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Association between Prior and Later Occurrence of Shoulder Pain
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Shoulder pain is more common among survivors of natural disasters than the general population. This
study aimed to examine the occurrence of shoulder pain, especially the association between prior and later
shoulder pain episodes, in survivors living in coastal areas severely damaged by the Great East Japan
Earthquake (GEJE) (n = 1,821) over a period of 5 years. The presence of shoulder pain was assessed at 2
(first period), 4 (second period), and 7 (third period) years after the disaster. Multiple logistic regression
analyses were performed to assess the association between shoulder pain during the first and second
periods and shoulder pain during the third period. Shoulder pain in the first period was significantly
associated with shoulder pain in the third period [adjusted odds ratio (OR) 5.93; 95% confidence interval
(Cl) 4.06-8.66]. Furthermore, shoulder pain in the first and second periods was significantly associated
with shoulder pain in the third period. With the absence of shoulder pain in both the first and second
periods used as the reference, adjusted ORs for the presence of shoulder pain during each period and both
periods were 4.58 (95% CI 3.17-6.62) and 15.54 (95% CI 8.38-28.84), respectively (P for trend < 0.001).
Thus, prior shoulder pain was significantly associated with shoulder pain after 5 years among GEJE
survivors, and the association was stronger as the number of prior shoulder pain episodes increased. This
expertise should be shared with other expert teams to address the affected people and prepare for future
disasters.
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Introduction

Disasters have an enormous impact on people’s lives,
specifically survivors, and the long-lasting impacts gradu-
ally affect people’s health, not only physically but also
mentally. The Great East Japan Earthquake (GEJE) was a
catastrophe accompanied by a giant tsunami and the indi-
rect effects of a nuclear power plant accident on March 11,
2011, resulting in severe damage, particularly to the north-
eastern coastal areas of Japan (Ishigaki et al. 2013).

Musculoskeletal pain often increases the socio-eco-
nomic cost due to factors such as increased absenteeism and

presenteeism, early retirement, and use of medical services
(Phillips 2009). Shoulder pain, along with back and knee
problems, is the third most common musculoskeletal com-
plaint in the general population (Walker-Bone et al. 2004;
Gill et al. 2020). Shoulder problems are often chronic, usu-
ally lead to disability in the community, and have a consid-
erable impact on daily activities (Macfarlane et al. 1998;
Gill et al. 2020). Among people with shoulder pain, 17.7%
had difficulty with basic daily activities, while 21.4% had
difficulty with complex daily activities (Institute of
Medicine 2011). Addressing shoulder pain is key to allow-
ing people to lead a normal life.
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Most pain syndromes after earthquakes or natural
disasters are due to traumatic events in the musculoskeletal
system during the acute phase (a few weeks after the occur-
rence) (Angeletti et al. 2012). The prevalence of musculo-
skeletal pain had been reported to be higher even during the
recovery phase (a month after the occurrence) after the
GEJE (Angeletti et al. 2012), and almost half of the survi-
vors experienced musculoskeletal pain at multiple sites
(Yabe et al. 2019a). Pain has been afflicting survivors
before and after the GEJE, including during the recovery
phase, making it difficult for them to return to the lifestyle
they had before the GEJE. Furthermore, multiple condi-
tions such as psychological disorders, physical inactivity,
and functional disabilities attributable to the impact of life-
threatening stress and changes in living conditions resulting
from the devastation of home environments and public
health systems impact chronic pain among survivors in the
recovery phase (Angeletti et al. 2012; Yabuki et al. 2015).
As several factors influence musculoskeletal pain in GEJE
survivors, a consideration of such situations is quite impor-
tant while taking care of these survivors.

A cross-sectional study showed that similarly to the
general population, the knee and surrounding regions, low
back, and shoulder were the three most frequent chronic
pain sites after 1.5 years among GEJE survivors (Yabuki et
al. 2015). Subjective shoulder pain after the GEJE had
been reported by a prospective cohort study to be signifi-
cantly associated with sleep disturbances (Hagiwara et al.
2017a), pain in other body parts (Hagiwara et al. 2021), and
by a cross-sectional study to be related to the living status,
economic hardship, and sleep disturbance (Hagiwara et al.
2017b). However, no study has investigated changes in
shoulder pain over a long period after natural disasters.
Although some changes between pre- and post-disaster life-
style status have been reported among survivors, these
changes could affect the later occurrence of shoulder pain.
The present study aimed to examine the time course of
shoulder pain, particularly the association between prior
and later occurrence of shoulder pain episodes, over a
period of 5 years in the recovery phase after the GEJE.

