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Abstract: Low back pain (LBP) is associated with psychological factors and central sensitization-
related symptoms (CSSs). The relationship between CSSs, LBP-related factors, and work status
in caregivers remain unclear. This multicentre, collaborative, cross-sectional study aimed to deter-
mine the association between CSS severity, LBP-related factors, and work status in caregivers with
LBP. We measured LBP intensity, pain duration, pain sites, CSSs (using the Central Sensitization
Inventory-9: CSI-9), psychological factors (using the Pain Catastrophizing and Pain Self-Efficacy
scales), and work status (interference, amount of assistance, frequency of assistance, and work en-
vironment) in 660 caregivers. CSS severity was categorised as no (CSI-9:0–9), mild (CSI-9:10–19), or
moderate/severe (CSI-9:20–36). We further performed multiple comparison analyses and adjusted
the residual chi-square to reveal differences between CSS severity groups. Caregivers with more
severe CSSs tended to exhibit worse LBP intensity (p < 0.01), widespread pain (p < 0.01), catastrophic
thinking (p < 0.01), and pain self-efficacy (p < 0.01), and they also tended to experience work inter-
ference (p < 0.01). Caregivers without CSSs tended to receive a smaller amount of assistance with a
lower frequency (p < 0.05). The number of participants with an adequate environment and equipment
was significantly less in the moderate/severe CSS group (p < 0.01). Thus, our findings may suggest
that CSS severity is associated with LBP intensity, widespread pain, psychological factors, and work
status in caregivers.

Keywords: caregiver; low back pain; psychology; central sensitization-related symptoms; work status

1. Introduction

Low back pain (LBP) is one of the most common causes of disability worldwide [1].
LBP also interferes with work in many occupations. In particular, caregivers have been
reported to have a high prevalence of LBP [2,3]. LBP is an independent factor associated
with absenteeism among caregivers [4]. Therefore, LBP prevention programmes for care-
givers, such as no-lift policies [5], are being implemented worldwide, and the need for LBP
prevention is increasing, particularly in caregivers’ workplaces.

The severity and disability due to LBP are associated with several factors, includ-
ing psychological, social, and biophysical factors; comorbidities; and pain processing
mechanisms [6]. Psychological factors, such as catastrophic thinking and self-efficacy, are
often associated with disability in individuals with chronic LBP [7–9]. Similarly, a previ-
ous study reported that psychological factors are associated with LBP and disability in
caregivers [10]. In recent years, some research groups have reported that central sensitization-
related symptoms (CSSs) also affect disability in patients with chronic LBP [11,12]. CSSs
are an essential factor of pain that have been reported to mediate the relationship between
psychological factors and pain [13]. In addition, patients with pain who do not show
improvement in CSSs tend not to show improvement in pain [14]. Interestingly, CSSs have
been reported as an independent factor associated with a substantially lower rate of work
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retention [15]. Hence, there is an increasing importance for management to consider CSSs
and other psychological factors.

The physical effects of CSSs on caregivers have not been fully clarified, and the as-
sociation between LBP and CSSs in caregivers is unknown. In addition, the association
between caregivers’ work status and CSSs has not yet been clarified. In other words, previ-
ous studies have not fully clarified the effects of CSSs on LBP and the work environment
among caregivers. Identifying these relationships may lead to reconsideration of LBP
management in caregivers. We hypothesised that severe CSSs are associated with negative
LBP-related factors and an inadequate work environment. This study aimed to determine
the association of CSS severity with LBP-related factors and work status in caregivers
with LBP.

