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ORIGINAL ARTICLE

Effect of cerumen impaction on hearing and cognitive
functions in Japanese older adults with cognitive impairment

Saiko Sugiura,' Minori Yasue,' Takashi Sakurai,* Chieko Sumigaki,®> Yasue Uchida,'?
Tsutomu Nakashima®* and Kenji Toba®

!Department of Otorhinolaryngology, *Center for Comprehensive Care and Research on Memory Disorders, National Institute for Longevity
Science, *National Institute for Longevity Science, National Center for Geriatrics and Gerontology, Obu, >Department of
Otorhinolaryngology, Aichi Medical University, Nagakute, and *Department of Otorhinolaryngology, Graduate School of Medicine,
Nagoya University, Nagoya, Japan

Aim: To assess the effect of cerumen impaction and its removal on hearing ability and cognitive function in elderly
patients with memory disorders in Japan.

Methods: Pure tone audiometry (PTA) and the Mini-Mental State Examination (MMSE) were administered to
participants before and after cerumen removal. Participants who had cerumen impaction in the better-hearing ear
comprised the case group; the control group consisted of participants who either did not have cerumen impaction or
had it in the worse hearing ear. Hearing and cognition changes were compared between the groups after cerumen
removal.

Results: A total of 5S patients who completed all examinations were assigned to the case group (29 patients) or the
control group (26 patients). The average hearing change was 4.6 + 7.4 in the case group and 0.9 + 0.9 in the control
group (P = 0.029). The average change in MMSE score was 0.7 + 2.5 in the case group and —1.0 + 4.1 in the control
group (P = 0.068). The case group showed a significant improvement in MMSE scores after age adjustment compared
with the control group (P = 0.049).

Conclusion: Hearing improved significantly in the case group relative to controls after cerumen removal. A
significant cognitive improvement in the case group relative to controls was additionally observed after cerumen
removal with age adjustment. Thus, the present results suggest routine ear canal examinations might benefit elderly
individuals with memory disorders. Geriatr Gerontol Int 2014; 14 (Suppl. 2): 56-61.

Keywords: cognitive impairment, dementia, hearing impairment, Mini-Mental State Examination, pure tone
audiometry.

Introduction ' tion is major in North China, Korea and Japan, and is
present in approximately 70-80% of Japanese people.
Cerumen is a complex of ceruminous and sebaceous Cerumen impaction is more common in children, the
gland secretions, and various other substances in the ear elderly and individuals with an intellectual disability.'
canal. Dry and wet variations of cerumen are found in Indeed, the prevalence of cerumen impaction appears
humans, and the presence of either is different among to increase with age in adults; in the geriatric population
the ethnic groups.! The wet variation is present in over (those aged 65 years and older), the incidence of
90% of white and black people. A combination of wet cerumen impaction is reportedly 19-34%.2* Further-
and dry variations is seen in populations of certain parts more, studies have shown that people with an intellec-

of the Middle East and Southeast Asia. The dry varia- tual disability have a higher prevalence (24-25%) of
cerumen impaction, regardless of age.®® Cerumen

impaction is also more likely to occur in people with wet
type cerumen.! Cerumen impaction leads to itching,
Accepted for publication 19 December 2013. pain, hearing loss, tinnitus, vertigo and choronic otitis
externa. Hearing loss caused by cerumen impaction is
up to 40 dB.” The prevention of hearing loss is advan~

Correspondence: Dr Saiko Sugiura MD, Department of
Otorhinolaryngology, National Center for Geriatrics and

Gerontology, 35 Gengo, Morioka, Obu, Aichi 474-8511, Japan. tageous, because hearing loss has been implicated as an
Email: saikos@ncgg.go.jp independent risk factor for cognitive impairment and
56 | doi: 10.1111/ggi.12251 © 2014 Japan Geriatrics Society
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Patients suspected cognitive impairment Otosconic
recelved Mini-Mental State Examination (MMSE) S P P
(614 first visiting patients and § revisiting patients) screening by
T anurse
Suspected cerumen impaction
{87 patients}

v

Capable to

see ear drum
(553 patients)

Informed consent, pure-tone audiometry
at ENT Department
(67 patients)