Materials and Methods

Participants

A panel study was conducted on residents living in the
northeastern coastal areas of Japan that suffered severe
damage from the GEJE, including Ogatsu, Oshika, and
Ajishima in Ishinomaki City and Wakabayashi Ward in
Sendai City, Miyagi Prefecture. The first survey was initi-
ated at 3 months after the GEJE (from June to October in
2011) and was performed every 6 months in Ogatsu,
Oshika, and Wakabayashi Ward and every year in Ajishima
(Hagiwara et al. 2017a; Yabe et al. 2019a). For the first
study, inhabitants registered in the Residential Registry of
Ogatsu, Oshika, and Ajishisma as well as those who resided
in temporary prefabricated houses in Wakabayashi Ward,
were recruited. As the number of participants increased up

to the survey conducted from May to August in 2013 (i.e.,
approximately 2 years after the GEJE) and remained con-
stant after that period, the data at 2 years after the GEJE
(first period), 4 years after the GEJE (second period), and 7
years after the GEJE (third period) were used to examine
the time course of shoulder pain over a period of 5 years.
For each survey, inhabitants aged > 18 years who were reg-
istered in the Residential Registry of Ogatsu, Oshika, and
Ajishima and those who participated in the previous survey
in Wakabayashi Ward were recruited. Self-reported ques-
tionnaires and informed consent forms were mailed to these
inhabitants. Residents who participated in all three periods
were included in this study. A total of 7,007 individuals
were recruited in the first period; of these, 41.1%
(2,881/7,007) were responders. Subsequently, 78.2%
(2,254/2,881) participated in the second period, and 80.8%
(1,821/2,254) of the participants in the second period par-
ticipated in the third period. Finally, a total of 1,821 partic-
ipants were included in this study (Fig. 1). This study was
approved by the institutional review board of our university
(approval number: 201192).

Shoulder pain

Subjective shoulder pain was assessed using the
Comprehensive Survey of Living Conditions since it only
requires a simple circle response (Ministry of Health,
Labour and Welfare of Japan 2019). The question was:
“Have you had symptoms within the last few days? If yes,
please circle your symptoms” (multiple choices were
allowed at the time of the questionnaire). Examples of the
possible responses were: “dizziness”, “irritation”, “diar-
rhea”, “palpitations”, “headache”, “lower back pain”,
“shoulder pain”, “knee pain” and “katakori (in Japanese)”.
Shoulder pain at the first and/or second surveys was defined
as “prior shoulder pain”. The outcome of interest was
shoulder pain during the third period. First, shoulder pain
during the first period was used as the main predictor to
evaluate the effect of prior shoulder pain on the later occur-
rence of shoulder pain. Second, shoulder pain during the
first and second periods was used as the main predictor to
evaluate the association between the number of prior shoul-
der pain episodes and the later occurrence of shoulder pain.
Furthermore, shoulder pain was classified into the follow-
ing three categories according to the presence of pain: (1)
absent in both periods, (2) present in each period, and (3)
present in both periods.

Covariates

The following variables were assessed using self-
reported questionnaires and included in the analysis as
covariates because they were thought to be potential con-
founding factors: sex, age, body mass index, living areas
(Ogatsu, Oshika, Wakabayashi Ward, and Ajishima), smok-
ing habits, drinking habits, comorbid conditions (hyperten-
sion, diabetes mellitus, myocardial infarction, and cerebral
stroke), working status, walking time/day, living status
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(n=1,821)

Participants enrolled in the analysis

Fig. 1. Study flowchart.

(same house as before the GEJE, prefabricated house, new
house, or other), economic hardship (very hard, hard, a little
bit hard, and normal), psychological condition, sleep condi-
tion, and social condition during the first period.
Psychological condition was assessed using the Kessler
Psychological Distress Scale, with a score of > 10/24 indi-
cating psychological distress (Suzuki et al. 2014). Sleep
condition was evaluated using the Athens Insomnia Scale,
with a score of > 6/24 indicating sleep disturbance (Soldatos
et al. 2000). Social condition was assessed using the
Lubben Social Network Scale, with social isolation defined
as a score of < 12/30 (Sone et al. 2016).

