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Fig 1. Prevalence of chronic pain by age in a Japanese population.

doi:10.1371/journal.pone.0129262.9001

of chronic pain, the mean values were significantly lower in the CP group (0.77 compared with
0.94 for the group without chronic pain: P <0.001).

The severe CP group had very low QOL scores (0.73+ 0.17) and high K6 scores; the CP
group’s K6 mean was 5.2 + 5.2, which is above the threshold of 5 for anxiety disorder. Com-
plaints of chronic pain were more frequent in the group that did not exercise than in the group
who exercised every day, and their QOL was also low (0.75 + 0.20 compared with 0.80 + 0.18).

Logistic regression analysis was undertaken to obtain a subset of sociodemographic vari-
ables associated with chronic pain and severe chronic pain (Table 3). The analysis found that
sex, age group, occupation, family composition and daily exercise were significantly associated
with both chronic pain and severe chronic pain. An asterisk indicates which group was the ref-
erence group for each variable in the regression models. More women reported chronic pain
than men. Older age, living alone, lack of daily exercise and being unemployed were also associ-
ated with chronic pain.

Table 2. Influence of activities and weather on chronic pain.

Chronic pain Severe chronic pain

Better Worse No Change Better Worse No Change

n (%) n (%) n (%) n (%) n (%) n (%)
At rest 498 (62.4%) 46 (5.8%) 254 (31.8%) 214 (60.5%) 23 (6.5%) 117 (33.1%)
During activity 77 (9.9%) 378 (48.8%) 319 (41.2%) 26 (7.3%) 200 (56.3%) 129 (36.3%)
Oncoming bad weather 36 (5.1%) 168 (23.7%) 505 (71.2%) 7 (2.2%) 94 (29.8%) 214 (67.9%)
During bad weather 0.7% (5) 171 (24.9%) 512 (74.4%) 0 (0.0%) 100 (31.8%) 214 (68.2%)
Cold conditions 4.4% (33) 348 (46.9%) 361 (48.7%) 5 (1.5%) 185 (55.6%) 143 (42.9%)
Warm conditions 45.2% (327) n 19 (2.6%) 378 (52:g%) 137 (43.1%) 15 (_4.7%) 166 (522%)

Variations in the total number are a consequence of missing values.
The epidemiological data of Owariasahi city in 2011 was as follows: mean temperature 16.1°C (min -3.2°C, max 36.7), mean humidity 67%, mean annual
precipitation 1,785.5 mm, mean annual air pressure 1,008.1Pa, and annual total sunshine 2,151.5 hours.

doi:10.1371/journal.pone.0129262.1002
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Fig 2. Influence of chronic pain on health-related quality of life and psychological distress. Statistical
analysis undertaken with independent t test; mean values are shown within the columns, error bars represent
standard deviation.

doi:10.1371/journal.pone.0129262.g002

Table 3. Logistic-regression modeling to identify factors associated with chronic pain.

Chronic pain (vs. without chronic pain)

Severe chronic pain (vs. without chronic pain

95%Cl P-value OR 95%Cl P-value

OR

Female (vs, male)* 1.304 1.108-1.534 0.001 1.621 1.299-2.023 <0.001

Age (per 1 year old) 1.019 1.014-1.024 <0.001 1.022 1.015-1.029 <0.001

Age-group (years)

20-30 (n) 1.000 ref 1.000 ref

3140 (n) 1471 0.974-2.221 0.067 1.482 0.819-2.684 0.194

41-50 (n) 1.939 1.285-2.927 0.002 2.125 -1.183-3.817 0.012

51-60 (n) 2.921 1.950-4.374 <0.001 3.368 1.907-5.950 <0.001
k 61-70 (n) 2.349 1.605-3.438 <0.001 2.478 1.434-4.283 0.001