Notapplicable

Cerumen impaction No cerumen impaction
(49 patients] (18 patients)

Pure-tone audiometry
(60 patients)

/

MMSE (56 patients) |

Final participants (55 patients) |

Figure 1 Study protocol.

dementia.*? Moore etal. studied the influence of
cerumen impaction clearance on Mini-Mental State
Examination (MMSE) performance.” In their study,
65.5% of the participants had cerumen in at least one
ear, and hearing and the MMSE score improved signifi-
cantly in participants with impacted cerumen after
cerumen removal. In an earlier study, we reported that
cerumen impaction of the better-hearing ear (BHE) was
observed in 10.7% of community-dwelling Japanese
older adults aged older than 60 years.!' Cerumen was
significantly associated with poorer hearing and a lower
MMSE score.

The aim of the present study was to investigate the
potential contribution of cerumen impaction and
cerumen removal on hearing and cognitive function in
Japanese patients with memory disorder.

Methods

Participants

The participants were 67 patients (28 males, 39 females;
mean age 81.7 £ 5.6 years) who visited the Center for
Comprehensive Care and Research on Memory Disor-
ders (CCCRMD), National Institute for Longevity
Science, National Center for Geriatrics and Gerontol-
ogy between 9 July to 30 November in 2012. The study
protocol was approved in advance by the Committee of
the Ethics of Human Research of the National Center
for Geriatrics and Gerontology (NCGG). The study pro-
tocol is shown in Figure 1. The patients who visited the
center because of a memory disorder were first asked to

© 2014 Japan Geriatrics Society
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complete the MMSE and were then given an otoscopic
screening by a nurse. If cerumen impaction was sus-
pected, it was recommended to the patients that they
visit the Ear, Nose and Throat (ENT) Department, and
detailed information regarding the present study was
provided to them at the ENT department. Written
informed consent was obtained from each patient who
agreed to participate in the study. The initial audiomet-
ric test was carried out before evaluation of the ear by
otorhinolaryngologists. After the pure tone audiometry
(PTA) assessment, the participants were given ear canal
examinations by an otorhinolaryngologist and cerumen
removal was carried out, if necessary. Regardless of
whether significant cerumen impaction was observed,
the PTA assessment was administered to participants.
The second MMSE was administered weeks to months
later at the center. Participants who could not complete
the PTA or MMSE were excluded from the present
study. Seven participants could not complete the PTA
because of poor reproducibility. Four participants
refused to complete the second MMSE. One participant
was excluded from the study because she began
memantine hydrochloride regimen between the first
and the second MMSE. Thus, the total number of
participants was SS (25 male, 30 female; mean age
§1.3 + 5.8 years, range 68-93 years). A total of 33 of the
participants were not taking medications to treat
dementia at any time during the study. The remaining
12 patients were taking medication for memory disor-
ders during the study period (memantine hydrochlo-
ride: 2 patients, donepezil hydrochloride: 8 patients,
memantine and donepezil: 2 patients); however, these
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patients did not begin, end or change medications
during the course of the study.

Functional assessment

The MMSE" was administered to participants by clini-
cal psychologists both before and after the otological
examination. Functional assessment was also adminis-
tered using the Barthel Index™ before the otological
examination.

The PTA measurement was carried out by a clinical
laboratory technician using a diagnostic audiometer
(AA-75; RION, Tokyo, Japan) that was calibrated
according to Japanese Industrial Standards T 1201. The
air-conduction pure tone average of hearing thresholds
(AHT) of the right and left ears were calculated as the
average of 0.5, 1, 2 and 4 kHz for each ear before and
after the otological examination. The BHE was decided
by the AHT after cerumen removal.

Ceruman removal was carried out under a micro-
scope using irrigation and suction procedures. Cerumen
impaction was diagnosed if the volume of cerumen
exceeded one-third of the ear canal.

The MMSE-administering psychologist and the
audiometric examiner were uninformed about the pres-
ence or absence of cerumen impaction.

A questionnaire assessing participants’ frequency of
ear cleaning, cerumen type, and incidence of itching
within the ear canal was also administered to the par-
ticipants and their family. Ear cleaning less than once a
month was defined as no ear cleaning.