Statistical analysis

Variables are presented as numbers and percentages
(%). Variables were compared according to shoulder pain
in the first period using the chi-square test. Crude and mul-
tiple logistic regression analyses were performed to calcu-
late the odds ratios (ORs) and 95% confidence intervals
(CIs) for shoulder pain in the third period according to
shoulder pain in the first period. Categories of covariates
were the same as in a previous report (Sogi et al. 2019) and
are summarized in Table 1. Additionally, the participants

were divided into subgroups according to age (< 65 or > 65
years) and sex (male or female), and the ORs and 95% CI
for shoulder pain in the third period were calculated in the
same manner. With respect to stratified analysis, multipli-
cative interaction between shoulder pain in the first period
and age or sex was tested using the Wald test. Furthermore,
the ORs and 95% CIs for shoulder pain during the third
period were evaluated according to shoulder pain during the
first and second periods. All statistical analyses were per-
formed using SPSS version 24.0 (SPSS Japan Inc., Tokyo,
Japan), and P-values of < 0.05 were considered to indicate
statistical significance.

Results

The baseline characteristics of participants are pre-
sented in Table 1. The point prevalence of shoulder pain
during the first period was 9.9% (181/1,821). Participants
with shoulder pain during the first period were more likely
to have myocardial infarction as a comorbid condition, sub-
jective economic hardship, psychological distress, sleep
disturbance, and social isolation (Table 1).

The pattern of shoulder pain changes from the first to
third periods is shown in Table 2. The point prevalence of
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Table 1. Baseline characteristics of the participants during the first period.
Shoulder pain during the first period
n (%) Absent Present P value
n=1,821 n= 1,640 n=181

Sex Male 799 (43.9) 708 (88.6) 91 (11.4) n.s
Female 1,022 (56.1) 932 (91.2) 90 (8.8)

Age <65 897 (49.3) 805 (89.7) 92 (10.3) n.s
>65 924 (50.7) 835(90.4) 89 (9.6)

BMI* >18.5,<25 1,073 (58.9) 966 (90) 107 (10) n.s
<18.5 36 (2.0) 34 (94.4) 2 (5.6)
>25 628 (34.5) 564 (89.8) 64 (10.2)

Living areas Ogatsu 794 (43.6) 707 (89) 87 (11) n.s
Oshika 599 (32.9) 552(92.2) 47 (7.8)
Ajishima 102 (5.6) 92 (90.2) 10 (9.8)
Wakabayashi 326 (17.9) 289 (87.7) 37 (11.3)

Smoking habits* Non-smoker 1,383 (75.9) 1,243 (89.9) 140 (10.1) n.s
Smoker 320 (17.6) 288 (90) 32 (10)

Drinking habits* Non-drinker 1,055 (57.9) 944 (89.5) 111 (10.5) n.s
<45.6 g of alcohol/day** 383 (21.0) 347 (90.6) 36 (9.4)
>45.6 g of alcohol/day** 189 (10.4) 166 (87.8) 23 (12.2)

Comorbid conditions Hypertension 732 (40.2) 643 (87.8) 89 (12.2) 0.009
Diabetes mellitus 167 (9.2) 148 (88.6) 19 (11.4) n.s.
Myocardial infarction 114 (6.3) 92 (80.7) 22 (19.3) 0.001
Cerebral stroke 22(1.2) 21 (95.5) 1 (4.5) n.s.

Working status* Unemployed 944 (51.8) 858 (90.9) 86 (9.1) n.s.
Employed 834 (45.8) 741 (88.8) 93 (11.2)

Walking time/day* >1h 542 (29.8) 480 (88.6) 62 (11.4) n.s.
30minto<1h 644 (35.4) 588 (91.3) 56 (8.7)
<30 min 605 (33.2) 545 (90.1) 60 (9.9)

Living environment* Same house as before the GEJE 533 (29.3) 490 (91.9) 43 (8.1) n.s
Prefabricated house 726 (39.9) 647 (89.1) 79 (10.9)
New house 159 (8.7) 142 (89.3) 17 (10.7)
Other 355(19.5) 318(89.6) 37 (10.4)