2. Materials and Methods
2.1. Participants and Study Design

This multicentre, collaborative, cross-sectional study was conducted between 1 July
and 30 September 2021. A total of 1214 caregivers were recruited from 35 centres. Re-
spondents who self-completed the questionnaires totalled 1064 workers (response rate:
88.1%). The exclusion criteria were foreign workers, no LBP, and an incomplete assessment.
The 660 caregivers with LBP who completed the self-administered questionnaire with no
missing data were included in the analysis (Figure 1). The sample size of this study was
calculated using the G*power analysis program based on an effect size of 0.25, alpha of
5%, and 80% power. According to this calculation, the sample size was determined to be
a minimum of 159. Therefore, the sample size of this study is considered adequate. The
study protocol conformed to the principles of the Declaration of Helsinki. All participants
provided written informed consent before the study commenced. This study was approved
by the ethics committee of Kyoto Tachibana University (approval no. 21-39).

Figure 1. Progression of participants through the assessment including losses to analysis.

2.2. Evaluations of the Participants’ Characteristics by Questionnaires

The following characteristics were assessed for each patient: demographics (age, sex,
years of employment), question items related to pain, CSSs (using the Central Sensiti-
zation Inventory-9 (CSI-9)), cognitive-emotional factors (using the Pain Catastrophizing
Scale (PCS) and Pain Self-Efficacy Questionnaire (PSEQ)), and question items related to
work status.
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The five question items related to pain are as follows: (i) presence/absence of low
back pain (yes/no); (ii) duration of LBP (<3/≥3 months); (iii) pain intensity for LBP in
the last week (on a numerical rating scale (NRS) (0: no pain, 10: worst pain imaginable));
(iv) pain intensity for LBP before becoming caregivers (by an NRS (0: no pain, 10: worst
pain imaginable); and (v) pain sites (head/neck/shoulder/back/hip/knee/ankle) other
than the LBP.

The CSI-9, a shorter version of the 25-item CSI, has nine items and was used to assess
health-related symptoms of CSSs [16]. Higher scores indicate more severe CSSs.

The PCS was used to assess catastrophic thinking [17]. Higher scores indicate more
severe catastrophic thinking.

The PSEQ was used to assess self-efficacy regarding pain [18]. A lower score indicates
low self-efficacy.

The four question items related to work status are as follows: (i) interference with
work due to LBP (categorised as no interference with work/presenteeism related to
LBP/absenteeism related to LBP); (ii) amount of assistance needed for transferring (very
little/light assistance/full assistance); (iii) frequency of back-straining movements (move-
ments occurring >10 times per hour or several times in a sequence (often), movements
occurring less than or equal to 10 times per hour or continuous movements that are a little
burdensome (several), and movements that were less than a few times per day (minimal));
and (iv) environment and equipment to prevent LBP (prevention measures are adequate
(adequate), prevention measures are somewhat in place but insufficient (adequate but
insufficient), and prevention measures are inadequate (inadequate)).

2.3. Statistical Analyses

We divided the participants into three groups based on their CSI-9 score as follows: no,
mild, and moderate/severe CSS groups with CSI-9 scores of 0–9, 10–19, and 20–36 points,
respectively [16].

We used a Kruskal–Wallis test and multiple comparisons to compare continuous
variables between severity groups using Bonferroni’s adjustment method to optimize pro-
tection against type 1 errors. The chi-square test was used to compare categorical variables
between the severity groups. Then, we calculated the adjusted chi-square residuals consid-
ering 1.96 to be a critical value (α = 0.05). Adjusted residuals can be used to determine the
significant contributor to a significant chi-square result.

We analysed the following categorical variables: For question items related to LBP, we
divided participants into two groups based on LBP duration (acute and chronic LBP with
LBP duration < 3 and ≥3 months, respectively). In addition, we divided the participants
into three groups based on the LBP intensity (mild, moderate, and severe with an NRS of
1–3, 4–6, and 7–10, respectively). For cognitive-emotional factors, we analysed PCS and
PSEQ scores both as categorical and continuous variables. We divided the patients into
two groups based on the PCS cut-off score (high and low PCS as PCS score ≥ 30 and <30,
respectively) and PSEQ cut-off score (low and high PSEQ as <40 and ≥40, respectively).
We divided the participants into two groups based on whether there was interference with
work due to LBP (no interference vs. interference (presenteeism and absenteeism)).

