e.g. dementia, cere-
brovascular disease, and Parkinson’s disease; n = 388); (iv) gen-
eral cognitive impairment [a Mini Mental State Examination
(MMSE) score < 21; n = 163], including unconfirmed cases
(n = 16); and (v) missing data [frailty criteria, n = 118; simplified
nutritional appetite questionnaire, n = 23; educational level,
n = 1; medication, n = 26; blood data, n = 28; body mass index
(BMI), n = 1; living arrangement, n = 4; chronic disease, n = 7;
Geriatric Depression Scale (GDS), n = 25; Short Physical Perfor-
mance Battery (SPPB), n = 15; and incident disability, n = 8].

Operationalization of frailty

We operationalized frailty according to Fried’s components:
slowness, weakness, exhaustion, low physical activity, and

weight loss.6 Participants showing none of these components
were classified as non-frail, those showing one or two compo-
nents were classified as pre-frail, and those showing three
or more components were classified as frail. In this study,
both pre-frail and frail participants were defined as the
frailty group.

Slowness was defined using a walking speed cut-off
(<1.0 m/s).9 Participants walked on a flat and straight surface
at a comfortable walking speed. Walking time was measured
over a 2.4-m distance in seconds using a stopwatch, and par-
ticipants’ walking speed (m/s) was calculated. Weakness was
defined according to a sex-specific maximum grip strength
cut-off (<26 kg for men and <18 kg for women).10 Grip
strength was measured using a Smedley-type handheld dyna-
mometer (Takei Ltd., Niigata, Japan). Exhaustion was consid-
ered present if the participant answered yes to the
following question (drawn from the Kihon Checklist11): ‘In
the last two weeks, have you felt tired without a reason?’
We evaluated physical activity using the following two ques-
tions: (i) ‘Do you engage in moderate levels of physical exer-
cise or sports aimed at health?’ (ii) ‘Do you engage in low
levels of physical exercise aimed at health?’ Participants
who answered no to both questions were considered as en-
gaging in low physical activity.9 Weight loss was examined
with the following question, ‘Have you lost 2 kg or more in
the past 6 months?’11 Those who answered yes were defined
as having weight loss.

Incident disability

Participants were followed monthly for incident certification
of need of care according to the LTCI system during the
2 years after the baseline assessment. Japan implemented a
mandatory social LTCI system on 1 April 2000.12,13 Every
Japanese citizen aged 65 years and older is eligible for bene-
fits (institutional and community-based services, but not
cash) in cases of physical and/or mental disability. The
computer-aided standardized needs-assessment system used
by the mandatory social LTCI system categorizes people into
seven levels of need.13 To determine an individual’s level of
nursing care need, a trained local government official visits
the individual’s home and administers a questionnaire on
current physical and mental status (73 items across seven di-
mensions: paralysis and limitation of joint movement, move-
ment and balance, complex movement, conditions requiring
special assistance, activities of daily living/instrumental activ-
ities of daily living, communication and cognition, and behav-
ioural problems) and use of medical procedures (12 items).
The results of this questionnaire are then entered into the
computer to calculate the applicant’s standardized scores
across the seven dimensions and the estimated time for nine
categories of care: grooming/bathing, eating, toileting, trans-
ferring, eating, assistance with instrumental activities of daily
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living, behavioural problems, rehabilitation, and medical ser-
vices; then, a care needs level based on the total estimated
time taken for care is assigned. Next, the Nursing Care Needs
Certification Board, which comprises physicians, nurses, and
other experts in health and social services, reviews and con-
firms the care needs level.13 We defined onset of disability
as the point when a participant was certified as needing care
according to LTCI classification.

Measures

Anorexia of aging

All participants completed the Japanese version of the
simplified nutritional appetite questionnaire (SNAQ). Testing
indicates that the SNAQ is sufficiently reliable and valid for
examining appetite among community-dwelling older adults
in Japan.14 The original SNAQ is a four-item single-domain
questionnaire; responses were made using a 5-point, verbally
labelled Likert-type scale: (1) My appetite is (A. very poor, B.
poor, C. average, D. good, E. very good); (2) When I eat, (A.
I feel full after eating only a few mouthfuls, B. I feel full after
eating about a third of a meal, C. I feel full after eating over
half a meal, D. I feel full after eating most of the meal, E. I
hardly ever feel full); (3) I feel hungry (A. rarely, B. occasion-
ally, C. some of the time, D. most of the time, E. all the time);
and (4) Food tastes (A. very bad, B. bad, C. average, D. good,
E. very good). The total SNAQ score is the sum of each item
score; lower scores indicate more appetite deterioration. Pos-
sible scores range from 4 (worst) to 20 (best); a score of 13
and lower was considered to indicate anorexia of ageing.15