Economic hardship* Normal 796 (43.7) 740 (93) 56 (7) <0.001
A little hard 481 (26.4) 431 (89.6) 50 (10.4)
Hard 343 (18.8) 297 (86.6) 46 (13.4)
Very hard 172 (9.4) 144 (83.7) 28 (16.3)

Psychological distress*  Absent 1,409 (77.4) 1,288 (91.4) 121 (8.6) <0.001
Present 246 (13.5) 200 (81.3) 46 (18.7)

Sleep disturbance* Absent 1,042 (57.2) 972 (93.3) 70 (6.7) <0.001
Present 591 (32.5) 494 (83.6) 97 (16.4)

Social isolation* Absent 1,240 (68.1) 1,124 (90.6) 116 (9.4) 0.049
Present 497 (27.3) 436 (87.7) 61 (12.3)

*Because each item had a limited number of respondents, the actual number is not necessarily in accordance with the total.
**22.8 g of alcohol amounted to 1 go or traditional unit of sake (180 ml), which also approximates to two glasses of wine (200
ml), or beer (500 ml) in terms of alcohol content. Categorical values are presented as numbers and percentages (%).

GEIJE, Great East Japan Earthquake; BMI, body mass index; n.s., not significant.

shoulder pain during the second and third periods was 9.2%
(167/1,821) and 11.3% (205/1,821), respectively. Overall,
78% (1,421/1,821) reported no shoulder pain, 15.3%
(279/1,821) experienced shoulder pain during one period,

4.9% (89/1,821) had shoulder pain during two periods, and

1.8% (32/1,821) had shoulder pain in all three periods.
Crude and adjusted analyses revealed that shoulder

pain in the first period was significantly associated with
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Table 2. Patterns of shoulder pain occurrence in participants during the three-time periods.

Presence of shoulder pain

First period Second period Third period Episode of shoulder pain n (%)
No No No 0 1,421 (78.0)
No No Yes 1 107 (5.9)
No Yes No 1 81 (4.4)
No Yes Yes 2 31(1.7)
Yes No No 1 91 (5.0)
Yes No Yes 2 35(1.9)
Yes Yes No 2 23 (1.3)
Yes Yes Yes 3 32 (1.8)

Table 3. Association between shoulder pain during the first time period and shoulder pain 5 years later.

Shoulder pain during the third period,

Participants n (%) Crude OR (95% CI)  Adjusted OR (95% CI)
Total 1,821 205 (11.3)
No shoulder pain 1,640 138 (8.4) 100 (Ref) 1.00 (Ref.)
during the first period K ’ : : : ’
Shoulder pain during 181 67 (37.0) 6.40 (4.52-9.06) 5.93 (4.06-8.66)

the first period
P value

<0.001 <0.001

Adjusted for sex, age, body mass index, living area, smoking habits, drinking habits, comorbid conditions, working status,
walking time, living environment, subjective economic hardship, psychological distress, sleep disturbance, and social isola-

tion.
OR, odds ratio; CI, confidence interval.

shoulder pain in the third period. Using residents without
shoulder pain in the first period as the reference, the
adjusted OR for shoulder pain in the third period was deter-
mined to be 5.93 (95% CI 4.06-8.66) among survivors with
shoulder pain in the first period (Table 3).

The results of the stratified analysis are presented in
Table 4. In each group, shoulder pain during the first period
was significantly associated with shoulder pain during the
third period. The adjusted OR was 6.49 (95% CI 3.70-
11.39) for the < 65 year age group, which was similar to the
adjusted OR of 6.70 for the > 65-year age group (95% CI
3.85-11.67). Furthermore, the adjusted OR was 5.03 (95%
CI 2.81-9.00) for men, similar to the adjusted OR of 7.52
for women (95% CI 4.40-12.85). No significant multiplica-
tive interaction between shoulder pain during the first
period and age or sex was identified (Table 4).

Shoulder pain in the first and second periods was sig-
nificantly associated with shoulder pain in the third period
(Table 5). With the absence of shoulder pain in both the
first and second periods used as the reference, adjusted ORs
for the presence of shoulder pain in the third period were
4.58 (95% CI 3.17-6.62) during each period and 15.54 (95%
CI 8.38-28.84) during both periods (P for trend < 0.001).

