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Abstract.	 [Purpose] Older adults experience exhaustion-induced health problems, such as poor physical function 
and low physical activity levels. The associations between self-reported exhaustion and physical function and activ-
ity are not clear in older adults with mild cognitive impairment (MCI). The aim of this study was to investigate the 
relationships between self-reported exhaustion and physical function and activity in older adults with mild cogni-
tive impairment. [Subjects] A total of 356 older adults with mild cognitive impairment (mean age = 71.6 ± 0.3 years, 
50.8% women) were included in this study. [Methods] Self-reported exhaustion was identified by one item from 
the Study of Osteoporotic Fractures index. Gait speed, gait endurance, and life space were also assessed. [Results] 
Sixty-two participants reported having exhaustion, giving a 17.4% prevalence of self-reported exhaustion among 
these individuals. Logistic regression analysis showed that the Life-Space Assessment score was the only parameter 
significantly independently associated with exhaustion status (adjusted odds ratio 0.97, 95% confidence interval 
0.95–0.99). [Conclusion] These results suggest that self-reported exhaustion is associated with life space. Future 
research is needed to identify ways for older people with MCI to improve their exhaustion status.
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INTRODUCTION

Mild cognitive impairment (MCI) is considered to be the 
transitional phase between normal aging and dementia and 
is recognized as the prodromal stage of Alzheimer’s disease 
(AD), which is the most common form of dementia1). Evi-
dence from neuropsychological and neuroimaging studies 
have suggested that mild cognitive impairment (MCI) rep-
resents a clinical prodromal status for degenerative demen-
tias such as AD2). For example, a population-based study 
in Sweden reported that the relative risks of progression to 
dementia in a 3 year follow-up in subjects with mild, mod-
erate, and severe cognitive impairment without dementia 
were 3.6, 5.4, and 7.0, respectively3). Older people with MCI 
show not only cognitive decline but also frailty, which is 
one of the most crucial health issues among older adults4).

The concept of frailty comprises five general factors: 

shrinking, weakness, exhaustion, slowness, and a low ac-
tivity level5, 6). Older adults with cognitive impairment, in-
cluding MCI, are at higher risk of becoming frail than older 
adults who are cognitive healthy. In addition, older non-frail 
individuals with lower cognitive scores are significantly 
more likely to acquire one or more components of frailty 
over 10 years compared with those with higher cognitive 
scores7). In turn, older adults with cognitive decline, such as 
MCI, are more vulnerable, so it is not enough to approach 
them from the standpoint of cognitive function only.

Among the five factors of the frailty concept, exhaustion 
in particular contributes to a more rapid onset of frailty and 
affects 80% of frail older adults8). Based on self-reported 
symptoms, exhaustion was defined as a condition character-
ized by unusual fatigue or a general loss of energy. Exhaus-
tion in the older population results from lower physiological 
capacity, as reflected in less total energy expenditure and a 
low physiological reserve compared with younger people9). 
These effects lead to an inactive lifestyle that is accompa-
nied by behavioral changes to save energy, thus preventing 
exhaustion from daily activities9), and a subsequent decline 
in physical or cognitive function. In fact, self-reported ex-
haustion negatively affects functions among older people: 
gait speed10), gait endurance11), physical activity12), and 
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cognitive function13). So, self-reported exhaustion in older 
people is one of the health problems to prevent.

In older adults with MCI, maintaining physical perfor-
mance through a physically active lifestyle may play an 
important role in delaying or preventing dementia14). It re-
mains unclear whether or not older people with MCI have 
the association with self-reported exhaustion, although self-
reported exhaustion was found to be negatively associated 
with physical function and physical activity among healthy 
older adults. Thus, it is important to clarify the relation-
ship between exhaustion and physical function, including 
physical activity, in older adults with MCI. The first aim of 
this study was to investigate the prevalence of exhaustion 
among older adults with MCI and to compare it with the 
prevalence of exhaustion in the elderly population, which is 
estimated to be about 20%15). The second aim of this study 
was to investigate the prevalence of self-reported exhaus-
tion among older adults with MCI and whether exhaustion 
is related to physical ability and physical activity levels.

