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Purpose: Central sensitization (CS) is defined as the increased responsiveness of nocicep-
tive neurons in the central nervous system to normal or subthreshold afferent input. CS has
been proposed as an underlying mechanism of chronic pain in musculoskeletal disorders
including low back pain (LBP). A Central Sensitization Inventory (CSI) has recently been
developed for screening participants with CS. However, the association of CS with chronic
LBP (cLBP) in the general population remains unknown. The purpose of this study was to
investigate the association of CS with cLBP using the CSI in a population-based cohort of
a Japanese mountain village.

Participants and Methods: Participants aged more than 50 years were recruited from the
inhabitants of a mountain village in Japan. Participants completed the following patient-
reported outcome measures. Severity of CS was assessed by the CSI. LBP intensity was
measured on a numerical rating scale (NRS). Health-related quality of life (QOL) was
measured using the EuroQol 5-dimension (EQ-5D), EuroQol-visual analogue scales (EQ-
VAS), and the Oswestry Disability Index (ODI). The association of CS and each parameter
was statistically evaluated.

Results: A total of 272 participants (average age: 72.1 years-old) were analyzed in this study, and
28.3% had cLBP. Average NRS, ODI and CSI scores were significantly higher in the cLBP group
than in the without LBP (LBP—) group. There was a significant correlation between CSI and NRS
scores (r=0.34, P<0.0001), ODI (+=0.60, P<0.0001), EQ5D (»=—0.55, P<0.0001) and EQ-VAS (=
—0.52, P<0.0001). A multiple regression analysis identified that ODI, EQ-VAS and age were
factors significantly associated with CSL.

Conclusion: The results of this study suggest that CS is involved in the pathological
condition of cLBP in the local residents of a Japanese mountain village.

Keywords: central sensitization, low back pain, Central Sensitization Inventory, general
population

Introduction

Low back pain (LBP) is the leading cause of disability worldwide.'* Especially, in the
aged population, LBP results in a significant burden, incurs considerable human costs,
adversely affects the quality of life (QOL), and produces activity limitations. For the
older population with LBP, it is sometimes difficult to accurately identify the specific
nociceptive origin and appropriately manage symptoms for improving disability and
QOL.? Increasing evidence has recently shown that LBP is a complex condition with

multiple contributors to both nociceptive pain and associated disability, including
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psychological factors, social factors, and pain-transmission
mechanisms (see review in').

Central sensitization (CS) has been defined as an amplifi-
cation of pain signaling within the central nervous system,
which evokes pain hypersensitivity.* It has been recognized
that CS is associated with mechanical hyperalgesia and allo-
dynia in patients with chronic pain conditions.” CS has been
proposed as an underlying mechanism of musculoskeletal
disorders including LBP?® osteoarthritis,” '

arthritis,'> neck and shoulder pain,"® fibromyalgia,' and

rheumatoid

tendinopathies.'*

The Central Sensitization Inventory (CSI) assesses 25
health-related
reported to be associated with CS-related disorders;'” it

symptom dimensions that have been

is now used as a screening instrument to identify patients
whose symptoms are related to CS.'® Since Mayer et al
developed the English version of the CSI,'> the CSI has
also been validated in other languages (see review in'’)
including Japanese.'® A recent systemic review of 14
published studies on chronic pain conditions evaluated
by the outcome measures of the CSI revealed that the
interpretability measures of the CSI were consistent and
its construct validity was strong; this suggests that the CSI
is a screening tool that generates reliable and valid data to
quantify the severity of several symptoms of CS.""

Most previous studies on CS assessed by CSI score have
been conducted for patients with chronic pain conditions.
Recent clinical studies have shown that CSI scores were
significantly correlated with the intensity of LBP for patients
with lumbar spine disorders who need surgical or non-surgi-
cal orthopedic treatments.®*° However, little is known about
the CS and/or CSI of a local elderly population whose resi-
dents are predominantly of an age to be affected with lumbar
spine disorders. Therefore, we decided to investigate the CS
by CSI score of a population-based cohort study in
a Japanese mountain village where the ageing rate is high
and progressing, and the population turnover is low.

The purpose of this study was to investigate the asso-
ciation of CS with chronic LBP (cLBP) using the CSI in
a population-based cohort of a Japanese mountain village.

