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1. Introduction

On March 11, 2011, a 9.0-magnitude earthquake followed by
a massive tsunami caused an accident at the Fukushima Daiichi
Nuclear Power Plant (FDNPP), leading to a significant release of
radioactive materials into the environment and the displacement
of over 160,000 residents from their homes. Subsequent
sociological studies have highlighted not only a widespread fear
of radiation among the entire population, but also a collapse of
trust in authorities and a breakdown of families and communities
(ICRP, 2020). The municipalities located closest to the FDNPP
are Tomioka, Okuma and Futaba towns, which have been
designed as “difficult-to-return” zones for many years (Ministry
of the Environment, 2025).

Evacuees often face serious obstructions to their social lives as
aresult of forced relocation and the stigmatization associated with
radiation exposure, which can further increase feelings of
isolation, reduce self-esteem, and interfere with efforts to
reintegrate into society (Maeda, 2017). These factors can
contribute to increased levels of loneliness and a unique state in
which a person feels socially isolated even when they are with
others (Cacioppo, 2018). This can be both a consequence and a
predictor of poor mental health outcomes (Mushtaq, 2014).

2. Materials and methods

A cross-sectional questionnaire survey was conducted on 1,872
adult residents (> 18 years) of Tomioka, Okuma and Futaba towns
between November 2024 and January 2025. The questionnaire,
which had previously been applied in Fukushima Prefecture,
included items on sociodemographic characteristics (age, gender,
current residence, and presence of family members or relatives in
the area of residence), psychosocial factors such as expectations
of recovery, opportunities to interact with returnees, return
intention, and overall life satisfaction, and the Three-Item
Loneliness Scale (TILS) for assessing loneliness. Quality of life
(QOL) was evaluated using the Short-Form Health Survey (SF-
8), and physical component summary (PCS) and mental
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component summary (MCS) scores were calculated.

The participants were categorized into two groups according to
TILS scores. Categorical variables were analyzed using the chi-
square test to examine associations with loneliness status. Pearson
correlation analysis was conducted to explore the relationship
between QOL (SF-8 PCS and MCS scores), life satisfaction, and
TILS scores. Logistic regression analysis was performed to
identify independent predictors of loneliness. Odds ratios and
95% confidence intervals were reported. P-values < 0.05 were
considered to indicate statistical significance. All data were
analyzed using IBM SPSS Statistics 28.0.1.0 (IBM, Armonk, NY,
USA).

3. Results

Among a total of 1,784 residents included in the study (mean
age, 65.2 + 14.8 years; age range, 19-96 years), 29.3% were
classified as experiencing loneliness. In univariate analyses,
loneliness was statistically significantly more common among
older adults (> 65 vs. < 65 years, 31.3% vs 26.3%, respectively;
p = 0.023) and individuals living outside Fukushima Prefecture
(33.2% 27.9%
respectively; p =
opportunities to interact with returnees (35.9% vs. 18.3% with
such opportunities) and participants without family or relatives in

Vs. living inside Fukushima Prefecture,

0.039). Similarly, respondents lacking

their residence area (43.2% vs. 27.2% with presence of family)
reported considerably higher loneliness rates (p < 0.001).
Individuals who were uncertain about returning to their
hometown reported experiencing more loneliness than those who
had already returned (41.4% vs. 19.7% respectively; p < 0.001).
Finally, poorer health-related QOL (lower SF-8 PCS and MCS
scores) was significantly associated with loneliness (p < 0.001).
Correlation analysis revealed a negative correlation between
loneliness and life satisfaction, as well as QOL.

In multivariate logistic regression, interaction with returnees
was a strong protective factor, as respondents who had the
opportunity to have regular contact with returnees had lower odds



for loneliness. Return intention also predicted loneliness: those
who were unsure about returning showed a higher probability to
experience loneliness. In addition, higher life satisfaction and
QOL scores (each a 1-point increase) were associated with lower
odds for loneliness.