SUBJECTS AND METHODS

The study population and data in this study were obtained 
at baseline in a larger cohort study, the Obu Study of Health 
Promotion for the Elderly (OSHPE)16). The classification of 
an individual as having MCI was based on the consensus 
previously published by Petersen1). These criteria included 
(1) a subjective memory complaint, (2) objective cognitive 
decline, (3) intact general cognitive function (mini-mental 
state examination (MMSE) score > 23)17), (4) ability to per-
form activities of daily living (ADL) independently, and (5) 
absence of clinical criteria indicating dementia. Objective 
cognitive decline was defined as being indicated by a score 
of more than 1.5 standard deviations from the score for 
healthy in the OSHPE database after adjustment for age16). 
We assessed objective cognitive function using the National 
Center for Geriatrics and Gerontology Functional Assess-
ment Tool. This software is used on a tablet PC and contains 
a battery of cognitive tests; the details of these tests have 
been described in detail elsewhere18). The tests comprise 
eight tasks to assess memory, attention, executive memory, 
processing speed, and visuospatial skills. Six hundred for-
ty-nine older adults with MCI were selected from the larger 
cohort study as the potential study population for this study. 
After applying the exclusion criteria, 356 people with MCI 
were deemed suitable to participate in the current study. 
The exclusion criteria were: (1) history of cerebrovascular 
disease, Parkinson’s disease, depression, or connective tis-
sue disease; (2) presence of a heart pacemaker; (3) severe 
auditory or visual deficit; (4) depression symptoms (Geriat-
ric Depression Scale-15 score > 5)19); or (5) prior commit-
ment to other studies. Informed consent was obtained from 
all participants before inclusion in the study, and the Ethics 
Committee of the National Center for Gerontology and Ge-
riatrics approved the study protocol.

Demographic data were collected including age, sex, 
number of medications, and body mass index (BMI). Self-
reported exhaustion was identified using a questionnaire 
“Do you feel full of energy?” from the Study of Osteopo-

rotic Fractures (SOF) index5). Participants who responded 
“No” to the question were placed in the exhausted group 
(EG), and those who answered “Yes” were placed in the 
nonexhausted group (non-EG). The SOF index has been 
found to be as reliable and valid as the Cardiovascular 
Health Study (CHS) index which is used most in the world, 
and this is reliability. In fact, Ensrud et al. showed that in 
the SOF index predicted disability, fracture, and death as 
well as the more complex CHS index even though the SOF 
index is a simple index5, 20).

To measure gait speed, participants were asked to walk 
on a straight walkway (flat floor, 11 m long) at a comfortable 
and consistent gait speed. Gait speed was measured over a 
5 m distance from the midpoint of the walkway. The capaci-
ty for gait endurance was assessed using the 6 min walk test 
(6MWT), which was performed as described previously21). 
Participants were instructed to walk as far as possible in 
6 min along a 10 m course. The distance (in meters) walked 
during the 6 min was recorded as the gait endurance. Li-
censed and well-trained physical therapists assessed these 
physical performance tests.

The life space of older adults was assessed using a Japa-
nese translation of Life-Space Assessment (LSA)22, 23). 
Scores on the LSA range from 0 to 120, with higher scores 
reflecting a larger life space. The frequency of movement 
(how many days per week) for the five different life space 
levels was reported by the participants for four weeks be-
fore the assessment. These levels are (1) rooms of the home 
besides where one sleeps; (2) an area directly outside the 
home (e.g., porch); (3) places in one’s neighborhood, other 
than one’s yard or apartment building; (4) places outside 
one’s neighborhood but within one’s town; and (5) places 
outside one’s town. Participants were also asked whether 
they had assistance from another person or devices to reach 
each level of life space. The overall life space score was 
computed by summing the products of the each life space 
level (1–5) multiplied by: (a) degree of independence (2 = 
independent, 1.5 = used equipment, 1 = had personal as-
sistance) and by (b) frequency of attainment (1 = less than 
once per week, 2 = 1–3 times per week, 3 = 4–6 times per 
week, 4 = daily).