Participants and Methods

Participants

This study was conducted in accordance with the Declaration
of Helsinki. Ethical approval for the study was granted by the
Committee for the Ethics of Human Research of Mie
University (IRB reference number: U2018-022). Data were

obtained from November 30 to December 15 in 2019 from
participants in the Miyagawa study. The Miyagawa study
started in 1997 and is a population-based cohort study con-
ducted to identify factors associated with knee osteoarthritis,'
osteoporosis,” vertebral fracture®® and disc degeneration®* by
collecting data from a representative sample of a local elderly
Japanese population every second year. Participants aged
more than 50 years were recruited by invitation to a medical
examination from the inhabitants of Odai-cho, a mountain
village located in the center of Mie Prefecture (Japan).

Participants completed an interviewer-administered ques-
tionnaire that included information on age, gender, the pre-
sence of pain in the neck, upper extremity, low back, hip, knee,
ankle, and foot. Anthropometric measurements included body
height, body weight, body mass index (BMI: weight [kg]/
height® [m?]) and bone mineral density (BMD). The BMD
of the forearm was measured using dual-energy x-ray absorp-
tiometry (DCS-600EX, Aloka, Tokyo). All participants were
interviewed by experienced orthopedists regarding the pre-
sence of low back pain and were first asked, “Do you have
low back pain that lasts more than 24 hours?” Participants who
answered yes were subsequently asked, “Have you experi-
enced low back pain within the last month or for more than
three months?” The participants who answered “within the last
month” were defined as acute LBP (aLBP) group, and “more
than three months” were defined as cLBP group.

Procedures and Measurements

All participants completed the following patient-reported
outcome measures: extent of LBP level, health-related
QOL, LBP-related QOL and CSI.

LBP intensity was measured on an 11-point pain inten-
sity numerical rating scale (NRS). NRS is a measurement
of pain in which patients evaluate their pain ranging from
0=no pain to 10=worst possible pain.>>-*

Health-related QOL was measured using the EuroQol
5-dimension (EQ-5D) that has two parts: EQ-5D self-classifier
and EuroQol-visual analogue scales (EQ-VAS). The EQ-5D
self-classifier is a standardized, characterized instrument for
assessing health-related QOL measures®’ that had been trans-
lated into Japanese for the present study. The EQ-5D com-
prises five self-assessment dimensions in which participants
provide a description of their health status from the viewpoints
of mobility, self-care, daily activities, pain, and depression.
Each dimension has three grades (no problems, some pro-
blems, and extreme problems). The results were coded and
converted to utility scores using a table of values.”® The EQ-
VAS is a vertical visual analogue scale that takes values
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between 100 (best imaginable health) and 0 (worst imaginable
health), on which patients provide a global assessment of their
health.**°

The Oswestry Disability Index (ODI), scored from 0 to
100, is the most used questionnaire to assess LBP-related
QOL. The ODI, developed by Fairbank et al,*' consists of 10
items that assess the level of pain and physical activities that
include sleeping, self-care, sex life, social life, and traveling.
The Japanese version of the ODI, the high reliability and
validity of which has been reported,** was used in this study.

The CSI is a self-report measure for quantifying the extent
of individual somatic and emotional complaints associated
with CS."” This inventory is divided into two parts: part
A and B. However, only part A was used in this study. Part
A is a 25-item questionnaire used to assess health-related
symptoms common in CS conditions, in which each item
can be scored on a 5-point Likert scale ranging from 0 =
“never” to 4 = “always.” The total score ranges from 0 to
100 points. CSI severity was classified into five categories
according to the total score points as follows: 1) subclinical
(0-—29 points); 2) mild (30-39 points); 3) moderate (4049
points); 4) severe (50-59 points); and 5) extreme (60—100
points).'® For evaluation of the participants with cLBP, the
cut-off CSI value of 28 was used.”* In this study, participants
with CSI > 28 were defined as the high CSI group, and those
with CSI < 28 as the low CSI group.

Statistical Analysis

Differences in age, body height, body weight, BMI, BMD,
ODI (%), EQ-5D, EQ-VAS and CSI between groups were
assessed for statistical significance by one-way analysis of

variance (ANOVA), followed by the Bonferroni post hoc
test or unpaired ¢-test. Differences in NRS were analyzed
by the Kruskal-Wallis test or Mann—Whitney U-test.
Differences in the ratio of gender and the cLBP partici-
pants were analyzed by chi-square test. Correlation
between CSI and each parameter were evaluated using
the Spearman rank-order correlation test. Multiple regres-
sion analysis was performed to identify factors contribut-
ing to the scoring of CSI as a dependent variable with
participant parameters and location of pain. A forward
stepwise method was used. Standardized regression coeffi-
cients (B) and associated P-values were determined to
assess statistical significance (P < 0.05).