Statistical analysis

The participants who completed the entire process were
divided into two groups. The case group consisted of
participants who had cerumen impaction in the BHE,
whereas the control group included participants who
either did not have cerumen impaction both or had it
only in the worse hearing ear.

Statistical analyses were carried out using the statis-
tical analysis system (SAS) version 9.3 (SAS Institute,
Cary, NC, USA). Unless otherwise stated, all values are
presented as the mean + SD. The y*-test for categorical
variables and the Student’s #-test for continuous vari-
ables were used to assess differences in characteristics
between the two groups. A general linear model for
assessment of correlation between changes in MMSE
score and changes in the AHT of the BHE was carried
out in the case group. Then, a general linear model
adjusted by age, sex, baseline MMSE score and changes
in the AHT of the BHE was used to assess differences in
the changes in MMSE score between the case and
control groups. A value of P < 0.05 was considered sta-~
tistically significant.

Results

Table 1 shows the characteristics of participants with
and without cerumen impaction. There were no signifi-
cant differences in age, sex, Barthel Index score, AHT of
the BHE, baseline MMSE score or duration of the first
and the second MMSE between the two groups. There

Table 1 Participant characteristics and changes in pure tone audiometry and MMSE scores after cerumen

removal
All participants Cerumen No cerumen P-valuet

impaction impaction

of BHE of BHE
7 55 29 26
Age 81.3£5.8 79.9+5.4 82.8+35.8 0.055
Male, n (%) 25 (45.5%) 15 (51.7%) 10 (38.5%) 0.324
No ear cleaning, n (%) 23 (41.8%) 15 (51.7%) 8 (30.8%) 0.222
Wet type earwax, 7 (%) 14 (25.5%) 7 24.1%) 7 (26.9%) 0.735
Ear canal itching, n (%) 16 (29.1%) 6 (20.7%) 10 (38.5%) 0.274
Baseline AHT of BHE (dB) 42.6 £135.5 432+154 41.9+15.8 0.748
Barthel Index?* 90.4+13.8 89.0+14.4 91.8+13.3 0.483
AHT of BHE after cerumen removal (dB) 39.8 £14.1 38.6 £12.5 41.0£15.9 0.535
Change in AHT (dB) 2.8+64 4.6+74 0.9+0.9 0.029
Baseline MMSE score 18.0+6.3 17.6 £ 6.6 18.5+6.0 0.61
MMSE score after cerumen removal 17.9+6.7 18.3+6.8 17.5+6.7 0.657
Change in MMSE score -0.1+£3.4 0.7+2.5 -1.0+4.1 0.068
Time between MMSE (days) 41.0+£28.4 43.2£34.2 38.4+19.6 0.549

Data presented as mean + standard deviation. TThe ¢-test for continuous data, x*test for categorical data. *One participant in
the no cerumen impaction of best hearing ear (BHE) group and two participants in cerumen impaction of BHE group did not
have the Barthel Index estimated. AHT, air-conduction pure-tone average of hearing thresholds; MMSE, Mini-Mental State

Examination; PTA, pure tone audiometry.
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Table 2 Results of the general linear model

Adjustment Change in MMSE Change in MMSE P-value

score in case score in control

group group

0.7+0.6 -1.0£0.7 0.068
Age 0.8+£0.7 -1.14£0.7 0.049
Sex 0.7+£0.6 -1.24+0.7 0.05
Baseline MMSE 0.6+0.6 -1.0£0.7 0.079
Changes in AHT 0.7+0.6 =1.14+0.7 0.065

of BHE

All of above 0.8+£0.7 -1.3£0.7 0.043

Data presented as least mean square + standard error. AHT, air-conduction
pure-tone average of hearing thresholds; BHE, best hearing ear; MMSE,

Mini-Mental State Examination.

was a non-significant trend in the case group towards a
lower incidence of ear cleaning and ear canal itching.
There were no significant differences in the prevalence
of wet type cerumen between the case group (24.1%)
and the control group (26.9%). Changes in AHT were
significantly larger in the case group than in the control
group. Differences in MMSE score before and after
otorhinolaryngological intervention differed with mar-
ginal significance between the case group and control
group (P = 0.068).