4. Discussion

In the present study, nearly 29.3% of the respondents reported
experiencing loneliness, which is not high compared with
national reports by the Cabinet Office in 2025, in which 40% of
the respondents reported experiencing loneliness. However,
31.3% of the older adults in the present study reported
experiencing loneliness, which is notably higher than recent
studies using similar scales (16.8%) (Inoue, 2025). This
difference suggests that the loneliness observed in the present
municipalities is not merely a common issue in Japan’s “super
aging” society, but rather, is aggravated by the specific socio-
environmental residuum of a nuclear disaster (D'Ambrogio,
2020). The high rate of loneliness among those living outside
Fukushima Prefecture highlights the problems of individuals who
are geographically separated from their ancestral lands and
socially separated from their communities in potentially facing
stigma or difficulties in integration even 14 years after a disaster.

An important finding of this study is the high loneliness rate
among those “uncertain” about returning (41.4%). This
psychological state is similar to the theory of ambiguous loss
(type 2), where the physical object (the town/home) is present but
psychologically absent (Dingman, 2024). For undecided
residents, the home exists physically, even visible in media
regarding reconstruction, but the community and familiarity is
gone. This chronic uncertainty halts the grieving process, thereby
preventing social reintegration. While evacuation orders have
been lifted in specific zones, some areas of towns remain
designated as “Difficult-to-Return” zones (Ministry of the
Environment, 2025).

Previous studies have reported that lonely adults tend to score
lower on measures of physical and mental health in regard to
QOL (Harris, 2024), which aligns with our results and suggests a
two-sided relationship: loneliness may decrease subjective well-
being while better health and life satisfaction can mitigate

loneliness.

5.Conclusion

As Japan implements the “Act on Promotion of Policy for
Loneliness and Isolation” (2024), the findings of the present study
suggest that individuals affected by a nuclear disaster require
targeted support. Policies must exist beyond the “increasing
return” boundaries by supporting community connections
regardless of residence. Establishing platforms between returnees
and evacuees, addressing the psychological burden for undecided
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residents, and monitoring health combined with social support are
important steps to prevent a secondary epidemic of isolation.

Notes

1) Thisresearch was presented as a “Poster” at The 68th Annual
Meeting of the Japanese Radiation Research Society/The 6th
Asian Congress of Radiation Research (JRRS/ACRR2025).

2) This study was approved by the Ethics Committee of the

Nagasaki University Graduate School of Biomedical

Sciences (No. 24072602).
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Results of a Public Awareness Survey on Disaster Preparedness for Nuclear Accidents
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Pharmacists’ Awareness and Perceptions Regarding Emergency Distribution of Stable lodine Tablets in
Nuclear Disasters: A National Survey
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15 Years after the Fukushima Nuclear Accident : Expanding Nuclear Pollution
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Measurement of Radiations on Trees in Middle area of Fukushima Prefecture
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Discarding the vulnerable increases radiation exposure risks and saps the vitality of society
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Preparatory Study on Revision of Joint Radiation Emergency Management Plan of the
International Organizations : The Government of Japan committed?
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Establishing an “Aerial Perspective” in Nuclear Disaster Preparedness
—Three-Dimensional Measurement via Balloon Experiments and Community Resilience—
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Utilization of generative Al for prompt dispatch of radiation risk information
in the era of social networking
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Community-Based Type, Crop and Livestock Linkage Type and Abukuma Type
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The role played by community farming organizations in the recovery of local agriculture in
tsunami-hit area
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Distribution of Radiocesium in Seawater along the Pacific Coast in 2024 and 2025
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Efforts toward the implementation of environmental protection following the nuclear disaster
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Temporal assessment of external radiation exposure in the Specified Living Areas for
Returnees of Okuma Town, Fukushima Prefecture
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The Influence Influence of Post-Earthquake Living Environments on the Children's Social Responsiveness and Resilience
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Trends in Radiocesium Concentrations in Self-Consumed Food and
Evaluation of Effective Dose in Okuma Town, Fukushima
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On the study at Kobe that learned Tohoku reconstruction by the Wajima High School and the
support for that of the DRI : See the origin and the present aspect of “Creative
Reconstruction”