An exploratory factor analysis (EFA) was performed
with the maximum likelihood method using a promax
rotation. Factors were considered for Eigenvalues greater
than one. The cut-off for loading was set to 0.4. Multiple
regression analysis was performed to identify factors con-
tributing to the scoring of CSI as a dependent variable with
participant parameters.

Results

Participant Characteristics

Three hundred participants were included; however, 28
participants were excluded because of missing more than
one outcome measure. Data of 272 participants were
finally analyzed in this study. The characteristics of the
total participants with or without LBP are summarized in
Table 1. The CSI score of the total participants ranged
from O to 57 and the average CSI score was 16.1 (+ 11.1).

Table | Characteristics of Participants with or without Low Back Pain

Total Participants (n=272) | LBP— (n=185) aLBP+ (n=10) cLBP+ (n=77) P-value
Men/Women 75/197 50/135 1/9 25/52 n.s
Age (years) 72.1 (8.7) 71.3 (8.7) 68.0 (8.4) 745 (8.3)* <0.01
Body height (cm) 153.2 (8.6) 154.7 (8.7) 153.2 (4.0) 153.6 (9.0) n.s.
Body weight (kg) 54.4 (8.0) 54.4 (10.1) 55.4 (8.0) 53.0 (10.8) n.s.
BMI (kg/m?) 22,6 34) 22.7 (3.4) 23.7 (4.0) 223 (3.2) n.s.
NRS 2.0 (2.2) 0.8 (I.1) 4.4 (1.9 44 (1.8)° <0.0001"
BMD 81.5 (13.1) 81.7 (12.3) 81.1 (I5.1) 81.0 (1.7) n.s.
ODI (%) 12.2 (12.5) 8.3 (9.7) 12.9 (8.7) 21.4 (14.1)8 <0.0001
EQ-5D 0.869 (0.180) 0.909 (0.158) 0.839 (0.121) 0.774 (0.201)} <0.0001
EQ-VAS 74.1 (16.6) 76.9 (15.9) 740 (11.7) 67.5 (17.1) <0.0001
Csl 16.1 (11.1) 13.0 (9.0) 22.1 (11.7)* 22.6 (12.4) <0.0001

Notes: ¢, Chi-square test; k, Kruskal-Wallis test. *P<0.05, $P<0.0001 vs LBP- group. Number in the parenthesis indicates standard deviation (SD). Bold values indicate

statistical significance.

Abbreviations: LBP—, low back pain negative group; aLBP+, acute low back pain positive group; cLBP+, chronic low back pain positive group; SD, standard deviation; BMI,
body mass index; NRS, Numerical Rating Scale; BMD, bone mineral density; ODI, Oswestry Disability Index; EQ-5D, Euro QoL 5 Dimensions; EQ-VAS, Euro QoL Visual

Analogue Scale; CSI, Central Sensitization Inventory.
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As previously reported by Neblett et al,'® the total parti-
cipants were classified into five subgroup according to the
severity of CSI scores. The number and percentage of the
participants in each subgroup were as follows: subclinical
(CSI score <30), 240 (88.2%); mild (30<CSI sscore <0),
20 (7.4%); moderate (40<CSI sscore <0), 10 (3.7%);
severe (50<CSI sscore <0), 2 (0.7%); and extreme
(60<CSI), 0 (Figure 1).

In this study, 3.3% (10/272) of the participants had
aL.BP, and 28.3% (77/272) had cLBP. Average NRS and
CSI scores in aLBP positive participants were signifi-
cantly higher than those in the LPB - participants (P
<0.0001, P<0.05, respectively) (Table 1). The average
age of participants having cLBP (¢cLBP +) was signifi-
cantly higher than that in the LBP— participants
(P<0.05). Average NRS, ODI and CSI scores were sig-
nificantly higher in the cLBP + group than those in the
LBP- group (P<0.0001, respectively). Average EQ-5D
and EQ-VAS in the cLBP + participants were signifi-
cantly lower than those in the LBP— participants
(P<0.0001, respectively). No significant differences
among the three groups (LBP—, aLBP+ and cLBP+
groups) were found for gender, body height, body
weight, BMI, and BMD.