71-80 (n) 3.180 2.153-4.695 <0.001 3.795 2.185-6.591 <0.001

81-90 (n) 3.833 2.401-6.120 <0.001 4.183 2.185-8.007 <0.001

91-100 (n) 4.094 1.566-10.772 0.002 6.343 1.994-20.174 0.002

Occupationt

Full-time 1.000 ref 1.000 ref

Part-time 0.933 0.714-1.219 0.61 0.808 0.557-1.172 0.261

Student 0.490 0.185-1.297 0.151 0.464 0.107-2.009 0.305

Unemployed 1.014 0.807-1.274 0.904 1.044 0.769-1.418 0.782

Family compositiont

Living with >3 persons 1.000 ref 1.000 ref

Living in a couple 1.080 0.902-1.294 0.401 1.086 0.855-1.381 0.499

Living alone 1.442 1.067-1.947 0.017 1.763 1.221-2.547 0.003

Daily exerciset

Daily 1.000 ref 1.000 ref

1-3 days/week 1.237 1.004-1.525 0.046 1.384 1.034-1.853 0.029

None 1.179 0.949-1.465 0.137 1.701 1.267-2.282 <0.001

EQ-5Dt

Value (per 0.1) 0.464 0.435-0.496 <0.001 0.403 0.368-0.440 <0.001

K6t

K6 point (per 1) 1.113 1.087-1.139 <0.001 1.158 1.126—-1.191 <0.001

Abbreviations: OR: odds ratio; 95%Cl, 95% confidence interval; ref, reference category.
Qdds ratios were adjusted for age*, sex{ or botht.

doi:10.1371/journal.pone.0129262.1003
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Table 4. Work loss in respondents reporting chronic pain.

Number of days off work Chronic pain Severe CP

Number of respondents?® % Number of respondents® %
; d;yw T T o 28.4"2
2 days 29 18.1% 10 13.5%
3 days 13 8.1% 5 6.8%
4-6 days 14 8.8% 9 12.2%
1 week 6 3.8% 5 6.8%
~2 weeks 10 6.3% 8 10.8%
~1 month 12 7.5% 9 12.2%
~3 months 8 5.0% 4 5.4%
~1 year 7 4.4% 3 4.1%
Total 160 100.0% 74 100.0%
Days off work (mean * standard deviation) 17.2+54.0 20.5 +60.6
Total days off work 2,752 1,518

2Students, the unemployed, and those aver the age of 60 were excluded from the analysis.

doi:10.1371/journal.pone.0129262.1004

Finally, we analyzed absence from work caused by chronic pain. Among the 1,221 respon-
dents aged 20-59 years (excluding unemployed persons and students), half of the workforce
(52.7%) reported having chronic pain for at least 3 months. 52.7% of the workforce reported
having chronic pain for at least 3 months. Two hundred twenty three respondents indicated
that they had been absent from work because of pain, excluding toothache, migraine, and men-
strual pain, in the previous year, for a total of 3,534 days (Table 4). The mean duration of ab-
sence from work due to pain was 9.6 days (range 1-365 days). Furthermore, a total of 4.5% of
the workforce was absent from work for >1 week in the previous year because of their pain.

Discussion

We determined the extent and impact of chronic pain on a general population in Japan.

The prevalence of chronic pain

A large number of epidemiological investigations of chronic pain have recently been published
(Table 5). The 21 studies we reviewed yielded a median point prevalence of chronic pain of
26% in the adult population, ranging from 7% to 55%, variation that can likely be explained by
the different settings in which they were conducted. The prevalence of chronic pain reported in
different studies varies a great deal, potentially being influenced by differences in survey meth-
od, country or the definition of chronic pain used. We chose to conduct a postal survey as
many young people in Japan use mobile telephones instead of having a landline in their resi-
dence, and the elderly are less likely to have access to the Internet. We also chose to use the
TASP definition of chronic pain: the majority of the 21 studies shown in Table 5 defined chron-
ic pain as persistent pain for >3 months and did not take the severity of pain into account.
According to the definition of chronic pain offered by IASP, “chronic pain is pain that per-
sists beyond normal tissue healing time, which is assumed to be 3 months”. The median preva-
lence of chronic pain in the 14 studies that used this definition in adults was 29.1%, in our
population it was 39.3%—suggesting that approximately 22 million people in Japan suffer
from chronic pain to some extent. In contrast, Breivik et al. [19] reported the overall prevalence
of chronic pain to be 19% in a large-scale computer-assisted telephone survey of 15 European
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Table 5. Incidence of chronic pain reported in other global populations.