Differences between groups were examined using the 
Wilcoxon signed-rank test for nonparametric data or Stu-
dent’s t test for parametric data. Only sex (dichotomous 
outcome) was analyzed using a χ2 test. Then, multivariate 
logistic regression analysis was used to investigate whether 
the potential determinants were associated independently 
with self-reported exhaustion, and odds ratios (OR) and 
95% confidence intervals (95% CI) were calculated. In 
the adjusted model, we examined the association of each 
variable (gait speed, gait endurance, and life space) with 
self-reported exhaustion status while accounting for all co-
variates (sex, age, BMI, number of medications, and MMSE 
score). In the fully adjusted model, we then identified which 
variables were independently related to self-reported ex-
haustion status when adjusted for gait speed, 6MWT result, 
LSA score, and all covariates. All analyses were performed 
using the IBM SPSS (Version 20; IBM Corp., Chicago, IL, 
USA). Significance was accepted at p < 0.05.
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RESULTS

The characteristics of the participants in the non-EG 
and EG are summarized in Table 1. Sixty-two participants 
were classified into the EG, giving a 17.4% prevalence of 
self-reported exhaustion. The participants’ characteristics, 
including the MMSE score, did not differ significantly be-
tween the groups. The LSA scores and the 6MWT results 
(but not normal gait speed) were significantly lower (p < 
0.01, p < 0.05, respectively) in the EG compared with the 
non-EG (Table 1).

The results of the logistic regression analyses are shown 
in Table 2. In the adjusted model, the LSA score (OR = 0.97, 
95% CI; 0.95–0.99) and 6MWT results (OR = 0.99, 95% CI; 
0.99–0.99) were independently associated with exhaustion 
status. However, in the fully adjusted model (model 3), only 
the LSA score was independently associated with exhaus-
tion status (OR = 0.97, 95% CI; 0.95–0.99).

DISCUSSION

The results of this study showed that the prevalence 
of self-reported exhaustion was 17.4%. A previous study 
reported that the prevalence of self-reported exhaustion 
was 14.3% among older males and 20.4% among older fe-
males15). The prevalence among older adults with MCI in 
our study was similar to that of healthy older adults. People 
with MCI who self-reported exhaustion exhibited lower gait 

endurance performance and a lower LSA score compared 
with those without exhaustion. In the logistic analyses ad-
justed for covariates, the LSA score was significantly nega-
tively associated with self-reported exhaustion, although 
there was no significant relationship between exhaustion 
and gait speed or gait endurance.

LSA comprises both the frequency and range of outdoor 
activities. With respect in the frequency of going outdoors, 
frequency going outdoors was positively associated with 
health status in older adults including psychological health, 
such as self-reported exhaustion, compared with older 
people who were housebound. Going outdoors frequently 
is positively associated with psychological health but not 
with physical function or ability to perform ADL24, 25). On 
the other hand, infrequently going outdoors is negatively 
associated with health problems among older people26, 27). 
Going outdoors less than once a week is linked to poorer 
psychological status, physical function, and ADL ability 
compared with going outdoors 2–3 times per week24). In the 
present study, the LSA score was lower in the EG compared 
with the non-EG. Our current findings complement those of 
previous studies because we found an association between 
exhaustion status and LSA score even after adjusting for 
physical function and other covariates.

In the fully adjusted multivariate regression analysis, 
self-reported exhaustion was independently associated with 
decreased life space but not with gait speed or gait endur-
ance. Considering the effect of exhaustion on the capacity 

Table 1.  Characteristics of participants in EG and non-EG

All participants 
(n = 356)

non-EG 
(n = 294)

EG 
(n = 62) p value

Sex (number of female) [n (%)] 181 (50.8) 145 (49.3) 36 (58.1) 0.26 a

Age (years) [mean ± SE] 71.6 ± 0.3 71.5 ± 0.3 71.9 ± 0.7 0.61
BMI (kg/m2) [mean ± SE] 23.4 ± 0.2 23.4 ± 0.2 23.4 ± 0.2 0.80
Medications (number of medication) [mean ± SE] 2.13 ± 0.11 2.05 ± 0.11 2.50 ± 0.29 0.11
MMSE (score) [mean ± SE] 26.7 ± 0.1 26.7 ± 0.1 27.1 ± 0.2 0.10
LSA (score) 90.4 ± 0.8 91.8 ± 0.9 83.9 ± 2.2 < 0.01
6MWT (m) 449.5 ± 4.1 453.2 ± 4.6 432.1 ± 9.1 < 0.05
Normal gait speed (m/sec) 1.36 ± 0.01 1.37 ± 0.01 1.33 ± 0.03 0.16
EG, Exhaustion group; SE, standard error; BMI, body mass index; MMSE, Mini-Mental State Examination; LSA, 
Life Space Assessment; 6MWT, 6 minutes walking test. a was χ2 test and the other variables were student t test. 
Significance set at p < 0.05.