Statistical analyses were performed using R (ver. 3.6.1). The level of significance was
set at p < 0.05.

3. Results
3.1. Participants’ Characteristics

The participants’ characteristics are summarized in Table 1. The proportion of par-
ticipants according to CSS severity was 21.8% (no CSSs), 57.6% (mild CSSs), and 20.6%
(moderate/severe CSSs). The adjusted residuals for each CSS group are listed in Table 2.
Age and years of employment did not significantly differ between the CSS severity groups.
In the residual analysis by sex, males were substantially higher, and females were signifi-
cantly lower in the no CSS group.
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Table 1. Characteristics according to the CSS severity group.

Variables No CSSs
(n = 144, 21.8%)

Mild CSSs
(n = 380, 57.6%)

Moderate/Severe
CSSs

(n = 136, 20.6%)
p Value

Age (years) 44.0 (21.0) 43.0 (18.0) 44.0 (16.5) N.S.
Sex

(male: female)
57:87

(39.6%:60.4%)
117:263

(30.8%:69.2%)
41:95

(30.1%:69.9%) N.S.

Years of employment 10.0 (11.0) 11.0 (11.0) 11.0 (12.0) N.S.
Pain duration

(acute/chronic LBP (%))
79/65

(54.9%:45.1%)
132/248

(34.7%:65.3%)
29/107

(21.3%:78.7%) p < 0.001

Number of pain sites
(including LBP) 2.0 (2.0) 3.0 (2.0) 4.0 (2.0) p < 0.001

LBP intensity (NRS: 0–10) 3.0 (3.0) 4.0 (2.0) 5.0 (3.3) p < 0.001

Severity of LBP: mild/moderate/severe (%) 94/42/8
(65.2%/29.2%/5.6%)

155/162/63
(40.8%/42.6%/16.6%)

34/65/37
(25.0%/47.8%/27.2%) p < 0.001

LBP intensity before becoming caregivers
(NRS: 0–10) 1.0 (2.0) 1.0 (2.0) 1.0 (3.0) p < 0.05

CSI-9 (0–36) 7.0 (3.0) 15.0 (5.0) 23.0 (4.0) p < 0.001
PCS (0–52) 15.0 (17.0) 20.0 (13.3) 29.5 (14.0) p < 0.001

PCS ≥ 30 (%) 13 (9%) 68 (17.9%) 68 (50%) p < 0.001
PSEQ (0–60) 43.5 (21.3) 37.0 (15.0) 30.5 (19.0) p < 0.001

PSEQ ≤ 40 (%) 61 (42.4%) 229 (60.3%) 96 (70.6%) p < 0.001
Interference with work due to LBP

(no interference vs. interference with work)
85/59

(59.0%/41.0%)
168/155/57

(44.2%/40.8%/15.0%)
51/64/21

(37.5%/47.1%/15.4%) p < 0.001

Amount of assistance needed for transferring
(very little/light assistance/full assistance) (%)

13/36/95v
(9%/25%/66%)

16/364
(4.2%/95.8%)

3/133
(2.2%/97.8%) p < 0.05

Frequency of back-straining movements
(often/several/minimal) (%)

52/58/34
(36.1%/40.3%/23.6%)

105/178/97
(105%/178%/97%)

24/61/51
(24%/61%/51%) p < 0.01

Environment and equipment to prevent LBP
(adequate/adequate but

insufficient/inadequate) (%)

32/90/22
(22.2%/62.5%/15.3%)

65/235/80
(17.1%/61.8%/21.1%)

15/86/35
(11.0%/63.3%/25.7%) N.S.

Data are reported as N (%) for categorical variables and median (interquartile range) for continuous variables.
% indicates the percentage according to the CSS severity group. The p values are based on the Kruskal–Wallis test
and chi-square test. CSSs, central sensitization-related symptoms; LBP, low back pain; PCS, Pain Catastrophizing
Scale; PSEQ, Pain Self-Efficacy Questionnaire; N.S., not significant; IQR, interquartile range.