Sociodemographic variables and covariates

Using face-to-face interviews, we examined participants’
sociodemographic characteristics (i.e. age, sex, and educa-
tional level), medical history [i.e. number of medications
and chronic disease history (e.g. hypertension, diabetes, and
hyperlipidaemia)], living arrangement (living alone or not),
current smoking habit (current smoker or not), and current
alcohol use (current drinker or not). Examined covariates
were as follows: BMI, depressive symptoms, physical func-
tioning, cognitive functioning, and blood nutrition data (total
protein and albumin). Depressive symptoms were measured
at baseline using the 15-item GDS,16 which contains 15 yes/
no question items and provides a score between 0 and
15.17 Higher scores indicate having more depressive symp-
toms. The SPPB, which incorporates static balance, walking
speed, and time for repeated chair rise, was used as an objec-
tive assessment of physical functioning. For static standing
balance, participants were asked to place their feet sequen-
tially in side-by-side, semi-tandem, and tandem positions

and maintain each position for 10 s. For walking speed, par-
ticipants were asked to walk at their usual pace through a
6.4-m distance with 2-m sections of acceleration and deceler-
ation. The time of the faster of the two trials was used for
analyses. For the repeated chair rise, participants were re-
quired to fold their arms across their chest and stand up from
a seated position five times consecutively as quickly as possi-
ble. A grade of 0 was given when the participant was unable
to perform the task. A summary SPPB score was computed
by summing the grades of balance, walking, and chair rise
components (range 0–12). Higher scores indicate more ability
to maintain physical functioning.18 Cognitive functioning was
assessed using the MMSE, which provides scores between 0
and 30. Higher scores indicate more ability to maintain cogni-
tive functioning.19 Venous blood was collected by well-
trained nurses, and serum was prepared from blood samples
within 24 h. To obtain serum, whole blood samples could
coagulate at room temperature for 30 min and then centri-
fuged at room temperature for 5 min at 1690 g. Total protein
and albumin were measured by trained staff using an
automatic analyser (JCA-BM6070. JEOL Ltd.) in a laboratory
at Good Life Design Co., Ltd., Aichi-ken, Japan.

Statistical analyses

Statistical analyses were performed using SPSS 20.0 in con-
junction with AMOS 20.0 Graphics (IBM Japan Tokyo,
Japan). Student’s t-tests and chi-squared tests were used to
compare the variables between the participants with/
without anorexia of ageing. Cox proportional hazard model
was used to examine the longitudinal association between
anorexia of ageing and incident disability, with incident dis-
ability as the dependent variable. We made the two models
to elucidate whether frail status affected the association be-
tween anorexia of ageing and disability. Therefore, Model 1
was adjusted for covariates (i.e. age, sex, education, BMI,
polypharmacy, chronic disease history, blood data, living ar-
rangement, drinking, and smoking habits, depressive symp-
toms, and decline in physical and cognitive functioning),
except for frailty status, while Model 2 was adjusted for all
covariates including frailty status. The hazard ratios (HRs)
and 95% confidential intervals (CIs) were calculated. Albumin
and total protein levels were treated as dependent variables
and categorized into approximate quartiles (albumin, Q1:
≤4.2 g/dL vs. Q2–Q4: >4.2 g/dL; total protein, Q1: ≤7.0 g/dL
vs. Q2–Q4: >7.0 g/dL). Polypharmacy, depression symptoms,
decline in physical and cognitive functioning were defined
using cut-offs drawn from previous studies (polypharmacy, 5
or more medications;20 depression symptoms, 6 or higher
score of GDS;16 decline in physical functioning, 9 or lower score
of SPPB;21 and decline in cognitive functioning, 23 or lower
score of MMSE19).
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Additionally, structural equation modelling is an optimal
statistical technique for testing these hypotheses as it can
evaluate a priori models, identify mediators, and elucidate di-
rect and indirect paths between variables. Two types of
models were considered: first, a direct effects model had di-
rect paths from anorexia of ageing and frailty on incident
disability, and second, an indirect effects model had the
effects of anorexia of ageing on incident disability be trans-
mitted indirectly through frailty status. Model selection
was determined by comparison of the following model fit
indices: goodness-of-fit index (GFI), adjusted goodness-of-fit
index (AGFI), standard root mean square residual (SRMR),
the root mean square error of approximation (RMSEA), and
Akaike’s Information Criterion (AIC).22 According to conven-
tional criteria, a ‘good fit’ would be indicated by GFI > 0.95,
AGFI > 0.90, SRMR < 0.05, and RMSEA < 0.05; an ‘accept-
able fit’ by GFI > 0.90, AGFI > 0.85, SRMR < 0.10, and
RMSEA < 0.08.22 The AIC of a good fit model is smaller than
comparison model.22