Central Sensitivity Index (CSI) Analysis in

Participants with Chronic Low Back Pain
To evaluate the association between CSI and cLBP,
participants with aLBP were excluded. Among 262
participants, 37 participants (14.1%) were included in
the high CSI (>28) group, and 225 participants (85.9%)
in the low CSI (<28) group. The number of cLBP
participants and NRS and ODI scores in the high CSI
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Figure | Frequency distribution histogram of the Central Sensitivity Index (CSI).

group were significantly higher than those in the low
CSI group (all, P<0.0001, respectively) (Table 2). EQ-
5D and EQ-VAS were significantly lower in the high
CSI group than in the low CSI group (P<0.0001,
respectively) (Table 2).

Correlation Between Central Sensitivity
Index (CSI) and Participant

Characteristics

There was no significant correlation between CSI and
age, body height, body weight, and BMD (Figure 2A—
E). CSI was significantly but weakly correlated with
NRS (7=0.34, P<0.0001) (Figure 2F). There was
a significant correlation between CSI and ODI
(r=0.60, P<0.0001), EQ-5D (+=—0.49, P<0.0001), and
EQ-VAS (=—0.52, P<0.0001) (Figure 2G-I).

Multiple regression analysis identified that ODI (%) (B
= 0.44, P<0.0001), EQ-VAS (B = —0.17, P<0.0001) and
age (B = —0.20, P<0.01) were significantly associated
factors with CSI (Table 3).

Exploratory Factor Analysis of the
Central Sensitivity Index (CSI)

The factor analysis statistically grouped 25 items into
six factors (Table 4). Factor 1 includes four items that
stress.” Factor 2

associated with “physiological

Table 2 Comparison Between Low CSI (<28) and High CSI
(228) Groups

Low CSI High CSI P-value
(<28): n=225 (=28): n=37

Gender (male/ 66/159 9/28 n.s.
female)
Age (years) 72.0 (8.7) 73.5 (8.2) ns.
Body height (cm) 154.8 (8.7) 152.0 (9.1) n.s.
Body weight (kg) 54.3 (9.7) 52.7 (13.2) ns.
BMI (kg/m?) 22.6 (3.2) 22.6 (4.3) n.s.
BMD 81.9 (13.0) 78.7 (13.4) n.s.
cLBP (+/-) 51/174 (22.7%) | 26/11 (70.3%) | <0.0001°
NRS 1.6 (2.0) 35(22) <0.0001™
ODI (%) 9.6 (9.7) 27.6 (16.8) <0.0001
EQ-5D 0.904 (0.138) 0.659 (0.262) <0.0001
EQ-VAS 76.9 (15.0) 57.2 (17.1) <0.0001
(] 12.6 (7.4) 36.2 (7.3) <0.0001

Notes: ¢, Chi-square test; m, Mann—Whitney U-test. Bold values indicate statistical
significance.

Abbreviations: BMI, body mass index; BMD, bone mineral density; NRS,
Numerical Rating Scale; ODI, Oswestry Disability Index; EQ-5D, Euro QoL 5
Dimensions; EQ-VAS, Euro QoL Visual Analogue Scale; CSI, Central Sensitization
Inventory.
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Figure 2 Correlation between Central Sensitivity Index (CSI) and participant characteristics. (A) age, (B) body height, (C) body weight, (D) body mass index (BMI), (E)
bone mineral density (BMD), (F) numerical rating scale (NRS), (G) Oswestry Disability Index (ODI) (%), (H) Euro QoL 5 Dimensions (EQ-5D), (I) Euro QoL Visual

Analogue Scale (EQ-VAS).

contained six items that were associated with “physical
symptoms.” Factor 3 contained four items that were
associated with “headache/jaw symptoms.” Factor 4
contains only one item that was associated with
“sleep.” Factor 5 contains two items that are associated
with “urological symptom”. Factor 6 contains one item
that was associated with “depression”. All correlation
coefficients between factors showed positive correla-
tions (Table 5).