Two participants classified as having severe hearing
loss before cerumen removal (an AHT of 70dB or
greater) were reclassified as having moderate hearing
loss (an AHT of 40-69d B) after cerumen removal. Two
participants classified as having moderate hearing loss
before cerumen removal were reclassified as having mild
hearing loss (an AHT of less than 40 dB) after cerumen
removal, There was a marginal significant correlation
between hearing improvement and differences in the
MMSE scores (R* = 0.166, P = 0.079).

Table 2 shows the results of the general linear analy-
sis. There was a significant improvement in MMSE
score in the case group after cerumen removal com-
pared with the control group, after adjusting for age;
however, adjusting for sex, baseline MMSE score
or AHT change rendered this improvement non-
significant. Nevertheless, a significant effect of BHE
cerumen impaction on the change in MMSE score was
observable even after the addition of all adjustments.
Furthermore, the only measured variables that signifi-
cantly affected the changes in MMSE scores after
cerumen removal was BHE cerumen impaction
(P=0.043; age: P=0.297, sex: P=0.300, baseline
MMSE score: P = 0.323, change of AHT: P = 0.8%94).

Discussion

In the present study, hearing improved significantly in
participants who had BTE cerumen impaction after
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cerumen removal, and a significant cognitive improve-
ment in the case group relative to controls was observed
after cerumen removal with age adjustment.

The cognitively impaired older adults are suggested
to have high rates of cerumen impaction, because older
adults and people with an intellectual disability have
been found to show high prevalence rates of this
condition.** Moore et al. reported that 65.6% of resi-
dents in a skilled nursing facility had cerumen impac-
tion in at least one ear.'” The reason for a higher
prevalence of cerumen impaction in people with an
intellectual disability is still unknown. Several possibili-
ties include poor hygiene and anatomical abnormalities
of the ear canal, such as stenosis with Down syndrome,
were suggested as possible causes. The reason for a
higher prevalence of cerumen impaction in older adults
is more clearly accounted. As the skin in the ear canal
ages, the surface epithelium thins, the subcutaneous
tissue atrophies, the ceruminous glands and the seba-
ceous glands produce less oil, and the hair in the ear
canal lengthens.' All of these changes inhibit the excre-
tion of cerumen. Furthermore, the tendency of aging ear
canal skin to bleed easily renders cerumen removal aver-
sive and consequently less frequent. Previous reports
about the prevalence of cerumen impaction have been
from countries where the wet variation of cerumen is
present in 90% of the population. In Japan, an esti-
mated 70-80% of the population has the dry variation
of cerumen. In a previous study, we reported that
cerumen impaction of the BHE was suspected in 10.7%
of community-dwelling Japanese older adults above the
age of 60 years."" However, we only examined the ear
canal by otoscopy in that previous study, and thus could
not confirm the degree of impaction. In the present
study, in which we were limited to first-visit patients at
the CCCRMD, 7.0% (43 of 614) of participants had
cerumen impaction that exceeded one-third of the ear
canal. This frequency was quite low compared with
Western countries.”*!® The prevalence of wet type
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cerumen in the present study was 25.5%, and the inci-
dence of wet cerumen with impaction and wet cerumen
without impaction was not significantly different. The
cause of a non-significant incidence of wet cerumen
impaction in the present study might be due to the low
participants. Furthermore, that genetic diagnosis of wet
cerumen was not carried out was a limitation of the
present study.