Results

Characteristics of the participants with/without
anorexia of ageing

The prevalence of anorexia of ageing among our partici-
pants was 10.7% (n = 468). Table 1 presents participants’
demographic characteristics and scale scores. Compared
with the participants without anorexia of ageing, those with

anorexia of ageing were significantly older, less likely to be
male, less educated, had a lower BMI, had more prescribed
medication, had a higher rate of living alone, more likely to
smoke, and less likely to drink. Regarding blood exams,
albumin values among the participants with anorexia of
ageing were significantly lower than those without anorexia
of ageing; however, there was no significant difference in
the total protein value. Mean scores on the following vari-
ables were significantly worse among participants with
anorexia of ageing in comparison with those without:
GDS total score, SPPB total score, MMSE total score, and
SNAQ score. The proportion of participants who had a
history of chronic diseases did not significantly differ be-
tween groups.

The proportion of frailty and disability between the
participants with/without anorexia of ageing and
the prevalence proportion of disability

Figure 1 shows the proportion of frailty and the prevalence
proportion of disability between the participants with/
without anorexia of ageing. The proportions of physical
frailty, pre-frailty, and robustness were 8.4, 52.0, and 39.6%
in the without anorexia of ageing group, and 20.3, 57.7, and
22.0% in the anorexia of ageing group, respectively. The par-
ticipants with anorexia of ageing had a higher proportion of
frailty and pre-frailty than did those without (P < 0.001).

At the 2-year follow-up assessment, 270 participants
(6.1%) developed a disability. The prevalence proportion of

Table 1 Participants’ characteristics

Total Without anorexia of ageing With anorexia of ageing
P valueN = 4393 n = 3925 n = 468

Age, years ± SD 75.8 ± 4.3 75.8 ± 4.2 76.6 ± 4.4 <0.001
Sex, number of men (%) 2084 (47.4) 1894 (48.3) 190 (40.6) 0.002
Education, years ± SD 12.0 ± 2.6 12.1 ± 2.6 11.4 ± 2.4 <0.001
BMI, kg/m2 ± SD 22.9 ± 3.0 23 ± 3.0 22.4 ± 3.1 <0.001
Medication, number (%) 3.3 ± 2.8 3.2 ± 2.7 4.2 ± 3.3 <0.001
Chronic disease
Hypertension, number (%) 2070 (47.1) 1831 (46.6) 239 (51.1) 0.070
Diabetes, number (%) 548 (12.5) 492 (12.5) 56 (12.0) 0.725
Hyperlipidaemia, number (%) 1780 (40.5) 1587 (40.4) 193 (41.2) 0.737

Blood exam
Total protein, g/dL ± SD 7.30 ± 0.53 7.30 ± 0.53 7.30 ± 0.53 0.961
Albumin, g/dL ± SD 4.23 ± 0.43 4.23 ± 0.43 4.19 ± 0.42 0.026

Living arrangement, number of living alone (%) 660 (15.0) 567 (14.4) 93 (19.9) 0.002
Daily habits
Current drinker, number (%) 1867 (42.5) 1706 (43.5) 161 (34.4) <0.001
Current smoker, number (%) 283 (6.4) 242 (6.2) 41 (8.8) 0.031