Discussion

The present study revealed that prior shoulder pain
was significantly associated with the later occurrence of

shoulder pain among survivors in the recovery phase after
the GEJE. Furthermore, the effect of prior shoulder pain on
the later occurrence of shoulder pain was stronger with an
increased number of prior shoulder pain episodes.

Globally, musculoskeletal pain conditions are the main
cause of disability and, therefore, a major burden to society
(GBD 2016 Disease and Injury Incidende and Prevalence
Collaborators 2017). Some cross-sectional studies have
shown that musculoskeletal pain often occurs at multiple
sites, such as the shoulder, elbow, knee, and lower back
(Kamaleri et al. 2009; Bayattork et al. 2019). In the general
Japanese population, chronic musculoskeletal pain occurs
at a frequency of 15.4% and is the highest among individu-
als between the ages of 30 and 59 years (Nakamura et al.
2011). Nonetheless, this frequency increased to 62%, with
a mean Numeric Rating Scale score of 2.74, in GEJE survi-
vors, indicating that GEJE survivors likely suffer from mus-
culoskeletal pain (Yabuki et al. 2015; Yabe et al. 2019a).
Among GEJE survivors, musculoskeletal pain was also
associated with new-onset poor physical function, psycho-
logical distress, and continued residence in temporary pre-
fabricated housing in the recovery phase after the GEJE
(Yabe et al. 2018, 2019a, b; Sogi et al. 2019). Furthermore,
pre-existing musculoskeletal pain in other body parts was
significantly associated with new-onset low back and shoul-
der pain (Yabe et al. 2020; Hagiwara et al. 2021), and previ-
ous low back pain was associated with low back pain
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Table 4. Association between shoulder pain during the first time period and shoulder pain 5 years later: stratified analysis by age and

Sex.
Participants Sh‘;ﬁilfg;gfi‘;‘ d"i‘fzﬂf)the Adjusted OR (95% CI)
Age
< 65 years old
Total 897 100 (11.1)
No shoulder pain during the first period 805 68 (8.4) 1.00 (Ref.)
Shoulder pain during the first period 92 32 (34.8) 6.49 (3.70-11.39)
P value <0.001
> 65 years old
Total 924 105 (11.4)
No shoulder pain during the first period 835 70 (8.4) 1.00 (Ref.)
Shoulder pain during the first period 89 35(39.3) 6.70 (3.85-11.67)
P value <0.001
P-interaction = 0.665

Sex

Male
Total 799 83(10.4)
No shoulder pain during the first period 708 53 (7.5) 1.00 (Ref.)
Shoulder pain during the first period 91 30 (33.0) 5.03 (2.81-9.00)
P value <0.001

Female

Total 1,022 122 (11.9)
No shoulder pain during the first period 932 85(9.1) 1.00 (Ref.)
Shoulder pain during the first period 90 37 (41.1) 7.52 (4.40-12.85)
P value <0.001

P-interaction = 0.536

Adjusted for sex, age, body mass index, living area, smoking habits, drinking habits, comorbid conditions, working status, walking
time, living environment, subjective economic hardship, psychological distress, sleep disturbance, and social isolation.
OR, odds ratio; CI, confidence interval.

Table 5. Association between previous and subsequent shoulder pain among all participants.

Shoulder pain during the

101 0, 1 0,
Participants third period, n (%) Crude OR (95% CI) Adjusted OR (95% CI)

Total 1,821 205 (11.3)
No shouldejr pain during the first and 1,528 107 (7.0) 1.00 (Ref) 1.00 (Ref)
second periods
Shoulder pain during either the first or 238 66 (27.7) 5.10 (3.61-7.20) 458 (3.17-6.62)
second period
Shoulder pain during the first and 55 32(58.2) 18.48 (10.44-32.69) 15.54 (8.38-28.84)
second periods
P for trend <0.001 <0.001

Adjusted for sex, age, body mass index, living area, smoking habits, drinking habits, comorbid conditions, working status, walking
time, living environment, subjective economic condition, psychological distress, sleep disturbance, and social isolation.
OR, odds ratio; CI, confidence interval.

among survivors 5 years after the GEJE (Yabe et al. 2021). that shoulder pain can be recurrent and frequently pro-
Musculoskeletal pain among the survivors was multifacto- gresses to a chronic condition (Rekola et al. 1997;
rial. Macfarlane et al. 1998; Meislin et al. 2005; Khosravi et al.