Author

s & g g 3
2 ° 5 E &
2 a g
a o
Crook J etal. [12] 1984 Canada  Telephone 827 unknown  >18
Bowsher D et al. [1] 1991 UK Telephone 2,942 unknown  >15
Croft P et al. [13] 1993 UK Postal 1340 75% 18-85
Andersson Hl et al. [2] 1993  Sweden Postal 1806 90% 25-74
Elliott AM et al. [14] 1999 UK Postal 3065 82.3% >25
Blyth FM et al. [15] 2001 Australia Telephone 17,543  70.8% >16
Catala E et al. [16] 2002  Spain Telephone 5,000 42% 18-95
Ng KF et al. [17] 2002  China Telephone 1,051 47.7% >18
Rustgen T et al. [18] 2004 Norway Postal 1,912 48.5% 19-81
Breivik H et al. [19] 2006  Europe Telephone 46,394  54% >18
Moulin DE et al. [20] 2007 Canada Telephone 2,012 19.1% 18-75
Neville A et al. [21] 2008  Israel Telephone 3,738 92% >25
S4 KN et al. [22] 2008  Brazil Interview 2,297 97.1% >20
Yeo SN et al. [23] 2009  Singapore  Telephone 4,141 43.6% 18-85
Johannes CB etal. [24] 2010 USA Internet 27,035 75.7% >18
Toblin RL et al. [25] 2011 USA Telephone 4,090 62% >18
Raftery MN et al. [26] 2011 Ireland Postal 1,204 38% >18
Nakamura M et al. [4] 2011 Japan Postal 11,507 60% >18
Azevedo LF et al. [27] 2012 Portugal Telephone 5,094 76% >18
Kurita, GP et al. [28] 2012  Denmark Postor Internet 14,925  60.7% >16
2014  Japan Interview 927 46% >40

Shibata, M et al. [29]

Prevalence

; 6% -

7%
35%
55.2%
50.4%
18.6%
23.4%
10.8%
24.4%
19%
29%
46%
41.4%
8.7%
30.7%
26.0%
36%
15.4%
36.7%
26.8%
47%

Definition of Chronic Pain

Duration (months)  Pain Severity

D WO WO WWWwWwWwowww

Iﬂ)

o oW oW

A dash (-) indicates no limitation.

2 Respondents answered ‘yes” to the question, “Do you suffer from any type of chronic pain, that is, pain that occurs constantly or flairs up frequently?”

doi:10.1371/journal.pone.0129262.t005

countries and Israel, in which chronic pain was defined as “pain >5 on a 10-point NRS scale,
lasting for at least 6 months, with the pain experienced within the last month, and at least twice
per week”. Their criteria for chronic pain reflected that experienced by the severe CP group in
our population. The prevalence of severe CP in our study was 17.4%, corresponding to the
middle position of the 16 European countries in Breivik’s study.

Low QOL and psychological distress caused by chronic pain

Those reporting chronic pain in our study were more likely to be depressed and have low QOL.
Becker et al. [30] reported that health-related QOL, measured using the Medical Outcome
Study-Short Form (SF-36) technique, and mood were significantly lower in 150 consecutive pa-
tients with chronic non-malignant pain referred to a Danish multidisciplinary pain center than
the general Danish population. Furthermore, 58% of patients had scores indicating either de-
pressive or anxiety disorders. Anxiety and depressive disorder have been shown to be associat-
ed with the presence or clinical course of chronic pain. Several previous surveys have shown
that individuals with chronic pain in the general population are more likely to have a psycho-
logical or psychiatric disorder [31, 32, 33]. Our findings suggest that individuals with severe
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chronic pain had significantly lower QOL scores and significantly higher depression scores
than individuals without chronic pain.