e — B (N &SRRt & —f9E 8. KRIRKRFZRFLEAMEH PR~ WFE )
Yuichiro IKEHATA

1. [XLC&HIC

) ST B i A 21X 2025 42 9 H 24 A 26 HIC
T T, TR A BLAHE | 2 20 L7z, = DH T 25
HOMPTHNTOMMEZ, FICRFEDHY LD A
LBk 2 — (LA, TAB)) 23R E Lz, &
W¥FTIE, ZOHHEIZBWTABIR T2 > 72 KR ICO W)
TERIZHET 5,

2. WHEEXIET ALt f-Ba

BT I AN G ERERCLEHIEE (20244E 1 H 1H) - &
6 FEHAERSER ([F4FE 9 H 21 H~23 H) O F TR X
IREE ST T, 202545 A BEEIX, REREEME
IS PN O NEIN R 2 S VAN 5% -G N R DY
AR OT 4 AR — 0B % RIFFEE O |
MRERZEEE O L & HICEM LT, ZOREIZB W TRE S
R &GP E & bRE LT, ZORGEDH T,
OF A AREL DS OTHEITEZ L TWD Z &
Z LT, O - IS KES T TRREMER] W) E
WENEDON TSRO SEFETH TAREAEERL 2
TWNDHZEND, HEBHE TP 235 &) ) B3 H
77 2O LIEHEWRZ ST L2220 FIROMFTN
TOWHEZ NP dRAE LT Z e D,

3. Xt

iR Ay 9 AT TBREMRIERIE BAHE > 77— & FHE
LTEY, ZOBRIZAP S RF LIWEOEME A, fiil
EIN O T e, FOMWE WHERE - Z—RET,
UL, THREZT, BRENFE L -
THIET DI L blol, BT, ZOMBEOERIZLLT
DZODFEHZHONTE TERZET-,
O dmEEROTHE BN O NEET 5,
© FTA4 U TOFER/FEOLVI T v —E2IEHT
HZ LT, AIREARERY TSIk NE TE RN &
FECLARWE RN EN S22 &) 23 58 %
T 5L LI, AIREZRIR Y O R DM EA2 X 5,
&0 b, O ER OHE BB L CiL, MEHL

112

LTHRLWY] &0 KRB EI LMTIT 5 L 91275
RNE DI L, RICERDOHTT s zifd s &)
FORBANPHIZ L LTHIEEZRORNENS T LD
el a L. TARZR, MEE] OB 28EL, #E
FTHZ L RBETEDIEIEDL I RS MMETH
STHFIVB-TXEETHI L EleoT,

PRETL lx DAERED T U =T ITBLRE L7k
MTE DL DITHET 5 Z & bR ST,

4 EFHOERET
4.1 #f§

AT D ABSN T T A& Z 15 725 5 #0 T CHf 2 4
HHT, T A Ui m TR OFEE D i R E i
ATz, RIS, TP T EBEHE ) o> AL
TIaYxr b THEHTEL LG & YR Ko TE
bz (NBGBETET %) HAT#F OHT « gk DB %
MBHZ EMHELHHELE LT ZEERY, LITD 3
DEFEMTHI L LT,

O EEORESRR, ZEIORER SIZESZBNT

DN D R
@ BRAf - R K OE B H & LT HAT #1780

HEHX D A2
©® OkVQZLIVERTEDHLIITTHIZOD (NS

ZEte) HAT#F O SEH & BRI DWW T DA T

AV TOHEFIL T Fx—

Fio, HHOBBITIAMEDIC L, Hoktia 2 55 %
ENEZ D901, BN ANEED L & LT,
4.2 HAT#EDRYILE ERAEICDODVTDA Y FA4 2T
DEFLYFr—

FArFEHOEEE LT, B - R RE S IE AL &
E IR E AT A RIER L7 R 7 Ly b TAIERY
ERLOHT: 7 = = v 7 AL | 2 WS i Sk Lz,

FO LT, BERAHEDTZDDFERIL 7 Fv—%2 9 H 19
HIZER L7, HEVFRNEENTLEY, B EALE
DNFERTL 7 T v —CTHRTZHR TS BTSRRI A L
RN e D Z & T K TRBIRNCERE S vz,