Central Sensitivity Index (CSI) Scores in
Participants with Pain in Neck and
Extremities

The number of participants who had pain involving neck
and extremities are summarized in Table 6. The number of
participants with knee pain (27.5% of total participants)
was highest, followed by upper extremity (19.1%), foot
(7.3%), neck (6.5%), ankle (6.1%) and hip (5.3%).
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Table 3 Association of Central Sensitization Inventory (CSI)
with Participant Characteristics

B pstand t P value
ODI (%) 0.44 0.50 8.50 <0.0001
EQ-VAS —-0.17 —-0.25 —4.40 <0.0001
Age —-0.20 —0.15 -3.13 0.002

Note: R% 0.43, P < 0.0001.
Abbreviations: ODI, Oswestry Disability Index; EQ-VAS, Euro QoL Visual
Analogue Scale.

Comorbidity with cLBP was highest in participants with
knee pain (9.5% of total), followed by upper extremity
(4.2%), hip (2.7%), ankle (1.9%), foot (1.9%) and neck
pain (1.1%).

There were no significant differences in CSI scores
between participants with and without knee pain (P =
0.2). The CSI score was significantly higher in participants
with pain in the neck (P<0.05), upper extremity (P<0.05),
hip (P<0.01), ankle (P<0.01) and foot (P<0.01) compared
to those without pain in the respective location (Table 6).

A multiple regression analysis was next performed to
identify the location of pain that associated with the CSI
with the pain location, including cLBP as independent
variable. The result of multiple regression analysis showed
that the presence of cLBP (B=8.83, P<0.0001), hip
(B=5.83, P<0.05), ankle (=5.58, P<0.05) and upper extre-
mity (B=3.78, P<0.05) was significantly associated with
CSI (Table 7).

Discussion

The results of our population-based cohort study of
a Japanese mountain village showed that the average CSI
score of total participants was 16.1. The number of parti-
cipants whose CSI score >40 was 12 (4.4%). According to
the 40-point cutoff score proposed by Neblett et al,'® the
prevalence of participants with CS-related symptoms was

133 also

very low in this population-based cohort. Ide et a
recently reported a population-based cohort study that
investigated the CS using CSI scores of 373 elderly resi-

dents of a Japanese mountain village. In their report, the

Table 4 Factor Loading of the Exploratory Factor Analysis with Promax Rotation

Item Question Factor Not Loading
| 2 3 4 5 6

| Unrefreshed in morning 0.09 0.05 —-0.14 0.91 —0.01 0.00

2 Muscles stiff —0.06 0.53 0.10 0.16 —0.05 0.04

3 Anxiety attacks 0.00 —-0.01 0.51 —-0.12 0.21 0.13

4 Grind/Cench teeth 0.47 —0.05 —0.13 0.19 —0.15 0.01

5 Diarrhea/Constipation 0.28 —0.01 0.08 0.25 0.08 —0.04 X

6 Need help daily activity 0.06 0.02 —0.07 0.01 0.48 —0.03

7 Sensitive to bright lights 0.19 0.19 0.09 0.02 0.10 —0.08 X

8 Easily tired w/ physical activity 0.21 0.46 -0.19 0.10 0.18 0.09

9 Pain all over body —0.12 0.66 0.03 0.02 0.16 0.03

10 Headaches 0.03 —0.06 0.70 0.08 —0.11 0.01

I Bladder/urination pain —-0.10 0.12 0.09 0.03 0.54 —-0.09

12 Do not sleep well 0.28 —-0.03 0.17 0.35 0.15 —0.14 X

13 Difficulty concentrating 0.59 —0.04 0.04 0.01 0.09 0.07

14 Skin problems 0.49 0.16 0.14 —0.10 —0.12 —0.08

15 Stress makes symptoms worse 0.33 —-0.10 0.19 0.07 0.07 0.33 X

16 Sad or depressed 0.16 0.09 —-0.07 —0.05 —0.16 0.98

17 Low energy 0.31 —0.04 0.00 0.05 0.21 0.35 X

18 Tension neck and shoulder —0.05 0.47 0.40 0.14 —0.25 0.02

19 Pain in jaw 0.14 0.06 0.49 —0.19 0.06 —0.11

20 Certain smells make dizzy —-0.29 —0.01 0.18 0.21 0.16 0.25 X

21 Urinate frequently 0.13 0.36 —0.04 —0.14 0.17 0.01 X

22 Restless legs 0.25 0.57 —0.09 —0.08 —0.14 0.07

23 Poor memory 0.43 0.12 0.09 —0.06 0.03 —-0.07

24 Trauma as child 0.21 —-0.02 0.10 —-0.02 0.08 0.11 X

25 Pelvic pain —0.08 0.50 —0.06 0.0l 0.31 -0.07

Note: Factor loadings 20.4 are indicated in bold.
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Table 5 Promax Factor Correlations