Hearing loss has been reported as an independent risk
factor for cognitive impairment and dementia.®’ Moore
et al. reported significant improvement of hearing and
MMSE score after cerumen removal.'’ Similarly, Oron
et al. reported a significant difference in participants’
Raven’s Standard Progressive Matrices Test scores
before and after cerumen removal. In the present
study, the change in MMSE score during 40 days in the
case group was 0.7, whereas the change in MMSE score
in the control group was —1.0. Uhlmann et al. reported
that a decline in MMSE score in hearing impaired senile
dementia of the Alzheimer’s type was nearly double that
of normal hearing patients.'® The means of AHT of BTE
in the participants of the present study were over 40 dB,
thus moderate hearing loss might accelerate the decline
of MMSE score, whereas the improvement of hearing
partially improved the MMSE score during 40 days. It is
possible that hearing improvement is directly or indi-
rectly associated with cognitive function. In the present
study, the change in AHT showed a marginal associa-
tion with the change in MMSE score. Thus, the
improvement in MMSE score might result from the
direct and the indirect effect of hearing, such as stimu-
lation from environmental sounds and improved speech
recognition. The medical sequelae of cerumen impac-
tion include tinnitus, a feeling of fullness in the ear,
pain, hearing loss, vertigo, cough and external otitis.'
Elimination of these peripheral symptoms of cerumen
impaction might also contribute to cognitive improve-
ment. Further investigations that clarify the effect of ear
canal hygiene on hearing and cognitive function for
longer period are necessary.

Although the prevalence of cerumen impaction is low
in Japan compared with Western countries, cerumen
removal can have similar effects on hearing and cogni-
tion. Thus, routine ear canal examinations and cleaning
could benefit older adults in Japan. Although methods
for wet type cerumen removal have been investigated,'®
there is minimal information regarding the removal of
dry type cerumen. The use of ear picks sometimes
causes severe injury of the ear.'” It has also been warned
that the use of a cotton tip increases the risk of cerumen
impaction and otitis externa.'® Therefore, the develop-
ment and assessment of effective methods for removal
are imperative.

The present study found that 7.0% of new patients
with memory disorders had cerumen impaction. Evalu-
ation of hearing after cerumen removal resulted in a
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statistically significant improvement. Improvement in
cognition relative to controls was also significant after
adjustment for age. Thus, routine ear canal examina-
tions can benefit older adults with memory disorders.
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Abstract

Background: after the Great East Japan Earthquake in 2011, inactivity and the homebound status of older victims in affected
areas have been a serious public health concern owing to the victims’ prolonged existence as evacuees in mountainous ateas.
Objective: to evaluate the association between distances to retail stores and tisks of being homebound.

Design: secondary analysis of cross-sectional interview survey data with a geographical information analysis.

Setting: Rikuzentakata, Iwate, a municipality seriously damaged by the 2011 earthquake and tsunami.

Subjects: all Rikuzentakata residents aged 65 or older except for those living in temporary housing (n = 2,327).

Methods: we calculated road distances between each residential address and retail stores, hawker sites and shopping bus stops,
accounting for the extra load caused by walking on slopes. The prevalence ratio of being homebound adjusted for age, source
of income and morbidity by road distance was estimated using Poisson regression with a generalised estimating equation.
Results: those living at distances of 1,200 m or more were 1.78 (95% confidence intervals, 1.03-3.08) times mote likely to be
homebound (going out only every 4 or morte days a week) among men and 1.85 (1.13-3.02) among women, compared
with those residing in places <400 m from retail stores ot shopping bus stops. The distances were reduced by new hawker and
shopping bus services, but the improvements varied greatly across the districts.

Conclusions: access to daily needs is essential to prevent homebound status. Post-disaster community diagnosis in tetms of
the built environment is important for strategic community restoration.

Keywords: older people, built environment, disaster, homebound, Japan

Introduction people and 2,668 individuals ate still missing [1]. The recov-

ery process has been slow owing to the overwhelming scale
On 11 March 2011, the Great East Japan Earthquake — of the damage. After the disaster, people who originally
occurred, and a massive tsunami with a maximum wave  resided in tsunami-hit coastal areas and many affected cities
height of 40 m caused destruction to many cities along 500 evacuated to other cities or nearby areas in the mountains. In
km of Japan’s north-eastern coast; it directly killed 15,882 the affected cities, access to such places as retail stores and
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the availability of public and business services worsened.
Those access barriers probably increased the risk of older
evacuees becoming physically and social inactive. One survey
reported that 30% of respondents cited poor access to trans-
pottation as the prime reason for not going out; this was fol-
lowed by a lack of purpose ot places to go (16%) and a lack
of motivation to go out (16%) [2].