The weighting of the EQ-5D varies by country; therefore, it is necessary to compare our
results to other EQ-5D studies in Japan. We found that the utility value of respondents with se-
vere chronic pain was 0.73, which is lower than that of patients with chronic renal failure
5D (Table 6).

The reported K6 scores also showed that there is a high burden of mood disorder among
those with chronic pain: the mean K6 score in the severe CP group was 5.2; a K6 score over 5
reported that among primary care patients with chronic musculoskeletal pain, comorbid de-
pression or anxiety is strongly associated with more severe pain and greater disability [41].
These results indicate that persistent pain has an adverse association with psychological distress
and QOL, and underline the need to prevent physical dysfunction and psychological disorders
caused by long-lasting pain.

Weather and pain

Many patients with chronic pain complain that their condition is aggravated by changes in the
ture, high atmospheric pressure, high or increased relative humidity) can affect musculoskeletal
pain [42] and rheumatic pain [43, 44], while others have found a weak or no association [45,
46, 47]. We found that body movement, cold conditions, and bad weather were associated with
the aggravation of pain (Table 2). Conversely, warm conditions and rest were associated with
amelioration of pain. Approximately 25% of respondents with chronic pain perceived that
changes in the weather affected their chronic pain. Moreover, almost all the respondents who
reported that their pain was affected by bad weather also reported that weather changes pre-
dicted an increase in pain. Our findings show that not only weather changes, but also impend-
ing bad weather appear to be responsible for increases in chronic pain.

Family composition and chronic pain

Interesting relationships between chronic pain and family structure were observed. Previous
studies have reported that individuals living alone, or who are divorced, have a higher preva-
tense chronic pain than people living with three or more other people. This may be related to
the radical change in the family structure of modern Japan, which is characterized by an in-
crease in the proportion of one-person households from 18% to 25.5% between 1986 and 2010
[7]. A sharp increase in the proportion of elderly individuals living alone (from 6% to 14%)
was also seen during this period. Based on these data, the number of elderly individuals suffer-
ing from loneliness is predicted to increase markedly in the future, and become a major social
issue in Japanese society. Given this prediction, measures need to be taken to maintain muscu-
loskeletal function and psychological health to facilitate participation in the wider community.

Work loss due to chronic pain

In the United States, an average of 5.2 hours/week of productive time was lost due to musculo-

2,459 employees was approximately $US4607 per employee per year for pain-related health-
care including the medical and pharmacy costs. [53]. We found that 234 individuals missed
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Table 6. EQ-5D value sets reported by clinical studies in Japan.

N Author Published

Value set Status

1 Full health

0.846 Diabetes mellitus type 2 220 Sakamaki H. et al. [36] 2006
0.808 Asthma 54 OgaT. et al. [37] 2003
0.798 Chronic renal failure 71 Tajima R. et al. [34] 2010
0.75 Chronic schizophrenia 47 Nakamae T. et al. [35] 2010
0.665 Dementia, Alzheimer type 72 Hachimori A. et al. {38] 2009
0.49 Arteriosclerosis obliterans (critical limb ischemia) 289 Aramoto H. et al. {39] 2003
0.37 Destructive spondyloarthritis with rheumatoid arthritis 25 Uehara M. et al. [40] 2012
0 Death

doi:10.1371/journal. pone.0129262.1006

work or housework on at least one day per year due to pain, and the mean duration of absence
from work due to pain was 9.6 days. Furthermore, 55 of these individuals were absent from
their work for >1 week. We calculated the economic loss due to chronic pain based on the data
of mean work days [54] and the mean annual income of each sector for different age groups
[55] and the population by labor force status [7]. Applying these results to the Japanese work
environment, we estimate that overall work loss due to chronic pain totaled approximately
¥1,953 billion (US$19.9 billion) in Japan in 2012. When the loss of opportunity to work, a de-
crease in employment capacity and the burden of care for families are also taken into account,

the increase in socioeconomic costs due to chronic pain is likely to be much greater.