FATL 7 T —ix, Bdh - IR RERZ O TRLEE
Bl NEIREINTZONETLIRLTCND [T 2=y
7 2] TIEANBED THEREOSIRICIELS b o Tz &
Ll SN TWD) mARERIE ¥ —E)MMTheoTe, 22
Tl HAT #7 O OREFEELRE T O & BIFEDFERED
FER S VTR L B E I AW R IT U E R
WIRNWZ L 2EZ DNENDHD Z L AR SR,
4.3 ANBHDORZE

IBFD RZETIE, R A — A IRFE N, ERE
PREEITEISML, B ERIEM BN, TN EnENE L
Too TORBR, EEFEMRL WD L7 (Fz) &2HEAIC
L7c@HBEE T, RE O BREE} - figka & oo T
HEHEIELTNDEDONEWVWST-Z L2 FEIUEZ T, 3
B3/ NRIC L, AR ZENZ ORI TR B D REfE
ZARER IRV R C& D L DI LT,

4.4 HAT PR EDEDRZE

HAT M #E DO TlE, FKN S 30 % OE B
HOBURZEAIZ ULz, RBIE, S RST R EEBE
KERBERMIFTR OB GEF BRIV E Lz, &
SHERIT. UZMXOFERTHY, o, ZoOHIKXE 7
4=V RELIaa=T BT AT LONES L
TW5b, BIGEEROFTHOHFTIX, Sl OWNTIET
T, NEEZomit, IEOT 7 FOANVEDY
DEAE L WD bl BELEBITALTL S
REIC W T H R &N TV, Iz T, YEiXo HiE
2OFERICEFHHLEIT LN, £ TiE, KO
AREEIC ZAVETE S B A, BIUEIXIZER D FHA T
LDh Bz gD ANx N NENINNLT 5 D % T
T HIDIRMEARTRE T 572 L) 7oL, AL
LT TN RN ERFEEN TV,

HEREPN TOSBEE TOMA RBE(LOFTED
LR ERNE TR Z > TE 0, YEETRITN
XN WEENAERET- B2 BTV,

5. &= DRIE

AWHERE T, fmEERD [HEELVR— ) 248
LW ZENTE, ZOLHR—OHTIILLT
DEH 7T LGRS TW,

5.1 ABDOERIZDONT
HEMGORERE AT, EON S 2BV Liz—7
T, RERCPEHIEE & ph « IR KERESHEESNL TN D
FAYE - T 7 HIE L OEWDZOWVWTERL L TWD HDONHE
Bot-, ZNNHDONETHOHEICE S fTHEEN H
D, ZORDODEADOVEMEZFTLR LD L H -T2,
Fro. Tiwe &EO BB N > T LM F TH K
K OEIE TSEL EOHIMR Do T2 & FEiLTn
F L7z, [EEMTFRD 2, 3 TIRFECOREE TRES &
BoTWeDTEEE L] Loz L oIz, M &
BEMELT, WEXIV LY Y—2AOFRFEL TN DM
TT O ZNET ORI IR oTo ) Z Llieo