Table 2.	Univariate and multiple logistic regression analyses showing the cross-sectional associations between 
exhaustion (dependent variable) and life-space assessment (independent variable) adjusted for the 
participants’ characteristics

Adjusted model a Fully adjusted model b

OR 95% CI p-value OR 95% CI p-value
LSA (score) 0.97 0.95–0.99 < 0.01 0.97 0.95–0.99 < 0.01
6MWT (m) 0.99 0.99–0.99 0.04 0.99 0.99–1.00 0.31
Normal gait speed (m/sec) 0.33 0.08–1.45 0.14 0.74 0.12–4.68 0.75

All analyses were adjusted for age, gender, BMI, number of medications, and Mini-Mental State Examination score. 
OR: odds ratio, CI: confidence interval, LSA: Life-Space Assessment, 6MWT: 6 min walking test. 
a: Each variable was included as an independent variable. b: All variables were including using a forced-entry method. 
Significance set at p < 0.05
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of energy in the physical activity cycle, older adults cease to 
perform activities that are not necessary for daily life to pre-
vent exhaustion9). In the present study, expanding the life 
space may not be as important as maintaining gait function 
for ADL; thus, older adults with self-reported exhaustion 
would have incorporated a smaller life space. On the other 
hand, maintaining gait speed or gait endurance may be con-
sidered to be more necessary for daily living for older adults 
than expanding life space and thus were maintained despite 
self-reported exhaustion.

In the present study, self-reported exhaustion was not as-
sociated with physical function including normal gait speed 
or the results of the 6WMT. The discrepancy between our 
results and those of other studies may reflect differences 
in methodology, although previous studies showed an as-
sociation between self-reported exhaustion and physical 
function. Other studies have assessed gait speed using max-
imum speed10) and gait endurance using the 400 m walking 
test11), whereas our study included a comfortable speed test 
and the 6MWT, respectively. Another explanation for the 
discrepancies may relate to the differences in the popula-
tions’ characteristics. For example, previous studies have 
sampled older adults between 65 and 102 years of age 
(mean 75 years)10) or have targeted only persons of 75 years 
of age11), whereas the mean age was 71.7 years in our study. 
The influence of these variables should be investigated us-
ing a similar methodology in future studies.

To our knowledge, our study is the first to report on the 
association between exhaustion status and life space among 
older adults with MCI. LSA was developed to evaluate mo-
bility status by measuring the life space for elderly indi-
viduals living in a community22). However, the LSA score 
is influenced by physical activity as well as physical per-
formance, ADL, and sociodemographic factors28). For ex-
ample, the life space is sensitive to marginal limitations be-
fore an older person experiences difficulties in performing 
ADL or instrumental ADL22). Life space may be a useful 
identifier of older adults at risk for cognitive decline29). In a 
previous study, life space was related more closely to cog-
nitive function than to physical performance among older 
adults with amnestic MCI30). Self-reported exhaustion has 
also been reported to be associated with cognitive func-
tion31). We found that self-reported exhaustion was nega-
tively related to life space among older adults with MCI. 
Because both a small life space and self-reported exhaus-
tion adversely affect cognitive function, the combination of 
a small life space and exhaustion may indicate a high risk 
for cognitive decline. Thus, it may be important to assess 
not only cognitive function but also self-reported exhaus-
tion for older adults with MCI.

Several limitations in this study should be mentioned. 
First, the analysis was based on a cross-sectional design, 
and we were therefore able to examine only the relation-
ships with exhaustion. Second, we did not collect data on 
other factors that may influence one’s feeling of exhaus-
tion such as the cortisol level, which is a biomarker for the 
“history” of stressful life events32). This factor and others 
should be examined in future studies of exhaustion in older 
people.

In summary, older adults with MCI who have a restrict-
ed life space had self-reported exhaustion. Less life space 
may lead to several health problems such as disability or 
dementia in older adults with MCI. Evaluation and preven-
tive strategies to target self-reported exhaustion are recom-
mended to help maintain health status in this population. 
Future research is needed to identify ways for older people 
with MCI to improve their exhaustion status.
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