Individuals with a history of shoulder pain and trauma 2019). Shoulder pain of long duration, high intensity, and
were more likely to report having shoulder pain, suggesting high level of disability predicts persistent complaints
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(Macfarlane et al. 1998; Noten et al. 2017). Furthermore,
musculoskeletal pain in other body sites is highly associ-
ated with new-onset shoulder pain among GEJE survivors
(Hagiwara et al. 2021). In the present study, prior shoulder
pain also affected the later occurrence of shoulder pain. To
our knowledge, this is the first study to report the effect of
prior shoulder pain on the later occurrence of shoulder pain
in both the general population and survivors of the natural
disaster for a long period of time. A better understanding of
factors influencing shoulder pain among survivors is neces-
sary to aid them in returning to their normal life in a man-
ner similar to that before the GEJE.

Shoulder pain is a pervasive health presentation with
complex underlying factors. The exact pathology is not
always clear since muscles and joints do not always seem
to be the main cause of the problem, and biomedical
approaches are sometimes unsuccessful (Noten et al. 2017).
A prospective cohort study with a 6-month follow-up in the
Netherlands revealed that different forms of acute shoulder
pain and chronic shoulder pain were more likely affected by
psychosocial factors with poor pain intensity and disability
at the general practitioner (Reilingh et al. 2008). Central
sensitization is the increased functioning of neurons and
circuits in nociceptive pathways that leads to an excessive
perception of pain from low-level painful stimuli or pain
from innocuous stimuli, which might be a mechanism
behind the persistent complaints in some patients with
shoulder pain (Noten et al. 2017). With respect to the effect
of prior shoulder pain on later shoulder pain episodes, it is
speculated that a higher number of prior shoulder pain epi-
sodes may have a stronger effect on shoulder pain later.
Nevertheless, there exist no reports following a long dura-
tion of time and assessing the association between the num-
ber of prior shoulder pain episodes and the later occurrence
of shoulder pain using logistic regression models.
Identifying individuals with shoulder pain according to the
number of prior shoulder pain episodes may be useful in
developing strategies for the treatment and prevention of
shoulder pain.

Shoulder pain is believed to have multifactorial etiolo-
gies, with age being a considerable risk factor (Miranda et
al. 2001; Luime et al. 2004; Vincent et al. 2017; Khosravi et
al. 2019). Furthermore, females had been reported to be
significantly associated with an increased prevalence of
shoulder pain (Mitchell et al. 2005; Straker et al. 2009). In
the present stratified analysis, both < 65-year and > 65-year
age groups exhibited similar significance. Additionally,
women were more likely to have shoulder pain than were
men in the third period; nonetheless, the significance was
also observed in men. Musculoskeletal pain has been
reported to be more common among older individuals
(Kamaleri et al. 2009), and so they are considered more
vulnerable to this pain. However, our results show that the
association between pre-existing and later onset shoulder
pain was greater in female participants. Notably, despite
the loss of estrogen having been shown to decrease life-

long painful conditions such as headache, menopause can
also be accompanied by subsequent painful conditions such
as osteoporosis and joint inflammation (Meriggiola et al.
2012). Menopause could play an important role in chang-
ing pain sensitivity. Careful attention is required for survi-
vors with multiple pain sites, which provides useful infor-
mation for clinical and public health policies.

This study has some limitations. First, the response
rate during the first period (41.1%) was not high. Since we
have no information on the non-responders, their effect on
the results of this study remains unclear. Second, this study
did not assess shoulder pain intensity and duration or results
of prior shoulder pain. The recurrence rate could be high in
participants with severe shoulder pain, which should be
assessed in future studies. Finally, the study participants
lived in coastal areas severely damaged by the GEJE and
were not compared to those residing in non-damaged areas.
We could not assess the effect of a natural disaster on the
results of this study.

In conclusion, the present study showed that prior
shoulder pain was associated with shoulder pain after 5
years among GEJE survivors. Furthermore, the effect of
prior shoulder pain on the later occurrence of shoulder pain
was stronger with an increased number of prior shoulder
pain episodes. Therefore, this expertise should be shared
with other expert teams, like the Japan Rehabilitation
Assistance Team, to address those affected by natural disas-
ters and prepare for future disasters.
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