Table 2. Adjusted chi-square residuals for significant difference in variables among CSS severity groups.

Variables No CSSs
(n = 144)

Mild CSSs
(n = 380)

Moderate/Severe CSSs
(n = 136)

Sex (male/female) 2.03a/−2.03a −1.14/1.14 −0.68/0.68
Acute/chronic LBP 5.22a/−5.22a −1.01/1.01 −4.09a/4.09a

Severity of LBP (mild/moderate/severe) 6.14a/−3.20a/−3.96a −1.26/1.14/0.17 −4.73a/1.87/3.84a
PCS score (<30/≥30) 4.40a/−4.40a 3.35a/−3.35a −8.59a/8.59a

PSEQ score (≥40/<40) −4.40a/4.40a 1.08/−1.08 3.21a/−3.21a
Interference with work due to LBP

(no interference/interference with work) 3.53a/−3.53a −1.11/1.11 −2.25a/2.25a

Amount of assistance needed for transferring
(very little/light assistance/full assistance) (%) 2.64a/−0.24/−1.01 −0.89/1.10/−0.63 −1.61/−1.11/1.80

Frequency of back-straining movements
(often/several/minimal) (%) 2.64a/−1.29/−1.20 0.14/1.11/−1.37 −2.87a/−0.04/2.91a

Environment and equipment to prevent LBP
(adequate/adequate but

insufficient/inadequate) (%)
1.90/0.06/−1.83 0.11/−0.27/0.22 −2.07a/0.26/1.60

a indicates a significant difference between groups. CSSs, central sensitization-related symptoms; LBP, low back
pain; PCS, Pain Catastrophizing Scale; PSEQ, Pain Self-Efficacy Questionnaire.

3.2. Comparison of Pain-Related Factors According to CSS Severity Groups

In terms of pain duration, the number of caregivers with acute LBP was significantly
more than those with chronic LBP in the no CSS group (Figure 2), but was significantly
lower in the moderate/severe CSS group (Table 2). LBP intensity was significantly higher
in the moderate/severe CSS group compared to the no CSS and mild CSS groups (Figure 2).
We found similar results for LBP severity and LBP intensity before becoming caregivers.
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The cognitive-emotional factors (PCS and PSEQ) were significantly worse in the moder-
ate/severe CSS group than in the no and mild CSS groups. The mild CSS group also
showed significantly worse cognitive-emotional factors than the no CSS group (Figure 2).
Moreover, the cut-off for the participants was significantly higher in the moderate/severe
CSS group in the residual analysis (Table 2).

Figure 2. The difference in pain-related factors between CSS severity groups. (a) The difference in
NRS (LBP) between CSS severity groups. (b) The difference in NRS (LBP before becoming caregivers)
between CSS severity groups. (c) The difference in pain sites between CSS severity groups. (d) The
difference in PCS scores between CSS severity groups. (e) The difference in PSEQ scores between
CSS severity groups. **: p < 0.01, *: p < 0.05.

3.3. Comparison of Work Status between CSS Severity Groups

Regarding interference with work due to LBP, the number of participants who experi-
enced interference with work was significantly higher in the moderate/severe CSS group.
Regarding the amount of assistance needed for transferring, the number of participants
requiring very little assistance was significantly higher in the no CSS group. The frequency
of back-straining movements was significantly more in the moderate/severe CSS group.
The number of participants with an adequate environment and equipment was significantly
less in the moderate/severe CSS group.

4. Discussion

We used multiple comparison analyses and adjusted chi-square residuals to investigate
the relationships between CSSs, LBP-related factors, and work status in caregivers. The
results demonstrated that caregivers with severe CSSs tended to have worse LBP intensity,
widespread pain, catastrophic thinking, and pain self-efficacy. Regarding work status,
caregivers with more severe CSSs tended to experience interference with work. In addition,
caregivers with no CSSs tended to receive a smaller amount of assistance and assistance
frequency. Interestingly, the number of participants with an adequate environment and
equipment was significantly less in the moderate/severe CSS group.