GDS, score ± SD 2.8 ± 2.7 2.7 ± 2.6 4.3 ± 3.3 <0.001
SPPB, score ± SD 11.3 ± 1.3 11.4 ± 1.2 11.1 ± 1.5 <0.001
MMSE, score ± SD 26.2 ± 2.3 26.2 ± 2.3 25.6 ± 2.4 <0.001
SNAQ, score ± SD 15.3 ± 1.5 15.6 ± 1.2 12.6 ± 0.8 <0.001

BMI, body mass index; GDS, Geriatric Depression Scale; MMSE, Mini Mental State Examination; SD, standard deviation; SNAQ, simplified
nutritional appetite questionnaire; SPPB, Short Physical Performance Battery.
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disability in each group based on anorexia of ageing is also
shown in Figure 1. The prevalence proportion of disability
was 5.6% (n = 220) in the without anorexia of ageing group
and 10.7% (n = 50) in the anorexia of ageing group. The par-
ticipants with anorexia of ageing had a higher disability prev-
alence proportion than did those without (P < 0.001).

The association between anorexia of ageing,
frailty, and disability using the Cox proportional
hazard model

Results of the Cox proportional hazard models for the impact
for association of anorexia on incident disability are shown in
Table 2. In Model 1, the participants with anorexia of ageing
had an independent association with a higher risk of incident
disability compared with those without anorexia of ageing. In
addition, being older, male, polypharmacy, having depression
symptoms, and declines in physical and cognitive functioning
were associated with a higher risk of disability. The other
variables were not significantly associated with the risk of
disability.

Model 2 (also see Table 2) showed that frailty was associ-
ated with a significantly higher risk of incident disability with
reference to being robust; however, anorexia of ageing was
not significantly associated with incident disability. The same
variables as in Model 1 were associated with a higher risk of
disability. However, contrary to Model 1, living alone was in-
dependently associated with disability in Model 2, and having
depression symptoms was not significantly associated.

In addition, Cox proportional hazard model was made to
examine the longitudinal association between anorexia of
ageing and incident disability, with anorexia of ageing and
each frailty factor as the dependent variables adjusted for
all covariates (Table 3). Independent associations were

Figure 1 Prevalence of frailty and prevalence proportion of disability be-
tween older adults with/without anorexia of ageing. Bar graphs indicate
the percentage of older adults with each frailty status (robust, pre-frailty,
or frailty) and the percentage of incident disability between those with/
without anorexia of ageing.

Table 2 Association between anorexia of ageing and disability incident adjusted for covariates including physical frailty status

Model 1a Model 2b

HR 95% CI P value HR 95% CI P value

Anorexia of ageing (vs. SNAQ score 14 or more) 1.43 (1.04–1.95) 0.026 1.33 (0.96–1.80) 0.093
Frailty status
Robust Reference
Pre-frailty 1.53 (1.16–2.32) 0.007
Frailty 2.44 (2.00–4.59) <0.001

Age 1.14 (1.11–1.17) <0.001 1.12 (1.10–1.15) <0.001
Sex (vs. female) 1.40 (1.05–1.86) 0.021 0.74 (0.55–0.98) 0.033
Education 1.02 (0.97–1.07) 0.427 1.03 (0.98–1.08) 0.267
BMI 1.01 (0.97–1.05) 0.721 1.01 (0.97–1.05) 0.643
Polypharmacy (vs. 4 or less medication) 1.43 (1.10–1.85) 0.008 1.36 (1.05–1.76) 0.021
Hypertension 1.05 (0.81–1.37) 0.693 1.07 (0.82–1.38) 0.645
Diabetes 1.37 (0.99–1.91) 0.060 1.28 (0.91–1.77) 0.154
Hyperlipidaemia 0.83 (0.64–1.08) 0.170 0.83 (0.64–1.08) 0.171
Total protein (vs. 7.1 dL/g or more) 1.16 (0.90–1.51) 0.256 1.10 (0.84–1.43) 0.487
Albumin (vs. 4.3 dL/g or more) 1.11 (0.84–1.46) 0.461 1.10 (0.84–1.45) 0.482
Living alone (vs. living with someone) 1.34 (1.00–1.80) 0.053 1.36 (1.01–1.84) 0.041
Drinking status (vs. nondrinker) 0.97 (0.74–1.28) 0.849 1.00 (0.77–1.31) 0.989
Smoking status (vs. nonsmoker) 1.09 (0.64–1.86) 0.760 1.03 (0.60–1.76) 0.923
Depression symptoms (vs. GDS score 5 or less) 1.57 (1.19–2.09) 0.002 1.34 (1.00–1.77) 0.054
Decline in physical function
(vs. SPPB score 10 or more)