Numerous studies have reported that among older adults,
physical and social inactivity in addition to homebound
status are important risk factors for functional decline and
death [3-8]. In particular, the homebound lifestyle of older
adults has been an area of scrious public health concern [1].
However, the effects of access difficulties on older adults’ in-
activity after the 2011 disaster have not been studied.

The purpose of this study was, therefore, to evaluate the
cffect of the built environment in terms of physical access to
retail stores on older adults’ inactivity in a city severely
affected by the disaster. We focused on retail stores (including
grocery stores, convenience stores, supermarkets and shop-
ping centres), because shopping has been identified as a
primary reason for going out in the daily lives of older
Japanese adults: a national representative survey reported
that 66.2% of older respondents selected ‘shopping’ as their
main reason for going out [5].

Methods

Data

Rikuzentakata, the site of this study, was one of the cities
most seriously damaged by the disaster: of its total popula-
tion of 23,302 before the catastrophe, 1,773 people died or
are still missing. Like many cities affected by that tsunami,
Rikuzentakata is a rural area, and it had a highly aged popula-
tion before the disaster: 34.9% of its population was aged 65
years or over in 2010 [9].

Forest accounted for 80.6% of the total land area, and
most areas of flat land were located by the coast or around
river estuaries (sec Supplementaty data, Appendix Table S1
available in Age and Ageing online). Before the earthqualke, the
population was concentrated in the flat coastal areas. Of
7,730 houses, 3,368 (43.6%) wete affected by the disaster
and 3,159 were ‘completely destroyed” [9]. Since the commu-
nity infrastructure in the flat arcas was also totally shattered,
many victims who lost their houses insisted on moving to
areas in the mountains (Figure 1) [10].

We used the data of the third wave of the Health and
Living Condition Survey conducted by the Rikuzentakata city
government. The home-visit interview survey was carried out
from August 2012 to October 2013 among all residents of

Retail stores or hawkers
(time of survey)

Inundated areas

800-1,199 m
400-799 m
<400 m

Retail stores or shopping
bus stops (time of survey)

Figure 1. Road distance areas from retail stores, hawker sites and shopping bus stops before the earthquake (on 11 March 2011),
just after the earthquake and the time the survey started (August 2012).
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6,027 houscholds on the resident registry. Individuals living in
temporary housing as earthquake victims were not surveyed,
because those individuals had been previously sutveyed.
Among them, 3,855 households responded to the interviews
(response rate = 64.0%). Interviewers gathered information
on current morbidity, socio-economic status, health behav-
iour (eating meals and snacks, smoking status and amount of
alcohol consumed per day), frequency of going out and social
support. Of 11,370 respondents in total, we used the data of
4,149 people who wete 65 yeats or older. We eventually
employed the data of 2,327 older adults with the necessary
information for this analysis, including accurate residential
address.

Geographical information

We obtained information on grocetry stotes, convenience
stores and shopping centres from the online community dir-
ectory database Town Page (NTT data, Tokyo, Japan) in
August 2012. We removed data relating to facilities in the
areas directly hit by the tsunami. Information on shopper
bus stops and hawker sites was provided by the disaster
suppott teamn of Iwate Prefecture Consumer Cooperative. We
used ArcGIS data collection (ESRI, Redlands, CA, USA) for
road network data; where road information was lacking, we
referred to road data of digital national land information
[11]. Using these data, we calculated three distances related to
road networks: the distance to the nearest retail stores; dis-
tance to tretail stotes or hawker sites and distance to tetail
stores ot shopper bus stops. Following the study by Satoh
¢t al. [12], we assumed that going uphill and downhill require
extra effort to move and we penalised slope angles on the
road by putting a weight of

1+ sinf

on the surface road distance, where 0 represents the slope
angle. Slope angle data were obtained from the 10 m mesh
altitude data of digital national land information. The data
wete linked to road data using geographical information
systems.

Measurements

Dependent variables: homebound

Following tecent teviews, homebound status was deter-
mined by the frequency of going out [4]. Respondents were
asked about the frequency of going out, and the response
options were as follows: (i) daily; (ii) once every 2 or 3 days;
(iii) once every 4 or 5 days and (iv) less than that (i.e. once
every 6 days or more). We dichotomised the responses and
determined those who went out once every 4 or more days
as homebound.