Limitations
The limitation of this study was the relatively low response rate (43.8%), which may have influ-

ty of response rates that appear to depend on the country studied or research methods used. The
mean response rate of all surveys listed in Table 5 was 63 + 20.5%, in two of the studies the re-
sponse rate was below 40%. We did not offer remuneration or reward for the respondents to avoid
introducing a potential response bias, but this might explain why the response rate was not higher.

We focused on the relationship between chronic pain and the climate or environmental
situation in this study. We did not measure or quantify these kinds of environmental factors
because the respondents did not recognize precise atmospheric pressure or temperature. How-
ever, almost half of respondents believe their pain to be related to some kind of environmental
factor. Our data imply that the further investigation of sensory information from the point of
view of environmental conditions may provide us with a new approach to overcoming formi-
dable chronic pain.

Conclusion

We found that the prevalence of chronic pain was approximately 40% in a general Japanese
population. Chronic pain has a significant impact on occupational and daily social life, and se-
riously affects psychological health. As the population of Japan ages, it is important to recog-
nize that chronic pain is a serious social issue, which should be addressed by the entire
Japanese society. Specific and effective interventions are needed to reduce the prevalence of
musculoskeletal pain and its debilitating effects. Apart from the physical disabilities associated
with chronic pain, our findings show that chronic pain is associated with mental health issues,
decreased QOL and social loss due to absence from work. Our data provide a scientific basis
for estimating the burden of chronic pain in Japanese communities. National countermeasures
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are required to address chronic pain, including the promotion of daily exercise habits to ad-
dress persistent musculoskeletal pain.
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Mechanisms of and treatments for chronic pain
in the musculoskeletal system

Toshihiko Yamashita

Department of Orthopaedic Surgery, Sapporo Medical University School of Medicine

Abstract

The incidence of chronic pain among the adult Japanese population has
been reported to be around 23%. In the majority of cases, the site of chronic
pain is located in the musculoskeletal system, such as the lumbar spine, neck
and shoulder joint. Based on the pain mechanism, musculoskeletal chronic
pain is classified as chronic nociceptive pain, neuropathic pain or mixed
pain. Psycho-social factors often affect clinical symptoms in chronic pain
cases.

The first choice of medication for chronic nociceptive pain, resulting
from conditions such as inflammation or degeneration of joints or spine, is
nonsteroidal anti~inflammatory drugs (NSAIDs). Cox 2 selective inhibitors
should be used in cases of long-term use to avoid gastrointestinal problems.
Although opioids may be applied in cases in which NSAIDs have no effect,
attention should be paid to potential side effects such as nausea and consti-
pation, abuse and addiction. Physical therapy including muscle stretching
and strengthening is a very important therapeutic modality for chronic noci-
ceptive pain. Surgical treatment, such as arthroplasty and spinal fusion, may
also be applied in cases in which conservative treatments fail.

As NSAIDs are not effective for neuropathic pain caused by disorders
and diseases of nervous system, pregabalin (Ca?" channel blocker), anti-
depressants and opioids may be applied. Surgery intervention, including
laminectomy, discectomy or neurolysis for the purpose of nerve decompres-
sion, may be applied in cases in which conservative treatment fail or nerve
palsy is observed. For difficult chronic pain cases with psycho-social
factors, a multidisciplinary approach including cognitive behavioral therapy
should be considered.

Keywords
Musculoskeletal system; Nociceptive pain; Neuropathic pain;
Medication; Physical therapy
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Fig.1 Sites of chronic pain.
(modified from Matsudaira et al., 2011)
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Fig.2 Mechanisms of inflammatory pain.
(modified from Omote, 2000)
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Table 1 Differentiation between nociceptive pain and neuropathic pain

Nociceptive pain

Neuropathic pain

Nervous lesion in images
Pain area

Relation to psture or mortion

Local findings

No
Localizing in and around the lesion

Yes (relief at rest)

Tenderness, knock pain, swelling etc.

Yes

Corresponding to the area innervated
by affected nerve

No

No
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