1.59 (1.19–2.14) 0.002 1.36 (1.03–1.86) 0.032

Decline in cognitive function
(vs. MMSE score 24 or more)

1.45 (1.09–1.92) 0.011 1.37 (1.02–1.81) 0.037

BMI, body mass index; CI, confidence interval; HR, hazard ratio; GDS, Geriatric Depression Scale; MMSE, Mini Mental State Examination;
SPPB, Short Physical Performance Battery.
aModel 1: adjusted for age, sex, education, BMI, polypharmacy, chronic disease, blood data, living arrangement, drinking and smoking
habits, depressive symptoms, and decline in physical and cognitive functioning.
bModel 2: Model 1 plus adjusted for frailty status.
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identified between anorexia of ageing and incident disability
adjusted for weight loss, exhaustion, physical inactivity, and
weakness except for slowness.

Structural equation models for the association
between anorexia of ageing, frailty, and disability

The direct effect model indicated a poorly fit model (Table 4).
In this model, frailty status was significantly associated with
disability, while anorexia of ageing (SNAQ total score) was
not significantly associated with disability (Figure 2).

In contrast, the indirect effects model provided a better fit
to the data compared with the direct effect model (Table 4).
This model showed that anorexia of ageing was not directly
associated with disability, but contributed significantly to
frailty status, and frailty was also significantly associated with
disability (Figure 2). Furthermore, the AIC of the indirect ef-
fect model was smaller than the direct one (Table 4). In the
indirect effects model, the indirect effect of anorexia of age-
ing on incident disability was significant (Figure 2).

Discussion

The present study showed that older adults with anorexia of
ageing had a higher proportion of frailty and a higher preva-
lence proportion of disability compared with those without
anorexia of ageing. In addition, anorexia of ageing indirectly
affected incident disability via frailty status using structural
equation models.

The prevalence of senile anorexia in the present study was
totally 10.6% among community dwelling older people.
There is inconsistency with the previous studies. Donini and
his colleagues23 showed that the prevalence of anorexia of
ageing was globally 21.2% among Italian older adults, which
was higher proportion compared with our results. However,
their findings about the prevalence of anorexia included
the participants who lived in the rehabilitation and acute
wards/the nursing homes apart from free living. In the free
living subjects alone, which was the same condition in the
current study, the prevalence of anorexia was 11.3% (male)
and 3.3% (female), respectively,23 which were the equivalent
of our prevalence (10.7%). The other previous study among

Ta
b
le

3
A
ss
oc
ia
ti
on

b
et
w
ee
n
an
or
ex
ia
o
f
ag
ei
ng

an
d
d
is
ab
ili
ty

in
ci
d
en

t
ad
ju
st
ed

fo
r
co
va
ri
at
es

in
cl
u
d
in
g
ea
ch

fr
ai
lt
y
fa
ct
o
r

A
dj
us
te
d
fo
r
w
ei
gh

t
lo
ss

an
d
ot
he

r
co

va
ri
at
es

A
dj
us
te
d
fo
r

ex
ha

us
ti
on

an
d

ot
he

r
co

va
ri
at
es

A
dj
us
te
d
fo
r
ph

ys
ic
al

in
ac
ti
vi
ty

an
d
ot
he

r
co

va
ri
at
es

A
dj
us
te
d
fo
r

w
ea

kn
es
s
an

d
ot
he

r
co

va
ri
at
es

A
dj
us
te
d
fo
r

sl
ow

ne
ss

an
d

ot
he

r
co

va
ri
at
es

H
R
(9
5%

C
I)

P
va
lu
e

H
R
(9
5%

C
I)

P
va
lu
e

H
R
(9
5%

C
I)

P
va
lu
e

H
R
(9
5%

C
I)

P
va
lu
e

H
R
(9
5%

C
I)