Explanatory variables

Our main explanatory variables were road distances from the
residential addresses to retail stores (including small grocery

stores, convenience stores and supermarkets), hawker sites
and shopping bus stops. After the earthquake, private stores
and consumer coopetatives started hawker sales for people
residing in regular or temporary housing located in remote
areas. Shopping bus services were also improved, covering
wider areas than before the earthquake. Shopping buses take
passengers to a shopping area located in the city centre for
free.

Co-variates

As potential confounding factors, we used age, morbidity (dia-
betes, hypertension, hypetlipidaemia, heart diseases, brain dis-
eases, cancers, orthopaedic disotders, psychiatric disorders,
asthma, allergic diseases and other conditions), types of
income (pension, wage, none and other) and availability of
contact with neighbours (yes or no).

Statistical analysis

Geographical information analysis

The calculated road distances were divided into four categot-
ies: <400 m, 400-799 m, 800-1,199 m and 1,200 m ot mote.
First, we visually evaluated the changes in the areas covered
by those road distances. We then calculated the population
coverage for the road distances to tetail stotes, hawker sites or
bus stops in terms of eight districts. For this, we used the geo-
graphical information systems software ArcGIS.

Epidemiological analysis

We then linked the results of the geographical information
analysis to the survey data. We first evaluated the prevalence
of homebound status according to the respondents’ socio-
demographic status, district of residence and distance to
retail stores or shopping bus stops. Then, we used Poisson
regression with a log link function to evaluate the association
between those distances and the tisks for homebound status,
consideting potential confounding factors. We separately
created three models using the distances to the neatest retail
store (Model 1), retail store or hawker site (Model 2) and
retail store or shopping bus stop (Model 3). To address clus-
tering within households, we used the generalised estimating
equation (GEE) technique. All analyses wete categorised by
gender. The GEE was required, despite the gender stratifica-
tion, because there wete some addtesses at which mote than
one older couple resided. We employed SPSS vetsion 22
(IBM, Armonk, NY, USA) for the analysis. All P values were
two-tailed.

Results

Geographical analysis

As expected, most of the retail stores, hawker sites and shop-
ping bus stops wete in areas that had not been reached by the
tsunami (see Supplementary data, Appendix Figures S1 and
S2 available in Age and Ageing online). The geographical
distribution of the road distances to retail stores, hawker sites
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Retail stores (time of survey)
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Figure 2. Population coverage by the road distances to retail stores, hawker sites and shopping bus stops by district and by petiod
(before March 2011; just after March 2011 and time of survey started, August 2012).

and shopping bus stops dramatically changed before and
after the earthquake (Figure 1). The coverage of populations
within a certain road distance to those facilities also undet-
went a major change (Figure 2). Baseline coverage and the
degree of changes varied across districts. Just after the earth-
quake in Yonezaki, Otomo and Kesen districts, the distances
to retail stores largely increased. In the latter two districts, all
residential addressees were 1,200 m ot mote from the neatest
retail store. In Otomo, however, the te-opening of a new
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shopping centte, previously located in a tsunami-affected
coastal area, contributed to the increased coverage of areas
that were less distant to retail stores (32.7% of residential
addresses were within 1,200 m of the nearest retail store). In
Kesen, although no retail stores opened afterward and the
distance to the nearest retail store did not change, the distance
to retail stores, hawker sites or shopping bus stops largely
decreased owing to newly introduced hawker and shopping
bus setvices.
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Table |. Prevalence ratios for being homebound by road distance to nearest retail store, hawker site ot shopping bus stop after
the Great East Japan Earthquake, 11 March 2011, in the city of Rikuzentakata, 201213