Factor 1 2 3 4 5 6
| _

2 0.49 -

3 0.40 0.54 -

4 0.36 0.50 0.48 -

5 0.51 0.41 0.44 031 -

6 0.63 0.42 0.42 0.42 0.50 -

mean CSI of the total participants was 14.2, and 1.6% of
the participants (n=6) had a high CSI score (>40). The
average CSI score of Ide’s study was comparable with that
of our cohort study. Several previously published studies
of multi-country participants have reported the average
CSI score of healthy controls (see review in Cuesta-
Vargas et al'”). Mayer’s study reported that the average
CSI score of 40 university students was 28.9.'° Kregel
et al reported the CSI score of 49 pain-free Dutch controls
was 21.6.%* Knezevic et al reported that the CSI score data
in control samples of Serbian medical rehabilitation stu-
dents with no reported pain was 20.9.>> We recognize that
the average CSI score of participants in our population
cohort of a Japanese mountain village is lower when
compared to these previously reported CSI scores of
healthy controls. In our population-based cohort of
a Japanese mountain village, the participants (aged more
than fifty) live in mountainous regions, and many engage
in forestry and/or agriculture. The living environment of
mountainous regions might influence to inhabitant’s phy-
sical and/or physiological factors, and thereby contribute
to relatively lower CSI scores.

The results of this study showed that the prevalence of
cLBP in the total participants in this population-based

Table 6 Participants with Pain in Neck and Extremities

Table 7 Association of Central Sensitization Inventory (CSI)
with the Participant’s Pain Location

B Pstand t P value
cLBP 8.83 0.37 6.59 <0.0001
Upper extremity 3.78 0.14 241 0.02
Ankle joint 5.58 0.12 2.16 0.03
Hip joint 5.83 0.12 211 0.04

Note: R% 0.20, P <0.0001.
Abbreviation: cLBP, chronic low back pain.

cohort was 28.3%; this was similar to that previously
reported in an aged population (see reviews in*®>’). The
average CSI score (22.6) for participants with cLBP was
significantly higher than that of participants with no LBP
or the total participants. Mibu et al recently cross-section-
ally evaluated the CSI score of 104 patients in orthopedic
clinics.?® Among these patients, the average CSI score of
50 patients with cLBP was reported to be 25.5. More
recently, Miki et al investigated the association between
CS and psychological factors in LBP patients undergoing
spinal surgeries.® They showed that the average CSI score
of these patients before surgery was 24.4. According to
these previously reported data, the CSI scores of cLBP
participants in our population was comparable with those
of LBP patients with musculoskeletal disorders seeking
care from orthopedic specialists or clinics.

Neblett et al first suggested a 40-point CSI score as
a cut-off value to identify CS among outpatient chronic
pain samples;'® however, a recent study suggested that the
cut-off value to identify CS in cLBP patients in orthopedic
clinics should be 28.%° Therefore, in this study, participants
with CSI >28 was defined as the high CSI group and those
with CSI <28 as the low CSI group. Our results showed
that the prevalence of cLBP, NRS, and ODI was

Ccsl
Pain Location Number of Participants Comorbid with cLBP Pain— Pain+ P-value
Neck 17 (6.5%) 3 (1.1%) 154 (10.7) 21.1 (14.5) <0.05
Upper extremity 50 (19.1%) Il (4.2%) 14.8 (10.3) 19.8 (13.2) <0.05
Knee joint 72 (27.5%) 25 (9.5%) 15.2 (10.9) 17.2 (11.4) N.S.
Hip joint 14 (5.3%) 7 (2.7%) 15.3 (10.0) 242 (8.3) <0.01
Ankle joint 16 (6.1%) 5 (1.9%) 15.3 (11.0) 235 (8.3) <0.01
Foot 19 (7.3%) 5 (1.9%) 15.3 (10.7) 224 (12.8) <0.01

Notes: Number in parenthesis indicates the percentage of total number of participants. In the CSI columns, number in parenthesis indicates standard deviation (SD). Bold

values indicate statistical significance.
Abbreviation: cLBP, chronic low back pain; CSI, Central Sensitization Inventory.
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significantly higher in the high CSI group than in the low
CSI group. In addition, QOL scores, such as EQ-5D and
EQ-VAS, were significantly lower in the high CSI group.
These results suggest that CS is associated with the extent
of pain and QOL in the participants with cLBP.