P
va
lu
e

A
no

re
xi
a
of

ag
ei
ng

1.
41

(1
.0
3–

1.
93

)
0.
03

2
1.
38

(1
.0
0–

1.
89

)
0.
04

7
1.
43

(1
.0
4–

1.
95

)
0.
02

6
1.
44

(1
.0
5–

1.
97

)
0.
02

3
1.
35

(0
.9
9–

1.
85

)
0.
06

0
W
ei
gh

t
lo
ss

1.
15

(0
.8
4–

1.
57

)
0.
37

9
Ex
ha

us
ti
on

1.
39

(1
.0
6–

1.
83

)
0.
01

9
Ph

ys
ic
al

in
ac
ti
vi
ty

1.
08

(0
.8
2–

1.
43

)
0.
59

1
W
ea

kn
es
s

1.
77

(1
.3
4–

2.
33

)
<
0.
00

1
Sl
ow

ne
ss

1.
99

(1
.5
1–

2.
61

)
<
0.
00

1

A
ll
m
od

el
s
w
er
e
ad

ju
st
ed

fo
r
ag

e,
se
x,
ed

uc
at
io
n,

bo
dy

m
as
s
in
de

x,
po

ly
ph

ar
m
ac
y,
ch

ro
ni
c
di
se
as
e,

bl
oo

d
da

ta
,l
iv
in
g
ar
ra
ng

em
en

t,
dr
in
ki
ng

an
d
sm

ok
in
g
ha

bi
ts
,d

ep
re
ss
iv
e
sy
m
pt
om

s,
an

d
de

cl
in
e
in

ph
ys
ic
al

an
d
co

gn
it
iv
e
fu
nc

ti
on

in
g
ap

ar
t
fr
om

ea
ch

fr
ai
lt
y
fa
ct
or
.C

I,
co

nfi
de

nc
e
in
te
rv
al
;H

R,
ha

za
rd

ra
ti
o.

Table 4 Fit indices of direct/indirect effect model

GFI AGFI SRMR RMSEA AIC

Direct effect model 0.972 0.944 0.368 0.084 473.25
Indirect effect model 0.989 0.979 0.065 0.049 188.15

AIC, Akaike’s information criterion; AGFI, adjusted goodness-of-fit
index; GFI, goodness-of-fit index; RMSEA, root mean square error
of approximation; SRMR, standardized root mean square residual.
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adults aged 60 and older living in the metropolitan area of
Mexico City also showed higher prevalence of anorexia
(30.1%) than that of the present study.24 However, their
screening of anorexia diffed from ours (SNAQ) and they used
a single question ‘Have you been eating less in the last
12 months than you were because of loss of appetite?’ This
methodological difference may partly explain the difference
in prevalence of anorexia in the two studies. In the future,
there may be a need to generalize the definition of senile an-
orexia so as not to cause a difference.

The participants who had anorexia of ageing were frailer or
more pre-frail than those without, and the disability preva-
lence proportion was also higher among the participants with
anorexia of ageing compared with those without. These re-
sults are partially aligned with previous studies.24,25 A cross-
sectional study indicated an independent association be-
tween anorexia of ageing and disability among 1247 people
aged 60 years and older.24 A 2-year follow-up longitudinal

study showed that the presence of anorexia of ageing was as-
sociated with a significant increased risk of incident disability
among 205 older adults.25 Our results supported these previ-
ous reports, and the sample size of the present study may
support the evidence of association between anorexia of age-
ing and incident disability.

The current study indicated that anorexia of ageing had a
significantly impact on incident disability adjusted for the
covariates excluded frailty status. However, adjusted for the
covariates included frailty status, the association between an-
orexia of ageing and incident disability was not significant.
Landi and colleagues reported that the presence of anorexia
of ageing led to a significantly higher risk of developing
disability (HR: 2.25; 95% CI: 1.15–4.39); however, this associ-
ation was not significant after adjusting for potential con-
founders such as the presence of Alzheimer’s disease (HR:
1.87; 95% CI: 0.95–3.82).25 A potential explanation for these
results is that anorexia of ageing is a predictor of incident

Figure 2 Structural equation modelling for direct/indirect effect model between anorexia of ageing, frailty status, and incident disability. Results of
structural equation models of the correlations among anorexia of ageing, frailty status, and incident disability. The direct effects model and the indirect
effects model are represented. The estimated standardized coefficients are shown. Latent variables (frailty) are represented with ovals and observed
variables are represented with rectangles. The dashed line indicates an association that was not significant (P> 0.05). In the indirect effects model, the
indirect effect of anorexia of ageing on incident disability was significant (β = �0.00818, 95% CI [�0.1025, �0.0647], P < 0.001). SNAQ, simplified
nutritional appetite questionnaire.