Men Women
” PR (95% CI) P ” PR (95% CI) P
Model 1: to retail store
=399 m 92 1 104 1
400799 m 126 1.30 (0.71-2.37) 0.40 183 1.28 (0.75-2.18) 0.37
800-1,199 m 219 1.39 (0.80-2.42) 0.24 250 1.36 (0.82-2.25) 0.24
1,200+ m 590 1.39 (0.83-2.30) 0.21 763 1.54 (0.97-2.44) 0.07
Model 2: to retail store or hawker site
=399 m 124 1 138 1
400-799 m 170 0.99 (0.63-1.55) 0.96 244 0.94 (0.64-1.37) 0.74
800-1,199 m 238 1.23 (0.79-1.89) 0.36 277 1.45 (1.02-2.05) 0.04
1,200+ m 495 1.40 (0.96-2.04) 0.07 641 1.45 (1.05-2.00) 0.02
Model 3: to retail store or shopping bus stop
=399 m 176 1 205 1
400-799 m 220 1.18 (0.59-2.35) 0.63 305 1.33 (0.75-2.36) 0.33
800~1,199 m 228 1.49 (0.81-2.74) 0.20 282 1.73 (1.02-2.95) 0.04
1,200+ m 403 1.78 (1.03-3.08) 0.04 508 1.85 (1.13-3.02) 0.01

All models were adjusted for age, sources of income, morbidity and available contacts/neighbours.

Epidemiological analysis

Among the 2,327 participants, 1,027 (44.1%) were men and
1,300 were women (55.9%), with average ages of 75.5 and
77.2 years, respectively. Overall, the proportions of home-
bound people were 19.6% for men and 23.2% for women,
with higher proportions in the older age groups. There was
an over 3-fold regional difference across the eight districts—
from 7.9% among women in Kesen to 34.8% among
women in Yokota. Linking geographical information with
survey data, we found that people residing at greater distance
from retail stores, hawker sites or bus stops wete likely to be
homebound (see Supplementary data, Appendix Table S2
available in Age and Ageing online).

Overall, the GEE~Poisson regression showed a positive as-
sociation between road distances to retail stores or shopping
bus stops and the risk of being homebound. For example,
among men, the adjusted prevalence ratio (PR) for home-
bound status among those whose tesidential address was
1,200 m or more from the neatest retail stote or hawker site
compared with <400 m was 1.40 (95% confidence interval
[CT], 0.96-2.04); the adjusted PR was 1.78 (95% CI, 1.03-3.08)
for those living 1,200 m or more from the neatest retail store
ot shopping bus stop. These associations were comparable
in all the models for women, though women rather showed
natrower Cls and smaller P values (the P values for women
in the >1,200 m category were <0.05 in all models) (see
Supplementary data, Appendix Table S3 available in Age and
Ageing online for full descriptions of those models; Table 1).

Discussion

Our analysis found that, even after controlling for age, income
status, mental and physical health status (morbidity) and social
integration, the older men and women residing at great distance
from shopping facilities were more likely to be homebound or

not go out frequently; however, the association between dis-
tance and homebound status was not clear for those with a
road distance of under 800 m. Although the distance to shop-
ping facilities may be a risk of being homebound, the newly
started shopping bus and hawker setvices in Rikuzentakata
may have provided more opportunities for going out.

Potential reasons for the positive association between dis-
tance to retail stores or shopping support services and going
out infrequently are as follows. (i) The distance itself is a
physical bartier to going out. (if) The distance may also be a
psychosocial batrier—giving rise to feelings of being
neglected or excluded from society, which may in turn reduce
the willingness for going out. (iii) It is also possible that some
people who reside in distant areas from those shopping desti-
nations may not need to go out, because they have sufficient
instrumental support for obtaining daily necessities through,
for example, their children or younger neighbours.

To our knowledge, this is the first study evaluating the
association between distances to certain facilities in a buile
environment and the risk of homebound status of older
adults. The strengths of this study were utlising the data of a
home-visit survey for all people who resided in their own of
rented accommodation as well as detailed, objective geogtaph-
ical information. The accurate information on distances telat-
ing to road networks is another advantage. Nonetheless, a
major limitation of this study is that we did not account for
the means of transportation. Some people may use motor
vehicles, potentially leading to the underestimation of the
association between road distance and their inactiveness. This
may explain the gender differences observed, with more
precise estimates being obtained for women than men. In
Japan, older women are less likely to drive a car and possess a
licence; misclassification may thus be smaller among women.
Another issue is the self-reported, limited information
obtained from the survey: this raises the possibility of potential
information biases and residual confounding. Inactivity may
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