113

HRAARRES « AN IEAIERES TRk

WCDERNDE DT,
5.2 BHOREIZDONT

BEFmET CII L L TEESR TV LEDEE
BIE L THELTRET S22 RUITHD LWV ) S AR
Zinotz, Fo, IBEOEBEEORE G ~DOREEIZ B
ToHEMEREDH ST-,

5.3 HAT R D#IZDWT

HAT #5 OEIZ DN T OAERETZ B ORE, 7 & i
BOBEWEE L2 NEE 250, ETLERBIRDHI L
AR L O A DN S5~ T2, T DER
W2, © MEZESEVET O, @ IElboRiEz &
I ZIT IR THIS LTV Doy, @ THNZ T2 D
FRRTOZFHE~D LTI (X hE) | IOV TELA
RETXENEHH-T-. 2. @ [Zhhd0lRETE
FEODOWHARPEETAZ LEETE LM ZEEL LD
LT AR Ao,

5.4 ZFoit

Z O, P LTS FEEMEZ TN ZEMRRY), K
P RIERERICH L TA v 7 FTRAX DEMITEL 72
STWD, KRIZ BHKREFEIHZDVER B D Lo T
BbdHo7,

F7o. YHOAELREREEOESTHEOTTIE, HAAK
BROWRHTIXE 0D o7e 2 LB (DD
HHIDE Z > TND7DID) T T Thhoiz k
oo B, BT BT TR D25 & )
ZEWGholmt WoTmBORELH o7,

6 HHYIS
AWHETIE, KESDH RN ONTRKENEZD &

EOWNoZZ ERE I DD ONT G, ARG IZREL
EE T, —FHLWIRIZ —F L H->TWDHIT
TOWOENRENEHNAS D ELTWDLDIEEINTHH-T=,
BERL T2l LTHMMBAREZ - TE I vy
DOPEHSTNDEDIT TN E WD) Z L ERN IS
ni-Hsk#Echo7-,

x

1) AHEE. 2025411 A 23 BICRIRKZETHRES L= THE

SHEERBRMRXRR] (X BARBEERPSR) TRR
SN=LOEME - BELE-LDTHS,

SE

NG A RIE AR « MK OOR R B e SRR ME T
(2016) : AEERIEBLOBI—T = = v 7 A efi—, A%
FHVE AR - R KRS LA TR, M=

A EIE B R RE R E (2005) : FINT ==y 7 X,
BB AR M - R RE XKL H S

(https://www.hemri2 1 jp/research/research-human-caring-lib/)



https://www.hemri21.jp/research/research-human-caring-lib/

[RFA

RAAREN - HFDEAEES TRk

KETICET2HEDEERRIZEAT 2EHMDHT

— HHREARADOXERRELTO TRBFES] ITEBLT—
A Basic Analysis of Teacher Allocation during the Nuclear Disaster
: Focusing on concurrent appointments as the policy to support affected students
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Verification of y-Ray Effects on Plastic Scintillation Survey Meter for B-Rays : Comparison
Based on Distance Between Radiation Source and Instruments
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Structure of Dual Residence in Nuclear Disaster Areas
. Narratives on the Publicly Funded Demolition System in Katsurao Village
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Folk Performing Arts and "Reconstruction” in the Tohoku Region
An Analysis of the Tohoku Kizuna Festival
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Long-term Transmission Across Generations of Nuclear Risk for the Future Where Memories
and Records Merge : Insights from the Infosocionomic Perspectives
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Using bosai manga materials to suppress unsafe re-entry behavior into Natech-risk-affected buildings:
Effects and Future Perspectives
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The Role of Process Audit in Building Trust after Nuclear Disasters:Lessons from the Hamaoka
Case and Verifiability in Archive Governance
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Analyzing educational materials for disaster risk reduction: A comparative study on lessons
for future generations in the disaster areas of the Mid Niigata Prefecture Earthquake in 2004
and the Great East Japan Earthquake
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A Study of Initiation and Continuation of Activities from
the Perspective of Disaster Storytellers:
Analysis of Free-form Responses to Questionnaire Survey of Victims and Non-victims in
Natural disasters, Wars, and Accidents
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An inclusive approach to food and community walks
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The “Yurufuka” Model: A study on designing light-touch and deep community-based learning in the aftermath of

the Great East Japan Earthquake in Tomioka, Fukushima
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How do junior high school and high school students use smartphones during disaster situations?
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