***
P < 0.01.
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disability; however, stronger confounders such as frailty
status or Alzheimer’s disease may weaken the relationship
between anorexia of ageing and disability.

We conducted additional analysis using structural equation
modelling to clarify whether anorexia of ageing affected inci-
dent disability directly or indirectly. Our results indicated that
anorexia of ageing did not have a direct effect on disability;
however, it had an indirect effect. Many older adults, even
those with an acceptable nutritional status, have been shown
to have poor protein intake. This can lead to frailty,26 which is
related to poor nutritional quality.27,28 The decrease in food
intake associated with anorexia of ageing leads to a reduction
in physical capacity and declines in muscle mass and strength
as in sarcopenia,29 and older adults with anorexia of ageing
can thus develop frailty syndrome. Furthermore, as sug-
gested by Fried and colleagues,6 sarcopenia plays a vital
aetiologic role in frailty, including the latent phase of frailty
and explaining many frailty aspects. In fact, community-
dwelling older adults with anorexia of ageing had a significant
association with sarcopenia compared with those without.30

According to these findings, anorexia of ageing may affect
frailty or sarcopenia at a stage prior to frailty or a pre-
disability stage. In turn, anorexia of ageing may not have a di-
rect pathway to incident disability; however, there may be an
indirect pathway from anorexia of ageing to incident disabil-
ity via sarcopenia or frailty. Our results reinforce this concept.

Our findings indicated the possibility that prevention of
senile anorexia of ageing lead to prevention of frailty and
incident disability. The study of skeletal muscle biopsy sug-
gested that promoting physical activity is effective for pre-
vention of frailty in the elderly.31 A randomized control trial
study showed that patient-centred strategy was effective in
enhancing moderate intensity physical activity and in reduc-
ing frailty in older adults.32 In addition to promoting physical
activity, the intervention on appetite or nutrition may be able
to more effectively prevent frailty and incident disability
among older people. In fact, Yamada and his colleagues sug-
gested that physical activity plus nutrition intervention had
a significant increase in skeletal muscle index and the serum
DHEA-S and IGF-1 levels compared with physical activity
alone or control group among Japanese older people.33 In fu-
ture study, it is necessary to investigate whether or not phys-
ical activity plus approaching to anorexia of ageing has an
effect on prevention on frailty and incident disability among
older people.

A major strength of this longitudinal study was the applica-
tion of monthly disability follow-up in a large sample using
the mandatory social LTCI in Japan, which can address the
causality between predisposing factors and new onset of
disability. Nevertheless, several limitations should be consid-
ered. First, a key limitation is the absence of random recruit-
ment, which could result in underestimating the prevalence
of older adults with anorexia of ageing because the partici-
pants were older adults who could obtain health check-ups

at their homes. Second, the 2-year follow-up might have
been too short to sufficiently capture incident disability. Fur-
ther, the disability end points were too small to investigate
prospective associations between anorexia of ageing and
incident disability. Third, some variables were self-reported
including anorexia of ageing (e.g. education history,
polypharmacy, and chronic disease history), and we could
not take the confounder that has been indicated to associate
with both frailty and disability into account, such as heart
failure.34,35 These factors and others should be examined in
diverse ways in future studies. Fourth, the definition of dis-
ability in the present study is in accordance with the Japanese
Long-Term Care System, in which the causes of physical,
mental, or cognitive function were intermixed. Fourth, the
definition of disability in the present study is in accordance
with the Japanese Long-Term Care System, in which the
causes of physical, mental, or cognitive function were
intermixed. For example, sarcopenia, which one of the geriat-
ric syndromes that lead to disability, is related not only with
thigh skeletal muscle mass, but also are significantly related
to cognitive impairment.36 Fifth, we excluded those who
were having a severe neurological disease (dementia, cere-
brovascular disease, and Parkinson’s disease); however, we
could not exclude those who were having anorexia secondary
to disease in the current study. Finally, the three variables we
focused on (i.e. anorexia of ageing, frailty, and disability)
comprise several factors, and these factors are interrelated
with each other. Therefore, the analytical model may be too
simple to describe the association between these variables.
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