This study aimed to investigate the association between CSS severity and LBP-
related factors. In previous studies, severe CSSs were associated with pain severity and
chronicity [19,20]. It was also reported that CSSs are associated with a widespread pain
area [19]. Recently, nociplastic pain was defined as a pathological classification of pain [21],
and the duration of pain, area of pain, and comorbidities corresponding to CSSs were used



Int. J. Environ. Res. Public Health 2022, 19, 10135 6 of 8

as indices in the diagnosis algorithm [22]. In the present study, characteristics that were
similar to nociplastic pain were shown, especially for moderate/severe CSS caregivers. In
addition, it was suggested that psychological factors, such as self-efficacy and catastro-
phizing, are associated with LBP severity through cognitive-emotional sensitization [23].
Focusing on biomechanical factors, the job of caregivers is similar to other jobs that involve
heavy lifting tasks and prolonged working in an uncomfortable posture [24]. However, as
the job of caregivers targets people, cognitive-emotional and interpersonal sensitization
may be more affected by pain [23]. An association between LBP intensity and psychological
factors, focusing on the severity of CSSs in caregivers with LBP, has not been reported.
In this study, CSS severity was a factor affecting LBP severity, widespread pain, and
psychological factors, suggesting the importance of pain management that considers CSSs.

Another feature of this study was the investigation of the relationship between CSS
severity and work status among caregivers. The results of the present study showed that
many caregivers with moderate/severe CSSs reported interference with work. CSSs have
been considered a factor associated with the difficulty of work retention in a previous
study [15], and the result is similar to that reported for the caregivers in this study. In-
terestingly, the study also found an association between CSS severity and the burden of
assistance needed for transferring, as well as an association with the work environment.
Contemporary theories of movement and pain-related factors propose a model in which
a physical load is associated with the sensitization of the nervous system [25]. Hence,
the present study suggests that work environment management for caregivers may help
alleviate CSSs and improve interference with work.

The present study is the first to demonstrate an association between CSSs, LBP-related
factors, and work status in caregivers with LBP. Previous studies have not fully clarified
the effects of CSSs on LBP and the work environment among caregivers. The present
study is unique because it comprehensively examined the effects on LBP and work status,
including CSSs. Our findings may suggest that CSS severity is associated with LBP severity,
psychological factors, and work status, including interference with work. Focusing on CSS
management, the effectiveness of pain neuroscience education and lifestyle supervision has
been reported [26–28]. Considering the points of practical implication in this study may
help to develop and manage the work status of caregivers as a follow up to CSS symptoms.
In recent years, approaches to reducing the burden on caregivers by educating them on
appropriate caregiving methods using welfare equipment have become widespread, and
their effectiveness in preventing LBP from worsening has been reported [29]. Along with
lifestyle guidance and patient education that takes CSSs into account, management of the
work environment and equipment for caregivers, such as the no-lifting care policy, may
help improve interference with the work of caregivers.

This study has several limitations. (1) The outcomes were assessed using self-reported
questionnaires, which might have resulted in subjective bias. Especially for the survey on
the work environment and equipment, it is possible that individual criterion bias affected
the verbal rating scale because of the lack of specific criteria (types and number of welfare
equipment, etc.). (2) The current study used a cross-sectional study design, and it was
not possible to design an intervention based on a longitudinal course. Examining causal
relationships based on a longitudinal course is necessary in future studies. Revealing this
causal relationship may lead to the development of better management for individuals and
institutions, including CSS support.

5. Conclusions

To our knowledge, this is the first study to investigate associations between CSSs,
LBP-related factors, and work status in caregivers with LBP. Our findings may suggest
that CSS severity is associated with LBP intensity, widespread pain, psychological factors,
and work status, including interference with work; this knowledge can help improve the
management of caregivers with LBP.
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