Our study showed that the intensity of LBP, as
assessed by NRS, was significantly, but weakly, corre-
lated with CSI. A weak correlation with intensity of pain
itself had also been reported by previous studies in
patients with musculoskeletal diseases;*?® this suggests
that CS would be associated not only with pain itself but
with multiple factors. On the other hand, our study
showed that CSI was significantly correlated with
health-related QOL scores, including EQ-5D and ODI.
The correlation coefficient (CC) of CSI with EQ-5D in
our population cohort study (—0.49) was similar to those
in previous studies in orthopedic clinic patients (CC:
—0.44'%, —0.47%°). The correlation coefficient between
CSI and ODI in our study (CC: 0.60) was higher than
that of a clinometric study targeted at chronic pain
patients (CC: 0.36).>® The authors recognize that CSI
in our population is strongly associated with health-
related QOL, especially LBP-related QOL.

In our study, 25 items of the CSI were categorized
into a 6-factor model by exploratory factor analysis
(EFA). Although this categorization differed from either
the previous English version'> or the Japanese version,'®
only factor 2 (physical symptoms) shares common items
of the previous two studies (item 9: pain all over body
and item 22: restless legs). The authors speculated that
the differences in participants between studies (local
residents in this study and chronic pain patients in the
previous studies) would result in different categorizations
by the EFA. Therefore, this 6-factor model should be
recognized as the categorization for local resident
participants.

Because CS is involved in not only LBP but also systemic
pain, the involvement of pain in the neck and extremities was
also evaluated. Multiple regression analysis revealed that CSI
was significantly associated with the presence of cLBP, upper
extremity pain, ankle pain and hip pain. Interestingly, cLBP
was the factor that predominantly contributed to the CSI score

in this population-based study. Ide et al*’

recently evaluated
the CSI score of participants with pain in the neck and extre-
mities in elderly adults of a Japanese population; they reported
that participants with neck pain had the highest CSI score
(22.4), followed by upper limb (18.9) and lower limb (18.1).

These CSI scores were similar to those in our study. Mibu

et al*° also reported that the CSI score was significantly higher
in cLBP patients than in knee OA patients of an orthopedic
clinic. More recently, Roldan-Jiménez et al** evaluated CS
symptoms of 395 chronic musculoskeletal disorders (CMPDs)
patients, and reported that 37.8% of LBP patients had clini-
cally relevant CSI scores (<40), whereas this was found in
8.1% of knee pain patients and 2.1% of shoulder pain patients.
The results of our study and these previously reported studies
suggest that pain in the lumbar region would most strongly
associate with CS rather than that of other regions. There is
growing evidence that psychosocial factors are associated with
of LBP
symptoms.*>*! A recent study showed that the CSI score

the treatment outcome and prolongation
was significantly associated with psychosocial factors, includ-
ing fear, catastrophic thought, anxiety, and depression of
patients with presurgical LBP.® Although psychosocial factors
were not evaluated in this study, these factors would be impor-
tant for evaluating the LBP that associated with CS.

There were some limitations to this study. First, Odai-
cho is a mountain village, and many inhabitants are typi-
cally engaged in forestry. Therefore, there would be differ-
ences in occupation ratio compared with that of general
Japanese population. Secondly, participants who could
attend the medical examination would be relatively
healthy population without serious illness and/or severe

physical disability.

Conclusion

We have assessed the severity of CS by CSI score, and
evaluated whether CS is involved in the pathological con-
dition of cLBP of the local residents of a Japanese moun-
tain village. Although the prevalence of the participants
presenting CS-related symptoms was low, the CSI score
was significantly associated with the extent of LBP and
back pain-related QOL scores. In addition, the authors
recognize that CS symptoms appear to commonly contri-
bute to the lived experience of cLBP in the population
studied. The CSI scores and analysis data of a general
population with or without LBP identified in this study
would be of importance for comparison in future epide-
miological and/or clinical research on LBP.

Data Sharing Statement
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